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AIR PRESSURE ON INCLINED PLANE 
SURFACES. 


By A. W. Jonns, R.C.N.C., M. Inst. N.A. 


In a previous article* the writer tabulated and 
examined various experimental results for the air 
resistance of plane surfaces whose relative motion 
was in a direction perpendicular to the surface. In 
the present article it is intended to review the 
experimental results obtained with plane surfaces 
inclined to the direction of motion. To simplify 
matters the normal pressure on the surface will be 
considered. The force in the direction of motion 
—i.e., the resistance and the force perpendicular to 
that direction—can both be obtained by simple 
resolution of the normal pressure in the two direc- 
tions. 

It is usual to express the normal pressure at an 
angle of inclination 6(P¢) as a percentage of the 
pressure at 90 deg. inclination (P); but this often 
gives rise to misleading comparisons. One experi- 
menter may, for various reasons, obtaina value of P 
for the same size, shape, and speed of plate differing 
from that obtained by a second ; and although for a 
particular angle 6 both may obtain the same pres- 


7 will be different in the 


two cases. Examples of this will be seen later. 
For this reason it is preferable to plot the values 
of Ke at various angles, and compare these, K¢ 
being the coefficient which, multiplied by the 
square of the speed in miles per hour, gives the 
normal pressure in pounds per square foot at the 
angle @ considered. This method is followed in all 
the curves hereafter. 

Many formule have been proposed to express the 


Po (or Ko 
x K 
satisfactory. Each is based upon the results of 
experiments made under a particular set of con- 
ditions, which, in course of time, is forgotten, with 
the result the formula is applied to cases altogether 
different from the original. Newton, and, after him, 


sure (Pe), the ratio 


relation ), but these are generally un- 


Euler, proposed and used the formula me = sin’ 6, 


which they deduced from simple mathematical 
reasoning. This relation, although long since 
recognised as entirely contrary to the results of 
experiments, has exercised an unfavourable influence 
on the development of the subject. Many experi- 
menters have endeavoured to reconcile their results 
with the formula, and failing, have suggested in its 
we more or less complicated formule, still em- 
odying the sine of the angle of inclination. 


Hutton’s °° = (sin 6) ome" and St. Loup’s 
P, _ 48in@—] 


3 sind 
Next tothat of Newton, probably the best-known 
and most widely used formula is that proposed by 


formula may be cited as examples. 





* See ENGINEERING, vol. xci., page 299. 


Colonel Duchemin in 1846, which gives 
Ps — 2sin0 
P 1 + sin? 0 


Duchemin made no experiments, but based his 
proposal on the experimental results of Hutton, 
Vince, and Thibault. Its simplicity, and the fact 
that Langley stated the results given by it agreed 
very closely with those obtained by him with square 
plates, have no doubt strongly recommended its 
adoption. It is therefore desirable to examine the 
experimental results which form its basis. 

utton, Vince, and Thibault used whirling 
machines whose radii were respectively 44 ft., 
7}? in., and 4.43 ft. Vince experimented with 
water, and the other two with air. The motive 
power turning the machines was a falling weight 
attached to a string wound around a drum on the 
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axis of the machine, the observations as to velocity 
being made when uniform motion was attained. 
In these old whirling machines the resistance of the 
arms and plates was first obtained, and afterwards 
that of the arms alone, the difference giving the 
resistance of the plates. The normal pressure is 
obtained by dividing the resistance by the size of 
the angle of inclination. Hutton’s machine had 
one arm carrying a plate at its outer end, and con- 
sequently the friction on the axis due to the pres- 
sure on the plate was difficult to allow for. 
Thibault’s machine had two arms forming a dia- 
meter with a plate at each extremity, and Vince’s 
four arms forming two diameters at right angles 
with a plate on each. By the use of a pair of 
plates, one at each extremity of a diameter, the 
friction on the axis due to the pressure on the 
plates was reduced to practically nothing. 

Hutton’s plate measured 4 in. by 8 in., the 
velocity of experiment being about 12 ft. per 
;second. The aspect of the plate during the experi- 








ments is not stated, but in previous experiments 
Hutton found that at all angles of inclination the 
same resistance was experienced with either side 
inclined. This is contrary to later experience— 
that it indicates the frictional resistance of the 
machine vitiated the results. Vince used four 
square plates, each of 3.93 sq. in. area, moving with 
a speed of % ft. per second. Only the final results 
of the experiments were published, but the small 
size and close proximity of the plates, the short 
arms, and low velocity, do not inspire confidence in 
the results. Lord Rayleigh compared them with 
those obtained by his well-known formula, deduced 
from hydro-dynamical principles, and they agreed 
fairly well together. Thibault used square plates 
of 12.8 in. side, the velocity varying from 30 ft. 
per second for 10 deg. inclination to 8 ft. per 
second for 90 deg. 


The values of p obtained by Hutton, Vince, and 


Thibault, and as calculated by the formule of 
Newton and Duchemin, are shown in the following 
table :— 


> 


Value of 7 
Angle of P 
Inclination. 


Newton.; Duchemin. 


| 
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Hutten. Vince. | Thibault. 
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The results given by the Newtonian formula are 
far too small, but those given by Duchemin’s 
formula agree fairly well with Thibault’s results at 
all angles, except 20 deg., for which it gives a 
result about 20 per cent. greater. They agree with 
Hutton and Vince’s results for the larger angles of 
inclination, angles at which the ratio is rarely 
required. Later experiments have, however, shown 


that Thibault’s values of . for square plates are 


small, and hence Duchemin’s formula gives too 
small values of this ratio. 

If, however, as is often the case, one wishes to 
obtain the absolute value of Py it is necessary to 


decide on the value to be taken for the coefficient K 
in the formula P = KA V*. Usually K is taken as 
0.003 for units of pounds, square feet, and miles 
per hour, and for square or circular plates. As 
determined by Thibault, K is 0.0048, by Hutton 
0.0035, and by Vince 0.0033, the latter value being 
obtained by dividing the coefficient for water by 
the ratio of the densities of water and air. Fig. 1 
shows the values of K at each angle determined by 
the three experimenters, and also as calculated by 
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Duchemin’s formula by taking first K = 0.003, and 
secondly K = 0.0048 for normal motion. 

The curves show the results calculated with 
K = 0.003 agree with those determined by Hutton 
and Vince up to 40 deg., whilst with K = 0.0048 
they agree with those of Thibault. It will be shown 
later that the results of the latter, up to 30 deg., 
agree with those of later experiments, whereas 
those of Hutton and Vince do not. One concludes, 
therefore, that the formula of Duchemin, when 
used to obtain absolute values of Pg at angles up to 
30 deg., gives fairly correct values, if the coefficient 
for normal motion is taken as 0.0048, the value 
determined by Thibault, and when used for deter- 


mining the value of Me the results given are too 


small for plates of an aspect ratio 1 and above. 
Duchemin’s formula is recommended in many 
works on the subject for use with any shape of 
plate, and with a coefficient K = 0.003. 

Thibault published his results in 1826, and no 
further experiments appear to have been published 
on the subject until 1871, when Wenham and 
Browning conducted experiments on behalf of the 
Aeronautical Society. These were made with a 
steam-driven fan blowing air into a horizontal trunk 
10 ft. long and 18 in. square, the plate under experi- 
ment being placed in front of the discharge end of 
the trunk. The plate was carried at the end of a 
lever capable of slight movements in all directions, 
and fitted with a balance weight and spring for 
measuring the vertical and horizontal forces 
respectively. The greater number of the experi- 
ments were made on two plates, one 12 in. square, 
and the other 44 in. by 18in. The angles of 
inclination were 15 deg., 20 deg., 45 deg., 60 deg., 
and 90 deg. The mean results for these plates are 
given below :— 





| 
P 
ie | Value of? . 
| P 
| 
Angle = * .. deg} 15 20 | 45 60 = 90 
Plate 12-in. square --| 0.51 0.63. 1.15] 1.08 1 


Plate 44 in. by 18 in. (i¢., long! 
side inclined) .. es ..| 0.34 
Plate 18 in. by 4} in. (i.¢., short) | 
side inclined) .. .. | 0.60 60.62 0.92! 0.98 1 


0.52 0.94/ 0.96 1 


Difficulty was experienced in measuring the 
velocity of the air, and consequently the value of 
K at 90 re 4 was not well determined. Adopting 
a value of K = 0.003 the absolute results for the 
44 in. by 18-in. plate under both aspects are in 
fair accordance with later experiments. It will be 
noticed there is an indication of a hump on the 
pressure curve for the 18-in. by 44-in. plate between 
15 deg. and 20 deg. The results showed the 
advantage of large aspect ratio on the pressure at 
small angles, a point emphasised by Wenham in 
his now classical paper read before the Aeronautical 
Society. 

In 1879 St. Loup published the results of his 
experiments with a 4-in. by 8-in. plate carried on a 
steam whirling-machine of 10 ft. radius, these ex- 
periments leading to the suggestion of the formula 
mentioned above. The results are in complete 
disagreement with those of other observers. 

In 1890 Dines communicated the results of his 
experiments, and in the following year Langley 
published his results. Both employed whirling 
machines of large radius, 28 ft. and 30 ft. respec- 
tively, and arranged their apparatus to give directly 
the pressure on the plate under experiment with- 
out having to allow for the resistance of the arms, 
as in the older machines. 

Dine3’s an were made at a speed of 
40 miles per hour, and the plates used were two in 
number, one 12 in. square, and the other 3 in. by 
48 in., which was tried under both aspects. An 
ingenious arrangement supporting the plate at the 
end of the morn arm allowed of the moment of 
the pressure on the plate being automatically 
balanced by the moment arising from the centri- 
fugal force on a heavy bar. The normal pressure 
was obtained by two different methods. In the 
first method the plate was inclined forward with its 
face parallel to the arm of a lever, and at an angle 
6 with the direction of motion. The moment P 
(a + x) was thus obtained, P being the normal 
pressure, a the distance of the centre of plate from 
the fulcrum of the lever, and x the distance of the 
centre of pressure from the centre of plate. Next 
the plate still inclined at an angle @ had its centre 


fixed to the end of the lever, with its face at right 





angles to the latter. By this means (Px — Ta) 
was measured, T being the tangential force. The 
effect of T was in the subsequent calculations 
neglected, and the two equations served to deter- 
mine P and x. In the second method the plate 
was placed in a natural wind, and could turn about 
a vertical axis which was shifted along the lower 
edge. By observing the angle between the face 
of the plate and the direction of the wind, 
the value of x for various angles was obtained, and 
on substitution in the equation for P (a + x) gave 
the value of P. The value of « for the same angle 
of inclination differed in the two cases, and hence 
two curves of normal pressure were obtained. 
These are shown in Fig. 2, the upper curve being 
that obtained from the natural wind experiments. 
The velocity of the wind is not stated, but probably 
was not 40 miles an hour, the speed of the plate on 
the whirler. Consequently both values of x for 
each angle may be correct, the difference in speed 
accounting for the difference in position. It is now 
well recognised that the pressure on the back of a 
plate relative to that on the front decreases as the 
speed increases, and thus the centre of pressure 
may vary slightly in position for the same inclina- 
tion of a plate with an increase in speed. The 
curves for the 3-in. by 48-in. and 48-in. by 3-in. 
plates are shown in Fig. 4, and were determined by 
the first method described for the square plate. 
Langley’s principal experiments were made with 
an arrangement termed the ‘‘ component pressure 
recorder,” by which the resistance of the plate was 
automatically recorded, and in addition the speed 
at which the plate ‘‘ soared ”—i.e., at which its 
weight was just supported by the air pressure—was 
observed. the door. rye inclination being known, 
the normal pressure is at once determined and can 
be expressed asa percentage of P by calculating the 
latter from the area, the soaring velocity, and the 
coefficient for normal motion. The normal pressure 
can also be obtained from the resistance, but the 
planes were relatively thick, and as at small angles 


_| the end resistance forms a large percentage of the 


total, the pressures thus obtained are too great. 
Langley experimented with several sizes and weights 
of eaeeatb., 12 in. by 12 in. of 250, 500, and 
1000 grammes, 6 iv. by 6 in. of 1 gramme, 12 in. 
by 6 in. of 250 grammes, 24 in. by 6 in. of 250, 500, 
and 1000 grammes, and 30 in. by 4.8 in. of 250, 
500, and 1000 grammes. The angles of inclination 
varied from 0 deg. to 45 deg. or 50 deg., but several 
observations for each plane at 90 deg. were taken 
to obtain the value of K for normal motion for com- 
parative purposes. The principal experiments were 
with the 12-in. by 12-in., 24-in. by 6-in. and 30-in. 
by 4.8-in. planes, and for these soaring speeds at 
3, 5, 10, 15, 20, 30, and 45 deg. were obtained. 
For the other planes the observations were not so 
extensive. 


As explained above, the value of Pe could be ob- 


tained at once from the data of the experiment, but 
Langley proceeded in a roundabout and inaccurate 
way to obtain it. Ona base of angles of inclina- 
tion he set up “‘ soaring”’ speeds as ordinates, and 
passed a fair curve as nearly as possible through the 
spots so obtained. From this curve he measured 
the soaring velocities at intervals of 5 deg. from 
0 deg. to 45 deg., and from these speeds calculated 


the values of , the denominator being determined 


with K = 0.0033. This procedure necessarily gave 
a fair curve for normal pressures from 0 deg. to 
45 deg., and the results agreed extremely well with 
Duchemin’s formula. lt is now recognised that 
the soaring speeds plotted, as described, do not fall 
on a fair curve, but one which has irregularities 
whose magnitude and position vary with the aspect 
ratio. For a square plate this irregularity is very 
pronounced between 30 deg. and 40 deg., for plates 
of aspect ratio greater than 1 it is less pronounced 
and occurs at smaller angles. For plates of aspect 
ratio less than 1 it occurs at angles just outside 
the scope of Langley’s inclination. The greatest 
error occurs in Langley’s results for a square plate. 
The correct curve of normal pressure calculated 
directly from the results is given in Fig. 2, and at 
30 deg. givesa result about 20 per cent. greater 
than stated by Langley. The results for the other 
plates are given in Figs. 3 and 4. 

Dines’s experiments were made at constant velo- 
city, and this is generally the case with those of 
other authorities. Langley’s method of obtaining 
the ‘‘soaring” speed necessarily involved a dif- 





ferent = at each angle, those for the smaller 
angles being greater than for the larger. The 
resulting curves are not for this reason strictly 
comparable with those taken at constant speed. 
This point is illustrated by the results of Langley’s 
experiments with an arrangement of his machine 
termed a ‘‘ resultant pressure recorder,” by which 
the normal pressure at various angles and speeds 
for a 12-in. by 12-in. plate was automatically 
recorded. The results for 15 deg. are as follow :— 


Velocity in Feet per . Pus 
Siaand. Value «f Z 
14.5 0.58 
14.5 0.72 } Mean 0.62 
14.6 0.57 
28.5 0.49 
28.5 0.61 
28 5 0.57 Mean 0.53 
28.5 0.46 
36.0 0.44 
26.0 0.42 } Mean 0.43 


The results at each speed are somewhat. irre- 
gular, the whirling machine was in the open, and 
not fenced in as for the other experiments, but 


show a steady diminution of the ratio Pp as the 


speed increased. In calculating P the coefficient K 
was taken as constant for the three speeds, but 
other experiments show that it decreases as the 
speed isincreased. There is not sufficient evidence 


to show if the ratio 7 for the same angle and 


plate remains constant for all speeds. The effect 
caused by different speeds of experiment is that in 
Langley’s curves the value of the coefficient at the 
smaller angles is relatively less than at larger 
angles. 

Dr. Stanton has carried out experiments at the 
National Physical Laboratory with a plate 3 in. by 
1 in. under both aspects in a current of air moving 
at 21 ft. per second through a trunk 2 ft. in 
diameter. His method of obtaining the normal 
pressure Pg was as follows :—The plate inclined at 
an angle @ was attached to the end of a lever, and 
the moment Pe (a + x) measured. It was then 
turned through (180-2 6), bringing the centre of 
pressure inside the point of attachment, and the 
moment Ps (a—x) measured. From the two equa- 
tions P and a were determined. Dr. Stanton 
found that for angles less than 25 deg. the tan- 
gential force was appreciable, and could not be 
neglected. For these angles the moment of the 
tangential force was introduced into the two equa- 
tions, the distance x determined from other experi- 
ments, and when introduced into the two equations 
the tangential force was eliminated, and Pe deter- 
mined. His results are shown in Fig. 4. 

The first experiments of Eiffel with inclined 
plates were made at the Eiffel Tower with his 
vertical wire and slider. The latter carried the 
plate and recording apparatus, and fell by its own 
weight down a stretched vertical wire. Continuous 
records of the resistance and space traversed were 
automatically taken for the whole fall. To obviate 
lateral forces on the slider, two square plates, each 
about 20 in. by 20in., were symmetrically mounted, 
with the leading edges at from 20 in. to 32 in. 
apart. Observations were taken at 10 deg., 20 deg., 
30 deg., 50 deg., and 70 deg. The value of K for 
normal motion is not given, but taking it at 0.003, 
the value obtained in Eiffel’s other experiments 
with this size of plate, the curve shown in Fig. 2 is 
constructed. It is necessary to remark that the 
plates were moving with an acceleration, and not 
at constant speed. The effect of this is to increase 
the coefficient at the larger angles as compared with 
the smaller. It will be noticed the curve is more 
convex to the base line than those of other 
observers. 

More recently Eiffel has made experiments with 
a square plate fixed in a current of air, and has 


obtained the following values of FP 

— 
dg. dg. dg. dg. 
10 2 30 38 
0.4 0.8 1.2 1,5 


Angle of inclination... 
Value of 4 


dg. 
50 and above 
1 


Neither the size of the plate, the speed of experi- 
ment, nor the value of K for normal motion is given. 
The results are generally larger than those deter- 
mined by other observers. LEiffel’s results for 
~~ 34 in. by 6in., and about { in. thick, obtained 

y the same apparatus, and with the air curreit 
moving at from 42 ft. to 50 ft. per second, are shown 
in Fig. 4. 

Rateau has experimented with a fan discharging 
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air through a large converging nozzle on to a fixed 
plate 20 in. by 12 in., and about 4, in. thick, placed 
in the open. His results are shown in Fig. 2. The 
maximum velocity of the air was 115 ft. per second. 

The results of Finzi and Soldati witha plate 18 in. 
by 4in., carried on a whirling machine of 15 ft. 
radius, and moving ata speed of 32 ft. per second, are 
shown in Fig. 4. In this case the curve represents 
the pressure per unit area at a medium line at right 
angles to the leading edge, and is therefore greater 
than if taken per unit area over the whole plate. 
The results at small angles should indicate the 
coefficient which would be obtained on a plate of 
infinite breadth, since with a plate 18 in. by 4 in. 
the ends can have but very little, if any, effect on 
the middle portion. 

The results obtained by the various observers 
already mentioned are grouped for comparative pur- 
poses in Figs. 2, 3, and 4, where abscissze are angles 
of inclinations and ordinates the value of K—in 
pounds, square feet, miles per hour, units—for 
normal pressure. The values of K for the smaller 
angles of inclination are the most important for 


eles J Fi 
| | 





Eiffel, with his sliding apparatus. Langley’s cor- 
rected curve agrees with the upper curve of Dines for 
angles up to 20 deg., and also at 45 deg., whilst at 
30 deg. it agrees with the lower curve. Eiffel’s 
result at 50 deg. also agrees with the upper curve of 
Dines. For angles above 10 deg. the curve of 
Vince gives lower values than the other curves. 
Thibault’s curve gives greater results than any 
of the others, and this is explained by the rela- 
tively small radius of his whirling machine. The 
length of the arms was just over four times the 
side of the plate, and this had the effect of increas- 
ing the pressure as compared with that obtained 
by rectilinear motion or with whirling machines of 
much larger radius. At 90 deg. of inclination the 
increase was 60 per cent. (0.0048 to 0.003), but 
this increase should diminish with the angle of 
inclination, so that at small angles the pressure 
should not be very different from that determined 
by other methods. At such angles, however, since 
- pnees is obtained by dividing the resistance 
y t 





son of his values for small angles with those of the 
four other curves shows that as the aspect ratio 
increases from 13 to 2 the normal pressure also 
increases. 

This is confirmed by comparing the results for 
the square plates with those of Fig. 3, and also 
by the results shown in Fig. 4, which gives the 
results obtained on plates of an aspect ratio greater 
than 2, and also for those less than 1. Langley’s 
results for the plates of various aspect ratios, 
although agreeing between themselves that as the 
aspect ratio increases the normal pressure at small 
angles also increases, appear to give too small 
results when compared with those of other autho- 
rities. Thus for an aspect ratio of 6} (30 in. by 
4.8 in.) the value of K at 10 deg. is 0.00145, as 
compared with 0.00185 obtained by Eiffel with an 
aspect ratio of 5% (34 in. by 6 in.). It is quite 
possible in this case, as in that of square plates, the 
thickness of the plate, and the consequent normal 
pressure on the end—which for broad plates is 





the sine of the inclination, any increase in the | greater per unit area than for narrow ones—may 
resistance due to frictional or end resistance in- | account for this difference. 


Langley’s plates were 
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practical purposes, and for this reason the angles of 
inclination do not extend beyond 50 deg. 

The ticked curves represent the results which 
have been obtained with plates moving through 
water, by Froude, Beaufoy, Stanton, and Vince. 
Froude used plates 36 sq. in. in area, and moving 
at from 2} ft. to 5 ft. per second ; Beaufoy, plates 
of about 3 sq. ft., at velocities of from 2 ft. to 8 ft. 
per second, depending on the inclination; and 
Stanton, 2 sq. in., placed in a current moving at 
2.4 ft. per second through a channel 12 in. by 7 in. 

The results in all the figures agree extremely 
well with one another, and this agreement is re- 
markable when one considers the different methods 
employed and the varying sizes of plates and speeds 
of experiment. The close agreement between the 
results of experiments in water and air is also note- 
worthy. 

Taking Fig. 2, which represents the results for 
square plates, the now well-authenticated hump in 
the pressure curve is shown by the two curves of 
Dines, and those of Froude and Stanton. The 
value of the coefficient at the hump is respectively 
122 and 100, 133 and 98 per cent. of the value at 
90 deg., as compared with 150 per cent. deter- 
mined by Eiffel. It will be noted, however, that 
the absolute value of Stanton’s curve at 37 deg. is 
practically the same as that of the lower curve of 
Dines. The hump shown by the two curves of 
Dines, and also by that of Froude, is well rounded, 
whereas that of Stanton is pointed. In other cases 
the shape of the hump and the position of maxi- 
mum value can only be conjectured, since no 
experiments were made by Beaufoy between 
30 deg. and 40 deg., by Langley between 30 deg. 





and 45 deg., and between 30 deg. and 50 deg. by 
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oreases the normal pressure. This is probably also 
the cause of the differences between other results 
at the smaller angles, for although determined by 
more correct methods, there is little doubt the 
thickness of the plate and also the manner of 
‘* snaping” the edge must affect the pressure. It 
is therefore probable that the curve of normal pres- 
sure, instead of being a straight line from 0 deg. to 
10 deg. or 20 deg., as most of the results show, 
should be slightly convex towards the base, as shown 
by Stanton’s curve. 

Fig. 3 shows the results of experiments made 
by Froude, Beaufoy, Stanton, and Langley for 
plates with an aspect ratio of 2, and those of Rateau 
for a plate of aspect ratio 1%. The four former 
agree extremely well up to an angle of 10 deg., but 
beyond this they differ. Froude and Stanton’s 
curves show well-defined humps at 20 deg. and 
25 deg. respectively, whilst Rateau’s curve shows 
one at just over 20 deg. In the case of Langley’s 
experiments, observations were not taken for angles 
between 10 deg. and 20 deg., and consequently no 
indication of an irregularity in the curve was 





obtained. Rateau’s experiments showed great. 
instability between angles of about 30 deg. and | 
35 deg., consequently the shape of the curve at | 
about these inclinations is uncertain. A compari-| 


| 
Fig.4. 
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relatively thick and square-edged, and his resist- 
ance curve for the 30-in. by 4.8-in. plate shows that 
at 3 deg. the end resistance was 100 per cent., at 
5 deg. 50 per cent., and at 10 deg. 25 per cent. 
greater than the resolved part of the normal pres- 
sure. The effect is the same as increasing the 
weight of the plate and also the soaring speed. 
Eiffel’s curve for an aspect ratio of 5% shows a very 
slight hump just above 10 deg., but Dines’s curve 
for an aspect ratio of 16 (48 in. by 3 in.)—the 
largest aspect ratio of the various plates tried— 
shows a fair curve. The latter, however, falls 
below the others for angles up to 20 deg., after 
which it gives larger values. Finzi and Soldati’s 
result for the middle line of a plate 18 in. by 4 in., 
and which, as before explained, may be taken to 
represent the results of a plate of infinite aspect 
ratio, shows a slight irregularity at 8 deg. It 
seems probable, therefore, that Dines’s curve is 
incorrect for small angles. His published results 
show only one observation at 10 deg. Comparison 
of the results in Figs. 3 and 4 shows that as the 
aspect ratio increases the angle at which the hump 
occurs, and also the magnitude of the latter, is 
decreasing. 

Turning to the curves of Fig. 4 for plates of an 
aspect ratio less than 1, these show a steady decrease 
in the normal pressure for angles below 40 deg. as 
the aspect ratio decreases. Froude’s and Stanton’s 
curves for aspect ratio 4 show prominent humps st 
about 45 deg. inclination, at which the coefficient is 
respectively 37 and 14 per cent. greater than at 
90 deg. Stanton’s curve for a 1-in. by 3-in. plate 
shows a hump at about 22 deg., the maximum 
pressure being about 10 per cent. greater than the 
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pressure at 90 deg. Dines’s curve fora plate of 
aspect ratio ; shows no hump, but at angles of 
from 70 deg. to 80 deg. the normal pressure is 
slightly greater than at 90 deg., which would seem 
to indicate the hump had been pushed along. It is 
interesting to note that at 10 deg. the normal pres- 
sure on a 3-in. by 48-in. plate is just one-fifth of 
that on a plate 34 in. by 6 in. 

From the results shown in Figs. 2, 3, and 4 it is 
possible to obtain approximately the variation of 
the normal pressure at small angles with the aspect 
ratio. In Fig. 5, on a base of aspect ratios are set 
off the values of the coefficient K at 10 deg. incli- 
nation, and a mean curve has been passed through 
the spots so obtained. This curve shows that at 
10 deg. the coefficient increases with the aspect 
ratio, being 0.0011 for aspect ratio 1, and 0.00165 
for aspect ratio 6, an increase of 50 per cent. 
Since for angles less than 10 deg. the curves of 
normal pressure are all practically straight lines, 
the pressure for such angles can be determined 
from this curve. It is to be noted that Duchemin’s 
formula with K at 90 deg., taken as 0.0048, gives 
at 10 deg. K = 0.00163, which agrees with the 
curve at aspect ratio 6. A similar curve drawn for 
20 deg. gives K = 0.002 for aspect ratios above 3. 
At this angle Duchemin’s formula, with K at 90 
= 0.0048, gives K at 20 = 0.0029, or nearly 50 per 
cent. above experimental results. 

The shapes of the curves given in the figures 
show the necessity of taking observations at angles 
of inclination very close together, especially in the 
vicinity of irregularities. The older observers made 
observations at every 10 deg., and they con- 
sequently found no irregularities. At the outset, 
it was stated, the resistance and the force perpen- 


dicular to the direction of motion could both be] ~ 


obtained by resolution of the normal pressure in 
the two directions. This supposes no tangential— 
i.e., frictional and end—resistance. Stanton, 
Rateau, and Eiffel have proved by their experi- 
ments that the tangential resistance for small 
angles of inclination is appreciable. Eiffel, with a 
plate 34 in. by 6 in., found the resultant pressure 
at 10 deg. was inclined at 34 deg. to the normal, 
and at 5 deg. it was inclined 14 deg. So far as the 
force perpendicular to the line of motion is con- 
ak this makes little difference, but the force 
along the line of motion is increased 30 to 35 per 
cent. Calculation based on Lahm’s results shows 
that the surface friction is very small, and that end 
resistance causes practically the whole of the 
difference found in these experiments. In cases, 
therefore, in which the thickness is appreciable, 
the end resistance must be added to the resolved 
part of the normal pressure to obtain the whole 
resistance. The value of K in calculating this end 
resistance is considerably greater than the usual 
0.003, and, judging from the results of Stanton’s 
experiments on plates of varying ratios of length to 
breadth, and supposing the increase maintained for 
greater ratios than he tried, may be two or three 
times the usual value. 

In conclusion, it may be pointed out that the 
results of various observers, when compared by the 
method adopted in this article, show a much closer 
agreement than is generally supposed, and than is 


shown by comparisons of = An even closer 


agreement may perhaps be traced when the law 
connecting size and speed of similar plates becomes 
known. The writer believes, as he endeavoured to 
show from experimental results in his previous 
article dealing with motion normal to the plate, 
that the law of similitude applies in such cases; but 
this view is not generally adopted. It is possible 
also that if a standard ratio of thickness of plate to 
size, and also the manner of shaping the edges, 
were adopted, a still closer agreement would be 
ensured. 





H.M. BATTLE-CRUTSER “LION.” 

Tue battle-cruiser Lion, laid down under the 
es gee of 1909-10, is now undergoing her steam 
trials in the English Channel, and as the power of 
her machinery far exceeds that in any preceding 
warship, and equals that in any merchant ship, 
more than usual interest is associated with the 
tests. As the vessel is the first of the class and 
marks a large step in advance of preceding shi 
in every respect, these trials will be specially search- 
ing, and several additional tests will be included. 
As with all our large fighting ships, there will be 
an eight-hours’ trial at full power, when, according to 





the design, the speed is expected to be 28 knots ; a 
24-hours’ run, when the vessel will be required to 
steam at a power to give from 25 to 26 knots ; 
prolonged trials at progressive speeds to determine 
the efficiency of the machinery at various powers 
and to enable a curve of radius of action to be 
prepared; and manceuvring tests and auxiliary 
machinery tests. Before she returns to the dock- 
yard the gun-mountings and guns will also be tried. 

The full measure of the advance typified by the 
Lion cannot be set down with any precision. Itis 
not enough to say that as compared with the 
heaviest-gunned armoured cruiser in the King’s 
Fleet six years ago—the Black Prince—there is an 
increase in the length of the hull of 180 ft., equal 
to 374 per cenc., in the beam of 15 ft., or 20 per 
cent., inthe displacement tonnage of 12,810 tons, 
or 95 per cent., in the horse-power of about 200 per 
cent., in the speed of 5.66 sea miles per hour, or 25 
per cent., in the extent and efficiency of armour 
quite 200 per cent., and in the foot-tons of energy 
developed by a salvo of guus of the primary battery 
of 220 per cent., although if the broadside only is 
compared the Lion’s gun-power is five times that 
of the Black Prince. While the largest gun in 
the latter can only penetrate theoretically the 
armour of the Lion at about 4000 yards range, the 
guns of the Lion may perforate the thickest armour 
of the Black Prince at any range within human 
vision. With her great speed she could keep at 
such a distance as to render any attack upon 
her ineffective, while able still to do great de- 
struction to the opponent. It is interesting to 
show in tabular form the progressive steps of the 
Table Illustrating Development in British Battle-Cruisers. 











“4 Class of | 4 g., Bas| 2. 

38 Ship. Pa =| es SEE Sy Armament. 
34 SiS \ ae gma) sz 
Cty | te | tome knote eS 


t. 
1904 Black Prince 480 |\73.5 13,550 23,500 22.33 Six 9.2-in., ten 
| | 6-in., and twenty- 
| | two smaller 
.. 480 | 73.5 13,550 23,500, 22.3 Six 9.2-in., four 
| 7.5-in., & twenty- 


1905 Natal 


| | six smaller. 

1906 Minotaur ..,490 74.5 14,600 27,000 23.0 Four 9.2-in., ten 
7.5-in., & twenty- 
four smaller. 

1907 Invincible .. 530 78.6 17,250 41,000 25.0 Eight 12-in., six- 

| | teen 4-in., and five 
smaller. 

1909 Inde fatig-555 80.0 18,750 |43,000 25.0 Eight 12-in., six- 


able teen 4-in., and six 

| } smaller, 
1910 Lion .. 660 88.6 26,360 70,000) 28.0 Eight 13.5-in., six- 
| teen 4-in., and six 


| smaller. 


past seven years. The only comments which need 
be made are: firstly, that the ratio of beam to length 
is 1 to 6.5 in the Black Prince and 1 to 7.45 in the 
Lion, so that the block coefficient of fineness has 
been reduced, and speed rendered easier of attain- 
ment; secondly, that the faster speed realised has 
required an advance in the proportion of power to 
speed from 173 horse-power per 100 tons to 276 
horse-power per 100 tons (refinements, however, in 
the boiler installation and the adoption of highly 
economical turbines instead of reciprocating engines 
have reduced the weight of machinery per unit of 
power, notwithstanding that margins of safety and 
provision for overloads are more ample) ; and thirdly, 
power of attack has been augmented without causing 
an equivalent addition to the weight involved in 
ordnance, as a result of improvements in metals, de- 
signs, and manufacture of guns and gun-mountings. 

It will be seen that it was in the Invincible class 
that the ‘‘all-big-gun ” principle was first adopted. 
They mounted eight 12-in. guns in four barbettes, 
one forward and one aft, while the two on the 
broadside amidships were placed en échelon in order 
that they might be used on either broadside. This 
disposition of guns was continued in the succeeding 
ship, the Indefatigable, and in the Colonial cruisers 
New Zealand and Australia, but the distance 
separating the amidship guns in the longitudinal 
line has been increased in order that there may be 
a greater arc of training. In the Lion the guns are 
arranged in the centre line, as shown in the view of 
the ship on Plate I. The two pairs forward of the 
bridge are arranged at different levels, so that the 
four may fire ahead and on either broadside. The 
midship pair may also fire on either broadside, and 
the after pair has a wide arc of training before the 
port and starboard beam. 

The successive developments in the design of 
battle-cruisers are the consequence not of ambition 





to excel in mere size, but of the continuous study of 
strategy and tactics, in which a dominating factor 
is the tactical qualities and fighting strength of pos- 
sible opposing ships. In this study and in the deter- 
mination to ensure Britain’s supremacy successive 
Boards of Admiralty have shown professional and 
patriotic z2al, and no member has exercised more 
influence than the present Controller, Rear-Admiral 
C. J. Briggs, the officer primarily responsible for 
the matériel of the Fleet. Such reflections lead one 
naturally to a comparison between the Lion and the 
corresponding ships of other Powers ; but we will 
not be tempted to essay the task, as it is practicably 
impossible. The mere statement of the elements 
in design in our table, while reassuring to the tax- 
payer and to the technical reader, because indicative 
of sound progress, is not sufficiently detailed 
to justify complete deduction from a comparison 
of similar particulars of other ships, and we 
do not intend to give fuller data. The displace- 
ment tonnage includes many possible variants, 
for instance, and in the fuel supply controlling 
radius of action, which is a great tactical element, 
and in the amount of ammunition stored, which 
determines the possible duration of action. 
Again, the comparison of guns, and even their 
striking energy at given range, is illusory without 
reckoning the degree of accuracy consequent upon 
the excellence of the mechanism: and the efficiency 
of the gunners, or of the penetrating power of the 
projectile and the effectiveness of the bursting 
charge when it has entered the ship. Further, the 
rapidity of fire ensured by the machinery by which 
the gun is trained, elevated, and loaded is an equally 
important factor. The maintenance of speed and 
the reliability of the machinery are by no means 
negligible, and the consideration of these involves 
disclosures which are not desirable in connection 
with the exact disposition of the units in relation to 
ready stoking and engine-room observation. Defen- 
sive arrangements are even more significant items 
in the fighting quality of the ship. Apart from the 
main armour protection, free that is hidden 
within the shell of the ship in the way of internal 
subdivision by vertical and horizontal protective 
walls may make a world of difference in any 
deduction made from comparisons of dimensions. 
But what may be said with surety is that no ship 
now afloat in the harbours of any nation represents 
so fully the highest value in fighting power for every 
pound of weight put into the structure, when the 
vessel is prepared for war, as does the Lion. It is 
Coen! fitting that the last completed of Sir 

hilip Watt’s ships should be so representative of 
his great work for the Navy. 

An extensive consideration of the propelling 
machinery, viewed as an example of Parsons’ tur- 
bines, is permissible without disclosing vital secrets 
and acting contrary to the promptings of patriotism. 
The installation is typical of the best British prac- 
tice, alike as regards the design of the turbines, 
their manufacture, and the arrangement of the 
machinery on board, in all of which the Engineer- 
in-Chief of the Fleet—Sir Henry Oram—and 
his staff deserve high credit. There are two sets of 
turbines, entirely independent of each other, and 
arranged on each side of the centre line of the ship. 
There are four shafts, each with one propeller. 
Each set comprises a high-pressure ahead turbine, 
in which is incorporated a cruising stage at the 
forward end of the turbine for working at low 
powers only, the steam being by-passed over this 
stage at full power or at high fractions thereof ; a 
low-pressure ahead turbine; a high-pressure astern 
turbine ; and a low-pressure astern turbine. The 
high-pressure ahead and astern turbines are separ- 
ate, and both are mounted on a wing-shaft, while 
the low-pressure ahead and astern turbines are 
within one casing and are on an inner shaft. All 
of the turbines are of the Parsons reaction type, 
and the machines in each set work in series. All 
four shafts are available for ahead and astern 
working. The engine-rooms are suitably divided 
for protection purposes. Four condensers with 
steel external plates, with cast-iron covers to pro- 
tect the tubes from galvanic action, are placed 
aft, together with the centrifugal pumps and other 
auxiliaries. The whole of the arrangements, in- 
cluding those of the steam and exhaust piping, 
feed, in, and oil lubrication systems, are such as 
to preserve the independence of the port and star- 
board sets of machinery, and to allow either set to 
be worked when all parts of the other are disabled. 

The rotor-drums, spindles, and connecting-pieces 
of the turbine are of forged steel, and the rotor- 
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HIS MAJESTY’S BATTLE-CRUISER “LION.” 


CONSTRUCTED AT THE ROYAL DOCKYARD, DEVONPORT; ENGINED BY MESSRS. VICKERS, LIMITED, BARROW-IN-FURNESS. 





(For Description, see Page 4.) 
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Fic. 1. Tue *‘ Lion” Keapy ror Steam Triats. 
































iA. 

| BN 
} ii ae i “ea 
Nera a / 

i 
.§ Laue ‘ 
f : 
™~, mR 





























ie, 
’ -~ 
’ — 
’ 3 — ony 
* —s 
(c 
Fic 2. Bow View. Fic. 3. Srern View. 


Photographs by Cribb, Southsea. 
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THE PARSONS TURBINES FOR H.M. BATTLE-CRUISER “LION.” 
CONSTRUCTED BY MESSRS. VICKERS, LIMITED, AT THEIR NAVAL CONSTRUCTION WORKS, BARROW-IN-FURNESS. 


(For Description, see Page 4.) 








Fic. 4. Mouxpine Borrom Har or Hieu-PressureE ASTERN TURBINE CASING. 
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THE PARSONS TURBINES FOR H.M. BATTLE-CRUISER 


CONSTRUCTED BY MESSRS. VICKERS, LIMITED, AT 


THEIR NAVAL CONSTRUCTION WORKS, BARROW-IN-FURNESS. 
(For Description, see Page 4.) 
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Fic. 7. Daressinc Tursine Castines. 
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THE PARSONS TURBINES FOR H.M. BATTLE-CRUISER “LION.” 


CONSTRUCTED BY MESSRS. VICKERS, LIMITED, AT THEIR NAVAL CONSTRUCTION WORKS, BARROW-IN-FURNESS. 


(For Description, see Page 4.) 
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Fis, 9, Tae Forwarp Section or Low-PressurE Turstne CasinG oN THE WaTER-TESTING BED, THE TEST-FLANGES BEING SHOWN IN PLACE. 
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CONSTRUCTED BY MESSRS. VICKERS, 


THE PARSONS TURBINES FOR H.M. BATTLE-CRUISER “LION.” 


LIMITED, AT THEIR NAVAL CONSTRUCTION WORKS, BARROW-IN-FURNESS. 


(For Description, see Page 4.) 
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THE PARSONS TURBINES FOR H.M. BATTLE-CRUISER “LION.” 


CONSTRUCTED BY MESSRS. VICKERS, LIMITED, AT THEIR NAVAL CONSTRUCTION WORKS, BARROW-IN-FURNESS. 


(For Description, see Page 4.) 





Fig. 12. Hien-Pressure AHEAD AND ASTERN TURBINES, 
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HieH-Pressure AHEAD aND HicH-PressurE ASTERN TURBINES COUPLED. 
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THE PARSONS TURBINES FOR H.M. BATTLE-CRUISER “LION.” 
CONSTRUCTED BY MESSRS. VICKERS, LIMITED, AT THEIR NAVAL CONSTRUCTION WORKS, BARROW-IN-FURNESS. 


(For Description, see Page 4.) 
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wheels are of forged steel of the arm type. 
turbine and ~~ shafting are of forged steel, 
bored hollow. 

fitted to each line of shafting. Complete forced 
lubrication arrangements are provided for the 
turbine and plummer-block bearings. Two main 


oil service pumps are fitted in each of the four 
engine-rooms for the forced lubrication of the 


bearings. A water service pump is fitted in each 
of the four engine-rooms in connection with the oil- 
coolers. 

There are two 
each pair of main condensers. 


independent air- pumps for 
The circulating 


The | boiler-rooms are also capable of being used in con- 
In addition to the 
rust and adjusting-bearings are | main condensers there are two auxiliary condensers 
In 
connection with these two air and circulating pumps 
are provided. Six evaporators, worked with steam 
taken from the auxiliary exhaust system or the auxi- 
liary steam service, are used, and the two distilling 
condensers are capa. 8 of condensing all the steam 
The remaining 
evaporators are arranged to deliver the vapour to 


nection with the ash-ejectors. 


for taking exhaust steam from all auxiliaries. 


from four of the evaporators. 


the auxiliary condensers. 


There are forty-two water-tube boilers of the 











Fic. 18. 


pumps for the main condensers are of the centri- 
fugal type, two for each pair of main con- 
densers, The pumps are driven by independent 
two-crank engines, fitted with forced lubrication. 
The fourteen main and auxiliary feed engines are of 
the single direct-acting type. One main and one 
auxiliary feed engine is placed in each division of 
the boiler compartments. There are four grease- 
extractors in connection with the delivery-pipes of 
the main air-pumps, and grease-extractors are also 
fitted in connection with the auxiliary air-pump 
discharges. Eleven steam pumping-engines are 
fitted for fire and bilge purposes and for emptying 
the double bottoms of the compartments in which 
they are situated. Four of these pumps are 


fitted in the engine-rooms, and the remainder in | 


the boiler compartments. Those fitted in the 











InTERIOR ViEW OF FINISHED CASTING. 


Yarrow type, working at 235 lb. pressure per sq. in., 
and arranged for forced draught with closed stoke- 
holds. The boilers are fitted in several water- 
tight compartments, with more than usual sub- 
division. Electrical indicators for regulating 
boiler-firing are fitted, the furnaces being num- 
ered to suit the index of the indicators. Steam- 
driven air-compressors are supplied in each 
compartment for cleaning the boiler tubes ex- 
ternally by means of an air jet, and for supplying 
air over the fires. There is a fan for supplying 
draught to each boiler. They are of the single- 
breasted type, and are driven by double-acting 
steam-engines fitted with forced lubrication. The 
boiler-room, fire and bilge pumps are adapted for 
use as ash-ejector pumps. 

In our art supplement, Plates I. to VIII., we 


reproduce a series of photographs illustrating the 
ship and the manufacture of the turbines. These 
are specially interesting from the mechanical point 
of view, because they show not only the magnitude 
of the work, but the extent of the resources which 
are available at the Vickers works for carrying out 
the undertaking. Indeed, no naval construction 
establishment in this country has the facilities for 
producing such turbines from the pattern to the 
finished turbine; the rotor drums alone were 
provided from the company’s Sheffield works. 

Fig. 4, Plate IT., shows the pattern of the bottom 
half of the high-pressure astern turbine casing in the 
mould, the exhaust branch and bearing-block being 
seen in the foreground, while Fig. 5 illustrates the 
ceres for the same casing and the bearing-blocks 
preparatory to the operation of casting. The 
magnitude of this work is suggested by the fact 
that the largest casting made was nearly 70 tons, 
a weight which, of course, included the headers. 

Fig. 6, on Plate III., is a further view taken in 
the foundry, and shows the cores of the top half of 
the low-pressure casing at the exhaust end. The 
core forward of the exhaust ports is clearly shown. 
In the background there is seen the end section 
of the casing mould. In Fig. 7, on the same Plate, 
there is a general view of the dressing-shop con- 
nected with the iron foundry at the Barrow Works. 
On the left there is seen one of the bearing-blocks, 
and behind it the top and bottom halves of a casing. 
On the present page there are two views of a finished 
casting—one being an external view of the forward 
section of the top half of the low-pressure casing, 
ready to go to the machine-shop. The other view 
shows an internal view of the same casting. 

Returning now to the art supplement, we give on 
Plate IV. (Fig. 8)a view of the forward section of the 
low-pressure turbine-casing in the boring-machine, 
with the boring head in position for roughly forming 
the grooves for the blades. There is no need to 
enlarge upon the size of the work in the tool, or 
on the capacity of the latter. On the same Plate 
there is illustrated (Fig. 9) the same turbine-casing 
on the water-testing bed. In the view there will be 
seen the hand-pumps for developing the hydraulic 
pressure necessary for testing. 

On the next Plate (V.) there is shown (Fig. 10) the 
forward—ahead—end of the same turbine on the 
water-testing bed, with blanks over the apertures, 
through which the spindle or shaft passes. On this 
same view there is seen on the floor the upper part 
of the casing of the high-pressure ahead turbine, 
and there will be observed blank flanges for the 
by-pass of steam over the cruising blading when 
running at full power. Fig. 11, also on Plate V., 
shows the low-pressure turbine complete, ready 
for undergoing steam testing; it is mounted in 
the pit in the erecting-shop. This is a compre- 
hensive view of this turbine, as it shows the 
forward bearing-block, the adjusting-block, the 
complete turbine with ahead and astern sections, 
with the exhaust port over the latter ready for the 
eduction-pipe to the condenser. In the upper 
part of the photograph, on the higher level, there 
are seen the high-pressure ahead and the high-pres- 
sure astern turbines, also ready for steam-testing. 

A better view of these latter turbines, however, is 
given in Fig. 12, Plate VI. This engraving shows 
the forward end of the turbine, and illustrates the 
thrust-rings on the rotor-spindle. Here again the 
ports for the by-pass of steam are clearly shown, while 
another notable feature is the deep ‘‘ Castle” nuts 
on the main horizontal flanges of the turbine. A 
further illustration of the two high-pressure tur- 
bines for the wing shafts is shown in Fig. 13, on 
the same plate. This is a view at the after 
end and shows the barring wheel for turning 
the engine when not under steam. There are 
shown, in both these views, the usual guide- 
columns for the lifting of the upper part of 
the casing to enable the turbine rotor to be ex- 
amined, 

This, however, is a still more prominent feature 
of the two views shown on Plate VII. Fig. 14 
is an illustration of the after end of the , one 
pressure turbines for ahead and astern work, 
and shows the arrangement of bed-plate connec- 
tions and the system of stays in the exhaust 
branch. Over the exhaust port there is a blank 
flange. This view further shows the electric moter 
and gear for barring the engine when not under 
steam. On the same plate, Fig. 15, there is a view 
of the steam-turbine complete in the erecting-pit, 
with the top half of the casing lifted to show the 





rotor and the blading of the ahead and astern 
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turbines. The considerable length of the blades on 
the last expansion of the low-pressure ahead turbine 
is a noticeable feature. The blading to the right, 
of course, is that of the astern rotor, and the 
dummy is also discernible. 

Fig. 16, on Plate VIII., is a comprehensive illus- 
tration of one of the turbine-shops when the work 
was in progress. In the foreground there will be 
seen one of the erecting-pits, with the work of 
building up the low-pressure turbines in progress, 
while the overhead crane is conveying the rotor of 
one of these turbines. The illustration is a striking 
one of the erecting facilities and of the large 
character of the work in progress at the Barrow 
Works. The Vickers Company have not only 
completed the Lion’s machinery, but machinery 
of a corresponding power for a sister-ship—the 
Princess Royal—and have on hand two sets of 
equal power, though of different design, for battle- 
cruisers for the Japanese Navy, in addition to work 
of less magnitude for other vessels. 

On page 16 there is given a view illustrative of 
a set of the manceuvring gear, arranged in duplicate, 
for the port or starboard turbines. As shown, there 
is a main throttle-valve, an ahead and astern inter- 
mediate valve, and ahead and astern manceuvring 
valves, with especially large by-passes on each. 
The main and by-pass hand-wheels are arranged on 
a common centre. The motive power is a direct- 
acting steam-engine, fitted with oil - controlled 
cylinder for working the intermediate valves. The 
hand-control is arranged to give very fine adjust- 
ments. All the large valves are of cast steel, and 
were produced at the Barrow Works. 

In conclusion, it may be said that the Lion has 
been brought to her present state of completion 
in two years and one month. This, in view of the 
size of the ship, is a performance reflecting the 
highest credit on the Devonport Dockyard, where 
she was built, and upon all the officers responsible 
for the work—from the Director of Dockyards, 
Sir James Marshall, downwards. Moreover, as 
we have shown, the engine contractors—Messrs. 
Vickers, Limited—have themselves carried out a 
larger part of the work than has been undertaken 
by any other firm in the case of machinery of this 
power, while, contemporaneously, a great amount 
of war matériel has been in progress, so that the 
performance is indicative of the great resources of 
the Vickers establishment at Barrow-in-Furness. 
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A uistory of bridge engineering is in some 
respects a history of civilisation, so intimately is 
the improvement of facilities of intercommunication 
between peoples bound up with the growth of 
friendly understanding and advancement in the 
humane arts. It is somewhat strange, therefore, 
considering the attractiveness of the theme, and 
the interest it must have both for the general 
reader and for the engineer, that no work of any 
retensions in the English language has till now 
een published bearing upon this subject. Thus it 
will appear that Mr. Tyrrell is to be congratulated 
in writing upon matters which have been but little 
touched upon hitherto. 

About one-third part of the book is devoted to 
the earlier history of bridges, and will, in the 
opinion of many, be regarded as the most interest- 
ing portion of the work. The author has collected, 
with respect to many ancient structures, information 
the source of which is not very apparent, but 
necessitating, it is clear, much reading and research. 
After commenting upon the early use of arched 
forms for small spans in Nineveh and Babylon, 
the writer makes the somewhat astonishing state- 
ment that the River Euparates was spanned, 
2200 B.c., by a single brick arch of 660 ft. It 
would be well to have the evidence in support of 
this, as it is somewhat doubtful if such an arch 
could be constructed even now, or only with the 
very narrowest margin of safety, and a very great 
rise—if, indeed, it could be done at all. There 
would seem to be some reasonable ground for sup- 
posing an error, arising, perhaps, from a misunder- 
standing with respect to the units of measurement, 
on which supposition other statements current 
with respect to Babylonian works become also more 





acceptable to the sceptical modern mind. The 
chapter on ‘‘ Roman Bridges” catalogues a number 
of fine works of timber and of stone ; many of the 
latter existing at the present time furnish admirable 
evidence of the lasting qualities of masonry con- 
structions when well founded; the account of 
medizeval bridges is also of the greatest interest, 
some very notable structures being described. 
Details of modern arched structures in masonry 
fittingly close the collection of examples of bridges 
in this material. As a trifling correction, it may 
be stated that the author is at fault in stating that 
old Westminster Bridge had piles under the piers : 
it was the want of piling which was largely respon- 
sible for its premature failure. Old Blackfriars 
Bridge, which also failed, was, it is true, piled ; 
but the piling is said to have been insufficient, and 
it is known that faulty material and work in the 
superstructure greatly contributed to its decay. 
r. Tyrrell proceeds to give some account of 
ntoon and aqueduct bridges of various periods, 
following which there are particulars of wooden 
and cast-iron structures. ere are one or two 
matters here in which it may also be permitted to 
correct the author’s statements, not in any spirit 
of captious criticism, but from a simple love of 
accuracy. The Southwark cast-iron arched bridge 
is not strictly hingeless, as the stone skewbacks 
were dressed in such a manner as to give a bearing 
greatly less than the ribs’ depth ; furthermore, the 
arch-rings are not, as stated, made to imitate stone 
voussoirs. The cast-iron bridge over the Dee at 
Chester, built by Robert Stephenson, which failed in 
1847, had, as a fact, 98 ft. clear spans instead of as 
given. The development of simple metallic truss and 
of tubular and plate bridges is then traced from the 
earliest known examples to recent years, following 
which there is an excellent account of suspension 
bridges. A long chapter on cantilever bridges 
appears to embrace all the notable examples, 
beginning with some which are not generally 
known, and showing how great is the variety of 
outline and arrangement possible with this type. 
Wrought-iron and steel arches are dealt with 
at equal length and with the same liberality in 
examples as are cantilever bridges. Trestles and 
viaducts are adequately treated and complete the 
records of bridges in the more commonly used 
older materials, the two last chapters being devoted 
to structures in solid concrete, and concrete rein- 
forced. 

Taking a general survey of this very excellent 
work, it is to be observed with satisfaction that 
the author has, in a large number of instances, 
given some particulars of cost, or of quantities ; he 
as not, however, furnished examples of movable 
bridges, nor any account of the history of design, 
which alone would make a most interesting and 
instructive work, but could hardly have been in- 
cluded without adding overmuch to the size of the 
book. With respect to the earlier examples chiefly, 
the information given lacks abiding value as pre- 
sented, because the author fails, as a rule, to quote 
his authorities, which, in an inquiry of this kind, 
can hardly, with propriety, be omitted. Of modern 
structures, American examples somewhat prepon- 
derate, not perhaps by intention, rather, it may 
be supposed, by the accident of opportunity, but 
with the result that there is in the book, considered 
as history, some want of balance. 

Viewing for a moment the growth of the art of 
bridge-building, it is somewhat curious to note that 
from the Middle Ages, as the knowledge of bridge 
construction advanced, builders seem to have become 
more cautious in the width of spans occasionally 
attempted. The well-authenticated case of the 
arch at Trezzo, of 251 ft. span, built between five 
and six hundred years ago, has, indeed, not been 
matched till within the last few years, when a still 
further advance in engineering science made such 
a feat reasonably prudent. It may be recalled that 
the principle of the funicular curve is said to have 
been first stated by Galileo. The more complete 
theory of. catenary curves was investigated by 
Bernoulli in 1691, and from that time forward 
mathematicians gave attention, more or less fruitful 
in results, to the stability of arches, and the analysis 
of stresses in structures. The doubts which in the 
eighteenth century assailed the minds of mathe- 
maticians and constructors alike are well displayed 
by the great discussion preceding the adoption of 
Milne’s design for old Blackfriars Bridge, in which 
many eminent men took part. This discussion 
presented a very fair idea of the state of knowledge 
with respect to arches at that time. 





Mr. Tyrrell’s book, evidencing as it does great 
industry—about 2000 bridges are noticed—contains 
much information of value to the bridge-builder, 
apart from its worth as history. In placing this 
volume upon his shelves the owner may rest assured 
that he is making a real addition to his library. 
There are over three hundred good illustrations ; in 
appearance the book is eminently presentable, and 
it is well indexed. 
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More Norrs Coat.—Negotiations with regard to the 
working of the minerals under the central portion of the 
‘*Dukeries” have been completed, and sinking operations 
will soon be undertaken by the New Hucknall Colliery 
Company. The site of the new pit is between Warsop 
and Budby, not far from the lakes, which extend from 
Welbeck Abbey to Calverton. The colliery will be 
known as the Welbeck. The area of coal acquired is 
5000 acres, and the probable depth of the top hard seam 
will be 625 yards. There will be two shafts, each with a 
winding capacity of 300 tons per hour. Sinking will 
probably be commenced in February. Some little dis- 
tance away, on Lord Savile’s Rufford estate, the Bolsover 
Colliery Company is also sinking. 
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NEW SEISMOMETERS AND ARTI- 
FICIAL EARTHQUAKES. 


In our articles on the International Congress for 
Mining and Metallurgy, which met at Diisseldorf 
in 1910, and on the Westphalian Miners’ Asso- 
ciation* and their schools, we referred briefly to 
the magnetic observatory and earthquake station 
connected with the Berggewerkschaft at Bochum. 
The object of the earthquake station is to observe 
and to record the phenomena of natural and 
‘‘ artificial” ‘earthquakes and to study them in 
their bearing upon mining. The term “artificial 
earthquakes” may be used to indicate all concussions 
of the earth produced indirectly by human agency ; 
by traffic, machinery, blasting, &c. So far as we 
know, the magnetic observatory and earthquake 
station at Bochum are the ouly ones especially 
equipped forthe systematicstudy of these phenomena 
in the interest of the miner. Aachen is similarly 
equipped, but artificial earthquakes are not studied 
there. That the continuous control of the magnetic 
elements is of great importance to the miner, need 
not be pointed out. In how far the study of earth- 
quake phenomena can be of direct utility to him, 
the future will teach. But the provision of a 
suitable observatory for both these purposes in 
connection with the practical miners’ schools of 
the Berggewerkschaftskasse has generally been wel- 
comed. he Berggewerkschaftkasse, our readers 
may remember from our previous articles, is a 
common fund, to which all the mine proprietors 
of the district have to contribute. Professor F. 
Heise is the director of the schools, and Dr. L. 
Mintrop is the chief of the observatory department 
and originator of several of the instruments used in 
it. We now propose to describe the seismographic 
equipment and some of the results obtained with it. 

The equipment consists, in the first instance, of 
three astatic Wiechert pendulums, two suspended 
so as to record the horizontal components, one 
for registering the vertical component, all mecha- 
nically recording with the aid of styles on drums. 
The ‘‘stationary masses” of these horizontal pen- 
dulums weigh 1000 kg. and 200 kg. ; that of the 
vertical pendulum weighs 1300 kg. Professor E. 
Wiechert, of Gdéttingen, has a preference for 
heavy pendulums and for large magnifications 
by means of lever systems. In this country the 
simple light boom pendulum, not provided with 
special appliances for magnification, of Dr. J. Milne 
enjoys general favour. There are further at 
Bochum two portable horizontal pendulums, each 
for two components, of the Rebeur type, con- 
structed to the designs of Dr. Mintrop, for record- 
ing gradual level changes and inclinations and 
depressions caused by excavations in mines. The 
two pendulums weigh 15 kg. each ; the one is sus- 
pended by springs, the other between points, and 
the deflections are magnified ten or twenty times. 
The third set of instruments comprises two highly 
sensitive portable seismometers for photographic 
records, the one a horizontal pendulum of the 
Wiechert-Mintrop type, the other a universal 
pendulum of Dr. Mintrop. The latter instrument 
records on the same film the two components of the 
horizontal movement and the vertical movement, 
its direct mechanical magnification is about 500 
times, but with the aid of mirrors the magnification 
can be raised to 16,000, as in the former case. 
The periods of the three pendulums of the universal 
instrument are 0.24, 0.18, 0.24 second (vertical), 
the period of the horizontal pendulums is 0.7 or 
1.0 second. We illustrate these last two instru- 
ments on pages 8 and 9. 

The horizontal Wiechert-Mintrop pendulum, 
Figs. 1 to 7, consists of the seismometer proper and 
the recording apparatus, which is mounted above 
the seismometer and connected with it by bellows. 
Fig. 1is a vertical section through the whole instru- 
ment ; Fig. 2 is a plan ; Fig. 4 a view of the seismo- 
meter, with the recording appliances and the whole 
outer casing removed. e seismometer rests with 
three strong screws S,, S,, 8S; on a solid iron base- 
plate B which is rigidly attached to the ground ; B 
is triangular in shape and has a length of about 
llin. The screws support the iron frame G. The 
stationary mass, the pendulum, is a cylinder of 
brass filled with 12 kg. of cast lead. This cylinder 
lies in a split cylinder C (see Figs. 2 and 3) which 
18 supported by two pairs of half rings R, R. 
The split cylinder forms a connection between 
the lower members of the ring supports, which 








” See ENGINEERING, vol. xc., pages 43 and 704, 





are further joined by the strong axis A, Fig. 1. 
The whole system is carried by the two flat 
springs F, and F,, which cross one another at 
right angles ; these parts, which correspond to the 

ivot of the movable system, can better be seen in 

ig. 3. The oscillations of the pendulum are taken 
up by the brass rods L and transferred by a double 
system of cross flat springs F;, F, (see Fig. 5), to 
the aluminium lever 5 . The lever N is itself sup- 
ported at the one end by a vertical flat spring P, 
which is fixed in the small column Q ; this column 
is vertically adjustable, and forms the head of 
another flat spring P,. Figs. 1 and 3 further show 

ed 


the dashpot D, which is fi with oil; the damp- 
~—- is3:1. 
e instrument acts in the following way. The 


base B and the frame G participate in the oscilla- 
tions of the ground, but the heavy mass of the 

ndulum is too sluggish, and as a result the pen- 

ulum will appear to move in the opposite direction 

to the framing. The levers L and N will there- 
fore turn, and the originally horizontal movement 
of the ground will be changed into a vertical 
movement of the point E, Fig. 1, and at the 
same time be mechanically magnified 40 times. 
A further optical magnification will take place at 
the point E by the concave mirror M, which is 
mounted on steel points resting on the agate cups 
of two little pillars fixed to a table which stands 
directly on the framing G, Fig. 1. The mirror 
is tilted through the intermediation of a rod which 
rises from the end of the aluminium lever N ; this 
rod extends through a perforation in the little 
table and is crowned by a third agate cup, from 
the steel point of which a small lever reaches over 
to the mirror. Fig. 6 shows details of this table. 
Instead of the one pair of pillars just mentioned, 
four pairs will be seen, in addition to the last- 
mentioned odd cup ; the four pairs are at 5 mm., 
10 mm., 20 mm., and 40 mm. from the odd cup, 
and by their aid the magnification can be varied in 
wide limits, roughly from 2000 to 16,000 times. 
The actual magnitudes of the earth’s movement 
cannot directly be deduced from these magnifica- 
tion coefficients ; for they depend also on the 
inertia of the masses, and have to be determined 
by calculation and experiment. In order to 
facilitate the latter determination the screw 8, 
(see Figs. 1, 2, and 4) is provided with a fine 
thread, and its head is divided; the screw is 
turned through a definite angle, producing a certain 
tilt of the instrument, and the corresponding 
mirror deflection is read off ; the screw is therefore 
called the ‘‘ inclination screw.” 

We pass to the registering devices, which are 
illustrated in Figs. 1 and 7, the two diagrams 
being sections at right angles to one another ; 
records are produced in pepe fashion. 
The film is unwound from the roll T,, passes over 
roll T,, on which it is struck by the light ray 
(Fig. 7), and wound on roll T,. The light ray from 
the lamp L, has been reflected up the bellows by 
the mirror M (Fig. 1), and has passed through 
a cylindrical lens before reaching T,. T, is turned 
by aclock-work, and the feed can be varied within 
0.5 mm. and 100 mm. per second, by means of 
gearing and vanes (see Fig. 1); thus, even very rapid 
oscillations can well be recorded. As the flim 
speed will not be quite uniform, time-marks are 
made on each diagram with the aid of the lamp 
(Fig. 1) and the fixed mirror M,; the circuit o 
this lamp comprises a chronometer and a second- 
interrupter. e other mirrors of Fig. 7, M, and 
M,, and the screens of red glass and of ground glass 
are added in order to allow the observer to watch 
the light spot while it is being photographed. 
Part of the ray is reflected by the cylindrical 
lens in front of T,, and sent to mirror M, and to the 
screen of red glass which the observer watches. 
While ordinary photographing goes on, the plane 
mirror M, will be hanging down as indicated in 
Fig. 7, in which position it closes the camera box ; 
when a kinematograph record is not desired, M, is 
turned through 45 deg., and the light spot will then 
appear on the ground glass screen. The whole record- 
ing box can be shifted on the platform of its tripod in 
a plane at right angles to the plane of the pendulum 
oscillation ; by adjusting the screw S, ( rig. 2) an 
adjustment in this plane itself is obtained. e 
arrangement hence offers the advantages of a cross- 
slide fixture. 

The box is not affected by the oscillations of the 
instrument ; the bellows do not transmit any con- 
cussions, the tripods stand on rubber plates, and 
the casing of the seismometer does not touch the 








mechanism. The instrument has been designed to 
be readily portable ; it fits into two small port- 
manteaus ; for transport by rail each of the two 
parts should be packed into a special box, which is 
provided with cushions. The instrument is easily 
mounted; Dr. Mintrop wants, on an average, 
13 minutes to be ready for observations. 

The second instrument, the universal pendulum 
of Dr. Mintrop, consists, as we stated already, of 
two horizontal pendulums and one vertical pen- 
dulum. The plan, Fig. 8, shows that the two hori- 
zontal pendulums are combined with one another 
at right angles, and that the vertical pendulum 
is mounted between them, on the same base and 
framing. The vertical pendulum, Fig. 9, is sus- 
pended from the standard U which holds the spiral 
spring V ; the spring V is, through the adjustable 
screws W, connected with the strong lever X in 
such a manner that the poe of application of the 
spring can be varied with the object of varying the 
sensitiveness of the instrument. 
is again a lead cylinder, of 1.5 kg. weight, resting 
in the one arm of X, of which it tone part. 
The one end of X is further supported by the 
crossed flat springs F, which act as a pivot; at 
the other end of X is a flat spring support P,, of 
the same kind as in the horizontal pendulum, and 
the crossed springs F, transfer the movement of 
X over to the lever N, and to the mirror; the 
registration is also obtained in the same way as 
previously described. The oil-damper is, in this 
case, placed immediately below the heavy lead 
cylinder. Dr. Mintrop intends to substitute electro- 
magnetic damping for the oil-damping. 

With the aid of these instruments and of the 
others previously mentioned, the movements of 
the ground are continuously being observed at 
Bochum. Some of the curves which we reproduce 
were obtained by Dr. Mintrop at Gdéttingen, 
where Professor Wiechert has his geophysical 
observatory on the Hainberg, a hill situated within 
a mile or two of the town. Seismographs are 
never at rest, of course. Even in the quiet 
country there is distinct evidence of a ‘local 
unrest ;”’ in industral towns the constant disturb- 
ances produce close (very short period) oscillations 
of not inconsiderable <oatiade. In several of 
the special experiments, a ball of steel, 4 tons 
in peat presented by Messrs. Krupp, was 


The heavy mass 


drop through a height of 14 m. (46 ft.) on 
the firm lime-stone soil. Observations were taken 
at different distances. The curve, Fig. 10, page 9, 
was obtained 125 m. from the spot, with a magni- 
fication of 5500; the curve, Fig. 11, 510 m. from 
the spot, with a magnification of 50,000. The 
dashes at the bottom of the curves are seconds 
marks, one second corresponding to the space 
from the beginning (or end) of one dash to the 
beginning (or end) of the next dash. At the first- 
mentioned distance of 125 m. the periods of the 
preliminary tremor and of the principal waves 
were 0.02 and 0.08 second, and the maximum 
amplitudes 730 and 3600 pp» (millionths of a 
millimetze). At a distance of 2500 m. the pre- 
liminary tremors and the principal wave could 
no longer be distinguished in the curves; the 
actual amplitude there amounted only to 5, mm. 
1 
and 55) mm. , 

Figs. 12 and 13 show the oscillations produced in 
the sandy soil of the Emscher Valley during ramming 
operations by - of 4 tons weight falling on 
piles through a height of 0.90 m. (about 3 ft.). The 
two diagrams show the oscillations in two planes at 
right angles to one another, obtained at a distance 
of 38.5 m. from the spot, with a magnification of 
1780. 

The curve of Fig. 14 was obtained when a pro- 
jectile burst on the ground about 1500 m. (1 mile) 
from the instrument ; the magnification was 5000, 
the feed 9mm. per second. The curve has some 
of the characteristics of a seismogram from the far 
distance, thousands of miles from the observatory 
the preliminary tremor and the principal waves 
are quite distinct. Blasting operations gave similar, 
but, as a rule, less characteristic curves, because 
the disturbances are not so strong in ordinary 
practice. 

Some interesting observations were also made 
at Gottingen on the oscillations caused by the 
working of the four-cycle 400-horse-power gas- 
engine of the Municipal Electricity Works ; during 
the experiments the other engines were stopped. 
This engine was —— run at 145 revolutions 
per minute, and at m. from it the curve, 
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Fig. 15 (a part of the diagram only is repro- 
duced), was obtained. The feed was 3.2 mm. per 
second, and the magnification 5500. The diagram, 
as reproduced, begins 20 seconds after starting 
the engine. The starting, it will be seen, hardly 
had any immediate effects upon the instrument at 
that distance of 400 metres. The oscillations in 
the first part of the diagram merely reflect the 
**local unrest.”” When the speed of the engine 
had come up to about 70 revolutions per minute, 
the periodicity of the engine became apparent; 
after about a minute the amplitude of the oscilla- 
tions began to increase noticeably, while the period 
diminished. The maximum oscillations in the last 

rt of the curve show a tendency to racing just 
Cctien the load was put on. Afterwards the load on 
the motor made little difference in the curve ; it 
showed chiefly in so far as it affected the period. 
At steady running the curve, Fig. 17, was secured. 
In this curve, for which a magnification of 11,300 
was used, two superposed periods can easily be 
distinguished, and Dr. introp’s calculations 
demonstrated that the forces coming in question 
during the working of the engine should cause a 
fundamental vibration and a secondary vibration 
of double frequency, while the higher components 
could be neglected. 

In the two curves illustrated the plane of the 
pendulum oscillations coincided with the vertical 
plane through the engine and the spot of obser- 
vation. Other curves were obtained in other 
planes, and the harmonic analysis of these curves 























Fig. 4. 


yielded the following results as to the maximum | expressed in pp (millionths of a millimetre). The first 
amplitude of the fundamental oscillation I. and of | column indicates the angle between the pendulum 
the secondary oscillation II. The amplitudes are | plane and the vertical plane, reckoned clockwise, 
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Fic. 17. 
Maximum Amplitude in ypu. 
Angle. — . 
L. IL. 
deg. 
0 304 228 
45 43% 238 
90 655 198 
135 545 139 
Similar observations were made at twelve spots 


in different directions and ‘at different distances 
from the gas-engine. At 4 kilometres dis- 
tance the maximum amplitude had diminished to 
25 wy, and the secondary oscillation was no longer 
traceable. This decrease followed a regular law. 
Some curves were spoiled by a rush of cattle at 
the railway-station. In the administration build- 
ing of the electricity works, which a strong wall 
connects with the engine-house, the observations 
tabulated in the next column were made ; the second 
column of the table indicates the height in metres 





OscItLaTions OF GRoUND Propucep By a Goops Train; Recorpgp sy THe UNiversaL Penputum, at 50 Merres Distance. 


of the spot on which the instrument was placed 
above normal datum :— 


— Height. Amplitude in pp. 

|. m, I. IL. 
Concrete floor, basement | —-03 3050 2120 
Ground floor, boards --| +18 1950 2520 
First floor, stone .. +5.6 3850 5130 
Second floor, stone +9.7 4070 7800 


“The oscillations produced by a Niirnberg gas- 
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engine of 1200 horse-power, running at 107 revolu- 
tions, were much more pronounced at 210 m. from 
the engine house on the ground than they were at 
100 m. distance underground, in a mine at a depth 
of 400 m. 

Fig. 17 finally illustrates curves recorded by the 
universal pendulum. A g train was passing 
50 m. from the instrument ; the magnification for 
the two horizontal components was 500, for the 
vertical component 600. 

We should add that the instruments were sup- 
plied by Messrs. Spindler and Hoyer, of Gottingen, 
or made at Bochum under Dr. Mintrop’s super- 
vision. The spiral springs and all the flat springs 
are of steel. 





YEAR-BOOKS AND ANNUALS. 

Guide to South and East Africa. Edited by Messrs. 
A. 8. and G. G. Brown. London: Messrs. Sampson 
Low, Marston, and Co., Limited. [Price 2s. 6d. net. ] 
—This guide, being issued sy is constantly 
under revision to bring it into conformity with the 
changes which gradually come about in conditions on 
which new settlers, and visitors of one class or another, 
require information. It is intended to be serviceable 
alike to the business man and worker, and to the 
sportsman or invalid. It contains several excellent 
maps of the country and of small districts. The 
ground covered by the guide is large. It gives very 
adequate particulars regarding many of the industries 
suitable to the country, and forms quite an encyclo- 
piedia of information relating to South and East Africa, 
including matters of general interest, such as history, 
&e., or of a more particular character, such as the cost 
of living, mode of life, agrioulture, fruit and ostrich- 
farming, shooting, fishing, &c. 





Commercial Year- Book of the Birmingham Chamber 
of Commerce. Edited by Mr. G H. Wricut. Derby : 
Messrs. Bemrose and Sons, Limited.—Issued by the 
Chamber of Commerce of Birmingham, with an intro- 
duction by the President, this book contains a large 
amount of information in handy form, including trade 
statistics relating to imports and exports, trade with 
foreign and other countries, shipping clearing at ports, 
joint-stock companies, savings banks, industrial and 
—— societies, &c. Memoranda regarding the 

iovernment departments will probably of con- 
siderable assistance, as will also the information as to 
certificates of origin, &c. The trade of the British 
Empire is summarised in tables covering some six 
pages. The result of the Census of Production, so far 
as they have been published, form a new addition to 
the book. The British Imperial Conference (1911) 
resolutions are also‘ given a place in the volume. An 
article deals in a very concise manner with the trade 
of Birmingham and district. A new feature isa trade 
index in French, while the section on the Patent Act 
(1907) is also intended to be of especial assistance to 
foreign and colonial inventors. 


The Englishwoman’s Year- Book and Directory, 1912. 
Edited by Mr. G. E. Mirron. London: Messrs. A. 
and ©. Black. [Price 2s. 6d. net.}—This annual has 
acquired a well-earned reputation among the section 
of the community for which it specially caters. The 
list of expert contributors should suffice to gain for it 





some degree of authority, and to vouch to some extent | P®P° 


for its accuracy. So far as concerns the profession 
with which our readers are connected, there is little 
change in the book to chronicle, but in other sections 
the matter has been largely revised and rewritten, as 
is but proper in a sphere which witnesses such kaleido- 
scopic changes as does that covered by the wide term 
of women’s interests. The book contains a fund of 
information regarding suitable professions for women 
and the steps to be taken to qualify in them, and also 
much detail connected with sports and general interests 
of the more leisured class, 





Architects’ and Surveyors’ Diary, Directory, and 
Price-Book, 1912. London: essrs. Waterlow 
Brothers and Layton, Limited, 24 and 25, Birchin- 
lane, E.C. [Price 3s. 6d. and. 6s. net.|—This diary, 
strongly bound, allows the space of one octavo 
per diem, and, in addition, is provided at the end 
with pages for cash accounts, register of mortgages, 
of fire insurance premiums, rents due, &c. It con- 
tains also an index to the dia~y, and some seventy odd 
pages of general diary matter, such as tables, stam 
duties, list of transfer days for the Bank of En come 
licenses, income tax, &c. Lists are given of the 
members and fellows of the leading institutions con- 
nected directly or indirectly with architecture and 
surveying, as, for instance, the Royal Institute of 
British Architects, the Institution of Civil Engineers, 
the Surveyors’ Institute, the Society of Architects, 
and the Auctioneers’ Association. Lists of the 
councils of other scientific and technical bodies are 
also given. The most important Building Acts are 
reproduced, including the London Building Act of 





1905, the Public Health Act of 1907, and the Housin 

and Town-Planning Act of 1909. The regulations o 
such bodies as the London County Council, the Eccle- 
siastical Commissioners, &c., are also given, and a 
section of fair size is devoted to prices. 





The Business Prospects Year-Book, 1912, Edited by 
J. Davies and C. P. Hattey. Cardiff: The Business 
Statistics Company, Limited, 12, James-street. [Price 
5s. net. }+-The year-book bearing the above title deals 
chiefly with the prospects of some sixteen trades and 
industries, reviewing the movements during the past 
year, and forecasting, as far as is possible, the probable 
tendencies for the coming year. The book treats of 
several subjects of interest to engineers, such as 
prospects in the coal trade, iron, copper, tin-plates, 
tin, shipping, home and foreign rails, &c. It is not 
claimed, of course, that these forecasts will prove 
infallible, but to the credit of the compilers it should 
be stated that in former years many financial and 
other movements have been correctly anticipated by 
them. At the close of the present issue there are 
several pages showing remarkable agreement between 
the forecasts in previous issues and subsequent events. 
According to the compilers of this book, 1912 should 
prove a satisfactory year in the principal trades con- 
nected with engineering. 





Hazell’s Annual, 1912. Edited by Mr. Hammonp 
Hay. London: Messrs. Hazell, Watson, and Viney, 
Limited, 52, Long Acre, W.C. [Price 3s. 6d. net. ]— 
This annual is revised up to November 25, and it is 
claimed that there is no page of this, the twenty-seventh 
annual issue, which does not contain something in the 
way of new matter. Among the quite new features of 
the book are two worthy of mention. One consists of 
a review of the books of 1911, and the other is a diary 
of events which the compilers hope in course of time 
will prove a valuable record. The year under review 
in this issue—1911—was naturally one of exceptional 
interest both in home and foreign affairs, and this book 
contains summaries on many important events, such as 
the Turco-Italian war, the rejection of the reciprocity 
treaty by Canada, the New Anglo-Japanese treaty, the 
Morocco situation, &c. As regards internal politics, 
the provisions of Government measures are epito- 
mised, and in view of probable events in the near 
future, Mr. Gladstone’s Home-Rule Bills are compared 
in parallel columns. The annual certainly sustains its 
high reputation in this, its most recent issue. 





The Year - Book of the Scientific and Learned 
Societies of Great Britain and Ireland. London: 
Messrs. Charles Griffin and Co., Limited, Exeter- 
street, Strand. [Price 7s. 6d. net.]—This year-book 
appears for the twenty-eighth year in succession. It 
is compiled from official sources, and constitutes a 
record of scientific work as reflected by the subjects 
considered by the various learned societies during the 
last winter session. It is divided into fourteen sec- 
tions, and the various bodies are classified among these, 
while an alphabetical index at the end of the book 
renders reference to any particular society an eas 
matter. The book contains much directory material, 
as particulars are given of the governing bodies, 
councils, &c., of the societies, in addition to which 
information is given regarding the terms and privi- 
leges of membership, &c.; where possible the titles of 
rs read during the last winter session, together 
with author’s riames, are also given, showing the 
ground covered by the societies. 


The Writers’ and Artists’ Year-Book, 1912. London: 
Messrs. A. and C. Black, Soho-square, W. [Price 1s. 
net.}—This directory for writers and artists is issued 
with the object of assistimtg those who have articles or 
illustrations suitable for publication, but who have little 
knowl of the most suitable authorities to whom 
to submit their work. The book contains lists of 
journals and magazines, cinematograph firms, news- 
papers (London, provincial, and foreign), literary 
agents, British, colonial, and foreign publishers, 
music publishers, press-cutting agents, authors’ clubs, 
particulars of copyright, and much other matter likely 
to be of assistance in putting manuscripts and sketches 
to some use. Under the headings of periodicals some 
particulars are given, where possible, as to style of 
matter accepted, rates of payment, .and other infor- 
mation likely to be of service to the contributor. 








Who's Who Year- Book, 1912-13. London: Messrs. 
A. and C. Black, Soho-square, W. [Price Is. net. ]— 
This annual is complementary to the larger ‘‘ Who’s 
Who,” and consists of tables giving lists of names under 
various headings, such as academicians, Crown agents, 
city officers, church dignatories, peers, keepers of 
various museums, secretaries of clubs and societies, 
King’s Counsel, &c. The foregoing are only a few of 
the sections under which names may be sought. The 
variety is too large to give here any adequate idea of 
the contents. With this book and with ‘‘ Who’s Who” 


particulars concerning prominent officials and per- 





sonages may be readily obtained, starting not neces- 
sarily with their.name, but with the title of offices or 
appointments held by them. 





Who’s Who, 1912. London: Messrs. A. and C. 
Black, Soho-square, W. [Price 10s. 6d. net.}—This 
useful annual contains about 2363 pages of biographical 
matter, the bulk of which has been carefully verified 
by the individuals under notice, so that it is as reliable 
as such information can be. The events chronicled in 
the various notices are carried to August 31, 1911. 
Several pages are given to a list of obituaries, so that 
if a name has appeared in the previous list, and is 
absent in the main body of the present volume, the 
date of decease may be readily obtained. A complete 
list of abbreviations is given at the beginning, which 
will —— the initials appended to names in the 
book. The present volume is certain to be accorded 
the same unique place among books of reference which 
former issues have so fully deserved. 





The *‘ Mechanical World” Electrical Pocket-Book for 
1912. London: Messrs. Emmott and Co., Limited, 
20, Bedford-street, W.C. [Price 6d. net.]|—The new 
edition of this cheap and excellent pocket-book shows, 
as usual, various new features which have not appeared 
in previous issues. The chief of these are new sec- 
tions dealing with motor starters, static transformers, 
the rating and testing of high-tension apparatus, and 
new tables relating to aluminium cables, the power 
factors of various types of am, &e. The new 
sections appear to be well done, and to give the 
class of information likely to be required by any one 
referring to the work. When dealing with the 1911 
edition of this ket-book, we suggested that some 
mention should made of the Home Office Rules in 
the section dealing with electricity in mines, but find 
that no modification has been made in the article 
in this edition, so that our comment still stands. 





Calendars, Diaries, dc.—A very handsome pocket- 
book and diary has been sent us by Messrs. Frames 
Firth and Sons, Limited, of Norfolk Works, Sheffield. 
In addition to the diary it contains alphabetically- 
marked pages for notes, and a number of pages of 
squared r.—Messrs. Bruce Peebles and Co., of 
Edinburgh, send blotting-pad and diary, the latter 
containing many pages of squared paper. 





Almanacks and Calendars. — We have received 
almanacks and calendars, many of which are of 
striking and pleasing design, from the following 
firms :—Messrs. Merryweather and Sons, Limited. 
London ; Messrs. J. and P. Hill, Ordnance Works, 
Sheffield ; The D.P. Battery Company, Limited, 
Bakewell, Derbyshire; The United States Metallic 
Packing Company, Limited, Soho Works, Bradford ; 
Messrs. George Cradock and Co., Limited, Wakefield; 
Messrs. Alfred Herbert, Limited, Coventry ; Messrs. 
Robert Boyle and Son, 64, Holborn Viaduct, London ; 
The Welin Davit and Engineering Company, Limited, 
London; The Daimler Company, Limited, Coventry ; 
Messrs, John Rogerson and Co., Limited, Wolsingham 
S.0., Co. Durham ; Messrs. Waterlow Brothers and 
Layton, Limited, Birchin-lane, E.C.; Messrs. Joseph 
Westwood and Co., Limited, Napier-yard, Millwall, 
«.; The Hunslet Engine Company, Limited, Leeds ; 
Messrs. Neale Wilkinson, Limited, 32, St. Mary Axe, 
E.C.; Messrs. A. C. Potter and Co., Lant-street, 8. E.; 
Messrs. Greenwood and Batley, Limited, Leeds ; The 
Baldwin Locomotive Works, Philadelphia, Pa., 
U.S.A.; Messrs. J. E. Wright, Limited, Birmingham ; 
Messrs. Ashwell and Nesbit, Limited, Leicester ; 
The British Thomson-Houston Company, Limited, 
Rugby. 





Pocket-Books and Diaries.—Small diaries, suitable 
for pocket use, have reached us from Whitfield’s Safe 
and Door Company, Oxford-street, Birmingham, 
Messrs. Hayward Tyler and Co., 99, Queen Victoria- 
street, E.C., and Johnson and Phillips, Limited, 
Charlton, Kent. Adesk blotter, diary, and almanack 
comes to hand from the Electrical Power Storage 
Company, Limited, 4, Great Winchester-street, F.C. 





University Cottecr, Lonpon.—The work of the 
second term at University Coll begins on Tuesday, 
January 9. The following special and advanced courses 
have been arranged in the Faculty of Engineering :— 
“Tilumination and Photometry,” by Mr. W. C. Clinton, 
on Wednesdays at 6.30 p.m.. inning January 10; 
“Water Supply, Sewerage, and Lighting,” by Mr. R. E 
Middleton, on Thursdays at 9 a.m. and 4 p.m., beginning 
January 11 at 4 p.m.; ‘“‘ Waterways, Harbours, and 
Docks,” by Mr. A. T. Walmisley, on Tuesdays and 
Thursdays at 5 5 ee beginning Thursday, January 11 ; 
‘Heating and Ventilating Engineering,” by Mr. A. H. 
Barker, on Wednesdays at 7 p.m., beginning oar 17 ; 
**Theory and Practice of Aviation,” by Mr. A. R. Low, 
on Fridays at 5.30 p.m., beginning February 2. Full 
particulars may be obtained on application to the secre- 
tary of the college. 
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INDUSTRIAL NOTES. 


Tue decision of the employers to put the work- 
people on short time in the spinning mills in South- 
East Lancashire was carried out on Saturday last, and 
about 50,000 spinners were reduced to half-time and 
wages, and 30,000 more will eventually be involved. 
On Saturday last Sir George Askwith sent communi- 
cations to both parties in the cotton dispute, it is 
understood, with offers of his services to the manu- 
facturers and weavers. 

According to a correspondent of the Times, it is 
believed that the operatives’ officials are eager for 
any offer of mediation, if only to save their face, for 
the defeat of the union is anticipated. The crusade 
against non-unionists has, it is said, utterly failed to 
enlist public sympathy, and there is a large section of 
the old unionists who resent the action of the officials 
in entering upon so grave a struggle without a mandate. 
There is also said to be serious discontent among the 
new unionists, numbering over 4000, who have received 
an intimation that they are not eligible for lock-out 

ay because their period of membership is too short. 

hey contend that they ought to receive at least 
some allowance, and failing this, they threaten seces- 
sion. It seems there have been some erroneous ideas 
abroad regarding lock-out pay. In some districts 
there was an impression that it would be 1/. a week. 
It was, however, explained that this amount was only 
fixed when the local societies received grants from 
the Federation. In the present instance this is not 
the case, and the lock-out pay from the local funds 
will be at the rate of 12s. 6d. a week. 

Sir George Askwith has gone to Manchester in 
order to receive deputations from the masters an 
workers, and there were more definite hopes that a 
joint meeting will result in some satisfactory agree- 
ment. 

At the end of last week it became known that Mr. 
and Mrs. Riley, two of the three non-unionists whose 
refusal to join the union originated the trouble in the 
cotton industry, had left their home in Accrington, 
but their destination was not known. It was under- 
stood that their intention was not to return until the 
dispute is at an end. Miss Margaret Bury, of Great 
Harwood, and Mr. and Mrs. Riley, the three opera- 
tives who decline to join the Socialistic - ridden 
unions, have received many congratulatory letters on 
their plucky stand. 





A demonstration was held in Trafalgar Square on 
Saturday last by the workers in the Thames ship- 
building industry to draw attention to the neglect of 
that industry in the distribution of orders by the 
Admiralty. In the speeches that were delivered the 
chief feature was the repudiation by Labour leaders 
of the longer hours of habeas suggested in the state- 
ment issued by the Admiralty on Friday as a con- 
dition of the new contract, but these appeals did not 
meet with a whole-hearted response. To the general 
subject of the relation of the Admiralty reference is 
made in our leading article. 


We understand that Wednesday next has been fixed 
for a ballot of the Northumberland miners on the 
question of a minimum wage. The date for Durham is 
not yet fixed. The ballot will be on the following 
question. ‘‘ Are you in favour of giving notice to 
establish the principle of an individual minimum wage 
for every man and boy working underground in ever 
district in Great Britain? For ——; Against ——. 


, 





On Wednesday morning Jast about 2000 miners in 
Shropshire came out on strike, declining to go down 
the pits as long as non-union men were engaged. The 
men are chiefly employed at the Lilleshall Company’s 
coalfield. The men state that they will return to 
work if non-union men are prohibited from working in 
the pit. It remains to be seen whether the masters 
are strong enough to overcome this tyranny. A reso- 
lution was also passed in favour of a minimum wage of 
7s. per day. At certain collieries in the Maesteg 
district of South Wales the non-unionist difficulty is 
— — at an end, and 5000 miners have returned 
O work, 





Sir Rufus Isaacs has withdrawn from the dispute 
between Messrs. Huntley and Palmer and their workers 
who were recently dieckanged, as referred to by us in 
our issue of last week. He had consented, as Member 
of Parliament for Reading, to act as an intermediary, 
but he states that the Seastese have satisfied him 
that the discharges had nothing to do with the union 
question, but were due to the conditions of trade. 
Representatives of the General Labourers’ Union had 
informed him that the firm had attacked the men’s 
right to join trade unions. 

On Saturday last a mass meeting was held by 
workers representing the various de ents of the 
firm for the pu of protesting against the un- 
founded statements relative to conditions of labour 
at the factory which have been recently circulated in 


d|ditions of employment in the Post Office. 


the town and neighbourhood. About 1400 employees 
attended, and the chairman, in the course of his 
remarks, said that the statements that had been made 
were in the main totally untrue. Messrs. Huntley 
and Palmer were, he said, absolutely fair and just in 
their dealings with their workpeople and meted out 
humane treatment to all. A vote of confidence in the 
firm was recorded, and indignation was expressed at 
the shameless misstatement which had been made. 





According to the monthly report of the National 
Union of Boot and Shoe Sensiaions for December, 
employment in the month was fair, and better than a 
month ago and a year ago. Returns from firms 
employing 64,994 workpeople in the week ending 
November 25 showed an increase of 0.9 per cent. in the 
number employed, and of 1.8 per cent. in the amount 
of wages paid when compared with the previous month. 
As compared with a year ago there was an increase of 
2.9 per cent. in the number employed, and of 7.6 per 
cent. in the amount of wages paid. At Leicester em- 
ployment was fair, and better than a month ago and a 
year ago, but short time was still worked by a number 
of firms. At Northamptonand Kettering employment 
showed little change compared with a month ago, but 
was better than a year ago. In Scotland employment 
continued fair, and was better than a year ago. 


The strike of 2000 men at the Abergorky Colliery, 
Treorky, in Wales, was settled on Friday last, as the 
fifteen non-unionists gave way. 





A scheme prepared by a sub-committee is on foot 
for a thorough reorganisation of the grades and = 
After 
amendment by the joint committee the scheme as 
approved will be returned to the separate affiliated 
societies for ratification by ballot of the members. 
The scheme proposes an increase of wi which it is 
understood will cost the Department 1,000,000/. a year ; 
and provides that telegraphists, sorters, and postal 
clerks, and postmen shal] have their maximum rates 
of pay increased by 10/. to 30/. per annum, with a 
reduction in the period of service necessary to reach 
the maximum rate. The maximum is at present 
reached by postmen in twenty-five years. The system 
of Christmas-boxes is being advocated by the outdoor 
staff, in lieu of which compensation is su , on 
the ground that Christmas-boxes are considered part 
of their remuneration. The scheme also contains pro- 

ls for ensuring that the nominal 48-hours week 
shall be adhered to. 





The Newport dock strike was settled on Sunday 
last. In the case of outward general cargoes, where 
firms contracted with the docks company, the arrange- 
ment is to pay the men net tonnage rates for goods 
loaded. The decision affects about men. 


At the end of last week the dispute between the 
North Staffordshire enginemen and stokers and the 
coal-owners became more serious, the proposals made 
by the owners in reply to the men’s demand for an 
eight-hour day, and other concessions, having been 
rejected by the nine local branches of the enginemen’s 
union. Unless the owners offer better terms a ballot 
will probably be taken on the question. The control 
of the machinery of practically every North Stafford- 
shirecolliery is in the hands of the men directly affected, 
and should. there be « strike nearly 30, miners 
would be thrown out of work. A reply was sent 
to the local miners’ agent by the Forest of Dean 
Coal-Owners’ Association stating that the employers, 
while wl yor to to recognise or grant a minimum 
wage for all workmen, are willing to consider seriously 
the question of abnormal places, and, as far as they 
can, to make an effort to meet the case of the men 
who, through no fault of their own, cannot earn their 
normal wages. It is stated by the masters that if they 
grant all that the men ask, it will mean the closing of 
every colliery in the district. 





On Thursday in last week several hundred engineers 
employed by Scott’s Shipbuilding and Engineering 
Company, Greenock, struck work owing to a dispute 
regarding the question of demarcation on the super- 
Dreadnought Ajax, and the Admiralty dépét op 
Maidstone. It was decided at a mass meeting to call 
out all engineers in the employment of this firm, the 
total number of men involved being 900. 





The leaders among the railway men do not appear 
at present to be having a particularly enviable time, if 
we are to judge by the resolutions that are being 

concerning them. At Swansea, on Sunday, one 
of the resolutions unanimously declared that 
the joint executives had failed in the object of 
their mission, and, by accepting the Commission’s 
report during the time the ballot of the men was 
in progress, nullified all democratic rules by 
ignoring the wish of the men, and made it imperative 
that the four general secretaries and executives should 
resign forthwith, At Doncaster, also, Mr. J. E. 











Williams, general secretary of the Railway Servants, 
was received with hostility when he addressed a meet- 
ing of railway men on Sunday night. Repudia- 
tion of the recent settlement seemed to be looked upon 
with favour, and a resolution was moved strongly con- 
demning the action of the executive. As a clause 
reluctantly accepting the new scheme was included in 
the resolution, it did not arouse much enthusiasm. 





It is intended to hold a conference on January 28 
for consideration of the scheme for the fusion of the 
four unions of railway men, the unions being the 
Amalgamated Society of Railway Servants, the Asso- 
ciated Society of Locomotive Engineers and Firemen, 
the General Railway Workers’ Union, and the United 
Pointsmen and Signalmen’s Society. The followin 
are, it is understood, the details of the scheme :—Al 
existing members at the date a takes 
effect to receive the same benefits for the same contri- 
butions. Existing head-office officials and staffs at 
the date of amalgamation to be guaranteed the same 
positions and prospects financially. Persons com- 

ing the executive committees of each union at 
ate of amalgamation to remain in office for two 
years, and meet in joint conference quarterly, to act 
as the sole governing body for that period, and adjust 
financial and administrative policy, and frame rules 
to govern the new body; two-thirds of them to 
remain in office for the next period of two years. 
The schedule to govern members joining after amal- 
gamation includes the following benefits: — Out- 
of-work—Scale ‘‘A” (contributions Is. a week), 
thirteen weeks at 15s., and thirteen weeks at 7s. 6d. ; 
Seale ‘‘B” (9d. a week), ten weeks at 15s., and ten 
weeks at 7s. 6d. ; Scale ‘*C” (6d. a week), ten weeks 
at 12s., and ten weeks at 6s.; Scale ‘‘D” (3d. a week), 
ten weeks at 12s., and ten weeks at 6s. Sickness— 
** A,” twenty weeks at 10s., twenty weeks at 6s. 6d., 
and the remainder of illness 4s. a week; ‘‘ B,” ten 
weeks at 10s., and ten weeks at 5s.; ‘‘C,” the same 
as ‘‘B.” The “sickness benefits” have been incorpo- 
rated in the first three scales with a view to the union 
being enabled to administer the same under the 
National Insurance Act. The fact is emphasised that 
a revision of trade union rules is inevitable owing to 
the National Insurance Act and the hoped-for reversal 
of the Osborne judgment. 

The authors of this scheme reveal how far they have 
become influenced by Socialistic ideas by the fact that 
they refer to the non-unionists, the Government, and 
the railway companies as ‘‘our enemies.” Nothing 
could possibly reveal more clearly the dangers to 
which the teaching of such men must lead, nor indi- 
cate more clearly how all law-abiding people should 
be prepared to meet such doctrines. 





It is announced officially that the membership of the 
International Federation of Trade Unions is 5,772,000 
in England, Germany, the United States, Australia, 
France, Italy, and Sweden. 





Particulars of concessions to a large number of lower 
— workers have been issued by the North-Eastern 

ilway Company. The principal advances include a 
shilling a week to signalmen in the Tyneside electrified 
areas, and sixpence a week to assistant signalmen for 
special responsibility. Rolleymen at several stations, 
including York, Leeds, Darlington, Middlesbrough, 
and Hartlepool, receive an advance of one shilling a 
week, The minimum wage of casual porters at all 
goods stations is fixed at 20s. a week. 








Norwecian Raitways.—The surveying work on the 
Norwegian Vestland Railway is being p with ; 
and this railway, as others in Norway have done, presents 
considerable technical difficulties. The surveying of the 
Kongsberg - Hjuksebé section is about complete, and 
should this direction be chosen, it will necessitate the 
construction of a tunnel of 1600-1700 metres length at 
Hjerpehooet. The railway reg a4 across the Sauer river 
at Akerhaugen will probably built at a height of 
29 metres over ordinary spring flood, whilst that across 
the Hjukseaoen will probabl hs placed at a height of 
66 metres above the river. e latter will thus be the 
highest railway bridge in Norway. 





PxRsoNAL.—Messrs. Hans Renold, Limited, Man. 
chester, state that for the purpose of keeping in close: 
touch with their business in tland, they have opened an 
office in Glasgow, 86, St. Vincent-street, and have appointed 
Mr. F. M. Lawson, Assoc. M. Inst.C.E., A.M.I. Mech. E., 
resident engineer for Scotland. The Glasgow office will 
generally only concern itself with engineering matters, 
and not with cycle, motor, and mortise chains.—The 
engineering business of Messrs. Barford and Perkins, 
Peterborough, has, for family reasons, been formed into a 
ary limited company. The present partners, Messrs. 

. G. Barford and J. E. 8. Perkins, will continue to 
actively control the business, and Mr. Robert True will 
join the as a director.—The Crypto Electrical Com- 
pany ae on January 1, a branch office at 77, Victoria- 
street, Bristol, where they will hold a large stock of their 
standard pattern dynamos, alternating-current motors, 
alternate-current to direct-current transformers, engine 
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UNIVERSAL JOIST 
CONSTRUCTED BY THE BRITISH STEEL PILING 
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THE important scheme known as the Thames 
Embankment Extension and Westminster Improve- 
ments at Millbank, which is at present being carried 
out by the London County Council, and which, when 
finished, will have cost over a million pounds, consists 
in removing a large number of old houses and wharves, 
and instreet-widening and extending the Victoria Tower 
Gardens to Lambeth Bridge by continuing the present 
embankment wall. A small portion of this extension 
was done last year, and the remaining portion, which is 
about 630 ft. long, is at present being carried out by 
Messrs. John Mowlem and Co., Limited. In the original 
design the dam within which the wall was to be 
built was shown constructed of 14-in. square tongued 
and grooved pitch-pine piles for the front, whilst timber 
runners or any other method could be adopted at the 
back, and about 20 ft. of the piles were to be left 
in to form a toe to the wall. The engineers for the 
County Council, however, allowed the contractors to 
adopt steel-sheet piling, to be supplied by the British 
Steel Piling Company, Limited, Dock House, Billiter- 
street, K.C., and it was therefore decided to construct 
a box-dam, 210 ft. long by about 13 ft. wide, of this 
firm’s 15-in. 43-lb. per foot I-section piles, a section of 
the piling being shown in Fig. 1, above. In Figs. 2 
to 8, annexed, are shown various ways in which the 
piling may be used, Fig. 2 representing a curve of 
23 ft. radius, in which the piles are not bent. 

The piles for the front rows of the embankment dam 
are 44 ft. 6 in. long, in two pieces, the bottom length 
being 19 ft. 6 in. long, and the top lengths 25 ft. 
long, the two pieces being jointed together by fish- 

lates riveted to the top length, and bolted to the 
Settnes length, the bolts having square necks to fit 
square holes in the outside fish-plate. The clutches, 
which are also in two pieces, but not fish-plated, are 
18 ft. long in the bottom length, and 26 ft. 6 in. in 
the top length, so as to add stiffness to the joint. The 
piles for the back row are 41 ft. long, and these are in 
one piece. The arrangement of the piling in the dam 
will be understood on reference to Figs. 9 and 10, 
which are reproductions of photographs taken on the 
site. 

Driving was carried out from a temporary 8 by 
means of two 30-cwt. steam pile-driving plants of the 
special type used by the British Steel Piling Com- 
pany, the two machines driving, on an average, 
eighteen piles per day, or equivalent to 114 ft. run 
of completed dam. No difficulty was experienced in 
closing, and, as will be seen from our illustrations, it 
was not necessary to employ any special piles for this 

urpose. As soon as the dam was cl the timber 
raming was put in, and pumping commenced, and the 
excavations proceeded with. ‘hen the excavation 
was down to the required level, the concrete was laid 
in sections. In order to prevent the adhesion of the 





concrete to the back row of piling, a light match- 
ing screen was placed along the edges of the | 





STEEL-SHEET PILING. 
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clutches. As soon as the concrete was up to the level 
of the fish-plates, the nuts were removed, and the bolts 
driven through and replaced by wooden plugs. As the 
wall is finished above high-water mark, a stunt head 
will be put in, formed of timber, and securely tied 
about 10 ft. from the end of the dam ; the back row of 
piles will then be withdrawn and re-driven ahead, 
whilst the top lengths in the front row will be pulled 
and bolted up to a fresh set of bottom lengths, and 
again driven for the next section. After this length is 
completed, the operation will be again repeated on the 
third section, when the wall will be finished. 

The dam was found to be ——_ water-tight, a 
5-in. Worthington pump, working intermittently, being 
quite sufficient to keep it dry; in fact, a pump of 
much smaller capacity would have been ample, except 
that it was advisable to have a reserve of power 
to meet any emergency. Two penstocks were pro- 
vided in the front row, so that the dam might be 
flooded in cases of emergency ; this, however, was never 
necessary. Any slight leaks were readily closed by 











10. 


emptying ashes into the river, which were readily 
forced into the interlock of the piling by the outside 
pressure. 

It is claimed for this methed of piling that it enables 
@ very great saving to be effected when used for this 
class of work, as more than three-fourths of the piling 
will be used three times, whilst the lengths which have 
to be left in cost no more than 14-in. pitch pine, and 
they are paid for. Similar work of this nature has 
been done on the river in this neighbourhood with 
pitch-pine piles, and it has been found that two or 
three piles per day was the utmost that could be 
driven, so that the saving in the cost of driving is very 


great. 

The steel piling we have described appears to be well 
suited for a similar class of work to that going on in 
connection with the Victoria Embankment, whether in 
rivers or in the sea, and it has the advantage of cheap- 
ness when used in the construction of promenades, 
sea-walls, dock-walls, &c. The piling also has a very 
high salvage value, for even after three usings 1" 1s 
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OSBORN’S SPARK-ARRESTER FOR CUPOLAS. 


CONSTRUCTED BY MESSRS. T. DAVIES 


— 











Fig. 1. 


claimed that it is good for more work with a little 
fettling, and commands a ready sale in the open 
market. Corner piles are made as shown in Figs. 3, 
4, and 5, and junction piles may be made up as shown 
in Fig. 6, the jointing as in Figs. 7 and 8. 

Among the points claimed for the piling are that it 
has greater lateral stiffness than any other pattern ; 
the clutch, or interlocking member, is of the strongest 
form, so that the piles will not open out if an obstruc- 
tion is met with ; it is a plain rolled section and free 
from rivets, so that the joists can be used for buildin 
or other purposes when finished with as piling, ont 
the clutches can be kept in stock, when a fresh supply 
of joists can be purchased. It is also practically water- 
tight, owing to the four points of contact in the clutch ; 
less bracing is required than with timber piles ; it 
drives freely at a much lower cost than timber, and it 
also pulls freely at a low cost. 

We understand that this system of piling is being 
used for similar work in the removal of old dock-walls, 
and hundreds of tons are being émployed by Messrs. 
Morrison and Mason, Limited, contractors for the new 
lock at Portsmouth. In one case the piles are 50 ft. 
long, and are taking a head of water of about 35 ft. 





OSBORN’'S SPARK-ARRESTER FOR 
CUPOLAS. 

WE illustrate on this page an appliance which has 
been designed to prevent sparks being thrown out 
from the tops of cupolas and scattered over roofs 
and surrounding property. It is constructed by 
Messrs. T. Davies and Sons, Railway Iron Works, 
Gorton, Manchester, and is so simple that its action 
will be at once understood on reference to the illus- 
trations, of which Fig. 1 is a perspective view repro- 
duced from a photograph, and Fig. 2 a vertical section 
showing the internal arrangement. 

It will be seen that the arrester can be fitted to any 
size of cupola by simply fixing an angle iron ring round 
the top ot the cupola, to which the base of the arrester 
can be attached. It is made in regular segments as far 
as possible to simplify the design, and these are bolted 
together, and then lined with firebrick as shown. The 
baffle at the side of the opening at the top is also made 
of firebrick. The smaller pipe on the right, down which 
the arrested sparks fall, is, however, not lined. When 
the cupola is in operation the sparks which issue under 
ordinary circurastances from the top of the cupola and 
fall on surrounding roofs, &c., are made to pass over 
the arched flue down the pipe to the staging below, 
from which they can be taken away at intervals. In 
some cases these arresters have been fitted so that the 
down pipe is placed over a cart-way, so that the sparks 
can fall into a receptacle for removal. While sparks 
are carried past the opening at the top of the arrester 
the gases escape quite freely through it. It has been 
found that the sparks collected in this way amount on 
the average to dau l ton for every 100 tons of iron 
melted, from which it may be gathered that a great 
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deal of labour involved in cleaning roofs, gutters, &c., 
is avoided. 

In one case where an Osborn patent arrester was 
fitted, it replaced an arrester of the ‘‘drum” type, 
which had failed to act, due to excessive heat at the 
top of the cupola, causing the bafile-plate to give way. 
At the works alluded to the sparks had worked their 
way under the slates of the roof of the adjoining 
foundry, necessitating the removal of the slates in 
order to stop the leakage of rain through the roof. In 
this instance the arrester was a double one connected 
to two cupolas, the action being the same as in the one 
we illustrate, with the exception that the idle cupola 
takes the place of the pipe for — away the 
sparks. hen both cupolas are at work, which is not 
the usual practice, the heavier sparks fall back into the 
cupolas, while the lighter dust collects at the crown 
of the arrester near the gas outlet. We understand 
that these arresters have now been fitted for nearly 
a dozen firms, among whom are Messrs. Hornsby and 
Sons, Reddish ; Messrs. John Brown and Co.. Limited, 
Clydebank ; Messrs. Fielding and Platt, Limited, of 
Glouzester; and Messrs. S. Osborn and Co., Sheffield ; 
and in no case have they failed to give satisfaction. 
The one actually illustrated has been installed at the 
works of Messrs. S. H. Johnson and Co., Limited, 
Stratford, E. The appliance has been patented by Mr. 
Samuel Osborn, of Messrs. Osborn and Co., Limited, 
Sheffield, and Mr. David pore M. Inst. C.E., of 
Messrs. David Carnagie and Gladwyn, consulting 
engineers, 33-35, Charterhouse-square, London, E.C. 








Licut Rattways Act, 1896.—The Board of Trade have 
recently confirmed the following order made by the Light 
Railway Commissioners :—Great Northern (Kirkstead and 
Little Steeping) Light Railway Order, 1911, authorising the 
construction of a light railway from Kirkstead to Little 
Steeping, Lindsey, in the county of Lincoln. 





Post-GRADUATE SCHOLARSHIP IN NAVAL ARCHITEC- 
TURE.—The Royal Commissioners for the Exhibition of 
1851, acting on the recommendation of the Council of the 
Institution of Naval Architecture, have awarded the 
Post-Graduate Scholarship in Naval Architecture (of 
the value of 200/. per annum) to Mr. Arthur Cannon, of 
Glasgow University, and formerly of the Royal Naval 
College, Greenwich. 





FELTEN AND GUILLEAUME CARLSWERK A.-G., MULHEIM- 
ON-THE-RuingE.—Ata board meeting held on December 19, 
the agreement concerning the amalgamation of the mines 
and blast-furnaces of Jules Collart and Co., Steinfort, 
Luxemburg, with the Carlswerk, was ge By 
extending the existing blast-furnace plant, and by 
erecting a steel plant, this undertaking will be increased 
to such an extent that it will be large enough to cover the 
requirements in steel of the Carlswerk. The Luxemburg 
firm will be transformed into a limited company whose 
shares will be transferred to the Felten and Guilleaume 
Carlswerk A.-G. It is as yet not intended to increase 
the share capital of the Felten and Guilleaume Carls- 
werk A.-G., as the funds at the disposal of this company 
are sufficient for carrying out the transaction, 





PELTON WHEEL WITH ADJUSTABLE 
BUCKETS. 


WE illustrate below the latest type of Pelton 
wheel manufactured by Mr. Perey Pitman, of 3, Will- 
cott-road, Acton, London, W. The special feature of 
this wheel is that it is fitted with adjustable buckets, 
the pitch of which can be altered as desired. It 
has been specially constructed for the Holloway Poly- 
technic Institution. There is, of course, nothing new 
in adjustable buckets, and this firm has fitted them to 
a great number of machines ; it was found, however, 
that the previous method of fixing was not altogether 
satisfactory after several years of wear. 

If reference be made to the engravings, Figs. | and 2, 
appended, it will be seen that the buckets are made 
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with a wedge-shaped tang, which is accurately 
machined to fit the inside and the outside of the wheel- 
runner and ring, clearly shown in Fig. 2. The outside 
ring is made with a register fitting into a groove, and 
the tangs of the buckets are chambered out on each side 
in the manner shown by dotted lines in Fig. 1, so as to 
bear only on the outside rim and on the inside edges on 
each end, but with ample clearance on the bottom. 
This causes the buckets to be pulled down tightly on 
to the circumference. This has proved a very satisfac- 
tory arrangement in use. After machining, the ring is 
cut into six or more segments, each with two or mure 
bolts. By this means the buckets have a firmer grip 
than if the ring were in one piece, and by removing one 
segment only the buckets can be added or remuved, 
and the pitch thereby very quickly altered. 








New Private Ratiways’ in Russta.—Railway con- 
struction is going ahead in Russia at an unusual pace, 
and private enterprise is exerting itself to an almost un- 
precedented degree. In the course of the past year 
concessions have been granted to six private railways 
with an aggregate length of 1750 versts (1150 miles) and 
entailing an aggregate cost of 119,883,850 roubles. The 
most recent concession applies to the Black Sea-Kuban 
Railway, which comprises two lines, crossing each other 
in that portion of the Kuban district which borders 
upon the Azof Sea. These two lines have an aggregate 
leneth of 280 miles; the one proceeds from Krymskoja 
station on the Viadikawkas ilway, in the neighbour- 
hood of Novorossisk, to Kuschtchewka, a station on the 
main line of the same railway from Rostof to Vladi- 
kawkas, while the other line leads from Iekaterinodas to 
Primorsko-Achtanskaja, on the Azof Sea. The cost is 
calculated at close upon 20,000,000 roubles. Some addi- 
tional side and branch lines bring the above-mentioned 
aggregate of concessioned private railways during the 
present year up to a total of 1150 miles, against 290 miles 
in 1910, 300 miles in 1909, 1320 miles in 1908, 185 miles in 
1907, 100 miles in 1906, and 15 miles in 1905, The unusually 
large figure for 1908 is to a great extent attributable to the 
North Donez Railway. It is understood that there will 
now be a lull in the granting of further railway conces- 
sions, which, however, does not prevent additional railway 
projects being prepared. A large number of applications 
for concessions have been handed in to the authorities 
during the present year ; in the first quarter, for instance, 
43 applications, against 55 for the whole of 1910, and 42 in 
1909. Amongst the plans likely to be first realised are 
the Moscow-Kasan and Vladikawkas Railway, besides 
several railway projects in Central Asia, upon the financing 


of which interested parties have engaged f 
time. The Podolian Railway Company, which y= 
recently secured the necessary capital in Germany for 


the construction of its trunk line, is already considering 
fresh projects, comprising the building of a railway from 
Slobin via Masyr, Owrutsch, Novgorod-Wolynsk to 
Scheptowka, and one from Storokonstantinow to Shme- 
rinka. Should the Podolian Railway Company secure the 
concession for the former of these two schemes, it would 
nae a direct railway from St. Petersburg to the Austrian 
1€rs, 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 20, 1911. 

Tue buying of pig iron continues very active, but 
makers find it difficult to sell for higher prices. Both 
furnaces and mills are gradually filling up with busi- 
ness, and in some cases there is work secured for 
several months. Western furnaces and mills are 
better sold up than Eastern, for the reason that 
Eastern concerns refuse to follow the downward trend 
in prices. During the past week the orders for steel 
rails count up about 100,000 tons. The big contracts 
hanging fire with the New York Central and the 
Pennsylvania are still not placed. The latter com- 
pany is figuring upon a minimum of 1700 steel cars. 
n finished materials an upward tendency is apparent. 
The Steel Corporation has given out the statement that 
in all probability from 85 to 90 per cent. of its steel 
yr mene 4 will be in operation after January 1. Con- 
sidering the expansion of capacity by that company, 
this is a remarkable increase. The railroads and the 
shipyards have bought quite heavily during the past 
month, and inquiries for large quantities of material 
are coming from both sources. ‘I'he demand for heavy 
steel plates is now very active, and prices range from 
1.30 dols. in the West to 1.40 dols. in the East. 
Eastern mills as a rule are working to about 60 per 
cent. of moore A general hardening of prices is a 
strong probability, but this will affect chiefly that 
large class of moderate consumers who hold up to the 
last minute. The general tone of the steel industry is 
decidedly stronger than it has been for at least twelve 
months. The locomotive builders report increased 
inquiry, and locomotive-building capacity will soon be 
engaged to close up to the maximum output. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give Lelow a series of colonial and foreign engi- 
neering projects. Further data concerning these projects 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, E.C. 

Australia : The Gazette publishes an Act confirming 
an agreement with certain local authorities relating to 
the proposed construction of a railway, 24 miles long, from 
om near Gympie, on the North Coast Railway, to 

mbil. 

Holland ; The Staatscowrant contains a notice grant- 
ing to the provincial authorities of Zeeland a conces- 
sion for the construction and working of a railway 
from Hansweert to Vlake station, which is on the State 
Railways. 

Austria-Hungary: With reference to the proposed 
railway construction in Bosnia-Herzegovina, it is noted 
that, according to the Zentral-Anzciger fiir das dffent- 
liche Licferungswesen, Vienna, a Bill was recently sub- 
mitted to the Bosnian Landtag providing for the con- 
struction of a railway from Tuzla to Récsa via Bjelina, 
with branches to Breska, Banjaluka, and Jajce, and of 
another railway from Bihac to Novi. Three years are 
allowed for the construction of these lines, and the total 
cost is estimated at 81,900,000 kronen (3,412,5002. ). 

Italy: With reference to the carrying out of harbour 
works in the port of Ortona, the Gazzetta Ufficiale an- 
nounces that, as no award has been made respecting this 
contract, tenders are again invited, and will be opened 
on January 16 at the offices of the Ministero dei Lavori 
Pubblici, Rome. The upset price is put at 2,700,000 lire 
(108,000/.). Although this contract will doubtless be 
awarded to an Italian firm, nevertheless the carrying out 
of the works may involve the purchase of some materials 
out of Italy. 

Mexico; H.M. Consul-General at Mexico City reports 
that a contract has been entered into between the 
Mexican Department of Public Works and the American 
Dredging Company, of Galveston, U.S.A., for the cutting 
of a canal at the mouth of the Grijalva River, the building 
of jetties, and the opening of the harbour of Frontera 
to ocean-going ships. The canal is to be 20 ft. deep and 
153 ft. wide at the bottom. The cost of the work is 
estimated at some 34 million pesos (about 365,000/.). 
Before taking effect the sontract must be ratified by the 
Mexican Congress. Work is to be begun within six 
months and completed within two years. The Diario 
Ofictal announces that a concession has been granted to 
©. Julian Sanchez Barquera for the construction and 
working of a railway between the States of Mexico and 
Michoacin — viz, from Somera, on the Tultenango- 
Yondese line, to the Aldebardn mine, ing through 
the property of the Mexico Mines of Hl Or , Limited. 
The line must be completed within two and a half years. 
The concession is for a term of ninety-nine years. 
Exemptions from customs duty is granted for a period 
of two years in respect of any material which it may be 
necessary to import in connec*ion with the undertaking. 
The Diario also contains a notice granting to Charles 
Hoyle a concession for the construction and working 
during 99 years of a railway between the States of Mexico 
and Michoacan—viz., from Villa del Oro to Tlalpujahua. 
Three years are allowed for carrying out the work, and 
during this period any material which it may be necessary 
to import will be exempt from customs duty. 

Chili : The Diario publishes a decree (No. 4773) 


authorising the Ferrocarril Eléctrico de Santiago 4 San. 


rnardo to construct various sections of electric railway. 
The work must be commenced within six months and 


completed within one year. 
Argentina: The Boletin Oficial contains the text of 


decrees, as follows :—No. 8366, authorising the Central 
Argentine Railway to proceed with the construction and 
working of the following lines of railway :—From Peyrano 
to Rio Quarto; from San José de la Esquina until it 
joins the above-mentioned Peyrano-Rio Quarto line ; from 

illa del Rosario to Garza; from Ceres or Selva to the 
28th parallel; from Agua Dulce or San Vicente to 
Santiago del Estero; from Pinto to a point on the 
Villa del Rosario-Garza line; from San Francisco to 
the 153rd km.; from Pilar to Ucacha; from Viiias to 
Baradero ; from San Martin or San Andres to Victoria ; 
and to extend the El Chafiar line to Rosario de la 
Frontera. No. 8461, authorising the Compajia de Tierras 
de Santa Fé to construct and work a railway between San 
Cristébal and the Laguna del Palmar. No. 8405, autho- 
rising the Buenos Aires and Pacific Railway Com- 
pany to construct a line from Arribefios or some other 
point on the Laforcada-Santa Isabel section to connect 
with the proposed line from Alberdi to Sampacha. 
No. 8441, authorising the Argentine Union Railway Com- 

ny, Limited, to carry its lines to the harbour of San 

icol4s. No, 8463, authorising the Argentine North- 
Eastern Railway Company to construct and work a wharf 
in the port of Goya (Province of Corrientes). The wharf 
must be of wood and iron. Any material and appliances 
required for constructing and equipping the wharf will 
be exempt from customs duties. 

German East Africa; The Deutscher Reichsanzeiger, 
Berlin, publishes a law empowering the legislative 
authorities to utilise the funds age my for in the East 
African Protectorate Budget for the purpose of (a) 
continuing the construction of the Usambara Railway ; 
(6) constructing a harbour in Tanga; (c) executing 
repairs and new works on the og tgs main line ; 
and (d) granting two loans to the t African Railway 
Company for the purpose of (1) continuing the Dar-es- 
Salaam— Morogoro ilway as far as Tabora, and (2) 
continuing the same line to Lake Tanganyika, as well as 
carrying out repairs and constructional work on the 
existing section from Dar-es-Salaam to Morogoro. 

Sweden: The Commercial Intelligence Branch of the 
Board of Trade is informed by H.M. Consul at Gothen- 
burg that tenders are invited by the Harbour Board of 
that port for the supply of four self-discharging iron 
lighters. Tenders, marked ‘‘Anbud a sjiilflossande 

ramar,” will be received at Giteborgs Hamnstyrelses 
amrerarekontor, Marten Krakowsgatan 5, Gothenburg, 
up to the 8th inst. 





H.M. Moror- Boat “ No. 64.”—The Thornycroft 
launch, which has for some time t been a familiar 
sight on the Thames, has just been delivered to Chatham 
Dockyard, after a course of tests by Admiralty officials. 
It was built by Messrs. John I. Thornycroft and Co., 
Limited, and has been fitted with a Diesel engine by the 
Diesel Engine Company, of 179, Queen Victoria-street. 
The dimensions are: length 60 ft., beam 10 ft., draught 
2Lin. The accommodation comprises a fore-peak with 
access to deck by watertight circular hatch, a commodious 
fore-cabin, and aft another cabin, fitted up in the usual 
way for boats for harbour service generally, ¢.¢., for 
swinging -lamps, folding-table, glass racks, &c. The 
whole of the cabin work is of teak, and the compart- 
ments are well ventilated. Lockers are arranged under 
the seats. Right aft is a large watertight well, protected 
by » deep coaming and white duck awning overhead. 
This is provided with four self-emptying lifeboat-pattern 
valves, and covered by gratings of American elm in 
sections. The well is provided with seats all round. 
Immediately under the aft well is a space for stores, to 
which access is provided by watertight steel doors. In 
practically all respects as regards fittings, &c., the boat 
complies with usual Admiralty practice. The engine- 
room is amidships; access to it is obtained through 
folding-door or sliding-hatch with ladder. This compart- 
ment is lighted with glass windows and brass lamps. 
The machinery consists of one four-cylinder two-cycle 
Diesel motor of approximately 100 horse-power, whic 
gives the boat a an of about 10} knots. The natin am. § 
pump is driven off the crank-shaft at the forward end, 
and there are two ~ ge seg tes one on each side of 
the onqrengnng- une, wo long cylinders, fixed one 
on each side of the engine-room, and about 18 in. in dia- 
meter, form reservoirs for manceuvring, one being used as 
a stand-by, while the injection-air reservoirs are of the 
ordinary type, as fitted for stationary work. Each 
cylinder has four valves —fuel-inlet, starting-air, and 
two scavenging-air valves; the fuel, starting, and one 
scavenging-valve on each cylinder are operated by a cam- 
shaft on the port side, and the other scavenging-valve by 
the cam-shaét on the starboard side. In more modern 
ty of two-cycle motors ports are employed instead of 
valves for the exhaust, although sometimes a second 
scavenging-valve takes the place of the exhaust-valves, so 
that the number of valves is not always reduced. Re- 
versing in this engine is accomplished by altering the 
times of operation of the fuel-inlet and starting-valves, 
this being effected by turning a subsidiary shaft through 
the required angle, a motion which, by means of levers 
and eccentrics, alters the position of the cam operati 
the fuel and starting-valve levers. The subsidiary shaft 
is actuated by the main starting-wheel of the engine, and 
the arrangement is such that the first movement of the 
hand-wheel causes the engine to run on compressed air, 
further rotation puts two of the cylinders on air and two 
on oil, while the fina} position of the wheel brings all the 
fuel-valves into operation and cuts out all the air-starting 
valves. Keversing from full speed ahead to full astern 
occupies only a few seconds. Although the boat is prim- 
arily intended for experimental work, it will no doubt be 
u toa considerable extent in the ordinary course as 





a harbour-service vessel. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was active, and a good business was 
done on forw account. The dealings consisted of 
15,000 tons of Cleveland warrants at from 50s. 10d. to 
50s. 84d. cash, at 50s. 10d. fourteen days, 50s. 94d. sixteen 
days, 51s. one month, and from 5ls. 8d. to 51s. 84d. to 
dls. 8d. three months. Closing sellers quoted 50s. 9d. 
cash, 51s. 1d. one month, and 51s. 84d. three months. 
Cash buyers of hematite offered 64s. 9d. The afternoon 
session was quieter, but nearly 7000 tons of Cleveland 
warrants changed hands at 50s. 9d. cash, 50s. 94d. eight 
days, 51s. 14d. and 51s. 1d, one month, and at 51s. 84d. and 
51s. 8d. three months. At the close sellers quoted 50s, 9d. 
cash, 51s. 04d. one month, and 51s. 8d. three months. On 
Friday morning a reaction took place and Cleveland 
warrants fell from 50s. 6d. to 50s. 34d. cash, and from 
51s. 7d. to 51s. 14d., 51s. 3d., and 51s. 24d. three months, 
and for the month position 50s. 74d. was paid. The 
business amounted to 10,000 tons, and the closing 
quotations were 50s. 4d. cash, 50s. 74d. one month, and 
5is. 3d. three months sellers. The market was then 
closed for the New Year holidays and re-opened on 
Tuesday morning with a firm tone. The dealings were 
limited to 2000 tons of Cleveland warrants at 50s. 5d. 
cash, 50s. 9d. and 50s. 74d. one month, and 5ls. 4d. three 
months, and closing sellers quoted 50s. 5d. cash, 50s. 84d. 
one month, and 51s. 4d. three months. One lot of hema- 
tite also changed hands at 64s. 9d. cash. In the afternoon 
there was again little doing, and the business consisted 
of 2000 tons of Cleveland warrants at 51s. 5d. three 
months. At the close the quotations were 50s. 6d. cash, 
50s. 10d. one month, and 51s. 5d. three months sellers. 
Hematite, one lot, was done at 65s. . one month. 
When the market opened to-day (Wednesday) a firm tone 
prevailed, and 8000 tons of Cleveland warrants were 
done at 50s. 64d., 50s, 6d., and 50s. 64d. cash, 50s. 7d. 
nine days, 50s. 10d. and 50s. 104d. one month, and. 
51s. 54d. three months. Closing sellers quoted 50s. 7d. 
cash, 50s. 104d. one month, and 51s. 6d. three months. 
One lot of hematite was done at 65s. one month, 
with sellers over at 65s. 14d. The afternoon ses- 
sion was active, and 6000 tons of Cleveland warrants 
changed hands at 50s. 8d. cash and seven days, 51s. one 
meat, 51s. 24d. February 22, and 51s. 64d. and 5ls. 74d. 
three months. Prices were firm at the close, sellers 

uoting 50s. 9d. cash, 51s. 1d. one month, and dls. 8d. 
three months. Hematite was active, and 2000 tons were 
dealt in at 65s. one month, with buyers over at 64s. 74d. 
cash. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde and Calder, 64s.; Gart- 
sherrie, Summerlee, and Langloan, 64s. 6d.; and Colt- 
ness, 82s. 6d. (all shipped at Glasgow) ; Glengarnock (at 
Ardrossan), 65s.; Shotts (at Leith), 64s.; and Carron (at 
Grangemouth), 65s. 6d. 


Sulphate oF Ammonia.—During the whole of the past 
year the sulphate of ammonia market has maintained a 
very firm tone, and the demand has been on a large scale. 
The price for prompt lots at the beginning of the year 
was about 13/. per ton, but the year 1912 has opened 
with the figure at 14. 5s. per ton. The latter price was 
not quite the highest during the period under review, 
because 14/. 10s. was the quotation about the middle of 
March, that figure having been reached by steady 
advances during the opening months of 1911. An easing 
off then took place, and ually the price came down 
until 12/7. 15s. was reached in June, but a strong demand 
forced it up again, and 14/. 7s. 6d. was touched in August. 
From that time there has been little change in the selling 
price, and a fairly large business has recently been - 
through. Makers have undoubtedly had quite a satisfac 
tory year, and their books are well filled with orders for 
forward delivery. What the trend of prices or the demand 
may be this year it is impossible to say, but the outlook 
ap Bert med good, and if Japan and America are again 
as much in evidence as buyers, then the prospects may be 


h | looked upon as quite bright. 


Scotch Steel Trade.—A year ago the prospects of the 
Scotch steel trade were mentioned as a airly bright, 
and the result of the whole year’s working has shown that 
that opinion was tolerably accurate. From week to 
week the general condition of the industry has been 
closely followed, and little need now be said in detail. 
In the opening months of last year, however, the 
accumulation of material in the shipyards, due to 
the unfortunate lock-out, coupled with the increase of 
stocks in makers’ own hands, caused a quietness in 
specifications. That state continued for nearly four 
months, but since then a fairly steady ‘trade has been 
done, and the year’s output has been quite satisfac- 
tory. The instituting of the rebate scheme towards 
the end of the year is undoubtedly the most interest- 
ing feature at present, but as this new system has only 
been in operation for a few weeks, ene | can yet be said 
as to its effect on the trade. With regard to prices, there 
was only the one change made during 1911, and that was 
three weeks ago, when producers increased their rates by 
5s. per ton. The current quotations are :—Ship-plates, 
7l. 2s. 6d. per ton; angles, 6/. 15s. per ton ; and boiler- 

lates, 7. 17s. 6d. per ton—all less 5 per cent. delivered 
biyde or equal. Export departments have been fairly 
well employed during the year, and the tonnage 1s 4 
good bit increased, despite the fact that shipments to 
Canada have fallen off considerably, due to competition 
from America. Structural steel-makers all report having 
had a splendid year, with steady employment throughout. 
The returns in most cases are increased, and as order-books 
are still well filled, the prospects for this year are quite 
bright. Sheets have been in t demand almost al! the 

ear, and makers have Sasi bed an idle moment. They 





ve presently as many orders on hand as will keep them 
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going merrily for a number of months. All round the 
ou‘look for 1912 is very encouraging from the steel- 
mukers’ point of view, and the prospects are exceed- 
ingl eer Bookings have recently been heavy, and 

ipbuilders have a large amount of work on hand, 
there should be no scarcity of specifications from that 
quarter. 

Malleable-Iron Trade.—The past year cannot be written 
down as a very satisfactory one for the malleable-iron 
makers of Scotland. Business was quiet in the early part 
of the year, and in the month of April the selling agree- 
ment was broken, with the result that — fell 
sharply, and business became almost unprofitable. Buy- 
ing began to increase at the low rates which then pre- 
vailed, and as order-books filled up the prices got firmer, 
although the competition remained keen. The outlook for 
1912 is certainly brighter, as a new amalgamation scheme 
is now all but ratified. 


Scotch Pig-Iron Trade.—The Scotch ig Spe trade of 
1911 has no outstanding feature to mark the year’s pro- 
gress. The demand was very poor until about the end 
of June, and up till then the makers had to shade prices 
to secure business. A fair amount of booking took place 
at that time, but in the succeeding months quietness 
existed, and with higher costs in production, inc 
freights, and increased charges for labour at the ports, 
the lot of the | a seas maker has not been too good for 
months back. Some improvement took place in December, 
and a fairly large business was transacted at firmer 
prices. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

American Trade.—The unsatisfactory state of the trade 
with America has been one of the few adverse factors 
which have had to be dealt with by steel manufacturers 
during what has been, and still is, a period of great pros- 
perity. Although a slight improvement has taken place 
recently, the returns of Sheffield exports to the United 
States for the December quarter compare unfaveurably 
with the same period in the previous two years ; tie total 
is 181,081/., as compared with 196,728/. for the December 
quarter of 1910. As regards steel, sheets, bars, &c., 
which form the largest item in the returns, the manner 
in which the exports for the whole year have been affected 
is shown by a comparison between the figures: 459,6711. 
for 1911, 609,456. for 1910, and 530,633/. for 1909. 


South Yorkshire Coal Trade.—The pare have, of 
course, kept business fairly quiet in the coal trade, but 
the firm position of a week ago is maintained, and now 
that normal working conditions have been resumed in the 
various industries, the demand for manufacturing pur- 
poses is as t as ever and promises toincrease. Prices 
are strongly held, and collieries are chary of selling very 
far for forward delivery, even at wx advances. Ship- 
ments are good, and there is a lot of pressure for deli- 
veries. If the cotton dispute lasts, it is bound to have a 
serious effect upon trade in slacks. Gas coals are still being 
extensively stocked. The house-coal market continues 

uiet, and there is little doubt that the figures for 

ecember will show a marked decrease upon the ro 
for the month. There is, of course, the coal strike 
hanging over, and the result of the men’s ballot might 
bring about another rush for supplies. There is little or 

o change in prices. The quotations on the Sheffield 
Exchange last py tenes :—Best branch hand-picked, 
14s. 6d. to 15s. 6d.; — best silkstone, 12s. to 13s.; 
silkstone, 11s. 6d. to 12s. 6d.; Derbyshire house, 10s. to 
lls.; large nuts, 9s. to 10s.; small nuts, 6s. to 7s. 6d.; 
Yorkshire hards, 9s. 6d. to 10s. 6d.; Derbyshire hards, 
9s. 3d. to 10s. 3d.; washed nuts, 8s. to 9s.; rough slacks, 
6s. to 7s. 6d.; seconds, 5s. to 6s.; smalls, 2s. to 3s. 


Iron and Steel.—The greater part of the past week was 
utilised by manufacturers to make repairs and thoroughly 
to overhaul their machinery. The works are now in 
full swing again, and have for the most part excellent 
prospects for the new year. Iron prices remain at a good 
figure, and the common irons particularly have shown 
a marked strengthening. Better prices still are antici- 
pated, and in view of this and the fact that they are 
— well sold forward, makers are not anxious to 
quote for long date deliveries. Hematite prices vary a 
little, but they are all at high room The prospects for 
the heavy trades are improved by a continuance Of shi 
building activity. The Sheffield firms who are direc y 
interested in shipbuilding are assured of plenty- of wor 
for the local steel departments. Armament works ‘con- 
tinue to be well occupied. The railway steel manufac- 
turers are busy on contracts given out within recent 
months, and new orders are steadily coming forward. In 
the various branches of the lighter trades there is no 
diminution of activity, and manufacturers of edge-tools 
are advancing prices for the New Year. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The market here was re- 
opened to-day after the holidays, and though the attend- 
ance was very small, as is usual immediately after the 
New Year, a most cheerful tone prevailed, and traders 
spoke very hopefully of the future. A general opinion 
prevailed that the year we have just entered upon will be 
characterised by great activity. No. 3 g.m.b. Cleveland 
ar firm at 51s. f.0.b.; whilst No. 1 was 54s. 6d. ; 
0. 4 foundry, 50s. 6d.; No. 4 forge, 50s. 3d.; 
and mottled and white, each 50s.—all for early 
delivery. For delivery over the first quarter of next 
year prices were 1s. 6d. above the foregoing quota- 





tions. East Coast hematite pig was advanced by 6d. per 
ton, mixed numbers becoming b6s. 6d. for early delivery, 
which is a higher figure than was named 
last year. othing below 67s. 6d. was named for 
delivery of Nos. 1, 2, and 3 over the first quarter of the 

ear. Foreign ore was very firm, but with little or no 

usiness passing. Up to 22s. ex-ship Tees was quoted 
for best Rubio, and quotations for other ores were based 
on about that rate. Coke was scarce and firm. Offers 
to buy average furnace coke at 17s., delivered here over 
the first half of the year, were numerous. 


Stocks of Pig Iron.—Practically the only stock of pi 
is the Cleveland iron in the public warrant stores, whic 
now stands at under 540,000 tons. During mber no 
less than 20,385 tons were withdrawn, and since the 
stock began to decline in the middle of August last there 
has been a total decrease of nearly 65,000 tons. For the 
earlier part of last year, however, the stock increased, 
from January to August, by 72,072 tons, the net increase 
for 1911 being thus 7000 tons, as compared with 140,000 
tons in 1910, and 253,000 tons in 1911. 


Manufactured Iron and Steel.—All branches of the 
manufactured iron and steel trades are flourishing, and 
advances in values are looked for. Principal market 
rates stand:—Common iron bars, 7/.; packing iron, 
5l. 15s. ; iron om 6l. 12s. 6d. ; iron ship-angles, 
7l.; iron girder- plates, 6/. 15s. ; iron boiler - plates, 
7l. 7s. 6d. ; steel bars, 61. 5s. ; steel ship-plates, 7/. ; steel 
ship-angles, 6/. 12s. 6d. ; steel strip, 62. 10s. ; steel hoops, 
61. 12s. 6d. ; steel joists, 62. 10s.; cast-iron railway chairs, 
3/. 12s. 6d. ; light iron rails, 6/. 10s.; heavy steel rai 
51. 12s. 6d.; steel railway sleepers, 6/. 10s.; and galvani 
corrugated sheets, 11/. 10s.—sheets less 4 per cent. f.o.b., 
railway material net, and all other descriptions less 24 per 
cent. 


Shipments of Iron and Stcel.—Shipments for December 
last quite come up to expectations. Those of pig iron 
were a record for December, clearances amounting to 
150,419 tons, as compared with 110,717 tons for the pre- 
vious month, and 98,029 tons for the corresponding month 
of 1910. Of last month’s loadings 136,529 tons went 
from Middlesbrough, and 13,890 tons from Skinningrove. 
All of the Skinningrove clearances went to Scotland, 
except 1562 tons which went abroad. Of the pig sent 
from Middlesbrough, 94,404 tons went to foreign countries, 
and 42,125 tons to coastwise customers. As usual, 
Scotland was the a receiver, taking 28,830 tons ; 
whilst Italy impor 21,043 tons; Japan, 17,050 tons ; 
Egypt, 11,954 tons; Germany, 8960 tons ; Sweden, 7306 
tons; Belgium, 6728 tons; Holland, 6566 tons; and 
Russia, 4945 tons. In the last month of 1911 the 
manufactured iron shipped was returned at 17,442 tons, 
10,933 tons of which went abroad, the remainder coast- 
wise. The it receiver was India, with an import of 
5723 tons; whilst the Argentine was second, taking 3788 
tons. Clearances of steel last month amounted to 47,607 
tons, 40,764 tons of which went to foreign countries and 
6843 tons to coastwise buyers. The largest shipments 
were 8949 tons to West Australia, 8672 tons to India, 
6300 tons to the Argentine, and 3092 tons to Japan. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has still scarcely got 
over the holidays, New Year’s Day having, of course, 
exerted some influence. Tonnage arrivals have been 
heavier, but they have included several steamers diverted 
from a although, as an Uskside strike has now 
terminated, the prospect of a large diversion of traffic to 
Cardiff is averted. With supplies still abundant for 
immediate shipment, sellers have been occasionally willing 


to make concessions ; but this is less likely to be the case 
with steamers arriving more freely. The best Admiralty 
large steam-coal has made 17s. to 17s. 6d. per ton ; secon- 
dary qualities have ranged between 15s. 6d. and 16s. 9d.; 


best bunker small, between 8s. 9d. and 9s. 3d.; and cargo 
smalls, between 6s. 6d. and 7s, 3d. ton. House coal 
has exhibited a firm tone; best ordinary qualities have 
made 15s. 6d. to 16s. 6d.; No. 3 Rhond rge, 17s. to 
17s. 6d.; and smalls, 8s. 9d. to 10s. per ton. No.2 Rhondda 
— has been quoted at 13s. 6d. to 13s. 9d.; and smalls, 
at 6s. 3d. to 6s. 9d. per ton. Foundry coke has brought 
17s. 6d. to 20s.; and furnace ditto, 15s. 6d. to 16s. 6d. per 
ton. As regards iron ore, Rubio has made 20s. to 21s. 
per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Accidents in Mines.—Mr. L. Watkins, in speaking at 
Bargoed, dealt with the new Mines Act, and alluded to 
the increased msibilities placed upon officials of 
mines. Mr. Watkins declared that the necessity was 
not so much to educate mine officials, in order to reduce 
the number of accidents, as to educate and enlighten the 
great mass of miners. Colliery officials, although they 
saw a lion in the path, and felt that they were going to 
be devoured, did not say they would not administer the 
Act. They would do their utmost, for it was the desire 
of colliery officials in every way possible to reduce the 
number of accidents. There still remained among miners 
a great amount of ignorance and indifference, and very 
often the heroism and daring of miners, of which we 
heard, was allowed to run wild through recklessness and 
carelessness and by indifference to their own safety. The 
me nee seemed to tack everything on officials instead 
A ringing increased responsibilities on miners them- 
selves. 

Fishguard.—Railway expansion in South Wales con- 
tinues, and among pending additions and alterations on 
the Great Western system are changes at Letterston 

as & 


Junction. Since the inauguration 
Welsh port, in 1906, trans-Atlantic traffic has increased 





considerably, and the mitiation of a Cunard Company’s 


ery, | express service is rendering it necessary for the Great 
at any time, 


Western Company to lay down a considerable number of 
additional sidings on the Heathfield Moors, adjacent to 
the junction signal box. 


(at —She year which has just clo ed was a favour- 
able trade period for Llanelly. The tin-plate trade 
showed considerable buoyancy in the first half of the 
year, but latterly there m a great falling off in 
exports to America. The demand from other markets 
has fortunately increased. Six new mills have been 
started at the Burry Works by Messrs. R. Thomas and 
Co., while the Old Castle Coupon. has increased its 
mills from fourteen to twenty. The Welsh Tin-Stamping 
ren ay has also put down four mills, primarily to 
supply its own requirements. The St. David’s Company 
- ——— to build new steel works at an estimated cost 
of 70, 3 





MELTING Points oF REFRACTORY MATERIALS.—Some 
interesting observations on the behaviour of refractory 
materials, including Seger cones, which are largely used 
for high-temperature measurements, are described by 
Otto Goecke in Metallurgie of November 8, 1911.‘ The 
experiments were made in the Technical High School at 
ae with an improved electric vacuum furnace of 
O. Ruff. This furnace can be used either as an arc furnace, 
with vertical carbon electr« des, or as a resistance furnace, 
with a carbon crucible inside a carbon tube. The suspen- 
sion of the crucible from an upper rod is such that the 
crucible can be dropped for quenching through the lower 
electrode into ice water. The lower electrode is mounted 
in a spiral spring and is easily replaced. A radiation 
tube surrounds the furnace proper, and the whole, in- 
cluding the jacket, is encased in one piece of casting. 
Temperature measurements are made with two Wanner 
pyrometers, either in a vacuum, or in nitrogen at atmo- 
spheric pressure. It was found that the Seger cones 
melted approximately, within a few degrees, at the tem- 
peratures marked on them ; but they would not stand tem- 
a above 1825 deg. Cent. at the reduced pressure, 

ecause the alumina in the material distilled off ; in 
nitrogen (at ordinary pressure) the temperatures remained 
correct. In the crucible the material to be tested, in the 
shape of a cone or rod, was generally placed on a layer 
of the same substance. Having confirmed the melting 
points of some refractory metals, Goecke tried several 
fire-clays, which melted at between 1700 and 1800 deg. 
Cent., and then pure oxides. Alumina gave in the vacuum 
and in nitrogen a melting point lying between 2020 and 
2035 deg. Cent.; a boiling point could not be observed, 
but the alumina began to form vapours (which partly 
condensed to crystals) at 1690 deg. Cent. Calcium 
oxide evaporated about 2000 deg. Cent., and needle 
crystals were deposited ; there was neither boiling nor 
melting at reduced pressure. In nitrogen, however, 


evaporation was noticed at lower temperatures already, 
and the oxide melted at 1990 deg., bably owing to 
some reaction between the CaO and N. agnesium 


melted, neither in a vacuum nor in 
a nitrogen ey when the temperature was carried 
4 to 2450 deg. t. The magnesia boiled at 2029 deg. 

nt. when the pressure was 7 mm. ; in nitrogen vapours 
were observed already at 1800 deg. Cent. 


oxide could not 





American Perro.teum.—The United States Geological 
Survey, in reporting upon the resources of the Republic 
in 1910, states that during that year American petroleum 
wells yielded 64 Y cent. of the whole petroleum produc- 
tion of the world, Russia figuring as a poor second with 
a contribution of 21 per cent. The American yield of 
petroleum for 1910 was 209,556,048 barrels, as compared 
with 183,170,874 barrels produced in 1909. It would 
appear, however, that this petroleum production is in 
excess of the current demand, the 556,048 barrels 
obtained in 1910 being only valued at 127,896,328 dols., 
while the 183,170,874 barrels produced in 1909 were 
estimated to be worth 128,398, 427 dols. The remarkable 
output of 1910 was due to the successive development 
of four great petroleum fields in the middle west. ere 
was first an increase in the production of Western Ohio 
and Indiana, and then followed, in rapid succession, the 
ae ery of the Gulf fields in Texas and Louisiana, 
the fields of Oklahoma and Kansas, and finally the Illinois 
fields. At the same time, production had rapidly increased 
in California,.so that the demand was more than met. 
There are now no fewer than 148,440 oil wells in opera- 
in the United States, their average yield being about 
four barrels per day. Upwards of 8,500,000 acres of 
land are now | in the United States for oil, and 
700,000 acres are owned in fee by oil operators. The use 
of oil fuel is steadily increasing. Railroads, for instance, 
consumed 24,586,108 barrels in 1910, as compared with 
19,939,394 barrels in 1909. The advantages of oil over 
coal have also been fully recognised in the United States 
Navy. Oil-fuel installations are being more and more 
widely introduced in the U.S. navy ; o-boat des- 
troyers Nos. 20 to 50 burn oil exclusively, and the battle- 
ships Delaware, North Dakota, Colorado, Utah, Wyoming, 
Texas, and New York, burn oil as an auxiliary fuel 
ae Nos. 36 and 37, the latest authorised by Con- 
gress, will burn oil exclusively, and i ig expected 
to be further extended. California is the list of the 
petroleum-producing States; last ay the yield from this 
State was 73,010,560 barrels, or 17,538, barrels more 
than in 1909. The petroleum output of California is 
now more than twice as large as that of Pennsylvania, 
and it is greater than that of any foreign country ; in fact. 
the uction of petroleum in California and Oklahoma 
combined is practically equal to the petroleum output 
of the whole world outside the United States. 
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THE PARSONS TURBINES FOR H.M. BATTLE-CRUISER “LION.” 
CONSTRUCTED BY MESSRS. VICKERS, LIMITED, AT THEIR NAVAL CONSTRUCTION WORKS, BARROW-IN-FURNESS. 


(For Description, see Page 4.) 
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Fic. 19. Manccovrine Gear, Conststinc or AHEAD AND ASTERN MAN@:UVRING VALVE IN FRONT, WITH THE INTERMEDIATE VALVE BEHIND, 
WORKED BY Means or a Direct-Actinc SteaM-ENGINE. 


Tue GerMaN Evecrric RatLway in ConsTANTINOPLE. | accepted and to be completed within eight years. The 
—The Turkish Department for Public Works has | concessionists are under obligation to form a Turkish 
entered upon an agreement with the firm of Lenz and limited company, and to place half the shares at the dis- 
Co. for the construction of an electric railway in Con- | posal of Ottoman subjects. The Department for Public 
stantinople, the cost of which will be about 4,000,000/. The | Works, the Government, and the municipality of Con- 
railway will proceed from the Bayazid mosque, across the | stantinople have the control of the building, and must 
Golden Horn, on a new bridge through Galata to Pera, | sanction the tariffs of the railway. After the expiration of 
and from there across the heighta at aera to the | the concession the city will take over all the rights to the 

lack Sea. The concession is for 75 years from the time | railway, and the electric plants, with all appertaining to 
of the conclusion of the agreement, and the conces-|them. After a period of fifteen years have elapsed from 
sionists undertake both to construct and to work the! the day of opening the railway for traffic, the Govern- 
railway for their own account. The work is to com-| ment will have the right to take over the —- at any 
mence within three months of the plans having been | time; but the concession holders, in this case annually, until 





the expiration of the concession, will receivea sum — 
to the average annual profits of the last seven years before 
the taking over of the railway, but this sum must in no 
case be less than the profits of the last year prior to the 
taking over. All the employees of the railway are to be 
Turkish subjects; technical employees form an excep- 
tion, inasmuch as the company is at liberty to engage 
men goo for such posts when suitable persons cannot be 
found amongst Turkish subjects. Questions of doubt 
concernin; "ie agreement are to be decided by the 
Council State, and conflicts between the public and 
the railway can only be brought before a Turkish court of 
justice, 
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THE ADMIRALTY AND THE THAMES 
IRON WORKS. 


On the occasion of the appointment of an official 
receiver for the Thames [ron Works and Ship- 
building Company, we directed attention to the 
difficulties of maintaining a large industrial estab- 
lishment in the East End of London, while appre- 
ciating the fact that the complete closing of the 
works in question, depriving 3000 workmen of 
employment, would be disastrous to the neighbour- 
ing communities. The Admiralty, recognising some 
duty on the part of the State in such a matter, have, 
for the past two months, been endeavouring to 
bring about an arrangement whereby the works 
would be enabled to undertake new naval contracts. 
Their altruism has been very wisely tempered by 
sound economic judgment, and it must.be con- 
fessed that on the lines they suggest a considerable 
measure of success is attainable if everyone havin 
responsibility in connection with the works wil 

ise the true character of the situation, and 
if the workers will turn a deaf ear to the untenable 
and paralysing counsel offered to them by irre- 
sponsible guides. 

The Admiralty have special facilities for acquiring 
accurate information regarding the economics of the 
case, but the fact that they have taken action with 


22a view to the ultimate resuscitation of naval ship- 


building on sound commercial and mechanical bases 
need not be accepted as proving a definite opinion 
on their part that, under the most improved condi- 
tions, the industry can be carried on in London. 
Extraneous or collateral motives have no doubt 
influenced their attempts to ensure the mainten- 
ance of Thames shipbuilding. Firstly, sentiment 
counts ; from the days of the wooden walls 
right down to recent times important units for 
the fighting line have come from the Metro- 
politan worke. Secondly, as Mr. Maudslay has 
pointed out, it is desirable that means should be 
provided for the youth of London to serve their 
apprenticeship in mechanical engineering works 
without leaving their homes. Thirdly, there is 
the question of possible strategic value in having 








available within the Metropolitan area mechanical 
and personal facilities for the repair of ships injured 


in action. We do not think that any of these 
considerations carry sufticient weight to coun- 
terbalance severely adverse economic conditions. 
More significant is the serious fact that the sudden 
cessation of means of employment for 3000 men 
resident within a comparatively small area may 
bring disaster to a community, because the migra- 
tion of the men and their families and the consequent 
decrease in the number of shopkeepers and small 
tradesmen necessary to meet the wants of shipyard 
workers, would mean such a number of unlet 
houses, and great depreciation in the value of pro- 
perty. The result would be to reduce the rateable 
value to an important extent, and therefore the 
borrowing power of the community, while involving 
a growing increase upon the rates levied on the 
remaining residents to meet irrevocable municipal 
expenditure. This, undoubtedly, is the most press- 
ing phase of the situation, and the Admiralty are 
to be commended for their effort to meet it. 

When considering the tenders submitted for the 
construction of the two battleships of this year’s 
naval programme, the question was raised as to 
whether one of those ships could be built at the 
Thames Iron Works under the ordinary competi- 
tive trade conditions. Two of the more favourable 
tenders submitted were by Messrs. Vickers, Limited, 
and Messrs. William Beardmore and Co., Limited. 
Negotiations were entered into with ‘‘a northern 
firm” to ascertain to what extent they would be 
prepared to build a battleship at the Thames 
fron Works upon the terms they had quoted for 
constructing the ship at their present works, con- 
tingent, of course, upon the transfer to them of 
the London works from the Official Receiver. As 
we pointed out in our issue of November last, 
northern establishments, through a long period of 
activity and relative prosperity, have been able to 
improve their plant according to modern develop- 
ments, so that the mechanical conditions, combined 
with less cost of labour, result in higher efficiency 
per unit of wage than is ible in the case of the 
Thames Iron Works. Obviously, therefore, great 
improvements in plant are necessary to bring the 
London works into the same state of efficiency as 
those inthe North. Buta from this, there is the 
fact that it had been found necessary to remove the 
battleship Thunderer from the works to an isolated 
specially-constructed berth during the process of 
completion, and the movement of workers and 
material almost daily between the factory and such 
fitting-out berth has involved a serious addition to 
normal charges. Inspection of the works and a 
consideration of the economical position resulted in 
the decision that it was not possible to build large 
battleships at the Thames Iron Works for the 
same sum as had been quoted by the firms named 
for construction at their own establishments, and 
consequently orders were placed with each of the 
two firms above named for one battleship. 

There was still pending, however, the allocation 
of contracts for the three unarmoured cruisers 
included in this year’s naval programme, and the 
three firms who had submitted favourable tenders 
again included the two companies named, as well 
as Sir W. G. Armstrong, Whitworth, and Co., 
Limited. The negotiations as to the ibility of 
building unarmoured cruisers at the Thames lron 
Works were therefore continued with the same 
‘northern firm.” As this cruiser was of a draught 
enabling it to be berthed adjacent to the works, there 
was not the same obstacle to economy as obtained in 
the case of battleships. The Admiralty have now 
oublicly announced that the ‘‘northern firm” should 

ave the contract for two protected cruisers, together 
with their engines, ‘‘at the regular trade prices estab- 
lished by recent competition, provided the work was 
done on the Thames.’ And further, they promise to 
consider favourably next year the placing of the 
order for two destroyers to be built on the Thames 
by the same firm ‘‘at current prices.””’ The amount 
of money actually payable in wages for the con- 
struction of the two cruisers and their engines 
approximates to the wage fund provided by the 
building of a battleship. The arrangement, there- 
fore, is completely in the interests of the employees 
of the Thames Iron Works; it need not be unfavour- 
able to the debenture holders of the company ; but 
it demands upon the part of the shipbuilding firm 
onerous conditions to make work as economical in 
London as in the North. 

Before they can achieve financial success in the 
undertaking, the firm in question must incur con- 
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siderable capital expenditure for the reasons already 
stated, and to make the Thames Works as efficient 
as the establishments in the North, against which 
they must continue to compete now and in the 
future. The organisation, too, must be greatly 
improved, and the Admiralty were doubtless 
influenced in the selection of the firm with which 
they have been negotiating by this consideration. 
But, beyond all, the workmen must agree to accept 
approximately the same conditions of employment 
as obtain in the North if naval contracts are to be 
secured on competitive terms, and if disaster to the 
community is to be averted ; and it is largely in 
their interests that any attempt to resuscitate the 
works is justified. The Admiralty have indicated 
that a final settlement of the negotiations is depen- 
dent on an arrangement being come to between 
the northern firm and the workmen of the Thames 
district. The rate of wages paid is covered by 
the House of Commons resolution, and in itself 
presents no difficulty ; but the firm in question will 
not, in any circumstances, undertake the contract 
unless the men agree, through their responsible 
leaders, to work the same hours as are worked by the 
employees of other competitive firms. Through mis- 
placed benevolence the eight-hours’ day was con- 
ceded to the Thames ironworkers, whereas the 
northern firms based their tender on the 53-hours’ 
week accepted by the men in the North. Much 
that is mischievous has been said regarding the 
trade conditions in the North and about sweated 
labour by those who willingly ignore the fact that 
the trade unions which control the industry in the 
Thames are equally and even more vigorously 
operative in the interests of the men in northern 
shipbuilding communities. Apart from this we 
know from engineering firms who have removed 
from London that better work is achieved in pro- 
vincial towns, owing to greater willingness to 
advance the mutual interests of employed and 
employer and to the healthier conditions and the 
longer evenings available for recreation owing to 
the proximity of works, dwelling-houses, and play- 
fields. There is no more justification for the cry 
of sweated labour in the North than for the main- 
tenance in London of conditions inimical to 
success in industrial competition. 

Equally misleading is the talk about northern 
firms quoting unprofitable prices because they can 
recoup themselves from profits on guns and armour. 
The unarmoured cruisers yield little work for the 
armour or gun-maker. The majority of warship- 
building firms in the North do not make these 
accessories. Even inthe case of firms who produce 
everything for’a battleship, the shipbuilding and 
marine engineering works are separate from the 
armour and gun factories, and the management is 
independent, and is in large measure remunerated 
on profits, so that there is full determination to 
secure the hest terms which keen competition renders 
possible. Finally, the profits made from armour 
and gun-work are no greater than those for other 
work demanding equal ingenuity, care, heavy capital 
expenditure on plant, and risk in its early obso- 
lescence. The Admiralty are quite capable of 
seeing that they secure the most favourable terms 
alike for hull, machinery, guns, armour, and all 
accessories ; it is their decision to maintain com- 
mercial conditions which causes them to resist the 
demand of the Thames leaders for excessive and 
favoured treatment, and to seek for improved 
management in the Thames Iron Works. 

In considering this claim that consideration should 
be given tothe prevailing rates of wages and condi- 
tions of employment, it must be remembered that 
wages and hours of labour are dictated not so much 
by purely economic conditions as by the law of 
supply and demand, or by the selfishly nourished 
dictates of masters and men. Concessions are some- 
times made through the misplaced philanthropy 
or through exorbitant demands when trade is brisk. 
The only way to maintain the) balance is to allow 
competition to have full play between all districts. 
Moreover, as the Admiralty have themselves pointed 
out, the acceptance of anything but the lowest 
tender could not be justified before the Public 
Accounts Committee of the House of Commons, or 
be reconciled with fair and thrifty administration 
of the public funds. In shipbuilding work no direct 
injury to the workmen follows upon the accept- 
ance of the fifty-three hours’ week ; many of the 
works in London are run on the fifty-three hours’ 
system. The wages for the great majority of 
workers in shipbuilding and engineering establish- 
ments is either determined per hour or accord- 


ing to piece-work schedule, so that the income of 
the workers per week increases pro rata with the 
hours of labour. To the capitalist there is gain, 
because his furnaces, plant, and machinery, which 
represent his capital, are employed for a greater 
length of time; and the rates, taxes, and other 
fixed charges are distributed over a greater volume 
of production per annum. 

f the Thames workers persist in listening to 
the voice of the false prophets, and refuse to 
accept what has been found to be an economical 
necessity in the North, they will have themselves 
to blame for the passing northwards of the contracts 
for the cruisers. The Admiralty state clearly that 
this is the inevitable consequence of the refusal 
by the men to accept the fifty-three hours’ 
week. The Secretary of the Admiralty has made 

ublic the terms of the tenders submitted on 
ehalf of the Thames Iron Works and of other 
firms for the cruisers. The Thames Iron Works 
quoted 312,000/. per cruiser, whereas the other 
tenders ranged from 269,0001. upwards, but four 
firms in different parts of the country submitted 
tenders of under 280,000. Had the Thames tender 
been accepted for the two ships there would have 
been a loss to the public of over 80,000/.; moreover, 
such acceptance would have been a complete depar- 
ture from the principles approved by Parliament 
in regard to public contracts. This statement of 
the case by the Secretary of the Admiralty is of 
two-fold significance. Firstly, it shows that under 
present mechanical and employment conditions 
the ThamesIron Works cannot compete with firms in 
the North ; and, secondly, that as the ‘‘ northern 
firm”? seems to be prepared to accept the great 
financial responsibility of undertaking two of these 
ships at the price for which they were willing to 
build them in their northern yard, they consider 
that it is possible by amending these mechanical 
and employment conditions to build the ships in 
London in competition with the North, although 
probably with a reduced margin of profit. 

The position taken up by the Official Receiver 
seems inexplicable. He admits that he has had 
addressed to him an offer, on behalf of a northern 
shipbuilding yard, in connection with the purchase 
of the Thames Iron Works, but although he is 
without experience of warship construction, he 
desires himself to become the Admiralty con- 
tractor, promising the necessary financial guaran- 
tees. e can commend his aim, which is to 
carry on the business, in order to obtain the 
sanction of the Court to the proposals for the per- 
manent continuance of the industry ; but the 
Admiralty do not see -their way to award him 
a price 16 per cent. above that of the lowest 
tender. On the other hand, the Admiralty have 
**sought to procure the intervention of a firm 
strong enough to undertake and complete a con- 
tract at ruling trade prices, and fully competent to 
give the Thames its best possible chance of estab- 
ishing itself on an economical basis.”” The pro-. 
posal must, of course, come before the Court, and 
secure the acquiescence of the debenture-holders. 
It is still contingent, also, on the question of the 
number of hours which the workmen are prepared 
to accept. These are the obstacles to the continu- 
ance of naval shipbuilding in London; because 
the Secretary of the Admiralty states in his letter 
that it must be ‘‘clearly understood that unless 
some substantial and responsible firm will undertake 
to construct these cruisers at prices closely ap- 
proximating to those ruling in the trade, the orders, 
which are already overdue, must promptly be given 
elsewhere.” The question whether the Thames 
Iron Works is to continue a shipbuilding establish- 
ment thus rests solely with those responsible for 
guiding the workers, because we cannot conceive 
that the debenture-holders will commit the suicidal 
blunder of rejecting the Admiralty’s proposal. In 
the case of the men the alternative is an addition 
to the forty-eight hours’ work per week of five 
hours, bringing with it five hours’ substantial pay. 
Such an addition to a week’s work and pay is a 
no injustice, especially when measured against the 
probability of continuous unemployment or migra- 
tion from Giaton: 





THE ELECTRIFICATION OF MEL- 
BOURNE SUBURBAN RAILWAYS. 
Tue city of Melbourne possesses one of the most 
important complete systems of suburban railways 
of any great city in the world, and one of the best 





operated. The reasons for this are to be sought in 





certain special conditions which apply to Melbourne 
as compared with other great cities of the world. 
The characteristic feature of Australian cities is the 
enormous proportion of the total population of the 
country which is concentrated therein ; thus Mel- 
bourne contains 40 per cent. of the population of 
Victoria, while London contains under 20 per cent., 
Edinburgh 7 per cent., Paris under 7 per cent., 
and Berlin 5 per cent. respectively of the popula- 
tions of the countries of which they are the capitals. 
Another feature is that in comparatively modern 
cities of this type there is less congestion than in 
older cities ; more space has been allowed from the 
start, and the social conditions are such that people 
live further away from the centre of the city than is 
at present the case in Europe. Hence it is not 
surprising that the density of population within the 
boundaries of greater Melbourne, which covers a 
very large area, is only about 2000 per square mile, 
as against 9600 in greater London, 12,000 in New 
York, over 19,000 in Edinburgh, and still more in 
Paris ; even in Sydney, Perth, and Wellington the 
populations are all denser than in Melbourne. 
hese are both reasons which tend to make the 
daily travelling in the suburbs of Melbourne very 
great. The unusually large proportion of this 
traffic which is carried by the railways is due to 
the fact that the main tramway system is a cable 
system, and hence comparatively limited in its 
scope. There is very little through running be- 
tween the smaller outlying tramway systems and 
the cable system, and the suburban railways have 
always catered for the suburban traffic in a way 
which is impossible in older cities where under- 
ground and separate electric lines have been put 
down by private enterprise. The suburban sys- 
tems of the main line railways in London carry 
less than one-fourth of the total suburban passenger 
traffic, the remainder being handled by separate 
and exclusively suburban systems, and by tramways 
and omnibuses. In Sydney the suburban railways 
carry only one-fifth of the total suburban traffic, 
and earn less than one-third of the total suburban 
enger revenue, while similar conditions apply in 
aris and New York. In Melbourne, however, the 
suburban railways now account for more than one 
half of the total traffic handled by the tramways and 
suburban railways. Putting it in another way, the 
suburban system provides 40 per cent. of the total 
passenger receipts of the whole of the Victorian 
railways and 92 per cent. of the passenger journeys, 
while having only under 7 per cent. of the total 
track mileage. 

These being the conditions, it is not surprising 
that an agitation should have arisen for converting 
railways to electric traction, in spite of the fact 
that the steam suburban service is an uncommonly 
good one. The example of other great cities has 
not been overlooked in Melbourne, and the pride 
of its inhabitants has been touched by the thought 
that their beautiful city was being left behind in 
the march of progress. 

About six years ago the then Chairman of the 
Victorian Railway Commission, Mr. (afterwards 
Sir) Thomas Tait, visited various of the principal 
electric traction systems of Europe and America, 
and on his return reported to his Government in 
favour of having the matter investigated by an 
expert. As a result of this, Mr. C. H. Merz, 
M. Inst. C.E., was instructed by the Victorian 
Government and the Railway Commissioners to 
visit Melbourne and report upon the whole situa- 
tion. The result was the production of one of the 
finest reports upon electric railway traction which 
has been published, containing, as it did, a broad 
and comprehensive survey of the position and the 
commercial possibilities of electric traction through- 
out the world. This report was referred to in 
ENGINEERING, September 25, 1908, at some length.* 
It contained a résumé of the special conditions of 
Melbourne, and a survey of the principal electric 
traction systems of the world. From the mass of 
data collected on the spot a masterly analysis of the 
financial possibilities of the scheme was made, and 
finally it was recommended that the work should 
be carried out in three stages, in order that exper!- 
ence might gradually be gained. This report was 
favourably received by the public, but for reasons 
which need not be gone into at length, the Railway 
Commissioners had in the meantime somewhat 
cooled in their ardour for electrification. They 

* In the issue of ENGINEERING above mentioned, on 

397, will be found a map of the railways in Melbourne 
and its neighbourhood which may be referred to in con- 
nection with the present article. 
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adopted the attitude that nothing should be done 
in a hurry, and that it would be wiser to delay 
doing anything until further experience of electrifi- 
cation had been gained—this at a time when the 
greater part of the suburban traffic in London, 
New York, Chicago, Paris, and Berlin was already 
being carried by electric traction! A further 
cause of the delay was the difference of opinion in 
Victoria between the representatives of the country 
districts and the city as to the relative wisdom of 
expending further sums in the capital or for 
extending lines in the country districts. The Com- 
missioners stated that the suburban traffic was not 
being run at a profit, that in their opinion the cost 
of electrification had been under-estimated, and 
that the traffic increase which Mr. Merz had esti- 
mated would accompany electritication—namely, 
about 10 per cent.—was excessive. Thus the 
matter was shelved. 

Public opinion, however, was strongly in favour 
of electrification, and the Age newspaper used its 
influence to keep the matter to the fore. Finally, 
the Government was induced to have an examina- 
tion of the finances of the suburban system made 
by an independent firm of chartered accountants, 
who found that, so far from the suburban railways 
being run ata loss, they were earning a handsome 
profit. Further than this, there had been an 
enormous increase of traffic, far exceeding the con- 
servative figures which Mr. Merz had put forward. 
The net result was that the Government declared 
that their programme, if returned to power at the 
recent general elections, would include the electri- 
fication of the suburban system, and they have 
now, we understand, instructed Messrs. Merz and 
McLellan to invite tenders for the work. 

Needless to say, a good deal of controversy has 
already taken place upon the subject of the system 
to be adopted, although this is hardly a matter 
upon which the general public or the politicians 
are in a position to decide. To set the matter 
finally at rest the Government are inviting 
alternative tenders for equipping the lines on the 
alternating and direct-current systems. The deci- 
sion which will be made as the result of these 
tenders cannot fail to be interesting to railway 
managers generally, inasmuch as the manufacturers 
of both systems will doubtless have an opportunity 
of stating exactly what they are prepared to 
guarantee. Such a guarantee, under penalty, by 
an experienced manufacturer is worth a good many 
papers before learned societies and estimates by 
consulting engineers as a proof of the relative 
costs. or actual figures of operating cost in 
single-phase systems are at present very difficult to 
obtain, and then only on condition that they are 
not made public. And such figures as are available 
are not in all respects what is desired, as in most 
cases the contractors are still maintaining portions 
of the equipment. At present railway men find it 
difficult to decide between the various systems, all 
of which, be it said, work, and all of which have been 
adopted on important railways in different parts of 
the world. 

Since this question was previously referred to in 
our columns, it does not appear that any very 
startling changes have taken place in Melbourne, 
apart from the great growth of the suburban traffic, 
and the extraordinary increase in the prosperity of 
the city and the State. The actual mileage which 
has to be electrified is, of course, not yet settled, 
but the Government propose to consider the ques- 
tion of electrification of a somewhat larger mileage 
than was previously the case ; instead of 127 miles 
about 200 miles, it is understood, are now under 
consideration. The other factor in the situation 
which has changed since the matter was formerly 
considered is the further experience which has 
been gained in connection with the single-phase 
system, the great improvements which have been 
made in connection with the high-tension 1200 to 
1500 volts, third rail, and overhead-wire system, and 
some lesser improvements which have taken place 
with the 800-volt direct-current system. Although 
no actual figures for the cost of repairs, mainten- 
ance, and working generally for the existing single- 
phase railway systems have been published, doubt- 
less the results obtained at New York and Hamburg 
will be available to the firms tendering, which 
should make the decision all the more interesting. 

In coach design there have not been very many 
changes in the past three years, although the 
advantages of the form of coach used on the 
Brighton Railway has been definitely approved. 
In power-station design the advantages of the 





steam-turbine have been more and more demon- 
strated, and valuable experience in this connection 
has been obtained in connection with the most 
recent American power-houses, especially those at 
Chicago, as well as some of those built in England. 
Altogether, from the magnitude of the scheme, 
its self-contained nature and other advantages, the 
conversion of the Melbourne railways to electric 
traction will be a matter of no little importance in 
the railway world. 








CONTRACTS INVOLVING ARBITRA- 
TION WITH LOCAL AUTHORITIES. 
Contractors are frequently heard to complain 

of the harsh terms imposed by local authorities 

with whom they enter into agreements. Yet con- 
tracts of this nature are entered into day after day. 

The reason is not far to seek. The competition for 

this class of work is so keen that the “ rigour of 

the clauses” seldom prevents the local authority 
obtaining a bid from a responsible contractor. 

Again, while the profit to be made may be small, 

there is no chance of the local authority, with the 

rates at its back, becoming insolvent. Finally, 
there is a certain amount of credit attaching to 
doing work for an influential corporation, which is 
worth something. The contractor is always able 
to advertise the fact that he is contractor to the 

‘* Mayor, Aldermen, and Burgesses of the City of 

X” or the Urban District of Y—announcements 

which are not without their value in his publicity 

department. 

he fact remains, however, that serious losses are 

sometimes incurred owing to the fact that the 
contractor has not paid sufficient attention to the 
conditions of the contract. We have heard of cases 
where the contractor has even failed to preserve a 
copy of the conditions of the contract, only to 
find, when it is too late, that it contains ny 
which reduce his margin of profit to the very lowest 
point. A plea ad misericordiam, which might avail 
the contractor when addressed to a private person 
or company, falls on deaf ears when made to a com- 
mittee of local magnates, who say that they must 
consider the pocket of the ratepayer. 

It must often occur to the contractor who is 
invited to become a party to a rigorous agreement 
whether there is no method by which he and those 
who have received a similar invitation cannot unite 
together in order to secure a modification of the 
clauses. The first difficulty in the way of such a 
union is to make the net sufficiently large to catch 
all the contractors who might respond to an adver- 
tisement for tenders. No local authority can enter 
into a contract without inviting tenders by adver- 
tisement, and it might be a difficult task to bring 
into line all the firms throughout the country who 
would be likely to send in answers to the adver- 
tisements. As we have not attained the millennium 
in which such a ‘ union ” of contractors would be 
feasible, we are constrained to fall back upon the 
existing law in order to see how far the contractor 
can protect himself from harsh treatment. 

One clause which is common in contracts with 
local authorities has been forced into a position of 
great prominence of late years. We refer to the 
arbitration clause. By degrees the local autho- 
rities have so modified this clause that their own 
engineer or architect is made the sole arbitrator in 
disputes between the local authority and the con- 
tractor in matters which arise under the agreement. 
To the charge of partiality which is often made 
against such a tribunal, the local authority can 
always reply: ‘‘ You (the contractor) knew the 
circumstances when you signed the contract ; you 
were aware that the engineer or surveyor was our 
servant, and unless you can prove that he was 
guilty of fraud in deciding against you, you are 

und by his decision.” 

To a large extent this is a true statement of the 
law. ile a reference to arbitration does not 
oust the jurisdiction of the Courts, it prescribes 
that the decision of an arbitrator shall be a condi- 
tion precedent to any action at law. Cases have 
arisen, however, in which the Courts have revoked 
the submission to an arbitrator on the ground that 
he must of necessity, having regard to his position, 
be biased. Ina Scotch case, a firm of contractors, 
who had undertaken to build a public building, 
agreed with the town council that a particular 
gentleman should act as arbitrator in case of dispute. 
This gentleman subsequently became elected ‘‘dean 
of guild,” and thereby ex officio a town councillor. 
It was held that this disqualified him from acting 





as arbitrator. The mere fact, however, that the 
arbitrator is the servant of the one side, and that 
he is actually the defendant to a charge of fraud 
made by one of the parties, will not be sufficient to 
prevent his acting. In another case, a contract 
provided that all disputes and differences arising 
on a building contract were to be referred to the 
decision of the architect appointed by the building 
owners. The builders issued a writ against the 
architect for damages for fraud and misrepresenta- 
tion, and took out a summons to revoke the sub- 
mission to arbitration. The architect declined to 
admit the charges made against him. It was held 
that an application to revoke a submission was one 
to be granted with great caution, and the submis- 
sion ought not to be revoked. 

In nger v. Great Western Railway, Lord 
Justice Bowen thus expressed himself on this 
— :—** An engineer (and the same doctrine 
applies to an architect) could not be expected, nor 
was it intended that he should come with a mind 
free from preconceived opinion. The perfectly 
open judgment, the absence of all previously formed 
or pronounced views, which in an ordinary arbitrator 
are natural and to be looked for, neither party pro- 
wa to exact from the arbitrator of their choice. 

hey knew well that he probably must be com- 
mitted to a prior view, and that he might not be 
impartial in the ordinary sense. What they relied 
on was his professional honour, his position, and 
his intelligence.” 

It will be seen that there is little satisfaction 
to be obtained from these cases. They show that 
the Courts will compel the contractor to have 
recourse to his own self-appointed tribunal, and 
that he must not complain if that tribunal decides 
against him. 

In certain very recent cases the Court of Appeal 
has materially lessened the rigour of the doctrine 
above propounded, It appears that, however 
stringent the arbitration clause, every dispute will 
not be referred to it. In the case of Blackwell v. 
Mayor of Derby, the plaintiff, a contractor, had 
undertaken to do wed for the corporation. A 
claim for penalties was resisted, on the ground that 
the delay was caused by the surveyor to the cor- 
poration, who was the arbitrator named in the 
contract, acting unfairly towards the contractor. 
An action having been commenced by the con- 
tractor, the corporation asserted the right to 
proceed to arbitration in the usual way. This was 
resisted, on the ground that, as the surveyor was 
arbitrator, he would really be judge of his own 
conduct. The Court of Appeal refused to allow 
the reference to proceed. Ford Justice Buckley 
said: ‘‘ The fact that the referee was the officer of 
the corporation was not sufficient ground, but 
the point here is that the contractor’s case— 
whether true or not is a matter to be determined 
—is this: I could not complete my contact in 
time, and the reason why I could not complete 
it in time was that you,, the contractual referee, 
were an unreasonable person. You hindered me 
in every conceivable way; you would not let 
me deposit material in such a way as it is usual to 
allow me to deposit my materials—in advance of 
my work—you placed all sorts of impediments in 
my way . . . How could you expect him to say, 
if he is a person of any character at all, that the 
acts which he did were unreasonable acts! It is 
not human nature to suppose that he can properly 
determine that he himself is an unreasonable 

rson. That is the subject-matter of the dispute 
. . . I think that there is sufficient reason why the 
matter should not be referred, being such as this 
is, to this particular gentleman.” 

To this extent, then, have contractors secured 
emancipation from the arbitration clause ; but the 
principle laid down by the Court of Appeal is not 
likely to be extended. The Courts are very jealous 
of any interference with contract. The fact that 
this jealousy exists makes it impossible for a con- 
tractor to hope to one the other obligations 
imposed upon him by the contract. If he has 
under-estimated the amount of excavation neces- 
sary or the amount of material to be provided for 
completion, the fault and the loss will be his. 
Again, if he has under-estimated the time which 
the works will take, or if unforeseen circumstances 
for which the employers are not responsible have 
arisen to cause delay, the loss is the loss of the con- 
tractor. It is difficult to see how any of the losses 
arising from these causes can be avoided if the con- 
— has signed a contract which binds him hand 
and foot. 
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THE FUTURE OF THE SHIPBUILDING 
TRADE. 


From the review of the work done in the shipbuild- 
ing and marine engineering establishments through- 
out the kingdom, published in another part of this 
issue, it will be seen that the year has been one of 
unprecedented activity, and the future promises a 
full measure of employment for the workmen. 


Since the article was completed we have received | 


a return from Lloyd’s Register showing the work in 
progress, and from this we learn that the tonnage 
under construction is about 73,000 tons, equal to 
about 5 per cent., more than it was three months 
ago, notwithstanding that during that period the 
vessels launched make up over 470,000 tons. At this 
rate, therefore, there is building a tonnage equal to 
the maximum production for nine months, as on hand 
there are merchant ships, nearly all steel steamers, 
numbering 483, and of a collective tonnage of 
1,519,052 tons. This is 388,000 tons, or 294 per 
cent., greater than at this date last year, while, as 
shown in the appended table, the total tonnage of 
merchant ships in the shipyards is more than double 
that during the course of the extreme depression in 
1909. Not for at least fifteen years has there been 
so large a tonnage in progress in the works, the 
nearest approaches being in 1906, when the total 
was about 1,401,000 tons, or 11 per cent. less than 
now, and in the four years of great activity—1899 
to 1902—when the total stood at an average of about 
1,330,000 tons, again about 12 per cent. less than 
at this date. 

Tonnage in Course of Construction in the United Kingdom 

at January, 1897 to 1912. 














| Merchant Ships, | Warships, | Total. 

: Sal =. 

} 

No. | Tons. No. Tons. Tons. 

1897 300 | 784,711 | 94 | 330,005 1,114,716 
1898 505 1,013,319 | 9% 312,920 1,326,239 
1899 584 1,401,087 91 410,985 1,812,072 
1900 538 1,306,751 81 423,755 | 1,730,506 
1901 | 443 1,269,919 65 390,145 1,660,064 
1902 | 469 1,359, 205 45 $33,325 | 1,692,530 
1903 | 387 1,024,067 57 300,690 1,324,757 
1904 | 386 898,478 63 309,510 1,207,988 
1905 | 403 | 1,049,860 54 282/810 | 1,332/670 
1906 | 515 1,355,756 55 262,025 | 1,617,781 
1907 | 481 1,166,989 49 205,858 | 1,872,847 
1908 483 948,830 60 268,717 1,217,547 
1909 360 764,520 58 219,271 | 983,791 
1910 | 331 913,374 64 273,210 1,186,584 
1911 | 363 1,131,503 66 289,481 | 1,420,984 
1912 | 483 | 1,519,052 67 408,755 | 1,927,807 

| 








A considerably greater volume of naval work for 
British and foreign owners also is at present in 
progress through the kingdom. The total displace- 
ment of the 67 warships in various stages is 408,755 
tons, but this does not include the four battleships 
ordered under this year’s programme, or the four 
unarmoured cruisers soon to “ laid down. The 
figure given, however, shows an increase as com- 
pared with a year ago of 119,274 tons, equal to 41 
per cent. Not since 1900 has the tonnage of war- 
ships building been so high, and at that time the 
excess over the figure at present is only 15,000 tons, 
or 3} per cent. 

The result is that including both fighting and 
merchant ships there are in progress vessels 
totalling 1,927,807 tons, which is 507,000 tons 
more than a year ago, or 36 per cent., and double 
the total of three years ago. The work at present 
in hand, including all ships, is greater than for the 
past fifteen years, the next highest total—that of 
1899—being 115,000 tons less. 

Of merchant ships there are 21 exceeding 10,000 
tons in course of construction, and 19 more of 
between 8000 and 10,000 tons, while of the total, 
1,236,439 tons, equal to 81.5 per cent , are for British 
owners, 4.8 per cent. for the Colonies, the remain- 
ing 210,000 tons, or 13.7 per cent., being for 
foreign owners. Again, of the warships, ten are 
capital ships, either battleships or battle-cruisers, 
for the British Navy, exclucing the four recently 
ordered, but not yet laid down. The warships for 
foreign owners include four capital ships, one re- 
spectively for Brazil, Turkey, Japan, and Chili. 

e proportion of the foreign warship tonnage to 
the total warship tonnage is 113,200 out of 408,755 
tons—equal to about 28 per cent. 

Our second tabular statement shows the tonnage 
in progress in the various districts, and from this 
it will be seen that in every case, excepting Liver- 
pool, there is substantial improvement upon the 
totals of a year ago. At Belfast the tonnage in 


hand is 302,650, nearly double that of two years 





ago, and 20 per cent. more than a year ago. At 
Glasgow, where 112 vessels, of 359,806 tons, are 
in progress, the conditions are analogous, the total 
being double that of two years ago, but the addition 
to the figure of a year ago is equal to 85 per cent. 

Work in Hand in Principal Districts at January, 
1909-12 (Warships Excluded). 


1909. 





District. | 1912. 1911. | 1910. 
| tons tons tons tons 

Belfast .. el ..| 802,650 | 250,807 168,210 | 196,160 
Barrow, Maryport, and | 

Workington .. “+f 3,670 2,730 2,880 | 4,833 
Glasgow .-| 359,806 194,690 174,744 | 152,143 
Greenock s of 230,081 | 180,270 | 131,710 93,610 
Hartlepool and Whitby| 64,353 | 42,135 52,950 | 30,655 
Liverpool ve --| 14,7 22,110 34,550 | — 
Tyne a on 240,913 206,692 147,829 143,850 
Wear 194,648 126,897 105,525 68,700 
Tees 68,357 | 74,587 63,685 | 29,906 

' 





As compared with three months ago, however, the 
addition is only 7400 tons. In the case of Greenock, 
where there are building 56 merchantmen, of 
230,081 tons, the improvement of three months ago 
is 14,300 tons, and, as compared with a year ago, 
about 28 per cent. At Hartlepool there are 16 
vessels, of 64,253 tons, and here the improvement, 
as compared with a year ago, is 524 per cent., 
and as compared with two years ago 21.6 per cent. 
On the Tyne there are 62 vessels, of 240,913 
tons, in course of construction. This is nearly 
15,000 tons less than three months ago, but 
34,000 tons, equal to 16} per cent., greater than 
a year ago. On the Wear there are 64 vessels, of 
194,648 tons, in course of construction. Here the 
improvement, as compared with three months ago, is 
small—9000 tons—but, as compared with a year ago, 
there is an addition of 67,800 tons, equal to 53 per 
cent. The case of the Tees is not quite so favourable. 
There are 39 vessels, of 68,357 tons, in progress. 
This is 13,550 tons, or 164 per cent., less than three 
months ago; while when comparison is made with 
the conditions a year ago, the decrease is 6200 tons, 
equal to about 8.4 per cent. Barrow and Live 1 
depend so largely on warship work that little 
importance need be attached to the figures for 
merchant tonnage recorded in the table. Generally 
it will be recognised that the state of affairs is not 
only highly satisfactory in the aggregate, but that 
the increase is very widespread. 





PROTECTION OF LABOUR IN 
GERMANY. 

At a recent meeting of the Central Union of 
German Industries several questions of great 
general importance were enlarged upon and some 
important resolutions passed. More especially 
the chairman made some very weighty assertions, 
which met with the full approval of the meeting. 
He repudiated the charge against the Union that 
it favoured the large industry to the detriment of 
the smaller and finishing industries, but it is more 
especially the position taken up by the Central 
Union towards the labour question and the Socialist 
propaganda which attracts attention. 

Owing to the ever-increasing and senseless 
terrorising of men on strike, the chairman urged the 
necessity of an increased protection of those willing 
to work. No doubt that would bring upon the 
Central Union the charge of being a ruthless 
enemy to all social reform, although the history 
of the Union would show that through decades of 
earnest and strenuous labour it had, as had few 
others, supported the great social policy of the 
emperor and his trusty adviser. The Central 
Union has never taken up a hostile position to- 
wards the men’s right of coalition. Nor had it 
any occasion to, as it claims the same right for its 
members, and endeavours to organise the employers 
in defence against the social-democratic organisa- 
tions. But it must be claimed as an indisputable 
right of the employer to order the conditions of 
labour with the men in his employ to the exclu- 
sion of all outside elements. There is so far no 
law, no decree, which can compel the employer to 
give up such irrevocable rights, and it only illus- 
trates the confused ideas which result from ex- 
cessive Socialist zeal, where those are denounced 
as enemies of the right of coalition who themselves 
rely upon this right (but who happen to stand on 
the opposite side) for the protection of the freedom 
of labour and of the men against the ever-increasing 
terrorism of the social-democracy. He urged the 
meeting to emphasise the demand for an increased 
protection of labour by passing the resolution for 





protective measures. When the big industries, as 
comprehensively represented as in the Central Union 
of German Industries, demands with full conviction 
an increased protection for those willing to work, it 
does so, not from any selfish interest, but with 
a view to the welfare of the community, because 
the industry realises that the further healthy 
industrial development of the German nation will 
suffer if the tyrannic mastery of the social demo- 
cracy is not soon dammed up by legal measures. 

Touching upon the question of projected wages- 
bureaus and the tendency of the Government to 
yield somewhat to proposals of a more or less social- 
democratic nature, the chairman asserted that a 
legislative fixing of a minimum pay meant a devi- 
ation in principle from free - labour agreements. 
The experiences in Australia and New Zealand— 
these two countries notable for experimental social 
policy—do not invite the large countries, with their 
infinitely greater industrial risks, to follow the 
example. On this point, too, the Central Union 
of German Industries holds views at variance with 
those held by other bodies. 

Eventually the following resolution in favour of 
protection of labour was passed unanimously :— 
‘*In view of the continuous threatening develop- 
ment of labour conflicts and the sustained aimless 
display of power on the part of the strike organisa- 
tions, the Central Union of German Industries 
deems it absolutely necessary that the United 
Governments, as soon and as energetically as pos- 
sible, should see to such legal measures being passed 
as shall, more adequately than hitherto, ensure 
the freedom of labour, and thus save such men who 
have not yet fallen under the sway of social- 
democracy and its organisations from the terrorism 
of this party and its organisations. The ing 
of such legal measures is in the real interest of the 
men, as well as in the interest of the order of the 
State. The unbounded further development of 
the ever-keener struggle between the classes will 
make it more and more difficult for the industry— 
for the entire home industrial life—to serve the 
cause of national welfare, if it does not some day 
make it impossible. ” 


NOTES. 


New Type oF SuBMERSIBLE Boat FOR THE 
BritisH Navy. 


THE Admiralty have placed an order with the 
Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock, for the building of a submer- 
sible boat of the Laurenti type, as constructed by 
the Fiat San Giorgio Company, of Spezia. The 
Admiralty in ordering a vessel of the Italian type, 
the license for constructing which in this country 
has been acquired by Scotts’ Company, again prove 
their desire to acquire experience of all forms of 
munitions of war. A feature of the Laurenti design is 
the construction of an outer hull to give the highest 
propulsive efficiency and reserve buoyancy on the 
surface, with the minimum of draught, and an inner 
hull to minimise the internal cubic capacity while 
ensuring satisfactory conditions when submerged. 
The double skin, which is braced with stays to ensure 
the maximum of structural strength, is confined 
largely to the central part, and the space between 
the shells up to the water-line on surface displace- 
ment is utilised to form water-ballast tanks for sub- 
mergence. Kingston valves are fitted at the turn 
of the bilge on each side for the flooding of the 
compartments, and the structure is made sufficiently 
strong to enable the water to be pumped out with- 
out danger of collapse due to the pressure of the 
sea water on the outer skin; but compressed air 
can be, and is normally, used for expelling the 
water when the boat is to return to the surface. 
Over the central part of the ship there is a 
double decking, with lattice bracing, and valves 
are fitted on each side above the water - line, 
through which water automatically enters and 
leaves respectively for the submergence or emerg- 
ence of the vessel, which is effected on an even 
keel. This double-decking extends practically 
from bow to stern. Vertical bulkheads divide the 
interior into several compartments. The new 
British submersible boat will be of the twin-screw 
type, with twin six-cylinder Fiat engines in one 
engine-room, and electric motors, the latter for pro- 
pelling the boat when submerged. The torpedo-tubes 
will be forward, under the bow, and the storage-tubes 
above. Italy, Sweden, Denmark, and the United 
States have had submersible boats of this design. 
The Swedish boat is the more notable, as she made a 
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voyage from Spezia to Stockholm without escort. 
She is 139.4 ft. long, 14 ft. beam, and 8.2 ft. draught, 
and the voyage was made in stages respectively to 
Carthagena, Gibraltar, Lisbon, Oporto, Vigo, 
Ferrol, Brest, Portsmouth, Ymuiden, Kiel, and 
Stockholm, the longest non-stop ruan—from Spezia 
to Carthagena—being 790 sea miles. It is appro- 
priate that the Scotts’ Company should be the first 
of the Clyde firms to build a British Navy sub- 
mersible boat, since they were the first on the 
northern river to construct a battleship of the 
Dreadnought type, and have a century-old connec- 
tion with the Admiralty. They are to be com- 
mended for their enterprise in entering upon a 
new industry. 


AmeRIcCAN Ratiway CoMPANIES AND AGRICULTURE. 

It appears that railway companies in the United 
States take an active part in the promotion of the 
interests of agriculture. The office of experi- 
ment stations of the United States Department 
of Agriculture, after inquiry into the matter, 
found that out of 103 railways fifty-two were 
assisting agriculture in their territory to a 
greater or less extent. Of course, a great 
mileage of line in the United States runs through 
new and little developed country, and in such a 
situation the mainstay of railway traffic must be 
agriculture. The Journal of the Board of Agriculture 

ints out that in 1910 fifty-two railway companies 
in the United States and Canada were encouraging 
agriculture by means of agricultural instruction 
trains in collaboration with the agricultural colleges 
of the States in which the trains travel. The 
trains are attended by lecturers on various sub- 
jects, and equipped to illustrate the instruction 
intended to be given. The trains are well 
advertised with the subjects to be treated of, 
names of lecturers, and duration of stops at 
various places. Pamphlets on the subjects of 
the lectures are often freely distributed. In 
1910 the cust of running these trains is estimated 
to have been about 19,000/., and the number 
attending the lectures 379,000. Some companies 
have started experimental farms in various dis- 
tricts. Another has organised associations, to the 
members of which it notifies the location of good 
markets and changes in demand. Yet another 
arranges to divert traffic on receipt of a telegram 
from the consignor, who may have heard, after the 
train has left for a particular market, that more 
favourable conditions exist elsewhere. . The com- 
panies are said to be satisfied with the results of 
their energy and expenditure, and large increases 
in production, and consequently of traffic, have 
obtained on various routes. 


Tue New Year Honours. 


The list of New Year Honours was published on 
the 1st inst., and, as is very usually the case with 
the lists of distinctions issued at stated intervals 
during the year, the names of members of the 
engineering profession brillent par leur absence. 
Among the names which interest us more closely 
in the latest list in question, we find those of 
several public men, scientists and commercial men. 
A baronetcy has been conferred upon Mr. John S. 
Barwick, director of the Northumberland Ship- 
building Company and a large colliery owner. The 
same distinction has been granted to Mr. Ralph Col- 
lingwood Forster, who has greatly promoted the study 
of chemistry ; to Mr. Michael Murphy, head of the 
firm of Messrs. Michael Murphy and Co., steam- 
ship owners, Liverpool, Dublin, and Swansea ; to 
Mr. William Nelson, chairman of the Nelson line of 
steamers, London and Liverpool, and of the Nelson 
Steam Navigation Company; and to Mr. Thomas 
Skinner, director of the Canadian Pacific Railway 
and deputy-governor of the Hudson’s Bay Company. 
Among the new knights, we may mention Mr. 
William Fletcher Barrett, F.R.S., who is well- 
known for his researches in physics ; Mr. Alfred 
Bray Kempe, D.C.L., F.R.S., the distinguished 
mathematician and treasurer of the Royal Society : 
Mr. He Alexander Miers, D.Sc., F.R.S., Prin- 
cipal of London University, Fellow of the Geo- 
logical Society and of the Chemical Society, Wayn- 
flete Professor of Mineralogy, Oxford, from 1895 
to 1908; Mr. Courtauld Thomson, a director of 
several commercial and industrial companies ; and 
Mr. Robert Walton, the chairman of the British 
Chamber of Commerce in Paris. The latter dis- 
tinction is especially commendable, since the British 
Chamber of Commerce in Paris, as a body, and 





years past been most actively engaged in establish- 
ing and maintaining cordial relations between France 
and Great Britain, and in facilitating the trade con- 
nections between the two countries. In the list 
of promotions in the Order of the Bath is a C.B. 
for Mr. W. F. Marwood, Assistant-Secretary of the 
Board of Trade in charge of the Railway Department. 


DEFINITION OF EXPLOSION. 


Litigation arises not infrequently between insur- 
ance companies and their clients as to the legal 
bearing of the term “explosion.” Cases have 
occurred that manufacturers have claimed compen- 
sation for damage done by ‘‘ exploding ” fly-wheels, 
because they had insured against any injury caused 
by explosions of all kinds, with the exception of 
explosions due to blasting agents. Professor C. 
Bach, of Stuttgart, having repeatedly been called 
as expert in such cases, recently induced the Verein 
Deutscher Ingenieure to appoint a commission for 
the pu of coming to an understanding with 
the leading insurance companies as to what should 
constitute an explosion. A similar understanding 
had previously been arrived at as to the meaning of 
the term ‘‘ boiler explosion,” and the definition had, 
in 1897, been sanctioned by the Government. The 
definition now agreed upon is to the foilowing effect : 
‘The fire insurance companies, in concordance with 
the Verein Deutscher Ingenieure, with regard to 
insurance, understand by the term ‘ explosion’ any 
sudden display of force, due to the expansion of 
gases or vapours, no matter whether the gases or 
vapours existed before the explosion took place, or 
whether they were formed during the accident. 
When the explosion affects vessels of any kind 
(boilers, apparatus, pipes, engines, &c.), it is pre- 
sumed that the walls of the container undergo frac- 
ture (separation) to such an extent that the issue of 
gas, vapour, or liquid, if still present, produces a 
sudden equalisation of the tension within and with- 
out the container.” This definition, therefore, 
includes explosions of blasting agents, gas mixtures, 
dust, as well as explosions caused by the evapo- 
ration of liquids and the pressure of vapours and 
gases; but violent rupture, due to centrifugal 
forces or to excessive strains of materials, would 
not fall under the head of ‘‘explosion.” The 
second paragraph of the definition reasserts what 
was agreed upon with regard to boiler explosions. 
The presumption of a sudden equalisation of the 
pressure within and without the boiler limits the 
definition to vapours or liquids contained in vessels 
which are closed as such. Professor C. Bach 
points out, in the Zeitschrift des Vereines Deutscher 
Ingeniewre of September 30, 1911, that the con- 
dition would not include a boiler which is connected 
with other boilers. For in that case the boiler 
might explode without there taking place a sudden 
equalisation of the pressures within and without. 
The equalisation might be prevented, because liquid 
or fluid might continually be flowing into the 
ruptured boiler from another vessel. 


Export or Exectric ENnerey. 


For some time the question of exporting to 
Copenhagen of a considerable portion of the elec- 
tric energy generated at the Swedish State hydro- 
electric power-station at Trollhattan has been under 
consideration ; the matter was placed before the 
eminent authority, Professor Gustav Cassel, to 
obtain his opinion as to the aspect of the plan 
from the standpoint of national economy, and he has 
now drawn up his report. The subject has become 
of more immediate importance since the Stockholm 
Municipality has recently decided to build its own 
large hydro-electric power-station at Untra. The 
question of export of electric energy, says Pso- 
fessor Cassel, depends in the first instance upon the 

roportion between available power and the possi- 
bilities of disposing of electric current within the 
present Trollhattan distribution area. There are 
at present 40,000 horse-power at work, and plant 
for a further 20,000 horse-power is being installed. 
As the maximum load in October was only 24,000 
horse-power there is a very considerable marvin, 
and disposal of the extra 20,000 horse-power is at 

resent only possible by export. As regards the 
_ consumption for the period 1914-1933, Pro- 
fessor Cassel holds that Gothenburg from the year 
1923 will require 90,000 horse-power, and from the 
year 1928 143,000 horse-power. The demand for 
electric current in the home district would conse- 
quently necessitate a further exploitation of the 
water - power in the Géta River. Putting the 


Sir Robert Walton, in particular, have for many , electric current requirements of the provinces of 








Skane and Halland at 70,000 horse-power in 1923 
and 105,000 horse-power in 1928, he maintains 
that the power of the Géta River is fully adequate 
for the supply, both for the requirements of what 
he regarded as the Trollhiittan home district and of 
the Skane-Halland provinces ; further, some 20,000 
horse-power would be available for Copenhagen 
until 1928, when the whole of the State water-power 
in the Géta River will have to be exploited for 
the above-mentioned home districts. This demand 
from Skane and Halland certainly does not exist 
at present as far as the Trollhattan power-station 
is concerned, but there is every reason to believe 
that it will soon become a fact. Thus it is only 
right to reserve power from Trollhittan for 
these districts, and it is consequently very de- 
sirable that part of this reserved power shall 
in the meantime be disposed of to Copenhagen. 
It would be preferable to make a contract for 
only fifteen years’ supply, but for twenty years 
rather than not at all. Im due course, says Pro- 
fessor Cassel, the capacity of Trollhiittan is likely 
to be taxed to the full for the industries of West 
Sweden; Stockholm, co uently, ought to fall 
back upon the power in the Dala River (which has 
now been decided upon), and if this does not 
suffice she must go further north for additional 

wer. It will in any case be more advantageous 
or the Trollhiittan power-station to dispose of cur- 
rent to Copenhagen than to Stockholm, the price 
for the former place being mentioned as 100 kr. 
(51. 10s.) per kilowatt-year delivered at Hiilsingborg. 


Tue Density AND EXpaNsION OF ALUMINIUM. 


A paper presented by Dr. F. J. Brislee, of the 
British ekeed and HelsbyCables, Limited, to the 
Faraday Society, on Wednesday, December 6, once 
more illustrated the necessity for a redetermina- 
tion and revision of the physical constants of well- 
known materials. Aluminium has for many years 
been obtainable and been used in a high degree 
of purity ; yet insufticient knowledge of its expan- 
sion coefficient must be held responsible for failures 
of aluminium plant, such as were mentioned during 
the discussion, and there is considerable uncer- 
tainty as to the density of the metal. Dr. Brislee 
selected for his determination metal from the 
Société Electrométallurgique Frangaise, of La 


Praz, and from the British Aluminium Company ;° 


the former material contained 99.48 per cent., the 
latter 99.52 per cent., of aluminium, in addition to 
about } per cent. each of silicon and iron. The 
density was determined on the cast metal, as 
received, on hard-drawn rods @ in. in diameter, 
soft annealed rods of the same size, and wires. 
The cast metal gave the mean specific gravity, 
corrected for vacuum weighing and water at 
4 deg. Cent., of 2.079; the hard rod, 2.705; and 
the annealed rod, 2.708. The density was lowered by 
re-melting the metal, owing probably to gas absorp- 
tion. The worked metal in some cases gave a 
density of 2.72, but the hard-drawn wire yielded the 
considerably lower figure of 2.705, which is rather 
peculiar. Dr. Brislee did not refer to the pressures 
to which his specimens had been exposed. It is 
acknowledged that pressure affects the density of 
aluminium noticeably. As he was absent, the point 
was not discussed. His figures are higher than 
those which used to be accepted. In his expansion 
tests Dr. Brislee placed an aluminium rod, 1 metre 
in length, between two bronze clamps, mounted on 
a stout tube of mild steel, kept at a temperature 
constant within 0.2 deg. Cent. by water circulating 
through it. The aluminium rod rested in a water 
jacket, and the three thermometers, arrangedalong it, 
remained constant within 0.1 deg. Cent. during each 
experiment. Between the limits of temperatureQand 
100 deg. Cent., Dr. Brislee finds the formula L, — L 
(1 —. 0.00002432 ¢) for hard-drawn aluminium, and 
L, — L (1 — 0.00002454 t) for annealed aluminium. 
This would give the mean expansion coefficient 
B = 2 4560 . 10-* per deg. Cent. It will be seen the 
annealed metal expanded more than the hard- 
drawn metal. Dr. Brislee’s coefficients are again 
higher than those of Fizeau, whose 8 ranged from 
2.313 to 2.336, while Le Chatelier found 2.46 
working up to 63 deg. Cent. In commenting upon 
these constants, Dr. Seligman, of the Aluminium 
Plant and Vessel Company, Wandsworth, S. W., men- 
tioned that Dr. Brislee’s density 2.708 (if it referred 
to chilled casting) would quite agree with Professor 
Carpenter's value 2.71, and was probably more 
correct than his (Seligman’s) own figure, 2.703. 
That the density of aluminium increased so little 
when the metal was drawn into rods or wires 
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required some explanation. As regards rolled sheets 
(not mentioned = Dr. Brislee), Dr. Seligman and 
Mr. H. Armstrong had found a density of 2.727 at 
4 deg. Cent. for sheets between 12 and 24 8.W.G., 
of the same composition as Dr. Brislee. The usually 
accepted figure, 2.67, was certainly too low, and 
he knew of a collapse of a vacuum pan in an oil 
distillery where sufficient allowance evidently 
not been made for the expansion of the aluminium 
ressing against the iron structure. Their high 
ure had recently been confirmed in the Ameri- 
can Station for Pure Products, which found 2.734 
at 17.5 deg. Cent. for a metal containing 0.29 
ee cent. of silicon and 0.375 of iron (being thus 
ess pure than the metal used by Dr. Brislee or 
by Dr. Seligman). The loss in gravity on re-melt- 


ing was due to gas absorption ; aluminium readily p 


took up gas, particularly nitrogen, with the forma- 
tion of nitride at high temperatures. Dr. Harker 
mentioned that a pressure pan had turned inside 
out, because it could not expand, when it was 
heated during some experiments made at the 
National Physical Laboratory; they had been able 
to press it down again after cooling. 





THE TRIALS OF HIS MAJESTY’S BATTLE- 
CRUISER ‘“ LION.” 

Since writing the article, in another part of this 
issue, on the battle-cruiser Lion, we learn that the 
vessel has completed her first trial of 24 hours’ 
duration, anchoring in Plymouth Sound at 2 o’clock 
on Wednesday afternoon. The vessel had weighed 
anchor early on the previous morning and quickly 
worked up to the desired power, when she made six 
runs on the Polperro mile, proceeding afterwards 
as far west as the Fastnet, and returning to make a 
further series of six runs on the same measured course 
— on Wednesday morning. The results of this 
trial and the runs on the measured mile were reported 
as in every way extremely satisfactory. This trial 
was run at what is regarded in the Service as the 
continuous-cruising speed, which in this ship is about 
26 knots. The weather was moderate. 





Tue Atomic WEIGHT oF Rapium.—Otto Hoenigschmid 
has redetermined the atomic weight of radium at the 
Radium Institute of Vienna. Like Mme. Curie and 
Thorpe, he started from radium chloride, purified it by 
fifty crystallisations from hydrochloric acid, and made 
his determinations by two independent methods which 

ielded the same average value, 225.95 (oxygen = 16). 
The value accepted until now has been 226.4. The dis- 
crepancy ee appear small, but it is important, in view 
of the speculations on the genesis and degradation of the 
radioactive elements, and on their emanations. Accord- 
ing to Sir William Ramsay’s Presidential Address, 
delivered before the British Association at Portsmouth 
(see ENGINEERING, vol. xcii., page 292),-radium comes 
under liberation of helium atoms and various radiations, 
finally down to actinium and to lead ; and lead should, 
according to these speculations, have the atomic weight 
206.4, while chemists have adopted the value 207.1. To 
account for this discrepancy, Ramsay suggested that the 
atomic weight of radium might be greater than assumed 
—namely, 227.1 (instead of 226.4). Now, however, 
Hoenigschmid finds a still smaller value—225. 95. 





Woop PreservaTion.—The Forest Service of the 
United States has, as is well known, an excellent record 
for the work it has carried on since its formation, work 
which posterity is sure to find the benefit of in many 
ways, for under its guidance, in addition to matters 
dealing directly with forestry, experimental research has 
not been neglected. In this latter direction Mr. E. 
Bateman, Chemist in Forest Products, made some 
investigations into the penetration of inorganic preserva- 
tives into treated wood, and has found that this penetra- 
tion can be determined by a visual method, which was 
recently described in the agineers News. The method 
is as follows:—A disc of the eentel wood is cut, and, in 
the case of zine chloride preservative, the freshly-cut 
surface is dipped for not more than 10 seconds in a 
1 per cent. solution of D ng ferro-cyanide. The 
excess solution is removed by blotting-paper, and the 
block is dip into a 1 per cent. solution of uranium 
acetate, and allowed to dry. The unimpregnated por- 
tions of the disc will have a y pom colour, while 
the treated portions will be slightly whiter than the 
natural wood. Careful chemica’ tests of the preserva- 
tive content of different portions of sample discs has 
shown that as small amounts of sinc chloride as 0.2 Ib. 
per cub. ft. can thus be detected. This test is not 
successful with red oak, on account of the natural colour 
of the wood. When testing for penetration of a copper- 
salt preservative, it is n to dip only once into a 
solution of potassium ferro-cyanide ; the penetrated zone 
is shown by a dark-red stain. In the case of an iron salt 
the same test for penetration would show a deep blue 
stain. Mercuric chloride can be tested for with a solu- 
tion of hydrogen sulphide, which replaces the mercuric 
chloride with a bl sulphide, bape | a stain. The 
solution is conveniently prepared by acidifying a solution 
of sodium sulphide. 





THE DETROIT RIVER TUNNEL. 
To THe Eprrork oF ENGINEERING. : 

Srr,—As there does not seem to have been in any dis- 
cussion of the Detroit River Tunnel a consciousness that 
the method used was not new, it may be of interest to 
your readers to know that a tunnel under the Thames 
(known as the Waterloo and Whitehall Railway) on the 
lines of the Detroit Tunnel was y constructed in the 
years 1866-7. The tunnel was designed of wrought-iron 
tubes 12 ft. 9 in. in diameter, and 240 ft. long, lined 
inside and outside with brickwork in cement, T -headed 
cleats being provided outside to key the brickwork to. 
The tubes were to be laid in a trench dredged in the 
London clay at the bottom of the river, and were to 
be supported at the joints on cylinder piers, with sockets 
and heads at the junctions of the tubes. : ‘ 

The tubes were built at Samuda’s shipbuilding yard in 
the Isle of Dogs, and the ends being closed by bulkheads, 
the tubes were floated up to site. Matters had so far 
that several foundations had been prepared, 
and one or two tubes were actually floated up to site, 
when the Overend and Gurney crisis caused the company 
to collapse and work was never resumed. The end of the 
railway was where Scotland Yard now is. 

It was intended to work the line by Rammel’s pneu- 
matic despatch, a large scale variant of the apparatus 
now well known in large shops and post-offices. The 
ends of the coaches fitted the tunnel as near as possible 
and were provided with a fringe of bristles as packing. 
The pressure or vacuum required, less than an inch of 
water, was obtained by a fan. An experimental length 
of a few hundred yards of tunnel had been built and 
worked for some time in the Crystal Palace grounds. 

Yours faithfully, 


January 2, 1912. F. E. Ropertson. 








“THE STRENGTH OF THICK HOLLOW 
CYLINDERS.” 
To THE EpiTor oF ENGINEERING. 

Sir,—Referring to the article on “ The Strength of 
Thick Hollow Cylinders under Internal Pressure,” in 
your issue of December 15, Lamé’s theory is based on an 
assumption that does not ap’ to be justifiable—viz., 
that displacement is longitudinal. The converse appears 
to be a more reasonable assumption. 

If ¢ is the strain at radius rp, and z that at any radius 
r, then on the assumption that there is no longitudinal 
displacement r? — rg? = r2 (1 + x)?—1,? (1 + 7)?, that is, 

pa (Pt ire 2 +My 
Tr 
or with close approximation 
a = tte? (2 +4) 


2r2 
and since 
r= 6, andi =f, 
2E+fo . 10? 
Gf e * — 
to or or 
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a 
pr(i+f)=% x2 bth « ral Sar. 
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Taking k = "1, and taking the fraction containing E 


a) 
as being for practical purposes equal to unity, the equa- 
tion becomes ‘ 
-1 


z° 
It would seem to be of interest if the authors of the 
article could observe the longitudinal extension under 


pressure. This might throw some light on the effect of 
the combined stresses. 


p=fo 


Yours faithfully, 
J. C. Pracue. 





To THe Eprror or ENGINEERING. 

Sir,—The researches of Messrs. Cook and Robertson, 
published in your issue of December 15, 1911, page 787, 
are of more importance to the knowledge of the ultimate 
strength of material under combined stresses than the 
authors themselves have conceived. In fact, these tests 
give a perfect confirmation of Guest’s theory when the 
results are a with the proper formula for the 
ultimate strength of thick cylinders. 

This formula is to be easily deduced as follows :— 

When the internal pressure in the cylinder is raised 
beyond that corresponding to the yield-point, the yield 
extends from the inner side to the outer side, and at 
bursting pressure the distribution of stress is a very 
simple one, the difference between the radial and the 
circumferential stress in each part of the material being 
equal to the ultimate strength as determined by the 
tension test. 

Let pr and p: denote the stresses, and r the radius at a 
point of the area of section (Fig. 1). 

Fig. 2 shows that 

ro 
prr= | pe dr, 
r 
and by differentiation we get 
prdr+rdpr=p adr, 
or 


rd pr =(p — pr)dr. 
Now, in each part of the cylinder at the bursting | 





pressure, pr — pr = f; f being the ultimate strength of 
the mild steel. 
Hence 
dr 


rdprp=fdr d pr = f—— 


r 


Odr = ro 
nae ir pr = floge 
is 


The bursting pressure is therefore given by the relation 


p = floge ~° = flog. k 
or 

p = log, k. 
This formula should replace the empirical formula pro- 
posed by the authors, which is more complicated and 


cannot be true for thicker cylinders than those on which 
they have experimented. 


Fig.t. 
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The table below gives the ultimate strength of the 
cylinders as observed by Messrs. Cook and Robertson 
and that calculated by my formula :— 


Ultimate Strength of Mild-Steel Cylinders. 











Ratio: | pif | pif 
External| _ Ultimate Maximum [Observed by! Calculated 
a. a —— | Pressure. Messrs. | from 
Biamseter.| ° | Oook and | Formula. 

| f. p. hememcones pif = nk. 
| Ib. per sq. in. Ib. per sq. in. | | 

1.35 | 64,400 | 16,900 | 0.310 0.300 
1.53 | 64400 | 28,200 | 0,426 0.425 
1.58 | 64,400 24,850 | 0.457 | 0.467 
1.67 | 58,800 27,200 | 0.462) | ogig 
1.67 | £8,800 27,350 | 0.465 . 

1.71 58,800 | 30,200 0.518 0.536 
1.77 54,400 | 30,850 0.566 0.571 
1.79 54,400 | 80,500 0.560 \ 0.582 
1.79 54,400 | 82,300 0.594 —_ 





The small discrepancy in the case of the three middle 
observations is probably due to the high value given for 
the ultimate strength f of the material. 

The close agreement of the experimental results with 
the values obtained by calculation from the formula given 
in my lectures at Delft at an earlier date is a striking 
confirmation to the validity of Guest’s law, and shows the 
accuracy of the experimental work executed by Messrs. 
Cook and Robertson. 


Delft, January 1, 1912, 


Yours truly, 
F. vANn ITERSON. 





“MOTION STUDY.” 
To THE EpitToR OF ENGINEERING. 

Sir,—In your issue of September 15 I find quite an 
extended notice of Mr. Gilbreth’s book on ‘‘ Motion Study,” 
and I have been much interested in your discriminating 
analysis and the conclusions you have drawn. It is quite 
true, as you point out in the case of bricklaying, that a 
good deal of the saving effected lies in the improved ap- 
pliances for the accommodation of the workman, by 
means of which he is enabled to perform his work with 
fewer motions and greater ease. Invention, therefore, has 

its influence upon the results obtained ; but that 
alone accounts for only a part of the gain made, and the 
rest you are willing to concede may be credited to motion 
oor. the importance of which, it seems to me, can 
hardly be over-estimated. On the other hand, it has 
frequently been said by contemptuous critics that no 
self-respecting man would submit to any stop-watch 
——_ of espionage, and that no employer of labour 
ould stoop so low as to treat his men like automatic 
machines instead of human beings ; and in a milder way 
you question whether any workman, and especially one 
of the better class, can take the same interest in his 
work when every possibility of personal initiative has been 
eliminated from it. But you must admit that there 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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are good, bad, and indifferent ways of doing nearly 
everything that contributes to the ucts of industry. 
The best may never be known, but the best that we know 
is none too good in any case, and, with this before us, it is 
pertinent to ask, Who is benefited by the practice of 
inferior ways and means, and why should an inferior 
method of laying bricks or pasting labels be considered 
more interesting or less automatic than the best that 
is known ? Children are not left to their own resources 
to acquire an education. They are saved incalculable 
drudgery and hardship by wise direction, and their 
initiative is auieathenel, rather than weakened, in learn- 
ing to do and to think by the force of example. Later 
on, when they go to college, they are not turned 
into a chemical laboratory, for instance, to exercise 
their initiative and find out what they can do with 





all the acids, alkalies, and apparatus therein con- 
tained. They are systematically taught to do certain 
things in a very concise way, and, by following their 
instructions to the letter, they become in time qualified 
to stand alone, and exercise their initiative to some 
purpose. So it is in surgery, and, as Mr. Taylor has 

inted out, the surgeon is to-day our finest craftsman, 
Siemne his art has never been allowed to degenerate, and 
its best results are achieved by superior skill in the 
shortest time. There is no room for ‘“‘soldiering” in 
surgery, and, whether consciously or unconsciously, 
motion study has always been one of its most helpful 
influences. Again, in music, consider what it means 
to become a great performer; the interminable repeti- 
tion of cut-and-dried exercises, and the drudgery of 
continuous application to technique, tolerate no initiative 


whatever in the unproficient. We are all children in 
various sta of development, and none of us knows so 
much that he cannot learn more. The best way known 
to a proficient mechanic may fall far short of the best way 
known toa student of motions, and when the proficient 
workman learns the better way, his initiative is more 
keenly alive, if he has any, to improve upon the last step 
taken, and make himself a leader instead of a follower. 

As one who has introduced the Taylor system of scien- 
tific management, and made time study the basis of com- 
pensation to workmen, I can say that the so-called system 
of stop-watch espionage is so far from being resented by 
intelligent workmen that they rly seek to know the 
time allowed them, and decidedly okies to any work 
upon which the time has not been fixed and a borus set 
for its completion in the allotted time. 

I appreciate the fact that there is a gut deal of oppo- 
sition to be met in labour unions, and that the leaders 
of these bodies are standing, as usual, in their own light. 
The effort of labour unions has always m to increase 
wages and curtail production, in the belief that this 
policy was bound to improve the condition of labour, but 
regardless of the fact that the wage-earners of the world 
are its principal consumers, and that limitation of out- 
put increases the cost of everything they buy, and multi- 
plies the privations they have to bear. One is reminded 
of Carlyle’s observation on the vast number of human 
beings in this world, ‘‘ mostly fools;” and without doubt 
a campaign of education is needed to illuminate their real 
interests and show clearly that the +y the products 
of labour the greater the wealth to divided and the 
greater the workman’s share in it, because he always has 
the lion’s share, notwithstanding the unequal distribu- 
tion among the rank and file in the whole industrial 
army. An increase in wages is obviously a good thing 
for the wage earner, at the expense of the consumer ; but 
when the increase in wages becomes general, the cost of 
living naturally rises in the same proportion, and nobody 
is economically any better off. When production. however, 
increases along with wages, the cost of living is held down 
and labour is more prosperous. So also when more 
is produced for the same wages, the cost of living drops, 
to the manifest advantage of all labour. The real interest 
of labour lies, therefore, in the maximum production and 
the most advantageous distribution of wealth to the 
proletariat. But the maximum production can be brought 
about only by unequal distribution, which o— the 
necessary incentive to bring out the best effort of the 
individual worker in every form of active business life. 
The proletariat is too prone to think that he is the whole 
thing in the production of wealth, whereas in many lines 
of trade it costs more to sell than to produce, and still more 
in interest on the capital invested, which is just as neces- 
sary as labour itself. It cannot be denied, however, that 
good wages helpconsumption far more than excessive profits 
in a few hands, and, to maintain a steady market and a good 
demand for all the products of industry, let us hope that 
capitalists and the captains of industry will eventually 
realise that it pays to be liberal to the lower ranks of 
labour, and so build upa higher type of citizenship, which 
will produce and consume a larger portion of the good 
things of life. To this end scientific management is 
moving, and motion study, as a part of it, is helping the 
good work along. 

Yours truly, 


December 19, 1911. Wirrep Lewis. 








Trusts AND KARTELS IN SwepEN.—In Sweden, as 
elsewhere, the questions involved by the trust and kartel 
movement are very much to the fore at the present time, 
and with the sanction of the Government the Chief of the 
Financial Department has appointed a committee, com- 
prising several Members of Parliament and other experts, 
for the pu of investigating the matter of Swedish 
trusts and kartels and their influence upon the financial 
and industrial life of the country, more especially upon 
prices, and of preparing pro; concerning more par- 
ticularly the so-called sugar trust. 





Tue Copper Marxket.—In their monthly report, dated 
the 2nd inst., Messrs. James Lewis and Son state that 
copper had a very active market during the past month. 
The advance in standard from 55/. for cash to 60/. for 
three months’ pe which took place in November had 
been followed by a further advance to 65/. for the latter 
in December—the rom price recorded for three years. 
After falling from 59/. 2s. 6d. on the 1st ult. to 58/. 5s. 
on the 6th, cash standard steadily rose to 64/. 2s. 6d. on 
the 21st, when 65/. was paid for three months’ prompt. 
From this point it fell on realisation of profits and some 
bear selling to 62/. 10s. on the 29th, from which there was 
a recovery to 63/.—the -— ay of the year, whereas 
the opening price was 56/. On the 2nd inst. there 
had been a further recovery to 63/. 8s. 9d. for cash, 
and 64/, 5s. for three months. The business transacted 
in the course of the month had been on an exceptionally 
large scale, the sales of standard amounting to about 
50,000 tons, while very large purchases had been made of 
American and other copper by both English and Conti- 
nental manufacturers, American consumers also supply- 
ing their wants very freely over the next three months. 
American electrolytic was now held for 66/. per ton, c.i.f., 
several of the largest producers being sold out for delivery 
before April. English and French stocks had decreased 
2724 tons during December, and there was also a decrease 
of 1200 tons in the stocks held in Germany and Holland. 
American exports from the northern ports were advised 
as 30,750 tons. In view of this increase and also of the 

ter quantity taken for home consumption, a further 
large de Notion of the stocks of refined copper held in the 





United States at the end of the year seemed assured, 
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THE LATE MR. HENRY OSBORN. 


Tue death is announced of Mr. Henry Osborn, who, 
though he retired from professional work some twenty- 
four years ago, will doubtless be remembered by a 
large circle of the older railway engineers. r. 
Osborn was eighty-one at the cime of his death, which 
occurred at his residence at Clapham, S.W., on 
December 31. He was the son of Mr. William 
Osborn, of Leeds. 

Mr. Osborn began his engineering career as a pupil 
to Mr. Henry Carr, M. Inst. C.E., his cousin, and 
subsequently was engaged during the space of five 

ears as an assistant engineer under Mr. W. Cubitt, 
i. Inst. C.E., on the construction of portions of the 
Great Northern Railway. He was seamen em- 
ployed by Mr. Carr on general engineering work, for 
some three years, and among other important work 
was connected with the construction of the Black- 
friars Bridge. In 1860 he went to Canada, where he 
was sole engineer, in New Brunswick, on the New 
Brunswick and Canada Railway Company’s system, 
having responsible charge of the construction of 
the works on that line. He was subsequently ap- 
pointed manager of this railway, and retired only on its 
absorption, in 1888, by the Canadian Pacific Railway. 

On retiring from active professional work he in- 
terested himself in social work in South London, bein 
for many years a valued member of the Wandsworth 
Board of Guardians, and holding other public offices. 
He was elected a member of the Institution of Civil 
Engineers in 1865. 





MARINE ENGINE FOR A TECHNICAL 
SCHOOL. 

ALLAN GLeEn’s ScHooL, Glasgow, through the kind- 
ness of a former pupil, Mr. P. MacLeod Baxter, 
of Messrs. McKie and Baxter, engineers, Govan, 
has just had a most useful addition to the equipment 
of its post-intermediate course in engineering, and we 
record the fact in the hope of encouraging others. Mr. 
Baxter's gift consists of a 15 horse-power compound 
surface-condensing engine of the type employed for 
driving launches and small craft. The general appear- 
ance, design and arrangement, is substantially the 
same as on an engine of 5() indicated horse-power. 
The crank-shaft, with balance weights and thrust 
collars, is a solid steel forging, and runs in gun-metal 
bearings. Piston and connecting-rods, valve-gear, 
front columns, pump-levers and reversing-gear, are all 
made of Siemene-Mlewthe mild steel. The cod pieces 
in quadrants are of phosphor bronze, as also the 
bushes for eccentric top end and drag link-pins. The 
eccentric straps are of brass. The condenser lies fore 
and aft at the back of the engine. It is fitted with 
rolled-brass tube-plates, and solid drawn-brass tubes, 
secured with screwed ferrules and cotton packing. 
An auxiliary feed is fitted to one of the condenser 
doors, and a similar auxiliary starting-valve is fitted 
on the high-pressure engine. Pistons are fitted 
with Ramsbottom rings. Valve-spindles are guided 
on the under side by gun-metal brackets. Air and 
circulating pumps are single-acting, and are entirely 
of brass, the bucket and head-valves being metallic. 
Two feed-pumps are fitted, one for use and the other 
as stand-by, each being capable of supplying sufficient 
feed-water to the boiler. 

In a science school in which a large number are 
looking to careers in engineering, the value of Mr. 
Baxter's contribution to teaching plant and method is 
very great. As the engine is complete, and as every 
part can be removed for special study by itself or in 
relation to the whole, the knowledge acquired becomes 
much more living than that obtained from formal in- 
struction in machine-drawing and blackboard-illus- 
trated lectures. Even if we take the lowest estimate 
of the use to which Mr. Baxter's gift may be turned, 
it is no small matter that an eager youth starting 
work in an engineering shop should have a direct 
personal knowledge of the names and the purposes of 
the essential parts of a typical engine. But much 
more than this will be accomplished if the boy, who 
is set to dissect and study the engine, under skilled 
guidance, has had a good discipline in mathematics, 
physics, and descriptive geometry. He is on the road 
to work effectively at engine design, and he will have 
a firm grasp of the story of the steam on its way 
through the main stop-valve to the cylinders and 
condenser, and of the nature and function of the air- 
pump and feed-pump. Beyond this, while working 
with the details of this engine and considering the 
pu served by its constituent parts, capable boys 
will be imbued with respect and enthusiasm for engi- 
neering achievements that will affect powerfully the 
educative aspects of their apprenticeship. 





“Recent Progress tv WARSHIPS AND MACHINERY :” 
Errata.—In Table II. of our article on this subject, on 
page 868 of our last issue, ‘‘ Parson’s” were given inad 
vertently as the makers of H.M.S. Orion’s machinery, 
instead of the Wallsend Slipway and Engineering Com- 
pen y, Limited ; and in Table III. the of the 


was given as 26.6 knots, instead of 28.6 knots. 





SUBMERSIBLE BOAT FOR THE DUTCH 


NAVY. 


CONSTRUCTED BY MESSRS. WHITEHEAD AND ©CO., FIUME. 





Tue above illustration represents a new type 
of submersible, the first example of which has just 
been completed for the Dutch Navy by Messrs. 
Whiteh and Co., at their works at Fiume. Like 
so many of the vessels of this class built throughout 
the world, it has been evoived from the widely popular 
Holland type, but Messrs. Whitehead have introduced 
many important developments upon the generic design, 
and to these special attention may be directed, as they 
further prove the originality of the Whitehead com- 
pany, as displayed for many years in connection with 
the design of automobile torpedoes. 

The requirements set by the Dutch authorities were 
for a boat with a submerged displacement of only 150 
tons, having an armament of two bow tubes with four 
torpedoes, two periscopes of 6 metres in length, and 
a 300 horse-power Diesel engine for propulsion on the 
surface, and a 300-horse-power electric motor for 
driving the boat when submerged. 

The vessel has a length of 105 ft., and a moulded 
beam of 10 ft. In their design of hull Messrs. White- 
head have abandoned the short and broad hull, with 
circular sections, of the Holland boats, and have 
adopted instead a longer and more slender hull, with 
a bow like a torpedo-boat, but with the same stern as 
the Holland boats. For diving, the boat is fitted with 
two horizontal rudders behind the propellers, as in 
the Whitehead torpedoes. A patented arrangement in 
the form of a statical diving gear is arranged, by 
means of which, and at small pupenee of power, an 
exact regulation of the desired depth is possible, so 
that it can be ensured, for instance, that only the 
tops of the periscopes will be above the surface. 

he pumps are capable of pumping against a head 
of 200 ft. There are 3-ton drop-keel, lifting-eyes, 
outward connections for pumping air into the vessel 
or from the air-flasks outside, and, for communication 
when submerged, telephone buoy, submarine signal 
ap tus, &e. 
he 300-horse-power Diesel engine is of the two-cycle 
Niirnberg type, with starting, reversing, and speed- 
regulations arranged to be attained from one single 
lever. Heavy oil is, of course, used. The accumulator 
battery is installed in a water-tight tank, lined with 
lead and rubber. Each cell is closed by a. cover and can 
be ventilated, so also can the tank itself. Each cell is 
independent and can be taken out without disturbing 
the others. On the official trials the following results 
were attained, notwithstanding the limited dimensions 
of the boat :—Greatest speed on surface, 11.2 knots ; 
radius of action at 10 knots, 1000 sea miles ; endur- 
ance —— at 7 knots s , 6 hours 23 minutes ; 
endurance submerged at 8.6 knots speed, 3 hours ; 
endurance submerged at 11 knots, 1 hour. The boat, 
running at 10 knots on the surface, was tried in all 
directions in a rough sea, and in a wind of about six 
force, according to the Beaufort scale, it showed good 
sea-going qualities throughout. It could be navi- 
gated from the bridge on the top of the conning-tower, 
and the bow was always well out of the water, while 
the test lateral inclination by rolling was 8 deg. 


“| During the steering trial submerged, the variations 


in depth could be kept within 1 decimetre above and 
below the desired depth. Even when running at full 
speed, and with the rudder moved from the one side 





hard over to the other side, the depth variation was 
kept within the limit of a few decimetres. The turn- 
ing diameters were judged to be about 180 metres on 
the surface and 160 metres under water. 

As a result of the trials, the Whitehead Company 
have obtained nine premiums for having largely sur- 

sed all the given guarantees, the Naval Commission 

ing thoroughly satisfied in every respect. A notice- 
able feature was the high degree of habitability, which 
is of great importance for the autonomy of a sub- 
marine vessel. Special care has been taken to attain 
this end. There are three electric cooking ranges, 
an officers’ mess, a living room fer the crew, a berth 
for every man on board, and ample provision of fresh 
water and victuals, so as to permit a crew of eleven 
men to live for one week. 

The Dutch Naval Commission, who assisted at the 
preliminary trials, made such a favourable report that 
their Government decided to place further orders with 
the Whitehead firm, so that of this new type already 
11 boats are under construction. For one of these, 
having a displacement of 380 tons, the following 

rantees have been given: greatest speed on sur- 
ace, 16 knots; radius of action at 11-knots s 4 
2600 sea miles; endurance submerged at 11-knots 
speed, 1 hour; endurance submerged at 8-knots speed, 
3? hours. This boat will also be provided with special 
arrangements for service in hot climates. 








Contracts.—The British Westinghouse Electric and 
Manufacturing Company, Limited, states that besides 
securing the order from the Partington Steel and Iron 
Company, Limited, Irlam, for four large turbine-blowers 
for blast-furnace work and also turbo - generating 
machinery, they have also secured the contract for the 
supply of all motors, with their control-gear, &c., for the 
equipment of the new large blast-furnace works. 





THE CONSTANCY OF THE BOoILING-PorIntT oF SULPHUR. 
—The exact boiling-point of sulphur has often been 
determined in view of its importance for thermometry. 
A new contribution to this research has been made by 
C. W. Waidner and G. K. Burgess at the Bureau of 
Standards (Bulletin, vol. vii., No. 11). They first boiled 
sulphur in a Callendar-Griffiths apparatus, comprising 4 
glass tube, 4.5 cm. in diameter, 45 cm. high, the thermo- 
meter coil being mounted within a porcelain tube and 
enclosed in a radiation shield, 15cm. in length; the 
resistance thermometer had a length of about 5 cm. 
The temperature of the sulphur vapour appeared con- 
stant within 0.03 deg. Cent. over a length of 30 cm. of 
the vapour column. Determinations then made with 
thermo - couples of platinum and platinum - rhodium 
or platinum -iridium, immersed to different depths, 
were less concordant, however, and, considering that a 
long resistance thermometer is an integrating device 
giving ave’ temperatures, the constancy of the boiling- 
point of sulphur, which is complex in its chemical beha- 
viour, possesses several valencies, and is known in several 
allotropic modifications, appeared doubtful. Further 
experiments were therefore conducted with a very short 
resistance thermometer, only 9 mm. in length, and with 
various thermo-couples, finally made of very fine wires 
0.1 mm. in diameter. Satisfactory ment was ob- 
tained by these means, and the boiling-point of sulphur 
would appear to be 444.7 deg. Cent. and to be exper- 





mentally constant within at least 0.05 deg. Cent. 
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SHIPBUILDING AND MARINE ENGI- 
NEERING IN 1911. 


THE outstanding features of the marine industry 
during the past year are the increased volume of over- 
sea trade, as indicated by the steady expansion of the 
Board of Trade returns of imports and exports, the 
maintenance of satisfactory freight rates, and the con- 
sequent a of owners of steamships, especially 
of the regular lines, to order new tonnage. his dis- 
seetihin teas been greatly assisted by the favourable 
contract prices quoted by builders, notwithstanding 
the increasing cost of raw material, higher wage 
rates, and the growing burdens imposed by legisla- 
tion. These augmented charges have been in some 
degree seateenedl by the creditable enterprise 
of the shipbuilding companies in taking every advan- 
tage of improved mechanical appliances to increase 
the efficiency of labour. At the same time, it must 
be conf that while the output of the United 
Kingdom in all the yards shows an increase of 
747,216 tons, equal to 554 per cent., as compared with 
the previous year, and of nearly 58,000 tons, or 2.8 per 
cent., as compared with the previous highest total— 
that reached in 1906—the profits derived have not been 
satisfactory, a fact which is supported by the divi- 
dends a on capital in those concerns which are 
owned by limited liability companies. It has come to 
be recognised that loss is almost inevitable durin 
periods of trade depression, but hope is entertain 
that with a return of periods of activity such 
debit balance as has grown will not only be wi 
out, but will be replaced by a substantial credit. 
Unfortunately, however, this condition has not been 
realised so far during the present activity. Whether 
the new year will bring such a number of contracts as 
will enable firms to secure work at more remunerative 
rates remains to be seen. Certainly there is a con- 
tinued disposition on the part of shipowners to place 
orders for new tonnage, and most of the firms have on 
their books a large amount of work. It would seem, 
however, as if the claims of labour were insatiable. 
Although there has been no serious trouble during the 

t year, there is uncertainty at the moment because 
the shipbuilding workers’ agreement terminates this 
spring. Already pourparlers have been instituted, and 
in view of the reasonableness which has been displayed 
to an increasing extent by the leaders of the unions 
generally there are mente for believing that the one 
or two seemingly recalcitrant unions may see that a 
compromising spirit is in the end the most profitable. 
Other trades, however, affect the shipbuilding industry 
so closely that universal labour peace is desirable. The 
present attitude of the miners is an unsatisfactory 
element in the situation which cannot be neglected. 

We have received returns from 133 shipbuilding 
firms, and to these we wish at the outset to tender 
our thanks. Unfortunately, many continue to include 
deck erections in their tonnage ; while we have stated, 
in the list given in Table VII., on pages 28 and 29, the 
tonnage officially supplied to us, we have sought to 
place the firms in the order justified by the Board of 
Trade measurement of the merchant ships and the 
displacement tonnage of the warships launched by 
pe 9 The aggregate tonnage figures given in our 
summary, Tables . and VL, are on these two 
systems of measurement, but owing to this divergence 
in the basis of returns, separately made, and further 
to the fact that many of the ships launched late in the 
year have not yet been measured, the aggregates 
are more or less approximate. They are, however, 
sufficiently accurate to justify comparison with 
previous years. The returns of all firms show that 
1445 vessels have left the shipbuilding berths, 
some of them being shipped abroad. Two-thirds of 


The total tonnage, including the work in the Royal 
dockyards, makes up an aggregate of 2,088,658 tons. 
This is enormously greater than in the previous year, 
the addition being 747,216 tons, equal to 554 per 
cent. ; but it must be remembered that toward the 
end of 1910 the lock-out of the shipyard workers 
involved the postponement of much work, and 
this abnormally increased the amount of tonnage 
credited to 1911, so that while the record output for 

revious years—that of 1906—has been exceeded 

y 2.8 per cent., the abnormal conditions scarcely 
justify so much congratulation as would otherwise 
own been warran A feature of the year has 
been the amount of tonnege built for regular 
lines. The colonial tonnage, too, is considerably 
greater than in the previous year, but is practically 
only equal to the average over a period of years. 
Foreign-owned tonnage is higher than for the three 
preceding years, although not so great as in the record 
years of 1906 and 1907. The proportion of the total 
tonnage built for the colonies and foreign owners is 
20 per cent., whereas in the previous year it was 
18.3 per cent. ; but in 1908 it reached as high a ratio 
as 35 per cent. A notable result in connection with 
the foreign tonnage is the total taken by Norway— 
practically 90,000 tons—which is more than in the three 
preceding years combined, and is nearly double that 


| EXCLUDING WarsuHies Burtt 1n H.M. Dockyarps. 
these are small craft, as shall presently be explained. 





TABLE I.—AccGrecares oF PRopUCTION IN THE UnrTED KINGDOM. 








1909. | 1908. | 1907. 1906. | 1905. 
































— | 1911. 1910. 
‘ tons tons | tons tons. tons tons tons 
Steam tonnage* .. oe we on --, 1,985,184 1,244,930 | 1,131,549 980,600 1,739,200 | 1,944,000 1,740,200 
Sailing tonnage... ..  .. kis “s 47,874 43,660 | 25,627 54,200 | 56,200 39,800 38,300 
Totals Da a os --| 2,033,058 1,288,590 1,157,176 | 1,034,800 | 1,795,400 | 1,983,800 1,778,500 
His Majesty’s Dockyards pa a om 55,600 52,852 46,320 | 42,426 51,800 47,100 46,250 
Grand totals... re -- 2,088,658 1,341,442 | 1,203,496 | 1,077,226 1,847,200 | 2,030,900 | 1,824,750 
Colonial and foreign-owned tonnage oe 400,000 245,636 317,000 376,600 547,000 406,000 392,400 
Per cent. of total pe eee, kat a 18.3 3 | 35 30.4 2 8 86| 625 
Total merchant tonnaget .... .. 1,858,624 | 1,209,255 | 1,078,436 992,250 | 1,714,500 | 1,922,860 1,694,800 
Per cent. of steam merchant tonnage to | | 
total merchant tonnage Raitt 97.5 96.5 = | 98 | 95 96.7 98 97.7 
Horse-power of engines de a -. 2,241,500 1,671,600 | 1,484,810 | 1,157,140 1,712,180 1,816,000 | 1,468,600 
Per cent. of all Naval tonnage to merchant a 
tonnage .. ow ve aos oe ee 13.6 10.9 11.6 7.5 7.75 5.6 7.65 








* Includes warships built in private yards. 


of ane ae preceding year. Austria-Hungary has 
also n @ most satisfactory client ; like Norway, 
they took most of their tonnage from the North-East 
Coast. Holland has also been adding largely to its 
merchant fleet. There has, however, been a slight 
check in the demand for river and coasting vessels for 
the South American Republics. Germany has 
patronised British yards to a considerable extent, 
while Japan, France, and Denmark have also had a 
considerable volume of shipping from British yards. 
The United States appears on our list again; this 
2468 2468 2hK 


2468 2468 
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time for adredger for the Panama Canal. No notably 
fast ocean-going ship has been built during the 
year, but quite a number of from 18 to 20-knot 
vessels have been launched, and we have again 
several important additions to the cross-Channel 
service, which still stands first in regard to the con- 
tinuity of demand made upon thvse advancing the 
science of naval architecture. Two of the most in- 
teresting craft of the year, those fitted with geared 
turbines, are for this service, and two others are pro- 

lled direct by turbines. There is a diminution 
in the number of paddle steamers for coasting and river 
service ; so far as this country is concerned, the tur- 
bine is now proving more acceptable than the side 

dle-engine. As a consequence of the absence of 
igh-speed vessels, the power of machinery built for 
merchant shipping does not bear a high ratio to 
the total tonnage, but on account of the great in- 
crease in the production of warships, as reviewed 
in our last issue (page 867 of our previous volume), 
the machinery production is the largest on record. 
Unfortunately, in that article we omitted to 
include four destroyers for Argentina, so that 
the horse-power of warships becomes 819,300 horse- 
power, and the total power of all machinery for 
ship propulsion 2,241, horse-power. This shows 
an increase, as compared with the previous year, of 





t Excludes British and foreign warships. 


569,900 horse-power, equal to 34 per cent. The increase 
over the output of the record year of 1906 is 425,500 
horse-power, equal to 234 per cent. The total em- 
braces 870,000 horse-power of turbines, including also 
low-pressure turbines to take the exhaust from recipro- 
cating engines, a system fitted to three vessels built 
during the year. This year there is included one 
ocean-going ship (which has not yet been tried) with 
internal-combustion engines of 3000 brake horse- 
power ; two others are being built in this country, 
so that soon there will be definite knowledge as 
to whether the reliability and durability of such 
motors equals their theoretical efficiency, and also 
whether they will, as expected, prove acceptable 
to those who have by experience become stron 
adherents to the steam-engine. One vessel fitted 
with a producer-gas sae is also included in the 
total ; already a considerable experience has been 
gained, and a second ship for the same owner is con- 
templated ; this, in itself, suggests that the results 
have been satisfactory. A large number of small 
craft—yachts, fishing-boats, &c.—have been fitted 
with oil-motors, the largest being of about 300 horse- 
power. There have also been launched four floating- 
docks, and two others for lifting battleships are prac- 
tically ready to be floated; one turret steamer; 64 
ships on the Isherwood longitudinal framing system, 
as compared with 40 in 1910, and 30 in 1909; and a 
number of dredging craft. 

All districts have participated in the activity of the 
year. The following list a. in the first column, 
the percentage of increase in the tonnage of the past 
year as compared with 1910, and in the second column 
the percentage of increase or decrease as compared 
with the year of maximum output in each of the prin- 
cipal districts. It will be noticed that the increase 
upon the previous year’s figures is general and very 
high, except in the cases of the Tees and Ireland, 
where a greater recovery had been made twelve 
months ago from the bottom touched in 1908. The 
second part of the list shows that on the Clyde, Tyne, 
and in Ireland new records are made, although only by 
small percentages, while on the Wear, Tees, oak at 
Hartlepool the past year’s figures are from 5 to 16 per 
cent. less than in the boom year of 1906 : — 


Clyde es -. +61 p.c. (1910) +1.28 p.c. maximum (1907) 
Other Scotch ports +47.5 p.c. (1910) -26.8 p.c. - (1906) 

ne.. os -- +81.7 p.c. (1910) + 2.2 p.e. 99 (1906) 

ear... = -- +66 p.c. (1910) - 16.3 p.c. jee (1906) 
Tees .. po -+ +28.9 p.c. (1910) - 5.3 p.c. a (1906) 
Hartlepool .. -» +76.7 p.c. (1910) -15 p.e. ae (1906) 
Irelan on -. +118 p.c. (1910) +118 p.c. an (1910) 


THE Size oF THE Sutps Burr. 


A larger number of small craft were built during 
the year, the petrol-engine having given a great fillip 
to the construction of launches for pleasure. A fair 
business, too, has been done in motor fishing-craft. 
Thus, out of a total of 1445 vessels built, 940 are under 
500 tons; indeed, a great many of them are under 
100 tons, and therefore beyond the purview of Lloyd’s 
or other register societies. There was also an increase 
in the number of moderate-sized boats, between 500 
and 1000 tons, as will beseen from Table II. appended. 


TABLE II.—Showing Sizes of Vessels from Private Ya rds. 














| | 

ao 1911. | 1910. | 1909. | 1908. | 1907. 
Under 500tons .. .._—..| 940 | 814.| 722 | 1079 | 990 
Between 500 and 1,000 tons ..| 116 71| 70} 61 77 
» 1000 ,, 2,000 , ..| 77 {| 72] 79 59 | 102 
2000}, 3,000 ;, [1 87| s4| 62] 40/ 54 
» 3000 ,, 4,000 , ..| 61; 49] 41] 2] 108 
” 4000 7 5,000” <:| 95] 61| 72| 39] 9 
nen Se. «| & 17| 18] 2 25 
» 6000 ,, 8000 ,, ..| 22 24} 12 12] 2% 
> 8000 ;, 10,000 >, ..| 12 s| 6 6| 10 
Over 10,000 tons .. be iid 25* 10 8 ll; WW 

| 
1445 1157 | 1080 | 1364 | 1499 








This table does not include warships built in the Royal Dock- 
yards (see page 867 of our previous issue). * Includes six war- 
ships and a floating-dock built in private works. 
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TABLE VI.—STATISTICS OF SHIPBUILDING IN THE UNITED KINGDOM IN THE YEARS 1905 TO 1911. 
Nl | ; 
ToTaL PRopuction. || Per Cent. or Steam To Toran Tons. || Pur Cent. or Forrian-Owngp to Toran Tons. 
District. — 
1911. 1910. 1909. | 1908. | 1907. 1906. 1905. | 1911. 1910. 1909. | 1908. | 1907. | 1911. | 1910. | 1909. | 1908, 1907. | 1906. | 1905. 
ne Scotland. No.| tons tons tons tons | tons tons tons i } 
Clyde (including outports) .. --| 403) 632,000 | 393,000 | 404,000 | 352,800 624,000 | 600,800 | 540,000 || 98 97.6 98.54/ 92.25 | 96.68 || 21.5 24.6 | 24.2 34 25.10 | 13.3 | 19.4 
Other Scotch ports ee ee --| 144) 41,000) 27,800 | 22,000} 45,000 52,000) 56,000} 48,000 || 83.6 96.87 100 99.6 99.02 39.0 15.4 | 22.4 42 32.72 | 41 28.8 
England, | | | 
Tyne .. ss we we we | 120} 418,000 | 230,000 | 208,000 | 213,000 | 345,000 | 409,000 | 350,000 || 97.6 | 95.92 | 100 | 96.7 | 100 2a7 |149 | 207 | 445 | 82.48 | 32.6 | 26 
Wear es *e oe ee .+| 86) 287,000 | 173,600 | 132,600 | 85,000 | 295,000 | 343,000 | 317,000 || 99.99 | 100 100 =| 100 99.75 || 26.5 19.5 | 33.2 | 39.4 38 14.5 | 26 
Tees ee ee ee . --| 100} 143,000 | 111,000 | 64,000 | 59,000 | 141,000 | 151,000 | 132,000 || 99 99.9 98.5 | 99 99.70 || 145 | 7.2 )27 | 187 39.03 | 24.6 | 19.6 
Hartlepool ee oe ee -| 34] 136,000 | 77,000 | 68,000 | 37,000 102,000 | 160,000 | 124,000 || 100 100 100/100 100 || 19.9 25.9 | 17.8 38 39.60 | 19.6 5.9 
Barrow-in-Furness (including Work-| | i | 
ington and Maryport) ee --| 14) 52,000/ 20,500 | 61,000} 15,000; 6,500| 29,000/ 43,800 || 98.85 | 100 100/100 100 4.7 76.5 54 33.3 0 77.5 | 37.7 
Mersey... ee -_ ee --| 122) 32,000 | 21,600 | 24,500/ 23,000; 7,300 8,600 700 || 91.45) 84.8 87.5 | 90.45 | 60.40 24.8 24.5 (51.25 5.8 0 10.7 | 14 
Blyth and Whitby ee os --| 6} 9,258 4,890 6,276 6,725 | 7,800 8,400 | 11,800 100 86.3 100 {100 97.64 0 49) 0 56.5 | 0 15 0 
Humber (Hull and Grimsby) .. --| 117) 45,000 | 28,800 4, 20,500 | 35,800 | 37,000) 34,300); 90 82.7 83.7 | 83.2 92.68 5.6 7.6 9 13.7 | 6.04 | 20 0.82 
Thames and other English and Welsh! i 
ports .. ee ee ee -| 275) 51,000 | 33,300} 25,900 | 18,200 | 39,500 32,000 | 32,400 80 56.5 58.8 | 22 55.10 || 18.0 26.2 | 43.7 80.7 | 39.80 | 21.8 | 29.3 
Treland. | 
Belfast, Londonderry, Dublin, &. ..| 24) 186,800 | 167,100 | 121,000 | 158,600 | 139,500 | 149,000 | 144,500 || 99.99 99.98 99.97 99.99) 92.47 || 1.61 9.9 | 17.9 38.4 22.04 | 84 | 30.9 








Many of the smaller craft were for South American and | 
Indian river service, while a large number were for 
fishing in competition with steam trawlers. There has 
not been an increase in the number of trawlers, but it | 
would seem as if a new field were opening up for them in 
South American and Mediterranean waters, whence one 
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were of this type. The number of vessels between 
| 5000 and 8000 tons is 82, which is much greater 
|than in any previous year; in 1910 the number 
within this range was only 41; in 1909, 30; in 1908, 
34; but in 1907, when trade was brisk, the number | 


was 50; and in 1906, a year of record output, 51. 
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Fic. 2. Diagram sHowrne ToTaL Propuction oN THE CLypE, Tyne, Wear, TexEs, aND 
AT HARTLEPOOL. 


or two pioneer vessels have gone. In all, there were 
505 vessels over 500 tons, as compared with 343 in the 
previous year, 358 in 1909, 275 in 1908, and 500 in 
1907. A favourite size of ship continues to be that 
between 2000 and 5000 tons, the number coming within 
this range being 193; this compares with 144 in the 
previous year, 165 in 1909, and 104 in 1908. As these 
vessels carry from 5000 to 7000 tons dead-weight, 
they are increasingly popular, and many of the 
vessels for Continental countries, such as Norway, 





Further proof of the general trend towards increased 
size is found in the fact that there were thirty merchant 
vessels over 8000 tons, twelve being between 8000 and 
10,000 tons, which is double the number in any of the 
three preceding years. Of vessels over 10,000 tons there 
were eighteen merchant vessels, six warships, exclud- 
ing the two built in the Government works, and a 
floating dock. Last year the number of merchantmen 
in this category was eight. Table III. yives a list of 
the merchant ships of over 10,000 tons. 











Tasik I[II.—Notably Large Merchant Steamers. 





Name. Tons. = 1LH.-P. Builders. 





White Star liner 46,000 51,500 Harland and Wolff, Ltd., 
Titanic | Belfast. 

Cunard liner Laco-| 18,150 | 14,500* Swan, Hunter, and Wig- 

i ham Richardson, > 

9,500 Harland and Wolff, Ltd. 


Za | Belfast 
Orient linerOrama.. 12,927 11,250 John Brown and Oo., 
| Limited, Clydebank. 
P. and 0. liner Me-) 12,357 | 14,000 |Caird and Oo., Limited, 


nia 
Royal Mail liner Ar- 15,000 


dina Greenock. 

Royal Mail liner 11,500 5,960 |Harland and Wolff, Ltd., 
Deseado Belfast 

Royal Mail liner 11,500 5,960 Ditto Ditto 
Demerara 


New Zealand liner 11,276 7,300 Denny, Dumbarton. 
Remuera 
Aberdeen liner De-| 11,223 7,966 Harland and Wolff, Ltd., 
Belfast 


mosthenes 
P. and O, liner Balla- 11,120 9,000 |Caird and Co., Limited, 
rat Greenock. 


Anchor liner Came-| 10,963 15,600 |D. and W. Henderson 
ronia and Co., Ltd., Partick. 

White Star liner Zea-| 10,898 4,800 Harland and Wolff, Ltd., 
landic Belfast 

= liner Argyll-| 10,392 6,500 John Brown and Co, 


ire Limited, Clydebank. * 
Shire liner Wiltshir 10,390 6,500 Ditto Ditto 
Waimana... .-| 10,389 5,600 Workman, Clark, and 


| Oo., Ltd., Belfast 
Shire liner Shrop-| 10,373 6,500 John Brown and OCo,, 


shire Limited, Clydebank 
Talthybius .. ->| 10,230 5,300 |Scotts’ Shipbuilding and 
Raginesting Co., Ltd., 
Greenock 


Holt liner Anchises 10,046 6,000 ‘Workman, Clark, and 
| Co., Ltd., Belfast 


= ~ or by the Wallsend Slipway and Engineering Company, 
Limited. 
Satine ToNnNaAGE. 

Again we have to record an absence of sea-going 
sailin ships in our list, although the sail tonnage, as 
recorded in Table I., makes up 47,874 tons. This 
total includes floating docks, ship-shape caissons for 
dry docks, fishing craft, barges, and a few cutters for 
cruising and racing. The total sail tonnage bears 
about the same proportion to the total merchant ton- 
nage asin previous years, a fact which will be gathered 
from Table I., where the percentage of steam merchant 
tonnage to the total merchant tonnage is recorded for 
a series of years. There continues an anticipation 
that the internal-combustion engine fitted to sailing 
ships as an auxiliary for propulsion in calms or against 
adverse winds will help to bring back the sailing ship 
to the ocean highways. One or two such vessels have 
been built on the Continent, but in this country 
there is little indication that such a step is contem- 
plated. Certainly there are potentialities of success in 
such an application of the oil motor. Of floating docks 
one was ee Aberdeen, to lift 14,000 tons, built by 
Messrs. Vickers, Limited, of Barrow-in-Furness ; a 
2000-ton dock for the Admiralty and a 4200-ton dock 
for Rotterdam, built by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, and a small one for 
Egypt, by Messrs. Ritchie, Graham, and Milne. 


MARINE ENGINEERING. 


We have already referred generally, in the intro- 
duction to this article, to the Sutstanbing features of 
the year so far as merchant marine engineering is con- 
cerned, and in our article on warship construction in the 
preceding issue so far as warship engine work is con- 
cerned. The total output of marine turbines—870,000 
shaft horse-power—compares with 610,000 in the pre- 
vious year ; 468,000 in 1909 ; 324,000in 1908 ; 423,400 
in 1 ; 315,000 in 1906; and 80,000 shaft horse- 
power in 1905. The ——— proportion of 
these is of the Parsons reaction type, but in one or two 
cases the Parsons impulse type has been fitted, notably 
in two destroyers for the British Navy and in several 
destroyers for foreign navies; this application is 
likely to find more favour in this country, as it has 
already done on the Continent. The geared system of 
turbine is regarded with greatly increased favour for 
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merchant steamers, and much interest is being taken 
in the two vessels with this system built for the 
Channel service of the London and South-Western 
Railway by the Fairfield Company, who have the co- 
operation of the Parsons Marine Steam-Turbine Com- 
any in the construction of the machinery. The Brown- 
Barts turbine has been adopted in several British 
warships, and has given satisfactory results. Vessels 
fitted with combination machinery are the Titanic, 
the Orama, and the Demosthenes, the particulars of 
which are given in Table ITI. Tt was only natural 
that two of the most important merchant vessels 
driven exclusively by turbines built this year should 
have been launched » A Messrs. Denny, of Dum- 
barton, who have throughout taken a prominent part 
in the application of this system, alike in the merchant 
and naval service, having on trial a destroyer with 
geared turbines. The two merchant turbine-driven 
vessels of this year are the Riviera and Engadine, 
built for the Dover and Calais express service. 

The horse-power of engines constructed in the 
various districts is given in Table IV. It will be 


TaBLE IV.—Horse-Power of Engines Constructed. 











_ } 1911 1910. | 1909. 1908, 1907, 
Clyde 7°7,000 | 621,000 | 648,500, 478,000| 674,000 
Other Seotch| | 

ports 47,700 30,700 24,500 55,000 6,900 
North - East 
District ..| 779,000 | 518,000 | 428,800, 8384,000| 652,000 
Humber 55,700 44,000 36,700 27,600 | 55,600 
Barrow 121,000 90,000 | 122,110 68,850; 15,150 
Mersey ..| 127,000 72,500 43,900 8,200 48,300 
Thames and 
other Eng 
lish ports..| 174000] 157,700 56,500 90,000| 178,000 
Ireland 150,100 | 137,700 123,800) 105,490 | 82,230 
——— } 
Total ..| 2,241,500 | 1,671,600 | 1,484,810 1,157,140 | | 1,712,180 











* 


seen that the Clyde builders have in this cant as 
in tonnage, marked a new record, their output being 
166,000 horse-power, or 26} per cent. greater than in 
the previous year, and 113,000 horse-power, or 163 
per cent. greater than in the year of maximum output 

-viz., 1907. A large proportion of this power 
is for warships, and ineluded in the total is the oil 
engine for the Jutlandia, of 3000 horse-power, built 
by Messrs. Barclay, Curle, and Co., and of the Bur- 
meister and Wain Diesel type. The North-East Coast 
builders have enormously increased their output as 
compared with the three preceding years, while on the 
figures for 1906, when the highest point was reached, 
the increase is 39,000 horse-power, equal to 5} per cent. 
The gain is principally i in warship machinery, of which 
a larger total than usual has been constructed on the 
Tyne. The Humber total power has grown proportion- 
ately with the tonnage, and the former >" —" - 
exceeded by 100 indicated horse-power. The Bu 
total is again very high, due to the fitting of authieeerin in 
the battle-cruiser Princess Royal, and other war craft. 
The Mersey total also marks a record, owing to the 
inclusion of six destroyers, which make up 107,000 
shaft horse-power of the total of 127,000 horse-power. 
The Thames and other English ports have also a higher 
total, although it falls 4000 horse-power short of the 
record in 1 Here again the warship work accounts 
for the increase. Ireland has to credit the highest 
total yet reached—12,400 horse-power, or 9 per cent., 
greater than in the previous year. The Titanic 
accounts for one-third of this total, while several 
large intermediate steamers, as noted in Table IIL, 
help to swell the aggregate. 

Work ror Foreign Owners. 

One-fifth of the total naval and mercantile tonnage 
by the firms of the United Kingdom was for colonial 
and foreign owners, the colonial tonnage bein 
57,609, excluding the warships for Australia an 
New Zealand, and the foreign tonnage, 342,000. Of 
the latter total Norway has taken e largest share 
of any country—89,984 tons, made up of moderate- 
size passenger and cargo-steamers, built principally 
on the North-East Coast. This is fully four times 
the tonnage in each of the two preceding years, 
and is 38,000 tons higher than the total of 1907, which 
reached the maximum. The Norseman has ‘always 
been noted for his seafaring tendencies, and there is 
no doubt that he is building up a new fleet of 
thoroughly economical ships, whereas formerly the 
practice was to purchase second-hand ships from this 
and other countries. Our shipowners will therefore 
have to face competitive rates cut more keenly by 


reason of the superior economy of the ship flying 
the Viking flag. Austria-Hun have stepped into 
the second place among the foreign countries, and 


their —. of 42,000 tons is nearly four times 
that of each of the two preceding years. Hol- 


land has also advanced considerably up our table; 
their total of 31,000 tons is three times that of the 
previous year, and nearly equal to the best in any 
year. The South American Republics have fallen from 
first to fourth place among the foreign countries, but 
when it is ween « sane that for the previous five years 


TABLE VII.—Propvucrion 1n 1911 or Eacn Surpsuitpine Firm In THE UNITED KINGDOM, WITH 
CoMPARATIVE FicurRES FOR Previous YEARS. 
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2 \Richardson, Duck, and Co. , Stockton-on- Tees.. 


2 |Robert teen and Sons, Ltd., Southwick, 


Pte &LBRS 


‘Alley and MacLellan, "Limited, Sentinel “Works, 


| 
| 





NAME OF Firm. 


Harland and Wolff, Limited, Belfast... .| 
Swan, Hunter, and Wigham Richardson, and 
Co., Ltd., Wallsend and Newcastle-on-Tyne. .| 

William Doxford and Sons, Ltd., Pallion, Sun- 
derland ‘ 

\Sir W. G. Armstrong, Whitworth, and Co., = 
Limited, Elswick, and Low Walker, Hew-| 
castle-on- -Tyne ; oe 

|Wm. Gray and Co., Ltd., West Hartlepool 

Russell and Co., Port Glasgow as os 

\Workman, Clark, and Co., Limited, Belfast - | 

\John Brown and Co., Limited, Clydebank, N.B.| 

|trvine’ 8 Shipbuilding and Dry Docks Company | | 
Limited, West Hartlepool 

Le on Shipbuilding Company, Ltd., 
Howden-on-Tyne .. 

Vickers, Limited, Barrow-i in- Furness 

William Denny and Brothers, Dumbarton on 

|Barclay, Curle, & Co., Ltd., Whiteinch, Glasgow 

\Fairfield Shipbuilding and Engineering Com- 
pany, Limited,, Govan, Glasgow ie “a 

R. and W. Hawthorn, Leslie, and Co., 
Limited, Hebburn Yard, Newcastle - on- 





Tyne .. aa = 7 ot ae 
J. L. Thompson and Sons, Limited, Sunderland 
|Palmer’s Shipbuilding and Iron Company, Ltd., 

Jarrow-on-Tyne 
| Alex. — and Sons, Ltd., Linthouse, Govan, 

Glasgow - 

Charles Connell Whis Co., Ltd. Scotstoun Ship- 


Ya Glasgow 
Sir Ray Iton Dixon and Co., Limited, Middles- 
brough-on-Tees 
John Readhead and Sons, Limited, “South Shields! 





Scotts’ Shipbuilding and Engineering rane ’ 

Limited, Greenock. . > 

lw. Beardmore and Co., Ltd., Dalmuir |. 

D. and W. Henderson and Go., Ltd., Meadow- 
side, Partick, Glasgow 

Craig, Taylor, and Co., Ltd., Stockton-on-Tees. 

Ropner and Sons, Limited, Stockton-on-Tees .. 

Cammell Laird and Co., Ltd., Birkenhead aa 

Short Brothers, Limited, Pallion, Sunderland 

Wm. Hamilton and Co., Limited, Port Glasgow 

Bartram and Son, South Dock, Sunderland 

Caird and Co., Ltd., Dalrymple-street, Greenock 

Thames Iron’ Works Shipbuilding and Engi- 
i. Dobeon and Co , Limited, Blackwall me 

Wim. Dobson and » Low Walker, Newcastle 
on-T: 

Earle’s Shipbuilding and Engineering Company, A 
Limited, H 

A. McMillan and Son, Limited, Dumbarton 

Sunderland Shipbuilding Company, Limited, 
South Dock, Sunderland. . 

Tyne Iron Shipbuilding Company, 
Willington Quay-on-Tyne 

Sir James Laing and Sons, Limited, Deptford 
Yard. Sunderland . 

Wood, Skinner, and Co., Bill Quay > Newcastle- 

| on- Tyne 

A. Rodger and’ Co., “Dock ‘Shipbuilding Yard, 

| Port Glasg 


Limited, 





Sunderland . 
J. Blumer and C 0.5 North Dock, Sunderland . 
James Priestman and Co., Southwick, Sunder- 


Napier and Miller, Limited, Old Kilpatrick, near 


G ee es oe os “ ie - 
Clyde Shipbuilding and Engineering Company, 
Limited, Port Glasgow .. al 
‘Smith’s Dock Co., Limited, Middlesbrough = 
\Caledon Shipbuilding and Engineering Com- 
pany, Limited, Caledon Shipyard, Dundee .. 
Greenock and Grangemouth Dockyard Com- 
y, Limited, Greenock 
William Pickersgill and Sons, Limited, ‘South- 
wick, Sunderland . 
Osbourne, Graham, ‘and Co., North Hylton, 
| Sunderland . 
|London and Glasgo Ww Engineering and lron- 
-- dees “Company, Limited, Gilas- 





is. ©. fn and Son, Limited, Wear Dockyard, 

| Sunderland .. 

Murdoch and Murray, ‘Limited, Port Glasgow . | 

Bly > ee Com pany Limited, Blyth.. ‘| 

Goole Shipbuilding an rin, Com y; 
Limited, FGool let ¢ ae om , on a 

‘Cochrane and Sons, Selby 

Cook, Welton, and Gemmeli, Limited, Beverley 


town 





a Shi ‘Co. | 
A. and J. Inglis, Limited, Pointhouse, | 
| Glasgow a 
|W. Harkess and Son, ‘Limited, Middlesbrough| 
Fleming and Ferguson, Limited, Paisley 4 
| Lobnitz and Co., Limited, Renfrew 5s a 
|Ailsa Shipbuilding Co., Ltd., Troon and Ayr . .| 
John Crown and Sons, Limited, Strand Slipway, * 
Le North Sands, Sunderland. . 
meg Brothers, Port Glasgow . oa 

iam Simons and Co., Limited, Renfrew .. | 
l¥, arrow and Co., Limited, Scotstoun . 
‘Mackie and Thomson, Limited, Govan, Glasgow! 
G. Rennie and Co., Thames-street, Greenwich. . | 
Hall, Russell, and Co., Limited, Aberdeen 





Ramage and Fe ‘erguson, Limited, Leith .. 
Robert Duncan and Co., Limited, Port Glasgow] 
John L. Thornycroft and Co., Limited, — 
Works, Southampton 

Bow, McLachlan, and Co., Limited, Paisley 
A. W. Robertson and Co., Canning Town ‘ 
The John Duthie Torry Shipbuil g Gomnpeny,| 
Aberdeen 


Polmadie, Glasgow a“ : 


is 
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Yearty | TE. ? 
oy By Averaer,) 305 bf 
* | 1901-10. | 3 EF a 
—— = te. 
ae eo =H 
g5% | 2% 
Year.| Tons. Tons. OFF 1 gs 
| 1911 | 118,209 | 80,875 1,900 | — 
1906 | 126,291 83,566 | 44,765* | 6200 
1907 | 106,058 | 54,549 | 48,013*| — 
1907 | 74,228 | 43,886 | 35,898 | 700 
1906 | 85,111* | 54,076" | 21,602 | — 
1904 | 73,689 | 62,065 1,382 | — 
1909 | 88,952 | 59,373 _ a 
1911 | 65,613 | 40,640 | 19,000 | — 
1906 | 78,574* | 48,844* | 10,075 | — 
1911 | 66,400 | 39,537 3070 | — 
1909 | 60,200 | 26,588 2,460 | — 
1906 | 40,632 | 32,943 a 
1907 | 47,332 | 31,261 5,300 | — 
1907 | 48,020 | 34,388 | 21,577 _ 
1911 | 39,504 | 21,817 | 11,430 | — 
1907 | 48,218 | 24,581 11,086* 
1911 | 39,342 | 23,734 4,247 | 1640 
1907 | 44,003 | 25,306 —_ _ 
1902 | 41,050 | 34,758 = 
| 
1911 | 36,782 | 23,666 14,781 | - 
1911} 32,911 | 23,193 4,193 
1911 | 36,244 | 21,571 7,547" | - 
1906 | 33,180 | 19,674 os as. 
1911 | 31,400 | 14,973 8,000 
1902 | - 39,849 | 25,485 | 10,093 | — 
1901 | 40,244 | 20,448 =e _ 
1906 | 35,890 | 27,740 a = 
1911 | 27,244 | 10,265 5,294 | 1064 
1911 | 31,425 | 23,666 ie = 
1907 | 44,305 | 22,443 | 10,926 | s00 
1911 | 24,610 | 12,763 Ac va 
1906 | 26,778 | 14,527 ~+ at 
1911 | 22,500 - = 
1906 | 24,811 12,751 = = 
1911 | 20,100 | 10,053 = = 
1907 | 21,918 | 17,416 5,607 
1911 | 19,469 | 12,348 1,502 | - 
1911 | 19,459 | 13,904 4,781 | — 
1901 | 39,200 | 26,6139 = a 
1911 | 15,118 9,049 | 13,304 | 1480 
1906 | 26,734 15,402 ns . 
1901 | 16,785 | 11,662 2,418 
1906 | 18,387 | 12,859 2,951 
1906 | 21,000 | 12,283 5,869 | — 
1907 19,785 14,671 3,0 — 
1909 | 13,305 8,686 4,200 
1911 | 11,983 5,265 sa a 
1906 | 12,570 | 9,234 3,361 
1906 31,236 18,029 1,731 — 
| | 
1905 | 23,950 | 12,377 5,919 | — 
1907 | 11,437 | 7,120 5,199 | — 
| 
1901 | 17,552 8,193 a | ~ 
1901 | 11,189 7,087 — |- 
1907 6,839 3,261 gas | 100 
1905 | 11,800 7,452 _ 
1911 8,905 6,232 6,597 | 3584 
1911 8,834 3,829 1, 
1903 8,36 5,626 — 
1911 7,400 3,361 4,469 : 
1901 | 12,204 4,543 5,604 — 
1911 7,117 2,959 885 | 1514 
1906 7,360 5,216 2,600 
1908 6,663 4,577 2,818 | 540 
1907 | 10,778 6,118 2,812 | 1585 
1909} 6,583 | 3,931 = © 
1911} 6,132 | 22,548 — | 
1901 8,650 7,627 6,100 | 900 
1911 5,931 2,0306 1,681 | 440 
1906 7,920 4,294 2,966 | 1994 
1910 5,441 2,394 4,028 | 4550 
1902 8,865 4,966 552 
1907 5,545 4,019 3,221 
1906 | 15,613 6,402 — 
1906 4,335 38,3336 = ss2 
1906 | 5,659 2,839 3,309 | St 
1906 | 4,227 2,6455 | 1,300 | 23ol 
1907 3,783 1,567 859 | — 
1910 | 3,500 2,5629 | 2,680 | 2076 


1911. 1910. 
| No. | Tons. No. Tons. 
“118,209 | 8 | 115,861 
125,050" | 16 | 70,012 
83,166 | 10 | 41,575 
| 
74,124 6 | 21,986 
84.ss2* | 13 | 60,377* | 
72,930 | 12 | 66,462 
66,399 8 | 49,993 
65,613 7 | 18,664 
73,430" | 8 | 31,440" 
66,400* | 10 | 50,080* 
49,960 7 | 18,130 
40,446 | — | 25.873 
40,134 | 6 | 38,544 
40,107 | 10 9,400 
39,594 7 | 23,970 
44,877" | 7 | 27,252 
39,342 3 | 30,010 
38,159 5 | 30,176 
37,850 5 | 32,791 
36,782 7 | 27,125 
32,911 5 | 17,873 
36,244" | 7 | 23,576 
31,478 20,250 
31,400 2 7,400 
29,247 3 | 15,492 
31,793" | 7 | 31,850" 
23571" | 6 | 26,677" 
7,994 | 33 | 17,197 
31,425 8 25,819 
26,101 7 | 22,825 
24,610 3 | 12,218 
23,477 | — = 
22, 500 1 970 
21,227 3 5,475" 
20,100 | uu | 15,915 
19,901 | 5 | 20,008 
19,469 6 | 11,401 
19,459 3 | 11,671 
17,786 1 3,753 
15,118 5 9,407 
15,067 3 5,929 
14,733 5 | 12,031 
14,701 3 8,643 
14,631 2 5,772 
14,004 5 9,190 
12,376 | 4 9,182 
11,983 | 33 5,087 
11,763 | 4 3,258 
11,643 | 7 9,277 
11,262 | 4 | 10,805 
10,001 3 5,369 
10,800 | 1 920 
10,047 | 38 5,750 
993 | 11 3,526 
9,258 4 4,896 
8,905 | 14 3,958 
8.834 | 17 23799 
7,522 | 15 3,562 
7,400 3 3,594 
7,871 3 2,109 
| 7,117 5 3,872 
| 6,700 10 5,970 
| 6,565 | 19 3,892 
| 6,562 6 5,140 
6,264 3 3,785 
6,132 7 3,050 
6,100 | 6 6,322 
5,931 6 1,386 
5,549 | 12 3,440 
5,323 | 28 5,441 
5,225 | 18 6,955 
5,164 4 2,743 
4,965 2 5,610 
4,247 | 10 2,934 
| 3,309 | 10 2924 
2.774 | 17 1,655 
2,751 | 12 1,654 
2,690 | 48 3,500 











* Includes erections. 
5 For five years. 


6 For six years, 


+ This incades the firm’s production at their Dundee shipbuilding ‘yard 
® For nine years, 
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TABLE VII.—Continued. 












































Yearty | t&. e, 
1911. 1910. Larorst TOTAL | aversos,| Se | So 
SINCE 1900. 1901-10 i BS 
No. NAME OF Firm. i 2 = a, 
nl esate ie. ae = —— wae ee 
as? |e 2 
| No Tons | No. | Tons. | Year. Tons. Tons. ome 1 BF 
79 J. Samuel White and Co., Limited, Cowes | 2,627 10 5,130 | 1910 5,130 | 2,2976 _ 
80 (George Brown and Co., Garvel Shipyard, | 
Greenock .. ‘ - a a. --| 7 | 2,624 8 1,167 | 1907 3,186 1,452 766 _ 
81 Lytham Shipbuilding and Engineering Com- " 
pany, Limited, Lytham .. ... .. ~—..| 20 2,212 | 13 1,956 | 1911 2,212 1,3449 1,021 | 572 
82 E. Finch and Co., Limited, Bridge Works, | 
Che w, Mon. .. ia io re --| 16 | 2,200 2 289 | 1911 2,200 = — j— 
83 John Fullerton and Co., Merksworth Building | | 
Yard, Paisley ~ ae ae = ae 4 | 2,140 5 2,344 | 1907 3,011 2,290 1,170 — 
84 John Chambers, Lowestoft. . - ae --| 2 1,987 30 2,079 1910 2,079 1,243 95 95 
85 Dublin Dockyard Company, North Wall, | | | 
Dublin - —_ on oe os a 2 | 1,976 3 | 1,078 | 1911 1,976 1,2486 1,134 ~ 
86 Jos. T. Eltringham and Co., South Shields’... 8 | 1,972 5 | 1,546 | 1911 ~=1,972 1,096 270 -- 
87 J. Searr and Son, Beverley and Howden, | 
Yorkshire .. ae - ee a ne 9 | 1,860 10 | 1,965 1905 | 3,300 2,194 — 1660 
88 W. H. Warren, New Holland, Lincolnshire ll 1,725 9 | 1,270 | 1911 1,725 684 = 1700 
89 Alex. Hall and Co., Limited, Aberdeen .. 10 1,650 9 1,885 | 1910 1,885 1,406 o- — 
90 ‘Richard Williamson and Son, Workington ‘ 3 1,637 3 1,748 | 1906 1,999 1,2386 | _ 600 
91 Sudbrook Shipyard, Sudbrook, Chepstow oa 8 1,573 37 7,535 | 1908 | 8,424 5,2116 1,172 645 
92 Ardrossan Dry-Dock and Shipbuilding Com- 
pany, Limited, Ardrossan “ “ oa 5 1,533 3 1,632 | 1902 2,167 1,165 1,225 _ 
93 'H, Scarr and Son, Hessle, near Hull a wa 1,470 9 1,970 | 1910 1,970 1,154 — 1110 
94 'Forrestt and Co., Ltd., The Shipyard, Wyvenhoe| 34 1,391 7 699 | 1911 1,391 5956 988 431 
95 Ritchie, Graham, and Milne, Whiteinch, | 
Glasgow oe oe as oe ee ye 9 | 1,340 21 2,315 1904 | 3,556 2,113 1,025 940 
96 |Scott and Sons, Bowlin; om o om wa 7 1,280 9 2,505 | 1904 2,909 1,952 763 _ 
97 ‘Dunlop, Bremner, and bo., Port G Ww oud 1 1,156 — — — | _— — _— _ 
98 Edwards and Co., Limited, Millwall, i oe 1,072 14 815 1906 | 1,875 1,0366 874 843 
99 |\Camper and Nicholsons, Ltd., Gosport, Hants 6 976 10 1,292 | 1910/ 1,292 — 45 64 
100 |W. J. Yarwood and Sons, Limited, Northwich..| 14 | 971 13 975 | 1909 1,787 611 241 450 
101 J. P. Rennoldson and Sons, South Shields in 5 | 820 6 1,108 | 1901 2,609 1,489 — — 
102 Beeching Brothers, Limited, Yarmouth. . a om 752 7 530 | 1911 752 4186 ~ — 
103 \Isaae Pimblott and Sons, Northwich .. --| 22 | 725 24 | 457 | 1911 725 3985 660 623 
104 |Mackay Brothers, Alloa... »e o <a 3 705 1 642 | 1907 4,607 1,5975 509 _ 
105 |Hanna, Donald and Wilson, Paisley .. 1 700 —-; — _ _ _ _— 700 
106 John Cran and Co., Limited, Leith - --| 12 602 4 | 209 | 1907 | 622 3588 106 13 
107 Crabtree and Co., Limited, Southtown, Great | | 
OS” ane a ae ae & 581 4 515 | 1911 | 581 1,777 _ _ 
108 Fellows and Co., Limited, Southtown, Great 
Yarmouth .. me e ‘a ma ia. @ 509 5 414 | 1907 570 3096 - 
109 Isaac J. Abdella and Mitchell, Limited, Queens- } 
| ferry .. - * ae oA i --| 10 | 500 31 | 678 _ _ — 473 22 
110 Hepple and Co., Limited, South Shields 6 | 450 8 | 1,094 | 1910|' 1,004 543 204 _ 
111 Philip and Son, Dartmouth, Devonshire --| 10 374 8 810 | 1910 | 810 6176 158 16 
112 White Brothers, Itchen, Southampton .. 3 | 349 5 173 _— — — 269 _ 
113 | William Walker, M on se ee. 1 | 291 2 | 668 1905 1,165 370 -- _ 
114 |W. Fife and Sons, Fairlie .. a os “a 9 | 261 8 212 | 1908 299 242 8 261 
115 |P. McGregor and Sons, Canal Basin Shipyard, | 
Kirkintilloch ee - _ oe ou 7 250 4 | 286 1903 435 248 190 60 
116 Larne Shipbuilding Company, Limited, Larne..| 2 240 2 | 170 - 265 _ 100 
117 R. Macallister and Son,Dumbarton ..  ..| 3 | 176 | 5 “tae 190 1408 a 117 
118 MacLaren Brothers, Dumbarton, - --| 28 155 34 149 — 33 22 
119 ‘George and Thomas Smith, Limited, Rye = 3 153 3 168 | 1907 | 297 195 —- 153 
120 Fred. Braby and Co., Limited, Victoria Wharf, | 
Grove-street, Deptford, S.E.  .. ms ia. es 135 12 500 | 1907 636 4065 40 135 
121 H. Shrubsall, East Greenwich .. .. .| 1 | ns | — -— jw | — — —- | — 
122 Simpson, Strickland, and Co., Ltd., Dartmouth] 24 109 22 109 | 1907 | 266 454 29 | 7 
123 Edward Hayes, Stony Stratford .. a na 4 91 6 103 — | _— _ 91 _ 
124 A. M. Dickie, Tarbert, N.B. “~ na 6 87 _ — — —_ — 35 
125 |Alfred Dodman and Co., Ltd., King’s Lynn 1 80 = - _ _ | — —_ | os 
126 J. Weatherhead, Eyemouth ee hi S| 63 1 12 — — 175 | 
127 |W. White and Sons, Cowes - 3 | 53 _— — - ~- = an eee 
128 |Hawthorns and Co., Limited, Leit! we 2 | 45 3 378 | 1905 1,425 | 627 25 | 2 
129 J. G. Fay and Co., Limited, Southampton 4 | 40 3 82 — — | — 37 | 40 
130 J. Adam and Sons, Gourock, N.B pe 4 30 | — _ ~ —- | = - | un 
131 |A. Munro, Ardrishaig, N.B. 5 | 30 - _ — _— ee ites. Za. 
132 W. Luke and Co., Hamble .. 5 27 2 15 | 1911 27 | -- - 16 
133 Stow and Son, Shoreham 1 | 18 1 “2 Ee - | - | is | 18 


Sg For five years. 6 For six years, 
they have been taking an average of over 55,000 tons, 
it is not surprising that the demand should have been 
somewhat diminished. It is still, at 29,400 tons, 
quite satisfactory, and indicative of enterprise in 
opening up trade through internal waterways. Den- 
mark has taken a much larger quota, including 
TABLE V.—Countries whereBritish-Built Foreign- 
Owned Ships were Registered. 


1907. | 1906. 





| 

















— 1911. | 1910. | 1909. | 1908. | 
tons tons | tons | tons | tons tons 
Colonies, India,é&c. | 57,609 33,571 | 89,160 51,883) 88,221) 22,566 
Norway ..  ../ 89,984, 19,334 | 23,264 |29,137'51,213| 44,306 
Austria-Hungary 42,087) 11,132 | 11,579 | 20,117 80,697} 13,248 
Holland ./31,016 10,008 | 25,087 | 33,146 28,991) 3,976 
South American 
Republics —.. | 20,413) 43,255 | 76,066 | 57,832| 53,826) 49,101 
Denmark .. ./14,902, 1,487 | 690 | — |12,068) 14,777 
Japan 19,621. — | — _ | 1,150] 9,822) 1,974 
France 14,708 15,065 | 15,141 | 16,710 19,665| 18,069 
Germany .. 13,097 27,020 | 12,041 | 16,623) 35,274) 104,526 
Greece 13,013} 3,611} — | 9,272) 3,487) 8,025 
Sweden 12,037) 20,017 | 19,481 | 17,816) 20,856! 23,769 
Russia 10,551) 18,241 7 | 2,600) 3,725| 20,527 
Belgium 9,562) 10, 20,636 |39,941) 4,054) 4,996 
ina 6,875} — 3,965 | '230/ '150| 1380 
Mexico | 3,299) 140 150 | — 253; — 
Spain. 3,056 2,385 | 12,283 |18,044| 357) 7,793 
Portugal .. ,704) 7,946 | 3,887 | 4,030) 1,694) 6,670 
United States 1,683) 454 174 | 2,043, — | — 
Italy 1,210) 8 | 5,398 |17,807 60,200 6,839 
Turkey 828 908 —- |— _ 3,327 
Siam 481 _ —_— 4965 — | — 
Egypt 450/ 3,147 610 | 462) 3,828) — 
| 





one large ship from the Clyde. Japan has been a 
better patron this year, principally for moderate-sized 
vessels, built on the North-East Coast. France has 
had several ships, as has Germany, while Greece, 
Sweden, and Russia have been clients each for three 
or four ships. The other foreign clients are enumerated 
in the table above, but, owing to the nationality not 








8 For eight years. % For four years. 

having been returned to usin the case of all foreign ships, 

we have not been able to make this table complete. 

It, however, indicates generally the trend of foreign 
tronage. 

Pree Work IN Scor.anp. 

In Table VI., and on the di m, Fig. 2, e 27, 
there is recorded the tonn eect in bed the 
districts into which we ve divided the United 
Kingdom. The Clyde takes the first place with a ton- 
nage half as much again as that of the Tyne, more 
than double that of the Wear, and more than four 
times that of the Tees or Hartlepool. The total tonnage 
in the Scotch river, too, is the highest yet recorded, 
being 8000 tons more than in 1907, which formerly 
marked high-water mark, and 239,000 tons more than 
in the previous year, when, however, the production 
was checked owing to labour troubles. The total is 
249,000 tons above the average for the three pre- 
ceding years, which may described as fon 
years, and 44,000 tons above the average for the 
three fat years, 1905-07. The result is thus most 
satisfactory, and there is good promise of continued 
activity. Of the 403 vessels built, twelve, including 
three warships, were over 10,000 tons, while five 
others were between 8000 and 10,000 tons. Thus 
seventeen vessels were over 8000 tons as com 
with four in the previous year and 13 in 1909. Of the 
general traders between 2000 and 5000 tons there 
were 34, as compared with 32 in the previous year, 
65 in 1909, and 32 in 1908. But between 5000 and 
8000 tons there were 36, as compared with only 15 in the 
previous year, so that we have thus agreement with the 
general trend of increase in size. Sixteen of the 
vessels launched, having a tonnage of over 75,000 tons, 
were warships ; four were turbine merchant steamers, 
one was fitted with combination machinery ; 39, of 
191,000 tons, were twin-screw merchant steamers ; 107, 
of 296,000 tons, were single-screw steamers ; and 10, of 





7000 tons, paddle-steamers. The builders of dredging 
lant have had a year ; 35 dredgers and hopper 
rges, of a collective tonnage of 22,750 tons, have 
been launched, while 77 ordinary barges and lighters 
were built. There were 10 tug steamers, as against 
9 in the previous year ; 9 stern-wheel steamers, as com- 
pe with 3 ; 44 motor-boats, as compared with 45 ; 
sailing yachts, as compared with 15; and 9 fishing 
steamers, as against 6. There were also 10 steam-yachts, 
the largest of 921 tons. The proportion of foreign work 
done is rather less than in the preceding years, being 
equal to 21.5 per cent. of the total tonnage, as compared 
with 24.6 od cent. in the previous year, 24.2 per cent. in 
1909, and 34 per cent. —the largest ratio in any year—in 
1908. The principal clients were again the colonies and 
India, their quota being 44,600 tons. South America 
was also a good client, taking 10,822 tons. Holland 
took three large ships, aggregating 16,533 tons. France 
is credited with 6003 tons, while the totals by other 
countries were: Denmark, 5544 tons; United States, 
1683 (a dredger); China, 1625 tons; Portugal, 1381 
tons; Italy, 1210 tons; Siam, 481 tons; Egypt, 450 
tons ; and Austria, 250 tons. 

In the other Scotch ports the results have been very 
satisfactory, for although the total falls far short of 
the highest figure reached in this century—which was 
56,000 tons in 1906, as compared with 41,000 tons last 
year—the firms have been fairly well employed, the 
total being nearly double that of the average of the 
two soting years. The sail tonnage is larger than 
usual, 6717 tons, and the proportion for foreign owners 
39 per cent., which, although not the highest, is much 
above the average ratio. The vessels range up to 
2548 tons, but 121 out of a total of 144 were of less 
than 500 tons. The chief clients other than British 
were Colonial and South American. 





Nortu-East Coast. 


On the North-East Coast between Blyth and Hartle- 

| there were launched 346 vessels, of 993,000 tons. 

his is 126 vessels and 397,000 tons more than in the 

previous year, the tonnage being 664 per cent. higher 

than in the previous year. The aggregate for the dis- 

trict is, however, 78,000 tons less than the record total 
of 1907. 

The output on the Tyne was equal to 418,000 tons, 
which is { tons higher than the previous record of 
1906. The most notable vessels built were H.M. 
battleship Monarch, launched at Elswick, and the 
Cunard ae Laconia, launched by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited. There 
were also three vessels between 8000 and 10,000 tons. 
In the previous year there were only six vessels over 
6000 tons, whereas last year there were 13, while 
between 5000 tons and 6000 tons there were last year 
14 vessels, as compared with four in the precedin 
year. Of general traders, between 2000 and 5 
tons, there were 46, as compared with 31 in the pre- 
vious year. Again, as to the tonnage not registered 
in this country, the total on the Tyne equals 28.7 per 
cent. of the total, nearly double the ratio of the pre- 
vious year, but less thanin any of the preceding five 
years (see Table VI.). Of foreign clients, Norway 
was the principal, taking 28,035 tons. Austria came 
next with 20,849 tons; Germany took 13,097 tons; 
Spain, 10,602 tons; Holland, tons; Denmark, 
9458 tons; Ruseia, 5918 tons; Japan, 5661 tons ; 
the Colonies, 4924 tons ; Belgium, 5793 tons ; China, 
2750 tons; Mexico, 2700 tons; France, 1700 tons; 
and Turkey, 828 tons. 

The builders on the Wear in 1910 considerably 
improved their position, more than trebling their 
lowest output in 1908, from which date they have 
steadily improved their position, as shown in Fig. 2 
and in Table VI. Their 1911 total of 287,000 tons 
still falls short by 56,000 tons of their highest total 
in 1906. A greater proportion of the tonnage has gone 
to foreign owners than in 1910 (26.5 per cent.); but 
this is less than the average ratioin recent years. The 

rincipal foreign clients were: Norway, which took 

9,301 tons; Austria-Hungary, 12,696 tons; Greece, 
9451 tons; Japan, 7001 tons; France, 4667 tons; 
Russia, 4448 tons ; South America, 3101 tons; Spain, 
2099 tons ; and Sweden, 1435 tons. All the vessels 
were steamers, and they range in tonnage up to nearly 
7500 tons, eight being over tons, and 46 between 
3000 and 5000 tons. In this case we have the excep- 
tional] result that only seven of the vessels were under 
1009 tons. 

The Tees have also steadily improved their position 
from the low-water mark of 1908, when the output was 
59,000 tons. In the following year it only reached 
64,000 tons, and rose in 1910 to 111,000 tons. Last 
year it went up to 143,000 tons, the measurement 
of exactly 100 ships. This is more than equal to 
the total of 1907, and is only 8000 tons less than 
the high-water total of 1906. It must be remem- 
bered, however, that the past two years have had 
the advantage of the not inconsiderable output 
of fishing and small craft from the Smith’s Dock 
Company's new works. The advent of this yard 
has added a large number of small vessels to the Tees 
output, and last year there were 68 under 1000 tons, 
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TABLE VIII. —PRODUCTION | OF MARINE MACHINERY BY EACH FIRM IN THE UNITED KINGDOM. 
| H T | ANNvaL | | | Hionest Toran | ANNUAL 
1911. 1910, eee 1900, | Avanaca, || | 1911, | 1910, aINon 1900. | AVERAGE, 
No. NAME OF Firm. “ 1901-11. No. NaME OF Fir. | . 7 1901-11. 
-— papeemne: uber price ioe tae — | ee 
LH.-P. | Year.| LH.-P. | LH.-P. LH. P. Year.| LH.-P. LH.-P. 
ert R. and Ww. Hawthorn, Leslie, and Oo.,| | } 45 McKie and Baxter, Copland-road, Govan... 10,395 8,395 1911 10,395 6,808 
Limited, St. Peter’s Works, Newcastle-on-| | | j 46 Hall, Russell, and Co., Limited, York-street 
Tyne, and Forth Banks | 132,2u0 39,500 | 1911 | 132,200 | 48,779 Aberdeen 10,010 7,965 1907 10,010 7,132 
2 (Cammell Laird yp Re Ltd., Birkenhead| 122,249 | 69,300 | 1911 | 122,249 | 83,342 47 ————_ Brothers, Newark Shipyard, Port oe ir 7700 _ 
ickers Sons an axim, Limited, Naval } | y ’ y 7,7 | 5,906 
° ‘ Senstvadtion ia Ly -in-Furness. | 121,000 | 90,000 1909 | 122,110 57,800 || 48 Alla Shipbuiling Company, Limited, anes vos | sen —— 

John Brown and Co., Limited, Clydebank, roon, .. y | » | 4 | 22,4914 
cer Ghene .. seen! 104,550 | 77,700 | 1906 | 108,900 | 47,82 | 49 Bow, McLachlan, and’ Co., Ltd., Paisley} 97350 | 10.120 | 1910| 10,120 | S441 
5 Yarrow and Co., Limited, Scotstoun| | 98,590 30,860 | 1911 98,590 25,589 50 |Lobnitz and Co., Limited, Renfrew, N. a 8,850 4,070 1908 8,970 5,937 
6 on Eastern Marine Engineering Com- | 5L |Fleming and Ferguson, Limited, Paisley e 8,500 7,300 | 1904 10,500 7,940 

ny, Limited, Wallsend-on-Tyne and | } | | || 52 | William Simons and Co., Limited, eget 8,315 10, 490 1908 18,910 | 11,523 
-7— x 98,105 | 85,156 | 1907 | 121,470 | 95,222 53 | Plenty and Son, Newbury mi 7,064 | 1911 7,064 pei 
7 ‘Harland and Wolff, Limited, Belfast ..| 96,916 | 100,130 | 1903 | 100,400 67,583 54 Ramage and Ferguson, Limited, Leith -| 6,600 | 4,150 1907 | 6,500 5,0256 
g |Wallsend Slipway and Engineering Com- | } || 55 |A, ger and Co., Helen-street, Govan ..| 5,650 | 3,100 | 1907 | 13,775 6,467 
pany, Limited, Wallsend-on-Tyne .| 72,800 | 67,250 | 1906 | 115,500 | 58,556 56 J. Abernethy and Co., Ferryhill nn } | | 
9 Denny and Co., Dumbarton .. .| 72,650 | 65,900 | 1911 72,650 52,560 | | Aberdeen : 5,445 3,230 | 1911} 5,445 | 1,803 
10 | Blair and Co., Limited, Stockton .. 71,150 | 41,950 | 1911} 71,150 42,410 || 57 |Maccoll and Pollock, Limited, Wreath Quay, 
11 | Parsons’ Marine Steam Turbine Company, | | | Engineering Works, Sunderland . -| 5,230 | 6,820 | 1906 11,457 | 8,408 
ee, Turbinia Works, Wallsend-on- | | | | 58 | Aitchison, Blair, and Co., Clydebank | 4,560 | 3,550 | 1911 | 4,560 2,4336 
Tyn 68,500 | 35,500 1911 68,500 33,320 59 \Crabtree and Co., Limited, Great Yar-| | | 
12 ‘Fairfield Shipbuilding ‘and Engineering | | mouth . -| 4,535 | 6,400 | 1907 | 8,120 | 4,810 
| Company, Limited, Govan, Glasgo 67,250 100,200 | 1907 | 112,000 60,457 || 60 J. T. Eltringham, and Go., South Shields" 4,275 2,100 _ —_ - 
18 ‘Richardsons, Westgarth, and Co., o Limited, | | 1] S| G. T. Grey, South Shields im | 4,055 5,070 1908 | 10,0385 | 5,455 
Middlesbrou Hartlepool, and Sun-| } |Elliott and Garrood, Beccles and Lowes-| | | 

| derland . . ~_ | 63,630 63,325 | 1901 | 120,150 | 67,854 | toft | 8,850 3,450 | 1907 | 3,845 | 3,3404 
14 |David Rowan and Co., Glasgo 58,050 44,030 | 1911 58,050 | 38,047 || 63 \Muir and ‘Houston, Lid., Portman-street,, | 
15 ‘Thames Iron Works, Shi Shipbuilding and } | | | Kinning Park, Glasgow 2 3,840 | 8,230 1904 14,900 10,739 

| Engineering Company, L Le, Greenwich | 52,000 12,000 | — _ | _ | 64 A. Hall and Co., Ltd., ‘Yorcetresi } | 
16 | Workman, Clark, and Co., Limited, Queen’ | | | || | Aberdeen , 3,550 | 3,200 1911 3,550 | 2,7646 

road, Belfast |. 51,800 36,300 | 1909 | 76,550 44,190 || 65 Campbell and Calderwood, Paisley ;: . .| 3,110 | 1,470 | 1903 4,065 | 3,850 
17 |John . Thornycroft ‘and Co., Limited, | } | || 66 Vauxhall West H -draulic Engineering, } } 

Woolston Works, Southampton .. 49,530 57,750 | 1910 | 57,750 3,3975 || | Company, Limited, Luton fi 2,935 | 3,370 1908 4,228 | 2,752 
78 |W. Beardmore and Co., Limited, Dalmuir| 49,000 | 26,500 1911 | 49,000 12,0606 || 67 [Lytham “4 building and Engineering 
19 |George Clark, Limited, "Southwick Engine, | | |. Com imited, Lytham 2,895 | 8,200 1911 2,895 | 17,35 
were Sunderland eee 47,316 20,200 | 1906 | 51,500 37,135 | 68 | Pee! = and Sons, Albert Quay, Aber-| . cet 
29 | William Doxford an Sons, imited, Pallion, | | | 2,859 | 292 — | _ | ~- 
| Sunderland. 43,450 18,600 | 1911 43,460 22,918 || 69 ue and. Macfie, Limited, Kinning Pari 
21 Central Marine Engine Works, Wesi Hartle-| 1] | Glasgow -| 2,790 3,070 1910 3,070 | 1,330 
poo! 41,360 28,200 | 1901 47,700 28,626 || 70 |Great Central Co-Operative. Engineerin 
22 Dunsmuir and Jackson, Limited, Windsor-| | |] and Ship-Repairing Company, Limi | 
street, Govan, Glasgow ..| 40,500 | 15,850 | 1906 41,325 | 24,768 || | Grimsby 2,500 1,680 — | _ — 
23 Alex. Stephen and Sons, Limited, Lint-| | | 71 |Simpson, Strickland, ‘and Co., Limited, | | 
house, Govan, Glasgow of 40,000 | 31,460 | 1911 40,000 | 22,988 || Dartmouth 2,497 1,380 1908 | 3,042 | 1,8009 
24 John Dickinson and Sons, Lid., Palmer's| | | |} 72 |T. and J. Hosking, Dockhead, "Bermondsey | 2,345 _ — | — - 
Hill Engine Works, Sunderland. vi 838,820 | 20,5388 | 1906 55,000 29,119 73 |J. P. Rennoldson and Sons, South Shields..| 2,300 8,225 1902 5,525 | 4,166 
25 J. Samuel White and Co., Limited, Cowes..| 37,195 | 66,230 1910 66,230 25,011 |, 74 |Gouldie, Gillespie, and Co., Broomhall) | 
26 Barclay, Curle, and Co., Limited, 36, Fin-| | } | Engine Works, West Scotland-street, | 
nieston-street, Glasgow 32,750 | 25,800 1907 40,582 | 24,142 | Glasgow wis 2,050 | 1,070 | 1907 2,700 | 1,4968 
27 D. and W. Henderson and Co., Limited, | | | || 75 |John ate ‘and Co., Shore, Leith ..| 2,000 | 410 | 1907 3,947 | 953 
190, Elliot-street, Glasgow .. 29,835 | 12,790 | 1902 | 35,300 20,483 76 |Carver and Co., Yarmouth .. .| 1,800 | - — _ | - 
28 Swan, Hunter, and Wigham Richardson, | 77 |Dunlop, Bremner, and Co., Port Gla ow. 1,800 | = | 1906 7,870 | 3,200 
Limited, Wallsend-on-Tyne and New-! | | } 78 |Fishers, Limited, St. Mirren — Wo, | | 
castle-on-Tyne. . .| 27,050 | 21,800 | 1906 | 32,550 | 22,035 | Paisley .. ..| 1,680 2,150 | 1910| 2,150 |  1,4635 
29 Palmer's Shipbuilding « and Iron Company, | | | 79 |Baird Brothers, North Shields" = 1,600 | 1,020 1909 | 1,860 | 6508 
Limited, Jarrow-on-T 27,000 33,100 1903 43,800 | 28,403 80 |Teaac J. Abdella and Mitchell, Limited, 
30 Earle’s Shipbuilding oat Engineering as | | } | | Queensferry | 1,590 | — };— _ - 
pany, Limited, Hull 26,920 29,040 1901 30,000 | 15,081 || 81 |McColl and Co., Ltd., Abercorn Basin, | 
31 London and Glasgow Engineering and wen: | | H | Belfast .. ..| 1,400 | 1,300 | 1905 1,300 7308 
Shipbuilding Company, Ltd., Lancefield. | | | | 82 \Hepple and Co., South Shields - ..| 1,898 | 1,050 | 1907 2,745 | 12,034 
street, Glasgow 26,000 | 12,500 | 1901 | 28,300 12,760 83 | Philip and Son, ‘Dartmouth . 1,310 | 2,915 — | — = 
32 Caird & Co., Ltd., Arthur-street, Greenock 23,000 | os | 1905 30,000 16,000 84 |Rose Street Foundry Company, Inverness..| 1,270 | — —; — | = 
83 Scotts’ Shipbuilding and Engineering Com- | | |, 85 |James Ritchie, Partick 1,210 1,325 1905 3,080 1,4866 
pany, Limited, Greenock .. 22,100 25,000 | 1906 | 50,100 26,725 || 86 A. and W. Robertson and Co., Custom 
34 Rankin and Blackmore, 24, Baker- street, | | | | | House Engine Works, Victoria Docks, E. | 900 | _ — | _ —~ 
| er oe TS sed, a ze 18,600 | 30,850 1910 | 30,850 18,530 87 we and Greig, Britannia Engine Works, on | | 
35 |A. and J. Ing’ is, imi ‘64, arroc! | | ndee . os el | _ — | — — 
street, Glasgow 18,259 6,950 | 1911 18,259 6,717 88 Menzies and Co., “Limited, Leith aa 555 175 1905 1,250 470 
36 John Readhead and Sons, Limited, * South! | 89 |W. J. Yarwood and Sons, Ltd., Northwich 547 1,034 a _ - 
Shields .. 17,050 9,500 | 1911 | 17,050 12,015 90 Clyne, Mitchell, and Co., Limited, Com- 
37 John G. Kincaid and Co., Limited, " James) } mercial-road, ‘Aberdeen’. 480 | _ _ _ | _ 
Watt Dock, Greenock 15,840 10,900 | 1907 22,750 15,025 91 W. Sisson and Co., Limited, Elmbridge: | 
38 Ross = ‘Duncan, Whitefield Works, Govan, | road, Gloucester ‘ 455 250 1908 950 420 
Gh 15,180 11,200 1911 15,180 11,410 92 Maclaren Brothers, Dumbarton mA ile 435 _— _ _ - 
39 WW. V: Lia rwood, Coatbrid ad 14,605 6,870 | 1907 16,540 | 9,358 93 |W. White and Sons, Cowes os oa 316 | _— _ — 
40 Caledon _Shipbulg an — hind | | 94 Cox and Co., Falmouth nm 300 594 1906 2,000 1,500 
Company, Limited, Dund: 13,970 7,800 | 1911 13,970 | 98,4866 95 |Hawthorns and Co., Limited, Leith . a 300 1,540 1906 2,550 1,2335 
41 Amos and Smith, Limited, Albert Dock En-| 96 |E. Hayes, Stony Stratford ’. 292 535 - — — 
gine Works, Hull _ 5 a -| 13,440 4,640 | 1907 14,620 9,298 97 A. Dodman and Co., Highgate ‘Works, 
42 The Clyde Shipbuilding an gineering) } ing’s Lynn ‘ 275 | —_ a — - 
Company, Limited, Port Glasgow -| 12,950 7,000 1905 18,000 | 11,135 98 White Brothers, Itchen, Southampton - 225 — — _ - 
43 Charles D. Tiolmes and Company, Limited, 99 Alley and MacLellan, Limited, Sentinel) | 
Hull .| 12,910 | 7,325 1906 17,110 10,087 | ‘orks, Polmadie, Glasgow... ‘ 60 880 | 1904 2,520 1,1079 
44 Shields Engineering and Dry Docks Com- | 100 |W. Luke and Co,, Hamble " 35 75 | 1910 7b 32 
pany, Limited .. --| 12,55 11,365 | 1910 | 11,865 6,045 | | 
} | | 


4 For four years. 


while others range vp to nearly 8000 tons. Only four 
of the vessels were over 5000 tons, while between 3000 
and 5000 tons there were 19, — the same 
number as @ year ago. Colonial and foreign clientéle 
took 22,000 tons, equal to 14.5 per cent.—rather less 
than the average ; Norway taking 7822 tons ; Austria, 
7387 tons; Japan, 6959 tons; and Sonth "America, 
1248 tons. 

The two firms at Hartlepool have been exceptionally 
busy, their advance from the lowest B ewe in 1908 a 
shown both in Fig. 2 and Table VI.) being 
than in the case of the firms on the Tees, i 
being from 37,000 tons to 136,000 tons. This latter 
figure is 24,000—equalling 15 per cent.—less than 
in the year of record output (1906). All the vessels 
were steamers, and 27,000 tons were for colonial 
and foreign owners, 19.9 per cent. of the total. 
This proportion fluctuates considerably on this river, 
having been as high as 39.60 per cent. and as low as 
5.9 per cent. during the past seven years. The foreign 
ships were: four for Norway, two for Belgium, two 
for Holland, and one for Greece. The vessels built 


ranged between 1000 and 6000 tons, with one excep- 
tion—a ship of 8470 tons. In the previous year the 
principal ships were between 3000 and 4000 tons, 
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numbering ten. Last year there were eleven between 
these two ranges,and twelve between 4000 and 5000 | 
tons. 


OruerR Encuisn Districts. 


Of the other English districts the largest output is 
from Barrow, due to the great activity at Messrs. 
Vickers’ works ; and so far as present indications 

a. this activity is likely to continue for some time, 

cause, in addition to the vessels completing—i.e., 
already launched (including the battleship Princess 
Royal, which is a sister ship of the Lion, fully des- 
cribed and illustrated in this issue)—they have on hand | 
an even more powerful ship of the same type for Japan, 
with machinery for a second battle-cruiser for Japan, a 
battleship for ee toy and a battleship of still greater | 
wer for the British Navy, in addition to other smaller 
ut important work. On t e Mersey the conditions have 
steadily improved, and here also the works pro- 
mise to continue active, a large part of the output 
including destroyers and small sooth for foreign owners. | 
On the Humber the work, with the exception of that | 
turned out by Earle’s Company, was mostly as suc 
craft of the drifter or fleeter type, as egy 5 as = 
miscellaneous boats as tugs, barges, 





8 For eight years. 


9 For nine years. 


total tonnage, it will be seen, is the highest reached 
for a long time, being 8000 tons more than in 1906, 
| and 16,200 tons more than in the previous year. 
As to the work done in the other English districts, 
reference need only be made to the battleship Thun- 
derer, built by the Thames Iron Works, and to the 
various destroyers constructed by Messrs. anne 
croft, of Woolston, and Messrs. White, of Cowes, to 

which reference was made in our article in last week's 


| issue on warship building during the year. Of the 
| foreign tonnage provided by the various English ports, 


South America took the greater part—over 8000 tons 
—which included the iat destroyers built by Messrs. 
Cammell Laird and Co. 


IRELAND. 


Ireland has again created a new record in respect 
of the total tonnage produced, — added 19,700 
tons to the record output of 1910 he advance is 
clearly shown in Table VI. Last year a less tonnage 
than usual was built for foreign owners, the ratio 
being only 1.61 per cent. With the exception of & 
barge of 100 tons, no sail tonnage was completed. tod 
feature is really the size of the ships launched, am 
in Table II. we have named the merchant ships exc 
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ing 10,000 tons, of which Ireland built eight last year, as 
compared with six in the previous year. Between 
8000 and 10,000 tons there was one vessel, as compared 
with three in the previous year, and between 6000 and 
8000 tons two, as compared with four last year. 
Between 5000 and 6000 tons there were five, and 
between 4000 and 5000 tons one, the remaining seven 
yessels being less than 3000 tons. 


PRODUCTION OF SHIPBUILDING FIRMs. 

We give in Table VIL., pages 28 and 29, the tonnage 
output of each firm as sent tous. The first place, it will 
be seen, is taken by Messrs. Harland and Wolff, Belfast, 
with a total of 118,209 tons, the measurement of ten 
vessels, six of which, as recorded in Table III., are 
over 10,000 tons, while of the others one is 7988 tons, 
and the three remaining vessels are small craft. All 
are British-owned. The horse-power totals 96,916. 
The total tonnage is the largest yet reached by the 
firm, but is not quite a record for any one firm, this 
honour having been attained by Messrs. Swan, Hunter, 
and Wigham Richardson and Co., Limited, in 1906, 
with 126,291 tons. This firm takes the second place 
in our list this year, when deduction is made from their 
figures for deck erections ; with erections their total, as 
sent to us, is 24 vessels, of 125,050 tons. Their return is 
an interesting one, including the Cunard liner Laconia 
and a torpedo-boat destroyer; while of the total 
tonnage, 44,765 tons (including erections), or 36 per 
cent., was for foreign owners. The firm built the 
machinery for 12 of the vessels in their list, the 
collective power being 27,050 horse-power. The 
return includes two floating docks. Messrs. William 
Doxford and Co., Sunderland, take third place on the 
list with 17 vessels, the tonnage, including erections, 
being 95,300 tons, and the Board of Trade measurement 
83,166 tons. This is practically double the output of the 
previous year, but is about 23,000 tons less than the 
total in the year of highest output—namely, 1907. 
One of the vessels was of the turret type ; most of the 
others were single-deckers or shelter-deck steamers. 
Of the total, rather more than half was for foreign 
owners, principally Norwegian and Austrian. 

Sir W. G. Armstrong, Whitworth, and Co., Limited, 
take fourth place with 13 vessels, of 74,124 tons, their 
list including the battleship Monarch and the Chinese 
cruiser Chao-Ho. The foreign merchantmen included 
two vessels for Norway, two for Japan, two for Austria- 
Hungary, and one for Russia. essrs. William Gray 
and Co., West Hartlepool, built 18 vessels, with a ton- 
nage which is within 200 or 300 of the highest reached, 
and 40 per cent. greater than in the previous year. 
The sixth place is taken by Messrs. Russell and 
Co., Port Glasgow, who again top the Clyde list 
with 14 vessels, of 72,230 tons, which is 5800 tons 
more than in the previous year, and within 1500 tons 
of the highest reached. Their only foreign work was a 
steamer for Portugal. Messrs. Workman, Clark, and 
Co., Belfast, again take a high place, in view of their 
output of 66,399 tons, all for British owners. Two 
were over 10,000 tons. Although 22,000 tons less than 
the highest yet reached, the firm’s output is 16,400 
tons more than in the previous year. 

Messrs. John Brown and Co., Clydebank, although 
they only take eighth place in the list with a pro- 
duction of eight vessels, of 65,613 tons—the highest 
reached by the firm this century—make a return which 
is more interesting from many points of view than 
those already referred to. Their list includesa battle- 
cruiser for the Australian Navy, two torpedo-boat de- 
stroyers, an Orient liner with combination machinery, 
three merchantmen, and the largest steam-yacht of the 
year, a vessel of 921 tons. The horse-power of the 
machinery for these vessels makes the largest aggregate 
returned by the firm—104,550 indicated horse-power ; 
in addition, the firm were associated with the London 
and Glasgow Company in the construction of the 
Brown-Curtis turbines for the British cruiser Yar- 
mouth. Irvine’s Shipbuilding Company, of Hartlepool, 
are ninth on the list ; two of the ships were sent to 
Antwerp, and two to Rotterdam. Their total is more 
than double that of the previous year, but is 5000 
less than that of the year of largest output. The 
Northumberland Com y, Limited, come tenth on 
the list, with 13 vessels, of which seven were of the 
company’s well-known "tween-deck type, to carry 
about 7500 tons deadweight. All, with the exception 
of an Amsterdam ship, were for British owners. 

Messrs. Vickers, Limited, take eleventh place in 
the list, their output being 49,960 tons, which includes 
a battle-cruiser, a protected cruiser, a destroyer, and 
several submarine boats for the British Navy, a 
cruiser for China, a tug steamer for Montreal, 
and a large floating dock for Aberdeen—the largest 
of the type built during the year. We have already 
referred to the work they have on hand, and 
need only point out that their output of machi- 
nery for the year, totalling 121,000 indicated horse- 
power, places them in a high ition on our list 
of engineering firms. Messrs. William Denny and 
Brothers, of Dumbarton, is another firm with a great 
variety of interesting work, where also the value per 
ton is much greater than in the case of many other 
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firms. Their list includes five to o-boat de- 
stroyers, two turbine Channel steamers, a New Zealand 
steamer, a British India steamer, two for their 
old clients — Messrs. Patrick Henderson and Co. 
—a tug - steamer and a number of light - draught 
craft, principally for the Indian and Burmese rivers. 
‘the total is within a few tons of the highest reached— 
1906 —and is 14,573 tons greater than in the pre- 
vious year. Messrs. Barclay, Curle, and Co., who are 
set thirteenth in the list, deserve honourable mention, 
as they are the first of the British firms to build a large 
oil-engine (3000 brake horse-power) for ship propul- 
sion. The vessel—the Jutlandia—is now being com- 
pleted, and will be tried in the course of the next two 
or three months. The year’s output is 7200 tons less 
than the maximum, but is 6590 more than in the 

revious year. Of the other vessels built three were 
for the British India Company, two for the Ellerman 
Line, one for the Union-Castle Line, one for the Liver- 
pool and Hamburg Steamship Company, the remaining 
vessel being the Danish ship in which oil-engines have 
been fitted. : 

The Fairfield Company, Limited, Govan, include 
the battle-cruiser for New Zealand, two steamers for 
the London and North-Western Railway, fitted with 
geared turbines, and three twin-screw steamers, one for 
the Union-Castle Line, one for the Union Steamship 
Company of New Zealand, and one for the Canadian 
Lake service—the Saguenay. (See ENGINEERING, vol. 
xcii., page 350.) Messrs. Hawthorn, Leslie, and Co., 
Limited, Newcastle-on-Tyne, produced three torpedo- 
boat destroyers, seven merchant ships of between 
4000 and 6000 tons (two of them for Swedish owners), 
and two small twin-screw vessels for the Bosphorus. 
The destroyers had their machinery supplied by the 
firm, who also constructed machinery for two battle- 
ships and two cruisers built elsewhere, so that their 
total of 132,000 horse-power places them at the top 
of this year’s list of marine engineering firms in 
the United Kingdom. Messrs. Joseph L. Thompson 
and Sons, Limited, Sunderland, who are sixteenth 
on the list, include in their return two foreign ships, 
and their vessels range from about 3700 up to 5122 
tons, the largest for Norwegian owners. The total is 
about 50 per cent. higher than in the previous year, 
but still falls short of the maximum. ‘I'he Palmers 
Company, Jarrow-on-Tyne, have done better this year 
in respect of tonnage produced than in any year of this 
century. The tonnage last year is made up mostly of 
intermediate cargo ships. The firm have, however, 
been busy on the completion of the Hercules and on 
the initial stages of the battle-cruiser Queen Mary, of 
the Lion type, so that the distribution of money in 
wages must have been as t as in any recent year. 
The output of the other firms is recorded in the table. 
We regret that want of space prevents us from refer- 
ring further to the work done by them. 


THE PropuctTion oF ENGINEERING Firs. 


In Table VIII., on the opposite page, there is given a 
list of the firms who produced marine engines, arranged 
according to the total power for the past year. ‘Ihe 
firms at the top of the list are those identified with 
warship building, and it is not surprising, in view of 
the speed of all our warships, that the machinery pro- 
duction of such firms shows remarkable increases. That 
of Messrs. Hawthorn, Leslie, and Co. is due to the inclu- 
sion of machinery for two battleships, two cruisers, and 
three destroyers, and that of Messrs. Cammell Laird to 
the inclusion of six destroyers and one or two merchant 
vessels. Messrs. Vickers built and fitted machinery to a 
variety of warships, as already indicated, while refer- 
ence has also been made to the production of Messrs. 
John Brown and Co., Limi Messrs. Yarrow’s 
return includes five destroyers and a torpedo-boat, a 
turbine-yacht, and several fast small craft. The North- 
Eastern Company, on the other hand, devoted them- 
selves exclusively to merchant work, and, as in all pre- 
vious years, they occupy a prominent position. Of their 
total, 55,080 horse-power, the machinery for 26 vessels, 
was produced at their Wallsend Works, and 43,025 
horse-power, for 28 vessels, at their Sunderland Works. 
Theiroutput, it will be seen, is 13,000 horse-power higher 
than in the previous year, but is over 23,000 horse- 

wer less than in the year of maximum output—1997. 

essrs. Harland and Wolff's total, which is nearly a 
record, is due entirely to merchant work. In the 
Wallsend Slipway and Engineering Company’s return 
there is included the frome <n for a Sater and 
for the Cunard liner Laconia. In addition, the 
firm have engined fourteen vessels built by five 
different firms on the river, and their total, which 
is 72,800 indicated horse-power, is 5550 more than in 
the previous year, and considerably above the average 
for the past ten years. Messrs. Denny and Co., 
Dumbarton, also include warship machinery—i.e., 
for two destroyers. In addition they built the tur- 
bine machinery for two Channel steamers and a 
variety of types of engines for other merchant and 
river craft. ‘heir total is the highest yet reached by 
the firm, and is 6750 horse-power more than in the 

receding year. Messrs. Blair and Co., Limited, 
tockton-on-Tees, also have a record output, due 








entirely to merchant work, while the Parsons Com- 
~~ include in their return the turbine machinery 
or # battleship, two destroyers, and geared turbines 
for a Channel steamer. Messrs. Richardsons, West- 
garth, and Co. have an average output, due entirely 
to merchant work ; while Messrs. D. Rowan and Co., 

w, have exceeded their annual average during 
the past decade by 20,000 indicated horse-power. The 
Thames [ron Works total includes the machinery of the 
Thunderer and of the cruiser Chatham built at the dock- 
yard further down the Thames. Messrs. Workman, 
Clark, and Co.’s total is also exclusively due to mer- 
chant work. Messrs. Thornycroft have in their total 
two torpedo-boat destroyers, a yacht, two tug-boats, 
and quite a fleet of motor-launches. Messrs. Beardmore 
and Co., Limited, include the machinery of a ——- 
and destroyer, while Messrs. George Clark, Limited, 
Sunderland, who have more than doubled their previous 
year’s output and come within 4000 of the maximum, 
make up their total with moderate-power merchant 
engines. The same applies to Messrs. Doxford, of 
Sunderland, to the Central Marine Engine Works, of 
Hartlepool, and to Messrs. Dunsmuir and Jackson, of 
Govan. Messrs. Alex. Stephen and Co., of Linthouse, 
the only other firm producing more than 40,000 horse- 
power, include eight vessels, of which the machinery 
of three were for twin-screw steamers, all of them 
British liners. The output of the other firms produc- 
ing machinery is recorded in the table, and it will be 
seen that in very few cases is the production less than 
in the previous year. 








Tuer Locomotive Exports or THE UNITED Kincpom.— 
The value of the locomotives exported from the United 
Kingdom to November 30, this year, was 2,075, 902/., com- 
pared with 1,555,714/. in the corresponding period of 
1910. The demand for our locomotives in British India 
in the first eleven months of this year was represented by 
a value of 457,371/., against 280,786/. in 1910. Business 
with South Africa has been Couns this year, 
engines having only been taken to the value of 35,213/.; 
the corresponding total for the first eleven months of 1910 
was 276,379I. 





Tur Roav Boarp.—The Road Board have circularised 
the county councils of England and Wales with reference 
to applications for advances towards works to be carried 
out during the next financial year, and have communi- 
cated to them the minute of the Board with reference to 
road crust improvements. General directions for sur- 
facing an existing road with steam-rolled water-bound 

am have been prepared by the Advisory Engineer- 
ing Committee, and have been issued, under the authority 
of the Board, by Messrs. Waterlow and Sons, Limited, 
London Wall, Lendinn E.C., from whom they may be 
obtained at the price of 6d., post free. 





York Coneress AND EXHIBITION, 1912.—A public 
meeting to inaugurate arrangements for the Congress and 
Exhibition of the Royal Sanitary Institute, to be held at 
York from July 29 to August 3, 1912, has been convened 
4 the Lord Mayor of York, in the Mansion House, on 

ednesday, January 10, at 3 p.m. The President of the 
Con is the Archbishop 4 York. The officers are— 
for Section B, Engineering and Architecture : President, 
J. Walker Smith, M. Inst. C.E., Chief Engineeering 
Inspector, Local Government Board for Scotland ; 
Recording Secretary, A. Saxon Snell, F.R.1.B.A., 22, 
Southampton Buildings, Chancery-lane, W.C. ‘I'here 
are in all ten sections. 





PROGRESS OF TRAFFORD Park.—The Southern Cotton 
Oil Company, of Great Britain, opened new works in 
Liverpool last year. This company are now erecting ex- 
tensive premises in Trafford Park to produce 2,000,000 lb. 
of lard per week. Annexe, Limited, are building a large 
works, which will operate more than 50,000 tons of grain 
ned annum. Messrs. John Greenwood and Sons, Black- 

urn, have just completed the erection of their large new 
flour mill in Trafford Park, on a site where they obtain 
direct communication with the Manchester Ship Canal 
Company’s grain elevator. They will very soon com- 
mence operations. The Co-Operative Wholesale Society 
have just made provision for extending their flour mill. 
The Manchester Ship Canal Company have established 
a warehouse in Trafford Park for the storage of cotton. 
The English Textilose Manufacturing Company have 
acquired extensive premises, where they will shortly 
commence to manufacture cloth from paper materials by 
the Claviez process. The Ford Motor Company, of 
America, have recently chosen Trafford Park as the 
location for their English factory, and have established 
extensive works. Works are about to be erected also for 
the Brothers Chemical Company, Rawtenstall, who are 
moving to Trafford Park to secure the railway and 
shipping facilities available there. Messrs. A. Blake and 
Co., motor-carriage builders, Liverpool, have rented a 
small factory for the manufacture of motor accessories. 
The British Reinforced Concrete Company, Limited, are 
now building works where they will manufacture wire 
cloth for reinforcement, fencing, &c., under the Clinton 
tents. Messrs. John Dewar and Sons, Limited, are 
uilding an extensive bottling and distributing dépét. 
The Drake Street Printing Company are erecting print- 
ing works. The British Dyewood Company, of Bury, 
have just taken premises on the same site. The Dahistrom 
Metallic Door Company, of America, have rented a fac- 
tory on the site. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southainpton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


077/10. A. Muirhead and C. F. C. Wilkins, 
Electrical Devices. [6 Figs.) 

November 9, 1910.—This invention relates to electrical connection 
devices used with damp-proof casings for enclosing condensers, 
artificial line resistances, and the like; said devices comprising 
an insulating body portion in which is fixed a metallic mass for 
connection with the apparatus within the casing, and which is 
also provided with means for fixing it in the lid of the casing. 
The insulating hody portion of the connection device is moulded 
into a metallic collar, which is provided with a flange or other flat 
surface intended to be soldered to the metallic lid of the casing. 
The collar may be provided with a jamb-nut which can be screwed 
down on to the metallic lid for additional security. The body of 
the tion device ists of a block a of insulating material, 
having a central passage extending from end to end thereof. 
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At the shoulder, which is formed where the reduced extension a! 
meets the upper portion of the body, the latter is moulded into 
a metal collar 6, the upper end of the body being provided 
with the usual hollow metal socket c. The socket ¢ is pro- 
vided with the usual flange closely fitted to the upper end 
of the body a, and, as usual, it is also screw-threaded at its 
upper end and provided with clamping-nuts d, d. The collar ) 
projects outwardly from the body @ in the form of a flange, 
which is soldered to the lid ¢ of the casing. In order to assist 
the solder joint in securing the collar b to the lid e of the 
casing, a jamb-nut may be screwed on to the upward extension 
of the collar. The leads A from the condenser or other apparatus 
within the casing are passed up through the central passage in 
the insulating body and then joined, by soldering, to the hollow 
socket c. (Accepted November 15, 1911.) 


17,768/11. Siemens- Schuckertwerke G.m.b.H., 
Berlin, Germany. Induction Motors. [4 Figs.) August 4, 
1910.—-The speed of a rotary field induction-motor may be regu- 
lated by impressing on the slip-rings of the motor electromotive 
forces such that when it is required to run the induction-motor at 
a higher speed than its normal load speed, power is supplied to 
the rotor, or when it is required to run the induction-motor at a 
speed lower than normal load speed, power is supplied by the 
rotor to the external circuit impressing the said electromotive 
force. In this connection rotating field tator hi 
may be used in cascade with the main motor. In order that the 
main motor may be enabled to pass through its synchronous 

d, ite rotor circuit must be fed with direct current, since 
thereby the torque necessary to still accelerate the rotor when 
the rotor runs in synchronism with the rotating field is produced. 
A rotary field commutator generator can, however, only supply 
direct current under certain conditions. In a self-excited com- 
mutator machine of the kind referred to, the resultant of the 
stator and rotor ampere turns produces the magnetic field. Fig. 2 
shows diagrammatically the resultant current bands of stator and 
rotor, the two outer intersecting circles representing the distri- 
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bution of current around the stator winding, and the two inner the 
distribution of current around the rotor. It is assumed that the 
ourrents follow the sine law. Thect rrent bands may be represented 
by vectors is, ¢r; is referring to the stator ampere turns, and ir 
to the rotor ampere-turns. ¢ two vectors make an angle a with 
each other, the angle depending on the arr t of windings 
and position of the brushes. With a series arrangement of stator 
and rotor windings, the angle a would be equal to the effective 
displacement of the brushes from the position in which the mag- 
netic axes of the stator and rotor windings coincide and the 
respective ampere-turns oppose each other. The displacement 
is indicated in Fig. 1, in which s and r are the stator and rotor 
windings respectively. The vectorial sum of the two vectors i s 
and ir is denoted in Fig. 3 by ie, and represents the magnetisin 

current of the system producing in turn a field F. is fiel 

generates, in rotating, electromotive forces in stator and rotor 
windings, The vectors re nting these electromotive forces 
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coincide in direction with the field producing them. The magni- 
tudes of the electromotive forces generated in the windings 
obviously on the velocity of the field relatively to the 

stator and rotor windings. If the field F is stationary in space, 





the generation of direct current may take place, the question of 

ble working of the machine must, however, be considered. 
The stationary field F generates an electromotive force only in 
the rotor winding, the electromotive force Er being in phase 
with the field. Since the periodicity of Er in the external 
circuit by reason of the commutator is zero—that is to say,a 
direct current electromotive force is generated, any current 
flowing will be in phase with E r. e rotor ampere-turns 
vector i r must therefore turn so as to coincide in direction with 
Er; the stator ampere-turn vector is, however, turns by a corre- 
sponding amount, since the phase difference between the two is 
determined by the existing disposition of brushes and windings. 
When the relation of the vectors is such as indicated in Fig. 3, 
the magnetising current ie, the field F, and the electromotive 
force E r would continually alter their phase, instability would 
occur, and the field, electromotive force, and current vectors 
would rotate continuously in space. In order that the field F 
may remain stationary in , the electromotive force Er must 
coincide from the start with the rotor ampere-turn vector ir. 
The magnetising ampere-turns must therefore make an angle of 
90 deg. in space with the rotor ampere-turns, in order that the 
field may generate an electromotive force in the rotor in phase 
with the rotor ampere-turns. In every rotary field commutator 
motor two values may be easily varied—firstly, the phase angle a 
between the stator and rotor effective windings ; this may, for 
example, be effected by brush displ t; and, diy, the 
ratio of the effective ampere-turns of rotor and stator, which may 
be termed the current transformation ratio. The latter may be 
varied by means of transformers, tappings, double brush-sets, and 
other known means. In order that the rotary field commutator 
machine may generate direct current, the displacement angle a 
and the current transformation ratio should, according to the 
invention, be regulated so that when the motor whose speed is to 
be controlled is passing through synchronism, the current trans- 
formation ratio of the commutator-machine should be equal to 
the cosine of the displacement angle of the current systems of its 
stator and rotor. (Accepted November 22, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


19,233/1. Firm Robert Bosch, Stuttgart, Ger- 
m: ° to Ignition. (2 Figs.) May 15, 1911.—For 
short-circuiting the current of magneto ignition apparatus, the 
rotation of the lever which adjusts the period of ignition through 
a certain angle causes a spring mounted thereon, and insulated 
therefrom, and connected with the insulated pole of the primary 
winding, to make connection with the frame of the machine. + is 
the insulated spring, which is connected with the insulated pole 
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of the primary winding of the armature. ais the ignition-lever. 
In the side-plate c a pin d is fixed in sucha position that the spring 
b, as soon as the ignition-lever has been turned past the position 
for retarded ignition, comes into contact with the pin d; the 
latter being connected with the frame of the machine, the current 
produced in the magneto apparatus is thus short-circuited, so 
that the ignition is cut out. In this manner it is possible by means 
of a rod which serves for adjusting the ignition, also to cut the 
ignition out or in. (Accepted November 1, 1911.) 


9994/11. W. Wingfield, Norbury. Internal-Com- 
bustion Engines. (4 Figs.) April 25, 1911.—The present 
invention is designed to enable the combustion-chamber to be 
cleaned with great facility, and to avoid the necessity of taking 
the engine to pieces and disturbing adjustment of the parts when 
this operation is necessary. The cylinder is provided with an 
aperture, preferably rectangular in shape, opening from the com- 
bustion-chamber through the wall of the cylinder to the outside, 
through which the combustion-chamber and the top of the piston 
can be conveniently cleaned without interfering with any of the 
working parts. A removable device is adapted to close such 
aperture, and is furnished with means for securing it in position. 
@ is the cylinder casting provided with a water-jacket b, d is the 
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combustion-chamber at the top of the cylinder a, ¢ is a rect- 
angular aperture extending from the combustion-chamber d to 
the outside of the casting. The closing device consists of a plug f 
of a size and shape to fit exactly within the aperture e, and to 
come flush with the inner surface of the cylinder. This plug J is 
provided with oo g which is furnished with holes by means of 
which it is bol to the outside of the casting when in position 

When the combustion-chamber and the top ot the piston become 
foul and coated with carbon, it is simply necessary to remove the 
closing device and insert.a scraper through the aperture e, by means 
of which the carbon deposit can be easily removed from every 
surface of the combustion-chamber and from the top of the piston. 
(Accepted November 22, 1911.) 


MOTOR ROAD VEHICLES. 


24,505/10. The Dunlop Pneumatic Tyre Com: ° 
Limited, and F. J. Keegan, Coventry. Wire Wheels. 
(2 Figs.| October 21, 1910.—According to this invention, the 
spoke-head and the screw-threaded sleeve by which the spoke is 
tensioned are of such character that they engage by means of 
spherical contacting surfaces which allow the spoke to have a 





swinging or oscillating movement for the purpose of taking up, 
and thus reducing, the vibration on the spoke resulting from the 
excessive strains that take place in wire-spoked wheels. ais a 
portion of the rim, } an internally screw-threaded nipple, c the 
screw-threaded sleeve engaging with the nipple, and d the spoke. 
The nipple and the sleeve are provided with flat surfaces or square 
ends, in order that one may be held stationary while the other is 
rotated to tension the spoke. d! is the spherical head of the 
spoke ; this head engages with a spherical socket at the outer end 
of the sleeve c. The sleeve is formed with a restricted neck, 
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through which the spoke passes, and which may be rounded at 
its inner periphery so as not to prevent the spoke from moving 
as aforesaid. From the neck the bore of the sleeve is of greater 
diameter than the diameter of the spoke, so forming an annular 
space, which permits the spoke to swing or oscillate from its 
head. The spherical head and socket constitute a universal joint, 
thus allowing the spoke to swing in all directions. The sleeve 
may screw into a threaded hole or bush in the rim instead of 
me into the detachable nipple 6. (Accepted November 1, 
1911, 

10,800/11. W. S. Clayburn, Darli _ Vehicle 
Sprin: (2 Figs.) May 4, 1911.—This invention relates 
to a means for connecting the springs to the frame of an auto- 
mobile, and differs from known arrangements in that a screwed 
bar s through the eye on the end of the spring and that a 
similar bar passes through the eye of the spring bracket fixed 
on the frame of a vehicle. On the ends of these screwed tars are 
fitted discs, partly cylindrical and partly conical. Round the 


Fig 2 








discs are fitted twoseparate members held in position by bolts and 
springs. The centre pieces A are discs with the working surface 
b partly cylindrical and partly V-shaped, as shown at Fig. 2, so 
as to give the maximum amount of wearing surface, and are con- 
nected to the spring and frame by means of screwed bars C. 
Straps fit round the discs and are held in position by bolts and 
springs, the amount of friction being adjustable by the springs. 
The discs are grooved and form receptacles for oil, which is sup- 
plied from the lubricator holes h. (Accepted November 15, 1911.) 


RAILWAYS AND TRAMWAYS, 


25,840/10. The Leeds Forge Com y, Limited, 
and E. D. H. Rowntree, Leeds. Railway Under- 
es. [3 Figs.) November 7, 1910.—This invention relates to 
railway wagons of the type in which the draw and buffing-gear is 
carried on bogies instead of on the underframe. The bogie frame is, 
according to this invention, so constructed thatshocks are trans- 
mitted between the buffer beam of the bogie and the underframe, 
or vice versd, directly through special contacting parts so di: 
that the reaction point is above the top of the centre pivot. g is 
the buffer beam, and A and i hard-metal strips constituting 
abutting parts. In order to allow the wagon to negotiate curves, 
these abutting parts A, i are made the one concave and the other 
convex in plan, the curved faces being arcs of circles struck 
from acentre coinciding with the centre of the bogie-pin f. These 
curved surfaces may actually touch each other, so that they 
transmit the shocks under all conditions, or, if desired, and in 
order to reduce friction between the underframe and the bogie 
when negotiating curves, a slight clearance may be allowed nor- 

















mally between the abutting parts of the underframe and bogie, 
so that these parts do not come into actual contact with each 
other except when the shocks rise above a certain intensity, 
draw ana buffing stresses below a normal low amount being trans- 
mitted through the centre pivots. The curved surfaces h, ‘ 
of the underframe and bogie may be both made straight in 
vertical section, or one may be made convex and the other 
straight, as illustrated. Similarly, one of the surfaces may be 
concave and the other convex. The buffer beam is approx!- 
mately in the same horizontal’ plane as the underframe, but the 
invention is equally applicable when the buffer beam is located in 
a plane that is not approximately that of the underframe, the 
essential feature being that the abutting parts of the bogie and 
underframe transmit shock at a height above the top of the bogie 
pivot. Stiffeni jieces are introduced into the bogie frame be- 
tween the bution hone and the part of the frame which forms the 
curved abutment co-operating with the underframe. (Accepted 
November 15, 1911.) 
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PROPELLER EROSION. 


As is well known, the introduction of the steam- 
turbine for the driving of screw propellers gave rise 
to serious difficulties of an engirieering character, | 
since the speed of rotation most suitable for the | 
turbine was much too great to be satisfactory for 
the propeller. It is, perhaps, less generally known 
that an equally difficult metallurgical problem 
arose at the same time. Steel papers, as fitted 
to boats having reciprocating machinery, were, it 
is well known, subject to erosion or corrosion, 
which generally was most marked at the back 
of the blades, not far from the tips; but it 
was found that all trouble of this kind was 
completely obviated by constructing propellers 
of manganese bronze. Such propellers outlasted 
the vessel to which they were fitted, and at 
the finish had a considerable scrap value, so that 
they came into very extensive use. When, how- 
ever, the same alloy was used for the propellers of 
turbine-driven vessels, erosion reappeared, and 
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often of a very serious character. In some cases 
the propellers were attacked in much the same way 
as the old steel engine-driven screws, but, generally, 
it was most marked on the faces of the blades and 
near the hub, rather than the tip. The attack was 
often extraordinarily rapid, and in Figs. 1 to 4, 
annexed, we show cases in which erosion has been 
negligible, which may be compared with the ex- 
tremely serious wastage experienced in other 
examples, and represented in Figs. 5 to 12, page 34. 
The stereoscopic views, Figs. 8, 9, 10, and 11, are 
particularly instructive, examined in a stereoscope. 
These have been photographed from specimens cut 
from the first set of propellers of the Mauretania, and 
exhibited at the recent Anglo-Japanese Exhibition. 
These original propellers had three loose blades, 
and an over-all diameter of about 17 ft. The metal, 
it will be seen, is eaten away to the depth of 
in some cases more than 2in. The financial aspect 
of the question was thus very serious. Propellers 
of the alloys in question cost anywhere between 
130/. to 1801. a ton and have a scrap value of less 
than half that amount, while the rapidity of the wear 
was such that in the case of the Mauretania and 
Lusitania they would, had no remedy been found, 
have required replacing every few months, at a cost 
of some thousands of pounds, since each propeller 
weighed about 20 tons. 

'n the case of the Mauretania the wing propellers 
Sullered more than the others. The damaged area 


on the blades was situated about 2 ft. from the 
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root and covered an area of 3 to 4 sq. ft., and, as 
stated, the depth to which it extended was over 2 in. 
The appearance of the eroded surfaces suggested 
galvanic action as being the responsible agent. 
This led to a thorough investigation of the elec- 
trical condition of the ship, but the potential 
differences were found to be insignificant and quite | 
insufficient to account for the extraordinarily rapid 
wastage of the material. 
The Manganese Bronze and Brass Company, | 
Limited, of Caxton House, Westminster, accord- | 
ingly decided to thoroughly investigate the whole | 


question, with a view to discovering some alloy | 
which would possess at once the desired resistance | 
to erosion, and have a tensile strength of some 38 | 
to 40 tons per square inch. The investigation was | 
entrusted to Dr. O. Silberrad, of the Silberrad 
Research Laboratories, Buckhurst Hill, Essex, 
who had already carried out some very important 
work of a not dissimilar character on behalf of the 
Admiralty. The prospects of success were not at 
the outset very promising, but in the end an alloy 








was discovered which is now in actual service on 
the Mauretania and has proved itself practically in- 
erodible (see Fig. 16, page 35). An examina- 
tion of the damaged propellers showed that the 
eating away was quite different in character from 
ordinary corrosion in still water. In that case, if 
dissolution takes place, it is selective in character, 
the zinc being dissolved, a spongy mass richer in 
copper being left. No similar phenomena were 
apparent in the case of the eroded blades. Analysis 
showed no semen enrichment ; the results agreed 
with the intended composition with extraordinary 
accuracy. There was, however, one special «pecu- 
liarity, the detection of which constituted the first 
step in the discovering of aremedy. It was observed 
that though, as stated, the wasting away was not 
selective as between copper and zinc, yet it was 
so as between the eutectic and the ‘‘ mixed crystals” 
constituting the main mass of the alloy. . The latter 
were practically unaffected, but the eutectic was 
washed away. 

In this manner Dr. Silberrad proved the erosion 
to be.dependent on the structure, rather than on 
the chemical composition of the alloy or its mecha- 
nical properties, and it was anticipated that alloys 
free. from eutectics would. be found to resist 
erosion. The difficulty, however, was to combine 
the required structure with the requisite tensile 
strength. The problem would have presented no 
difficulties were a resistance of 15 tons per sq. in. 


Investigation showed that the structure required 
corresponded to the pure 8 condition, but alloys 
having an excess of the 8 constituent were known 
to be brittle. The research therefore next turned 
upon discovering what additions to the copper and 
zinc would remove this objectionable feature with- 
out affecting the desired structure. As _ stated, 
the research was carried out by Dr. Silberrad. 
Each alloy produced was tested for tensile 
strength and for ductility, and was then subjected 
to an erosion test. To this end the metal was 
subjected to the eroding action of water travelling 
at a known high velocity under a head of 3 tons 
per sq. in. ‘The time which clapsed before a 
standard loss occurred was then a measure of the 
resistance of the metal to erosion. 

The course of the research was largely guided by 
the following theoretical considerations. When 
another metal is added to a copper-zinc alloy in 
such quantity that it enters into solution in either 
the a or the 8 constituent, it alters the structure ; 
but a simple brass, containing copper and zinc only, 
can always be formed having the same structure. 
Such an alloy may be referred to as an imaginary 
brass. The relation between the two alloys can 
be expressed as follows:—If a material contains 
C per cent. of copper, Z per cent. of zinc, and X per 
cent. of a third metal, then an imaginary brass 
having the same physical properties will consist of 
C, per cent. of copper and Z, per cent. of zinc, 
where 


» _ 100(Z +tX) ; ee 
M1 =". 7-4-4X- 4 Or =.409. 4 X= 1) 


In these formuls ¢ is a coeflicent which has different 
values for different metals. 

In making such substitutions, it is, however, 
essential that the amount added shall not be sufii- 
cient to give rise to the separation out of a third 
ingredient. The limit in the case of aluminium is 
10 per cent., and about 8 per cent. in the case of 
manganese. 

Dr. Silberrad calculated out the amounts of 
aluminium, tin, silicon, manganese, iron and nickel, 
which could be used as a substitute for zinc or 
copper in a Cu Zn alloy without altering its struc- 
ture, and some of these ternary or quarternary 
alloys proved to have physical properties consider- 
ably superior to the corresponding imaginary brass. 
TaBLe I.—The Relative Resistance to Erosion of a Few 

of the Alloys Examined. 

















b 4 é 98 Physical Properties of Alloys. 
sn pes _ — 
Designationof 2. 33% 7 | 
Alloy. S22E°8 st g2. 
Sa°a| @2 243 a lg3e 
eSEst| E§ 23 | Se ises 
BEa23| 35 2s Eo Eas 
aver! 52 rte | Bg jae 
, Hours. | Tonsper Tonsper| Per 
Standard ~ High sq. in. | sq. in. | cent. 
Tension Bronze | 
(various makers) 24.7 | 
Alloy No. 188 . 30.0 | 
Alloy No.190 .. 89.7 
Alloy No, 287... 23.6 | 
Alloy No. 298... 43.2 20 99 120 
Alloy No. 851 :.| $2.8 | (32-34 16-18 | 12-204 | 19, 
Alloy No. 528 46.65 } 173 
Alloy No. 660. 50.9 o 
Alloy No. 955. . 57.0 | } 131 
Alloy No. 1003 .. “4.8 | | 132 
Turbine Alloy 117.2 |) 83-34 18 | 12-15 | 131 
Parsons’ New , | 
“Turbadium”..| 140.0 |/38—40 18—19 | 15 131 





An enormous number of specimens were tested 
during the investigation, and in Table I. we give 
a few selected results, showing how the resistance 
to erosion was step by step increased. «The 
best of these has been patented conjointly by Mr. 
P. R. Parsons, of the Manganese Bronze and Brass 
Company, Limited, and Dr. Silberrad, and is 
being introduced for propellers under the name of 
‘*Turbadium.” This, as will be seen from the table 
given above, has a tensile strength of 38 to 40 
tons per sq. in., an elastic limit of 18 to 19 tons 
per sq. in., and an elongation of 15 per cent. on 
2in. In the.erosion tests it showed an endur- 
ance about five times as great as that of the 
ordinary high-tension bronze, and this~ laboratory 
conclusion has beer confirmed in actual service. 
We show on page 35, Fig. 16, the condition of 
one of the turbadium propellers of the Mauretania 
after six months’ service. And in Figs, 1, 2, 3 
and 4, the condition of all four propellers after 
running for periods varying from one to three 
years. It will be seen that they are practically 
untouched. We give in Figs. 12 to 15, page 35, 
micro-photographs of four of the alloys tested, The 





suflicient, but one of some 38 to 40 tons was required. 
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alloy represented in Fig. 12 had a typical a struc- 
ture, and on test reached the standard limit 
of deterioration by erosion in 24 hours. In 
Fig. 13 the structure is a mixture of a and 8 con- 
stituents with a certain proportion of a third con- 
stituent. In this case the time taken to effect the 
standard amount of deterioration was 47.5 hours. | 
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A further improvement in resistance to erosion 
was reached with the alloy represented in 
Fig. 14. Here the structure is mainly 8, but 
there is also present another special ingredient. 
With this alloy the limit of erosion was reached 
in 73.5 hours. The structure of turbadium 
metal is represented in Fig. 15. 

These remarkable results indicate that the 
alloy in question may find other applications. 
For instance, we have known a case of a velocity- 
compounded exhaust-steam turbine fitted with 
ordinary brass blades, which were completely 
cut to pieces within about a fortnight of start- 
ing up. Again, in large water-turbines there 
have at times been extraordinary cases of 
erosion, the whole turbine being destroyed after 
a few months’ working. In the case of these 
latter the originating cause has been bad design. 
Passages have been shaped so that certain parts 
of the rapidly-moving fluid have been under a 
negative pressure, and it is at these points 
that the abnormal wastage has occurred. Dr. 
Silberrad holds that erosion proper is a purely 
mechanical effect, though sometimes it is accen- 
tuated or aggravated by chemical influences, but 
in all cases it differs from ordinary corrosion in 
that the products of the reaction, instead of 
forming, as they do sometimes, a protective coating 





|to the metal attacked, are carried away by the 


rush of the fluid, leaving a fresh surface exposed 

















Fia. 11, 


to attack. Some confirmation of this view is 
afforded by the fact that aluminium cannot be 
used as a piston. Ordinarily this metal resists 
atmospheric corrosive agencies remarkably well, 
since the layer of oxide first formed protects the 
metal below from further attack. If, however, it 
is used for a piston, the constant rubbing removes 
the protective layer and the metal wastes away with 
remarkable rapidity. In this connection it may 
be noted that the wing propellers of the Lusitania 
suffered less than those of the sister boat. The 
latter fitted closer to the hull, and, on revolving, 
carried down more air with them, and this was 
accompanied by a higher degree of erosion. It has 
been suggested that this may be accounted for by 
the chemical effect of the air, but Dr. Silberrad is 
inclined to the view that it is more than accounted 
for by the increased rub of the broken water ; air 
at anything like ordinary temperature is practically 
without action on the bronze, either in the presence 
or absence of water, salt or fresh. Further, it will 
be noted that the area attacked is, as has already 
been stated, near the hub. This was of large size, 
and it seems probable that there was a certain cen- 
trifugal action causing a reduction of pressure, and 
this region of reduced pressure was marked by the 
erosion. Here Dr. Silberrad considers that cavita- 
tion might occur, and, in consequence, water broken 
by intervening evacuated spaces with no air pre- 
sent. It has also been found that if the edges of 
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the blades are turned up by accidental blows, 
erosion is very likely to occur in the wake of these 
protrusions. In some recent destroyer trials the 
blades were very carefully polished beforehand, 
and on re-examination at the conclusion, the surface 
of each blade was found to be dull over the area 
indicated in Fig. 17. This observation certainly 
seems to indicate a negative pressure over the area 
in question which might perhaps be partially elimi- 
nated by making the pitch increase from fore to aft. 
Traces of a similar region of dulness will be visible 
on a careful examination of Fig. 7, page 34, which 
represents the propeller of a destroyer which had 
to be removed owing to the serious erosion shown. 
In view of the seriousness of the problem raised by 
this abnormal erosion, it is very satisfactory that 
the trouble can now be referred to in the past 
tense, and great credit attaches to the Manganese 
Bronze and Brass Company and to Dr. Silberrad 
for the highly practical manner in which they 
attacked and overcame the difficulty. It is perhaps 
of interest to add that turbadium propellers of the 
largest size are now being supplied to the leading 
foreign navies, and we understand that the British 
Admiralty have approved the use of this alloy for the 
propellers of war vessels fitted with turbine engines. 
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Modern Practice in Mining. Vol. IV. The Ventilation 
of Mines. By R. A. 8. Repmayne, M.Sc., M. Inst. 

C.E., M. Inst. M.E., F.G.8., His Majesty’s Chief 

Inspector of Mines. With two folding-plates and 

other illustrations. London: Longmans, Green, and 

Co. [Price 6s. 6d. net.] 

Nor without surprise we read in the preface of this 
little book that no work exists devoted entirely to 
a comprehensive consideration of the subject of 
mining ventilation ; for, in view of the importance 
of this problem, it should be brought into promi- 
nence. Both. on account of the greater depth to 
which mines can now be economically worked, and 
the increased attention paid to the health and com- 
fort of the miners in consequence of legislative 
enactment, a great field is open for development ; 
but it must not be supposed that it remains entirely 
unworked. A few years ago Mr. Heilbaum gave 
what was practically a treatise on mine ventilation, 
and some other names occur in this connection ; 
but doubtless it would be necessary to consult 
works on general mining practice to learn what has 
been effected under particular conditions, and how 
the best results have been obtained. 

Regarded in the light of recent development, 
the present treatise can hardly be ctuidenel satis- 
| factory. The author is apparently well informed 
}in the practice of coal-mining, and with the pecu- 

liar difficulties attending that branch, resulting 
| from the danger of explosion ; but presumably he 
has had little experience in metalliferous mines, 
| which have reached a great depth, and are likely 
to be carried deeper, if the difficulties occasioned 
by the temperature gradient are effectually over- 
come by abundant and suitable ventilation. In 
coal-mining, area is an all-important factor. In 
metalliferous mines depth demands particular con- 
sideration. On the Rand, for example, the highly 
inclined veins compel a rapid descent below the sur- 
face, while the intersections by dykes and igneous 
| rocks serve as natural brattices for splitting the air 
current, giving rise to a set of ventilation problems 
differing from those encountered in collieries and 
| amid stratified rocks. It is true, an example is given 





of a system of ventilation as supplied to the East 
Rand Mine, but in this case the reef lies very flat, 
| sloping at an angle of about 10 deg.; but in many 
| cases the angle exceeds 80 deg. to the horizon. Up 
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to a certain point, and especially in outcrop mines, 
artificial ventilation has not been necessary, the 
difference of temperature at the top and bottom of 
the mine, in connection with numerous shafts and 
outlets, has maintained a sufficient circulation. But 
now that depths of 6000 ft. and 7000 ft. are con- 
tempiated in the deep mines, efficient artificial 
ventilation will be needed, and the information here 
supplied will hardly prove adequate. 

he author has cramped himself by giving too 
much space to matters that can be found fully 
described in elementary works on chemistry and 
physics ; and which any student who is in a posi- 
tion to address himself to the technical problem of 
ventilation may be supposed to have mastered. 
Such information as the composition of air, its 
volume and weight under variations of temperature 
and pressure, and such like data, do not belong 
exclusively to the main purpose of the book, and 
scarcely advance it. he introduction of the 
examples that are worked out in detail may be 
defended if the treatise is intended for the student, 
but a regrettable result of this elaborate prepara- 
tion for the real serious inquiry is to confine the 
discussion of the main problem, in which the prac- 
tical engineer is interested, to one-half of the book. 

Even thus curtsiled, space has to be found for 
the description of furnace ventilation and of the 
steam-jet and the waterfall, which are matters of 
history, before we can approach the present-day 
problem of mechanical ventilation on a large scale. 
The description of types of fans, and their con- 
struction, is quite adeyuate, for however details 
may vary, the number of distinctive types is not 
great. They may be used as forcing fans or ex- 
hausters ; the shape and position of the vanes alter, 
size and velocity of rotation vary within large 
limits, but thare is little generic difference. Simi- 
iarly the fan may be directly driven by means of a 
steam-engine or electric motor, or indirectly through 
the medium of belt or rope. These are details that 
do uot concern the management of the current, or 
the real problem of ventilation. The Parsons 
turbo-ventilator, however, which is well described 
and illustrated, is of especial interest. The old 
form of engine disappears, and the motor is the 
steam-driven turbine, while the exhauster is a fan 
designed on the propeller principle. We are not 
able to compare the efficiency with the older types, 
such as the ‘*Guibal” or the ‘* Waddell,” for the 
number of cases in which the apparatus has been 
installed is small, the volume of air and water-gauge 
required not being oye suitable for their 
economic operation. But any of the well-known 
forms of centrifugal ventilators can be driven by 
means of the steam-turbine, and this form of motor 
is likely to find an extensive application. 

Besides providing a current of air which may be 
reckoned by the 100,000 cub. ft. per minute at the 
shaft, it is necessary to handle this volume of air 
underground. The ultimate object is to carry an 
adequate mass through those parts of the mine, 
remote from the shaft, in which the work is being 
carried on, and obviously with as little loss by leak- 
age as possible. To be effective, underground 
auxiliary ventilation may be needed, and in any 
case the air-currents have to be guided in a definite 
and assured course, not liable to variation or reversal 
owing to chance circumstances. Hence, a whole 
system of stoppings, doors, air-crossings, in fact, a 
complete system of regulation, has to be devised. 
Opportunities for the exercise of ingenuity are 
abundant, and the author is necessarily limited in 
his descriptions, which have to adhere to main 
pi. But in this section he is quite at his 
vest. His practical acquaintance with the schemes 
of cval- working, and with the modifications that have 
to be made in consequence of the adoption of 
different systems, place him at a great advantage. 
In his description of the ventilation of panel work- 
ings, we feel that we are in the hands of an expert, 
and regret that he has not added to the value of his 
book by enlarging these sevtions in which his prac- 
tical experience and his official position would have 
materially benefited his readers. 

Scattered through the text are numerous interest- 
ing remarks on the phenomena accompanying 
colliery explosions and the working of mines 
generally. These obiter dicta are well worth study- 
ing, throwing, as they often do, light on the 
evidence and recommendations of the many Royal 
Commissions and Committees who have reported 
on coxl-mines. The unwillingness of mining engi- 
neers tu accept the evidence in favour of the pro- 
pagation of explosions by the ignition of coal-dust 





alone, in the absence of firedamp, is a very curious 
feature in the history of coal-mining. The author 
frankly admits that his prejudices were not over- 
come by published evidence, but by actually wit- 
nessing an artificial explosion at Altofts. Some 
remarks in the recently published report of the 
committee appointed by the Mining Association for 
Great Britain would show that others, not having 
seen, have not believed. The old creed dies with 
difficulty. The scientific deductions from experi- 
ment are not welcomed with enthusiasm. The 
author admits to the full the dangerous character 
of accumulated dust, but on the strength of some 
French experiments will not allow that the 
quantity of coal-dust present is at allan important 
factor. He gives an instance in which an explo- 
sion resulted when there were present only 56 
grammes of dust to the square metre. Rather a} 
strange expression, but the conclusion that we are 
inclined to draw from the small quantity indicated 
is the imperative necessity of reducing the quantity 
of dust to a minimum by water-spraying, in those 
mines where such means are possible, and by 
the scattering of inert dust where water is 
inadmissible. For though an explosion may be| 
produced by a small amount of dust, the violence 
will depend on the quantity, if, as is probable, | 
the explosion is due to the coal-gas made from 
this very dust, fired by a shot or other means of 
ignition. Hence again the necessity of reducing 
the scattering of coal from leaky or overloaded 
wagons on the haulage ways, where it is ground and 
trodden into the very dust that is a source of 
danger. 

With regard to the detection of the presence of 
deleterious gases, the author makes two remarks 
deserving of grave attention. One is to the effect 
that the coloured cap formed round the flame of a 
safety lamp is worthless as an indicator of what may 
wise a dangerous amount. ‘‘ The present writer 

as seen men so badly overcome by the effects of 
carbon monoxide as to remain ill for some days, 
when the lamp gave no indication of its presence.” 
We are not told what was the illuminant on these 
occasions, and some oils are apparently much more 
sensitive than others ; but since the Home Office 
has recently accepted this test and issued illustra- 
tions of the appearance of a miner’s lamp in the 
presence of fire-damp, it is most important to know 
the value official authority places on such indica- 
tions. If the lamp test is not trustworthy, it may 
constitute an additional danger by inspiriug a sense 
of security on insufficient grounds. Another point, 
important since it agitates the public mind, is the 
possibility of forecasting the approach of disaster by 
the movement of the barometric column, since well- 
meaning persons issue warnings from its indications, 
which warnings are usually disregarded by mine 
managers and others. There has lately been a good 
deal of controversy on this point, as there always will 
be when the forecast announcing anexplosion chances 
to synchronise with an actual catastrophe, and the 
warning is neglected by officials. This particular 
point is nut raised by the author, but he asserts 
that ‘‘the fire-damp from a certain waste used to 
‘ show’ for some distance back from the goaf some 
time before a fall in the barometer indicated a 








decrease in the atmospheric pressure.”’ This is per- 
fectly intelligible and points to keen observation on 
strictly scientificlines. Butit must not be thought 
that this experience favours the theory, or the sug- | 
gestions, or the assertions of those who venture 
to predict the time of danger from barometric varia- 
tion. The contention of empiricism is that a high 
or rising barometer is a source of danger, that the 
extra pressure on the earth’s surface tends to 
squeeze the gas out of the coal, an utterly unsup- 
—— notion. We have no doubt we should 

ave the author’s approval in saying that to what- 
ever extent the fluctuations of atmospheric pres- 
sure may contribute to colliery explosions, their 
effect is unimportant and entirely masked by other 
and unknown causes. 





Crystallography and Practical Crystal Measurement. By 
A. E. H. Turron, D.Sc, M.A. (Oxon), F.R.S., 
A.R.C.Se. London: Macmillan and Co., Limited. 
[Price 30s. ] 

We referred recently to a popular work by Dr. 

Tutton on this — in which he a ag 

present position of the science of crystallography, 

showed what generalisations had been drawn, and 
indicated the | pm gage of future research. That 
was a book of results; this isa book of methods. 

Herein we are shown how the results there men- 





tioned have been derived. We are invited to come 
into the laboratory, to watch the expert at his 
work, to admire his deft manipulation of these tiny 
objects, and to follow the various steps of the 
observations, and subsequent trigonometrical reduc- 
tions that have led to such brilliant results. Pro- 
fessor Tutton places in our hands a practical text- 
book, into which theory enters only so far as to 
make the object of the several processes intelli 
gible. Naturally, the book divides itself into two 
parts—morphological, so long as the object is the 
examination of the external shape ; and physical, 
when the effect of internal structure in modifying 
the behaviour of light transmitted through the 
crystal is considered. It may seem an ungracious 
thing to say, when the author has given lavishly of 
his best, and has hidden nothing from the inquiring 
student, that the work would have been more 
attractive if judiciously curtailed. The object 
apparently has been to render any other text- 
book unnecessary, but it is hard to think that 
a student would work at such a subject without 
having acquired some knowledge of elementary 
trigonometry, for example, or of the general theory 
of light. There was as much reason for a chapter 
on the use of logarithms. One must suppose some 
preliminary training, and it is well to consider the 
possibility of deterring an inquirer by the bulk of 
the material he is required to assimilate. 

In the first place, we are taught how to provide 
ourselves with suitable crystals for measurements ; 
what precautions are necessary to secure the accu- 
rate deposition of material as the crystal grows in 
the mother liquid. Only when the material for 
growth is uniformly supplied on all sides will an 
equally developed crystal result. Crystallisation 
generally taking place simultaneously about several 
centres within a confined ag crystals of the 
same substance are frequently found very irregu- 
larly constructed, and to a novice the various forms 
of misshapen crystals with which he is acquainted 
must present a great difficulty, and suggest that 
orderly classification is hopeless. The actual crystal 
compared with a clinographic drawing, typical of 
the class, seems sometimes to have very little rela- 
tion. The detection of crystallographic symmetry, 
when geometrical symmetry is absent, is a proof 
of very great acuteness on the part of those who 
first demonstrated the laws of angular constancy 
and the ‘‘ elements” of symmetry on which the 
science of crystallography is founded. The pos- 
session of the necessary tools for accurate measure- 
ment has alone made this recognition possible, 
another proof of the aid afforded by mechanical to 
theoretical science. The goniometer, invented by 
Wollaston, a hundred years ago, is the indispensable 
adjunct of the research laboratory. Ingenuity of 
construction, as well as delicacy of workmanship, 
has added to its capacity ; additional circles have 
been provided for convenience and quickness of 
execution, and in other forms it may be used for 
cutting and grinding prisms suitable for optical 
experiments ; but its principle remains unaltered. 
Dr. Tutton describes its many excellencies and 
modifications, for some of which he is himself 
responsible, and then proceeds to apply it to the 
measurement of a typical crystal—that of potassium 
sulphate. Nothing can, of course, compensate for 


| the absence of direct teaching at the instrument, 


but all that can be done without such aid is done 
here. Very carefully is the student led through the 
intricacies of the Millerian notation, first suggested 
by Whewell, and which for simplicity and utility 
remains unrivalled. For the study of zonal relations 
the steorographic projection is exclusively used, 
and its advantages are largely insisted upon, to the 
entire omission of the gnomonic, for which, how- 
ever, something may be said, since it possesses the 
convenience of representing all zones by straight 
lines, dispensing with one of the instruments here 
described. Two chapters are devoted to the con- 
sideration of the mathematical problem of the 
number of ways in which space can be partitioned, 
or of the arrangement of molecules, conformally 
with the observed types of symmetry, an interesting 
point to which allusion was made in our recent 
notice. Next, each of the systems in which crystals 
can be grouped according to the mutual inclinations 
of their crystallographic axes of reference and the 
lengths intercepted on them by the parametral 
plane, is separately analysed, ‘‘the characteristics 
are indicated, the number of classes which each 
includes is specified, and the symmetry elements of 
each of the 32 classes are recorded, together with 
the type of their symmetry.” An example of each 





JAN. 12, 1912. ] 


ENGINEERING. 


37 





class proceeding from the tesseral to the tetragonal, 
the rhombic, the monoclinic, the anorthic, the 
hexagonal, and the trigonal is measured, stereo- 
graphically projected and fully reduced. An 
important chapter on the drawing of crystals, in 
which the manner of obtaining a clinographic re- 
presentation is clearly explained, practically con- 
cludes the description of the ordinary work on simple 
crystals. The peculiarity of twinning and of planes 
of cleavage have to be discussed, as well as some of 
the author’s own work. The theoretical deductions 
from his measures of crystals of isomorphous salts 
and the explanation of ‘‘ molecular distance ratios,” 
containing as they do much that is new, will be read 
with attention. The presentation of the theory of 
Von Fedorow, of his methods of work, and his insist- 
ance on the correct descriptive setting of crystals, 
is welcome, since he has been little studied in this 
country. We are grateful to the author and to 
Mr. T. Barker for this clear exposition, in which 
itis asserted than Von Fedorow has so far perfected 
his scheme of classification that in many cases he 
can determine the composition of crystals by a 
purely crystallographic method of analysis. Such 
analysis is likely to have a really practical value, 
and points to the advance the science is definitely 
and certainly making. 

In the second section the science of physical 
optics is treated from the crystallographic point of 
view. Perhaps, hitherto there has been too great 
a tendency to confine the study of crystallography 
to the morphological side, and to treat the optical 
phenomena as distinct from the construction of 
these transparent crystals, by which certain well- 
known effects are produced and studied. But here 
the importance of optical examination as an assist- 
ance to crystal study is made clear. It is often 
possible to decide to which of the systems of 
symmetry a crystal belongs by a knowledge of 
its optical behaviour. Of course, the isotropic 
crystal, belonging to the cubic system, with its 
one index of refraction for light of each colour, 
cannot be confounded with the uniaxial crystal 
corresponding to the hexagonal, tetragonal, and 
trigonal systems, where we meet with the pheno- 
mena of double refraction. But in more com- 
plicated cases it is possible to get some assistance. 
A member of the rhombic, monoclinic, or the 
anorthic system can usually be determined by the 
coincidence of one, or all, or none, of the optical 
directions with the crystallographic axes. The 
exact determination of optical orientation offers 
difficulties of its own, which are not readily removed; 
but the author’s clear description of apparatus and 
effects would persuade us here, as elsewhere in his 
book, that such troubles are easily overcome. By 
approaching the subject from the action of the 
crystal, one is led naturally to consider the ‘‘optical 
ellipsoid,” the ‘‘ indicatrix” of Fletcher, and other 
devices usually found described in treatises on 
optics. The difference of treatment consists in 
discussing the phenomena as consequences of the 
crystal rather than from the point of view of 
the undulatory theory. 

Naturally, we have had to omit mention of many 
sections of the volume under notice which will be 
found to ess a fascination and attractiveness 
for different classes of readers, such as the colour of 
crystals, the phenomenon of pleochroism, thermal 
expansion, &c. A main characteristic of the book 
is the thoroughness devoted to the consideration of 
each topic under discussion. 





Marine Engineering Estimates and Costs for those Engaged 
in the Technical and Commercial Sides of Engineering 
and Shipbuilding. By C.R. Bruce. Glasgow : Fraser, 
Asher, and Co., Limited. [Price 4s. 6d.] 

Even although there is a large volume of engineer- 

ing work in progress, competition continues exces- 

sively keen ; indeed, it might almost be said that 
it has seldom been a more pronounced feature in 
economics. The consequence is that the responsi- 
bilities of the estimating staff are greatly increased, 
and costs have to be rigidly guarded. Where a 
progressive policy in respect of workshop practice is 
pursued, success in competition is more easily 
assured ; but apart from this, it is of the first 
importance that satisfactory methods should be 
adopted, and the highest efficiency attained, in pre- 
paring estimates, so as to ensure not only the 
smallest margin of error, but the minimising and 
clearly defining of risks taken in order to secure 
work. The days when a percentage can be added 
to meet contingencies are almost past, if work is to 





be secured. Any information therefore which may 
conduce to such ends must be weloomed. 

Mr. C. R. Bruce, a member of the staff of Scotts’ 
Shipbuilding and Engineering Company, Limited, 
of Greenock, has thus done a useful service to the 
profession in analysing the methods which obtain 
in various works, and in laying down in simple 
yet definite language the principles, and parti- 
cularly the safeguards, which must be adopted. 
He has treated his subject in a comprehensive 
way, and, while informing, has avoided dogmatic 
opinions. We do not pro to give any 
comprehensive review of the book, largely because 
it is concerned so much with details. There is 
laid down the procedure from the receipt of the 
inquiry and the analysis of the specification right 
through to the completion of the work, with a con- 
sideration of the influence of establishment charges, 
and the card, the premium bonus, and accounting 
systems, while useful data, formule, &c., are given 
to facilitate the work. The author works out the 
details of the estimate of machinery of 2400 horse- 
power for a cargo-steamer, giving as a complement 
the finished weights with steam up. He strongly 
urges that careful records should be taken of the 
final costs, and of the department: collecting infor- 
mation regarding the probable influence on cost of 
developments in machine-shop practice, as well as 
gg gernng in ay ee! machinery. 

here are given the relative costs of different 
types of a machinery per indicated horse- 
power and per ton of finished weight with the steam 
up. It is surprising to note the narrowness in the 
range of cost per indicated horse-power of the 
various types now in use, but this is explained by 
the fact, for example, that in bluff cargo vessels 
the engines are of the slow-running heavy design 
required for efficiently driving the large propellers 
common to this type ; although they are constructed 
of the cheapest materials, the cost is high per indi- 
cated horse-power, but it is relatively low per ton. 
In the fast-running nger steamers, however, 
weight must be minimised, so that the materials 
require to be of a high quality in order to keep 
down the scantlings ; this, in conjunction with the 
special care taken in the details of the design, makes 
a high piston speed possible, and also keeps down 
the cost per indicated horse-power, but augments 
the rate perton. Thus the medium cargo-steamer, 
with three-cylinder triple-expansion single-screw 
engines, costs from 51. to 5/. 10s. per indicated horse- 
power, whereas a fast Channel steamer, with ma- 
chinery driven by triple screws, costs only about 
5s. per indicated horse-power more. But the cost 
per ton of weight shows a most marked difference, 
the cargo-steamer working out at from 22I. to 271. 
per ton, and the turbine steamer from 541. to 581 
per ton. It is pointed out, again, that quadruple- 
expansion engines are more expensive by about 
6 per cent. to 8 per cent. than triple-expansion 
engines of the same power, made to a similar speci- 
fication, while the total weight of the machinery is 
increased in about the same proportion. An instal- 
lation of boilers, complete with Howden’s forced- 
draught fittings, costs about the same as one for 
natural draught, but the former system permits a 
considerable reduction in the space occupied. The 
author states that the general impression appears to 
be that the total cost of a turbine steamer of modern 
dimensions and high speed is not much greater 
than that of a similar vessel with reciprocating 
engines. The combination system, in which triple- 
expansion engines exhaust into one or more low- 
pressure Parsons turbines, is more expensive than 
the ordinary reciprocating machinery by 2 or 3 per 
cent.; but the total weight of machinery with steam 
up is not increased. The resultant fuel economy 
should have been noted. The first cost of oil-driven 
propelling machinery, including the winch outfit, is 
said to be anything from 30 to per cent. more 
than that of the corresponding steam plant, but the 
running expenses are said to be reduced by as much 
as 20 per cent. on the basis of ton-mileage, while 
there is the advantage of constant steadiness and 
simplicity of starting. 
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HUMIDITY AND VENTILATION IN 
COTTON-WEAVING SHEDS. 


In the second and final report on humidity and 
ventilation in cotton- weaving sheds, published 
a short time ago, the Committee congratulate 
themselves that they have been able to arrive at a 
decision which may serve as the basis of a final 
settlement. To appreciate what this means, it 
must be remembered that the Committee was 
called into existence chiefly on account of an 
almost universal demand on the part of the opera- 
tive weavers for the total prohibition of artificial 
humidity in the sheds. The Committee was 
formed of representatives of both the operative 
and manufacturing classes, with the addition of 
independent members, and if unanimity could have 
been reached by such a composite body, the result 
would have been as satisfactory as unexpected. 
The intensity of the dislike to the methods adopted 
for producing definite percentages of moisture is 
shown by the fact that the operatives are willing 
to submit to the increased difficulties of weaving in 
a drier atmosphere, necessitating a smaller output 
and consequent reduction of wages, provided the 
process of ‘‘steaming” be abolished. On the 
other hand, the manufacturers contend that the 
weaving of certain kinds of cloth cannot be 
efficiently conducted without introducing moisture, 
and warn the Committee that they would be 
accepting grave responsibilities if, by their recom- 
mendations, they transferred a large proportion of 
this class of British trade to foreign countries 
where the conditions imposed on manufacturers 
are less onerous than they are here, and by so 
doing increased the vast number of unemployed, 
bringing about a much greater measure of dis- 
comfort than had been adequately realised. 
Between these opposed positions there does not 
seem to be any opportunity for settlement, and it 
is much to the credit of the Committee that terms 
of any kind have been arranged between the rival 
camps. Each side, of course, has made some, 
indeed, considerable, concessions. The operatives, 
through their representatives, have withdrawn their 
demand for the total abolition of humidity, and 
they are prepared to accept a compromise. They 
recognise that a great improvement in the con- 
ditions of work during the hot weather would 
result by fixing the wet-bulb temperature of 
75 deg. Fahr. (and a greater improvement at 
70 deg. Fahr.) as the maximum, beyond which the 
introduction of artificial humidity should cease. 
In consequence of this concession they urge that 
the recommendations of the majority of the Com- 
mittee should be put into operation forthwith, at 
the same time making it clear that they regard 
the arrangement as a temporary and experimental 
measure, and suggest that the question should be 
reopened three years from the date of signing the 
report. 

he representatives of the manufacturers have 
also shown a sweet spirit of reasonableness. They 
agree to accept a limit of wet-bulb temperature of 
75 deg. Fahr., at which the introduction of artificial 
humidity shall cease, subject to the condition that 
this limit shall come into operation in certain sheds 
on January 1, 1913, and in others at the beginning 
of 1916, after which date all sheds shall conform 
to the same limit. 

Closer agreement seems impossible, and on this 
main issue separate memoranda are submitted by 
the three several sections forming the Committee 
to the consideration of H.M. Secretary of State. 
This, of course, is the weak part of the decision. 
The lines of cleavage are not unimportant, although 
the Committee, with reasonable pride, assert that 
their labours have been rewarded by a nearer ap- 
proach to common grounds of settlement than has 
ever before been realised. Whoever may be Home 
Secretary, on whose hands the final judgment: will 
rest, he will probably have far less knowledge of the 
actual conditions under wnich weaving is carried 
on than any one of the Committee. Political con- 
siderations, too, may outweigh either the deductions 
of science or the teachings of experience. That, 
however, is part of our system, to which we have 
learnt to accommodate ourselves. 

The limits of temperature and the maximum 
limits of humidity are settled by a schedule con- 
structed on principles that are not explained. If 
the humidity could be increased without limits 
by the injection of water, by some such means as 
those employed in deep-tunnel borings, there would 
be no difficulty in reducing the temperature by any 





desired amount. But though the operatives have 
chosen to adopt as a standard the record of the wet- 
bulb thermometer, say, at 75 deg. Fahr., they 
have, under the existing regulations and schedule, 


decided that the dry-bulb thermometer shall not | 


exceed about 79.5 deg. Fahr. These figures 
apparently depend on Glaisher’s Tables, though 
most physicists would probably consider Broch’s 
Tables more accurate. There is no allowance for 
barometric variations, and this refinement is, per- 
haps, unnecessary, owing to the uncertainty of the 
humidity determinations, and variations at different 
heights from the floor. To examine the limits 


of the uncertainty, we computed, in a particular | 


instance, the percentage of humidity by Broch’s 
Tables, and derived 82, instead of the authorised 
79 per cent. In one direction, however, a great 
improvement has been made, and it might be 
carried still further. During the year 1907 more 
than two million pairs of dry and wet-bulb 
readings were furnished to the Home Office. It 
is not clear whether these readings were from 
charts taken after automatic registration, or were 
actual readings of the thermometers. In any 
case, the amount of clerical work must have been 
enormous. If only 30 seconds were devoted to the 
reading and recording of the two thermometers, 
something more than 2000 days of eight hours 
would be consumed, to say nothing of the time 
spent in examining the records at the Home Office. 
In future, though three sets of readings will be 
taken daily by appointed officials, only the few 
cases in which irregularities occur will be submitted 
to the Home Office. 

The grounds on which objection is made to high 
temperatures are not applicable merely to cotton- 
weaving sheds. They deserve a wide and general 
consideration, though, owing to the introduction of 
artificial humidity, the evil effects may be, and 

robably are, aggravated in that particular trade. 
t is alleged that the working in a high moist 
temperature is not only attended with bodily 
discomfort, but is accompanied by undue lassitude, 
want of energy, and enervation. The Committee, 
in an earlier report, discussed the evidence in 
support of this contention, and did not feel them- 
selves warranted in endorsing these general asser- 
tions, but required more definite conclusions, 
supported by well-ascertained facts. Drs. Legge, 
Pembrey, and Collis were therefore directed to 
make additional experiments, under precisely 
defined conditions, and though their observations 
are in themselves accurate and interesting, it is 
doubtful whether they advance the question at 
issue—at least, as it is apprehended by the public. 
Thermometric examination of the mouth was not 
needed to convince any one that the work was 
carried on under grave discomfort ; but it is neces- 
sary to distinguish between discomfort and 
unhealthiness. Moreover, the course of ill-health 
should be clearly traced and demonstrated. For 
example, tuberculosis is one of the diseases that, 
from a popular point of view, the unfavourable 
conditions inherent in humid cotton-sheds are 
thought to foster, either directly, or by reducing 
the vitality of the system, making it less capable 
of resisting attack. This question was not sub- 
mitted to the medical experts, nor is it probable 
that they would have been able to answer it. 
Many factors may contribute to tubercular disease, 
of which the pos em environment is only one. 

From the observations, however, Dr. Legge, 
H.M. Medical Inspector of Factories, considered 
himself justified in expressing the opinion that 
a rise in mouth temperature makes itself distinctly 
felt when the wet-bulb temperature exceeds 75 
deg. Fahr., and when this is the case weavers are 
likely to be pursuing their work under adverse 
a conditions. At the same time, Dr. 

egge qualified this opinion by admitting that the 
temperatures recorded do not much exceed those 
which occur when exercise is taken by healthy 
adults under reasonable conditions of work. The 
Committee felt that the deductions were incon- 
clusive, and that further investigations should 
be made. These were undertaken by Drs. Pem- 
brey and Collis, who first submitted themselves to 
the same conditions of temperature and humidity 
(but not of exertion, apparently) as prevailed in 
the workshop, and observed the effect on the pulse, 
the rise of mouth and skin temperature, and that 
of the internal temperature of the body taken in 
the rectum. They concluded that such atmo- 
spheres quickened the pulse, caused the skin to 
become flushed and warm, the mouth temperature 





to rise approximating to the internal temperature, 
which is raised to 4 smaller extent. Experiments 
pursued on the actual operatives at Darwen and 
elsewhere indicate that the action of a warm, 
moist atmosphere on the body is to diminish the 
differences between the internal temperature and 
that of the peripheral parts. ‘‘The tendency is 
to establish a more uniform temperature of the 
body as a whole, and to throw a tax upon the 
powers of accommodation, which is indicated by the 
low blood pressure, notwithstanding the rapid rate 
of the pulse. This is exactly the condition which 
would explain the discomfort and low state of 
health of which many of the weavers complain.” 

Unfortunately, the experiments and the tables 
leave much to be desired. The observations are 
not made under sufficiently varied conditions. 
Rigorous arrangements to secure the successive 
elimination of all the factors that contribute to 
certain observed results may not be possible when 
dealing with the human subject. The consequence 
is that we are not able to trace the quantitative 
effect due to moisture, to temperature, to ‘* work ” 
and exertion, to nourishment and food values, to 
age, and other causes, which affect health and 
bodily activities. The conditions of labour upon 
health constitute a problem of supreme importance, 
and we can only hope that full advantage has been 
taken of the opportunities afforded by this depart- 
mental inquiry. Sex, however, is one of the 
factors whose influence it is possible to trace, and 
the result is to show that the temperature of women 
is almost invariably higher than that of men, when 
submitted to the same conditions. The explana- 
tion is traced not toa want of robustness, to the 
output of greater exertion due to less muscular 
force, but rather to less power of accommodation 
and less loss of heat, owing to the form and 
material of women’s dress. ‘‘ Women consider 
that it is immodest to expose their breasts, but the 
men can and do open their shirts. The tax there- 
fore upon women will be greater, and, as mothers, 
any injury they suffer will be more serious to the 
race.” The assertion is made, though apparently 
unsupported by tabular statement, that prolonged 
exposure to a hot, moist atmosphere is more 
injurious than exposure to higher temperatures for 
a shorter time, suggesting that the injurious effects 
are cumulative with time, and the inference is 
that it would be of advantage to fix the limit of 
the wet-bulb temperature as low as possible after 
every allowance has been made for the difficulties 
of the weaving and the breaking of the threads. On 
various grounds this may appear a fairly obvious 
conclusion, but we are unable to follow the steps 
of the argument upon which it is based. 

A very careful examination of the tables, on 
which alone it is possible to form an unbiased 
judgment, convinces us that the recommendations 
or conclusions of the independent members of the 
committee are sound and warranted. Their sym- 

thies are enlisted on behalf of the mill-hands, 

ut they are obliged to recognise, with regret, that 
bodily discomfort is almost unavoidably associated 
with manufacturing industries, particularly where 
work is carried on in enclosed buildings ; but they 
do not consider—and that judgment will be upheld 
by disinterested and impartial examination of the 
facts—that the total abolition of steaming is 
required, or that the necessity for its abolition is 
supported by medical evidence. Uninformed 
sympathy may very well exaggerate the grievances 
under which weavers are suffering, and the inde- 
pendent section of the Committee with great acute- 
ness point out that experiments involving the total 
abolition of extra moisture have not been tried, and 
if tried on a wholesale scale might produce results 
more disastrous than are anticipated by those who 
favour the scheme. ‘‘ The reduction in wages and 
the harder work involved would be severely felt by 
the weavers, and a drastic measure such as that 
contemplated would, it is believed, transfer a con- 
siderable portion of British trade to foreign com- 
petitors,” since in no country, save that of the State 
of Massachusetts alone, is any restriction placed 
upon the amount of moisture that may be introduced 
into the weaving-sheds. 

The question next arises, how far it is possible to 
remove unhealthy conditions either by the adop- 
tion of mechanical means, with a view to promoting 
improved ventilation, or by a rearrangement of 
the internal economy, that will not increase 
the difficulty of manufacture or necessitate «ny 
alteration in the character of the weaving. ‘lle 
problems here to be settled are of profound impo't- 
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ance; they affect not only the cotton-weaving 
trades, but the efficiency of the sanitation of all 
workshops, and the results of the experiments 
carried out by Professor Petavel, under the auspices 
of the departmental committee, both in the engi- 
neering laboratory of the Manchester University, 
and in those derived from full-scale experiments 
organised with the co-operation of various mill- 
owners, are deserving of very great attention. 
Some, having special relation to humidification, 
apply more distinctly to this particular industry, 
but others, like the rate of cooling of buildings, the 
etiect of spraying the roof with water, or structural 
forms of roof, have a wider application. An im- 
portant inquiry, to which we shall refer presently, 
on the efliciency of steam-pipe coverings, has a 
definite economic value, while the inquiry con- 
ducted by Mr. Wilson, the Secretary to the Com- 
mittee, into the extent to which carbonic dioxide 
rises during the actual burning of gas, and the 
length of time the atmosphere of a shed remains 
affected by the use of coal-gas, discloses some 
interesting features of general import. 

So far as temperature is concerned, the peculiar 
value of the investigation rests upon the isolation 
and discussion of the several factors that tend to 
increase heat, and the special devices suggested for 
controlling the contribution of each, either by 
decreasing the rate at which heat is generated, or 
by increasing the rate at which it is abstracted 
Professor Petavel recognises five sources of heat :— 

1. The power absorbed by the machinery. 

2. The bodily heat of the operatives. 

3. The steam used for conditioning the atmo- 
sphere. 

4, The radiant heat of the sun. 

5. External sources of heat, such as adjacent 
flues, boiler-houses, &c. 

He sub-divides the percentage of the internal 
sources of heat as shown in the following table, 
remarking that the necessary data are not sufficiently 
numerous or accurate for scientific precision, and 
that the percentages must be regarded as approxi- 
mate. The agreement of the results derived from 
three typical sheds is, however, very satisfactory. 


Table Showing the Proportion of Total Heat Generated in 
a Shed from Internal Sources. 


Source of Heat. Shed “1."|shed “K.” Shed “J.” 














per cent. | per cent. per cent. 
Power absorbed by looms ‘a 60 61 64 
Heat radiated from operatives ..| 
Heat radiated from steam-pipes .. | 


22 99 


oo 


6 | 


20 


16 


The share due to the ‘‘ power absorbed by looms” 
is very large and suggests one direction in which 
ingenuity could be profitably exercised with the 
view of reducing the main source of supply. But 
here, fortunately, commercial considerations are 
operative by reducing the waste of power to a mini- 
mum. Of external sources, the;-effect of sunshine 
or of outside temperature can be. more accurately 
estimated, and again a large field is open for 
the exercise of remedial measures. It is found 
that the increase of temperature due to this source 
may amount to 40 or 50 per cent. of the total 
heat. The difference between cloudy and sunny days 
is not so great as might have been conjectured in 
the absence of any exact figures, at least in a shed 
the roof of which has been whitewashed. Taking 
four typical sheds, with whitewashed roofs, the mean 
rise of internal temperature between the hours 
6 a.m. and 5.30 P.M. in the months of June and 
July is shown in degrees Fahrenheit in the follow- 
ing table. The quantity under the double sign is 
not strictly a ‘‘ probable error,” as understood 
mathematically, but is the mean of the variations 
from the average value taken irrespective of sign. 


Rise of Temperature on | 


Rise of Temperature on 
Cloudy Days. 


Sunny Days. 














: deg. deg. deg. deg. 
Shed‘ A 133 + is 19.9 + Le 
» “F 14.9 + 2.1 20.0 + 1.4 
» “FE 14.9 + 2.3 21.0 + 17 
” J 15.7 + 1.3 19.9 + 2.0 


The rate of shed-cooling under normal conditions 
can be best shown bya diagram. In Fig. 1 the 
temperature of two typical sheds is given for two 
days, including a Saturday and Sunday. The 
regular rate of cooling, at first very rapid, though 
afterwards much slower, is a marked feature. At 


the end of the time the sheds remain 8 deg. or 
10 deg. higher than the outside temperature, and 





do not show to any great extent in the increased | mum outside temperature produces half a degree 


heat of mid-day, Sunday. 
important bearing on one of the suggestions made 
by the Committee. 
ture when the machinery is stopped, which may 


amount to 1 deg. or 14 deg. per hour—better shown | 
in Fig. 2, where the variation of the shed tem- | 
perature on a typical sunny day is given—has| Fig. 3, the individual points + mgpggcor | 
suggested as a remedy or mitigation of the com- | readings are scattered rather widely on bot 
plaints that have been made of excessive heat} of the curve. 


This diagram has an/rise in that of the shed. 
| applicable probably only to summer temperature, 
The rapid decline of tempera-|in which there is considerable variation. 
| many factors that contribute to shed temperature 


This statement is 


The 


would probably mask the operation of such a law 
in the winter time. Even in the diagram, 
daily 
sides 
It is further shown, as might be 


that the dinner-hour should be extended and | anticipated, that the rate at which heat is dissi- 


work continued later in the afternoon. 
urged that work during the hottest part of the 
day would be avoided, and the lower outside 


It is | pated from a shed does not depend directly on the 
| difference between the temperature of the shed 
}and that of the outside air; but what could not 


temperature later in the afternoon would limit the | have been foreseen—the function that does not 


rise in the shed when work was resumed. 
course, it must be recognised that the Committee 
view with extreme anxiety those hours in the year 
when the wet-bulb temperature rises above 75 deg. 
Fahr., and are less concerned with the bulk of the 


Fig.1. SHOWING THE COOLING OF A SHED 
DURING THE WEEK END. 
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year, but the proposal would probably meet with 


(2998.0) 


little favow: from either owners or operatives. If 
the mid-day interval were increased to two hours— 
and less would scarcely be effective—there would 
be the additional inconvenience of obtaining legal 
permission to extend the present period of employ- 
ment from 12 to 12} hours daily. Confining atten- 
tion to the scientific side of the proposal, it is 
doubtful if the alteration would be accompanied by 
the good effects claimed. Fig. 1 shows that after a 
certain limit is reached the decrease is very slow, 
and we doubt if the fall in temperature in the 
second hour would equal that of the first. There 
is no evidence presented on this point. 

The relations between the shed and outside tem- 





OF | 





change with the outside temperature and which 
may be regarded as characteristic of the shed—is 
the difference between the maximum shed tem- 
perature and half the mean outside temperature. 
The inference drawn is that the inside temperature 
varies as if the floor of the shed accounted for half 
the total effective conductivity. 

Professor Petavel also gives an empirical equation 
by which the maximum temperature of a shed may 
be computed. If a is a constant varying between 
50 deg. and 55 deg. Fahr., and 6 the outside mean 
daily temperature obtained by integration of the 
thermograph records, and ¢ a constant equal to 
about 0.4, then the maximum temperature 


t=a+ : + ch where h is the number of hours 


of bright sunshine. In the comparison between 
computed and observed effects, temperatures 
having a range from 77 deg. to 89 deg. Fahr. are 
fairly well represented. 

Having determined the temperature to which 
the atmosphere of a shed can rise from the various 
contributing causes, Professor Petavel considers 
the exact amount of reduction possible by mecha- 
nical devices and structural design. Recourse is 
frequently had to roof-spraying, but the arrange- 
ments are not always of the most judicious 
character. Sometimes the water from the hot-well 
of an engine at a temperature of possibly 85 deg. 
Fahr. is utilised, and when the water reaches 
the slates it is warmer than desirable. Never- 
theless, under these conditions a cooling effect of 
2 deg. can be obtained. It is not always under- 
stood that this cooling effect is due mainly to 
the latent heat of evaporation, and therefore there 
is apt to be waste of water, the main point of 
keeping the entire surface of the roof moist being 
overlooked. For the purpose of determining the 
most effective means of spraying, several sheds 
were fitted with sprays fed from the town’s mains 
through 1-in. pipes. Revolving jets were used, as 
these enabled a large area to be covered evenly 
with minimum expenditure of water. With 60 lb. 
pressure a revolving jet covered satisfactorily an 
area of 2500 sq. ft. The principal results are 
shown in the following table :— 


| | 
Maximum | Quantity of| Shed tempera- 

















Averege 
Sheds. cooling cooling | water used | ture above mean 
effect on a effect per hour. | temperature 
hot day. produced. without spraying. 
deg. dey. gals. deg. 
re fed 8 60 530 21.3 
“a 0 5.5 380 28.1 
-f 


| 3.7 - 23.3 
This result coincides satisfactorily with that 
obtained in actual practice. Two firms supplied 
data, derived from observations throughout a 
whole season, from which Professor Petavel 
deduced that the average cooling effect on sunny 
days was 2.8 deg. and 2.2 deg. Fahr. respectively. 
In these latter cases revolving jets were not used, 
but water pipes were laid along every ridge 
with jets at frequent intervals. On one shed 110 
jets were used, 85 on the other, the area covered 
per jet being 250 and 350 sq. ft. respectively. We 
see here the most that can be effected by this 
process. 

More eflicacious means for cooling consist in 
passing the ventilating air through wet matting, 
or over wet surfaces, or both combined. Experi- 
ments conducted at the Manchester University 
show that the air is cooled almost to the extent 


ratures are curious, and probably have not of the difference between the wet and dry-bulb 
itherto been discussed with the fulness and accu- | 
racy that these figures disclose. Professor Petavel | 
shows that when the daily maxima in the shed are | In order to test the efficiency on a | 
lotted in terms of the outside mean temperature, | 
it may be concluded within the accuracy of a first 
approximation that one degree rise of the maxi- 


thermometers, and under the most favourable 
circumstances may amount to as much as 10 deg. 
e scale an 
apparatus capable of cooling and saturating the air 
at the inlet of a duct system was set up. The air 
was drawn through a wet mat of about 70 sq. ft, 
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surface at the rate of 340,000 cubic ft. - hour and | 


passed over several baffle-plates which were kept 


The general advantage of humidification by easily perceptible. Fig. 4 shows the hourly varia- 
water over that produced by steam is shown by tion of the relative humidity in a shed conditioned 


moist. The success of the full-scale experiment comparing the maximum shed temperatures, in by steam through a duct system. The steam, 


can be inferred from the following figures :— 


Current of air . 848,000 cub. ft. 
per hour 
Outside temperature, dry bulb ... 69 deg. 
wet bulb ... 63 ,, 


7 of air in duct, dry 
bulb ... Soe on ae es 3 . 
we of air in duct, wet 

bulb ... ; a 


bes om ue 61.9 ,, 
Percentage of humidity ... FY? 93 
Cooling effect ne 6 deg. 


This result would be very satisfactory in many 
cases where artificial lowering of temperature is 
needed, but, unfortunately, the process is not well 
adapted to the requirements of the cotton-weaving 
industry, because the necessary humidity cannot 
be maintained by these means alone. The moist 
air entering the shed has its temperature raised, 
and, consequently, the relative humidity is dimin- 
ished. To take an instance: The 5.2 grains of mois- 
ture contained in air at 60 deg. Fahr., dry bulb, 
and 90 per cent. humidity, will correspond to 55 

er cent. of saturation at a shed temperature of 

5 deg. Fahr. In a shed described as ‘‘ average 
temperature,” in which the mean temperature 
reached 76 deg. Fahr., the mean average humidity 
produced in the shed, estimated on the assumption 
that all the air enters the shed at the mean outside 
temperature and with 95 per cent. saturation, was 
only 62 per cent., and in a ‘*‘ hot” shed, with average 
temperature at 80 deg. Fahr., the estimated 
humidity was only 53 per cent. The deficiency has 
to be made up by ‘‘steaming,” by which any desired 
degree of humidity can be produced, but the tem- 
perature is raised at the sametime. The introduc- 
tion of a water ‘‘ pulveriser” or ‘‘atomiser ” does 
not seem to be effective. In the shed described above 
as of ‘‘average temperature,” four jets supplied 
with water at 140 lb. per square inch by a force- 
pump were used. The air in the duct beyond the 
jets was by this means supersaturated and a very 
evenly-divided spray carried along for a certain 
distance; but even with those improved conditions 
the required moisture could not be maintained in 
the shed. It appeais, therefore, that the atomising 
jets must be placed so that the mixture of air and 
tinely-divided water is discharged immediately into 
the shed itself. After all possible precautions had 
been taken, it was, in this particular case, necessary 
to introduce such a quantity of steam that the 
action of the atomisers was negatived. 

It is unfortunate that the conditions under which 
a Little’s humidifier was used failed to afford deci- 
sive results. In this apparatus the cooler consists 
of a number of ofiaiialivenn enclosed in a metal 
chamber containing water up to a certain level. 
These drums are allowed to revolve slowly on a 
horizontal axle, so as to be kept constantly moist, 
whilst air is forced by a suitable fan through the 
annular spaces between the drums. A plant of 
this character was tried by Messrs. Heenan and 
Froude, the effective surface for the evaporation of 
water being 6700 sq. ft. The air was forced 
through the humidifier into the shed by a fan, the 
wheel of which was 4} ft. in diameter, driven by a 
15 horse-power engine. The volume of air intro- 
duced was about 900,000 cubic feet per hour (the 
tutal cubic capacity of the shed was 412,000 cubic 
feet). This installation was run on alternate days 
with that used previously—one of the forms of duct 
system known on tie market, in which live steam 
is added to the air before it enters the shed. The 
following table gives the average difference of maxi- 
mum temperature registered in the shed, and the 
mean outside temperature for the four months 
during which the two systems were run alternately. 














; | Difference of | 
Difference of | } 
Month. Temperature, ———— | Difference. 
Duct Systen.. Froude | 
nll = 
deg. | deg. | deg. 
June : . 18.5 | 16.0 | 2.5 
fete 15.5 | 14.0 | 1.5 
August .. “i 16.0 15.0 | 1.0 
September - 21.3 | 21.4 0.2 
= ! | — —— 
17.9 16.6 | 1.3 


In September, when the installation by Heenan 
and Froude iy ape to be least effective, the system 
was modified by placing along the ducts in the shed 
water-pulverisers worked by compressed air, capable 
of producing very finely-divided drops of water. 





| which each process was used in alternate weeks, turned on at 6 .M., when the shed is compara- 


with the mean outside temperature. Two sheds tively cool, raises the humidity to over 90 per cent, 


< ---TUES. JULY 26 ™"-—><---WED. JULY 277 ---><---THUR. JULY 28% --><- FRI. JULY 29 +> 
1310. 
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Fig.6. TESTS OF STEAM PIPE COVERINGS. 
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were selected for comparison, one used in May,| Great ingenuity has been exhibited in the design- 
June, and July, the other in September, and the | ing and construction of roofs, but the decisions of 
results are shown in the Table on the opposite | the Committee are limited to specifying the height 
a + |of the shed, the orientation of the building, the 

oreover, when cold water is employed for | form and position of the shed lights, and general 
humidification instead of steam, the relative steadi- | considerations as to the manner and amount of 
ness of the percentage humidity in the shed is’ separation of the boiler-house and engine-room from 
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LONGITUDINAL SECTION A.B. 
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SECTION C.D. 














the covered pipe should not exceed 
' one-fifth of the amount of steam 
condensed in the bare pipe under 
the same conditions. It is also 





recommended that from the same 
date the hangers supporting the 




















ipes should be separated from the 
re pipe by some satisfactory in- 
sulator, not less than 4 in. thick ; 
that the uncovered jets should be 
as short as possible, projecting not 
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more than 44 in.; and that the 
steam pressure should be as low as 
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Figs. 590 ro 592. GENERAL ARRANGEMENT OF Founpry For CastTinc BaATHs. 


the weaving-shed. These regulations are sufficiently 
drastic, and the design of the roof intended to 
promote thermal insulation is left to the discretion 
of the owner. Double roofs and cavity roofs are 
described, but not very fully discussed as to their 
influence on internal temperature. A form recom- 
mended is shown in Fig. 5. It is stated that 
a shed constructed with a horizontal concrete roof, 
so that it may be kept covered with a layer of 
water, is characterised by the small amplitude of 
the temperature variation, the range being 30 per 
cent. less than for a shed of the ordinary construc- 
tion. Any rapid change is checked by the large 
thermal capacity of the covering. Also the water 
not only shields the roof from the sun’s rays, but 
by its evaporation acts as a cooling agent. 


of Humidification by Water 
Steam. 


Table showing Comparison 
and 





~—s- —. 


Difference | 








Difference tin. 
Month, under Water under Steam St 
Humidification. | Humidification. . ‘ 
deg. deg. deg. 
May .. 27.0 30.5 3.5 
June.. 18.5 21.0 2.5 
July .. a 14.0 21.0 7.0 
September .. 13.3 20.0 6.7 
Mean.. 18.2 23.1 4.9 














A section of great importance, and one that 
should attract attention outside the weaving trade, 
is a very careful investigation made by Mr. J. J. 
Bradley, of Victoria University, Manchester, on 
the relative efficiency of various insulating materials 
used for the covering of steam-pipes. These ex- 
periments, though they have special reference to 
weaving-sheds and are more immediately applicable 
to pipes of 1 in. in diameter, with pressures not 
exceeding 200 lb., are very exhaustive and valuable. 
Altogether, 57 samples, covering a great variety of 
materials, were tested, and in many cases by two 
methods: (1) by the measurement of condensed 
steam; and (2) of the quantity of electrical 
energy required to maintain a fixed difference of 
temperature between the test-pipe and the atmo- 
sphere. The general result is to show that there 
is a considerable difference in the efficiency of the 
coverings in commercial use, the heat transmitted 
by the best being only about one-third of that 





transmitted by the worst. A table is given showing 
the results of the tests arranged in order of merit; 
the name of the firm supplying the samples is 
not given, but can be furnished either by the 
Home Office or the various district offices of the 
Factory Department. The main features of this 
table are represented diagrammatically in Fig. 6, 
showing that the total heat loss is proportional 
to the temperature difference. To avoid over- 
crowding, a number of the tests have been omitted. 
For a similar reason the observation points have 
been marked on only a few of the lines. Those 
indicated by a cross have been determined by the 
steam-condensation method. The employment of 
the electric method is shown by circles. 

One general inference that can be drawn is 
that the plastic, or semi-plastic, coverings are the 
less satisfactory forms of insulators. Among the 
first fifteen, in which figure cork, slag- wool, waste- 
silk, or felt, none is of the plastic variety ; while 
at the other end of the table, among the last 
twenty-six, no less than twenty-one are described 
as plastic. Those coverings that stand highest in 
the table owe their position to the large proportion 
of slag-wool in the covering, and invariably those 
coverings which have the greatest thickness of 
slag - wool have the greatest efticiency. Not only 
is the nature of the material important in esti- 


mating its fitness, but the density with which | 


the material is packed, and the manner in which 
it is fixed to the pipe, are capable of exercising a 
very considerable effect. ‘‘ Generally speaking,” 
says Mr. Bradley, ‘‘the lightest material is the 
best insulator. 

Asbestos occupies a low position in the table, 
and its extensive use may be attributed mainly to 
its fire-resisting qualities. ‘This class of covering 
is sometimes spun into a rope, and applied by 
wrapping sien round the pi The expense 
of manufacture is great, and small thicknesses only 
can be used. A sample of this type occupies the 
lowest position as regards efficiency.” 

The practical outcome of this research is to insist 
on greater stringency in pipe protection. The 


Committee have recommended that, after June 1, 
1912, the pipes used for the carriage of steam for 
humidifying purposes shall be covered with non- 
conducting material, kept in good repair, in such a 
manner that the amount of steam condensed in 





practicable, and in no case greater 
than 70 Ib. per square inch. 

With whatever care the Com- 

mittee have conducted this inquiry 
and tried to satisfy the require- 
ments of trade, while protecting the health and 
comfort of the operatives, such inquiry can have 
only a temporary and partial success. The real 
solution of the difficulty and the removal of rooted 
objections will be found, not by small improve- 
ments in the way of careful manipulation of existing 
machinery, but by generic alterations. There are 
two ways by which this revolution may be brought 
about : either by the substitution of a local humidi- 
fication process, in which the necessary moisture is 
brought into contact with the warp threads, leaving 
the whole breathing space practically unaffected— 
and already some patents have been granted to 
schemes having this object in view ; or, by improv- 
ing the system of sizing, either in the material or 
its manner of application, increasing the sensitive- 
ness of its hygroscopic condition. The former 
lan seems the more oie though it has been 
inted that some manufacturers are in possession 
of a ‘‘trade secret” whereby large quantities of 
size can be incorporated with the warp without 
necessitating the diffusion of either dust or of 
moisture. 





FOUNDRY PLANT AND MACHINERY. 
No. XXXVII. 


By JoserH Horner, 


Tue turntable or ‘‘circus” system of convey- 
ing occurs in modified forms as most suitable to 
local foundry requirements. It may include the 
conveying of sand and flasks and finished moulds 
instead of the rapid removal of finished moulds 
only. These, therefore, are adaptations of the con- 
veying systems which are used for other purposes. 
Outside of these there is another arrangement 
which only concerns the automatic supply of sand 
to the machine, and which may or may not be 
worked in conjunction with conveyor methods. It 
is a hopper or gravity system, and is therefore 
reminiscent of the device adopted in many concrete 
mixers, in which the ingredients are fed and 
measured to the mixer through a conveyor and 
hopper. These machines are also automatic in 
operation. They are certainly rather striking 
developments, even among the very marvellous 
developments and extensions of machine-moulding 
with which we are now familiar. 





Illustrativo of the extent and essential importance 
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of conveying and supply is the moulding of baths in 
quantities, a plant for which, as laid out by the 
London Emery Works Company, of Tottenham, N., 
is shown by Figs. 599 to 592, page 41. To supply 
the large quantities of sand required, an elaborate 
system of sieves and conveyors, &c., is installed. 
The moulding-machines themselves, Figs. 593 and 
594, are adaptations of a standard design. The pat- 
terns and their accessories are of a special character. 
There is no bath pattern strictly, but two pattern 
parts, seen in section, Figs. 593 and 594 representing 
respectively the outside and the inside of the bath 
casting. These are cast lightly, but well stiffened 
with cross ribs. The joint between cope and drag 
is made around the middle of the beaded edge. The 
moulding-boxes, too, are of special design. They are 
shaped approximately to the bath outlines in order 
to economise sand. The top box A, Fig. 593, has 
the usual cross-bars or stays; the bottom box B, 
Fig. 594, which is not strictly a box, but a core-grid, 
has none for retaining sand, but it is stiffened with 
cross-stays. 

The mechanism of the machine is similar in the 
main to that of others which have been illus- 
trated. The machine is not shown in side view, 
but it is of the type in which the presser-head is 
run along on tracks overhead, as may be observed 
in the figures. The bath is poured bottom upwards. 
Fiz. 593 shows the pattern C on the head of the ram. 
It is surrounded by the sand-frame D, which is sur- 
mounted by the top box A resting on the frame. This 
is shown as having been rammed, and the pattern 
delivered by the descent of the ram. The presser- 
head is seen above it running on the lower flanges 
of channel tracks. In Fig. 594, and in the photo- 
graph, Fig. 595, the making of the interioc or core 
is shown. Here the core-grid B fulfils the func- 
tion of an actual moulding-box—the bottom box— 
carried with its plate by trolley-wheels over the 
ram. It is surmounted by a sand-frame E of iron, 
and this again supports a wooden frame F, made 
approximately to the outline of the core, but larger, 
and also to the outline of the shaped presser- 
head G. If this wooden frame were not used, the 
sand could not be retained on the outside of the 
core-frame which forms the moulding-box. The 
wooden frame being laid in position, the sand is 
shot in and lightly tucked by God to impart cohe- 
sion. Afterwards it is pressed against the head. 

Figs. 590 to 592, on page 41, show a foundry 
in side elevation, plan, and end clevation respec- 
tively, with conveying plant laid out for the mould. 











' 


Fies. 093 to 595. 





Fic. 595. 
Macutnes ror Movutpine Barus; ConsTRucTED BY THE Lonpon EMERY, 
Works Company, Lunrer, Lonpon, 
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Fie. 596. 


BerxksHtreE Movutpine-Macuie ; THe Berksatre Manuracturina Company, 


CLEVELAND, Onto, U.S.A. 


























Fic. 599. 


Fig. 600. 


Fies. 597 ro 600. Patrern Pirates FoR BERKSHIRE MACHINE. 


ing of these baths, or, indeed, of any other kinds of 
moulds produced in quantities. The illustrations 
show one design among the many which are employed 
in conveying systems. It comprises bringing the 
sand along the foundry to the elevators, the 
sifting apparatus, the sand-bins, whence it is fed 
to the moulds, together with the overhead travel- 
ling crane which handles the boxes. 


Two moulding-machines are used in this system, | 
| the 
| by 


one for bottom boxes, the other for tops. These 
are indicated in the end elevation, Fig. 592. Over 
these are the reciprocating sieves for sand. Above 
these are the sand-bins in the form of hoppers, sur- 
mounted by the rotary sieves, which are fed by one 
elevator located between them. This receives its 
supply from a push-plate conveyor, which occupies 
the centre of the foundry. Essentially it comprises 
an endless series of plates carried on a tube, to which 
a reciprocating movement is imparted by crank and 
gears. These push the sand along the trough 
beneath and propel it to the elevator. The boxes, 
when closed, are laid out on the moulding floor to 
right and left of the central conveyor, being 
handled by an overhead crane. After casting, they 
are knocked out over a grating in the middle of 
the floor. The sand falls through on to a conveyor, 








which carries it back to the sand-preparing plant, 
where it is mixed and delivered again into the 
sand-bins, to be again fed automatically into the 
moulding- boxes. 

The Berkshire machine, an example of the second 
arrangement mentioned, is illustrated by the photo- 
graph reproduced in Fig. 596, above, which suffi- 
ciently shows the method of its operation. It 
is of fixed or non-turnover table design, to which 

ttern-plates, examples of which are shown 
‘igs. 597 to 600, annexed, are attached by 
means of four screws. Plates can therefore be 
rapidly changed. The machine uses split pattern- 
plates, the half pattern being on one side only, 
and arranged symmetrically, as seen in the photo- 
graphs, so that the half moulds will match. The 
machine is belt-driven and compound geared, and 
thus but 1 horse-power is required to drive it. It 
is started and stopped by a foot-lever seen at the 
front, the action being as follows :— 

A half flask is laid in position on the pattern- 
plate, and the machine started. Sand contained in 
a rotary riddle, seen at the rear, is sifted and con- 
veyed by the bucket-elevator to the top of the 
machine, whence it is dumped into the hopper. The 
flask is carried by one revulution of the operating 
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Fie. 597. 

















Fie. 598. 


shaft to the back of the machine, where it receives a 
measured supply of sand from the hopper. It is then 
returned towards the front of the machine, but is 
arrested in its course when under the rammer-head, 
to which a ramming or bottom board is attached 
(neither this nor the flask being seen in the photo- 
graph). The flask is centred under the head by a 
stop. The ram is pulled down by the connecting- 
rods outside the large gear-wheels, compressing the 
sand. At the same instant an oscillating vibrator, 
which is connected to the pattern-plate, is thrown 
into action bythe knee of the attendant. The dura- 
tion of its operation is regulated by a cam to suit the 
height of lift. The object in starting this at the 
moment when ramming commences is to prevent 
the formation of vacuum between the sand grains, 
and to prevent the sand from adhering to the 
ttern, as no parting sand is used. Tocompensate 
or its non-employment the pattern-plate is heated 
by gas jets from beneath, and the moulds draw 
readily. The holes in the plates are drilled to allow 
for their expansion when heated. The flask is lifted 
off the pattern by four pins, and the operator then 
removes it from the machine and places a second 
flask over the pattern. 

The degree of pressure of the ram upon the 
pattern can be adjusted, and the ramming-boards 
can also be so aibutet that the drags can be 
pressed harder than the copes. The runner is cut 
in the copes, and the setting of the flask by a stop 
ensures that it shall be located centrally. The 
machine is suitable for ordinary boxes, and for 
snap-flask work, which flasks the firm manufacture 
in aluminium. This firm, the Berkshire Manufac- 
turing Company, of Cleveland, Ohio, guarantee 
sixty moulds per hour on the machine. 





Sr. Gornarp Rartway.—The Swiss Federal Council 
has finally ratified the purchase of the St. Gothard Rail- 
way by the Helvetic Confederation. The Confederation 
will issue 4 per cent. obligations to the amount of 
3,350,000. to provide for the purchase. The obligations 
are to be redeemed after December 31, 1921. 
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COMPOUND GOODS LOCOMOTIVE FOR 
THE ITALIAN STATE RAILWAYS. 


Tue Societa Anonima Officine Meccaniche, Milan 
(formerly Miani, Silvestri, and Co., and A. Grondona, 
Comi, and Co.), exhibited at the Turin Exhibition last 
year theten-coupled four-cylinder compound locomotive 
which we illustrate in Figs. 1 and 2 of Plate IX., pub- 
lished with this issue, and in Figs. 3 to 15 on pages 46 
and 47. Its principal dimensions are the following :— 


Cylinders, diameter of high-pressure .. 0.375 m. (14.764 | 
Cylinders, diameter of low-pressure . 0.610 ,, (24.016,, 
Stroke .. oe pa “s - -. 0650 ,, (25.591,, ) 
high-pressure 39 dm. 
cube (1.37 cub. ft.) 
low-pressure 60 dm. 
cube (2.12 cub. ft.) 


Cylinders, clearance. . 


Distance between centres of inside 


cylinders... ne ‘“ ae . 0,580 m. (1 ft. 11 in.) 
Distance between centres of outside 
cy linders . . .. 2.220m. (7 ft. 3 in.) 


32 mm. (1.260 in.) 
-« @ wp ee.) 
. 1.350m. (4 ft. 5 in.) 
14,300 kgs. (31,500 lb.) 


Inside lap, high-pressure valves .. 
Inside lap, low-pressure valv 

Diameter of wheels .. os oe 
Tractive effort at the rail .. ee oe 
Length between centres of inside con- 


necting-rods os - os -. 2.800 m. (9 ft. 2 in.) 
Length between centres of outside con- 

necting-rods. . ° ; ee .. 2.800 m. (9 ft. 2 in.) 
Rigid wheel-base ° Sw @ wo 10 5) 
Total s i ae ‘,, a9, t+? 
Distance between frame-plates  .. -- 1,230, (44 , 0, 


Thickness of frame-plates .. 
Length over buffers .. as . 
Boiler barrel, mean inside diameter 
oe length oa R 985 ,, oo BE os 
Boiler-plates, thickness he me -- 185 mm. (0.728 in.) 
Height of boiler centre above rail level.. 2.805 m. (9 ft. 3 in.) 
Fire-box, — (top) ‘ 1.795 m. (5 ft. 11 in.) 
a width - a a hens Divs S ns } 
ae height infront .. pm » Ea Ba ft ws 
“* height at back - cy ee ar EE se od 
Boiler-tubes, inside and outside diameter 47 mm. and 52 mm. 
(1.850 in. and 2.047 in.) 


ee 265 
. 5.150 m. (16 ft. 10in.) 
8 


. 12.465 m, (40 ft. 11 in.) 
1.560 m. (5 ft. 1 in.) 


- number a“ 
Distance between tube plates 
Stay tubes, number .. as ne +e 

a inside and outside diameter.. 37 mm. and 55 mm. 
(1.457 in. and 2.165 in.) 
Heating surface of tubes . 224.50 “y m. (2416.58 
sq. ft. 
- a“? sq. m. (123.79 sq. 
t. 


.. 236.8q. m. (2540.37 sq. ft.) 
2.155 m. (7 ft. Lin.) 


Heating surface of fire-box .. 


Total heating surface 
Grate, — ee +s 
» Width .. a 


ee 1. ” (5 19.3») 
» GD as ve ne ee .. 3.50 sq. m. (37.67 sq. ft.) 
Ratio of heating surface to grate area .. 67 
Boiler pressure . oe ee 16 Kg. per sq. c. 
(235 lb. per sq. in.) 
Boiler, water capacity 10 cm. (4 in.) above 
fire-box crown os ve ; se 5.900 cub. m. 
(208.870 cub. ft.) 
Boiler, steam capacity 2.700 cub. m. 
(95.350 cub, ft.) 
», total capacity PP 8.600 cub. m. 
(308.720 cub. ft.) 
» weight with fittings ‘ - 20.5 tons 


Smoke-box, diameter ve 1.617 m. (5 ft. 3} in.) 
a ee ee Se mS 
Section available for the flow of air and 
gases :— 
Through the grate en id .. 1,50 sq. m. (16.15 sq. ft.) 
Through the tubes at the fire-box 


tube-plate a - ae -- 0.2085 ,, (815 ,, ) 
Through the tubes at the middle of 
their length .. Bs at -. 0.4784 ~,, (610 ,, +) 
Through the chimney—minimum .. 0.1320 ,, (1.40 ,, ) 
Weight of engine, empty .. és ” 65.8 tons 
Weight of engine in working order 7S. ot 
Weight available for adhesion és  w 
Coal in bunker on engine .. oe « 6 ww 


The locomotive in question, constructed for the 
Italian State Railways, has been primarily built for 
hauling heavy goods-trains. The whole of its weight 
is available for adhesion. It is used also for pas- 
senger service on sections on which there are heavy 
avallenta, such as those met with in the Apennines 
and in the Alps. In this work it has given great 
satisfaction. It is coupled to a tender which is divided 
into two parts, consisting of the water-tank and a 
brake compartment. This tender is illustrated by 
Figs. 15 to 18 on pase 50, and it is also shown coupled 
to the engine by Fig. 14, page 47. The coal is carried 
on the locomotive itself. 

The engine is a four-cylinder compound, the drive 
being on to the third axle, as shown in Figs. 1 and 2 
of Plate IX. The two low-pressure cylinders are 
on the right-hand side of the engine, and the two 
high-pressure on the left-hand side. In order to 
facilitate the negotiating of curves, the first and the 
fifth axles have been given a 30-mm. (1.181 in.) lateral 
play, and the tyres of the wheels of the main driving- 
axle are flangeless. Moreover, the two end pairs of 
wheels are provided with spherically-shaped crank-pins 
and brasses. 

Steam distribution is on the Walschaert system. 
One piston-valve is common to the two cylinders of 
each group, which greatly simplifies the valve-gear, 
this latter being, in fact, comparable to that of an 
engine having two single cylinders. Figs. 3 to 7, 
page 46, show sections through the two high-pressure 
cylinders, a section through the trailing-axle showing 
the spherical crank-pin, and an end view of the engine, 
and finally the low and high-pressure cylinder gear. 

The valve-chests and piston-valves are illustrated 
separately in Figs. 8 to 11 on 47. The live steam 
enters the high-pressure valve-chest through the port 


marked A, Fig. 8, and the double piston-valve, Fig. 9, 
closes the steam ports / when in mid-gear. Each of 
the two sets of steam ports communicates with a system 
formed of two passages delivering the steam simul- 
taneously to the opposite ends of the two high-pres- 
sure cylinders. This distribution corresponds to the 
arrangement of the two cranks on the driving-axle, 
which are keyed 173 deg. apart, instead of 180 deg., 
since the inside and outside cylinders have a relative 
inclination of 7 deg. (see diagram Fig. 12, on page 47), 

The piston-valve of the low-pressure cylinder is 
equal in diameter to that of the high-pressure cylinder. 
It takes the form of a double piston-valve, as shown in 
Fig. 11. Exhaust takes place at both ends of the valve- 
chest, as in the case of the high-pressure cylinders, 
and also through the central ports. The steam inlet, 
Fig. 10, is through ports between the three exhausts. 
It will be seen from Fig. 10 how the smaller ports 
communicate with the high and low-pressure cylinders, 
and when the engine is running the piston-valve 
uncovers the ports, so that the steam flows to, and 
is exhausted from, the opposite ends of the group of 
two cylinders. The inside cylinders are on an incline 
of 8 deg. to the horizontal, and the outside set at an 
angle of 1 deg. The four cylinders, with their valve- 
chests, weigh together about 6 tons. 

The reversing gears of the high-pressure and low- 
pressure cylinders are independent. The driving-axle 
has four cranks. The two for the low-pressure con- 
necting-rods are ee as already stated, to an angle 
of 173 deg. The high-pressure cylinder cranks are 
also set at 173 deg., and the two sets of high and low 
are 90 deg. apart. The pins of the inside cranks of 
the crank-axle are 230 mm. (9.05 in.) in diameter ; 
those of the outside have a diameter of 165 mm. 
(6.49 in. ). 

To facilitate starting, a special throttle-valve, Fig. 13, 
page 47, is provided. ‘This embodies a small pilot- 
ee sea on the main valve, which, on the first 
movement of the regulator, allows steam at a suit- 
ably reduced pressure, 7 kg. per sq. cm. (103 lb. per 
sq. in.), to be supplied to the receiver through an 
auxiliary pipe of small diameter, which communicates 
with the exhaust-chamber of the high-pressure valve- 
chest. This steam admission is controlled by a device 
fitted to the high-pressure valve-rod, which allows of 
steam being supplied at starting only for such parts 
of the stroke as correspond to the unfavourable posi- 
tions of the cranks. Assoon as the regulator is opened 
further, the auxiliary supply of live steam ceases. 

The boiler and receiver are provided with Coale 
safety-valves. The regulator is of the Zara balanced 
valve type. The packing-rings for the piston and 
piston-valves are fitted with springs of the Leeds Forge 
type. The engine is provided with a Friedmann lubri- 
— pump. The axle-boxes swivel vertically in the 
horn blocks on the Zara principle, in order to reduce 
the strains which are set up when the engine enters 
acurve. The train-heating apparatus is of the Haag 
type. The engine is fitted with a Leach sanding 
apparatus, with a Hassler eee. and with a 
rapid-acting combination Westinghouse compressed- 
air brake, which acts upon all the wheels of the engine 
and tender. The brake can also be applied by the 
guard from the brake-van. 

Coal is carried in a bunker on the top of the boiler 
at the fire-box end. The tender carries the water, but 
no coal ; it can be coupled at either end of the engine. 

Notwithstanding its ten coupled wheels, the engine 
can easily negotiate curves having 300 m. (984 ft.) in 
radius, owing to the play provided for some of the axles, 
as above stated, and to the flat tyres fitted to the main 
driving-wheels. Tests made by the Italian State Rail- 
ways have shown this type of engine to be capable of 
handling train-loads of 272 tons, which is well above 
the normal train-loads of this service. The engine is 
very steady even at a speed as high as 55 km. 
(34.3 miles) per hour. When hauling a train-load of 
272 tons, gradients of 25 mm. per metre (1 in 40) are 
negotiated at a speed of 25 km. (15.5 miles) per hour. 
The maximum power developed was obtained when 
hauling a train-load of 204 tons on the 25-km. 
(15.5-mile) run, from Pistoia to Pracchia, the time 
taken being 39 minutes. This track has a number 
of 300 m. (984 ft.) curves and an almost continuous 
grade of 25 mm. per metre (1 in 40), which the 
— took at an average speed of 40 km. (24.8 
miles) per hour. The power developed was on an 
average 1200 horse-power. The following figures were 
recorded in the various tests :— 


me production of saturated steam 


pe 11,900 kg. to 15,750 kg. 
(26,200 Ib. to 34,700 Ib.) 
Average production per sq. m. of heating 
surface per hour .. cs + .. 43 kg. to 67 kg. (8.8 Ib. 
to 13.7 lb. per sq. ft.) 
Average production per kg. of coal .. 6.7 kg. to 7.3 ~ (6.7 Ib. 
to 7.3 lb. per Ib.) 
Coal consumption per sq. m. of grate area 
perhour.. os .* nea .. 405 kg. to 670 kg. (83 Ib. 


to 137 Ib. per sq. ft.) 
1420 kg. to 2335 kg. 


Coal consumption per hour 
(3130 lb. to 5140 1b.) 





The average indicated horse-power developed in the 
cylinders (I.H.-P.) varied in the various tests from 859 





to 1193 indicated horse-power, and the effective horse- 
ope (E.H.-P.) from 781 to 1072 effective horse-power. 

he average energy absorbed by the mechanism was 
about +; the effective energy at the driving-wheels, or 


LH.-P. - EHP. _ 0.10, which does not appear at 


E.H.-P. 
all excessive for the conditions in which the tests were 
carried out, and the long cut-off. 

The engines of this type exceed in power all others 
used in Italy on the system in question, Their weight 
in working order amounts to only 65 kg, (143 Ib.) per 
horse-power, which is considerably lower than that of 
the other engines. 

The following are the principal dimensions of the 
tender :— 


Length over buffers .. ie - .. 8,100 m. (26 ft. 7 in.) 
Distance between axle centr ee - 62, 2.8. ) 
Capacity of watertank .. ae .. 13 cub. m. (2860 gals. ) 
Weight empty ive os ea se 12.9 tons 

»  inrunningorder .. P & 25.9 ,, 


Besides this engine the Societa Anonima “‘ Officine 
Meccaniche” also exhibited at Turin a 4-6-2 locomotive 
similar to that built by Messrs. Breda, described in our 
last volume, on page 192. These locomotives were of 
a new type, and were ordered simultaneously from 
both these Italian works. That built by the ‘‘ Officine 
Meccaniche ” was delivered to the Italian State Rail- 
ways six months and ten days after receipt of the 
order—a very good record, considering the novelty of 
the type and the weight—101 tons—of the engine and 
tender. 

The ‘‘ Officine Meccaniche” also exhibited a goods 
engine of the 2-8-0 type, built by them also for the 
State Railways. They further had a most excellent 
display of passenger carriages and a mail coach. 





INDUSTRIAL NOTES. 

SHOULD the leaders of the miners’ unions eventually 
decide to declare a general strike, it will be a gross 
and dishonourable breach of existing agreements be- 
tween the coalowners’ and the workmen’s associations. 
The proposal that has been put before the coalowners 
of Durham by the representatives of the work- 
men is that each individual who .enters a mine, 
whatever the amount of the work he does, whether 
much or little, shall be guaranteed a certain fixed 
minimum wage. Such a proposal is, of course, one 
that cannot be ap for, if it were, it would mean 
the closing of proba ly all the collieries in the district. 
There is an honest desire on the part of the owners 
to meet the wishes of their workmen that each person 
in their employment shall receive a fair day’s wage 
for a fair day’s work, and they would be glad to 
make any sstlinections that may be necessary in the 
existing arrangements to determine how this is to be 
arrived at ; but they are convinced that payment in 
proportion to the amount of work done is the only 
method that can be successfully applied in the case of 
coal-miners, There are many exceptional cases arising 
on account of special difficulties on a working face 
in which it may be impossible for a man, however 
well he works, to earn what he would do under ordi- 
nary circumstances. In such cases it is recognised 
by the owners that special consideration must be 
given, and they state that, so far as their experience 
goes, they are not aware that complaints exist 
as to the means of settling such questions. If pro- 
posals are brought before them for alteration or 
amendment in the system, they will always be 
willing to give them the fullest consideration. The 
Conciliation Board for the Durham Coal Trade is still 
in existence, and in the rules the objects are set out 
as follows :—‘‘ By conciliatory means to prevent dis- 
putes and to put an end to any that may arise, and 
with this view to consider and decide upon all claims 
that either party may from time to time make for a 
change in the county rates of wages or county prac- 
tices, and upon any other questions, not falling within 
the jurisdiction of the joint committee, that it may 
be agreed between the parties to refer to the Board.” 
It is also provided that the Board shall continue 
until terminated by six months’ notice from either 
side. Any dispute like the present should therefore 
be referred to this Board, and under the rules of 
the procedure, if the parties fail to agree, the question 
should be settled by Sir David Harrel, the umpire to 
the Board. It is much to be feared, however, that 
the men are fast losing their sense of what is right 
and honourable, and are willing to adopt means 
which cannot be defended on ethical or moral grounds. 
This is what the present situation suggests, but the 
future only can prove whether this supposition is cor- 
rect. That the proposal of the workmen, as brought 


*| forward, is oo tage the owners are satisfied, and 


if the men choose to force matters to a crisis the 
masters will certainly not be responsible for any- 
thing in the way of loss and suffering that may follow. 
The question of a minimum wage appears now among 
the miners to amount to a tenet of fanaticism which, 
if not tempered with moderation and common-sense, 
may do an enormous amount of harm to the country 
and to the men themselves. The claims of the 
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country do not appear, however, to trouble the labour 
leaders to an inordinate degree, and these agitators 
do not seem to see very far ahead, even in the case 
of men they advise. 

Referring to the demand for a minimum wage, 
Mr. Thomas Burt, in his monthly circular to the 
Northumberland miners, which appeared last week, 
says that it would be idle to disguise the truth that 
we are face to face with a grave crisis, which may not 
only affect the well-being of 600,000 members of the 
Miners’ Federation of Great Britain, but also vitally 
concern the interests of the whole community. Mr. 
Burt states that it would have been better if the 
minimum wage for all workers had been fully and 
seriously discussed before federal minimum wage as a 
principle. He asks if it is not obvious that the 
Federation has been trying to grapple with too many 
big questions at one and the same time. 

Should there be a strike, the coalowners declare 
that they will fight to the bitter end, and that they 
will decline intervention from outside. This resolu- 
tion cannot be wondered at, for they do not appear 
to have gained anything by outside interference, and 
there is no relying on the integrity of the men to 
keep agreements when they are entered into. Public 
feeling may be — such a policy, because the 
public may suffer by it, but no reasonable person can 
be surprised at the masters taking up this position. The 
gravity of the situation is indicated by some remarks 
made at Cardiff by Mr. D. H. Thomas, the chairman 
of the Cambrian Combine Collieries. He said that his 
efforts to secure peace by means of a compromise had 
been set aside, and he now had to fall in with the 
rank and file of the coalowners, and take off his coat 
for a fight, and he would say, ‘‘ Hands off, busybodies ; 
we are going to manage our own affairs, and are quite 
competent to do it.” He did not think that even 
Board of Trade interference was advisable. The 
matter was not one for arbitration, for a question of 
principle was involved. 





The cetton lock-out still continues. Conferences 
between Sir George Askwith and the cotton employers 
were resumed on Monday, but were adjourned till 
Tuesday. The Nelson Weavers’ Association appears 
to be strongly against the agreement for the settle- 
ment of the lock-out being signed, and at Colne 
strong opposition to submission has been expressed on 
the unionist question and the postponement of the 
advance in wages. The problem before the men’s 
leaders cannot be anything but a difficult one, on 
account of the unruly nature of the elements with 
which they have to deal. Tuesday’s conference proved 
abortive and was adjourned till Monday next. 





On Saturday last representatives of the Northumber- 
land miners waited on the coal-owners in Newcastle 
with the object of obtaining an advance of wages based 
on the higher price of coal and the general improve- 
ment in trade. It may be remembered that about 
three months ago a similar application was made, but 
was unsuccessful, the last advance having been made 
in July, before the abolition of the Conciliation Board, 
the wages then being left 274 per cent. above the 
standard of 1879. At the meeting on Saturday it was 
decided to advance the men’s wages by 1} per cent., 
making them 28? per cent. above the basis ; the in- 
crease to take effect with pays commencing January 8 
and 15. 





At the end of last week there appeared to be rather 
a hopeful tendency in connection with the discharge- 
note trouble in the Tyne shipyards, for it was thought 
that things pointed to a settlement of the dispute. 
All platers, riveters, caulkers, and shipwrights in 
the Walker shipyard of Sir W. G. Armstrong, Whit- 
worth, and Co., reported that they would withdraw 
their notices until the following Tuesday night, so as 
to aliow the decision of the joint conference that was 
held at Carlisleon Monday. The outcome of the confer- 
ence was also awaited with much interest on the Wear, 
and as much as possible was done to lessen any diffi- 
culty that might arise, some of the employers having 
instructed their foremen not to engage any new work- 
men for the time being. In some quarters, however, 
it was thought inevitable that a lock-out would occur. 

The result of the conference at Carlisle, when it be- 
came known, certainly made matters look rather more 
bright, for it averted a stoppage, or, at any rate, post- 
poned it. The workers and the employers resolved to 
discuss the matter further at a meeting to be held on 
Thursday in next week, work to be resumed at once 
in the yards where the men had withdrawn their 
labour. It was decided to suspend the discharge- 
notes temporarily in these yards, while in the other 
yards the system should, it was agreed, be continued 
till the next conference had taken place. 

Mr. R. H. Thomas, M.P., speaking at the Rhymney 
Railwaymen’s Improvement Class dinner at Cardiff on 
Saturday last, said that he would not hold office in 
the Amalgamated Society of Railway Servants a 
moment longer than he could retain the men’s con- 





fidence, but he was not going to be hounded out by a 
lot of hooligans who knew nothing of the sacrifices 
made in building up the organisation, and were so 
afraid of their own position that they would not allow 
the other side to state its case. He accepted full 
responsibility for his share in preventing a railwa 
strike at Christmas, which was the great crime with 
which the opposition charged the joint executive, and 
he could give good reasons for their action. They 
would live, he said, to bless 1911 for winning the 
official recognition. All the claptrap in the world 
would not alter that fact, and this was but one of the 
things they had won. 





Last week trouble again broke out among the 
Bradford woolcombers. The employers resolved that, 
unless the workpeople at Messrs. Isaac Holden’s mill 
returned to work by last Tuesday night, the whole of 
the members of the Employers’ Federation would close 
their works until further notice. The employers stated 
that although they were willing to work in friendly 
relationship with the warkpeople’s union, they were 
determined to insist on the right to employ union or 
non-union workpeople as best suited their respec- 
tive businesses. Moreover, they maintained that union 
and non-union workpeople must work together, each 
without molestation from the other. The trouble was, 
however, ended on Wednesday evening. As a result 
of a ballot taken on Wednesday by the men to decide 
whether the masters’ terms should be accepted or not, 
the operatives agreed to return to work on the em- 
ployers’ terms, and the threatened lock-out of 12,000 
hands was fortunately prevented. 





On Monday last about a thousand workpeople in the 
dyeing and trimming trades at Leicester struck work 
because the employers refused to pay according to a 
new price-list submitted. Matters were complicated 
on Tuesday by a strike, followed by a lock-out of the 
dyers of the federated firms in the trade. The dyers 
employed by one firm first struck work, stating that 
the cause was the victimisation of one of their 
number. The employers, however, say that the dis- 
charge was due to the introduction of machinery. 
As the men would not return to work, the masters 
decided upon a lock-out. The unions have retaliated 
by calling out the men at non-federated works. The 
trimmers do not show any signs of yielding. The 
hosiery workers will soon be affected if a settlement 
is not reached, and several thousand women and girls 
will be thrown out of work. 

The railway strike which recently began in Argen- 
tina has brought about a serious state of affairs on 
account of the holding up of wheat trains, and the situa- 
tion is under the consideration of the Government. 
Nearly the whole of the railway men are said to be 
out, but provisional passenger trains are being run 
with the assistance a clerks and other employees. 
The Minister of the Interior offered his services as 
mediator, but these were refused by the men, though 
accepted by the companies. The men who left work 
are composed largely of English and Italians. 





The monthly report of the United Pattern-Makers’ 
Association for December indicates that the condition 
of the trade is not quite so favourable as has recently 
been recorded. At the end of December 265 members 
were signing the vacant-book, being an increase of 
54 over the numbers of the previous month. There 
was an advance in the percentage of unemployed from 
2.7 per cent. in November to 3.4 per cent. in Decem- 
ber, but the increase is accounted for by the fact that 
the holidays threw members into temporary unem- 
ployment, which was, of course, a passing phase. On 
the North-East Coast trade remains good, with the 
exception of Darlington, where an unusually large 
proportion of members are idle. On the Clyde things 
remain steady, and from Barrow trade reports are 
good. Things are not so good, however, at Belfast, 
many of the men there having been out long enough to 
qualify for the lowest scale of donation. From Man- 
chester trade reports are good, but from Bolton 
less cheerful news comes. Fairly good reports have 
come from Yorkshire. There is promise that the 
present year will fully attain the high standard of 
the last twelve months. 





A proposal has been made by a number of repre- 
sentative employers throughout the country that the 
Government should appoint a Royal Commission to 
inquire into the acts of lawlessness perpetrated by 
trade unionists during labour disputes, in order that 
the true proportions of this growing evil may be made 
clearer to the people of the country. The Trade 
Disputes Act Reform League received this communi- 
cation, but the —_ has since received adverse pro- 
posals from other large employers on the following 
ground :—That great delay would be caused by the 
Commission, and that the experience of previous Com- 
missions has been to show that they have been used as 
a means of shelving urgent problems, in addition to 
which information as to acts of intimidation and 





terrorism during strikes has been transmitted to the 
Home Office by the police authorities, and that the 
Government cannot lay claim to be in ignorance of 
the facts. Any guarantee of immunity which could be 
iven to workmen who might lay evidence before the 
Jommission is regarded by some employers as utterly 
worthless. 





The Danish Official Statistic Bureau has for a period 
of fifteen years been collecting material dealing with 
labour conflicts, and has now published a summary 
for fourteen years, up to, but not including, last year. 
The aggregate number of stoppages of labour during 
these fourteen years amoun to 1238, on an average 
one every fourth day; but many of these conflicts, 
naturally, were withoutany importance. They repre- 
sent, however, an aggregate loss of 4,900,000 working 
days, of which more than half, 2,700,000 days, were 
due to the great lock-out in 1899. Apart from this 
the number of lost days average between 150,000 
and 200,000 days for a normal year, or less than one 
day per hand engaged in industry. The loss in 
money entailed by the above stoppages in wages 
amounts to between 18,000,000 kr. (1,000,000/.) and 
19,000,000 kr. (1,055,550/.), of which about two-thirds 
are accuunted for by the protracted and comprehensive 
lock-out referred to above. The average loss in wages 
is therefore about 500,000 kr. (28,000/.) per year. 

As to the relief money paid to the men from their 
organisations during labour conflicts, it appears that 
during the last six years between one-half and four- 
fifths of the loss in wages was refunded to the organised 
men from their strike funds, which funds have, of 
course, been formed from their contributions. 


The Swedish Government is at present considering 
the question of insurance against non-employment, 
and at its initiative an expert is preparing a report 
on this subject as far as other countries are concerned, 
as a basis for an eventual Swedish measure in this 
direction. 





THE LATE Mr. BartTHotomew P. Bripper.—We regret 
to have to announce the death of Mr. Bartholomew 
Parker Bidder, M. Inst. C.E., at Assouan, Egypt, on 
January 8, in his sixty-seventh year. Mr. Bidder passed 
a considerable portion of his early life in the North of 
England and in Wales, where he was connected with rail- 
way construction and collieries. He served his pupilage 
under the late Sir George Elliott, Bart., M. Inst. C.E., 
from 1862-1867, and had a varied experience, particularly 
in mining engineering. He was elected a Member of the 
Institution of Civil Engineers in 1878. 


Conrracts.—The Mirrlees-Watson Company, Limited, 
Glasgow, have recently received the following orders for 
large units:—From the Glasgow Corporation Tramway 
Power-Station, Pinkston, one set of surface-condensing 
plant for 5000-kw. alternator, the condenser being of the 
direct-flow type, having 10,200 sq. ft. cooling surface, with 
air-pump of the Mirrlees-Leblanc rotary type, which. 
together with the water-extracting pump and centrifugal 
circulating-pump, is driven direct from an auxiliary 
steam-turbine running at 2000 revolutions per minute. 
The plant is designed to deal with 72,000 lb. of steam per 
hour, giving a vacuum of 28 in. with water at 70 deg. 
Fahr. This is the seventh set supplied by them for the 
Pinkston Power station. From the Liverpool Corpora- 
tion, two sets of surface-condensing plant for Lister Drive 
No. 1 Power station, to work in connection with 3500-kw. 
turbo-alternators by the British Thomson-Houston Com- 
pany. The condensers are of the circular type, havin 
11,000 sq. ft. of cooling surface, and are fitted wit 
+ sen, slr three-throw air-pumps, motor-driven. 
This is the eighth set supplied by them to the Liverpool 
Corporation. From the Manchester Corporation, one 
set barometric jet-condensing plant for the Stuart-street 
Station, to work in conjunction with a 4000 kw. exhaust- 
steam alternator, supplied by Messrs. Jas. Howden and 
Co., and capable of dealing with 137,500 lb. of steam per 
hour, giving a vacuum of 274 in. with water at 80 deg. 
Fahr.—Messrs. André Citroén and Co.,the sole makers 
of the Citroén machine-cut helical gears, have received 
an order to the value of 5000/. from the Oerlikon Com- 

y for gears in connection with electric locomotives. 
This contract is the outcome of the successful working of 
the Citroén gears in the Oerlikon locomotives u in 
connection with the Létschberg (Switzerland) electric 
railway.—We understand that among recent turbine 
orders received by Messrs. Willans and Robinson are the 
following for this country and the colonies :—Three 
7000-kw. turbines and one 5000-kw. turbine, coupled to 
Dick, Kerr alternators, and provided with surface-con- 
at plants. Two 750-kw. mixed-pressure turbines 
coupled to G.E.C. alternators, to be supplied with 
Willans jet condensing plants. One 1500-kw. turbine 
coupled to a Siemens alternator, and provided with sur- 
face-condensing plant. One 1000-kw. turbine coupled to 
Siemens continuous-current generators, and provided with 
surface-condensing plant (repeat order). One 1200-kw. 
turbine. coupled to a Vickers three-phase alternator, and 
provided with surface-condensing plant. Two 1000-kw. 
turbines and condensing plants. A large number of 
Diesel engine orders have also been secured, including 
the following :—Three 100-horse-power engines for driving 
alternators. One 100-horse-power engine for driving 
a continuous -current generator; one 200 - horse - power 
engine for driving a continuous-current generator ; three 
50-horse-power engines for driving crushers. 
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NOTES FROM THE UNITED STATES. 
PuILaApELputA, December 28, 1911. 

RAILROAD ordering on an extended scale will begin 
early in January as indicated by a renewal of inquiries 
that figure up closely to 1,000,000 tons, including 
rails, plates, shapes, and material for steel cars, The 
terms for this immense quantity of material have been 
agreed upon, and the formality of placing the orders 
will be gone through early in the new month. 
Among the antici orders are the immense require- 
ments for the Wow York Central and the Pennsy]l- 
vania, which have been frequently referred to. The 
Baltimore and Ohio awarded orders last week for 


17,000 tons to the Carnegie Company, 7000 tons to the | Lord 


lilinois Steel Company, and 10,000 tons to the Pennsyl- 


vania Steel Company. Within the last ten days orders of | , 


rails for export foot up 25,000 tons. Orders for rails for 
Southern roads will reach 100,000 tons. The Grand 
Trunk and two or three Western roads will place very 
large orders early in the month. Among recent orders 
for bridge material are 1400 tons for the Grand Truvk 
for a bridge at Bay City, Michigan. Pending orders 
for bridge work total 20,000 tons, of which the 
Lackawanna Railroad Company are ordering 7000 tons. 
The construction of the Detroit terminal requires 
10,000 tons, which will soon be ordered. The tone of 
the pig-iron market is strong, though prices continue 
low. A large volume of business is in sight at slightly 
advanced prices. ‘J he bar, plate, and sheet mills have 
gathered up a good volume of business, and many 
mills will operate to 90 per cent. of capacity. The 
basis of the present vigorous condition is due to active 
buying by the rail 8. 
January 4, 1912. 

Production of pig iron for the past year, though 
not officially announced, will foot up very closely to 
23,800,000 tons, as compared with 27,303,567 tons in 
1910 and 25,795,471 tons in 1909. Blast-furnace re- 
sumption is going on ata rate that is surprising to the 
trade. The Steel Corporation is blowing in ten furnaces 
that have been idle a long time. Elsewhere eight idle 
furnaces went into blast during the first three weeks 
of December. This makes 229 furnaces in blast this 
week as against 211 a month ago. The Carnegie Com- 
pany put four in blast at the Edgar Thompson Works ; 
two at Columbus, Ohio; two at Youngstown, Ohio; 
and two at New Castle, Pa. The record of heavv 
business during December assures as heavy business 
this month. Consumers and jobbers everywhere per- 
mitted their stocks to run quite low. They held back 
because they thought they could have orders filled 
promptly, but the heavy December buying has aroused 
them to the fact that they must be alert and look out 
for supplies if they want early deliveries. The great 
bulk of pending business will be transacted at the low 
prices heretofore prevailing, except as to the large 
number of small buyers, who may have to pay more 
for special accommodation as to early delivery. 
Billets have nominally advanced | dol. per ton within 
the past month, but they are still 3 dols. a ton under 
the prices prevailing a year ago. Bars, plates, and 
shapes are 5 dols. a ton less than a year ago. Sheets 
are 6 dols. under, and wire nails 4 dols. The steel 
makers are endeavouring to hold the market level at 
present prices in order to encourage demand. A long 
period of low prices is regarded as probable. The 
general tone of the market is much stronger, and the 
inquiries that are coming in day by day indicate a 
continuance of present activity until stocks in dis- 
tributors’ and consumers’ hands reach a safe surplus. 





Sarrn’s Dock Company, LimttEp.—Smith’s Dock Com- 
pany, Limited, built at their new works at South Bank- 
on-Tees, in 1911, twenty sets of triple-expansion marine 
engines, with a to‘al horse-power of 9150. 





PrrsonaL.—The Electrical Times state that they are 
moving into larger offices at Sardinia House, Sardinia- 


ADMIRALTY ADMINISTRATION. 


ImporTANT changes have been made in connection 
with the administrative departments at the Admiralty 
for strategic and commercial reasons. For the former 
purpose @ naval war staff has been organised, in order 
to systematise the consideration of all developments 
which bear upon strategy and tactics, and the change 
has been immediately approved by all having know- 
ledge of the conditions of naval affairs, as it will ensure 
that the Fleet will at all times be in a state of pre- 

redness for whatever contingency may arise. The 
change effected in the organisation of the commercial 
deparcment is the appointment of an additional Civil 
, who is to be responsible, practically, for the 
buying department. Indeed, he has been acclaimed with 
igh commendation, by all having business with the 
Admiralty, as a ‘‘commercial manager ;” and as the 
Right Hon. Sir Francis J. 8. Hopwood, G.C.M.G., 
K.C.B., has been appointed to this position, and will 
take up his duties immediately, there is every hope 
that the change will be of great advantage to the ser- 
vice, and conduce to the interest of all firms doing 
work for the Admiralty. The First Lord of the Admi- 
ralty has issued a Memorandum explanatory of the 
various changes. The part, however, which most con- 
cerns our readers is that explaining the reason for the 
appointment of Sir Francis, and the scope of the work 
which he will undertake. We reproduce this part of 
the First Lord’s statement. 

1. The special administrative province of the Third 
Sea Lord and Controller of the Navy is defined by the 
Order in Council as that of ‘‘ Matériel.” He is the naval 
member of the Board of Admiralty, whose prime respon- 
sibility is to see that the right type of ships are built to 
carry out the war policy of the Admiralty, and that they 
are ready at the proper dates. These duties have always 
been of high consequence and distinction ; but in modern 
times, when the march of naval science leaves the designs 
of every year behind it, obsolescent as soon as projected, 
and when naval tactics and naval strategy are being con- 
tinually modified as a consequence of new inventions and 
developments in material, the duties of the Third Sea 
Lord have become so vital that they must engross the 
undivided attention of that officer. He should have 
leisure to reflect upon the great and novel issues which 
are constantly presented, to watch the monthly progress 
of the vessels that are under construction, and above all 
to visit the Fleets themselves, and, by personal observa- 
tion and practical contact with the working of the latest 
types, to satisfy himself about the improvements which 
are possible in future designs. For this his training 
and expert knowledge as a naval officer of rank have 
fitted him ; and he should be, as far as possible, relieved 
of routine and administrative functions, and set free to 
advise the Board upon the supreme subject in his charge. 

2. Instead of this, the Controller’s Department has, in 
the passage of years, and under the pressure of modern 
expansions, me the repository of a vast mass of 
business wholly different and apart from the military 
construction of the Fleet, and the officer at its head is 
burdened with an immense number of administrative 
duties connected with the dockyards, with the finance 
of an office spending in the present year upwards of 
20,000,000/., and with the intricate and far-reaching 
commercial transactions arising out of contracts and pur- 
chasing business on a scale probably not equalled in this 
country. For much of this work the professional ex- 
perience of an Admiral affords no spevial knowledge, and 
naval officers have frequently expressed reluctance to 
undertake responsibilities so inconsequent and unwieldy. 
Nothing but the handiness and diligence characteristic 
of the naval service and the fidelity of the Admiralty 
staff have enabled this present combination of duties to 
continue without misadventure. 

3. All that may be written of the importance of setting 
the Third Sea Lord free to direct the military construc- 
tion of the Fleet applies with no less force, though in a 
different sphere, to the vast business of Admiralty con- 
tracts. Here problems of astonishing complexity and of 
first magnitude arise in a long succession. Many, in fact 
most of them, are interdependent ; and questions like the 
economic and financial position of particular firms and 
centres of shipbuilding, the principles governing a wise 





street, Kingsway, W.C. All communications should be | and far-seeing distribution of orders, the supply of armour- 


sent to the new address as from to-day. 





Tae Royat Sanrrary Instrrote.— The fifty-third | 
course of le-tures and demonstrations for sanitary officers | 
will take place from January to April, commencing on | 
Monday, the 29th inst, at 7 p.m. Lectures to assist | 
school teachers and other students entering for the exami- | 
nation in by ene in its bearing on school life, and for | 
women health visitors and school nurses, will also com- | 
mence on Friday, February 16, at 7 p.m. Further data 
can be obtained from the secretary, Mr. E. White Wallis. 





Roya Instrrvtioy.—On Tuesday next, January 16, 
at 3 o'clock, Profsssor William Bateson will begin a 
course of six lectures at the Royal Institution on ‘* The 
Study of Genetics ;” on Thursday, January 18, Professor | 
A. W. Bickerton begins a course of two lectures on “The | 
New Astronomy;” and on Saturday, January 20, the Rev. 


plate and other special commodities, the most thrifty occa- 
sions for making purchases of all kinds, are all seen to 
be related and to involve a large and continuous com- 
mercial diplomacy which, properly conducted, should 
redound to the advantage of the Navy and the economy 
of the public service, and which should certainly be the 
sole and special study of one member of the rd of 
Admiralty. 

4. It is therefore proposed to revive, though for a 


| somewhat different purpose, the office of Additional 


Civil Lord, which was for a time instituted under Mr. 
Gladstone’s Administration in 1882. The occupant of 
this post will be a member of the Board of Admiralty. 
He will be appointed on a fixed tenure. He will be 
non-Parliamentary and non-political. Under him will 
be placed the various branches of Admiralty depart- 
ments connected with contracts and purchasing. He 
will conduct the business and commercial transactions 


John Roscoe commences a course of two lectures on ‘‘The | of the Board, and all their relations with the great 
Banyoro; A Pastoral People of sore :” (1) “The Milk | contracting firms. He will, in short, be the Admiralty 


Customs ;” (2) “‘ Birth and Death Customs.” The Friday 


buyer and business manager, and it will be his duty 


evening discourse on January 19 will be delivered by | to furnish the Third and Fourth Sea Lords with all that 


Professor Sir James Dewar on ‘‘ Heat Problems,” and 
on January 26 by Professor Bertram Hopkinson on ‘‘ The 
Pressure of a Blow.” 


they may 


uire in order to build, arm, equip, and supply 
the Fleet. i 


xcept as a member of the rd, he wi 


, have no responsibility either for the adequacy of naval 





preparations or for the technical suitability of materials 
ordered. These duties can only be discharged by the Sea 
Lords responsible for the various departments. It is for 
them to daon and for him to supply ; and these func- 
tions, which are sympathetically related, are to be dis- 
charged in harmony by both parties and with full know- 
ledge of each other’s spheres. 

5. It is not necessary here to enter upon details which 
require to be elaborated with precision in co-operation 
with the persons concerned, and which will presently he 
embodied in a revised table of distribution of business 
issued by the First Lord under the authority of the 
Order in Council. The object of this minute is to explain 
the general character and intention of the new appoint- 
ment. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was easier, and 11,500 tons of Cleve 
land warrants were done at from 50s. 6d. to 50s. 4d. and 
50s. 44d cash, at 50s. 8d. one month, and 5ls. 44d. and 
5ls. 4d. three months. At the close sellers quoted 
50s. 5d. cash, 50s. 84d. one month, and 5ls. 44d. three 
months. In the afternoon Cleveland warrants were nomi- 
nally steady, and 3000 tons changed hands at 50s. 84d. 
one month, and 5ls. 3}d. and 5ls. 4d. three months. 
Closing quotations were 5(s. 5d. cash, 50s. 9d. one month, 
and 5ls. 4d. three months sellers. The market was 
weak on Friday morning, and the dealings amounted to 
about 6500 tons of Cleveland warrants at from 50s. 4d. 
to 50s. 24d. cash, at 50s. 3d. four days, 50s. 7d. and 
50s. 64d. one month, and 51s. 24d. and 5ls. 2d. three 
months. Sellers’ closing prices were 50s. 3d. cash, 
50s. 64d. one month, and 51s. 3d. three months. One lot 
of hematite was done at 40s. 9d. one month with 
buyers over. Cleveland warrants again declined in the 
afternoon, and business took place at from 50s. 14d. 
to 50s. cash, at 50s. O}d. and 50s. ld. eight days, 
50s. 54d. and 50s. 5d. one month, and from 51s. 2d. to 
503. 104d. three months. The turnover was 10,000 tons, 
and closing seHers quoted 503. 1d. cash, 503. 44d. one 
month, and 51s. three months. Cash sellers of hematite 
quoted 64s. 6d. On Monday morning a downward ten- 
dency of Cleveland warrants was again in evidence, and 
8000 tons were done at 49s. 10}d. cash, 4s. 11d. seven 
days, 503. 2d. and 50s. 24d. one month, and from 51s. to 
50s. 10d. three months. The close came with sellers at 
49s. 11d. cash, 59s. 24d. one month, and 50s, 104. three 
months. In theafternoon the market was the turn firmer, 
and 5500 tons of Cleveland warrants were dealt in at 50s. 
four days, 50s. 04d. eleven days, 50s. 2d. and 50s. 14d. 
twenty-six days, 50s. 3d. one month, 50s. 44d. March 1, 
and 50s. 10d. three months. Closing sellers quoted 
49s. 114d. cash, 50s. 3d. one month, and 50s. 10d. 
three months. On Tuesday morning a further decline 
took place, and 9000 tons of Cleveland warrants changed 
hands at 49s. 64d. cash, 493. 74d. three days, 4%s. 1ld., 
49s. 10d., and 49s. 104d. one month, and 50s. 54d. three 
months. At the close sellers quoted 49s, 7d. cash, 
49s. 11d. one month, and 50s. 6d. three months, Buyers 
of hematite quoted 64s. 3d. cash and 64s. 74d. one month, 
and sellers named 64s. 94. one month. The afternoon 
tone was steady, and 4500 tons of Cleveland warrants 
were done at 49s. 64d. and 49s. 7d. cash, 49s. 104d. one 
month, and 50s. 6d. three months, with sellers over 
at 49s. 7d. cash, 493s. 11d. one month, and 50s. 6d. 
three -months. One month hematite was unchanged 
from the morning. When the market opened to-day 
(Wednesday), the tone was weak, and Cleveland war- 
rants again declined. The turnover was 15,000 tons 
at 49s. 3d., 49s. 1d., and 49s. 24d. cash, 49s. 44d. one 
month, 49s. 9d. March 1, and 49s. 114d. and 50s. 1d. 
three months, and closing sellers quoted 49s. 34d. cash, 
49s. 7d. one month, and 50s. 3d. three months. Hema- 
tite was quoted at 64s. 6d. buyers, and 65s. sellers three 
months. In the afternoon some improvement took place, 
and the morning loss was made up. The dealings amounted 
to 5000 tons of Cleveland warrants at 49s. 64d. cash, 
49s. 4d. five days. 49s. 5d. twenty days, 49s. 7d. and 
49s, 84d. nine days, and from 49s. 64d. to 49s. 11d. one 
month. At the close of the session there were sellers at 
49s. 74d. cash, 49s. 11d. one month, and 50s. 7d. three 
month. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde and Calder, 64s.; Gart- 
sherrie, Summerlee, and Langloan, 64s. 6d.; and Colt- 
ness, 82s. 6d. (all shipped at Glasgow) ; Glengarnock (at 
Ardrossan), 65s.; Shotts (at Leith), 65s.; and Carron (at 
Grangemouth), 65s. 6d. 


Sulphate of Ammonia.—A fairly strong tone continues 
to prevail in the sulphate of ammonia market, and prices 
show a hardening tendency. The prompt quotation 1s 
from 14/. 7s. 6d. to 14l. 8s. Id. per ton, Glasgow or Leith, 
and for forward lots sellers quote 14/. 10s. per ton for 
delivery over the first half of the year. There is 4 
tolerably good inquiry in the market, and producers are 
understood to have fixed some decent parcels. The 
amount shipped from Leith Harbour last week was 
60 tons. 


Scotch Steel Trade.—Work has now been resumed in 
the Scotch steel trade, and although plant is not yet 
running full, the start has been fairly satisfactory. Spec'- 
fications on hand are sufficient to ensure steady employ- 
ment for the present, and order-books are so well filled that 
the outlook is indeed very good. There has been little 
done in the way of booking fresh local business lately, 
but on export account quite a number of new engage- 
ments have been entered into, especially for light mater'al. 
In this connection the Far East and South America have 
been buyers, while India, Australia, and Japan have 
been purchasing lots of plates and sectional material. 
Black-sheet makers have got a good start now, and report 
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a strong inquiry for further supplies. Their prices are firm 
and fresh business is a matter of arrangement. For steel 
rails there has been a heavy demand recently, and a large 
tonnage has been fixed up forshipment abroad. The official 
list of selling prices has undergone no change, but in well- 
informed circles it is argued that values may be further 
enhanced at no far-distant date. The rebate scheme has 
not given general satisfaction tv buyers, and a letter deal- 
ing with the conditions of the scheme has been forwarded 
to the Scotch Steelmakers’ Association by the Clyde Ship- 
builders’ Association. The iatter point out that in certain 
respects the scheme is unfair to them, and ask the steel- 
makers to meet a deputation. in order to discuss the 
matter. There is every prospect that the meeting will 
be arranged. 

Malleable-Iron Trade.—There is little fresh to report 
in connection with the West of Scotland malieable-iron 
trade beyond the fact that the conditions seem to be 
getting better. Competition is not so severe, and the 
price for crown bars, although named as being 6/. 5s. per 
ton, less 5 per cent., is in reality from 2s. 6d. to 5s. above 
that rate. 


Scotch Hematite.—The demand for Scotch hematite is 
as yet very limited, but —— point toa fair amount 
being required in the near future. The price quoted just 
now 1s from 68s. 6d. to 70s. per ton. 

Shipbuilding.—It is reported to-day that a Glasgow 
firm of ehipowners has just ~- an order with the 
Greenock and Grangemouth Dockyard Company for a 
steamer of about 7000 tons carrying capacity. 


Scotch Pig-Iron Returns for 1911.—The statistics of the 
Scottish Ironmasters’ Association relating to the produc- 
tion, consumption, exports, and stocks of Scotch pig iron, 
including hematite and basic, for the year 1911, and the 
figures for the previous year, are as follow :— 














In- De- 
1911. 1910. onan Goon 
Production : 
As per makers’ returns .. 1,401,799 1,414,461 12,662 
Consumption : 
In foundries on a 198,195 215,771 17,576 
In malleable iron and steel 
works oe os oa 901,761 839,115 62,646 — 
Total .. 1,(99,956 1,054,886 45,070 — 
Exports: 
Foreign 146,513 147,757 . 1,244 
Coastwise .. 159,005 149.615 9,390 
Rail to England 6,623 5,729 894 
Total oe 312,141 303,101 9,040 
Total consumption and 
exports .. = .. 1,412,097 1,357,987 54,110 
Stocks as on December 31: 
In Connal’s stores .. 1,000 1,000 
In makers’ yards .. 320,987 331,285 10,298 
Total stocks $21,987 382,285 
Furnaces :— 1911. 1910. 
Number of furnaces in blast on December 31. . 85 86 


Average number of furnaces in blast for 
the year .. - oe ue wi oe 


Summary : 


84.640 84.932 








Total stock at December 31, 1910 332,285 
Add production for 1911 .. - 1,401,799 

1,734,084 
Deduct total deliveries for 1911. . 1,412,097 
Total stock at December 31, 1911 321,987 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Hull Coal Returns.—Figures are now available showin 

the total amount of coal received at the purt of Hu 
during the year 1911. The te tonnage was 6,455,984 
tons, as compared with 6,875,152 tons for 1910—a decrease 
of 419,168 tons. The deficiency would have been larger 
but for an improvement in the returns during December, 
which reached 584,400 tons, as against the December 
tonnage of 532,480 tons in the previous year. The nearest 
to the 1911 total in recent years was in 1907, when the 
figure was 6,527,296 tons. here has been a considerable 
decrease on the year in the foreign exports, amounting to 
366,593 tons. The comparative totals are 3,355,415 tons 
for 1911, and 3,722,008 tons for 1910. The coastwise 
exports for the twelve months amounted to 982,096 tons. 
During last month 253,047 tons were exported abroad, 
and 86,387 tons sent to home ports. The Denaby and 
Cadeby Main Collieries had, during 1911, the phenomenal 
output of 1,041,872 tons, or nearly one-sixth of the total 
from South Yorkshire, and about 700,000 tons more than 
any other colliery. 


South Yorkshire Coal Trade.—The steam-coal market 
is in a very satisfactory condition. More than the usual 
quantities are going away on shipments, and there 
is considerable interest manifested just at present as 
to what figure will be decided upon for contract 
renewals for the summer period. he collieries are 
asking 1s. 6d. advance, and are likely to hold to this 
demand. Most of the railway contracts have been 
fixed up, after lengthy negotiations, at an increase of 
1s. 3d. per ton, the figure being 10s. per ton at pits. The 
industrial demand continues to be of large proportions, 
and, with the good prospects before the various indus- 
tries, is likely to be in an even yet better position in the 
near future. With all this activity pits are working full 
time, and there are practically no stocks held. There are 
heavy deliveries of gas- on contract, and a good 


weight of shipments. Slacks have not so far been affected 
by the lock-out at the cotton-mills, but its continuance 
will be bound to have a detrimental effect. 


Smalls are in 





good request, and increases ranging from 9d. to 1s. 3d. 
are being demanded on new contracts. There has been 
very little doing in house coal. Orders come to hand 
very slowly, and only the minimum is being taken, in 
wg Bony under contracts. At the same time prices 
are being kept up and advances asked in regard to 
forward buying. Latest quotations are :—Best branch 
hand-picked, 14s. 6d. to 15s. 6d.; Barnsley best silkstune, 
12s. to 13s.; silkstone, lls. 6d. to 12s. 6d.; Derbyshire 
house, 10s. to 11s.; large nuts, 9s. to 10s.; small nuts, 
6s. to 7s. 6d.; Yorkshire hards, 9s. 6d. to 10s. 6d.; Derby- 
shire hards, 9s. 3d. to 10s. 3d.; washed nuts, 8s. to 9s.; 
rough slacks, 6s. to 7s. 6d.; seconds, 5s. to 6s.; smalls, 2s. 
to 3s. 


Iron and Stcel.—The year opens with 
materials generally stronger than ever. ematites, both 
East and West Coast, are selling at higher prices, and 
most of the makers are well contracted forward. The 
improvement in common irons has also been striking. A 
very indication of the state of trade is the putting 
into blast of fresh furnaces, which is occurring from 
time totime. The latest instance is that of the Parkgate 
Iron and Steel Company, who have jrst put into blast a 
furnace that had not been working, for over three years. 
The strong current of trade activity has got into full force 
—_ after the holidays, and promises to go on developing, 

though the grave position in the coal trade is causing 
deep anxiety. Price advances of a large number of 
finished articles are expected almost atany moment. The 
armament departments are well placed for work, and gun 
and projectile ordeis of considerable magnitude are on the 
books of the three East End firms. The pressure exerted 
by the railway companies on manufacturers of railway 
steel, tyres, axles, rails, &c., is causing the latter to be 
exceedingly busy. Practically all branches of local in- 
dustry are in an extremely flourishing condition, and 
it is rumoured that many firms will embark upona policy 
of increasing their productive capacities in order to reap 
the fullest possible advantage from theexisting ‘*‘ boom” 
conditions. The rolling-mills have a particularly heavy 
weight of work on hand. All kinds of tool-steel are in 
big request, and the file and implement departments find 
it difficult to keep pace with orders. 


ig iron and raw 





NOTES FROM CLEVELAND AND THE 
NURTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Outside speculation in 
Middlesbrough warrants has brought genuine business 
in pig iron almost to a standstill for the present. The 
gamble is causing fluctuations in warrants, and this 
altogether upsets legitimate business. Then in the 
news from America of increased output of pig, with 
the result that stocks there are now accumulating, has 
had a detrimental influence upon this market. Some 
American iron is reported to have been soid to Italy, a 
country that has been a substantial customer of the North- 
Eastern district recently. Continued unrest in the labour 
market is also having a dep-essing effect on the iron trade. 
On the other hand, producers of all kinds of iron and steel 
have excellent orders booked, and are not at all necessi- 
tated to seek new contracts. The general market quota- 
tion for early f.o.b. delivery of No. 3 g.m.b. Cleveland 
pig iron is 50s.; whilst No. 1 is 53s. 6d.; No. 4 foundry 
and No. 4 forge each 49s. 6d.; mottled and white iron 
each 49s.; and Nos. 1, 2, and 3 East Coast hematite pig 
66s.—all for early delivery, rates for delivery over the 
first quarter of the year being 1s. 6d. above the foregoing 
quotations. There is practically nothing passing in foreign 
ore just now, but values are fully maintained and a 
renewal in buying is anticipated. Market rates are based 
on 21s. 9d. to 22s. ex-ship Tees for Rubio of 50 per cent. 
quality. Coke is in request for local use, but 
is practically unobtainable for early delivery. There 
are buyers of ave blast-furnace qualities delivered 
over the first half of the year at 17s. to 17s. 3d. 


Blastfurnacemen’s Wages Slightly Reduced.—The aver- 
age net selling price of No. 3 Cleveland pig-iron for the 
three months ending December 31 last has just been cer- 
tified at 47s. 4.61d. per ton as compared with 47s. 6.44d. 
per ton for the previous quarter. There was thus a 
reduction in price of 1.83d. per ton in the fourth quarter 
of 1911. In accordance with sliding-scale arrangements, 
blastfurnacemen’s wages on the North-East Coast are 
reduced by 0.25 per cent. (quarter of 1 per cent.), bring- 
ing wages from 19.25 per cent. above the standard to 
19 per cent. above the standard. The reduction took 
effect from Saturday last. 


Manufactured Iron and Steel.—Very good accounts 
continue to be given of all branches of the manufactured 
iron and steel industries, and prospects are more bright 
and encouraging than for a long time past. Nearly all 
establishments are working to their full capacity. Values 
are moving upward. .Steel bars have been advanced by 
5s., and steel strip and steel hoops each by 2s. 6d. per ton. 
Principal market rates now stand :—Common iron bars, 
7l.; best bars, 7/. 7s. 6d. ; best best bars, 7/. 15s. ; packing 
iron, 5/. 15s. ; iron ship-plates, 6/. 12s. 6d.; iron ship- 
angles, 7/. ; iron girder-plates, 6/. 17s. 6d. ; iron boiler- 
plates, 7/. 10s. to 7/. 12s. 6d. ; steel bars, 6/. 10s. ; steel 
ship-plates, 7/.; steel ship-angles, 6/. 12s. 6d.; steel boiler- 

lates, 7/. 15s.; steel strip, 6/. 12s. 6d.; steel hoops, 

. 15s.; steel joists, 6/7. 10s.; cast-iron railway chairs, 
3l. 12s. 6d. ; light iron rails, 6/. 10s.; heavy steel rails, 
5l. 12s. 6d.; steel railway sleepers, 6/. 10s.; and galvanised 
corrugated sheets, 11/. 10s.—sheets less 4 per cent., rail- 
way material net, and all other descriptions less 24 per 
cent. discount. 


Trade Statistics.—The Middlesbrough Chamber of 
Commerce quarterly returns show that at the end of 








December, of 79 blast-furnaces built within the port 
of Middlesbrough, 53 were in operation. The estimated 
output of pig iron for the last quarter of 1911 is given at 
550,000 tons, 360,000 tons being Cleveland pig, and 
190,000 tons hematite, spiegel, basic, and other special 
irons, as compared with 565,000 tons, of which 370,000 
tons was Cleveland, and 195,000 tons hematite, &c., for 
the previous three months, and 590,000 tons, of which 
390, tons were Cleveland, and 200,000 tons hematite, 
&c., for the last quarter of 1910. Imports of foreign ore 
into Middlesbrough last quarter sonal 354,197 tons, as 
compared with 434,238 tons for the previous three months, 
and 444,493 tons a Se fourth quarter of 1910. The 
total values of goods other than coal and coke exported to 
foreign and colonial destinations from Middlesbrough 
during last querter amounted to 2,221,577/.—an increase 
of 166,901/. as compared with the fourth quarter of 1910. 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam-coal trade has again become com- 
tively quiet, shippers finding that the tonnage in 
ock is scarcely sufficient to assure the position of the 
collieries for the next few days. Stormy weather occa- 
sioned this state of things, so that the check may be 
regarded as only temporary. The Lords of the Admiralty 
have been calling for quantities of coal in excess of their 
regular supplies, the object being to fill up dépdts and 
supplement stocks im reserve, so as to obviate any diffi- 
culty in the event of a great coal strike. The best Ad- 
miralty la: has made 17s. 9d. to 18s. per ton ; secon- 
dary qualities, 16s. to 17s. 6d. ; best ordinary bunker 
smalls, 8s. 3d. to 8s. 6d.; and cargo smalls, 7s. 3d. to 8s, 
per ton. House coal has been well maintained ; the best 
ordinary qualities have made 15s. 6d. to 16s. 6d.; No. 3 
Rhondda large, 17s. to 17s. 6d.; and No. 3 smalls, 9s. 6d. 
to 10s. per ton. No.2 Rhondda large has been quoted at 
13s. 6d. to 14s. 3d.; and smalls, at 6d. to 7s. per ton. 
Foundry coke has brought 17s. 6d. to 21s. ; and. furnace 
ditto, 15s. 6d. to 16s. 6d. per ton. As regards iron ore, 
Rubio has made 20s. to 21s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Dowlais.—The furnaces have been producing at high 
pressure, and the Big Mill and the Goat Mill have been 
proportionately busy. At the former fish-plates, light 
steel rails, angles, and props have m turned out; 
while — latter has been producing: heavy steel rails, tin 


South Wales Coal.—The movement of coal, foreign and 
coastwise, from the six principal Welsh ports—Cardiff, 
Newport, Swansea, Port Talbot, Neath, and Llanelly— 
last year was 29,216,602 tons, as compared with 29,513,621 
tons in 1910. The exports were, upon the whole, well 
maintained last year, but labour difficulties still left some 
mark upon the business of the twelve months. The 
exports last year were :—From Cardiff—foreign, 16,167,471 
tons; coastwise, 2,544,520 tons; total, 18,711,991 tons. 
From Ne rt—foreign, 4,316,161 tons; coastwise, 689,960 
tons; total, 5,006,121 tons. From Swansea—foreign, 
2,930,662 tons; coastwise, 272,331 tons; total, 3,202,993 
tons. From Port Talbot—foreign, 1,497,701 tons ; coast- 
wise, 164,791 tons ; total, 1,662,492 tons. From Neath— 
foreign, 154,103 tons; coastwise, 163,073 tons; total, 
317,176 tons. From Lilanelly—foreign, 156,214 tons 
coastwise, 54,615 tons ; total, 210,829 tons. 


Bristol Docks.—The tonnage movement of Bristol docks 
in 1911 showed oan increase of nearly 105,000 tons; the 
dues also increased to the extent of 7941/., the collection 
rising to 175,531/., as compared with 167,590/. Bristol 
claims to be the third port of the kingdom in respect of 
petroleum imports. anchester has left Bristol behind 
as regards banana imports. 


Sharpness New Docks.—The directors of the Sharpness 
New Docks and Gloucester and Birmingham Navigation 
Company have appointed Captain Evans, surveyor of 
the Bristol Steam Navigation Company, as dock master 
at Gloucester. Captain Evans retired about four years 
ago from service with the Prince Line. 








REVOCATION OF Patent.—Some interesting questions 
in patent law and practice were involved in a case which 
recently came before Mr. Justice Parker. The patent in 
ae was one (No. 27,147 of 1910) gran to Mr. 

. ©. Merryweather for improvements in automobiles 
carrying pumps, and the alleged invention appears to 
have consisted in driving the pump by means of a chain. 
Messrs. Hans Renold, Limited, who are manufacturers 
of driving chains, applied to have this patent revoked. 
In their view, the mere substitution of chain driving for 
some other method of driving, such as by belt or spur 
gearing, in connection with any particular class of 
machines was not proper subject-matter for a patent. It 
was a substitution already made in connection with many 
different machines, and one which might hereafter be 
made in connection with many others. To grant patents 
in such cases would, they considered, hamper the develop- 
ment of the chain-making industry. They accordingly 
petitioned for the revocation of the patent on the ground 
of want of novelty, prior publication and use, and that 
the alleged invention was not a proper subject-matter for 
a patent. When the case came on the patentee consen 
to the patent being revoked, but in connection with the 
question of costs raised an objection that the petitioners 
had given no notice to him of their intention before com- 
pene ey Line wy a If they had done so, then he con- 
tended he might have su ered the patent and saved 
some expense. Judge, however, allowed the costs of 
the petition, remarking that it is doing a kind of public 
—*- maintain a patent on the rolls when that patent 
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NOTICES OF MEETINGS. 


Tue British FouNDRYMEN’s AssociaTION (LONDON AND District 
Braxcu).—Friday, January 12, at 8 o’clock, at Cannon-street 
Hotel, E.C., when a a will be read by Professor H. OC. H. 
Carpenter, M.A., Ph.D., chester, on “Growth of Cast Iron” 
(illustrated by lantern slides). 

Tue ILLUMINATING ENGINEERING SocteTy.—Tuesday, January 16, 
at 8 p.m., at the Royal Society of Arts, John-street, Adctnl, 
London, when mee will be read by Mr. Thomas E. Ritchie, 
entitled “‘ Colour rimination by Artificial Light.” 

Tue InstTiTUTE OF MeTaLs.—Tuesday, January 16, at 3 p.m., 
at the Institution of Mechanical Engineers, general meeting, 
to receive the report of Council. On Wedn yy, January 17, 

ting at 10.30 a.m. at the same place, when the following 
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Sole Agents for Advertisements: The Dean-Mayer 
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MANCHESTER : John Heywood, 143, Deansgate. - 

New ZEauanp : Gordon and Gotch Proprietary, Limited, Welling- 
ton, Auckland, and Christchurch. 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans 

ade, 41 and 43. 

RorrerpaM : H. A, Kramer and Son. 

Sourn AFrica: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban, and their various branches and 
bookstalls throughout South Africa. Also Cape Town : 
Wm. Dawson Sons, 31, Long-street. 

SwitzERLAND: Sole Agents for Advertisements: The Dean- 
Mayer Company, Schellingstrasse 1, Berlin, W. 9, Germany. 

TasMANIA: Gordon and Gotch Proprietary, Limited, Launceston ; 
Hobart. 


° . 
Unirep States, New York : W. H. Wiley, 43, East 19th-street. 
Sole Agents for Advertisements : The Wm. S. Parry 
Co., 315, Dearborn-street, Chicago, and 366, Fifth-avenue 
New York, U.S.A. 


ADVERTISEMENT RATES. 


The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words. Payment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside pages may be obtained on application. The pages 
are 12 in. deep and 9 in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
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papers will be read and discussed :—(1) ‘‘ A Metallographic H - 
scope,” by Professor Pr. Carl A. F. Benedicks ; (2 tA Stu Pot 
the Properties of Alloys at High Temperatures,” by Dr. G. D 
Bengough, M.A.; (3) “ Further —_ on the aversion at 
470 deg. Cent. in Copper-Zinc Alloys,” by Professor H. ©. H. 
Carpenter, M.A., Ph.D.; (4) ‘‘ The Influence of Oxygen on Copper 
containing Arsenic or Antimony,” by Mr. R. H. Greaves; (5) ‘ The 
Influence of Tin and Lead on the Micro-Structure of Brass,” by 
Mr. F. Johnson, M.Sc. ; (6) A Contribution to the History of Corro- 
sion : The Corrosion of Condenser Tubes by Contact with Electro- 
Negative Substances,” by Mr. Arnold Philip, Assoc. R.S.M., B.Sc. ; 
(7) **The Nomenclature of Alloys,” by Dr. W. Rosenhain, B.A.: 
(8) “The Behaviour of Certain Alloys when Heated in Vacuo,” 
by Professor T. Turner, M.Sc. The Annual Dinner will be held on 
Tuesday, January 16, at the Criterion Restaurant at 7.45 p.m. 

Tue INsTiTUTION OF CiviL ENGIngERS.—Tuesday, January 16, at 

8p.m. Papers to be further discussed :—‘‘ Reinforced-Concrete 

arves and Warehouses at Lower Pootung, Shanghai,” by Mr. 
Somers Howe Ellis, M. Inst. C.E. “ t Experimental 
Determination of the Stresses in the Steel and in the Concrete 
of Reinforced-Concrete Columns,” by Mr. William Charles Popple- 
well, M.Sc., Assoc. M. Inst. C.E. ‘*Composite Columns of 
Concrete and Steel,” by Mr. William Hubert Burr, M. Inst. C.E. 
Students’ meeting, Friday, January 19, at 8 p.m. Paper to be 
read :—‘‘The Turbo-Blower .and Turbo-Compressor,” by Mr. 
George Ingram, Stud. Inst. C. E. 

Tag INSTITUTION OF ELECTRICAL ENGINEERS : STUDENTS’ SECTION. 
—Wednesday, January 17, at 7.45 p.m., in the Lecture Theatre. 
Paper by Mr. A. Neave Kingsbury, on ‘‘ Some Notes on Central- 
Station Practice.” 

Tue Royal Mrreoro.oeicaL Society.—Wednesday, January 17, 
at 7.30 p.m., at the Institution of Civil Engineers, Great George- 
street Westminster, S.W. The ann general meeting will ‘be 
held at 7.45p.m. Business: 1. Report of the Council for 1911. 2 
Election of Council for 1912. 3. Presentation of the Symons Gold 
Medal to Professor Cleveland Abbe. 4. Address on ‘‘ Some Meteoro- 
logical Observations,” by Dr. H. N. Dickson, F.R.S.E., President. 

He Royat Society or Arrs.—Wednesday, January 17, at 
8 p.m “Illuminated MSS.,” by Mr. Cyril Daveaport, F.S.A. 
Sir Walter Armstrong, Hon. R.H.A., Director of the National 
Gallery of Ireland, will preside. Thursday, January 18, at 
4.30 p.m. Indian Section : ‘‘ The Old District Resende of Bengal” 
by the Rev. Walter K. Firminger, B.D., Senior Chaplain, H.M. 
Bengal Establishment, will be read by the Rev. J. A. V. Magee. 
M.A. Sir James A. Bourdillon, K.C.8.1., will preside. 

Tae InsTiTuTION OF MINING AND MetraLLURGY.—Thursday, 
January 18, at 8 p.m, at the rooms of the Geological Society, 
Burlington House, Piccadilly, London, W. The following papers 
will be discussed in the order in which they are given:—‘‘A 
Submerged Flexible-Joint Main,” by Mr. Frank Reed, Member ; 
“Unwatering Tresavean Mine,” by Mr. Oyril Brackenbury, 
Member ; “‘ Notes on the Operation of Two Winding-Engines,” 
by Mr. Humphrey M. Morgans, Member; ‘‘Stoping at the Cala- 
mon Mine,” by Mr. C. P. Corbett Sullivan, Associate. 

THE INSTITUTION OF ELRBCTRICAL ENGINEERS.—Ordinary general 
meeting, Thursday, January 18, at 8 Ps ** Residence Parifts,” 
by Mr. A. H. Seabrook, Member. (Adjourned discussion.) 

Tue JuNtioR INSTITUTION OF ENGINEERS.—Friday, January 19, at 
8.30 p.m, (not opm as previously announced), at the Institu- 
tion of Electrical Engineers, Victoria Embankment. Paper on 
“The Sighting of Small-Arms and Artillery,” by Sir George 
Greenhill, M.A. Visit, Saturday, January 20, at 9.30 a.m., to 
the works of the Western Electric Company, Limited, Woolwich. 

Tue Roya. Institution OF Great Brerain.—Friday evening dis- 
course next week, January 19, at 9 o’clock, Professor Sir James 

war, M.A., F.R.S., M.R.L, on *‘ Heat Problems.” 
Afternoon Lectures next week at 3 o’clock. Tuesday, January 16, 
Professor William Bateson, M.A., F.R.S., Fullerian Professor of 
Physiology, R.I., on “‘ The — of Genetics” (Lecture I.). Thurs- 
day, January 18, Professor A. W. Bi 


ickerton, on “‘ The New Astro- 
nomy” (Lecture L.). Saturday, January 20, the Rev. John Roscoe, 
M.A., on ** The Banyoro; a Pastoral People of Uganda. (1) The 
Milk Customs.” 

Tue NortHamMptTon InstiruTs ENcmweerine Society.—Friday, 
January 19, at 5.45 p.m., when Mr. W. Hislop will read a paper, 
entitled ‘‘ Reinforced Concrete Construction.” 

Tue INSTITUTION OF MECHANICAL ENGINwERS.—Friday, January 19, 
at 8 p.m. The nomination of officers for election at the annual 
general meeting on February 16 will take place. Paper to be 
read and discussed : ‘“‘The Evolution and Present Development 
of the Turbine Pump,” by Mr. Edward Hopkinson, D.Sc., 














TELEPHONE NuMBERS—3663 and 8598 GERRARD. 
CONTENTS. 
PAGE}} as PAG: 
Propeller Erosion (Jiius.).. 33||German Electricity Works 
OD RRR Co reer 
Books Received........ ... 37||The Prussian Materialprii- 
Humidity and Ventilavion | fungsamt in 1910-11...... 54 
in Cotton-Weaving Sheds | Notes odingebeeneeepseose.cs 55 
(2bustrated) ....00.cc00- 88 |The late Mr. Robert Zim- 
Foundry Plant and Machi- | mermann.. ............- 56 
nery—No. XXXVII. (Jl- ||The Trade of Hong-Kong .. 57 
SD chin eine pane 41'| Year-Books and Annuals .. 57 
Comp Locomo- The Trials of H.M.8. ‘“*Lion” 57 
tive for the Italian State The Association of Consult- 
Railways(7Ulustrated).... 44 | ing Engineers ...... .. 
Industrial Notes .......... 44 |“*The Strength of Thick 
Notes from the United | Hollow Cylinders under 
aE 48|| Internal Pressure” (Jilus.) 58 
Admiralty Administration 48 || Forced - Draught Furnace 
Notes from the North...... 48|| Front (/Uustrated) ...... 59 
Notes from South Yorkshire 49||The Armament and Protec- 
Notes from Cleveland and tion of Battleships (Zllus.) 59 
the Northern Counties .. 49 | Reinforced - Concrete Con- 
Notes from the South West 49|| struction... ............ 61 
The Internal - Combustion | Colonial and Foreign 
hey = atSea .......... 51||__ neering Projects ........ 6 
Fire Extinction by Frothy | The Single-Phase on 
MID. 6s cd ywisscos.ce 52 Motor (IUustrated) ...... 62 
The Stresses on Monoplane ane 66 
WED wevcsciiannibsocgeus 53 | Ene1nRERING Patent Record 
Repairs to Motor Vehicles 54|| (Jilustrated) ............ 67 


With a Two-Page Plate of a FOUR-CYLINDER COMPOUND 
TEN -COUPLED (0-100) GOODS LOCOMOTIVE FOR 
THE ITALIAN STATE RAILWAYS. 





of Council, and Mr. Alan E. L. Chorlton, Member, of 
Manchester. 
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THE INTERNAL-COMBUSTION ENGINE 
AT SEA. 

Peruaps the most noteworthy feature in the pre- 
sent trend of mechanical engineering is the steady 
progress made in the application of the internal- 
combustion engine for the driving of launches, 
fishing-boats, and larger craft. We are, no doubt, 
still far from the realisation of the long-standing 
prophecy that the steam-engine is to be ultimately 
relegated to the museum of mechanical curiosities ; 
but so far as high-speed launches are concerned the 
victory of the internal-combustion engine is hardly 
disputable, and debate now centres on its suit- 
ability for larger craft. With existing types of 
motor, however, it seems hardly probable that much 
suceess will attend the system where really large 
powers are required on a moderate displacement. 
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The astonishing records established by petrol 
launches are in the main a testimony to the accu- 
racy of Professor James. Thomson's ‘‘law of com- 
ison” between large and small motors, according 
to which the weight, per horse-power developed, by 
similar engines should vary directly as the cylinder 
iameter. For reasons which have already been 
discussed in ENGINEERING, this law is, in actual 
practice, as often violated ar confirmed, since, if a 
comparison is made between a large and a small 
engine built by the same firm, the weight per 
horse-power is generally nearly the same. If, 
however, the products of a firm which specialises 
in small high-speed engines are compared with 
those of a firm building large engines exclusively, 
it will be found that much of the discrepancy 
between theory and practice disappears. Launch- 
engines and motor-car engines have had their 
weights cut down to a limit which is probably 
not capable of much further reduction without 
some sacrifice of reliability, and a weight of some 
7-lb. (engines only) per horse-power represents 
fairly well the figure attained with ordinary engines 
developing, say, some 45 horse-power at 1200 
revolutions per minute. To compare this with 
what has been accomplished with steam we are 
informed that in a destroyer built and tested some 
time ago over 50,000 horse-power was developed 
with a weight (turbines only) of but some 7 lb. 
to 8 lb. per shaft horse-power. From the law of 
similitude a petrol-engine of similar type to develop, 
say, 16,000 horse-power on one line of shafting and 
developing 1000 horse-power per cylinder, which is 
pe em about the limit attainable with a-single- 
acting engine, would weigh some 60 lb. to 70 lb. 
per brake horse-power. This, of course, compares 
very favourably with the total weight of large 
reciprocating machinery, but in the case of the 
destroyer above mentioned, it is, of course, a very 
much higher figure. In the case of a steam plant, 
however, there is naturally a very large addition 
to be made to the weight quoted above to provide 
for that of the boilers and their contents. We 
have no data as to how much this amounted to in 
the case of the particular destroyer in question, 
but in another boat, where the turbines were much 
less driven, the total weight of all the machinery 
was only 45 lb. per shaft horse-power. 

Of course, the internal-combustion engine has the 
advantage of requiring a materially smaller weight 
of fuel, and at the present price of oil there is a 
strong inducement to shipowners to adopt the in- 
cane counts engine where practicable. This, 
to all appearance, however, will only be the case when 
the power to be installed on a given displacement 
is not too large. With double-acting oil-engines 
it is not claimed that more than 2000 horse-power 
can be developed per cylinder, so that any very 
considerable power cannot be developed without an 
inordinate number of cylinders and the complica- 
tions necessarily associated therewith. The largest 
number coupled to a single shaft, so far, has, we 
believe, been sixteen, and this engine was of 
relatively small power. 

The construction of such long engines involves 
the solution of some nice problems in balancing. 
Owing to the flexibility inherent in long bed-plates, 
an engine may still vibrate badly even if the con- 
ditions ordinarily stated as sufficient for balancing 
are fully satisfied. The simplest solution of the 
problem in such a case lies probably in coupling two 
cylinders to the same crank, arranging the two so 
that the lines of stroke are at right angles to each 
other. Both pistons can then be balanced fairly 
adequately by revolving weights affixed to the 
crank-cheeks. Such a construction, though it has 
been adopted with relatively small engines, seems 
less easy of application in the case of cylinders for 
marine engines of large size. 

The prospect of looking after such an engine 
is, moreover, hardly likely to prove attractive to the 
mechanical staff. vesaeetan power is, of course, 
obtainable by the use of compressed air, though it 
is quite possible that the use of internal-combustion 
engines of the ‘‘ outside compression ” type may 
prove more satisfactory at sea than those working 
on the ordinary Otto or Diesel cycles. With such 
‘* external compression ” engines each stroke may be 
made a working stroke, and if sufficiently large reser- 
voirs for the compressed air and gas are furnished, 
the manceuvring qualities may be as good as those 
of an ordinary steam-engine. Such engines are, 
however, costly to build, and this will militate 
against their general adoption. At present the 
tendency is to adopt the Diesel system, and, as 
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is well known, some quite Jarge marine engines of 
this type are now in course of construction. With 
this system a separate supply of compressed air is 
necessary for working the auxiliaries and for driving 
the engine whilst manceuvring, the latter consti- 
tuting the weak point of internal - combustion 
engines as usually constructed, since they will 
not run dead slow. Of course, in skilled hands 
motor-car methods of engine regulation give a satis- 
factory degree of manwuvring power, but though 
8 lipping clutches have proved, perhaps unexpectedly, 
efficient as a means of controlling the application 
of small developments of power, such a system 
seems little likely to prove suitable when the energy 
to be controlled is supplied at the rate of hundreds 
rather than that of units of horse-power. Some 
surprising things have, however, happened of late 
years in the field of mechanical engineering. It is 
not longsince that most experienced engineers would 
have laughed at the idea of transmitting thousands 
of horse-power by means of high-speed gearing. 
Yet this apparently unlikely contingency has been 
realised, and the system promises to conquer a wide 
field in the immediate future. It would, therefore, 
be rash to prophesy that some form of clutch, or its 
equivalent—perhaps of the hydraulic type—may 
not be developed which would make feasible the 
manceuvring of large internal-combustion engines 
by methods similar in principle to those adopted 
in ordinary motor-car practice. At present, how- 
ever, the use of compressed air for manceuvring the 
larger class of marine internal-combustion engines 
is universal, being adopted the more readily for the 
reason that some such agent has to be supplied in 
any case, for working the various auxiliaries. 

So long as the cost of oil remains near 
its present level we may expect the fashion for 
fitting oil engines to continue. This solution of 
the problem of ship propulsion by internal-com- 
bustion engines seems, however, little likely to 
be the final one. As more boats are fitted the 
demand for oil will increase, and will ultimately 
outstrip the supply. Were it possible to turn coal 
as cheaply and simply into a liquid fuel as it is to 
convert it into a gaseous one, the problem would 
be much simplified, but there is little reason to hope 
for such a consummation. At the outset, indeed, 
the Diesel engine was intended to burn powdered 
coal, but the practical difficulties proved insuper- 
able. In any case, however, the use of powdered 
fuel, were it practicable, would not meet the demand 
for a fuel easily handled and transported, in which 
respect oil stands alone; and the advantages 
pertaining thereto will have to be abandoned 
should the price rise, as seems not unlikely in 
view of the increasing demand. As in the past, 
the fuel of the future must, accordingly, originate as 
coal, and be supplied to the engine in a gaseous 
form. It nthe «1 be most advantageous could a 
form of motor be developed capable of using this 
gas in its dirty state as received from the pro- 
ducer, as there are serious objections to installing 
extensive gas-washing plant on shipboard. The con- 
struction of a motor having this feature does not 


appear altogether hopeless, though it would involve 


some very radical departures from the systems of 
operation now in favour. To a certain extent 
the necessity for such a type of motor would 
he eliminated if the by-products from the opera- 
tion of coking bituminous fuels could be marketed 
on sufficiently favourable terms. In that case the 
coke produced might become more or less of a 
by-product, and be sold as such. In fact, in 
some of the earlier Mond plants the by-products 
recovered per ton of fuel consumed in the producer 
were equal to the whole of the original value of the 
latter, so that the fuel cost of the plant, worked 
with the gas obtained, was zero. Such a condition 
of affairs could not, however, be expected to be 
permanent, and if the marine gas-engine is to make 
its way in the ocean-tramp trade, the engines must 
be capable of working with ‘he gas produced by any 
and all types of coal. In distant seas tramps have 
to take what they can get, and, as now engined, 
can get along, indifferently perhaps, but still more or 
less effectively, with extremely dirty fuel ; and any 
competing system of ship propulsion must, if it is 
to become general, prove equally elastic. The 
most hopeful line of attacking this problem 
seems to be in developing a type of motor which 
will not object to dirty gas, and some success 
has already been attained in this direction, though 
whether the method in question will prove suitable 
for sea service is as _ an unanswered problem. 
As matters stand, the question of the use of 





internal-combustion engines at sea must be con- 
sidered to be still awaiting a solution which has 
some prospect of being the final one. As pointed 
out, no oil-engine can be considered to constitute 
such a solution, owing to the certainty that prices 
would advance greatly were the demand very 
materially increased. The motor which will meet the 
real requirements of the problem must be capable of 
using almost any kind of fuel, and if at the same 
time it can dispense with the multitudinous glands, 
packings, and bearings which the advent of the steam- 
turbine did so much to banish from the engine-room, 
so much the better. Hitherto the problem has 
been attacked mainly by ‘‘ erudition” rather than 
by ‘‘invention.” The Diesel engine and the large 
gas-engine are essentially the productions of men 
who have been taught to apply theoretical prin- 
ciples to the ordered development and improve- 
ment of previously existing ty of prime-mover. 
[It is, however, most probable that the ultimate 
solution of the problem of the marine gas-engine 
will be found in some entirely different direction of 
development, since it is difficult to see any possi- 
bility of substantial further improvements along 
the paths hitherto chosen, the possibilities of which 
have been pretty exhaustively exploited. 








FIRE EXTINCTION BY FROTHY 
MIXTURES. 

Some time ago we drew attention, in a para- 
graph, to the successful extinction of big petrol 
and tar fires by means of a frothy mixture, as 
repeatedly demonstrated, notably at Wilhelms- 
burg, near Harburg, situated opposite Hamburg, 
on the Elbe, last winter on two different occasions, 
in the presence of ofticials representing the Prus- 
sian Fire Brigade. The report of these officials, 
published in the Preussische Feuerwehr - Beirat, 
Drucksache No. 4, of 1911, leaves no doubt that 
the system can render efficient service both in 
portable and in permanent installations, and that 
it would make the storage of highly inflammable 
liquids a good deal safer than it is at present. We 
revert to the subject, the importance of which, as 
inquiries addressed to us demonstrate, has not been 
overlooked. 

The system is that of Laurent, developed and 
improved by prominent chemists in Copenhagen, 
Salzkotten, and Harburg, and is now popularly 
known on the Continent as the Perkeo-Salzkotten 
and Bartels-Harburg system. foreign patent rights 
are being exploited by a separate company, the 
Patentirtes Schaumloschverfahren Perfekt, Berlin 
W. So far as Englani is concerned, we have 
recently been informed that the system has been 
taken up by Messrs. Henry Simonis and Co., of 
Pretoria Works, Walthamstow, London, N.E., 
whose experience as fire-engineers should materi- 
ally assist in developing its use practically. The 
compound is the mixture of two liquids which 
are kept separate until used. The one liquid 
is a soda lye containing froth-forming ingredients ; 
the other is a solution of alum, &c. Both liquids, 
it is claimed, can be kept exposed to the atmo- 
sphere, and require only that the water lost by 
evaporation should be replenished. The solutions 
will stand a fairly low temperature, as they do not 
freeze until the thermometer has gone down to 
—5 deg. Cent. (23 deg. Fahr.). The foam consists 
of bubbles filled with carbon dioxide. 

In the official experiments the mixture of 1 litre 
(nearly a quart) of each of the two liquids yielded 
15 litres of froth without any liquid residue ; the 
volume ratio was thus 2:15 or 1:7.5. Ina cylin- 
drical vessel 28 cm. (11 in.) in diameter the 15 litres 
of foam lost in 4 minutes 4 per cent. in volume, 
in 10 minutes 10 per cent., in 30 minutes 
41 per cent., and in 60 minutes 67 per cent., the 
foam being thus in one hour reduced to one-third 
of its original volume. When the frothy mixture 
was poured on to water, it yielded only 11 litres of 
foam, which proved more stable, however; the 
volume was not reduced during the first 10 minutes; 
after 20 minutes a loss of 8 per cent. was observed, 
after 30 minutes a loss of 20 per cent., and after 60 
minutes a loss of 45 per cent., so that there remained 
6 litres of foam after one hour. Poured on to 
benzine—using this somewhat indefinite term to 
indicate highly inflammable hydrocarbons—the 
2 litres of liquid yielded 13 litres of foam, 
which settled a little more quickly; it lost in 


5 minutes 5 per cent. of its volume, in 10 minutes 
14 per cent., in 30 minutes 47 per cent., and in 60 
minutes 76 per cent., leaving 3 litres of foam after 





one hour. These results were confirmed by experi- 
ments in which water or benzine was sprayed on 
the layer of foam through a rose. When benzine 
was covered by a layer of foam, 6 cm. (2.4 in.) in 
thickness at 8 deg. Cent. (46 deg. Fahr.), the ben- 
zine could not be lighted for the first 3 minutes by 
holding a lighted match over the foam. The foam 
began to collapse afterwards, and some vapour 
escaped which could be lighted; but the flame 
did not spread till after 12 minutes. When sucked 
up the frothy mixture escaped from the hose as a 
continuous jet of foam, which, falling obliquely on 
water, first formed a lump of foam which gradually 
spread over the whole surface. The same pheno- 
menon was observed when the foam fell on burning 
benzine, which was extinguished in 42 seconds. 
Remeasured immediately afterwards, the foam 
layer was found to have lost 42 per cent. in volume 
by being squirted and heated. 

So far the first preliminary tests. In the large 
experiments various objects were used. A large 
circular brickwork tank for oils, &c., 10 m. (33 ft.) 
in diameter, all surrounded by earth, was filled 
with combustible liquids to a depth of 0.6m. 
(2 ft.). Another iron tank, 2 m. in diameter, 
2.6 im. (83 ft.) high, was surrounded by an 
earth mound of 5 m. (16 ft.) radius. There was, 
further, a brickwork structure, open above, cover- 
ing 3.75 sq. m. (about 40 sq. ft.), serving as an 
imitation cellar for storing benzine casks, ce. 
Finally a tar field of 1300 sq. ft. area. The respec- 
tive fires were extinguished with stationary and 
with portable apparatus. The stationary plant was 
of two kinds. The simpler plant (a) comprised 
two cisterns, for the original liquids, placed about 
5 ft. above the ground; 26-mm. (1-in.) pipes joined 
these cisterns to the mixing-pot, and to the cellar 
mentioned ; the liquid flowed under the action of 
gravity. The larger plant (b) was provided with two 
vessels, each of 5 cub. m. capacity (175 cub. ft.), and 
two duplex feed-pumps, capable of supplying about 
160 litres (35 gallons) of liquid per minute to the 
mixer, which was 80 m. from the great benzine 
tank : the pipes were 52 mm. (2 in.); the foam was 
taken by an 80-mm. pipe to the large tank, where 
the pipe was split into two 2-in. pipes. The 
portable a consisted of two Perkeo pumps; 
the one, a Perkeo tilting ejector (c), carrying 150 
litres of liquid, which mix when the tub, which runs 
on two wheels, is tilted. The other, the Perkeo 
gas-pump (d), was a tub of 600 litres (130 gallons) 
capacity, which is subdivided by a vertical partition 
and requires artificial propulsion ; the carbon oxide 
wanted for forcing the foam jet through the hose is 
obtained from a cylinder or from another part of 
the plant. 

The foam stream given by the (a) plant (small, 
a killed in 1 minute 18 seconds a big petro- 
eum fire started by lighting some benzine, which on 
burning burst some oil-casks. Five minutes later the 
foam layer, which had a thickness of about 2in., 
was swept away, when the liquids would readily 
burn again. The stationary plant (>) gave, with a 
pressure of 4 atmospheres (or about 60 lb. per 
sq. in.) in the mixer, a steady coherent jet, 100 ft. 
in length, which settled as a foam layer. When the 
pressure was reduced to 1 atmosphere, the jet 
became reduced to 40ft. The large 10-metre tank 
was filled with benzine, of which 450 kg. (1000 Ib.) 
were floating on water. The liquid was lighted, 
and after burning 2 minutes 15 seconds, the jet 
was applied under a pressure of 2 atmospheres. 
The falling foam made the burning benzine splash 
badly, but the fire was extinguished in 2 minutes 
26 seconds ; 630 litres of foam were used, and the 
layer had, after 15 minutes, still a thickness of 
5 cm. (2 in.). The benzine under the foam could 
afterwards be relighted. 

In a subsequent test 15 tons of crude benzine 
were lighted in the same tank, and produced enor 
mous smoke clouds, of course. After the fire had 
lasted 5 minutes, the foam was turned on under 
2 atmospheres pressure. There being a strong wind, 
the violent agitation of the burning liquid by the 
foam stream could be watched on the one side of the 
tank. The spreading foam layer stifled the fire, 
but there remained, at first, some isolated flame 
jets, especially near the edge of the tank. In six 
minutes the fire was extinguished. Ten minutes 
later the liquid would at once relight when the 
foam had been swept away. The layer had a thick- 
ness of 2 in. five minutes after extinguishing the 
fire, which consumed nearly 1 ton of crude benzine. 
About 1800 litres (400 gallons) of liquids had been 
used ; some 4000 litres (roughly 1000 gallons) of 
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loam must have been floating on the benzine imme- 
diately after extinction of the fire, and two-thirds 
of the original volume of the frothy liquid were 
lost owing to the use of the hose and the exposure 
of the foam to the air and flames. The experts 
concluded that the frothy liquid should be applied 
under small pressure, so that it might spread quietly 
without causing splashes and eddies which would 
rekindle the already stifled flames. The number 
and dimensions of the pipes and hose should be 
selected so as t> ensure a quiet discharge of the 
frothy liquid. 

In dealing with benzine fires produced in the 
iron tank of 2 m. diameter, which was surrounded 
by a ring space 3m. in width, filled with 400 kg. 
of gas oil, use was made of the stationary plant (b) 
and also of the gas-ejector (d). The (b) pumps 
killed the big fire in the ring, which had been 
burning for two minutes, in 35 seconds; after 
which the gas-ejector stifled the tiame still burning 
in the tank itself in 13 seconds. In both cases, as 
in those previously mentioned, enough benzine or 
oil was left after extinction of the fire to flare up 
again when relighted, immediately after removing 
the foam layer floating on the oil. In experimenting 
with the tar field, 1300 sq. ft. in area, the field was 
charged with 1800 kg. of tar and four empty tar 
barrels ; to start the fire 150 kg. of spirits had 
been sprayed on the surface. When the fire had 
been burning for four minutes under evolution of 
huge clouds, and when it was assumed that the 
highly volatile benzine, &c., had been consumed, 
and that it was essentially the tar itself which was 
burning, the hose of the tilting-pump (c) was 
applied. The hose had a length of 20 m., and the 
froth issued from a 32-mm. hose through a 13-mm. 
(4 in.) nozzle, under a pressure of 3.5 atmospheres. 
‘Che flames were suppressed in 1 minute 35 seconds. 
This performance is not less remarkable than the 
others, considering that the portable tub does not 
hold more that 33 gallons of liquids, and this charge 
was not quite used up in extinguishing the tar fire. 

It would thus appear that huge oil and spirit 
fires can be dealt with by this system, with the aid 
of installations such as would not unduly compli- 
cate petroleum-tank plants, oil and spirit stores, 
docks, &c. Some provision must be made for fire- 
extinction in all these cases, and the additional cost 
would probably be moderate. 





STRESSES ON MONOPLANE 
WINGS. 

In our issue of December 22, on page 806, we 
referred in general terms to the question of the 
failure of the wings of monoplanes. We did 
not go into the exact cause of any one accident, 
for there have seldom been data to do this satis- 
factorily, but we referred to the fact that there 
are far more failures of wings in monoplanes than 
biplanes, and to the possibility of the lack of hori- 
zontal strength as the cause. In the case of the 
accident to the Blackburn monoplane at Filey, 
however, Mr. Blackburn has himself published a 
statement giving his explanation of the accident, 
and also a calculation in which he shows what he 
considers were the stresses put on the wings by 
the method of descent adopted by the aviator. It 
is therefore of interest to examine this calculation 
and to endeavour to calculate what the probable 
maximum stresses on the wings may be. Mr. 
Blackburn’s calculation, as given in Flight, Dec- 
ember 16, 1911, is as follows :— 

Assuming the plane to be diving down from a height 
of 600 ft., irrespective of an 


THE 


ground, when he was seen to level up. 
V= J2yh 

/2 x 32.2 x 550 

= 188 2 ft./sec. 

= 188.2 x 60 _ 142 m./hr., 


but the initial velocity = 65 m./hr. 
.*. final velocity = 142 + 65 
= 207 m./hr. 

In all probability, due to resistance caused by angle of 
planes, the velocity would not be so great, but it is cer- 
tuin that it was terrific; but assuming this velocity the 
pressure per square foot per normal plane, 


t.¢., P = 0.003 V2 approx. 
= 0.003 (207)2 
= 129 lb. approx. 
Area of planes = 290 sq. ft. 


.*. total pressure on planes = 290 x 129 
= 37,410 lb. 


resistance caused by planes, | 
then velocity after descending 550 ft.—1.c., 50 ft. from | 


Again, weight of machine = 1350 Ib. and effective stress 
when abruptly flattened out to horizontal, 
= 2 x 1300 
2600 Ib. 
or = 1} tons nearly 
.*. total stress on planes = 18 tons nearly. 


It does not appear to us that this calculation 
represents the actual stresses. It will be seen that 
neither the gliding angle nor the radius of the 
turn made when the machine turned from a gliding 
descent to a horizontal position enter into it at all. 
If the calculation is worth anything, therefore, it 
means that after a vol plané of 550 ft. there would 
be an upward pressure of 18 tons on the wings, and 
that this pressure would increase still further if 
longer vol planés were made. As vol planés of 
over ten times this height have been safely made, 
this appears to be a complete fallacy. It is true 
that the calculation is somewhat qualified by the 
statement that it neglects the resistance of the 
wings, &c.; but as no attempt is made to qualify 
the resultant pressure, it does not appear that the 
error from this is considered to be very great. 

The fundamental errors in this form of calcula- 
tion appear to be four :— 

Firstly, that it is a great error to assume that 
the gliding angle has no influence on the velocity 
attained on a vol plané. Secondly, that the pressure 
on the wings of an aeroplane is represented by the 
formula P=0.003 V*, regardless of the weight of 
the machine, angle of wings, or any other factors. 
Thirdly, that the effect of inertia on turning from 
the vertical to the horizontal position is to produce 
a pressure of double the weight of the machine, 
regardless of the radius of the circle turned:in doing 
so. Fourthly, that a body falling from a height of 
550 ft. and starting at 65 miles an hour, would 
attain 207 miles an hour. As the time taken in 
falling would be shortened by the initial velocity, 
the actual total acceleration would only be about 78 
miles an hour, and the final velocity 143 miles per 
hour. 

It appears to us, however, that both the vertical 
and horizontal stresses on the wings can be esti- 
mated with fair accuracy, given the requisite data, 
and that it is important that they should be so 
calculated, that pilots should be informed what is 
the safe gliding angle of a machine, and that it 
should be given enough margin of safety to stand 
turning from the vertical to the horizontal from 
this angle at any radius of curve which the ele- 
vator is capable of giving it. 

In the case we are considering it is impossible to 
calculate the stresses exactly, as the gliding angle 
and height are the most important factors, and 
these are only matters of estimation. Taking such 
data as are available, however, some approximation 
may be obtained if proper methods are employed. 
As the data are not very accurate, however, we shall 
only give the results in round numbers. 

If an aeroplane is allowed to glide down at any 
angle, the speed will increase until the resistance 
of the machine balances the accelerating force 
due to gravity. As long as the machine is gliding 
in a straight line at uniform speed, the upward 
pressure on the wings will equal the weight of the 
machine. The horizontal pressure on the wings due 
to their resistance through the air will, however, 
increase as the speed goes up. Should a turn be 
made from the gliding angle to a horizontal flight, 
the upward pressure on the wings will be increased 
by the inertia of the machine, this increase being the 
equivalent of the centrifugal force of a body travel- 
ling in a circle with a radius equal to the radius of 
the turn made. 

Taking the figures as far as they are known. In 
| the letter from Mr. Hunt, published by Mr. Black- 
| burn, the angle of descent is estimated at 35 deg. 
| The accelerating force during a glide at any angle 
6 will equal W x sine 6, where W is the weight. 
The accelerating force in this case, therefore, 
| taking Mr. Blackburn’s estimation of the weight at 
| 1350 lb., is 1350 x 0.57 = 770 Ib. 
| If we assume that the machine flies 65 miles per 
| hour = 96 ft. per second, with 60 brake horse- 
| power, and that the propeller efficiency is 65 per 
'cent., the propeller thrust which equals the resist- 
60 x 550 

97 

If the resistance is assumed to increase as the 
square of the speed, it would balance the accelerat- 
ing force at about 120 miles an hour. This would 
then form the absolute limit of speed attained on a 
glide of infinite length at an angle of 35 deg. 





ance = x 0.65 = 220 lb. 











53. 
In the penes case, however, the glide was not 
of infinite length, but from the comparatively small 


height of 550 ft. If there were no resistances at 
all, the speed attained after a fall of 550 ft. with 
an initial velocity of 65 miles per hour would be 
only 143 miles per hour. As it is quite certain 
that the resistance would increase very rapidly as 
the speed rose, it seems very unlikely that a speed 
of over 100 miles an hour could have been attained. 

As long as the machine travels at a uniform speed 
in a straight line the upward pressure on the wii gs 
is necessarily equal to the weight. When, however, 
an aeroplane is falling at an increasing speed, the 
effect of gravitation is balanced partly by the pres- 
sure on the wings and partly by the downward 
acceleration, so that the total upward thrust exerted 
by the wings is then Jess than in a long level 
flight. On the other hand, the normal pressure 
on the wings makes an angle with the line of action 
of the weight, and the actual pressure on the wings 
is greater than its vertical component. There would, 
however, be a greater longitudinal stress, and if the 
glide was prolonged, the resistance would balance the 
accelerating force—viz.,7701b. What proportion of 
the resistance would be due to the wings it is not 
possible to say accurately, but it appears that 
there might easily be a pressure of some 300 Ib. on 
each forcing it back horizontally. As this acts ata 
radius of some 9 ft. from the attachment to the 
body, it is evident that it would require either a 
strong forestay or substantial spars to take it 
safely. 

The vertical stress on the wings when turning 
from the glide to the noew flies» goon be easily 
calculated, providing we know the velocity and 
the radius of the curve described. The latter 
depends on what curve the machine will make 
with the horizontal rudder hard over. This is 
not an easy matter to calculate, though it might 
easily be found experimentally. If the surfaces 
of a monoplane consisted solely of the main planes 
and a movable horizontal rudder, and if these 
acted like the wheels of a car ov a dry road, and 
there was no “‘slip,” it would be easy, knowing 
the distance they were apart, and the angle the 
rudder can move, to calculate the turning circle. 
In practice, however, the circle turned will be 
nothing like as small as this: firstly, because there 
is a fixed part to the tail about double the area of 
the rudder; secondly, because the machine has 
considerable inertia owing to its weight, and, 
thirdly, because the act of turning would increase 
the pressure on the forward planes, and they would, 
therefore, ‘‘slip ” through the air. 

The Blackburn aeroplane, according to published 
drawings, has the rudder about 22 ft. behind the 
centre of the main wings, and apparently it is 
capable of movement through an angle of 30 deg. 
This would give a circle with a radius of about 46 ft. 
The fact that the fixed tail is twice the area of the 
rudder would age a treble this radius. Taking 
into account the other factors, and the small arc 
turned, it does not appear likely that it would be 
less than four times the theoretical, or 180 ft. 

At a speed of 100 miles an hour, and a curve of 
180-ft. radius, the centrifugal force is a proxi- 
mately 5000 lb. ; add the weight of the =aiiee to 
this, and we get a total upward pressure of 6350 Ib., 
or slightly over 2} tons. This is a very considerable 
stress, and it may well be that the wings were not 
intended to stand it, but it is a long way from the 
18 tons assumed by Mr. Blackburn. Further, if 
desired, there would be little difficulty in providing 
a wires, &c., to take it. 

hat increase in the horizontal stress there 
would be at the turn it is difficult to say, but if 
the usual proportion of lift to drift holds good, it 
might be considerable. Looking at the usual con- 
struction of monoplane wings, however, one would 
expect them to fail from the horizontal stress 
before the vertical. It is noticeable that, in what 
we believe is the only published photograph of a 
monoplane wing failing, the appearance is of its 
having done so from horizontal stress, and also that 


|in an accident which happened to a wing so close 


to the ground that a landing was safely effected 


it was found to have failed horizontally, though 


perfect as far as vertical strength was concerned. 
We do not, of course, pretend that the figures 
we give represent the actual stresses very exactly ; 
in fact, this is obviously impossible, as many of 
the factors are estimated. The essential fact is 
that the calculations throwing the blame on the 
dead man are based on a fallacy, while by employ- 
ing proper methods the actual stresses can be calcu- 
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lated, at all events as accurately as those in many 
other engineering structures. 

It is stated that Oxley was warned that the 
machine was not strong enough to stand such steep 
descents as he made, and in this case it is only to 
be regretted that he did not take the advice given. 
Once warned that a machine is not fit for a certain 
performance, the aviator should cease attempting 
it, or get a stronger machine. Considering the 
fact that there have been many failures of mono- 
piane wings, while there have been none in biplaves, 
it is open to question whether the makers of the 
former would not further their interests better by 
allowing a larger margin of safety in the supports 
to the wings, &c., even if this slightly deteriorated 
the machine for competition work. 








GERMAN ELECTRICITY WORKS 
IN 1911. 

Tue statistics of the public electricity works of 
the German Empire for the year ended March, 1911, 
compiled’ by Herr G. Dettmar, Secretary General 
of the Verband Deutscher Elektrotechniker, show 
a development which may be considered surprising. 
One might think that the astounding enter- 
prise of the electrical industry had already taken 
possession of most of the available ground, and 
that the development, though continuing to be 
steady, would run on the lines of the general 

rowth of population and industry of the country. 
Yet, bearing in mind that the unofficial statistics 
are becoming more and more complete, and that a 
good deal of the apparent progress of the last 
year might probably have been recorded years ago, 
there remains the fact that the electrical energy 
supplied for public needs has grown by 31 per 
cent. within the last two years; the last full 
statistics concerned the year 1909, supplementary 
figures only: being published for the following year. 
‘I'he average increase of the last two years would 
thus be 15.5 per cent. per year, while that of 
the gas industry is only 3 per cent. The popu- 
lation of the country is growing at the rate of 
135 per cent. per year. The development of 
the gas industry, Herr Dettmar points out, is 
chietly dependent on town supply, while electricity 
is largely used also in country districts and within 
unincorporated settlements and establishments. 
The basis of comparison for the development of 
gas and electricity is hence not the same ; yet, 
allowing for the different conditions, Herr Dettmar 
calculates that electricity has gained 13.5 per cent. 
in the year 1910-11, while gas only advanced at 
one-fourth of that rate. That is certainly striking ; 
for we are well aware that the German gas industry 
is by no means resting on its laurels. 

The number of public German electricity works 
had risen from 1978 in 1909 to 2526 in 1911. It is 
noteworthy that there are only electricity works, not 
any gas works, in 1437 of the respective localities. 
These figures are too small, however. In spite of 
all requests, some public bodies and companies still 
disregard the inquiry sheets ; it is not in Germany 
alone, however, that people resent requests for 
statistical information as impertinent prying into 
their private affairs. The actual number of elec- 
tricity works may safely be estimated at 2700. The 
total output of those on record was 1,245,541,000 
kw.-hours, against 951,030,000 kw.-hours in 1909 ; 
it is on these figures that our already-mentioned 
progress rate was . ere were in use, in 
1911, 16,209,233 glow-lamps, and 245,772 arc-lamps. 
The stationary electric-motors aggregated 1,203,775 
horse-power, the tramway and railway motors 
417,897 horse-power, and some 73,000 kw. had 
been used for heating and cooking, making a total 
capacity of 2,477,849 kw. for all the works. It 
must not be overlooked, that all these figures con- 
cern only works which serve public interest ; power- 
plants for private concerns, however important, are 
not included, though 70 par cent. of the works 
are owned by private companies. The growth in 
stationary motors has been most rapid of late. 

Of the 2526 works tabled, 2053 are electricity 
supply stations simply; in the other cases there 
are additional objects, or the particular purposes 
of the plants are unknown. The number of supply 
stations under construction in April, 1911, was 698, 
likewise a large number. As regards the system, 
there has apparently been no increase since 1909 
in the direct current supply; 1771 stations are 
fitted on this system, their generator capacity is 
259,000 kw., and their additional accumulator 
capacity amounts to 93,725 kw. The 345 three- 





phase current power-houses have a capacity of 
403,822 kw., and a battery capacity of 4731 kw. 
only; the 57 alternating-current stations possess 
51,836 kw. in generators and 998 kw. in batteries. 
These figures are again uncertain, however, because 
353 stations, totalling 556,351 kw. in generators 
and 95,716 kw. in batteries, are classed as mixed, 
or as unknown as to system. The totals for all 

wer-houses, for which reliable information has 

en furnished, are: 1,271,250 kw. in generators 
(352,964 kw. direct current, 461,387 kw. alternating 
current, and 652,067 kw. on mixed systems) and 
195,168 kw. in accumulators. With respect to the 
primary power of the electricity works, a marked 
increase in internal-combustion motors is to be 
noticed, as will be expected. The exclusive use of 
steam still predominates decidedly, however : the 
total steam-engine capacity under this head comes 
up to about 800,000 kw.; the exclusive gas-engine 
capacity to nearly 400,000kw. ; the exclusive hydrau- 
lic motor capacity to 250,000 kw.; the combined 
steam and water-power plants s 400,000 kw. 

Distribution by aerial lines alone is used by 1760 
works, by cables alone by 136 works; the other 
works have adopted mixed systems of distribution ; 
short lengths of cables, merely for crossing railways, 
rivers, &c., are not entered as mixed-distribution 
systems, of course. Direct current is distributed 
on the two-wire system and on the three-wire 
system ; in two instances five-wire distribution has 
been resorted to. The bulk of the three-phase 
current distribution is effected at relatively low 
tension; in about 80 cases it is at more than 
10,000 volts up to 50,000 volts. The number of 
works which can supply more than 5000 kw. has 
risen to 53, and their total capacity comes up to 
816,750 kw. The Berliner Elektrizitits Werke, 
A.-G., have a capacity of 158,933 kw., and the 
supply capacity exceeds 15,000 kw. in 15 cases. 
1700 small electricity works, on the other hand, 
cannot supply more than 500 kw. each. The 
(defective) statistics of electricity meters record the 
use of 955,015 meters, of which 508,868 register 
only electric light energy and 108,676 only power 
energy. The oldest public electricity works have 
been in existence twenty-nine years ; 22 works have 
come of age, having been supplying for more than 
twenty-one years. 





REPAIRS TO MOTOR VEHICLES. 

Tue intelligent study of breakages and repairs of 
machinery is essential to the production of a success- 
ful design, and in this respect the motor-vehicle 
affords no exception. It would therefore appear 
evident that the more experience a maker can gain as 
to the repairs that become necessary to his cars, the 
fewer such repairs will eventually become, provided 
he takes steps to eliminate such errors in design that 
lead to failure. Ina paper entitled ‘‘ The Repair 
of Motor Vehicles,” read by Mr. David J. Smith 
before the Institution of Automobile Engineers on 
the 10th inst., the author expresses the opinion 
that such repairs should be left entirely to repair 
engineers unconnected with the maker of the car. 
He suggests that the repair department of a 
works gives more worry and trouble than all other 
departments put together, and states that the 
reason why repairs, carried out by makers, do not 
always prove satisfactory is because makers ‘‘ do not 
want to be bothered with repairs if their works are, 
as they should be, fully employed. The men can be 
more protitably employed in turning out the new 
models, and it is obvious that the best men cannot be 
given to the repairs Ps gee the very department 
where they are needed.” Though this may possibly 
have been the case formerly, makers at the present 
time cannot be said to neglect repair-work entrusted 
to them, butcan be relied upon to do such work well 
and generally at moderate charges. As a further 
objection to makers carrying out repairs Mr. Smith 
instances a firm who ran a repair department at a 
loss. This loss, however, may be more apparent than 
real, since if the knowledge gained was usefully 
employed, modifications in design, tending to relia- 
bility, would be made, which would result in a 
more popular model being evolved. If makers 
rel entirely on the demand for spare parts 
as a guide for the weak points in their designs, they 
may be considerably misled, since the failure of 
a particular part may have been caused by the 
breaking of some other portion which can be 
rep. from the stock of the repairer, or be easily 


hauled by the maker or by a repairer is one that rests 
entirely with the owner to answer, but it is practi- 
cally certain that the nearest garage will always be 
called upon to effect repairs required on the road, 
and repair shops will always be wanted for the 
repair of foreign-built cars. 

As regards the cost of repairs, the author bases 
his figures on the experiences gained on some 300) 
cars over an interval of five years, the average cost 
during this period being 25 per cent. of the new 
price of the cars. The average cost of cars is not 
quoted, but he mentions that the proportion is 
naturally heavier in the case of the cheaper cars. He, 
however, points out the great discrepancies in the 
charges made by makers for spare parts, and in most 
instances the excessive prices asked ; and he sug 
gests that the popularity of some foreign-built cars 
is partly due to the lesser cost for spare parts, 
apart altogether from their lower first cost. Thus, 
in the case of a four-throw crank-shaft, which the 
author states can be made singly at a cost of 91. 5s., 
prices varying from 81. 17s. to 24/. 15s. are quoted 
by makers ; valves costing 3s. 9d. are charged from 
3s. 6d. to 16s. 6d., and many other instances are 
also given of similar discrepancies. It will thus be 
seen that, provided the repairer has suitable plant 
at his disposal, and is not pressed for quick delivery, 
he will certainly make the part required for himself, 
and so reap a handsome profit, rather than order 
the spare at the high price demanded by the maker. 

As the author points out, however, all spare 
parts should be made by the maker of the car, and 
supplied by him at reasonable prices, since the 
successful working depends on the accurate finish 
and a suitable material being used, which latter 
point may be overlooked by the repairer. Makers 
should, however, in their own interests, see that 
their charges for spare parts are fixed at a reasonable 
figure, as the sale of cars will depend in large degree 
upon the cost of upkeep and repairs. 

Another point in connection with spare parts is 
the allowance for wear, and in this respect the 
author points out that many manufacturers only 
stock spares in the original new size. This is 
clearly an instance where a maker taking an interest 
in his cars would not err, and suitable provision for 
wear in cylinders and piston grooves would he 
allowed for in spare rings, as also allowance for 
wear in bearings, steering-gear, &c. . 

The author touches on the small hope of any 
general standardisation of car details, and mentions 
the divergences of screw-threads on different makes 
as one of the repairers’ chief troubles. As he 
points out, British makers have nothing to lose by 
the adoption of a standard such as the British 
Standards fine thread, which is employed by 
several makers. 

We reproduce below an interesting table given in 
the paper, showing the number of breakages on the 
Analysis of Breakages on Three Hundred Cars not 
Caused by Wear or Accidents. 


Aluminium castings... 104 Wood wheels ... si ae 
Iron castings ... an Hubs ... ae me 
Universal joints and Pressed-steel frames... 8 
pins ... is .. 22 Tubular case of rear 
Connecting-rod bolts 17 axle ... = ae 
Differential gears ... 14 Steering-gear boxes... 6 
Bevel pinions... 13 Tubular frames oe 
Crank-shafts ... ce Front axle, tubular... 5 
Crown bevel-wheels... 10 - a r 3 
Connecting-rods 9 Brake drums ... ee 
alves ... 8 Steering joints, &c.... 2 
Springs... 16 Flitched frames : 1 


cars referred to. In connection with the large 
number of failures of aluminium castings, the author 
— out that they were chiefly due to bad design. 
n several cases more than one breakage has been 
credited to a car, but parts broken by the failure 
of another part are not included in the list. The 
author also points out that breakages on steering- 
gear are probably much higher than is shown in 
the table; but since such failures generally cause 
bad smashes, the origin of the trouble cannot 
always be traced. 








THE PRUSSIAN MATERIALPRO- 
FUNGSAMT IN 1910-11. 

In his report on the work of the Royal Material- 
priifungsamt at Gross-Lichterfelde, near Berlin, 
for the year ending with March, 1911, the director, 
Dr.-Ing. A. Martens, refers at some length to 
attacks made on the Amt. Here in this country 
some engineers continue to speak slightingly of all 
but the simplest mechanical tests, and, oddly enough, 





made by him. 
The question as to whether a car shall be over-, 


there are some electricians among these, although 
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they must acknowledge that, if it were not for pains- 
taking scientific testing of the most varied descrip- 
tions, their own industry could not have attained its 
actual position. The need for systematic scientific 
testing was, and is, more generally recognised in 
Germany. But there are there, as here, different 
opinions as to the way in which Government testing 
institutions should perform their duties. An official 
certificate does not tell the non-expert much. The 
trader or buyer wants to know whether the new 
product is superior to others on the market. The 
certificate offers him figures which he does not 
understand, and the manufacturer is not satisfied 
either, because the advantages of his goods are not 
stated in terms which will appeal to the public. 
On these questions the officials are not in doubt. 
But there are materials for which decisive tests are 
so far unknown, and cases in which practical 
experts and the official experts differ without bias. 
That cannot be helped. The desirability of an 
impartial, independent expert institution will not 
be questioned, though infallibility need not be 
claimed for it. 

In one case, mentioned by Dr. Martens, a firm 
of rubber regenerators submitted a sample to be 
tested for its contents in pure rubber and in organic 
and inorganic additions. The Amt found 69 per 
cent. of substances which behaved like rubber in 
general ; but according to the anisol and the tetra- 
bromide reactions only 40 per cent. could be re- 
garded as pure rubber. The firm maintained that 
the original substance had contained 70 per cent. 
of rubber, and as their regeneration yielded a pro- 
duct identical with rubber, they demanded that 
69 per cent. of rubber should be certified. The 
Amt repeated the tests, with the same results, and 
declared itself ready to investigate the matter 
further, provided they were supplied with the 
original material and adequate information as to the 
regeneration process. The firm declined this offer, 
criticised the work of the Amt, anda heated contro- 
versy arose in the technical Press. We have no 
intention to tal:e sides. But it would appear that 
the Amt would have had to point out that the 
rubber-like material was not all uniform as regards 
certain reagents, even if there were no obscurity 
left as to what really constitutes rubber. We may 
remind our readers that the Amt had an excellent 
display of their various machines for testing rubber, 
balloon fabrics, and textiles in general, at the 
Rubber Exhibition held last summer at the Agri- 
cultural Hall.* Some of these machines, which are 
due to Messrs. Martens, Hinrichsen, and Memmler, 
of the Amt, working in conjunction with the firm 
of L. Schopper, of Leipzig, are in constant use in 
many works. Attention is drawn to these machines 
and to their use in the report for 1910, which also 
mentions that one artificial rubber submitted satis- 
fied all the pure-rubber tests, and had the appear- 
ance of a washed Ceylon rubber ; it contained 0.4 
per cent. of nitrogen, however. 

The report also discusses another subject which 
is attracting general interest—that of sample- 
taking. In one instance parts of a mild-steel fire- 
box were submitted, in which cracks had developed 
on one side of the sheet ; the specimen had been 
tested by the firm previous to being sent to the 
Amt, and characteristic features seemed to have 
been obliterated during this treatment. An original 
sample should have been sent. 

The finances of the Amt have not improved, as 
the income continues to cover only about 0.6 or 
0.7 of the expenditure, as it has done during the 
last ten years. Yet there is more demand for test- 
ing from authorities and private individuals, and 
some firms and associations have opened deposit 
accounts with the Amt so as to avoid delay. A 
desire has also been expressed that the Amt should 
undertake the control of certain products. The Amt 
does not absolutely decline all such offers ; in fact, 
they have come to an understanding with some 
associated manufactories of insulated rubber cables 
(for house installations chiefly) and of bricks and of 
artificial building stones. But they quite under- 
stand that this is a delicate matter for a public 
institution to take up. 

The personnel of the Amt now consists of 222 
employees, of whom 72 have had an academical 
training. There are three directors, Dr. A. Martens 
(the chief), and Professors Rudeloff and E. Heyn; 
the latter two are superintendents of the mecha- 
nical and chemical divisions. Each division com- 
prises three departments: metal testing (Rudeloff), 





* See ENGINEERING, page 75 of our last volume, 





building materials (Professor Gary), paper and 
textiles (Professor Herzberg), metaliography(Heyn), 
general chemistry (Professor Rothe’ , oil (Dr. 
Holde). 

Passing to a few particulars, we find that the 
diaphragm-testing gauges of Martens continue to 
give full satisfaction ; eight of twenty of these 
machines are still working with the original dia- 
phragms (a brass disc 0.05 mm. in thickness, to 
which a Para rubber disc, 1 mm. in thickness, is 
fastened), after four years’ use and up to 30 million 
tests. A large number of testing machines (41) 
for metal, cement, concrete, &c., were standardised 
last year. Among the materials and products were 
electro-steel ; horseshoe and railway sleeper nails 
and spikes (tested for resistance against with- 
drawal); welded chains (which all gave way in the 
weld), and wire-répes which had lost up to 55 per 
cent. in strength by the twisting of the constituent 
wires ; some of these ropes consisted of 32, 120, 
and 192 piano-steel wires. A gas-motor shaft 
of steel containing 0.05 per cent. of nickel broke 
owing to insufficient strength, as other shafts 
of similar material had done. Turbine blades of 
high-grade nickel steel, which had developed 
cracks, were found by the Heyn-Bauer metallo- 
graphic tests to have become internally strained 
during the treatment in the cold. The railway 
sleepers in the nail tests just mentioned were 
impregnated ; they held screws and spikes, &c., 
tightest when made of beech; oak and pine 
following. The strength of pit-timber was found 
impaired by the impregnation which successfully 
prevented decay ; in water-logged timber the im- 
pregnation hardly diminished the strength. In 
testing concrete for permeability to water, hollow 
cylinders are aul : with water under slight 
pressure ; the bases of the cylinders are covered 
inside with asphalt, so that the water penetrates 
through the walls only. A ferro-concrete developed 
fissures ; it was found that it contained gypsum, 
and the ferro-concrete of a cooling-water tower 
failed because the mine-water contained sulphates 
of calcium and magnesium. Sulphates of alkalis 
and magnesium also caused bricks to effloresce and 
brick conduits to fail. In the weathering tests of 
building stones, particulars of which are to be pub- 
lished, an artificial stone, so-called andesit-trachyte, 
consisting essentially of felspar and quartz, came 
out exceedingly well ; the stone would be suitable 
for building under water. 

The textile department is continuing its inquiry 
into the durability of papers. Most of these, re- 
tested after fifteen years, proved better than had 
been expected ; the tests will be renewed after 
twenty-five years. The ‘‘cellit’”’ treatment which 
the Amt had recommended for preserving old 
manuscripts has been criticised, but the Amt 
retains its belief in the process. The paper of an 
edition of new bovks became dotted with small 
black spots; the paper - makers, printers, and 
binders were held responsible, but the Amt ascer- 
tained that the trouble was due to small fragments 
of bronze, which produce black spots, as a rule 
soon after satining, occasionally, and in this instance, 
not till months afterwards. Sulphuric acid from 
the dyeing was found to spoil the colour of some 
silk, especially in the edges and pleats, but only 
when the silk was stored in rather hot rooms; in 
another case local discoloration of uniforms was 
produced by some acid retained by the horn buttons. 
A peculiar case of discoloration of a blue uniform 
cloth along seams, folds, &c., brought out striking 
differences of the opinions of the experts. The 
cloth had turned quite white along the seams, &c., 
and the several works’ experts blamed the hard 
water of the dye works which would favour the 
formation of lime soaps, the insufficient removal of 
grease from the wool, and the dyeing process. The 
Amt declared that the white lines were caused 
simply by the splitting of the wool fibres, which 
opened out in paint-brush fashion. 

The researches of the metallography department 
on the rusting of iron have been noticed by us on other 
occasions. But we may mention two instances of 
steam-pipe corrosion. e one occurred in sugar 
works, and was easily accounted for by sulphurous 
acid vapours in the steam. The other concerned 
wrought-iron pipes carrying away refuse waters ; 
these waters contained copper salts, copper was 
deposited on the iron, and an equivalent amount of 
iron dissolved—a simple cementation process. It 
is also interesting, though not surprising, that the 
iron plates of railway sleepers, partly embedded in 


slag, rusted much more rapidly than when the | 





sleepers were laid entirely in gravel. On the other 
hand, some new wood, affzlia byuga, introduced 
from New Guinea, was sup’ to corrode iron in 
contact with it; the examination showed that it 
actually diminished the corrosion. 

The oil-testing department had, among other 
tasks, to investigate several cases in which the 
lubricants had caused clogging of gas-engines. One 
of these engines was fed with blast-furnace gas, and 
it was ascertained that the gas carried with it some 
slag dust, which reacted with the oil at the high 
temperatures in the cylinder and produced the 
result complained of. In other instances the accu- 
mulation of oil residue seemed to be due to the 
presence in the petrol of some heavy oils, which 
appeared also responsible for the offensive smell of 
the exhaust. In yet another case the celluloid 
window of a benzine container was suspected of 
having contaminated the benzine ; the fault was, 
however, traced to the quality of the packing 
material used. 





NOTES. 
Init1aL Stresses in Drawn Bars. 

In a recent issue of the Revue de Metallurgie we 
note a description of some highly interesting ex- 
periments on the internal stresses in drawn bars 
made by Messrs. Heyn and Bauer. A bar of 25 per 
cent. nickel steel was taken which had originally 
a diameter of 34mm. This was drawn down to 
31 mm. in diameter, and from it two test-bars were 
prepared. One of these was annealed ata tempera- 
ture of 850 deg. Cent. and slowly cooled, whilst the 
other was tested with the strains imposed by the 
drawing operation still unrelieved. The procedure 
followed was to mark each bar near the ends and to 
measure with a comparator the distance between 
these marks. The central portion of each bar for 
a length of about 4} in. was then turned off in 
successive steps, and after each cut the length 
between the fiducial marks was re-measured. As 
each layer was turned off, internal strains were 
relieved, and the length of the bar correspondingly 
altered. From these alterations of length it was 
possible to deduce the initial stresses. In the case 
of the unannealed bar these proved to be very 
high. The outer layer proved to be subject to a 
tension of about 50,000 lb. per sq. in., whilst the 
central core was under a compressive stress slightly 
greater inamount. Similar tests of the annealed 
bar showed a practical absence of initial stress. A 
similar investigation giving similar results was 
carriec. out on a drawn hexagonal bar of soft iron. 


IMPENDING KarteL LEGISLATION IN AUSTRIA. 


The question of kartel legislation has recently 
been attracting much attention in Austria, both on 
the part of the Government and on that of the 
various industries. Ata meeting of the Austrian 
Industrial Council the matter was fully discussed, 
two reports on the subject being laid before the meet- 
ing. One specially dealt with the kartel movement 
in connection with prices, and stated that no doubt 
existed at present as to the industrial necessity of 
kartel organisations, and the movement had attained 
its greatest development in the largest industrial 
countries ; but Austria did not hold a leading posi- 
tion in this matter. There were industrial concerns 
in Germany which in dimensions exceeded the aggre- 
gate Austrian industry in the same branch, and 
the ability of the Austrian industry to compete 
in the international market depended to a great 
extent upon its capacity for kartel formation. In 
spite of the generally admitted necessity of kartels, 
people in Austria always preferred to enlarge upon 
the disadvantages of such trusts. Although the 
kartels were far more powerful in Germany, no 
steps had yet been taken there to fix price reduc- 
tions through legislation or other measures, the 
Kali Law, owing to the State joining the Kali 
Syndicate, had much more the B wmcee of price 

rotection, and the competition from the German 
industry will in any case decide the obtainable price 
limit. It was urged that in the first instance the 
legal validity of the kartels should be admitted as a 
principle (according to the Coalition Law of 1870 
this is a moot point), and the organisation of 
kartels should be drawn up in stringent legal form. 
The other report demanded full information on all 
sides before too many technical details were entered 
into. The public, it stated, had a false notion as 
to the relation of the industry to the’ kartel move- 
ment. The regulation of the kartel question was so 
urgent at the present time, on account of the general 
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rise in prices ; but for this the kartels were often 
wrongfully blamed, inasmuch as the reason for such 
rise generally lay outside the domain of the com- 
bine movement. Kartels, it was contended, were 
necessary for industry. A resolution was 

by the council approving of an enquéte, through the 
medium of the Ministry for Commerce, for obtain- 
ing full information about the question, and it was 
recommended to give it as wide a scope as possible 
in various directions. 


ELecTROLYTIC CoRROSION OF ELECTRO-PLAaTED 
OBJECTS, 


Experiments recently made by Professor Walter 
Landis, of Lehigh University, Pennsylvania, empha- 
sise the old rule that it is inadvisable to plate 
with a nobler metal a material which is likely to 
be subjected to wear on some spot to which liquid 
may afterwards gain access. The particular 
inquiry concerned steel nibs. Professor Landis had 
been writing with one kind of steel pen which had 
generally lasted several weeks, and was offered an 
‘*improved” style of the same nib, gold-plated. 
These nibs would not answer for more than two 
days. On investigating their failure he found that 
they had been copper-plated and then covered with 
gold ; the plating seemed to have been done with 
great care. But the friction of the pen on the 
paper soon wore off the plating of the point, and 
the steel was exposed, when a couple steel-ink-gold 
was formed, and rapid corrosion set in. Professor 
Landis stripped one of these pens of its plating by 
long immersion in potassium cyanide, and then 
coupled such a stripped pen with another gilt 
pen in various inks in order to determine the 
potentia! differences. He found differences of 
about 0.05 volt, and even 0.12 volt, and observed 
that the corrosion proceeded from the points, which 
became scratchy, and from the slit of the nib. The 
‘‘improvement ” had thus spoilt the pens. There is 
nothing novel in the observation, of course. It is 
we!l known that tin-plate, lead lined steel pipes, 
and iron objects covered with magnetic oxide, will 
rapidly corrode if the plating wears off at some 
point, Coatings of zinc and aluminium are con- 
sidered safer than coatings of noble metals. But 
Professor J. W. Richards mentioned during the 
discussion of the communication to the American 
Electrochemical Society that nibs electrolytically 
coated with zine also became scratchy and useless ; 
in this case the crystalline zinc deposit seemed to 
have opened out the slit, so that the pen was 
scratchy from the start. Mr. Hogaboom stated 
that curved steel washers, passed through oil 
or through potassium nitrate for blueing, and 
electroplated after removing the blueing by 
acid dips, would subsequently break under the 
slightest pressure. The acid pickle used for 
removing the blue skin seemed to be responsible 
for the mechanical weakening. We should think 
that a careful nickel-plating should not endanger 
steel washers and elastic-steel springs in this way. 
But it is notorious that nickel-plated steel is apt to 
rust in moist atmospheres, especially in industrial 
districts, where the air contains acid vapours, and it 
is well to remember that galvanising with a metal 
more noble (or more electro-positive) than the 
material can only afford a protection as long as 
the surface of the coating remains intact and 
properly continuous. 








Kine’s CoLiecr.— Ths special advanced courses in 
engineering have recommenced. These are :—‘‘ Internal- 
Combustion <5" with Special Reference to the 
Petrol-Engine,” by Mr. G. A. Burls, a 15, at 
6.30 p.m. *‘ Application of Electric Power to Mines and 
Heavy Industries,” by Mr. W. H. Patchell, January 16, 
at6 p.m. ‘‘Sewerage,” by Mr. D. A. Symons. 





Tue INSTITUTION OF MECHANICAL ENGINEERS.—BRYAN 
Donkin Funp.—Notice is given that applications for 
grants in aid of original research in mechanical engineer- 
ing should be sent tothe Counsil before October 31 next. 
The second award will be made in February, 1913, and 
the amount available will be about 34/. The conditions of 
the Award can be obtained from Mr. Edgar Worthington, 
secretary of the Institution. 





Our Coat Axsroap.—The exports of coal from the 
United Kingdom during the ten years ending with 1911 


inclusive were as annexed :— 
Year. Tons. Year. Tons. 
1902.. 48,159,046 1907... 63,600,947 
1903... 44,950,057 1908... .. 62,547,175 
1904.. 46,255,547 1909... . 63,076,7! 
1905.. 47,476,707 1910.. -. 62,085,476 
1906. . .. 55,599,771 1911.. .. 64,500,266 

The increase in the shipments during the decade has 


accordingly been as nearly as possible 50 per cent. 





THE LATE MR. ROBERT ZIMMERMANN. 


Many naval architects in this country will regret 
to learn of the death, on Friday, the 5th inst., of 
Mr. Robert Zimmermann, & prominent member of the 
profession in Germany, who, like so many of the ship- 
builders there, received his practical training in this 
country, and was, moreover, well known because of 
his work and of his hospitality on the occasion of the 
official visits of the British institution to Germany, as 
well as of more private tours of inspection paid by 
naval architecte individually or in small groups. 

Mr. Zimmermann, who retired from business recently, 
was in his sixty-first year, having been born at Hamm, 
in Westphalia, in 1851. He served his apprenticeship 
as a shipbuilder with Messrs. Klawilter, at Dantzic, 
and received his theoretical training at Berlin Univer- 
sity. At the outbreak of the Franco-German war he 
joined the German army. When was proclaimed 
he came to this country in order to add to his practical 
acquaintance with merchant shipbuilding. He joined 
the staff of Messrs. Caird and Co., Greenock, where he 
remained for some time, taking later an appointment 
with Palmers Iron and Shipbuilding Company. From 
Jarrow he went to Barrow, and had the advantage of 
being associated with Mr. William John, when the 
latter was head of the shipbuilding depart ment there. 
Mr. Zimmermann was the chief naval architect under 
Mr. John, and imbibed not only his enthusiasm for 
the theory of shipbuilding, but much of his knowledge. 
Altogether Mr. Zimmermann spent thirteen or fourteen 
years in this country, and during that time made friend- 
ships which continued throughout life. 

The subject of our memoir returned to Germany as 
shipbuilding director at the Germania Works at Kiel, 
at a time when interest in naval architecture was 
awakening in Germany, and when there was a strong 
desire to develop the industry in order to expand the 
German oversea trade and also to secure a fighting 
fleet more commensurate with the importance amongst 
the nations of the young and vigorous German Empire. 
Much development work had to be done by Mr. 
Zimmermann, and he undoubtedly left a strong im- 
ye upon the Germania Works as the result of 

is ten years’ directorship. About 1894 he joined 
the board of the Vulcan Company, of Stettin, in 
association with Mr. Stahl and the late Mr. Junger- 
mann, but a year or two later Mr. Flohr succeeded 
the latter on his retirement. The Vulcan Company 
made great strides, not only in connection with the 
construction of warships, but also in the building of 
large units of the German mercantile marine, and to 
these three—Zimmermann, Flohr, and Stahl—Ger- 
many owes large credit for the high place which has 
since been taken by German shipbuilding. The first 
important ship undertaken at Stettin was the Kaiser 
Wilhelm der Grosse, completed in 1897 for the 
North German Lloyd. Since then there have fol- 
lowed a succession of notable high-speed ships, includ- 
ing the Deutschland, completed in 1900, the Kron- 
prinz Wilhelm, completed in 1901, the Kaiser Wil- 
helm II. in 1903, and the Kronprinzess Cecilia, five 
ships which have brought renown to the German 
merchant marine, retaining the blue riband of the 
Atlantic for a long period of years until the advent of 
the Lusitania and Mauretania. In addition many 
ships of the intermediate class were built, including 
the George Washington, of 25,570 tons gross, and a 
speed of 19 knots, completed in 1908, also for the 
North German Lloyd. Simultaneously there were 
constructed warships, not only for the German Navy, 
but for China, Turkey, and other Powers. Before Mr. 
Zimmermann terminated his connection with the 
company, the work of designing and arranging the 
new Hamburg yard was completed, and in this the 
great experience of Mr. Zimmermann and Mr. Flohr 
resulted in an establishment which is conducive not 
only to rapid, but economical construction, and at 
this yard there is being built a larger Atlantic liner 
than any now afloat, as wellas ‘‘ Dreadnought ” battle- 
ships for the German Navy. Thus the Vulcan Company 
have moved into the first place, and when the history 
of shipbuilding development in Germany comes to be 
written Mr. Zimmermann will take a prominent 
ition. On several occasions he received recognition 
rom the Kaiser for his splendid work, and held many 
decorations received from him and from foreign rulers. 
The distinction he cherished most was that of Geheimer- 
Baurat. 
connection with the proposal for the reconstruction 
of a Navy for that nation, and travelled much on 
business. 

Mr. Zimmermann had wide interests, and he was 
prominent in the encouragement of yacht-racing, being 
one of the active members of the Kiel Regatta 
Committee. In this pursuit he found a pleasant 
recreation when he retired from business about two 
years ago. He built a house near Kiel, where he could 
pursue the pastime, and, at the same time, study 

roblems of naval architecture not only upon an inland 
ie, but at Kiel Harbour. Unfortunately, however, 
failing health, which was in large part accelerated by 
his visit to China, had great effect upon him, and on 


He visited China about two years ago in| p 





Friday last he succumbed to a sudden seizure at 
Pulverbeck, Eutin, leaving a widow and a family 
of five, for whom wide sympathy will be entertained, 
not only in this country, to which Mrs. Zimmermann 
belongs, but also in Germany, where his great profes- 
sional ability and charming personality won for him 
so many friends. 





THe Royat AGRICULTURAL Socrety.—In connection 
with the Doncaster Show, to be held on July 2 to 6 next, 
the Royal Agricultural Society has decided to hold trials 
of corn and seed-drills, and to award two prizes of 10J. 
and 5l. respectively for corn and pulse-drills, and two of 
the same value for grass and clover-drills. Machines 
must be entered for competition before Wednesday, 
March 20 next. The trials will be made in the neighbour- 
hood of Doncaster, towards the end of April next. 


THE LATE Mr. ADAM CaRLISLE BAMLETT.—We regret 
to have to record the death, which occurred at Thirsk a 
few days ago, of Mr. Adam Carlisle Bamlett. Mr. Bam- 
lett was 75 years of age. He commenced business as an 
agricultural engineer in Thirsk over 50 years ago, and 
carried on an extensive trade in reaping and sowirg 
machines in England and on the Continent. Mr. Bam- 
lett was a member of the Institution of Mechanical Engi- 
neers, of the Iron and Steel Institute, one of the founders 
of the ‘‘ Falcon” Lodge of Freemasons, of which he was 
twice Master, and a member of the North Riding County 
Council. He also held many public offices in Thirsk. 








TECHNICAL EDUCATION AND THE EmpPLOyER.—A meet- 
ing of the West Yorkshire Branch of the Association of 
Teachers in Technical Institutions was held on Saturday, 
the 6th inst., in the Leeds Institute, when Mr. A. T. J. 
Kersey, Hull Technical College, read a paper under the 
above title. Mr. F. E. Drury (Halifax) presided. Mr. 
Kersey said that at present many students were entered 
into technical institutions with the idea that at the 
end of their training they would be fitted to occupy 
responsible — but they were almost certainly 
doomed to disappointment. They mu-t recognise that 
an industrial concern was not a philanthropic institution, 
and until the student became well acquainted with the 
practice and routine of the firm he was of very little 
value to his employers. The chief defect of the pre- 
sent system of training was that the student was 
not taught to exercise his own initiative. In the 
course of the discussion which followed, Mr. R. Gordon 
Sharp (manager of the Leeds Forge) said it had 
been suggested that the os ge mage might be allowed to 
attend classes during work time, but one of the most 
serious problems in any works was that of bad time- 
ane He (the speaker) rather favoured the ‘‘sand- 
wich” system, by which a student spent successively six 
months in a shop and then a similar period in a technical 
institute. Professor G. F. Charnock (Bradford) stated 
that everybody was agreed that technical education was 
necessary, but nobody seemed to have any confidence in 
it. Mr. A. Meysey-Thompson said that the question as 
to whether technical education was of any value or not 
had been decided long ago, but he did not quite agree 
with the modern system of group courses. Why should 
ayeuth not be allowed to take just what subjects he 
wished? Dr. Pohl (Bradford) was of opinion that the 
best work at present was done in the evening, because in 
that case the most important principle of combining 
simultaneously theory and practice was brought into 
operation. 





TRIALS OF AGRICULTURAL MACHINES IN RwussIA.— 
Trials of agricultural machinery in Russia, at the instance 
of the Department for Agriculture, will during the present 
year comprise the following sections :—Implements for 
cultivation of meadows, hay -binders, drills, manure- 
distributors, hay-presses, &c., of both large and small 
types. These tests are to take place in the vicinity 
of St. Petersburg, in an area specially set aside for them, 
and under the control of experts from the Department for 
Agriculture. The object of these tests is to gain 
experience as to the methods used in England and 
America, such experience being deemed of much im- 
portance, especially for the northern districts of Russia. 
A sum of 17,000 roubles has been granted for this 
section. Further tests will comprise portable steam and 
petroleum engines, together with mechanical ploughs, 
also two or three of the most typical tractors with 
internal-combustion motors, which it is proposed to manu- 
facture in or near St. Petersburg. hen the methods 
for the we | have been fixed, experts from the de- 
partment will visit those farms or estates where the 
tractors are being used. Both the technical and the 
economic qualities of the engines will be tested. These 
tests are considered of material importance in the 
matter of selecting the most suitable machines for 
ussian agriculture. The sum voted for this purpose 
—5500 roubles—seems rather modest. Thirdly, har- 
vesters and thrashers of foreign manufacture will be 
tested. on some State property in the Government of 
Kherson, so as to ascertain which are the most suitable 


|for Russia. Here. too, experts from the Agricultural 


Department will officiate; 1500 roubles are to be applied 
to this purpose. Finally, the tests are to comprise the 
different implements and machines for the tilling of the 
soil which are used in the Turkistan district on non- 
irrigated ground. These tests, which will also be under- 
taken by experts from the Agricultural Department, in 
accordance with the methods used in the dry districts of 
North America, with the view of ascertaining the most 
serviceable implements, &c., for Russia. The vote for 
these latter tests amounts to 12,200 roubles, 
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THE TRADE OF HONG KONG. 


THE events which are passing in China at the 
resent time are certain to direct attention to Hong 
‘ong, the most important British outpost in the Far 

East, not only from a commercial, but also from a 
naval, point of view, as it guards the mouth of the 
China Sea. It is, however, as the greatest commercial 
port in the world and as a centre of commercial 
distribution in the Far East, that Hong Kong claims 
special attention. The conditions which surround 
it have been changing in recent years. With the 
Americans at Manila, the Germans at Kiao-chau, and 
the Japanese in Formosa, and with the development 
of other open ports and the construction of railways 
to all parts of China, it was impossible for Hong Kong 
to remain as it was before these developments. The 
increasing competition may in some ways tend to 
diminish the importance of Hong Kong from a com- 
mercial point of view ; but, on the other hand, railway 
communication may tend to increase that importance. 
The opening of the Kowloon-Canton Railway, which 
we noticed a short time ago, marks the beginning of 
a development which will not only place Hong Kong 
in direct connection with all the important parts of 
China, but also bring it within a fortnight of London, 
and thus open up immense possibilities. 

Meantime, the latest report of the Governor will be 
read with interest by all who are studying the evolu- 
tion which is going on in the Far East. It ought to be 
noted that the affairs of the Government of the colony 
are not an exact indication of the state of trade in the 
colony. If we are to judge from the Hong Kong 
papers, we should come to the conclusion that the 
position of many of the merchants, and even of many 
of the manufacturers and others engaged in industry, 
was not by any means a happy one ; but that arises 
from the increasing competition among themselves, by 
which prices are cut down to the last farthing, a very 
different state of affairs from those which existed in 
the early days of Hong Kong, when profits were large 
and fortunes were made in a very short time. We 
must, of course, refer to the report itself* for details, and 
will only mention a few of the more important points. 
The total revenue of the colony from all sources for the 
year 1910 was 6,960,869 dols., or 137,902 dols. more 
than in the previous year, and 52,072 dols. more than 
the estimate. The expenditure for the year was 
5,702,290 dols., exclusive of public works (extra- 
ordinary); inclusive of that item, it was 6,907,113 dols., 
or 364,274 dols. more than the total expenditure for 
1909. The colony contributed 1,372,486 dols. (being 
the statutory contribution of 20 per cent. of the 
estimated revenue for 1910, together with 46,629 
dols. arrears on account of under-estimate in 1909) 
towards the cost of the maintenance of military forces 
in the colony, including barrack services and defence 
works. At the end of the year 1910 the assets of the 
colony amounted to 6,551,129 dols. The total liabili- 
ties were 5,144,204 dols., so that the balance of assets 
over liabilities amounted to 1,406,925 dols. The 
actual number of individual ocean vessels of European 
type and construction entering during 1910 was 734, 
being 365 British and 369 foreign. The corresponding 
figures for 1909 were 04, 336, and 368 respectively. 
These 734 ships aggregated 1,804,675 tons. They 
entered 4284 times, giving a collective tonnage of 
8,112,985 tons. Thus, com with 1909, thirty more 
ships, with a tonnage increased by 121,836 tons, entered 
86 more times, and gave a collective tonnage greater 
by 316,609 tons, as shown by the following table :— 

















Number of 
Steamers. | Times Total Tonnage. 
Flag. | | Entered. 
1909. 1910. | 1909. 1910. 1909. 1910. 
British :-- 

Steamers 331 360 2054 2124 3,854,571 4,041,557 
Sailing & 5 | 7 7 17,683 7, 
German .. 108 113 | 735 722 1,176,322 1,206,757 

Japanese :— 
Steamers 98 101 | 493 507 | 1,283,330 1,341,083 
_ Sailing aa D4 ne 1 om 138 
Norwegian 43 34 212 223 227,341 236,334 
Austrian 7 7 24 24 94,288 95,062 
Chinese .. 24; 2 232 250 290,936 314,879 
Corean .. 1 0 1 ke 796 _ 
Danish .. 5 6 16 20 31,426 83,165 
Dutch 17 16 105 108 207,190 214,737 
F rench .. 32 35 148 144 262,459 262,670 
Italian .. 2 3 ll 13 28,470 34,496 
Portuguese 4 | 3 94 66 36,927 29,478 
Russian - 5 | 7 9 10 19,584 28,803 
Swedish = 5 | 5 35 27 53,726 45,398 
U.S.A. on 17 15 42 37 211,327 210,466 
No Flag.. oe 1 « 1 éo 299 
Total 704 | 734 4198 | 4284 7,796,376 | 8,112,985 


_ The report gives details of the more important items 
in the import trade, including coal, kerosene oil, 
Opium, sugar, cotton and cotton yarn, flour, rice, and 
other articles in common use. The total reported 


* Published by Wyman and Sons, price 4d, 





imports during the year amounted to 4,298,194 tons, 
as against 4,195,968 tons in 1909, an increase. of 102,226 
tons, or 2.4 per cent. Exports also show an increase 
of 23,000 tons, or 10.2 per cent. Transit cargo shows 
a decrease of 12,039 tons, or 0.3 per cent. As, how- 
ever, Hong Kong is a free port, and there are no 
exact custums statistics, the above figures are not very 
reliable. 

Hong Kong is becoming an important centre of 
industry, and with the extended area on the mainland 
there is room for great developments. Engineering 
and docking is well represented by the two eg the 
Hong Kong and Whampoa Dock Company, Limited, 
and the Taikoo Dockyard and Engineering Company, 
Limited, as well as by a considerable number of 
others of less importance. The docks of the above- 
mentioned companies are largely taken advantage of, 
while the naval dockyard is used for ships of the 
British Navy. There is a certain amount of new ship- 
building for the smaller kinds of crafts. Sugar- 
refining is carried on in the colony, but the year 1910 
was not a favourable one for the industry, as there 
was not a good demand in the China markets, while 
the growers in Java have lately made arrangements 
for shipping their produce direct to the markets with- 
out transhipment in Hong Kong. The other chief 
industries under European management are cotton- 
spinning, rope manufacturing, cement, and brewing, 
which all did good business during the year. The 
Chinese are developing a considerable number of indus- 
tries, the most important being rattan and fibre furni- 
ture, tobacco manufacture, tinned goods, native spirits, 
vinegar, knitted socks and vests, tanning, ginger and 

reserves, lard, and other articles of food. jeep-sea 

shing is the occupation of a considerable proportion 
of the population of Hong Kong, and some of 
the villages on the mainland are largely dependent 
upon the industry for their prosperity. 

Education is being attended to, there being seventy 
Government and grant schools, the most important of 
which is Queen’s College. Of these, twenty-one are 
upper grade schools, with a staff competent to give 
instruction in all subjects of the seventh standard and 
above. Higher education is represented by the Tech- 
nical Institute, where instruction is given in the 
evening in mathematics, machine drawing, building 
construction, field surveying and allied subjects, in 
chemistry and physics, in the English and French 
languages, book-keeping and shorthand. The Hong 
Kong University building, the gift of Sir Hormusjee 
Mody, is in course of construction, and will probabl 
be open by the middle of 1912. The first chairs will 
be those of medicine, engineering, and arts. 

The public works carried out or in progress were of 
considerable variety, including the Kowloon Water 
Works reservoir, the new Government offices and law 
courts, improvements in streets and roads, and water 


supply. 


YEAR-BOOKS AND ANNUALS. 
Willing’s Press Guide, 1912. London: Messrs. 
James Willing, Jun., Limited, 125, Strand, W.C. 
[Price 1s. net. |—The thirty-ninth annual issue of this 
well-known Press guide needs little introduction to 
the public. Its usual form has not been changed, but 
as thorough revision has been made of its contents as 
is possible in a publication which covers the world. 
There is a classified list of papers given under interests, 
professions, &c.; a list of news agencies; London 
addresses of provincial and foreign papers; and also 
lists arranged according to day of issue, so that it is 
possible to trace names and particulars concerning 
papers published at any time, and devoted to parti- 

cular subjects. ’ 








Almanacks and Calendars. — We have received 
almanacks, &c., some of which are very tastefuliy 
produced, from the following firms :—Messrs. C. Isler 
and Co., Limited, Bear-lane, Southwark-street, 8. E.; 
Messrs. Nalder Brothers and Thompson, Limited, 34, 
Queen-street, E.C.; Messrs. Stegmann and Co., Clap- 
ham Junction, S.W.; the Campbell Gas-Engine Com- 
pany, Limited, Halifax ; the Submarine Signsl Com- 
pany: Friar’s House, New Broaf-street, E.C.; Messrs. 
|W. H. Willcox and Co., Limited, 23, Southwark- 
| street, S.E.; Messrs. R. Y. Pickering and Co., Limited, 
| Wishaw (near Glasgow) ; Messrs. George Philip and 
| Son, Limited, 32, Fleet-street, E.C.; the Harvey Engi- 
| neering Company, Limited, 224, West-street, Glasgow. 








| Pocket-Books, Diaries, &c.—A small pocket-book 
‘and case has come to hand from Messrs. Cammell 
|Laird and Co., Sheffield.—A very neat waistcoat 
pocket-diary and note-book has been received from 
the Brush Electrical Engineering Company, Limited, 
| Falcon Works, Loughborough. 








| Tue IngicaTION DeraRTMENT, PreTorta.—We are 
| requested by the High Commissioner for the Union of 
South Africa to state that the recent advertisement which 
applications for the 





appeared in our columns oy | appl 
appointment of engineer in the Irrigation Department, 
| Pretoria, South Africa, has been withdrawn. 





THE TRIALS OF H.M.S. “ LION.” 


In our issue of last week we described and illus- 
trated the battle-cruiser Lion and her machinery, and 
we were able to note, on 22 ante, that the vessel 
had passed most successfully through the 24-hours’ 
trial at the power necessary to maintain continuously 
a sea speed of 26 knots, which is reckoned as about the 
cruising speed of the ship. On Monday she proceeded 
on her eight-hours’ trial at full power, and on that 
occasion also the uninterrupted and unqualified uni- 
formity ci the working of the machinery again proved 
the success of the design by the Engineer-in-Chief of the 
Fleet, Sir Henry Oram, and the satisfactory character 
of the workmanship of the engineering contractors, 
Messrs. Vickers, Limited. The Admiralty, very pro- 
perly, are indisposed to give detailed information 
regarding the power developed or speed maintained. 
The intention of the trial was, of course, to deter- 
mine whether the machinery contractors had fulfilled 
the condition of the contract regarding the designed 
power, and it was found that this was not only main- 
tained but exceeded. : 

The weather conditions made it impossible to see the 
marks at the end of the measured distance at Polperro. 
Although the vessel traversed the distance three times 
during the eight hours in the hope that these distin- 
guishing nage might be seen, this was found impos- 
sible, and the remainder of the trial was carried out 
at sea. The only indication of speed, therefore, was 
the record of the log ; this, we understand, showed 
about 314 knots. It is scarcely necessary to say here, 
however, that the degree of accuracy of such logs, 
while satisfactory generally for determining the dis- 
tance steamed on a voyage, does not justify any scien- 
tific deduction. Opportunity will, no doubt, be taken 
later of ascertaining with precision the speed perform- 
ance of the ship at full power. The trial was run 
with a gale blowing ; this did not in any way interfere 
with the machinery performance, but served to test 
the seaworthiness of the ship. From this point of 
view also the trial was most satisfactory. 





Tue Travian Prrrotkum Svuppiy.—In a paper on 
**Liquid Fuel,” read by Naval Architect Edoardo 
Gianelli, Royal Italian Navy, before the first Congress of 
Naval Architects, held at Rome on November 12 last, we 
find it stated that several oil-wells have been sunk in 
Italy, in the provinces of Parma and Piacenza, Chieti 
and Caserta ; the output of crude petroleum from these 
wells amounted to 7000 tons in 1910, proceeding mainly 
from the wells in the province of Piacenza. Owing to the 
ever-increasing use of liquid fuel for ship pen, 
Mr. Gianelli suggested that the State should aid in the 
carrying out of further researches in Italy. 





Tur “ Le Tenax” Expansion Socket FoR SCREWED- 
Rai. Spikes.—We had the opportunity of witnessing on 
Wednesday last an interesting demonstration connected 
with the ‘‘ Le Tenax ” expansion socket for screwed-rail 
spikes, given at the offices of Messrs. Smeeton and 

rewer, 56, Victoria-street, S.W. This socket, for use 
with screwed spikes for Vignoles rails, has several good 
features to recommend it. It givesa very strong hold and 

revents the destruction of the wood round the hole. 

he latter is frequently the sole cause of sleeper renewal 
with ordinar ro cananee f or dog-spikes, which are most‘de- 
structive, and as they are constantly working, soon result 
in enlargement of the hole. The ‘‘ Le Tenax” socket 
consists of a short length of malleable cast tube threaded 
inside and out and split longitudinally into four, from one 
end, for agreat part of its length. Thesocket has a thread 
ofa diameter, of coach-screw pitch on the outside. 
The split end of the socket is gradually thickened up, so 
that when a screw spike is run down inside it, it expands 
at this end and forces the outside thread into the wood of 
the sleeper. At the same time the wood fibres are 
crushed into the splits in the socket, effectually prevent- 
ing it from turning round. In the demonstration time 
was taken to see how long it took to prepare a hole and 
run in an ordinary spike, and also to do the same with 
a ‘“*Le Tenax” socket and spike. In the first case the 
time occupied was 2 minutes 10 seconds, and in the 
second it was no more than 3 minutes, the latter opera- 
tion including boring the hole, tapping it, putting in the 
socket, and finally inserting and screwing down the spike. 
In two cases it was shown that with ordinary track tools 
the thread in the wood could easily be spoilt in soft-wood 
sleepers by slight excess of pressure exerted by the man 
screwing the usual spike in. A ‘‘ Le Tenax” socketed 
screw was similarly tested, but three men could not 
budge it after it had been screwed home, and finally 
spoilt the head of the bolt instead of destroying its 
hold on the rail. Although involving some slight addi- 
tional first cost, as most improvements do, it is said 
that this is amply recouped by a great reduction in 
maintenance, which we can well Celiene after the demon- 
stration we recently witnessed. The socket enables 
cheaper sleepers to be used than are frequently found 
necessary with the ordinary screw, or the dog, spikes. 
Old sleepers with spoilt holes can be continued in use if 
the hole is cleaned up and one of these sockets inserted, 
while old and rusty screws can be retained in service 
also; and when a new screw is subsequently inserted in 
the socket, the hold will be good for many extra years. 
With the heavy loads in use in many countries where 
flat-bottomed rails are the standard, this simple article 
should prove of great value, 
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THE ASSOCIATION OF CONSULTING 
ENGINEERS. 
To THe Eprror oF ENGINEERING. 

Srr,—As announced some time ago in your columns, a 
meeting of practising consulting ineers, representing 
all branches of the profession, will held on Monday, 
the 15th inst., at 4 p.m., in the Lecture Theatre of the 
Institution of Electrical Engineers, Victoria Embank- 
ment, W.C. 

For the purpose of forming an Association of Con- 
sulting Engineers a code of rules has been drawn up which 
it is believed will be in the best interests both of the 
public and of the profession, and it is hoped that all 
eligible consulting engineers who are able will attend 
the meeting, in order that the subject may receive the 
fullest possible discussion. 

It is inevitable that the rules will require alteration and 
improvements as experience may dictate; but it is felt 
that they form a basis on which consulting engineers may 
associate together in the best interests of the profession. 

In the absence at present of any recognised list, it is 
obviously impossible to communicate individually with 
every eligible consulting engineer, and it is hoped that all 
such will accept this invitation to attend the meeting, on 
presentation of their card at the entrance. 

As it is sure to occur that @ number of those who are 
in full sympathy with the aims and objects of the Associa- 
tion will find themselves unable to be present at the 
meeting, it is hoped that they will assist by sending their 
views in writing to the honorary secretary, Mr. A. H. 
Dykes, 11, Victoria-street, Westminster, S.W., from 
whom copies of the rules and other information may be 
obtained. 

We are, Sir, yours truly, 


Joun Sypnry Aurorp, M Inst.C.E., 9, Victoria- 
street, Westminster, S.W. 

Henry Percy Boutnois, M. Inst. C.E., F.R. San. 
Inst., Past Pres. Inst. M. and C.E., Past Pres. L. 
Eng. Soc., M. Advisory Com. Road Board, 7, Vic- 
toria-street, Westminster, S.W. 

WituiAM TrREGARTHEN Dovetass, M. Inst. C.E., 
15, Victoria Street, Westminster, S.W. 

Epwarp Mrtourett Eaton, M. Inst. C.E,, 7, Vic- 
toria-street, Westminster, S.W. 

Ropert Hammonp, M. Inst. C.E., M.I.E.E., M.T1. 
Mech. E., 64, Victoria-street, Westminster, 8. W. 
JoszernH H. Harrison, M. Inst.C.E., M.I. Mech. E., 
M. Iron and Steel Inst., Past Pres. Cleveland 

Inst. E., 2, Exchange-place, Middlesbrough. 

Batpwin LATHAM, M Inet. C.E., Parliament Man- 
sions, Victoria-street, S.W. 

Cuarites Lomax, Assoc. M. Inst. C.E., 37, Cross- 
street, Manchester. 

Sipney Ricnarp Lowcock, M. Inst. C.E., 50, Queen 
Anne’s Gate, Westminster, 8. W. 

Ernest LAwson Mansercu, M. Inst. C.E., 5, Vic- 
toria-street, Westminster, 8. W. 

Artuur J. Martin, M. Inst. C.E., F.R. San. Inst., 
F.G.S., Pres. San. Inst. Eng., 7, Victoria-street, 
Westminster, S.W. 

Tuomas Lopwick MIL.Er, M. Inst. C.E., 709, Tower- 
buildings, Water-street, Liverpool. 

Wiiiiam Morris Morpery, M. Inst. C.E., M.1.E.E., 
Past Pres. I.E.E., 82, Victoria-street, Westmin- 
ster, S.W. 

WinuiaMm Henry Patcue.y, M. Inst. C.E., M.LE.E., 
M.I. Mech. E., Caxton House, Westminster, 8.W. 

Witiiam) =Liewettyn Preece, M. Inst. C.E., 
—" 8, Queen Anne’s Gate, Westminster, 
S.W. 

Henry Rors, M. Inst. C.E., 8, Victoria-street, West- 
minster, S.W 

Joun Francis CievERTON SNELL, M. Inst. C.E., 
M.I.E.E., M.1I. Mech. E., 8, Queen Anne’s Gate, 
Westminster, S.W. 

Epmunp Hersert Stevenson, M. Inst. C.E., 
38, Parliament-street, Westminster, 8S. W. 

James Swinspurne, F.R.S., M. Inst. C.F., M.1.E.E., 
ay Pres. I. EF. E., 82, Victoria-street, Westminster, 
S.W. 

ALAN ARCHIBALD CAMPBELL Swinton, M. Inst. C.E., 
M.I.E.E., M.I. Mech. E., Assoc. Inst. N.A., 
66, Victoria-street, Westminster, S.W. 

Gorrrep Mipeitry Tayior, M. Inst.C.E., Caxton 
House, Westminster, 8.W. 

ALFRED Herpert Dykes, Assoc. M. Inst. C.E., 
M.I.E.E., 11, Victoria-street, Westminster, S.W., 
Honorary Secretary. 

January 8, 1912. 





“THE STRENGTH OF THICK HOLLOW 
CYLINDERS UNDER INTERNAL PRES- 
SURE.” 

To THe Eprror or ENGINEERING. 
Srr,—M. van Iterson, in his letter published in your 
issue of January 5, has given th» formula 


a = loge 
or the bursting pressure of a thick hollow cylinder of 
mild steel, which, he has obtained by applying Tresca’s 
assumption of the uniformity of maximum shear in the 
plastic state. The agreement of the experimental values 


of j with those caleylated from the above formula is re- 


markable, but must nevertheless be accidental; for, in 
— formula, M. Iterson has taken the value of 
k to be that of the unstrained cylinder, and the value of f 
that obtained by dividing the maximum load (in the 
tensile test) by the initial area of section. It is evident 





that the theoretical investigation requires that both f and 
k should relate to the actual state of the material imme- 
diately before rupture. This was briefly pointed out in 
the course of our paper, but the importance of the point 
raised by M. Iterson is such as to justify a more detailed 
investigation as to how far the ultimate strength of a 
thick cylinder of a ductile material may be deduced from 
theoretical considerations. t 

Let the elongation per unit length under the maximum 
load (before local contraction occurs) in an ordinary tensile 
test be e. Then the actual stress f! in the material at the 
point of rupture will be 

f(l +e). 


Assuming that the cylinder will fail when the circum- 
ferential elongation at the internal surface reaches the 
value e, and that the volume of the material remains 
unchanged (the assumption is legitimate for plastic strain), 
the external radius a the cylinder when under its maxi- 
mum pressure is given by 


J (r= ro)? + (L + €? 70% 
where r, and ry are initial external and internal radii. The 
new ratio, 





(1 + e) ro . l+e 
and therefore the formula quoted by M. Iterson should 
be altered to 
P — (1+e) log Jk + € (2 +e), 
f l+e 


This would give values of ” less than those experi- 


mentally observed ; but it indicates that the ultimate 
strength of a thick cylinder is not solely dependent upon 
the ultimate strength of the material and the initial 





dimensions, but also upon its ductility; and it would 
appear, therefore, that a complete and universal formula 
for the ultimate strength is hardly to be looked for. The 
above formula, however, indicates further that of two 
materials whose ultimate strength (measured in the usual 
way) is the same, the more ductile will have the less 
strength as a thick cylinder under steady internal 
pressure. 

The manner in which the dimensions change will be 
clear from the figure. The dot lines represent the 
internal and external surfaces in the unstrained con- 
dition, and the full lines the final shape obtained from an 
actual cross-section of the burst cylinder. The value of 
k has changed from 1.77 to 1.39. 

In regard to Mr. Peache’s letter, we have found some 
difficulty in discovering what is his contention. The 
theory of elasticity requires that, for a cylinder with no 
longitudinal constraint. there must be longitudinal strain, 
and no attempt was made in our experiments either to 
prevent or to measure it. 

The question of longitudinal strain has been very fully 
dealt with in papers ‘ Mr. L. B. Turner (Transactions 
of the Cambridge Philosophical Society, vol. xxi., 
No. xiv., pages 377 to 396, and ENGINgERING, July 28, 
1911), to which we may refer Mr. Peache. 

Yours faithfully, 
GiiBert Cook. 
ANDREW ROBERTSON. 
Engineering Department, The University, 
Manchester, January 8, 1912. 





_ To THe Epitor or ENGINEERING. 

Sir, —Referring to my letter published in your issue of 
k 
open-ended cylinders, such as that of an hydraulic ram. 

e strain theory can also applied to elucidate the 
effect of longitudinal stress in the walls of a closed 
cylinder. 

On the assumption that the longitudinal stress is 
equally distributed, there will be a neutral circle of radius 
Tn, such that 


January 5, the formula p = f, ———— is applicable to 


2. 2 
ay = 


The fibres inside this circle will be subject to radial 
tension, and those outside to radial compression. These 
stresses, of course, are in balance, and do not affect the 
bur-ting stress as a whole, but the radial stress at rp is 
increased by this resultant of the longitudinal stress. 

If s is the strain due to longitudinal stress, and ¢ the 
resultant. radial strain at ro, the value of ¢ will be given 
by the following equation :— 


{r2.—1% (1+¢)?} (1+8) = r2n— 7%) 
derived from the ring of unit length indicated by notch- 
ing. 
hence 


sry + r%\b 
om (SAY en - 1 





Nowt= te sz tf , and taking k =” and the value 
bE E ro 


for r?,, given above. 





ee p(k* - 1) Ss 
E- (1 + oR es I, 


or, with close approximation, 
= ( _p(%-1) ); 
4(E (k? - 1) + p) 
This is almost a constant factor of p. 

















The total radial stress at r) in a closed cylinder will be 
f=? ri plus f: as above. 
_ Taking three of the tests of mild-steel cylinders given 
in Table III. of Messrs. Cook and Robertson’s wa hag 


| Yield Pressure. 














NGS, “Met lp Bounds per egeinentl | roma 
1 135 | 9,700 0.275 =| «(O28 
14 1.97 | 14,100 0.415 | 0.454 
27 3.65 21,800 0.591 | oe1 


This shows a fairly close agreement. 
Yours truly, 
J. C. Peacue. 





University OF LONDON: BriTisH MuskuM AND VIc- 
TORIA AND ALBERT Muskum LecturrEs.—Mr. Banister 
Fletcher, F.R.1.B.A., is continuing a course of University 
Extension Lectures on ‘‘ Ancient Architecture,” dealing 
with the Roman, Early Christian, and Byzantine styles, 
at the British Museum (by permission of the Trustees). 
A course of twelve lectures on ‘‘ Renaissance Architec- 
ture” is also being given at the Victoria and Albert 
Museum (by permission of the Board of Education), 
embracing the Elizabethan and Jacobean periods in 
England and the later Renaissance. These courses are 
fully illustrated by lantern-slides, photographs, di ms, 
and models ; they appeal not only to architects, but to 
all lovers of art and the public in general, to whom a 
knowledge of architecture enhances a hundred-fold the 
pleasures of travel. The Museums are visited and ex- 
plained by the lecturer during the class held at the end 
of each discourse. Particulars can be obtained from Miss 
Gaudet, 120, Cheyne Walk, Chelsea, S.W. 





Post- Orrick Lonpon Drrectory, 1912.—Messrs. 
Kelly’s Directories, Limited, 182 to 184, High Holborn, 
W.C., have now published their 1912 edition of this 
directory—the 113th annual issue of the work. The 
features of the book are so well known, seeing that it 
forms an essential part of the equipment of all industrial, 
commercial, and banking establishments, and its great 
value has been so long recognised, that it needs no detailed 
review. It consists of two main portions, as formerly, 
the larger being that for London, the smaller being set 
apart for the county suburbs of London ; both portions 
having the usual divisions arranged alphabetically under 
the street names, personal names, trade appellations, and 
so forth. It includes a of London and one of the 
suburbs, both very detailed and most clearly printed. 
The editors state that every division of the work has 
been corrected down to the latest possible moment. Con- 
sidering the ever-increasing area of outer London, the 
development in the means of communication with the 
suburbs, and the number of trading firms in the latter, 
the actual work of wy 4 book of such magnitude 
constitutes, we feel sure, a huge task, for which they 
deserve all congratulation. The price of the directory, 
with county suburbs, in one volume, is 40s. 


NortTHAMPTON PotyTgcHNic InstITUTR.—A course of 
ten lectures on illuminating engineering will be given on 
Tuesday evenings at 7.30 p.m., commencing January 16. 
The lectures are intended for a technical audience, and 
each lecture will be given by a specialist in the particular 
subject. The name of each lecturer and the title of his 
lecture are the following :—(1) ‘‘ The Nature of Light and 
of Radiation,” by Mr. 8. D. Chalmers, M. A. ; (2) ‘* Photo- 
metry and the Measurement of Light,” by Mr. A. C. 
Jolley ; (3) and (4) “The Production of Electric Light 
and its Distribution,” by Mr. F. M. Denton, A.C.G.L., 
A.Am.I.E.E ; (5) ‘The Chemistry of Gas Manufacture 
and Lighting,” by Mr. S. Field, A.R.C.S.; (6) ‘‘ The Use of 
Shades and Reflectors,” by Mr. 8. D. Chalmers, M.A. ; (7) 
“Physiological Factors in Illumination,” by Mr. W. Ettles, 
M.D. ; (8) ‘*The Practical Use of Arc Lamps,” by Mr. 
A. C. Plumtree (The Union Electric Company); (9 
‘The Practical Use of Metallic Filament Glow-Lamps,” 
by Mr. Val. H. sme ge Be ey Limited) ; (10) 
“The Practical Use of -Lamps,” by Mr. W. E. 
Goodenough (Gas Light and Coke Company). The fees 
are:—For members 10s., for aaemane 15s., for the 
whole course ; members’ or non-members pay 2s. 6d. for s 
single lecture. Full particulars of the technological work 
of the institute in engineering, technical optics, and other 
subjects can be obtained on — to the principal, 
Mr. R.-Mullineux Walmsley, D.Sc. 
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FORCED-DRAUGHT FURNACE FRONT. 


CONSTRUCTED BY THE ECONOMIC 




















HEREWITH we give illustrations of a type of furnace 
front suitable for forced draught which has been 
brought out by the Economic Forced Draught and 
Engineering Company, Limited, 5, Castle - street, 
Liverpool, and by whom it is made. It has, we under- 
stand, been designed and constructed to supply the 
demand for a forced-draught furnace-door, in which 
the fire-door is arranged to open inwards. Fig. 1 
shows a front elevation of the door, Fig. 2 is a sec- 
tional elevation, Fig. 3 a vertical section, and Fig. 4 
a sectional plan. 

It will be seen that the front is lined with a perfo- 
rated shield, or baffle. The air first enters by means of 
the air-ducts or casings from the heaters, which ducts are 
not shown in our illustrations, although the inlet in the 
upper part of the furnace mouth may be seen in Figs. 1 
and 2. The supply of air is regulated by means of the 
air-valves C, D, and EK. The valves D and E regulate 
the air to the ash-pit, and are operated by the handles 
B, B, shown in the plan, Fig. 4. The valve C 
regulates the secondary supply above the bars, this 
last being operated by the forked kicker F. The 
secondary air-valve C is one to which special attention 
is given, and it is so designed that, if necessary, one- 
third of the total air supply to the fires may be ad- 
mitted at this point. This is considered an important 
point in cases where coals of varying quality are to be 
used in the fires, as when the coal is of a very volatile 
nature it is essential that a sufficient supply of air 
should be admitted above the bars to burn off the gases 
which are distilled from the coal. The parts marked 
A Aon the drawing are safety catches for the door, 
and they are actuated by the air-valve handles b, B, 
the arrangement being such that when the air-valves 
are open to admit air to the ash-pits the pins prevent 
the fire-door being opened, thus eliminating any danger 
of back draught. 

It will be noticed that the lining or baffles form the 
actual mouth of the furnace, and the secondary or top 
air supply acts as an insulating ring between the main 
casting and the linings, which greatly adds to the life 
of the furnace, as the heat radiated from the fires, 
which would be normally absorbed by the baffles, is 
partly used for intensifying the heat of the incoming 
air. The incoming air also has a cooling effect on the 
plates, and prevents them, to some extent, from 
burning away ; and even should they be somewhat 
damaged on the rounded part by the heat, as they 
are some distance from the main casting, the latter 
is not affected, as it would be if the linings were tight 
against it. 

In a general way the front is similar to the makers’ 
original front hinged fire-door. The novelty of the 
door we illustrate is that it is arranged to open inwards 
and is hinged horizontally, instead of opening outwards 
and being hinged vertically, the advantage of the 
arrangement being that it gives a clearer stokehold, 
as there is no projecting door when firing, and the 
‘oor does not swing about when it is used on ship- 
board, and the vessel is rolling. 

The makers’ usual form of small ashpit-door with 
single-wedge locking is adopted in this front as well 
as the safety locking catches on the fire-door, which 
prevent the door being opened when air pressure is on 
‘he ashpit. All the usual external fittings of the door 
have, however, been done away with. 

A novel feature of the appliance is the introduction 
of an opening in the furnace mouth, in front of the 


(lead-plate. This opening has a double effect : firstly, | 


++ prevents the accumulation of ashes in the mouth of 
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of the Russo-Japanese naval engage- 
ments, had distinctly shown that 
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explosions which occurred below 
the water-line con+tituted the most 
serious danger of naval warfare, and 
against this danger more thorough 
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the furnace, which would, if left, prevent the fire-door 
from closing up tight; and, secondly, it allows the 
fireman to clean his fire direct into the ashpit, instead 
of on to the stokehold floor, as formerly, and tends to 
coolness and cleanness of the stokehold ; it also does 
away with the danger of corrosion from damp ashes in 
front of the boiler. The opening may be seen in 
Figs. 3 and 4. 

The front in question is suitable for use on any type 
or make of boiler, and the system of lining makes it 
suitable for use with coal or oil fuel. When the latter 
is used it is only necessary to remove the existing fire- 
door, and replace it with a special door carrying the 
oil-burner and sprayers either in the case of forced- 
draught front, or of the makers’ boltless type of front 
for natural draught. 








THE ARMAMENT AND PROTECTION OF 
BATTLESHIPS.* 


By the Hon. SatvatTorE ORLANDO, President of the 
[Italian] Institution of Naval Architects. 


THE armament of a warship generally 4 ye upon 
the tactics which it is intended to adopt, but various 
other considerations also intervene, and the naval archi- 
tect, when designing his ship and locating its armament, 
has to take such steps as will make it possible for the 
latter to meet every requirement which may -preyailat 
the time an action takes place. It is obvious that broad- 
side firing—the classical firing—will always predominate, 
for the reason that a ship should have the maximum 
offensive power when she offers the maximum tatget ; the 
armament should further be available for firing on either 
broadside indifferently. At the same time, however, the 

t possible number of guns should be able to fire 
both ahead and astern. In other words, the di ms 
which represent the various arcs of training, although 
necessarily showing the best results in regard to bi side 
firing, should be of as uniform a character as possible—+.e., 
they should not give evidence of wide lateral arcs round 
which firing a maximum intensity, whilst the firing 
ahead and astern remained relatively deficient. There 
should, so far as is practicable, be a maximum efficiency in 
all directions. 

In this connection the author illustrated his paper 
with nine diagrams showing the positions which could be 
selected for the four turrets containing the main arma- 
ment of a battleship. The type we illustrate in Figs. 1 
to 4 ( 60) was, he stated, the best amongst the various 
types which he showed, inasmuch as it allowed lateral arcs 
of training over a maximum range Of 108 deg., in which 
respect it was but little inferior to seme of the other 
types he illustrated, whilst it was capable of a great inten- 
sity of firing both ahead and astern. 

The second part of the author’s paper dealt with the 

uestion of ships’ defence below the water-line. The 
fring experiments made upon old hulks, and the issues 


* Abbreviated translation of a paper read in Italian 
before the meeting of the 1° Congresso Nazionale di 
Ingegneria Navale e Meccdnica, held in Rome, on 
! November 11, 1911. 











1 orang should be made than had 
itherto been the case. The protec- 
tive means so far taken to guard 
against this danger, consisting mainly 
in the adoption of a triple hull, and in fitting a light 
armour on the outside plating, had proved of little effect, 
both in the experiments and in the actual engage- 
ments above referred to, by reason of the lack of resist- 
ance of the walls exposed to under-water explosions. 
The rapid fall in pressure which obtained at only short 
distances from the explosive centres, whilst showing 
the reinforcement of the outside plating to be with- 
out effect, had led to femme ye the protective 
devices into longitudinal internal bulkheads, placed as 
far as practicable from the ship’s side. It was generally 
considered that a longitudinal protective bulkhead should 
not be less than 5 m. (16 ft. 5 in.) from the ship’s side 
if it was to offer a positive guarantee of safety against 
under-water explosions, there being provided at the same 
time longitudinal water-tight compartments between it 
and the ship’s side, with a view to attenuate the effects 
ofan explosion. But notwithstanding all these measures, 
the under-water protection, formed of longitudinal and 
transversal bulkheads, could not give an absolute 
guarantee of safety, because these same bulkheads, owing 
to their great height, were not in a condition to resist 
effectively the heavy strains put upon them by an under- 
water explosion. Owing to the great pressure caused b 
such an explosion, no reinforcing device had pas itself 
capable in practice of sufficiently stiffening these vertical 
bulkheads, the height of which was equal to the draught 
of the ship, plus 1 metre (39 in.), for the extension up to 
the armoured deck. The defurmations arising from a 
heavy external pressure omthe large area of the longitudi- 
nal bulkheads-im question would probably be such as to 
wrench them from their connections with the armoured 
deck and with the double bottom, thus ieading to 
leakage into the central portion of the ship. It was 
necessary, therefore, to consider systems of protection 
which were not exclusively based upon vertical water- 
tight divisions. In the event of a hole produced in the 
ship’s side by the striking of a torpedo, the requisite condi- 
tions to insure the protection of the ship were the follow- 
ing :—1. The capacity of the lateral compartments flooded 
should be as low as possible, whilst the distance of the 
longitudinal protective bulkhead from the ship’s side re- 
mained as large as possible. 2. In the event of the flood- 
ing of any lateral compartment, or of leakage into a 
central portion of the ship by the fracture of the bulk- 
head, the water which thus entered up to the water- 
line should not be capable of any important trans- 
versal motion. 3. Both the transversal and longitudinal 
bulkheads designed to deaden, or to resist, explosions 
should be of as small a height as practicable, in order to 
have a great strength. These conditions could not be 
met when the ships were fitted with the usual type of 
trapezoidal armoured deck. 

he form given to the armoured deck and the fitting of 
the latter above the water-line at all parts, except on the 
two sides where it sloped down laterally, was due prin- 
cipally to the necessity of providing space underneath 
for reciprocating engines and cylindrical boilers. The 
original purpose of such a deck was to afford protection 
to ships provided with no other armour. This arrange- 
ment met the case when a leak was started at the 
water-line, since it limited the extent of local flooding, 
whilst it gave the ship a transversal immersed section 
sufficiently large to ensure stability. The opinion also 
prevailed that an under-water successful shot might be 
considered unlikely, and the ship was deemed adequately 
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protected from the water-line down to the keel. The use- 
tulness of the armoured deck in the case of armoured 
battleships was, however, limited to the protection it 
afforded against artillery fire; and should under-water 
attack prove successful, the deck in no way limited the 
quantity of water which invaded the ship, nor did it pro- 
vide any reserve of stability. Further, the armoured deck 
being almost eompletely above the water-line, the water 
which entered into the compartments located between 
the side and the armoured bulkhead was liable to shift 
about, thus endangering the water - —_ bulkheads, 
besides having an evil effect upon stability. Condi- 
tions of stability were worse still when the water pene- 
trated also into the central compartments, by the fact 
that the successful shot had perforated the longitudinal 
bulkhead. The loss by overturning of the Morosini, of the 
Victory, and of the Russian ships which were struck 





Length between iculars ... 156.28 m. (512 ft.) 


Length at water-line a - 10698... 66,, ) 

Beam outside belt-armour... «| ew fee 2 
ght =F a y 7.95 ,, ( 2,, 

Metacentric height ... Tes {ie 


The ship isillustrated in Figs. 5 and 6. Her armoured 
deck would be built as shown in Fig. 7 ; this, as will be 
seen, would be above the water-line at its central part. 
The latter part could evidently be built much lower, but 
in that case it would be necessary to protect jally all 
the hatchways and other openings cut in the deck. The 
lower lateral portion was level with the lower edge of the 
belt armour, and was flat without any rounding off. The 
armoured deck extended forward on a horizontal plane, 
beyond the ammunition magazines, from one side of the 





ship to the other; it was somewhat lowered aft, and 





could be built capable of resisting the effects of an under- 
water explosion taking place at a distance of not less than 
5 m. (16 ft. 5 in.) from it, and having first to act through 
three walls, i.¢., the outside F pany the inside plating, 
the coal bunker plating, and. also, eventually, Saecee’ 
the coal contained in the bunker. 

The development of the transverse section of the im- 
proved type of armoured deck, being about the same as 
that of the former type, the weight remained the same ; 
on the other hand there was a great saving in the weight 
of the lateral bulkheads, and this was calculated to reach 
about 190 tons. The transversal bulkheads being also, 
more resistant, owing to their lesser height, the extent of 
leakage due to the explosion of a to o would be also 
reduced. Ifa rent of 20 m. (65 ft.) in length be supposed 
to have been produced in the ship’s side, leading to the 
flooding of three adjoining compartments, situated, for 





(Tee oe. 
































below the belt-armour at Tsushima illustrated this weak 
point of modern battleships. 

Tt was well known, added the author, that the most 
violent action of under-water explosions was felt hori- 
zontally and downwards, the action upwards being less 
violent. It was for this reason that in the experiments 
carried out, including those upon the Morosini, the 
armoured decks had resisted under-water explosions which 
had proved most detrimental to the longitudinal and 
transversal bulkheads located belowthesedecks. Why then 
not utilise this deck, he asked, as a means of under-water 
defence, since the belt-armour and water-tight compart- 
ments in the rear of this be:t were able to protect the 
- against gun-fire? Assuming that the armoured 
deck proved capable of resisting under-water explosions 
it would appear natural to build it in such a way as to 
serve as a protection against these explosions, which were 
those most to be feared in actual warfare. This could 
be arrived at by lowering the deck at the sides, in this 
way reducing the —_ of the water-tight bulkheads at 
the sides, and at the same time the capacity of the 
ee which ran the risk of being flooded. 

author then described a 21,000-ton ship which had 

d to meet the conditions he put forward in 

this respect. This was to carry a main armament formed 

of 13.5-in. 45-calibre and to have a speed of 24.3 
knots. He gave her dimensions as follows :— 








afforded protection to the rudder-gear and torpedo- 
launching tube. Forward, the elevated central rt 
ended against the cross-armoured bulkhead, while aft it 
ran right down to the ship’s sides and stern. 

From the designs made in the course of the study of 
the improvement in question, it was found that the 
maximum height of the flat portions, leaving out the 
curved part forming the joint of the armoured deck 
above, was 4.50 m. (14 ft. 9 in.) in the centre and 2.70 m. 
(8 ft. 10 in.) aft, instead of 7.45 m, (24 ft. 5 in.) and 
5.65 m. (18 ft. 7 in.) saponin, sp with the former ty 
of armoured deck, reckoned in both cases from the inside 
double-bottom plating. Under such conditions, in the 
case of an under-water explosion which led to the exertion 
ofa ure uniformly distributed upon the lateral bulk- 
h the bending moments upon the areas—which might 
be considered as members having the ends fixed—would 
work out as portional to sguare of their free 
length, the deliection being proportional to the fourth 

wer. Therefore, if the above figures were taken, it would 
S seen that the stress due to an under-water explosion 
would be less in the case of a ship meses be low armoured 
deck, as compared with one having a high one, in the 
ratio of 1 to 2.74 in the central parts, and of 1 to 4.38 at 
the parts adjoining the machinery, the deflections being 





respectively in the ratio of 1 to 7.5 andlto 19.17. A 
lateral bulkhead, joined at top with the armoured deck, 


example, between the frames 63 and 81, the volume of 
water shipped in both instances would be : 


Ship with low armoured deck, 
including double bottom ... 472 cub. m. (103,800 gals.) 
Ship with high armoured deck 
as in Fig. 8 ... a ... 658 cub. m. (144,700 gals. ) 


From the point of view of stability, therefore, it would be 
seen that the water which invaded the lateral compart- 
ments, being contained in a limited space below the 
water-line in a ship having a lowered armoured deck, 
apart from the slight increase in immersion, did not 
modify the metacentric height, and could therefore 
be considered as a load added to one side of the ship, 
which load determined a couple opposed to that of 
stability. ; 
From a brief calculation made with regard to the height 
of the centre of gravity of the ship, it was found that the 
height of the transversal metacentre above the centre of 
vity of the whole ship was slightly above 2 m. (6 ft. 6 in. ). 
is height, which would appear somewhat large, was 
due to the low position of the armoured deck and its 
supporting armoured bulkhead ; it was not due only to 
the limited displacement as compared with the total 
immersed section. This could eventually be reduced 
somewhat by placing loads formed of coal or other 
material in cellular zone above the armoured deck ; 
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it should be remarked, however, that in modern battle- 
ships whose height of side is very low as compared with 
the beam, a high value for the couple of initial stability 
should logically be adopted. Provision should also be 
made for a sufficient reserve of stability in the event of 
flooding of the unprotected parts forward and aft. If, 
for simplifying calculation, the height in question were 
conside to remain constant for inclinations up to 
10 deg., the angle which the ship would take in the event 
of the flooding of one, two, or three lateral compartments 
was found in the following table :— 


Compartments Flooded. Angle. 
rom 63 to 68... 2 deg. 
s =e OC. sis oe = 2a 
a Bw... me SM ee 


From the above it would be seen that with three lateral 
compartments invaded, owing to a long rent having been 
made in the outside plating, and in the inside walls aleo 
which form the compartments between the outside plating 
and the longitudinal armoured bulkhead, or owing to 
poo latter walls giving way, the ship would heel by p Bes 
7 deg. 





in which case the shifting of the centre of gravity of the 
liquid mass which had entered the central compartments 
of the ship already under a heel would become practically 
negligible. The water would not give rise to substantial 
negative moments whatever were the heel of the — 
and whatever the number of compartments flooded, an 
it would not produce an increase in the heel above that 
caused by the flooding of the lateral compartments. 
Such would not be the case for the ship fitted with a 
high level armoured deck, in which the centre of gravity 
would always shift towards the part inclined, thus increas- 
ing the heel. The above were the conditions so far as the 
static equilibrium of the ship was concerned; much more 
serious would be the conditions in the case of periodic 
oscillations. In a ship having a high armoured deck, 
active forces would be set up, and not only would these 
incline the ship beyond the position of static ae, 
but there would be developed also horizontal forces of 
inertia which would havea damaging effect upon the angles 
of inclination of the ship; this could not happen im the case 
of a ship having a low armoured deck, as was clearly seen 
in Fig. 9. This showed the ship to have a heel of 7 deg., 





while in similar circumstances the ship fitted with a! referred 


bulkhead, the engines would be divided in three com- 
ments, thus ae | three independent 
eading to the necessity of adopting turbines for 
the propellers, there being three inde ent lines o 
shafting. The boilers would be mounted in six compart- 
ments, forming three groups, one group for each engine. 
Each compartment would be provided with an electric 
lift, besides the usual ladder-ways. The bulkheads 
between the compartments should not be separated by 
concpnens, on communication between them should be 
facilitated by bullseyes closing automatically. 
The coal bunkers would be arranged as follows :— 


rivin 


Tons. 
Transversal bunkers, 41-43 170 
* »” 56-58 200 
eo ee 68-70 240 


a ere ees 
Lateral bunkers under the armoured deck... 1282 


A quantity of 590 tons of oil-fuel could be carried in 
the double bottom. 

No water-tight compartment in the shi 
to would reach a capacity of 





the author 
000 cub. m. 


























The ship having a high level armoured deck would be 

laced in « very different condition in the same eventua- 
ity. The water in the compartments would rise level 
with the water-line. There would be in this case a 
reduction in the metacentric height, which reduction did 
not occur in the former case. But even in admitting that 
the metacentric height remained unaltered by the fact 
that the ship, on taking a slant, enabled the lateral com- 
partments to fill up completely up to the armoured deck, 
the capacity of the three lateral compartments in ques- 
tion being 658 cub. m. (144,700 ain, giving a weight 
of water amounting to 650 tons, the heel the ship would 
take would be no less than 10 deg. in extent, which would 
bring the upper edge of the belt armour close to the water, 
se ape the ship on the other side at a part below the 
belt armour. 

The author then considered the case in which the 
armoured longitudinal bulkhead were also perforated. He 
admitted the hypothesis—a most unlikely one—that the 
shorter bulkhead did not offer more resistance to an out- 
side pressure than the higher one, and considered the 
damage to the ship’s side, walls, and bulkhead, to be 
similar in both instances. The quantity of water which 
penetrated into the ship fitted with a lower deck was less 
than that which entered the other, and, what was of more 
importance, it did not substantially impair the condi- 
tions of stability. In fact, if the water which had pene- 
trated the central compartment were considered as a 
mobile load added to a ship having already a heel of 
7 deg. due to the flooding of the three lateral compart- 
ments, as above stated, it would immediately be seen, 
as will be obvious from Fig. 9, that, owing to the special 
shape of the ship’s section, the centre of gravity of 
the volume of water which had entered the ship could 
not become shifted over any great distance from the dia- 
metral plane. This distance could even nil when 
the breadth of the central flat part of the armoured deck 
was reduced toa minimum; this latter condition, how- 
ever, depended upon the space requirements for the 
machinery and den installations. An armoured deck 
built in these conditions was shown in Fig. 9. Should 
the central boiler compartment become flooded under the 
conditions referred to, the centre of gravity of the volume 
of water that entered the 1Y having a heel of 7 deg. 
would be 0.21 m. (8.26 in.) distant from the diametral 
plane, giving rise to a negative moment of low value 
capable of increasing the heel by only 0 deg. 15 min. If, 
however, the ship had a maximum draught greater than | 
7.95 m. (26 ft.), a general occurrence, or should the | 
internal installations take up less room, these installa- 
tions could more easily be located in higher holds, and 
the armoured deck could be built, as shown in Fig. 9, 















































high armoured deck would have a heel of 11 deg., as 
shown in Fig. 10; this latter value might rise to about 
12 deg. on taking into account the decrease in the lever 
arm of stability caused by the higher position of the 
armoured deck. The difference was an important one. 
The lateral com ents on both sides might be made 
to communicate with each other, so that when that on one 
side became flooded, the corresponding one on the other 
side would be filled automatically. In this way double the 
quantity of water would be taken on board, a point which 
might be entirely left out of consideration in the case of a 
ship having a low armoured deck. In a ship of this type, 
the lateral compartments being smaller, this quantity of 
water would be less than in one with a high armoured deck. 
In the former case even when the ship heeled to an extent 
of 7 deg. or 8 deg. the lateral com ments flooded would 
always remain below the water-line and form a kind of 
fixed load. In a ship with a high armoured deck, the 
com ments being high, would not completely fill, and 
would result in a constant —s of a surplus water 
load from one side to the other, to the great détriment of 
the stability of the ship. Even if a device were adopted 
to isolate the compartment on one side from that on the 
other, the rolling might cause the one to empty into the 
sea, the other retaining the same quantity of water and 
causing the ship to heel on the side which had not been 
perforated. ; 
The author in concluding his paper recommended the 
adoption of an armoured deck, as shown in the sections ; 
the water-tight divisions between the various com - 
ments should remain permanent ; the central longitudinal 
bulkhead should be done away with, as should also be 
the longitudinal gangways for the ammunition, or other 
service ; the lateral armoured bulkheads should be at a 
distance of not less than 5 m. (16 ft. 5 in.) from the outside 
plating ; the central compartments should have a maxi- 
mum capacity of 1000 cub. m. (35,300 cub. ft.). 
As aconsequence of the above considerations the author 
did not find the maintenance of a triple bottom advan- 
us underneath the engines and boilers, it being 
evident that under-water explosions were most likely 
to occur against the ship’s sides. The addition of an 
internal plating at a rational distance from a double 
bottom of normal construction would lead to the raising 
to an equal extent of the engines, boilers, armoured deck, 
and cole the result being an increase in height of the 
whole ship. This would lead to a decrease in stability, 
to an increase in the target the ship offered, to less pro- 
tection for the machinery, and to a greater general weight 
of the ship. The best plan was to maintain one single 
double-bottom of limited height, probably 1.06 m. 





(3 ft. 6in.). By doing away with the central longitudinal] | 





(35,300 cub. ft. ). 
frames 43 and 51, having a capacity of 979 cub. m. (34,500 
cub. ft.), the central engine compartment having a capa- 
city of about 815 cub. m. (28,800 cub. ft.). 


The largest would be those between the 





REIN FORCED-CONCRETE CONSTRUCTION. 

THE following are abstracts of three papers read before 
the Institution of Civil Engineers at the meeting of the 
Institution, on Tuesday, January 9 :— 


REINFORCED-CONCRETE WHARVES AND WAREHOUSES 
aT Lower Pootune, SHANGHAI. 
By 8. H. Extis, M. Inst. C.E. 


The paper describes works recently constructed, under 
the author’s supervision, beside the Whang-Poo River, 
near Shanghai, in North China. These —— a rein- 
forced-concrete piled wharf, 1160 ft. long by 174 ft. wide, 
with a minimum depth of 21 ft. of water at its face; a 
reinforced-concrete quay wall, 495 ft. long and 21 ft. 
high; and two reinforced-concrete four-storey wareho 
each 300 ft. by 100 ft. in floor area ; as well as offices an 
staff quarters, sheds for temporary storage of goods, and 
a power and light installation. 

he question of foundations is dealt with at some length, 
the site consisting of river-deposited silt to an unex- 
— depth. e wharves and lighter buildings are 
ounded on groups of reinforced-concrete piles. The 
warehouses rest on a raft of reinforced-concrete (girders, 
beams, and foundation-slab), connecting the column-bases 
with a grill 4 ft. 6 in. to 5 ft. ye > 

A brief account is given of the methods employed in 
driving the wharf-piles, of which over 4000 were used, 
and in the formation of the superstructure. The chief 
feature of the latter is that all members but the pile- 
caps, beams, and deck, were moulded on shore, and 
erected in place when matured. 

The quay wall is built along a tributary creek, and 
consists of a thin vertical wall and horizontal deck con- 
nected by buttresses, the whole founded upon piles, A 
slight forward movement of the structure is described, 
and the means adopted to ensure its stability. 

The warehouses have reinforced-concrete floors sup- 
ported on columns, the chief feature of which consists in 
the vertical bars being bound with a continuous rod 
wound spirally and enclosing an area of heavily-stressed 
concrete. The interior first-floor columns are desi 
to carry a safe working load of 376 tons each. 

The nature and met. of preparation of the concrete 
are briefly described, and the av records are given of 
three series of compression tests which were male (on the 
site) with 8-in. cubes of 1:2:4 mixture. These gave 
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average results of 2540 Ib. and 2811 lb. per sq. in. at 
3 months, and 4137 lb. per sq. in. at one year. 

The various atm 1g of reinforcement employed are 
outlined, and the basis of calculation is stated. The 
»oints chiefly dwelt on are, first, the reinforcement of the 
ower columns in the warehouse ; secondly, the general 
methods of ensuring that the steel skeletons were firmly 
bound together, with no loose pieces; and thirdly, the 
particular plan of effecting this in the wharf-girders, by 
employing a built-up reinforcement of angle and flat bars 
riveted together. ; 

A description is given of tests to destruction which 
were carried out on a full-sized experimental wharf-beam, 
a warehouse-beam of corresponding character, and five 
experimental columns of reduced size. Also of loading- 
tests applied to the warehouse first-floor columns. __ 

The question of equipment is dealt with very briefly, 
and the unit costs of the main items of the work are 
given. 





Tue Direcr ExperImMENTAL DETERMINATION OF THE 
STRESSES IN THE STEEL AND IN THE CONCRETE OF 
REINFORCKD-CONCRETE COLUMNS. 

By W. C. Porriewki, Assoc. M. Inst. C.E. 


In carrying out the experiments described in this paper 
the author sought for a satisfactory method of measuring 
the shortening of the steel bars and the simultaneous 
shortening of the adjacent conerete under the loads 
applied to reinforced columns, From these measure- 
ments, if they were reliable, he thought it would be 
possible to calculate the stresses in the steel and concrete, 
when the elastic moduli for the two materials were known. 
It was also thought that measurements made in this way 
would be the means of revealing any movement of the 
steel relatively to the concrete. The main experiments 
were carried out on five columns 6 in. square, each rein- 
forced by four round steel bars ? in. in diameter. Loads 
were applied in a testing-machine, and corresponding 
shortenings of the steel and concrete were measured by 
means of Martens extensometers. For the steel these 
were applied to the ends of pairs of pins projecting from 
the reinforcing bars through holes in the concrete, and for 
the concrete they were applied to the surface as near as 
possible to the steel. From the results of the experi- 
ments four pairs of curves were plotted for each column, 
one pair for each of the bars. These curves are given in 
full sotail in the paper, and their peculiarities are dis- 
cussed, 

Besides the main experiments, others were carried out 
to compare the effect of loading when the load was uni- 
formly distributed over the end of the column and when 
it was applied in the centre. This enabled a comparison 
to be made between the effect of having the load trans- 
mitted directly to the ends of the bars, and having it 
communicated to the bars through the holding grip of 
the concrete. The result showed practically no differ- 
ence. The experiments to find out the value of the 
modulus for the steel and the concrete yielded values 
respectively of 30,200,000 lb. and 1,535,000 Ib. per sq. ia. 

A further set of experiments, carried out to determine 
the intensity of the frictional grip of the concrete on the 
steel, resulted in values ranging from 300 lb. to 600 lb. per 
sq. in. of bar surface, to cause slipping. The stresses 
in the steel and concrete, calculated for a working load cf 
134 tons which the columns were designed to carry, were 
found to be, respectively, 437 lb. and 8650 lb. per sq. 
in. Thisgives a load on each bar of 1.7 ton, and, compar- 
ing this with the load required to push one of the bars 
through the concrete, as found from the experiments on 
frictional grip, it is evident that from this point of view 
there could not have been any slipping of the steel in the 
concrete. 

The author considers that the manner in which the 
strain measurements were made proved very satisfactory, 
and that the method might bé extended to other cases. 
A careful inspection of the plotted diagrams appears to 
show that when all the effects of eccentric loading have 
been eliminated there is no evidence to indicate that 
slipping took place ; and it is evident that in columns of 
this kind made up with plain smooth bars the two mate- 
rials behave like one so far as their strain effects are 
concerned. 





Compositrt CoLumNS OF CONCRETE AND STEEL. 
By Wi..t1am Huserr Burr, M. Inst. C.K. 


The effect of a concrete filling on increasing the carry- 
ing capacity of a steel column having never been suffi- 
ciently investigated, the present series of tests were 
carried out by the author. The columns tested consisted, 
first, of two types of built-up columns of plain steel, and, 
secondly, of exactly similar steel members filled with 
concrete. The reinforced-concrete columns were filled 
with 1 : 2: 4 concrete, and were tested at three months 
The steel-work consisted in one case of four vertical steel 
angle-bars arranged as the four corners of a square and 
braced together with lattice bars to form a square column 
68 in. in exterior dimensions, and in the second case of 
four vertical channels arranged with their flats forming 
four opposite sides of an oc nand wrapped at intervals 
with batten plates bent round in the form of an octagon 
Zain. across the flats. Only the concrete lying within 

‘exterior dimensions of the steel-work was included in 
scalculations. All the columns were 7 ft. long. 
‘ule of each type were tested—two filled with concrete 


and two without concrete. The plain steel columns 





an average total load of 67 tons on an area of 
in the case of the angle construction before 
of 68 tons on an area of 4.76 sq. in. in the 
truction, which was not so securely 4 

ition of concrete increased the maximum loads 
failure to an average of 98 tons on a total com- 
area of 42.25 sq. in. in the angle reinforcement, and 


a 





to 96 tons and 112 tons respectively on an area of 
49.75 sq. in. for the two channel-bar columns. 

The modulus of elasticity of the steel being known, and 
the compression of each column under successive loadings 
being measured, the modulus of elasticity of the concrete 
and its corresponding stress can be calculated. In the case 
of the forenoon columns this modulus was 2,321,000 lb. 
per sq, in. at a stress of 1360 lb. per sq. in., but decreased 
as the stress on the columns increased. 

Finally, a description of the method of failure of the 
various columns is given ; also curves showing the lateral 
deflection and main compression. The author concludes 
by su ting that the tests would justify working stresses 
as high as 500 Ib. to 750 Ib. per sq. in. in columns of this 
nature, and possibly higher stresses for structures of 
unusual magnitude. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a number of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning these projects can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. 

Natal : The Imperial Trade Correspondent at Durban 
reports that tenders are invited by the Durban Corpora- 
tion for the supply and erection of complete equipment 
fora new abattoir. Sealed tenders will be‘received by the 
Town Clerk, Durban, up to 11 a.m., on January 31. 

Australia ; The Commercial Intelligence Branch of the 
Board of Trade has received a report of a South Australian 
Commission recommending the construction of a 5-ft.3-in. - 
gauge railway from Eudunda to Robertstown, a distance 
of 13 miles, at a cost of 66,100/., including 17,100/. for 
rolling-stock. 

Holland ; With reference to the report of the State 
Commission instituted in the Netherlands to recommend 
measures for the improvement and deepening of the 
North Sea Canal and the harbour at Ymuiden, with a 
view to facilitating access by water to Amsterdam, H.M. 
Legation at The Hague now report the publication of the 
second part of this report, dealing with the measures 
recommended. The Commission recommended the con- 
struction of a second large lock at Ymuiden of the 
following dimensions :—Length, 360 metres (1181 ft.) ; 
width, 43 metres (141 ft.) ; sills about 14 metres (46 ft.) 
below Amsterdam level, giving some 13.10 metres (about 
43 ft.) depth of water at low water. The Commission 
consider that not until the distant future will it become 
necessary to construct a new outer harbour for the pur- 
pose of securing a depth of 13.10 metres (43 ft.) there. 
As it is considered possible to maintain a depth in that 
outer harbour of 11.10 metres (about 364 ft.) at low water 
by means of dredging, ships of 12.20 metres (40 ft.) 
draught would be able to enter at high water; and not 
until it should appear that a considerable number of such 
vessels were destined for Amsterdam would there be 
occasion for considering measures to enable such ships 
to enter at low water also. A deepening of the outer 
harbour, even, to 11.10 metres (about 364 ft.) at low 
water is not urgent; nor will it be necessary to widen 
or deepen the North Sea Canal for the present. How- 
ever, with a view to the circumstances that shallows are 
occasionally suddenly formed, the authorities concerned 
have, since July 1, 1911, directed their efforts to maintain- 
ing a depth of 11.10 metres at low water at the mouth of 
the harbour. This harbour and the canal will have to be 
made to conform to the dimensions of the new lock, gradu- 
ally and in accordance with the requirements of shipping. 
As regards the situation of the new lock, two plans have 
been made, viz. :—(1) For the new lock to be constructed 
south of the existing large lock, which would necessitate 
the demolition of the old locks ; the total cost is estimated 
at 17,500,000 florins (1,458,300/.), and the duration of the 
work at from six to seven years... (2) For the new lock 
to be constructed north of the existing large lock ; the 
cost is estimated at 13,000,000 florins (1,083,300/.), and 
the duration of the work about seven years. As regards 
expenditure for works that may be required in course of 
time, the Commission estimated the cost as follows :— 
(a) Deepening the outer harbour to 11.10 m. (364 ft.) at 
low water, 250,000 florins (20,833/.); (b)- Deepening the 
North Sea Canal between Ymuiden and Amsterdam to 
13.50 m. (44 ft.) below Amsterdam level, 3,500,000 florins 
(291,666/.) ; (c) Constructing a new outer harbour with a 
depth of 13.10 m. (about 43 ft.) at low water, according 
to Plan I., 25,000,000 florins (2,083,300/.), and according 
to Plan II., 22,000,000 florins (1,833,300/.) ; (d@) Deepening 
the North Sea Canal by another metre (about 34 ft.) to 
render it suitable for the large ships, which would then 
have access to the canal, wotld be 3,000,000 florins 
(250,000/.). In the event of a connection being made 
hetween the fishing hurbour and the outer harbour at 
Ymuiden, a new fort would need be built there. 

Switzerland: With reference to a call for tenders for 
the construction of the second Simplon Tunnel, the 
British Vice-Consul at Geneva reports that tenders for 
this work will be received up to March 30 at the offices of 
the Direction du I** Arrondissement des Chemins de Fer 
Fédéraux, Lausanne. The total length of the tunnel is 
19,804 m. (about 124 miles), of which 19,160 m. are still to 
be completed. Plans and specifications may be seen at the 
Bureau de I’Ingénieur du Simplon, Brigue ; whence the 
7 also be obtained on depositing 50 frances (2/.), whic 
will be refunded to firms tendering. Tenders should be 
marked on the outside ‘‘Second Tunnel du Simplon.” 
The Feutlle Fédérale Suisse notifies that an eighty years’ 


concession has been granted to Messrs. Max Miiller and | 
thaler, Interlaken, | 


O. Lehmann, Miirren, and H. Mo 
for the construction and working of an electric funicular 
railway from Miirren to Allmendhubel. The cost of the 


line is estimated at 380,000 francs (15,200/.), and eighteen | 


| months are allowed for its completion. The Feuille also 
= a notice granting to the municipal authorities of 
| Engelberg an eighty years’ concession for the construction 
and working of a funicular railway from Engelberg to 
La Gerschnialp. The cost of the work és estimated at 
320,000 franes (12,800/.), and twelve months are allowed 
for its completion. A concession has also been granted 
to Mr. A. Maréchal, Collex-Bossy, and others, for the con- 
struction and working of a tramway from Grand-Saconnex 
to Collex-Bossy and Versoix, and also to the Swiss 
frontier in the direction of Divonne. The cost of the 
work is estimated at 820,000 francs (32,800/.). 

Italy: The Bulletin Commercial announces, on the 
authority of the Belgian Consul at Milan, that a company 
entitled the Societa per le Ferrovie Complementari della 
Sardegna has been formed in Milan with a capital of 
1,600,000 lire (64,000/.). The object of the company, 
which will be domiciled at Cagliari (Sardinia), is to work 
the line which runs from Villacidro to Isili, and also to 
construct further lines designed to connect the more 
important districts in Sardinia. 

Congo State: The Belgian Report for 1911 on the Ad- 
ministration of the Congo states that plans are being 
prepared for the extension and improvement of the ports 
of Boma, Matadi, and Leopoldville. Further equipment 
is urgently needed. Steps are being taken for the execu- 
tion of drainage and water supply works at Elisabeth- 
ville, Katanga. 

Uruguay: According to the Review of the River 
Plate, Buenos Aires, a Bill is being presented to the 
Uruguayan Congress providing for the execution of 
drainage works in all towns of the Republic of not less 
than 5000 inhabitants. If the Bill be passed, work, it is 
stated, will be begun immediately at Paysandu, Salto, 
Mercedes, San José and Melo. 

Brazil: The Diario publishes a decree (No. 9172) 
authorising a modification of the contracts for the con- 
struction and leasing of the Rio Grande do Norte Central 
Railway, for which the concessionaires are the Companhia 
de Viacaio e Construcgdes. Under the terms of the con- 
tract the concessionary company engage, inter alia (1) to 
complete the construction of the line from Natal 
to pé, including the erection of a bridge across 
the River Potengy; (2) to complete the two sections 
from Baixa Verde to Lages, and from Lages to Caico ; 
(3) to extend the line from Caicé to Milagres; (4) 
to construct a branch from Lages to Macdo; and 
(5) to supply all the material which may be neces- 
sary for the completion of the lines in question. The 
Diario also contains a decree (No. 9170) authorising 
the Companhia Estrada de Ferro e Colonizacio Porto 
do Souza a Manhuassii to construct the following sections 
of electric railway :—1. From Porto do Souza (Espirito 
Santo), in the direction of Manhuassi. 2. A branch 
which, leaving the main line at Passagem, will cross the 
River José Pedro, proceeding thence to Santo Antonio 
do José Pedro, and terminating at the source of the 
Caparao. 3. From the junction of the Rivers Padre 
Angelo and Manhuassti to Caratinga. 4. From the 
main line along the valley of the River Guandu as far as 
Sao Luiz (Espirito Santo). The Diario further publishes 
decrees (Nos. 9178 and 9179) earmarking in favour of the 
Ministry of Communications and Public Works (1) a sum 
of 50,000 milreis (about3300/.), for the purpose of drawing 
up plans for the construction of a railway from S. Luiz 
de Caceres to the limit of navigation of the River 
Guaporé ; and (2) a similar sum for the preparation of 
plans for the improvement of the harbour of Amarracao. 








THE SINGLE-PHASE REPULSION MOTOR.* 
By Tuomas F, Watt, M.Sc., M. Eng., A.M. Inst. C.E. 


IN dealing with the:subject of alternating-current com- 
mutator motors, it is not easy to adapt the methods used 
for other types of alternating-current machinery, since 
the commutator motor partakes partly of the nature of 
an alternator and partly of the nature of a transformer. 
For this reason, in evolving a theory of these machines. 
it is of the greatest importance that the methods adopted 
should be as simple as possible, in order that the subject, 
which is intrinsically of considerable complexity, may not 
be rendered more so by complicated methods of treat- 
ment. For a clear conception by the practical engineer 
of the physical aspect of the subject, it is most desirable 
that the methods of design should not involve any other 
ideas than those usually employed in the design of trans- 
formers and the more frequently used electrical] machines. 

The subject has been dealt with by several writers, 
notably Steinmetz,t Bragstad,t and Fischer-Hinnen.§ 
The treatment of Steinmetz and Bragstad involves the 
use of the symbolic method, and assumes that the space 
distribution of the flux in the air-gap is sinusoidal. This 
assumption may be approximately true in isolated cases 
under special conditions, but for the general case the 
validity of the assumption is certainly questionable. 
Further, although the symbolic method leads to singu- 
larly elegant solutions, it is hardly familiar enough to 
the practical engineer to make the handling of the theory 
of commutator motors so simple as that of the more fre- 
quently used alternating-current machinery. _Fischer- 
Hinnen has shown how the vector diagram may be drawn 
for one position of the brushes, but the solution is not a 
general one. 

The position is somewhat serious, tending, as it does, 
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§ J. Fischer-Hinnen ; E.T.Z., vol. xxx., June 10, 1909, 


ti 














9 


at] 


JAN. 12, 1912.] 


ENGINEERING. 


63 





to handicap the development of the commutator motors 
and obscuring the lines on which possible improvement 
may be made. 
In the following treatment the plain single-phase 
repulsion motor has been dealt with, and experimental 
evidence as to the accuracy which may be expected from 
the theory is given, tests having been made on a motor 
designed for 6 brake horse-power at 50 cycles 120 volts. 
The Déri modification of the plain repulsion motor may 
be considered as a special case, and can be dealt with 
quite easily, by suitable modifications of the formule 
deduced in the paper. 
The — assumptions made in the following develop- 
ment are that the iron losses and commutation effects are 
small and that the permeability of the iron is constant. 
That the influence of the circulating currents in the coils 
undergoing commutation is extremely small is evident 
from Fig. 20. [This figure will bs given later. ] 
No assumption has been made as to sinusoidal flux 
distribution in the air-gap, the triangular or trapezoidal 
flux distribution, as the case may be, having been dealt 

with throughout. 
Part I. 


Before developing the author’s theory of the repulsion 
motor, formule for the following will be established :— 
1. The E.M.F. induced in the stator winding due to an 
alternating current in that winding. 
2. The E.M.F. induced in the rotor winding due to 
an alternating current in the stator winding. 
3. The E.M.F. induced in the rotor winding when 
rotating in the field due to an alternating current in the 
stator winding. 
4. The E.M.F. induced in the stator winding due to 
an alternating current in the rotor winding. 
5. The E.M.F. induced in the rotor winding due to 
an alternating current in that winding. 
Now since we can write, for the case of a sine-wave 
form of applied pressure :— 


Effective E.M.F. = 4°44 x frequency x (maximum 
flux linkages) x 10-% 


(the flux linkages being the sum of the products—flux x 
|number of turns linked ]—taken for all the turns), expres- 
sions for the maximum flux linkages in the five cases 
stated above may be at once deduced from the expres- 
sions for the E M.F.’s. 

It is quite justifiable to assume a sine-wave form for 
the applied pressure (and co uently for the correspond- 
ing induced flux), since in practice a sine-wave form is the 
standard for alternating-current generators. 

In establishing the above five expressions no assump- 
tion will be made as to sinusoidal distribution of flux in 
the air-gap space, but, as far as possible, the actual flux 
distribution will be dealt with. 

Fig. 1 represents diagrammatically a plain repul- 
sion motor having two poles. The axis of the stator 
winding is represented by the line A B, and C D repre- 
sents the brushes, which are short-circuited, and thus forms 
the axis of the rotor winding. (In what follows the 
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letters A B C D refer to points on the rotor or the stator, 
according to the member dealt with.) The angle between 
the axes of the stator and rotor windings respectively 
is represented by @, and 2a is the angle subtended by the 
unwound portion of the stator periphery. 





'f a current be lead into the stator windi 
suppose for a moment that both stator and rotor have 


, and if we 


number of stator conductors. As a matter of fact, both 
stator and rotor will be slotted in practice, and the 
number of conductors will not be indefinitely large. Sup- 
pose that only the stator be slotted, then the flux distribu- 
tion may be represented in some such way as is given by 
the full line in Fig. 2a. ‘lhe value of the flux linkages, 
however, given by the full line in Fig. 2a, will be the 
same as the value obtained by considering the distribu- 
tion to be as shown by the dotted line in Fig. 2a, dimi- 
nished by some constant which is independent of the 
magnitude of the current in the winding. The effect of 
slotting the rotor core may be similarly dealt with by intro- 
ducing a second constant. These two constants may be 
combined in a single constant,* a knowledge of which 
enables the actual flux linkages to be obtained by con- 
sidering the stator and rotor as having smooth cores, and 
the flux distribution as shown in Fig. 2. 


Let r be the mean radius of the air-gap measured 
In centimetres. 
Let / be the mean effective axial lengtht of the 
stator and rotor cores measured in centi- 
metres. 
Let w, be the number of conductors per centimetre 
length of stator periphery. 
Let w, be the number of conductors per centimetre 
length of rotor periphery. 
Let Bmax be the maximum flux density in the air-gap 
as regards both time and space. That is to 


say, if the flux distribution be represented 
by Fig. 3 when the stator current is a 
maximum, then Bmax will be given by the 
ordinate AA}, 





Let Buax be the maximum flux density in the air-gap 
as regards space only—that is, the density 
at any instant at the points A or C (Fig. 1). 
The flux density at any point X distant x centimetres 
from R is 
9 


re 


az Kees 7 oa" for a two-pole machine. 
If the machine have P pairs of poles and 7 and a be 
measured in electrical degrees, then the flux density at X 
will be 

P 
r (3 —2a)° 
induced between the stator 


= Bmax 32. 


The effective E.M.F. 
terminals will be 


Ps T 
z=r(5-«) 
2Bx.l.w,.2%. 444. ~ .10-8§dz 
a«=0 
sae tin (E) 
+ 2 tmax «1.5, - 7.0) - 2 74th. mw 10-8] 


P 
for frequency ~, if all the conductors are in series. 

If the conductors be arranged in pz, sets in parallel, 
this expression must be divided by pos. 

Simplifying this expression we get :— 

The effective E.M.F. induced in the stator winding 
due to a current in that winding is 


1 


=sp . 4°44. ~ . Buax.. 1. w,. 72. (w - 2a) 
Po» 


(x +4a).10- . (1) 


or dividing this expression by 4°44. ~ . 10-* we get :— 
The maximum flux linkages of the stator winding due 
to a current in that winding is 


L', = 1 —e Bmax. .1. w,. 72. (7 -2a) (x + 4a). (1a) 
3 P pos 

We may proceed in a somewhat similar manner in 

order to obtain the E.M.F. induced between the rotor 

brushes by the flux due to a current in the stator wind- 

ing. Referring to Fig. 4, the flux distribution in the air- 





| 
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gap is again shown, and C and D represent the short- 
circuited brushes. It is clear that no E.M.F. is induced 
in the band of conductors on the rotor subtended by the 
angle @ on each side of the stator axis. Hence it is only 
the conductors contained in the bands C C! and DD! of 
the rotor periphery which develop-an E.M.F. of which 





* See Arnold, “Die Wechselstromtechnik,” vol. v., 
Part I., page 42; also Wall, Journal of the Institution 





smooth peripheries, the flux distribution in the air-gap 
will be represented by Fig. 2 for an indefinitely large 


of Electrical Engineers, vol. xl., page 550. 
+ Calculated as shown by Arnold, ‘“* Die Wechsel- 


the effective vulue is 


_2P r(5-°*) 
Por J Pp 
0 2B .l.wy.2.444. ~.10 dr+2.B,.2. 
0-a 4 — --¢@ 
p 7.444. ~.10 (3 a 
a P 
+ 2. Bmax... 2.97. 444. ~ .10°°., We 
(3-9 
2 ).v. 8. | 
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in which por represents the number of parallel paths in 
the rotor winding, and B, is the mean value of the flux 
density over the band of conductors (@ — a) > 

Simplifying this expression we get :— 

The effective value of the E.M.F. induced between the 
rotor brushes due to an alternating current in the stator 
winding is 
ww. 444. ~. 10 
2r. "| 

w-2a 


. Por B max. . 2, ia rr, 7” 
[r—2 0] [“ + 


or by dividing by 4°44. ~ . 10-8 we get :— 
The maximum fiux linkages of the rotor winding due 
to a current in the stator winding is 


Li, = ’ . Bs OM *, [-2¢]) 
Por 


3. P. Be 
[™ +2970-2 0-6 a2 j (2a) 
w-2a 


The expressions (2) and (2a) hold if @ is equal to or 
greater than a. If, however, @ is less than a, we must 
obtain a new expression for the flux linkages. This 
becomes 


at aE 


- 1 - 
~ op. Por’ Binax. . 2. We. 7? { = +2ra—6 @- 2a? | 
The case of @ less than a is not of very great import- 
ance, and we shall not further consider it. 
In the expression 2a the product of the quantities in 
brackets containing @ may be represented by @. , and has 


been worked out for various values of @ from 0 to * 
Fig. 5 shows a curve connecting 0. and @ (assuming 
a=0'l7, which is a reasonable value); but it must be 
remembered that this curve is only applicable for values 
of 6 between a and 7 —a. 

In order to deduce the F.M.F. induced between the 
rotor brushes when the rotor is revolving in the field due 
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to an alternating current in the stator winding, we may 
proceed as follows :— 
The effective E.M.F. due to rotation is 


_ N.Z.n.2.P 
a/ 2. 60. por. 108 


N being the maximum flux threading the short-circuited 
coil, Z. being the number of conductors in the rotor wind- 
ing, n being the speed of rotation in revolutions per 
minute, and the other symbols having the same significa- 
tion as before. 

Referring to Fig. 6, the flux threading the short-cir- 
cuited coils may be represented by the area C c D! d. 
Making the necessary substitutions, we get :— 

The effective value of the E.M.F. induced in the rotor 
winding when rotating in the field due to an alternating 
current in the stator winding is 


(32° ]-0* . 6) 


w-—2a 
For this particular case it is not important to ‘know 
the value of the flux linkages represented by this exprea 
sion, and we shall not therefore, considerit further. 
In the expression (3) the numerator of the quantity in 


volts ; 


— Zo... Bmax.r.t.4 


60. a/3. der 





stromtechnik,” vol. iv., page 13. 





brackets may be denoted by Ox , and Fig. 7 shows the 
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relationship between ©, and @ for values of @ between 
a and ; (assuming a = 0°1 2). 


It is to be noticed that the frequency of the E.M.F. 
induced at the rotor brushes in this way is independent 
of the speed, and is equal to the frequency of the supply 
pressure at the stator terminals. 

The expression (3) would appear to indicate that the 
E.M.F. is independent of the number of poles. This, 
however, is not the case, since the angles are measured 
in electrical (not geometrical) degrees. 


4.7. 





If a current be caused to flow in the rotor winding, the 
flux distribution will be as shown in Fig. 8, and weget :— 
The effective E.M.F. induced at the stator terminals 


due to a current in the rotor winding is 


or » Bmax.t.w, 24°44. w .10-8, 72 
Pa 


£ Ronatnaniiiestisseiy (4) 


« 





. 
or dividing by 4°44. ~ . 10-8 we 


it :— 
The maximum flux linkages of the stator winding due 


toa current in the rotor winding is 
Ls = 1 . Bmax. l. w,. 72. 
P. pos 
[s espe a 


TT 


The expressions (4) and (4a) hold if @ is equal to, or 
greater than, a. If, however, @ is less than a, a new 
expression must be obtained for the flux linkages. This 


has been found to be _ 
rs Bmax. ¢ . Wy. re A 
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We shall not further consider the case of @ less than a. 


In the expression oa Se quantity in brackets may be 
e values of Op have been worked 


represented by Op, and t 
out for various values of @ from 0 to 3° 


Fig. 9 shows a curve connecting ©» and @, but this 
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eurve is, of course, only applicable for values of 8 between 


aand # - a. 


For the last case to be considered (case 5), we may 
deduce the following, by considering this as a special 


form of Case 1 :— 


The effective E.M.F. induced in the rotor winding, due 


to an alternating current in that winding, is 
= 444. ~ . Brax. 2. ty. 19. 28. 10-8 (5) 
3.P. ge . 
or dividing by 4.44. ~ . 10-5, we get :— 
The maximum fiux linkages of 


to an alternating current in that winding, is 


Uy Se 2 
LA, ¥en . (5a) 


rotor winding, due 


The foregoing results will now be utilised in the deve- 
lopment of the theory of the repulsion motor. 


Part II. 


In order to present the method with the greatest possi- 
ble clearness we shall neglect in the first place the resist- 
ance of the rotor winding, the resistance of the stator 
winding, the leakage reactance of the rotor winding, and 
the leakage reactance of the stator winding. The general 
case will then be examined, and the effect of these dif- 
ferent quantities on the final] result will be ascertained. 

If a current be through the stator winding, a 
flux will be produced which will be directly proportional 
to the current (if the limits of saturation be not exceeded). 
This flux will link both stator and rotor windings, the 
flux linkages being in each case the sum of the products 
— flux x number of coils linked—taken for all the coils. 
Similarly, if a current be passed through the rotor- 
winding, a flux will be produced which will be directly 
proportional to the current, and the flux linkages in this 
case also will be represented, for both stator and rotor 
windings, by the sum of the products — flux x number 
of coils linked. 

For any given simultaneous values of the currents in 
the stator and rotor windings respectively, the flux 
linkages for both the stator and rotor —— will be 
simply the algebraical sum of the values of the flux 
linkages for each current. 

Suppose the current in the rotor-winding at any instant 
to be % amperes. The flux distribution in the air-gap 
will be as shown in Fig. 8, for a smooth-cored armature 
and an indefinitely large number of conductors in the 
rotor winding. 

The number of ampere-turns per pair of poles will be 


= _&-% 
2.2P. per 


Zo, P, Por having their previous signification, but the 
ampere-turns per pair of poles are = 1°6. Bmax, 6, in 
which 6 is the length of the air-gap in centimetres. 

This expression holds for the case of smooth-cored 
rotor and stator. For slotted cores the ampere-turns per 
pair of poles are = 1°6. &, . Bmax. .6, in which k, is a coeffi- 
cient which takes account of the fact that the maximum 
flux density over a small strip measured in the direc- 
tion of the circumference of the air-gap is greater than 
the mean value (cf. previous references). 

We may therefore write :— 


are = 1°6,k;.Bmax, .d, 
or ics 
Bn x = a > 
mee EP por 16.8 
or 
Bmax. = As . toy 
Ag being a constant of the machine, and 


aa Te 
3 P.. por . 1°6.k, 6 
Now it has already been shown that the flux linkages of 
the rotor winding due to a current in that winding is 


LY, = Binax. . 1. We. 79, 12 


3.2; Per 
or 
Li, = C,. Bumnax. 
in which 
CQ, = iF ol. Wy. 72.82, 


and is a constant of the machine. 
os LY, = Ag . Qo. fy. 
Again, the flux linkages of the rotor winding due to a 
— in the stator winding is (expression (2a) and 
ig. 4). 


Ih= 5S Bmax "| F We. 7, ee 
or 
- ‘ L), = C,. Bmax, 
in which 
1 
O, = is ee 
‘ 3.P. por ™ 


and is a constant of the machine for any given angle 0. 
Now Bmax can be expressed as above, in terms of the 
current #, in the stator winding—viz., 


Bmax = A; . th, 
ae: 
2P. py .16.h.9 

and is a constant of the machine. 
Hence the resultant flux linkages of the rotor winding 


for | current ¢, in the stator winding, and any current 
#2 in the rotor winding is 


Li = La + LY, = Ay. 0,8. + Ag. Cy. i (6) 


In order to avoid confusion it is desirable to upon 

a convention as to the meaning of positive and negative 
values of the flux linkages. 
In Fig. 10 a current 7, in the stator winding flowing 
in the direction shown by the ¢ and () is assumed to be 
itive and produces a flux in the direction shown by F). 

@ flux li of the stator and rotor windings respec- 
tively due to this current are taken as positive. A cur- 
rent #, in the rotor winding flowing in the direction shown 
by the @ and () is assumed to be positive, and produces 
a flux in the direction shown by F;. The flux linkages of 
the stator and rotor windings respectively due to this 


in which 
Ay 


For the fiux linkages of the stator we may proceed in a 
similar manner. , 

The flux linkages of the stator winding due to any 
current 7, in the stator winding is (expression (1a)) :— 
Li, = Aj . Dd, . th, 

in which 

Di=s-p pe hm (r-2a)(r+ a), 

and is a constant of the machine. 
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The flux linkages of the stator winding due to any cur- 
rent 7, in the rotor winding is (expression (4a)) :— 
LY, = Ag. Dg. ta 


1 
a 8s hs OF. Be, 
P . pos . ¥f 
and is a constant of the machine. 
Hence the resultant flux linkages of the stator winding 
for any current 7, in the stator coils and any current ¢, in 
the rotor coils is 
L, = L’, + Ll, = A,.D,. 4, + Ag. Dy. % (7) 
The expressions (6) and (7) allow the stator linkages to 
be immediately determined for any values of 4; and #5. 
Now if a sine-wave form of pressure be applied to the 
stator terminals, it at once follows that the stator flux 
— must vary as a cosine function of the time, and 
may be represented by the expression :— 
Ls = Lsmax. cos 247 ~ ¢; for any time é, 
in which ~ _ represents the frequency of the applied 
ressure, and Ls max. the maximum value of flux linkages. 
ince for the present the resistance and leakage of the 
stator winding are neglected we may write 


Ls max 4°44. ~ .10-8 = P. 
: being the effective value of the applied pressure in 
olts. 


P.10 

“Le = 4°44. ~ 

Further, since the resistance and leakage of the rotor 
winding are, for the pone, neglected, it follows that the 
E.M.F. induced in the rotor winding due to the pulsation 
of the rotor flux linkages must be at every instant equal in 
magnitude, and of opposite sign, to the E.M.F. due to 
the rotation of the rotor winding in the field produced by 
the current ¢, in the stator winding, for it is evident that 
it is only the flux due to the stator current ¢, which can 
roduce an E.M.F. of rotation in the rotor winding. It 
ollows then that when i; is zero, the E.M.F. of rotation 
will be zero, and hence the E.M.F. of pulsation of the 
rotor linkages Lr must be zero when 4, 1s zero. Hence 


cia must be zero when 4, is zero—i.e., Lr must bea 
maximum (as regards magnitude) when #, is zero. There- 
fore Lr and 1, must is relatively to each other 
by 90 deg. in time. In order to ascertain what sign must 
be given to Lr when ¢, is zero, we may consider the 
following :—Referring to Fig. 11, it will be seen that 
when the short-circuited brushes are turned in a clock- 
wise direction out of the stator axis, the rotation will also 
be clockwise.” When the stator current is positive, the 
E.M.F. of rotation, when the rotor turns in a clockwise 
direction, will also be positive. Hence the E.M.F. of 
rotation in the rotor winding and the stator current are 
co-phasal, and therefore, since the E.M.F. of pulsation of 
Lr in the rotor-winding must balance the E.M.F. of 
rotation, Lr itself must be 90 deg. behind the stator 
current (since the E.M.F. iis is 90 deg. behind Lr). 
Fig. 12 gives the relative phase displacements of the 


in which 


D, 
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* If the brush axis is perpendicular to the stator axis 
when the motor is at rest, a movement of the brushes in 
a counter-clockwise direction causes the rotor to revolve 








current will also be positive. 


in a clockwise direction. 
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different quantities for the motor referred to below, 
taking the ideal case of no resistance or leakage reactance 
and @ = 0.27:n = 1000: ~ = 50. 

Now let ¢, be the time at which the stator current passes 
through zero (from a positive to a negative direction). 
Then, since at the time ¢t = 0, Ls hasa maximum posi- 
tive value, and the applied pressure at the stator ter- 
minals must be passing through zero from a positive to 
a negative value; hence 27 ~ ¢, will be the angle of 
lag () of the stator current behind the applied pressure. 

Sosther, since the stator current is zero at the time ¢, 
and is passing from a positive to a negative direction, the 





Therefore 


v= E.A,.4%.n volts (8), 


v being used to denote the instantaneous value of the 
E.M.F. of rotation. 
The equations which must be satisfied are :— 
Lx = A, . C,. 4) + Ag. Cy. tg 
Ls = A,. D,. 4, + As. De. te 


7 ia omte ws 
d In 
vy =the 10-8 = EF. A). on 
at 1+. % 
It has already been shown that at the time ¢,- _! , iis 


4~ 
a@ maximum and equal to I, and Ls is zero. 
Hence we may write for the time ¢ = ¢, — j 1 
~ 


0 =A,.C,.T, + Ag. Cy. & (9) 

Ls = A,. D,. 1, + Ay. Dy. & (10) 

L, = +: - con 28 ~ (t,- 1 ) . (uu) 

444. ~ 4~ 
din) 19-8=E. A,.1,.n (12) 
at 
Lr=0 

Now, by reference to Fig. 12, it will be seen that L, can 
be represented by the expression Lz max. cos2# ~ (t — t,), 


in which Lx max. denotes the maximum value of Le. For 
t=t- i t.e., for Lx = 0, and, increasing in a positive 
™~ 











direction 
dn _ 
dt 
— 29 ~ In max. sin 27 ~ ( 4- x % -4h ) 
4~ 
=-2 Le max, sin [- x) 
r~ 3 
=29r~ Le MAX. . . . . . . (13) 
But Lx = Lr max. and ty = 0 for the time ¢ = t. 
Let 7), be the rotor current at the time¢=¢4,. Then 
we may write for the time ¢ = ¢, :— 
Lx max. = As . C, . ty (14) 
<i _ 
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stetor current must reach its maximum positive value at a we ees a 
quarter of a period earlier than the time ¢,; that is to In a4. ~ ose ~ & eee y 
say, at the time ¢, ——— where ~ represents the fre- & 1?  wosltr ~ th 
quency of the supply (and consequently also the frequency Pe. eS 
of the current in the rotor circuit). Az. De 
Let I, represent the maximum value of the stator} Hence from (13) and (14) 
current. . g - R . 
The first part of the problem then resolves itself into a 27 ~ Azo. Q,. i, = ite ™= (16) 
determination of the value of I, and ¢,. For, knowing an = 
the supply pressure, we shall have obtained both the| From (12), (15), and (16) we get :— : 
magnitude and phase relationship of the stator current A.C Pp pase i 
for all speeds, ont we can thus draw the current d m|27™~- A, D, Frm cos 27 ~~ t,=E. A, .I,. n (17) 


of the machine. It will then be shown how the perform- 
ance of the motor may be determined from the diagram 
as regards speed, torque, and power. ; 

From the expression (3) we have :—The maximum pres- 
sure due to the rotation of the rotor winding is 


V¥=.- 1 ; co ee. 8 
15 . por 
(“S*]- 10~” volts=E. , nm, 
w-2a 
where 
_ - a8 
E=_1 air t fT ~ “)-10 
15 . por w—-2a 
But 
Bmax. = A). } (Bmax. = A, . I. 





From (10) and (11) we get :— 


P.W singe ~ t = Ag. Dg. t + Ay- Dy. I, (18) 
444 ~ 
and from (9) 
A,-O,.% = —A,.0,.5, . (19) 
From (18) and (19) 

P.16 a) a Ay . C, T 
oa te sn2itr~t= Ay a A». D, . I, +A,.D,. 1, (20) 
P. 10 
ee ee ead. 

ees A,-6,-D 
. 1: 2 
Ay 1 CG, 


ee... 


From (17) 
Qr~, Ms " a 
4°44.~ 
eee ee. 
From (21) and (22) we get for the angle of lag 27 ~ ¢, 
(usually denoted by ) 
_2r ~ (C,. D, - C, . De) 
ar ae E. Dy. n. 10 ‘= 
If we construct a diagram in which the pressure 


applied to the stator terminals is drawn along the ordi- 


nate axis, the extremity of the current vector I, will 
(according to equation (21)) move on a circle whose dia- 





meter lies on the abscissa axis, and has a magnitude 
Sw 
444.~ 
A,.©,. De} 
A,.D,—™® 1-4 *| 
[ 1 1 C; 


The circle represented by equation (21) will beas shown 
in Fig. 13. 
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Let any line, such as C F, be drawn perpendicular to 
the abscissa axis, and let O A be any current vector. 
Join A to D, and let B be the intersection of O A and 
CF. Then the triangles O B Cand O A D are similar. 

Therefore 

OB_OD 


OC OA 
- OB.OA=OC. OD. 
But OC. OT is a constant, 
Therefore O B. O A is a constant, say k. 
That is 
I,.OB=k; 


. OB. cos2e ~h _ cos2t ~ t 


I 
But from equation (22) . 
cos. 27 wh 

I, 

is proportional to the speed n. 
herefore B C is proportional to the s 
Since all resistances 

the motor must be 


Ps i cos 27 ~ £3 4.6, 
a/2 


Hence the perpendicular distance from the extremity 
of the current vector to the abscissa axis is a measure of 
the power of the motor. 

The torque of the motor is equal to the power divided 
by the angular velocity. Referring to Fig. 13, the torque 


is proportional to a ; #.¢., proportional to 


peed n.* 


have been neglected, the power of 


P AM. 
/2 


GO ; and 
since OC is constant, the torque of the motor is propor- 
tional to M O, the pengendaee distance of the extremity 
of the current vector from the ordinate axis. 


(To be continued.) 








TRAVELLING ScHoLARsHIPs.—A friend of the Throop 
Polytechnic Institute, of Pasadena, California, who believes 
in the educative value of travel, has established two 
scholarship awards to be known as the Senior and Fresh- 
man Scholarship Prizes respectively. The Senior Scholar- 
ship Prize, consisting in ample provision for a trip to 
Europe, is awarded on each commencement day to that 
member of the graduating class who has the best record 
in scholarship for the junior and senior years, the faculty 
taking also into account, in assigning the award, consider- 
ations of Soe, or good manners, and ability for 
original work. This prize is 750 dols. cash. The Fresh- 
man Scholarship Prize, consisting in full provision for a 
journey through some of the principal cities of the 

astern Uni States, over a route recommended by the 
Faculty, is awarded on each commencement day to that 
member of the Freshman class who has the best scholar- 
ship record for the year, good manners and the quality of 
initiative being also taken into account. This prize is 
250 dols. cash. 





* This may be proved at once by considering the cirele 
of Fig. 13 as the inverse of a straight line perpendicular 
to the abscissa axis, or, more correctly, the inverse of a 





straight line perpendicular to the diameter O D. 
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CATALOGUES. 


Locomotives.—Two pamphlets dealing respectively with 
tank locomotives, and special locomotives for iron an 
steel works, have been r ceived from the Hannoversche 
Maschinenbau Actien-Gesellschaft, formerly Georg Eges- 
torff, of Hannover-Linden, Germany. 


Electrical Apparatus.—Copies of their recent price- 
lists have reached us from the British Thomson-Houston 
Company, Limited, of Rugby. These deal with ‘* Madza” 
drawn-wire filament lamps, ‘‘ Magnetite” arc-lamps, non- 
luminous radiators, and ironclad oil-break switch gear. 


Weldless-Steel Chains.—A circular relating to their 
weldless-steel chains, made from a bar of cruciform 
section, has come to hand from Weldless Chains, Limited, 
Gartsherrie, Coatbridge, N.B. The circular gives par- 
ticulars of comparative tests of weldless-steel chains and 
welded-iron chains, and claims that the former are 
lighter, stronger, more reliable, and more durable than 
the latter. Illustrations of a device for adjusting the 
length of chains, and a special clamp for lifting plates, 
&c., are also given. 


Air-Compressors and Rotary Pumps.—Messrs. Lacy- 
Hulbert and Co., Limited, 91, Victoria-street, West- 
minster, S.W., have sent us copies of leaflets giving 
particulars of some of their latest manufactures. These 
include belt-driven vertical air-compressors, with capaci- 
ties varying from 14 to 450 cubic feet of free air per 
minute, and a portable electrically-driven compressor 
specially suitable for blowing out dust from electrical 
machinery. Another leaflet deals with ‘‘ Boreas” 
rotary pumps, giving prices and dimensions of seven 
sizes capable of pumping from 10 to 2000 gallons per 
hour. 


Automatic Buffer-Couplers.—The A.B.C. Coupler, 
Limited, of Queen Anne’s Chambers, Westminster, S. W., 
have issued a French edition of their catalogue of auto- 
matic buffer-couplers for railway vehicles, and have 
forwarded us a copy. The text, which is printed in 
English as well as in French, fully describes the construc- 
tion and method of operation of the coupler, which was 
dealt with in ENGINEERING of June 23 last, on page 821. 
The illustrations show how this coupler can be used with 
other types of couplers during the transition period, and 
also include reproductions of photographs of locomotives 
and various forms of wagons to which the A.B.C coupler 
has been fitted. 


Large Gas-Engines.—We have received from Mr. James 
Turnbull, 3, New-street, Birmingham, a catalogue of 
large gas-engines, manufactured by the Gutehoffnungs- 
hiitte, of Oberhausen, Rheinland, Germany. The 
engines are of the four-cycle double-acting type, with 
cylinders arranged in tandem. They are suitable for 
running on blast-furnace, coke-oven, or producer gas. 
The construction of the engines is illustrated and 
described in detail, and the principal dimensions of sizes, 
ranging from 580 to 6100 horse-power, are given in 
tabular form. Several examples of gas-engines driving 
electric generators, and a of gas-driven blowing 
engines, are illustrated. 


Electrical Machinery and A pparatus.—We have received 
from the A.E.G. Electric Company, Limited, 133-135, 
Oxford-street, W., a copy of their abridged price-list of 
materials for electric-light and power installations. The 
list gives particulars of continuous-current, single-phase, 
and three-phase motors, and starters ; portable drilling- 
machines and other tools; wires, cables, and wiring acces- 
sories ; switches and fuses; shades and fittings ; measur- 
ing instruments ; electric clocks; heating and cooking 
appliances ; incandescent lamps, arc-lamps, and acces- 
sories ; and other apparatus. A number of pages, at the 
end of the list, are devoted to the.explanation of the 
various technical terms used. 


Transformers.—Messrs. Carney and Pearn, Limited, 
of Nutsford Vale Works, Longsight, Manchester, have 
sent us a copy of their revised price-list of auto-trans- 
formers and transformers with insulated secondary 
windings. Prices are quoted for three types of auto- 
transformers, having ratios of transformation of 2, 4, and 
8. The outputs of the first type range from 500 watts to 
10 kilowatts. Insulated secondary transformers are listed 
for outputs up to 5 kilowatts. Combined choking coils 
and transformers, specially designed for use with cinema- 
tograph and other hand-fed arc-lamps, are also dealt 
with. Prices are quoted for these appliances for use on 
supply circuits, ranging from 100 to 600 volts, giving 
secondary currents from 30 to 80 amperes. 


Metallographical Apparotus.—From Messrs. Sauveur 
and Boylston, of Cambridge, Massachusetts, U.S.A., 
we have received an illustrated catalogue giving prices 
and full particulars of metallurgical microscopes an 
accessories, photo-micrographic cameras, grinding and 
polishing machines, pyrometers, autographic temperature 
recorders, and other apparavus for the complete equip- 
ment of metallurgical labcratories. The catalogue 
illustrates the apparatus and also explains the method of 
using it. This firm also supplies metallurgical books, 
and specimens of iron and steel, in all qualities and con- 
ditions, ready for microscopic examination. A corres- 
pondence course in metallography is also conducted, and 
numerous testimonials from clients taking this course are 
included in the catalogue. 

Electric-Light Fittings.—From the A.E.G. Electrical 
Company, of South Africa, Limited, Caxton House, 
Westminster, S.W., we have received a catalogue illus- 
trating and giving particulars of fittings for use with 
single high-power metallic filament-lamps and clusters. 
The fittings consist of a sheet-metal reflector enclosing 
the lamp-holder and covering the upper part of the lamp. 


d|iron blades are riveted 





They are provided at the top with weatherproof openings 
for the wires, and with an insulator for suspension. The 
fittings are suitable for shop-window and street-lighting, 


d|as well as for indoor use. The catalogue also illustrates 


a street-spanning device, in which one of these lamp- 
fittings is suspended over the middle of the roadway from 
a horizontal wire. The arrangement is such that the 
fitting can easily be lowered to the pavement for clean- 
ing, &c. 


Arc-Lamp Suspension Gear.—We have received from 
the London Electric Firm, of George-street, Croydon, a 
copy of their latest catalogue of appliances for suspending 
arc-lamps and lowering them for trimming purposes, 
The firm have made aspeciality of this class of apparatus, 
and their catalogue deals with appliances designed to 
meet all conditions likely to occur in street or interior 
lighting, Numerous illustrations reproduced from 
photographs show the apparatus employed for the sus- 
pension of both arc-lamps and metal-filament clusters in 
connection with the lighting of streets, public buildings. 
engineering works, power stations, shops, &c. A special 
form of self-sustaining winch is used for lowering the 
lamps; and this winch is also made for general lifting 
purposes, for loads up to 10 cwt. It can, if desired, be 
supplied with a brake to enable the load to be lowered 
rapidly. 

Mercury-Vapour Lamps.—The Westinghouse Cooper- 
Hewitt Company, Limited, of 151 and 152, Great Saffron 
Hill, Holborn Circus, E.C., have sent us copies of several 
pamphlets and other advertising literature relating to 
their mercury-vapour lamps for industrial illumination. 
These pamphlets illustrate and state prices for automatic 
and non-automatic lamps of 500 and 1000 candle-power, 
**Silica” lamps from 800 to 3000 candle-power, and 
mercury- vapour converters for projection arcs, &c. Par- 
ticulars are also given of fluorescent reflectors, by means 
of which, it is stated, the light is transformed to an 
agreeable white colour, with a slight rosy tint, producin 
a normal daylight colour effect. Other pamphlets dea 
with the use of mercury-vapour lamps for lighting 
factories and works, the various arguments employed 
applying principally to the engineering and textile 
industries. 


Electricity Meters.—The A.E.G. Electrical Company, 
of South Africa, Limited, Caxton House, Westminster, 
S.W., have sent us a copy of their latest catalogue of 
A.E.G. meters. This catalogue, which is a high-class 
production, illustrates and describes the construction of 
the various types of integrating meters made by the 
Allgemeine Elektricitiits-Gesellschaft, Berlin, for all con- 
ditions of service. Continuous-current ampere-hour and 
watt-hour meters are dealt with in the first two sections, 
which are followed by sections devoted to single-phase 
and polyphase meters. The next two sections io with 
prepayment meters, two-rate meters, time - switches, 
maximum -demand meters, and other types for special 
service. The last section relates to apparatus for testing 
and calibrating meters, illustrating precision ammeters, 
voltmeters, chronographs. and other instruments for this 
purpose. Some useful notes on testing are included, and 
diagrams showing the method of connecting up meters of 
all types are given. ‘ 

Drilling - Machine.—Messrs. Drummond Brothers, 
Limited, of Ryde’s-hill, near Guildford, Surrey, have 
issued a catalogue relating to their sensitive radial drill- 
ing-machine, a full description of which will be found in 
ENGINEERING of November 20, 1908, on page 685. The tool 
has been specially designed for motor-car repair work, 
and is intended to be operated principally by foot-power, 
although a pulley can be provided for belt-drive when 
other power is available. It is stated that the machine 
will drill a hole 1 in. in diameter in cast iron to a depth 
of 1 in., in about 6 minutes, and that considerably larger 
holes can easily be drilled with a pin drill, a §-in. hole 
having previously been put through for the pin-stem. 
The catalogue illustrates and describes the machine, and 
also gives a specification and states prices. We under- 
stand that a number of these tools have been ordered by 
the mechanical-transport section of the Army Service 
Corps, who are fitting them on motor-wagons to form 
travelling workshops for repairing motor vehicles. 


Turbo-Compressors and Blowers.—From the A.E.G. 
Electric Company, Limited, 133-135, Oxford-street, W., 
we have received a pamphlet relating to their turbo- 
air-compressors and blowers. Several examples of these 
machines are illustrated, and their construction is also 
described in detail. In general arrangement the ma- 
chines resemble multi-stage centrifugal pumps, since 
they consist of a number of impellers on a horizontal 
shaft enclosed in a cast-iron casing. Each impeller is 
formed of two discs of nickel steel, between which wrought- 
. The air delivered from the 
periphery of one impeller is led through a suitably-shaped 

e formed in the casing, to the centre of the next 
impeller, and so on. are also provided in the 
casing for the circulation of cooling water, except in the 
case of low-pressure blowers, which are not water-cooled. 
It is not generally considered advisable to employ the 
compressors for outputs less than 2500 cub. ft. per minute, 
at 70 1b. to 85 1b. per sq. in. pressure, although smaller 
sizes are made. ‘They can, however, be built without 
limit in the upward direction, both with regard to pres- 
sure and quantity. Among the examples illustrated is 
one of six machines having outputs of 21,000 cub. ft 

r minute, at 115 lb. per sq. in.. delivered to the Rand 

ines Power Supply Company. Four of these machines 
are driven by steam-turbines and two by electric motors. 


Electrical Apparatus.—We have received from the 
A.E.G. Electrical Company, of South Africa, Limited, 
Caxton House, Westminster, S.W., a pamphlet illus- 





trating and describing the electrical equipment of the 
hydro-electric power- plant of the Adamello Electric 
Supply Company, Lombardy. The power - station, at 
egola on the Oglio River, contains five Pelton wheels, 
each of 5000 horse- power, supplied with water at a 
head of 476 metres, and direct coupled to three - phase 
alternators generating current at 9000 to 12,000 volts 
ressure. This current is stepped up to 60,000 volts 
y static transformers, and transmit at this pressure 
over a total distance of 120 kilometres, to Sesto St. 
Giovanni sub-station, where it is transformed down 
to 13,000 volts and distributed. A branch line also 
extends from the main transmission line for a distance of 
25 kilometres to a sub-station at Pandino. The pamphlet 
illustrates and describes the generators, transformers, 
switch-gear, and protective devices, all of which were 
supplied by the A.E.G. Thomson-Houston Company, 
Rome. Another pamphlet, also to hand, deals with the 
A.E.G. differential device for protecting cables in ring 
mains and networks. . In principle the device consists of 
two current transformers—one at each end of the cable 
to be protected—having the windings connected so that 
the induced voltages oppose each other. Since in normal 
circumstances the current at each end of the cable is nearly 
the same, no current flows in the secondaries of the trans- 
formers. If, however, a fault should occur, the balance 
is disturbed, and the current which now flows in the pilot- 
wires connecting the tranaformers is caused by differential 
relays to open the main switch at each end, thus cutting 
out the damaged section. A modification of the device is 
employed for protecting transformers against insulation 
loutblowen. 


Water-Coolers.—Particulars of Little’s patent water- 
coolers have reached us in the form of two catalogues 
from the makers, Messrs. Heenan and Froude, Limited, 
4, Chapel Walks, Manchester. These coolers consist of 
a number of concentric cylinders of thin sheet metal, 
arranged horizontally in a casing, through the lower part 
of which the water to be cooled is circulated by a small 
centrifugal pump. The ends of the cylinders are open, 
and a fan is provided at one end of the casing to blow air 
through the narrow annular spaces between the cylinders, 
which are at the same time slowly rotated. In this way 
the film of water adhering to the surfaces of the cylinders 
is evaporated, the temperature of the plates being 
thereby lowered, so that they continuously extract heat 
from the water. It is stated that the amount of water 
lost by evaporation does not exceed 1 per cent. of the 
total quantity cooled. It is also claimed that the 
temperature of the water is reduced to within a few 
degrees of the wet-bulb thermometer, which, in hot 
climates, may be 30 or 40 degrees lower than the 
normal temperature. The apparatus can be used for 
cooling the jacket water of internal-combustion engines, 
air-compressors, &c., in place of the tanks usually 
employed, and also in connection with refrigerating 
machines and condensing plants. It is very compact, 
and uires little or no attention. The two cata- 
canes dead respectively with the use of the apparatus 
in connection with gas and oil-engines and refrigerating 
machines. The first of these gives general particulars of 
standard machines for cooling the water of engines 
ranging from 20 to 1500 horse-power. The second cata- 
logue also deals with the use of the apparatus for cooling 
and drying air for refrigerating purposes, and also for 
blast furnaces. For this purpose two machines may be 
used in series, the first being supplied with cold water, 
and the second with cooled brine. As the air is cooled 
in passing through the apparatus, the moisture is de- 
posited on the plates in the form of water. 





BartriesHip FLoatTine-Dock FOR THE BriTIsH AD- 
MIRALTY.— There was successfully launched, on Thursday, 
January 4, from the Wallsend Shipyard of Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, a floating- 
dock for the British Admiralty, designed to give a lifting 
capacity of 32,000 tons. The dock is double-sided, the 
walls having a maximum height of 66 ft. In ay vad it 
the builders have been closely associated with Messrs. 
Clark and Standfield, of Westminster. At the bow end 
of the dock there is a pair of pivoted flying gangways, to 
give access from one wall of the dock to the other. In 
the walls of the dock is living accommodation for a 
number of officers and men. A complete telephone 
system is also installed to give communication between 
engine and boiler-rooms and different parts of the dock. 
There are eight steam boilers, which have been constructed 
at the Neptune Engine-Works of the builders. The 

umps have been supplied by Messrs. Gwynnes, Limited. 

here is also a very complete outfit of steam and hand 
capstans placed on the wi of the dock to warp vessels 
into position. The dock is lit by electricity throughout, 
and on the walls are two electric travelling-cranes. In 
order to facilitate rapid repairs, a workshop is provided 
in one of the walls, with an equipment of machine-tools 
and all necessary plant and appliances. Preservative 
bituminous enamel and solution has been applied to the 
dock externally and internally. In addition to the docks 
built or building by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, for the British Admiralty—four in 
number—others have been constructed at the Wallsend 
Shipyard for the Governments of Natal, Southern 
Nigeria, Spain and Japan, and also a score for British 
and foreign clients all over the world. The way in which 
these immense structures can be towed to distant parts '5 
most remarkable. The British Admiralty dock ‘or 
Bermuda was towed nearly 4000 miles to its destination. 
The floating dock for the Natal Government was towed 
over 8000 miles to Durban, and a 7000-ton dock was safely 
delivered a year or two ago at Callao, the port of Lim, 
in Peru, the distance from the Wallsend Shipyard being 
about 11,000 miles. 











JAN. 12, 1912.] 


ENGINEERING. 





67 








*‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Spesification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


5289/11. The British Thomson-Houston Compavy, 
Limited, London (Allgemeine Elektricitits - Genellchaye 
Berlin, Germany). Electric Motors. [1 Fig.} March 2, 1911. 
—In the specification of Letters Patent No. 23,288 of 1902, a 
method is described for the regulation of the speed of alternating- 
current commutator-motors. According to this method, different 
potentials are impressed on the stator on the one hand and on the 
rotor on the other. The method was formerly carried out in such 
way that the difference of the potentials supplied from the same 
source to the rotor or stator was established by a transformer. 
But with large motors taking heavy currents the frequent making 
and breaking of connections at the switch mechanism causes the 
mechanism to become worn and uncertain in action. According 
to this invention, an ordinary polyphase source of supply is not 
used for supplying these regulatable alternating-current commu- 
tator-motors, but two hanically cc ted generators working 
upon separate mains, or a double generator. The one generator 
feeds only the stator of the motor, and the other only the rotor, 
and the regulation of the collector-motor is effected by the regula- 
tion of the excitation of the two generators. By the mechanical con- 
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nection of the two generators, synchronism and the maintenance of 
any kind of phase relation of the two potentials is ensured. The 
phase displacement between the rotor current and the stator 
current may also be accomplished by the employment of a coupled 
booster which in one of the two generator-circuits generates an 
extra potential displaced in phase. The drawing diagrammati- 
cally illustrates the invention. ¢ represents a turbine or other 
prime mover which drives two alternating-current generators g 
and g!, one of which ae current to the stator s and the 
other to the rotor 7 of an alternating-current commutator motor. 
A booster z is connected in series with the generator g!, the 
neutral or star-point of this generator being opened. The booster 
may also be an alternating-current generator, the field winding 
or stator of which is, however, displaced as regards the corre- 
sponding parts of the generator g! in such a manner that the 
voltages produced in the series windings of g! and z are relatively 
displaced in phase. A regulating resistance is inserted in the 
field-magnet circuit of each of the three generators, and by it 
the voltage of the hine, and, quently, the speed of the 
—e motor can be regulated. (Accepted November 22, 
1911. 


17,875/11. Western Electric Company, Limited, 
London. (Western Electric Company, Chicago, U.S.A.) Tele- 
phone Receivers. [4 Figs.) August 5, 1911.—In telephone 
receivers of the watch-case type, wherein the shell or casing, in 
addition to protecting the interior parts, also acts as the per- 





manent magnet, the shell is, according to this invention, formed 
from soft metal, such as mild sheet steel, the necessary machine 
operations being performed upon it while it is in this condition, 








the case-hardening or tempering of the same, in order that. it 
may retain the magnetism which is applied, being performed 





bsequently. In with this invention, the annular 
shell 1 is formed by punching from a sheet of mild steel. The 
outer peripheral edge 2 is then doubled back outwardly upon itself 
to provide sufficient stock to form a seat for the usual diaphragm 
3; this stock is then threaded to receive the internally-threaded 
hard-rubber ear-piece 5. The necessary holesare then bored for 
the entrance of the i ing conductors for attach t to the 
binding posts secured to the insulating segment 9, for the lug 6 
riveted to the centre of the base and for the screw 20 and the 
pin 23, which serve to render stable the insulating segment 9 to 
secure the eye 22 to the exterior of the casing. When the 
machine operations have been carried out, then the case is ren- 
dered capable of retaining magnetism which is subsequently 
applied. Case-hardening is preferable to any other form of tem- 
pering because it enables the J eengy ony of an inexpensive casing 
as well as one that will perform the function of a per t 
magnet very efficiently. The method of case-hardening may con- 
sist in packing the receiver shells in a vessel containing raw 
bone, a substance rich in carbon, then in heating the same for, 
say, 10 hours at a temperature of 1550 deg. Fahr., and finally 
plunging the casings whilst hot into cold water. The lug 6 is 
then riveted to the casing and forms the core of a helix 24 sup- 
ported upon abobbin 7. (Accepted November 22, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


16,027/11. H. J. Green, Birkenhead. Gas - Pro- 
ducers. (3 Figs.) July 11, 1911.—The invention has for object 
to enable | nel ers to deal with all classes of fuel, and 

pecially those taining volatile condensible hydrocarbons in 
such a way as to completely convert such hydrocarbons into fixed 
gases free from tarry matters. The improvement consists in the 
provision of side passages in the wall of the producer extending 
from about the level of the combustion initiated by primary air 
down to a lower part of the producer where a zone (or zones) of 
higher temperature is created by the secondary admission of air. 
@ designates the producer, b a raw-fuel container fitted with an 
air-tight cover }!, c the primary air inlet, d the side passages 
built in the lining of the producer and extending from about the 
level of the primary air inlet down to a part of the producer 
where secondary air inlets e¢, suitably arranged about the lower 
end of the side passages d, create a zone or zones of higher tem- 
perature. The side s d preferably increase in width 
towards the foot. } is the gas outlet. The combustion is 
initiated at or about the primary air inlet c and hot air and pro- 
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ducts of primary combustion will flow down through the body of 
the producer. Owing, however, to the less resistance offered by 
the side es d, a certain amount of the products of primary 
combustion and hot air will be drawn through such passages and 
will re-enter the main fuel at or about the bottom of the passages. 
The raw fuel rests on the primary fuel at or about the level of the 
primary air inlet c, and distillation of the volatile hydrocarbons 
takes place by the heat of primary combustion. These distilled 
hydrocarbons will pass with the hot air and products of primary 
combustion into the side passages d, and will re-enter the hot 
fuel again with them about the bottom of the side passages. 
Air being admitted through the secondary air inlets ¢ creates a 
zone or zones of higher temperature about the lower end of, and 
below, the side passages. The heavy hydrocarbon distillates 
issuing into, and passing through, this zone are decomposed under 
the action of higher temperature and secondary air into simple 
hydrocarbons and carbon monoxide, any free carbon present com- 
bining with the oxygen of the secondary air, and the whole passing 
away as fixed and permanent gases of high calorific value. 
(Accepted November 22, 1911.) 

39/11. F. Lamplough, London. Internal-Combus- 
tion Engines. [2 Figs.) January 2, 1911.—The ‘invention 
relates to internal-combustion motors in which the cylinder is 











extended and is provided with inlet and outlet ports in such ex- 
tension and the motor is provided with a split sleeve-valve having 
inlet ports The cylinder a is extended beyond the length re- 





] mobile Torpedoes, 





quired for the full stroke of the piston }, and in such space is fitted 
the split sleevec. The cylinder cover has a projection a2 descend- 
ing therefrom, which fits the interior of the split sleeve c, and the 
centre of such cover is fitted w'th the firing plug. The sleeve c is 
split on one side and is sprun;s like a split ring for an ordinary 
piston ; consequently, during the firing stroke, the greater the 
pressure the tighter it becomes. The sleeve ¢ covers the inlet 
port d and a secondary exhaust port e closely adjoining, which 
latter, by means of the duct ¢2, communicates with the primary 
exhaust port ¢!, The sleeve has an inlet port c?, which is brought, 
at the uired time, into line with the inlet port d. The opening 
of the primary exhaust port e! by the piston overrunning it, will 
anticipate that of the secondary port ¢, the parts being so arranged 
that, until the cylinder a is relieved of pressure at the primary 
exhaust portel, no movement is communicated to thesleeve ¢ by 
its operating mechanism. When the cylinder a is relieved of 
pressure, the valve-operating parts will cause the lower portion 
of the sleeve c to uncover the secondary exhaust port ¢; this 
allows the residual gases to be driven out through the secondary 
exhaust port ¢ and the duct ¢2 (Accepted November 22, 1911.) 


GUNS AND EXPLOSIVES. 


11,325/11. E. Schneider, Le Creusot, France. Auto- 
{1 Fig.) May 10, 1911.—In an auto- 
mobile — having a clutch between the motor of the 
torpedo and mechanism for closing the starting-valve after the 
torpedo has run a certain distance, one of the elements of 
the clutch is in communication with the body of the starting- 
valve, or any other appropriate part of the compressed-air con- 
duit of the motor, in such a manner that upon the starting of the 
torpedo this element is automatically actuated by the compressed 
air to throw the clutch into engagement, whereby any auxiliary 
mechanical part, such as a spring, counterweight, or the like, for 
effecting the en ment of the clutch, is dispensed with, while 
at the same time the clutch is rendered certain in its action. The 
body a of the starting valve has the usual ports, the port } for the 

dmission of air coming from the reservoir, and the port ¢ for the 
outlet of the air to the motor. Air is only supplied through 
the port c when the starting mechanism of the torpedo has been 
actuated. Through a passage d the port ¢ communicates with 
cylinder e, in which a piston / is capable of moving ; this piston is 
formed upon one of the clutch members connecting the stopping 








mechanism and the motor. This element is a male conical clutch 
member g. In the hub of the cone g a square passage is 
formed, and a square rod h connected with a small pinion ¢ 
fits into this passage. The female clutch cone member j 
carries worm-teeth gearing with the worm &k, the rotation of 
which is produced by the motor of the torpedo. Ina recess in 
the female cone j is a spring / which, by means of a washer m, 
constantly tends to press the male cone g downwards into the 
disengaged position. The operation is as follows :—When the 
torpedo is started, the air passes through the panes d beneath 
the piston f, which is pressed upwards and compresses the 
spring /; engagement between the two cones j and g is produced, 
and the movement of rotation of the female cone j is transmitted 
by the male cone g and the rod A to the small pinion i, the dis- 
placement of which operates a part o of any suitable known 
mechanism which serves to close the air-admission valve of the 
torpedo at the end of a given number of revolutions of the engine. 
When the starting-valve of the torpedo is closed, the air no longer 
enters the port ¢ or beneath the piston /, and the spring / then 
forces the cone g downwards and disengagement is automatically 
produced. (Accepted November 22, 1911.) 


MOTOR ROAD VEHICLES. 


633/11. The Wolseley Tool and Motor-Car Com- 
pany, Limited, and A. A. ngton, 
SP 8 on. [5 Figs.) January 10, 1911.—For elasti- 
cally supporting bodies of motor vehicles from their axles, one 
end—usually the front end—of a side spring is, according to this 
invention, coupled tothe frame of the vehicle through the medium 
of a swivel joint having a vertical axie, and the other end of the 
spring is connected with the vehicle through a device which 
allows some amount of lateral movement. A is the semi-elliptical 
spring, B the axle to which it is fixed, and C a dumb iron with 





which the rear end of the spring is conne2ted. The forward end 
of the spring is pivotally connected with a swivel-pin D, which 
has a vertical axis, and is carried within a bracket E fixed to the 
frame F. The rear end of the spring is pivotally connected by a 
link G, which vibrates in the plane of the spring, with a link H, 
which vibrates in a plane at right angles to that of the spring, 
and the link H is pivotally connected with the dumbiron C. The 
side spring is thus, in effect, connected with the dumb iron by a 
universal joint which allows vibration in all directions, while the 


' vertical swivel device allows the spring to turn somewhat hori- 
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zontally about the axis of such device under the sideway vibra- 
tions of the rear end of the spring. The swivel-pin D is formed 
with a lower-jawed end d, which is constituted as a hollow hous- 
ing to receive the forward end of the spring, the opposite sides 
of the housing being each pierced with a hole d! to receive the 

ivot-pin of the tion, and the opposite inner ‘faces of the 
Cadng are conveniently formed, each with a faced fillet d2 
petween which the inner end of the spring is just an easy fit. 
The vertical tubular portion E! of the bracket, through which 
the pin D passes, is bushed with a pair of bushes having collars 
which bed against faces of the ends of such tubular portion. The 
pin is held up within the bracket by a nut screwed on a reduced 
portion of the pin, and against a washer, which is thus tightened 
up against a shoulder of the pin formed by the reduction of its 
diameter. (Accepted November 22, 1911.) 


27,611/10. F. H. Royce and Rolls-Royce, Limited, 
Derby. Spring Suspension. (2 Figs.) November 28, 
1910.—-In that type of suspension for road-vehicles in which pneu- 
matic suspensory devices are combined with metallic springs, the 
relation between the two means of suspension employed are 
adjusted according to the load to be carried by ———s the 
strength of the metallic springs so that they carry the minimum 
load the vehicle is intended to carry, and by providing means 
whereby the pneumatic suspension can be adjusted to take the 
load in excess of that the metallic springs are adapted to carry. 
« are the metallic springs. The » tic suspension consists of 
four units, each comprising an open-ended cylinder @ in which 
works a piston ) connected to the adjacent axile v by a connecting 
rod c, means for supplying and maintaining a pressure in the 
cylinders a, and means for varying said pressure. Elastic fluid 
may be employed as the pressure medium in the cylinders, a 
small pump d being employed to create the pressure, and being 
connected with the closed ends of the cylinders a by pipes, the 
preferred arrangement being to connect the pump d to a distri- 
Peting-hen e, from which pipes run to the several cylinders. In 
each of the pipes, or in each of the cylinders, is a non-return 
valve, and in the distributing-box ¢, or in the pump 4d, is a relief- 
valve that can be set to blow off at any predetermined pressure. 

















The pump d is operated from the gear-box y. To enable the 
pressure in the cylinders to be reduced when necessary, a relief- 
cock may be employed, and this may be conveniently combined 
with the non-return valve. The action is as follows :—It the vehicle 
is intended to be loaded with the minimum weight, the relief-valve 
is set to blow off at atmospheric pressure, so that the metallic 
springs alone support the load. If the vehicle is intended tobe fully 
loaded, the relief-valve is set to blow off at the pressure predeter- 
mined to be suitable for that load when the pump forces elastic 
fluid into the cylinders until the pressure rises therein sufficient 
to support the load imposed on the vehicle, which is in excess of 
the minimum load ; as soon as this pressure is reached the relief- 
valve blows off until the pressure fal!s in the cylinders from the 
loss due to leakage, when the non-return valve passes more elastic 
fluid through to the cylinders. The movement of the axles rela- 
tively to the main frame causes the pistons to reciprocate in their 
cylinders, the imprisoned elastic fluid forming an efficient resilient 
support for the load imposed on the vehicle frame, and the 
increase in pressure, consequent on the piston being forced beyond 
the normal ition sownne the cylinder-head, is gradual, but rises 
to a figure far in excess of that actually required, and effectually 
prevents the too near approach of the axle to the frame. (Ac- 
cepted November 22, 1911.) 


PUMPS. 


26,913/10. The Hon. R. C. Parsons, London. Cen- 
trifugal Pumps. (10 Figs.) November 19, 1910.—When 
centrifugal pumps are used to deal with fluids in which fibrous or 
solid matter is present, the operation of the pump is seriously 
impaired by the presence of such material, this trouble frequently 
arising, for instance, in the pumping of sewage. The object of 
the invention is to overcome this difficulty, and consists for this 
purpose in a ae pump in which one or more rotating ele- 
ments co-operate with one or more fixed elements to divide u 
any solid or fibrous matter entering these machines. a@ is 
the casing, with suction and delivery pipes. For the purpose 
of the invention, blades d are attached on one side only to a 
circular plate e carried by the pump-driving shaft f, while the 
edges of the blades d adjacent to the inlet-pipe ) of the pump are 


2639/3) 








so formed that their surface of revolution is entirely, or tly, 
that of a cone having the shaft fasaxis, A plate g Ghevelnatnes 
known as the shearing-plate) has an edge in a line situated 
in a plane passing through the axis of the above cone. It will 
be seen, therefore, that the plate-edge is a straight line, and 
being in contact, or nearly in contact, with the edges of the 
blades d, forms therewith pairs of cutting edges. In order 
to prevent any fibrous or other material lodging against the 
shearing-plate g, the side of the plate facing the direction 
of inward flow to the pump is provided with an inclined web 
k, attached to the inlet-pipe b, and projecting radially as far 
as, or beyond, the centre thereof. By this means solid or fibrous 
material is prevented from lodging against the plate g, and is 
passed into the pump. The shearing-plate g is fixed so that its 
plane does not pass through the axis of the cone formed by the 





rotating blades d, but is some distance therefrom so that the edge 
of the rotating blades d, in rubbing against the shearing-plate g, 
always maintains a sharp cutting-edge on the latter. Furthermore, 
the shearing-plate g is arranged and ted in sucha that 
it can be moved forward towards the edge of the rotating-blades 
d, when desired, in order to compensate for any wear that may 
take place. (Accepted November 22, 1911.) 


RAILWAYS AND TRAMWAYS. 


9548/11. C. Watson, London. Buffing and Draft 
Gear. [1 Fig.) April 19, 1911.—In one type of arrangement of 
springs for use in buffing or draw-gear, two or more springs are 
adapted to work first in series, then singly, and then in parallel by 
means of oppositely-placed ferrules passing through a plate or 
bracket fixed or with a limited movement, the said plate or 
bracket acting in conjunction with these ferrules and with other 
ferrules fitted into the outer ends of the springs to ensure the 
required operations of the springs. The present invention is an 
improvement in these arrang: ts, and, ding to the same, 
the plate or bracket is dispensed with, and by shortening one or 
more of the ferrules the springs are caused to work in the manner 
mentioned. The two springs A, B are placed in tandem around 
a draw-bar C, and are separated by the oppositely arranged slotted 
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ferrules D, E, flanged ferrules F, G being fitted into the outer 
ends of the two springs. As shown, the ferrule F is made shorter 
than the other ferrules, and as the system is compressed, the 
first action will be to compress both springs A, B until ferrule D 
comes into contact with ferrule G, after which spring A only is 
further compressed until the ferrule E comes into contact with 
the ferrule F, when both springs again take the pressure. 
Obviously by shortening ferrule G instead of ferrule F a similar 
sequence of operations would be obtained, with the exception 
that ferrules F and E would come into contact first, spring B only 
being then compressed until ferrules D, G come into contact, 
after which point both springs A and B would take up the pres- 
sure. The sequence can obviously be attained by shortening 
one of the ferrules D or E, but it is generally preferable to main- 
tain these of equal length. (Accepted November 15, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


87/10. James Howden and Co., Limited, and 

J. Hume, Glasgow. Furnace Fronts. [2 Figs.) 
September 24, 1910.—This invention relates to the well-known 
Howden type of furnace front used in forced-draught installations, 
and it consists in making the base portion of the firing entrance 
rtable so as to permit the necessary volume of air to pass to the 
urnace through the intermediary of the usual side air-control 
valves when liquid fuel is employed in lieu of coal. The furnace 























front A has the usual side air-supply valves B mounted ona rotat- 
able spindle and has an upper py wa valve D. According to 
the invention, the base portion E of the front at the firing entrance 
is made portable, so that on removal of the base, an opening is 
formed whereby the necessary volume of air from the side valves 
B to support combustion will be able to pass to the furnace and 
thus permit liquid fuel to be advantageously employed. The base 
portion E is provided with front and rear flanges and is mounted 
on the rotatable valve-spindle. (Accepted November 1, 1911.) 


2446/11. H. Fowler, Chellaston, and J. E. Anderson, 
Derby. Locomotives. (4 Figs.) January 31, 1911.—In loco- 








motive engines having a by-pass between the ends of the working 
cylinder controlled by an automatically-operating valve, a device 





for actuating or controlling the operation of the valve comprises, 
according to this invention, a control cylinder and piston pro- 
vided with steam connections and operating to close the by-pass 
valve when the engine is working with steam on, and to open or 
permit the opening of the by-pass valve when the engine is 
running without steam. a, al isa pipe connecting two openings 
in the working cylinder at or near its ends, } is a double-beat 
valve which opens and closes the free way of the pipe a, a! ; e is 
the control cylinder and d the piston of the same, / the steam. 
supply pipe to this cylinder. The inner end of the cylinder e is 
open to the valve chamber f and to the at phere ; ac la- 
tion of steam pressure on the inner side of the piston d or in the 
valve chamber / is thus prevented. When the engine regulator 
is opened, steam is admitted by the pipe h to the outer end of the 
cylinder e, and under the pressure of this steam the piston d 
forces the double-beat valve b on its seats, thereby closing the 
pipe a, a1, When the regulator is shut, the valve Db leaves its 
seat, and the pipe a, al is opened. (Accepted November 1, 1911.) 


MISCELLANEOUS. 


2574/11. W. R. G. Whi . Newcastle-on-Tyne. 
Strain-Indicator. (3 Figs.) February i, 1911.—This inven- 
vention relates to the measurement of the strain which an elastic 
material undergoes when subjected to stress. The apparatus 
consists of a cylinder, of which one end is solid and the other is 
closed by an elastic membrane 9. Into the cylinder a small bore 
transparent tube 11 is inserted. In contact with the membrane, 
but not rigidly attached thereto, is a plunger 25. The two com- 
ponent parts of the arrangement—namely, the cylinder and the 
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plunger, are rigidly fastened to two points in the material 4, of 
which the strain is to be indicated. The cylinder is filled with 
liquid, and on any motion of the two points relatively to one 
another occurring, the column of liquid in the small bore tube 
rises or falls indicating, on a very much magnified scale, the 
motion of the two points. The small bore transparent tube may 

arranged similarly to a maximum and minimum thermometer 
for the purpose of recording extrenie momentary stresses. (Ac- 
cepted November 1, 1911.) 


24,949/10. Heenan and Froude, Limited, and F. 
Harriso chester. Dynamometers. [3 Figs.) 
October 27, 1910.—In rotary absorption dynamometers having 
circular semi-elliptical channels in the stator and rotor respec- 
tively, which, when placed in position, form annular elliptical 
h , such ch Is being divided by inclined vanes into cups, 
to which water is admitted by passages in the vanes, other 
passages being provided in the stator cups to allow of escape of 
air, the air and water passages are, according to this invention 
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both constructed through the inclined vanes of the stator to the 
cups. The general construction of the apparatus is as ordinary, 
with stator A, rotor B (with internal cups), the latter mounted 
on rollers, and a casing D. The water is admitted to the dynaiiio- 
meter through an automatically regulated valve, through whi 
the water necessary for the measurement of a given torque | 

. A ing the dy ter to be full of water, and ‘! 
torque to be measured, the regulating valve reduces or shuts ‘ 
the water supply. (Accepted November 1, 1911.) 
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ENGINEERING WORKS AT THE 
ROSYTH NAVAL DOCKYARD. 


OnE of the most important maritime engineering 
works in progress in this country at the present 
time is that involved in the construction of the 
basins, docks, &c., for the new Naval Dockyard at 
Rosyth, on the north shore of the Firth of Forth, 
and special interest will therefore be taken in the 
series of drawings illustrative of the engineering 
features of the immense undertaking, the publica- 
tion of which we commence this week. The scheme 
so far authorised by Parliament, and begun in 1909, 
involves an expenditure of between 3,000,000/. and 
4,000,0001. sterling. In addition to the dock works 
included in the main contract, the approved ‘“ esti- 
mates ” for works and machinery provide for steam 
pumping plant for the docks and locks ; electric 
generators, &c., in connection with the illumina- 
tion: of. the establishment; motors driving the 
machinery for the hauling in and out of the caissons, 
&c., and the cranes for dealing with heavy loads in 
the case of ships that may require repairs. In addi- 
tion, workshops will be constructed, as well as store- 


foreshore, having a water frontage of about 2} miles 
suitable for reclamation and dock and basin con- 
struction. It takes its name from an old castle, 
now a ruin, built about 1490, situated practically in 
the centre of the Admiralty foreshore, and marked 
on the eastern, or right, side of the plan, Fig. 1. 
The castle, which originally belonged to the Royal 
House of Stuarts, is not of great historical interest, 
although Mary, Queen of Scots, visited her rela- 
tives there. Thus no serious objection from the 
archeological point of view has been taken to its 
inclusion within the Admiralty establishment. The 
bay in front of Rosyth, known as St. Margaret’s 
Hope, has a varying depth of water ; a channel will 
be ultimately dredged suitable for navigation by the 
— ships. The dredged material, mostly mud, 
will be used to reclaim part of the foreshore. 
There is an island, known as Dhu Craig, shown by 
dotted lines on the plan, and to be referred to 
presently ; it is of good whinstone rock, and there- 
fore it was decided to so plan the works that the 
entrance lock would cut through this, so as to 
ensure a good foundation. The rock quarried will 





'also serve admirably for constructional purposes. 

















Fig, 1. 


houses, oftices, &c. Another fact which suggests the 
extent of the scheme is the area embraced ; this 
extends, in the case of the works to be described, to 
about 215 acres, the greater part of which has been 
reclaimed from the foreshore of the Firth. The 
extent of land purchased—1200 acres—and the 
general plan adopted for the works now in progress, 
will make it easy for the Admiralty at any future 
date considerably to extend the establishment, 
should occasion arise, without in any way affecting 
the symmetry of the plan. No such extension is 
immediately contemplated, so that we will confine 
ourselves to a consideration of the works now 
advancing towards completion with satisfactory 
7 

‘his, however, may be premised with some refer- 
ence to the suitability of the site, solely from the 
point of view of engineering works. In the case of 
all harbours, the main desiderata to be taken into 
consideration in the choice of site are: sheltered 
anchorage with good holding ground; a suitable 
site in the vicinity of the anchorage for tidal or 
closed basins, and for dry docks ; land in proximity 
to the docks suitable for warehouses, repairing 
establishments, and other auxiliary works requisite 
for such ships or fleets as frequent the docks ; a 
plentiful supply of good water ; and adjacence to 
railways having connection with all the systems 
throughout the kingdom, with easy gradients 
for the connecting lines. The Rosyth site ulti- 
mately chosen and purchased by the Admiralty 
conforms to all these requirements. This site 





eovers an area of about 1200 acres, with 280 acres of 





GENERAL Pian or THE Navat Dockyarp at Rosyta. 


The dock works are only a few miles distant from 
the North British Railway system, which has con- 
nection with all railways of the kingdom. As to 
water supply and drainage, reference will be made 
to these matters in a later article. 

The decision to proceed with the work was 
arrived at by the Admiralty at the end of 1907, and 
the preparation of the contract drawings was 
entered upon almost immediately in the department 
of the Director of Works at the Admiralty. These 
drawings required to be very fully detailed, and to 
be exceptionally accurate, because the Admiralty 
had decided to fix a date for the completion of the 
work, and to exact heavy penalties for delay, while 
specifying also a bonus payable for completion prior 
to the contract date. The greater credit must there- 
fore be given to the department for the expedi- 
tion with which the whole scheme was formulated, 
all of the 140 sheets of contract drawings being 
completed within eight months. Proof of the detail 
with which the drawings were prepared is indicated 
by reference to Plate X., which accompanies this 
issue. While this work was in progress it was 
necessary to take borings on the site, some of which 
were carried to a depth of 200 ft. below ordnance 
datum, and the results of 220 borings were carefully 
recorded. 

As a result of a consideration of the tenders sub- 
mitted upon the drawings and specification, the 
contract for the whole of the works, excluding ma- 
chinery, was let to Messrs. Easton Gibb and Son, 
Limited, a firm whose history extends back for 140 
years, their firstcontract having been the construction 


of the Forth and Clyde Canal in 1770, while in 1844 
they made the first railway in Scotland, a contract 
amounting to upwards of a quarter of a million 
sterling. They have since carried out many notable 
works, although not of the same magnitude as that 
at Rosyth, their most important contract up to 
this time being the new dock works at Newport, 
Monmouthshire, with an expenditure of over a 
million sterling. The contract time specified for 
the Rosyth work was in the first instance seven 
years, and the bonus was fixed at 8001. for each 
and every completed week by which the prescribed 
date was anticipated ; certain additions having been 
made to the scheme, including the construction of 
an additional large dry dock, the contract date for 
the completion of the works embraced in the con- 
tract was extended by seven months, expiring 
in the autumn of 1916, while the rate of bonus was 
increased to 9001. per week. 

The contractors began operations in March, 1909, 
and they at once showed such a grasp of the situa- 
tion and such a liberal spirit in the provision of 
temporary plant as completely to justify the 
Admiralty in selecting them as contractors for the 
undertaking. In view of the desire on the part of 
the Admiralty to have the works completed at as 
early a date as possible, the contractors entered 
upon a consideration of the question as to the 
advantage of anticipating the earning of bonus by 
expending a greater capital sum on temporary 
plant specially to expedite work. The effect, briefly 
expressed, is that. they spent a large part of the 
bonus promised in adding to the plant in order to 
meet the Admiralty desires and to earn the bonus. 
The extent and design of the temporary plant thus 
becomes of special interest, and to it we shall refer 
presently. Very satisfactory progress has. been made 
with the undertaking, and it is probable from the 
state of the works that the contract date will be 
anticipated. Should this expectation be realised, the 
result will be unprecedented for works of such magni- 
tude. The Navy Estimates show the probability that 
by March next something like one-quarter of the 
whole of the contract sum for dock works, &c., 
will have been earned. Most of this money has 
been earned on foundation work, which involved 
a greater amount of time than the expenditure 
suggests. Fully half of the work in Messrs, Easton 
Gibb and Son’s present contract wili have been 
completed by March next. Now that. the super- 
structural work is being taken in hand, it is easy to 
understand that fewer difficulties will be met with, 
and that more rapid progress will be realised. 


GroLocicaL ConpiTions AFFECTING DEsIGNn. 


The preliminary work in the preparation of the 
details of the contract drawings involved, as above 
stated, the sinking of a large number of borings 
over the site to ascertain the geological conditions 
which obtained. Typical borings are indicated on the 
drawings reproduced on Plate X. The stratified rocks 
are shales and sandstones belonging to the carboni- 
ferous period, with one or two beds of carboniferous 
limestone intermixed with the sandstones. In addi- 
tion to the stratified rocks there are igneous rocks, 
locally known as whinstone, but, more correctly, 
quartz dolerite, which is very hard, and is used 
largely for road metal and pitched paving-stones. 
It is excellent, when crushed, for making con- 
crete. This igneous rock was formed by being 
thrust up from below and spread out amongst 
the stratified rocks; but as it never reached 
the surface while in a molten state, it solidified 
under great pressure from overlying rocks, and in 
time these overlying rocks have been denuded, 
leaving the hard whinstone standing. There is a 
small patch of whinstone on which Rosyth Castle 
is built, and the rock Dhu Craig, on the site of the 
lock, is also whinstone. 

The most interesting geological feature of the 
Forth Valley is the record left of the glacial 
period. There is little doubt that the ice-sheet 
over the valley of the Forth must have reached a 
thickness of 2500 ft. to 3000 ft. ; this ice-sheet in the 
form of glaciers moved east down the valley to the 
North Sea, and deposited the boulder-clay, or ‘‘till,”’ 
as it is locally termed ; this clay is excessively hard, 
almost black in colour, and contains a great number 
of boulders, of all kinds and descriptions of stone, 
some small, others weighing 2 or 3 tons, all show- 
ing the familiar glaciated markings The boulder- 
clay rests always on rock, and is itself so hard as to 
be almost impossible to get out with pick and 








shovel ; itis consequently an excellent foundation, 
capable of taking any reasonable weight. Above 





a ote 


70 


ENGINEERING. 





[JAN. 19, 1912. 








this hard till or boulder-clay are beds of sand, soft 
boulder-clay, puddle-clay, &c., all due to the 
glacial or interglacial periods. Their origin is dis- 
cussed in Geikie’s ‘‘ Great Ice Age.” 

Where rock cropped out on a high level, advan- 
tage was taken in preparing the designs to place 
such works as docks or locks over the rock, so as to 
secure a good foundation and to minimise the first 
cost. Where rock does not exist, the foundations 
generally have been made on the original ‘‘ till,” 
or hard boulder clay. In order to ascertain and 
verify the nature of the strata, as disclosed by the 
borings, a cast-iron trial cylinder was sunk. It 
was finally determined that the monolithic system of 
building the seaward walls should be adopted; inci- 
dentally, this greatly minimised the cost of tempo- 
rary dams for enclosing the site of the closed basin, 
as shall presently be described. 


Tae General ScHEME OF THE Works. 

The general plan of the works is given in Fig. 1, 
on page 69. It will be seen that the works extend 
into the Forth some 4000 ft. from the original 
high-water mark, while the total width is 3250 ft. 
Briefly stated, they consist of (1) a reclamation afford- 
ing area for workshops, storehouses, power-stations, 
&c. ; (2) a closed basin having an area of 54 acres ; 
(3) two large dry docks ; (4) a lock-dock ; and (5) an 
outer tidal basin, with boat-house, slipway, and 
other subsidiary works. 

On Plate X., published with the present issue, 
are reproduced general drawings of the walls of the 
closed basin—elevations, transverse sections, and 
some details respectively of the west, north, andsouth 
walls. It will be seen that the walls of the basin to 
seaward—the south wall and part of the west wall— 
are of monolithic construction, the inner walls in 
such cases, as well as the entire north and east 
walls, being of mass concrete constructed in trenches. 
As the east wall corresponds generally with the 
north wall, it is unnecessary to reproduce the 
general drawings. The details of the design will 
be described im our narrative of the constructional 
work. 

The monoliths, which form such an interesting 
feature of the work from the engineering point of 
view, the mass concrete inner walls, and the super- 
incumbent structure on all walls, are illustrated on 
Plate XI. Generally these monoliths, which have 
steel shoes for facilitating sinking, are 43 ft. square, 
and the superincumbent walls are finished with 
a batter on the seaward side. In other cases, 
notably at corners of the structure, they had to be 
of special form, the largest monolith being 43 ft. 
by 65 ft., equal to a weight complete of 14,000 tons. 
The thickness of the outer walls of each monolith 
is normally 6 ft. at the bottom, reduced to 4 ft. 6 in. 
at the top, while the interior walls are 5 ft. at the 
bottom and 4 ft. 6 in. at the top. The monoliths 
are finished off as nearly as possible at 1 ft. above 
low water of ordinary spring tides, and the making- 
up or finishing course on the top of the same at the 
level of low water of ordinary neap tides. On this 
the superincumbent work is being erected, the 
facing being of concrete blocks, and the filling of 
selected material, as shown in the typical sections, 
Figs. 20 to 28. The inner walls, in mass concrete, 
are shown in Figs. 29 to 31. The method which it 
is se, ee to adopt in filling in the intervening 
space between the monoliths is shown in Figs. 24, 
32, and 33. 

The graving docks are being constructed in open 
cutting, the strata being generally rock. The lock 
will be constructed in a similar manner, partly on 
an outcrop of whinstone, forming the island of Dhu 
Craig, and covering a large part of the area of the 
lock. The entrance pier will consist also of mono- 
liths, but these are to be sunk at considerable in- 
tervals apart, and the intervening spaces bridged by 
ferro-concrete beams and ribs, with columns of the 
same material supporting timber decking. The 
tidal basin has been constructed entirely in the 
dry behind earthen dams, which were run out from 
the shore. 

The work of constructing these walls, and par- 
ticularly the sinking of the monoliths, is illustrated 
on Plates XII. to XVIII., and is worthy of com- 
plete description. 


ConTRACTORS’ ORGANISATION, PROVISION FOR 
WorKERS aND WORKSHOPS. 

Before entering upon such detailed description 
reference should, however, be made to the con- 
tractor’s organisation, the temporary dams and plant. 

First, as to organisation, a large staff was a‘ 


once engaged in order to systematise procedure 
and arrange preliminaries. This staff was divided 
into civil, mechanical, and electrical departments, 
each controlled by a chief thoroughly experienced 
in the work to be undertaken, and all working 
under Mr. Alexander Gibb, the managing director 
of the contractors’ firm. The commercial de- 
partment included two branches, one being re- 
sponsible for subsidiary contracts in connection with 
material involving heavy expenditure, and the 
other for smaller contracts and stores. A costs 
department was organised, and preliminary esti- 
mates of the progress necessary to ensure the 
completion of the work at a given date were made 
and plotted in curves for each section of the under- 
taking. As the work proceeds, a graph is added 
to the same diagrams, so that it is possible to 
ascertain at a glance the relation between the 
estimate and the work accomplished. 

As regards the remuneration of workers, the 
usual proceeding in corresponding undertakings is 
to let considerable portions of the work to sub- 
contractors or gangers, who employ their own 
men ; but unless all the members of the squad 
participate in the profit earned, which is seldom 
the case, there is little incentive to expedite work, 
except to the sub-contractor personally. At Rosyth, 
however, an adaptation of the premium-bonus 
system is adopted, so that every worker in every 
section secures a bonus pro rata to the weekly 
wage, determined according to the proportion of 
time saved to the time allowed for the work under- 
taken. This ensures that every worker has a direct 
interest in saving time, and each is induced to 
think of procedure in advance of actual work. 
From this bonus, however, there are deducted fines 
for such carelessness as tends to delay work, as 
well as for the loss of material, such as timber 
piles, &c. 

Each section of the work is under a qualified 
civil engineer, who has an office close to his section, 
where he has a boy attendant, and telephonic 
communication with every other office. There are 
thirty telephones throughout the works, so that 
each sectional engineer can communicate at once 
with the concrete-block yard, power - station, 
workshops, and other departments, or, through 
three main trunk-lines, with those firms who may 
be supplying material. These telephone offices are 
open night and day. 

No difficulty has been experienced in getting 
workmen, and 1800 men were engaged during the 
summer, of whom one-third were married, 60 per 
cent. single, and the remainder boys. Of the 
total, 41 per cent. were Scotsmen, 21 per cent. 
were Englishmen, and 28 per cent. were Irishmen. 
At the outset of the undertaking a large site was 
marked off within the Admiralty area for housing 
accommodation for the workmen, but the experi- 
ence of the contractors is that good workmen do 
not care to live in such isolated navvy communities, 
and as a consequence they made overtures to the 
authorities of the adjacent towns—Dunfermline, 
Inverkeithing, North Queensferry, Jamestown, &c.— 
indicating that there would be a large influx to the 
population, and that if provision were made in those 
communities for the increased pepulation, special 
premises would not be built for the men. As with 
the completion of the works there must be a per- 
manent increase in the population, there was greater 
readiness to respond tothe proposals of the con- 
tractors, with the result that many of the men, 
with their wives and families, have houses in the 
district, although a considerable number have taken 
up their residence in common lodging-houses. The 
contractors’ policy is certainly commendable, and 
we doubt not that they would have preferred that 
these common lodging-houses should have been 
dispensed with, or made smaller than some of them 
are, because through them there are retained some 
of the undesirable features of the system of 
isolated navvy communities. So long as they exist, 
and offer cheap housing, many men will patronise 
them. Care, however, is taken that the men are 
made comfortable, and the authorities use vigilance 
to prevent the men, especially on pay-days, being 
subjected to the blandishments of bookmakers and 
undesirable camp-followers. In these common 
lodging-houses beds are provided for 5d. or 6d. a 
night, and cooking is done for the convenience of 
the men at a small charge. The arrangements 
generally have been found most satisfactory. For 
a payment by each workman of a levy of 2d. per 
week upon his wage, there is provided medical 





attendance as well as medicine for the men, their 


wives and families ; this arrangement has proved 
satisfactory. The firm, in addition, have made 
provision not only against accident, but for first aid 
and subsequent treatment. There is on the works 
an ambulance wagon, which passes over the whole 
of the railway system. ortunately, however, 
there have been few accidents of a serious nature. 

The workshops are comprehensive. Reference 
need not, however, be made to the equipment of 
them further than to say that it is in some respects 
superior to many of the corresponding depart- 
ments in permanent engineering factories. As 
indicative of the satisfactory equipment generally, 
we may describe briefly the electric power plant. 
The installation includes five ‘‘ National” twin- 
cylinder suction-gas engines working on the Otto 
four-cycle principle, with electric low-tension mag- 
neto ignition. ch engine is of 250 horse-power, 
giving a total of 1250 horse-power. Each drives a 
dynamo capable of giving an output of 175 kw. at 
550 volts. The current is transmitted from this 
station to all parts of the works, for driving cranes, 
compressors, crushers, concrete-mixers, pumps, 
engineer-shops’ machine-tools, &c., and for lighting 
the works and offices. The ‘‘ National” suction- 
gas producing plant uses coke, but there is alsoa 
scrubber. 


Temporary Dams. 


The Admiralty scheme in its original form in- 
cluded the construction of temporary dams for the 
carrying out of the work ; the eastern dam, having 
a length of 6630 ft., had its root in the foreshore 
near Rosyth Castle (Fig. 1), extending towards 
Dhu Craig and returning in a direct line to the 
shore, in order to enclose the site of the tidal 
basin, so that work on it could be proceeded with 
atan earlydate. At the same time connection was 
to be made from Dhu Craig to the site of the 
southern wall of the basin, and from thence work 
was to proceed westward in connection with the 
sinking of the monoliths of the south and west 
walls. These monoliths, it was anticipated, would 
obviate the construction of further temporary works, 
as they would suffice, with the temporary dams, to 
enclose the complete site of the closed basin. It 
was arranged that a dam should be run seaward 
from the foreshore on the west side of the works 
to meet the monolithic structure of the west wall, 
and enclose the site of the reclaimed land. 

The earthen dam, on the eastern side, to enclose 
the tidal basin, was tipped from each shore end 
until a gap of about 100 ft. only was left between 
the two approaching ends. It was originally intended 
that a timber gantry should be built to connect 
the ends, and that a large number of side-tip 
wagons should be loaded ready to be run on to the 
gantry and tipped to close the gap quickly at dead 
low water on a specified day. But the strata gener- 
ally, mostly mud, proved so soft that an enormous 
quantity of material had sunk into it, and the slow 
progress made showed that it would be abso- 
lutely impossible to close the gap in one tide. A 
more elaborate process to achieve this end had, 
therefore, ‘to be adopted. A timber gantry, 240 ft. 
in length, was constructed, and on the seaward 
side whole timber sheet piling was driven for a 
length of 60 ft. from each end of the gantry, leaving 
in the centre a clear space of 120 ft. for the flow 
and ebb of the tide. The depth of water at the 
opening was 3 ft. at low water of spring tides, but 
as the rise of tide is 18 ft., and as the area enclosed 
by the dam was 93 acres, there was a strong current 
through the gap. The earth embankments were 
first completed up to each end of the gantry, the 
toes of the slopes just reaching to the 120 ft. clear 
central opening. The sheet piling was driven 
across the 120-ft. gap, and cut off horizontally at 
low water of spring tide. Un the outside of this 
sheeting a stone embankment was deposited, and 
on the inside clay puddling, the tide flowing and 
ebbing over the sheeting and puddling. . 

A clay mattress was then tipped on the outside ana 
a sluice about 9 sq. ft. in area carried through the 
dam at one end of the timber gate, the bottom of 
the sluice being at low-water level. Thissluice was 
opened at low water, and as much water as could 
pass through the sluice in a tide was run out, the 
valve being closed before the flood tide, and again 
opened at low water. By this means the water was 
gradually run off. After all the water that could 
be run off by the sluice had passed away, pumps 
removed the remainder of the water inside the 
dam below low-water level in about five days. 





The dam generally was built of tipped material, 
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the width at the top being 20 ft., to afford a double 
track with a foot gangway, and the maximum height 
is 28 ft. off the bed of the Forth. At this part 
it is 6 ft. above high water of ordinary spring 
tides, while the approximate width at the base 
is 174 ft. In some cases, owing to the wash of 
the tide, the bank is 400 ft. wide at the base. 
A stone toe, about 14 ft. wide and 15 ft. high, was 
tipped by barges, in order to keep the sea from 
‘‘drawing” the dam. The material for this dam 
had to be excavated from the side of the hill to 
the rear of the site of the works, but as this had 
to be levelled to increase the area available for 
storage accommodation, the work was of double 
advantage. 

The completion of the dam and the construction 
of the gantry for the monoliths, to be described 
later, enabled the sinking of these to proceed. 
Later it was decided by the contractors, in order 
to expedite work, that the gantry for the laying of 
monoliths of the south and west walls should be at 
once continued to join the western dam, in order 
to give a complete circular route for the convey- 
ance of material ; and there can be no doubt that by 
this means the work of sinking the monoliths has 
been greatly accelerated. Still later it was decided 
by the contractors to construct, at their own cost, 
a dam across the site of the basin near to the north 
or landward wall, so as to exclude the sea from 
the site of the north wall and of the two dry docks 
before the whole of the monoliths on the south and 
east walls had been sunk. This dam was con- 
structed in the same way as the main embankment 
already described. As a consequence of the con- 
struction of this intersecting dam, work has been 
begun on the north wall of the basin and on the 
two dry docks long before this would have been 
possible had the commencement of this work been 
contingent on the completion of the monoliths 
forming the outer walls of the basin and enclosing 
the site from the sea. It is by such extra outlay 
that the contractors are likely to earn their bonus. 


THe CoNCRETE AND THE CoNCRETE-MIxinG PLAnt. 
The concrete used throughout the works is com- 
posed of Portland cement, sand, and clean machine- 
broken stone, mixed in various proportions. In the 
drawings which we reproduce on Plates X. and XL., 
the quality of such concrete is represented by the 
letters A to E, and here we may give a table 
showing the quality of these respective concretes. 


TaBLE I1,—Quality of Respective Concretes used in 
Works. 


Broken Stone. 





Quality. Cement. | Sand. 
A 1 1} 4 
B 1 2 5 
Cc 1 2 54 
D 1 3 7 
E 1 4 10 





(Quality A is being used in the walls of the mono- 
liths, including the plugs and caps; in all mass- 
work below the con of low water of neap tides, 
the backings of brick linings, the culverts and pump 
wells, and the concrete facing to rock. Quality B 
is being applied between the levels of low water of 
ordinary neap tides and the high water of ordinary 
spring tides, and for all block-work. Quality C is 
being used in all mass-work between high water of 
ordinary spring tides and coping level, in foundations 
under the walls of the electric power and pumping 
stations, boat-houses, &c. ; quality D in the founda- 
tions of isolated bollards, chain - standards, and 
floors of subways; and quality E in the interior 
filling of all the monoliths. Although the propor- 
tions of the constituents of the concrete are stated 
in terms of volume, the amount of cement required 
is not ascertained by volumetric measurement, 
but by weight. A fixed weight was settled for the 
Weight per foot cube of the cement, and this weight 
is adhered to irrespective of the actual weight of 
the cement when measuring out the constituents 
of the aggregate to the mixer. The concrete is being 
machine mixed, and salt water is used except for 
those positions in which dryness is essential, not- 
ably in the foundations for buildings, &c., where 
fresh water is used. 

The dry aggregate for the concrete is conveyed 
from the gauging-station to special concrete-mixers 
accommodated on wagons travelling on a gantry and 
located in proximity to the place where the con- 
crete is to be deposited. Thus there is absolute 


certainty that the concrete cannot set before being 
epusited, an important consideration, and one not 


always realised where concrete is conveyed over 
considerable distances. This portable mixer is 
admirably devised, while the plant for the prepa- 
ration of the dry mixture is conducive to econo- 
mical and rapid work. The gauging plant is com- 
pletely mechanical and has a capacity of 1000 cubic 
yards per day of ten hours. The site on which 
this extensive plant was constructed was conducive 
to a satisfactory gravity arrangement. The train of 
wagons filled with stone from the quarry is run by 
a locomotive up a bank to a “lye,” thence each 
wagon returns by gravity down a loop line which 
passes immediately over the hopper supplying the 
crusher, and after being discharged continues on 
to the down line to the quarry. 

The quarry from which the sandstone is taken is 
on Admiralty property east of Rosyth Castle, and 
as royalty is paid to the Government, some part of 
the cost of the site is being recovered. The con- 
tractor is using drills made by the Flottmann 
Engineering Company, of Cardiff, for drilling 
blasting-holes. They are driven by compressed 
air, but may also be used with steam. The air- 
pressure is from 60 lb. to 100 lb. per sq. in , and 
the drill delivers 1600 blows per minute. The stroke 
of the hammer is very short, and strikes the head 
of the drill, which does not reciprocate as in most 
rock-drills, but vibiates through a very small 
distance, and is at the same time caused to revolve 
slowly. The drill has a small central hole through 
its entire length, and the exhaust air, passing 
down through this hole to the point, serves the 
double purpose of cooling the end of the drill and 
clearing the hole of dust. Whereas in an ordinary 
drill a 20-ft. hole must be started 34 in. in diameter 
in order to finish it 14-in., with a Flottman drill 
it need only be 2 in. to 2} in. at the top. The 
rate of drilling in ordinary medium rock 1s 20 ft. 
in one hour; good men drilling by hand would 
take eighteen hours to do the same work. The 
weight of the entire machine without the drill 
is 25 lh. for the small size and 32 lb. for the large 
size. No holding-down weight is required, and the 
drill can be held in the hand against the face of 
the rock in any position. The air-compressor for 
supplying air to the drills is Reavell’s patent quad- 
ruplex compressor, having four pistons all working 
on one crank. The compression is effected in two 
stages: three low-pressure cylinders compressing 
to 45 lb. per square inch, and one high-pressure 
cylinder compressing from 45 lb. to 100 lb. It is 
driven by a 40-horse-power electric motor, and 
compresses 260 cub. ft. of free air per minute. 
The compressor runs continuously. When the 
receiver is fully charged, there is an automatic 
valve which causes the air to be discharged into the 
atmosphere again instead of into the receiver. 
Immediately the pressure falls the valve again 
comes into operation, and the compressor again 
delivers into the receiver. 

To return now to the concrete-mixing plant, which 
is illustrated on Plates XII. and XIII., Fig. 34 is 
a comprehensive view. To the left is seen a wagon 
tipping stone into the crushers; after being 
broken the stone is elevated to the screen on the 
top platform. There it is separated, and passes by 
conveyors along the building to meet the sand and 
cement, as shall presently be described. 

There are two units of crushers working indepen- 
dently, each unit including a larger crusher to 
reduce material from 2 ft. to about 5 in. cubes, and 
two small crushers to reduce them further to 14 in. 
The material falls from the large to the small 
crushers by gravity. Figs. 57 to 60, on page 72, 
illustrate the Symons gyratory breaker introduced 
from American engineering practice by Messrs. 
Fraser and Chalmers, Limited, Erith. 

The crushing head is given its advancing and 
receding motion by an eccentric sleeve, into which 
the driving gear is fitted, revolving inside the 
head and around the central stationary shaft. This 
sleeve is babbited on both inside and outside 
surfaces. An oil-pump driven from the driving 
shaft of the crusher delivers oil to the two surfaces 
of the eccentric, passing down to the oil pocket 
below the pinion, from which it again passes to the 
pump for continuous circulation. The size of 
the crushed product is regulated by raising or 
lowering the crushing head—raising to reduce and 
lowering to enlarge. This adjustment is made 
through an opening in the side of the machine. The 
Symons crusher represents a departure from the 
ordinary type of gyratory crusher in having the 
motion within the head itself, instead of its being 





trunsmittcd through a vertical gyrating shaft. The 








crusher is made in sizes giving an output of from 
10 tons per hour reduced to 1} in. cubes, up to 
150 tons per hour reduced to 34 in. cubes. 

A great advantage of this type of crusher is 
the small vertical distance between the feeding- 
point and the point of delivery ; it is about half 
that of most other crushers. The stone is fed into 
the conical receiver with a vertical axis, the apex 
being downwards, so that material can be fed in all 
round the circle. The movable part is conical, with 
the apex upwards, so that the aperture between the 
fixed outer cone and the movable inner cone tapers 
from top to bottom. The inner cone has an eccen- 
tric motion, the axis always remaining vertical, the 
effect. being to produce a continual reciprocating 
motion between the two cones at every point — 
the circle. Fig. 37, on Plate XIII., shows the 
discharge from the crusher, with one elevator for the 
material requiring to be passed through the smaller 
breaker and another for the material passing to the 
screen. 

After being crushed the stone is conveyed by 
elevators to the screens which are at the high eleva- 
tion in the foreground of Fig. 34. By these it is 
separated into two sizes, the first screen having a 
mesh to pass 1}-in. cubes, the second ti -in. cubes. 
Each screen is cylindrical and is centrifugal in its 
action, the motive power being an electric motor 
placed below. The larger cubes are divided by a 
circular mesh, whilst the smallest particles fall from 
the bottom of the outer compartment through a 
mesh in the bottom. The two sizes of stone 
normally pass by conveyor-belt direct to the stone 
bins of the gauging-station, which have a capacity 
of 100,000 cub. ft.; but in order to keep the 
crushing plant continuously at work, irrespective 
of the demand for concrete, a by-pass has been 
arranged, since the photograph reproduced in 
Fig. 34 was taken, so that the material may be 
conveyed over a timber gantry and tipped on toa 
storage heap, where it can be picked up by a steam- 
navvy at any time. 

The illustrations, Figs. 34 and 35, on Plate XII., 
show that extending eastward from the crushing 
—_ is the store for sand and Portland cement, 

th of which are discharged from wagons into 
separate divisions of the building. At the gauging- 
station the sand, stone, and cement are fed through 
different hopper doors; the stone direct into wagons 
running on a track extending through the building 
at the ground level ; the sand and cement through 
hoppers communicating with belt-conveyors, ar- 
ranged so that they may discharge, at any point 
in this ground-floor passage, into any one of a series 
of ladles, each hung on a swinging arm of sufli- 
cient length to enable the receptacle to be swung 
over and be emptied into a wagon on the track. 
Fig. 36 illustrates a sand ladle on one side of the 
truck, and a cement ladle on the other, and clearly 
shows also the method of suspension and swivel- 
ling. The truck carries four skips, each of 3 cubic 
yards capacity. The hoppers for broken stone and 
the ladle for sand are of various capacities, in order 
that the strength of the aggregate may be varied 
according to the requirements of the specification, 
and these discharge direct into the iis on the 
wagon, as shown in Fig. 36. Thus the skip is filled 
with dry aggregate of given quality for conveyance to 
the mixer at the point where it is to be deposited. 

There are on the works a large number of these 
portable mixers, one of which is illustrated in 
Figs. 38 and 39, on Plate XIII. The skips are lifted 
from the wagon and emptied into a large cylinder or 
drum about 6 ft. in diameter by 4 ft. in width, con- 
stituting the principal unit of the portable mixer. 
Around the middle of the drum is fixed a large 
spur-wheel engaging with a small pinion fixed to a 
shaft of the electric motor. Round the drum at 
each end are two bands forming roller-paths about 
6 in. broad, and about 6in. from the front and back 
respectively of the drum. Each roller-path rests on 
small revolving wheels, with flanges for the purpose 
of keeping the drum in place. The stone, sand, and 
cement enter the drum at one side through a shoot 
at the top, and the concrete is discharged from a 
shoot at the other side, direct on the works where 
it is required, as seen in Fig. 39. The water is 
fed through a portable pipe, as shown in Fig. 38, 
Plate XIII. 

Great care is taken to ensure that the initial set 
of the cement has not taken place, otherwise the 
concrete is rejected. In cases where the concrete 
is deposited in the tidal way, precautions are taken 





by covering the concrete with sail-cloth to prevent 
the cement being scoured away by the action of the 
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tide. The use of displacers is allowed in concrete 
where the thickness of the mass concrete exceeds 
3 ft., but each displacer has to be surrounded by a 
minimum of 6 in. of concrete in all directions, and 
the displacers themselves are limited in size to 
2 cub. ft. Beds and joints in concrete, which have 
become set before another layer is added, are 
thoroughly broomed and cleaned, and, if found 
necessary, picked also. When the joint has thus 
been prepared, a layer of cement mortar 4 in. thick 


Fig 67. 





Uy. 


excellence of the organisation of the contractors 
staff and the enterprise of the directorate. In 
Figs. 61 to 65, on page 73, there are reproduced 
drawings of the gantry, illustrating fully the method 
of sinking the monoliths. This work is further 
shown by a series of engravings on Plates XV. 
and XViL 

The staging is in very heavy timber-work and 
lattice girder longitudinal stiffening members, and 
on each side there is a double line of railway and a 
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AND CHALMERS, 


is spread over the face, just immediately in 
advance of the new deposit of concrete. Slopes in 
the concrete work are not permitted, all differences 
in level being arranged by horizontal or vertical steps. 


Tue SINKING oF THE MoNOLITHS. 


We have already indicated the reasons which led 
to the adoption of monoliths for basin walls, and 
may now direct attention to the method of con- 
structing them. Work on the monoliths was com- 
menced on the south wall (Fig. 1), and continued 
thence along the south-west and west walls, where 
most satisfactory progress is being made. The 
earthen dams already described form the approach 
to the timber gantries for the sinking of the mono- 
liths. Fig. 40, on Plate XIII., clearly illustrates 
the method adopted of driving the piles for the 

ntry in advance of the work. Fig. 41, on Plate 
tiv. shows the beginning of the timber gantry at 
the east end of the south wall—near to the island 
of Dhu Craig. Fig. 42, on the same Plate, gives a 
view ata later stage of the work, showing a great 
stretch of work in monolith-sinking on the seaward 


Limirep, Eriru. 


crane track. Most of these cranes are electrically 
driven. Each motor is of 55 brake horse-power, and 
takes the current from a live wire by means of a 
roller, the return being by the rail. The lifting 
capacity is 8 tons at 20ft. radius. The jib is 35 ft. 
long, and the head has two pulleys (for working 
two chain grabs or for tipping concrete skips), each 
having its separate wire rope and winding drum. The 
jib gear is of the steel worm and pinion type. The 
cranes are designed to lift at the rate of 70 ft. per 
minute, and to travel along the track at 300 ft. per 
minute. They each weigh 30 tons and work on a 
gauge of 7 ft., with a wheel-base of 7 ft. 6 in. 
These cranes are utilised for filling with concrete 
the steel shoe fitted for facilitating the sinking of 
the monolith, for fitting in position the heavy 
shuttering for the outside walis, and for placing 
in position the concrete blocks which form the 
shuttering of the walls of the interior chambers 
in each monolith, as well as for grabbing out 
the material at the bottom of each compartment. 
The two lines of double track are most conducive 
to rapid work, as they are used for taking away 





walls of the closed basin. The great amount of 
work done in the five months which intervened | 
between the taking of these two views suggests the | 


the grabbed-out material to a tip-bank, and for 
the conveyance of the dry aggregate for the concrete 


The shoes are made in a separate yard, illustrated 
in Fig. 43, on Plate XV. In view of the great 
weight of the monolith and the possibility of 
coming in contact with boulders during the process 
of sinking, the shoes require to be well designed 
and of heavy scantling. They vary in depth 
from 6 ft. 4 in. to 5 ft. 8 in., the former being 
used in the case of monoliths which have to 
be sunk to depths exceeding 40 ft., and the 








to the portable cement-mixers. 


latter for depths under 40 ft. Each shoe is con- 


Fig. 58. 





structed of g-in. mild-steel plates, framed to- 
gether by 6-in. by 4-in. by 4-in. angles, with 2-in. 
gussets at corners, the whole being riveted together 
with {-in. rivets. The inner plate is in. thick, 
and is set ata rake of 45 deg. to the vertical cutting- 
edge, the finished outside width of the shoe at 
the top being 4 ft. 6in. These vertical and raking 
plates, with their framing, are braced diagonally at 
the top by 3-in. by 3-in. by 2-in. angles. This is 
well shown in Fig. 45, on Plate XV. Special 
lifting girders are also introduced at the centre of 
each side and in each corner of the shoe. 

The shoes thus built are floated on a raft to 
the site where the monolith is to be sunk. As 
shown in the section of staging, Fig. 61, on 
page 73, a bank is first tipped over the existing 
river-bed to a height just above the level of low- 
water of neap tides, in order that the shoe may be 

itched accurately in the position in which it is to 
sunk on the works. Fig. 44, on Plate XV., 
shows the lowering of a shoe, and Fig. 45 a shoe 
in position. The V-shaped section is then filled 
with concrete and heavy timber shuttering is 
placed on the outside. The form of shuttering 
used is shown in Fig. 46. The outer shutters 
weigh 14 tons each, being 44 ft. long by 8 ft. 
deep, of heavy timbers, stiffened with bolstering 
trusses on the outside to prevent bulging, as shown 
in Fig. 64, on page 73; the inner surface is lined 
with }-in. steal. giating to allow the monolith to 
slip downwards without the concrete surface being 
affected. The shutters are supported, as shown 
in Figs. 61 and 63, on page 73, and are removed 
generally two days after the filling in of the con- 
crete. Concrete blocks, as shown in Fig. 47, 00 
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The monoliths are sunk to the rock, or into 
hard boulder clay, the maximum depth so far 
reached being 83 ft. below low water of ordinary 
spring tides, but 65 ft. may be accepted as about an 
average depth. The bottom is sealed with con- 
crete of the *‘ A” quality, and the compartments 
are filled to within 4 ft. of the top with concrete of 
““E” quality, the whole being finished ultimately 
with a cap of ‘‘A” quality of sufficient thickness 
to form a making-up course and to rectify any 
errors in alignment of the tops of the monoliths, 
as well as to form a level bed for the construction 
of the superincumbent wall (Figs. 20 to 22, on 
Plate XI.). 

The monoliths were sunk alternately, the inter- 
vening space being left. This made it easier to 
rectify any tendency to deviate from the vertical. 
The space between the monoliths in the finished 
work is 5 ft.; this is being filled in with concrete. 
It will be noted from the plans of typical monoliths 
on Plate XI. that a key is left at the outer edge to 
assist in forming a bond. The method suggested 
for filling in the intervening spaces is shown in 
Figs. 24 and 32 and 33. It will be seen that filleted 
piles will be driven on both faces across the inter- 
vening spaces between the monoliths, and within 
these, after the excavation has been completed, 
concrete will be deposited. 


SUPERSTRUCTURE OF THE WALLS, 


Where possible, the superstructure of the walls 
over the monoliths is of blockwork facing to a 
mass-work wall with suitable selected filling behind. 
This is clearly shown in the sectional drawings, 
Figs. 20 to 22, on Plate XI. The blocks as shown 
in the detail, Fig. 31, are generally 5 ft. by 2 ft. 6in. 
by 2 ft., and weigh approximately 14 tons. The 
blocks are made in strongly-constructed moulds, 
jointed closely and rst perfectly smooth and 
out of winding on the inside. Each mould is set 
perfectly square and true on a block-making floor 
provided for the purpose and contiguous to the 
cement-mixing plant. The moulds are strongly 
stayed on the outside to prevent bulging or distor- 
tion owing to ramming or consolidation of the con- 
crete, and are fitted with independent fastenings to 
enable the moulds to be taken to pieces without 
injuring the blocks. The holes for the lifting-bars 
are set out in such a way as to allow the block to 
hang square and true. In the process of manufacture 
the block-making floor is first well cleaned and lime- 
washed or covered with dry sand. The sides of the 
moulds are covered with soft soap or are lime- 
washed in order to prevent adhesion of the con- 
crete. The material constituting the concrete is 
deposited in layers and well rammed throughout 
the whole mass, special care being taken to secure 
a sound and hard face on all sides of the block, and 
to ensure that all interstices are well filled. When 
filling, special attention is devoted to the continuity 
of the supply of the material until the mould is 
completely filled, the work being done very rapidly 
in order to prevent the cement setting. 

The blocks are being used for the face of the 
walls as far as it is possible up to the coping, which 
is of granite. In cases where there is a subway, as 
shown in the sections, Figs. 20 and 21, on Plate XI., 
these blocks are dispensed with, the wall being of 
mass-concrete finished with a 9-in. granolithic 
facing, with dummy headers and stretchers to 
match the blocks and to give the face a completely 
uniform ae (Fig. 24). The filling imme- 
diately behind the wall will consist of selected 
material from the excavations, small quarry refuse, 
and earth to fill the interstices, the whole being 
carefully deposited and rammed in layers not 
exceeding 18 in. in thickness. 

Special treatment had to be introduced in the 
superstructure, where there were to be crane-tracks. 
In such cases (Fig. 20) a concrete roadway has been 
constructed over the top of the monoliths, and in 
that way one rail of the crane-track is accommo- 
dated, the other being carried on the mass-work 
wall. Capstan pits had also to be arranged on the 
walls. These are, as a rule, 9 ft. by 15 ft., and are 
constructed in mass-concrete, usually between the 
subway and the face of the wall, as shown in 
Fig. 23, on Plate XI. 


Tue Inner Concrete Watts Burr in 
TRENCHES. 

All the inner walls of the basin, except a portion 
of the West Wall, will be constructed of mass-con- 
crete, built partly in trenches and send in the 
open, in all cases within shuttering. ese walls, as 


shown in the sections, Figs. 29 and 30, on Plate XI., 
have a width at top of 7 ft., increasing to a maxi- 
mum of 29 ft. 4 in. at the base, where they are 
founded on boulder clay. A considerable part of 
the increased dimension is due to the formation of 
a toe in front of the wall under the bottom level of 
the basin (Fig. 30). The main part above this level 
has in front a batter of 1 in 12, and in the rear is 
stepped to suit the calculated pressures. In the case 
of a wall founded on rock, the latter is cut away to 
form not only transverse but longitudinal dovetail- 
ing, as shown in the cross-section, Fig. 29, and in 
the detailed sections, Figs. 18 and 19, on Plate X. 
Where the rock crops out above the bottom level of 
the basin, the ragged face of the rock, as left by the 
excavator, is finished off with a thin face of con- 
crete, which is dovetailed into the rock to form 
a key. The mass-concrete is being carried up to 








within about 3 ft. of the normal water level in the 
basin, after which the wall will consist of block- 
work facing, with mass-work backing. Thus the 
whole of the exposed surface of the basin will be 
of block-work. In these walls the filling behind 
follows the general lines described in connection 
with the superstructure of the superincumbent 
walls built on the monoliths. 


Tue WALLs oF THE Basin. 

Dealing now with the general construction of 
the various walls forming the basin, illustrated 
on Plate X., we will take first the west wall 
(Figs. 2 to 6). Of its total length, 757 ft. is to 
be constructed on the monolith system already 
described, while of the remainder the outer part is 
|an earthen dam extending shoreward to the land, 
|and the inner part, forming the basin wall, is to 
be constructed of mass-concrete up to the point 
where it joins the north wall. The earthen dam, 
for the greater part of its length, forms the 
western side of the area reclaimed, and there 
the water is very shallow. The slope is care- 
fully trimmed with a 2:1 batter and covered 
with 18 in. of clean selected quarry spalls with 
sufficiently small material to fill the interstices. 
The outside facing is of hand-picked rubble, aver- 
aging 18 in. in thickness, firmly bedded in the 
spalls. All the joints between the facing stones 
are filled with spalls, tightly driven in with mauls, 
the whole being finished with a rough-sha 
coping. The toe of this bank consists of pell-mell 
blocks. The section illustrating this outer construc- 
tion and the concrete wall forming the basin is 
shown in Fig. 4. The concrete wall forming the 
face of the basin is to be constructed in the dry, 
| and its commencement has been made possible at an 

















earlier date than originally arranged, by the con- 
struction across the site of the intermediate dam 
already referred to. 

We have already described in detail the general 
features of the mass-concrete wall. The only inte- 
resting point which need here be dwelt upon has 
reference to the procedure adopted where the mono- 
lith structure and the wall built in mass-concrete 
join each other (Fig. 6). The monolith structure 
is vertical, while the trench wall has a batter of 
1:12; as it was undesirable to have any projection 
under water level, it was decided that the batter of 
the trench wall should be gradually reduced by 
means of a splay on plan from 1 in 12 to the vertical, 
in order to enable it gently to line up with the ver- 
tical wall of the monolith. The superincumbent 
wall on the monolith, however, corresponds exactly 
with that of the trench wall, so that, as shown on 
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the elevation of the wall (Fig. 3), there is no differ- 
ence in appearance. 

Through the north wall there will be constructed 
the entrances for the two graving docks and any 
others which may be built in the future. The wall 
construction corresponds exactly with that of the 
inner west wall, being of mass-work built in the 
dry and of sections shown in Figs. 8 and 9, the 
letters indicating the quality of concrete. Fig. 7 
shows the junction of the west and north walls. 

The east wall is broken by the entrance from the 
lock-dock into the basin. The construction work 
here is again similar to the other mass-work walls, 
and will be carried out entirely in the dry, as already 
described. 

The south and south-west walls, illustrated by 
Figs. 10 to 19, on Plate X., are those between the 
basin and the channel of the Forth, but are not 
in a straight line, an angle being made at the point 
where the emergency entrance is formed. These walls 
are 100 ft. wide between the basin and the river 
(Figs. 16 and 17). The river face, or outer portion, 
is composed entirely of monoliths, while the basin 
face, or inner portion, consists of a concrete wall, 
which will be constructed in mass-work in the dry. 
Owing to the distance apart of the outer monolith 
and inner mass construction of walls, and the desira- 
bility of making a heavy craneway track, it was 
decided to put in reinforced-concrete ties between 
the monoliths and the wall, and details of these are 


ped | given in plan and sections, Figs. 15 and 17. It will 


be seen that 3-ft by 3-ft. reinforced - concrete 
beams are placed under the crane-rails, and these 
are carried on 7-ft. 6-in. by 3-ft. reinforced-concrete 
ties, placed at 15-ft. intervals, as shown on the 
plan (Fig. 15). The construction otherwise is the 
same as in the case of the other walls. 
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As to the progress made in the construction 
of the various walls of the basin, as well as of 
the docks and locks, the west embankment is 
practically completed for 1500 ft. from the shore 
outwards for reclamation purposes, and, for the 
greater portion, has been faced with large pitching. 
From this point onward monolith sinking for the 
west wall of the basin is in progress, practically 
every alternate monolith being in progress. The 
whole of the monoliths for the south, or seaward, 
wall of the basin are in various states of sinking, 
a number of them having been completed, and 
part of the superincumbent wall has been built on 
top of them. Fig. 67, on page 74, affords an 
idea of the massive character of the block work 
forming the superincumbent work on the monoliths. 
No progress, however, has yet been made with the 
mass-concrete east wall ; but parallel with it, form- 
ing its eastern or seaward side, is a dam which is 
practically completed. The space between this dam 
and the east wall of the basin will be filled with 
material taken out of the basin by land “— 
and deposited on this space through piping. e 
north wall is about half completed, and excavation 
in the sandstone is in progress for the two graving 
docks, as shown in Fig. 51, on Plate X VII., about 
three-quarters of the material being excavated. 

Figs. 52 to 54 on Plate X VII., and the two views 
on Plate X VIIL., are illustrative of the tidal basin, 
the form of which is shown in Fig. 1, on page 69. 
It will be seen that it consists of two main walls— 
north and south—built of mass-concrete in trenches, 
with an end wall, from which there project into 
the basin two ferro-concrete jetties to increase the 
quayage. Parallel with the south wall is a boat- 
slip, as shown in Fig. 53. The main walls are 
completed, and the basin area is excavated. The 
views on Plates XVII. and XVIII. show their 
massive character, and indicate the extensive area 
of the basin. 

(To be continued.) 


LITERATURE. 


> 
The Production of Malleable Castings. By RicHaRD 

Mo.penKe. Cleveland, Ohio: The Penton Publishing 

Company. [Price 3 dols., post free. ] 

In the case of industries involving the use of 
‘*secret”’ processes, it is not surprising that manu- 
facturers are inclined to withhold their knowledge, 
though general discussion might lead to improve- 
ments and be of benefit to the community. In the 
case of steel-making there is no doubt that the 
published results of scientific researches, and dis- 
cussions before scientific societies, have been of 
great benefit to the industry generally, and this 
without apparently affecting individual manu- 
facturers who may previously have been possessed 
of the ‘‘secret” knowledge thereby disclosed. 
The manufacture of malleable iron, with which 
the book under review deals, is a subject which 
is full of mysteries to those not directly connected 
with the trade, and an insight into the various pro- 
cesses involved, and the characteristics of the pro- 
duct, from a writer having an exceptionally thorough 
practical knowledge of the subject is to be welcomed. 
Although the greater portion of the book has pre- 
viously appeared in an American technical journal 
—The Foundry—the information given is no less 
valuable on that account. 

The author, having gained his experience in 
America, refers mostly to the practice followed in 
that country, but he deals generally with the 
differences existing in the European foundries and 
also with the difference in the character of the 
metal produced. 

In the opening chapter, Mr. Moldenke, who 
writes with the authority of many years’ practical 
experience, deals with the historical aspects of the 
industry, and it is interesting to learn that the 
plocess originated in England. The scientific study. 
however, was carried out in America—the United 
States, at the present time, according to the author, 
supplying 90 per cent. of the world’s demand—and 
although the problems connected with manufacture 
are by no means all solved, sufficient has been 
published to enable a foundry to turn out con- 
sistently good work with reasonable supervision. 
he following two chapters are devoted to the 
characteristics and testing of malleable iron respec- 
tively, and much interesting information is given. 

In Chapter IV. the preparation of patterns is 
dealt with, and the importance of making suitable 
allowances for contraction in the case of parts 











requiring to be within certain limits of accuracy is 
disc in view of the different behaviour of 
metals of varying composition. Representative 
illustrations are also given of the methods of 
mounting patterns, &c. In Chapter V. moulding 
methods are discussed, with a reference at some 
length to the use of metal moulds and moulding- 
machines. In the following three chapters very 
full particulars are given of the various methods of 
melting the metal, including the air furnace and 
open-hearth furnace, whilst in Chapter 1X. the 
use of gas-producers in foundries is dealt with. 

In dealing—in Chapter X.—with the subject of 
mixing the metals for the production of malian 
castings, a very full discussion is given of the effects 
of the various impurities, &c., in the iron used. The 
author also outlines a system of storing the various 
grades of pig iron, and deals with the proportions 
of pig, scrap, &c., to be employed to give suitable 
compositions for successful annealing. In order to 
obtain good results he points out the necessity of 
having accurate analyses of the metals used, and of 
employing only pig iron containing certain maximum 
percentages of manganese, phosphorus, and sulphur. 
With these constituents present within the defined 
limits, the question of mixing, as demonstrated by 
the author, resolves itself into a due selection of pig 
to give the requisite silicon content to the whole 
charge. The use of scrap metal also is fully dealt 
with, both in its hard and annealed condition. 

The next chapter is devoted to methods of casting 
and deals with the various questions of tapping and 
handling the metal in the foundry and preparing 
castings for annealing, &c. Having thus dealt in 
progression with the various processes involved in 
producing the castings, the author goes fully into 
the subject of annealing in Chapter XII., and 
describes different forms of annealing-ovens. In 
this chapter also considerable attention is given to 
the question of packing the annealing-pots and the 
effects produced in the annealing process ; further, 
the different treatment required by ‘‘ black heart” 
and ‘‘ white heart” castings is also pointed out. 

In Chapter XITI. an interesting account is given 
of the characteristics of malleable iron, and the 
author goes fully into the indications given by the 
fractures of this metal. Various classes of fractures 
are illustrated and explanations are given for the 
differing appearances of the structure exhibited. 
These descriptions, however, refer to the American 
or ‘‘ black heart ” castings, since, as we have already 
mentioned, the author has gained his knowledge in 
this class of work ; but they should prove of consider- 
able interest to makers of ‘‘ white heart” castings. 

In the two concluding chapters the author deals 
respectively with the use of pyrometers in the 
annealing-room, and with the question of recording 
works costs in a systematic manner. 

Although much of the information given may be 
already possessed by many manufacturers, there are 
few to whom the book will not be of considerable 
assistance, while the user of such castings will in 
most instances be much benefited by its perusal. 
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PROPERTIES OF AIR AND STEAM 
MIXTURES IN RELATION TO CON- 
DENSING PLANT. 


By Tuomas B. Morey, B.Sc., A.M.I. Mech. E. 


Or recent years much attention has been given 
to the subject of the effect, on the performance of 
condensing plant, produced by air mixed with the 
exhaust steam. It has been recognised that even 
if leakage of air into the exhaust-pipe and con- 
denser were absolutely prevented, there would still 
pass into the condenser air which had entered 
the boiler dissolved in the feed-water, and had 
passed through the engine with the steam, so 
that in all cases it is not merely steam that the 
condensing plant has to deal with, but a mixture 
of steam and air. 

The effect of air on the behaviour of the con- 
denser and air-pump (or pumps) is very marked, 
especially if the leakage of air into the exhaust is 
large, as it is in a carelessly jointed pipe-line ; 
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hence it is important to have a clear knowledge of 
the properties of air and steam mixtures at the 
temperatures and pressures usual in condensers. 

Several papers dealing with experiments on con- 
densers and condenser problems have been pub- 
lished, and some have included diagrams embody- 
ing data for air and steam mixtures. Usually in 
these papers, however, the explanation of the 
principles and of the method of constructing the 
diagrams has not been very full, and the object 
of this article is to explain the method of calculat- 
ing the data used in constructing one of the most 
useful of such diagrams, and to show its appli- 
cation. 

Although no claim for absolute originality is made 
for the accompanying diagram, it may be remarked 
that it combines informat.on not (so far as the 
writer is aware) previously collected into one dia- 
gram, and that the data have all been recalculated, 
the properties of steam being taken from Marks 
and Davis's ‘‘ Steam Tables.” 

The fundamental principle (attributed to Dalton, 
and sometimes called ‘‘ Dalton’s law”) regarding 
mixtures of gases or vapours is that the pressure of 
the mixture is the sum of the pressures of each of 
the constituents, each of which fully occupies the 
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space containing the mixture. For example, 1 cub. 
ft. of air and steam, consisting of 1 cub. ft. of 
steam at, say, 90 deg. Fahr, and-0,696 lb. per sq. in. 


|absolute pressure, and 1 cub. ft. of air at 90 deg. 
Fahr. and 0.778 lb. per sq. in. will have a total 
pressure of 0.696 + 0.778 = 1.474 lb. per sq. in, 
which is equivalent to 3 in. of mercury, or the mix- 
ture is at a pressure a a vacuum of 
27 in. with barometer at 30 in. e pressures of 
the.constituents are called ‘‘ partial pressures.” 
The temperature is uniform throughout (equili- 
brium being assumed) and the ‘“‘ partial pressure ” 
of the steam is that corresponding to the tempera- 
ture, and is independent of the presence of the air. 
Unlike a pure saturated vapour, a mixture of 
steam and air may change in temperature without 
changing in pressure, the temperature depending 
on the relative proportions of steam and air, on 
which the ‘‘ partial pressure ” of the steam depends. 
The relation between the temperature, the pres- 
sure, and the ratio of air to steam by weight may 
be found as follows :— 
Consider a quantity of steam and air containing 
1 lb. of steam, and let the temperature of the mix- 
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ture be ¢ deg. Fahr., and the pressure p lb. per sq. in. 
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absolute. Let the saturation pressure of steam at 
t deg. Fahr. be q 1b. per sq. in. absolute, and let 
the specific volume of the saturated steam be 
V cub. ft. per Ib. 
Then the mixture consists of 1 lb. of steam at a 
tial pressure q lb. per sq. in., temperature ¢ deg. 
ahr., and occupying V cub. ft., together with a 
quantity of air at a partial pressure (»—q) lb. per 
sq. in., temperature ¢ deg. Fahr., and also occupying 
v. cub. ft. 

Now at 60 deg. Fahr. and 14.7 lb. per sq. in., 1 lb. 
of air occupies 13.1 cub. ft., therefore 1 lb. of air 
at ¢t deg. Fahr. and (p—q) lb. per sq. in. occupies 

M7 yy t+ 460, 131 = 0,97 L+ 1 cud. tr, 
p-q 6 + 460 P-4 
Hence the V cub. ft. of air in the mixture under 


consideration weighs o- 9 lb., and the 


0.37 (t + 460) 
ratio R, say, of air to steam by weight is given by 
the equation 

R= 3 (p = q) ¥ = 2.7 (pq) a 
0.37 t+ 460 t + 460 
If pressure be expressed in inches of mercury, 
the formula becomes 


R = 1.3% (P— 9 V. 
t + 460 





Example.—Let the mixture be at 27 in. vacuum 





(with barometer at 30 in.), and temperature 90 deg. 
Fahr. 

From steam tables the pressure q, corresponding 
to 90 deg. Fahr., is 0.696 lb. per sq. in., or 1.417 in. 
of mercury, and V is 469.3 cub. ft. per lb. The 
pressure p of the mixture is 3 in. of mercury ; 
therefore 

R = 1,395 8 — 1-417) 469.3 _ 1 75, 
90 + 460 


Since the expressions giving g and V in terms of 
t are very complicated, it is difficult to work the 
above equation to find the condition of a mixture 
if R and p are the given data. 

The most satisfactory plan is, for particular values 
of t, to connect values of R and of p with some 
other quantity having a simple relation to both, 
and to collect the results in the form of a diagram. 
Such a connecting-link between R and p is pro- 
vided by the volume of 1 lb. of saturated air—v, 
say. Using notation as before, 1 lb. of air has a 
partial pressure (p—q), and, as shown in the pre- 
vious calculation, its volume is 


0.37 £ + 4 cub, ft. 
“ee 
(p and q being in pounds per sq. in.)—.e., 
u = 0.37 x t+ 460 cub, ft. 
p=4q 


If the pressure is expressed in inches of mercury, 
the formula becomes 
wu = 0.755 x ¢ + 460 

It must be noted that u is the volume of 1 Ib. of 
air, not of 1 lb. of mixture—i.e., it is the air alone 
in the volume u that weighs 1 lb. 

Example.—Let t be 90 deg. Fahr.; p, 27 in. 
vacuum, or 3 in. of mercury. 

From steam tables q = 0.696 lb. per sq. in., 
or 1.417 in. of mercury ; therefore 


90 + 460 _ 969 cub. ft. 


3 — 1.417 


Values of w are calculated for a series of values of 
pand t, and the diagram is constructed by choosing 
temperatures as abscissze and plotting values of u as 
ordinates ; the full-line curves correspond to parti- 
cular values of the pressure. 

The diagram should, of course, be drawn upon 
squared paper. 

It now remains to connect values of the ratio R 
with values of u. We have already found 


cub. ft. 


u = 0.755 x 


o 2. (o-@) 
0.37 ¢ + 460 =” 
and 
u = 0.37 [+o ; 
therefore “ . 
= R 


Example.—Let the temperature be 90 deg. Fahr., 
and ratio R of air to steam be 2. V corresponding 
to 90 deg. Fahr. is 469.3 cub. ft. per pound ; 
therefore 


a = 234.7 cub. ft. 


_ 469.3 
3 

Plotting the results of such calculations, the 
dotted lines on the diagram are obtained for par- 
ticular values of the ratio R. The diagram not 
only represents the properties of air and steam 
mixtures, but is aie of useful applications in 
the solution of condensing-plant problems. 

The substance (other than the water of conden- 
sation in the case of a ‘‘ wet” air-pump) passing 
from the condenser to the air-pump is saturated 
air, and its volume is shown by the ordinates of 
the diagram. The diagram illustrates (by tracing 
a constant-vacuum line) the great increase in air 
ratio and reduction in volume due to cooling the 
condenser discharge, and if a reasonable estimate 
of the amount of air likely to be present in the 
exhaust steam can be made, the diagram may be 
used to determine the size of the air-pump. 

Mr. T. C. McBride has ‘shown (see ENGINEERING, 
vol. lxxxv., page 866) that under average condi- 
tions and for 26 in. vacuum it is necessary to pro- 
vide for 4.5 volumes of air per 10,000 volumes of 
steam in the exhaust-pipe. To compare this with 
the diagram it is nec first to find the weight 
ratio of steam and air. e have to compare the 
weight of 4.5 volumes air at 26 in. vacuum and 
125 deg. Fahr. with that of 10,000 volumes steam 
at the same temperature and pressure. [125 deg. 
Fahr. is the temperature of saturated steam at 
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TABLE I.—VOLUME IN CUBIC FEET OF 1 LB. OF SATURATED AIR AT TEMPERATURES FROM 45 DEG. F. TO 135 DEG. F. 


























































































































quantities is insufticient to lower appreciably the 
temperature of the mixture below saturation tem- 
perature until condensation is almost complete, so 
that in the exhaust-pipe the temperature is prac- 
tically that of saturation corresponding to the 
vacuum. | 

1 cub. ft. of air in the condition specified weighs 
0.00906 Ib., and 1 cub. ft. of steam 0.00567 Ib., 
so that the ratio of air to steam by weight is 

4.5 x 0.00906 _ 9 90072. 
10,000 x 0.00567 

Let the temperature at the air-pump suction be 
t deg. Fahr., and the: pressure p. From the dia- 
gram the volume wu of 1 Ib. of saturated air is 
determined. Now 1 lb. of water of condensation 
occupies 0.016 cub. ft., 1 lb. of saturated air 
occupies u cub, ft., and the actual weight of air in 
the air-pump suction per pound of steam is 
0.00072 Ib., hence 


Volume of air 


Volume of water of condensation 





. 0.016 * 








of 29 in. the weight ratio of air to steam remains 
practically constant at 0.00072; hence for any 
usual vacuum the air-pump ratio r is proportional 
to u, and thus a second vertical scale may be added 
to the diagram, giving the values of the ratio r. 

In order to allow for variations from the average 
air proportion of 4.5 volumes per 10,000 volumes 
steam, it is convenient to plot this second scale for 
an air proportion of 1 part in 10,000. 

In this case 
0.00072 u 


4.5 x 0.016 

The scale of + is shown at the right of the dia- 
gram. 

As an example of its use, let the vacuum be 
26 in., and the temperature of the air-pump suction 
110 deg. Fahr. ; then from the diagram r is found 
to be 3.1; hence for the air proportion of 4.5 
volumes per 10,000 volumes steam, the ratio by 
volume of air to water in the air-pump would be 
3.1 x 4.5 14, and the displacement of the 


= 0.01 u. 


T= 


























[Nors.—Weight of air alone, not of mixture, = 1 Ib.] tu = 0.755 = = 
-4q 
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9 | 550) 1.417 | 4.583 | 90.5] 8583 | 116.0] 2.583 | 161 | 1.553 | 262/ 1.083 | 383/ 0.588 | 712) 0.383 | 1085 | 0.183 | 2270 | | 90 

92 | 562 | 1.508 vai a a ns a 1 ni 5. RP anes .. | 0.492 | 848 0.292 | 1480 - | 92 

93 | 553 | 1.556 * a KN - fm a a - 0.444 941 | 0.244 | 1710 93 

94 | 554 | 1.605 re ee em abe bs a : a 4 .. | 0.395 | 1060 | 0.195 | 2145 o4 

95 | 555 | 1.655 | 4.345 | 96.4] 3:45 |1250| 2345 | 179] 1.345 | 312| 0.845 | 493/| 0.345 | 1915) — ee ze 95 

96 | 556 | 1.706 Seti io" a a oe ne a .. | 0.704 | 529 | 0204 | 1427] - | - - 96 
97 | 557 | 1.759 eh we 7 eis i a .. | 0.741 668 | 0.241 | 1745 - - ~ | ;— 97 
100 | 560 | 1.926 | 4.074 | 104.0] 3.074 | 137.5} 2.074 | 204] Lo74 | 393| 0.574 | 737) — eas Se a _ - 
102 | 562 | 2.045 os es - “ss - .. | 0.955 445 | 0.455 | 932) — - — | - - 

103 | 563 | 2.107 me #3 fe + a .. | 0.898 | 1080 | a i mind = 

104 564 | 2.171 an am ns ins e : ws .. | 0.829 | 1296 | _ — | | — 

105 | 565 | 2.236 | 3.764 | 113.0! 2.764 | 164.0| 1.764 | 242 | 0.764 | 559 | 0.264 | 1615/ — — | |= 

108 | 568 | 2.443 [os *e a - .. esr | 7 — i ~ 7 za — _ 

109 | 569 | 2.515 st se a ‘m 2 .. | 0485 | se; — | — _ _ —- | — - 

110 | 570) 2.589 | 3.411 | 126.0] 2.411 | 179.0] 1411 | 305 | O411 | 1046) — = = | - 

111 | 571 | 2.665 a ling te a a .. | 0885 | 1285) — a - oa | — |] 

115 | 575 | 2.987 | 3.013 | 144.0] 2013 | 216.0] 10138 | 428) — = ~ — | 

117 | 577 | 3.161 a ate 3 .. | 0.839 | 519 . _ —_ 7 - a | - | 

119 | 579 | 3.344 * es - .. | 0.656 | 666) — — _ — _— — — | |} - | 
120 | 580 | 3.438 | 2.562 | 171.0} 1.562 | 280.0} 0.562 | 779) — _ - = be 

121 | 581} 3.535 | ie .. | 0.465 | 944 ‘ = _ _ ~— 

125 | 585 | 3948 | 2.052 | 215.0| 1.052 |4190}/ — | — | ae ed = boos _ 
127 | 587] 4.168 546 .- | 0.882 |5320); — _ —_ — ~ — — | 

128 | 588 | 4.282 o. | oc | Ses hee] — “ae —_ a" _ | — 
129 589 | 4.399 ‘~ tae 0.601 | 740.0 _ — _ | 

130 | 590 | 4.520 | 1.480 | 301.0| 0.480 | 923.0 _ _ — 

133 | 593 | 4.890 | 1.110 | 4030) — ~_ 7 7 _ - | = 

135 | 595 | 5.160 | 0.840 | 535.0) — - _ - -_ — 

Tp ; » 7 > > - . » ° . 

TABLE II.—Votume (uv) or 1 Ls. or Ark SATURATED WITH Various Proportions oF WATER VAPOUR. (‘* wet”) air-pump would be 15 times the volume of 
R = ratio of air to vapour, by weight. the condensed cbeam 
* sctm | aeas | tote | wee . f P —_ — — eat If it were considered suflicient to allow for an 
P t, i vod 4 Vv v Nie die peak, , | _¥v x _¥v _y_ |air leakage of 4 volumes per 10,000 volumes steam, 
ett isis ae i. ©" oes | ee —"s ileal pats “5 “= 3 |then the ratio would become 3.1 x 4 = 12.4, and 
: a ee ee a aE a — a re ee the air-pump displacement would be 13,4 times the 
5 ya ‘ 26. DO. ‘ 5 e (. \ 20 : 

50 | 1702.0 | 1362.0 1135.0 973.0 | 851.0 567.0 426.0 340.0 284.0 213.9 | Volume of the condensed steam. In this way the 

55 | 1430.0 1144.0 954.0 817.0 | 715.0 477.0 358.0 286.0 238.0 179.0 | size of the air-pump for a pro installation may 

60 1208.0 966.0 806.0 691.0 604.0 403.0 302.0 242.0 | 201.0 152.0 : : : 

@ | 1024.0 819.0 683.0 586.0 | 512.0 341.0 256.0 205.0 | 1710 128 0 = readily determined 1 ey any oF —— — 

70 871.0 697.0 581.0 498.0 435.0 290.0 218.0 174.0 | 145.0 109 0 esigner s experience and judgment may lea im 

75 743.0 594.0 495.0 425.0 | 371.0 248.0 186.0 149.0 124 0 92.9 to consider probable. 

80 636.8 510.0 424.0 364.0 318.0 212.0 159.0 127.5 106.0 79.6 

85 545.9 437.0 364. 312.0 273.0 182.0 196.5 109.0 91.0 68.2 

90 469.3 375.0 313.0 268.0 235.0 156.0 117. 93.9 78.2 58.7 J _ 

95 405.0 324.0 270.0 231.0 203.0 135.0 | 1010 81.0 | 67.5 50.6 APPENDIX. 

100 350.8 281.0 234.0 200.0 175.0 117.0 | 87.7 70.2 | 58.5 43.8 : . 

105 | 304.7 244.0 203.0 174.0 152.0 102.0 76.2 60.9 | 508 38.1 _The tables above give the data from which the 

10 | 266.5 212.0 177.0 152.0 133.0 885 | 664 63.1 | 44.2 33.2 |diagram is plotted. It is advisable in making a 

= | = 4 _ Lr aoe ae | m4 ; i ae ae? | series of calculations from one formula to tabulate 

25 | (178 7 05 | : 7 3. | the fi involved ll as th lts, and thi 

= ee oy ; a 102.0 89.2 59.5 | 4.6 | $5.7 | 24 | 228 t i actors involved as we ry “ust , and this 

30 57.1 5. 104. 89.8 78.5 52.4 | 39.3 31.4 | 26. | 19.6 n has been ado ted an is i ted in th 

135 138.7 110.0 92.5 79.2 69.4 46.2 | 34.7 7.7 | 31 | 12.8 P bles P lustra ° 

| | ' | . 
: P > oe For the greater part of the diagram, ordinates 
Values for R = 0.2, R = 0.3, &c., are obtained by altering the decimal point in values for R = 2, R = 3, &c. have been calculated for 5 deg. intervals of tem- 
26 in. vacuum. The presence of air in usual| It is found that from a vacuum of 24 in. to one | Perature. Where the constant vacuum lines, how- 
ever, become steeply inclined, their ordinates have 


been calculated at closer intervals. 








DINNER tN Honovr oF Prorgessor Unwin, F.R.S.—Pro- 
fessor Unwin being one of the very few teachers who have 
been honoured by being made President of the Institution 
of Civil Engineers, the Old Students’ Association of the 
Central Technical College is organising a dinner to cele- 
brate the occasion. The dinner is intended to be a 

athering of all the old students of the Central Technical 
Jollege and all Professor Unwin’s students at Cooper’s 
Hill. It bids fair to be a very representative gathering 
of those who have had the advantage of Professor Unwin’s 
kindly teaching and advice. The Old Students’ Associa- 
tion has asked us to draw attention to the dinner, as 
many of our readers have probably been students under 
Professor Unwin, and will wish to be present on the 
occasion. The dinner will be held at the Criterion 
Restaurant, ‘“.y° on Saturday, February 10, at 
7 for 7.30p.m. The chair will be taken by the sident 
of the “Central” Old Students’ Association, Mr. W. 
Duddell. Those who wish to take part in the dinner should 
communicate with the dinner secretary, Mr. Ww. 
Tripp, 4, Fairfield-road, Charlton, Kent, The price of 
the tickets is 7s. 6d, 
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THE WORLD’S NAVAL AND MERCHANT 
SHIPBUILDING. 


A FORTNIGHT ago we published details of the ship- 
building production in this country, as prepared from 
returns sent to us by all British shipbuilding firms. 
Lloyd’s Register, which is in a unique position for 
ascertaining accurately the output, not only in the 
United Kingdom, but in all foreign countries, has this 
week issued its return of the work done. This official 
report does not take cognisance of vessels of less than 
100 tons, so that it is not surprising that the total 
merchant tonnage launched during the past year is 
recorded by them as 54,780 tons less than the aggre- 
gate in our review of the year’s work. A large number 
of small craft is always included in the work of 
British builders. Last year there were launched 
940 vessels under 500 tons, and the total number of 
vessels which came within the ENGINEERING review is 
1445, whereas Lloyd’s take note only of 822 vessels of 
over 100 tons. This accounts for the difference in the 
merchant tonnage launched, which, according to 
Lloyd’s, is 1,803, tons, and according to ENGINEER- 
ING, 1,858,624 tons. In other respects there is agree- 
ment between the figures, notably in the foreign- 
owned tonnage, which is given by Lloyd’s as 404,074 
tons, and in our tables as 400, tons. 

Lloyd’s return is interesting, as it throws light on 
the relative progress of the shipbuilding industry in 
this country and in foreign countries, and the extent 
of surplus tonnage over the natural wastage in the 
fleet of the United Kingdom. As regards the latter, 
when the tonnage of vessels lost, tuber up, &c., 
during the past year is deducted from the tonnag - 
built, there is an increase in steam tonnage afloat of 
650,000 tons, although the sailing tonnage has de- 
creased by about 139,000 tons. It thus appears that 
there has been a net increase in the tonnage owned in 
this country of 511,000 tons, but the actual carrying 
capacity is, of course, much greater by reason of the 
supersession of sail by steam tonnage. 

As regards the relative progress of the shipbuilding 
industry in the various countries, it is interesting to 
note the proportions of the aggregate tonnage launched 
throughout the world in 1911, contributed by the 
respective countries. Last year the total tonnage 
built in all countries for the merchant marine was 
2,650,140 tons—the measurement of 1599 ships. This 
figure compares with 1,957,853 tons in the previous 

ear. For a correspondingly high total we have to go 
k to 1907, when the total tonnage was 2,778,088, 
while in 1906 it was 2,919,763. ith these excep- 
tions the total output for any year has never been so 
high. In the past year of remarkable activity Britain 
contributed 68 per cent. of the total gross addition to 
the world’s merchant fleet, which must be considered 
as highly satisfactory. This is a higher proportion 
than in the two years of abnormal activity already 
referred to, the proportion for 1907 having been 58 
per cent., and for 1906 63 per cent. Although in 
years of depression this percentage has fallen to 50 
r cent., it may be taken that, on an average, 
) per cent. of the tonnage for the world’s mer- 
chant marine is built in this country, leaving only 
40 per cent. to be contributed by other nation- 
alities. It is gratifying, too, to note that the propor- 
tion, except in some years of extreme depression, is 
not a declining one. 
that our builders are maintaining their producing 
facilities at a high state of efficiency. of the past 
year’s total, the next largest contributors are Germany, 
and their quota is 9.7 per cent., although in some 
preceding years it has higher. Thus in 1906, 
the year of maximum output, the proportion was 
about 11 per cent. It would be inaccurate, however, 
to assume that generally their proportion has been 
decreasing; it has only in four years—in 1904, 
1905, 1906, and 1908—been over 10 per cent., so that 
this year it is about the average. e United States 
this year come third, with seal 6} per cent., whereas 
in the previous year the proportion was 17 per cent. ; 
but the past year’s output was the smallest in the 
United States for fourteen years. The fourth place is 
taken by France, the proportion of new tonnage to the 
world’s output being in this case 4} per cent., as com- 
red with 4.13 per cent. in the previous year. This 
is better than for many years, but does not compare 
favourably with the results in one or two of the earlier 
years of this century. Holland takes the next place, 
their quota being 3} per ceut., as compared with 3.63 
per cent. in the previous year. Other countries have 
contributed a less proportion. 

As re 8 warship tonnage, the output throughout 
the world last year has been greater than in any 
revious year for which figures have been compiled b 

oyd’s. Indeed, the tonnage launched in 1911 cneede 
that of any previous two consecutive years combined. 
The number of vessels floated in 1911 is 169, and the 
tonnage 768,869 tons. This latter compares with 
310,854 tons in the previous year, and 404,475 tons in 


1909, whereas the highest total previously recorded 
(that of 1901) is 123 vessels, of 467,547 tons. Even 
granting that conditions may have conduced to 


he assumption is therefore fair | 1 





an abnormal increase in the past year, owing to 
the delay in laying down ships in some countries, 
consequent upon indecision as to the suitability 
of the new type of battleship involving unity 
of armament, there is the fact that the average tonnage 
in the five years 1906-10 was only 423,000 tons ; in the 
five years ended 1905, 387,000 tons ; and in the five 
years ended 1900, 306,000 tons. Thus last year’s total 
is double the average of the five closing years of the 
nineteenth century. What share have we in this 
general augmentation in armaments? It would seem 
that our fleet is being ine pro rata with that of 
other Powers combined, although not with some in- 
dividual Powers. During the past year there were 
launched for the British fleet 41 vessels, of 221,430 
tons, equal to about 29 per cent. of the total tonnage 
for all Powers. This is about an average ratio. 


more such ships in progress. In foreign countries, on 
the other hand, there was considerably greater activity. 
Thus, while there were launched in this country 50 
vessels, of 230,786 tons, foreign countries contributed 
to the world’s naval fleet 119 vessels, of 538,038 tons, 
This gives a ratio of 1 to 2.32, whereas in the previous 
year the ratio was 1 to 1.31. This latter condition, 
however, is abnormal, the average being rather less 
than 1 to2. In other words, we still build about one- 
third of the total warship tonnage of the world. 
Turning now to the work done in the respective 
foreign countries, it will be noted from Table Iv, 
that the total os of these countries, including 
warships, is 946, of 1,384,379 tons, the measurement 
of 946 vessels. Of these, 119, of 538,083 tons, were war- 
ships, the remaining 827 vessels, of 846,296 tons, being 





merchant ships. There is an increase in the merchant 


TABLE 1.—TaBLe SHOWING THE TONNAGE OF VESSELS OF 100 Tons Gross AND UPWARDS (EXOLUDING 


WarsuHips) LAUNCHED IN THE UNITED KinGpom AND ABROAD DURING THE YEARS 1895-1911. 









































| | . 
, United  Austria- | British Den- Ger- | ., United Other , 
Year. Kingdom. Hungary. Colonies. | mark. France. many. Holland| Italy. | Japan) Norway! states. Countries. Totals. 
| ———e | 
tons tons tons tons tons tons | tons | tons tons | tons tons tons No. tons 

1895 950,967 7,371 10,381 10,982 | 28,851) 87,786; 8,292 | 5,603 2,296) 12,873 | 84,877 7,881 880) 1,218,160 
1896 | 1,159,751 6,246 11,124 11,814 | 44,565 | 103,295 | 12,405 | 6,779 7,849 | 12,059 | 184,175 7,820 1113) 1,567,882 
1897 952,486 6,601 12,431 13,539 | 49,341 139,728 20,351 |12,910| 6,740) 17,248 | 86,838 13,711 990) 1,331,924 
1898 | 1,367,570 5,432 25,021 12,703 | 67,160 | 153,147 | 19,468 26,530 11,424 | 22,670 | 173,250 8,968 (1290 343 
1899 | 1,416,791 9,248 8,464 26,613 | 89,794 211,684 34,384 |49,472! 6,775| 27,853 | 224,278 | 16,382 |1269 

1900 | 1,442,471 14,889 9,563 11,060 | 116,858 | 204,731 45,074 |67,522) 4,543| 32,751 | 333,527 21,174 (1364 

1901 | 1,524,739 20,013 | 28,134 22,856 | 177,543 | 217,593 | 29,927 |60,526 37,208) 36,875 | 433,235 28,890 1538) 2,617,539 
1902 | 1,427,558 15,192 | 28,819 27,148 | 192,196 | 213,961 69,101 |46,270 27,181) 37,878 | 379,174 38,277 1650) 2,502,755 
1903 | 1,190,618 11,328 | 34,690 | 28,609 | 92,768 | 184,494 | 59,174 |50,089 134,514 | 41,599 | 381,820 35,928 (1650 2,145,631 
1904 | 1,205,162 16,645 30,965 15,859 | 81,245 | 202,197 55,636 |30,016 ;32, 50,469 | 238,518 28,254 (1643) 1,987,935 
1905 | 1,623,168 16,402 10,798 17,557 | 73,124 255,423 | 44,135 |61,629 |31,725 | 52,580 | 302,827 | 25,554 (1576) 2,514,922 
1906 | 1,828,343 | 18,590 26,042 24,712 | 35,214 | 318,230 | 66,809 |30,560 |42,489| 60,774 | 441,087 | 26,913 /1836) 2,919,763 
1907 | 1,607, 8,717 46,443 28,819 | 61,635 275,003 68,623 [44,666 |66. 57,556 | 474,675 | 37,807 (1788) 2,778,088 
1908 929,669 23,502 34,181 19,172 | 83,429 | 207,777 58,604 |26,864 59,725 | 52,839 | 304,543 | 32,981 1405 1,833,286 
1909 991,066 | 25,006 7,461 7,508 | 42,197 | 128,696 | 59,106 {31,217 |52,319| 28,601 | 209,604 19,276 1063  1.602,057 
1910 | 1,143,169 14,304 26,343 12,154 | 80,751 | 159,303 70,945 |23,019 30,215) 36,931 | 331,318 29,401 1277 1,957,853 
1911 | 1,803,844 | 37,886 19,662 18,689 | 125,472 | 255,532 | 93,050 |17,401 44,359, 35,435 | 171,569 27,291 1699, 4,6°0,140 

! \ 





TABLE II.—Taste SHowInc THE NUMBER AND DISPLACEMENT OF WARSHIPS oF 100 Tons AND UPWARDS 
LAUNCHED FOR THE VARIOUS NAVIES DURING THE YEARS 1895 To 1911. 






































| 
American 
Year. British. —< ms ll French. | German. Italian. Japanese. Russian. Flags | Total. 
es). | } | | 
~— ane H —_ 
tons tons tons tons tons tons tons tons } tons | No tons 

1895 | 139,145 12,034 11,100 42,071 5,490 6,500 2,800 4,114 | 25,471 82 248,725 
1896 117,445 16,302 6 060 57,110 11,100 6,500 24,780 30,281 | 62,213 | 92 331,791 
1897 66,740 3,000 2,250 15,185 44,214 35,906 18,070 2,200 41,335 | 90 228,900 
1898 | 140,120 57,900 6,380 | 25,006 10,648 2,836 45,275 28,650 49,968 | 91 366,873 
1899 | 121,140 6,400 2,580 52,912 29,240 18,120 61,656 37,230 15,482 91 | 344,760 
1900 35,050 12,330 10,600 40,730 45,330 1,280 26,210 61,840 7,094 | 99 260,464 
1901 | 209,774 47,903 7,400 40,663 59,400 | 27,833 1,125 54,680 18,769 |} 123 | 467,547 
1902 92,840 20,449 8,169 44,139 32,324 | 8,724 8,350 48,485 14,626 | 102 278,106 
1908 | 147,813 66,140 17,520 30,760 60,590 - 13,917 38,430 | 15,930 119 | 391,100 
1904 | 126,375 170,185 11,480 43,600 44,970 25,932 608 1,750 10,106 =| 102 435,006 
1905 96,505 98,200 11,020 28,611 36,487 14,490 50,633 | 16,721 | 11,544 118 | 363,211 
1906 85,700 45,443 2,760 15,183 62,678 3,039 41,277 82,204 | 24,688 148 | 362,972 
1907 | 133,405 11,590 1,594 33,594 14,800 25,154 57,200 35,317 | 8,657 142 $21,211 
1908 49,560 52,850 16,153 21,600 97,660 29,400 2,245 8,800 | 31,421 | 127 309,689 
1909 98,790 48,639 22,217 95,740 99,116 2,088 75 1,246 | 36,264 151 404,475 
1910 | 133,525 30,287 14,993 24,063 49,024 19,374 23,100 - 16,488 | 122 | 310,854 
1911 | 221,430 57,526 20,269 53,995 | 128,340 75,018 37,071 93,260 81,960 169 | 768,869 





TaBLe III.—Number and Tonnage of Warships Launched 
in the United Kingdom and Abroad Respectively. 








United Kingdom. Abroad. 
Year. | 2 he ti 

No. | Tons. No. | Tons. 
1895 .. 59 48,11. | 23 | 100,614 
1896 . 55 163,958 | 37 | 167,833 
1897 . 48 95,465 42 133,435 
1898 . 41 191,555 | 50 175,318 
1899 . 35 168,590 | 56 176,170 
1900 . 29 68,364 | 70 | 192,100 
1901 . 41 211,969 | 82 255,578 
1902 . 23 94,140 | 7 183,966 
1903 . 41 151,890 | 78 239,210 
1904 . 37 127,175 | 65 307,831 
1905 . 28 129,801 90 233,410 
1906 . 29 108,450 | 119 254,522 
1907 . 36 134,475 | 106 186,736 
1908 . 36 74,186 91 235,503 
1909 . 42 126,230 109 278,245 
1910 . 45 134,645 77 176,209 
1911 50 230,786 119 083 








Between 1896 and 1900 the proportion was 31} per 
cent., between 1901 and 1905 it was nearly 35 per 
cent., and between 1906 and 1910 it was 294 per cent. 
Germany has completed 28 vessels, of 128,340 tons, 
which is more than 30 per cent. greater than in any 

revious —_ Russia, which comes next, has 

unched five vessels, of 93,260 tons, but in the pre- 
vious year they launched no warship. Italy has made 
the large addition of 15 vessels, of 75,018 tons, which 
is equal to the total of the preceding four years com- 
bined. The United States of America has added 13 
vessels, of 57,526 tons, also a great increase ; France 
15 vessels, of 53,995 tons; and Austria-Hungary, two 
vessels, of 20,269 tons. 

The table showing the tonnage of warships launched 
in the United Kingdom and abroad respectively in- 
cludes in the British figures such vessels as have 
been launched for foreign powers. But, unfortunately, 
as was pointed out in our article a fortnight ago, 
there were fewer foreign warships floated in this 
country than for some time, aithough there are now 


TaBLE I1V.—Tonnage of Merchant and Warships (over 
100 Tons) Launched in each Maritime Country. 














A | 1908. 1909. 1910. 1911. 
Austria-Hungary “| 39,115 | 47,223 29,297 58,105 
Belgium ae ond 16,300 6,316 6,226 7,563 
British Colonies ..| 34,181 7,941 | 26,343 | 19,662 
China .. - es _ — | 3,942 | 2,189 
Denmark a 22, 764 7,508 | 12,871 | 19,651 
France .. ..| 105,455 | 187,937 | 105,114 | 184,184 
Germany ..| 805,977 | 228,069 | 210,367 | 387,477 
Greece .. — 1,385 | — 

Holland 59,156 65,522 | 71,761 93,670 
Italy .. 56,264 $3,405 | 52,073 92,719 
Japan .. 62,085 52,694 | 63,315 81,790 
Norway 53,389 28,601 | 37,481 35,535 
Portugal 302 400 3,350 1,450 
Russia .. 9,720 4,331 | 4,395 96,264 
Spain .. “ y 5,210 2,174 | 3,234 6,598 
Sweden ¥. sof 10,804 7,487 | 9,869 9,852 
United States. . ..| 857,393 | 258,243 | 361,605 | 287,550 
Other countries... 846 — | 1 120 
Total foreign and } 2 
colonial .. ..| 1,189,120 | 889,236 | 990,893 | 1,384,379 

Total for the United | 
Kingdom .. _ ..| 1,008,855 | 1,117,296 1,277,814 | 2,034,630 
Total for world :.| 2,142,975 | 2,006,532 | 2,268,707 | 3,419,009 

| | 





tonnage constructed as compared with the previous 
meal barely 4 per cent., whereas in the case o Britain 
the increase is equal to over 57 per cent. When, how- 
ever, the total production is considered, it will be found 
that the foreign and colonial total shows an increase 
of over 390,000 tons, equal to nearly 40 per cent., 
whereas in the case of Britain the increase, including 
all ships, is 59 per cent. It will thus be seen that the 
advance in the total production of oon countries 
is very largely attributable to warship work; and while 
this may be satisfactory to British shipowners, as it 
reduces the excess of foreign ships in comparison with 
the waste of shipping, it can scarcely be looked 
upon with favour by those anxious for the insurance 
of our naval supremacy. Only 66 of the 827 mer- 
chant ships launched abroad were over 4000 tons, 
whereas in the case of Britain 211 of the 700 launched 
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were in this category. Included in the foreign list 
are three between 8000 and 10,000 tons, and in the 
British list nine, while of over 10,000 tons forei 
builders launched five and the British builders 17. Tt 
will thus be seen that from the standpoint of size we 
also hold our position. The largest steamer launched 
abroad was the Shenyo Maru, of 13,377 tons, launched 
in Japan, and fitted with turbine machinery. As 
regards oil-engines, Lloyds point out that three 
moderate-sized ships were built for propulsion by 
internal-combustion engines as compared with one in 
this country; abroad there were launched in all coun- 
tries 37 vessels, of 20,597 tons ; all, with the three ex- 
ceptions, being small craft, the average tonnage being 
about 185 tons. 

As we have already pointed out, Germany takes the 
first place amongst the ~~ countries in respect of 
output of merchant-ships. In this case, there were 
launched 154 vessels, of a total of 255,532 tons, which 
is 96,000 tons more than the output of the previous 
year, and about 63,000 tons less than the total built in 
1906, which marked a record. Liloyd’s figures, how- 
ever, do not take into account vessels built on the 
upper rivers, the total of which is about 17,000 tons. 
The largest vessel was the Cap Finisterre, of 14,503 
tons, and there were 16 others over 5000 tons. 
Germany is taking a prominent part in the fitting of 
oil-engines, and this year one vessel, of 4500 tons, 
was launched at Kiel, and 13 other vessels, of an 
aggregate of 2000 tons, were launched, and are being 
fitted with internal-combustion engines. German 
again has the credit of building the largest steel sail- 
ing vessels of the year; there were two of them, the 
Peking and the Passet, each of 3100 tons, and both 
launched at Hamburg. As regards the merchant work 
on hand, there are 89 vessels, of 350,365 tons, and in- 
cluded in the number are 17 vessels, of over 5000 tons, 
of which two are each of over 50,000 tons. There is 
therefore a prospect of the present year’s German 
production exceeding the record of 1906. As regards 
the warship work, there were launched in Germany 
28 vessels, of 128,340 tons, which is considerably more 
than half the output in this country, as is shown in 
Table II. ; moreover, the total output is about 30 per 
cent. higher than in any preceding year. 

The merchant shipping launched in the United 
States—142 vessels oF 171,569 tons—is 160,000 tons 
less than in the previous year, and very much less 
than in any year of the present century ; for a lower 
total year we have to go back to 1897, when the out- 
put was 86,838 tons. ‘I'he decrease is due alike to 
coast and Lake work, the diminution in output in the 
former case being 82,000 tons and in the latter 78,000 
tons. The largest ships were built on the Lakes— 
five of the vessels being of over 5000 tons—the largest 
of 8603 tons. On the coast, however, there was built 
a collier—the Neptune—of 10,744 tons, and in addi- 
tion three sea-going steamers, of over 4000 tons. As to 
the warship work, the output was 13 vessels, of 57,526 
tons, which is higher than in the preceding five years, 
as shown in Table II. The merchant work on hand 
includes 59 vessels, of 105,806 tons, of which only 
26,500 tons are in the Great Lake district. This does 
not represent a high total, but the warship work is 
more extensive than hitherto. 

France this year takes third place with a total out- 
put of merchant shipping of 79 vessels, of 125,472 tons. 
This is very much higher than in any previous year 
since 1902, the output having dropped to 35,000 tons 
in 1906, and to 42,000 tons in 1909. Since then, how- 
ever, there has been a considerable improvement, not 
only in the actual state of the case, but in the pro- 
spects. The most notable ship launched was the 
Rochambeau, of 12,678 tons ; which is specially note- 
worthy as the only merchant ship hitherto fitted with 
combination wnditeey on four shafts, there being 
two reciprocating and two low-pressure turbine-engines. 
Another large ship is the Paul Lecat, of 12,550 
tons, while in addition there were five others over 
5000 tons. A notable ship is the France, of 4920 
tons, launched at Bordeaux, and fitted with twin-screw 
Diesel engines. She will be fully rigged, and will use 
the engines for propulsion in calms or against head 
winds. The naval work in France included 15 vessels, 
of 53,995 tons, which, while double the output of the 
previous year, is little more than half the output of 
1909. But, with this exception, the output is the 
highest since 1896, and is indicative of a more earnest 
desire to bring the French navy to the high position 
among modern fleets which the history of France so 
thoroughly justifies. The work on hand in France 
includes 36 vessels, of 123,080 tons, so that the im- 
proved position of shipbuilding continues. 

Holland has launched for the merchant marine 
113 vessels, of 93,050 tons, which exceeds by 22,000 
tons the output for 1910, and is the highest recorded 
by Lloyd’s Register. The totals, however, do not 
include the craft exclusively intended for river navi- 
gation, of which over 20,000 tons were launched during 


with oil-engines, but the total tonnage of these is only 
3100 tons. On hand there are 45 vessels, of 79,713 
tons, which, it will be seen, is not equal to the output 
of last year. 

Japan has launched 109 merchant vessels, of 44,359 
tons, which shows a fairly large increase of output on 
1910, as shown in Table I. This total, however, was 
inflated by the inclusion of the Shinyo Maru, of 13,377 
tons, and one other steamer of about 6000 tons. 
Moreover, there are under order only 35 vessels, of 
21,993 tons. There were also launched six warships, of 
37,071 tons, which, while ter than when the war 
was in progress, is scarcely equal to the average of 
some previous years. 

In the case of Austria-Hungary there is a decided 
increase in the output. In the previous year the total 
was only eight merchant vessels, of 14,304 tons, whereas 
last year it was 16 vessels, of 37,836 tons, and there 
are now in progress 11 vessels, of 62,114 tons. These 
figures suggest a very considerable expansion in the 
merchant shipping of this country. 

The Norwegian output is scarcely up to the average, 
being 71 merchant vessels, of 35,435 tons, which, 
although slightly above the 36,931 tons of 1910, is less 
than some of the preceding years, when the average 
was nearer 60,000 tons. oreover, there are in ha: d 
only 43 vessels, of 21,738 tons. 

The output of the British colonies is 7000 tons less 
than in 1910. In Denmark the increase is 50 per cent., 
and includes the vessel Selandia, of 4900 tons, built by 
Burmeister and Wain, of Copenhagen, and being fitted 
with Diesel engines. This is the sister ship of the 
Jutland, launched by Messrs. Barclay, Curle, and Co , 
on the Clyde, to be fitted with the same design of 
engine. The output for Italy, which is 17,401 tons, 
is the lowest recorded since 1897. 








INDUSTRIAL NOTES. 

AccorpiInG to the Board of Trade Labour Gazette, 
issued on the 16th inst., the state of the labour market 
in December was as follows :— 

Employment was good on the whole, and showed 
little change as compared with November. At the 
close of the month organised short time began in the 
cotton-spinning industry, as a result of a lock-out of 
cotton weavers. In engineering and some other 
industries employment was affected by the usual 
holiday suspensions. 

There was a slight improvement in the pig-iron 
and iron and steel trades, and in the more important 
textile trades. Employment in the boot and shoe 
and glass trades was also better, but, on the other 
hand, there was a seasonal decline in the brick, 
wood-working, building, printing, and book-binding 
trades. 

As compared with a year ago, there was an im- 
provement in most of the principal industries, espe- 
cially in the iron and steel, engineering, shipbuilding, 
boot and shoe, and glass trades. There was some 
decline at blast-furnaces and in the printing trades. 

In the 394 trade unions, with a net membership of 
788,986, making returns, 24,074 (or 3.1 per cent.) were 
returned as unemployed at the end of December, 1911, 
compared with 2.6 per cent. at the end of November, 
1911, and 5 per cent. at the end of December, 1910. 

Returns saa firms employing 447,047 workpeople 
in the week ended December 23, 1911, showed an in- 
crease of 2.2 per cent. in the amount of wages paid 
compared with a month ago, and of 6.2 per cent. com- 
pared with a year ago. 

The changes in rates of wages taking effect in 
December affected 11,000 workpeople, of whom 
received increases, the total amount of the increases 
being nearly 1000/. per week. The most important 
changes affected harness furniture makers at 
Walsall and Birmingham, 1650 printing-trade opera- 
tives and 800 coal-carters at Liverpool, 1550 trimmers 
on the North-East Coast, and 1500 railway carters at 
Glasgow. 

The most important disputes in progress during the 
month were those involving about 150,000 operatives 
in the weaving branch of the cotton indus’ in 
Lancashire, 44 dyers, finishers, &c., in the Vale of 
Leven, 4000 dock-workers'at Swansea, 1700 carters and 
dock-workers at Dundee, 1000 coal-miners at Wake- 
field, and 500 engineers, &c., at Wexford. The 
number of disputes beginning in December was 41, 
and the total number of workpeople involved in all 
disputes in p during the month was 180,201, or 
143,125 more than in November, 1911, and 108,587 
more than in December, 1910. The number of workin 
days lost by these workpeople was 701,100, or 291, 
more than in the previous month, and 477,900 less 
than in the co’ nding month of last year. 

Cases dealt with under the Conciliation Act include 
those affecting carters and dockers at Dundee, men 
employed on sailing-barges on the Thames and Med- 
way, taxi-cab drivers in London, dyers, &c., in the 
Vale of Leven, crane-drivers, slingers, &c., at Scun- 





1911. The — of the Dutch steamers was the 
Koningin des Nederlanden, of 8176 tons, built at 
Amsterdam. Five other steamers were over 5000 
tons. 


Nine of the vessels launched are to be fitted ' 


thorpe, weavers at Congleton, tramwaymen at Leeds, 
locomotive workers at Horwich, shoe and slipper- 


workers in London, sheet-metal workers and copper- 
smiths at Southampton, short sea traders, London, 
and boot and shoe operatives, Great Britain. 





The monthly reports of the Steam-Engine Makers’ 
Society have now for some considerable time been 
more cheerful reading than the general run of the 
reports issued by other trade unions. The cause of 
this is not far to seek. Other unions may have bene- 
fited quite as much, if not more, from general good 
trade ; their funds and membership may be increasing, 
and their percentage of unemployed members may be 
very low; but many of them lack that healthy, 
common-sense, honest outlook that belongs to the 
Steam-Engine Makers’ Union. The spirit of unrest 
has entered into their members, who, though they 
may not themselves have struck work, yet encourage 
by their utterances a continuation of unsettlement 
and war rather than of conciliation and The 
unionism of the Steam- Engine Makers appears, however, 
to stand on a firmer and more durable foundation. It 
is of an older type, which has suffered an eclipse durin 
recent years, ani whieh trusted more to fair dealing an 
rectitude, the strike being advocated only as a last 
resource, and then with great reluctance. In the January 
report now before us, which refers to the present 
industrial situation, we read :—‘‘ When will the time 
arrive when all shall clearly and fully realise that the 
‘local autonomy’ pop-gun is no match for an em- 
ployers’ federation covering any given industry, and 
that a fight under such odds, be it long or short, has 
only one ending, and that is defeat to the ‘local auto- 
nomists ;’ and, what is more, nothing is so sure and 
certain every time.” And again we read :—‘‘ We 
also have threatenings of a great upheaval in the coal 
trade, which may or may not develop. Here, again, 
we have the ——— of the ‘general strike’ well to 
the front, and loud in its efficacy as a ‘cure-all’ 
for industrial ills, and, what is worse, the good work 
and sound advice, based on long experience and life- 
long devotion, by such men as Tom Burt, John Wilson, 
‘ Mabon,’ Enoch Edwards, and others, is more or less 
ridiculed and set at nought. Here lies the real danger, 
and we trust that conciliation, and al] it stands for, 
will be brought into the arena before war is commenced, 
rather than after.” It is much to be regretted that 
all trade unions do not take such a wise view as this, 
for, if they did, the benefit to the country and them- 
selves would be great. 

The report shows that there was a vast improvement 
in trade during 1910, as com with 1909, and that 
in the year just past a still further improvement was 
recorded. The total number of unemployed for 
January last year was 288, upon a membership of 
13,400, being a percentage of 2.15. The present 
unemployment list, however, shows only 173 members, 
upon an increased membership of 14,300, or the very 
low percentage of 1.2, which is still being decreased. 





The monthly report of the Associated Blacksmiths’ 
and Ironworkers’ Society for the four weeks ended 
Dezember 30 last shows a total membership at the end 
of the month of 3265, against 3285 at the end of 
November last—a decrease of 20. The total income 
for the last four weeks of the year was 844/. ls. 4d., 
and the total expenditure was 635/. 8s. ld., the net 

ain to the funds being 208/. 13s. 3d. Unemployed 

nefit cost the Society 75/. 10s. 6d.; superannuation 
payments absorbed 172/. 7s. 1d.; sick benefits, 149/. 
14s. 4$d.; funeral benefit, 50/.; management expenses 
and grants ey 187/. 138. 14d., showing, as stated, 
a net gain of 208/. 13s. 3d. to the capital account on 
the month’s transactions. 





The Associated Ironmoulders of Scotland appear to 
be in a satisfactory condition, to judge by their monthl 
report for January, which has just come to hand. It 
covers the six weeks ended December 30 last. The 
end of last year brought the membership of the asso- 
ciation up to the highest point yet seated (namely, 
8116, compared with 8080 in the previous month), and 
in this number were included 419 apprentices, com 
with 414 in the previous month. The end of last 
month closed with a balance of 50,213/. 17s. 34d., 
while the net income for the six weeks was 3756i. 


5s. 10d. Thus, giving as a total 53,970/. 3s. 14d., 
deducting from this an outlay of 3181/. 1s. 3d., there 
was @ balance of 50,789/. 1s. 10}d., representing a gain 


on the six weeks’ working of 575/. 4s. 7d. 





The monthly report of the Society of Amalgamated 
Toolmakers for January shows an increase in the 
membership during last year of 1455, the actual figures 
being 6008 at the end of last year and 4553 at the end 
of 1910. The number of the unemployed was 67 at 
the end of 1911, compared with 85 at the end of 1910— 
a decrease of 18 during the year. There was a sub- 
stantial increase in the reserve funds, the amount 
being 24,500/. at the end of 1911 and 18,300/. at the 
end of 1910. 








makers at Rossendale, painters at te, coal- 





The monthly returns for December as indicated by the 
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last report of the United Society of Boiler-Makers and 
Iron-Shipbuilders shows that the members signing the 
book at the end of December last numbered 1895, com- 
pared with 2206in November. At the end of December 
1245 members were on the sick fund, compared with 
1179 at the end of the previous month, while the 
number of members on superannuation was 2404 and 
2463 at the end of the same months respectively. The 
expenses for December amounted to 7014/. 19s. 7d., 
compared with 5614/. 14s. 9d. for November, there 
being five weeks’ payments in December. There was 
a decrease of 33 in the membership, 469 members being 
admitted and 502 run out and deceased. 





Little change has come over the situation in the 
coal trade since our last issue, and no progress was 
made towards a settlement at the South Wales Coal 
Conciliation Board at the meeting held last Monday. 
The schedule that was submitted .“ the miners’ dele- 
gates brought forward the minimum standard wage 
which the various grades of workmen sought. The 
amount mentioned ranged from 8s. a day for the coal- 
getter down to 5s. a day for the labourers and other 
similar workmen. Naturally the schedule was entirely 
rejected by the masters. Another conference was 
heid on Slesiee at Chesterfield between the non- 
federated coal-owners of the Midlands and the Miners’ 
Association. No agreement was, however, come to. 
The point discussed was whether, if the non-federated 
masters agreed to grant a minimum wage, the men 
would guarantee that work would be continued at 
these pits. The men, however, would not pledge 
themselves. At Glasgow also on the same day the 
Scottish Miners’ Federation held a meeting which was 
attended by delegates from every district of Scotland. 
It was reported that 70,000 members had voted in the 
ballot, and it was said that the figures showed a 
majority of fully five-sixths in favour of a general 
strike. It was unanimously agreed to instruct the 
executive committee to ask tor a joint meeting of the 
Scottish Coal Trade Conciliation Board, in order that 
the miners’ representatives might give the necessary six 
months’ notice to terminate the existing wages agree- 
ment in July. 

The meeting of the Miners’ Federation of Great 
Britain, at which the result of the great ballot will be 
formally announced, was held yesterday, but the result 
was not known at the time of going to press. The 
South Wales miners appear to be desirous of making 
things as difficult as possible to settle, for their insist- 
ence that infirm and aged workmen must be included 
in the minimum-wage scheme without any differentia- 
tion between them and the able-bodied is looked upon as 
an incentive to hostilities. It is very probable that the 
suggestion will be over-ruled, because it is, in the first 


place, a violation of the National Conference in London, 
and, secondly, because its endorsement would deprive 


Td 


the present movement of its national character. 


The 
proposal is also in direct opposition to the view held in 
all other districts, which is, that workmen who, by 
reason of old age or infirmity, are unable to do a full 
day’s work should be excluded from the minimum-wage 


scheme. 





Mr. Barnet Kenyon, secretary of the Derbyshire 
Miners’ Union, speaking at Whitwell on Monday last, 
is reported to have said that until the British public 
believed in the justice of the miners’ demands, it was 
ridiculous to talk glibly of a national strike. They 
wanted to get at the coalowners, whose profits had 
lately been fabulous beyond the dreams of avarice, but 
to do this they must not upset every other trade and 
industry, and have the whole British public against 
them, as would happen if they called for a national 

neral strike. Such language must strike the un- 

iassed mind as a curious mixture of sense and non- 
sense, of truth and untruth. To know where the 
fabulous profits referred to are coming from would 

uzzle the coalowers cena ut probably 
Mr. Barnet Kenyon has means best known to himself 
of finding out. 





The cotton lock-out still continues. The confer- 
ences between the parties were resumed on Monday 
under Sir Geo. Askwith. A deputation of six of the 
operatives’ representatives spent two hours with the 
employers, and afterwards there were other joint and 
separate meetings. The protracted nature of the con- 
ference was generally looked upon as a hopeful sign, 
and on Tuesday the horizon seemed to clear consider- 
ably, something tangible having been the outcome of 
the conferences that have been taking place during 
the last two weeks. It was proposed by the employers 
that work shall be resumed at once on the understand- 
ing that there shall be a six months’ truce, after 
which, if a solution has not been found to the non- 
unionist question, no action shall be taken by either 
side which involves the stoppage of machinery without 
a six months’ notice being given. These proposals 
will be Iaid before the various organisations of the 
Northern Counties Textile ‘Trades’ Federation, and 
the Conference was adjourned until this afternoon, 
when the decision of the men will be announced. 
Whether the acceptance by the men really means 
peace remains to be seen. In the meantime, however, 
any such move is hopeful. 








THE CARELS DIESEL MARINE ENGINE. 

Tuts oil-engine has been brought to its present 
sound and reliable design by Messrs. Carels Freres, of 
Ghent, after several years of scientific investigation 
and practical experiment. It is of the two-stroke 











single-acting type, and is capable of burning the 
heaviest oils on an economical consumption. 

As will be seen from the illustrations on this and 
the opposite pages, the engine resembles closely iu 
general appearance the standard form of mercantile 
marine steam-engine ; indeed, the lower parts may be 
said to be identical with the same, and therefore need 
no description. The cylinders also resemble those of 
a steam-engine in the manner in which they are carried 
on the columns, and in having the inner barrel or liner 
@ separate casting inserted into the outer barrel or 
jacket. Near the bottom of the liner there is a series 
of circumferential ports, matching corresponding ports 
in the jacket casting, which open into a belt surround- 
ing the cylinder. On this belt a branch or facing is 
formed, to which is bolted the exhaust main, the whole 
being designed to provide the freest possible exit for 
the products of combustion. As a precaution against 
any possible leakage of exhaust gas past the piston 
into the engine-room, a stuffing-box, packed with 
metallic rings, is fitted at the bottom end of the liner. 
A lantern-ring in the middle of this stuffing-box com- 
municates with a circular chamber connected to the 
suction of the scavenging-pump, by which means any 
escape of exhaust gas into the engine-room is rendered 
practically impossible. 

The piston itself is packed with spring rings of the 
Ramsbottom type, and is water-cooled, the water 
being circulated through the hollow piston-rod by 
means of walking pipes, or by a pump worked from the 
crosshead. Ample water-cooling spaces are provided 
between the liner and jacket of the cylinder, the water 
being introduced at the bottom and discharged at the 
top into the cylinder-cover. This cover is a strong 
jacketed casting, jointed and bolted to the cylinder 
in the usual manner, and carrying all the valves 
necessary for the operation of the cycle. In each 
cover there are four scavenging valves, which open 
simultaneously and admit a column of air, which 
effectually clears out the residue products of combus- 
tion. The fuel-oil injection valve is placed in the 
centre of the cover, and in front of this is the air 
starting-valve, while at the back there is a spring- 
loaded relief-valve. The various valves are operated 
through levers actuated by cams carried on a shaft, 
which is supported by rings bracketed to the 
cylinder-jacket. The drive to this cam-shaft is trans- 
mitted from the crank-shaft by means of a vertical 
shaft and spiral gear-wheels at the centre of the 
engine. In the engine illustrated, the scavenging air 
is supplied by double-acting pumps driven by levers 
from the crosshead in the same way as the air-pumps 
of many steam-engines. 

The high-pressure air for injection of the fuel oil 
is obtained from a multiple-stage air - compressor 
coupled to the forward end of the main crank-shatt. 
The scavenging and injection air discharges are dis- 
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tributed to the cylinders by suitable mains. The fuel- 
oil measuring-pumps are driven by the cam-shaft, and 
one pump is provided for each cylinder. The quantity 
of oil discharged can be regulated by hand from the 
starting - platform, while an independent governor 
control is also provided. The circulating water-pump is 
conveniently driven by the levers operating the scaveng- 
ing pumps, which, in addition, are utilised for work- 
ing the bilge and sanitary pumps, as in accepted steam 
practice. Lubrication is by gravity or ring, except to 
the pistons, for which a forced system is provided, the 
pressure being maintained by a pump. 

_ Coming now to the method of operating and control- 
ling the engine, the following description will enable 
this to be understood :—The cams for operating the 
scavenging-valves are of symmetrical form, and can 
be set to the correct position for ahead or astern 
running by altering the angular relationship of the 
cam and crank-shafts. The partial rotation of the 
cam-shaft required to bring this about is effected by 
raising or lowering the vertical driving-shaft, which, 
by engagement of the spiral gear-wheels, causes the 
cam-shaft to revolve through the desired angle, the 
crank-shaft, of course, remaining stationary. The 
movement of the vertical shaft is produced by a servo- 
motor operating through a rack and pinion and con- 
necting-rod coupled to a lever embracing a sleeve 
on the vertical shaft, the whole arrangement being 
such that in either extreme position the gear is prac- 
tically self-locking. The piston of the servo-motor is 
operated b 
is ensured by the addition of an oil-brake cylinder. 

The cams for the fuel injection and air starting- 
valves of each cylinder are in duplicate, there being 
one set for ahead and one set for astern running. By 
means of a special auxiliary or manceuvring shaft, 
parallel with and adjacent to the cam-shaft, the rollers 
of the valve levers are brought into contact with the 
appropriate cams in the following manner (assuming 
the engine is about to be started in the astern direc- 
tion after having been running ahead). In the “‘ stop” 
position of the manceuvring gear the rollers are all clear 
of the cams. Thus the manceuvring shaft is free to 
slide axially in order to bring the rollers opposite the 
astern cams. This longitudinal movement is effected 
by the servo-motor at the same time as the cam-shaft 
is rotated. The mancuvring shaft is then rotated by 
means of a = hand-wheel, thereby causing the 
rollers to be brought into contact with the cams. 

The details of the mechanism cannot conveniently 
be described without fuller drawings, but it may be 
said that by the interposition of specially shaped 
suxiliary cams on the mancuvring shaft the air 
starting-valves on all cylinders are first brought into 
action and then ually cut out and the fuel-injec- 
tion valves switched in, all this being effected by turn- 
ing [a hand-wheel at the starting - platform. This 
same mancuvring shaft brings the measuring-pumps 
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into action at the appropriate times, and, finally, 
when the —— is set to “full speed” position, cuts off 
the air supply to the starting-valves through a regulat- 
ing valve on the main, thus preventing any possible 
leakage. 

Referring again to the illustration, the control 
mechanism on the starting-platform, as seen in the end 
elevation (Fig. 2), is arranged as follows :—The larger 
and lower of the two vertical hand-wheels is the hand- 
reversing gear, which takes the place of the servo- 
motor should this be out of action. Below this 
wheel the air-cylinder of the servo-motor can be 
distinguished, while above it is the manceuvring hand- 
wheel. The vertical hand-lever carried on the 
manceuvring wheel bracket operates a cock admitting 
air to the servo-motor. By the manipulation of this 
lever and hand-wheel the engine can be started, 
stopped, and reversed at pleasure. The small hand- 
wheel, in an inclined position above the manceuvrin 
wheel, sets the governor for the desired speed o 
engine, while the quadrant and lever immediately 
underneath provide an independent hand adjustment 
of the measuring pumps. All the essential controls 
are interlocked, so that it is impossible to operate 
them in any but the correct sequence when stopping 
and reversing. 





Contracts.—We understand from the British Steel- 
Piling Company, Dock House, Billiter-street, London, 
E.C., that their ‘‘ Universal” joist steel sheet piling has 
m ordered by the engineer for the Thames Conser- 
vancy for the reconstruction of Boulter’s Lock on the 
Thames, a work that presents considerable difficulties. 





PERSONAL.—We are informed by Mr. Hooghwinkel that 
Messrs. Hooghwinkel and Thursfield, consulting engi- 
neers, Leeds and London, are dissolving their partnership, 
and that, after February 1, all communications should be 
addressed to Mr. Hooghwinkel at his London office, 
24, Mariin’s-lane, Cannon-street, E.C.—The Committee 
of the City and Guilds Technical College, Finsbury, have 
appointed Mr. J. K. Catterson-Smith to be chief assis- 
tant to the Professor of Electrical Engineering. 





Tue GeRMaAN Street Union.—The negotiations about 
the prolongation of the German Steel Union have not 
either quickly or smoothly, and recently 

appeared to have arrived at a dead — The allotment 
question gives much and serious trouble, and at a recent 
meeting a speedy settlement of this — was urged, 
and the following proposal brought forward :—Provided 
that the three works—Gelsenkirchen - Esch, Thyssen- 
Hagendingen, and Diidelingen—obtain no increase in 
their ‘‘A” goods allotment, the other works declare that 
they will not demand any increase in their “‘ A” products 
allotments. A number of works had taken up their 
position to this proposal at the meeting in question, 
whilst others reserved their reply. These replies are 


now known to exclude the passing of the above proposal, | 


and negotiations will have to be resumed on a new basis. 


THE ASSOCIATION OF CONSULTING 
ENGINEERS. 
To THE Eprtor OF ENGINEERING. 

Str, — Owing to the abrupt termination of the inaugural 
meeting of the above, held at the Institution of Electrical 
Engineers on the 15th inst., I shared the fate of many 
others in having to leave without recording my protest 
against the proposed qualification for membership. 

It seems to me to be inconsistent and fatal to the ful- 
filment of the purpose of the Association to make it a 
sine qué non that an applicant must be a corporate 
member of the Institution of Civil Engineers. I approve 
of the general aims of the Association, and had hoped to 
be able to become a member, but being a “‘ Mechanical” 
consulting engineer, I certainly do not feel dis to 
seek membership of the Institution of Civil Engineers in 
order to become a member of the new association. 

I have had twenty years’ practice, preceded by seven 
years’ workshop experience and training at home and 
abroad, and am a member of a firm which was founded 
in 1867 by my father, who is one of the oldest members 
of the Institution of Mechanical Engineers, of which I am 
an associate member. 

Membership of the Institution of Civil Engineers is no 
criterion of the qualification of a Mechanical Engineer, 
and I maintain that anyone who has proved his ability 
as a consulting engineer should be eligible for member- 
ship of the new Association, which should be cosmo- 
politan, and the executive of which should not be limited 
to persons having offices within a few hundred yards of 
Great George-street. 

Yours truly, 
Arx. E. Brox. 

115 and 117, Cannon-street, London, E.C., 

January 16, 1912. 





“THE STRENGTH OF THICK HOLLOW 
CYLINDERS.” 


To THE Eprror oF ENGINEERING. 
Srr,—In your issue of January 12 I read the answer of 
Messrs. Cook and Robertson to my letter of the 5th inst. 
I am not convinced that the agreement of my formula 


P= log, k with the experimental data is only accidental. 


Perhaps our difference of opinion is smaller than it looks. 

I assume that during the tests of Messrs. Cook and 
Robertson the maximum pressure has been recorded at 
the moment the cylinder toon to swell visibly, and I 
expect that from that point the pressure must have 
dropped, because the radii were growing and the wall 
was getting thinner, while the strain in the material 
practically remained the same. 

It is clear that when the ultimate dimensions of the 


cylinder are taken into account, the formula for P must 


give a smaller value than the maximum pressure ob- 
served, and that the more ductile a material is the more 
it bulges, and the less the ultimate strength must be. 
A soap-bubble shows the same phenomenon, the bigger it 
grows the more the pressure must be lowered. 

If, indeed, in each test only the maximum pressure has 
been observed, and if this occurred before the swelling of 
the cylinder began, the new formula of Messrs. Cook 
and bertson that gives values of p less than the 
observed might be right for the ultimate pressure, while 
still claim that mine is correct for the maximum pres- 
sure the cylinder can withstand, and for practical appli- 
cation its remarkable agreement with the valuable results 
of the tests is all that is wanted. 


Yours -— &* 
Delft, January 13, 1912. F. Van Iverson. 





DEPOSITS IN CYLINDER 

STEAM PASSAGES. 
To THE Eprror OF ENGINEERING. 

Str,—We thank you very much for publishing our 
letter asking, in your issue of December 29 last, for in- 
formation as to the removal of carbon deposits in the 
cylinders of one of our compound road locomotives. 
Several readers were kind enough to write us direct, 
and the subject seems to have been of interest to many. 
One correspondent informed us of a process called 
**Cylclean,” owned by the Internal-Combustion Engine- 
Cleaning Company, of 3, London Wall Buildings, London, 
which it appears is a new invention used for cleaning the 
cylinders of motor-cars. We wrote that company, who 
sent down a representative, to see what could be done. 
It appears ours was the first steam-engine on which the 
apparatus has been used, but the result was highly satis- 
factory, and to-day the steam-ports, passages, and exhaust 
are a phe clean as when quite new. 

As owners of compound steam-engines will know, the 

are intricate and difficult of access to the human 

o) or to any tool, so that hand cleaning is hound to be 
tedious, expensive, and unsatisfactory, as well as costly in 
time and money. The ‘‘Cylclean” i has put all 

ight in the space of an hour or so, and at a modest cost. 
“Foon the great amount of carbon removed, we fully 
expect to save one-third of fuel and water, and so reduce 
wear and tear on the engine fire-box and boiler. Thanking 
you very much, : 

We remain, yours faithfully, 
James W. Harris AND Son, 

Hook Norton, Banbury, January 11, 1912. 


CARBON 





ADVANCED Courses AT K1na’s CoLLece.—The lectures 
in the course on ‘‘ The Application of Electric Power to 
Mines and Heavy Industries,” by Mr. W. H. Patchell, 





commence at 6.30 p.m., and not 6 p.m., as stated on 
page 56 ante. 
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THE LAURENTI SUBMERSIBLE BOAT 
‘*HVALEN” FOR THE SWEDISH NAVY. 


Special interest attaches to the two illustrations 
published on e 84 of this week’s issue, illustrative 
of the new Swedish submersible boat Hvalen, in view 
of the placing of an order by the Admiralty with 
Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock, for a vessel of this type—the 
Laurenti—several of which have already been built 
for various navies by the F.I.A.T. San Giorgio Com- 

ny, of Spezia. It is further notable that there 
Res just been placed with the Spezia firm an order 
for three boats of similar type for the Brazilian 
Navy, also to be fitted with the F.I.A.T. heavy-oil 
marine engine, of a t similar to that fit in 
Italian, Danish, Swedish, and Portuguese submersible 
boats. This type of engine is also to be adopted in 
the British boat, and Scotts’ Company propose to 
develop, with characteristic enterprise, the adoption 
of this oil-engine for marine pu > 

The photographs reproduced, which we hope later 
to a by drawings of this type of craft, were 
taken by Mr. Stephen Cribb, of Southsea, when the 
submersible recently visited Portsmouth on her voyage 
from Spezia to Stockholm, and the vessel is shown 
moored alongside the British submarine ‘‘ mother” 
boat Bonaventure. In a recent issue ( 20 ante) 
we described the general principles of the design, 
and, as we hope later to have a further article, we 
may content ourselves now with a description of the 
Hvalen, which has a displacement in surface trim of 
185 tons. The length is 139 ft. 4 in., the beam 14 ft., 
and the draught 8 ft.2in. This vessel is propelled by 
three F.I.A.T. petrol-engines, each driving one shaft 
carrying one screw-propeller. The two wing engines 
are mounted in a compartment amidships, and abaft 
this is a separate compartment containing the engine 
for driving the central propeller. All the engines are of 
the six-cylinder type, and to each of the port and star- 
board sets are coupled an electric generator and motor 
for the propulsion of the vessel when submerged. In the 
British boat, however, heavy-oil engines will be used, 
and the vessel will be driven bytwin screws. The under- 
water lines of the boat follow closely the form adopted 
for surface craft, and reserve of buoyancy in surface trim 
is obtained by the arrangement of the upper part of 
the hull, which, as shown well in Fig. 1, consists of 
double-plating with lattice bracing between, the space 
being utili for carrying water ballast when the 
vessel issubmerged. A notable feature in the photo- 
graph isthe arrangement of fins or rudders for use for 
control when submerged. Normally the vessel is steered 
by the rudder abaft the centre screw. Another notable 
feature is the arrangement of brackets aft, in order 
to ‘* fend” the boat off “— craft and obviate injury 
to the wing-propellers. he arrangements of the 
conning-tower, _——— and hatches to the living 
quarters forward, and to the engine-room aft, are 
clearly shown in the two views. The tube for dis- 
charging torpedoes is at the forward end under the 
bow, the forefoot being cut away for the pu . 
Spare torpedoes are stored under the bow and we 
the launching-tube. 

The oul left Spezia on July 30 last, proceeding 
direct to wk oe her route being round the 
shore of the Gulf of Lyons in order to avoid heavy 
weather. She arrived at the Spanish port on August 2, 
having covered a distance of 790 nautical miles with- 
out stopping. This was a remarkable performance for 
a vessel of only 185 tons displacement. From Carta- 
gena the vessel p ed to Gibraltar, thence to 
Lisbon, calling next at Oporto, Vigo, Ferrol, and 
crossing the Bay of Biscay to Brest; from the 
French port she made Portsmouth across the Chan- 
nel in the exact condition in which she is shown 
in our photographs. From the English naval port 


she proceeded to Ymuiden, and thence passed through 
the Kiel Canal, visiting the German naval port before 


making the last part of her voyage to Stockholm. The 
complete voyage was made without escort, which sug- 
gests great confidence in her seaworthiness. She met 
with much rough weather, but behaved most satis- 
factorily, and won high praise from Captain Mag- 





nusson and Lieutenant von Heidenstam, of the Swedis 
Navy. : 
Tue Reraiceratep-Mear Inpustry or Sovutru 


Awmerica.—Witb reference to the article on this subject 
iven 0 page 828 of our last volume, Sulzer 
thers, Winterthur, ask us to state that their repre- 
sentatives in Baenos Aires, Messrs. Geiger, Ziiblin, and 
Co., undertook the installation of the machinery and the 
erection of the buildings in question. 





Wauireseap Susmersiste Boat Fork THE Dvuton 
Navy.—We .regret ‘that in our issue of the 5th inst., 
on page 24, we stated that the submersible boat for the 
Dutch Navy, then illustrated, had been constructed by 
Messrs, itehead and Co., of Fiume. The builders 
of the boat were the Kosakivke Maatschappy ‘‘de 
Schelde,” at Flushing. _The plans, however, were by 
Messrs. Whitehead and Co. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 10, 1912. 

Tue first week of the new year has been, as the first 
week usually is, comparatively quiet. Indications 
are apparent in all iron and steel producing centres of 
coming enlargements of capacity. The Steel Corpora- 
tion is now running to 82 per cent. of capacity and 
several independent mills are running full capacity. 
The Jones and Laughlin Company will start four 
additional open-hearth furnaces, and quite a number 
of tin-plate mills that have been idle a long time will 
soon be in operation; sheets, bars, and billets are als> 
being called for in larger quantities. The Standard 
Steel-Car Company has secured an order for 200 
refrigerator-cars. This branch of the car-building in- 
dustry is becoming quite prosperous. It furnishes cars 
for the transportation of vineyard, orchard, and 
garden products from the remotest sections of the 
United Bates, especially along the Pacific and Gulf 
Coast to interior points, the largest distributions being 
among the cities of the North Atlantic Coast. The 
Maryland Steel Company will roll 4500 tons for a 
Mexican road. The Taleousen ordered last week 
20,000 tons steel rails. The pipe market is returning 
to greater activity, and two mills at Ellwood City, Pa., 
resumed this week. A new price-list has been pub- 
lished, which is satisfactory to buyers. The National 
Tube Company has taken an order for 6000 tons of 
12-in. steel pipe, to be used in a 125-mile line in the 
south-west. Other pipe-line requirements are in sight 
of the mills, and their entire capacity will be fully 
engaged for several months to come. 





FOREIGN ENGINEERING PROJECTS. 

WE give below a number of foreign engineering pro- 
jects, for several of which tenders are asked. Further 
data concerning these can be obtained from the Com- 
mercial Intelligence Branch, Board of Trade, 73, Basing- 
hall-street, E.C. 

Belgium : The Moniteur Belge contains a decree grant- 
ing to the Société Nationale des Chemins de Fer Vicinaux 
a concession for the construction and working of a light 
railway from Flobecq to Grammont. The cost of the 
work is estimated at 1,557,000 francs (62,280/.), half of 
which sum will be contributed by the State. 

Italy : H.M. Consul at Rome reports that tenders are 
invited by the Italian State Railways Administration as 
follows :—For the supply of twelve locomotive tenders 
with central toothed wheel (tenders will be received up 
to6 p.m. on January 23. Asa rule only those firms (Italian 
and foreign) on the special list kept by the Italian State 
Railways Administration are allowed to tender, and 
generally only when invited. Local representation is, in 
any case, practically necessary. 

Russia: The Official Messenger notifies that the Com- 
mittee of Ministers have approved the application sub- 
mitted by the Vladikavkaz Railway Company for the 
extension of their system, which will include the follow- 
ing :—(1) The construction of some 400 miles of line, at a 
cost of 25,000,000 roubles (about 2,640,000/.); (2) the 
erection of buildings, and of a grain-elevator, and the 
construction of docks and wharves in Novorossisk, at 
a cost of 8,650,000 roubles (about 910,000/.); (3) the con- 
struction of various complementary lines, 7,500,000 
roubles (about 790,000/.); and (4) the purchase of rolling- 
stock ata cost of 5,000,000 roubles (about 530,000/.). 
request has been made that the State shall defer taking 
over this company’s railway system until January 1, 1924. 
According to the Commercial and Industrial Gazette, the 
Russian Committee for New Railways, at a meeting held 
on January 2, discussed proposals for the construction 
of a new line from Sered, on the Northern Railway, to 
Ples (Kostroma Government). The cost of construction 
is estimated at 1,200,000 roubles (about 127,000/.), and the 
line will be 24 miles long. At this meeting the committee 
approved in principle the granting of aconcession, with 
State guarantee, for the construction of a line in the 
Government of Bessarabia—viz., from Akkerman to 
ay on the South-Western Railway, a distance of 
about 100 miles. The cost of the work is estimated at 
6,000,000 roubles (about (633,000/.). 

Mexico: H.M. tion at Mexico City report that the 
execution of various harbour works is projected in Mexico. 

Argentina: The Boletin Oficial publishes a decree ap- 
ty the terms of a contract with the Buenos Aires 
reat Southern Railway, Limited, for the Construction 


of a line, miles long, from Quequen Town Station to 
Quequen Harbour. 
Chili: According to a notice in the Diario Oficial of 


November 18, the Ministry of Industry and Public Works 
have under consideration a scheme for the construction of 
a railway from Monte Oscuro to Salamanca. 

Japan: With reference to the proposed Japanese law 
for tg Government subsidies for light railways, 
H.M. Commercial Attaché at Yokohama reports that, 
since this law came into force in April last, up to 
December 5, charters were granted to 119 companies for 
light railways extending over 1806 miles, and to cost 
86,566,000 yen (about 8,837,000/.). Applications from 
72 companies, regarding the construction of 1226 miles of 
line at a cost of 77,446,000 yen (about 7,906,000/.), had not 
yet been granted at the latter date. 





Tue Royat Yacuts.—The Victoria and Albert and the 
Alexandra are in dry-dock at Portsmouth, where they are 
undergoing examination and general refit. The former 
is being specially prepared. 





NOTES FROM THE NORTH. 
G.ascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was firmer, and some 7500 tons of 
Cleveland warrants were put through at 49s. 94d. and 
49s. 10d. cash, 49s, 104d. eleven days, 50s. 1d. twenty-eight 
days, 50s. and 50s. 1d. one month, and at 50s. 8d. three 
months. At the close sellers quoted 49s. 104d. cash, 
50s. 2d. one month, and 50s. 9d. three months. In the 
afternoon the market showed little change, and about 
10,500 tonsof Cleveland warrantschanged hands at 49s. 10d. 
and 49s. 9d. cash, 49s. 11d. and 49s. 104d. eight days, 50s, 
and 50s. 14d. one month, and 50s. 8d. three months. Closing 
sellers’ quotations were 49s. 104d. cash 50s. 2d. one 
month, and 50s. 9d. three months. On Friday morning 


Cleveland warrants opened firm, but became easier. The 
dealings consisted of 5500 tons at from 49s. 104d. to 
49s. . cash, at 49s. 1ld. seven days, 50s. 3d. two 


months, and 50s. 7d. three months, and sellers’ closing 
figures were 49s. 9d. cash, 50s. 1d. one month, and 
50s. 7d. three months. Buyers of hematite offered 64s. 
cash. The afternoon session was weak, and Cleveland 
warrants were done at 49s. 6d. and 49s. 74d. cash, 49s. 8d. 
twenty-one days, 49s. 9d. and 49s. 104d. one month, and 
50s. 44d. three months. The turnover was 7500 tons, and 
closing prices were 49s. 8d. cash, 49s. 11d. one month, 
and 50s. 54d. three months sellers. Hematite was firmer, 
with buyers at 64s. 6d. cash. On Monday morning 
Cleveland warrants were easier, and 7500 tons were done 
at 49s. 54d. and 49s. 6d. cash, 49s. 94d. one month, and 
from 50s. 1d. to 49s. 114d. two months, and at 50s. 44d. 
three months. At the close there were sellers at 49s. 54d. 
cash, 49s. 84d. one month, and 50s. 4d. three months. 
The afternoon session was fairly active, but Cleveland 
warrants declined still further, and 9000 tons were 
put through at 49s. 3d. and 49s. 44d. cash, 49s. oy 
three days, 49s. 7d. and 49s. 64d. one month, 49s. 94d. 
two months, and 50s. 1d. three months. Closing sellers 
| ange 49s. 4d. cash, 49s. 7d. one month, and 50s. 2d. 
three months. On Tuesday morning the market was firm, 
and 5000 tons of Cleveland warrants were done at 49s. 5d. 
and 49s. 44d. cash, 49s. 5d. thirteen days, from 49s. 64d. 
to 49s. 9d. one month, 49s. 114d. to 50s. two months, and 
from 50s. 4d. to 50s. 2d. three months. Sellers’ closing 
prices were 49s. 4d. cash, 49s. 74d. one month, and 
50s. 24d. three months. Cash hematite was quoted at 
64s. buyers and 64s. 6d. sellers. In the afternoon Cleve- 
land warrants became firmer, and 8000 tons changed hands 
at 49s. 5d. cash, 49s. 8d. and 49s. 9d. fourteen days, and 
49s. 11d. one month. The close was firm with sellers 
at 49s. 8d. cash, 49s. 114d. one month, and 50s. 64d. 
three months. When the market opened to-day (Wednes- 
day) Cleveland warrants were steady, but the tone 
became irregular, and dealings amounting to 12,000 tons 
took place at from 49s. 8d. to 49s. 64d. and 49s. 74d. cash, 
from 49s. 114d. to 49s. 104d. one month, and at 50s. 5d. 
three months. Closing sellers quoted 49s. 8d. cash, 
49s. 114d. one month, and 50s. 64d. three months. The 
afternoon session was inclined to be easier, and Cleveland 
warrants were done at 49s. 7d. cash, 49s. 84d. ten days, 
49s. 74d. five days, and 49s. 104d. one month. The turn- 
over was 2000 tons, and at the close sellers quoted 49s. 74d. 
cash, 49s. 104d. one month, and 50s. 6d. three months. 
The following are the market quotations for makers’ (No. 1) 
iron :—Clyde and Calder, 64s. ; Gartsherrie, Summerlee, 
and Langloan, 64s. 6d.; and Coltness, 82s. 6d. (all shipped 
at G w); Glengarnock (at Ardrossan), 65s. ; Shotts 
(at Leith), 65s. ; and Carron (at Grangemouth), 65s. 6d. 


Sulphate of Ammonia.— The sulphate of ammonia 


‘A | market is again fairly active, and a considerable amount 


of business has been put through during the past week. 
The price for prompt lots, Glasgow or Leith, has har- 
dened, and sellers now name 14/. 10s. per ton, which 
marks an advance of 5s. since the beginning of the month. 
The forward inquiry is good. The shipments from Leith 
Harbour last week amounted to 1561 tons. 


Scotch Steel Trade.—The position of things in the Scotch 
steel trade has not materially altered since the last report, 
and makers are all well supplied with specifications for 
heavy material. The demand for plates has been heavy, 
both for home consumption and for export; and in the 
latter connection some considerable quantities are being 
asked for, the Colonies, the Far East, and the Continent 
all being in the market. In the matter of new business, 
for the home market, however, there is little fresh to 
chronicle. Makers of black sheets are exceedingly well 
employed, and their order-books are so well filled that 
only forward business can now be considered, and that 
at a substantial increase in prices. For light sectional 
material and thin plates there exists quite a healthy 
inquiry at the moment, largely for export. A meeting 
of the Scotch Steel-Makers’ Association was held in 
Glasgow yesterday (Fuseieg), when it was decided to 
make no change in prices in the meantime. At the same 
meeting it was to meet a deputation of the Clyde 
Shipbuilders’ Association, on Monday, when the latter 
intend to discuss the rebate scheme, and to point out 
their objections to it. 


Malleable-Iron Trade.—The West of Scotland malle- 
able-iron makers are rather better off for work this week, 
and a number of the establishments are quite busy. The 
advanced rates are well maintained and in some instances 

roducers are securing 6/. 10s. per ton, less 5 per cent. 
‘or crown bars. 


Scotch Pig-Iron Trade.—Makers of Scotch pig-iron 
report a fair demand for local delivery of the ordinary 

ualities, but there is a quietness in fresh buying. On 
the other hand, buyers in the south have been sending in 
some decent orders, for which full prices have been 
obtained, and in some cases a slightly advanced rate has 
had to be paid. For forward delivery producers will not 
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contract except at enhanced prices. Hematite is still 
very quiet, but a stronger feeling prevails, and 70s. per 
ton is the price named by sellers. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—In South Yorkshire, as 
elsewhere, the coal trade has been profoundly affected by 
the figures published relative to the miners’ ballot, and 
the excited rush for coal which followed from London 
buyers. The alarm, almost a panic, which broke out in 
the Metropolis has absolutely governed the situation 
locally, and otherconsumers who were foolish enough to join 
in the “‘scare” helped to make matters worse, so far as the 
general public is concerned. A cooler view of the situa- 
tion has since been taken, and people have realised, at 
the least a clear six weeks before any strike can possibly 
take place, that nothing can be gained by. a hysterical 
demand for large quantities of coal on the spot. The 
situation is, of course, still serious, and prices have, in 
some instances, jumped up to a ridiculous figure. So far 
as opinion of owners in this district can be gathered, the 
prospects of settlement are as remote as ever, but, with a 
definite peace movement in the air, it would be foolish to 
indulge in any prophecies, either of one sort or another. 
The first effect to be created by the public’s alarm was the 
withdrawal of price-lists by the collieries. This step 
was decided upon on Saturday, and by Monday the quo- 
tations on the local Exchange on the previous Friday were 
practically valueless. Merchants were hard-pressed for 
supplies, and were quoting all sorts of figures. London 
showed itself prepared to pay up to 3s, advance, and 
most of the merchants had t difficulty in deciding 
what figures would safeguard them. Sensational increases 
took place in Derbyshire fuel, and hards were quoted at 
pits up to 15s. per ton, and 18s. 6d. in the retail market, 
a similar figure being asked for Yorkshire. The retail 
price for best Yorkshire house coal varied from 17s. 6d. 
to 20s. 6d. Excess deliveries to large holders of hard 
coal under contract were — of at advances varying 
between 1s. and 1s. 6d. ‘0-day (Wednesday) it is im- 
possible to give any complete list of quotations, but it 
may be stated that steam hards, quoted last Friday at 
9s. 6d. to 10s. 6d., are fetching from 11s. to 15s. (at pits). 
Pit-mouth prices for house-coal range from 12s. to 16s., 
and a well-known Nottingham colliery quoted for softs, 
which were selling a week or two ago at 10s., an increase 
of 6s. In the present crisis a statement of a prominent 
South Yorkshire coalowner, which has been made public, 
is interesting. He said that if the miners had asked for 
a 10 per cent. advance and a Joint Board for dealing with 
abnormal places, they would have been met. 


Tron and Stecl.—The demand for iron is still going up 
and is in some cages in excess of the supply, particularly 
in forge iron. Most of the makers have their outputs 
sold for months ahead, and current quotations are steadily 
strengthening. East Coast hematites have gone up to 
over 73s., and West Coast are also quoted at advances upon 
a week ago. The bottom price for Derbyshire foundr 
sortsis55s., and forge52s. The bar-makers are well Avene x f 
It is stated that local light iron foundry firms have formed 
a combine to restrict outputs and advance prices, and the 
arrangement also has in view a consequent improvement 
of the stove-grate trade. Prices of billets are fluctuating, 
and in some cases advances of 5s. and upwards have been 
quoted. Amongst the Sheffield industries which are 
feeling the revival in trade is the manufacture of steel 
for automobiles and motor-car parts, in which a brisk 
home and foreign trade is being done. The general engi- 
neering trade is providing Sheffield firms with plenty of 
orders, and the agricultural implement and machinery 
makers are fully occupied, especially on Russian account. 
The general Continental trade continues to grow, and 
the purposes for which Sheffield steel is uired in 
foreign markets are continually undergoing a multiplying 
process. High-speed steels, files, and all kinds of machine 
and edge tools are in big demand. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Continued outside specula- 
tion in Middlesbrough warrants, though on a smaller 
scile than it has been, is sufficient to disorganise the 
market and practically suspend genuine business in 
makers’ pig iron. The situation in the coal trade also 
has a disturbing influence on the iron trade. No. 3 
g.m.b. Cleveland pig is 50s. f.0.b., whilst No. 1 is 53s. 6d. ; 
No. 4 foundry and No. 4 forge, each 49s. 6d. ; and mottled 
and white iron, each 49s.—all for early delivery, forward 
rates being 1s. 6d. above the foregoing quotations. East 
Coast hematite pig is steady and firm, mixed numbers 
standing at 66s. 6d. for January delivery, and 67s. 6d. 
for delivery to the end of March. Foreign ore is firm, 
though inactive. Market rates are based on 2is. 9d. 
ex-ship Tees for Rubio of 50 per cent. quality, and p= 
Bilbvo to Middlesbrough stand at 5s. 9d. Coke is firm. 
There are buyers of blast-furnace kinds at 17s; 6d. 
delivered at Tees-side works over the first half of the 
year, 

Stocks and Shipments of Pig Iron.—To meet current 
requirements stocks of Cleveland pig iron are bein 
steadily drawn upon. Since the beginning of the ment 
S117 tons have been taken from the public stores, and the 
stock there to-night stands at 530, tons. Shipments 
of pig iron to date this month average 3219 tons per 
working day, the total loadings being returned at 48, 295 
tons. To the same date last month the clearances reached 
41,328 tons, or a daily average of 6088 tons, and for the 
corresponding part of January last year, the despatches 





amounted to 51,356 tons, or an average of 3432 tons per 
working day. 

Manufactured Iron and Steel.—Excellent accounts con- 
tinue to be given of all branches of the manufactured 
iron and steel industries. Production is heavy, and most 
makers have contracts made which will keep them fully 
employed for a considerable time to come. mmon iron 
bars are 7/.; best bars, 7/. 7s. 6d. ; best best bars, 7/. 15e. ; 
packing iron, 5/. 15s.; iron ship-plates, 6/. 12s. 6d. ; 
iron pas 7l.; iron ship-rivets, 72. 10s.; iron 
girder-plates, 6/. 15s. ; iron boiler-plates, 7/. 10s. to 
71. 12s, 6d. ; steel bars, 6/. 10s. ; steel ship-plates, 7/. 5s. ; 
steel ship-angles, 6/. 17s. 6d.; steel boiler-plates, 7/. 15s. ; 
steel strip, 6/. 12s. 6d. ; steel hoops, 6/. 15s. ; steel joists, 
61. 10s.; cast-iron railway chairs, 3/. 12s. 6d. ; light iron 
rails, 6/. 10s. ; heavy steel rails, 5/. 12s. 6d.; s railway 
sleepers, 6/. 10s.; and galvanised corrugated sheets, 
11. 5s.—sheets less the usual 4 cent. f.o.b., railway 
material net at works, and all a descriptions less the 
customary 24 per cent. discount. 


Cleveland Mine-Owners’ Association.—The annual meet- 
ing of the Cleveland Ironstone Mine-Owners’ Association 
was held at Middlesbrough this week. Sir Hugh Bell, 
Bart., who occupied the chair, was re-elected president, 
and Mr. Arthur Francis Pease and Mr. W. W. Storr 
were re-elected vice-presidents. Representatives of the 
miners attended to discuss the question of The 
owners intimated that according to past formula, wages 
should be reduced by 0.8 per cent., as the average net 
selling price of No. 3 Cleveland pig-iron last quarter was 
47s. 4.61d. per ton. The men’s representatives stated that 
they were prepared to settle the pry question for the 
ensuing quarter if the owners would forego the reduction 
named. It was ultimately agreed to leave the wages un- 
altered for the first quarter of the year, but owners 
intimated that the reduction now due must be taken into 
consideration in the next settlement, if the ascertained 
price of iron should entitle the men to an advance. 





H.M.S. “ Arcuer.”—H.M.S. Archer, one of the five 
special destroyers buila.ag for the British Admiralty by 

essrs. Yarrow, of Glasgow, had a very successful official 
full-speed trial on the 17th inst., on the Skelmorlie deep- 
water measured mile, at the mouth of the Clyde. Although 
the weather was exceptionally bad a 7a of 30.3 knots 
was attained during a continuous run of eight hours, thus 
exceeding the contract speed of twenty-eight knots by 
2.3 knots. The special feature of interest was the boiler 
installation, the boilers being fitted with Yarrow’s patent 
Fong of ye | © ave superheat during 
the trial was 94 deg. Fahr., from which a very appreci- 
able gain in economy was obtained. 





THe NorrHern Mininc INpvustrigs EXHIBITors’ 
Commitrer.—The quarterly meeting of the sub-committee 
of the Northern Mining Industries Exhibitors’ Committee 
was held at the Midland Hotel, Manchester, on January 9, 
Mr. A. E. L. Chorlton (Messrs. Mather and Platt, 
Limited) in the chair. Among those present were 
Messrs. A. E. Mathewson (Tilghman Sand-Blast Com- 

ny, Limited), Walter Yates (Messrs. Matthews and 

ates, Limited), and: J. Butterworth (Lancaster and 
Tonge, Limited). The committee discussed a letter 
which the chairman had received from the secretary of 
the Colliery Exhibitors’ Association, in which it was sug- 
gested that the two bodies should co-operate in connec- 
tion with exhibitions. The secretary was instructed to 
write and express the desire of the committee to co- 
operate in any way possible, while pointing out that the 
main object of the Northern Mining Industries Exhi- 
bitors’ Committee was to promote exhibitions in the 
North of England, at such times as suited the trade, and 
that it had n decided to recommend the trade to hold 
one in Manchester in May or June, 1914. 





Tue Macutne-Toot AND ENGINEERING ASSOCIATION, 
Lim1TED.—The annual general meeting of the share- 
holders of the Machine-Tool and Engineering Associa- 
tion, Limited, was held at the Midland Hotel, Man- 
chester, on Thursday, January 11, Mr. J. Taylor Peddie 
(Vickers, Limited), the chairman of the directors presiding. 
After certain remarks on the value and necessity of 
organisation in industry, and particularly in the machine- 
tool trade, the chairman said that, since the statutory 
meeting was held on March 29, last, forty-three additional 
firms had joined the Association, bringing the total 
membership Sg to eighty. With reference to the exhibi- 
tion to be held at Olympia next autumn, he said that of 
the available space-value of 13,500/., considerably over 

. had already been let definitely, and a consider- 
able portion of the remaining was under option 
This fact strengthened the hands of the exhibition com- 
mittee in entering upon the necessary expenditure to 

vide adequate publicity, so as to ensure a large atten- 
ance of those interested in improved methods of pro- 
duction and also of engineering buyers. The retiring 
directors were then re-elected, and the following firms 
were elected on the advisory council, namely :—The 
Cambridge Scientific Instrument Company, Limited ; 
Messrs. Charles Churchill and Co., Limited ; Messrs. 
Cunliffe and Croom, Limited ; Messrs. Greenwood and 
Batley, Limited; Messrs. A. A. Jones, Pollard, and 
Shipman, Limited ; Messrs. Kendall and Gent, Limited; 
Messrs. J. Parkinson and Son; Messrs. George Richards 
and Co., Limited ; Messrs. Roberts Brothers ; The Selson 
Engineering Company, Limited ; Messrs. John Stirk and 
Limited ; Messrs. Wadkin and Co.; Messrs. Craven 
Brothers, Limited; Messrs. Darling and Sellers, Limited; 
Messrs. John Lang and Sons ; Messrs. W. H. Bailey and 
Co., Limited ; Messrs. John Holroyd and Co., Limited ; 
and Messrs. B. and 8. Massey. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Steam-coal prices have shown great firmness, 
in view of continued labour unsettlement. Over 19s. per 
ton is reported to have been actually paid for best 
Admiralty large, and for February loading as much as 
20s. per ton has been named, although it is not altogether 
clear that business has been actually done at that price. 
The best Admiralty large has been quoted at 18s. 9d. to 
19s. 3d. per ton, while secondary qualities have ranged 
between 16s. 6d. and 18s. 6d. per ton; best ordinary 
smalls, between 10s. and 10s. 6d.; and smalls, 
between 8s. 6d. and 9s, per ton. Household coal has 
shown strength; the best ordi qualities have been 
quoted at 16s. 6d. to 18s.; No. 3 Rhondda large, between 
17s. 6d. and 18s. ; and No. 3 smalls, between 10s. 6d. and 
lls. per ton. No. 2 Rhondda large has brought 14s. 6d. 
to 15s. 3d.; and No. 2 smalls, between 8s. and 8s. 6d. per 
ton. Foundry coke has made 17s. 6d. to 21s. ; and furnace 
ditto, 16s. to 17s. per ton. iron ore, Rubio 
has realised 20s. to 21s. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 

Welsh and Yorkshire Coal.—The administration of the 
Italian State Railways, being unable to secure sufficient 
supplies of Welsh coal, have been making purchases in 
Yorkshire. It is stated that orders have definitely 
ony « for ten cargoes of best Yorkshire steam hards, to 

delivered in the course of January and February. 
These orders represent from 35,000 to 40,000 tons. 


A Railway Veteran.—The death took place on Friday 
evening of Mr. R. Evans, late general manager of the 
Barr ilway. Mr. Evans, = was in his seventy- 
eighth year, had been prominently identified with the 
commercial life of South Wales for upwards of forty 
— He was ‘or many years connected with the 

hymney Railway, upon which he obtained great ex- 
perience in railway working, and upon the opening of 
the Barry Dock and Railway he was appointed general 
manager of that concern. He occupied this position 
until 1905, when he retired. 


A Railway Promotion.—On Friday Mr. J. Cameron 
was appointed by the directors of the Taff Vale Railway 
to succeed the late Mr. T. en! Riches as locomotive, 
carriage, and wagon superintendent. Mr. Cameron has 
been in the service of the Taff Vale Railway Company 
since 1885, and had been chief assistant to the late Mr. 
Riches since 1894. He was at Newton Stewart, 
Wigtonshire. He was educated at Inverness, and was 
trained in railway work upon the London, Brighton, and 
South Coast system. 





Tue Sourh Wares Coat ANNvuAL.—This annual for 
1912 has now a . It is edited by Messrs. Joseph 
Davies and ©. P. Hailey, and is published by The Busi- 
ness Statistics Company, Limited, 12, James-street, 
Cardiff, and 20, Victoria-street, 8.W. It gives informa- 
tion on wages, production, prices, &c., relating to the 
Welsh coal industry in general, also similar data con- 
cerning anthracite, coke, and patent fuel, and data on 
the other subjects connected with coal-mining—transport 
by rail and water, &c. The collieries, the Welsh ports 
of shipment, the tonnages exported to different parte, 
and so forth, are given in detail. It forms a handy book 
of reference for al Bean! and firms who are engaged or 
interested in the Welsh coal trade. 





ALMANACKS, CALENDARS, &c.—A_ beautifully-printed 
calendar, bearing a coloured pepreneetion of a painting 
by E. Vasarri, entitled ‘‘In Old Pompeii,” exhibited in 
1909 at the Paris Salon, comes to hand from Messrs. 
Rose, Downs, and Thompson, Limited, of Hull.—Messrs. 
Charles Churchill, Limited, 9 to 15, Leonard-street, E.C., 
send us a good calendar, showing on each month some of 
their machine-tools ; while from the Wouldham Cement 
psc Limited, 35, Great St. Helen’s, E.C., an 
almanack with gigantic figures comes to hand. Others 
have reached us from Messrs, Peckett and Sons, Bristol ; 
Mesers. de Fries et Cie. A.G., Dusseldorf; and Messrs. 
Head, Wrightson, and Oo., Limited, Thornaby-on-Tees ; 
while a blotter has been received from the Hasler Tele- 
graph Seahbal tan Wee Seutee. 8.W.; and an 
engagement- rom Messrs. J. W. Brooke and Oo., 
Limited, Adrian Works, Lowestoft. 

Tur Corrrrk MARKET.—According to the mid-monthly 
report of Messrs. James Lewis Son on the price of 
copper, the year opened with sales of cash standard at 
62/. 13s. 9d., from which there was a recovery to 63/ 7s., 
and next day to 64/. After falling again to 62/. 18s, 9d. 
on the 4th inst., up to 641. 5s. was paid on the 8th and 
9th, with sales three months prompt at 65/. From this 
—_ there was a ual recession to 62/. for cash on the 

5th, and on the 16th the closing values were 62/. 13s, 9d. 
cash, and 634, 8s. 9d. three months, American reports show 
a decrease in stocks of 9969 tons for the month of mber, 
which led to a large realisation to secure profits on the 
ides speculators, and the fear of a general strike of 

ritish colliers at the end of February has since had a 
depressing effect in conjunction with the politica] situa- 
tion in France and Germany. sales of American 
electrolytic copper are reported to domestic consumers at 
14} cents per pound, equal to 66/. 17s. 6d. per ton c.i.f., 
the exports to Europe continuing large. In view of 
the decrease in European and American stocks of 43,082 
tons during the past year, and with wed pee prospects 
for increased consumption in the United States and fully 
maintained consumption in Europe for this year, an 
increased production of at least 60,000 tons during 1912 
will probably be required to maintain stocks at their 
present level of 100,000 tons, 
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THE LAURENTI SUBMERSIBLE BOAT “HVALEN” FOR THE SWEDISH NAVY. 
CONSTRUCTED BY THE F.LA.T. SAN GIORGIO COMPANY, SPEZIA, ITALY. 
(For Description, see Page 82.) 
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Fic. 1. Stern View. 

















Fic. 2. Forwarp View. 
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BRITISH MANUFACTURERS AND 
THE EXPORT TRADE. 


Iv a recent issue we published an article on 
the important subject of the advantages which 
ought to accrue to our manufacturers from the 
large amounts of money loaned by British in- 
vestors for the execution of works in foreign coun- 
tries. We then contended that, while the nation 
profited from the direct return received by the 
investor, it had also some indirect claims on those 
countries whose prosperity was thus advanced by 
the steady flow of capital, and that some degree of 
favoured-nation treatment should be shown towards 
British manufacturers. We admitted the necessity 
of securing competition in connection with all 
enterprises, but showed that this requirement was 
met in relation to this country by the adequacy in 
numbers of competing manufacturers. We urged 
that much benefit might be secured, and our foreign 
trade materially extended, if those who negotiate 
loans of British capital would insert the stipulation 
in tke specification of all work that British manu- 
facturing conditions must prevail in the manufac- 
turers’ establishment or process, and would also 
avail themselves of the opportunity to secure 
manufacturing concessions by some more liberal, 
yet safe, interpretation of finance and banking 
arrangements. But such conditions as we urged in 
the article referred to do not justify in the slightest 
degree any lack of diligence on the part of our 
manufacturers to secure the patronage of foreign 
countries, irrespective of their obligations conse- 
quent upon British monetary support. We return 
now to the subject in the hope that we may be 
able to awaken British manufacturers to a fuller 
conception of their shortcomings in regard to such 
& propagandist movement in our dominions over 
the seas and in foreign countries. 

The Board of Trade returns prove that our 





export trade continues to expand. Taken alone 
this may justify a certain measure of satisfaction, 
especially in the mind of the complacent politician. 
A survey of the imports into our Colonies and into 
foreign countries, and the extent to which our 
international competitors are improving their oa 
tion, puts a different complexion altogether u 
our foreign trade statistics. There is no nee ss 
bring forward direct evidence of the fact that in 
many countries the percentage of British. imports 
to the total trade is decreasing, while the per- 
centage of foreign imports to the total is increasing. 
This fact is not disputed, and it is the duty of 
every manufacturer to investigate for himself the 
causes which influence results in his own branch of 
industry. If we take, for instance, agricultural 
appliances, we find that in Canada, the South 
American Republics, and such agricultural coun- 
tries in the old world as Russia, our international 
competitors are making distinct headway. This is 
not due in any measure to deficiency in respect of 
the design or workmanship of British products ; as 
in most other departments of mechanical work, 
these have attained unqualified success. The ques- 
tion rather is whether the design, excellent in 
itself, is acceptable to the buyer in foreign coun- 
tries, or is in conformity with his requirements. 
That which is thoroughly efficient in one country 
is not necessarily the best for another, and 
it is important that the requirements of each 
country, and we might almost say of each client, 
should be considered. We do not go the length 
of contending that a multiplication of types 
is desirable, On the contrary, standardisation 
conduces to low cost, but there is a tendency 
in this country to go to the other extreme—to 
take the patronising view that that which British 
experience has found to be the best for us must 
necessarily be acceptable to all. In countries 
where capital is limited there is not, for example, 
the same desire for durability. Owing to the 
rapid advances in design made of recent years and 
continuing to be made, the aim, even in the older 
countries, is to minimise first cost, and lay aside a 
large sum for depreciation, so that the life of the 
apparatus may be brief without loss in the balance- 
sheet. New appliances are thus now substituted 
for old at an earlier date than would have been 
commercially justifiable fifteen or twenty years ago. 
Then, as to limits in standardisation we have, for 
instance, the case in which some of the best makers 
of motor-cars are providing standard chassis for 
given powers of motor, without considering the 
weight of the body to be carried. Obviously there 
may be a greater weight and cost than the cir- 
cumstances justify, and tyre wear and expense 
are needlessly increased. Other similar instances 
might be quoted to show that too great rigidity 
in respect of standard designs should not- be 
7 

n order that the requirements may be studied 
and given effect to, it is incumbent upon manufac- 
turers to have in colonial and foreign countries 
agents with theoretical knowledge as well as 
practical experience. The great majority of our 
manufacturers fail in realising the importance of 
these qualifications. A seller, however suave 
his manner, and however acute his commercial 
knowledge, must fail if he is unable to grasp the 
full significance of the technical requirements put 
forward by the clients. Indeed, it is possible that 
in many cases failure to understand the require- 
ments may prevent the agent from recognising that 
a standard machine may fulfil the special require- 
ments, with slight modifications. The German and 
American makers are more inclined to recognise the 
importance of theoretical and practical experience 
on the part of their agencies, ad are readier to make 
modifications in design where desired. 

Agents, too, should be exclusively British, and, if 
at all possible, should not represent more than one 
firm producing the same manufactures, while of this 
firm’s productive capabilities and limitations they 
should hewp athorough knowledge. In this respect 
British firms fail, and in a most pronounced degree. 
In Canada and in the Republics of South America one 
meets at every turn agents who have many “‘ strings 
to their bow.” It is their business to do the best 
for themselves, and this is better achieved by having 
many outlets for their energies, especially when pay- 
ment is by commission. It is, however, for the manu- 
facturer to consider whether the immense potentiali- 
ties of business in such countries would not justify 
the presence of a thoroughly competent engineer to 
visit not only the great centres of business, but 





eee ONE ein pce gehen 


ee 


eer aclsen 


ER ee Neer entre eee mas ce 





86 


ENGINEERING. 





[JAN. 19, 1912. 





every possible avenue of trade. In this way the 
firm would in time establish a connection which 
would compensate for the years of propagandist 
work. Where one agent represents many firms, 
excellence in design does not carry its full reward. 
One instance may suffice—that of an agent who 
represented three makers of motor-cars, to each of 
whom he had guaranteed that he would sell ten 
cars per annum. Car A was popular by reason of 
its efficiency, and there was no difficulty in selling 
the ten. As soon as this was within sight the temp- 
tation was to urge that the B car or C car was, for 
the purposes of the client, more acceptable than A, 
so as to ensure that ten of these also would be 
sold. The same practice obtains in other cases ; 
British business can best be secured by exclusive 
British agencies of the highest efficiency. 

It is idle, too, for these agents to confine them- 
selves and their operations to the large towns. In 
new countries, such as those we have mentioned, 
it is incumbent upon manufacturers to ensure that 
those responsible for the purchasing of plant and 
appliances should be made conversant with British 
sources of supply. It is amazing, for instance, to 
find that in the Far West of the American conti- 
nent tenders were invited for the supply of turbo- 
dynamos, and those responsible for the invitations 
were unaware that there was a Parsons manufac- 
turing works. Again, the engineer of a power- 
station, who was dissatisfied with American gas- 
engines, had to apply to us for the names of makers 
of gas-engines in this country, this being but one 
of the numerous similar inquiries which we receive 
due to British trade not being pushed in suitable 
districts. 

However inexcusable may be such lack of know- 
ledge on the part of colonial and foreign engineers, 
existing conditions must be faced. Literature of 
the best form may do much, but there is nothing 
comparable with direct contact by well-educated 
and thoroughly trained agents. e are satisfied 
that in this branch of work there is an immense 
field for the profitable employment of young men 
who have the theoretical Geontoden practical 
training, and that presence and buoyancy which 
are so acceptable in negotiations, particularly with 
the ‘‘colonial.” It is also important that tenders 
and all proposals should be issued in the language, 
and quotations made in the currency, of the pro- 
spective client, and not in British language, weights, 
measures, and money. 

There is another phase of the subject to which 
attention should be directed, and in this case the 
complaint lies at the door of the colonist who is 
anxious to promote trade with the Mother Country. 
We refer to the limited time given for the prepara- 
tion of designs and tenders for works of consider- 
able magnitude. Fora long time we have published 
weekly information regarding important colonial 
and foreign engineering projects, indicating where 
particulars can be had, and the dates and destina- 
tion of the tenders. In many cases, however, we 
have found that the publication of such notices even 
as soon as they have reached us was futile, because 
manufacturers in this country could not send in their 
tenders within the time specified ; indeed, the time 
in some cases had elapsed before the notice reached 
us. In the case of Canada, for instance, British 
manufacturers are, in such event, placed at great 
disadvantage, because Americans have practically 
a fortnight longer in which to prepare their scheme. 
We are glad to note thet one of the Canadian 
papers, the Contract Record, is taking up this 
question, because it is one of considerable import- 
ance, Our contemporary instances a particular case: 
the invitations to tender for the Toronto subway 
contract were announced in the advertising columns 
of London papers on October 20, and the tenders 
were to be deposited in Toronto at noon on 
November 1. This, it will be seen, allowed ten days. 
As an instance of the promptitude of at least one 
firm, their representative in London arrived in 
Toronto on October 28 ; but, owing to the thanks- 
giving holiday, he was unable to make his applica- 
tion for the specification to the Board of Control 
until the day on which the tenders were returnable. 
This particular company had a wider knowledge 
than any American firm of the construction of 
subways ; but their experience, which was the best 
guarantee for the satisfactory and economic fulfil- 
ment of the work, was rendered nugatory so far as 
the Toronto authorities were concerned. Similar 


cases might be multiplied almost without number 
from our own experiences. 
It is important that when an undertaking is 





decided upon and capital is raised, a return should 
be earnable at as early a date as possible. On 
the other hand, it is more important that the 
greatest experience should be utilised, as by 
this means only can rapid and economical con- 
struction be ensured. It is conceivable that if the 
Toronto authorities had allowed a month more 
for the submission of tenders, they might have 
had keener competition, and might have secured 
tenders from firms of such experience as would 
have enabled them to complete the work at a much 
earlier date than may now be the case. It is with 
engineering as with athletics—hasty pace at the 
beginning does not lead to success’ at the finish or 
even record time for the event. There must be 
judgment, which is begotten of experience, and 
staying power in the one case; in engineering 
works both qualities are essential—judgment on 
the part of those responsible for letting the con- 
tract, and experience on the part of the con- 
tractor, and the organisation which is, in mecha- 
nics, the equivalent of staying power in physical 
organism. If, therefore, public authorities aim 
at the early realisation of their schemes as 
well as economy in execution, an indispensable con- 
dition is wide acceptance of their invitations to 
tender for the work, and this can only be realised 
by allowing sufficient time for the preparation and 
forwarding of tenders. This is apart altogether 
from the cultivation of closer relationship between 
the home country and the dominions over the seas. 
For selfish reasons, therefore, as well as to comply 
with the patriotic instinct, British firms should 
have a longer time in which to submit their pro- 
posals. On the other hand, the same reasons 
demand that British firms should exert themselves 
more energetically and with more discrimination to 
meet the requirements of the colonies and foreign 
countries, to make possible clients fully cognisant of 
their work, and to fulfil all requirements in special 
details and adaptations of standard products. 





THE CASE AGAINST INCREASE IN 
CALIBRE OF NAVAL GUNS. 
THERE was read at the first Congress of Italian 
Naval Architects and Mechanical Engineers held in 
Rome from November 11 to 13 last, a paper by 
Count Alessandro Pecori Giraldi, Director of the 
Armstrong Works, Pozzuoli, which put forward the 
case against increase in the calibre of guns for the 
primary battery of warships. After stating that the 
12-in. gun, first adopted in the Majestic sixteen 
years ago, and subsequently lengthened from 35 to 
50 calibres, formed the calibre which at the present 
time predominated in all navies of the world for the 
main armament of ships, the author asked whether 
this calibre could still be considered as having the 
power and the destructive effect demanded of a 
main armament, and whether it were wise still to 
use it for the arming of new battleships. A doubt 
arose as to these points, seeing that battleships were 
being designed and built in foreign countries to carry 
guns of a heavier calibre than 12-in. What were 
the reasons which, from the standpoint of tactics, 
favoured increase in calibre of the main guns, and 
what were, further, the probable advantages to be 
derived from a calibre larger than the 12-in. in a 
naval action fought at a distance? To this double 
— he replied that, in the first place, the 
ring of a heavier gun than the 12-in. might yield 
notably higher values for the residual energy, owing 
to the corresponding increase in the weight of the 
projectile. In the second place, the chamber of 
the projectile had a larger capacity, and it could 
therefore deliver upon the target a higher explosive 
charge. Thirdly, while the projectile had a larger 
explosive charge, it had also sufficient strength for 
perforation pure and simple. 


Thickness (in Inches) of Krupp Cemented Plate Perforated 
by Guns of Various Calibres. 
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In regard to the first consideration, he gave the 





preceding table for the thicknesses of Krupp 
cemen steel plates which could be perforated 
when struck normally at distances from 4000 m. 
to 7000 m. (4400 to 7700 yards), which distances 
were the greatest at which it would be deemed 
advisable to fire with armour-piercing projectiles. 

These figures, he repeated, applied to normal 
firing, but normal firing could not be reckoned upon 
in actual warfare. Itshould be noted, for instance, 
that recent proving-ground experiments with capped 
projectiles demonstrated the fact that by using 
the best type of capa flattening of the trajectory was 
obtained up to an angle of incidence on the plate 
of about 35 deg., giving figures for actual perfora- 
tion approximating those stated above. There 
were no very conclusive experiments of firing 
under such an incidence; when the incidence in- 
creased, the extent of perforation decreased, and 
finally became nil. In this respect matters 
would not be materially improved by an 
increase in the weight of the projectile following 
an increase in calibre. Therefore, since the battle- 
ships now forming part of actual fleets, and those 
in course of construction for the different navies 
of the world, were protected with a belt-armour 
having a maximum thickness of 12 in., which could 
be perforated by a 12-in. gun at the greatest dis- 
tance considered suitable from the visual point of 
view, an increase in the gun calibre did not appear 
to Count Giraldi to be justified. 

Matters were different when the firing of high- 
explosive shells was considered. Such shells 
usually contained an explesive charge weighing 
as much as 7.5 per cent. of the weight of the shell 
when finished and ready for firing. The above 
table showed that the weight of the projectile in- 
creased rapidly with the increase in calibre; the 
weight of the explosive charge inside the projectile, 
and its power of destruction, increased also in the 
same proportion. But, on the other hand, con- 
sidering the disastrous effects which each single 
high-explosive shell produced in the late Russo- 
Japanese war, shells in which the high-explosive 
had destructive properties certainly below those 
of the high explosive now a and considering 
also the fact that the 12-in. shell had a charge of 
as much as 75 lb. of such an explosive, it would be 
seen that heavy destruction could be effected with 
the latter, such as might render unnecessary an 
increase in calibre beyond 12 in. 

There were some experts, said Count Giraldi, 
who believed that the increase in the calibre of the 
gun would facilitate the use of the single-type of 
projectile. It was certainly easier to design a 
single-type of projectile for a calibre above the 
12-in. than for the 12-in., since, besides con- 
taining a large explosive charge, it would have 
stronger walls than the present shells, and 
therefore be of sufficient strength for perforat- 
ting an armour-plating. The present armour- 
piercing projectiles had an explosive charge 
which amounted to about 2 per cent. of their 
weight. Ina single type of projectile the weight 
of the high-explosive charge might be increased to 
3} per cent., or even to 34 per cent., not more. 
Therefore, in order to deliver on to the target by 
means of a single type of projectile the 75 Ib. of 
high explosive, as obtained with the 12-in. shell, it 
would be necessary to fire with a 16-in. gun. This 
rendered the advent of the single-type of projectile 
very doubtful; such a projectile, after being an- 
nounced as capable of almost miraculous effects, 
would, he believed, finish by being found incapable 
of any whatever.* The speaker advocated two dis- 
tinct types of projectile. The high-explosive shell 
for commencing an action at a great distance, and 
for destroying the superstructure and all the more 
vulnerable parts of a ship ; as distances decreased, 
there occurred the necessity of aiming decisive 
rounds at the more vital parts, then the occasion 
arose for using armour-piercing projectiles, and in 
the case of these it might be as well to do away 
with their explosive charge, which, he repeated, 
did not exceed 2 per cent. of the weight of the 

rojectile. All essential points duly considered, 

e found that a powerful 12-in., 45 or 50-calibre 
gun, — a projectile weighing 935 lb. to 990 Ib., 
might still be considered suitable to form the main 
armament of modern battleships. 

With regard tothe siiiadiedtoge or triple- 


/gun mountings, the weight for 12-in. guns in the 


former case amounted to 250 tons per gun, and for 








* We dealt with an aspect of this question ina ormer 
article, see ENGINEERING, vol. lxxxiv., page 244. 











JAN. 19, 1912.] 


ENGINEERING. 


87 





triple-gun mountings to 230 tons per gun. This 
formed a marked difference, owing to the large 


number of guns which formed the armament of a| P 


ship.* The loading of guns, continued Count 
Giraldi, at any angle of elevation had been greatly 
in vogue of late years, the object being to enable 
the gunner to maintain the gun constantly upon 
the target ; it appeared preferable to loading at a 
fixed angle—from the point of view of aiming. If, 
however, a 12-in. gun triple-mounting were con- 
sidered, arranged for variable angles of loading, the 
internal diameter of the barbette would have to be 
31 ft. 6 in., while if loading were arranged to take 
place at a fixed angle, the diameter could be reduced 
to 29 ft. 6in., an important difference in regard 
to weight and space taken up. Other mechanical 
advantages were derived from the adoption of 
loading at a fixed angle. All these advantages, 
however, would not justify its adoption if it 
militated against accurate aiming. But such was 
not the case, as was proved by the most excellent 
firing experiments carried out on board the Minas 
Geraes and Sao Paulo, in which the guns were loaded 
under a fixed angle of 5 deg. In regard to the mecha- 
nism, there was a very general consensus of opinion 
in favour of the hydraulically-operated gear. 

Adverting to the question of weight, Count 
Giraldi stated that the weight of the complete arma- 
ment, including also 120 rounds per gun, amounted, 
for ten guvs of 12 in., 13.5 in., and 14 in., to about 
3250, 3950, and 4750 tons respectively. Taking 
the proportion of displacement required by the 
armament of a battleship to be at most 20 per cent. 
of the total displacement, which proportion in- 
cluded 2 per cent. for the secondary armament, 
Count Giraldi stated that the provision of ten large 
guns in five turrets would give approximately 
18,000, 22,000, and 26,500 tons respectively for 
the displacement of the ship. Should it be 
desired, therefore, not to exceed a displace- 
ment of 22,000 tons, the ship would carry twelve 
12-in., or ten 13.5-in., or, again, eight 14-in. 
guns. These figures threw a further doubt upon 
the advisability of increasing the calibre beyond 
12 in. He had shown previously that the 12-in. 
gun was able to oppose effectively the ships of 
most modern construction; he did not wish to 
be interpreted as saying that a 14-in., or even a 
13.5-in. gun, considered separately, was not prefer- 
able to a 12-in. gun; each round from the higher 
calibre guns reaching the target was capable of 
greater destruction than the round from a 12-in. gun. 

The question resolved itself simply into ascer- 
taining whether the advantages were such as to 
justify the great increase in displacement when 
maintaining the same number of heavy guns, or 
ths decrease in the number of heavy guns with a 
view to maintain the same displacement. It was 
well known that a satisfactory arrangement on board 
of a limited-‘number of guns was much more easily 
effected than that of a larger number ; the serv- 
iag of eight 14-in. guns was also easier than 
that of twelve 12-in. But, notwithstanding, he 
would find it very difficult, from the purely tech- 
nical standpoint, to advise the increase in the 
calibre of the heavy armament of a ship to 13.5 in. 
or14in. There remained, however, the fact that 
Great Britain had already adopted the 13.5 in., 
which was also being adopted in Japan, while the 
14 in. was adopted in the United States, and was 
being designed in Germany. One advantage of 
the larger calibre guns was the effect they had upon 
the crews ; the men firing these larger guns were, 
no doubt, more impressed with their individual 
power than with their number, and would feel safer 
and more certain of victory when they had guns 
more powerful than those of an enemy, or, at all 
events, not inferior to them in power. 








THE INSTITUTE OF METALS. 

Tue London general meeting of the Institute of 
Metals was opened at the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, on Tuesday 
afternoon last, when the report of the Council on 
the work of the past year was presented, as well as 
that of the honorary treasurer, which set forth the 
financial status of the society. 


ReEporRT OF THE COUNCIL. 


The report stated that the Institute was making 
satisfactory progress, its total membership being 


* See our article ‘‘The Triple-Gun Turret,” vol. 
XXXVili., page 762. 








now 586. The Corrosion Committee, the Publica- 
tion Committee, and the Finance and General 
Committee had met regularly throughout 
the year, and two new committees had been con- 
stituted, devoted respectively to the library and 
museum and to ‘‘ Abstracts.” TheCouncil announced 
that Dr. Beilby had offered a research prize for the 
best contribution to our knowledge of ‘‘ foam cell 
structure,” which, the donor believed, might have an 
important practical bearing on foundry practice. It 
was further stated that the May lecture would this 
year be delivered by Sir J. Ewing. In connection 
with the work of the Committee on Corrosion, the 
Council reported that the plant required had now 
been erected in the metallurgical department of the 
Liverpool University, and that the first run with it 
would be made during the present month. The 
Committee had arranged to collect as much infor- 
mation as possible from users of condenser-tubes, 
and to this end had drawn up a schedule of ques- 
tions which was being widely circulated. More 
funds, however, were urgently required, as it was 
most desirable that the plant should be run day and 
night, the cost of which would be considerable. 

The adoption of the report was moved by Mr. A. 
Phillips, and seconded by Mr. Sumner, the latter 
expressing the hope that the Council would see 
their way to publish the proceedings of the Bir- 
mingham local section, which it seemed to him had 
been of an eminently practical type, and not so 
academical as those now published in the journal 
of the Institute. 

In acknowledging the vote, Sir Gerard Muntz 
said that the point raised by Mr. Sumner was one 
for the consideration of the local committee ; but 
he felt certain that the chairman of the Birmingham 
section would be glad to circulate amongst the 
members the papers read there. The success of 
that section had been so great that he hoped Man- 
chester would also establish a local section. 


Tue TREASURER’s REPORT. 


The hon. treasurer, Professor T. Turner, then 
read his report, which showed a credit balance of 
4561. 5s. O$d., being an increase of 1321. 5s. 6d. on 
the return of the previous year. The increase was 
just about equal to the sum which had been derived 
from sales of the journal. In reply to a question 
from Mr. Vaughan Hughes, he stated that the 
amount already expended or passed for payment 
by the Corrosion Committee was about 235/., and 
that the residue would have more than disappeared 
by the end of the ensuing twelve months. 


Vore or THANKS TO THE CoUNCIL. 


A vote of thanks to the Council was moved by 
Mr. Vaughan Hughes, and seconded by Mr. Rhead. 


THe RETIREMENT OF THE PRESIDENT. 


In retiring from the chair, Sir Gerard Muntz 
stated that the sudden ill-health of the President- 
elect, Professor W. Gowland, F.R.S., made it 
necessary for one of the vice-presidents to take the 
chair for the completion of that day’s proceedings, 
and on the motion of Professor Turner, seconded 
by Mr. Rosenhain, this was done by Professor A. 
K. Huntington, who moved a vote of thanks to 
Sir Gerard Muntz for his services as President. 
During the past two years Sir Gerard Muntz had, 
he said, promoted the interests of the Institute in 
the most satisfactory way. Members had to some 
extent been enediien able to judge of the value 
of his services ; but the Council were still better in 
a position to appreciate them during his constant 
attendance at the very numerous Council and Com- 
mittee meetings. The retiring President had ever 
exhibited the utmost tact and consideration in 
dealing with the interests not only of manufac- 
turers, but also of professional men and scientists. 
The vote was seconded by Mr. W. H. Johnson, 
who thought it was a very happy idea of Sir W. 
H. White that his successor should be a practical 
metallurgist and manufacturer. There was not one 
of these that could be named who was so well known 
as Sir Gerard Muntz, not only in the British Isles, 
but the world over, and during his occupancy of 
the chair he had most successfully married together 
the work of the scientific investigator and that of the 
practical every-day metallurgist. The latter recog- 
nised that with Sir Gerard as President, not merely 
the scientific side of metallurgy, but its practical 
every-day would be duly emphasised. 

In reply, Sir Gerard Muntz said that he had felt 
not a little diffidence and anxiety in accepting the 
honour offered him, as he did not fail to realise 





that the Institute was a new society in the making. 
The results he could only say had n most satis- 
factory to himself. The Society had been criticised 
in the Press as being too much developed on the 
scientific side, and as not being practical enough. 
Had the criticism been the reverse, he should 
not have referred to it, but as a practical manufac- 
turer he felt his judgment on this point was equal 
to that of the writers in question. Speaking as a 
manufacturer, he could say that the Institute was 
far from being too scientific in character, and it had 
done an enormous amount of useful work for the 
practical man. When he joined the Institute four 
years ago he confessed he did not then anticipate 
that he would get much out of it. In this, how- 
ever, he had been entirely mistaken. At the time 
in question he did not think he knew a very great 
deal about metals, but now knew that he knew 
less than he then thought. They were, in fact, 
prospectors in a strange country, and years ago 
did not know where to look for valuable finds; 
now they had at least discovered the direction 
in which they should work. Knowledge of the 
scientific side of metallurgy was being widely dis- 
seminated, and terms which were at first vague, 
and unmeaning to many of them, had now become 
household words. Each successive year’s work 
would, he hoped, prove more and more valuable, 
both from the scientific and the practical aspect. 
As a practical man, he acknowledged the assistance 
he had himself received, and he hoped that the scien- 
tific members could do the same. He left the chair 
with some feeling of relief in attaining a position of 
greater freedom, butalso with regret, and he was very 
glad that he was to be followed by a first-class man 
in the new president, who would represent the 
scientific side of metallurgy, as the previous 
occupants had represented the consumers and the 
manufacturers of the non-ferrous metals. 


THe ARCHZOLOGY OF CopPrpER AND Its ALLOoys. 


The President’s address was then read by the 
Secretary. It was of great antiquarian interest, 
correcting many assertions made by ancient writers, 
who in too many cases seemed to have indulged in 
the unfortunately not yet extinct practice of draw- 
ing upon their imagination for their facts. It was 
entitled ‘‘ Copper and its Alloys in Early Times.” 
In the opening paragraphs of his address Professor 
Gowlan inted out that in the discovery of 
metals Ml their alloys we had one of the great 
turning points in the history of human develop- 
ment, since this discovery constituted the germ of 
to-day’s culture and civilisation. The order in 
which the metals were discovered was not the 
same in every part of the world, and in all prob- 
ability native metals were those the utility of 
which first became known. These were copper 
and gold. But the latter, though more widely iis - 
tributed than copper, was almost worthless for 
industrial purposes. Copper itself was, moreover, 
only used to a limited extent, not being well suited 
to the construction of weapons and the like ; but 
its fusion with tin yielded an alloy of which the 
physical properties were only su ed by iron. 
Ancient writers had, Professor Gowland stated, 
concluded that the discovery of metal-smelting was 
due tothe burning of a forest covering an outcrop of 
ore, but it actually arose in a more common-place 
fashion. Elaborate furnaces were, in fact, not neces- 
sary for the reduction of many ores, and the dis- 
covery of the process arose from the accidental use 
of lumps of ore to form the ring of stones enclosing 
a domestic hearth, so that the camp fire was the 
first metallurgical furnace. The next step in the 
evolution of the latter lay in the formation of a 
shallow cavity in the hearth for the reception of 
the molten metal, which was deepened as time 
went on. Furnaces of this primitive form sur- 
vived in Derbyshire up to the seventeenth century, 
and in Japan were in universal use up till 1858 for 
the smelting of copper, tin, and lead ; and though 
as simple and crude as those of the bronze age, 
were still extensively employed in that country. 
The alloying of tin with copper was effected origi- 
nally by melting together copper ores with tin- 
stone. Continental archwologists had, Professor 
Gowland stated, asserted that bronze could not be 
produced in this way ; but he himself had conclu- 
sively proved the contrary by actual trial in a 
furnace of the primitive type. 

The lumps of ore found in such ‘ founders’ 
hoards,” as had been discovered, were discs of 
copper, 8 in. to 10 in. in diameter by 1 in. thick, 
and were produced in a small shallow hole in the 
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ground, 10 in. or 12 in. in diameter, charcoal being 
used as the fuel. The slag was raked off, and the 
metal was not ladled out, but allowed first to 
solidify, and then immediately raked out and 
broken up on a large stone, as was still the practice 
in Korea in 1884, 

Copper from the bronze age contained often only 
traces of sulphur, and ranged in purity from 97 to 
99 per cent. Cu; hence it must have been originally 
produced from a very _ ore, or have been subse- 
quently refined. Analyses of the primitive bronze 
alloys showed, he continued, variations in the 
content of tin, which ranged from 3 per cent. up 
to as much as 18 per cent. The higher percen- 
tages were used for swords and the like, and 
the lower for axe-heads. All the copper celts 
were cast in open moulds, the metal from the 
smelting operation being re-melted in crucibles 
and poured into moulds of clay or stone. The 
crucibles used were of an unrefractory clay, and had 
to be buried in the ashes of the hearth to protect 
them from the extreme heat of the fire. They were re- 
moved from the furnace by placing a stick in a socket 
formed for the purpose. Bronze implements on the 
other hand were cast in closed moulds either of clay 
or of bronze. One of the latter had been found con- 
taining a core and it differed but little from present 
forms. In casting thin articles, such as swords and 
daggers, the mould was of clay and made red-hot 
before the metal was poured in, a method which 
Professor Gowland stated was still practised in 
Japan. The hardness required at the edge was 
given by hammering. On this point Professor 
Gowland stated much misconception prevailed, 
statements being prevalent that the men of the 
bronze age had methods of tempering which made 
bronze harder than could be done to-day. As a 
matter of fact modern bronzes could by hammering 
be made as hard as any prehistoric samples, and 
much harder than most of these. 

Bronze from Nineveh, dated 1000 s.c., contained 
from 10 to 18 per cent. of tin. In some cases it 
was cast over iron rods, the latter being relied on 
to give strength; whilst the bronze was used for 
decorative reasons. Bells found had 14 per cent. of 
tin, showing that the Assyrians knew well the effect 
of changing the proportion of the metals. The 
statements of Pliny as to bronze in Roman times 
were, Professor Gowland continued, for the most 
part useless and misleading. 

Brass was the discovery of the Romans, being 
obtained by melting ground calamine with copper 
granules. At the outset the temperature was kept 
low, so that the zinc was reduced and distilled, 
combining with the still solid copper, converting it 
into brass. On then raising the temperature the 
latter was melted and could be poured into moulds. 
This method of preparing brass was still used at 
one works in Birmingham as late as 1861. The 
present method of forming the alloy from metallic 
zine originated with Emerson in 1781. Roman 
brass, Professor Gowland stated, was of excellent 
quality, being one of the most ductile of the whole 
series of brasses. With the disappearance of cala- 
mine brass one of the last links connecting modern 
metallurgy with that of antiquity was broken, but, 
on the other hand, the cire perdue process of casting 
bronze still remained culntuntielly the same as 
employed by Greek founders some centuries before 
our era, and the art of copper refining was in prin- 
ciple the same as at the time of Pliny. 

A vote of thanks to the President for his address 
was then moved by Professor Huntington, and the 
meeting adjourned till the following morning. 

When the Institute resumed its meeting on 
Wednesday morning, the chair was again occupied 
by Professor A. K. Huntington, who, on opening 
the proceedings, stated that in view of the lar 
axeibee of papers to be presented these would 
read in abstract only, and speakers would be strictly 
‘confined to a time limit of five minutes. 


Corrosion oF Coxpznser TUBES. 


The first paper taken had as its author Mr. 
Arnold Philip, the Admiralty chemist. This we 
reprint in full on page 99. In giving an abstract 
of his paper, the author said that though 10 per 
cent. of the failures referred to him appeared 
mysterious, it was quite possible that the lack 
of any ostensible cause for the corrosion in 
these instances was due to the absence of fuller 
detail as to whether the tubes had been ex- 

to contact with electro-negative materials, 





such as coal, iron, and the like. In the second 


place, when condensers were not in use, it was | 


only sometimes that they were dried out by steam, 
whilst in others the water was merely drained off. 
He believed both causes had much to do with 
failures, but that the electrolytic action of particles 
resting in the tubes was more important in pro- 
ducing corrosion than the layer of salt water left 
on ‘draining off” the condenser. In his own 
experience, 90 per cent. of the tubes gave out 
along the bottom, but this experience was based 
solely on bad cases of corrosion, as minor ones 
were not referred to him, so that it was quite pos- 
sible that the experience of others on this matter 
might be different. 

e discussion was opened by Mr. G. D. Ben- 
gough, who remarked that the Institute was fortu- 
nate in having Mr. Philip’s views definitely ex- 
pressed in plain black and white. The list of 
questions as to the corrosion of condenser tubes 
comprised in the author’s paper corresponded very 
fairly with the list being issued by the Corrosion 
Committee, who had the advantage of hearing 
Mr. Philip’s views in the discussion last year on 
Admiral Corner’s paper. Looking at the matter as 
a whole, it would appear that, in the author’s view, 
the electrolytic theory of corrosion was suflicient to 
account for practically all the cases met with in 
actual work. This was important, as the suffici- 
ency of the theory had been challenged. In 
the second place, it appeared from the paper 
that, with Admiralty brass, there were so few 
cases of corrosion unexplainable by known prin- 
ciples that further investigation of that par- 
ticular alloy was almost unnecessary. The few 
cases not readily intelligible appeared to be so 
mainly because the history of the tubes was insufti- 
ciently known. Hence it would seem that Admi- 
ralty brass might be taken as a standard with which 
other and cheaper alloys might be compared. In 
the mercantile marine and in power-stations on 
land, the corrosion of condenser-tubes was much 
more rampant than in the Navy. Here cheaper 
tubes were used, and it would seem, therefore, 
that investigation should be directed towards find- 
ing an alloy or a process of manufacture which 
would yield tubes as incorrodible as those adopted 
hy the Admiralty, but at a lower cost. He would 
like to learn, however, whether the author’s favour- 
able experience with Admiralty brass was confirmed 
by others, as, if so, this could be used as a standard 
alloy for purposes of comparison. 

Admiral J. T. Corner, who spoke next, said that 
if any one had special knowledge as to the corrosion 
of condenser tubes, it was Mr. Philip. He quite 
agreed that if any one had corrosion with tubes of 
the Admiralty mixture he had only himself to 
blame. Before the precautions necessary had been 
discovered there had, however, been a serious 
epidemic of corrosion, condenser tubes being put 
out of action after but two or three months’ work. 
He was unable to account for but very few of such 
cases, and after some short experience, and a com- 
— of the replies made to inquiries, the con- 

enser-tube trouble had entirely disappeared. 

Mr. Vaughan Hughes desired to ask whether the 
author had obtained information as to the precise 
character of the corroded areas. The corrosion 
which arose when condensers, on being put out of 
use, were merely drained off, was, he considered, 
due to a concentrated electrolyte being formed 
by the slow evaporation of the residual water. 
He suggested that Professor Carpenter’s paper 
to be read that afternoon might also have a 
bearing on the question, as ten years might suffice 
to effect the transformation at ordinary tempera- 
tures, which, in Dr. Carpenter’s experiments at 
higher temperatures, was brought about in two or 
three months, and hence it seemed to him that a 
microscopical examination of corroded tubes would 
be well worth while. 

Mr. A. E. Seaton said he had been much struck 
by the fact that in the Navy an addition of a little 
tin to the mixture had almost abolished complaints 
as to the corrosion of condenser tubes. In reading 
what the author had said as to corrosion occurring 
when water was merely drained off in putting 
out of action condensers with horizontal tubes, he 
was struck by the fact that the instances of 
long-lived tubes, cited by him in the discussion 
on Admiral Corner’s paper last year, were all cases 
where the tuBes wore placed vertically, which not 
only prevented the lodgment of residual water, 
but also of electro-negative particles in the tubes. 
He further recalled the fact that the condenser at 
Grimsby, which he had described last year as suffering 
so severely, drew its circulating water from a dock 





near some coal-tips, which might well account for 


its disastrous effect on the tubes. In the Navy 
great care was taken to guard against galvanic 
action, but Admiral Corner had cited a case in 
which the condenser body was of iron. Here the 
tubes at first resisted well, but on varnishing the 
iron body they suffered severely. Where depend- 
ence was placed on the protective value of iron on 
the water side of the tubes, the loss of the latter 
might be very severe, it being, in fact, a case of 
robbing Peter to pay Paul. For long they had 
only been in a position to describe the effects of 
corrosion, but were now able to deal with causes, 
which was a great gain in facilitating clear thought 
on the question. 

Mr. Anderson, who followed, said that he had 
been greatly interested in the methods used for 
checking corrosion. A general method of effecting 
this was much desiderated, and this would, he 
thought, be afforded by the use of electrical cur- 
rents, and he was himself then engaged in investi- 
gating this subject. He was astonished that corro- 
sion troubles were so rare in Admiralty prac- 
tice, as in three months he had had from sixty 
to seventy cases brought before him. Some 
of these were at power-stations, and the rest 
in the merchant marine. An appreciable pro- 
portion of these related to tubes described as 
‘Admiralty mixture,” but he did not know that they 
really were what they purported to be. His ex- 
perience was not in accord with that of the author, 
in that he had found other parts of the tubes 
just as liable to fail as the bottom. To secure 
protection by coupling the tubes up to more 
electro-positive metals, a perfect electric contact 
must be established between these and the tubes 
to be protected. This he provided for by using 
the protective metal in the form of a soft 
plug, on to which the stuffing-box was tightly 
screwed. A point of considerable interest was the 
strength of the currents developed when tubes were 
thus protected. This he found ranged from $ up 
to 14 amperes, and, as a general average, amounted 
to 1 ampere for each 1000 sq. ft. of tube surface. 
In his experience the pits occurred all over the 
tubes, and were not localised, but this did not 
preclude the possibility that they originated in 
specks of electro-negative matter adhering to the 
tube. Tubes which were attacked might be coated 
with iron oxide all over, though only pitted 
in a few places. Ash-ejectors had frequently 
set up corrosion by being placed so that the 
ashes were drawn in with the circulating water. 
One steamer suffered frightfully, but the trouble was 
completely cured by shifting the position of this 
ejector. His own view was that stray currents had 
a great influence on the corrosion of condenser- 
tubes, and might safely be assumed to account for 
a larger proportion of the mysterious cases. Gene- 
rally, however, sea-going engineers were not pro- 
vided with instruments which would detect them. 

Mr. E. L. Rhead drew attention to the fact 
that no mention was made in the author’s 
paper of the effect of gases liberated from the 
water. The possibility of electrolytic disturb- 
ances arising therefrom was just as great as it 
was in the case of solid bodies. This point was, he 
felt sure, of the utmost importance. Solids de- 
posited in a tube were centres from which gases 
were liberated. The question was not one con- 
cerning any gas in particular, but all gases liberated 
in contact with the tube would promote corrosion. 
In boiler practice, for instance, it was found that 
corrosion was especially prevalent when the feed 
was drawn from sewage-contaminated water. Cor- 
rosion, he continued, did not usually extend to all 
parts of a tube, but was most prevalent where the 
water entered, which was just what would be 
expected if gases were liberated, and acted as the 
effective cause. In the case of corrosion of turbine- 
driven propellers, it had been found that this was 
specially prevalent in areas of reduced pressure. 
It was exactly here that gases would be liberated, 
and he believed that the erosion was due to this, 
and not to the velocity or pressure of the water. 

In reply, Mr. A. Philip said that some of the 
speakers had taken his statement that 90 per cent. 
of the cases of corrosion were easily explainable to 
cover rather more than he intended. In any case 
the remaining 10 per cent. of exceptions were just 
those which it was most important to thoroughly 
investigate. He quite agreed that stray currents 
might be an effective cause of the damage in some 
of these, and, indeed, had had direct evidence of 
the fact ; but he did not think it was so frequently 
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responsible as was the contact of electro-negative 
substances with the tube. He had called atten- 
tion in his paper to the ill effects attending the 
practice of merely oma sy condensers when 
putting them out of use. e thought, therefore, 
that the Corrosion Committee should add to their 


schedule of questions others concerning the practice | 
followed in laying off condensers. The list of ques- | 


tions he had given in his paper had been rene wry 
over twelve months ago, though not published. 
For much of the information given in his paper he 
was indebted to ships’ officers, and his data accord- 
ingly consisted largely of other ple’s results. 
The patches of corrosion, when at the bottom of the 
tubes, were always elongated. In view of the facts 
brought forward he had proposed the use of ver- 
tical tubes, but the practical necessity of maintain- 
ing accessibility made these difficult to adopt at 
sea. As to what Mr. Seaton had said as to the 
use of protective metals being a case of robbing 
Peter to pay Paul, it might be observed that one 
of the indices of an unsatisfactory connection be- 
tween the tubes*and their protectors was that 
the latter did not corrode. 


THe New Critrcat Port In THE CopPER- 
Zixc SERIES. 

Professor H. C. H. Carpenter then read his 
paper describing ‘‘ Further Experiments on the 
Critical Point at 470 deg. Cent. in the Copper-Zinc 
Alloys.” We shall reprint this in a future issue. 
In a paper read last year the author, in conjunction 
with Mr. C. A. Edwards, had advanced the view 
that below 470 deg. Cent. the 8 phase of the 
copper-zinc alloys broke up into the a and y phases. 
A magnifying power of 1000 was, however, necessary 
to obtain microscopical evidence of this change, and 
he had therefore set to work to endeavour to make it 
evident at magnifications of 150 only. Experiments 
in which the 8 phase was annealed for six weeks at 
445 deg. Cent. showed no appreciable aggregation 
of the two constituents. Professor Carpenter accord- 
ingly slightly altered the percentage of the alloy, so 
as to introduce into it some nuclei of the a phase 
around which growth might occur. On annealing 
this, there was a steady rise in the proportion of 
the a and y phases, the ultimate result being a 
and y particles so coarse that they could be 
detected by the naked eye. A similar experiment 
made with a slight excess of the y phase gave 
similar results, but with this difference, that when 
the a was in slight excess a pearlitic structure was 
obtained, which was not the case when the 
y phase was in slight excess. The pure 8 phase 
broke up everywhere simultaneously into a and y 
when the temperature fell to 470 deg. Cent., but 
the resultant structure was most persistent. This 
structural stability could, however, be destroyed 
by the presence of 4 per cent. of Al, in which case 
two days’ annealing at 445 deg. Cent. produced 
typical lamellz resembling pearlite. Dr. Carpenter 
subsequently added that he had succeeded in break- 
ing down the structure of the pure 8 phase by pro- 
longed annealing. 

The discussion was opened by Mr. O. F. Hudson, 
who said that the objections he had raised on the 
occasion of the author’s first paper related to details 
of the evidence submitted, and to these objections 
the author had now made a most convincing reply. 
That the sorbitic nature of the 8 constituent was 
established was most remarkable. He had never, he 
might say, observed any signs of ‘‘twinning” in the 
case of this phase, and this in itself pointed to its 
having a complex nature. In the micrographs 
accompanying the paper it was difficult to see which 
was a and which §, and he would like a little more 
information as to how their identities were estab- 
lished. He had himself tested some similar alloys 
with an excess of y, but not with a in excess. 
He had found that with y in excess there was an 
increase of this constituent on annealing, but the 8 
did not break up into a lamellar structure. He 
would like to know what were the mechanical pro- 
perties of the annealed metals showing coarse a and 
y-__ He suspected that they would be very brittle. 

Dr. A. G. C. Gwyer, who spoke next, said that 
he thought the evidence now advanced by the 
author was almost overwhelming. It might be 
remembered that on the last occasion discussion had 
turned on the point as to whether or no the trans- 
formation recorded was a polymorphic one. In that 
case the equilibrium curve would be as indicated in 
Fig. 1. One reason for advancing this theory lay in 
the constancy of the temperature of the inversion. 
If the change were from to #' this was exactly what 





would be expected. On the other hand, the fact 
that a pearlitic structure was now visible, with a 
magnification of 150 only, was strongly in support 
of the author’s theory, according to which the 
equilibrium diagram would be as represented in 
Fig. 2. One difficulty still remained—viz., that 
no pearlitic structure was obtained with slight 
excess of y. In the corresponding case with the 
aluminium-zinc and the iron-carbon alloys, the 
pearlitic structure was obtained with a slight excess 
of either constituent. The addition of aluminium 
should help in this regard, and did do so, on the a 
side, but even its presence did not give rise toa 
pearlitic structure when it was the y constituent 
which was in slight excess. Another consideration 
which arose was that if the change suggested did 
take place at 470 deg. Cent., it should be reflected 
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in the mechanical properties of the alloy. If the 
brittleness then manifest was due to the presence 
of y, it might be argued that then the alloy ought 
to be brittle at ordinary temperatures. He did not, 
however, think that much weight was to be attached 
to this argument. When a new constituent ap- 
peared there was always a big change in the 
mechanical properties, but it was impossible to 
argue from this that this new constituent would 
either embrittle or strengthen the metal when 
cooled down. 

Dr. W. Rosenhain, who followed, asked on what 
evidence the author had drawn his limit lines to 
meet at a point as in Fig. 2 supra Such a depar- 
ture from the Shepherd diagram required justitica- 
tion. The microscopic character of the alloys was 
different on opposite sides of the point in question, 
which was not the case with other eutectoids. 
Hence, instead of meeting at a point, the boundary 
lines might, he considered, form a funnel. In the 
cupper-aluminium series, however, there was such 
a point, and perhaps the author had been influenced 
by this in drawing his curve ; but he should like to 
know whether it was not possible to get definite 
evidence of the real constitution of the alloy in the 
neighbourhood in question. 

Mr. G. D. Bengough said that he had all along 
been convinced that the author had been right in 
his contention, but the evidence in his favour was 
now much stronger. He asked whether the change 
from 8 into a + y was rapid, and the subsequent 
segregation slow, or whether the inversion itself 
took place slowly, since this had an important 
bearing on the mechanical properties of the alloy. 
If the actual change were rapid, then these properties 
should show an abrupt change at the same tempera- 
ture ; but if it were slow, the mechanical character- 
istics would also take time to develop. Referring 
to the micrographs, he said that he had himself 
found £8 alloys very difficult to polish free from 
scratches. He had himself, however, got a similar 
pearlitic structure with a Muntz metal a little high 
in zinc, but in his own experiments the annealing 
had not been sufficiently prolonged to get the 
other structures shown. } 

Mr. F. Hudson said that, like Mr. Johnson, his 
original objections to the author’s contentions had 
reference to experimental details. He should like 
to know how the author determined the zinc, and 
how he had succeeded in obtaining alloys within 
0.03 per cent. of what theory demanded. The 
natural structure of Muntz metal was very persis- 
tent, but he thought the author’s results might 
account for some of the observations made by 
Mr. F. W. Webb with Muntz-metal locomotive 
fire-box stays. It seemed to him that at the 
temperature reached in these experiments there 
might be some diffusion of zinc into the copper 
of the fire-box, thus upsetting the equilibrium 
of the alloy used in the stay, and promoting the 
inversion discovered by the author. This would 
account for the instability of such stays as estab- 
lished by Mr. Webb. It was, perhaps, a little con- 
fusing to be told that an apparently homogeneous 
substance consisted really of a + y, and it was 





well to make it clear that the inversion was not 
evident in ordinary circumstances. He did not 
himself think that finality had yet been reached in 
constructing the equilibrium diagram. From it, it 
would appear that Muntz metal quenched from 
850 deg. Cent. should give a pure Sstructure, which 
was not the case, and it would be of interest to 
establish how long an annealing was necessary for 
this result to be established. 

Mr. E. I. Thorne said that he would like to have 
further experiments to show whether the a phase 
did not really contain a little y, which, if true, 
would account for many difficulties. A 70-30 alloy 
would frequently split Cage pe when made 
into cartridge-cases. e had always attributed 
this to the existence of an amorphous phase, 
which had a tendency to recur to the crystalline 
form. Some cases went within a year; others in 
four or five, though made of the best electrolytic 
copper and the best spelter procurable. He had 
also known a locomotive tube to split spontaneously 
three years after manufacture. He asked, there- 
fore, did the a phase contain some y? In the 
author’s experiments nine to ten weeks’ annealing 
was necessary to show the changes, and on that 
basis he would like to know whether a 70-30 brass 
might be expected to show it in a year. He should 
like to have had data as to the change in the 
mechanical . properties with the progress of the 
inversion, which would, he considered, be most 
important. He observed that in spontaneous frac- 
tures the split passed through the crystals. 

Professor Huntington, in closing the discussion, 
said that, so far, the author had had it all his own 
ma reminding him of Alice in Wonderland, where 
‘*the carpenter said nothing but the butter’s spread 
too thick.” He hoped accordingly that he might be 
excused if he supplied a little antidote. He felt 
strongly that such drastic changes as were advocated 
should have been supported by an examination of 
the mechanical properties of the materials. As for 
the so-called pearlitic structure in the author's micro- 
graph No. 3, be observed that the bands were not all 
in one direction as in a true eutectoid, and suspected, 
therefore, that they might really be slip-bands. 
These he had found might be produced even by the 
pressure of polishing, let alone such operations as 
cutting and filing. In micrograph No. 4 he should, 
in the absence of No. 3, have been inclined to grant 
the presence of a eutectoid, but, as matters stood, 
it appeared to him possible that the structure had 
been developed by the work done on the specimen. 
It should always be borne in mind that these micro- 
structures, taken per se, were very apt to prove 
misleading. In another micrograph the author had 
pointed out that a single crystal showed a different 
structure on one side from what it had on the 
other. The speaker believed this was really con- 
nected with the angle at which the specimen 
had been cut. The crystals set themselves at right 
angles to the external surfaces. When a cut was 
made lengthways to a crystal, one got one form of 
section, whilst if it through the crystals 
transversely, dots resulted. He had worked out the 
proportion of a and y visible in the author's final 
micrographs. These should theoretically show 
60 per cent. a and 40 per cent. y, whereas actually 
there was in one case only 25 to 30 per cent. of a, 
and in another 45 per cent. a and 55 per cent. y. 
This fact was rather against the author’s theory. 
On the other hand, the micrograph did show much 
more a and y than could have been held in solu- 
tion in the ordinary way. Some work on which 
the speaker was then engaged would, however, 
he thought, throw more light on this point. 

In reply, Professor Carpenter said he could only 
deal then with the minor points raised, and would 
reply to the others in writing. He had hoped 
himself to obtain data from measurements of the 
proportions of a and y present, but had found this 
impossible, since snack of the y, being brittle, fell 
out in the operation of polishing. He did not 
claim that all difficulties had yet been cleared up, 
but did think that he had established that the 
so-called 8 constituent was really composite, and 
that a survey of the whole of the facts supported 
the conclusions he had brought forward a year ago. 


Tue DistitLation or Zinc in Vacvo. 
Professor Thomas Turner then read his paper 
on ‘*The Behaviour of Certain Alloys when 
Heated in Vacuo.” This paper showed that by 
heating brass in vacuo a quantitative separation 
of the zinc and copper could be effected in a 
very short time. Other alloys were also investi- 
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gated. Thusit was found that if ‘‘ poisoned brass” 
which contained iron, lead, tin, arsenic, &c., was 
heated in vacuo in a porcelain tube to 1200 deg. 
Cent., all the zinc, lead, and arsenic were distilled 
off, leaving the copper, iron, and most of the tin. 
As the result of these and further experiments, the 
author suggested that the process might prove 
industrially valuable in viaian crude copper. 
‘* Hard” zinc containing 5 per cent. of iron could 
be refined in vacuo by heating to 500 deg. Cent., 
which was a scarcely visible red. The operation 
being conducted in vacuo, there was no loss of zinc. 
It was further found that on heating to 380 Des j 
Cent. a tube containing a block of zinc at one end, 
and one of copper at the other, zinc vapour 

over and combined with the copper, turning the 
surface yellow. The zinc vapour was found to be 
colourless and transparent, like that of mercury. 

The discussion was opened by Mr. C. O. Ban- 
nister, who said it was of great interest to note 
how little of the copper and iron was volatilised. 
He did not think that the process could be 
applied to the refining of copper on a large scale, 
ane the electrolytic method had greater advan- 
tages. He might add that the process of distilla- 
tion in vacuo had been suggested for the reduction 
of the Broken Hill ores, but it had been found 
difficult to get a vessel capable of withstanding at 
once the temperature required, and the external 
pressure to which it was subjected. In the case of 
‘* hard” zinc he was more hopeful as to the indus- 
trial prospects of the process, particularly as a high 
vacuum was not necessary. 

Sir Gerard Muntz said that on a first glance he 
had thought the ee rod of theoretical value only, 
but a perusal of it had led him to think that it might 

rove very valuable. He thought it would be of 
interest to examine into the structure of the copper 
left after the zinc was completely distilled off. As 
to the industrial prospects of the process, he was 
not at all sure that something might not be done 
with it, as the temperatures needed were so low ; 
but the details would require much consideration. 

Dr. Rosenhain suggested that the process might 
prove valuable in this lehenstecy as a substitute for 
analysis. Thus, in the case of the zinc-aluminium 
alloys the latter metal could not at present be 
accurately determined. The whole question as to 
the volatility of metals was now much in the -air, 
and had been the subject of investigation at the 
National Physical Laboratory. The volatility was 
not dependent on the existence of a vacuum, metals 
being nearly as volatile at ordinary pressures if 
not coated with oxide. With such a coating the 
interspace between this and the actual metal soon 
became saturated with the metallic vapour, and 
further evaporation ceased. If, however, inert 
gases were substituted for air, many showed a sen- 
sible degree of volatility. Zinc, for instance, would 
sublime at 350 deg. Cent. in an atmosphere of 
hydrogen. As to the question of structure, raised 
by Sir Gerard Muntz, he might say that he had 
examined ‘‘ Sherrardised” metal and found this to 
have its ordinary crystallisation. The copper 
residue left in distilling off the zinc from brass 
would show merely pseudo-morphs of the brass 
structure, but the density might be presumed to 

low. 

Mr. Vaughan Hughes said that the paper had a 
special interest for him because, in the early 
eighties, he had been engaged in work on incan- 
descent lamps, and found that in such vacua as 
were used with these even platinum would vaporise 
at comparatively low temperatures. This fact had 
made it necessary to reduce the area of the platinum 
exposed. Other metals, such as copper, nickel, and 
the like, were completely volatilised in the same 
conditions. Again, in annealing metals, it was 
necessary to expose them in an inert atmosphere, 
which would not allow the constituents to volatilise. 
In hydrogen and nitrogen zinc distilled off easily 
out of brass, but certain cosnbination gases he found 

revented this volatilisation. In an atmosphere of 
ydrogen the zinc came off freely at 700 deg. Cent. 

Mr. H. M. Ridge said that the author’s experi- 
ments were in some part analogous with attempts 
made in Belgium and Germany to reduce zinc ores 
in vacuo. In zine distillation the increase of pres- 
sure in the retorts caused a loss of zinc, and it was 
attempted to reduce this by fitting exhausting 
pumps. The experiments were carried on for many 
years, but without success. Professor Turner 
appeared to look on zinc as a substance to be re- 


moved and got rid of, but the speaker would like to 
ask whether the process might not be used in zinc 





In Norway electrical furnaces were used 
for this pu , but at least two distillations were 
necessary. Possibly by the adoption of Professor 
Turner’s system a single one might suffice. 

In reply, Professor Turner said that Mr. Ban- 
nister had suggested that as applied to crude 
copper the vacuum process could not compete with 
the electrolytic, but really crude copper could not 
be used in the latter process, and the author's 
proposal was to use the vacuum method for these 
very crude ores. The refining of zinc only required 
a temperature of 500 deg. Cent., and presented no 
difficulty. Where higher temperatures were needed 
there would be an unheated outer case to take the 
pressure. The time required to get a quantitative 
separation of zinc from brass was only three-quarters 
of an hour. As for the industrial value of the 
method, there would not be much gain in applying 
it to the reduction of zinc ores, since zinc oxide was 
only reduced at 1050 deg. Cent. Neither was the 
method advisable for the separation of zinc from 
lead, since that could be done merely by melting 
the mixture, but in other directions the speaker 
had very considerable confidence in the commercial 
future of the process. 


refining. 


StrenctH or ALLoys at HicgH TemMPERATURES. 


Mr. G. D. Bengough then read his paper, 
entitled ‘‘A Study of the Properties of Alloys at 
High Temperatures.” This we publish in full on 


—; 

e discussion was opened by Sir Gerard Muntz, 
who said that the author’s ‘‘Muntz metal B” 
was not fairly described as a Muntz metal, since 
the latter should never contain less than 60 per 
cent. of copper. Alloys such as ‘‘B,” when hot, 
rolled senaaialitg easily, and in his own works 
the easy rolling of a bar immediately gave rise 
to a suspicion that the metal was undesirable. 
With a copper content of about 58 per cent. the 
ductility at high a pear was extraordinary, 
whilst an alloy with 61 to 62 per cent. of copper 
would show cracked edges as the result of hot 
rolling. The suggestion that at high temperatures 
any amorphous metal between the crystals would 
recrystallise, seemed to account for the fact that 
extruded Muntz metal did not give the same results 
in practice as rolled metal. The rolling, though 
started at a high temperature, was continued down 
to a black heat, and this would tend to produce 
more of the amorphous structure. The rolled rod 
was, in fact, found to have a longer life than the 
extruded; though tested new, the latter might show 
the better results. This lesser reliability of the 
extruded metal had long been a puzzle. 

The next speaker was Dr. W. Rosenhain, who 
objected to the author’s testing-machine, as he did 
not consider that. reliance could be placed in the 
constancy of the friction of an hydraulic ram. 
He would have been glad if the author had been 
able to measure the yield-point, but this was diffi- 
cult even at lower temperatures. The curves of 
yield and ultimate strength rapidly approached 
each other as the temperature rose in some experi- 
ments of his own, and he would have been glad if 
the author could have stated if he had observed any 
similar characteristic. The effect of oxygen on 
the alloys had not been taken into account in the 
author’s experiments, though’ it might well affect 
the upper portions of his diagrams. He thought, 
also, that it would have been better to have 
applied the load to the specimens at a con- 
stant rate rather than have aimed at making 
the test last a constant time. He had come to 
much the same conclusion as the author as to the 
effects of the amorphous cement between the crystal 
boundaries on the strength of the alloy; but he 
believed that this amorphous phase still existed at 
high temperatures. A crystal could not exist below 
a certain limit of size, and if there were not sufticient 
material present to form a crystal, what there was 
would remain amorphous. Glass was pre-eminently 
anamorphous material. At high temperatures it was 
very ductile, and a curve compounded of its duc- 
tility and that of a typically crystalline body would 
give curves like the author’s. 

Professor Turner, who followed, said that he 
differed from the author on some details, but had 
nevertheless read the paper with great interest. 
Referring to the author’s curves, it would be seen 
that starting from the melting-point these were very 
steep, the tensile strength increasing very slowly, 
and during this period, if the metal were strained, it 
immediately recrystallised. In this condition the 
metal was said by Roberts-Austin to be in a semi- 





solid state. With a further fall of temperature the 
strength of cast metal increased, and the difference 
between the curve obtained with this and with 
rolled metal showed the effect of ‘‘ work” hardness. 
The strength of rolled metal could not exceed twice 
the strength obtainable with cast metal. On strain- 
ing, the intercrystalline material flowed so long as the 
stress involved was not greater than the adjoining 
crystal could withstand. If this limit were exceeded, 
the crystal broke through. Hence, as a general 
rule, metal could not be given by cold working more 
than twice the strength attainable in casting. To 
produce a 120-ton steel wire, therefore, it was 
necessary to start with high tensile steel. If the 
view he put forward was substantially true, Mr. 
Bengough’s diagram would, he thought, prove of 
great value in the future. Work of a similar 
character carried out on mild steel had given, he 
might add, very similar results. 

ofessor Carpenter, who followed, said that he 
did not wholly agree with Professor Turner. Under 
certain circumstances, cast metal could approach, 
and even surpass, wrought, in the matter of tenacity. 
With a copper-aluminium alloy containing 9.9 per 
cent. aluminium, they had, with a chilled casting, 
got a tensile strength of 36.92 tons per sq. in., 
with an elongation of 30.5 per cent. in 2in. With 
the same alloy cast as an ingot 3 in. in diameter 
by 20 in. long, and then rolled down to 1} in., the 
tensile strength was 35.03 tons, and the elongation 
31.5 per cent. Continuing the rolling process till 
the diameter was if in., the tensile strength was 
38.1 tons, and the elongation 28.8 per cent. Hence, 
whilst the curve given applied to the majority of 
cases, it must not be pushed too far. In fact, in 
casting the 3-in. ingot they had really been laying up 
trouble, since in such a case the interior was never 
as good as the rest of the bar, and this deficiency 
had to be got rid of by the rolling. By choosing 
the size of the casting, it was therefore possible to 
get as good results by this process as by rolling. 

He should like further evidence as to the presence 
of the intercrystalline amorphous material; but if it 
did exist, he agreed with Dr. Rosenhain that it did 
not disappear at high temperatures, since in the case 
of iron at high temperatures he had found that the 
crystal boundaries were even wider than at low. 
This particular specimen contained 0.1 per cent. of 
C., and was etched at the high temperature. It 
would be interesting if Mr. Bengough would etch 
some of his specimens similarly in the area above 
the recuperation point. As for the latter he would 
be glad to know if it really were a point or 
a region. Members would observe that in the 
case of the Muntz metal ‘‘B” there was, between 
450 and 500 deg. Cent., a relatively enormous 
variation in the ductility, which was just what would 
be expected if 8 were then converted into a + y. 
The existence of this transformation would, he 
thought, always make a difficulty in getting a 
smooth curve in this region. The other Muntz- 
metal curve showed the change in question at a 
much lower temperature. 

Mr. G. A. Boeddecker said that the alloy which 
interested him most was the author’s 80-20 cupro- 
nickel material, but he must protest that this was 
not at all typical. The analysis showed 0.41 per 
cent. of iron, and the proportions added up to 
100, showing that the impurities had been deter- 
mined by difference, which was wholly unsatisfac- 
tory. Cupro-nickel was a material very difticult to 
deal with ; if it contained oxygen it was useless. 
Carbon did not affect its properties when cold, but 
did so when hot. The oxygen was generally removed 
by the addition of magnesium or cupro-manga- 
nese, and had this been done the author would 
have secured smooth curves. The presence of 
carbon in amounts from 0.1 up to 0.5 per cent. 
did not affect the cold rolling properties of the 
metal, but at 650 deg. to 700 deg. Cent. it segre- 
gated as graphite, having previously been in 
chemical combination. This gave rise to brittle- 
ness, and he had had a case in which this material 
had withstood perfectly the operation of rolling 
and was then annealed, with the result that, owing 
to the segregation of the carbon, it would break 
like a biscuit. The elongation of such material 
increased up to 700 deg. Cent., and then, owing to 
the segregation of the carbon, there was a set back. 
Above this temperature it was, perhaps, absorbed 
again, though he doubted it, or it might have been 
present in too small a quantity to counteract the 
increase in the elongation due to the temperature 


rise. 
Mr. O. F. Hidson said that in the case of a 70-30 
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brass, annealing up to the point of recuperation 
was insuflicient to start recrystallisation, but at 
much higher temperatures it went on very rapidly. 
He thought that Professor Turner’s comparison 
should have been between thoroughly annealed and 
rolled metal], rather than between cast metal and 
rolled, the annealing process giving a more ideal 
condition of crystallisation. He had found a difli- 
culty in visualising the intercrystalline cement. It 
apparently existed as a mere film, too small to get 
moka of, and the amount present could only be in- 
creased by increasing the number of crystals. The 
author had remarked that bis alloys had a ‘‘ cry” 
when bent at high temperatures. With 70-30 brass 
it was very distinct at the temperature of recupera- 
tion, but could not be heard either much above or 
much below this. 

Mr. E. L. Rhead remarked that the property of 
crystallisation was an inherent one, and that the 
environment merely influenced the form taken. 
He, therefore, doubted the existence of the sup- 

amorphous intercrystalline material, and 
considered that such residues were really in a state 
of confused crystallisation. In crystalline bodies 
planes of weakness were met with which passed 
along the crystal faces. Were the supposed 
amorphous matter stronger than the bulk of the 
material, these planes should really be planes of 
strength. Moreover, if this amorphous phase 
existed, it only became crystalline at the tempera- 
ture of recuperation, and there should be no loss 
of strength till this point were attained. 

Professor A. K. Huntington, in closing the dis- 
cussion, said that he had made a somewhat similar 
series of experiments, but at a lower range of tem- 
peratures, which only slightly overlapped those of 
the author’s. He had obtained many curves which 
confirmed the author’s results so far as they went, 
and he hoped to give a paper on the subject at a 
later date. 


A Note on tHe NoMENCLATURE OF ALLOYS. 


The next paper taken was one by Mr. Walter 
Rosenhain, B.A., D.Sc., Member of Council, on 
‘The Nomenclature of Alloys,” and was ;read in 
abstract by the author. Its object, he stated, was 
a purely practical one, and the paper was put 
forward simply with a view to invite discussion. 
He did not propose any scheme ; the scheme was 
to be pa oh at, and he was of opinion that the 
Institute of Metals was the best body to carry out 
the necessary work, and might probably appoint a 
committee for dealing with the subject. He drew 
attention to the confusion which existed at the 
present time in the nomenclature of alloys ; the 
name of an alloy conveyed no indication of the 
true nature of the material, and was in some cases 
quite misleading. These remarks did not apply 
so much to the well-known alloys, such as 
Muntz metal, naval brass, and similar alloys. 
When, however, an alloy consisting essentially of 
copper and zinc, and containing not more than 
0.2 per cent. of manganese, was described as ‘‘man- 
ganese-bronze,” the need for some reform in the 
nomenclature became evident. ‘There were also no 
clear demarcations between such terms as ‘‘ brass ” 
and ‘* bronze.” Much confusion also existed as to 
the group of alloys of copper, zinc, and nickel, 
some of which were known as ‘German silver.” The 
alloys of aluminium with copper also presented 
difficulty. ‘The object aimed at, concluded the 
author, would not be to introduce exact technical 
names into general commercial use, so much as to 
provide the engineer, in drawing up his specificg- 
tions, and the analytical chemist in testing material 
under these specifications, with a clear set of names 
by which the general types of alloys could be dis- 
tinguished. At present there was no unanimity 
whatever, and if the Institute could deal with the 
matter, the interests of all concerned in alloys 
would be served. 

Mr. Seaton, who opened the discussion, fully 
agreed upon the desirability of arriving at an 
understanding upon the point raised. He had 
proposed, some time ago, a manganese- bronze for 
propellers to a buyer wiuo had the alloy analysed, 
and who stated that this was no manganese-bronze 
at all, since it contained only a trace of manganese. 
No fault whatever was to be found with the quality 
of the material ; the only point concerning it was 
that it was not Aecmefites om oPy There was, of 
course, great difficulty in dealing with a matter of 
this kind ; but there were also difficulties in other 
branches, and no doubt the author of the pre- 
ceding paper, Mr. Bengough, had experienced diffi- 





culties in carrying out his researches into the|to the discussion which had taken place at New- 


properties of alloys at high temperatures. For 
instance, it might be found difficult to group 
together the alloys, so as to know exactly, by the 
mere mention of the name, what a particular alloy 
really was. But this should cause no trouble to 
their Institute ; he seconded Mr. Rosenhain’s pro- 
posal, and hoped that a committee would be formed 
to take the matter up. 

Mr. Vaughan Hughes stated it was time the 
Institute did deal with this subject, and place 
the nomenclature of alloys upon a sound basis. He 
had frequently received a brass which contained 
practically all the metals, and was a most complex 
alloy, and not a brass, except in name. He also 
— that the question would thoroughly be dealt 
with. 

Sir Gerard Muntz called the attention of the 
meeting to the fact that this was a commercial ques- 
tion, and not a scientific one. He could also point 
to-experience similar to that stated by Mr. Seaton 
in. regard to manganese-bronze. Gun-metal also 
led to difficulties of a similar nature, and in many 
instances naval brass was called gun-metal simply 
because it contained a little tin. ‘There were many 
kinds of brass and many different alloys, and he, 
Sir Gerard, would only be too pleased to give all the 
assistance in his power for furthering the object in 
view. 

Mr. F. Johnson called attention to a paper on a 
kindred subject read before a previous meeting held 
at Birmingham. 

The Chairman, who closed the discussion, said 
the question was certainly one worth looking into, 
but it was also one very difficult to deal with—so 
difficult, in fact, that he was afraid the Institute 
would not be able to get through with it. He 
instanced mild steel ; this was thus called, but it 
was not mild steel, only iron. The Germans styled 
it ‘‘ingot iron,” but nobody in this country had 
adopted, or would ever adopt, this appellation, 
and the term ‘ mild steel” had remained and 
would continue to be used. Old-established names 
were difficult to alter. The Council would, not- 
withstanding, give all their attention to the subject. 
He invited Mr. Rosenhain to leave it in their 
hands, and expressed the thanks of the meeting 
for his paper. 


Tue INFLUENCE oF Tin AND LEAD ON THE 
Micrko-Structure oF Brass. 


The following paper dealt with the influence of 
tin and lead on the micro-structure of brass, and 
was read in abstract by its author, Mr. F. Johnson, 
M.Sc., Swansea. It was illustrated by lantern- 
slides. It contained a reply to a statement made 
in a paper read by Professor Louis, and discussed 
at the 1911 autumn meeting of the Institute, con- 
cerning the ‘‘reticulated” structure caused by the 
presence of lead and tin in a brazed joint. Experi- 
mental alloys were made by Professor Louis with 
the object of imitating the composition and struc- 
ture of the braze. Bince these alloys were not 
analysed, Mr. Johnson was of opinion that they 
could not be said exactly to correspond to the braze 
in composition. The structure of the braze was 
imitated, however, with a definite degree of suc- 
cess, the ‘‘reticulations” being faithfully repro- 
duced. Mr. Johnson reviewed the influence of tin 
and of lead, both separately and together, and 
by the aid of the lantern - slides he showed 
the changes which took place. He found that 
tin was only slightly soluble in the a phase of the 
degree of concentration existing in 70/30 alloys 
as cast. Rolling and annealing helped it to pass 
into solution. Tin was readily soluble in the 
8 phase (limit undetermined) as contained in alloys 
of naval brass and Muntz metal type, even in the 
cast condition. The ‘‘ reticulations” caused by the 
presence of tin in a brass in which the ratio of 
copper to zinc was 2:1 had no structural rela- 
tions with any lead which might be present, the 
latter existing in the ‘‘free” state. This was 
probably true of all a brasses. The ‘‘reticula- 
tions” were due to the deposition of SnCu, from 
the 8 constituent, which was insufficient in quantity 
to retain it in solid solution. The author laid 
stress upon the advisability of thoroughly anneal- 
ing castings of the 70/29/1 and the 62/37/1 (naval 
brass) compositions before subjecting them to any 
mechanical] treatment, in order that the brittle tin 
compound might pass into solution ; also of allow- 
ing material made of naval brass to cool slowly after 
annealing, for the same reason. 

The Chairman called the attention of the meeting 





castle on Professor Louis’s paper. e (the Chair- 
man) had taken an active part in the discussion in 
question, and he found that the points he had 
then raised were in agreement with those set 
forward by the author, who had gone very fully 
into the points raised. 

Mr. Vaughan Hughes, with regard to the recom- 
mendation made by the author to the effect that 
all brass should be submitted to a thorough heat 
treatment, stated that he knew works where this 
was done. Manufacturers engaged in the every- 
day production of brass were carrying out the 
thorough annealing referred to. 

Mr. Johnson, in replying, said that there might, 
perkaps, be some firms who had not observed the 
necessity for annealing, and this point was one 
among those to which the paper called their 
attention. 

On the motion of the Chairman, a cordial vote of 
thanks was given the author. 


THe INFLUENCE OF OXYGEN ON CoprEeR 
CONTAINING ARSENIC OR ANTIMONY. 

This _ was then read in abstract by the 
author, Mr. R. H. Greaves, B.Sc., Cardiff. It 
explained that the alloys were prepared synthetic- 
ally from pure electrolytic copper. Oxygen was 
introduced as cupric oxide, and arsenic or antimony 
was added in the form of a rich alloy with copper. 
The influence of oxygen on the mechanical charac- 
teristics, on the physical properties, and on the 
microstructure, was discussed in detail, and the 
paper also illustrated the methods of determination 
of oxygen in copper. 

Sir Gerard Muntz, who opened the discussion, 
was much interested by Mr. Greaves’ contribution. 
He (the speaker) had also been for a long time 
calling attention to the influence which oxygen had 
on copper, and be found that Mr. Greaves’ results 
to a large extent confirmed his own. He was very 
pleased that the subject had been dealt with in the 
paper in a practical form, and that stress was laid 
upon the great importance there was in noting the 
proportion of oxygen in copper. If this were not 
done it was not of much use to note the proportion 
of arsenic. 

Mr. Archbutt, who followed, with reference to 
one of the author’s statements concerning the 
estimation of total oxygen, referred him to a former 
paper of his on the subject. Regarding the state- 
ment made by Sir Gerard Muntz, he asked whether 
buyers, railway companies for example, should 
specify the proportion of oxygen to * found in 
copper [Sir Gerard Muntz dissented]. All the 
members, continued Mr. Archbutt, were alive to 
the fact that oxygen was present in the copper, 
and the proportion of arsenic being specified, the 
percentage of oxygen was left to the manufacturer, 
to whom something had to be left. 

Mr. Johnson said that he had been greatly 
interested in the paper. It was more difficult to 
control the proportions of impurities—arsenic and 
antimony—in copper than to control the proportion 
of oxygen. Antimony was more detrimental than 
arsenic. The author had prepared his ingots the 
reverse of the way which would obtain in com- 
mercial practice ; the manufacturer would start 
with copper saturated with oxygen, and would then 
remove as much oxygen as he possibly could. The 
author, it should be remarked, left his metal in the 
furnace and it absorbed more oxygen that it would 
have done in the usual every-day manufacture. The 
figures given in the paper applied to cast copper, 
and corresponding figures for the wrought metal 
would have been found very valuable. He (the 
speaker) had many other points to add to his 
remarks, but would do so in writing. 

Mr. Greaves acknowledged that he had proceeded 
in the reverse way to that which obtained in indus. 
trial practice ; the alloys were made and tested as 
he had described. He had noted the various 
points raised and would reply by correspondence. 

After thanking the author for his contribution, 
the Chairman announced that the last paper on 
the list, 

A Meratitocrarpnic Hycroscorr, 
by Messrs. Carl Benedicks and Ragnar Arpi, Stock- 
holm, would be taken as read. 

After the usual vote of thanks to the Institution 
of Mechanical Engineers for allowing the meeting 
to take place in their hall, and to the Chairman 
for having kindly taken the chair in the absence, 
through illness, of the President, Professor Gow- 
land, the proceedings came to a close. 
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THE LATE MR. SAMUEL WAITE | 
JOHNSON. 


THE announcement of the death of Mr. Samuel 
Waite Johnson, which occurred on Sunday, the 
15th inst., at Nottingham, will be received with 
much regret by a wide circle of friends and acquaint- 
ances. Mr. Johnson had reached the ripe age of 
eighty, but he retired from active professional work 
eight or nine years ago, when he resigned his posi- 
tion as chief mechanical engineer on the Midland 
Railway—a post he had occupied for a period of 
more than thirty years, having been connected 
with that company for nearly thirty-five years. 

Mr. Johnson was born 
at Bramley, near Leeds, 
on October 14, 1831, his 
father being Mr. James 
Johnson, of Leeds, an 
engineer, who was in the 
service of the Great Nor- 
thern Railway Company. 
The subject of our me- 
moir was educated at the 
Leeds Grammar School, 
with the intention of his 
being trained as an engi- 
neer. He was, while quite 
oung, apprenticed to 
erm E. B. Wilson and 
Co., the Railway Foun- 
dry, Leeds, who were at 
that time one of the lead- 
ing firms manufacturing 
railway rolling - stock, 
more especially engines. 
While there he was a pupil 
of the late Mr. James 
Fenton, who was a part- 
ner in the tirm, and he 
assisted in the design of 
the celebrated ‘‘ Jenny 
Lind” type of engine, 
of which so many were 
built by Messrs. Wilson 
and Co., and he was also 
engaged on the equally 
well-known ‘‘ Bloomer ” 
type introduced on the 
Southern division of the 
London and _  North- 
Western Railway by Mr. 
M ‘Connell. 

After leaving this pri- 
vate firm Mr. Johnson ob- 
tained the appointment 
of assistant district loco- 
motive superintendent on 
the Great Northern Rail- 
way, and in 1859 was 
appointed acting locomo- 
tive superintendent of 
the Manchester, Sheffield, 
and Lincolnshire Railway 
at Gorton. There he 
remained for five years, 
until he was promoted 
to the position of loco- 
motive superintendent of 
the Edinburgh and Glas- 
gow Railway Company, 
which was subsequently 
amalgamated with the 
North British Railway 
Company in 1865, when 
he was made locomotive 
superintendent of the 
western district, includ- 
ing the Monkland Rail- 
way, until 1866. The 
next scene of Mr. Johnson’s labours was at Strat- 
ford, where he became locon otive engineer of the 
Great Kastern Railway, a post he occupied until 
1873. 

It was at this time that Mr. Matthew Kirtley, 
head of the Midland Railway Company’s locomo- 
tive works at Derby, died, and Mr. Johnson was 
appointed to succeed him. This office, as before 
stated, he filled for over thirty years, retiring on 
December 31, 1903. While with the Midland Rail- 
way he became also locomotive superintendent of the | 
Somerset and Dorset Joint Railway, a line which 
ran from Bath to Bournemouth, and which was | 
owned by the Midland Railway Company and the 
London and South-Western Ra 


He also became locomotive superintendent of the | 
Midland and Great Northern Joint Railway Com- | 
pany, a line connecting the Midland Railway to 
Cromer and Yarmouth. While with the Midland 
Railway Company, Mr. Johnson initiated many 
important changes in the design and construction 
of locomotives. His four-wheel coupled express 
bogie engine ‘‘ Beatrice” took the Gold Medal 
at the Saltaire Exhibition in 1877, and his single- 
driving-wheel express passenger engine, No. 1853, 
with bogie in front, won the Grand Prix at the 
Paris Exhibition of 1899. These engines were 
much admired and did some very fast running 
with heavy loads, and they are still doing excellent 





Tue Late Mr. Samvuet Warts Jonnson. 


work on the Midland Railway. A larger class of 
engine was designed by him after 1900, in which 
the size of the boiler was increased, and the working 
pressure raised to 195 lb. per sq. in. These locomo- 
tives were of the compound type, and had three 
cylinders in place of two. They have proved very 
powerful and eflicient engines, being about 15 per | 
cent. more powerful than the first type we have 
alluded to, and are capable, it is understood, of taking | 
light loads economically as well as heavy ones. 

Mr. Johnson also designed and constructed some 
very powerful goods locomotives during the latter 
years of his office. He adopted piston-valves on his 
engines, being a firm believer in them when properly | 


work them was only one-sixth that consumed by the 
ordinary slide-valve, the loss by wear also being about 
one-sixth that found with the slide-valve. He was 
not at first much of a believer in the compounding of 
locomotives, but later he constructed a number of 
three-cylinder compound engines fitted with Smith’s 
patent arrangement of cylinders and valves, all of 
which worked with great success and economy. 


|These engines were described in ENGINEERING, 


February 6, 1903. 

Mr. Johnson became a member of the Institution 
of Mechanical Engineers in 1861 and was elected a 
member of Council in 1884. In 1895 he became 
vice-president, and occupied the presidential chair 
in 1898 The address he 
delivered on this occasion 
was an exce]lent one, con- 
taining as it did much 
valuable matter relating 
to locomotives, a subject 
that was, of course, pecu- 
liarly Mr. Johnson’s own. 
His remarks in this ad- 
dress were devoted chiefly 
to railway traction, loco- 
motive and kindred mat- 
ters, among these latter 
being train-mileage, the 
financial progress of rail- 
ways due to improved 
traffic receipts, perma- 
nent-way, &c. The cost 
of locomotive power for 
working mineral, goods, 
and passenger trains also 
occupied his attention, as 
well as locomotive expen- 
diture, and the influence 
of labour-saving machi- 
nery on the cost of pro- 
duction. Locomotive con- 
struction was gone into 
very extensively, while a 
considerable space was 
devoted to the design of 
carriages, wagons, c., 
numerous diagrams being 
made use of to bring out 
important points. 

Mr. Johnson was elected 
a member of the Insti- 
tution of Civil Engineers 
in 1867, but neither 
before this Institution 
nor before the Institution 
of Mechanical Engineers 
did he ever read a paper. 
He, however, once con- 
tributed a note to the 

roceedings of the former 
nstitution on ‘* Piston 
Valves in Locomotives.” 

The late Mr. Johnson 
was President of the 
Institution of Mechanica! 
Engineers when they held 
their annual meeting at 
Derby in 1898, an occa- 
sion which will long be 
remembered by all who 
took part in it, on account 
of the generous welcome 
accorded to their visitors 
by the Midland Railway 
Company. Mr. Johnson 
resided for many years In 
Nottingham, but took 
little part in public life. 
He was, however, a jus- 
tice of the peace for the 
city, an honour which dated from 1895, and he 
took an active part in the affairs of St. Peter's 
Church, Nottingham. 





Tue Russian Navy.—The naval expenditure of Russia 
for 1912 is officially proposed at 17,480,000/. In this 
total new construction figures for 7,640,000/., of which 
3,080,000/. is to be expended on the Baltic fleet, and 
2,544,000l. for the Black Sea fleet. The Black Sea outlay 


| represents payments towards three ironclads, nine tor- 


do-boat destroyers, and six submarines. Torpedo- 
ts which are to be built for Black Sea service are to 
have a displacement of 1400 tons each, and they are each 
to carry three guns and five torpedo-tubes. They are to 
be fitted with Parsons turbines, and are intended to have 


ilway Company. | constructed, maintaining that the power required to | a speed of 34 knots. 
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A STUDY OF THE PROPERTIES OF ALLOYS 
AT HIGH TEMPERATURES.* 


By G. D. Bencouen, M.A. 
INTRODUCTION AND History. 


Tue determination of the ch in physical properties 
which take place in metals and alloys as the temperature 
is raised has attracted the attention of comparatively few 
workers. This is true even in the case of iron and steel, 
and is more remarkable still in the case of non-ferrous 
metals and alloys. Yet the subject is one of considerable 
interest, both from the practical and the scientific point 
of view. In practice non-ferrous metals or alloys are 
sometimes called upon to withstand the combined effects 
of heat and stress, as in the case of the sheets and stays 
of locomotive fire-boxes ; also in the case of certain valves 
end other engine parts, though here the temperature 
conditions are less severe. Further, a study of mecha- 
nical properties at high temperatures should throw some 
light on the behaviour of metals and alloys when forged 
or rolled, and might be expected to offer some interesting 
suggestions as to the best limits for rolling temperatures. 

rom the scientific point of view, the correlation of 
mechanical properties with phase relationships should 
prove a study of considerable interest. 

In the case of copper alloys one of the earliest researches 
carried out on any considerable scale was that conducted 
by the Admiralty at the Portsmouth Dockyard in 1877. 
The test-bars were heated in an oil-bath, and then trans- 
formed rapidly to a tensile-testing machine and broken. 
It was claimed that the whole operation only lasted a 
minute, and that in consequence the temperature errors 
were not serious. 

The results obtained were remarkable, and showed a 
sudden and big fall in tenacity at temperatures between 
350 deg. and 400 deg. Fahr. in the case of bronzes con- 
taining from 5 to 9.75 per cent. of tin and from 10 to 2 
per cent. of zinc. A ecopper-zinc alloy, containing 62 per 
cent. of copper, was also tested, but showed no such 
sudden drop in strength. 

In 1890 Martens} published an elaborate investigation 
on the mechanical properties of iron and steel at high 
temperatures, and included copper in his tests. For 
temperatures up to 200 deg. Cent. his bars were heated in 
a bath of paraffin; between 200 deg. and 600 deg. Cent. 
in a bath of lead or lead-tin alloy; in both cases jets of 
gas were used for heating the bath. Temperatures up to 
400 deg. Cent. were measured bya mercury thermometer ; 
temperatures above 400 deg. by an air-thermometer, 
which caused much trouble, 

In 1899 Unwint reinvestigated the whole matter. His 
apparatus consisted of a special horizontal testing-machine 
of the manometer type, the pressure on the diaphragm 
being balanced by a mercury column. The bars were 
turned down to a diameter of 3 in. to +; in., and elonga- 
tion was measured over a 2-in. length. The bars were 
placed in an oil bath heated from below by a gas-burner, 
and placed between the jaws of the testing-machine ; the 
temperature of the oil-bath was taken by means of a mer- 
cury thermometer. Fig. 1 shows Unwin’s arrangement ; 
he states that above 600 deg. Fahr. (= 316 deg. Cent.) 
the thermometer behaved irregularly. The highest tem- 
perature used in the research was 340 deg. Cent. Some 
of his results are shown in Table I. 


TaBLE I.—Copper ( Rolled.) 











Tenacity. Tons per | Elongation on 2 In. 
Atmospheric Square Inch. per Cent. 
Temperature.| oo | = 
Le Chatelier. | Unwin. | Le Chatelier. Unwin. 
deg. C. 
15.0 17.8 42.0 10.0 
100 oe 17.4 | - 9.0 
110 12.9 os 41.0 | ee 
149 oe 16.4 = 8.0 
200 11.4 os 36.0 = 
210 a 15.9 i 9.0 
260 = 15.1 7.0 
316 ee 14.3 eo 4.0 
316 se 14.2 os | 5.0 
330 9.6 <—e 34.0 | 
340 we 13.7 | ais } 4.5 
430 8.1 ee | 17.8 ee 
530 4.6 | 16.4 





_In 1900§ Le Chatelier published a number of tests at 
high temperatures. His results for pure copper are given 
in Table I., and are plotted in Figs. 7 and 8 (page 95), 
together with the author’s. The similarity between 
the two sets of maximum stress results is remarkable. 

In 1907 Rosenhain, and in 1910|| Rosenhain and Lants- 
berry, published the results of some high-temperature 
tests on es alloys, with and without 
manganese. The apparatus used on both occasions con- 
sisted of a small electric resistance furnace placed between 
the jaws of an ordinary testing-machine. Temperatures 
were measured by a thermo-couple. The degree of 
uniformity in heating was ascertained with much ease, a 
matter that had been rather neglected by some of the 
earlier workers. A special series of observations showed 
that no differences of temperature exceeding 5 deg. Cent. 





* Paper read before the Institute of Metals on Wed- 
nesday, January 17, 1912. 

+ Mitteilungen aus den Techniche Versuchsanst zu 
Berlin, 1890, page 159 ; also Proceedings of the Institu- 
tion of Civil Engineers, vol. civ., page 209. 

+ Report of British Association, 1899. 

§ Congrés des Méthodes d’ Essais, Paris, 1900. 

Proceedings of the Institution of Mechanical Engi- 
neers, January, 19]0, 


could be detected in a 2h-in. length of the specimens, 
even at temperatures as high as 500 deg. Cent. 

In 1911 Hughes published in this journal the results 
of some experiments on copper at high temperatures, 
and figured his apparatus. It resembles Unwin’s, except 
for the facts that the test-bar is held vertically instead of 
horizontally, and that an air-space is introduced between 
the oil-bath and the test-piece. The highest tempera- 
ture employed was 350 deg. Cent. 

Scheme of the Present Research.—The original scheme 
for the present research was a somewhat extended one. 
It was divided into two parts. In the first place, it was 
— to —_ 2 oe a of a under 
Strictly comparabie conditions, of the perties of copper- 
rich alloys of the following binary aes all of which 
have been employed at one time or another to withstand 
the combined effect of stress and temperature—copper- 
arsenic, copper-nickel, copper-manganese, and copper- 
vanadium. 

In the next place, it was proposed to take one or two 
— metals, and also selected materials from some well- 

nown series of alloys, the constitution of which had been 
satisfactorily established, and to construct typical curves 
for all types of single-phase and ive geetee systems. As 
regards the alloys, it was thought that the series most 
likely to give interesting results would be one in which 
the industrially useful alloys extended over a sufficient 
range of composition to include both single-phase and 
two-phase systems, and for this reason, amongst others, 
the copper-zine series was chosen. 

Work was begun on both parts of the scheme, but it 
soon became clear that it would be necessary to modify it 
considerably, since it was found necessary to investigate a 
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number of subsidiary matters about which no information 
could be obtained from the literature on the subject. One 
of the most important of these matters was the influence 
of the time under stress upon the strength and ductility. 
At ordinary temperatures this factor has little effect in 
the case of static stress, but as the temperature of the 
test-bar is raised it soon becomes of considerable import- 
ance. 

The section of the research now published is confined 
entirely to the second part of the scheme outlined above, 
and the only properties discussed are the maximum stress, 
elongation, and contraction of area under static tension. 


DESCRIPTION OF EXPERIMENTAL METHODS. 

Rather full descriptions will be given under this head, 
for the reason that, so far as the author has been able to 
ascertain, the present paper contains the first account of 
an attempt to follow the variation of mechanical proper- 
ties from the ordinary temperature up to the melting- 
points of the respective metals. Practically all previous 
workers, Rosenhain and Lantsberry excepted, have 
stopped their experiments at temperatures not higher 
than 350 deg. Cent. ; Rosenhain stopped his at 450 deg. 
Cent., except in one experiment, when a temperature of 
500 deg. Cent. was used. ; 

The apparatus used in this research may be conveniently 
considered under two headings :— 








1. The methods of heating and measuring the tempera- | 2 


ture of the specimens under test. , 

2. The methods of applying and measuring the stress 
and strain on the specimen. 

1. Method of Obtaining and Measuring gg eng 
The earlier workers, including Martens, Unwin, and 
Hughes, heated their specimens in baths of oil or molten 
metal, and measured the temperature of the bath by 
means of mercury or air-thermometers. In this type of 
apparatus it is Obvious that the temperature must in- 
crease from the bottom of the apparatus upwards, and 
this will give rise to considerable variation in temperature 
throughout the bath. This is especially thecase when the 
bar is placed vertically, as in Hughes’s apparatus. There 
is a further possible source of error in both cases, due to 
the fact that the thermometer measures the temperature 
of a point in the bath, and not of the metal itself. Owing 
to the lack of stirring apparatus, and to the difference in 
thermal properties (conductivity, radiative power, &c.) 
between the bath and the heating liquid, it is by no 
means certain that they take exactly the same tempera- 
ture when the whole has come to thermal equilibrium. 
There will probably be a constant, though small, differ- 
ence in temperature between the bar and theliquid. Both 
the errors mentioned become rapidly more significant as 
the temperature rises, and seriously vitiate all results at 
temperatures above 350 deg. Cent. At 400 deg. Cent., 
in an apparatus similar to that figured by Hughes, the 
author found a difference in temperature of 45 deg. Cent. 
between the top and the bottom of a 24-in. gauge — 
Unwin and Hughe&, however, carried out most of their 
experiments at comparatively low temperatures—below 
350 deg. Cent.—and the horizontal position of Unwin’s 





bars lessened materially the chances of error in his case. 





From what has been said it is obvious that the only 
sound method of experiment is to use an electric resist- 
ance furnace of which the thermal gradient has been 
made as uniform as possible, and to measure the tempera- 
ture by thermo-couples kept in actual contact with the 
test-bar itself, It must be bornein mind that the work of 
Martens and Unwin was carried out before the thermo- 
couple had come into general laboratory use for experi- 
mental work. 

Rosenhain and Lantsberry give the following details 
of their apparatus and working accuracy. The heating 
apparatus was a nickel wire resistance furnace used in a 
vertical ition between the jaws of a testing-machine. 
At first they found differences of from 10 deg. to 30 deg. 
Cent. between the top and bottom of their specimens. 
Later they were able, by carefully adjusting the packing 
of the lower portion of the furnace, to counteract this 
pony me | of the upper part to attain a higher temperature, 
and finally they state that even at a temperature of 500 deg. 
Cent. no differences exceeding 5 deg. Cent. could be de- 
tected in the length of the specimen (24 in.). 

The present author has used a vertical resistance fur- 
nace wound with platinum strip, and has been able to 
approach, but not quite to equal, this degree of uni- 
formity. In some preliminary experiments two thermo- 
couples were used, and the junctions were tightly wired 
on to a bar hung vertically in the furnace at a distance of 
2 in. from one another, each junction being at a distance 
of 1 in. from the centre of the bar. The following results 





were obtained :— 
Top Couple. Bottom Couple. | Difference. 
deg. C. deg. C. deg. C. 
240 216 24 
342 323 19 
424 404 20 
510 490 20 


To improve these results loose asbestos packing was 
introduced into an air space between the outside lagging 
of furnace and the platinum winding, also into the centre 
tube of the furnace around the test-bar itself. After 
some trials the following improved results were obtained : 





Top Couple. Bottom Couple, Difference. 
deg. 0. deg. C. deg. C. 
292 286 6 
348 340 8 
480 485 5 
621 514 7 
610 616 6 


It will be noticed that in all cases the temperature of 
the top couple was slightly higher than that of the lower; 
this difference was so slight, however, that though frac- 
ture of the test-pieces took place more frequently in the 
top half of the gauge length than in the bottom half, 
there were but few occasions in which it occurred either 
on or above the top gauge mark. When this occurred the 
results have not been recorded in the tables and curves. 

The experiments just mentioned were carried out with 
the Carpenter -Stansfield potentiometer and platinum- 
iridium couples. All temperature measurements in the 
actual tensile experiments were carried out with the same 
couples and a thread recorder, which was particularly 
useful in showing graphically when thermal equilibrium 
had been obtained in the bar. The degree of accuracy of 
the temperature measurements with this instrument was 
not greater than + 4 deg. Cent. It should be mentioned 
that itis absolutely essential that the thermo-junction be 
in actual contact with the test-bar. The temperature of 
the heating element in the type of furnace used is always 
higher than that of the bar, and the temperature of the 
intervening space is also somewhat greater than that of 
the bar, even at points quite close to the latter, This 
arises from the fact that the thermal properties of the 
bar under test were different from that of the surrounding 


ir space. 

2. Methods of Applying and Measuring Stress.—It was 
highly desirable to instal permanently the heating and 
temperature-measuring apparatus, owing to the large 
number of tests which it was proposed to carry out. This 
apparatus was somewhat bulky, and could not be conve- 
niently fitted to the Liverpool University tensile-testing 
machine ; it was therefore decided to design a special 
piece of apparatus for carrying out the tests. On the 
ground of expense it was advisable to keep it as simple 
as possible, and to do away with the use of levers for 
magnifying the load applied to the specimen. Fig. 2 is 
a photograph of the apparatus used in the part of 
the research now published, and which it assumed 
after a number of preliminary trials. Figs. 3 and 4 
give drawings of details. All three are lettered to corre- 
spond with one another. In Fig. 3 it will be noticed 
that the test-bars are all screwed at the ends and fitted 
into extension pieces, which in turn are screwed into 
hemispherical nuts. These nuts are carried on spherical 
seatings, which rest on asbestos pads. The pads are 
aad on carriers attached respectively to the top 
framing of the machine and to a steel stirrup carrying 
the weights. The asbestos s are used to lessen the 
amount of heat lost by conduction to the various parts of 
the machine. 

The top carrier, with its seating, can be moved hori- 
zontally in two directions, and can“thus be accurately 
adjusted so that the top seating is vertically above the 
lower. This adjustment is of t importance owing to 
the well-known fact that the efficiency of spherical seat- 
ings is very small with small loads. 

The load is applied to the specimen by placing weights 
on the stirrup. In Fig. 2 nine weights of 56 lb. each 





94 


ENGINEERING. 





[JAN. 19, 1912. 








are shown on the near side of the stirrup; additional 
weights can be built up on these to the required amount. 
A similar load can be applied to the other side of the 
stirrup. The stirrup, weights, and seating hang from the 
spherical nut attached through the extension piece to the 
lower end of the specimen. teral play of the stirrup is 
limited by rollers which were placed at each side of it, 
and worked between the two L-shaped girders which 
form the upright framing of the machine. There is about 
a quarter of an inch play between the rollers and the 
framing at each side. 

The maximum load which the machine is Cute? to 
carry is 2 tons, and some arrangements had to be devised 
to take up this load when the specimen broke. It was 
also most important to arrange that when a weight was 
added, the aiditional stress could be applied to the test- 
bar gradually, and without impact. th these condi- 
tions were met by the use of an hydraulic ram and cylinder. 
This device cushions the load after the fracture of the 
specimen, by allowing the stirrup to fall only as fast as 
the ram to which it is attached can drive water out of the 
cylinder through a pipe of very small section. The 
hydraulic ram is seen in Fig. 2, also the top of the 
cylinder, showing white amongst the weights. The top 
of the ram is riveted to the cross-bar of the stirrup ; after 
the fracture of a specimen the ram sinks owing to the 
load on the stirrup, and drives liquid from the bottom of 
the cylinder through pipe A and tap B into the copper 
reservoir C. But this can only occur when tap B is open; 
when it is closed no liquid can leave the cylinder. Hence 
any small additional load applied to the stirrup is not 
transmitted to the test-bar, since this load is merely em- 
sloyed in compressing the practically incompressible 
fqaid in the cylinder. It follows that by slowly opening 
the tap B the load can be applied to the test-piece as 
gradually as desired, and without any appreciable impact. 
After again closing tap B the load remains on the speci- 
men, but no otdiiceal tend placed on the stirrup will be 
transmitted to the specimen ; in other words, the valves 
do not allow of back suction. 

The arrangement of the valves and of a pump to allow 
of the stirrup being raised to the required ition for 
attachment to the spherical nut is shown in Fig. 4. The 
pump D raises liquid from reservoir C, and forces it into 
the hydraulic cylinder, provided the tap B be closed. 
Fig. 2 shows the position of the cold junctions of the 
two thermo-couples X and Y. Behind the machine can 
be seen the thread recorder Z. 

The effective load of the stirrup—that is, its real weight 
minus the frictional effects of the various parts of the 
machine—is ascertained by means of a canetellg calibrated 
spring-balance. Frequent check tests have shown that 
the effective load remains constant for long periods of 
time. The spring-balance gave scale readings from 4 lb. 
up to half a ton, and this range was useful in calibrating 
the machine for small loads. It was found, however, that 
the actual load on the specimen was sufficiently accu- 
rately expressed by the effective load plus the value of the 
weights used. In all cases the weights were arranged 
quite symmetrically with regard to the hydraulic cy- 
linder ; this was thought to be desirable in order to avoid 
any slight tilting effect which might occur in spite of the 
long bearing of the ram in the cylinder. 

Attached to the lower part of the right-hand pillar of 
the machine (Fig. 1) is seen an electric bell. This is put 
into action by the fall of the stirrup, and is useful in the 
experiments of the effect on maximum stress of the time 
under load. 

The furnace, marked F, is seen in the centre of the 
machine ; it is so arranged that it can be swung out on a 
hinge near the pillar. This adjustment was found to be 
very useful in introducing and removing the test-bars. 

The loads actually allie the experiments varied from 
nearly 2 tons down to 7 lb. This last was much smaller 
than the effective weight of the stirrup alone, which was, 
in fact, nearly 1 ewt. For loads smaller than this sepa- 
rate arrangements had to be made. The stirrup was let 
down to its lowest position, an oak board was then 
screwed on to the top of the carrier, and on to this was 
placed a fiat, light scale-pan of special construction, 
which weighed | 3 lb.; by working the pump the scale- 
pan could be raised and attached directly to the extension 
piece ina simple manner. Weights could then be placed 
on the pan in amounts sufficient to cover the whole ran 
of loads from 3 lb. to lewt. At the beginning of the 
test the stirrup was lowered slightly, and the scale-pan 
was left hanging freely from the extension piece. When 
fracture took place the scale-pan fell on to the oak 
boards. The height of this drop could readily be kept 
very small, by adjusting the height of the ram in the 
cylinder by hand-pump and tap, so that it followed closely 
the extension of the test-piece. For very small loads a 


water-load, which could be increased at a slow but con-| based 


stant rate by means of a tap, was used. The water was 
run into two vessels simultaneously, the vessels being 
placed symmetrically upon the pan. 

This machine is described a: 1t was used in the present 
research ; it is undergoing certain improvements and 
modifications, partly to allow of a reducing or neutral 
atmosphere being maintained in the furnace, and partly 
to allow of tests other than those now described being 
carried out with it. 

The machine has been made for the author by Mr. 
W. W. Strafford, of Crosby, Liverpool, and has given 
complete satisfaction in use. 

Preliminary Experiments.—All the bars used in the 
research could be broken in the machine at the ordinary 
temperature, with the exception of the 4-in. cast bars. 
Some comparative tests were made for bars broken cold 
in the machine described, and in the ordinary tensile 
testing machine. The two sets of results agree about 


as closely as the pairs of tests with the ordinary machine, 
and the results, as a whole, are as satisfactory as can 





of getting 


be expected when the well-known difficult 
s and alloys 


closely agreeing results with non-ferrous me 
is borne in mind. 

Except where the contrary is stated, all the tests were 
carried out on 4-in. round bars turned down parallel to 
din. diameter over a length of 24 in., in the case of all the 
rolled bars. The cast bars were 1 in. in diameter turned 
down to 4 in. for 24 in. 

One of the difficulties of the research was to find a 
suitable method of marking the bars for the purpose of 
measuring elongation. The ordinary method of punch 
marks was quite unsuitable for small bars at high tempera- 
tures, and localised the fracture at once. In any case it 
would have been useless owing to oxidation. A large 
number of alternative methods were tried, and from them 
the following were selected as giving the best results under 
the conditions stated. 

1. Marks of Graphite.—These were suitable for brass 
alloys up toa temperature of about 600 deg. Cent. They 
were sufficient for all the aluminium bars. In the case of 
copper and copper-nickel bars they. were only suitable 
for comparatively low temperatures. It may be men- 





Fie. 2. 


Kry To Fias. 2, 3, AND 4, 
A = Pipe from hydraulic cylinder to tap B. 
B = Tap to pipe from cylinder (Fig. 4). 
C = Reservoir (Fig. 4). 


D = Pump. 
E = Pump-lever. 
F = Furnace. 


X = Thermo-couple cold junction. 
Y = Thermo-couple cold junction. 
Z = Thread recorder. 


tioned that some kinds of copying pencil give remarkably 
good results for moderate temperatures. In some cases a 
complete ring of deposit was made round the bar and for 
some distance outside the gauge length towards the 
shoulder, with the object of limiting oxidation. The 
junction between the oxidised and protected parts could 
then be clearly seen. 

2. Heavily Gold-plated Marks.—The bars were plated 
from shoulder to shoulder with a thick deposit of gold. 
The middle 2 in. of the parallel portion was then 
** buffed” free of gold. The gold prevented the oxidation 
of the bar beneath it, and a sharp line of demarcation 
was obtained between the plated and the oxid‘sed sur- 
faces. This method was useful for brass up to a temper- 
ature of nearly 800 deg. Cent. It was not so satisfactory 
for the copper-nickel bars, which scaled ‘so heavily that 
the plating flaked off in an irregular manner at the edges. 
These bars were the most difficult to mark, as the scaling 
was even worse than with pure copper except at the 
highest temperatures. 

3. Method of Fire-Clay Wedges.—This method was 
on a chance obser:ation that fine-tinned copper 
wire used for tying the thermo-couples on to the test- 

jece held very tightly to the fine-grained fire-clay tube 

y which the wires of the couple were insula from 
each other. This ap to due to the formation 
of a trace of silicate of tin, but the cause was not investi- 
gated in detail. The method of marking based on this 
observation consisted in making two little fire-clay wedges 
and tying them on to the specimen with the tinned wire ; 
the wedges pointed tow: the centre of the bar, as this 
was the most likely direction of slip in the case of a 
drawn-out bar. The friction due to the oxidation of the 
test-bar kept the little wedges in position, and the dis- 
tance between the wire ties was measured before and after 
the experiment. This method failed in the case of metals 
which drew out very greatly, as, for instance, in the case 
of certain complex brass bars, which gave elongations up 
to 165 cent. 

4. Method of Shoulder Mcaswrement.—In cases in which 
all the above methods failed resort was had to the method 
of shoulder measurement. This method is admittedly 








only approximate. It consisted in making a test-bar of 
4 a form that exactly 2 in. of it were parallel ; beyond 


suc 
this the diameter was gradually increased up to the 
shoulder, which was 4 in. beyond the paralle rtion 


on each side. The total elongation between the two 
shoulders (which were 3 in. apart) was then measured, and 
the total elongation calculated on to the 2-in. length, the 
assumption being made that no elongation took place 
over the gradually enlarged part of the bar. This is prob 
ably true in most cases, and the author believes that the 
errors of this method consist in the fact that the near 
neighbourhood of the enlarged shoulder diminishes the 
total elongation of the 2-in. length. Errors due to this 
cause may amount to 6 per cent. of the values given ; 
thus, where an elongation is given as 66 per cent. the 
true value may be as low as 64 per cent. or as high as 
68 per cent. Thus the values obtained in this way are 
only approximate. __ f : 

A very slight acquaintance with the tensile properties 
at high temperatures was sufficient toindicate the import- 
ance of the time under load. Two typical curves are 
given to illustrate the phenomenon. Fig. 5 is fora wire 


Fig.2. 























Asbestos 




































































i, eT 
dYb 
Fig.4.| Ale 
q|ip 






























= 











= 


4 in. in diameter, and Fig. 6 for a 1-in. cast-bar; in each 
case the alloy used was 70/30 brass. These cases have 
been selected as representing the extreme cases of a highly 
stressed thin specimen and a thick cast bar. Similar 
henomena were noticed with all the alloys used, and 
xecame increasingly important as the temperature was 
raised. Below about 460. deg. Cent. the effect was only 
slight, even if it existed at all. Precautions were taken 
to remove any error due to this phenomenon, and it was 
not investigated in any detail at temperatures below 
500 deg. Cent. 

The method adopted for avoiding these errors was to 
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Tasie II.—ANALYSES OF MATERIALS. 


























| 
Series II. and III. | Series IV. 


} ] 
Series V. Series VI. Series VII. Series VIII. | Series IX. Series X. 


























Series I. , 
—_— — — | 
| Co: | . 
ini pper- Muntz Muntz , | Complex 
ee; oe Nickel, | Brass A. | Brass B. | yretal a.| Metal B, | Brass©. | . 
per cent. | per cent. | percent. percent.) percent. | percent. percent. percent. | per cent. | per cent. 
Copper .. .* --| 99.84 trace ee 79.99 69.88 69.4 60.52 59.52 | 56.75 55.1 
Aluminium... --| . | 99.56 | ie ee es . . | 3 | 0.07 
Nickel .. =m --| ae wr | we 19.60 0.05 un ‘ 0.39 - } 0.28 
Zine oe i oét } “ _ 27.49 30.44 38.80 | 39 43 |} 43.20 41.89 
Tin - ve oe a : ee 0.77 
Lead oe oe es ds ee we | 0.64 0.005 0.40 0.74 0.10 0.52 
Iron os + - trace | 0.22 | i 0.41 = 0.15 . trace 0.84 
Arsenic .. - os 0.05 < ds _ _ sa 
Sulphur .. es “ 0.005 ae | os — — _ 
Silicon .. on ‘ | 0.22 - — _ - _ | _ - 
Manganese wid i 0.08 0.36 
(oxygen) | 
ss ee ee see ve eta = i ee | — 
Physical condition ..| Rolled | Rolled Cast | Rolled Cast a. Rolled | Rolled | Cast | Extruded 
| = — ~ 
Constitution .. --| Pure Pure | Pure Single Single | Single : 
. metal metal metal solid solu-solid solu- solid solu- Two ~alid solutions (a+) 


| | tion (a) 





keep the total time for which the specimen was under 
test approximately constant. The test period selected 
was twenty minutes. In actual practice it was possible to 
keep within the limits of fifteen minutes and twenty-five 
minutes, except in the case of great loads at low tempe- | 
ratures ; here, however, the factor was not important. 

In order to keep within the limits a rough idea of the | 
properties of each specimen was required, so that an 
approximately correct rate of loading could be adopted. 
For this purpose preliminary tests were made for each 
alloy, but these tests have been omitted from the tables 
and curves now presented. To save expense they were 
made on thin straight bars } in. in diameter ; although 
they were not turned down at the centre, they always 
broke within an inch of it owing to the distribution of 
temperature along the bar. 


MATERIALS USED IN THE MAIN RESEARCH. 


It was desired to obtain typical curves representing 
the relations of stress and strain to temperature for the 
following classes of materials :— 

(a) Ordinary pure metals of commerce. 

(b) Alloys consisting of a single simple solid solution, 
with no critical points beneath the solidus. 

(ce) Alloys consisting of two solid solutions or other 
phases. This class is very large, and many types are 
possible in it. 

In each case both cast and worked materials were 
studied. In class (a2) copper and aluminium were the 
materials selected. In class (b) a copper-nickel alloy 
was chosen, the reason being that this series of alloys 
consists throughout of simple solid solution of nickel in 
copper, and no doubt can be entertained as to their simple 
character. Further to represent this class two specimens 
of 70/30 brass have been used, though it is possible the 
constitution of this alloy may not be quite so simple. 

Tn class (c) various types of brass have been selected. 

Analyses and descriptions of all the materials used in 
the research are given in Table II., above. 


DeTAILS OF THE MAIN SERIES OF EXPERIMENTS. 


The materialsas received were cut up into 12-in. lengths, 
and screwed at each end for ?in. The rolled 4-in. round 
bars were turned down to a } in. diameter, parallel for 
2} in. ; the cast l-in. bars were turned down to } in. over 
2} in. They were then marked by one of the methods 
already described. he thermo-junctions were next 
wired on to points between the gauge marks, and the 
whole placed in the furnace, and left till equilibrium had 
been obtained. It was very desirable that this should be 
reached as quickly as ible, and that the time occupied 
in reaching it should be nearly the same for all the bars of 
each series, since in this way the effects of annealing 
could be to some extent eliminated. By never allowing 
the furnace to cool, and by bringing it to a temperature 
a little above that required before the introduction of the 
bar, it was found that the }-in. bars could be brought to 
a practically constant temperature in about one hour for 
all but the highest temperatures. The total interval of 
time from the introduction of the bar to the instant of 
fracture was usually about 14 hours. For the largor bars 
this period was about two hours. The temperature 
readings were taken at the instant of fracture, and are 
accurate to +4 deg. Cent. 

The rate of loading the bars was adjusted so that the 
total time under test should be approximately the same 
for all bars of the same series. tt was, in consequence, 
rapid with large loads, and slow with small loads. In 
the case of the stronger bars, at temperatures below 
350 deg. Cent., it was not possible to load rapidly enough 
to obtain fracture in twenty minutes, and in some in- 
stances nearly double this period was required for 
a single test. No appreciable errer is thereby intro- 
—_ since at these low temperatures the time effect is 
small. 

EXPERIMENTAL RESULTS. 


These will now be dealt with separately for each series, 
beginning with the simplest cases of the pure metals, and 
leading up to the more complex cases of the two-phase 
systems. The whole of the results will then be sum- 
marised and discussed, and some general suggestions and 
conclusions pro > 


Serres I.—Copper. 





Thestress-temperature resultsaregiven in TableIII ,and 
the corresponding curve is -hown in Fig. 7. Le Chatelier’s 
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results are also given in Fig. 7 ; so far as they go, the two 
sets agree remarkably well. Unfortunately, both Unwin 
and Le Chatelier stopped their work on copper before 
the most interesting range of temperature was reached. 
It will be noticed that at 650 deg. Cent. the stress curve 
undergoes an abrupt change of direction. The upper part 
of the curve, which extends from the melting-point 
(1065 deg. Cent. oxidising atmosphere) to 650 deg. Cent., 
isa straight line. From 650 deg. to the ordinary tem- 
perature the curve is convex upwards. Theoretically 
these two portions of the curve must merge gradually into 
one another so as to mask the exact transition point from 
one to the other, and whenever a considerable number of 
observations have been made in similar ranges the experi- 
ments have confirmed the theory. An exact transition 
point can be obtained by extrapolation of the two parts 
of the curve, so that they meet. This transition point is 
called briefly by the author ‘‘the temperature of recupera- 
tion,” but the full title should be ‘‘ the limiting tempera- 
ture of complete recuperation.” The reason for adopting 
these terms will be stated later when the whole of the ex- 
perimental results are being reviewed. Every tensile curve 
studied may be considered to exhibit a definite tempera- 
ture of recuperation which can be deduced from the 
experimental curve by extrapolation ; in most cases the 
curves have been drawn so as to indicate these tempera- 
tures. 

The strain-temperature or elongation-temperature curve 
is shown in Fig. 8. Contrary to what might have been 
expected, the elongation falls off slightly as the tempera- 
ture is raised till 650 deg. Cent. is reached. The elonga- 








Taste III.—Series 1. Copper (Rolled). 




















Elongation : 
Tempera- Fi Contraction 
ture of Test. Maximum Stress. 4 c _ of Area. 
deg. Cent. Ib. tns p. sq. in per cent. 
17 0.T.* | 16.5 81.5 
17 0.T. | 17.5 32.0 
17 1800 } 16.3 32.5 
17 1843 | 16.7 $2.0 | 
252 1393 127 28.0 
290 1605 | 13.7 9.3 
330 1197 | 11.0 29.6 
870 168 | 10.5 2.0 | 
420 1043 | 9.5 28.0 
480 823 7.5 27.5 
540 570 6.1 27.0 
620 287 2.6 27.0 | 
675 169 1.8 240 | 
736 141 1.2 36.0 
740 141 12 78.0 
775 lll 1.0 66.0 | 
840 105 | 0.46 61.0 
920 60 | 0.50 69.0 
960 36 0.30 50.0 
1010 21 | 0.16 338.0 














* The letters ‘‘0O.T.” in the tables mean that the corresponding 
tests were carried out in the ordinary testing machine. 





(2636.F) 


tion then increases, at first slowly, and then very rapidly ; 
at about 920 deg. Cent. it falls rapidly, the fall being due 
probably to almost complete loss of cohesion, and reaches 
zero at the melting-point. It is uncertain whether or not 
a re-entrant angle really occurs in the curve at a tem- 
perature of 840 deg., since the single result shown in that 
range is not sufficient to establish it. For this reason the 
curve in the region of this temperature has been dotted in 
to indicate that it has not been satisfactorily determined. 
The important fact shown by the curve asa whole is that 
a decided change in direction occurs at 650 deg. Cent., 
and that at temperatures over 700 deg. and below 
900 deg. the metal exhibits ductility of quite a different 
order from the rest of the temperature range. 

Attention may be called to a single result obtained at a 
temperature of 295 deg., for which the author is unable 
to account ; also to another at 740 deg., which appears to 
lie well off the curve. The differences between these two 
results and the values that might be expected for them 
from the general form of the curves are far beyond the 
possible errors of experiment. 


(To be continued.) 





96 


ENGINEERING. 





[JAN. 19, 1912. 





THE SINGLE-PHASE REPULSION MOTOR.* 
By Tuomas F. Wai, M.Sc., M. Eng., A.M. Inst. C.E. 
(Concluded from page 65.) 

For a machine on which the author carried out some 
experiments to test the theory evolved in this paper, it 
was found that the constants the following values :— 

A, = 183: Ao = 89°6 : C, = 339@c : Cp = 3350: 

D, = 9610 : Dz = 2610 Op : E = 512.10-* . Ox. 
@v, Qv, and Oy may be found, for a brush displacement 0, 
from the curves of Figs. 5, 9, and 7 respectively (page 63 
ante). 
i. Fig. 14 the circle diagrams deduced from the equa- 
tions (21) and (22) are shown for three different values of @ 
—viz., 9 = 0°2*, 0°25 , 0°3 « respectively. The applied 
pressure P is assumed to be 90 volts, and the frequency 
(~) to be 50 cycles per second.+ In Fig. 15 curves are 
shown which have been deduced from the circle diagrams, 
and show the relationship between speed and stator cur- 
rent, power-factor, torque, and power, respectively, the 
speed ie been plotted as abscisse in each case. 

We shall now consider the general case in which the 
resistances, and leakage inductances, of the stator and 
rotor windings respectively are taken into account. 

Letr, be the resistance of the stator winding. 

Let r. be the resistance of the rotor winding. 


Fig 14. 
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in henrys). 
S,. be the leakage inductance of the rotor winding 
(in henrys). 
Let the pressure applied to the stator terminals be a 
~- function of the time and represented, at any time 
t, by :— 


Let 8, be the leakage inductance of the stator winding | 
Le 


p=-Pran2r wt. 
Then the following equations must hold :— 


dL. ; di 
- .10-4 - -§s,. = =@Q . 
dt 1h - S) dt +p=0 (24) 
Ls = Le max. . cos (2 r~ ¢t + Bs xs (25) 
Ls = A,. D,.% + Ay. Dg. t. (26) 
La = A,. O, . ) + Ag. Cg. fg. (27) 
BE. Ay. i. 0 — 8), U2 ry. 6, ~ Ee, 10-820, (28) 


(90 — 8, ) is the angle of displacement of the stator 
flux linkages relatively to the epplied pressure at the 
stator terminals. Suppose at the time ¢ = ¢, : ¢) passes 
through its zero value, in a direction from positive to | 


_* Paper read before Section G of the British Associa- 
tion. 

+ The machine was built for 120 volts and 50 cycles, 
but in order to get rid of the influence of the variations 
of permeability of the iron, the tests to be described later 
were made with an — pressure P = 90 volts. The 
curves of Figs. 14 15 tively have been con- 
structed for these values of the — pressure and 
frequency, in order that they may compared with 
those obtained when the resistances and leakages were 
not negligible, 








negative. Then at thetime ¢ = ¢, - 


eet 


maximum value I,, and oe = @, 


Therefore, 
Qar~ Ls max. sin [ Qr~ (4- iz) + . ].10-* 


1 


1 T-Poinae ~ (4~ : 


~ 














or 
-27 ~ Ls max. cos (2 7 ~ i,+Bs ‘. 10-*\ (29) 
-r.1I,+P.cos27 ~t =0 
Lis max. cos | 27 ~ (4 ty)+* | 
4~m 
= A,.D.I, + Ag. Dg. *2; 
or : 8.) 
is MAX. sin (27 ~t, + Bs 
= A,. D,. 1, + Ay. Dy. & } (39) 
E. A) a 2 . n-S2 97 - Te. ty 
; (31) 
- Ao. C,. 2%, 10-8= 0 
dt 
- 
és 
NS 
3S 
30 
25 
15) 
10) 
5 
25 +5010) 
At time =f, 34, =0. Therefore 
27 ~ Ls max, « 8in (2 7 a~it Bs 3 10° —§,. 
di, - - (32) 
ait], <o ~ Psimar~ 4 =0 
Ios max. . cos (2 + ~t + Bs ) = A,. D,. ay (33) 
a 
~ 8. S98 — 95. ty — Ay Oy. SP. 10-8 
t sie dt (34) 
4 a 
- A,.C,. Hd S=6. 
dt — mm. 2 35 
rd 2Qr4~.], (35) 
Again from (25) and (26) we get :— 








4~ 





0; 

















4, attains its 


Lis max. . COB (24 ~ ¢ + Bs) = Ay. D, 4, + Ag. Dp. te 
Differentiating with respect to ¢ we get 


-ie~ Tos imne. 
dt, 
+ Ay. Ds. a; 
At the time 
t=4,- 7~ * 218 a maximum 
.dh _ 
ag =% 


ae ey sin [2 es (4 -z) & | 


= A,. D,. 


dt, 
dt, 


== +s De. 
+ Bs) = Ay ar 


- 3 t.¢., 24 ew Lemax. cos (27 ~ 


sin(24 ~ t + Bs) = Ay. Dy. 49 


and 


(36) 


From (31) and (36) we get :— 
a Seen Sat Ae G10) 
As. D, 
29 ~ Ls max. cos (2 7 ~ 4 + Bs )-—1rq. tg =90 
From (29), (30), and (37), we get :— 


0=E.A,.I,.n+ (St A-S1") 
Savi 





jen 
(r,.1, — P.cos2e ~ t).108 (38) 
-— 1 Tn mas. sin (2 #~f)+Bs)~ Ay. Dy. Ty| 
Ao. D, 
From (32), (35), and (38), we get : — 
Se + Ap. OC). 10-8 
(r7,. 1, —- P.cos2 ™~ t). 10 
-S8,.29rvT,. 10+P sin 27~t,. 108 
2r~ 


‘fies Oe h| . 
Re-writing (39) as follows :— 


E.A,.T,.n+ (P+ Az. C2. 10-8 
As . D, 


)P cos 2 ~ t. 108 - 





@= E.A,.1,0+ 


7 "2 
A,. D. 


(39) 


)n sf = 
S, + Ap. C,. 10-8 





A... Dy 
_ fo yg, Psim@e~wh, m 3, T10 
A,. D; an ~ —— = ¢ 
Aj. D, esse 
12+ As. Ds 1 , 
” S,.10 , © 8 
T, [ B.A,.n+ (2-5. 2 + ze 3 
i[ hoe ae ae * 
A,. D, - S,. 108 + Ay. Cy Pp 2 caw 
" : ie . D, a = . De ‘ _ ™ 4 
r Psin2r ~¢ 
+ —_— 1,10, 
Ae. D, Qr ~~ 
=P /( Sy. 108 + a GY +(x T.- zy a 
Az. De Ag. Do 2r¥ w 
. (27 ~ t,—a), 
where 
men —_% 
2a ~ (Sq. 108+ Ay. Cy)” 
—— (40) 
aw re 
Pa/(s...10° + Ay. Cy)? + (ee oo ) | cos (29 ~ t, - a) 


E. A). Ap. Dp. n+1r,. 5,10 +r,.A,0,+r,.8, 10+ r,A;.D, 
If we put 7, =0; r,=0 8,=0 S,=0, we get a=0, 
and noting that 
P= /2.P 
a 
_ E.A,. Ag. De.n 
_f3.P.0, 


~E.A,. Dg. 


which is the same as , (22). 
Again, from (25) and (26), by differentiation, we have:— 


— 29 ~ Ls max. sin (27 ~ ¢ +8; ) 
a di. di (41) 
= A,.D,;*% hh. Se 
send Dna 
From (35) and (41) we get for time ¢ = ¢, :— 
} ua 
(43) 


I cos 27 ~ t, 


-csse2r~ t, 


— 2a ~ . Ls max. sin(27 ~ ¢t, + Bs) 
-~2e~1,.A,.D,+Ao- po" 
From (34), (35), and (42) :— 


— 24 ~ . Ls max. sin (27 ~ ¢, + Bs) 
=- 2a ~.I1,.A,.D, + Ag. D, 
2x ~T,.A,.C,. 10-8 - ro. a, 
[ S. + Ag. C,. 10-8 | 


From (33) and (43) :— 


(44) 
— 29 ~ Ls max. sin(27 ~ 4, + Bs) 
-2"~i,. A,.D, + Ag. Dy 
e wi. A,.C,.10-8- reg conan ~ t+ Bs | 
S, + A, O,. 10-8 
From (29) and (44) :— 














i ~TI,. Ay .y, 10-64 73-105( nD ~Pcos2~h 
Ag. D. 


= 2-2 
S, + Ag. 


(45) 
-27*~ Ls max. . sin (2 7 ~t + Bs ) 

C,. 10-8 . ] 

From (382), (35), and (45) :— 


—2mr~i1,. A,.D, + Az. D, 
[Psin2e ~ 4,-T,.27. ~.8,] .10°= + 27 ~ Ty. A;.D, 


* The letter a has been used in the first part of this 
paper in a different sense—namely, in connection with 
the unwound portion of the stator. 
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r2P cos 2 ~ t . 108-1. 7, . 1. 108 
* 2r~ (Se + AgC. 10-*) 
_ Ai. ©). Ag. Dy. . 27~. 10-8 
S, + Ag. Cy. 10% 
Simplifying (46) we get :— 


[Fw +L : = : 


(46) 


2m ~ (Se + Ag. Cy 
sin (27 ~ t,-a) 


ol] 
| 


1 


[ {27 ~. Ar. Di + 2 ~ 8). 108- 
[Ar- Aa- Ors Da. 2 10% + ff -10°| | 


8 +4,.060° J 
(47) 
06 dl a — 
2a ~ (8) + Ag. Cy. 10) 


The equation (47) is the equation of a circle the 
diameter of which makes an angle = + «) with the 


ordinate axis; ¢.e., the axis along which the pressure P 
is drawn. 
The equation (47) gives the circle diagram of the repul- 
sion motor. 

The circle represented by equation (47) is shown in 
Fig. 16, in which O A is a current vector and ¢ = 27 ~t, 






Fig. 16. 


‘ower Line /Q 





(2563 N) 


is the angle of lag of © 4. LetC B beany line drawn at 
right angles to ‘ne diameter O D of the circle. 

From equation (40) we have :— 

The speed n is proportional to 

= Gr~s =a | --@ constant. 
I, 

But 

cos(2m~th-a)_ BC _ BOC _ BC 
I, OB.OA OV.OD §aconstant 

Therefore the speed 1s proportional to C B minus some 
constant quantity, which constant may be represented by 
CE. Hence oe of the motor is given by the dis- 
tance, from a fixed point E of the intersection of the 
current vector on a line drawn perpendicular to the dia- 
meter of the currént circle. 

Dividing equation (47) by equation (40) we get :— 

27 ~ A, D, + 27 ~ S, 108 
10° EA,AgDon, ,. , ro(S:10°+ AD, 
8,108 + AoC, S_105+ AU, 
A, AoC, D297 ~ 10-8 + 





tan (2479 ~t,-a)= 1) T2108 
; 24r~ 
ol So + AoC, 10-8 | 
1057 E A, A,D2n , r. 4 TAS IF + A,D,) 
S10+A,C. '  8,10°+A,C, 
(48) 
Substituting for tan a its value as given previously we 
get for the angle of lag 27 ~ t, of the current behind the 
applied pressure P ; (if A be used to represent the right- 
hand side of (48).) 





tan2r®~t a —— 
"™ S= | 2e~(S,4 Ay. Uy. 10-4) 

We seoustiacwal 
27 ~ (8, + Ap. O,. 10-4) 


It is to be noticed that the equations (40) and (47) give 
the maximum values of the current, and in order to obtain 
the effective values they must be divided by ./2, When 
drawing the current circles the diameter of the circle as 
ape from equation (47) should therefore be divided 
by /2, 


Tue REPRESENTATION, ON THE CIRCLE D1iaGRAM, OF 
THE Powrr AND ToRQUE OF THE Moror. 
_ The torque of the motor is equal to the power divided 
hy the angular velocity. 
The power of the motor will be given by the product 
of the R.M.S. value of the E.M.F. of rotation, the 


R.M.S. value of the rotor current, and the cosine of the 
angle between them. 


Let #2 = I, sin 27 ~(¢ - t,) be the equation for the 
rotor current. 
Then we have as before :— 


For the time ¢ = ¢,: 4, =0: = 


dt, 
mo: 
Then from equations (25) and (26) :— 
Ls max. Cos (27 ~ t, + Bs) 
= Ag. Dg. ag. sin 27 ~ (t, —&) . 
From equations (24) and (26) :— 
2a ~ Ls max. 10-8. sin (2 7 ~ t, + Bs) 
+2r~I1,.8,-—Psin2r*~4=0. 


-39~ 1). 


(49) 


(50) 


For the time ¢ = ¢, — co 4, is a maximum and 
di, 
| 0. 


From equations (24) and (25) :— 
2a ~ Ls max. 10-5. sin (247 ~ t, - ; + B,) 
—9,. 1, - Ponte ~ ( - + )=0, 
i.e, —29 ~ Ls max. 10-*. cos (27 ~ t +P.) ou 


-r,1,.+ Pcoss2*7~t,=0 
From equations (25) and (26) :— 


Ls max. Cos (2 + ~t -5+ Bs) 


=A,.D,.1,+A¢. Dy. Ip. 8in24~ (4 “4nw - ta) 

£.€., Ls max. sin (27 ~ 4 + B,) \ 
: . ° (52) 
= A,.D,.1, — A,. Dz. 1, cos2 7 ~ (t, - t) J 


Therefore from (50) and (52) :— 
Ag. D, . I, . cos 2 7 ~ (4 - &) 
(Q27~8,. I, - Psin2x ~ t) 10 (53) 
2r~ 


The R.M.S. value of the pressure induced between 
the rotor brushes by rotation has been shown to be 


_E.Ai 7 
Jz 


=A,.D,.f, + 


volts. 


Since the pressure due to rotation is in phase with the 
stator current, the angle of phase displacement of the 
rotor current relatively to this pressure is 

[* -29 ~ (4 - &)) 

Therefore the power is 

= E. A; A, -n.T, 
2 

_ E. Ai . a m1. ‘, 
2 

The negative sign denotes the motor action. 


Substituting for I, cos2 7 ~ (t, — tg) from equation (53) 
we have :—Power (in watts) 


-E-A-Le, priest 10° Peinde§~ 4108] 
Bel Sear ee In~ 


.cos[r —-2% w (t, -— &)] 


-cos2r ~ (4 — ty) 


= aos (A,. D, + S,. 10 1,2 
- Aa. D; _ (64) 
_ P.1,.sin27 ~ t. 108 
Q2Qr~ 


The torque is obtained by dividing the power by the 
angular velocity of the rotor—t.e., by 2 7 x speed in 
revolutions per second. Hence the torque is 


_ 6.E.A, f 
be AL Bal (At Di + $1. 1091 a 
_P.1.sin2r~ t. ‘ 


1° | 
Q2Qr~ 


In Fig. 16 let the line OG be drawn as a tangent to 
the circle at 0. Then we have :— 


OA _OD 
OJ OA 
..O0A2=OD.0J = constant x AG. 
.*. 12 is proportional to AG. Further 
AG =I, sin(27 ~ t, - a) 
AH =1,;sin27 ~ t, 
Now we have A G = J,?/0 D. 
Therefore the torque is 


60E. A, . 
= _O%.: A,. D, + 8, . 10%) I, 
4m. Az DL! ea Hae, ha 
10 | 


eS I,. sin 27 ~ th. 
In ™~ 
It is generally more convenient to deal with R.M.S. 
values of the current, in which case we get :— 
2. E. A,.(A,.D, + §,. 10).0D. AG. 60 


Torque = 





4m. A,. D, 
2.P.E.A,.10.AH. 60 
- =k.AG-k.AH. 
872. As. Do. ~ 
=k.I,.sin(27 ~ ¢,-a) -.1,.sn27 ~ &, 


in which vi 
pa 2B. As. (Ay. D, +8). 109. OD. 60, 
4m.As. Dg 
_2.P.E. A,. 10°. 60 
‘Ach ~ 
Now the expression 


ki 


k.1,.sin(27 ~ ¢-a) -k.1,.sin27 ~t 
may be written in the form 
K . I, sin(27 ~ #,-8), 
in which 
k= Jk sin a)? + (k cos a—k!)? | 

k sina 
k cos a—k! 
But I sin (27 ~ #¢,—§8) is equal to A K. 

Therefore the torque is 

K.AK 
= k x [the perpendicular distance of the extremity 
of the current vector from the line O K}. 


It may be shown that the power may be represented 
by the perpendicular distance of the extremity of the 
current vector from another line drawn at a certain angle 
to the ordinate axis. This line may be found in a similar 
manner to that in which the torque line was found. The 
following considerations, however, lead to a simpler 


and tan 8 = 


solution. The power must be zero in the two following 
cases :—(1) When the torqueiszero: (2) When the power 
is zero. Hence the power line must pass through the 


points S Q in Fig. 16 
The results deduced by the aid of the foregoing theory 
will now be compared with some experimental results. 


PART III. 

In order to test the theory developed in the fo: ing, 
tests were made on the motor which has been aed 
to above. It was found that the normal leakage induc- 
tances of the stator and rotor windings were very small, 
and in order to make the test more satisfactory ochshine. 
coil was inserted between the rotor brushes, the induc- 
tance of this coil being known. With regard to the 
resistance in the rotor circuit, the resistance of the wind- 
ing itself was small, and the effective brush-contact resist- 


Fig.17. 
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ance was therefore of considerable influence. This contact 
resistance varied, of course, with the current. The drop of 
pressure between the brushes and commutator was mea- 
sured for various values of the rotor currents, and from 
these measurements the corresponding contact resistance 
could be ascertained. 

The motor was run from 50 ~ mains, and the pres- 
sure at the stator terminals was maintained constant and 
equal to 90 volte. 

In the first test dealt with the angle of brush displace- 
ment was = 0.2 7. 

The various constants defined in the previous part of 
the paper had the following values :— 

A, = 183; A, = 89°6; C, = 3350; D, = 9610; C, = 
3170; Dz = 6120; and E = 751 x 10-8, 
In the first test 
S, was approx. = 9; S, = 0.00165 henry; 7, was 
approx. = 0; r. = 0.0394" + brush-contact resist- 
ance—i.é., 7 = 0,115 ohm. 


From the previous analysis we have the angle a between 
that diameter of the current circle which passes through 
the origin and the abscissa axis given by 

Te 


T = _enee 
ane = 29 ~(&, + Ay. Oy. 10-8) 
= 0.0787. 
Therefore sin a = 0.0784 ; cos a = 0.997. 





From equation (47) the coefficient of sin (2 x ~ 4, —a) 
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divided by / 2, gives the R.M.S. value of the diameter 
of the current circle—i.e., 
R.M.S. value of the diameter is 


1 "3 
P.10/1+| genie she 


2 
a0} és 
Tg 


A 

3ar~ .A,.D,-—— oe et 
[: i S, + A,. Cy. 10 

Substituting the several values, we get the R.M.S. 
value of the diameter of the current circle is 

= 28°3 amperes. 

The current circle can thus be drawn at once (Fig. 17). 

Further, we know that the speed-line C B (Fig. 16) is 
perpendicular to the diameter O D. ? 

In order to find the scale for the speed, put n = 0 in 
equation (40), which gives 


By /s:- 10-8 + Ay. C,)? + (3 ~) 
2Qr~ 
cos (2 7 ~ t, — a) 


l= 


To- A, . D, : 
But from equation (47) 


P. 16/1 + 2 ii 
24 ~ (S.+ Az. C,. 10-*) 


sin (27 ~ t,-a) 
A,. A,.C,. D,.2%~. 10-8 
S,+ Ay. Cy. 10-8 


T = 


[2r~ar- Di 


Therefore, for 
n =Otan, (27 ~ t,-a) = 75 


C- 020 ~ Fig. 79. 
= wd og 
8 Bs 
s P Ss 
mn : 
a > JOS 

















The power line goes through the points 8 and Q, and 
the scale may be obtained as follows :— 


At 400 revolutions per minute the 


torque is... pls 8°15 lb.-ft. 
Therefore the power is ive 465 watts 
= A! M toscale 


In Fig. 18 the values of stator current, power-factor, 


Torque (Lbs. Ft. 
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The motor was also tested with the rotor brushes short- 
circuited by a short piece of copper wire. 

Three conditions were examined—viz., for @ = 0°27; 
0°25 r ; 0°3 r respectively. 

The resistance of the stator winding was 0°05 ohm. The 
leakage inductance of both stator and rotor windings was 
approximately zero. 

With regard to the resistance of the rotor circuit, the 
resistance of the winding itself being very small—viz., 
0°018 ohm—the brush-contact resistance was of consider- 
able importance. By means of measurements of the 
potential difference between the commutator and brushes, 
the mean effective brush contact resistance could be found. 
The mean equivalent armature resistance was found to 
have the following approximate values :— 

6 O24 0°25 3 
Resistance 

of rotor} =0°03 ohm. 0050hm. 0°07 ohm. 

circuit 

These values can only be approximate because the 
equivalent ohmic resistance of the winding is greater for 
alternating-currents than for direct currents by an 
amount which is not easily ascertainable. 

Fig. 19 shows the circle diagrams deduced from the 
equations (40) and (47) for the three values of @ stated above. 

In Fig. 20, the values of the stator current and power- 
factor are shown as functions of the speed by the full- 
line curves. 

The dotted curves of Fig. 20 show the stator current 
and power-factor as experimentally determined. 

, It will be noticed that the experimental and calculated 
curves for the power-factor diverge at the lower speeds, 
whist at the higher speeds they are in good agreement. 


= O03 r 
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Points marked. thus s @ refer to the case 
Oo the Full N° (viz.6) of Brash Sets used: 
The other Points(marked thus ~ 0) refer to 
the case of ether Two or Four Brush Sets used 
The difference in position of the points 

‘ shows the dYect of the Short -Greuited Coils. 


And since 
tan a = 0°787, 
we have for 
n=0, tan2 +r ~t, = 185. 

Taking another speed, say n = 400 revolutions per 
minute, and substituting again in equations (40) and (47), 
we get for 

n = 400r.p.m., tan (27 ~ ¢,) = 3°92. 
That is to say, we know that the point Q in Fig. 17 
corresponds to the motor at rest, and the point A! corre- 
sponds to a speed of 400 revolutions per minute. 

For the torque line we have :— 


,_ 2. E.A,.(A,. D, + 8,. 10°) ‘ 

k= 4m. A,.L, .OD.60 
= 0°0261 . 60 = 1°566 

pa 2P.E. Ar. 10. 60 


8e2.A,.D.. ~ 
= 0°0109 . 60 = 0°654 
K = 0°00778 . 60 = 0°4668 
Tan 8 = 0185. 
The torque in pounds-feet is 
Watts 


= an x 3300 
1) 746.60 


= O341AK. 

















STATOR CURRENT 44AMP8S. 
__ Sneed (R.P.M) 
100 200 300 400 500 600 100 800 B 
The Dotted Gurves are 
Eaperimentally obtained : 
The Full Curves are Calailated. 
J 
STATOR CURRENT /9,8AMPS. 


STATOR CURRENT 27,5 AMPS. 
(2583.8) 


torque, and power, as deduced from the circle diagram of 
Fig. 17, aré plotted as functions of the speed. The full 
line curves refer to these calculated values. 

The dotted curves refer to the same quantities found 
experimentally. From a comparison of the calculated and 
experimental values, it will be noticed that the stator 
current curves are in fair agreement. The power-factor 
curves agree well*at high speeds, but diverge at low 
speeds. Since the calculated curves are lower than the 
experimental curves for low values of the speed, the 
divergence may be due to the fact that the iron losses 
have been neglected.* 

With reference to the torque, it must be remembered 
that the calculated values refer to the torque actually 
developed by the motor, whereas the measured values 
refer to the torque at the motor pulley. It is thus clear 
that the calculated torque should be greater than the 
measured torque by an amount corresponding to the 
torque of the friction in the bearings, brush friction, and 
windage friction. At standstill, the difference between 
the calculated torque and the measured torque should 
correspond to the bearing friction and brush friction 
torque. From Fig. 18 this is found to be 1°1 lb.-ft., which 
is a reasonable value for this size of machine. It is easy 
to see that a comparison of the calculated and measured 
values of the torque gives a ready means of separating 
out the windage and bearing friction loss of the machine. 


* For further reference to the divergence of the curves 
at low speeds, see Appendix. 








This divergence was found in practically every case ex- 
amined, and it may be partly due to the fact that the iron 
losses have been neglected in the theoretical treatment. 

The experimental and calculated curves connecting 
the stator current and speed are in fair agreement at all 
speeds. 

The motor used had six poles, and consequently there 
were six sets of brushes. he rotor had a wave winding. 

In order to examine approximately the effect of tne 
circulating currents in the. short-circuited coils, tests 
were made with two, four, and six brush sets respec- 
tively in position. In Fig. 20 the tests are distinguished 


as follows :—Those points marked x © refer to the case 


of six brush sets used, and those points marked X © 
refer to the case of either two or four brush sets used. 
There is a consistent divergence between the points 
taken with the six brush sets in position, as compared 
with the points taken with fewer brush sets in position. 
This divergence, though small, clearly shows the action 
of the circulating currents in the short-cireuited coils. 
PART IV. 
CALCULATION OF THE OpEN-CrrcuiT CHARACTERISTIC 
or A SinGLE-PHasz Moror. , 
The determination of the open-circuit characteristic 
curve for the motor shown in Fig. 1 would be a compara- 


* With reference to the divergence of the curves at low 
speeds, see A ppendix. 
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tively simple matter if the flux-distribution curve for the 
air-gap were always as shown in Fi J 
values of the flux densities, as it would simply be 
necessary to find by the aid of formula 1, the induced 
E.M.F. (r-m.s. value). The open circuit characteristic 
would in this case be a straight line. Those teeth of the 
stator and rotor, however, which carry the maximum 
density (corresponding to the points A and C, Fig. 1), 
soon have & uced permeability as the maximum air- 
gap density is increased, whilst the permeability of those 
teeth in the neighbourhood of the low densities—e.g., 
point R, Fig. 3—remains constant. Hence the flux- 
distribution curve changes its shape as soon as the 
magneto-motive force is sufficiently high to cause a dimi- 
nished permeability in the teeth in the neighbourhood of 
the points A and C. iene, as 
In order to calculate the open-circuit characteristic 
curve when the effect of permeability is taken into 
account, the following method may be adopted :— 


The value of the air-gap coefficient is ascertained, and, 
Fig.25. 


Fig 24: 
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Maximum Value of the Current Wave. 
(Amperes) 


Now consider the case of a sine wave of pressure im- 

on the stator terminals. It at once follows that 
the flux linkages of the stator winding must vary as asine 
function of the time, and the equation 


R.M.S. value of the induced F.M.F. = 4°44. ~ . 10-5 
max. flux linkage 


holds good. ; 
For different values of the R.M.S. impressed stator 
tential difference, the corresponding sine wave of flux 
inkages is drawn out. (The maximum value of the flux 
linkages is deduced from the above equation, and the 
corresponding sine wave having this maximum for its 
amplitude is drawn out.) . 
rom this sine wave of flux linkages the corresponding 
current wave is deduced by the aid of the curve of 
Fig. 23. 
The current wave so deduced for an impressed poten- 
tial difference of 140 volts at 50 ~ is shown in Fig. 24. 
The R.M.S. value of this current wave is then found 





t— t W 
/ | Qurvel. Refers to Sinusoidal Qurrent Waves 
«i Gurve I_Refers to Current Waves Distorted by 
0 Time —> bon, the Saturated Iron. RMS. Amperes. 
aaa Calculated 0.0.C. Qurve: For 50Qyeles: 
assuming various values for the air-gap flux density, the Leakage Neglected: nore. The Points 


ampere-turns necessary for —o~ + rotor teeth + stator 
teeth are calculated in the usual way. Now it is clear 
that the ampere-turns necessary for the rotor and stator 
cores respectively will generally be but a small fraction of 
the total ampere-turns per magnetic circuit, and this 
fraction may, in general, be neglected. If, however, the 
gluctance of the cores is found to be of sufficient magni- 
tude to be taken into account, it can be dealt with, 
although in this case the labour is considerably increased. 
Having found the ampere-turns for the teeth and gap 
for various values of the gap density, a table of three 
columns is drawn up as follows :—In column 1 the values 
of the air-gap density are placed for which the ampere- 
turns have mn calculated. These values of the gap 
density are denoted by Brreat. In column 2 the corre- 
sponding values of the ampere-turns are placed, and in 
column 3 the values of the gap density which these ampere- 
turns would produce if the reluctance of the magnetic 
circuit remained constant, and equal to that of the air- 
p. These latter, or “‘ virtual” values of the air-gap 
Scacite, are denoted by By virtual. : 
From columns 1 and 3 we can obtain a curve connecting 
the actual density in the gap for any value of the 
virtual density. ‘This curve is shown in Fig. 21 for the 
machine referred to in the previous parts of this pope. 
The value of the air-gap coefficient was calculated by 
the two methods previously referred to, and found to be 
1:17 by one method of calculation, and 1°19 according 
to the second method. The value of the coefficient was 
measured by the aid of the expression la and the expres- 
sions for Dand A. The open circuit applied pressure at 
the stator terminals, and the corresponding currents 
were measured for low values of the gap density, and by 
substituting in the expressions refe to, the value of 
k, was found to be 1°82. In order to obtain further 
experimental evidence as to the value of k, a search-coil 
was wound in the two empty slots which existed per pole 
in the stator, and the flux Enking these coils for low values 
of the gap density was measured by means of a ballistic 
galvanometer. The object of having so many search-coils 
was to eliminate the effect of any possible eccentricity of 
the rotor. From a mean of the ballistic measurements, 
the value of k, was found to be 2°02. It is thus seen that 
the real value of k, is considerably different to that 
obtained by the aid of the usual formulz. This difference 
may possibly be due to the rapid saturation of the lips of 
the teeth, and a consequent increase in the value of the 
effective slot opening. Of course, the value of k, used in 
deducing the values of the various constants given in pre- 
vious parts of the paper was 1°82. i 
The virtual flux distribution curves for various values 
of a continuous current flowing in the stator winding are 
shown dotted in Fig. 22. By the aid of the curve of Fig. 21, 
the actual flux distribution curves for the same values of 
the stator current are shown by full lines in Fig. 22. _ 
The values of the flux linkages of the stator winding 
corresponding to the full-line curves of Fig. 22 are then 
determined. This is most readily done by noting that 
the full-line curve can be considered as made up of (1) a 
curve similar to the dotted curve, but having a maximum 
ordinate A B, for which the flux li can be imme- 
diately deduced from formula 1a ; (2) those portions of the 
area enclosed by the full-line curve and the abscissa axis, 
after (1) has been dealt with. The values of the flux 
linkages due to (2) can easily be found by graphical 
integration or other method. : 
In Fig. 23 the values of the stator flux linkages are 
shown as a function of the continuous current in the stator 
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in the usual way and plotted against the induced E.M.F. 
If the 1 reactance is negligibly small, this will give 
the requi open-circuit characteristic curve. If the 
l reactance is an appreciable amount, it must be 
added arithemetically to the induced E.M.F. : 

Fig. 25 shows the relationship between the maxi- 
mum values of the current wave and the R.M.S. values: 
(1) If the current wave were sinusoidal. (2) When the 
current waves have the shape as deduced from Fig. 23. 

In Fig. 26 the open-circuit characteristic curve is shown 
by the full-line curve as calculated, the leakage reactance 
having been neglected. The points marked thus . (Fig. 26) 
show the measured values of the open-circuit characteristic 
curve. 


APPENDIX. 


In Figs. 27, 29, 30, and 31 oscillograms of the rotor 
and Bam ct respectively are shown. The waves of 
the stator current are marked ¢,, and the waves of the rotor 
current are marked i,. The oscillograms refer to an 
applied pressure of 90 volts at the stator terminals, 
| a frequency of 50 cycles per second. The speed, 








however, in each of the cases represented by Figs. 27 
to 31 was different, and co uently the stator current 
and rotor current was different in each case. The follow- 
ing table shows the values of the stator current, the rotor 
current, the speed, and the angle of phase difference 
between the stator current and rotor current for each 
case. The angle @(Fig. 1) was = 0.27. Theoscillograph 
shunt resistance was connected between the rotor brushes, 
and a second shunt resistance connected in the stator 
circuit. 


| Angle of Phase 











Difference Be- 

Cateh, [outta | Speed. | tween Stator 

- Current and 

Rotor Current. 
amperes amperes revs. per min, deg. 
Fig. 27 35.0 59.0 270 162.0 
Fig. 28 31.5 54.5 415 157.5 
Fig. 29 29.5 51.0 500 152.7 
Fig. 30 27.6 49.0 570 147.0 
Fig. 31 26.3 46.0 670 144.0 


For low values of the speed, the currents in both the 
stator and rotor windings are distorted from the sinusoidal 
form. This is clearly seen from the oscillograms, the cur- 
rent waves of Fig. 31 being obviously more approximate to 
the sinusoidal form than those of Fig. 27. From Figs. 18 
and 20 it is seen that the calculated curves agree very 
closely with the experimental curves for 5; 8 between 
600 and 700 revolutions per minute, and the divergence 
at lower speeds may perhaps be accounted for almost 
entirely by this distortion at the low speeds. 








CONTRIBUTIONS TO THE HISTORY OF 
CORROSION.* 


The Corrosion of Condenser Tubes by Contact with 
Electro-Negative Substances. 


By ARNOLD Pup, B.Sc., A.M.I.E.E., Assoc. R.S.M. 
(Admiralty Chemist). 


PART I. 


ALL condenser tubes through or round which sea-water 
flows are corroded, but the nature of this corrosion varies 
very greatly. By far the greater number of such tubes 
are merely uniformly corroded over as much of their 
surface as is exy to salt water. It is not, however, 
with cases of corrosion of this uniform character that it 
is proposed to deal here. A certain small number of 
tubes, besides the uniform corrosion of their surface 
on the sea-water side, also undergo a local corrosion or 
pitting. The general uniform surface corrosion, although 
doubtless undesirable, is com tively harmless. It is 
the local corrosion or pitting which is the cause of trouble 
to the engineer. The following remarks must be under- 
stood as applying specially to the relatively small number 
of cases in which localised corrosion occurs in condenser 
tubes made of Admiralty composition—namely, copper 
70, tin 1, and zinc 29 parts per cent. 

Within the last eighteen months, owing to the fact that 
the Corrosion Committee of this Institute decided to 
examine, as a first step in their investigations, the ques- 
tion of the corrosion of condenser tubes by sea-water, a 
good deal more attention has been given to this particular 
form of corrosion by the general technical public than 
had previously been the case. Nevertheless, it must 
not be forgotten that a very considerable amount of 
knowledge had already been accumulated by those whose 
duty it Tad been to deal practically with machinery 
involving the use of sea-water condensers, and it is the 
author’s opinion that the cause for fully 90 per cent. of 
the cases of corrosion observed in the establishments’ of 
the Royal Navy has long been known, and the methods 
of overcoming or neutralising such corrosive action have 
also m experimented with, and that very effective 
= gg “y devices have been employed for a long time 
vack. It is, however, conceivable that more satisfactory 
preventive methods may be devised in the future, and 
it is to this end that the investigations of the Corrosion 
Committee will no doubt be largely directed. 

In the author’s opinion, then, the main problems which 
remain to be solved concerning localised condenser-tube 
corrosion are, firstly, the explanation of the cause of 
rather less than 10 per cent. of the small number of cases 
which are now observed ; and, secondly, the device of a 
general means of preventing these and all other cases of 
corrosion superior to the method of protector bars, &c., 
of zinc, aluminium, steel, or iron as at present em- 
ployed. 

The 10 per oent. of the total cases of observed corro- 
sion referred to above is considered to be rather an exces 
sive estimate of the number which are found to be obscure 
in origin, and whose occurrence cannot be readily assigned 
to one of the more usual causes of corrosion. There are 
several reasons for this opinion, and among them is the 
difficulty of obtaining full and reliable information con- 
— the natural history of the occurrence. The neces- 
sarily high pressure under which engineering dutics are 
normally carried out renders it always difficult, and some- 
times impossible, to state fully all the observable con- 
ditions under which a particular case of corrosion has 
occurred, and the omission of such details, it is considered, 
frequently cause such a case of corrosion to be classed as 
one of the 10 per cent. of obscure cases, whereas it should 
actually be classed amongst those whose origin is 
known. 

It is the engineers, who are actually responsible for the 


* Paper read before the Institute of Metals on Wed- 
nesday, January 17, 1912. 
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efficiency and maintenance of condensers, who are able to 
provide the necessary information upon which an opinion 
can be formed as to the causes of observed cises of 
corrosion, In order to secure that such information is not 
overlooked at the time it is very desirable that a suitable 
schedule of queries should be filled in. This course was 
proposed by the author in the discussion on Admiral 
Corner’s paper* at the annual general meeting of the 
Institute, held in January, 1911, and he is glad to under- 
stand that this pro lis now to be actively taken up. 
A copy of such a schedule of queries as used in the past 
by the author, and as revised in February, 1910, may be 
of some interest at the present moment, and ig therefore 
given in extenso :— 


‘*WorM OF SCHEDULE OF PARTICULARS TO BE FURNISHED 
WHEN THE State OF ANY CONDENSER IN WHICH 
CoRROSION 18 SUSPECTED IS REPORTED UPON. 


‘* As far as possible the following particulars should be 
given :— 

**1, Name of ship or establishment, 
. Date of examination. 
. Nature of cooling water (fresh, salt, or brackish). 
. Does cooling water flow inside or outside tubes? 
. Date at which tubes were first installed. 
. Has condenser been continuously in use ? 

“7, If not continually in use, state, if possible, the 
approximate total periods of use and disuse. 

**8. When condenser is not in use, has it been the 
custom to leave the cooling water in the condenser or to 
drain it off ? 


“9. If water is drained off, are tubes dried by, 


steaming ? ‘ f 
**10. Are condenser-tubes horizontal or vertical 
‘11, Nature of metal casing (iron, steel, gun-metal, 


C.). 

‘*12, Nature of ends of casing or doors if of different 
material from y: 

‘**13. Nature of metal of tube-plates, 

**14. Method of securing tubes in tube-plates. Are they 
in metallic contact ? 

**15. Total number of tubes in condenser. 

**16. Total number of leaky tubes. 

**17. Length of tubes. 

18. Thickness of walls of tubes. 

**19. If provector-bars or plates are used, of what metal 
are they ? 

**20. How are protector-bars fitted, if used ? 

21. Transverse and longitudinal sketch diagrams of 
the paths of the condenser water through the condenser 
should be given, and the points of entry and exit of the 
water in the tubes should be clearly marked, as also the 
points of corrosion. 

** Nore.— When it is desired to remove faulty condenser 
tubes from a condenser for examination, it is desirable 
that before the tubes are loosened the ends shall be so 
marked as tu show clearly which is the lower side, and also 
to indicate the end at which the cooling water (or steam) 
enters. 

** After marking and withdrawing the tubes they should, 
if possible, be forwarded for examination without further 
cutting or other mechanical damage. If it becomes neces- 
sary for the purpose of inspection or packing to cut a 


tube, the cutting should be carried out without the use of | ba; 


any lubricant.” 


It may be found desirable to enlarge the above schedule 
after further experience has been gained in its use, and 
suggestions in this direction, especially such as have been 
arrived at as the result of practical experience, are invited. 

Notwithstanding the attention which has been concen- 

trated by the Admiralty upon the question of the corro- 
sion of the condenser cube, it must be remarked that the 
actual percentage of tubes in which this localised corro- 
sion or pitting has been observed is extremely small. 
In short, one of the chief difficulties in studying the 
behaviour of condenser-tubes under corrosion is due 
to the fact that the corrosion so seldom appears. In 
spite of the fact that some millions of tubes are in 
use in the Royal Navy at any given moment, the 
number of cases, as coming under the notice of the author, 
in which localised corrosion has been observed do not at 
present amount at the most to more than about two per 
annum. his freedom from corrosion must, it is con- 
sidered, be attributed to three causes:—Firstly, to the 
yarticular chemical composition of the metal which has 
a selected for the manufacture of tubes. Secondly, to 
the very satisfactory manner in which tube manufac- 
turers are able to produce tu of the exact chemical 
eomposition specified. (In this connection it may be 
stated that during the past ten years only one case is 
known to the author in which the chemical composition 
of a corroded tube could in any way be considered as not 
satisfying the specified limits, and in that particular case 
the 1 per cent. of tin had been omitted from the mixture.) 
The third cause to which the freedom from corrosion of 
the condenser-tubes used in H,M. service is to be attri- 
buted is undoubtedly the con: istent manner in which the 
use of steel, iron, or zinc protector-slabs and bars, &c., 
has always been insisted upon. 

The protective action of iron and zinc in condensers in 
H.M. service has been made use of in several forms. It 
was originally used in condensers in which the body was 
of cast or wrought iron, and the sea-water passed outside 
the tubes, and was therefore at the same time in direct 
contact with the outside of the metal condenser-tubes and 
the inside of the iron case. Under these circumstances 
the protection was very complete, and whilst corrosion of 
the steel or iron casing took place, the corrosion of the 
tubes was practically unknown. A particular and remark- 


* Journal of the Institute of Metals, No. 1, 1911, vol. v., 
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rotective action of a cast-iron 
casing has been very clear y demonstrated is that described 
by Admiral J. T. Corner.* Steel or zinc protector-slabs 
and bars have been used attached inside the condenser 
doors, or on the ns themselves, or some of the 
tubes of the condenser have been replaced by iron or steel, 
or even zine, rods ; whilst in some condensers, built about 
four years ago, the bodies have been of metal of a com- 
position closely approximating to that of the tubes, and 
the doors have been made of iron or steel. More recently 
condensers have been made with steel bodies. 

The presence of a so-called electro-positive protective 
metal, such as aluminium, zinc, or iron, is not, however, 
alone sufficient to prevent the corrosion of the condenser- 
tubes immer in the same bath of sea-water. It is 
essential that there shall be a direct electrically conduct- 
ing connection between the tubes and the protecting 
metal or metals, and that the protector metal and the 
condenser-tubes shall be both immersed in the same 
electrolyte. It has been shown again and again that any 
want of a good electrical connection renders the protec- 
tive action of the iron, steel, or zinc upon the condenser- 
tubes quite nugatory. Where, however, the contacts of 
the protective metal with the tubes are satisfactory, 
corrosion does not occur. 

Some facts concerning the usual length of life of main 
condenser-tubes in H.M. service may be of interest. 

The ordinary normal length of life for the main con- 
denser-tubes of a battleship should be from ten to twelve 
years, and many such cases oan be cited. 

Taking four first-class battleships, A, B, C, and D, 
these ships were attached to one port from 1897 to 1906, 
and during that period none of the main condensers was 
retubed except in D. In this particular case of the ship 
D, the main condensers were retubed in 1903, and again 
in 1909, but this was a special case; the necessity for 
retubing was not due to corrosion, but, the tubes being 
slack in the diaphragm plates, the vibration gradually 
caused the tubes to be cut through. 

In the case of the ship B, some trouble was experienced 
in 1899, but on fitting additional protectors this was 
remedied, and as far as is known the condensers have not 
been entirely retubed to the present date—that is, thirteen 

ears. 

s The first-class twin-screw armoured cruiser of over 
14,000 tons denoted by E recently had her condenser- 
tubes examined, and they were found in good condition 
after having been in use for eight years. They were all 
replaced in the condenser after examination, and it is 
expected that they will last at least another three to four 


able case in which this 


ears. 

A first-class battleship F, built and put into commis- 
sion four years ago, recently her main condenser- 
tubes drawn and examined, and these were all found in 
excellent preservation, with no trace of local corrosion ; 
all the tubes were replaced. 

There are, however, cases when condenser-tubes have 
often been found to require renewal, and in certain shi 
it has been necessary to renew the whole or part of the 
tubes after two years’ service, or even less. In all such 
cases—and they are very rare—which have come under 
the author’s notice, the trouble which had occurred was 
clearly shown to be due to the unsatisfactory character of 
the metal connection between the tubes and the protector 
rs. 

A further peculiarity of the small number of these cases 
in which corroded condenser-tubes have been observed is 
the fact that in almost all the tubes the corrosion has 
occurred along the bottom of the inside of the tubes, and 
it is considered that this indicates that the trouble has 
been set up by the contact of particles of coke, carbon, or 
ferric oxide, or other conducting electro-negative solid 
materials deposited from the cooling water upon the 
inside bottom surfaces of the tubes setting up local 
galvanic action. Such action is, of course, inc when 
a condenser is not in use and the tubes remain full of sea- 
water, for the particles then have time to settle out along 
the bottom line and give rise to the localised corrosion. 

If, on the other hand, the condenser is emptied of sea- 
water when out of use, there would again appear to be a 

ible source of danger of corrosion along the bottom 
inside surface of the tubes, owing to the fact that this 
portion would be longest exposed to the joint action of 
salt water and air. 

In either method of treatment, however, it is con- 
sidered that these causes of corrosion could be minimised 
or altogether removed if it were found to be at all 
feasible to employ condensers with vertical or strongl 
inclined tubes, and if every precaution were Bacon | 
to take up the cooling water from such positions as will 

ive the least chance of ashes from the ash-ejector, &c., 

ing carried into the tubes. : 

The following five cases of corrosion of condenser tubes 
are all that have come under the author’s own observa- 
tion during the past three age and in only one of these 
—Case I.—it is not possible to ascribe the corrosion to 
the contact of paiticles of electro-negative solid conduc- 
ing material. 

t must be remembered that the following particulars 
do not apply to the whole of the Navy, but only to such 
cases as happened to come directly under the author's 
own observation; but in this respect, as most cases in 
which corrosion occurs, the precise causes of which are 
not at once apparent, are referred to him for investigation, 
it is probable that his experience errs on the side of having 
i too largely drawn ben the class of less satisfactory 
tu 


Casr I.—Execrric GENERATING StTaTION CONDENSERS. 
Results of analyses of five corroded condenser-tubes :— 
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Per Cent. 
Copper 70.95 to 71.1 
: 0.96 to 0.98 
Lead 0.32 to 0.44 
Zinc By difference 


Circulating Water.—Sea-water which 
to be of normal composition. 

Casing.—Gun-metal. 

Protectors.—Zinc bars used. It was remarked that 
these protectors only corroded very slowly. 

Remarks.—The tubes had been drawn without any note 
being kept as to their position, and it could not be defi- 
nitely ascertained as to whether the corrosion had occurred 
along the bottom inside surfaces or not. 

It was considered evident that the corrosion had been 
due to the faulty connection between the tubes and the 
zinc protectors which had been very little acted upon. 


Casr II.—Batriesuir’s CONDENSERS. 
Result of the analyses of ten corroded tubes :— 


analysis showed 


Per Cent. 
Copper... 69.8 to 71.2 
eR. ass 0.92 to 1.30 
Lead 0.25 to 0.30 
Zine ah aul a By difference 
Circulating Water.—Sea-water. 


Casing.—G un-metal. 

Protectors.—Steel plates. 

Remarks.—Out of thirty-two tubes drawn at one ex- 
amination, ten were partially corroded, and in nine of 
these the corrosion had taken place on the lower inside 
surface of the tubes, whilst in the remaining one it had 
occurred at the top. Twenty-two of the tubes examined 
were quite uncorroded. 


Cask III.—E.xEctric GENERATING STATION CONDENSERS. 


Composition of Tubes. — Eight corroded tubes were 
analysed with the following results :— 


Per Cent. 
Copper 70.90 to 71.05 
yen 0.95 to 1.09 
Lead 0.20 to 0.33 
Tron 0.05 to 0.08 
Zine By difference. 


Circulating Water.—Sea-water which analysis showed 
to be of normal composition. 

Casing.—Gun metal. 

Protectors.—Steel plates. 

Remarks.—In every corroded tube the corrosion occurred 
along the bottom inside surface on the sea-water side. 
The tubes were horizontal, and the axes of the corrosion- 
shige in every case greatest along the length of the 
tu 

The corrosion was more marked at the ends of the 
tubes where the cooling water entered, and was almost 
all within the first two-thirds of the length of the tube. 
Corroded tubes appeared in three out of six condensers, 
and the three which were free from corrosion were those 
that had been most constantly in use. In one of the con- 
densers in which corroded tubes were observed, all the 
corroded tubes were situated in the lower half of the con- 
denser—t.¢e., near where the cooling water entered—and 
most were in the very lowest tubes. In the second con- 
denser in which corroded tubes were observed three- 
quarters of the corroded tubes were found in the bottom 
half of the condenser, and most of these were in the 
lowest seven rows. The cooling water used, although 
sea-water of normal composition, was liable to contain 
particles of coal-dust, and it is to the action of this 
materia] that the corrosion is attributed. 


Casrx IV.—Evecrric GengraTiIne Station CONDENSERS. 

Composition of Tubes.—Satisfactory Admiralty com- 
position. 

Circulating Water.—Sea-water which analysis showed 
to be of normal composition. 

Casing.— Wrought iron. 

Protectors.—Zinc plates. 

Remarks.—The corroded tubes are distributed fairly 
equally over the whole of the condenser, but the corrosion 
in each case occurs mainly along the bottom of each tube 
and throughout the feagth of the tube. 


Cast V.—Torrepo-Boat ConDENSER. 

Composition of Tubes. — Satisfactory Admiralty com- 
position. 

Circulating Water.—Sea-water. 

Casing.—Cast brass. 

Protectors.—Steel slabs. 

Remarks.—The corrosion is most marked along the 
bottom inside surfaces of the tubes. 








‘*E1sen 1m Hockpav.”—We have received from the 
editors—the Stahlwerks-Verband, A.G., Diisseldorf—a 
copy of this pocket-book of structural iron and steel, 
which now enters upon its third edition. It is issued as 
a guide-book to all intending purchasers of German rolled 
material, and contains interesting data upon the properties 
of this material, conditions of manufacture pods “ and 
tables of all the different sections, rolled and built-up. 
Very extensive particulars are also given as to tests, 
loads, stresses, and so forth. It does not deal simply 
with the metallic structure—the mere skeleton of a build- 
ing—but contains, besides, valuable information concerning 
the various methods of manufacturing the flooring, walls, 
and roofing. The book is most carefully got up, and 
will ew of great value to merchants and builders. It 
is published by the Julius Springer Verlag, Berlin. It is 
84 in. high and 6 in. wide, and contains over 250 of 
subject-matter, tables, calculations, and illustrations. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in case ; where none is mentioned the Speci, ion is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 84. 

The date of the adverti. t of the t of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been seale7, when the date of sealing is given. 

Any person may, at any time within two months the date of 
the advertisement of the tance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


10,342/11. Siemens Brothers o Works, 
ited, London. (Siemens chuckertwerke G mb.H. Berlin. 
Germany.) Direct-Current Motors. [4 Figs.) April 28, 1911, 
This invention consists in an auxiliary dynamo electric generator 
producing an electromotive force in opposition to that applied to 
a direct-current motor, with which it is so coupled that the speeds 
of both machines vary in the same ratio, the auxiliary machine 
being connected in series with an anxiliary field-winding distinct 
from the main field-winding of the motor, such that the of the 
wotor is automatically maintained at a uniform and predetermined 
value. In Fig. 1, A is the auxiliary machine electrically or mecha- 
nically coupled with the motor whése speed is to be controlled, in 
such a manner that the speeds of the two machines vary in the 
same ratio. eh is the field-winding of the auxiliary machine ; 
the machine A is connected in parallel with the motor m through 
the field-winding w, which is provided in addition to the normal 
field-winding em. If the voltage impressed at the brushes a and b 
by the auxiliary machine h is not the same as that due to the 


Fig 1. Fig .2, 


ai LaF 


























(10342) 


supply source at the same points, current will flow through the 
winding w, so as to weaken the motor-field if the speed is too low, 
and to strengthen it if the speed is toohigh. The of the 
combination can only be affected by altering the excitation eh 
of the auxiliary machine. In the arrangement described with 
reference to Fig. 1, the auxiliary machine can only maintain a 
constant speed if the voltage supply is constant. But, even with 
a variable voltage supply, the motor speed can be maintained 
sufficiently constant for practical purposes, if, as in Fig. 2, the 
whole or a part of the field-winding e h of the auxiliary machine 
is connected to the motor terminals in parallel with the circuit 
consisting of the field-winding w and the armature of the auxiliary 
machine in series, assuming the field of the latter to be far from 
situration. In this case, should the vol of the supply decrease, 
the field of the auxiliary machine will be weakened, and the 
electromotive force generated will also be weakened, so that a 
current will flow through the field-winding w of such a strength as 
to adjust the motor-field so as to maintain the speed constant. 
(Accepted November 29, 1911.) 


2591/11. Morris and Lister, Limited, D. K. Morris, 
and E. A. Watson, Coventry. Influence Machines. 
{1 Fig.) February 1, 1911.—According to this invention, an elec- 
trical-influence machine comprises the combination of a fixed 

ber and a reciprocatory ber so moved in relation to the 
fixed member that the width of the air-gap between them is alter- 
nately increased and diminished, means for alternately charging 
and discharging the member which serves as the charge-carrier 
and mechanical driving means for operating the reciprocatory 
member. In constructing an influence machine, a closed cylinder a 
is employed having a conically shaped surface at one end, and 
within the cylinder is mounted a conical piston 6. The piston is 
carried by a rod c which passes through guides in the cylinder 
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ends. Reciprocation of the piston is effected by a crank. The 
motion of the piston is not limited to a pure rectilinear motion, as 
it may have a spiral or other character so long as it contains an 
axial heey og By means of a stud d, = ecting within and 
insulated from the cylinder, and a spring le ¢, the adjacent 
surfaces of the piston and cylinder are connected to the poles of 
a voltaic pile f adapted to — a considerable vol! and an 
electrostatic field is set up between the said surfaces. When the 
piston is moved, the pile contact is broken. By the motion of the 
piston the width of the air-gap between its surface and the conical 
surface of the cylinder is greatly increased, and in consequence 
the ) poe of the charge on the piston is 

ine 


in machines working with an air-gap of constant width, and the 
risk of internal discharge is thus avoided. When the piston 
reaches the end of its stroke, a stud g on the same makes contact 
= = — ~_ hon _ — —_ and the piston is 
ereby discharged throu e extern ircuit. (A 
November 29, 1911.) . = — 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
26,636/10. A. K. Hun London, and J. H. 
bustion Engines. 


thy, ate. In on 

(3 Figs.] November 16, 1910.—The invention consists in an 
internal-combustion engine having a rotating slide-valve of 
conical form fitting inside a conical cylinder-head and fitted with 
a spring-pressed ring surrounding the exhaust in the 
cylinder-head, so that a slight lift of the valve from its seat can 
take place without causing an opening from the engine into the 
exhaust Dae The invention further consists in providing a suit- 
able stuffing-box around the valve-spindle to filter the lubricatin 

oil and prevent solid particles from passing between the valve an 

valve-seat, the stuffing-box also being effective in preventing too 





much oil passing from the skew-gears into the cylinder. 
rotating conical valve is operated by skew-gearing. A. 
is provided surrounding the exhaust-port in the cylinder-head, 
and in this groove there is placed a ring b, pressed outwardly by 
ngs. In the event of the valve lifting slightly from its seat, 
the ring moves the valve and prevents leak from the 
exhaust-pipe into the combustion space of the cylinder. Sur- 
—— the spindle of the valve there is provided a packing e, 
preferably of asbestos, situated in a immediately above the 
valve ; this prevents the entry of particles with the lubricating 
oil or otherwise between the valve and the cylinder-head and also 
prevents excess of oil ing from the skew-gear case into the 
combustion space. (Accepted November 22, 1911 ) 


2060/11. Albion Motor-Car Company, Limited, and 
T. B. Murray, Scotstoun. In - Combustion 
ie, (12: Figs.) January 27, 1911.—In that type of two- 

stroke internal-combustion engine in which there are unit pairs 
of interconnected cylinders, the pistons of the unit pair of cylin- 
ders operate the central crank of a crank-shaft, having upon 
either side of that crank a crank at 180 deg. thereto. These two 
latter cranks operate wee ——- one on either side of 
the unit pair of cylinders. The pistons A, B of the unit r of 
cylinders A}, B! operate the central crank C of a crank-shaft 
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having on either side of that crank cranks D, E at 180 deg. 
thereto. The cranks D, E operate the pistons of the single-acting 
pumps D!, El, The pistons and rods of the pumps and of the 
motor cylinders are similar ; so are the throws of the respective 
cranks. Complete longitudinal and rotatory balance is therefore 
ensured. The pumps D!, E! are of the by uncovered port 
type, there being respectively an inlet D2, E2 and an outlet 

rt D’, ES in each cylinder. The unit pair of motor cylinders 
are shown en échelon, and the phase difference indigenous to their 
type is brought about by their positions relatively to each other 
and to the crank-shaft. (Accepted November 29, 1911.) 


20,699/11. Fried Krupp Aktiengesellschaft, Essen, 
Gern . Projectiles. (6 Figs.) November 25, 1910.— 
This invention relates to projectiles (int for the bombard 
ment of airships), which are provided with a bursting charge, 
and also with a charge which renders the trajectory Of the pro- 
jectile visible. In such projectiles a time fuse ignites the charge 
which renders the trajectory of the projectile visible after the 
lapse of a period of time eens to the time for which it 
is set, and causes the ignition of the bursting charge B to take 
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place at a definite period of time after the ignition of the charge 
which renders the — of the projectile visible. According to 
this invention, the bursting c B communicates with the 
time fuse in such a manner that the charge E which renders the 
flight of the projectile visible lies outside the path along which the 
jet of flame the time passes to the bursting charge B. 
A is the envelope of the projectile, B the shrapnel bursti 
ina chamber, and D the ignition tube, whic 





'y 
‘eased. Due to the increase of the air-gap, however, rroeeng A 
no liability of the air breaking down under the increased stress as 


of the envelope A is placed the smoke charge E, which is 
separated from the shrapnel filling F by a disc G. The slow com- 
bustion fuse has three priming rings K, H, and J. The arrange- 
ment of the primer, which produces the jet of flame when the 
shot is aed, —_ Ay — — —_ the primer to the 
upper ng rin; is carried out in the usual way. (Accepted 
November 22, 1911 ns 


MOTOR ROAD VEHICLES. 


24,161/10. H. C. Griffin and E. Ware, Bristol 
. [4 Figs.) October 18, 1910.—In vari- 
able speed-gear of the kind in which a longitudinally movable 
double-cone member is adapted A x movement to contact with 
inclined surfaces provided upon ly slidable locking members 
which, when operated, serve to lock one or other of the driving 
pinions of the gear to the driving shaft, the bores of the driving 
pinions or their sleeves are formed with slight eccentricity or 
irregularity to correspond with the form of the faces of the lock- 
ing members and the operating member is connected resiliently 
with the controlling device so that a frictional clutch effect may 
be secured whilst the locking members are being engaged. The 
-box a is d adjacent the engine and the driving shaft 
receives the drive by means of a chain-wheel b!, so that a re- 
duced of rotation of the shaft } is secured and the use of a 
l belt pulley c is permitted for the transmi-sion of the drive 
to the road wheels. e shaft } is hollow and has at the middle 
of ite length a portion of increased diameter which is axially 
slotted to receive the friction blocks d, d!\.y which the driving 
pinions ¢, e! are locked to the shaft J. The blocks d, d! are 
expanded by a double wedge-shaped member / slidable axially 








(2461) 


within the shaft , its movement in one direction for locking 
the pinion e to the shaft b being effected by a spring j, 
while the movement in the other direction, for locking the 
inion ¢! to the shaft, is effected by means ra by 
he rider. The pinions ¢, e! are carried side by side loosely 
upon the shaft »b in such manner that the enlarged portion of 
the shaft, together with the blocks d, d!, is enclosed within the 
bores thereof or of sleeves integrally formed therewith. The 
= ¢ is also provided with a sleeve e? serving as one of the 

arings for the shaft b. The sleeve e* has fixedly mounted upon 
it the belt-pulley c. The inner bores of the pinions ¢, e! or of 
their sleeves are recessed to form the desi eccentricities or 
irregularities to a curve corresponding to the curve of the con- 
tact surfaces of the blocks d, d!,so that when the blocks have 
been expanded to lock one or other of the pinions¢, e! to the 
shaft ) there is no possibility of slip, while at the same time the 
blocks d, d! can be dually ex ied and allowed to slip suffi- 
ciently to take u e drive without jar or shock, the springs j 
and h® contributing to the smoothness of the operation. en 
the member / is at its middle point the engine runs free. (Ac- 
cepted November 29, 1911.) 


MINING, METALLORCY AND METAL- 
26,478/10. British Insulated and Helsby Cables, 
Limited, and P. , Prescot. Spot-We 
Machine. (4 Figs.) November 15, 1910.—This invention has 
reference to ‘‘spot” welding machines, The switch for con- 
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trolling the supply of current to the electrodes is di 
the treadle, or manually operated 


between 
and the movable stake. 
The switch is at the back of the machine, and is operated 





P 
leads from the time fuse (formed by a slow combustion fuse) of 
the projectile to the shrapnel harge B. In the forward part 


pe’ 
by a foot-lever 10 worked by the operator, and a vertical shaft 11 
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acted upon and raised by the lever 10. This shaft 11 has a spring 
12 in it to provide a certain amount of elasticity and relative 

ti in the tions between the treadle-lever 10 and the 
electrode 5, the spring being placed within a cup fixed on the lower 
part of the shaft 11, and supporting a plunger on the lower end 
of the upper part of the shaft. Motion is imparted to the switch 
from the cup 13 by a trigger on it, and atrip-lever mounted on the 
casing of the switch. The method of operation is as follows :— 
On pressure being applied to the treadle lever 10, the shaft 11 is 
moved upwards, and the upper electrode 5 is moved downwards, 
until the two electrodes 3, 5 touch the article to be welded on 
the opposite sides of it Further pressure on the treadle-lever 
compresses the spring 12, and this pressure takes any buckling 
or unevenness out of the article to be welded if it exists. In 
this movement and action the tri engages the trip-lever 
of the switch, and moves it. e trigger is so adjus' 
that when the plates of the article to be welded are in inti- 
mate contact, the switch, and so the circuit, is closed, where- 
upon the metal between the electrodes heats up at once, and 
when the necessary t ture is reached, further pressure 
is applied to the treadle -lever 10, and the hot soft metal 
is compressed, and the shaft 11 further moved a short distance 
upwards, this further movement being enabled by a spring 
inte between the switch-trip lever and the movable part 
of the switch. In this movement ths trigger releases the 
lever automatically, and upon the release a second spring, say 
half the strength of that of the former, which has been compressed 
by the stronger spring, reacts in the opposite direction, and opens 
the switch at once, and so breaks the primary circuit, so that the 
curfent through the electrodes from the secondary circuit is 
stopped, while pressure is still being applied to the article through 
the actuating means and the electrodes 5 and 3, which are holding 
the two a welded together ; and this is continued for such a 
length of time as these parts will have cooled so far that the weld 
cannot weaken. (Accepted November 22, 1911.) 


PRINTING AND ALLIED MACHINERY. 


24,609/11. F. W. Nicolle and B. Done, am. 
Duplicating Machines. (2 Fiys.) November 11, 1910.— 
The invention provides improvements in a printing machine of a 
particular kind, usually termed a duplicator, and in such a 
machine end bearings are provided for the impression-roller 
within independent opposite levers which are automatically lifted 
by springs and set down by adjusting screws, the adjustment of 
the roller to the type being therefore in an arc of a circle. a 
shows one of the resilient rails with which the end of the im- 
pression-roller ¢ makes frictional contact. - This rail at each end 
is resiliently fitted to the bed ot the machine to exert a resilient 
upward pressure against the roilerend. There is a resilient rail 
at each end of the roller. The action of this rail upon the 




















roller c, and its effect in relation to the type, are well 
known. The rail is of rigid construction, and at each of its ends 
carries a vertical peg working within a socket rigidly attached to 
the bed, with a coil spring in compression between the rail and 
the socket. Each + bearing of the impression-roller c is carried 
by a swinging arm or lever / movable about a fulcrum made in a 
side or cheek f# of the carriage h. The usual adjusting screws ¢ 
set the roller down, while a spring j pulls the lever, and therefore 
the roller, upwardly, the volte justment of said roller end 
being therefore in an arc of acircle. There isa lever f at each 
end, and its action in conjunction with its particular adjusting 
screw ¢ is quite independent of the lever and adjusting screw at 
the other end of the carriage. (Accepted November 22, 1911.) 


21,849/10. H. A. Humphrey, London. Raising 
Liquids. (6 Figs.) September 20, 1910.—The invention relates 
to a method of raising or forcing liquid by the energy of expan- 
sion of an ignited combustible mixture in which a column of 
liquid driven outwardly from a tion chamber returns 
inwardly to compress a fresh combustible charge in the same com- 
bustion chamber, and consists in introducing gaseous mixture 
and expelling part of the products of combustion during the out- 























ward stroke and completing substantially the expulsion of pro- 
ducts and compressing the fresh charge during the in stroke. 
lis the main ly of a combustion chamber the upper part of 


bend 8 connects chamber 1 with an inlet valve-box 9 fitted with 
inlet-valves 10 for liquid, and 9 is in turn connected with the 
play-pipe 11, which leads to a place of higher level or pres- 
sure, and in which the liquid column reciprocates. A tank, 
12, contains liquid to be raised, and is fed with fresh liquid 
through inlet 13. Considering only those parts mentioned 
and assuming that valves 3, 3a are normally held closed by 
light springs, one method of operating is as follows :—A com- 
pre: combustible charge is ignited in the top of 1 and expansion 
occurs, driving liquid downwards in chamber 1, and outwardly 
along pipe 11, so that the liquid column therein attains consider- 
able kinetic energy. Suppose that the expended gases attain 
atmospheric — when the liquid level is at a, a in chamber 1. 
The liquid column in 11 is then — with considerable velocity, 
and valves 10 open and admit more liquid into 9 to follow the 
moving liquid. Exhaust-valves 4 open under their own weight, 
but the suction which occurs in chamber 1 cannot draw in exhaust 
products, since valves 5 prevent this, but the continued move- 
ment of the column of liquid lowers the level to b, b, and causes 
the intake of combustible mixture through valves 3, 3a, so that 
the incoming mixture occupies the s in 1 down to the level 
of, Bay, C, C, displacing the burnt products from this part of the 

h The vol tric change represented by the fall of 
liquid from a, a to b, b can be controlled by altering the level of 
the liquid in the tank 12, which for the present is regarded as an 
open-top tank. If the level of the liquid in tank 12 is raised, 
then the flow of liquid from the tank into chamber 1, which 
—— the expulsion of exhaust gases through valves 4, is increased, 
and the volumetric change in 1 is diminished. Conversely, if the 
level of the liquid in tank 12 is diminished, the volumetric change 
is increased, and thus, by such trol, the bustible —_ 
taken into1 can be made to occupy the space approximately to the 
level c,c. When the liquid column has come to rest, the suction in 
chamber 1 ceases, and valves 3, 3a close. Areturn movementof the 
column now begins under the action of a head or pressure, and 
valves 10 having also been closed by their springs, liquid risesin 1, 
drives out substantially the remaining burnt gases through valves 
4, shuts these valves, and compresses the combustible charge in 
the upper portion of the chamber until the col of liquid again 
comes to rest. Ignition of the charge then starts a fresh cycle. 
It being desirable that the fresh combustible charge should be 
introduced in such manner as to prevent it mixing with the burnt 
products present, and also to prevent loss of combustible 
through valves 4, the combustion-chamber should be shaped with 
this end in view. Thus the annular shape of the upper part of the 
chamber, and the use of a number of admission-valves, is adapted 
to secure the desired result, and it is preferable to let in air only 
at first, and then the mixture. (Accepted November 29, 1911.) 


RAILWAYS AND TRAMWAYS. 


2889/11. E. M. Munro, and the Railless Electric 
Traction Company, Limited, London. Current-Col- 
lectors. [4 Figs.) February 4, 1911.—This invention relates to 
current collectors for ‘‘ railless” vehicles. Such vehicles are often 
used in conjunction with the rails of an ordinary electric tram 
system having one overhead conductor and a rail return, and it 
is then necessary for the railless vehicle to be provided with some 
form of collector which serves the pu of making contact 
with the rail. According to this invention, the collector, which 
is conveniently moun upon the end of a pivoted spring-con- 
trolled arm beneath the frame of the vehicle, comprises two 
members, one a pilot member, shaj to enter well into the 

oove in the rail, and to be pulled along in it without any great 
iability to leave it, and the other a contact-making member, pre- 
ferably in the form of a brush or wheel, which follows the pilot 
member in the groove in the rail. A socket A, mounted upon the 
end of a trailing-arm B, is formed with a head. Fitting into this 
head is a pilot member C, having its lower end shaped to fit the 
groove ofarailD. The head is fitted with a stud forming a pivot 
about which a yoke E can turn, this pivot being in substantially 
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the same vertical plane as the — of contact between the pilot 
member C and the rail. The lower extremities of the arms of 
the yoke E are pivotally connected to the side members of a 
frame F, and mounted in this frame is a contact-making member 
in the form of a wheel G having a flange which enters the groove 
in the rail D. The upper part of the yoke E is formed with lugs 
through which passes a pin forming the pivot fora bar H. This 
bar H passes freely through an se made to receive it in the 
upper and rear portion of the frame F, and acts as a guide fora 
spring J which loosely encircles the rod, and is in compression 
between the rear portion of the frame F and an adjustable nut 
on a screwed portion of the rod H. The function of this spring J 
is to keep the contact-wheel G pressed down on the rail D. A 
bolt which forms the axle of the wheel G also acts as a pivot for 
a second frame K. The forward end of the frame K holds a 
second contact-member in the form of a laminated brush L. The 
lower end of this brush fits the groove in the rail D, and the whole 
brush can be adjusted relatively to the frame K. The brush is 
kept pressed down in contact with the rail through the action of 
a spring L* mepeeet between the rear part of the frame K and 
an arm F! on the frame F. (Accepted November 29, 1911.) 


17 11. Allgemeine Elektricitats Gesellschaft, 
Ber El Driven 


'. Vehicles. 

(2 Figs.) August 13, 1910.—The invention provides a reliable 

device for locking and keeping locked the high-tension chambers 

of el cally-driven vehicles so long as the current collector is 

in contact with the line, and while the ap tus in the chamber 

is under ee Referring to Fig. 1, @ is a cylinder, which is 
ted by the 





which is annular and closed, except for a ring of admission valves, 
two of which, 3 and 3a, are shown. Ata lower level are exhaust 
valves 4, which are opened by their own weight, and are closed by 
the liquid when it reaches them. Non-return valves 5, situated in 
@ partition 6, allow burnt gases to pass into the exhaust-pipe 7. A 





ged iston which be pushed oe a aa 
arran; a piston which may y comp 

against the action of a spring. The piston-rod may serve as a 
bolt for the door i of the high-tension chamber h. So long as 


pipe e to the conduit f leading to the com- 
ee cylinder of the current collector. 





there is compressed air in the conduit /, and therefore so long 
as the current collector g is raised, the bolt is pushed forward 
and effectively locks the door i. As soon as the compressed air 
is released in order to lower the trolley, the bolt moves back 
under the influence of the spring and releases the door. In the 
constructional form illustrated in Fig. 2, q is the wall of the high- 
tension chamber, on the inside of which the device is mounted. 
Between the two members k and k! a chamber is provided acro:s 
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which is stretched an elastic diaphragm. The space on one side 
of the diaphragm is in communication with the compressed-air 
pipe, while the other side is open to the atmosphere through a 
duct. The a yields under the influence of the com- 
ee so air, an ushes forward a push-button m which forces a 

ooked lever bolt n into engagement with a catch, thereby 
locking the door. When the compressed air is released, the 
lever n is returned to the open position by means of a spring. 
(Accepted November 29, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


4829/11. R. J. Butler, Melenshursh. and William 
Beardmore and Co., Glasgow. Double- 
Beat Valves. [4 8.) February 27, 1911.—Valves of the 
double-beat type, which provide for unequal expansion of the 


valve elements and of the valve chamber, have the valve 


elements A, B detachably coupled together by means of a 
yielding clutch device, one member C of which is formed on the 


stem D, connecting the valve elements and the other member of 
which is formed by a socket E formed on the valve element A, a 
spring being preferably interposed and serving to counterbalance 








any difference in expansion, and permitting the valve element A 
to open or become ss closed in advance of the element B. 
A cotter-pin G may be through the stem and a projection ° 
H on the valve element A to prevent the parts from coming adrift. 
In the construction shown, the valves are located above their 
valve seats to permit the passage of steam from the inside ; but 
the valves may be disposed below their valve-seats to permit the 
passage of steam from the outside. The clutch device may be 
fitted to the lower valve element B instead of to the valve element 
A. (Accepted November 29, 1911.) 


TEXTILE MACHINERY. 
18,480/11. W. C. Ro Chorlton - on - Medloc 
ont R. W. Srth, Didsb ~ 


° jury. 
Loom-Shuttles. (3 Figs.) August 16, 1911.—This invention 
relates to means for enabling loom shuttles to be threaded 
without requiring the thread from the cop to be sucked 
through the eye of the shuttle by the mouth of the weaver A 
case @ is fitted in a position near a loom and is fitted with a 
piston ) connected to a hollow piston-rod ¢ in which a hole d is 
formed in a position to enter the case at about half stroke. The 
free end of the piston-rod is fitted with a rubber pad g of a form 














to fit over the eye and in a groove at the side of the shuttle and 
be air-tight when the shuttle is pressed thereon. In the normal 
position of the piston b, the hole d is outside the case a, The 
thread is laid in the hollow of the shuttle opposite the eye which 
is laid on the pad g, and the shuttle with the pad is pressed down, 
creating a vacuum in the upper portion of the case a until the 
hole d enters the case, when the air rushing down the piston-rod 
¢ into the case draws the thread with it through the eye of the 
shuttle which is then removed from the pad, the spring ¢ causins 
the piston-rod with the pad to be raised to its ori position. 
(Accepted November 22, 1911.) 
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Stability in Aviation: An Introduction to Dynamical 
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G. H. Bryan, Se.D., F.R.S., Professor of Pure and 
Applicd Mathematics in the University College of 
North Wales. London: Macmillan and Co., Limited. 
[ Price 5s. net. ] p ? ‘ 
BEFORE aviation acquired the importance it now 
assumes, our knowledge of the upper air had been 
extended by investigations made with manned 
balloons, ballons sondes, kites, and other apparatus. 
The information collected has proved extremely 
useful to airmen, while their demands have stimu- 
lated fresh inquiries and promoted further experi- 
ment. Among those who have devoted their 
energies to these investigations, none is more 
justly celebrated than Professor A. L. Rotch, who 
has successfully developed the use of the kite and 
ballon sonde in meteorological research. For many 
years, while directing the Blue Hill Observatory, 
Massachusetts, he has been engaged in exploring 
the upper regions of the atmosphere, and in the 
former of the two books mentioned above he has 
collected many of his results, and shown how they 
can be made available for effective generalisations. 
Arranging his materials with the view of making 
them more easily accessible for practical purposes, 
he has not thought it desirable to enter into the 
conditions or the restrictions that accompany the 
use of kites or pilot balloons. Of course we know 
that there must be enough wind in the surface 
layers to raise a kite, and not enough in the upper 
air to carry it away altogether. Professor Rotch 
places the limits within which kite-flying is possible 
as between 10 and 70 miles an hour, but says 
nothing as to the height at which kites can be con- 
veniently and desirably flown. We believe that 
about 10,000 ft. is the height to which they are 
limited, and if higher ascents are attempted, the 
trouble is insufficiently repaid. One cannot but 
regret that so great a master and so experienced an 
observer in this field of research has not given fuller 
details of the methods by which his results have 
been obtained. There are two directions in which 
further information would be warmly greeted. 
First, on the use of the theodolite, and the extent 
to which these instruments have been employed in 
determining the direction and magnitude of the 
currents of the upper air in which the kite or 
balloon floats. In the early days theodolites were 
not much used, and the information derived was 
on that account defective. The second point on 
which one would have welcomed further details is 
the probable error of the final result, or some indi- 
cation of the amount of deviation one might expect 
from the results here given. The curves look final 
and decisive ; they have, no doubt, been drawn 
through or amongst a vast number of points, but 
there is no indication of the degree of uncertainty 
in the accepted result. To illustrate this question, 
we may point out that the average wind velocity 
from sea-level to a height of 30,000 ft. increases 
from about 16 to 77 miles an hour; but the maxi- 
mum effect which may be anticipated will, in 
summer, reach 120 miles, and in winter about 
214 miles an hour. The average must therefore 
have a very considerable percentage of uncertainty, 
and itis notclear to what exterit one would be justi- 
fied in relying upon the average deductions. More- 
over, itis worth noticing in this connection that the 
average wind velocity increases fairly uniformly 
with the height. Thisis not the experience in this 
country, where it is generally admitted that the 
velocity increases by a factor, and not by a constant 
increment. The curve of maximum wind velocity 
as recorded at Blue Hill is much more irregular 
than the average curve. Lest these remarks should 
suggest that we entertain any doubt of the degree 
of dependence to be placed on these results, we 
imay quote a remark from Professor Rotch which 
demonstrates his confidence in their trustworthi- 
ness, ‘*The shallow easterly wind which often 


Lilows on the Atlantic Coast during summer after- 
noons may be utilised by the aeronaut who ascends 
for pleasure in an ordinary balloon. He may travel 
inland a short distance with the surface current, 
and then by rising a few hundred feet into the 
upper westerly current he may return to the shore, 
or even venture off shore, before descending.” This 





points to a degree of security not attained in this 
country. 
The charts are twenty-four in number, and 


generally are so arranged as to tell their own tale 
to anyone who is used to the methods of diagram- 


matic illustration. After showing a vertical section 
of the atmosphere up to the height of 7 miles, 
indicating the average height at which particular 
forms of cloud are encountered, Professor Rotch 
shows the results of the measurement of the velo- 
city of the winds at varying heights, extending to 
30,000 ft., to which we have already referred. 
Wind pressures on the same diagram have been 
computed from the formula 


P = 0.003 V2 d, 


where, as usual, P is the pressure in pounds per 
square foot, V the velocity in miles per hour, and 
d is the ratio of atmospheric density at the given 
height to the density at sea level. The accuracy of 
the numerical coefficient 0.003 has been much ques- 
tioned, but it is easy to substitute any other value. 
Professor Rotch remarks that, notwithstanding the 
diminution of the density of the air, the increase 
of normal wind pressure is greater than that of 
normal wind velocity up to 20,000 ft., when the 
pressure increases more slowly with height. In 
the highest wind velocities recorded, amounting to 
210 miles per hour, the wind pressures show an 
increase roughly proportional to the wind velocity 
up to 20,000 ft. ; above that height the increase in 
poems nearly ceases. An air-craft capable of 

reasting the strongest gales on the Atlantic Coast 
at a height of about 1 mile from the surface would 
require a speed of more than 80 miles an hour, 
which would exert a pressure of 15 lb. on every 
square foot of vertical cross surface. The next 
charts show the wind pressures exerted by con- 
stant velocities at varying heights. The sixth 
chart is the only one that deals with tempera- 
ture. It gives the monthly atmospheric tem- 
a up to 12,000 ft., as measured at Blue 

ill. Up to this level there is no evidence of the 
existence of a ‘‘stratosphere,”’ the temperature 
decreasing with the height. Professor Rotch states 
that it has been found possible from the records 
obtained in kite flights to compute the rate of 
decrease of temperature with height for each month 
of the year, and thus to determine the mean 
monthly temperature for any height reached by 
the kites. Here, again, it would have been more 
satisfactory to know how far the work in America 
accords with that followed in Europe. The effect of 
the sun’s radiation, either directly upon the instru- 
ment or indirectly on the carrying apparatus, is found 
to disturb the record seriously. For this reason the 
thermometer is in Europe usually kept 5 ft. away 
from the car, and in anair current of sufficient velocity 
to obviate any error due to radiation, the accuracy 
being assisted Ly protecting the thermometer in a 
highly polished metallic cover. Except similar pre- 
cautions have been taken at Blue Hill, the separate 
results will not be comparable. The charts showing 
the monthly wind velocities up to 12,000 ft. are 
treated much in the same way as the temperature 
charts, where the changes in height of the same con- 
ditions are exhibited in preference to the changes 
of condition at the same height. By following the 
varying heights shown by any line on the chart, no 
change of condition should be experienced. The wind 
velocities at each hour of the dayarevery instructive, 
and from them a remarkable deduction is drawn. If 
an aeroplane has the moderate speed of 15 miles an 
hour, it can progress in any direction on 68 days in 
summer and 34 in winter. If the speed were greater 
than 30 miles an hour, there are only four days in 
the year when it could not navigate the air in any 
direction for at least part of the day. This, of 
course, refers to the north-eastern portion of the 
United States. 

Ten diagrams are devoted to showing the fre- 
quency and the velocity of the winds from different 
directions and at different heiglits, by the method 
of wind-roses. The range of height is from 650 ft. 
to 10,000 ft., the summer and winter winds being 
treated separately. The diagrams enable any one 
to see at a glance the variation in velocity with 
direction and the increasing frequency of the 
westerly wind with height. A chart of consider- 
able importance is that in which is shown the rela- 
tion between force and direction of wind at various 
heights, when the barometric pressure at the sur- 
face is known. The object apparently is to enable 
an aeronaut to determine what variation in the air 


currents may be expected, and the prospect of 








using adjustment in the vertical to overcome difti- 
culties experienced in the surface current. It has 
been found necessary to classify the information 
according to the existence of cyclonic or anti- 
cyclonic conditions. Such terms are, unfortunately, 
very vague, and serve to remind us that, however 
ardently the meteorologist may work to assist the 
aviator, there aro limits to his powers and useful- 
ness. The remaining charts refer to aerial condi- 
tions which obtain in the Atlantic Ocean, the final 
chart indicating a suitable route across the Atlantic. 
Given, says Professor Rotch, a dirigible balloon 
capable of sustaining a speed of 25 miles an hour, 
and of remaining for four days at the altitude of 
half a mile, the ocean should be crossed in either . 
direction. Since the mechanical conditions have - 
not yet been fulfilled, perhaps the construction of 
the route is a little premature. 

Professor Bryan renders assistance to the pro- 
blem of aviation in quite a different direction. In 
the attempts to solve the problem of mechanical 
flight, as in the subsidiary task of securing stability 
of aeroplanes and dirigible balloons, the relative 
aid to be derived from the mathematician and engi- 
neer has been questioned with some asperity. Be- 
tween the advocates of experimental and mathe- 
matical inquiry, Professor Bryan has ever stood 
forward as the champion of theoretical investiga- 
tion, and the present book oes far to establish the 
force of his conviction. erhaps, in urging its 
claims to consideration, he would have been wiser 
to have left on one side his proposal to give such 
problems a place in University teaching. The cur- 
riculum is now so overloaded that on this ground 
alone objection might be fairly raised. He will not 
forward his claim by urging that the subject 
bristles with unsolved problems whose solutions 
are likely to prove long and tedious. He is on 
safer ground in insisting on the desirability of an 
improved balance between theory and practice, by 
throwing more weight on the mathematical side of 
the scale; and he is seen at his best when he uses 
mathematical analysis to unriddle the problem of 
maintaining equilibrium in aeroplanes, and to 
suggest what new devices engineers can employ 
with advantage. 

Professor Bryan anticipates that the aeroplane of 
the future will possess inherent stability, movable 

rts being used only for purposes of steering. 
Sehesend stability is secured in a ship, but ooca- 
sional and inexplicable contingencies will arise that 
cause the total loss of a vessel. It is to be feared 
that air-craft will always be subjected to greater 
risks than ocean-borne traflic. ‘‘Steering,” we 
take it, includes intelligent direction of the whole 
machine, or of the special devices provided ; other- 
wise it is difficult to see how to escape disaster, 
either from sudden fluctuations in the velocity of 
the wind, or from excessive rolling set up by syn- 
chronism -between the period of the waves and of 
the aeroplane. In the general problem considered 
here, Professor Bryan limits himself to free oscilla- 
tions, and does not explicitly discuss the dynamical 
effects of sudden squalls on the flight of the aero- 
plane, or of the stresses set up in its framework by 
wind pressures. Violent and sudden fluctuations 
look. very alarming ; but the greater danger may be 
due to a steady series of waves of regular period, with 
whose behaviour meteorologists are not so familiar as 
with lawless gusts. Professor Rotch reproduces'an 
anemometer record of these very irregular oscilla- 
tions, taken with a very open time-scale. - The 
observations extend through only 25 minutes, but 
in that short time the velocity varied from 15 to 75 
miles an hour, at the same time disclosing a succes- 
sion of minor oscillations, some lasting only a few 
seconds. He mentions that as many as ten pulga- 
tions in pressure in a second have been ‘noted. 
These oscillations would be too rapid to affect the 
‘* stability ” of the aeroplane, but their effect would 
be noticeable in other ways. Dealing with more 
usual conditions of wind, it will be found that the 
variations from the mean velocity are contined to 
about 25 per cent. of the velocity, with occasional 
excursions up to 33 per cent. on either side. Such 
gusts have been known to take up a comparatively 
regular period ; but we know nothing of the steep- 
ness of such waves—a factor of considerable import- 
ance in controlling the roll, and consequent stability, 
of the craft. 

We are concerned here only in pointing out that 
with such variables the problem, whether of free or 
forced oscillations, presented either to experiment 
or to theory, is not a simple one. Professor Bryan 
suggests that one reason why the theoretical side 
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has not been more fully developed is the complexity 
of the algebra. Perhaps, too, something is to be 
said of the difficulty of interpreting the results 
derived. Recognising this, Professor Bryan has 
very wisely collected the main results in a sum- 
mary, which is deserving of very careful study. 
We fear this arrangement may have the effect of 
preventing some reading further than the summary. 
Such a course is to be deprecated, for the methods 
of investigation employed are both instructive and 
suggestive. Moreover, it is not possible to com- 

ress the whole of the results into a few pages. 

rom this summary one will learn the general 
method of investigation employed, which differs 
from that adopted by Mr. Lanchester. Here the 
six equations of motion are applied to the small 
oscillations about steady motion of an aeroplane 
moving in a resisting medium. In the case of an 
aeroplane, symmetrical to a plane which is vertical 
in steady motion, these oscillations fall into two 
groups, on one of which longitudinal stability 
depends. These Professor Bryan describes as 
symmetrical oscillations. The second group, or 
asymmetrical oscillations, determines sideways 
rotations and displacements, on which the lateral 
stability depends. The effects of air resistance in 
each group of equations are represented by nine 
coefficients. On elimination, whether in the case 
of symmetrical or asymmetrical oscillations, the 
frequencies and logarithmic increment or decre- 
ments, according to whether instability or —- 
results, are determined by an equation of the fourt 
degree. By the use of some approximate methods, 
inevitable and apparently legitimate, the roots of 
the equation are separated. The conclusion drawn 
is that the simplest case of longitudinal stability 
is that of a inte lifting plane, called a ‘‘ neutral” 
auxiliary tail, propelled horizontally by a constant 
horizontal thrust passing through the centre of 
gravity. By a ‘‘neutral” tail is meant one whose 
plane is parallel to the direction of the relative 
wind, or has to encounter no normal thrust. It is 
subsequently shown that there is no advantage in 
a lifting tail over a neutral, except that the neutral 
would have to be longer. 

From the purely theoretical side an important 
result, first pointed out by Mr. E. H. Harper, is 
that stability, both lateral and longitudinal, varies 
very greatly with the inclination of the flight path 
to the horizon. Under the conditions assumed, 
stability may be expected when the tangent of the 
elevation has a value less than twice that of the 
angle the aeroplane makes with the direction of 
flight; but there are other conditions explained by 
the author, under which a machine can rise at a 
steeper angle without losing stability. Theory is also 
seen to advantage in discussing lateral stability. 
We meet here, in very varied applications, the 
employment of the dihedral angle, or, as the author 
prefers to consider it, ‘‘ bent-up” planes, or planes 
with bent-up tips, or, generally, the devices known as 
‘* stabilisers.” The position of the centre of gravity 
with regard to the centre of pressure also comes 
under consideration. In fact, there are many 
variables, and, mathematically, there does not appear 
to be a unique solution of the problem of lateral 
stability, or, rather, definite answers will depend 
upon the manner in which the question is framed. 
In the author’s own words: ‘‘ Probably the best 
arrangement to secure lateral stability is one in 
which the aeroplane is provided with two fins placed 
fore and aft, and raised somewhat above the centre 
of gravity, so that their centre of pressure is 
vertically above the centre of gravity, or nearly so. 
This arrangement is shown to ess a wide range 
of stability, which is practically unaffected by the 
angle which the direction of flight makes with the 
horizon. The condition for stability requires that 
the height of the fins should not exceed a certain 
limit.” Variations in the arrangement and modifica- 
tions are suggested both by the author and by Mr. 
Harper. We are afraid that those who have noted 
with satisfaction the progress made in aviation 
without the assistance of mathematics will be 
inclined to decry and undervalue theoretical dis- 
cussion, declaring that analysis speaks with an 
uncertain sound, that the final test rests with 
experiment. 





in London. By Horace Cusitt, A.R.I.B.A., 
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Price 31s. 6d. net. 

HEN it is realised that the construction and main- 
tenance of buildings in the County of London are 
controlled by the provisions of over forty separate 





Acts and numerous regulations and bye-laws, the 
necessity that those undertaking such operations 
should have a practical working knowledge of the 
rules in force is more than obvious. Further, the 
regulations affecting such work in the London area 
are in great measure foreign to those existing else- 
where, and thus a complete guide, such as is to be 
found in the book under notice, will be specially 
welcomed by all interested in building work in 
London, and especially by those who have not pre- 
viously had experience of the conditions peculiar 
to the district. 

Although much has been published concerning 
the interpretations of individual Acts, in separate 
form, it would appear that this present book is the 
first attempt to deal in a comprehensive manner 
with the conditions affecting various building 
operations in our metropolis. 

In dealing with the subject the author devotes 
separate chapters to various classes of work, and 
points out in each instance the regulations affecting 
the particular matter in hand. By a system of cross- 
references clear indication is given as to where 
further information on any particular subject may 
be found elsewhere in the Sack. and also to the 
actual text of the regulations concerned, which are 
contained in the later portion of the work. 

Commencing with the laying out of newstreets and 
drainage, the author deals with the important ques- 
tion of frontage lines and the air-spaces required. 
Working-class dwellings, ordinary buildings, and 
specially constructed buildings are also fully 
treated under separate headings. An important 
subject is also fully dealt with in the chapter 
headed ‘‘ The Law as regards Means of Escape.” 

A separate chapter is devoted to the question of 
making applications to the various authorities con- 
cerned, and points out when such notices are op- 
tional ; it further deals with the subjects of ap 
and exemptions, under both of which headin 
the information is set forth in a clear and able 
manner. In the case of steel-frame buildings, the 
author gives special attention to the details of con- 
struction, devoting a separate chapter to the stresses 
allowable on steel-work generally, and other cognate 
matters controlled by the General Powers Act, 1909. 

In closing each chapter a useful list of decided 
law cases is given relating to the particular subject 
under discussion, and where any ambiguity exists, in 
the case of any provisions of the various Acts, &c., 
the author calls attention to the fact, and points 
out the necessity in certain cases of taking legal 
advice before proceeding with the work. 

In addition to giving a complete insight into the 

uirements to be met in carrying out the erection 
of buildings and, generally, the method of proce- 
dure, the book contains some account of the cost 
of such work in London, compiled by Mr. H. J. 
Leaning, whilst further important chapters have 
been written by Mr. Sydney A. Smith dealing with 
the ‘‘ Value of Properties,” ‘‘ The Development of 
Building Sites,” and ‘*The Rating of London 
Property.” 

As already mentioned, the book includes the 
texts of the whole of the Acts and regulations 
affecting building in London, and such provisions 
as have been superseded are duly noted, and re- 
ference made to the regulations at present in force. 
Further references are also given indicating where 
information is to be found and the text explanatory 
of the provisions. Altogether the volume is an 
exceedingly useful one. 
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Crossep CxEques.—It will interest our readers to 
know that the Journal Offcicl of the 7th inst. gives the 
text of the law passed by the French Parliament govern- 
ing the issue and the circulation of crossed cheques in 
France. The law in question establishes a system of 
French crossed cheques very similar to that which has 
been in use in this country for many years past. The 
fact that our neighbours have been so long in acknowledg 
ing the immense value of such a system, and in adopting 
it, has always been a source of wonder to us. 
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THE LONDON, BRIGHTON, AND SOUTH 
COAST RAILWAY ELECTRIFICA- 
TION.—No. I. 

INTRODUCTION. 


AtrHouGH it is now twenty-one years since the 
City and South London Railway was opened for 
traffic, the question of the system and method to 
be followed in railway electrification work is as far 
from being settled as it was at that time. Indeed, 
matters appear to be less settled now than they 
have ever been, and although the competition 
between different systems is a sign of health, it is 
impossible not to realise that in this country there 
are indications of a drift towards a state of affairs 
in which we shall be burdened with a number of 
important electrifications, some of which, from the 
point of view of through running, might almost as 


which, while just enough in itself, has, perhaps, 
inclined some of its sharers to take a not alto- 
gether fair view of the claims of rival systems. An 
attitude of this sort is easy enough to understand, 
particularly on the part of directors and others, 
who, although having no technical qualifications, 
may yet be called upon to exercise considerable 
influence in the final decision as to the system to 
he adopted by their companies. Such men are 
naturally considerably influenced by accomplished 
fact, particularly accomplished fact in their own 
country, and in view of the circumstances that up 
to within quite recently all the electrification in 
this country had been of the direct-current type, 
there must have been a tendency for them to 
feel a preference for that system above others 
of a less known and tried type. From this 
point of view in particular, the single-phase work 
carried out by the London, Brighton, and South 
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well be of different gauge from the remainder. We 
have more than once pointed out that the time is not 
ripe for the legislative enforcement of any specific 
system of electrification on our railway companies. 
Such procedure would be in every way unfair, and 
would probably hamper progress in almost every 
direction. None the less, it is im ible to over- 
look the disadvantages attending the gradual grow- 
ing up of a collection of essentially antipathetic 
installations, and too much importance cannot be 
given to any reliable evidence and record of experi- 
ence which, by throwing light on the actual prac- 
tical operation of any one railway, assists towards 
the determination of the finally best all-round 
system. 

The early history of railway electrification in this 
country, as in others, is concerned entirely with 
direct-current operation. This has resulted in the 
accumulation of alarge amount of data and experi- 
ence relating to direct-current working, which 
are of great value and assistance when the equip- 
ment of a new line on that system is contem- 
plated. But further than this, the initial start 
obtained by that system, and the large amount 
of good work which has been carried out on it, have 
tended to establish a feeling of confidence in it 


Coast Railway is of the first importance. It has 
demonstrated on a large scale the commercial and 
technical practicability of single-phase working 
under English conditions, and the results which 
have been obtained will be of great assistance in 
helping towards the determination of the best 
system for the further electrifications which will 
undoubtedly be undertaken in this country. The 
electrified portion of the Brighton Railway has 
now been working long enough to enable definite 
conclusions to be drawn as to its behaviour, and in 
view of the importance of the matter, we propose 
to deal both with the equipment and the results of 
working in some detail. 

It is unnecessary to deal at any length with the 
reasons which led to the adoption of a single-phase 
type of equipment on the Brighton line, since our 
present object is not to defend such adoption, but 
rather to describe the technical features of the 
installation and to record the actual results which 
have been obtained in commercial worki None 
the less, it should be pointed out that the whole 
Brighton system is of comparatively small extent, 
and is of such type that it would be impossible to 
draw any arbitrary line which might held to 





demark the limits of its suburban area. Such towns 





SSS 
as Horsham, East Grinstead, and Tunbridge Wells, 
are certainly of a semi-suburban character, and any 
scheme of electrification to which the company com- 
mitted itself should certainly be of a type suitable, 
if necessary, for extension to these towns. Further 
than this, the electrification of practically the whole 
Brighton system may well be looked upon asa very 
possible development of the future, and the elec- 
trification of the main-line to Brighton in particular 
as an even probable one. 

The electrification of any line, or branch, is, of 
course, only justified if the potential traffic is such 
as to make it commercially practicable to run the 
frequent and rapid service of trains the possi- 
bility of which is the technical justification for elec- 
trification in any form. From this point of view 
the extension of electrical working to many parts 
of the Brighton system may well be a matter of 
very many years yet, but in the case of the main 
line to Brighton the conditions are such that even 
at the present time electrification would probably 
be commercially justifiable. Although we stated 
above that it was impossible to set any definite 
limit to mark the end of the suburban area served 
by the Brighton Company, none the less it will be 
admitted that Stoat’s Nest, or, as it has been 
re-named, Coulsdon and Smitham Downs, certainly 
comes within that area. This station, as will be 
seen from the map given in Fig. 1, annexed, is on 
the Brighton main line, and is almost one-third 
of the way to Brighton, so that electrification of 
that proportion of the total run to Brighton may be 
justified on the ground of suburban service alone. 

n addition to this fact, however, the whole of 
the service to Hastings and Eastbourne is worked 
over the same main line as far as Wivelsfield, 
which is only ten miles from Brighton. These 
services together give a total of about sixty 
passenger trains a day in each direction, so that 
the existing service would practically justify electri- 
fication. A further consideration, however, comes in 
in that the distance from London Bridge to Porte- 
mouth via Brighton is only ten miles longer than 
the present route via Horsham and Arundel, while 
the curves and gradients are much easier, so that 
the working of the Portsmouth service over the 
Brighton line, assuming electrification, is a very 
possible development. The whole of these con- 
siderations, which render electrification to Brighton 
very probable, naturally had much weight in the 
decision as to the form of electrical equipment to 
beinstalled. The problem could not at any time be 
looked upon as a purely suburban one only, and 
single-phase working. with its special adaptability 
for long-distance traffic, was accordingly adopted. 

As is well known, the electrified portions of the 
Brighton system consist. of the loop from Victoria 
to London Bridge, which was converted between 
1906 and 1909, and which has been named the 
South London Elevated Electric; and the more 
recent extensions from Battersea Park through 
Norwood and the Crystal Palace.to Selhurst, and 
from Peckham Rye to Norwood, which were carried 
out during 1910, and the early part of 1911. These 
lines are very clearly shown in the small inset map, 
toan enlarged scale, which forms part of Fig.1. On 
it the electrified portion is shown in broken lines, 
and a distinction is made between the first and 
second schemes. Although, as we said above, the 
question of main-line working could not be over- 
looked in determining the electrical system to be 
introduced on the Brighton line, the primary con- 
siderations which had to be kept in view in the 
final determination were of a suburban character. 
The work owed its inception to the very serious 
falling off in short-distance bookings which the com- 
pany, in common with others, had experienced as a 
result of increasing tramway competition, and the 
results of electrification in the recovery of lost 
traffic have proved it. to be in every way justified. 
The chief fields for electrification in this country 
at the present time undoubtedly lie in suburban 
areas, and the success of the system adopted by 
the Brighton Railway Company in this class of 
service renders the work done of the first import- 
ance. We propose in due course to deal with the 
results which have actually been obtained. 

The portions of the Brighton line which have 
been electrified offered no peculiarly suitable sphere 
for an experiment in electric traction ; on the con- 
trary, the local conditions were difficult to deal 
with, so that the satisfactory results which have 
been obtained may be looked upon as establishing 
the adequacy of the system adopted for the ordinary 





conditions existing on an English railway. On the 
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South London line, which was first equipped, the 
curves are both numerous and sharp, and the only 
two straight portions of the line are in the neigh- 
bourhood of the termini. The curves are indicated 
below the profile given in Figs. 2 and 3, on 
page 106. The gradients are also difficult, as will 
be seen from these figures, it being noted that 
there are rising gradients in both directions out of 
many of the stations. The profiles of the second 
electrified portions are given in Figs. 4 to 7, on 
the same page. Figs. 4 to 6 show the line 
from Battersea Park through the Crystal Palace 
to Selhurst, and Fig. 7 shows the connecting section 
from Peckham to West Norwood. The most striking 
feature of these figures is the heavy gradient in 
both directions up to the Crystal Palace tunnel. 
In addition to difficulties inherent in the physical 
formation of the lines there were many of a mecha- 
nical and electrical nature which owed their 
origin to the clearances allowed by existing struc- 
tures and tunnels. Many of these difficulties 
required much study before they were overcome, 
and the expedients which were finally adopted are 
in many cases of much interest. It will clear 
that the introduction of electric traction in any 
form into such termini as Victoria and London 
Bridge would also involve difficulties in reference 
to clearances, signal positions, &c., and we hope 
in a later article to illustrate and describe some of 
the methods adopted to overcome these and other 
difficulties. Plans of the two termini showing the 
electrified lines and their relation to the remaining 
steam lines are given in Figs. 8 and 9, above. It 
will be seen that five platform-roads have been 
equipped at Victoria, and six at London Bridge. 
Although the details of the distributing arrange- 
ments and rolling-stock belong properly to other 
articles of this series, it will fe convenient, and 
will add to the clearness of our later description, if a 
brief account of the electrical features of the instal- 
lation is given here. The railway is supplied with 
single-phase current at 6600 volts and 25 periods 
from the Deptford station of the London Elec- 
tric Supply Corporation. This current is fed, 
via distributing-rooms at Peckham Rye and 
Tulse Hill, to various switch-cabins, from which 
it is supplied directly to the overhead con- 
ductors, without transformation. The connec- 
tion between the distributing-rooms and switch- 
cabins are made by single cables laid either in the 





ground or carried on short posts or fences. The 
trains collect the 6600-volt current by means of 
bows which are connected up to the high-tension 
side of step down transformers, carried by the 
trains, and connected to the motors on their low- 
tension side. The return circuit is through the 
running rails, each length of which is connected up 
to the outer of the distributing cables already 
mentioned. There is no bonding over the fish- 
lates. Speed control of the trains is carried out 
y varying the ratio of the step-down transformers. 
We propose in the next article to deal with the 
distributing arrangements and switch-cabins in 
detail, afterwards ing to the overhead work, 
rolling-stock, &c. Before concluding, however, we 
should record that the work in connection with the 
conversion has been carried out to the designs and 
under the supervision of Mr. Philip Dawson, 
M. Inst. C.E. We should also record that we are 
much indebted to Mr. Dawson for information, 
photographs, and drawings which have been used 
in the preparation of these articles. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 19th inst., at Storey’s Gate, Westminster, the 
President, Mr. E. B. Ellington, occupying the 
chair. 

THe Late Mr. Samvet JouNson. 

The President first announced the death, on the 
15th inst., of Mr. Samuel Waite Johnson, a past- 
president of the Institution, and after giving par- 





ticulars of the deceased gentleman’s connection 
with the Institution, stated that the Council had 
that afternoon sent a letter of condolence to his | 
daughter. For particulars of Mr. Johnson’s pro- | 
fessional career we may refer our readers to page 92 
of our last issue. 


Batior-List FOR THE ELECTION OF OFFICERS. 


The list of the retiring Members of Council and 
the Council’s nomination list were then presented 
to the meeting by the President, in accordance with | 
Article 23 of the Institution, which provides that | 
the President, two Vice-Presidents, and seven 
Members of Council shall retire at the annual | 
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general meeting. The names of the retiring 
officers were as follow :—President, Mr. E. B. 
Ellington ; Vice-Presidents, Mr. Arthur Keen and 
Lord Merthyr; Members of Council, Professor A. 
Barr, Messrs. G. J. Churchward, W. H. Patchell, 
Walter Pitt, Mark Robinson, Dr. W. Cawthorne 
Unwin, and Mr. Wilson Worsdell. All these had 
offered themselves for re-election, with the exception 
of Mr. Arthur Keen, Vice-President, and had been 
nominated by the Council. The following nomina- 
tions had also been made by the Council for election 
at the annual meeting :—As Vice-President, Dr. W. 
Cawthorne Unwin ; as Members of Council, Mr. 
John Dewrance, London ; Mr. Donald B. Morison, 
Hartlepool ; and Lord Pirrie. 

The President then invited additional nomina- 
tions under Bye-Law 26 of the Institution, but, none 
being forthcoming, he stated that the list as read 
would constitute the ballot-list for the election of 
officers at the annual general meeting next month. 


Tursing-Pump DEveLopMeENT. 


per set down for reading was one entitled 
** The fvolution and Present Development of the 
Turbine Pump,” by Dr. Edward Hopkinson, 
Member of Council, and Mr. Alan E. L. Chorlton, 
Member, of Manchester. We reprint this paper in 
full in another part of this issue. 

Before the discussion opened a few remarks were 
made by Dr. Hopkinson, who wished to explain 
that in writing the paper Mr. Chorlton and he had 
confined themselves strictly to the turbine pump. 
This course prevented the authors making compari- 
sons with other forms of pumps or referring to 
much of the earlier work, relating more particularly 
to the centrifugal pump in the general acceptance 
of that term. The history of the centrifugal pum 
was one of singular interest. After the early aon § 
of Papin little had been done with the centrifugal 

ump until 1851, when Mr. Gwynne brought out 
isinvention. Mr. Appold showed a pump at the 


The 


| Great Exhibition in which, he (Dr. Hopkinson) be- 


lieved, backward curved impellers were employed 
for the first time, and, according to his statement, 
obtained an efficiency three times as great as had 
been previously achieved. Dr. Hopkinson was un- 
certain as to the actual efficiency, but it was certainly 
not more than 50 per cent., and if that were three 
times greater than had been obtained before, the 
previous history of the centrifugal pump must 
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have covered its purely elementary stages. From 
1851 to the work of Professor Reynolds there 
was another long gap. The first time that cen- 
trifugal pumps were brought into prominent 
notice was in a paper by Mr. (now Sir) Charles 
A. Parsons, in the year 1876, written while a 
student of the Institution of Civil Engineers. 
The paper had been printed in the Senniatines of 
the toditution, and been awarded the Miller 
prize. In it Mr. Parsons recorded the first careful 
and satisfactory experiments on the efficiency of 
pumps. The pumps were quite small, but the 
foundations were then laid for all su uent work. 
In 1877 Dr. Unwin worked out, with complete 
equations, the theory of the efticiency of the cen- 
trifugal pump, and applying this to the work of Mr. 
Parsons had proved the two to be in agreement. 
A ee by Dr. Stanton, read before the Institution 
of Mechanical Pngineers in 1903 also marked an 
advance in the matter of the centrifugal pump, 
guide-vanes, among other things, being fully dis- 
c i 
The discussion was opened by Dr. Unwin. He 
considered that the paper covered the ground so 
thoroughly that there was little else to say that 
would not be historical. Early in the paper the 
authors had stated that ‘‘ centrifugal pumps were 
in the past accepted by engineers as suitable appli- 
-ances for easily and cheaply (as to first cost) raising 
water to low heads.” Centrifugal sg ~ at com- 
paratively low heads were not only cheap, but 
efficient machines. The authors had mentioned what 
was probably the earliest hint of series pumps, and 
had given a sketch in Fig. 1 (see page 112) of the 
series pump devised by Gwynne in 1851. In 1863 
General Morin published a work in which the 
Gwynne pump was described, as also a pump, 
somewhat less crude in design, by Girard. The 
reason that this type of pump did not make head- 
way was probably because the early builders of 
centrifugal pumps—and he (the speaker) did not 
make any distinction between centrifugal and tur- 
bine pum were unacquainted with any means of 
utilising the large amount of kinetic energy corre- 
sponding to the tangential velocity of the water 
when it left the pump-disc. The pump and motor 
were reciprocal machines. The hydraulic turbine 
reversed was a turbine pump; a reciprocating pump 
reversed was an hydraulic piston-motor, and so on. 
The cross-section in Fig. 2 of the pa rT (see page 112) 
showed a pump identical with Thomson's vortex 
turbine with movable guide-blades, such as the 
speaker had made during the ’sixties, under the 
design and patent of Professor James Thomson. 
Most of these turbines were made with curved 
vanes, but some were made with straight vanes, 
as shown by Fig. 2. What Professor Osborne 
Reynolds had done was to take the Thomson 
vortex turbine, reverse it, and put it in series. 
The reversed turbine was a turbine pump. There 
was, however, a difference. In the case of the 
hydraulic inward-flow turbine the water was flowing 
generally through narrowing passages, and in that 
case the motion of the water was comparatively 
stable. When reversed, however, the water was flow- 
ing through expanding pas , and there was less 
stability in the motion of the water, and greater 


liability to loss through eddying motions. It was 
because that fact not nm realised that so 
many centrifugal pumps, made by ple with no 


particular insight, had shown such low efficiencies, 
One of the greatest sources of loss in many centri- 
fugal pumps was the loss of kinetic energy on dis- 
charge. ere were, however, two or three ways in 
which this loss —_ be reduced. In the Appold 
ump this was effected by recurving the vanes. 
n various pumps guide-vanes had been used from 
uite early times, although not to a e extent. 
en Professor James Thomson formed the idea of 
utilising the action in what he described as the 
‘whirlpool chamber,” and a number of pumps 
with whirlpool chamberr were made in the ’sixties. 
Recurved vanes, as in the Appold pump, were 
employed to reduce the tangential velocity, and a 
further portion of the kinetic energy, corresponding 
to the tangential velocity, was converted into 
pressure by the use of the whirlpool chamber. 
He would mention—to the credit of Professor 
Thomson—that the largest centrifugal pump ever 
made was constructed at that time. is pump 


was for Demerara, being used to pump water, 
at a lift of 4 ft., from marshes into the sea. 
The pump disc was 16 ft. in diameter, and the 
whirlpool chamber had a diameter of 32 ft. 
They had assumed that the pump could be con- 


structed for an efficiency of 70 per cent. Although 
no exact experiments could made, that effi- 
ciency must have been nearly reached, because the 
machine was driven by an engine of a type then 
comparatively new—by one of the earliest Corliss 
engines made in this country—calculated to work 
at such powers as would drive the pump, pre- 
suming the latter had an efficiency of 70 per 
cent. With the exception of being placed in 
series, the speaker considered that the Thomson 
pumps were eypanend turbine pumps. Referring 
to Fig. 6 in the paper, he was not quite clear as to 
what the relative velocities there given referred. 
One important point in connection with these 
pumps was not the relative velocity, but the radial 
velocity of flow through the pump in these cham- 
bers. The radial velocity was rather an important 
factor in the = design of the pumps. 

Mr. W. E. W. Millington agreed with Dr. Unwin 
in being unable to see any difference between the 
centrifugal pump and the turbine pump. He 
could not see why the addition of guide-passages 
to a pump should make it a ‘“‘turbine pump.” He 
regarded the name merely as a trade term. The 
paper showed how rapid the development of the 
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centrifugal pump had been, but the way in which 
this had taken place was not shown. One of the 
chief reasons for the increased adoption of this 
type of pump was due to the small space occupied. 
his made them very suitable for mining work. 
There was also the question of low first cost. 
He had got out the figures in the accompanying 
table to show the cost of centrifugal and recipro- 
cating pump installations :— 
TABLE. 

















| Centrifugal Pump | Reciprocating Pump 
Gallons | Head | and Motor. and Motor. 
per in \_ ee ae ee 
Minute. Feet. H | ‘ ] 
orse- * orse- | 
Power. Price. Power. | Price, 
£ | £ 
167 750 | 60 200 | 55 | 510 
300 400 | 52 180 | 55 | 480 
+4 100 | 4 10 | 20 310 
700 607 190 | 390 180 1640 





From the paper one might be led to think that 


every effort had been strained to secure a high 
efficiency with centrifugal pum He did not 
believe that that was so. Really the chief point 
in view had been high reliability. If it had not 


been possible to obtain this, nobody would have 
installed high-lift centrifugal pumps, no matter 
how greatly —— to do so by high efficiency. 
In attaining reliability one of the greatest difficul- 
ties had been the balancing of the end-thrust on 
the impellers. Often the end-thrust was taken up as 
well as possible by some hydraulic means, and the 
balance was taken up on a mechanical thrust-bear- 
ing. The only really satisfactory system was, how- 
ever, entirely automatic hydraulic balancing. He 
regretted that so little had been said on this point 
in the paper. He would show two slides illustrating 
the arrangement. The first(which is reproduced in 
Fig. 1, annexed) showed the arrangement for balanc- 
ing as used on the present-day Sulzer pumps, not, 
however, of the type shown in Fig. 13 of the paper, 
where a pump was shown with back-to-back ipl 
and ball thrust-bearing. In Fig. 1 there was shown 
a disc i used for taking the unbalanced load on the 





impellers, Water was allowed to escape from the 


periphery of the last impeller through the spaces q 
and along the small clearance between the sleeve m 
and the body f. It then escaped into the space k, 
passed between the disc i and the body f at h to 
the outside of the disc, and away through the open- 
ing o. If the resulting thrust was from right to 
left on the impellers, the whole thing was free to 
float, and the face of the balance disc h coming closer 
to the face of the body f, less water was allowed to 
escape out of the s k, Consequently the pres. 
sure rose there and the impellers were gradually 
returned to their proper position. The reverse 
action took place if the out-of-balance thrust from 
the impeller was from left to right. That was 
truly automatic hydraulic balancing; but as the 
balancing water had to pass through the small 
running clearance, some wear was inevitable, and 
as that occurred more water passed and more water 
was required to balance the pump. 

Fig, 2 showed another»method of balancing. The 
disc was not employed in this case, but the valve n 
was used, and water was allowed to escape from 
the periphery of the last impeller c, past the valve 
face to the back of the impeller into the chamber f, 





and the thrust was taken up onthe impeller. From 
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jf the water escaped through the orifice h and away to 
the drain. The balancing was similar to that with 
the system shown in Fig. 1. There was no chance 
of the orifice h becoming choked, because when the 
pump was running the space m between the balance- 
valve and the face of the body was only a matter of 
about ;755 in. Anything, therefore, which would 
go past m would certainly go through h. There was 
no running clearance to become worn, as in Fig. |. 

The next slide shown by Mr. Millington gave 4 





section through a pump, which incidentally showed 
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an internal delivery end bearing, through which, or 
along which, no water could escape. This was some- 
what different from that shown in the paper, the 
grease feed being at the right-hand end only, and 
forced through the bearing into the balance water- 
chamber. ere was thus no tendency for water 
or any grit to get along the bearing at all. A pump 
of the design shown was easy to dismantle. The 
whole of the delivery end bearing could be taken 
away without disturbin the balance-valve, and the 
balance-valve itself could be taken up without dis- 
turbing any other part of the pump. : 

The authors appeared to claim that the design D, 
Fig. 12 of the paper (see e 113), was a good 
one for obtaining self-regulation. The curves in 
Fig. 12, however, showed a difference of efficiency 
of 40 per cent. between the t Cand D. In 
Figs. 3 and 4, page 108, Mr. Millington showed 
curves which he had taken from a pump with 
about the same output as the wheel taken in 
Fig. 12 of the pers. They were from one and the 
same pump. Fig. 3 showed curves with the pump 
arranged to give self-regulation, and Fig. 4 for the 
same pump arranged as a standard pump—i.e., 
without self-regulation. The authors in their paper 
had taken it for granted that the term ‘“‘ regula- 
tion’ was understood. Actually it meant that after 

ing the maximum efficiency point the power 
curve either remained flat or fell slightly. It would 
be noticed that an efficiency of 63 per cent. was 
obtained for about the same output as the one 
illustrated in the paper. 

In describing mine-drainage pumps the authors 
had, he thought, shown a — to set down 
a pump (see Fig. 18, page 115) of very large duty. 
He showed a reproduction of a letter from one of 
the employers of Messrs. Mather and Platt, which 
evidently referred to this particular pump, the duty 
being exactly the same. In that letter it was 
stated that this pump on test at 1450 revolutions 
gave an efficiency of 80.7 percent. The speaker 
would like to ask the authors whether the pump 
just referred to, and the one described in the paper, 
had actually been run at 1450 revolutions per 
minute, and whether its duty when it was installed 
was 1800 gallons per minute to a height of 950 ft. 
at 970 revolutions per minute. If that were so, it 
seemed rather strange that a pump of that sort 
should have been designed to be capable of dealing 
with 2000 ft. when its actual duty was only 950 ft. 

Mr. F. Schubeler spoke next, and said that five 
years earlier than John Gwynne’s patent W. H. 
Johnson had covered the design of a similar pump 
in the American patent No. 4426. In this pump 
Johnson used curved vanes and propellers shrouded 
on one side at least. This pump, however, had no 
guiding device. It could not therefore be claimed 
for Reynolds that his multiple-stage pump was a 
novelty. The characteristic feature of all these 
pumps was that the impellers had open radial 
vanes and unshrouded sides, and that the water 
was delivered from the impeller to the overflow 
_ built into the surrounding casing without 
the interposition of special diffusers, this latter 
being the most essential feature of the modern 
high-lift centrifugal pump. The speaker could not 
agree with the authors that the Osborne Reynolds 
pump of 1875 showed the elements of such a device 
mm the ‘‘ tangent guide-vanes,”..asthey had called 
them, for these could only be considered as a means 
for regulating the water quantity of the pump. 
This was confirmed by the fact that in later designs 
the practice was dropped, which would certainly 
not liave been the case had the inventor recog- 
nised the importance of suitable diffusing apparatus. 
The Reynolds patent really covered the ribs pro- 
vided in the overflow spaces to guide the water to 
the next impeller, as he probably found by experi- 
ence that, with the radial-impeller vanes, the water 
in the suction-pump revolved with the impeller. 
That this was the limit of Reynolds’s claim appeared 
from the fact that he said that ‘‘the fluid, after 
leaving the moving passages, is received into fixed 
passages, so formed as to deprive it of all velocity 
of whirl.” The credit of an invention was com- 
monly given to the man or firm who had been able 
to place it on a commercial basis. If Sir Charles 
Parsons were acknowledged as the inventor of the 
stea-turbine, the credit of introducing the centri- 
fugal pump must, he thought, be accorded to Messrs. 
Sulzer Brothers. That had built centrifugal 
pumps for low lifts since about 1860. 

In the speaker’s opinion the authors should at 
least have mentioned other systems of centrifugal 
pumps, such as those by Professor Rateau, Jiiger, 





&c. It might interest members to know that 
Messrs. Sulzer had built among others a single- 
stage pump delivering about 22,000 gallons per 
minute against a manometric head of about 50¢ ft , 
with an output of 4000 horse-power, and an effli- 
ciency of about 80 per cent. 

Mr. W. H. Patchell said that the authors might 
perhaps have metioned, in connection with the 
mine pump they described, that it was not tested 
by the makers, but by the engineer of the com- 
pany using it. The efliciency, one year after 
working, was 76 per cent. It only stopped 16 
hours a month, and five years later was again 
tested, the efficiency being still 76 per cent. That 
was, he thought, a good record. In the early 
days makers did not pay the necessary attention to 
the interior finish of the pump. When he first 
saw the high-lift centrifugal pumps made in this 
country and those made on the Continent, he had 
been greatly struck with the difference. 

Mr. Patchell then showed a slide on the screen, 
reproduced in Figs. 5 and 6 herewith, of a centri- 
fugal pump installation ina mine. He had in that 
case been set the problem of taking the water from 
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three different pits. The pit on the left only had a 
sump. The next pit had no water. The third pit 
had a lodge-room about 250 ft. from the surface. 
The shaft on the right of the diagram had a lodge- 
room about 90 ft. from the surface, and also a sump. 
He had, after some effort, succeeded in persuad- 
ing the management to put in centrifugal pumps, 
utting the pump in at the bottom of a U-tube. 
ficiency might have been sacrificed by this course, 
but the labour of getting up steam in separate 
boilers was saved. He had made the water from 
the far shaft run down to the main sump. The 
lodge-room in the second shaft was about 250 ft. 
from the surface, and from that level to the sump 
the depth was about 950 ft. The pumps had been 
placed just above the sump. The U-tube had been 
run from the lodge-room in the right-hand shaft 
to pump water to the surface. The pump handled 
water from both lodge-rooms, with a change-over 
valve, so that at one time this installation to 
deal with a 250-ft. head, with the friction in the 
ipe added, and at another with a 90-ft..static 
ion plus friction in the pipe. To avoid break- 
down, he had put two pumps and two motors, 
working with alternate current of 25 frequency. 
The two pumps and motors were made similar, the 
former being driven by different sized pulleys at 
each end of the motor (see Fig. 6). The left 
side of the diagram showed the pump running 
with the smaller pulley on the motor, which gave 
the lower speed, when pumping from the lodge- 
rooms. The pump on the right side was run off 
a larger pulley, and was therefore running at 
the higher speed, and pumped from the sump. 
In considering the efticiency of high-lift centrifugal 
pumps, the quantity of water pumped greatly 
affected the question. The larger the quantity in 
proportion to the head the better the efficiency, 
and, with a small quantity of water and a high head, 
the pump would make a poor show as compared 
with its accomplishment when handling a ae 
quantity of water. The efficiency of the two pumps 
on a 1262-ft. head was 56} per cent., working at 
3000 revolutions, and pumping 80 gallons a minute. 
At a 360-ft. head, 1800 revolutions, and 150 gallons 
a minute, the efficiency was 62.75 per cent. 
Mr. Richard Allen spoke next. From some 
points of view he would have preferred the term 
**turbine centrifugal pump” to “‘turbine pump,” 





for, as Dr. Unwin had pointed out, there was little 
difference between centrifugal and turbine pumps. 
The advantage of shrouding the disc had mn a 
matter of contention for years past, but he thought 
the paper afforded conclusive evidence, by tests 
carried out by two men, that shrouded discs were 
much the better type. Figs. 13 and 15 of the 
paper showed two designs of turbine pumps. As 
a designer and constructor, he agreed that the 
type shown in Fig. 15 many advantages 
over that shown in Fig. 13. In the case of the 
latter the expense of constructing the one large 
chamber, holding two or more of the discs, was 
excessive, whereas in the type shown in Fig. 15 
the chambers were separate, and held together by 
bolts, and cheap to make. He would ask the 
authors if they were satisfied with the design of 
internal bearings shown in Figs. 15 and 18. Such 
pumps ran at high speeds, were often installed in 
most unfavourable situations, and were in the charge 
of unskilled labour. He therefore questioned the 
wisdom of using inside bearings. He would have 
preferred the left-hand bearing (Fig. 18) to be 
outside ; perhaps, however, the authors had sume 
special reason for putting it inside. 

The authors had mentioned the use of phosphor 
bronze for the impellers. He would like to hear 
whether they considered that material suitable for 
very high duties, and whether they had noticed any 
corrosion or erosion in this connection. He thought 
most constructors had experienced this to some 
extent. The boiler feed-pump illustrated in Figs. 
20 and 21 of the paper was, he thought, a fine piece 
of apparatus, but extremely complicated. ere 
were pumps now on the market in which one wheel 
delivered water into boilers at over 200 1b. pressure. 

Mr. G. P. Mair was pleased to see that Mr. John 
Gwynne’s specification of 1851 was mentioned in 
the paper. Mr. Gwynne had even shown illus- 
trations of centrifugal pumps for drawing from jet 
and surface condensers. As was well own, it 
was only quite recently that centrifugal pumps 
had been applied to that purpose. The use of 
centrifugal and of the multi-stage turbine pumps 
in this direction had not dovdleged as much as 
might have been expected, owing to the diffi- 
culty of securing suitable motive power. Boiler 
feed-pumps, and Pry drawing from surface 
condensers, required to run at the very high speeds 
of 2000 and 3000 revolutions per minute, and these 
speeds were not possible until recently. With 
regard to the balancing arrangement described by 
Mr. Millington, although no doubt a pretty one on 
paper, he thought it open to objection. In dealing 
with mine-water and in sinking shafts a great 
deal of grit was met with. The leakage water past 
a balancing piston had to be small if the pump 
efficiency were not to be seriously affected. For 
this the disc and the opposite surface had to 
be in close proximity, and if grit passed between 
them when rotating at high velocity, wear was un- 
avoidable. Fhe discs therefore needed to be 
periodically renewed. The end-thrust was sometimes 
as much as 2000 lb. He was inclined to think that 
the better arrangement of obtaining balance was 
that adopted by Messrs. Sulzer, in which the discs 
were placed back to back. This practically neutra- 
lised the end-thrust. At the same time a small 
thrust bearing could be installed in case of emerg- 
ency, because it was a very difficult thing to cast 
discs to exactly the same pattern, and slight in- 
equalities in centrifugal pumps made a very serious 
difference in the result. 

Mr. W. H. Atherton asked what was the line of 
demarcation between the centrifugal pump and the 
turbine a. He regarded the turbine pum 
as a particular type of centrifugal pump, with 
diverging guide-passages. He also wished to ask if 
the reaction impeller, referred to in Gwynne’s speci- 
fication, acted on the same principle as the im- 
peller used in the Rees worse on pump, this being 
claimed to be an original feature of that pump. The 
authors had stated in the paper that ‘‘ the impeller 
is turned all over outside to reduce skin friction, 
and with the same object it is usual to use as many 
wheels as the circumstances will otherwise allow of.” 
In his experience of the design of turbine pumps, 
it was always the aim to get as few wheels as 
possible. Skin friction varied as the square of the 
relative velocity between the moving surface and 
the water, and many wheels meant 4 large surface. 
By using many wheels, however, it might be possible 
to keep down the diameter, especially in fast 
running, and one might compensate the other. 
One feature in the mechanical design of the 








RP 





IIo 


ENGINEERING. 





[JAN. 26, 1912. 





Mather and Platt pump deserved emphasis— 
namely, the excellent system of building up mul- 
tiple pumps of a number of units or sections, which 
facilitated both manufacture and overhauling. The 
Mather and Platt design, moreover, lent itself 
equally well to an odd or an even number of im- 
pellers in series in a manner impossible with the 
Sulzer pump, as illustrated in the paper. 

Mr. E. R. Dolby, who followed, said that he had 
used centrifugal pumps to promote circulation in the 
long loops of heating-mains, perhaps half a mile in 
length, the head being small, but the volume con- 
siderable. He found himself unable to measure the 
actual volume going through the pipe, except by 
means of a knowledge of the differential head—i.e., 
the difference of the head on the suction and delivery 
sides of the pump. It might seem a simple matter 
to obtain the value for this with two pressure-gauges, 
one on the suction and another on the delivery side. 
But this method was not altogether convenient, and 
he had considered the use of the mercury column, 
but found that also unsatisfactory. He had then 
thought out a sort of double pressure-gauge— 
two Bourdon gauges, with a hand in the middle 
to read zero at the top and to go either way. 
Theoretically it was all right, but in practice the 
hand could not be kept permanently at zero, and 
cons‘ant adjustment was necessary. He would 
therefore ask the authors if, in testing these pumps, 
they had any ready method of reading the diffe- 
rential head. 

At this point, Mr. Schubeler, with the permission 
of the President, exhibited several lantern-slides 
showing installations of centrifugal pumps made 
by Messrs. Sulzer Brothers. 

Mr. Alan E. L. Chorlton was then called upon 
to reply to the discussion. The paper, he said, 
had been kept, as far as possible, to one particular 
subject, and no attempt had been made to spread 
it over broad ground. It was true that it would 
have been possible to collect matter from the 
catalogues of various makers and so to evolve a 
paper of a general character, but such a paper 
would not have been original. The authors’ desire 
had been to show what work had been done by 
Professor Osborne Reynolds, and what develop- 
ments had followed that work. In reply to Dr. 
Unwin he would say that the velocities shown in 
Fig. 6 were actual velocities in the wheels and in 
the passages. Dr. Unwin had referred to the 
Osborne Keynolds pump as a Thomson turbine 
reversed. That was so; it was so described in the 
paper. The point was that Osborne Reynolds 
saw the advantage of reversing the turbine, which 
others before him had apparently not done. 

In connection with Mr. Millington’s remarks, he 
> gem that reliability was, from the practical point 
of view, of great importance. It had not been 
possible to go into details in design without pro- 
ducing a very much longer paper. With regard 
to end balance, Mr. Millington had described 
both his own and the Sulzer methods ; both were 
good systems and in common use, but, although 
the authors had not exhibited the system adopted 
by their firm, he ventured to think it was better 
than either. From his experience of the other 
type, he had found, particularly in dealing with 
dirty, gritty waters, that something more than a 
single balance was needed. Mr. Schubeler had given 
some information with regard to an early American 
series pump, which, however, was a centrifugal, 
and not a turbine pump; it had no guide-vanes, and 
did not come within the purview of the paper. 
With regard to Reynolds’ claim in relation to 
velocity of whirl, he admitted difficulty in making 
out exactly what Reynolds meant by this, but 
believed that Mr. Sdadiates was looking at the 
matter from a point of view different from that 
taken by Professor Reynolds. He (Mr. Chorlton) 
rather thought the latter was referring to the 
velocity on leaving the wheel, and not the revolvin 
velocity, which the Pro‘essor checked by radia 
return vanes to the eye of the next impeller. 
Mr. Patchell’s description of his work in South 
Wales was very interesting, but the speaker was a 
good deal more interested in the arrangement of 
the motors and pumps than in the U-tube ; that 
arrangement, enabling Mr. Patchell to do what he 
wanted and to have stand-bys, was certainly very neat. 

As to the use of phosphor-bronze for the wheels, 
he would say that the bronze was necessary 


for special waters. The expression ‘‘ phosphor- 
bronze” was a sort of indefinable commercial term 


which might mean —- It might be used as an 
acid-resisting material or to resist high centrifugal 





speed, and in the cases referred to in the paper it 
was used for one or other of these reasons. The cast- 
iron impeller was little used now, although no doubt 
it met requirements in many cases. In practice 
internal bearings had proved very satisfactory. 
Reliability being the main point, the balancing- 
valve had to be in the most accessible position 
possible, and that was why it was put on the 
outside and not on the inside of the pump. In 
that position it was easy to take the valve off with- 
out disturbing anything, adjust it, and put it back. 
With a forced. feed lubricator, feeding grease, the 
bearings really gave no trouble at all. ‘The boiler 
feed-pump shown illustrated the way in which a cer- 
tain difficulty in design had been met. The reason 
it was not a single impeller was that it was driven by 
a continuous motor and run at very slow speed. 
Moreover, 260 lb. was a difficult pressure to meet 
when there was a variety of joints, &c. Mr. Mair 
had also made a strong point of balancing, pre- 
ferring the back-to-back arrangement of impellers. 
But this was a little deceptive. Theoretically it 
balanced, but in practice got very much out of 
balance, much more so than was commonly thought. 
The simple type, with a large balance arrangement, 
was better than the back-to-back method. Further, 
the back-to-back system sometimes necessitated a 
central bearing. 

With regard to Mr. Atherton’s question, he 
thought the reaction impeller they had mentioned, 
resembled that of the Rees roturbo pump. The 

int, however, to be noticed was that the reaction 
impeller was shown in the original specification 
of John Gwynne. In relation to the number of 
wheels, he would observe that the friction resist- 
ance varied as the fifth power (not as the square), 
so that it was natural to try and use a number of 
surfaces rotating slowly rather than a few surfaces 
of much larger diameter rotating quickly. There- 
fore a large number of small wheels was preferable 
to a few large ones. As to cost of manufacture, 
this depended on circumstances. Going from a set 
of two chambers to the single chamber, the advan- 
tage would be with the latter. Going to eight 
chambers, however, the smaller pump with the 
larger number of chambers would be cheaper. In 
order to obtain the differential head in ordinary 
practice, gauges of the standard type, regularly 
calibrated, were used in testing, one for suction and 
the other for delivery, any allowance that might 
be necessary being made. He did not know of any 
arrangement admitting of readier comparison. 

Dr. Hopkinson then also made a few remarks 
in reply to the discussion. He observed that a 
good deal had been said as to how the turbine 
te came by its name. The name was its 

ptismal name; Reynolds had given it that 
name, and it had stuck to it ever since. He 
thought, however, that a very real distinction 
existed between the turbine pump and any other 
form of centrifugal pump, and he could not quite 
agree with Dr. Unwin on this point. In the ordinary 
form of centrifugal pump the water delivery from 
the vanes was projected into a chamber in which 
there was a free vortex of the water. The chamber 
might be barrel-shaped or circular, but within the 
chamber was a free vortex. In a turbine-pump of 
any form the water issuing from the radial rotating 
vanes was received into guide channels, and there 
was no free vortex. The object of the free vortex 
was simply to change the kinetic energy of the 
water leaving the vanes into pressure-head. In 
the remoter parts of the chamber the head was 
greater; nearer to the wheels the energy was 
greater. With the turbine blades that opera- 
tion took place within the channels between the 
blades, and it appeared to the speaker that the 
difference was an essential one, and one which 
had a very great effect in the actual application of 
the principle to turbine-pump design. Without 
the guide-blades it was not ible to achieve any- 
thing like the lift that could be accomplished with 
them ; moreover, there was higher efficiency. It 
was his opinion that the chief improvements of the 
future on the ordinary centrifugal pump would be 
the application, in a restricted sense, of the turbine 
blades to the low-lift pump. 

The President then announced that on Monday, 
February 12, Dr. Stanton would deliver a lecture 
to the graduates on ‘‘ Recent Researches at the 
National Physical Laboratory,” and to this lecture 
all classes of members were invited. He then 
closed the proceedings, stating that the next meet- 
ing would be the annual general meeting, and 
wou'd be held on Friday, February 16. 
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Tue cotton lock-out is at an end, at any rate for 
some time, for an ment was come to on the even. 
ing of Friday last which for the present assures } ace, 
How long this peace will last no one, of course, knows, 
but in the opinion of some who are well qualificd to 
form an opinion it is merely a postponement of the 
fight; and a significant feature of the settlement 
which strengthens this belief is that the point that 
gave rise to all the trouble is not really settled—we 
refer to the employment of non-unionists. If there ig 
anything at alt in this bone of contention that sticks 
in the unionist throat, it is sure to be heard of again, 
and cannot always be so easily removed as it seems 
to have been last week. Be this as it may, the official 
statement made last Friday was to the effect that the 
operatives’ representatives, numbering from 300 to 
400, met in the Caxton Hall at Salford to consider the 
employers’ proposals. After three hours the meeting 
came to an end, and it then became clear that there 
was to be peace, and that the masters’ terms had been 
accepted. There was afterwards a joint meeting with 
the employers, after whick the following announce- 
ment was made :— 

As each side claims a principle—the operatives that 
the workpeople have the right to refuse to work with 
non-unionists at any shed or mill, the employers that 
they must maintain their established practice of 
strict impartiality as regards unionists and non- 
unionists—and as both parties attach great importance 
to maintaining such rights, it be now agreed by the 
employers aan operatives that, with a view of pro- 
viding a means whereby the dispute may be settled by 
reason and in a friendly manner, work shall be 
resumed at 6 a.m. on Monday, January 22, 1912, 
under the old conditions of employment, on the under- 
standing that at the end of a period of six months, 
during which no action shall be taken in tendering 
notices or striking mills on the non-unionist question. 
Sir George Askwith will, if requested, make sug- 
gestions on the matter to the parties. If such 
suggestions are requested, the parties shall meet 
within 21 days after receiving them for considera- 
tion of the subject. In the event of the foregoing 
procedure not proving a solution of the question, 
neither side shall be entitled to take any action on the 
non-unionist question involving a stoppage of machi- 
nery unless six months’ notice in writing has been 
previously given by the one side to the other. The 
representatives of the employers’ and operatives’ asso- 
ciations desire their respective members to accept this 
as an Official intimation of the settlement. 

From this it appears that if the arrangement be 
faithfully and honestly kept by both parties, there will 

in this branch of the cotton trade for at least 
twelve months. That it will not be honourably kept 
by the men has, however, soon been demonstrated, for 
on Monday morning last, when the men returned to 
the mills, a large number of them refused to work with 
the two non-unionists about whom the trouble originally 
arose, these two—Mr. and Mrs. Riley—also having 
returned to their looms. This matter has, however, 
since been settled, for both Mr. and Mrs. Riley have, 
it is said, declared their willingness to join the union. 





At the time of going to press, there seemed to be 
hope that some satisfactory agreement might be arrived 
at in the coal trade, and things looked brighter than 
they did on Friday last, when the miners decided that 
in accordance with the result of the ballot, which was 
overwhelmingly in favour of a strike, notices should 
be tendered to stop work in the pits on February 29. 
This step was not a surprise, but now there are 
hopes that snmething may happen before that date 
to frustrate the wishes of the younger and wilder 
— among the men, for there is little doubt 
that it is in the ranks of the younger unionists 
that the desire to put the strength of labour 
against that of capital burns most fiercely. Nothing, 
it seems, will satisfy these extremists but a fight, 
in spite, too, of the many warnings that are given 
them from the thinking men on their own side ; among 
these was a note sounded by Sir com Compton 
Reckitt, M.P., at South Elmsall, near York, on Friday 
last. Sir Joseph Compton Reckitt, M.P., is a friend 
of unionism, but, referring to any effort to coerce 
the employers by means of a general strike, he said: 
A concerted effort at national coercion would not only 
alienate the readiness of the great majority of em- 
ployers to negotiate with the great unions, but would 
turn the country against trade organisations and create 
@ popular demand for a fresh regulation of their privi- 
leges. Sooner than submit to anarchy a nation would 
temporarily accept a curtailment of liberty as the 
lesser of two evils. An attempt at political rebellion 
would not be tolerated for a day, and he dreaded to 
contemplate the unarmed and unorganised masses of 
this or any other country brought seriously into cor- 
flict with deadly modern weapon:. ; 

The gravity of the situation, due to the demand of 
the miners for a minimum wage, has not been lessened 
by a decision of the enginemen and stokers at tc 
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South Wales collieries to cease work, owing to the 
employers’ refusal to grant increased wages. The 
men have been advised by their committee to serve 
notices on February 1, these notices to expire on 
February 29, which is the date suggested for the 
commencement of the proposed national strike of 
miners. This trouble with the enginemen is quite 
distinct from that connected with the minimum wage. 
Of course, there are more than four weeks yet 
remaining before the strike is to commence, and there 
is yet time for some understanding to be arrived at 
that will ward off the impending evil. Indeed, it 
seems even now that there is a section of the miners 
willing to modify their extreme demands in that they 
are said to be y to agree that malingerers and 
shirkers shall be excluded from any minimum-wage 
arrangement, and that their cases shall be dealt with 
by joint committees of employers and workmen. This 
is certainly a move in the right direction if peace is to 
be assured. The conference of representatives of the 
coal-owners and the miners, held in London on Tues- 
day last to discuss further the minimum wage ques- 
tion, was adjourned till the following day. This 
adjourned meeting was itself adjourned till — 
it being understood that there was no deadlock. The 
result of yesterday’s meeting was not known at the 
time of going to press. It is, therefore, to be hoped 
that any remaining difficulties will soon be overcome. 





The shipbuilding industry is still in an unsettled 
state, for the negotiations between the Executive Board 
of the Shipbuilding Employers’ Federation and the 
Standing Committee of the Shipyard Trade Unions, 
which were carried on last week at Carlisle, fell 
through, and it was decided that the conference which 
was called to consider the ‘discharge note” ques- 
tion should be postponed till February 6. The 
employers state that they attended the conference 
to hear what the committee had to say, and to 
give them their views on the subject, instead of 
which an ultimatum was presented to them, and 
they were asked to abolish the discharge-note system 
there and then. The masters naturally could not 
agree to the demands of the men without laying the 
subject before their Federation, and so the matter now 
stands. 

It appears that the principal difficulty attached to 
the proposals was that of agreeing on the methods 
which should be adopted for wee | with piece- 
workers who leave their jobs unfinished, or who stop 
working when they think the job is not paying them 
sufficiently. With regard to time-workers, there was 
not much discussion, and there is little doubt that if 
the question had related only to these, the discharge- 
notes might have been favourably considered. The 
»mployers wished to know what was to be done about 
piece-workers, especially riveters. Some alternative 
method of checking the practice of shifting from a job 
in one yard to a job in another would have to be 
devised, and in order to meet this difficulty it was 
suggested that instead of giving to a man for 
presentation in another yard a discharge-note stat- 
ing the reason why he had ceased to be em- 
ployed, a firm should report a man to his union 
when they had ceased to employ him, and he 
should be dealt with and punished by his union if 
necessary. Although willing to agree to this proposal, 
the standing committee pointed out that there 
would, of course, be difficulties in arranging the 
details of the procedure to be followed, and the 
adoption of the plan would mean a departure from 
the system of discharge-notes, as at present under- 
stood. The change could not, however, be accepted 
by the employers, on behalf of their associations, at 
the meeting last week. Although nothing definite was 
settled, the meeting served the purpose of letting each 
side see what the position of the other was, so that 
when the parties meet —_ they will be prepared to 
take up the subject definitely, and the policy of the 
Federation can be laid before the men. It is understood 
that the proposal of the men was that not only should 
the system be abolished in the trades which are parties 
to the National Agreement, but also in all those which 
are represented on the Federation of Shipbuilding 
and Engineering Trades. The men appear to object 
strongly to a system which had its crigin in the great 
engineering strike of 1877-8 ; for many years this was 
not one of ‘‘ discharge-notes,” but of ‘* inquiry-no' 
which were passed privately from firm to firm, and 
were not supposed to be seen by the men aftected. 
When a man applied for work at a certain yard he was 
asked for his name, where he had previously worked, 
and other particulars. If his previous firm was a 
member of the Employers’ Federation, the firm applied 
to sent to it an “‘inquiry-note” for particulars. Until 
a reply was received the man might be given work pro 
tem. or he be asked to call later. Whether the man 
eventually got a full start or not depended very much 
on the nature of the reply. In the course of time, 
however, the employers adopted the ‘‘discharge- 
notes” in place of those previously in use. With 
this system the man receives a note when he leaves 
his employment, and without this note the foreman 





in another yard is not supposed to give a man a 
start; while if the note Q per Hea «Hh it tells 
heavily against the man obtaining work anywhere. 
The employers maintain that these notes are neces- 
sary to prevent men flitting from yard to yard, and 
thus disorganising work. 


The monthly report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders for January 
shows that at the end of December there were 1895 
members signing the book, compared with 2206 at the 
end of November. There were on the sick-list at the 
end of these two months tively 1245 and 1179 
members, and on superannuation 2404 and 2463 - 
tively. The expenses for December were 7014/. 19s. ra. 
as compared with 56147. 15s. 9d. in November. In 
December there were, however, five weeks’ payments. 
The number of members admitted in December was 
469, while the number entered as run out and de- 

was 502, or a decrease of 33 on the total 
membership. We gather from the report that the 
year just passed was for the members somewhat better 
than any ot the three years which preceded it. The 
year 1911 was a record one in the number and size of 
ships turned out, as well as a record year as regards 
horse-power of machinery and boilers to supply the 
motive power. The complaint, however, is that the 
wages have been below former grade levels, be- 
cause, even if the high wage level of 1902 is reached, it 
is found that the purchasing power of a sovereign is 
reduced to 18s. through increased cost of living as 
compared with ten or twelve years ago. This state- 
ment as to the increase in the cost of living must, 
however, be received with caution. That there has 
been a rise there is no doubt; it is certain also that 
the very utmost has been made out of it ; moreover, it 
does not apply universally. 

Mention is made that Mr. 8. Whitehead, the special 
representative of the Victorian Government, is at 
present in this country inviting the co-operation of 
the union in obtaining suitable boilermakers to go out 
to Australia, and the society has already recommended 
many of its members to go. The wages offered are 
60s. to 66s. a week of 48 hours, but nothing is said about 
the cost of living. Approved applicants have assisted 

es for themselves, their wives, and families, and 
applicants must have been — years working at their 
trade, including apprenticeship, and be under forty- 
five years of age. 








From the report and balance-sheet of the Labour 
Party which has recently been issued we gather that 
at the beginning of 1911 the membership of the party 
stood at 1,430,539, and is now 1,446,666. The total 
number of affiliated unions was 151 at the beginnin 
of 1911, while now it is 137 ; the reduction being sai 
to be chiefly due to the operation of the Osborne judg- 
ment. In the year 1911 there were 84 trade counci 
and 64 labour parties affiliated, while there are now 
82 trade councils and 64 labour parties. There are 
also affiliated to the party other organisations, these 
a Independent Labour Party, which has a 
membership of 28,000, and the Fabian Party, whose 
members number 3404. There are also the Women’s 
Labour e, and the Tunbridge Wells Co-Operative 
Society. 
in the first year its membership reached 353,070, who 
belonged to forty-one trade unions. In addition there 
were seven trade councils and local labour parties and 
three Socialist societies, the last having a membership 
of 22,861, making a total of 375,931 in all. Last year 
there were 137 trade unions, comprising 1,409,351 mem- 
bers, 146 local councils, and two Socialist sacieties, the 
last or a membership of 31,404, the total member- 
ship of all the unions and societies being 1,446,666. 
The usual lament is brought forward with regard to 
the Osborne judgment, which is styled a ‘‘ grave legal 
ee. ‘g ¢ = 

Regardin eneral finance, at the inning of 
1911, hen one a balance in the quant fund of 
802/. 7s. 104d., and at present there is a balance of 
969/. 10s. 9d. The total income for the year was 
25951. 10s. 8d., as com with 48901. 4s. 9d. for 
1910, while the expenditure was 4625/. 6s. 24d., but 
this year the expenditure totals only 2428/. 7s. 94d. 
The balance to the credit of the parliamentary fund at 
the beginning of 1911 was 8411/. 3s. 11d. 





The opening of the Twelfth Annual Conference of 
the Labour Party at Birmingham on Wednesday last 
was not marked by anything of note, except that 
Mr. B. Turner, the President, stated that he rejoiced 
at the upheaval of last summer, and he made scornful 
allusion to special constables and non-unionist weavers, 
and declared that he was favourable to the declaration 
of a general strike. His address included some violent 
passages, which were applauded. 





Tue INTERNATIONAL Rarmtway FukrL ASSOCIATION, 
Cuicaco.—The fourth annual convention of this associa- 
tion will be held at the Hotel Sherman, Chicago, on 
May 22, 23, 24, and 25. 


he Labour Party was formed in 1900, and | sh 





THE EVOLUTION AND PRESENT DEVELOP- 
MENT OF THE TURBINE PUMP.* 


By Dr. Epwarp Hopkinson, Member of Council, and 
Aan E. L. Cooriton, Member, of Manchester. 


To-pay the turbine principle seems to be the accepted 
idea] of almost all primary machines. It would appear that 
the age of the reciprocating engine for the various duties 
of mechanical engineering is passing, and that the rotary 
engine of the turbine type is steadily taking itsplace. In 
that of steam prime movers it perhaps, already taken 
the lead over the reciprocating type, and the engine of 
Watt must now be releguted to second place. In other 
fields and duties its progress to date is so great as to 
warrant the surmise that at no distant. time a similar 
comparison of precedence will be made. In no domain, 
perhaps, has the turbine mee principle achieved greater 
success in the last few years than that of high-lift pump- 
ing, though the realisation of its ihilities for some 
duties, by some, is, perhaps, as old, or older, than the 
steam-turbine itself. Still, its general acceptance as 
correct engineering practice is only a matter of the last 
five years. 

At the present time the use of the turbine pump has 
become so extended that it is difficult to find services to 
which it cannot be advantageously applied. It will, no 
doubt, therefore, be a matter of interest to trace the 
evolution and development of machines of this design, 
and this, ge a cannot be better done within the limits 
of a single paper and the time available than by con- 
sidering in particular one type only, and that the authors 
believe to be the original. As a description of the com- 
mercial application of the steam-turbine is a history of 
the Parsons machine, so that of the turbine pump can be 
menetey portrayed by an account of the evolution of 
the Osborne Reynolds pump. 

The rotary machine for raising water in the form of a 
centrifugal-pump is a very old contrivance, and was the 
forerunner of pumps of the turbine type. At the begin- 
ning of the eighteenth century, Denis Papin, the French 
eae and physicist, afterwards a Fellow of the Royal 

iety, communicated to the Society a paper,t in which 
he describes how ‘‘ being busy for a coal-mine, which has 
been left off, because of the impurity of the air,” he had 
devised improvements in the Hessian bellows with a view 
to applying them both to wind and water. His improved 
apparatus consisted of radial wings caused to revolve 
about an axis in a cylindrical chamber of which the por- 
tion external to the wheel was of a spiral shape. iis 
drawings show clearly the volute casing of the modern 
centrifugal-pump. Papin had no means of driving his 
fan or pump other than by hand power, and more than a 
century elapsed before his ideas were applied in practice. 

Centrifugal-pumps were in the past accepted by engi- 
neers as suitable appliances for easily and cheaply (as to 
first cost) raising water to low h It was not realised 
that they were capable of dealing with any but such 
heads; in fact, such a view became a canon of ordinary 
engineering practice, creating a tradition which took 
many years to remove. That this opinion was not uni- 
versal is shown at an early date by the omnibus patent of 
John Gwynne.t Included in this invention is the design 
of a series centrifugal pump shown in Fig. 1, 112. 

Gwynne’s specification contains many claims, and 
amongst other pay | a he shows a reaction 
im a“ now used for self-regulation, and also a means 
of dealing with end-thrust. This specification seems to 
be the first proposal to use centrifugal impellers in series, 
and though in the forms shown, and having no guide- 
vanes, it could hardly be expected to attain even with low 
efficiency the heads now successfully dealt with; still it 
ows a conception of a machine very much in advance 
of the times. It is singular that, though the water- 
turbine with its guide-vanes was a matter of common 
knowledge at the time, no attempt appears to have been 
made to reverse its action with the prospect of obtaining 
a similar high efficiency and increase of head for the 
purpose of raising water. There was, however, one ex- 
ception in the invention of Professor Osborne Reynolds. 
It is the object of the present paper to trace and discuss 
the development of this invention. 

In the year 1875 Professor Osborne Reynolds invented 
a turbine-pump§ of the series type, fitted with guide- 
vanes, Fig. 2 ( 112). Comparison of this figure with 
illustrations following show how the essential features of 
his original proposition have been adopted in subsequent 
practice. In this pump the impeller delivered its water 
to tangent guide-vanes, as shown in Fig. 2,|| and the simi- 
larity to an inward-flow turbine of the Thomson type is 
noticeable, for, as in that machine, the mouths of the 
guide-channels could be regulated to raise the efficiency 
of the pump for smaller outputs, a device however seldom 
adopted in later practice. He claims “ the arrangement 
and combination of two or more centrifugal pumps or 
fans, in which the fluid, after leaving the moving 
is received into fixed Posenees, so formed as to deprive it 
of all velocity of whirl.” _ 

ing of any commercial value appears to have been 
done with the invention for many years; in fact, the 
first pump of which records and tests are available was 
only constructed in the year 1887 by the firm of Mather 
— | Platt for the Engineering Laboratory of the Owens 
College, Manchester. This pump, shown in cross and 





* Paper read before the Institution of Mechanical 
ineers, January 19, 1912. ‘ 

+ Philosophical Transactions, vol. xxiv., No. 300, 1705. 

t Patent No. 13,577, of 1851. 

§ Patent No. 724, of 1875. F 

{| See also Patent Specification No. 13,578, of 1894. 
Osborne Reynolds, ‘‘ Improvements in Rotary Pumps 
and Turbines.” ‘ 
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Fig. 1. CENTRIFUGAL PUMP (JOHN GWYNNE. 185). 
Cee ee. 
\ z * : % 6/ 
RS Ea a 
al i i H 











(2604 A) 















va 





Fig.2. runBine-PumP. (OBBORNE REYNOLDS 1875) 
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Fic. 4. Impe.ter anp Gurpe-Passacgs, 1895 (MaTHER-REYNOLDS). 
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longitudinal section in Fig. 3, had four impellers in series, | indicating finger seems to have been employed, they may 
oar mare at 1500 revolutions per minute a total head of | be liable to some error. Thus the elie efficiency 


148 ft., or 37 ft. per chamber. 


The average efficiency | obtained—viz., 70 per cent.—appears open to some doubt. 


recorded in the tests made by Professor Reynolds was |The guide-vanes, after leaving the wheel in a curve, 
58.5 per cent.—ahigh result, having regard to itssmall size, | reached the inner periphery of the outer shell of the 


fora pump made twenty-five pease agp. The readings | chamber at an angle. The water having had its velocity 
x 


were taken from a dynamometer fi ween the pump | of whirl converted into pressure head in these 


and the belt-pulley, and as no method of damping the | had then to pas» sideways at right angles into 
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return passages formed in the back portion of the cham- 
ber, and marked “A ” in Fig. 8. In these passages the 
water was guided and prevented from rotating by radial 
vanes. The water, on reaching the centre, passed into 
the eye of the second impeller, and so on until it was 
finally delivered at the pump outlet at the head pressure 
required. It will be observed from Fig. 3 that the im- 
peller was of the open type, with radial vanes. ab 
The tests of Professor Reynolds proved the capability 
of the pump to perform many duties previously thought 
impossible ,, centrifugal pumps, and in 1893 the firm of 
Mather and Platt took up its commercial manufacture. 
The mechanical construction of a standard Mather- 
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Fig. 11. SHort anp Lone Guipe-Passaces. Sez Curves A anv B, Fia. 10, 


Reynolds pump, as built in| trance to the first chamber cast with it. At the other 
. is illustrated in longi-| end the delivery chamber forms the final cover, and has 
tudinal section in Fig. 5, | the delivery pipe cast on the upper part connecting to 
and in photograph, Fig. 4, on | the annular space into which the last set of guide- passages 
the opposite page. It consists | deliver, and at this end a suitable stay is attached to sup- 
of four chambers working in| port the pump from the floor. The chambers are secured 
series. At the oneend these| to each other by bolts through external flanges, each 
are secured by bolts inst | chamber being recessed and spigoted so as to preserve 
the circular flange of a frame ——- 7 | of the “ee P his forms - a 4 
carrying the driving-pulley or | sive design, an rmits of accurate manufacture. It 
Fic. 8. Gurpr-Vanes or 1895 Pump (MatHer-Revnoips) anp shaft cutie, the fe alipws of chasshass being ebbell on cabtenated ter higher 
Mopern Pump. the suction branch and en-| or lower heads. Each chamber is distinct in itself, and 

has on one side the guide-vanes, receiving the discharge 
from the impeller, and on the other the return passage to 





Fig.9. A. HEAD & EFFICIENCY CURVES OF y the eye of the next impeller. This return is 
o MATHER-REYNOLDS 1895 PUMP. Fig. 10. HEAD & EFFICIENCY CURVES nn Te by a diaphragm integral with the casting. The 
. B.HEAD & EFFICIENCY CURVES OF MODERN 400 water leaving the impeller, guided by the delivery vanes, 
I we passes to the next chamber, and is there guided to the 
Ps of the following impeller. As shown ia Fig. 4 and 

1g, 


. 8 (right-hand side), there are four guide-passages in 
this gurtieaiee pump, and their form is clearly illustrated. 
In comparing — & pump with a modern one it will 
be found that it is in the form of its impeller and its deli- 
very casing that the original Mather-Reynolds pump dif- 
fered most from the present design. The impeller, as 
shown in photograph, Fig. 4, page 112, is of the open type 
(not shrouded), with radial vanes, the roots of which are 
carried across the openings of the eye into the boss, neces- 
sitating the use of a modified form of Francis entrance. 
This form is probably adopted in order to secure sufficient 
strength to drive the vanes, necessitating them being 
carried through full width to the boss on the pump-shaft, 
g and not starting level with the outer diameter of the eye 
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asnow. The impeller was turned all over, and revolved 
a close fit in its casing, which was turned to a correspond- 
ing form. This prevented leakage and loss of efficiency 
by the return of the water from the tip to the suction 
along the impeller sides. 

The reasons that induced Professor Reynolds to adopt 
such a radial impeller are not quite clear, as the shrouded 
0 form with mpteceatane | blades was in common use at that 

LM ~ time, and is amore efficient and stronger type. Recent 
ay auth experiments of Dr. Gibson and Mr. Ryan Roos shown 
that in centrifugal pumps with open-vane impellers the 
frictional resistance is three to five times as great as with 


Fig./2. HEAD AND EFFICIENCY CURVES. closed or shrouded ones, though it must be noted that 
these experiments were made with clearances consider- 


SHOWING EFFECT OF GUIDE-PASSAGES AND RETURN-PASS 
AGES OF DIFFERENT FORM ably greater than obtained with the Reynolds impeller,* 

In the 1895 pumps the speeds of the water through the 
impeller and passages were comparatively low, and large 
areas were therefore necessary (see Fig. 6). Each wheel, 
being of the open type, was nearly balanced as to end- 
thrust in itself, and so, with the moderate heads pumped 
against, troubles with lateral end-thrust were not experi- 
enced. There is no doubt, however, that end-thrust did 
occur, and this caused the impellers to rub on the sides of 
their casings, with consequent friction, wear causing leak- 
age and loss of efficiency, the varying conditions of which 
make the true comparison of various tests difficult. Thi-, 
however, did not cause any serious trouble in practice on 
account of the large areas on which the end-thrust was 
taken and the low head per chamber. 

Fig. 7 shows curves taken on the works test-tanks from 
the impellers A, B, C, D, tested in the same single- 
chamber pump-body, and with one set of short guide- 
vanes. ese impellers were not of the 1895 type, but 
shrouded. The curvesare given solely for the purpose of 
showing the effect of different forms of impeller-vanes 
working under similar cenditions, They illustrate the 
advantage in efficiency of the impeller with the backward- 
curved vanes,+ and in head of the one with radial vanes. 
Impeller C most nearly corresponds to the radial vanes 
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* Proceedings of the Institution of Civil Engineers, 
vol. clxxix., 1910, 

+ For a discussion of the eugenics efficiency of curved 
vanes over radial vanes, see Dr. Stanton’s paper, Pro- 
ceedings of the Institution of Mechanical Engineers, 1903, 
“Centrifugal Pump Efficiency.” See also ENGINEERING, 
vol. Ixxvi., page 745. 
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THE EVOLUTION AND PRESENT DEVELOPMENT OF THE TURBINE PUMP. 
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Gallons per 


of Reynolds, and impeller A to the modern ty 
reaction wheel D gives a gradually fallin 


(26341, 


The 

head curve as 

the quantity becomes abnormal, with smaller tendency to 

increase the ae power and lower efficiency. To 
ts 


obtain the best results of each impeller, different guide- 
ponge with suitable entrance angles should have been 
used. 

Considering now the guide-vanes, it will be seen that 
in the 1895 pump these are shorter, or, rather, open out 
quicker than in a modern pump = photograph, Fig. 8, 

113). They are obviously less efficient, if judged 
on the mony of a Venturi tube, which must bere a 
certain (long) length if serious loss is not to be occa- 
sioned by converting velocity into pressure. The differ- 
ence, therefore, between the efficiency of an 1895 arda 
modern pump, as shown in curves (Fig. 9, page 113), is 
probably due to the form of the Reynolds impeller and 
its guides, with its cramped entrance at the eye, with con- 
sequent shock to the entering water, and to the loss at 
the periphery from the radial vanes, also to the shortness 
or too rapid opening out of the guides. The importance 
of long and carefully formed divergent guide-channels 
is shown by curves, Fig. 10, the same impeller being 
used in each case. Fig. 11 shows photographs of the 
short and long guide-passages used in carrying out these 
tests. 


The effect of the curvature, length, and dimensions of 
entrance of the guide-passages and of the curvature and 
angle of delivery of the return on to the eye of 
the impeller are shown in curves, Fig. 12 (page 113), 
These curves have no relation to the curves if Fig. 7, 
being taken at an earlier date, with a different pum 

Head and efficiency curves are given for four different 
designs of guide and return passages, the same impeller 
of standard shrouded type being used in each case. 
Design A has short guide-vanes with wide opening on 
the radial line. The return passages are of similar curva- 
ture. Design B has similar guide-vanes, but the return 
passages have a short curve, becoming radial near the eye 
of the impeller. Design C also has similar guide-vanes, 
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MODERN FOUR-CHAMBER PUMP. 
(MATHER & PLATT.) 
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Fic. 16. ImpgeLtter or Mopern Four-Cuamser Pomp (MaTHER AND P.atTT). 


and the return passages are similar in curvature to those 
of A, but are not extended to the outer periphery of the 
return chamber. eo D hasa narrower opening on the 
radial line, one-half that in A, B, and C. The return 
passages are similar to C. 

The head and efficiency curves are given for speeds of 
1000, 1500, 2000, and 2500 revolutions per minute respec- 
tively. An inspection of the curves shows that design 
D is much inferior both in head generated and in 
efficiency, due to the throttling at the throat of the guide- 
passages, and incidentally that self-regulation may be 
readily attained by such throttling, as it may also be 





* The authors are informed that in some tests on the 
efficiency of pumps, the kinetic energy of the water 
as delivered from the pumps is added to the energy as 
measured by the product of the head (measured by gau 
fixed at the same level on the delivery and suction) and 
the quantity in determining the work done by the pump. 


This is obviously incorrect, unless the kinetic enerey of | tak 
rom 


the water entering at the suction side is deducted 

the work done by the pump. As in general the velocity 
of inflow and outflow is the same, the two factors balance 
each other, and the work done is truly represented by 
the product of the quantity and the head. 





obtained by throttling at the eye, or less effectively by 
a reaction form of impeller, as shown in curves, Fig. 7. 
Secondly, that design B is superior to both A and C in 


generation of head, especially with larger quantities, and 


ges | superior to A in efficiency. especially at the low speeds ; 


but it is much inferior to C in maximum efficiency except 
at the high speeds. At these speedseddying and whirling 

es place in the whirlpool chamber of O, which is 
— the guides forming the continuous passages 


of design B is most usually adopted as best 


mee ing average conditions. | firms. od . 
ly, ©, which ne more nearly| A four-chamber pump of the Sulzer design is shown in 
pump, gives con- 


that desi 


ti 
Th 
to the conditions of a single-cham 





' longitudinal and 


siderably higher maximum efficiency at speeds of 1500 
and 2000, due to less power being absorbed by friction 
against the walls of the guide- es, and also to tan- 
gential motion impar to the water as it enters the 
subsequent impeller by the tangential curvature of the 
return passages. 

A considerable number of pumps of the 1895 form were 
constructed for installations in this country and abroad, 
some of which are described later. Meanwhile, Messrs. 
Sulzer Brothers, of Winterthur, had commenced the manu- 
facture of multiple turbine-pumps about the year 1896, and 
had evolved various modifications in the Osborne Reynolds 
design, whereby both the efficiency and the lifting capa- 
city were considerably improved. They had established 
in 1898 an interesting and novel installation of these im- 
proved pumps at the Spanish mines of Horcajo, which 
attracted considerable attention (see page 115). Two years 
later an agreement was concluded between Messrs. Sulzer 
Brothers and Messrs. Mather and Platt providing for an 
interchange of future improvements, and due acknowledg- 
ment of the original wok of Professor Osborne Reynolds 
and of the improvements made by the two manufacturing 


cross-sections in Fig. 13, annexed. Com- 
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THE EVOLUTION 


Fu. 17. ARRANGEMENT OF [AATHER-REYNOLDS 
PUMP IN BORE-HOLE, 1897. 
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paring this with the 1895 design, three important differ- 
ences are noticeable. Firstly, the body casting of the 
pump is constructed in one piece, with the intermediate 
pieces, guide-vanes, and impellers put in from one end. 
Secondly, the impellers are shrouded, and have backward- 
curved vanes, irdly, the ——- are arranged back 
to back, to compensate for the increased lateral end- 
pressure set up by the higher heads worked against. This 
arrangement of the impellers involved the use of some- 
what tortuous passages in the pump, to bring the dis- 
charge of the first impeller to the eye of the second, and 
80 on. Moreover, these passages passing several joints 





AND PRESENT DEVELOPMENT OF THE TURBINE PUMP. 


Fig .18. MINE- DRAINAGE PUMP. /91/. 






AND PLATT) 














Fic. 19. Muine-Drarmace Pump, 1911. 


| increased the probability of internal leakage from one 


stage to another. Curves of head and efficiency of such 
a pump are shown in Fig. 14. 

ihe ment between Messrs. Sulzer Brothers and 
Messrs. Mather and Platt came to an end by mutual con- 
sent in 1904, and after that date each firm further developed 
their pumps on their own lines. The authors deal now 
only with the improvements of Messrs. Mather and Platt, 
not having knowledge of Messrs. Sulzer’s work beyond 
what is generally available through publication. _ 

Proceeding now to the discussion of later designs, a 
four-chamber pump is ——— in lon a nS 
Fig. 15, its guide-vanes in photograp ig. 8, page 
(left-hand side), and its impeller in photograph, Fig. 16, 

114. It will be seen that constructionally this pump 

Niflers principally in that the extended suction end 1s 
shortened, and is similar to the delivery end. This 
enables various classes of drives, motor, belt, or steam- 
turbine, to be better negotiated with a standard pattern. 
Successive chambers, instead of being secured to their 
neighbours by bolts and flanges, are held together by lon 
bolts extending the entire length of the pump body anc 
held only at the two ends (suction and delivery). This 
construction secures amongst other things some economy 
in manufacture. é 

The impeller is of the shrouded type, having vanes bent 
well backwards, and the guide-passages are longer and 
more correctly divergent, whilst the return-way to the 
eye of the next impeller is of a curved form, and more in 
line and continuous with the receptive ports, thus pre- 
venting the abrupt right-angle turn through the casing 
obtaining in the Reynolds pump. The losses in the 
Reynolds impeller through side friction in its casing are 
obviated, ona any eee from the periphery back to 
the suction is preven or greatly minimised by the 
outer circumference of the impeller eye running in neck 
bushes with a very small radial clearance, amounting to 
less than 0,005 in. The importance of preventing this 
leakage is very great if high efficiency is to be secured. 
The impeller is turned all over outside to reduce loss by 
skin friction,* and with the same object it is usual to use 
as many wheels as the circumstances will otherwise 
allow of. ; : : 

The end or axial balance of the impellers is obtained 
by the automatio device shown, which acts well in prac- 
tice, and compensates for wear and variable | 
taking place in the pump. In other respects the arrange- 
ment, direction of flow of water, and assemb! of the 
pump are the same as in the original Mather-Reynolds 

um : 
. Representative curves of head and efficiency of such a 
pump are shown in Fig. 9 on page 113. 


INSTALLATIONS. 


Bore-Hole Pump, 1897.—This pump installation is 
particularly interesting on account of its novelty. The 
pump consists of six chambers in series, and is arran 


to work suspended in a bore-hole at a depth of 100 ft. | & 


below the surface ; it has a capacity of 850 gallons per 
minute, with a lift of 170 ft., and runs at 1000 revolu- 
tions per minute. 


* For a discussion of this skin friction, see paper by 
Gibson and Ryan cited above. 


The general arrangement of the rising main by which 
the pump is suspended is shown in Fig. 17. The pump 
and main rest on a crutch pipeat the bottom of the bore- 
hole. The pump is specially designed to fit the bore-hole 
pa | tube, and its over-all diameter is necessarily re- 
duced. It is driven by a vertical shaft passing down the 
centre of the rising main and ~~ at each pipe 
joint by suitable stay-bearings. t the surface this 
shaft is arranged with double bevel-gears and pulleys 
driven from a steam-engine. 

An interesting feature of this installation is shown in 
the illustration immediately below the pump, consistin; 
of an expanding plug which effectively stops out a 
objectionable surface water, allowing the supply desired 
to come in through the suction-pipe suspended below. 
This pump has given continuous service for over 14 years, 
during which time it has received no repairs. In fact, it 
has only once m brought to the surface during this 

riod, when a portion of the shaft in the bore-hole was 

ound to be corroded, and required renewal. 

Mine Pumps: Sulzer Installation of 1898. —The authors 
believe this to be the first installation of centrifugal 
turbine pumps of large capacity for mine drainage. It 
consisted of three multiple pumps arranged in stages, the 
pump of each stage delivering direct through the rising 
main to the stage above. The pumps were motor-driven, 
and each set was erected in a chamber off-set from the 
mine-shaft, measuring 26 ft. by 11 ft. 6 in. by 11 ft. 6 in., 
thus demonstrating the great convenience afforded by 
this type of pump for underground work. The capacity 
of the ins tion was 1000 gallons per minute against a 
total head of 1500 ft. 

Engineering Laboratory Plant, 1900.—This 
structed for the engineering laboratory of the University 
of Cambridge, consisted of a pump at one end, a similar 
turbine at the other end, and an electric motor between 
them. It forms an interesting combination, designed for 
the purpose of carrying out @ variety of tests. It could 
be worked either as a motor-driven pump, or a turbine- 
driven dynamo, or as a combination, the motor makin 
up the loss of power in the water ing the turbine an 
pump, thus giving an hydraulic Hopkinson test. For this 
bea 


lant, con- 


t purpose the magnets of the motor were slung on ball- 
ngs, and provided with for measuring the torque. 
Newcastle ric Power-Station, 1901.—The combina- 
tion above described was made use of later for actual - 
installations, amongst others at the Newcastle Electric 
Power-Station, for circulating the condensing water. 
The pump raised and forced water from the river to 
the condenser in the electric generating station in the 
town, the return flow to the river passing through and 
driving the turbine, the loss being made up by the electric 
motor in between.* 

Mine-Drainage Pump, 1911.—Fig. 18 shows a section 
through a series turbine pump lately constructed for 
mine drainage, and Fig. 19 an outside view. It is inte- 
resting, as it is probably the mine-pump with the largest 
macity yet constructed. is pump is capable of 
delivering 2500 gallons per minute to a height of 2000 ft. 





* Paper by C. Hopkinson, Proceedings of the Institu- 
tion of Mechanical Engineers, 1902; “ Pumping Plant 
for Condensing Water.” See also ENGINEERING, vol. 





lxxiv., page 141, 
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when running at a speed of 1450 revolutions per minute, 

and absorbs over 1900 horse-power at the spindle. It is 

operated by a three-phase motor of 2500 volts, direct 

——_ through a flexible coupling of the pin and rubber- 
ush type. 

The pump has seven impellers arranged in series, 
working in chambers, following each other in the same 
manner as those pumps already described, and not, as is 
sometimes done for such high heads, by arranging the 
impellers back to back, with the intention thus to bebnss 
the end pressure. The series impellers are constructed 
of phosphor-bronze, and are mounted on a shaft of extra 
large diameter, to prevent sag in the middle and allow 
of fine clearance in the neck rings at the eyes of the im- 
pellers, thus reducing leakage. The guide-vanes into 
which the impellers discharge are large castings of special 
bronze, double-sided, and cast in one piece, thus securing 
increased rigidity. 

The intermediate chambers have the return 
from the periphery to the suction of the next impeller 
cast in. They are of cast iron, and have feet cast on, 
which, resting on the planed surface of the bed-plate, 
support and keep the whole pump in true align- 
ment, a precaution more necessary when the length of 
the pump is as great asin thiscase. The construction 
also facilitates the stripping and rebuilding of large 
pumps. There is only one exterior Reneing. in the form 
of a separate pedestal standing on and bolted to the 
main bed-plate at the suction end. The reason for this 
bearing being separate and of such a solid form, and not 
overhung from the pump casing, as in the more standard 
form of smaller pumps, ia due to the large power trans- 
mitted through the pump shaft at a high speed. There 
is a water-logging passage to the shaft at the suction 
stuffing-box to prevent air leakage. 

At the delivery end of the pump there is an internal 
automatically grease-lubricated bearing and a differential 
end balance-plate readily accessible for examination and 
adjustment, a great advantage with dirty waters. This 
construction obviates the disadvantages of a gland at the 
delivery end, subject to the full head pressure, with its 
attendant leakage and cutting of shaft. The lubrication 
of the internal bearings is effected bya piston worked by 
the head pressure pumped inst. 

Boiler Feed-Pump, 1909.—Photographs, Figs. 20 and 21, 
annexed, show an electrically-driven boiler feed-pum 
consisting of two six-chamber pumps in series, of the 
split-body type, allowing of the whole of the inside im- 
pellers, shaft and guides being taken out together when 
the top half-cover is removed, This is a much simpler 
and quicker operation than taking adrift a standard type, 
but it is a more expensive form of construction. 

The difficulty in such a design is to deal with the 260 Ib. 

r sq. in. internal water-pressure on the split-joint. 

ference to the illustrations will show how this is accom- 
lished. It will be seen that the impellers are surrounded 
»y guide-plates, put on in halves and bolted together, and 
the whole is then placed in a casing divided in the middle 
horizontal plane. The casing is provided with as many 
dividing ribs as there are impellers. Turned bosses on 
the guide-dises rest in suitably machined seats in the 
dividing ribs. The top cover is bolted on to secure them 
in their places, and they are prevented from rotating by 
pins. The main joint against heavy pressures is thus a 
plain one and of great rigidity, and can easily be main- 
tained tight. The capacity of the pumps shown in the 
photographs is 140 gallons per minute, 260 Ib. per sq. in. 
delivery pressure at 1270 revolutions per minute. 

Fire-Pumps.—An interesting application of the turbine 
pump for fire-prevention purposes, as fitted to petrol auto- 
mobile fire-engines, is shown in Fig. 22. e@ capacity 
varies usually from 350 to 1000 gallons per minute, against 
a head of 250 ft. to 300 ft. The Jagd has a single 
chamber, and is designed to fit on the back part of the 
chassis of an automobile, and to be driven by an extended 
shaft from the engine. The regularity of the flow of 
water delivered renders the holding of the hose-jets much 
easier, and the action of the turbine pump allows the 
shutting off of any particular jet, or of all the jets, with- 
out any tendency to burst the hose-pipes, as may be the 
case with a reciprocating-pump. Further, the pump is 
much lighter than a corresponding pump of reciprocating 
type, and takes up considerably less space, e diffi- 
culties incident to starting with a heavy suction can be 
met by the provision of a small auxiliary pump which 
exhausts the suction-pipe, thus causing the water to fill 
the turbine-pump. As uoon as the turbine-pump has 
developed its head pressure, the auxiliary pump can be 
put out of action, and the turbine-pump will continue to 
work with suction-lifts up to at least 80 per cent. of the 
height of the barometric water column. 

Water-Works Pump Driven Direct by a Steam- Turbine, 
1908.—This pump, like the mine-drainage _— already 
described, is of very large capacity, but differs from it in 
running at a high speed, being driven direct by a steam- 
turbine. The plant is installed at the St. Gabriel Pump- 
ing Station of the Montreal Water and Power Com- 
pany, situated on the banks of the St. Lawrence, and 
is capable of delivering in continuous work 10,500 
gallons per minute at a head of 404 ft. The turbine 
is of the Zoelly type, 1350 to 1500 revolutions per minute, 
and is capable of normally developing 1720 brake horse- 

wer with steam at 165 lb. per sq. in. and 150 deg. 

abr. superheat. The air-pump of the condenser is 
indepen paul driven through reduction gear by an 
enclosed high-speed reciprocating engine placed at a 
lower level than the steam-turbine pump. This auxiliary 
engine is of about 275 horse-power and runs at 465 revo- 
lutions per minute. Direct coupled to the other end of 
aft is an auxiliary low-lift pump which draws water 

from the suction-well and delivers it to the main pumpat 
a small pressure, thus relieving the main pump from 
suction, and thereby effectively preventing any. trouble 





THE EVOLUTION OF THE TURBINE PUMP. 


———-— 











- 





Fic. 20. 




















Fig. 21. 


Figs. 20 anp 21. Execrricatiy-Driven Borer Feep-Pump, 1909. Caraciry, 140 GaLLons PER 
Minvte ; Detivery Pressurg, 260 Le. per Sg. Ix. at 1270 Revotutions per MINUTE. 


A portion of the water | are the largest of their type in the world, and so give a 

fitting indication of the development of the Reynolds 

turbine pump since its inception thirty-seven years 

a0, and illustrate some of its great possibilities in various 
uties. 


in that pump from cavitation. 
from the auxiliary pump is by-passed through the con- 
denser on its way to the main pump. It thus serves also 
as a circulating pump. The main pump is of special | 
design in that, owing to the high speed, only one im. | 
peller is needed to give the head, and two are required for 


the quantity. we rk the pump is of two-chambered 
eh Aw type. Each of the r+ mt has a double; ‘“‘BavuTEcHNISCHE MITTEILUNGEN.”—The Stahlwerks- 


entrance, so that the shaft is in lateral equilibrium, and | Verband, Diisseldorf, announce that they will issue free, 
no balancing device is required.. A plant of thischaracter at indefinite intervals, a journal called the ‘‘ Bautech- 
has great advantages over a direct-acting or gear-driven nische Mitteilungen.” Their object in doing this is t 
reciprocating pump in the relative smallness of the space | help to further the development of metallic structures. 
occupied and foundations required and in silency of | They have sent us a copy of their first number, which 
operation. The steam-turbine and pump are illustrated | contains illustrated orticis on the iron roof supports in 
in photogremh, Fig. 23. This pumpand the main drainage a building at Diisseldorf, on rolling-mill shops, on floor- 
pump, already described, so far as the authors are aware, ings and tests of floorings, on fire-proofing, and so forth, 
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Fig.22. 


(For Description, see Page 111.) 


SINGLE-CHAMBER HIGH-LIFT TURBINE PUMP. 
(MATHER & PLATT.) 
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Fic. 23. Water-Worxs Pump Driven sy SteamM-TuRBINE. 


RUSSIA’S IMPORTS OF IRON AND STEEL. 

Some very interesting statistics bearing upon Russia’s 
imports of iron and steel, and iron and steel products, | 
have recently been published, and they throw much | 
light upon the very material fluctuations which during | 
the last decade or so have manifested themselves | 
within these branches. The imports of iron, pig or 
otherwise, as well as of steel sail, be., have dwindled 
down to a comparatively low figure, at which they are 
expected to remain ; the present imports being prin- 
cipally attributed to concerns in the frontier districts. 
The following table shows the respective value of the 
imports in the years 1898 and 1908 :— 


1898. 1908. 
Roubles. Roubles. 

Pig iron in bars, &c. 2,028,000 55,000 
Ferro - manganese and 

silicon iron : 966,000 96,000 

Form iron, &c.  ... ..- 10,672,000 374,000 

[ron plate up to4 mm. ... 8,747,000 811,000 
Steel plate up to 4 mm. 

and form steel, &c. ... 4,889,000 550,000 

Steel plate above 4 mm. 1,219,000 117,000 


On the other hand, some branches of manufactured 
or half-finished iron and steel goods show a material 
increase, me no doubt, to the rapid all-round 

1 





development of late years and the inability of home 


manufacturers to keep pace with the increasing! 
demand for such commodities. 


The following table shows the fluctuations in these 
imports in 1898, 1908, 1909, and 1910; the figures for 
the last two years only applying to the respective first 
ten months of each year :— 


| ——_ 
} 
| 
| 


First Ten Months. 








1898. 1908. 1909. 1910. 
naire aces 
roubles | roubles | roubles | roubles 
Iron and steel pipes. . 715,000 | 1,908,000 1,757,000 | 2,457,000 
Hinges, locks, &c. ..| 835,000! 755,000| 647,000| 885,000 
Tin-pl«te articles, &c.| 1,160,000 | 3,434,000 | 3,021,000 3,854,000 
Enamelled goods, &c. 1,324,000 | 1,898,000 1,188,000 790,00 
Iron and steel wire 
(8 to 25, 18.W.G.)| 434,000 | 1,553,090 1,201,000 1,369,000 
Wire, horse-shoe and | 
other nails .. 50,000 | 121,000 151,000 | 165,000 
Sewing-needles 145,000 | 263,000, 258,000) 237,000 
Cutlery se ‘ 349,0L0 710,0L0 718,000 821,000 
Machinery (except) | | 
agricultural) . . (66,102,000 | 43,241,000 87,600,000 | 48,544,000 


Agricultural ma- 
chines, simple ..| 7,017,000 |13,716,000 
Agricultural ma-| | 
chines, complicated) 3,080,000 | 7,283,000 


12,181,000 | 15,084,000 
13,562,000 | 15,195,000 





The large increase in certain branches included in 
the above table cannot so much, it is pointed out, 
be attributable to lack of skilled hands or technical 
experts, as has often been suggested, but rather to 
the superior commercial methods of the foreigners and 
their energy in bringing their goods before the notice 
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of the custumers, whilst Russian manu‘acturers are 
more apathetic and inclined to confine themselves to 
working to stock, and then quietly wait for the buyers 
to look them up. 








THE THIRD INTERNATIONAL Roap ConGrREss.—On the 
invitation of His Majesty’s Government, it has been 
decided to hold the Third International Road Congress 
in London in June, 1913, to continue the studies already 
undertaken regarding the construction and maintenance 
of roads and bridges in view of modern methods of 
locomotion. The leading foreign Governments have 
intimated their intention of sending delegates, and it is 
anticipated that there will be a large attendance of the 
representatives of many local authorities, engineering and 
aoe societies, and of road-users, both at home and 
abroad. An organising council has been formed by 
representatives of local authorities and of engineering, 
scientific, automobile and other kindred societies. General 
and executive committees have been elected to carry out 
the work of organising the Congress, with Sir George 8S. 
Gibb, chairman of the Road Board, as chairman ; Lord 
Montagu of Beaulieu, Mr. Joynson Hicks, M.P., and 
Mr. F. Berryman, as vice-chaiimen; Sir Charles Rose, 
M.P., as honorary treasurer; Mr. Rees Jeffreys, secre- 
tary ofthe Road rd, as honorary secretary ; and Mr. 
Montagu Harris, secretary of the County Councils’ 
Association, as deputy honorary secretary. mem ber- 
ship of the Congress is open to all, the individual member- 
ship subscription being 1/.; and the honorary secretary 
will supply forms of application for membership, and any 
information desired, on application to him at the Road 
+2 offices, Queen Anne’s Chambers, Westminster, 
8S. W. 


MANCHESTER UNIiversiTy.—A number of lectures will 
be given on the is ort **Modern Systems 
of Town Drainage,” by Mr. 'T’. de Courcy Meade, M Inst. 
C.E.—as follows:—On February 1, at 5.30p.m., Modern 
Drainage of Towns ; A Description of the Main Drainage 
of London, Paris, and other Cities ; Sewer Construction 
(with examples and illustrations). On February 8, at 
5.30 p.m., The Treatment of Rivers and Streams in Urban 
Districts (Flood Prevention); Accidents in Sewers— 
Necessary Precautions ; The Cleansing, Ventilation, and 
Inspection of Sewers; The Disposal of Manufacturers’ 
Waste Waters. On March 7, at 5.30 p.m., A Brief Review 
of Methods of Sewage Disposal Adopted in Some uf the 
Principal Towns; The Points to be Considered in the 
Preparation of a Drainage Scheme. (B) ‘‘The Rating 
and Power of Internal-Combustion Engines,” by Mr. 
my 67) Clerk, F.R.S., M. Inst. C.E.:—On February 15, 
at 5.30 p.m., Practical Limits of Pressure and Speed 
Stroke-Bore Ratio; Rational Basis of » Rating Formu 
—Commercial Engine and Freak Engine— Reliability and 
Efficiency in Relation to Maximum Power. (C) “‘Centri- 
fugal Pumps,” by Mr. E. Hopkinson, M.A., D.Sc. 
M. Inst. C.E.:—On February 22, at 5.30 p.m., Invention 
of Turbine Pump by Osborne Reynolds—Essential Dif- 
ferences between Reynolds’s Pump and Modern Designs— 
Effect of Shrouded Impellers—Form of Guide-Passages 
and Impeller-Blades. On February 29, at 5.30 p.m., 
Multiple Turbine Pumps— Axial noing— Regulation 
of Quantity— Description of Some Representative Instal- 
lations—Testing of Pumps—Some Modern Forms of Low 
and High - Lift Pumps. Further particulars can be 
obtained on application to the University. 
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THE DANISH TORPEDO-BOAT 
** SORIDDEREN.” 


On our two-page plate we give longitudinal section 
and deck plans of the to o-boat Soridderen, built 
by Messrs. Yarrow and Co., Limited, of Glasgow. 
This vessel is one of the latest additions to the Royal 
Danish Navy, the designs for which were made under 
the superintendence of Mr. J. C. Tuxen, Director of 
Naval Construction and Machinery, to meet the 
special conditions of service in the shallow waters of 
the Great and Little Belt. It therefore possesses 
many novel and interesting features. 

The vessel is 181 ft. 9 in. long by 18 ft. beam, being 
larger than the usual torpedo-boat ; in fact, it is as 
large as the first destroyers which were built, but, 
of course, much smaller than destroyers of the present 
day. There are ten water-tight compartments, the 
arrangement of which is clearly shown in the section 
and plan. One outstanding feature is the raised fore- 
castle forward, Figs. 1 and 5, and the raised poop aft, 
Figs. 1 and 2, thus providing good platforms for the 
guns and also for working the anchor gear, The 
armament consists of a 7.5-cm. quick-firing gun for- 
ward and another aft ; also five 45-cm. to 0-tubes, 
one of which is built into the structure of the vessel 
at the bow, Figs. 1 and 2, the others being on swivel 
carriages on either broadside, Fig. 2. Another point 
of interest in a vessel of this type is the position of 
the bridge, which, it will be seen from Fig. 1, is a 
long way distant from the bow, and consequently in 
a much better position for mancuvring the vessel 
in bad weather, when the spray thrown up by a high- 
speed vessel makes a position further forward too 
much exposed. There are two masts, so arranged as 
to take the aerial wires for the wireless telegraphy 
installation, a silent chamber being provided just below 
the bridge in direct communication with the officer in 
command. 

Special attention has been paid to the accommodation 
in this vessel, as in winter time the cold is sometimes 
very intense. All the ceilings and steel work in the 
living spaces are lined with wood or linoleum, and 
special steam-heaters are fitted in each cabin. In con- 
nection with this steam-heating there are arrange- 
ments made so that if two boats are lying alongside 
one another, it is only necessary for one of them to 
have steam up, as a deck connection is provided to 
take the steam from one vessel to another. 

With reference to the propelling machinery, steam 
is supplied by two Yarrow patent water-tube boilers 
of the latest type, each boiler being placed in a 
separate compartment. These boilers are fitted for 
burning coal, and are constructed fez a working pres- 
sure of 265 lb. per sq. in. In t!.o8e boilers the feed 
water enters by a special ived-pocket in the lower 
drums, so that it ascends the two outer rows of tubes 
before mixing with the general circulation of the 
water. These two outer rows not only act as feed- 
heaters, but, as is well known, the impurities in the 
feed water are usually deposited in the tubes close to 
where the feed water enters, and by utilising for this 
purpose the rows of tubes where the heat is not so 
intense as in the rows next the fire, the risk of any 
overheating due to deposit is minimised. It has been 
found by actual experience that the life of a boiler is 
greatly prolonged by this device, which is now exten- 
sively adopted by the British Admiralty. 

The main turbines are two in number, of the Brown- 
Curtis type, built by Messrs. Yarrow and Co., each 
driving its own shaft, and with an astern turbine 
incorporated in each main casing, so that each turbine 
is an independent unit, capable of going either ahead 
or astern without interfering with the other. For 
a vessel which has to navigate in narrow channels 
this system of turbine offers _ advantages as 
regards manwuvring powers. e general arrange- 
ment of the machinery is well shown in Figs. 1 and 3. 
The auxiliary machinery is of the usual type. The 
feed-engines and air-pumps are by Messrs. Weir, the 
circulating-pumps by Messrs. Drsydale, and the fan- 
engines by Messrs. Yarrow. It will be seen from the 
sectional elevation (Fig. 1) that the propellers of the 
vessel are kept well up so as to reduce the draught 
as much as ible; this is one of the conditions 
laid down by the Danish authorities on account of the 
shallowness around the coast. 

The official trials of this vessel were made at Skel- 
morlie in rough weather, ani on the measured mile 
the mean speed of 28.28 knots was obtained with 
5300 shaft-horse-power, the curbines running at 1050 
revolutions per minute. On the three hours’ full- 
speed trial a mean speed of 27.217 knots was obtained, 
which was well over the contract s A consump- 
tion trial was also made with the vessel, of which the 
results obtained were far above the contract require- 
ments, so that the boat has a radius of action, with 
bunkers full, of 1400 miles at a 14-knot speed. 

The Soridderen was commanded by Captain H. 





Wenck. Sub-director E. Adolph and Engineer Hen- 
richsen superintended the construction of the vessel 
on behalf of the Danish Admiralty, to whom much of | 
the credit of its success is due. 


ASSOCIATION OF CONSULTING 
ENGINEERS. 


We have received from Mr. A. H. Dykes, of 11, 
Victoria-street, Westminster, S.W., the Hon. Secretary 
of the Association, the following official report of the 
recent meeting of this Association :— 

On Monday, the 15th inst., the inaugural meeting of 
the above Association took place for the purpose of 
formally receiving the rules which had been drawn up by 
the committee appointed for this purpose at the openin 
meeting some eighteen months ago. Between sixty an 
seventy engineers were present. The chair was taken 
by Mr. James Swinburne, who was supported by the 
majority of the committee, which consists of the follow- 
ing engineers:—Mr. John 8S. Alford, Mr. H. Percy 
Boulnois, Mr. ward Eaton, Mr. rt Ham- 
mond, Mr. Joseph H. Harrison, Mr. Baldwin Latham, 
Mr. Charles Lomax, Mr. Sidney R. Lowcock, Mr. 
Ernest L. Mansergh, Mr. Arthur J. Martin, Mr. 
Thomas L. Miller, Mr. William M. Mordey, Mr. Wil- 
lam H. Patchell, Mr. W. ws Preece, Mr. Henry 
Rofe, Mr. John F. C. Snell, Mr. E. Herbert Stevenson, 
Mr. James Swinburne, Mr. A. A. wy Swinton, 
Mr. Gotfred Midgley Taylor, and Mr. Alfred H. Dykes, 
hon. secretary. 

The chairman, in opening the proceedings, said that it 
was his first business to explain the objec:s of the Asso- 
ciation, but that he did not think he need say very much 
in that direction, because they all knew what the objects 
were. The Association should have been launched fifty 
years ago; in the present state of things, however, it was 
very difficult to form an association in such a way as to 
be satisfactory to everybody. At the same time he was 
of opinion that if consulting engineers did not take this 
opportunity of uniting themselves together, there was no 
ave of their ever doing so. It behove them, therefore, 
to proceed very carefully and to build on sure founda- 
tions. 


Most institutions had begun by taking in everyone they la 


could get, with the idea that the more members they got 
the more powerful the institution would be, and the 
result was that after they had been in existence some time 
they had to narrow down. He thought that they should, 
in the present case, go to the other extreme. If they 
began by making it very small—perhaps, in the opinion 
of many, too small—then, when the Association was in 
active existence, it could always enlarge itself in any 
direction it desired, should it be thought advisable. 

One of the qualifications for membership in the rules 
was that the applicant should be a full member of the 
institution controlling the branch of engineering in which 
he practised. It was true that the rules provided that, 
in addition, members should be of such standing as, in 
the opinion of the Committee of the Association, entitled 
them to admission to the Association ; but in the initial 
stage in which they were at the moment—namely, of 
having formed the Association and appointed the com- 
mittee, drawn up rules, and received applications for 
membership, but not having yet actually ~ members— 
the Committee were of opinion that it would be wise to 
adopt some recognised standard of qualifications, and to 
limit the first members to those possessing the qualifica- 
tion of corporate membership of the Institution of Civil 
Engineers. 

ry! were aware that this restriction might be criti- 
cised by some people, who might say that they were 
mechanical engineers or electrical engineers, and of emi- 
nence in their profession, and did not see why the fact 
that they had not joined the Institution of Civil Engi- 
neers should prevent them from joining the Association. 
On the other hand, it must not be overlooked that the 
Institution of Civil Engineers was not only the oldest 
institution, but was the parent engineering institution, 
and that the majority of consulting engineers already 
belonged to it in addition to the institutions represent- 
ing the particular branch in which they practised. 

fr any competent consulting engineer, who was not a 
member of the Civils, felt aggrieved that he could not 
belong to the Association, surely it was not asking a very 
great deal of him to ask him to join the Civils. If the 
Association, starting as a young society. could use a body 
like the Institution of Civil Engineers, which had always 
been fairly strict in the selection of its candidates and 
was getting stricter every year, and thus throw the re- 
sponsibility of deciding as to a candidate’s qualifications 
upon an established institution, leaving the Association 
merely to decide as to his qualifications in other respects, 
they were solving one of the greatest difficulties. 

Later on, when the Committee would be in a position 
to know the feeling of consulting engineers in general, 
and when the members had had time to me ac- 
quainted with the working of the Association, they 
might find it advisable to make some change, but that 
was a matter for the future. At any rate, the present 
Committee felt strongly that the lines he had indicated 
should be followed for the moment ; he himself believed 
that they were the right lines, and probably the per- 
manent lines. 

There was another direction in which they thought the 
Committee ought to be very narrow, which was also a 
matter of considerable difficulty, and that was with 
regard to the admission to the Association of engineers, 
many of whom were of the highest eminence, who were 
receiving a salary, and were giving practically the whole 
of their time to some corporation or some public body. 
The Committee wished to be logical in carrying out their 


idea of starting on the narrowest lines, and felt that they 
should confine the Association initially to those regularly 
in practice as —-s engineers, and having their own 
separate office and staff. 

he Association did not aim at stopping competent 
consulting engineers who might not join them from doing 





consulting work ; nor did they wish to claim a monopoly. 
The Committee felt, however, that engineers falling 
within the class he had outlined were entitled to asso. 
ciate themselves together and to form an association 
which would gradually, through its own standing and 
character, become recognised as the body of consulting 


ngineers, 
After the spent rules had been introduced by Mr. 
Midgley Taylor and Mr. S. R. Lowcock, a general discus. 
sion took place, the speakers being Messrs. B. M. Jenkin, 
W. Fairley, A. Williams, A. G. Hansard, Cawley, Robert 
Hammond, E. J. Silcock, H. P. Boulnois, A. 8. E. 
Ackermann, H. P. Raikes, F. W. Hodson, Moss Flower, 
Druitt Halpin, and P. Griffiths. The main points to 
which s) ers referred were the scope of the Association, 
the desirability or otherwise of the mombership being 
restricted to corporate members of the Institution of 
Civil Engineers, registration of consulting engineers, 
solicitation of work and the desirability of consulting 
engineers being free from trading or manufacturing 
interests. In the course of the discussion the chairman 
ee out that the rules were put forward subject to 
egal revision. 

In conclusion, at the suggestion of Mr. Lomax and 
Mr. W. Duddell, the Chairman put a motion to the 
meeting to the effect that corporate membership of the 
Institution of Civil Engineers be a condition of member- 
ship of the Association* (with discretionary power to the 
Committee), and that the Committee have power to elect 
members from among those who have applied. This 
motion having been duly carried, the proceedings ter- 
minated with a vote of thanks to the Chairman. 








NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the } mane market opened with a weak tone, and Cleve- 
warrants changed hands at from 49s. 4d. to 49s. 34d. 
cash, 49s. 84d. to 493. 7d. one month, and 50s. 3d. to 
50s. 2d. three months, and also at 49s. 5d. eight days, 
The turnover was 8000 tons, and closing sellers quoted 
49s. 4d. cash, 49s. 74d. one month, and 50s. 2d. three 
months. Cash sellers of hematite quoted 64s. 3d. In 
the afternoon a further easing off took place, and 
2500 tons of Cleveland warrants were done at 49s. 3d. 
and 49s. 24d. cash, 49s. 64d. one month, aud 50s. 1d. 
three months. At the close sellers quoted 49s. 3d. 
cash, 49s. 7d. one month, and 50s. 14d. three months. On 
Friday morning the market was again quiet, but Cleve- 
land warrants were the turn firmer. ‘The dealings 
amounted to 2500 tons at 49s. 3d. cash 49s. 74d. one 
month, 49s. 11d. two months, and 50s. 2d. three months, 
and the closing prices were 49s. 44d. cash, 49s. 8d. one 
month, and 50s. 3d. three months. o business was done 
at the afternoon session, but sellers of Cleveland warrants 
quoted a shade firmer at 49s. 5d. cash, 493. 8d. one month, 
and 50s. 34d. three months. On Monday morning 
Cleveland warrants were easier, and 4000 tons were 
done at 49s. 3d. cash, 49s. 5d. twenty-three days, 493. 6d. 
one month, and 49s. 9d. two mont Closing sellers 
uoted 49s. 2d. cash, 49s. 6d. one month, and 50s. 04d. 
three months. Hematite was easier at 64s. cash sellers. 
The market was fairly active in the afternoon, and there 
was considerable business. The turnover amounted to 8500 
tons of Cleveland warrants at 49s. and 48s. 104d. cash, 
49s. fourteen days, 49s. 21. and 493s. 14d. twenty-two 
days, 49s. 4d. and 49s. 3d. one month, and 49s. 94d. and 
49s. 9d. three months, and at the close the quotations were 
48s. 10}d. cash, 49s. 14d. one month, and 49s. 94d. three 
months sellers. One lot of hematite changed hands at 
63s. 6d. one month. On Tuesday morning Cleveland 
warrants were firm, and 8000 tons were dealt in at 
48s. 10}d. and 49s. cash, 493. 34d. and 49s. 24d. one 
month, 49s. 6d. March 20, and 49s. 9)d. three months. 
The closing prices were 48s. 114d. cash, 493. 34d. one 
month, and 49s. 104d. three months sellers. In the 
afternoon the tone was in firm, but business was 
confined to 1000 tons of Cleveland warrants at 49s. 3d. 
twenty-two days and 49s. 34d. one month. At the close 
sellers quoted 493. cash, 49s. 4d. one month, and 4s. 11d. 
three months. When the market opened to-day (Wed- 
nesday) Cleveland warrants were the turn firmer, and 
4000 tons were done at 49s. ld. cash, 49s. 4d. twenty 
days, 493. 5d. one month, and 50s. 0}d. three months. 
Closing sellers quoted 49s. 14d. cash, 49s. 5d. one 
month, and 50s. three months. In the afternoon — 
an easier tone prevailed, and 4500 tons of Cleveland 
warrants were put through at 49s. yy cash and five 
days, 49s. 2}d. twenty days, 49s. 4d. March 4, and 
49s. 1ld. three months. Sellers’ closing prices were 
49s. 04d. cash, 49s. 4d. one month, and 49s. 11d. three 
months. Cash sellers of hematite quoted 63s. 6d., which 
was the figure named by one month buyers. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde and Calder, 64s. ; Gartsherrie, Summerlee, 
and Langloan, 64s. 6d.; and Coltness, 82s. 6d. (all shipped 
at Glasgow); Glengarnock (at Ardrossan), 65s. ; Shotts 

at Leith), 65s. ; and Carron (at Grangemouth), 65s. 6d. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has been very good during the past week, and 
some fairly large lots have been fixed up for the home 
market and forexport. In the latter connection American 
buyers have not been so pressing, but, on the other hand, 
Spain has been purchasing freely. The current price for 
prompt and near delivery, Glasgow or Leith, is firm at 


* Rule 4 (c) now reads as follows :—*‘ He shall be a full 
member of the Institution representing the particular 
branch of the profession in which he practises, and a cor- 
porate member of the Institution of Civil Engineers. 
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141. 10s. per ton. The amount shipped from Leith 
Harbour last week was 2923 tons. 


Scotch Steel Trade.—There has been no change in the 
state of the Scotch steel trade during the past week, and 
plant is being kept running at full pressure, with the 
result that the weekly output amounts to a | large 
tonnage. Specifications are in plentiful supply, par- 
ticularly from local consumers, while export orders are 
taking up quite a considerable quantity of material. In 
the latter connection boiler-plates are the subject of a 
good inquiry from the Continent, and Japan is again 
in the market for ship-plates. Local buying has been 
better this week, consumers having purchased seme 
fair quantities of plates and general material to cover 
their requirements for new contracts recently booked. 
Makers of black sheets report no falling off in the 
demand, and their works are being kept exceed- 
ingly busy. The inquiry for galvanised sheets has 
improved considerably, while for almost all kinds of 
light material and structural sections quite a healthy 
demand prevails; the Colonies, South America, and 
the Far t, are all in the market with decent lots 
to place. Inquiries for steel rails for abroad, amount- 
ing to a large tonnage, are at present in makers’ hands. 
The Scotch Steel-Makers’ Association met the deputation 
of the Clyde Shipbuilders’ Association on Monday, as 
arranged, but no official report of the meeting has been 
given out meantime. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland continues to improve, and specifications 
are plentiful enough to keep the works all well employed. 
Prices remain firm, and the basis price for crown bars is 
not under 6/. 10s. per ton, while some makers are asking 
half-a-crown more. 


Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron is still rather quiet, except for shipment lots. Hema- 
tite is also in quiet demand, and the price is round 70s. 
per ton. 


Shipbuilding.—The Cunard Steamship Company have 
placed the contract for two new twin-screw passenger 
steamers with Scotts’ Shipbuilding and Engineerin 
Company, Greenock. Each of the vessels will be o 
13,000 tons gross, and they will be 540 ft. in length, 
63 ft. 9 in. m, and 46 ft. in depth to shelter deck. 
They will be fitted up with all the most modern improve- 
ments for the comfort and safety of the passengers, 
and accommodation of quite a superior kind will be 
provided for fully 500 second-class and 1500 third-class 
passengers. The latter accommodation wi!l consist of 
two-berth and four-berth rooms. The steamers will 
each have two sets of quadruple-expansion engines.— 
Messrs. Maclay and M‘Intyre, Glasgow, have ordered a 
new steamer, of 8000 tons dead-weight, from Messrs. D. 
and W. Henderson and Co., Meadowside.— Messrs. 
William Hamilton and Co., Port Glasgow, have booked 
an order to build a steel screw passenger and cargo- 
steamer, of about 8500 tons dead-weight carrying capacity, 
for a firm of Liverpool owners. The machinery is to 
supplied by Messrs. David Rowan and Co., Glasgo 


iw. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Electric Steel - Melting. — Amongst many important 
branches of the iron and steel industry touched upon in 
the course of an address given at the annual meetin 
of the Sheffield and district branch of the Britis 
Foundrymen’s Association, by Mr. Percy Longmuir 
Carnegie Medallist), the President, were steel-melting 
y electricity, upon which interesting remarks were 
made. Some two years ago, he said, he had had the 
opportunity of woe mg Se en | several German foundries 
which were flooding England, Sheffield included, with 
light steel castings, which were all the products of the 
electric furnace. It might be said electric melting 
was too costly, and so it was for certain classes of 
work, but not for light steel. Iron founding or brass 
founding, in view of the present knowledge of electric 
heating, was out of the question, but for light steel 
work this class of heating was worthy of serious 
consideration. In to the “malleable” industry 
of Britain, their knowledge of after-treatment of 
iron and steel was not complete. There was room 
for development which would pay. They had only 
touched the fringe of the heat treatment of steel, a 
question which was of vital moment and which up to 
now bad received very little serious study. He added 
the interesting pronouncement that there was more 
research work done in the foundry than in the laboratory. 
The man on the foundry floor each day acquired know- 
ledge which could not be gained in the best-equipped 
laboratory in the world. 


South Yorkshire Coal Trade.—Fortunately for all con- 
cerned, the ‘‘ panic” rush of orders for me | sensibly 
abated, but the situation is still one of extreme difficulty. 
The immediate — of a strike has been put aside for 
the moment. @ negotiations are at present of that 
character when anything may happen, and in South 
Yorkshire the pressing problem of the hour is how to deal 
with the orders which have been received ; and in this 
connection a serious factor has made itself felt—that is, the 
shortage of railway wagons. On this account several pits 
have had to close, and merchants are experiencing consider- 
able difficulty in gettingsupplies. At the same time, from 
the consumers’ int of view, things are improved. 
Prices, though still at a high figure, have not been forced 
up further ; and although lists cannot be given yet, it 
may be stated that the res of a week ago continue to 
tule. Of course, these in themselves allowed a consider- 
able latitude, but the fluctuations are now within limits. 


Since the meeting of the Sheffield Exchange last Friday, 





railway companies have been working very energetically, 
|and, as a result, nearly all the large works have been 
able to get in practically as much coal as they can 
stock, which means, in a majority of cases, about a 
month’s supply. As regards prices, London buyers 
have gone up as far as 3s. 6d. A women and the follow- 
ing figures represent, as nearly as possible, the raves 
|raling in this district :—House-ccal is from 12s. 6d. to 
| 16s. at pits, and anything up to over 20s. retail, according 
to quality. It has been selling in the streets at 1s, 1d. a 
ewt. Yorkshire and Derbyshire hard steam vary between 
12s, 6d. and 15s. at pits. 


Iron and Steel.—Pig iron remains in a strong position 
at high prices, and makers are not at all perturbed at the 
prevailing quietness, which is expected to last, in fact, 
until the end of the month. Then, at the present rate 
of consumption, fresh supplies are likely to be wanted, 
and it is anticipated that makers will be able to insist on 
their existing, or even upon higher, quotations. As 
regards hematite, many users are covered for the greater 
part of the year, and inquiries are on foot for contracts 
covering the last quarter of 1912. There is considerable 
activity in common iron, and both Lincolnshire and 
Derbyshire makes are commanding good prices. The 
bar-mills are busy. But for the possibility of « coal 
strike it might be said that there is not a cloud on the 
horizon for the general steel trades of the city. The 
pressure of orders grows greater every week, and the 
activities of the various firms represent a tremendous out- 
put. Prices show a tendency to go forward, coincident 
with the rise in raw materials, and in_ several branches 
advances have already been made. Thus, it is stated 
that the railway-steel manufacturers are able to obtain 
higher figures, whilst in some of the trades the new price- 
lists show all-round increases. General engineering con- 
tinues to improve, with beneficial results upon the tool 
trade and the lighter industries generally. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBRoUGH, Wednesday. 
The Cleveland Iron Trade.—There is not much new to 
report concerning the pig-iron trade. Values, so far as 
Cleveland brands are concerned, are easier, and this is 
due to less satisfactory “ete from America, and a drop 
in warrant quotations. No. 3 —- Cleveland pig can 
now be obtained from second hands at 49s. 3d. f.o.b.; 
but, as a rule, rather more is asked, several merchants 
fixing the price at 49s. 6d.; whilst No. 1, which is scaree, 
ranges from 53s. 6d. to 54s.; No. 4 foundry and No. 4 
forge each stand at 49s.; mottled and white iron each at 
48s. 9d.; and mixed numbers of East Coast hematite pi 
66s. 6d.—all for early delivery. Foreign ore is steady an 
firm on the basis of 21s. 6d. ex-ship Tees for best Rubio. 
Coke, though still rather scarce, is decidedly easier, and 
this is difficult to understand under present conditions. 
There is practically no coke obtainable for early delivery. 
Contracts for delivery of blast-furnace coke over periods 
to the end of June can now be made at 17s. 3d. 


Stocks and Shipments of Pig Iron.—Some additions have 
this week been made to the public warrant stores here, 
where the stock of Cleveland pig iron now stands at 
531,120 tons, but since the inning of the month the 
stock has been reduced by 7531 tons. Shipments of pig 
iron todate this month are returned at 50,050 tons, as 
compared with 107,049 tons to the same date last month, 
and 64,187 tons for the corresponding part of January 
last year. Loadings are expected to be heavier in the 
near future. 


Manufactured Iron and Steel.—Excellent accounts are 

iven of all branches of the manufactured iron and steel 
industries. In all departments a lot of work is being 
turned out, and some producers are so busy that they 
hesitate to make further contracts. Following advances 
for other descriptions, heavy steel rails have this week 
been raised 2s. 6d. Principal market rates now stand : 
Common iron bars, 7/.; best bars, 7/. 7s. 6d. ; best best 
bars, 7/. 15e.; packing iron, 5/. 15s.; iron aera. 
61. 15s. ; iron ship-angles, 7/. ; iron ship-rivets, 7/. 10s. 
irongirder-plates, 6/. 17s. 6d.; iron boiler-plates, 7/. 12s. 6d. ; 
steel bars, 6/. 10s. ; steel ship-plates, 7/. 5s.; steel ship- 
—. 61. 17s. 6d.; steel boiler-plates, 7/. 15s. ; cast-iron 
railway chairs, 3/. 12s. 6d. ; light iron rails, 6/. 10s. ; heavy 
steel rails, 5/. 15s. ; steel railway sleepers, 6/. 10s. ; and 
galvanised corrugated sheets, 11/. 10s.—sheets less 4 per 
cent. f.0.b., railway material net, and all other descrip- 
tions less 24 per cent. discount. 





Fioatine - Docks FoR THE BRITISH ADMIRALTY.— 
Within the past six weeks Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, have launched three 
floating-docks for the British Admiralty, the last, for lift- 
ing small ships, having been successfully floated on the 
20th inst. This dock is built of steel and is double-sided, 
and will be entirely self-contained as regards pumping 
machinery and electric lighting. 





Tue Institution or Civin ENGIngerRs: STupENTs’ 
Meetines.—At the students’ meeting, held at the Insti- 
tution on Friday, January 19, at 8 p.m., - F.C 
Snell, M. Inst. C.E., in the chair, Mr. G. In , Stud. 


Inst. C.E., read his r on ‘The Turbo-Blower and 
Turbo-Compressor.”’ e author outlined the develop- 
ment and theory underlying the design, and discussed 


at some length the most suitable means of driving these 
machines 2 used . ie inst Coane —_ mines. -% The 
aper was illustra numerous e-diagrams showing 
etaile of commtanelien ant results of tests. The discus- 
sion was by Mr. J. E. Burkhardt, and continued 
by Messrs. T. J. Taplin, T. F. Hay, and H. V. Hutt. 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has ruled firmer, but 
there is still irregularity in prices for prompt loading. 
Ton has arrived more freely, but loading appliances 
have m inadequate to meet the special demand for 
supplies. There have been inquiries at Cardiff for 30,000 
tons of best —— ~ to be delivered before the 
close of this month. The French naval authorities also 
recently invited traders, but they have since issued a 
circular to the effect that as they have recently placed 
orders for 30,000 tons of Fren a they now 
deem it advisable to wait until the markets become 
more settled. The best Admiralty large has made 
19s. 6d. to 20s. per ton ; secondary qualities have ranged 
between 17s. and 19s. 3d.; best bunker smalls 
between 10s. and 1ls., and cargo smalls between 9s. and 
10s. per ton. Best ordinary household coal has been 
quoted at 16s. 6d. and 18s. per ton. No. 3 Rhondda 

has realised 17s. 6d. to 18s. ; and No. 3 smalls, 
10s. 6d. tolls. perton. No. 2 Rhondda large has brought 
15s. 3d. to 163.; and No. 2 smalls have made 8s. 9d. to 
9s. 6d. per ton. Foundry coke has been quoted at 17s. 6d. 
to 2is.; and furnace ditto, at 16s. to 17s. ton. As 
regards iron ore, Rubio has made 20s. to 21s. per ton, 
u a basis of 50 per cent. of iron, and charges, in- 
cluding freight, insurance, &c., to Cardiff or Newport. 


The Bute Docks.—The imports at the Bute Docks for 
the year my | 1911, when compared with those of the 
previous year, show an increase of 31,023 tons. The exports 
for the same period show a decrease of 129,151 tons. The 
total trade of the docks last year showed, accordingly, a 
decrease of 98,128 tons. © register tonn cleared 
from the docks in 1911 was, however, the t on 
record, amounting to 5,396,903 tons, or an increase of 
97,474 tons over the previous year. The falling-off in the 
docks’ trade last year took place in the second half of the 
year, and was occasioned by sailors’ and railwaymen’s 
strikes in July and August. 


Welsh Steel Workers.—Negotiations have been com- 
leted by Mr. T. Griffiths, organising secretary of the 
Steel-Smelters’ Association and the Steel Manufacturers 
of South Wales, with respect to the hours to be worked 
by the men employed. It is expected that an eight-hour 
shift will be shortly in operation at all the leading worke 
of South Wales. In some cases the new arrangement 
will commerce immediately ; at Llanelly it is proposed to 
adopt it on May 1. 





Prrsonat. — Messrs. Hickman Batchelor and Co., 
Limited, Broad-street House, E.C., inform us of the 
amalgamation of their principals, the Westfaelische Draht- 
werke, Langendreer, with the Aplerbecker Huette, 
Bruegmann, Weyland, and Co.. A.G., Aplerbeck and 
Siegen.—The Phenix Dynamo Manufacturing Company, 
Limited, electrical and mechanical engineers, Thornbury 
Works, Bradford, have recently increased their capital 
by 10,0007. 6 per cent. accumulative preference shares. 


Returns oF VessEts Lost aNnD CoNDEMNED.—Ac- 
cording to the returns published by Lloyd’s Register of 
British and Foreign Shipping for the period from July 1 
to September 30 last, the steam vessels totally lost and 
condemned during this period numbered 43, of 47,882 
net and 76,229 gross tons, of which 21, of 23,640 net and 
38,010 tons, were British. The sailing vessels 
totally lost and condemned numbered 65, of 38,002 tons, 
of which seven, of 5728 tons, were British. 





Marine O1n-Motor Triats.—Messrs Barclay, Curle, 
and Co., shipbuilders and engineers, Glasgow, who have 
built for foreign owners the vessel Jutlandia, have had 
running for some months in their engine works at Stob- 
cross an engine consisting of a two-cycle single-acting 
cylinder, similar to, but not exactly the same as, those of 
the machinery which they are to fit on board the vessel. 
Various trials have been made under different conditions, a 
fly-wheel and dynamo for absorbing the power being fitted. 
On Thursday of last week the engine completed a full- 


;| load, non-stop trial of thirty days’ and nights’ duration 


without any hitch whatever. When opened up for 
examination the engine was in such a condition as would 
have justified the firm in starting it, without any touching 
up or adjustment, on another thirty days’ trial. The 
trial was run with ordinary Scotch shale fuel oil, and the 
average consumption was 0.35 lb. per indicated horse- 
power per hour. 





“*Mopgt ENGINEERING : Past, Present, AND FUTURE.” 
—On Monday, the 22nd inst., Mr. Percival: Marshall, 
A.I. Mech. E., delivered his presidential address, having 
the above title, before the Society of Model and Experi- 
mental Engineers. In this he stated that model engi- 
neering not only covered the construction of both scale 
and working models of engi and of mechanical and 
electrical machinery, but also included all classes of con- 
structional and experi tal hanical and electrical 
work which did not require the use of power-driven 
tools. Model engineering in the past had existed con- 
currently with what he ventured to call large, or power 
engineering. Models had played a very important part 
in the development of real engi ing tice, oat he 
illustrated this point by sev historical facts. Models 
were used at the present time by hundreds of firms, with 
a view to demonstrate the merits or the principles of their 
manufactures to prospective customers. A model could 
be shown and explained in a city office. In the work of 
technical education it was difficult to over-estimate the 
value of a model. The s er referred to tank 
experiments with ship models, and there was no doubt, 
he added, that the use of models for demonstration pur- 
poses would continue to increase. 
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MUSKER AND DAVISON’S 2-TON COMPENSATED ELECTRIC LUFFING CRANE. 
CONSTRUCTED BY 


MESSRS. STOTHERT AND PITT, LIMITED, ENGINEERS, BATH. 


(For Description, see Page 128.) 








Tue Late Mr. 8S. W. Jounson: Erkatum.—We regret 
that in the memoir of the late Mr. 8S. W. Johnson, which | we 
ge 92 of our last issue, the date of the 
xhibition was, by a typographical error, given in 
line 9 of the middle column as *‘ 18 i 





Cornosion Trsts or ALLOYs.—According to the 
ineering Record the authorities of the water supply 
of New York have carried out some tests relating to the 
corrosion of alloys. In 1908 specimens of six representa- 
tive bronzes were partially embedded in concrete cubes 
and placed in Esopus Creek. 





In 1910, after an exposure 





Fie. 1. 


of two years and two months, they were examined and 
i The average thickness of metal lost from the 
surface of the most corrosible specimen was 0.000248 in., 
and the average loss from all specimens was 0.000136 in. 
The testsare being continued in connection with the work 


hed. 


of constructing the Catskill Aqueduct. 





Tue Lystirution or Navat Arcuirsects.—The annual 
meetings of the Institution will take place on Wednes- 
day, March 27, and the two following days, in the Hall of 
of Arts, John-street, Adelphi, W.C. 
resident, 


the Royal Societ 
The Most Hon. the Marquis of Bristol, R.N., 








will occupy thechair. The annual dinner will be given on 
Wednesday, March 27, at 7.30 p.m., in the Grand Hall, 
Connaught Rooms, Great Queen-street, Kingsway, W.C. 
The Council state they are willing to present a gold medal 
to any person, not being a member or associate member of 
Council, who shall at the forthcoming meetings read a 
paper which, in the judgment of the Council, shall be 
deemed to be of exceptional merit. The Council will also 
be willing to present a premium of books or instruments 
to the reader of any paper, not being a member or asso- 
ciate member of Council, which paper shall, in the judg- 
ment of the Council, merit this distinction. 
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TORPEDO-BOAT “SORIDDEREW FC 


CONSTRUCTED BY MESSRS. YARROW AND Cv, LIMITED ii 


( For Deseo; ipt : Page 
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Tas Nortu- East Coast INSTITUTION Or ENGINSERS AND SHIP- 
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Member. 

| Brivis FOUNDRYMEN’S ASSOCIATION : BIRMINGHAM BRANCH. 





EpinsureH : John Menzies and Co.. 12, Hanover-street. 
Francez,-Paris: Boyveau and Chev illet, 22, Rue de la Banque. For 
,, Subscriptions and Advertisements, Librarie B. ol 
: _ Quai des Grands-Augustine, Paris. Also for Adv 
ments, Agence Havas, 8, Place de la Bourse 

GERMANY, Berlin: A. Asher and Co., 13, Unter den Linden. 

Agent for Advertisements : Arthur Dean, Schelling- 
strasse 1, Berlin, W. 9. 
Leipzig : F. A. Brockhaus. 
Mulhouse : H. Stuckelberger. 

Guaseow : William Love. 

Invi, Calcutta: Thacker, Spink, and Co. 
Bombay : Thacker and Co., Limited. 

Iraty: U. Hoepli, Milan, and any Eaten. 

LIVERPOOL : Mrs. Taylor, Landing 

MANCHESTER : John Heywood, 143, Decenpate. 

New ZEALAND : Gordon and Gotch Proprietary, Limited, Welling 
ton, Auckland, and Christchurch. 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43, 

RorrerpaM : H. A. Kramer and Son. 

Sourn Arrica: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Ca Town, Port Elizabeth, 
ere ye Durban, and their various branches and 

is throughout South Africa. Also Cape Town: 

Worl eee Sons, 31, Long-street. 

SwitzERLAND: Agent for Advertisements: Arthur Dean, 
Schellingstrasse 1, Berlin, W.9, Germany. 

= Gerdon and Gotch Proprietary, Limited, Launceston ; 


’ 
ver- 


UNITED pan ‘New York : W. H. Wiley, 43, East 19th-street. 
Sole Agents for Advertisements : The Wm. 8. Parry 
Co., 315, Dearborn-street, Chicago, and 366, Fifth-avenue 
New Y ork, USA. 





~~ ADVERTISEMENT RATES. 


The charge for advertisements is three shillings for the first four 
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for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the soap = 
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in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 


Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations tor standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. — 








, the 27th inst., at 7 p.m., at the Technical School, 

Suffolk Street, Birmingham, when Mr. J. Kent-Smith (of Liver- 

1) will deliver a lecture on ‘‘Some Facts as to the Action of 
anadium on Cast Iron.” 

Tue Royat Society or Arts.—Monday, January 29, at 8 p.m. 
Cantor Lecture.—‘“ Ocean Waves, Sea-#: aches, and Sand-Banks,” 
by Mr. Vi Cornish, D.Sc., F.G.8., 
January 30, at 4.30 p.m. Colonial Section. 
Africa,” by Mr. W. A. Legg, M. Inst. O.E., late Supervisin 
neer, Irrigation es > ey Colony ; the Hon. Sir chard 
Solomon, G.C.M.G V.O., he C., High Commissioner 
for the Union of ran By oe will preside. Wednesday, January 31, 
at 8p.m. ‘Recent Progress in Radiotel Biri by Professor 
G. W. Osborn Howe, M.Sc., M.LE.E. Sir illiam H. White, 
iar A LL.D., Sc.D., F.R.S., Vice-President of the Society, will 
preside. 

Tus Lnstirure OF Marine Enotneers.—Monday, January 29, at 
8 p.m., discussion on Mr. John McLaren’s paper on “ Wireless 
Telegraphy.’ 

THe STAFFORDSHIRE IRON AND Sree. Institute. — Monday, 
January 29, at 7.30 p.m., at the Town Hall, Wednesbury, Pro- 
fessor H. C. H. © nter, M.A., Ph.D., will deliver a lecture on 
“The Growth of Cast Irons after Repeated Heatings : its Causes 
and Suggested Remedies.” . 

Tue InstiTuTION oF Civi, ENGINEERS.—Tuesday, January 30, at 
8 p.m. Paper to be read :—‘‘The Central Heating and Power 
Plant. of McGill University, Montreal,” by Mr. Richard John 
Durley, 8.Sc., Ma. M. Inst. C.E. Students’ Meetings, Fridays, 
February 2 and 9, at 8 p.m. Lectures on :—‘‘ Steam-Turbines : 
Some Practical Applicat ions of Theory,” by Captain H. Riall 
Sankey, R.E., M. Inst.C.E. Dr. W. C. Unwin, F.R.S., President, will 
occupy the chair on February 2, and Mr. R. Elliott-Cooper, Vice- 
President, on February 9. Members of all classes of the Institu- 
tion are invited to attend these lectures. 

Tae INsTiToTs oF AUTOMOBILE Enoineers. — Wednesday, 
January 31, at 8 p.m., a special informal meeting will be held at 
the Connaught Rooms, Great Queen-street, W.C., when the 
. of ‘‘ Self-Starters for Internal-Combustion Engines” will 


THE INSTITUTE or Sanrrary ENGINEERS. — Wednesday, 
January 31, Presidential Address, at Caxton Hall, Westminster, 
by Mr. Arthur J. Martin, M. Inst. C.E., F.G.8., F.R. San. 1, &., 
at 8 p.m. 

Tus Royat InstiTvTION OF Great Brerain.— Friday, February 2, 
at 9 o'clock, a discourse will be delivered by Sir James Mackenzie 
Davidson, M.B., C.M., M.R.I. The subject is “* Vital Effects of 
Radium and other Rays.” Afternoon Lectures next week at 
8 o’clock. Tuesday, January 30, Professor William Bateson, M.A., 
F.R.S, Fullerian Professor of Ph beg = R.L, on “ The Study 
of Genetics” (Lecture awe or a4 Feb ruary 1, Professor A. M. 
Worthington, O0.B., , on “The Phenomena 
of Splashes” (Lecture t } ‘ae February 3, Sir Alexander 
C. Mackenzie, Mus. Doc., D.C.L., LL.D., M.R.L, on (1) ** Russian 
Music of To-Day” (with the kind assistance of the Hans Wessely 
Quartet). 


NOTICE. 


diately following the Index to our last volume, which is 
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FRIDAY, JANUARY 2, es 


THE TESTING OF MATERIALS. 


Tue claim has frequently been advanced that 
it is more scientific to base working stresses on 
the elastic limit than on the ultimate strength 
of a material, and up to very recently a denial 
of this a maager invariably brought forward 
many defenders. of it from engineering labora- 
tories and places where they teach. As indi- 
cating that these sanctuaries are less impervious 
than heretofore to the facts established by prac- 
tical experience, it is of interest to note that 
the criticisms on the theory in question contained 
in Professor Unwin’s inaugural address to the 
Institution of Civil Engineers have elicited no 
reply. Whether the similar views set forth in 
the most interesting ‘‘ James Watt” lecture, 
delivered on the 18th inst., to the members of the 
4. &. 
Milton, the Chief Engineer-Surveyor to Lloyd's 
Register, remains to be seen. 

Mr. Milton’s knowledge of the characteristics of 
mild steel considered as a structural material is 
probably unrivalled, and it is impossible to avoid 
attaching the greatest importance to his contention, 
that even the most carefully conducted scientific 
tests on a material are insufficient per se to establish 














the safe limit of stress to which it can be subjected 
in practice. 

he function of a theory is to facilitate the pro- 
cess of prediction, and in this connection Hooke’s 
law has unquestionably rendered invaluable ser- 
vice. It is, however, probable that each suc- 
cessive refinement in experimental methods will 
give a lower and lower limit at which ceases the 
assumed © sg men op between stress and 
strain. e so-called elastic limit in the case 
of many materials is certainly wholly imaginary, 
and there are good grounds for believing other 
materials differ from these quantitatively only, 
and that in essentials. all behave alike, so that 
in actual fact Hooke’s law is never accurately 
satisfied, even in the case of hardened and tempered 
steel. This circumstance, has, no doubt, little 
bearing on the conclusions derived from the mathe- 
matical theory of elasticity, since for most struc- 
tural materials the divergence between hypothesis 
and fact is insufficient to sensibly affect the value 
of the stresses calculated ; but it does suffice to 
render irrational any theory which makes the 
resistance of a material.dependent upon an elastic 
limit defined as the point at which stress ceases to 
be proportional to strain. Actual experiment has 
shown that stress never is proportional to strain, 
but is only approximately so. If, on the other hand, 
the elastic limit is defined as the limiting stress to 
which a material can be subjected without taking a 
permanent set, the case for the elastic limit as a 
rational basis for the fixation of working stresses is 
very little mended, since the more refined the 
methods euuployed the more probable does it appear 
that on first loading a material always takes a per- 
manent set. Balance-springs are not very highly 
stressed, yet it is not until after a run of several 
months that their rate becomes steady; and should 
the range of stress be then either increased or 
diminished, there will be a new period of instability 
lasting for quite a sensible time. 

From the foregoing it will be obvious that the 
Engineering Standards Committee have acted 
wisely, not only from the view-point of practical 
convenience, but also in accord with scientific con- 
siderations, in refusing to embody in their specifica- 
tions any requirements as to the elastic limit of 
steel, and in endorsing the view of the Ships’ Com- 
mittee that as matters stand working stresses 
are better based upon the ultimate strength than on 
the yield-point or the elastic limit. Of course, 
it is highly desirable that investigations on the 
elastic constants of a material shall continue 
to be made in scientific laboratories, as ultimately 
these may result in some consistent theory as 
to the mechanism by which straining actions are 
resisted ; but in the future, as in the past, the 
tests made to determine whether a given material 
meets the requirements of a specification will far 
exceed those with a purely scientific objective. The 
value of the latter is in the main prospective, whilst 
the necessity for commercial tests are immediate 
and pressing. 

In his address at Greenock Mr. J. T. Milton gave 
a very interesting and comprehensive summary of 
the origin and present status of such tests. It was 
in 1846 that Lloyd’s Register made a rule that all 
new chains supplied to classed ships must be tested. 
Eighteen years later Parliament passed an Act 
making this regulation compulsory on all British 
vessels, so that the State, as usual, but quite rightly 
and properly, lagged in this matter behind private 
initiative. In new departures someone must be 
first, and in the tentative period; during which 
experience is being gained, an endeavour to prema- 
turely fix matters by Act of Parliament is certain 
to effect more harm than good. Our ancestors 
realised this, but it is to be doubted whether our 
present rulers will be equally far-sighted. 

Mr. Milton described in his address an attempt 
which is now being made in Germany to fix the 
so-called elastic limit by thermo-dynamic methods. 
According to theory, an elastic body is cooled by 
stretching, but when non-elastic deformation sets 
in, the work done produces a heating effect. By 
means of thermo-couples, Professor Martens has 
determined the stress at which a development of 
heat can first be detected, and it has been claimed 
that this represents the elastic limit. This conten- 
tion, however, appears a very doubtful one. Pro- 
fessor H. Bouasse has declared that if the elastic 
limit is taken to be the stress at which stress ceases 
to be proportional to strain, then no body whatever 
can be considered as really elastic. If, on the other 
hand, the elastic limit is defined as being that at 
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which permanent set can be detected, then india- 
rubber satisfies this condition very ectly under a 
considerable range of stress. Stretched india- 
rubber, however, contracts when heated, so that 
an extension of it will liberate heat, even though the 
increase of stretch may be quite insufficient to per- 
manently deform the material. That this is actually 
the case has been proved by direct experiment. 
Hence, whichever definition of perfect elasticity be 
accepted, its detection by thermal methods seems 
to afford little promise of useful results. 

Certain considerations would lead one to antici- 
pate that the properties of an overstrained material 
should be more or less partially restored by pro- 
longed rest in the unstressed condition. Of course, 
it is known that if a bar be tested just beyond its 
elastic limit as usually defined, it is for some time 
in a condition of molecular instability. If again 
tested immediately, there is found to be no approxi- 
mate proportionality between stress and strain. A 
short rest, however, particularly if the specimen is 
maintained at the temperature of boiling water, re- 
stores its elastic properties. Rails, again, if tested 
shortly after they are cold, give a different stress- 
strain diagram than if tested three or four days 
later. In view of these facts it was therefore not 
unreasonable to expect that resting a material after 
straining should havea restorative effect on it. The 
direct evidence, however, seems to discredit this 
hypothesis. Mr. Milton quoted a case in which a 
rest of twenty-three years had afforded no relief to 
the overstrain initially imposed on the specimen. 

On several occasions of late attention has been 
drawn to the inefficiency of the so-called Wohler 
test in distinguishing between good and dangerous 
material, and Mr. Milton again emphasises this, 
stating that a high proportion of phosphorus in a 
steel will make it give exceptionally good results 
in Wohler tests. It is, however, possible that this 
contention goes a little further than is wholly justi- 
fiable by the actual facts of the case, since whilst in 
Wéhler’s tests the repetitions of stress were often 
of the order of 100 millions or so, experimenters 
nowadays attempt to draw conclusions from alter- 
nations aggregating to a mere million or so, and it 
is in these latter instances that the test has shown 
itself so remarkably ineffective. It seems there- 
fore not inconceivable that if the tests were actually 
conducted on Wohler’s lines, that a true distinc- 
tion between safe and dangerous material might be 
established ; but this, of course, is merely an hypo- 
thesis. Whether it be true or not, Mr. Milton is 
certainly correct from a practical standpoint, as 
short time limit Wohler tests are certainly mislead- 
ing, and life is too brief to permit of long-period 
tests attaining any commercial importance, even 
were it certain that they would lead to correct 
conclusions. 

The notched-bar tests, Mr. Milton states, have the 
disadvantage of yielding, even with good material, 
results varying between such wide limits that it is 
impossible to specifications on them. In some 
bars tested for him by Mr. Yarrow, the order of 
merit of six pieces cut from the same forging ranged 
from 19 to 27, all of which were considered excellent 
results. A tensile test made from the same forging 
would undoubtedly have given much more concor- 
dant results. On the other hand, the notched-bar 
test does discriminate sharply between materials 
in a way which the simple impact test of un- 
notched bars does not. r. Milton quoted the 
case of three specimens —— of mild steel, 
high-carbon steel, and nickel steel. The first- 
named in an unnotched test withstood nineteen 
blows; the high-carbon steel, seventeen blows; 
and the nickel steel, eighteen blows. In — 
the experiment with notched bars, the hard stee 
broke at the first blow, whilst the mild-steel speci- 
men withstood two blows with a fall of 4 metre, 
and two more with a fallof 1 metre. The nickel- 
steel specimen withstood two blows with 4-metre 
fall, followed by twenty with 1-metre fall, and then 
by four more with a fall of 14 metres. Though 
relatively simple to execute, these notched-bar 
tests are, however, best suited for use where 
suspicion has already arisen as to the quality of 
a material. A range of 19 to 27, which may 
occur, with excellent specimens of nominally similar 
material, is far too wide to be acveptable to either 
producer or purchaser, and hence the tests specified 
commercially are ager of the simple tensile or 
transverse type, even although the material is to 


be used in compression or in torsion. 
Mr. Milton remarks that it has been found 
necessary to insist on mild steels possessing pro- 


perties which in actual structures are of no use 
whatever, and that the reason why great ductility 
is required in — tests is not because it is 
useful per se. f course, if the whule of a 
member were subjected in some way or other 
to a stress which made a demand on this ductility, 
the deformation would be so enormous that the 
structure, whatever it was, would have to be 
completely rebuilt ; but it seems to us that this 
is by no means conclusive evidence that in every- 
day practice constant demand is not made on 
the ductility of our materials. We are inclined to 
believe that no structure of any complication is ever 
erected in which, in some place or other—probably, 
indeed, in numerous places—the yield-point of 
the material is prec W Such excessive stresses 
are, however, confined to extremely small areas, so 
that a relatively large deformation locally has no 
appreciable influence on the structure as a whole. 
Recent researches have shown that if a hole be 
pierced through a tie-bar, the resultant maximum 
stress is three times the average. Probably this 
condition exists round every rivet-hole, making it 
likely that the yield-point is frequently exceeded. 
The excessive stress is, however, confined to a very 
small area, and a permanent set too small to detect 
without the most refined methods of measurement 
would wholly eliminate the overstrain. 

In certain cases, Mr. Milton states, the Brinell 
hardness test is now specified in commercial specifi- 
cations. With this results can be quickly and easily 
obtained, and without requiring the preparation of 
special specimens. It has, he states, the advantage 
that reasonably concordant results are obtained 
when repeated tests are made of the same material, 
but in his view the variations are still somewhat 
too great to make the test wholly satisfactory. 








THE ASSOCIATION OF CONSULTING 
ENGINEERS. 

WE reprint on another page the ofticial account of 
a recent meeting of the newly-formed Association of 
Consulting Engineers. After years of unassisted 
effort, during which nobody has made it their con- 
cern, except on very broad and liberal lines, to 
look after the interests of consulting engineers, the 
management of their affairs is now to be taken 
over by a body, one of whose duties it will appa- 
rently be to persuade them that they are  ¥ a 
special caste, and require to be dealt with in a 
very special way. 

It would seem that the present institutions, 
with their moral codes and their standards of pro- 
fessional etiquette, are not sufticiently stringent in 
their requirements to satisfy the zeal of some of 
their members, who long for a society enforcing 
more rigorous rules than those which have hitherto 
dubia among engineers. They do not feel that 
the rules adopted by our leading institutions—rules 
which are, we may remark, the outcome of long 
experience—demand that purity of conduct which 
should be the mark of the consulting engineer, and, 
further, they are not content that they who act as 
consultants should be lost, so to speak, among the 
crowd of those who pursue engineering in a different 
and distinguished manner. How select the new 
society is to be may be gathered from the adopted 

roposal that a candidate for admission must have 
firet undergone the doubly refining process of be- 
coming a fuil member of the leading institution of 
that branch of the profession with which he is con- 
nected, as well as a corporate member of the 
Institution of Civil Engineers. Furthermore, as 
this requirement alone would render too many 
eligible, honourable and worthy consultant engineers 
who occupy part of their time regularly in the 
service of some body or another are also to be 
excluded. In fact, the Association is avowedly to 
be run ‘‘on the narrowest lines,” a decision which, 
so far as we can see, is quite out of accord with the 
idea that it is to become a body of great influence 
and of service to the public in general or consulting 
engineers in particular. 

e regret to have to speak in this way of the 
new association, because there are connected with 
its inception many engineers of high reputation, 
who are, no doubt, actuated by a sincere desire to 
improve the standing of the profession to which 
they belong, and to remedy abuses which they believe 
to exist. But while giving the promoters of the 
association full credit for their intentions, we cannot 
avoid criticisms of their methods of action. For 
instance, it is naively proclaimed that the new body 





intends to rid itself of responsibility, and make the 


existing engineering societies do its work of selec- 
tion. It must be, of course, extremely pleasing to 
the older in-titutions to know that they can thus 
be of service to the new association, and that their 
standards are sufficiently high, when taken two or 
three together, to render an engineer eligible for 
election to the Association of Consulting Engineers. 
It will also no doubt be very gratifying to know 
that the co-operation of the new association has 
been assured, and that instead of setting itself 
out to seduce members from other institutions, all 
its efforts will be bent towards making engineers 
join as many different bodies as possible. 

With its really essential work thus done for it, 
and with no responsibility, we cannot conceive 
what réle this newcomer is to play, unless it be 
that merely of a dispenser of favours. For success 
in this line the gifts dispensed must be valued by 
the recipient, and it remains to be seen whether 
there is anything to offer that cannot equally readily 
be secured by membership of the existing institu- 
tions. 

For years these have stood high in the public 
esteem, and have constantly added to their reputa- 
tion. As fast as it is possible to do it they have 
raised the standard of knowledge and reputation 
necessary for entrance, and have at the same time 
insisted more and more firmly on all their 
members complying with the rules of profes- 
sional etiquette. Those who wish to fortify the 
position of the engineer as a professional man 
will do so best by strengthening the hands of the 
existing bodies. We can conceive of no more 
disastrous course than of starting a new and rela- 
tively weak society claiming to be on a higher plane 
of professional conduct than that of the Institu- 
tions of Civil or Mechanical Engineers. It is eqiii- 
valent to an assertion that members of these bodies 
are conscious that there are many among them 
who evade the ethical standards laid down, and 
that such evasions are not dealt with as they 
should be. Surely this is an allegation which should 
not be made lightly. 

In view of the way in which many branches of 
engineering are now specialised, the stipulation of 
the new society that candidates who are members 
of the Institutions of Mechanical or Electrical Engi- 
neers must also be corporate members of the Insti- 
tution of Civil Engineers, while members of the 
Institution of Civil Engineers need not belong to 
any other society, is also most unfair, and we do 
not see how it can be justified. 








HEAT PROBLEMS. 

At the Royal Institution, on Friday evening last, 
Sir James Dewar, F.R.S., gave an account of some 
recent investigations at low temperatures. He said 
that as data accumulated the apparent relations of 
phenomena were continuously changing, and with 
them there was a corresponding modification in 
scientific thought. The object of a theory was to 
give rise to new ideas, which were then tested 
experimentally, and he proposed that evening to 
discuss some researches ade in a field which it 
would have been almost impossible to attempt but 
a few years ago. Low temperature research had 
at one time been a speciality of the Royal Institu- 
tion, but the methods there developed had spread 
widely, and this country had now been outrun in 
the race towards the attainment of the absolute zero 
of temperature. New opportunities for research of 
a more favourable character than were available here 
had been established in other localities, so that the 
lowest temperature reached in this country was 
further from the absolute zero than that attained 
by our friends on the Continent. Having, how- 
ever, opened the door, we need not be afraid of the 
guest. The question of low-temperature research 
involved, he proceeded, that of the behaviour of 
bodies under the extremes of cold which could now 
be manipulated in a fairly easy way. As the abso- 
lute zero was approached, the scale of temperature 
to be used, and the methods to be adopted in 
measuring it, became more and more serious ques- 
tions, temperatures within 2 deg. of the absolute 
zero having been attained. Within certain limits 
resistance thermometers or thermo-couples were 
available, but for extreme conditions the only 
method that one dare use was based, on the 
changes with temperature, in the pressure of a 
gas far removed from its point of liquefaction, 
nd under a small initial pressure. As very smail 

ces of ure had to be measured, the 
limits that could be reached with particular gases 
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required consideration. If helium were used under 
a small pressure, accurate records could be made 
far below the boiling-point of hydrogen, a helium 
thermometer recording quite accurately to within 
3 deg. of the absolute zero. 

The construction of the -thermometer used 
was, he said, as indicated in Fig. 1. It consisted of 
a large bulb delivering into a fine tube provided 
with a mercury column as indicated. The difference 
in the height of the mercury column in the two legs 
was a measure of the temperature of the gas. Such 
a thermometer filled with hydrogen was accurate | 
down to 10 deg. absolute. In the laboratory the | 
differences in the height of the mercury were 
measured by a cathetometer. The bulb was large 
and the space outside small, but in the most 
accurate work it was necessary to make an allow- 
ance for the change of volume due to the motion 
of the mercury. 

The following table, the lecturer stated, showed 
within what limits a gas-thermometer could be 
relied upon if filled with different gases at different 
initial pressures :— 

TaBLe I.—Practical Limits of Gas- Thermometers. 


Initial Pressure Limit of Tempera- 


ich 

Gas. at 0 Deg. Ceut. ture to whic 

Millimetres of Hg. _—. 
Co, x 273 171.4 
O x 273 69.2 
H x 273 11.72 
H jy x 273 10.40 
Helium 38 x 273 2.95 
Helium 4 x 273 1.90 
Helium ts x 273 1.71 


The limit of temperature which could be ob- 
tained with any particular body was a matter of 
interest. Years ago Gay Lussac had shown that, 
by the evaporation of ice, it was possible to freeze 
mercury. Sir James Dewar repeated an experi- 
ment before the meeting, and stated that it was 
possible in this way to reach a temperature of 
— 70 deg. Cent. and ibly even more. Similar 
experiments made with a number of bodies gave 
the results annexed :— 

TasLE II,—Limits of Temperature Attainable with 
Various Cooling Agents. 


Solid Absolute Temperature Pressurein Fraction 
-_ Attainable. mm. of Hg. of Te. 
deg. 

Ice... 203 0.001 0.32 

co, 132 0.63 0.43 

oO. 51 0.19 0.33 

MP xe 7 0.7 0.30 

9 0.59 0.29 

Helium 1.8 0.26 0.33 

“se 3° 0.4 ia 


In the above table, ‘‘ xX” was, he said, a hypo- 
thetical body as volatile to helium as that gas was 
to H, and with this it would be seen a temperature 
within 4 deg. of the absolute zero would be attain- 
able. A reference to the table would show that the 
temperature attainable was in all cases nearly the 
same fraction of the critical temperature of the 
body, which constitutes a further illustration of 
the importance of the critical point. Some further 
relations between various properties of a body and 
its critical co-ordinates were given, he said, in 
Table IIT, 


TasiE IIl.—Corresponding Temperature Relations. 


Liquid coefficient of expansion varies as ... t 
Liquid coefficientof compressibility variesas -. 
Liquid internal latent heat varies as Te 
Capillary constant varies as... oe se a 
Gas inversion point varies as Te 
. Te 

Volume of gas molecule varies as ... Pp. 
ce 
Maximum density varies as density at Te 


In gas-thermometers, he added, having very fine 
tubes, reliable results could be obtained if they 
were filled with very pure mercury, and if the bend 
filled by the latter was enlarged. If this were done, 
very accurate results could be obtained with bulbs 
having a volume of only 5c.c. or 6c¢.c. It would 
he seen from the table that at the lowest tempera- 
tures the pressures to be measured were very small. 
It was noteworthy that helium under quite a high 


was glad to note that excellent vacuum flasks were 
now purchaseable at 4s. each ; these he had tested, 
and found quite . The first of these vacuum 
flasks had been exhibited on the table of that Insti- 
tution just nineteen years ago. Since that date they 
had extended into every laboratory, and almost into 
every household. At the outset they were very 
expensive, and he was disappointed that the manu- 
facture had not been localised in this country. 
This arose because he had been unable to find here 
any glass-worker who would undertake to make 
them, and his orders, therefore, had to be trans- 
ferred to another country, where the manufacture 
was afterwards developed commercially. 

In his first experiments to diminish heat loss he 
had relied upon the use of a high vacuum and 
highly polished reflecting surfaces. It had since 
been found that by filling the vacuum space with 

wdered charcoal or powdered silica the rate of 

eat loss was only one-third of what it was in the 
case of some vacuum flasks, but the results thus 
obtainable were not better than could be secured with 
flasks having reflecting surfaces of silver. Hence 
so long as glass was used for the flask there was no 
improvement to be effected by filling the vacuum 
space with powders. If, however, satisfactory flasks 
could be made out of fused silica, the use of 
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powders might prove advantageous, since with silica 
very high temperatures could be withstood, and for 
such silvered surfaces would be unsuitable. Such 
flasks might prove of great use, especially as the 
surfaces a be coated with nickel, ‘but he felt 
some doubt, which he learnt was shared by Sir 
William Crookes, as to whether silica flasks could 
be made free from fissures. If they could, how- 
ever, red-hot bodies could be isolated in them as 
easily as liquid air in glass flasks. 

Methods of measuring specific heats, Sir James 
continued, had been on the use of liquid 
gases contained in vacuum vessels. The apparatus 
was shown diagrammatically in Fig. 2. ere & 
smaller vacuum flask, with a little liquid air in it, 
was immersed in a larger body of liquid contained 
in an outer flask. From the inner flask a bent 
tube led to a bell-jar as indicated. In normal 
conditions there was no evaporation from the 
inner vessel. If, however, a fragment of any sub- 
stance was dropped into this inner vessel, part of 
the liquid was evaporated, and the amount of gas 
collected in the bell-jar was a direct measure of the 
specific heat of the body. Using fragments of 
carbon, magnesium, aluminium, copper, bismuth, 





pressure was reliable down to 3 deg. absolute, but 


a reduction of the initial pressure to one-tenth of 
273 mm. at 0 deg. Cent. only increased the limit! 
of reliability by less than 2 deg. Neither helium 
nor hydrogen acted as a perfect gas, both deviating 
slightly from Boyle’s law. 





In low temperature experiments very good insu- 
lation, Sir James proceeded, was essential, and he 





and lead, the size of which was in proportion 
to the atomic volumes of these elements, the lec- 
turer showed that the quantity of gas liberated was 
nearly the same for all, with the exception of carbon, 
in which case the heat liberated was only one-third 
of the usual value. The atomic heats in all cases, 
however, fell off from the normal as the temperature 
approached the absolute zero. Of the elements 





above named, lead held its value for the greatest 
range of tem ture. 

is method of calorimetry, the lecturer con- 
tinued, though so easy and perfect at first sight, 
was y so as to be dangerous. Liquid air 
was so mobile that on the violent ebullition 
following the dropping in of the fragment under 
test, spray was liable to be carried over into the 
bell-jar, with the result that too large a volume of 
air was recorded. Hydrogen was still worse in 
this respect. To illustrate the remarkable way in 
which small drops of liquid air persisted, the 
lecturer caused drops to fall from the roof of the 
building on to a small board below. The distance 
was 35 ft., but though the drops were only 
1 mm. in diameter, and fell hieugh ale very hot 
as com with themselves, the splash of each 
was distinctly visible below. This experiment 
illustrated, he said, the ease with which droplets 
of liquid air could be carried over from the calori- 
meter ; and with liquid hydrogen, which had only 
one-fifteenth the density, matters were, he said, 
one hundred times worse. Small drops of liquid 
hydrogen, he showed, could be Geail« a distance 
of 8 ft., when falling through air, by means of 
the air they froze on their passage. is was the 
case, although the surface tension of the liquid 
was only one-seventh that of liquid air, and the 
absolute temperature of the hydrogen was 20 deg. 
absolute, and the temperature of the room about 
fifteen times greater. Hence, he said, great care 
was necessary in making use of the method of 
calorimetry described. bene of the determina- 
tions made were given in Table IV. for the 
range of temperature between 20 deg. absolute 
and 90 deg. absolute. 
TaBLeE IV.—Mean Atomic Specific Heats between 20 Deg. 
Absolute and 90 Deg. Absolute. ; 


Diamond 0.05 
Graphite 0.17 
Magnesium 1.41 
Aluminium 2.38 
Ice 2.63 


It would be seen, the lecturer went on, that 
the diamond had nearly no specific heat, whilst 
the others showed an enormous decrease as com- 
pared with measurements made at ordinary tem- 

ratures. The matter had been specially studied 
S Nernst, and it had been shown that before 
the absolute zero was reached the specific heat 
had vanished. This raised difficulties from the 
theoretical standpoint, and the explanation must 
be sought in the world of electrons. According to 
Einstein’s theory, the curve of change of specific 
heat with temperature should have the form indi- 
cated in Fig. 3. With many bodies, such as graphite, 
however, the descent commenced earlier. 

In this connection it might be added, he said, 
that the electrical resistance of gold, platinum, and 
mercury had disappeared at the temperature of 
boiling helium, so that bodies had neither electrical 
resistance nor a specific heat when still above the 
absolute zero of temperature. They could thus 
heat up without taking in heat, so that the ordinary 
theory would seem to be unsuitable in this region 
of temperature, and our views as to what would 
happen at the absolute zero must be correspond- 
ingly modified, vast problems being opened up by 
the researches described. 





EUROPE’S SUPPLY OF IRON ORE. 

Few industrial questions are at present attract- 
ing more attention than the world’s future supply 
of iron ore—a problem which, from the standpoint 
of national economy, is one of the most vital im- 
portance. It is especially in Germany that the 
gravity of the matter has been fully realised, for 
reasons more than once touched upon in the pages 
of ENGINEERING, and it is more especially from 
the German point of view that Dr. Th. Sehmer 
has treated the question in a recent important 
publication. 

The problem of the world’s iron-ore supply does 
not find its solution through a mere record of the 
iron-ore deposits so far known and more or less 
exhaustively examined. There is the question of 
probable time of exhaustion, which is a difficult one 
to deal with, especially considering the rapid 
development of processes which has been going 
on for years, and is likely or sure to be continued, 
with the possible, or » And even probable, result 


that ores now considered too poor for smelting 

may be made capable of advantageous reduction. 
Although America would seem to hold the pre- 

mier position, several circumstances detract from 
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this enviable lead, such as reckless working and 
systems which make a subsequent working of 
inferior ore almost an impossibility, in addition to 
which the location of the deposits in many cases 
will greatly handicap their exploitation. This view 
is held by eminent American authorities, and 
Dr. Sehmer has preferred to deal with the question 
only as far as Europe is concerned, the more so as 
it, viewed from almost every standpoint, possesses 
the greatest interest in connection with this part 
of the world. 

The following table shows the wealth of the iron- 
ore deposits of the different European countries :— 


Group B.—Estimated 


Further Deposits. 


Group A.— Deposits 
already Opened Out. 
| 
| 


| 
a 

















Metallic ' Metallic 
Iron Ore. Iron. Iron Ore. Iron. 
tons tons tons | tons 
Sweden ..| 1,158.000,000} 740,000,000} 178,000,000; 105,000,000 
Norway .. 367,000,000) 124,000,000) 1,545,000,000' 525,000,000 
Spain 711,000,000} 3 19,000,000) Considerable 
Greece {| 100,000,000} About | = _ - 
‘ \ “sb die 45,000,000) 

France .. | 3,300,000,000) 1,140,000, 000 — _ 
European | 

Russia .. 864,600,000} 387,200,000 1,056,300,000 424,700,000 
Finland .. oa | 5,000, 16,000,000 
Italy 6,000,000 3,300,006 2,000,000 1,000,000 
Austria .. 250,900,00 90,400,000! 324,200,000 97,000,000 
Hungary .. 33,100,000} — 18,100 000) 78,9.0,0.0 34,100,000 
Bosnia and 

Herzego- About 

vina és at ea 21,900,°00 11,300,000 
Germany ..| 3,607,700,000|1,270,000,000 Considerable 
Luxem- | | 

burg 270,000,000} 90,000,000. — _— 
Great | 

Britain ..| 1,300,000,000| 455,000,000 37,700,000 10,830,000,000 
Belgium .. 62,000,000; 25,000,000 — — 

12,030,300,000) 4,732,000,000) aekee 12,044, 100,000 





Kucope, as will be seen from this table, is still 
possessed of immense iron-ore deposits, and the 
output is constantly increasing, more especially as 
far as Germany, Sweden, Russia,*and France are 
concerned. The quantities offered on the inter- 
national market are also increasing, as are the 
imports of the most active industrial countries— 
England, Germany, and Belgium. The question 
is not so much, however, one of absolute quantity, 
but rather one of cheapness and possibilities for 
exploitation. 

ith regard to Germany, her position seems 
favourable enough, inasmuch as between one-fourth 
and one-third of the aggregate Group A iron-ore 
deposits of Europe are situated in this country. In 
addition, Germany can safely reckon upon a con- 
tinuous import of French Minette ore, owing to 
the latter country’s dearth of coal, the unfavourable 
position of her labour market, and the stagnation 
in the increase of the population. 

If Germany could be vealt with as an aggregate, 
irrespective of local and transport considerations, 
she would, on the face of it, be very well and in- 
dependently situated as regards her supply of iron 
ore. But in order to arrive ata true and practi- 
cally correct result, it is necessary to examine into 
the whereabouts and distribution of the various 
deposits. The largest German iron ore deposits 
are to be found in Lorraine, at the Upper Mosel, 
in the Sieg, the Lahn, and the Dill districts, in the 
Harzen and Thuringia, and in Upper Silesia. These 
supplies of iron ore have to be looked upon in con- 
nection with the following centres of consumption : 
Upper Silesia and the Ba'tic coast of Germany, the 
Ruhr district, the Siegerland, the Lahn and the 
Dill district, Lorraine and the Saar district. The 
geographical positions of iron-ore producing and 
consuming centres are consequently, as will be seen 
from this enumeration, tolerably different and 
distant from one another, and also the working 
conditions vary greatly. There are districts of 
consumption which cannot cover their requirements 
of ore within their own radius, and others are simply 
dependent upon foreign suppiies. Germany's im- 
am of iron ore is steadily and rapidly increasing— 
rom one-tenth of the total consumption in 1880 to 
more than a fourth in 1909; or, gauged by the 
production of pig iron, very nearly one-third. 

An import of one-fourth of the aggregate require- 
ments of Germany does not in itself offer any cause 
for apprehension ; the difficulties lie within the 
country, in the relation between local home output 
and local home consumption. Thus the Nether 


Rhineland and Westphalia districts, which during 
1910 produced 44.3 per cent. of the entire German 
output of pig iron, are badly off as 
deposits, bo 


8 iron-ore 
as regards quality and quantity, and 





they have to depend upon foreign ore to the extent of 
60 per cent. of their aggregate requirements. ra a 
Silesia, too, to a great extent, has to cover her 
consumption of iron ore from abroad, and this 
is still more the case with the works on the Baltic 
and the North Sea coasts. The disadvantages of 
import naturally vary greatly, according to the 
eographical position of a district. Upper Silesia, 
or instance, depends upon import for half her 
pig-iron production, and should for some reason or 
ther the import be over-handicapped or stopped, the 
output of iron will of a necessity have to come down in 
proportion. This difficulty is already in sight, inas- 
much as Hungary and Austria already have adopted, 
or are contemplating, measures bound to reduce the 
export of iron ore. Swedish ore is getting dearer, 
and the Russian prohibition against export of iron 
ore, which hitherto has not mn enforced, may 
any time come into stringent operation, as there are 
excellent coal deposits at a convenient distance 
from the best iron-ore deposits, offering every 
facility for a profitable Russian iron industry. 
Matters are no better as regards the Siegerland 
district. The deposits of good German iron ore, 
certainly, are vast, but their exploitation becomes 
more and more difficult every year, the result 
being dearer and dearer ore until the point is 
reached that the cost becomes prohibitive, which 
has the same practical effect as the exhaustion of 
the deposits. The result is that Spanish ore, thanks 
to smaller working costs and cheap maritime freights, 
is cheaper at the Nether Rhine than Siegerland ore, 
in spite of its inferior metallic contents. 

Similar conditions prevail as regards the Lahn 
and the Dill ores ; the great importance which 
formerly attached to these ores for the consump- 
tion of some home districts is a thing of the past. 
Spanish ore has superseded them at the Lower 
Rhine and Minette ore in the Saar district. Their 
share in the German ore supply now amounts to 
only 3.8 per cent. The iron-ore districts referred 
to above have done their utmost to obtain tariff facili- 
ties which would place them on a better competitive 
footing, but what they have obtained so far has not 
proved of much avail. It is pointed out that in a 
time like the present, when wages, taxes, and social 

litical burdens are constantly increasing, freight 
is the only variable factor. The development of the 
iron industry of the Lower Rhine demonstrates this 
assertion ; true there is abundance of coking-coal, 
but the cheapness of the water freights is here 
of the greatest importance. Of the Duisburg iron 
works, eight—which are very advantageously posi- 
tioned as regards transport by water—depend upon 
foreign iron ore to the extent of 85 per cent. of their 
output of pigiron, and there are large iron works in 
that locality which depend solely on foreign ore 
arriving by water. In the year 1908, 60 per cent. of 
Duisburg and the Ruhr districts’ aggregate con- 
sumption of iron ore arrived by water. The position 
of the iron works in these districts is in this 
respect very similar to that of the large new iron 
works on the Baltic and the North Sea coasts, 
which, in the competition against Silesian and 
Rhineland works, principally depend upon supply 
of coal and iron ore by water. It is conditions like 
these which enhance the value and the import- 
ance of the iron-ore deposits in Algiers, Tunis, 
and Morocco, which countries, owing to their 
dearth of coal, are bound to rely upon export 
in order to exploit their wealth of ore, which 
again makes it a question closely allied with inter- 
national politics. Whilst German enterprise may 
have experienced some check in Morocco, it has 
been more successful in other parts of the world, 
notably in France; of the total area carryin 
Minette ore—that is, some 86,492 acres—19, 
acres are in German possession, and of these again, 
10,270 acres are aftiliated to the Lower Rhine 
and Saar districts. German capital is also largely 
engaged in concessions in Normandy and Brittany, 
as well as in Spain, Hungary, and Scandinavia. 
So, all things considered, Germany’s supply of iron 
ore appears to be fully provided for for the next 
hundred years or more, and no other country is 
probably so favourably situated in this respect. 

There is another factor, the importance of which 
is only gradually asserting itself, and which many 
have not yet duly considered, and that is, the part 
scrap iron is likely or bound to play in the world’s 
iron supply. As the demand for iron increases, 
the quantity of available scrap iron will also increase, 
which will retard the rate at which iron ore is 
required. 

e consumption of scrap iron during the last 





few years corresponds about with the iron consump- 
tion twenty years ago. It is further calculated that 
the quantity of scrap iron coming on the market 
in the year 2000 will be equal to the aggregate of 
many years’ iron consumption at the present time. 
The demand for iron goods must consequently have 
increased equally tremendously, if, besides this 
quantity of scrap iron, an equally large quantity 
of iron from fresh iron ore could be required. In 
spite of the increasing demand for iron goods, 
+ aol will not be a corresponding increase in the 
consumption of iron ore. The fact that in another 
fifty years quite a considerable proportion of the 
consumption of iron will be covered by scrap iron 
opens out new vistas as to the durability of the 
world’s iron-ore deposits, and gives to the iron supply 
problem a certain automatic self-feeding aspect. 








NOTES. 
SepaRATION AND GRADING OF SOLtDs 
SusPenDeED 1N Liqurps. 

On Wednesday, the 24th inst., Mr. William J. 
Gee read a paper before the Royal Society of Arts, 
in which he described a mechanical method of 
separating solid matter from water and grading 
it in the same operation. The process consisted 
in passing the liquid containing the solid matter 
in suspension through a rapidly rotating drum, 
whereby the solids were caused, by centrifugal 
force, to be deposited on a removable lining on 
the inner surface of the drum, whilst the liquid 

ed away clear of the suspended matter. The 
solids were deposited in the order of their mass, 
the largest and heaviest near the inlet end, and the 
finest and lightest near the outlet end, with every 
degree of fineness in between. He showed at the 
meeting a small machine in operation. A large 
number of commodities, such as china clay, ochres, 
and other earthy pigments, could be treated by the 
process with entirely satisfactory results; to give 
only one instance, it effected a very large saving in 
the production of China clay. The author referred 
also to an experiment he made with a sample of 
coal containing about 16 per cent. of silica. He 
crushed the coal to a fine powder and obtained a 
very satisfactory separation, a fact which was of a 
nature to facilitate the utilisation of large quantities 
of waste coal for coking or briquetting purposes. 
He also illustrated his new separator for the process 
of ore separation, and said that he had treated 
slimes in this machine and had found that they 
could be concentrated perfectly. It was a matter 
of common knowledge in Cornwall, he added, that 
tens of thousands of pounds worth of tin was 
running away down the rivers into the sea every 
year because it was too fine to be recovered by 
present methods. He hoped tv be able to put an 
end to that state of things. 


SuPERHEAT AND VacuUM CORRECTIONS IN 
SreaM-TuRBINE PRACTICE. 


In a valuable and interesting paper read before the 
Institution of Electrical Engineers at Manchester, 
on Tuesday, the 16th inst., Mr. K. Baumann gave 
what we believe is the most complete set of correction 
curves for superheat and vacua which have yet been 
published. He pointed out at the same time that 
too frequently turbines using different superheats 
are compared together, to the great advantage of 
that having the higher superheat. The percentage 
gain by a given amount of superheat is, moreover, 
nearly the same, whatever the initial pressure and 
whatever the vacuum. On the other hand, vacuum 
corrections vary considerably, he remarks, with 
the design of the exhaust end of the turbine. 
With the present design of high-pressure Westing- 
house impulse-turbines, he states that the following 
figures show the improvement in steam consump- 
tion with different vacua. An increase of vacuum 
from 26 in. to 27 in. diminishes the steam con- 
sumption by 4 per cent., irom 27 in. to 28 in. 
diminishes the consumption by 5 per cent., and 
from 28 in. to 29 in. it diminishes the consump- 
tion by 6 percent. On the other hand, though the 
consumption continuously decreases, the thermo- 
dynamic efficiency falls off, as follows :—Increasing 
the vacuum from 26 in. to 27 in. diminishes the 
efficiency by 1 per cent., from 27 in. to 28 in. by 
1 per cent., from 28 in. to 284 in. by 1 per cent., 
and from 28} in. to 29} in. by 2.5 per cent. With 
exhaust-steam turbines the steam consumption 
improves by 11.5 per cent. with an increase of 
vacuum from 26 in. to 27 in., by 13 per cent. for 
an increase from 27 in. to 28 in., and 14.5 per cent. 
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for an increase from 28 in. to 29 in. In these 
cases it should, however, be stated, that for the 
higher vacua exhaust turbines are designed with 
a higher ‘‘ coefficient.” Mr. Baumann also gives 
pressure correction curves, by which the actual 
pressure in the steam-chest can be reduced to an 
equivalent standard pressure. 


Tue EviminaTIon oF RanoE-FInpDING. 


The modern gun or rifle is an instrument of 
astonishing precision. Knowing the range, an 
expert marksman can place shot after shot in the 
bull’s-eye of a distant target with extraordinary 
accuracy. The same man, however, when set to 
shoot against objects at unknown distances, often 
proves extremely inefficient. The fact is that at 
considerable ranges the danger zone is relatively 
short. This is well shown in Fig. 1, which illus- 
trates, to a distorted scale, the trajectory of a 
bullet. If the gun is laid for the range OR, 
and held straight, a man 5 ft. 6 in. high will 
be in danger if he stands anywhere between 
the points F and R. If he is nearer to the marks- 
man than F he will be quite safe, the bullet flying 
over hishead. The range from G to F is therefore 
a safety zone, and this is enormously longer than 





the danger zone F R. It is this fact which often | 


he will hit a target 30 ft. high, whatever its actual 
range, provided this lies within the limits G F, 
Fig.1. The system would seem to be an ideal one 
fur repelling torpedo-boat attacks, since in them the 
range alters with extraordinary rapidity. Its com- 
mercial development has been undertaken by the 
Remington Arms-Union MetallicCartridge Company, 
of St. Stephen’s House, Westminster, in conjunc- 
tion with the Birmingham Small Arms Company. 


Tue RuenisH-WesTPHALIAN Coal SYNDICATE. 


The Coal Syndicate has determined to cease the 
allowance to the iron industry on its foreign busi- 
ness of 1.50 marks per ton on the consumed coal. As 
the export allowance of the Steel Union on half- 
finished goods is subject to the provision that the 
Coal Syndicate shall pay an export allowance, it may 
be expected that the Steel Union, too, will terminate 
or reduce its export allowance, which ranges be- 
tween 15 and 20 marks per ton. The result will 
probably be that a number of works will be com- 
pelled to drop their export business, although the 
export is not expected to decrease on the whole. 
Recent negotiations have led to an understanding 
between the Coal Syndicate and the Trier and the 
Hermann mining companies, with the result that the 
syndicate takes over the selling of the output of the 
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renders an expert target shot comparatively 
innocuous when firing at unknown ranges. At the 
meeting of the Institution of Junior Engineers on 
Friday, Sir A. G. Greenhill described a very re- 
markable innovation in the sighting arrangements 
of guns and rifles due to Mr. H. Ommundsen, .who 
has twice had the distinction of winning the King’s 
prize at Bisley. By the adoption of this system the 
present zone of safety is converted into the danger 
zone, whilst the previous danger zone, which is much 
less deep, becomes a safety zone. The principle 
adopted by Mr. Ommundsen will be readily under- 
stood by reference to Fig. 1. Sup the sights 
set for a range such that the maximum height of 
the trajectory is double that of the object aimed 
at; then if in place of aiming directly at the 
object the marksman directs his sights to a point 
below the mark equal to the height of this object, 
he will score a hit if the latter stands anywhere 
within the zone GF. It is generally much more 
easy to estimate heights than distances, and some 
extraordinary shooting at unknown ranges has 
been accomplished on this system, merely by 
aiming at a point estimated to be the height of 
the object below it, but Mr. Ommundsen has intro- 
duced some special forms of sight to facilitate the 
application of his method. These special fixed 
sights are intended to be those used by the rifle- 
man in ordinary practical operations, though should 
he have means oF accurately learning the range, he 
can revert to his movable sights for that particular 
target. ‘Trials made under test conditions at un- 
known ranges are stated to have shown that the 
new system increased the percentage of hits from 
15 to 95 per cent. For applying the principle to 
naval guns, Mr. Ommundsen proposes to fix his tele- 
scopic sight 30 ft. above the gun, connecting the 
two together as indicated diagrammatically in Fig. 2. 
[f, then, with the sights permanently set to a certain 





fixed range, the marksman aims at the water-line, 
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companies without the latter actually joining the 
syndicate. The companies, however, have made it 
a condition that the syndicate shall arrive at a similar 
arrangement with certain other mines, as well as 
with certain new mines as yet in the early stages 
of development. The syndicate has already made 
an agreement with several concerns, including that 
of the ‘‘Emscher Lippe,” in which the firms of 
Krupp and the North Germania are interested, and 
negotiations are proceeding between the syndicate 
and other authorities. The new regulations of the 
Coal Syndicate, which have just been prepared, are 
understood to vary but slightly from those at present 
in force, except as regards the fees payable to the 
syndicate by the mines belonging to it. The some- 
what increased allotments for December were also 
fixed for Jahuary, and towards the end of last year 
the increased demand was maintained, and the 
despatch was less hampered by the dearth of 
rolling-stock, which in October had reached its 
climax. As a result, the aggregate sale during 
November reached the high figure of 6,156,630 tons, 
or 97.22 per cent. of the allotments—which total 
had only been exceeded once—viz., in July, 1907, 
when the sales reached an aggregate of 6,232,599 
tons, with 27 working days, against 244 in Novem- 
ber. The sale of coke, which had been on the 
downward move during the earlier and greater part 
of last year, also mended during the last few months 
of 1911. Some interesting statistics have been 
prepared, showing to what purposes and branches 
the deliveries of coal by the syndicate have gone 
during 1910 :— 


Per Cent. 
Tons. of Total. 
Iron, steel, and other metal 
works, manufacturing engi- 
neers, machine-tool, &c., 
works... ee ... 27,931,992 42.45 
Domestic purposes... 8,693,514 13.42 
Railways and Tramways 6,996,767 10.64 


125 
Per Cent. 
Tons. “of Total. 
The Lee of coal, cok: 
and briquettes “a ... 4,722,246 7.18 
Internal, sea and coasting 
shipping, Navy, fishing, &c. 3,352,730 5.09 
Stone and mine industry 2,835,517 4.31 
Gas works as aes 2,141,370 3.26 
Textile industries, &c. 2,012,116 3.06 
Chemical industries ... 1,979,358 3.01 


The figures relating to the other industries 

enumerated are less than 1,000,000 tons, the 
te figure for 1910 being 65,783,280 tons, 

against 63,143,793 tons for the preceding year. 





GERMAN EMPLOYERS’ ORGANISATION. 

Tue centre of the German employers’ unions re- 
cently held its annual meeting at Berlin, on which 
occasion some interesting statements were made. 
Four employers’ unions had joined the centre during 
the year, bringing up the total number of independent 
organisations to 101. These organisations embrace 
6656 concerns, which employ 1,051,002 hands. Some 
important information was also given about the 
men’s unions, and it was stated that the free unions 
during 1910 had swelled their army with 235,000 new- 
comers and now numbered 2,128,000 members. The 
receipts of the unions had risen from 50,500,000 marks 
in 1909 to 64,300,000 marks in 1910. This latter year 
altogether meant a brilliant financial balance for the 
unions, the increase in the receipts amounting to 27.4 
per cent. against an increase of members of 9.5 per 
cent. The contribution of the men to the funds of 
their unions amounted in 1891 to 6.68 marks per head, 
in 1905 to 20.68 marks, and in 1910 to close upon 32 
marks. An aggregate of 180,000 men pay weekly 
contributions of more than 60 pfennig (7d. ), and 80,000 
men contribute annually, in spite of the bad times, 
52 marks (52s. ) or more, the stucco-workers giving 71.18 
marks (71s.). As a contrast to the growth of the German 
unions reference was made to the effects of the general 
strike in Sweden, where, too, after the strike, the 
unions had dwindled down to half their muster at the 
beginning of the strike. 

8 mig t be expected, the strikes had also increased 
materially during 1911, and still more than before 
had they been attended by threats and outrages 
against men willing to work. It was, however, satis- 
factory to state that a number of labour conflicts, 
which had taken place during 1911 in concerns belong- 
ing to the centre of the employers, had resulted 
in ae vietory for the employers. This more 
especially referred to conflicts in the Miinster and 
South German textile industry, to the Kilenburg con- 
flict, the strike within the machinery works of the 
Diisseldorf Union, and that of the Dortmund Union, 
&c., as well as the strike in the central German lignite 
industry. Unfortunately, sabotage had already found 
its way into Germany, as was demonstrated during the 
Dortmund strike, resulting in the death of one man. 

The metal industry had also been much disturbed 
by labour conflicts during 1911 in various parts of 
the country, most latterly in Berlin, where eventually 
an agreement was arrived at. Some of the strikes 
served to throw much additional light upon the value 
of some of the existing tariffs, and demonstrated 
their inefficiency. The men’s unions often use the 
tariffs simply as a means of securing a labour mono- 

ly for themselves. The most regrettable incident of 
fast year, however, was the strike of the technical 
workers of the Berlin iron construction works. 

Reference was also made to the radical development 
within the English trade unions, and the influence 
which the Social Democrats there, too, exercised upon 
the old moderate trade unions. The large English 
strikes of the year had shown that the men only 
acknowledge and use the social, conciliation, and 
arbitration institutions so long as they favour them- 
selves. 

The experiences of last year in Germany had again 
in the bitterest way demonstrated how necessary it 
was for the employers to combine in employers’ 
unions. An object for these combinations would also 
be to call to life and foster a feeling of consolidation 
between masters and men. 

It was finally pointed out that the aim of the em- 
ployers was to make the road smooth for the undis- 
tur further development of work beneficial to the 
whole community. The Centre of German Employers 
is steadily working with this aim in view, under the 
old Prussian motto, ‘‘Suum quique”—give unto the 
men what is due unto the men; and, on the other 
hand, do not rob the employers of anything they can 
justly claim. 

The general secretary, Herr Steller, dealt with the 
question of picketing and the protection of those willing 
to work, emphasising the terrible increase of violence 
on the part of strikers against men willing to work, 
which violence could always be to the work of 
the pickets. This state of affairs had recently 
led to the result that the entire German industry— 





and many of the men—demanded a more efficient 
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neve protection for those willing to work. In 
other countries steps had already been taken in this 
direction, but in Germany both employers and em- 
ployees, willing to work, had to rely upon their own 
resources, and, unfortunately, the offenders generally 
managed to escape punishment. 





Tue BessemeR Memoriat.—On Tuesday, January 30, 
at 2.15 p.m., the equipment of the Bessemer Laboratory 
will be presented, as a memorial to the late Sir Henry 
Bessemer, to the Governing Body of the Imperial College 
at the Royal School of Mines, Prince Consort-road, South 
Kensington. 





Roya Instrtution.—On Thursday next, February 1, 
at 3 o'clock, Professor A. M. Worthington begins a 
course of two apeeett illustrated lectures at the 
Royal Institution on ‘‘ The Phenomena of Splashes,” and 
on urday, February 3, Sir Alexander é. Mackenzie 
delivers the first of a course of lectures with musical 
illustrations on (1) ‘‘ Russian Music of To-Day” (with 
the kind assistance of the Hans Wessely Quartet), and (2) 
and (3) ‘‘ Franz Liszt (Centenary).” The Friday even- 
ing discourse on February 2 will be delivered by Sir 
James Mackenzie Davidson on “‘ Vital Effects of Radium 
and other Rays,” and on February 9 by Dr. J. A. 
Harker, on ‘‘ Very High Temperatures.” 





THe Enoineerine Stanparps Committrex.—Report 
No. 57 of this Committee has just been issued. It relates 
to the heads for small screws and screw-h The 
specification is the outcome of the trouble caused by the 

ifferences that existed in Great Britain in the leading 
dimensions of these articles, which, at times, naturally 
caused considerable trouble and delay in carrying out 
work, The chief manufacturers and users of a screws 
in this country were therefore approached with a view 
to remedying the evil, with the result that a standard has 
now adopted. The report contains the recom- 
mendations of the Committee for the Dimensions of 
Countersunk, Instrument, Round, Cheese, and Filister 
heads for B.A. ecrews of sizes 0 to 14, and for saw-cuts 
in the same. It is published by Messrs. Crosby Lock- 
wood and Son, 7, Stationers’ Hall-court, Ludgate-hill, 
E.C., and 1214, Victoria-street, Westminster, 8.W., an 
may be purchased from any bookseller, or direct from 
the offices of the Committee, 28, Victoria-street, West- 
minster, 8S. W., price 2s, 6d. net. 


ConTracts.—Messrs. Robey and Co., Limited, Globe 
Works, Lincoln, have recently received a number of orders 
for air-compressors fitted with their patent valves, and for 
numerous winding engines fitted with their patent drop- 
valve reversing , among which we notice two a 
winders with a pr emaey 38 in. in diameter by 72 in. stroke 
for superheated steam of 160 Ib. pressure, ordered by the 
New Hucknall Colliery Company for their Welbeck Col- 
liery.—Amongst the contracts which the Phoenix Dynamo 
re Company, Limited, Bradford, bave now 
in hand are a large number of motor driven boosters, also 
large alternators, motors, and complete electric equip- 
ments for a number of industries throughout Great 
Britain. They have also on their books at the present 
moment the electrification of no less than seven large textile 
factories and several screening equipments for English 
colliery companies, as well as two Colonial paper-mill 
installations. Recent orders further include seven 200- 
brake-horse-power 3000-volt pump-motors at about 1400 
revolutions per minute and a large number of Pheenix 
patent explosion-proof motors for fiery coal-mines. Build- 
ing extensions are in hand and will be ready for occupa- 
tion before the end of March.—The Vereinigte Hiitten- 
werke Burbach-Kich-Diidelingen have recently ordered 
six gas-blowers of a total output of about 17,000 brake 
horse-power from the Maschinenfabrik Augsburg-Niirn- 
berg A.-G. (M.A.N. Compenr) whose London office is 
Caxton House, Westminster, 8S. W. 








INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 
—We are informed that the President of the United 
States has consented to act as patron to the sixth Congress 
of this Association. The organising committee of this 
Congress, which bids fair to su’ all former ones, is 
already in fullwork. The executive committee consists of 
the President of the Congress, Professor H. M. Howe, at 
the same time the Acting President of the Association ; of 
Vice-President Robert W. Lesley; of Mr. H. F. J. 
Porter, the newly appointed secretary of the organising 
committee and the chairman of the various committees 
attached to the organising committee. The —_— 
will open in the Engineering Societies’ Building in New 
York City, on Tuesday morning, September 3, 1912, and 
continue in session, if necessary, during the balance of 
the week, and in connection with the inspection of various 
works and sights. Following upon this there will be 
crrenqunents made for a week's excursion over the 

Valley Railroad, with a visit to the Bethlehem 

Steel Company, and some of the cement plants in that 
district. The route will then proceed to Niagara Falls and 
Buffalo, where the Lackawanna Iron and Steel Company 
is located ; then to Pittsburg, where many iron and steel 
lants of various kinds are situated, and also those of the 
estinghouse Electric and Manufacturing Company ; 
finally to Washington to visit the Government depart- 
ments, including the Bureau of Standards, Testing 
Bureau of the Army and Navy, Smithsonian Institute, 
&e. be given b =) pam. President 

w 


A reception w 
Taft. The return to New Yor on Saturday, 


September 14, ——s o party yp: bag we A detailed 
programme, with a inquiry sheet, on the tici 
tion of members, will be pen issued. The fois of od 
gress papers will begin in March, 


“BRITISH MANUFACTURERS AND THE 
EXPORT TRADE.” 
To THE EprTor oF ENGINEERING. 

aon anes on be row in ae Setanta cone 
ap to me most forcibly, especially as ve only re- 
cently returned from a visit to Cariada. I can fully corrobo- 
rate much that you have written. First, as regards our 
position relative to other manufacturing nations in the 
import trade of such countries as the Dominion, I found 
as regards steam and electric machinery, pumps, machine- 
tools, and, in fact, engineering products in general, that, 
with certain exceptions, we are not doing much more than 
holding our own, and certainly are not getting our share 
of the rapidly advancing trade of the newly developing 
countries. As pointed out in your earlier article, the 
consideration that we are supplying the great bulk of 
external capital by which such countries are developing 
their resources, and the further facts that the manufac- 
ture of every type of vag sd in question is highly 
specialised in this country, while the quality of these 
manufactures is admittedly second to none, compels one 
to ask why our trade is not greater than it is. 

To give a general answer to this question is not possible, 
but, in so far as such an answer can be given, it reflects 
in a grave degree upon the commercial knowledge and 
business enterprise of our manufacturers themselves. I 
take no pleasure in expressing this opinion, and admit 
that there are honourable exceptions to the indict- 
ment, but time after time one is confronted with facts 
which show British manufacturers’ methods in so un- 
favourable a light that attention ought to be drawn to the 
harm which is thereby done to their own and the national 
interests. 

I will give a few instances which have recently heen 
brought to my personal knowledge. A British firm 
of heavy-tool makers sent a competent representative 
on a trip of several thousand miles, with instructions 
to visit a large number of towns and works, and to lay 
the foundations for an anticipated trade in tools for 
certain work. He reported that the machine on which 
his firm principally based their hopes was not stiff enough 
for the conditions imposed upon it, which, as he explained, 
were different from British practice, but that if it were 
strengthened in certain respects a profitable trade would 


d| follow. The authorities at home replied that it must be 


stiff enough, and that they did not propose to alter it. 
The sequel was that an American firm supplied the ma- 
chines in demand, and acquired the trade deliberately 
thrown away by the firm I have referred to. In another 
case a British maker supplied a traction-engine which was 
hoped to be the first of a very large order. The engine 
was an excellent machine, but the fire-box was too small 
to maintain steam with the low - grade local coal, 
a point which the makers had never considered. 
Consequently the engine failed ignominiously to do 
its work, and stood for months to point the moral 
and adorn the tale of an enterprising foreign selling 
agent. One more instance will suffice. As in the first 
case I mentioned, a British firm sent a representative on 
a visit to a distant rs and he advised them that 
there were very great possibilities of remunerative trade, 
but that certain specified local customs and wishes must 
be adhered to. The expense and trouble of conforming 
to these requirements was negligible, but the firm inta- 
mated that they never had been asked to do such things, 
and did not see any reason for them. Hence, of course, 
the trade remains in the hands of firms who are willing to 
take the trouble to satisfy local customs. 

I do not intend it to be inferred that the methods I 
have indicated are typical of British manufacturers, but 
they are undoubtedly far too prevalent, and they do harm 
which extends beyond the individuals who practise them. 
But the partial or complete neglect of foreign and colonial 
markets by many of our manufacturers, probably in the 

te results in the loss of more trade than the absurd 
self-satisfaction to which I have called attention. The 
words ‘‘complete neglect” explain themselves; but by 
* partial angien” I include reliance upon wholly incom- 
eres and unreliable agents, issuing catalogues with 
ritish prices, measures, and weights, quoting prices 
f.o.r. at factory or f.o.b. British port, sending incomplete 
or incomprehensible tenders, &c. 

Many of our makers neglect possible markets through 
nothing except an unpardonable ignorance. Thegreat West 


getic population, is pictured in their minds as a frozen 
wilderness, Brazil only recalls a popular comedy. Peru is 
merely a name, and their commercial geography gene- 
rally is fifty years out of date. If they could be got to 
understand that in practically every accessible spot in 
the world there is now a demand for machinery, that very 
often, indeed, the British manufacturer can deliver 
machinery free on site, after paying all freight, trans- 
portation and custom charges, more cheaply than any 
competitor, and, further, that, even when his price 
is higher, he will often get the order on account of the 
reputation or quality of British goods, quite apart from 
national or political sentiment, he would bestir himself to 
supply some of these out-of-the-way markets. 

© average manufacturer who does little or no export 
trade is too apt to take it for granted that the items of 
freight and custom duty alone would render it impossible 
for bien to compete in distant parts of the world, whereas 
these items really affect him very little. An examination 
of any particular case will often surprise him, by showing 
that freight from England to site is frequently less than 
his competitors have to pay for half the distance, while 
Imperial preference in Canada and the most-favoured- 
nstion treaties with other countries may again give him 
a decided advantage over foreign rivals. 

at I would urge upon every manufacturer who 
| desires to start or foster an export trade to any country is 





of Canada, with its unbounded natural resources and ener- | anal 





to treat the matter seriously, and send out a really compe- 
tent representative to visit the country. His duty would 
be to familiarise himself with all such local conditions and 
requirements as might affect his business, such as cost of 
transport, labour, usual terms of payment, principal. busi- 
ness centres, cost and quality of cement, timber, or other 
material that has to be obtained locally, and the thousand- 
and-one other details which a practical engineer will 
think of as affecting his particular business. Moreover, 
he should ascertain how and by whom the market is at 
present supplied, what his competitors are doing, and 
what prices they are obtaining, and also what special 
features and degree of finish are most acceptable to the 
customers. Rather special characteristics are requisite 
for such an emissary of trade, but there are plenty of 
suitable men available, and the right man will well earn 
his salary and expenses provided only that his employers 
will trust him and act upon his advice. Besides 
the invaluable first-hand information thus acquired 
by the home firm, they will, by means of their repre- 
sentative, have gained a sort of personal introduction 
to the buyers. The value of this cannot over- 
estimated, for if the representative has gained, as he 
ought, the confidence and liking of the customers by 
exhibiting a thorough practical knowledge of his work 
and a readiness to advise them honestly as to their re- 
quirements, his principals may count on a strong influence 
in their favour whenever subsequent orders are under 
consideration. The buyer in new countries is, as a rule, 
only too glad to find someone in whose advice regarding 
machinery he can place confidence, and the visit of a 
thoroughly practical], tactful, and honest representative of 
a reputable firm, who can give approximate prices, 
weights, and other information without having to write 
home for particulars, will always make a favourable and 
enduring impression, which is bound to bear fruit. 

Many of our manufacturing firms imagine that they are 
doing all that can be reasonably expected of them in the 
way of getting foreign trade because they have appointed 
an agent or two in every continent, and are always ready 
to quote when a foreign inquiry reaches them. A great 
mistake which they often make is giving an agent a 
territory far too great to be effectively worked. In 
Canada, for instance, it is usual to find British firms 
represented by some single agency in Montreal or Toronto, 
which is expected to cover the whole territory east of the 
Rockies, even if not British Columbia as well. When 
one considers that a visit of such an agent even to a town 
in the Western Prairie provinces will involve a week’s 
steady travelling and expenses amounting to many pounds 
sterling, is it likely that such visits can made when a 
doubtful or comparatively small order is in view? The 
—— of these vast territories is rarely appreciated 
in England. 

I am, Sir, yours, &c., 
R. H. 








ENGINEERING EDUCATION. 
To THE EpiTor oF ENGINEERING. 


Srr,—One would think that the relations between 
mathematical physics and experimental science on the 
one hand, and the practice of engineering on the other, 
could only be discussed usefully i those who have had 
an adequate training in both. he man whose whole 
attention has been given to the study of the formal 
methods of the laboratory and of mathematical analys.s 
too often runs away with the notion that all the problems 
of engineering are capable of, being stated in such a way 
as to be immediately operable on by his abstract routine, 
and has nothing but contemptuous indifference for the 
engineer who is not able so to state his problems. _ 

ft is, indeed, true that a vast number of particular 
problems in mechanism are we and succinctly 
predicable and soluble in terms of rational mechanics. A 
well-equipped technical engineer ought at least to be well 
pound in the methods applicable, and able to follow 
the demonstrations and apply numerical values to the 
formal solutions. The chief of the technical staff of a 
modern engineering works should be further able to devise 
approximate statements and solutions of the more com- 
a problems which the mere mathematical physicist 
might contemn as uninteresting on account of their lack 
of precision, or insoluble because Nature’s solution 
(always existing) is beyond the furthest advance of his 


sis. 
On the other hand, we have the “practical” engineer 
who openly despises *‘ theory ” without being in the least 
conscious that his practice is merely the expression of 
his more or less unsystematic theories of engineering. 
I know no wilder theoretician than the ‘‘ practical” 
engineer when he can be persuaded to put his reasons 
into words. 

But in this country engineering has been langely 
developed by men without systematic training. he 
tradition is not yet dead that the shop is the place 
where everything is best learned, whereas many things 
are only to be learned in the schools. The best exper!- 
ence is still very largely reserved for the unsystematically 
trained man who has in the shops all his life, and 
who in turn fears and despises and tries to keep back the 
properly trained technical engineer. Fortunately there 
are signs that this old school is dying out. 

Natural mechanical ingenuity no longer finds such 
simple ideas as the steam-engine, the blast-furnace, and 
the railway lying to hand for development in competition 
with the horse, the charcoal smithy, and the hig road. 
The problem of to-day is no longer the discovery of the 
elementary mechanical applications, it is their develop- 
ment in the most systematic way, against competitors 
well equi The practical engineer of the old school 
feels that the old ground of trial and error is no longer 
solid beneath his feet. He wavers between bluster 
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against the mathematician and undue confidence in the 
few mathematical processes with which he has acquaint- 
ance. He bullies his under-paid and probably under- 

ualified technical assistants, and then puts a reliance on 
their calculations which is often fatuous. 

Let us 
recognise that it is no longer enough to have syste- 
matically et accounts, publicity, sales, and sho’ 
practice. These things be approximately equ 
supremacy in industry will inevitably fall to the nation 
whose technical engineers know best how to co-ordinate 
the methods and results of science with the practice of 
engineering. R i jf 

A word of warning against the average technical college 
man produced to-day in such considerable quantities. 
With rare exceptions he can only be described as a 
smatterer, whose head is muddled by being crammed 
with routine he does not understand, and whose grotesque 
travesties of ‘‘mathematical methods” bring undeserved 
contempt on science. 

Yours truly, 


Erith, January 20, 1912. CANTAB. 





THE CORROSION OF CONDENSERS. 
To THE EpiTor OF ENGINEERING. 

Srr,—Will you allow me to point out an error which 
has crept into the report of my remarks in the discussion 
on Mr. Arnold Ph re on corrosion at the meeting 
of the Institute of Me ‘ 

It is stated that we provide perfect electric contact 
between protective metal and the tubes to be protected 
“by using the protective metal in the form of asoft plug, 
on to which the stuffing-box was tightly screwed.” 

What I said was that electric contact between tube and 
tube-plate is assured in our protective system by placing 
a soft-metal grummet or washer in the stuffing-box on the 
top of the ordinary packing and screwing the ferrule up 
tightly. 

This soft-metal washer has nothing whatever to do with 
our protective block or blocks, which are independently 
connected in a special manner with the tube-plate and con- 
sequently with the tubes. 

Yours faithfully, 


Frep. A. ANDERSON. 
Bank Chambers, 24, Grainger-street West, 
Newcastle-on-Tyne, Jan. 20, 1912. 





** TRISH PEAT AS FUEL.” 
To THE EDITOR OF ENGINEERING. 

Sir,—With reference to the article in your issue of 
December 8, page 774, it is, first of all, a pleasure to be 
able to confirm the fact that the problem of ‘the profit- 
able utilisation of peat for driving plant has been 
mastered.” But the statement that Ireland can claim to 
be the pioneer in the adoption of such plant is a long 
way short of the mark. As far back as 1903 the late Dr. 
Ludwig Mond turned his attention to the question of 
utilising peat for the production of power and the 
recovery of by-products. He examined hundreds of 
samples of peat from all parts of the world, and carried 
out many trials on a very commercial scale. After he 
had made a very marked progress in the gasification of this 
combustible the matter was taken up by the Power-Gas 
Corporation, Limited, who acqui the rights for Dr. 
Mond’s patents. The problem to be faced was the ability 
to utilise peat in a comparatively wet state. It is recog- 
nised that the utilisation of dry peat has never presented 
difficulties, but since peat as dug contains approximately 
90 per cent. of moisture, and as (in spite of more 50 

ears’ investigations by eminent scientists) no apparatus 
be been devised for mechanically drying it, the successful 
utilisation of peat depended on being able to use it in a 
comparatively wet state. Peat containing 60 to 70 per 
cent. of water can be produced in most countries at all 
seasons, except the depth of winter, by a brief iod of 
air drying. e Power-Gas Corporation therefore con- 
tinued the experiments commenced by Dr. Mond, and 
after long and exhaustive bulk trials were successful in 
perfecting a Mond-gas producer plant to use peat con- 
taining 60 to 70 per cent. of water. Their claim in this 
respect has been amply confirmed in several large. peat 
installations which have been put to work since 1908. 

The following list of some of the peat plants installed 
will give some idea of what has been done in this 


respect :— 

1. A 20-ton plant erected in Westphalia, Germany, to 
demonstrate the utility of the process as worked out by 
the Power-Gas Corporation. This plant so interested 
the German Government that under the auspices of the 
Minister of Agriculture for Prussia large trials were 
carried out, under by-product recovery conditions, by 
officials of the Power-Gas Corporation with peat emanat- 
ing from the extensive bogs of Hanover and Oldenburg, 
as representative of North Germany. Sosuccessful were 
these tests that the under-mentioned plant at Osnabruck 
was ee ee , we 

2. A large central electric station upon a peat , 
25 miles from Osnabruck (Hanover), A. this  ccoredires 1 
town has shut down its steam-driven station, and is now 
taking current transmitted at 30,000 volts and generated 
by Mond gas from pas at the bog station. The gas 
se here is capable of gasifying and recovering the 

y-products from 210 tons per day of 24 hours of air<iried 
peat, containing 60 per cent. of moisture. The gas is 
supplied to three double-acting tandem fone, each 
of 1150 brake horse-power, coupled to alternators which 
are run in parallel. The current is also distributed over 
an area of about 25 miles radius, as well as to Osnabruck. 

3. An electric central station situated near Orentano 
(Lucca, Italy), where Mond gas is generated and by-pro- 
ducts reco\ e-ed from about 100 tons of peat perday. Pait 


take the broad view of modern engineering, and | th 


of the gas is used in three 500-brake-horse-power double- 
acting gas-engines, driving alternators in parallel. e 
current is distributed over the surrounding district, and 
to the town of Pontedera, 14 miles away from the plant. 
The supply has been uninterrupted since the starting of 
e eed two years ago, and it is worthy of note that the 
results obtained have considerably cusueled the guarantees 
— by the Power-Gas Corporation, and more than ful- 
lled the stringent conditions of the contract. The peat 
used contains 1.45 oo cent. of nitrogen, and is yieldi 
over 1 cwt. of sulphate of ammonia per ton of theoreti- 


cally dry peat. 
4. A cotton mill near Moscow is at work Fagen by 
e@ engine is 
re t, containing up to 30 per 


300-horse-power engine. The gas for 
rated from Russian 

“cnt, moisture, in a semi-bituminous non-recovery plant 

inst lled by the Power-Gas Corporation. 

5. A Mond peat Fate wn plant in the south of 
England, to gasify 20 tons of wet peat per day. 

_A glance at the sizes of the above-mentioned installa- 
tions will effectively dispose of the claim that the Irish 
plant of 400 horse-power is the largest of its kind in the 
world. In the article referred to it is also clai that 

at containing 85 to 90 per cent. of water can be air- 
dried to contain from 25 to 30 per cent. of moisture, but 
it is not stated for how many months in the year this 
can be achieved ; and it is safe to say that such cannot be 
accomplished except in very dry weather. It is claimed 
for the plant mentioned that it can utilise peat-blocks 
containing up to 45 per cent. of moisture. This is 
tantamount to an admission that given a wet season the 

t cannot be worked with air-dried peat, as it is well 
own that fairly dry weather is necessary to eliminate 
the moisture even dewn to 45 per cent. The Power-Gas 
Corporation have, however, developed means of mechani- 
cally drying peat from 88 per cent. water to 50 per cent. 
water, independent of the weather conditions, the total 
cost of the peat, including excavating, transporting, dry- 
ing, and all handling, being only about 3s. per theoretically 
ry ton. 
ming to the saving effected by peat-gas plants, the 
figures given in your report show a owing of just under 
500/., this being on a plant of 400 brake horse-power. 
This is quite satisfactory, but it is interesting to note that 
the saving effected by the 300-horse-power plant supplied 
by the Power-Gas ration to Russia, and which is 
also a non-recovery plant, has been proved to exceed 
10002. per annum. 

Coming nearer home, the Power-Gas Corporation have 
installed a 20-ton Mond peat-gas recovery plant in the 
South of England, which they claim to be the first pro- 
ducer plant in the world making regularly sulphate of 
ammonia and producer-gas from wet peat. The peat in 
question is rich in nitrogen, and gives a yield of sulphate 
of ammonia equal to about 14 cwt. per ton of theoretic- 
ally dry peat. In such cases it is profitable to work the 
Mond plant for the recovery of sulphate of ammonia only. 

Unfortunately, your statement as to the many failures 
which have occurred in the — profitably to utilise peat 
in Ireland is true, and this may be due in some respects to 
the fact that Irish peat is not so rich in nitrogen as peats 
in some of the other countries, and to the uncertainty of 
obtaining a sufficient and regular supply of the peat dry 
enough for use in an ordinary gas-producer plant—the 
Irish weather conditions are well known to be rather un- 
favourable for attaining this end. With a plant able to 
gasify peat containing 60 to 70 per cent. of water, the 
latter difficulty is overcome, and the chief question now 
appears to be the economical handling of the peat to 
enable peat plants to be worked on a profitable basis. 

ere there is an existing use for the gas, for power or 

other purposes, the sulphate of ammonia recovered will 
generally repay the cost of workimg the plent, thus pro- 
ducing the free of cost. Unfortunately, power-users 
in Ireland do not appear to have the courage to install 

lant which they cannot inspect already working in 

reland, and thus the vast peat resources of that country 
have always lain dormant, and of no commercial value. 
The plant installed by Mr. Hamilton Robb will no doubt 
induce other power-users to consider seriously the savings 
to be effec by utilising the natural fuel in their imme- 
diate neighbourhood, and the peat gas plant has, no 
doubt, an important future in Ireland. 

Yours truly, 
For the Power Gas Corporation, LIMITED, 

BEswWIck, 

General Manager. 


' 
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Stockton-on-Tees. 





THE PROCEDURE AT INSTITUTION 
MEETINGS. 
To THe Eprror OF ENGINEERING. _— 

Srr,—I noticed in your paper some little while ago a 
letter protesting against the reply by the author of a paper 
before the Institution of Civil | A ae being postponed 
to a subsequent meeting, when, as was poin ou 
many of those most interested in the subject woul 
probably be unavoidably absent. ‘ : 

The unsuitability of such a practice to our leading 
institutions was emphatically demonstrated, as en prob- 
ably noticed, at the ‘‘ Mechanicals” on Friday last, when 
the President, having allowed the discussion to run on to 
the usual time for adjournment, invited the authors to 
give their reply at the re a wy of the next meeting—a 
month hence. Fortunately for us, both authors were able 
to state that it would be inconvenient for them to come 
up from Manehester on the proposed date, so we got the 
replies while the points raised were all fresh in our minds, 
and subsequent refreshments were none the worse for 
the good humour most of us finished up in. 

It is a good deal to expect members to undertake over 
seven hours’ journey in order to take part, for a short 
time, in a meeting; and clearly, if authors, who are 








naturally under some obligation in the matter, do not 
find themselves able to acquiesce in such a proposal, in 
order that they may address members for a few minutes, 
still less can the ordinary members, who may have joined 
in the discussion, be ex to go to the inconvenience 
of a second vee J to London to listen to a brief reply. 

We claim that the Institution of Mechanical Engineers, 
at any rate, is intended equally for town and provincial 
members, but I do not think the attendance and support 
of the latter will be encouraged, unless a little more con- 
sideration is shown to them. If they join in the dis- 
cussion, a prompt reply is their due, and it should equally 
be the privilege of the author to have a chance of clearing 
away misconceptions before they have taken deep root. 

It appears to be essential, therefore, that authors should 
be allowed to reply immediately on the close of the dis- 
cussion, and steps should be taken to ensure this by the 
chairman, either by insisting on the restriction of speeches 
to a 10 minutes’ limit, and limiting the list of speakers, 
or by a continuation of the meeting. As coming up to 
London often involves a night at an hotel, or a return by a 
very late train (perhaps even at midnight), a prolongation 
of the meeting, such as was enjoyed last Friday night, 
would, I am sure, inconvenience far fewer than the post- 
ponement of the author’s reply would have done. 

If the times are out of joint, the ‘‘ Mechanicals” meet- 
ings this session seem to have been out of phase, 
for only a little time ago we had a paper by an honoured 
Past-President sandwiched in at the fag end of a meeting, 
with no discussion on it for a month. 

Yours truly 


January 24, 1912. “* MEOHANICAL.” 





**GAS-ENGINES FOR COLLIERY POWER- 
STATIONS,” 
To THe Eprror or ENGINngERING. 

Sir,—I was greatly interested in Mr. Jas. Dunlop’s 
letter on page 876 of your issue of December 29, suggest- 
ing the use of comp -air engines for mine hoisting, 
the compressed air to be furnished by gas-engine-driven 
compressors. I have myself given much study to the use 
of compressed air in connection with gas-engines, and 
agree with Mr. Dunlop’s suggestion that there are im- 

rtant developments to be expected in this direction. 

is proposal that the air should be used in a closed 
circuit, however, the exhaust from the winding engine 
being piped back to the air-compressor suction-pipe, is 
impracticable for adoption in connection with pont = ody 
ing of the air, because the air exhausted from the winding 
engine would be further raised in temperature at ever 
circuit. In fact, the limitations to the use of air at hig 
temperatures have to be most carefully taken into account 
in working out any practical machine of this type. 

It is true that there is some apparent gain in working 
in a closed circuit, in that the useful work in the air 
exhausted from the winding-engine cylinders, at pressure 
above atmospheric, is not lost; but the practical diffi- 
culties in utilising this theoretical advantage are ao great 
that they are not likely to be overcome. 

Very truly yours, 
CHARLES WHITING BAKER, 
Editor-in-Chief. 
Enginecring News, 505, Pearl-street, 
New York, January 9, 1912. 


To THe Eprror oF ENGINEERING. 

Str, —Mr. ter m2 | letter, in your issne of the 29th ult. 
re Gas Pneumatic Winding Gear for Collieries, shows 
clearly the low efficiency obtainable when using com- 
p air without re-heating in cylinders of ordinary 
sizes on open circuit—t.e., discharging to atmosphere ; yet 
in spite of the obvious advantages of the closed-circuit 
system with reheating, very few attempts appear to have 
been made to apply this scheme to either colliery or 
general work. A few compressed-air forge-hammers and 
pneumatic hand tools have been designed to work on the 
closed-circuit principle, but generally the installing of a 
return air main from the tools to the compressor inlet has 
not been considered favourably. Ordinary colliery haulages, 
pumps and coal-cutters, are usually furnished with small 
cylinders which use compressed air with little or no ex- 
pansion, and obviously a higher efficiency would be obtain- 
able, even without reheating, by increasing the initial 

ure and usingareturn main. It appears to be some- 
what difficult to design a reheater suitable for under- 
ground work in collieries, as to obtain the best results the 
reheater must be p close to the compressed-air 
engine to prevent loss of heat, and it would be interesting 
to learn if a reheater has ever been applied to this class 
of work. 

Yours truly, 
F. W. Wixson. 
7, Duncan-street, Higher Broughton, Manchester, 
January 20, 1912. 





LECTURES AT THE INSTITUTION OF CIVIL ENGINEERS. 
= i. * of the Council, Captain H. Riall Sankey, 
R.E., M. Inst. C.E., will deliver two lectures at the 
Institution on “‘ Steam-Turbines: Some Practical Appli- 
cations of Theory,” on Friday eveni February 2 9, 
at 8 o'clock. The Vernon-Harcourt lectures will be de- 
livered at the Institution on —' evenings, February 
16 and 23, at 8 o'clock, by Mr. W. T. Douglass, M. Inst. 
C.E., his subject being, ‘‘ Works for the Prevention of 
Coast-Erosion.” The two courses of lectures above- 
named are intended in the first place for the instruction 
of students of the Institution, but they are open also to 
members, and all classes of the Institution are cordially 
invited to attend them. 
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MUSKER AND DAVISON’S 


CONSTRUCTED BY MESSRS. 


Fig.2. 
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THe advantages of compensation during the luffing 
of cranes are 80 numerous that any neat system of 
accomplishing this cannot fail to 4 of interest to 
engineers concerned with the handling of large and 
heavy goods, &c. We illustrate on page 120 and the 
present and opposite pages, a type of crane in which 
this movement is provided by very simple means. The 
crane shown is one of several constructed by Messrs. 
Stothert and Pitt, Limited, Bath, for the Bristol 
Docks, to the designs of Mr. Arthur Musker, 1, 
Northumberland-avenue, London, W.C. It is of 2 tons 
capacity, and is electrically driven. The crane is 
shown in perspective in Fig. 1, 120, while the 
principle on which it is designed, and which is known as 
the Musker and Davison system, is illustrated in Figs. 
2, 3, and 4, above. Fig. 4 illustrates the leads of the lift- 
ing rope, which‘ may also be followed in Figs. 5 and 6. 

It will be seen that the jib of the crane is balanced 
by a counterweight. From a pivot near the end of the 
counterweight arm links are carried down to a cross- 
head working in vertical guides on the crane pillar. 
This crosshead is moved up or down by means of a 
screw driven, as shown in Fig. 4, by an electric motor, 
thus providing the luffing movement for the jib. The 
crosshead carries two —* other two being fixed 
to the crane pillar, and the falls of the lifting-ro 
are carried round these before being attached to the 
winding-drum below. It will thus be evident that 
when luffing is proceeding, and the crosshead worked 
by the luffing-screw is being pushed down, rope is paid 
out, since the compensating pulleys approach each 
other On the other hand, when the jib is being 
lowered, the compensating pulleys are moved further 
apart, and rope is drawn in. The general arrange- 
ment of the compensation gear is such that a hori- 
zontal load-line results. That this is so is made clear 
in diagrams, Figs. 2 and 3, where it will be seen that 
the versed sines A B and CD are proportional to E F 
in a ratio depending upon the relation of G H to H I. 
With a ratio of GH: HIof 1:4, the sum of the 
movements A B and C D is equal to half EF. The 
double falls introduced make the two equal. Whether 
the jib is luffed therefore or lowered, the load remains 
at one level, with no movement of the winding drum. 

A crane of this type has numerous advan for 
wharf work, in which the radius has to be continuall 
altered, as the power consumed in luffing is very small, 
amounting only to that absorbed in the friction of the 
rope-gear, screw, &e. The crane illustrated has a 
minimum radius of 20 ft. and a maximum of just over 
60 ft., and for this 2-ton crane, luffing at a rate of 
200 ft. can be performed by means of a 6. brake-horse- 
power electric motor running at 360 revolutions per 
minute, mounted ——s on the crane pillar. There 
is no danger of the | overhauling the jib when 
working at short radius. Both the screw and the falls 
tend to hold the jib in one position. The fact that 
. the load line remains level during luffing makes the 
handling of goods a less complicated matter than when 
there is a combination of two eit og 

As compensating gear is provided, the ranges of 
lift above 4 below the rail-level are the same i all 
radii ; that is to say, at a small radius the extra rope 

id out by the compensating gear allows the crane- 

ook to fall to the bottom of a ship’s hold just as 


low, although the jib may be set at a steep angle, as 
would be the case when working at a large radius with 
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the jib set much lower. The range in this case is 
from 35 ft. below the quayways to 65 ft. above, or a 
total lift of 100 ft. 

A hoisting speed of 200 ft..per minute with a 2-ton 
load is provided for with this crane. The motor pro- 
vided for this is of 40 brake horse-power at 450 revo- 
lutions per minute. It is arranged, as shown in 
Figs. 4 and 6, near the base of the pillar. Slewing is 
accomplished at a speed of 450 ft. per minute by means 
of a 12 brake-horse-power motor running at 550 revo- 
lutions per minute, and slewing by working round an 
internal toothed ring fixed to the crane pedestal plat- 
form (Figs. 4 and6). The rolling ring supporting the 
pillar is about half way between the pillar-head and 
the footstep bearing, the luffing-gear, &c., bein 
arranged within the ring. The rope is not aubbeoten 
to contrary flexure at any part, the falls being arranged 
so that it is run over the pulleys always in one direc- 
tion. The operators’ cabin, as will be seen, is placed 
so as to allow the man in control the best possible view 
of what is going on. 

The crane illustrated.is one of 17 built for the Bristol 
Docks, three other electric and five hydraulic cranes 
on this principle having been built to other orders. 





Motor Barcs.—The motor coaster Ogarita, which was 
designed and constructed by Messrs. James Pollock, 
Sons, and Co., Limited, London, is now in the hands of 
her owner—Mr. F. P. Bevis, of Portsmouth—and, when 
loaded with 150 tons, towed at 5 knots 3 barges, carrying 
respectively 150 tons, 137 tons, and 100 tons, making the 
total of tons in all. The Ogar'ita has a length of 92 ft. 
by 19 ft., carries 170 tons on a draught of 7 ft. 2 in., and 
is fitted with a two-cylinder 120-brake-horse-power 
Bolinders direct reversible crude-oil engine. On trial this 
vessel obtained a speed of 10.78 miles. 


Br.etan Biast-FurNAcks.—The number of furnaces 
in blast in Belgium at the commencement of January, 
1912, was 44, as compared with 39 at the commencement 
of January, 1911. The total of 44 furnaces in blast 
was made up as follows:—Hainaut and Brabant, 23 ; 
Liége, 21; and Luxembourg, 6. The production of pig 
in Belgium last year was 2,106,120 tons, as compared 
with 1,803,500 tons in 1910. Last year’s output may be 
classified as follows :—Puddling pig, 90,950 tons ; casting 
pig, 51,070 tons; and steel pig, 1,964,100 tons. 





Inp1an Coat Min1na.—The Singareni coal-field, which 
lies about 160 miles due east of Hyderabad, promises to 
be a valuable asset for British India. The mine was 
discovered in 1872 by Dr. King of the Indian Geolo- 
gical Survey; but operations were not commen 
until 1887, when the construction of a railway enabled 
them to be proceeded with. The Singareni field is a 
portion of the great coal deposit existing in the Godavery 
valley, and it ovcupies an area of about 26 square miles. 
The deposit at Singareni lies on Barakar and Talchir 
sandstone, and it is a first-class steam-coal, consumed 
freely upon the railways of southern and western 
India, as well as by many manufacturing concerns. Four 
distinct seams have been met with, the principal one 
being named after Dr. King. This seam contains semi- 
bituminous hard steam-coal, and it is being worked from 
the outcrop downwards. The seam is from 3 ft. to 7 ft. 
in thickness, and it coversan area of about 10square miles 
and runs to a very considerable depth. The latest calcu- 
lation is that the mine contains 47,500,000 tons of 
coal, and the mineral is now being brought to the 
surface at the rate of 500,000 tons per annum. The 
depth of some of the workings is now about 1400 ft. 
from the surface. Work is carried on day and night in 
eight-hour shifts ; for ot years all the labour required 
was imported from northern India, but latterly the 
services of a considerable number of the local labouring 





class have become available. 
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German Coat-Mintnc.—The deliveries of coal from |1910. The deliveries from the Ruhr were 79,574,000 | compared with 8,255,450 tons ; from the Rhine (lignites) 
i U 4,519,050 tons, as compared with 3,896,970 tons ; and 


the principal German producing districts showed a sub-| tons, as compared with 75,340,470 tons; from 
stantial increase in the first eleven months of last year, | Silesia, 27,786,300 tons, as compared with 26, 


020 


from Aix-la-Cha 


lle, 2,370,980 tons, as compared with 
here was, accordingly, progress all along 





amounting as they did to 127,205,290 tons, as compared 


tons; from Lower Silesia, 4,088,230 tons, as compared | 2,258,750 tons. 


with 119,819,790 tons in the corresponding period of | with 4,005,130 tons; from the Saar, 8,866,680 tons, as | the line. 
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NOTES ON NATIONAL AND _ INTER- 
NATIONAL STANDARDS FOR’  ELEC- 
TRICAL MACHINERY.* 

By Dr. Rosert Pout. 
INTRODUCTION. 


Tue ‘British Standards for Electrical Machinery” | 


were issued by the Engineering Standards Committee in 
August, 1907 (Report No. 36). Their main provisions are 
identical with those contained in the Interim Report 
(No. 17) published in 1904. This first step in the direc- 
tion of standardisation was necessarily of a tentative 
nature. It was so, unfortunately, to such an extent that 
it exerted but little influence. ; 

It will be further admitted that in an industry pro- 
gressing so rapidly as the manufacture of electrical 
machines, stan rules, even if quite satisfactory at 
the date of issue, will not 1emain so for more than a few 
years. Under these circumstances it is natural that 
criticism of the present rules, and suggestions for a deci- 
sive advance in the direction of standardisation, should 
have lately become more frequent. The desired revision 
has ibly been deferred in view of the deliberations of 
the International Electrotechnical Commission, which, 
in addition to its valuable work on nomenclature and 
industrial definitions, is turning its attention to the rating 
of machines. No doubt the ideal solution of the problems 
involved would consist in the framing and, what is more 
difficult to achieve, the adoption of international rules 
for rating and testing. 

It is gratifying to note the hopeful view which the 
President of the International Commission expresses with 
regard to this question. He states:—‘‘In many par- 
ticulars the countries are already in such substantial 

ment that the anticipated difficulties are much less 
than might at first appear.”+ Nevertheless, there are as 
yet some striking differences, to some of which attention 
will be drawn in this paper, and progress is bound to be 
slow. Moreover, there is the important problem of 
standardising outputs and speeds, which would offer the 
atest difficulties to international settlement, and which 
as already been approached by the British standards of 
1907. Further pi in this direction is highly desir- 
able and urgent, and for this reason alone, if for no other, 
it would appear unjustifiable to delay the promised revi- 
sion of the British standards because of the international 
deliberations. 

Iam well aware that the subject of this paper is essen- 
tially one for the careful consideration of a small com- 
mittee of experts. Yet the widest possible expression of 
views is not only bound to be of considerable help in 
framing new standards, but it will dlso facilitate their 
general adoption. It is for these reasons, and in response 
to a request by the chairman of the Yorkshire Local 
Section, that I venture to —o subject forward for 
discussion. I wish to refer to Mr. Churton’s presidential 
address as an expression of the need for revision and 
development of the British standards. : 


Scorpk AND IMPORTANCE OF STANDARDS, 


The scope of standards on electrical machinery may be | 88 


said to be (1) the classification of machines, with detini- 
tions of the technical terms employed in such classifica- 
tion; (2) the specification of the performance to be 
expected from each class ; (3) the formulation of definite 
testing methods to be adopted in ascertaining the be 
formance ; (4) the fixing of a limited number of standard 
voltages, frequencies, outputs, and speeds. 

In so far as such standards tend to the production of 
high-class machinery, and to the avoidance of disputes 
between contracting parties, they are of inestimable 
benefit to the community, as users of machinery, as well 
as to the whole electrical industry. Further, if generally 
adopted, they must prove of immense value to the manu- 
facturer. They would enable him thoroughly to stan- 
dardise his machines, with consequent appreciable reduc- 
tion in the cost of manufacture. The latter point can 
hardly be over-emphasised, and the degree in which this 
object has been attained by any national standards may 
be taken as a measure of their success or failure. Judging 
from this point of view, the British standards of 1904 to 
1907, in contrast to the German “‘ Normalien,” can only be 
termed a complete failure. 

The following are ger the main reasons for this : 
In the first place, the British standards are not compre- 
hensive, many points of prime importance not having 
been touched upon. Secondly, and this is an important 
fact, they have practically remained a dead letter, 
not many engineers even know of their existence, and 
very few indeed are conversant with their provisions. 
Reference to the standards, so far from being the rule, is 
an extremely rare occurrence. Obviously, the mere for- 
mulation by a committee, however representative and 
influential, of standards, and the issue of these in print, 
are, under the existing conditions of the electrical indus- 
try, not sufficient to make the standards effective. To 
this end they must be brought forcibly to the notice not 
only of the manufacturer, but of the buyer and user of 
machines. They should be fully discu by this Insti- 
tution, preferably in all its sections, before their final 
adoption. 

A further help would consist in the issue of a cheap 
and handy pocket edition for quick reference, which this 
Institution 5 op supply free to all its members. It 
would further be essential to secure adoption by the lead- 
ing insurance companies and the Government departments 
as far as possible. 








+ Paper read before the Institution of Electrical Engi- 
“* Rating 


neers. 
+ International Electrotechnical Commission, 
of Electrical Machinery,” August, 1911. 


If these and other suitable steps were taken to force the 
attention of all concerned upon the standards, I feel con- 
ee that an immediate change would come over our 
industry. 

It has frequently been pointed out how severely British 
manufacturers are handicapped by having to build so 
large a proportion of their machines to special conditions, 
although in the majority of these cases standard machines 
would serve the requirements at least equally well. So 
long as this continues, manufacture in really large quan- 
tities, with consequent reduction of labour and standard 
c es, as well as improved delivery, will remain im- 
possible even to the largest firms. The result is that com- 
petition with Continental firms not similarly handicapped 
in their home market is only possible at unremunerative 
prices. In the numerous attempts to explain the strikin 
prosperity of the large German firms, as compared wit 
the corresponding British industry, this most important 
point has usually been lost sight of. Due to the existence 
of generally accepted rules, and to the fact that the con- 
sumer is accustomed to adjust his plant so as to suit the 
manufacturer’s standard outputs and 5) is, the German 
firms can produce standard machines in large quantities 
by piece-work methods, and sell them from stock. On 
the other hand, generally speaking, British firms manu- 
facture individual machines in the absence of accepted 
standards, and competition forces them to quote to almost 
any specification, and for any desired output and speed. 
Perhaps the most notable example of the admirable and 
highly beneficial work of the map grote = Standards 
Committee ic the standardisation of sections for struc- 
tural steel. This has been computed to have resulted in 
a saving of at least one million pounds per annum. 
Though the direct and immediate saving to he effected by 
standardising electrical machines may not be so great, 
the possible advantages to be derived, if they were ex- 
pressible in figures, may be valued much higher, con- 
sidering that they may mean the transformation of a weak 
and stagnant industry into a healthy and progressive one. 
This view cannot be seriously affected by the wave of 
comparative prosperity through which most electrical 
firms are poomns. 

It might be objected, however, that complete standard- 
isation will be a hindrance to the introduction of improve- 
ments, and thus interfere with the process of natural 
development. But the stardardisation of steel sections 
has in no way interfered with progress in manufacturing 
methods, and such apprehension concerning the electrical 
industry is similarly unfounded, so long as we confine 
ourselves to the fixing of standard outputs and perform- 
ances, and refrain from the un‘ortunate and = slowly- 
rs poe of specifying the methods by which the 
desired results are to be obtained. So long as the choice 
of ways and means is left to the discretion of the 
specialist, the path is free both to advancement in detail 
and toentirely new methods. 

The following notes do not represent an attempt to 
cover the ground comprehensively, but only deal with 
chief points likely to form the subject of a profitable dis- 
cussion. It was therefore thought advisable not to adhere 
tothe systematic division into the four main sections sug- 
ted above, but to follow generally the order chosen for 
the British standards of 1907, excepting the portions 
as with standard outputs and speeds, which, joint] 
with the question of pressures and frequencies, are left 
over to the end. 


I. Ratina. 


Two methods of working are recognised by the com- 
mittee —viz. :— 


(A) Continuous working. 
(B) Intermittent working. 


A third, ‘‘ short-period working,” is recognised by the 
German and Belgian standards. It is distinguished from 
‘intermittent working” in that the period of running is 
too short to allow of the final temperature being attained, 
but is succeeded by a period of rest long enough to allow 
of the temperature falling again to practically that of the 
atmosphere. As this class of machine is of very rare 
occurrence in practice, however, it is probably wise to 
abstain from complicating the rules by its introduction. 
The same remark applies to the American ‘minute 
rating.” The object aimed at by these ratings will be 
better attained if a subdivision of ‘ intermittent work- 
ing” were adopted by deciding upon three standard 
— of intermittency, as suggested later on. 

e definitions adopted for both (A) and (B) are open 
to criticism. 

(A) Continuous Working.—A machine for continuovs 
age a So detined as one which can work continuously 
for six hours and conform to the prescribed tests; but 
this rating, as stated in a footnote, is not intended to 
apply to machines which have to run from week-end to 
week-end without a stop. This latter reservation and 
the restriction to a six-hours’ run are, in my view, un- 
necessary and only calculated to cause uneasiness. 
Modern machines, excepting those of very large size and 
static machinery, attain their final temperature practically 
within six hours. There is thus no reason why a machine 
capable of running for this length of time should not be 
suitable for running from week-end to week-end, always 
provided that the bearings, brush-gear, &c., receive proper 
attention. 

I should suggest that the words ‘for 6 hours” be elimi- 
nated, and that the following definition be adopted :— 
“The output of machines for continuous working shall 
| be the output at which, with suitable attention, they can 

work continuously from week-end to week-end. Their 
suitability for this shall be proved by their passing the 
prescri tests.” ‘ 
| _(B) Intermittent Working.—When framing the defini- 
tion of intermittent working, the Committee were aware 








that the 1-hour test used for this definition did not meet 
the requirements of the industry. 

This clause was stated to be under revision at the tin 
of issue in 1907. So far as I am aware, however, nv 
alteration has since been made. This question as to the 
most suitable method of rating and testing intermittent] y 
working machines has been repeatedly discussed durin: 
the last few years. There is a consensus of opinion «- 
to the on ae | of the present rules relating to then. 

It is recogni that in the majority of cases the 
l-hour rating leads to unnecessarily large motors, that 
the principle of short-time tests is wrong, that the rating 
should depend on the load factor, and that suitable tests 
to conform with the specified load factor ought to be 
adopted. (I have made definite suggestions in a recent 
paper,* to which I wish to refer.) : 

The following definition may be submitted : ‘‘The out- 
put of motors for intermittent working shall be the 
output at which, with suitable attention, they can work 
from week-end to week-end intermittently with the 
specified load factor. Their suitability for this shall be 
proved by their passing the prescribed tests.” A defini- 
tion of the term ‘* load factor” is required. 

I further suggest that only three standard load factors 
be adopted—namely, 4, }, and }. The load factor } is 
generally applicable to motors for lifts and for severe 
crane and hoist work ; } for ordinary shop cranes (lifting 
and travelling), &c.; 4 for transversing and other light 
duty. 

II. Nams-PLatzEs. 


The present instructions under this —— appear to 
be quite satisfactory, and an addition would only be 
required in the event of a definition for intermittently 
working machines, similar to the above memes one, 
being adopted. In this case the name-plate of such 
machines should state the load factor. 


III. CLASSIFICATION. 


The present standards give the classification of motors 
with reference to the degree of protection under four 
headings—i.¢., open, Dna ye ventilated, and totally 
enclosed. This classification should apply to machines 

enerally, and not merely to motors, inasmuch as the 

rst three classes, at any rate, are used for generators and 
converters as well as for motors. 

The developments of the last few years have made it 
necessary to extend the list by the addition of flame- 

roof enclosed machines as used for mining purposes. A 
mogul enclosed machine may be defined as one in 
which all live parts are enclosed in a casing or casings, 
so designed as to withstand the effects of an internal 
explosion and to prevent the transmission of the latter to 
an outside explosive atmosphere. This definition would 
comprise the two known classes of flame-proof motors, 
the non-ventilated or long-joint type, and the ventilated 
or grid type. In addition to the ordinary tests of totally- 
enclosed machines, flame-proof motors should in all 
cases be subjected to stringent explosion tests. The 
details of these require careful consideration in colla- 
boration with mining experts. 


TV. Wrarinc Deptu or CoMMUTATORS. 


The recommendations under this heading, as reprinted 
in Table I., especially those for the larger diameters, 
go considerably beyond what corresponds to good modern 
practice. A wearing depth of 14 in., for instance, is 
justifiable only on the assumption that the correspond- 
ing commutator will require grinding up or turning some 
thirty to forty times durmmg the useful life of the machine. 
Such a provision was hardly necessary even in the days 
of copper brushes and glass paper. The advent of 

TaBLeE I. 
Commutator Diameter. Radial Wearing Depth. 





in. | 
0-4 | 
4-6 | 
6-9 
9-12 | 

12-18 

18-24 

Above 24 


carbon brushes and commutating poles, coupled with 
improvements in the mechanical design of commutators, 
have resulted in the fact that turning or grinding, except 
perhaps shortly after erection, has become altogether 
unnecessary. e commutators of modern machines 
should form a hard, shining surface, which should not 
even be touched with emery cloth except very occasion- 
ally. For these reasons leading consulting engineers and 
insurance companies specify as a rule much smaller 
figures than those of the above table. A revision of the 
latter is desirable, not only in the interest of the manu- 
facturer exposed to international competition, but also in 
order to save the purchaser useless expense. This is & 
subject essentially suitable for the consideration of the 
International Electrotechnical Commission, seeing that, 
so far as my knowledge goes, no other country has as 
yet adopted standards for the wearing depth of commu- 
tators. 


ae 
me = Honore 


V. PERFORMANCE. 

Perhaps the most important points of any standard 
specifications, those dealing with the running qualities, 
have only been touched upon by the present standards, 
so far as temperature rise is concerned. We have to 
consider (A) sparklessness, (B) overload capacity, (U) 

* Journal of the Institution of Electrical Engineer, 
vol. xlv., page 216, 1910. 
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voltage regulation, (D) efficiency and power-factor, (E) 
insulation, and (F) temperature rise. 
(A) SPARKLESSNESS. 

Ruling British practice uires stringent conditions 
on this point. I suggest the following clause :—‘‘ There 
shall be practically no ae at the brushes of com- 
mutators or slip-rings at any load up to and including 
full load, and no injurious sparking at the specified 
overloads, and the position of the brushes, except where 
otherwise stated, shall remain fixed for all loads. 

There is no difficulty in complying with these condi- 


tions in modern machinery, and the corresponding clauses | | 


in the French, Belgian, and German standards appear to 
be unduly lenient. The latter state that machines must 
run so sparklessly at all loads that an application of glass 

per or the like is only necessary after at most twenty- 
our hours’ running. They also limit the outputs for 
which the brush position is to remain unaltered to the 
range from quarter load to full load. 


(B) OverLoap Capacity. 

Here, again, we find a very striking discrepancy 
between average British practice, which has adopted 
very large factors of safety, and the French, Belgian, and 
German standards. The latter specify the following 
overload capacity :— 

Generators 
Motors 
Rotary converters 


Motors . 
Rotary converters \10 per cent. for three minutes. 
Transformers 


Whilst, according to the French and Belgian rules, it is 
20 per cent. for a period equal to one-tenth and one-fifth 
respectively of the full-load run. On the other hand, 
British specifications generally ask for an overload capa- 
city of Some cent. for two hours, 50 per cent. for half 
an hour, and the standard machines of good makers will 
stand up to this without difficulty. 

Judged from this point of view only, they are on an 
average 20 per cent. larger in output than Continental 
machines made for the same nominal —<—- and comply- 
ing with the respective country’s standard specification. 

fn view of the fact, which I shall prove later on, that 
modern well-ventilated machines reach their final tem- 
perature after a comparatively very short run, an over- 
load of two hours’ duration is, in my opinion, an 
unnecessarily severe test for small and medium sizes 
when following upon a continuous run. The principle 
adopted in Franee and Belgium of making the duration 
of the fuli-load run dependent on the time required for 
the machine to reach its steady temperature is theoretic- 
ally correct ; yet I doubt whether it would work well in 
practice. I suggest that 25 per cent. for one hour, 100 
per cent. momentarily, be adopted for machines for con- 
tinuous rating, and 25 per cent. for five minutes, 50 per 
cent. momentarily, for intermittently-working machines. 
Generators should be capable of maintaining their full 
voltage up to 25 per cent. overload (15 per cent. in the 
German specification) when running at their full-load 
speed, the power factor in the case of alternating-current 
generators being equal to the normal power factor. 


\25 per cent. for half hour. 


(C) VotTacGE REGULATION. 


The voltage regulation of any generator may be defined 
as the difference between the maximum and minimum 
pressure, stated as a percentage of the full-load pressure, 
which is obtained when gradually changing the load from 
full load to no lcad, with constant speed and fixed posi- 
tion of regulators. In the case of direct-current shunt 
dynamos and of alternators there is a continual rise in 
pressure with decreasing load, ad the regulation as above 
defined is identical with the percentage pressure rise, 
obtained when full load is thrown off, with constant 
speed and fixed ition of regulators. In the case of 
compounded m — however, the maximum pressure 
does not necessarily occur at no load, but may be found 
at any intermediate load, so that the wider definition 
given above is needed. 

The present rules provide that the regulation of alter- 
nators shall not exceed 6 per cent. on a non-inductive load 
and 20 per cent. on an inductive load having a power 
factor of 0.8, and there appears to be no reason for depart- 
ing from these figures, except in cases where a much 
larger pressure rise is permissible in view of the employ- 
ment of quick-acting automatis regulators. 

Generators compounded for constant pressure at all 
loads should maintain this pressure within 2 per cent., 
and the voltage of over-compounded generators, for a rise 
in pressure from no load to Pull load not exceeding 10 per 
cent. of the no-load pressure, should not depart at any 
load more than 3 per cent. from the ideal linear load 
characteristics. 


(D) Errictency AND Power Facror. 


A clause fixing the loads for which the efficiency and 
power-factor should normally be stated, and subsequently 
tested, is desirable. Some specifications ask for these 
figures at 14, }, 2, 4, and 3 load, others at }, %, 4 load, the 
majority only at full load. For the characterisation of 
the efficiency and power-factor curves under ordinary 
conditions the full-load and half-load figures are, in my 
opinion, sufficient. A lation is further desirable 
stating by which method the efficiency is to be ascer- 
tained. suggest that the measurement of the indi- 
vidual losses be adopted as the standard test, where 
not otherwise agreed upon, in view of its simplicity and 
of the ease and accuracy with which it can be carried out 
under almost any commercial conditions. It is well known 


for St ‘a 





that the results obtained by this method are slightly too 
favourable ; bat the error may be large'y compensated by 


adding to the C®R losses of the armature or rotor windings 
an ample allowance for the loss in the brushes on com- 
mutatcr and slip-rings. For fixing the total drop, 
might be divided into three classes; t.¢., carbons, metal- 
car and metal brushes. There should further be a 
list of standard minimum efficiencies and power factors 
in the tables of standard machines later on. 


(E) Insuxatron. 

No hygroscopic materials, such as cotton and paper, 
should be employed in electric machines unless they are 
thoroughly impregnated either before or after winding. 
t is an open question whether the measurement of insu- 
lation resistance is of real value in addition to a flash test. 
With regard to the latter the rules should be kept as 
simple as possible. I suggest that all windings for work- 
ing pressures above 200 volts be flashed to earth with 
alternating current of twice the working pressure, but not 
less than 1500 volts; windings for less than 200 volts with 
1000-volt alternating current. The pressure should he 
raised ually for this flash test anil the full voltage be 
applied for one minute. 


(F) Temperature Rise. 


There is an extreme diversity of view as to the highest 
permissible temperature rise, which reflects itself in the 
specifications. The rise specified varies between limits 
as wide as 25 and 55 deg. Cent. Frequently it is stated 
that ‘“‘no part of the machine must rise more t) 40 deg. 
Cent.,” and it is not unusual that the same limit is set for 
the rise after a run consisting of six hours on full load, 
followed by two hours on 25 per cent. overload. 

Seeing further that the permissible temperature is of 
paramount importance for the rating of machines, and 
that the present rules have proved unsatisfactory, a more 
aa consideration of this subject will not out of 
place. 

1. Highest Permissible External Temperature. — The 
investigations of the National Physical boratory made 
on samples of cotton-covered wire* lead to the conclusion 
that cotton when exposed for prolonged iods to tem- 
peratures up to 125 deg. Cent. (257 deg. Fahr.) undergoes 
no serious change. Above 125 deg. Cent. it darkens in 
course of time, without, however, losing its insulating 
qualities, and even at 180 deg. Cent. it proved an ex- 
cellent insulator from the electrical point of view. Judging 
merely by change in colour, 125 deg. Cent. (257 d 
Fah.) is iven as approximately the safe limit.. It would 
probably unwise to exceed this figure for extended 
periods, especially where non-impregnated cotton is 
present, because the change in colour is an indication of 
the well-known change in the mechanical properties of 
the fibres, which ‘‘ loses its nature,” involving the danger 
of internal short-circuits, more particularly in non- 
stationary coils. These experiments, however, were 
carried out with non-impregnated cotton, and are there- 
fore not directly applicable. The coils of modern machines 
are vacuum-dried and pressure-impregnated in such a 
manner that the varnish completely permeates even 
heavy coils, and, when dried, the pores of the cotton 
throughout the coil are filled with a cohesive substance 
—_ e of withstanding a temperature higher than 
125 deg. Cent. The experiments of the National Physi 
Laboratory on the influence of temperature on insulating 
presen | during which impregnated and non-impreg- 
nated presspahn, oilcloth, and similar materials were 
investigated, tends toconfirm the view that impregnation 
reduces, to a certain extent, the deleterious effect of high 
temperatures on the mechanical properties. In view of 
the above, and of the rule suggested under ‘‘ Insulation,” 
that all hygroscopic iusulating materials, such as cotton, 
must be thoroughly impregnated, I submit that we work 
with an ample margin of safety if we limit the highest 
internal temperature of field coils to 125 deg. Cent. It 
must be kept in mind in this connection that the inner 
portions of field coils —— to this temperature have 
only a very small potential difference between layers, and 
are tightly ked, so that there can be no suggestion o' 
severe mechanical or electrical stress. As a matter 
of fact, certain not uncommon types of field coils of 
oom ae oes » su eee of not more 
t! eg. to eg. Cent., frequently internal 
temperatures much beyond 125 deg. Cent., and no 
ill-effect is experienced. 

For direct-current armatures and alternating-current 
stator and rotor windings a more conservative rating is 
desirable, in view of vibrations and high differences of 
ae between layers. I suggest the rules should be 
ramed in such a manner as to ensure that the highest 
internal | oe ay of distributed windings will in no 
part exceed 110deg. Cent. Before we can proceed to the 
consideration, on this basis, of the temperature above 
the surrounding air to be permitted as the result of 
specified tests, we must discuss the question as to the 
highest temperature of the atmosphere for which standard 
machines are intended to be suitable, the important 
problem as to the best methods of measuring the tempe- 
—, a y= the eeny Dod —_ . oo 

. Highest Temperature o tmosphere Permissi 

dard Machines.—The British standards give this 
figure as 25 deg. Cent. (77 deg. Fahr.), whereas the 
German rules are based on an air temperature of 35 deg. 
Cent. as a maximum. I strongly wu that the same 
figure—t.c., 35 deg. Cent.—be adopted as the basis for 
the British standards. This su tion is made not so 
much with reference to the working conditions in this 
country—although the temperature in many British 
factories, and even in the central stations, is frequently 








9 Engineering Standards Committee, Report No. 19, 


19. 
$ Journal of the Institution of Electrical Engineers, 
vol. xxxiv., page 613, 1905. 
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in excess of 25 deg. Cent.—but chiefly in order to meet 
the requirements of the export trade. If it =guuuy 

1 standard machines are amply safe for any 
air temperature up to 35 /- Cent. (95 deg. Fahr.), a 
large proportion at any rate of export machinery need no 
longer be e to abnormal conditions relating to tempe- 
rature rise, a point which is likely to benefit us appre- 
ciably in foreign markets. 


3. MeTrHops OF MEASURING TEMPERATURE RiIsE.— 
(A) Fretp Coms. 

(a) By External Thermometer.—Average British prac- 
tice, as distinguished from the British standards, permits 
a rise of 70 deg. to 75 deg. Fahr., or about 40 deg. Cent., 
as measured by thermometer on the surface of any 
stationary or Tr coils. This is lower than required 
in the interest of safety where distributed windings are 
concerned, in which there is only a small difference 
between the highest temperature in the interior of the 
coils and the surface temperature. It is justifiable, how- 
ever, in the case of stationary field coils, in which the 
highest internal tem ture rise may be anywhere from 
1} to 24, and even times as high as the rise of the 
surface, the ratio poem | chiefly on the depth of 
the coil, the amount of taping and covering of its surface, 
and the intensity of cooling. This uncertainty as to the 
relation of the maximum to the surface temperature was 
strikingly demonstrated by Mr. Rayner’s experiments, 
carried out at the National Physical Laboratory. To 
judge from the results given in his Table II.,* one of the 
coils tested (No. 8), which was covered with 4 in. thick- 
ness of canvas, paper, and leatheroid, and also with string 
4 in. thick, would possess a maximum internal temperature 
of at least 150 deg. Cent., with a rise of the surface of only 
40 deg. Cent., whilst another coil (No. 9) wound on a 
metal former, and without external covering, would for 
the same rise of the surface be less than 75 deg. Cent. 
inside. 

Results such as these prove that the present practice of 
judging field coils from the temperature rise measured on 
the surface is not only unscientific, but may be misleading 
to the point of danger. Indeed, this is generally becoming 
more serious with the employment of forced ventilation, 
which leads to an increase in the permissible loss per unit 
of surface, but must at the same time necessarily raise 
the internal temperature gradient. 

There is another aspect to this problem. So long as 
through the character of the test the surface temperature 
is made of foremost importance there is little inducement 
for manufacturers to introduce methods of design and 
ventilation leading to a low-temperature gradient inside 
the coil. In fact, the outer surface of coils is now frequently 
covered, not merely with thin taping, which affords a 
desirable protection for motor work, but with quite an 
excessive amount of canvas, presspahn, leatheroid, and 
string. This has « very decided effect on the internal 
temperature, but does not appreciably raise the tempera- 
ture of the surface, and it may thus be done with impunity 
so long as surface measurements remain the ruling test. 
The difference in the methods of testing for temperature 
rise also explains the difference in the design of field 
coils of German and British machines. e former 


cal —~ to a very large extent subdivided and ventilated 
coi 


ils, which are very rarely met with in this country. 

(b) By Resistance Method.—In view of these or similar 
considerations the Engineering Standards Committee in 
1907 followed the decision come to a few years previously 
by the German Institution—viz., that the temperature ef 
field coils shall be measured by the resistance method. 
The increase in resistance indicates the mean instead of 
the surface temperature, and is therefore considered to 
approach more closely the all-important peak value. 

he rule reads :— 

“The measurement of the rise in temperature of 
stationary coils, and whenever practicable that of moving 
coils, shall be made by the resistance method. 

“The rise in temperature is given by the following 


¢ | formula :— 


‘Temperature rise in deg. Cent. 


= (288 + ¢) ( Tosistance hot _ 1); 
resistance cold : 


where ¢ = temperature in deg. Cent., at which the resist- 
ance cold is measured. 

“The permissible temperature rise for stationary coils 
(by resistance) is 60 deg. Cent. (108 deg. Fahr.).” 

e German rulesare similar, but while allowing 60 deg. 
Cent. rise for cotton covering, they permit a rise of 
70 deg. Cent. for stationary coils of paper-insulated wire, 
and 90 deg. Cent. for stationary coils of enamel or asbestos- 
covered wire, in all cases measured by resistance method ; 
they also consider these figures safe for a room tempera- 
ture of 35 deg. Cent., whereas the British standards 
assume an air temperature nob exceeding 25 deg. Cent. 

It must again be pointed out that the recommendations 
of the British standards relating to temperature tests 
have made practically no impression on the British elec- 
trical industry. 

The resistance method is not geceeed in more than 
perhaps one case in a hundred, and where it is specified 
its spirit is frequently misunderstood, and a temperature 
rise of about 40 deg. Cent., usual for surface measure- 
ments, is specified to be obtained by resistance method. 

There is a twofold reason for this disappointing result. 
In the first p no doubt the stan 8 are not suffi- 
ciently known. mdly, however, we are driven to the 
conclusion that the resistance method, simple as it is to 
— tester, is yet too cumbersome and compli- 
cated in its application for the average engineer. It also 
possesses inherent defects. As it requires the measure- 

* Journal of the Institution of Electrical Engineers, 
vol, xxxiv., page 655, 1905. 
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ment of the resistance cold in addition to the warm resist- 
ance, definite conclusions cannot be obtained from the 
state of the machine at the end of the test only. Fre- 
quently where the resistance method is resorted to, it is 
found necessary for the inspecting ineer to return to 


the works a day after the official test for the verification | rise 


of the resistance cold, because preliminary runs made it 
impossible to ascertain this with accuracy at the begin- 
ning of the test. It is a decided drawback of any test if 
it relies on the difference between two measurements 
taken under different conditions and at different times. 

Finally, this important fact must not be lost sight of : 
The resistance method furnishes after all only the mean 
— of the whole field circuit, and takes no account 
of the discrepancies in the temperature of individual coils. 
The latter are sometimes very appreciable indeed, so 
much so that the rise of the surface of the coil in the top 
half of a eet machine, measured by thermometer, 
is Yor sp men | ound to be higher than the mean rise of 
all coils found by the increase in resistance. Considering 
all these points, we are driven to the conclusion that the 
resistance method, in spite of its almost universal official 
recommendation, represents by no means an ideal solu- 
tion of the problem. 

This reopens the search for a way of ascertaining the 
highest internal temperature of a coil with a reasonable 
degree of accuracy, To be suitable for commercial con- 
ditions any such method must be extremely simple and 
reliable, and must require no special instruments. This 
condition eliminates at once the well-known laborato 
method involving the use of thermo-couples. It should, 
furthermore, give the internal temperature as directly as 


possible, and thus act as an inducement to study the | 
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design of field-coils, with a view to lowering not merely 
the surface, but the internal temperature. 

(c) By Internal Thermometer.—I submit that it is pos- 
sible, without serious inconvenience to manufacturers, to 
provide for a direct measurement of the internal tempera- 
ture by means of the thermometer. It is only necessary 
to this end to wind into the field-coil at a point where the 
maximum temperature may be expected a distance-piece 
of wood or other insulating material enabling the subse- 
quent insertion of a thermometer. Fig. 1 indicates the 
arrangement of the distance-piece for field coils. Inser- 
tion of the thermometer either from the top or from the 
bottom may be arranged for —- to convenience. 
To receive a thermometer about 3 mm. thick, the distance- 
piece need only be 4 mm. wide, and would not add to any 
appreciable extent either to the external dimensions or 
to the cost of the coils. The objection might be raised 
that one cannot with certainty predict at which point the 
highest temperature is likely to occur, but I submit that 
the test will be sufficiently accurate for tical purposes, 
if we provide for the measurement of the temperature at 
or near the centre of gravity of the coil section at any 
convenient point at the circumference of the coil. The 
temperature curves for the interior of field coils are so flat 
in the neighbourhood of the peak that no serious error 
will be introduced even if this point is not the theoretical 
maximum. Thisis clearly visible from the researches of 
the National Physical Laboratory, which further prove 
that there is practically no temperature gradient in the 
circumferential direction anywhere in the coils. Never- 
theless, to be quite safe we can take the possibility of such 
errors into account by making a reasonable allowance for 
them in fixing the permissible temperature as measured 
in this manner. But such allowance need only be small, 
say 10 deg. Cent., because we shall certainly get results 
much closer to the maximum than are obtainable by the 
resistance method. To prove this contention a series of 
tests was carried out on coils as shown in Fig. 1. The 
internal thermometer registered in all cases a temperature 
rise between 12 per cent. and 20 per cent. higher than was 
ascertained by resistance method. The curves in Fig. 2, 








which are self-explanatory, may serve as an example. In 
the case of very small machines, below, say, 10 horse- 
power, the depth of the coil is not so great as to justify 
provision for internal measurement, the temp?rature of 
the surface being a sufficient indication of its internal 


(B) DistrinuteD WINDINGS. 
According to the present British standards all sta- 
tionary colh, which includes alternating current stator 
windings, must be tested by the resistance method. For 
rotating coils the rule applies that they shall be tested by 
resistance method whenever practicable, but ‘‘ when it is 
not practicable to measure the resistance of a coil, the 
rise of temperature shall be ascertained by means of a 
thermometer or thermo-couple placed in contact with the 
coil or core, whichever be the hotter.” The permissible 
rise is given as 60 deg. Cent. by resistance, 50 deg. Cent. 
by thermometer or thermo-couple. 7 

Whilst opinions may differ as to the suitability of the re- 
sistance method for field coils, there is likely to be general 
agreement with the contention that its employment is 
unnecessary in the case of all distributed windings. It is 
generally possible to find portions uf such windings, the 
temperature of which, as measured by thermometer, is 
at least as high as the mean temperature of the whole 
winding measured by resistance method. is is due to 
the difference in temperature between the parts of the 
winding embedded in slots and those outside the core. 

Vartan, the resistances in question are mostly of 
a very low order, and whilst their accurate measurement 
may meet with no serious difficulty at the maker’s works, 
it is mostly far from simple and frequently impracticable 
on site under ordinary conditions. No method of mea- 
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suring the temperature rise can, however, be considered 
satisfactory which is not capable of easy application on 
site and under ordinary working conditions, as well as in 
the testing department of the manufacturer. The resist- 
ance method 1s also evidently unsuitable for windings in 
which equalising connections are employed, as it will 
give no indication of the temperature to which the latter 
will rise. 

Under these circumstances there appears to be no justi- 
fication for retaining the resistance method for distributed 
windi the simple thermometer test being preferable 
from all points of view. 

4. Duration of Temperature Tests.—The present rules 
provide for a 6-hour test for all rotating machines irre- 
spective of size. It is well known, however, that very 
small machines may reach their final temperature within 
less than one hour, whilst large slow-s| generators and 
alternators require sometimes more than ten hours to 
reach a settled state. Manufacturers should not be com- 
pelled to run small motors for quite unnecessarily long 
periods. On the other hand, purchasers of heavy plant 
cannot be expected to be satisfied with a run of only 
six hours. e solution of this difficulty seems to lie 
in the adoption of a rule similar in principle to that at 
present in force for the testing of transformers, which 
reads :—“* They shall be run on load for a period suffi- 
ciently long to enable the transformer to attain such a 
temperature that the increase of temperature does not 
exceed 1 deg. Cent. per hour” If a similar rule were 
employed for rotating machinery the duration of the run 
would correctly depend on the time constant T of the 
machine—+.¢c., on the ratio 


watt-hours stored per degree temperature rise 
watts dissipated per degree temperature rise 








I submit, however, that one gets near enough the final 
temperature rise in modern rotating machines if the tem- 
perature at the end of the run is still rising at the rate 
of 1 deg. Cent. during the half hour, and that for 1 deg. 
Cent. in one hour the duration of the test is longer than 
needed. To prove this I have plotted in Fig. 3, curves C 
and D, the duration of the test for both 1 deg. rise during 
the last hour and 1 deg. rise during the last half hour. 
Curves A and B indicate the ive errors introduced 
by not continuing the tests indefinitely. The curves are 
plotted asa function of thetime constant T. Fig. 4 shows 
the time constants for a series of modern protected-ty 

motors up to 250 horse-power. It will be found that the 
largest of these machines has a time constant of only 1.15. 

The time necessary to reduce the gradient of the tempe- 
rature curve to 1 deg. Cent. rise during the last half hour 
is 3? hours, and the difference between the temperature 
attained and the final is less than 2 deg. Cent. for a final 
rise of 50 deg. Cent. 

By making an allowance of, say, 5 deg. Cent. to cover 
this difference, we would therefore be quite safe in stipu- 
lating the length of the run on the suggested basis of 
1 deg. Cent. rise—t.e., 2 per cent. increase in tempe- 
rature rise—during the last half hour of the run, even for 
very large machines. 

If we continued to run the above 250-horse-power motor 
until the rise was only 1 deg. Cent. during the last hour, 
the total duration of the test would be about five hours ; 
but the further rise during the additional 1} hours would 
only be about 1 deg. Cent., which is well within the 
accuracy of such tests. 

The curve, Fig. 5, giving the time required for well- 
ventilated machines to approach their final temperature, 
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will perhaps be surprising to those not in intimate con- 
tact with modern developments. It appears that under 
the suggested rule a 10-horse-power protected-type motor 
need only be tested for two hours, a 50-horse-power pro- 
tected-type motor for 2? hours, and the error introduced 
by reducing the testing period to these low figures is less 
than 1 deg. Cent. in both cases. Summarising, I suggest 
the following rule:—The duration of the full-) test 
shall be such that the temperature rise shall not increase 
by more than 2 per cent. during the last half hour of the 
run. In order to ascertain this, a thermometer fixed to 
a suitable stationary part of the machine shall be 
employed. 

As the duration for the test of very small machines 
would obviously become exceedingly short, it might 
perhaps be advisable to fix a minimum length of test of 
two hours. 

The foregoing considerations will now enable us to 
make definite suggestions on the last point. 

5. The Permisstble Temperature Rise, as Ascertained 
by the Specified Tests.—This must be such as toensure that 
in the interior of field coils the actual temperature of 
125 deg. Cent., and in distributed windings 110 deg. Cent.. 
is not exceeded. The highest rise must, in consequence, 
not exceed 125-35 = 90 °§: Cent. and 110—35 = 75deg. 
Cent. respectively. For distributed windings, such as 
direct-current armatures, alternating-current stator and 
rotor coils, which must be measu by thermometer on 
the surface, an allowance must be made for the tempera- 
ture drop in the outer insulation and in the interior of 
the coil. The sum of these is not likely to exceed 20 deg. 
Cent. In addition we are to allow 5 deg. Cent. to meet 
the discrepancy due to reducing the durations of the test, 
or a total of 25 deg. Cent., leaving a rise of 50 deg. Cent. 
In the case of field coils for direct-current machines and 
alternators if measured by in thermometer the 
margin to be allowed consists of 10 deg. Cent. possible 
error due to the thermometer not being placed at the 
point of highest temperature, and 5deg. Cent. on account 
of the reduced length of run, leaving a rise of 75 deg. 
Cent. This is, in my view, a much safer specification 
than the usual one of 40deg. Cent. rise measured at the 
surface, and also safer than the present recommendation 
of 60 deg. Cent. measured by resistance method. 

Special Heat - Resisting Materials.— Where special 
materials designed to resist high temperatures are em- 
ployed a mu f higher temperature rise is rightly per- 
mitted by the present standards, but the exact amount 
is left to agreement. The development of such well- 
known materials as asbestos and enamel-covered wires, 
which are bound to become of t importance, might 
well be encouraged by allowing definite higher figures 
where they are employ : 

Single-Laycr Windings of heavy copper strip, wound 
on edge, as largely employed for commutating poles, and 
sometimes for alternator coils, would also be quite safe if 
one allowed a temperature rise of 75 deg. Cent. as 
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measured by thermometer on the surface, seeing that 
such coils possess an almost uniform temperature through- 
out. < 

uirrel-Cage Rotors.—There need further be no limit 
to the temperature of aeeranes rotors, unless ordinary 
soldered joints are employed, for which the approximate 
limit of safety is a temperature of 150 deg. Cent. 


VI. STANDARDISATION OF PRESSURES AND FREQUENCIES, 
UTPUTS, AND SPEEDS. 


The last, and from the manufacturer’s point of view 
probably most important problem, is the standardisation 
of outputs and speeds which must be considered in con- 
junction with the fixing of standard pressures and fre- 
quencies. 


(A) PRESSURES AND FREQUENCIES. 


The resolutions adopted by the British Standards 
Committee fix the stan low pressure for direct and 
alternating-current generators at 115, 230, 460, 525 volts, 
for motors at 110, 220, 440, 500 volts, the high pressures 
at 2200, 3300, 6600, 11,000 volts, and 2000, 3000, 6000, and 
10,000 respectively. 

In view of recent developments, and in order tosimplify 
the standardisation of machines, it would be advisable to 
delete 115 and 110 volts, retaining this voltage only for 
exciters. The provision for 115/110-volt armatures in a 
series of standard direct-current machines leads to many 
difficulties due to the great length of the commutator. 
Happily this pressure continues to be employed only in 
a few small private plants; its adoption for new installa- 
sions is justifiable only in rare cases, and generally speak- 
ing it should be discouraged. I also suggest the replace- 
ment of 525 and 500 volts by 580 and 550 volts respectively, 
which are at least pe porn common pressures, and prefer- 
able in the interest of easy standardisation, as will be seen 
later on. 

The standard frequency for alternating-current work is 
50 cycles, but ‘‘ exception is made where the circumstances 
demand a lower frequency, in which case a standard of 
25 periods per second shall be adopted.” It may be ques- 
tioned whether the latter recommendation, of 25 cycles, 
is still justified. 

Some public supply authorities adopted this frequency 
at a time when 50-cycle rotary converters were as yet of 
doubtful reliability, and the above recommendation was 
probably influenced by similar considerations. For 
ordinary industrial purposes a 25-cycle supply has im- 
portant disadvantages, and its ain renders the 
standardisation of machinery appreciably more difficult. 
Cognisance might be taken of the fact, however, that 
the frequency of forty cycles has been largely ae 
for private installations, and that it is the standard 
frequency of some of the largest supply authorities in 
the country. It possesses the important distinction 
that it is approximately the lowest periodicity at which 
metal filament lamps may be employed without dis- 
cernible flicker, and it leads to higher power factors com- 
pared with 50-cyele circuits, especially where slow-speed 
machinery has to be installed. 

From the manufacturer’s point of view the provision 
for oe machines in connection with a system of 
standard 50-cycle motors and alternators would meet 
with no serious difficulty. 


(B) Outputs AND SprEps. 


The British Standards Committee took a very impor- 
tant and bold step in deciding upon a series of normal out- 
puts and speeds for direct-current and alternating-current 
generators up to 1000 kw. and for motors up to 100 horse- 
power. That there are no such standards in the German 
“* Normalien ” is probably accounted for by the process 
of concentration in the German electrical industry, from 
which emerged a very small number of large firms strong 
enough to enforce their own standard outputs. 

The tables for direct-current and alternating-current 
motors given in the standards of 1907 unfortunately con- 
tain only one speed for each standard output, and the 
output steps are, further, too big. These lists fail to 
satisfy the greatly varying requirements of the user. To 
meet practical needs with thesmallest possible number of 
frames and windings, modern methods of standardisation 
must be employed in drawing up the outputtables. It is 
particularly essential that for every standard output there 
should be a reasonable number of standard speeds arranged 
with approximately uniform ste 
‘ » Direct- fe og e columns 1 and y te the 

olowing table represent the present recommendations, 
and their defects will be seen from the added colums 3, 4, 
5, and 6. Oolumn 3 gives output in horse-power per 
1000 revolutions. Column 4 contains the output steps, 

















Taste II. 

1 2. 3. ae 6. 
tnd Bop a B.H.-P. x 1000 | Output | Speed | Frame 
Souce.| Seale. | Revs per Minute | Step. Step. | Step. 

| | pc. P. p.c. 
tla] oe jm] % | 

1 1400 0.715 100 0 100 

2 1100 1.820 100 27 154 

3 1100 2.730 50 0 50 

5 1000 5.000 67 | 10 83 

7h 1000 7.500 50 | 0 50 

10 900 i100 60| sl |} 88 11 48 

15 859 17.700 50 6 60 

20 800 25.000 |} 33 6 41 

30 750 om. 2i.7 60 

40 7 57.200 | 3 | 7 43 

50 650 7.000 86 || 3 | 4 36 

75 600 125.000 || 3% | & . 

100 550 | 182.000 |) | 














and column 5 the speed steps, in every ease expressed in 
percentage of the lower figures. Column 6 gives the steps 
of the figures in column 3, hereafter called “ frame-step.” 

The we ya | in the steps of output and —_, and 
col uently in the frame steps, will give an indication of 
the difficulties which would face a designer if he were to 
attempt laying out a systematic line of machines on the 
basis of the present recommendations. On the other 
hand, the prospective purchaser of a motor, when refer- 
ring to this list, is likely to find the speed given so far 
different from the one most convenient under the circum- 
stances that he proceeds tosend out inquiries without any 
reference to standards, whereas a table of four or five 
speeds would most likely contain one quite near enough 
to his ee, The output steps will naturally 
smaller the larger the machines. 

I therefore suggest that we decide on three classes of 
machines—namely, small machines, frame figure below 10; 
medium-size machines, frame figure between 10 and 750 ; 
and large machines, frame figure above 750 ; that we fix 
the output steps for each class as follows :— 


Small motors, output steps 100 to 50 per cent. 

Medium-size motors, output steps 25 per cent. 

Large motors, standardisation of these may be left to 
manufacturers for the present, as they are not made in 
quantities. 

The outputs suggested are as follow :— 

Small motors, 4, 1, 2, 3, 5, 74 horse-power. 

edium-size motors, 10, 124, 16, 20, 25, 32, 40, 50, 62, 
80, 100, 125, 160, 200, 250, 320 horse-power. 

The standard outputs should be used in all cases both 
for direct-current and alternating-current machines, so 
that the figures impress themselves on the mind. The 
first line of standard speeds must also be chosen with 
approximately constant steps so that equal frame steps 
are obtained, especially for the medium-size machines. 
Tasie III.—Smali Motors. 





ae j ' 
Brake | Revolu- ‘ 
Horse- | tions per ee ee roy mong pt % 
Power. | Minute. | Revs. per Minute | Step. | 





| 

| pc. | pe. p.c. 
} 1650 0.308 \y 200 | 
| 


1 1500 0.666 |e y (iS 
2 1350 1.480 - 

3 1225 co Weitnis 
s 1100 4.550 ienis + 


t 1000 7.500 ‘io 


Except so far as this consideration necessitated altera- 
tions, the present standard speeds have generally been 
maintained in Tables III. and IV., which give the sug- 
gested first line of standard s: 

These tables might be objected to on the ground that 
the number of different sizes suggested is too Great, and 
the output step really smaller than necessary. That such 
criticism is unjustified, however, will be more clearly 
seen if we proceed to conte from the above line the 
lists of standard speeds possible for each standard output. 
These are obtained by lowering the speed of the larger or 
raising the speed of the next smaller motors to that at 
which they are just capable of giving the respective stan- 
dard output. The — steps thus obtained will then be 
approximately equal to the frame steps in the above table ; 
t.¢c., 65 to 120 per cent. for the small, 29 to 33 per cent. 


TaBLE IV.—Medium-Size Motors. 














firake | evolu. | B.x.-P. < 1000 | output! Speed | Frame 

Power. | Minute. | Revs. per Minute | Step. Step. tep. 
- | a oe | pc. | p.c. p.c. 
13 | 875 | 14.3 1S | ¢ in 
16 850 | 18.8 1] 95 4 s20 
20 800 25.0 lt om 4 
25 770 | 82.5 4 4 $3.0 
32 740 | 43.2 1} $s é o28 
40 700 57.2 1] 95 -4 4 
50 675 74.0 l ss 4 my 
62 650 96.5 2 | 4 33.0 
80 625 128.0 .s | «4 74 
100 | 600 167.0 ’ 

|] 25 6 32.0 
125 | 6570 219.0 it ae 14 
160 | 550 291.0 
: 2% | 5 31.0 
200 525 381.0 
|} 25 5 31.0 

250 500 500.0 ae 14 
320 480 666.0 | 


for the medium-sized machines, and these figures, in my 
view, are by no means smaller than practical require- 
ments necessitate. 

Tables V., VI., and VII. are derived in this manner :— 


TABLE V.—Small Motors (220 Volts). 














Brake 
Horse- Power. Standard Speeds. 

4 - | 1650 750 
1 | 3300 1500 675 
2 | 3000 1350 815 
3 2000 | 1225 660 
5 2000 1100 665 

7 1650 1000 — 

10 | 1330 —_ iss 


TaBLe VI.—Medium-Size Motors (440 Volts). 


Brake Horse- 
Power. } Standard Speeds. 
74 ~ : 675 f25 400 
10 + 900 700 530 4.0 
12 1130 875 | 665 600 . 
16 | 1120 850 | 640 490 870 
20 | 1050 | 800 | 615 465 350 
25 | 1000 770 580 440 340 
82 980 | 740 660 430 30 
40 925 | 700 540 415 315 
50 875 675 520 390 300 
62 850 650 490 875 285 
80 | 830 625 480 365 - 75 
100 780 | 600 455 345 260 
126 | 760 570 430 330 250 
160 730 NO 420 320 240 
200 | 690 525 400 300 _ 
250 | 660 | 500 375 _ _ 


320 | 640 480 - — | — 





Tasie VII. Medium-size Motors (510 Volts). a 





Brake Horse- 
Power. Standard Speeds. 
12} | 1180 875 665 500 385 
16 1120 850 640 490 70 
20 | 1050 800 615 465 350 
25 | 1000 | 770 | 580 | 440 340 
32 | 980 740 560 | 430 330 
40 | 925 700 540 415 315 
50 | 875 675 520 390 300 
62 | 850 650 490 375 | 285 
80 | 830 625 480 365 | 275 
100 730 600 455 | 345 260 
125 750 570 430 | 330 250 
160 730 550 | 420 | 320 240 
200 | 690 £25 400 | 300 — 
250 | 660 500 875 | - _ 
320 | 640 w};-—-| — 


TaB_Ee VIII.—Mediwm-Size Generators (460 or 580 Volts), 











Kilowatts. | Standard Speeds. 

4 | — | 1080 | 875 | 680 | 530 
ll | 1320 | 1040 820 | 640 510 
14 | 1300 1000 | 780 620 480 
174 1220 950 | 750 | 590 460 
22 | 1160 | 900 | 700 | 5650 440 
274 | 1120 | 860 670 530 420 
35 | 3060 | 820 | 640 510 400 
45 | 1000 7380 615 480 380 
55 | 970 | 760 590 460 360 
70 940 720 570 | 440 340 
85 880 680 540 420 $25 
105 | 850 | 650 510 400 310 
135 820 625 490 380 295 
170 770 600 470 360 ~ 
215 730 570 440 


270 aa se | = | 


the list of standard outputs will hold good for 550-volt 
machines. Any standard 440-volt motor, fitted with 
550-volt field coils, will at 550 volts give the output of the 
next larger standard 440-volt machine at a speed about 
25 per cent. above its standard speed for 440 volts. The 
use of commutating poles allows of this being done with- 
out fear of sparking. 

It will be seen that not only the outputs, but also the 
speed figures, are identical with those of the 440- volt list. 

2. Direct-Current Generators for 460 and 580 Volts.— 
Complete lists of these are immediately obtained from 
Tables VI. and VII. by adopting the principle that the 
standard 440-volt motor armatures are in to be em- 
ployed without alteration. To make this possible, the 
motor speed will have to be raised, which affects the 
outputs proportionately. The tables for 460-volt and 
580-volt machines will again be identical. 

3. Polyphase Motors for 50 Cycles.—The list of standard 
outputs for direct-current motors may, with advantage, 
be adhered to. It should apply as far as practicable to 
the standard synchronous speeds of 1500, 1000, 750, 600, 
500, 428, 375, Ke. This leads to Tables IX. and X. 

All these outputs are obtainable with a comparatively 
small number of standard patterns by suitably altering 


| the internal design only. 


Polyphase Motors for 40 Cycles.—Here again the list 
of standard outputs may be maintained, at least for all 
medium size machines. Seeing that the step from 40 
cycles to 50 cycles is 25 per cent., and this equals the out- 
put steps, we may use the whole list of standard 50-cycle 
machines, and run them as 40-cycle motors, with corre- 
spondingly slower speed and the next lower standard 
output, without any alteration, except to the stator 
winding. The list of standard motor outputs might also 

adhered to should it be found desirable, in course of 
time, to proceed to the standardisation of totally-enclosed 
machines, traction and crane motors. 


Tasie IX.—Small Motors (50 Cycles). 
Brake o Standard Synchronous 








Horee-Power. Spe 
ry 1500 1000 
1 1500 | 1000 
2 1500 | 1000 
3 1500 | 1000 
5 1500 } 1000 
7 1500 | 1000 








Motors for less than 10 horse-power should be made for 
220 volts as far as possible. he medium-size motors 
will, in the majority of cases, be made for 440 volts. They 
may be used for 550 volts, however, with merely an altera- 
tion to the field coils. As the steps from 440 volte to 


550 volts is equal to the output step—t.e., 25 per cent.— | 








_ 4, Alternators.—For the standardisation of alternators 
it will be desirable, instead of making new patterns 
throughout, to employ, as far as possible, the mechanical 


parts of the polyphase motors. For this and other 
reasons, I si that the pow of 25 per cent. out- 
put step be adhered to, and that the standard outputs 
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in kilovolt-amperes be as follows: 10, 124, 16, 20, 25, 32, 
40, 50, 62, 80, 100, 125, 160, 200, 250, 320, 400, and 500 
k.v.a. 

It will be seen that these figures are the same as the 
brake-horse-power figures suggested for both direct- 
current and alternating-current motors. This list would 
hold good for 50-cycle as well as for 40-cycle machines, 
the same frames being employed. The standard poly- 
phase alternators could, of course, be wound for single- 

hase, and in this case the list of outputs might again 
be left unaltered. 


Taste X.—Medium-Size Motors (50 Cycles). 
| 

















Brake Horse- me! oO 

calles Standard Synchronous Speeds. 

10 | 1500 | 1000 | 750 | —_ _ — 

12} 1500 | 1000 | 750 . = 
16 | 1500 | 1000 | 750} oo — | — = 

20 1500 1000 | 760; 600, -- | — 

25 | 3500 | 1000 | 750| eo | — | — 
32 | 1600 | 1000 | 750} 600}; — | — | — 

40 | 1500 | 1000 | 750 me 500 | — 
50 1500 | 1000 | 750; 600} 500; — _ 
624 1500 | 1000 | 750| 600| 500| 428, — 
80 1500 | 1000 | 750; 600} 500| 428) — 
100 ms! 1000 | 750) 600| 500| 428/ 3875 
126 a 1000 | 750; 600| 500| 428| 375 
160 # 1000 | 760; 600| 500] 428) 375 
200 — 750 | 600} 600| 428 | 375 
250 oe 750 | 600 | 500| 428 875 
600 | 500 | 428 375 


By way of example, the 500-k.v.a. size, if wound for 
daegiien would be designed to give 320 k.v.a. 

5. Transformers.—The output list of three-phase trans- 
formers should be identical with that of polyphase alter- 
nators, so that the above figures are again applicable. 
It may be noted that if a line of single-phase transformers 
were developed by using in all cases two cores of the 
standard three-phase transformers, the output list need 
not be altered, the 500-k.v.a. transformer for three- 
phase corresponding with the 320-k.v.a. size for single- 
phase, &c. 

ConcLusion. 


It is hoped that the foregoing suggestions will not be 
considered as merely an attempt to further the one-sided 
interests of manufacturers. It should be clearly recog 
nised that the pro’ thorough standardisation is likely 
to be a success only if and in so far as it is to the advan- 
tage of both producer and user. A successful attempt 
in the interest of cheapness to introduce clauses not 
thoroughly compatible with reliability, or else to reduce 
unduly the number of standard sizes, is bound to defeat 
its own object. Engineers cannot be expected to adopt 
the standard specification, and, wherever practicable, to 
adjust proposed. plants so as to employ standard machi- 
pag dl unless it is clearly to their or their clients’ benefit to 

0 80, 





THE INFLUENCE OF THE RELATIVE 
WIDTH AND THICKNESS ON THE 
EXTENSION OF TEST-BARS.* 


The Influence of the Ratio of Width to Thickness upon the 
Apparent Strength and Ductility of Flat Test-Bars of 
Soft Steet. 


By W. Gorpon, B.Sc., A.M.I. Mech. E., and G. H. 
Gutuiver, B.Sc., A.M.I. Mech. E. 


Ir is well known that the extension of a metal test-piece 
is influenced considerably by the cross-sectional dimen- 
sions, while the tensile strength is practically unaltered 
so long as there is no abrupt of section. The 
variation in the extension is most marked when a fixed 
gauge-length is employed, and is considerably reduced by 
using for each bar a gauge-length oy to the 
square root of the cross-sectional area. me years ago, 
in a series of tests of flat steel bars, 10 mm. (0.39 in.) 
thick and of various widths, Barba found that the exten- 
sion, measured on fixed lengths of 100 mm. and 50 mm. 
respectively (3.9 in. and 1.95 in.), increased as the width 
was increased to six times the thickness, and then 
decreased with further increase of width. Subsequent 
investigators have not obtained satisfactory evidence of 
such a well-marked maximum value of the extension. 

The authors have made a series of experiments, in 
which the ratio of width to thickness was varied from 
from 2 to 16. The material employed was soft-steel 
boiler-plate, } in. thick, cut into strips 4 in., 1 in., and 
1} in. . .. to4in. wide. The variations in both elastic 
and ultimate strength were extremely small, the av: 
yield-point being about 18 tons per sq. in., and the 
average ree | 254 ean sq. in. No chemical analysis 
of the material was e, but a micrograph indicated 
about 0.12 per cent. of carbon. 

The variations in the extension measured on a series 
of fixed gauge-lengths, and also on a series of variable 
gauge-lengths proportional to the sqnare root of the area 
of cross-section, are shown in Figs. 1 and 2, the ratio 

width being set out horizontally, and the extension 
thickness 
vertically. The extensions on fixed nga eats of 1 in. 
to 15 in. (Fig. 1) give only a slight indication of the 
maximum of Barba. The curves rise as the ratio 

wid is increased from 2 to 7, remain sensibly hori- 
thickness 
zontal between 7 and 12, and rise again as the ratio 
from 12 to 16. The extensions on gauge leagie of 
1 ./area to 15 \/area (Fig. 2) show much less variation 








* Abstract of paper read before the Royal Society of | 
Edinburgh on November 20, 1911, 


than those on fixed gue teeh. The curves are of 
wave form, rising at first to the ratio 7, then falling to 
the ratio 12, and then rising again. 

In Fig. 3 are drawn, with a more open vertical scale, 
the curves of extension for the two most important gauge- 
lengths—the British fixed standard of 8 in., recommended 
by the Engineering Standards Committee for all plates 
and flat hars, and the Continental variable standard of 
11.3 ,/area. The extreme difference of extension for the 
fixed gauge-length is 10 per cent. on 8in.—that is, nearly 
one-half of the extension of the narrowest bar ; for the 

ariable gauge-length the extreme difference of extension 
sonly 2 per cent. on the gauge-length—that is, about one- 


Fig. 1 VARIATION OF EXTENSION OF FLAT STEEL TEST-PIECES 
WITH CHANGE INTHE RATIO OF WIDTH TO THICKNESS FROM 
27016, ACONSTANT THICKNESS OF ¥41NCH,AND GAUGE-* 
OF 11NCH TO ISINCHES. 
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Fug. 2.VARIATION OF EXTENSION OF FLAT STEEL TEST-PIECES 
WITH CHANGE INTHE RATIO OF WIDTH TO THICKNESS FROM 
27016, ACONSTANT THICKNESS OF ¥44/NCH.AND GAUGE-- 
LENGTHS OF VAREA TO 
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Fug. 3.VARIATION OF EXTENSION OF FLAT STEEL TEST-PIECES 
WITH CHANGE INTHE RATIO OF WIDTH TO THICKNESS FROM 
27016, ACONSTANT THICKNESS OF 
OF 8INCHES AND II. 
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FUG.4.VARIATIONIN REDUCTION OF AREA OF FLAT STEEL TEST PIECES 
WITH CHANGE IN THE RATIO OF WIDTH TO THICKNESS FROM 2 TO 
16, AND A CONSTANT THICKNESS OF 44 INCH. 





(2s%y 


fourteenth of the extension of the narrowest bar. The 
curves 8) t that with the British length of 8 in. the 
ratio of width to thickness should be kept within the 
limits of 7 and 12; but there are indications from other 
tests that these limits vary with the absolute thickness 
of the bar, and also with the quality of the metal. 

Fig. 4 shows the variation in the reduction of area for 
the same series of The curve drops at first as the 
ratio of width to thickness is inc from 2 to 6, but 
is ee ee between the ratios 6 and 16, the 
variation between these limits being less than one-twenty- 
seventh of the mean value. This uniformity suggests the 


| use of the reduction of area, instead of the extension, as 


an index of ductility; but the difficulties of accurately 
measuring the final area, and the ~y- variations caused 
by small local defects, are serious objections to such a 
change. 








ROYAL METEOROLOGICAL SOCIETY. 
THE annual general meeting of this Society was held 
on Wednesday evening, the 17th inst., at the Institution 
of Civil Engineers, Great George-street, Westminster, 
Dr. H. N. Dickson, President, in the chair. The Council, 
in their report, stated that they had decided to dis- 
continue the collection of observations and the publi- 
cation of the Meteorological Record as from December 31, 
1911; and that they proposed to prepare a series of 
— values of climatological elements of the British 
sles. 

The President presented to Professor Cleveland Abbe, 
of the United States Weather Bureau, Washington, the 
Symons gold medal for 1912, which had been awarded to 
him in consideration of his distinguished work in con- 
nection with instrumental, statistical, and dynamical 
meteorology and forecasting. 

The President delivered an address on “‘ Some Meteoro- 

ical Observations.” He said that meteorology has at 
the present time reached an important and critical phase 
in its history. This is due, in the main, to the operation 
of three principal factors. (1) By the effiuxion of time 
a mass of observational material hes been accumulated 
which urgently requires examination and discussion, 
with the object of ascertaining the precise meaning and 
value of the records and of improving routine methods 
for the future. (2) The rapid increase of knowledge of 
the conditions obtaining in the upper atmosphere has 
modified and is modifying current views as to atmospheric 
phenomena generally, and new interpretations must be 
P upon the distributions observed at the surface of the 
earth. (3) The importance of applied meteorology in rela- 
tion to agriculture and other activities of every-day life is 
becoming more generally r ised. Itfollowsthat there is 
in many directions urgent need for the extended prosecution 
of research work. Increase of popular interest and public 
support is necessary, and tbe active assistance of research 
workers must be enlisted. It is to be noted that the 
investigations required are of many different qualifica- 
tions; they include the criticism and improvement of 
methods of routine observation, participation in organised 
exploration of the upper air, investigation of statistical 
and analytical methods of dealing with data already col- 
lected, investigation of mathematical or physical problems 
stated as the result of observation, and the examination 
or restatement of geographical or other Fr anangpe affect- 
ing the relation of meteorology to the problems of botany 
and other applied sciences. 





INTERNATIONAL CONGRESS OF APPLIED CHEMISTRY.— 
The Executive Committee of the eighth congress, which 
is to assemble at Washington in September, 1912, under 
the patronage of the President of the United States, and 
to deliberate afterwards at New York, has issued twenty- 
six rules governing the presentation, discussion, and 
publication of papers. These rules were drawn up after 
consultation with upwards of 1400 societies and many 
hundred individuals. We notice that authors will not 
receive proofs of their papers or abstracts, which should 
very carefully be revised, therefore, before submission 
—a wise rule, we think ; that the reading of a paper must 
not occupy more than 10 minutes, except by special 
permission of the Sectional Committee; and that all 
——- must come up to the rostrum. We are sorry 
that 24 sections have finally been decided upon; this 
number is far too large. More than 300 papers, mostly 
by American chemists, have already been announced, and 
three lecturers been selected:—Dr. G. T. Beilby, for 
England (‘‘Some Physical Aspects of Molecular Ag - 
tion in Solids”); Professor G. Bertrand, for France C'The 
Role of Very Small Amounts of Chemical Substances 
in Bio-Chemistry ”); and Professor Ciamician, for Italy 
(*‘ Photo-Chemistry of the Future”). The general secre- 
tary is Dr. Bernhard C. Hesse, of 25, Broad-street, New 
York City. 





Our Raits ABRoaD.—The exports of rails from the 
United Kingdom during the four years ending with 1911 
inclusive were as follow :— 


Year. Tons. Year. Tons. 
1908 .. = 452,521 1910 .. es 482,327 
1909 .. oe 580,215 1911 .. es 370,543 


The exports are, accordingly, not only making no 
Pp’ but they exhibit, on the contrary, a serious 
decline which can only be explained by the increasing 
pressure of American and German competition. If we 
analyse our last year’s rail exports, we find that the ship- 
ments to Argentina declined to 65,204 tons, as compared 
with 102,467 tons in 1910 and 175,827 tons in 1909. The 
colonial demand for British rails has been as follows 
during the last three years :— 


Colonial Group. 1911. 1910. 1909. 
Tons. Tons. Tons. 

British South Africa os 10,864 19,603 25,714 
British India .. a -. 108,461 108,738 126,888 
Australasia .. in -. 108,456 91,123 70,064 
Canada om a és 1,739 3,357 10,266 


The course of affairs in South Africa and India during 
the last three years has not been encouraging, but the 
demand for British rails at the Antipodes has shown 
some improvement. The Canadian demand is necessarily 
languid, in view of the proximity of the Dominion to the 
United States, and in view, , of the development of 
Canadian metallurgical production. The value of the 





rails ees from the United Kingdom in 1911 was 
2, 208, 
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A METALLOGRAPHIC HYGROSCOPE.* 
By Cart Benepicks and Racnak ABPI. 


(Contribution from the Physical Laboratory of the 
University of Stockholm.) 


Waist making some experiments upon a zinc-anti- 
mony alloy in quite a different connection, one of the 
authors (B.) observed an interesting phenomenon, which 
may be described here, although its bearing lies rather 
in a physical direction. : ‘ 

On attempting to etch a ground and polished specimen 
of an alloy with 9 per cent. zinc with gaseous hydro- 
chlorie acid, by away J holding it for some 30 seconds over 
a vessel containing the ordinary aqueous solution of the 
acid, it was found that, instead of attacking the polished 
surface evenly and uniformly, the acid vapours conde 
upon it in separate minute drops. Each of these drops, 
if allowed to evaporate under ordinary atmospheric con- 
ditions, leaves behind a thin layer displaying bright inter- 
ference colours, The first rather striking point to be 
noticed is that these interference colours are by no 
means constant. The direct cause of the colour changes 
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Thackness 
(Number of Interference Rings) 
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(2635) Temperature (* 


was traced to the vicinity of the hands: on bringing one 
finger up to the specimen from a distance, the interference 
rings suddenly changed to a higher order, the change 
being accompanied by a most characteristic play of colours. 
This was particularly noticed on those drops which hap- 
pened to be upon the eutectic portions of the alloy. 

This phenomenon is evidently due to the fact that the 
metallic chloride formed in every drop remainsas a highly 
hygroscopic thin film, the thickness of which must - a 
function of the oy conditions obtaining in the 
surrounding air. e specimen from this point of view 
can be regarded as rather a sensitive hygroscope. 

Etching with alcoholic hydrochloric acid (one part of 
concentrated aqueous acid to 99 parts of alcohol) without 
subsequent washing produced nearly the same effect, 
except that the outlines of the drops were not the same. 
A series of different zinc-antimony alloys were etched 
with the following result :— 


Concentration. Hy sine pic 
20 per cent. zinc (near eutectic I.) ... Suitable. 
27 = ‘ ans ala ies on 
35 am »» (near Zn-Sb) Useless. 
45 wd oe (59 Ztdg-Sby) ee , 
% 4, » (5, eutectic IT.) ... a 
100 ae » (%€., pure zinc)... a 


The alloys containing from 20 to 27 per cent. zinc were 
ma better than the alloy first tried ; in any case, 

ifferences in etching seemed to be of greater moment 
than the exact concentration of the my 

Even when etching with alcoholic hydrochloric acid, 
the chloride film soon ae into distinct drops, owing 
probably to the impossibility of excluding every trace of 
grease. It “re probable that the salt film is composed 
essentially of zinc chlorine and of water, the antimony 
being but slightly attacked. 

Some further experiments were carried out in which, in 
place of the metallographic specimen, a dark glass plate 
was used. A thin layer of a os ic substance, such 
es phosphorus pentoxide or calcium chloride, was spread 
ever this, but with very little result. The main difficult 
is to Lap pe and maintain the glass plate in such a hig 
degree of purity that the liquid will adhere to it as a thin 
layer, and not coalesce into thick drops. The power of 

hering to the etched surface is much stronger in the 
case of the zinc alloy. 

Some measurements were made upon the alloy with 
20 per cent. zinc. A small specimen of the alloy was 
soldered into a metal tube, and a narrow hole was bored 
just under the polished surface to take a copper-constantan 
thermo-couple. A slow stream of cooled water wasallowed 
to flow through the tube, and hence the temperature of 
the specimen, as measured by the thermo-couple, could 

varied at will. A low-power objective was used on 

the microscope, giving a clearance of about 8 mm. to the 

specimen and the temperature was noted when new rings 
eveloped in the middle of the sensitive spot, 

The following figures were obtained :— 


Number of 


Interference Rings. Tempe — 
1 17.5 
2 13.0 
3 11.0 
4 10.0 
5 9.5 
6 86 
7 8.5 





ey — taken as read before the Institute of Metals, 
on Wednesday, January 17, 1912. 


As seen by the curve diagram, the connection between 
temperature and thickness of layer is quite a regular one. 
The thickness increases with falling temperature at a rate 
which is the higher the nearer the temperature approaches 
to the dew-point ; the curve must have as asymptote a 
vertical line passing through the dew-point. It follows 
that this method can be used for determining the dew- 
point, although it may not be easy to control. Experi- 
ments are in hand with a view to using pure water instead 
of a hygroscopic film. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a series of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning these projects can be obtained 
from the Board of Trade, Commercial Intelligence Branch, 
73, ae pe E.C. 

India: The official Indian Trade Journal, Calcutta, con- 
tains an article on the trade in machinery in India. In that 
country, it isstated, it is often difficult for a local capitalist 
to obtain the expert advice and assistance needed for 
estimating the requirements for and cost of a plant for 
any given purpose. In recent years, however, the Central 
Government and certain of the Provincial Governments 
in India have appointed officers, one of whose functions 
it is to procure and supply information of this kind. 
These officers report that they receive many bond-fide 
inquiries from pevene qualified financially and by intelli- 
gence to establish useful works; and the article suggests 
that British manufacturers would do well to get in touch 
with the officers and assist them with estimates and 
—_ In a country such as India it is ere | to 

irect the attention of an inquirer, such as indicated, to 

openings for the development of the country’s resources, 
and to assist him to consider the questions of raw material 
and of demand for the finished product, before he is ready 
to concern himself with the plant required for theindustry. 
Again, different manufacturers make different parts of a 
plant, and quotations for one part have no practical 
interest for the would-be works owner in the absence of 
quotations for the other These are mentioned as 
some of the causes why the efforts of agents and travellers 
of British machinery manufacturers often give some- 
what disappointing results. With the co-operation of 
British manufacturers, however, the commercial intelli- 

nce officers will be in a position to overcome these 
initial difficulties. The article finally suggests that 
manufacturers, when supplying estimates for part of a 
plant, should get into touch with makers of comple- 
mentary parts who might furnish similar estimates for 
the rest. 

Canada: His Majesty’s Trade Commissioner for Canada 
reports that tenders, marked ‘‘Tender for Bucket- 
Dredgers,” or as the case may be, will be received by the 
Deputy Minister of Marine and Fisheries, Ottawa, up to 
noon on February 26 for the supply and delivery at Sorel 
of : (1) one or two steel single-screw bucket-dredgers ; (2) 
a steel single-screw hopper- ; (3) one set of com- 
pound steam-engines, to develop 450 indicated horse- 
= for dredger No. 37 ; and (4) fifty steel rock-digging 

uckets, cast-steel links, and manganese bucket-pins. 
There is no special form of tender in connection with 
these contracts, but separate tenders must be submitted 
for each item tendered for. A deposit of 10 per cent. of 
the value of the offer is required with each tender. 

Germany: The Bérsen Zeitung, Berlin, states that, at 
the suggestion of the Colonial Economic Committee, a 
meeting was held a short time ago by thg Central Asso- 
ciation of German Merchants, for the purpose of discuss- 
ing measures to increase trade with the German colonies, 
more especially as regards the engineering and machinery 
branches. It was considered desirable that the German 
metal and machinery trades should combine with the 
Colonial Economic Committee and its Technical Commis- 
sion, for the purpose of extending their markets, for 
creating new branches of trade, and for the production of 
raw material in German colonies. In order to carry out 
the above objects, it was to pang at the disposal 
of the committee an annual sum of ,000 marks (about 
12,500/.) for the first five years, which amount should be 
contributed by the trades interested. 

B ia: According to the Zentral-Anzeiger fiir das 
Offentliche Laeferungswesen, Vienna, the Bulgarian 
Government have brought in a Bill providing credits for 
the following harbour works :—Silistria, 1,000,000 francs ; 
Bou extension of harbour, 3,000,000 francs, and 
500,000 ” francs for electric light and power; Varna, 
1,350,000 frances to purchase a floating dock, 300,000 francs 
for the erection of a shed, and 250,000 francs for electric 
lighting (25 francs = 1/.). 

Mexico: The Diario Oficial publishes a decree em- 
powering the Caja de Préstamos para Obras de Irrigacién 

Fomento de la Agricultura, Sociedad Anonima to issue 
State guaranteed and unguaranteed bonds for the purpose 
of purchasing land, so that it may be irrigated and 
drained and then sold in small holdings to farmers for 
agricultural pu The total value of bonds or deben- 
tures which wil be guaranteed p 4 State must not 
exceed 200,000,000 dols. (about 20,400,000/.) or its equiva- 
lent in foreign currency, the guarantee of one-fourth of 
which amount has been previously sanctioned for the 
same purpose. The funds may be deposited either in 
Mexican or foreign banks. ? 

Brazil: The Diario Oficial publishes decrees (Nos. 9200 
and 9201) granting, in favour of the Ministry of Commu- 
cations and Public Works, credits amounting to (1) 
300,000 milreis (about 20,000/.) to meet the expenses in 
connection with the extension of the Central of Brazil 
Railway from Itacuruss4 to Angra, and (2) 900,000 milreis 
(about 60,0001.) to defray the cost of extending the 





Central of Brazil Railway in the direction of Montes 


Claros. The Diario also contains a decree (No. 9229) 
authorising the Ministry of Communications and Public 
Works to expend 200,000 milreis (about 13,300/.) for 
carrying out ‘surveying operations in connection with 
various extensions and the construction of new branches 
on the Bahia Railway system. 

Uruguay : With reference to the call for tenders for the 
supply to the Montevideo Port Authorities of a floating 
crane with a lifting capacity of 100 tons, a copy of the 
specification, &c., in this connection has now been received 
from His Majesty’s Legation at Montevideo. Tenders, 
accompanied by proofs of technical capacity, will be 
received at the Secretaria del Ministerio de Obras Piblicas, 
Montevideo, up to 3.30 p.m. on a 26. A deposit of 
1000 pesos (about 212/.) is ui with each tender, to 
be increased by the successful tenderer to 6 per cent. of 
the contract price. Local representation is advisable. 
A list of ts established at Montevideo may be 
oa by British firms at the Commercial Intelligence 

ranch, 

Argentina : H.M. Minister at Buenos Aires reports 
that it is understood that the Argentine Government 
intend to dredge the north channel of the entrance to that 
port in order to oe a depth of 33 ft. at an average low 
tide, the present depth which may be counted upon under 
similar circumstances being 25 ft. The work is expected 
to take about a year, and will be carried out by the 
Hydraulic Works Department of the Government with 
their own plant. 





Exxcrric IRon- SMELTING In Norway. — The Nor- 
wegian Company for Electro-Chemical Industry has 
decided to increase its capital from 83,0002. to 110,000/., 
and has for its object to encourage and aid new Nor- 
wegian industries, more especially of an electro-chemical 
nature. Mr. Sam Eyde, of Norwegian nitrate fame, is 
the chairman of the board, and, so far, the company, 
which is being worked very energetically, has paid 
special attention to electric iron-smelting. It has thus 
assisted the Hardanger Electric Iron and Steel Works, and 
also ag and ——— about the exploitation of the 
Bolefos Falls, in the Nid River, besides the electric 
iron and steel works at Arendal, now in course of con- 
struction. A large new industry—the first of its kind in 
Norway—is about to be started on a large scale and under 
favourable auspices, but nothing has transpired as to the 
nature of this new undertaking. 





THE YIELD-POINT AND THE Exastic Limit.—As is well 
known, there has long been considerable diversity of 
practice in making estimations of the yield-point and the 
elastic limit of a material. We are pleased to learn, 
therefore, that the Engineering Standards Committee 
have unanimously adopted the following definitions :— 
Elastic Limit:—The elastic limit is the point at which 
the extensions cease to be proportional to the loads. In 
a stress-strain diagram, plotted ¢ to a large scale, it is the 

int where the diagram ceases to be a straight line and 

mes curved. ote :—The elastic limit can only be 
determined by the skilful use of very delicate instruments 
and by the measurement of the extensions for small 
successive increments of load. It is impossible to deter- 
mine it in ordinary commercial testing. Yield-Point :— 
The yield-point is the point where the extension of the 
bar increases without increase of load. Practical Defini- 
tion of Yield-Point:—The yield-point is the load per 
square inch at which a distinctly visible increase occurs 
in the distance between gauge-points on a test-piece, 
observed hy using dividers; or at which, when the load 
is increased at a moderately fast rate, there is a dis- 
tinct drop of the testing-machine lever, or, in hydraulic 
machines, of the gauge finger. Note :—A steel test-piece 
at the yield-point takes oy a large increase of exten- 
sion, amounting to more than 1/200 of the gauge length. 
The point is strongly marked in a stress-strain diagram. 
Note added by Request of the Ships Committee:—The 
sectional committee on sections and tests for materials 
used in the construction of ships and their machinery, 
while concurring in the foregoing definitions, desires, 
however, to make the following remarks with regard to 
the use of the terms “‘ yield-point” and ‘‘elastic limit” in 
connection with steel and wrought iron for shipbuilding. 
The Ships Committee does not recommend the use of 
either “‘yield-point” or ‘‘elastic limit” in the standard 
——— or ship material for the following reasons : 
teld-Point.—In ee to the ascertainment of the yield- 
= there is considerable divergence of opinion as to the 
t method of determining it, and all methods involve 
gue — ong aa 4 “|: be ex ; in the works. 
ile it is possible in works, by careful testing at greatl 
reduced speed, to obtain the yield-point in ordi mild 
steel and wrought iron, some of the harder steels and 
other constructional materials have no definite yield- 
point at all, and some have no elastic limit. Blastic 
Limit.—It is quite im ible to determine the elastic 
limit in the time available for ordi commercial test- 
ing. In its determination a specially delicate and accurate 
extensometer must be used, in the hands of a careful and 
competent observer and the determination for each test- 
bar would require a considerable time. It is properly a 
matter to be left to laboratories organised for scientific 
purposes. The Ships Committee is of opinion that the 
present method of fixing, by experience, the working 
stress for any materia] as a proportion of the ultimate 
breaking stress, rather than as a proportion of the elastic 
limit or yield-point, is the best practical method, and 
therefore it considers that the inclusion in the British 
Standard ro me ee ree for Ship Material of tests, to 
ascertain either the elastic limit or the yield-point, would 
not justify the dislocation of the yo? eat commercial 
testing as carried out in the works’ test-rooms, which 





woul entailed thereby. 
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THE COPPER MARKET. 


Messrs. James Lewis anp Son have issued their 
report on copper for the year 1911. This gives the 
various fluctuations in prices which have taken place 
during the year. Since we have dealt with these 
in the abstracts of the reports which Messrs. Lewis 
issue periodically, we need not enter further into the 
question of prices. Messrs. Lewis now give in the an- 
nual report in question the following interesting figures 
as to quantities. They state that production in the 
United States had increased 15,020 tons, or nearly 34 per 
cent., Lake Superior having decreased 1843 tons and 
Montana 5716 tons, while Arizona showed an increase of 
7734 tons, and other States (chiefly Utah, Nevada, and 
New Mexico) 14,845 tons, the output of the eres guy 2 
mines not having proved as large as was ex - In- 
ports from ‘‘ other countries” into the United States 
increased 7768 tons and into Germany 1720 tons, but, 
into England and France, had decreased 1203 tons, 
German production increasing 640 tons. The total sup- 
plies had been 875,144 tons against 851,199 tons in 1910— 
an increase of 23,945 tons, or 2}} percent. Increased 
production had not been very noticeable in any ‘other 
country ” except Queensland, which had sent 6500 tons to 
England, and Mexico—whence the increased supply to 


England and France had been 2650 tons. The shipments | §4 


from Chile had fallen off about 6000 tons. 1800 tons of 
fine copper had been produced at the Kansanshi Mine in 
Rhodesia and ship) to Europe, but smelting operations 
there had since been suspended pending arrangements for 
more economical transport from the mine to the railway. 
The prospect of large supplies from the Star of the Congo 
Mine appeared at present somewhat remote. _ 

The production of the world for 1911 was estimated by 
Messrs. Lewis at 875,000 tons, against 851,000 tons in 1910, 
847,000 tons in 1909, 755,000 tons in 1908, and 720,000 tons 
in 1907. The forecast they gave in their last annual report, 
to the effect that consumption promised to fall off toa 
considerable extent in the United States, but that in 
England and Germany there was —_ likelihood of it 
being maintained, if not increased, h roved correct. 
Whereas the consumption of the United States has been 
13,941 tons less than during 1910, that of England has 
increased 856 tons, of Germany 18,318 tons, and of France 
15,351 tons, while the exports of manufactured copper and 
sulphate of —— from England had increased 10,608 tons, 
roe | of manufactured copper from Germany 8001 tons. 
Stocks in the United States and Europe had been reduced 
to the extent of 43,082 tons—100,693 tons against 143,775 
tons a yearago. ‘This followed a reduction of 23,685 tons 
during the year 1910, making a total in the two years of 
66,767 tons. This showed the extent to which consump- 
tion has exceeded production. 

There is every likelihood of a considerable expan- 
sion of production in the United States in the course 
of the present year, the higher range of values now 
ruling acting as a stimulus to it, but no large increase 
is apparent from other countries, with the exception 
of Russia, where the price rules much higher than 
in the rest of Europe, being protected by a high 
import duty. In the United States consumption pro- 
mises to be much larger than in the preceding year, with 
the increased activity developed in the iron and steel 
trades and the cheapness of money, and in Europe there 
is every prospect of a continued large consumption, the 
electrical and engineering trades being supplied with 
orders for many months ahead. 








Tae NorweGciaAN Mercuant Navy.—According to 
Norwegian Veritas the Norwegian merchant navy, at the 
beginning of the present year comprised 2089 vessels of 
not less than 100 tons, with an aggregate tonnage of 
2,234,346 tons. Of the above total 1423 were steamers, 
with an aggregate tonnage of 1,618,688 tons, and 666 were 
sailing vessels, with an aggregate of 615,658 tons. On 
January 1 there were in course of construction at Norwe- 
gian yards a total of 94 steamers, with an aggregate of 
55,500 tons, and of the above no less than 33 were whaling 
steamers, the whaling industry at present doing exceed- 
ing well, and much energy being displayed by Norwegian 
owners in divers quarters of the world. 





Tue Errect oF ATMOSPHERE ON CoaL.—According to 
the American Mining and Engineering World, recent 
experiments in France have shown that (1) coal kept 
under water does not lose to an appreciable extent its 
calorific value ; (2) exposure to air causes a loss of from 
23 to 10 per cent. in this respect ; and (3) in most cases 
the loss reaches its maximum at the end of five months, 
and from the seventh to the ninth month the loss is 
inappreciable. The co uences of oxidation by air are: 
(a) variation in the ae condition of the coal, indicated 
by a reduction in the number of large pieces, which 
become cracked, and, little by little, fall into smaller 

ieces ; (b) variation in weight, which passes through the 
ollowing three stages: First the hygrometric moisture 
and accumulated methane are given off, causing loss of 
weight ; then an absorption of oxygen causes an increase, 
and finally there is a renewed loss due to the freeing of 
hydrocarbons by the partial decomposition of the coal. 

duration of these periods varies according to the 
nature and state of the coal; but they ultimately lead to 
spontaneous combustion. (c) Reduction in heating and 
lighting power, amounting, at the end of a month, to 
something very considerable; (d) Loss in yield of by- 
products and in the quality of coke. After an exposure 
of from three to four months the loss in ammoniacal 

ucts recoverable may reach 50 Pad cent., and, as to 

coke, experiments show that, after an exposure of 
six months, coal originally yielding metallurgical coke 
is no longer suitable for such purpose. 





CATALOGUES. 

Engineers’ Tools and Sundries.—Messrs. Rimington 
Brothers, of 6, Abbey-street, Carlisle, have sent us a 
copy of an illustrated price-list of beltings, hose and hose- 
fittings, oils and greases, packings, valves, cocks, lubri- 
cators, pulley-blocks, forges, hand and machine tools, 
grinding - machines, screwing - tackle, and many other 
appliances supplied by them for engineers, smiths, and 
others. 

Aluminium for Electrical Purposes, 4-c.—Several leaf- 
lets and = illustrating the use of aluminium 
wires and cables for power transmission lines and 
feeders, have reached us from the British Aluminium 
Company, Limited, 109, Queen Victoria-street, E.C. 
Another leafiet illustrates the use of aluminium panels, 
ceilings, and mouldings, in the construction of tramcars 
and railway carriages ; a further leaflet gives tabulated 
particulars of aluminium tubes. 


Machine-Tools.—We have received from Messrs. C. 
Redman and Sons, Pioneer Iron Works, Halifax, a copy 
of their new catalogue of machine-tools. This catalogue, 
which is well-printed and illustrated, gives particulars of 
planing-machines in a full range of sizes, the largest of 
which is capable of taking work 10 ft. long by 6 ft. 
uare. Screw-cutting lathes, boring-lathes, shaping- 
machines, drilling-machines, and various accessories, are 
also dealt with. 


Portable Boring-Machines.—Messrs. Watts Brothers, of 
Cambridge-street and Wellington-street, Sheffield, have 
sent us a pamphlet illustrating and giving particulars of 
their portable boring-machines. These machines, which 
are suitable for boring engine cylinders, bearing seatings, 
fly-wheels, &c., are made in five standard sizes, the 
largest of which is capable of boring up to 50 in. in 
diameter, with a traverse of 60 in.; prices are stated for 
these machines. The tools can be operated by hand or 
belt-drive, or by an electric motor. 


Chains and Accessories.—A catalogue and price-list of 
chains and accessories has reached us from Messrs. 
Joseph Wright and Co., of Neptune Works, Tipton, 
Staffordshire. The catalogue deals with various brands 
of short-link crane-chains, chain-cables, slings and lash- 
ing chains, hooks, shackles, connecting-links, stretching- 
screws, anchors, mooring-gear, pulley-blocks, and other 
accessories. Prices are also stated for examining, testing, 
and annealing chains. In connection with this catalogue 
Messrs. Wright are issuing a wall-sheet, suitable for 
hanging in workshops, showing the safe working loads for 
chains of various sizes. Copies of this sheet may be 
obtained free on application. 

Electric-Light Fittings and Heating Apparatus.—The 
Wardle Engineering Company, Limited, of 196, Deans- 
gate, Manchester, have sent us a copy of their new cata- 
ogue of lanterns and fittings for street, shop, and works 
lighting with metallic filament lamps. The fittings dealt 
with, which include many new designs, are all fully de- 
scribed and illustrated, and prices are stated. We have 
also received from this firm alist of Bastian ‘‘ Quartzalite” 
heating and cooking apparatus. In this oan the 
heating element consists of a helical wire of nickel-alloy 
enclosed in a quartz tube, the whole element becoming 
red-hot when in use. Prices are stated for radiators, 
ovens, hot-plates, water-heaters, flat-irons, and other 
appliances on this system. 


Power Transmission Accessories.—¥From the Unbreak- 
able Pulley and Mill-Gearing Company, Limited, of West 
Gorton, Manchester, we have received a copy of the 
twenty-fourth edition of their illustrated pocket catalogue 
of Demy. agpena accessories, such as shafting, loose 
collars, shaft couplings, hearings, pedestals, hangers, 
brackets, belt and rope puileys, &c. This edition deals 
with several new lines, among which may be mentioned 
ball and roller bearings, forced - lubrication bearings, 
heavy bearings for main drives, Reny flexible couplings, 
and Benn friction clutches with various actuating gears. 
The catalogue gives full particulars, including dimensions, 

ces, and code words, for all standard articles, and also 
includes a number of tables of data used in connection 
with power transmission by mechanical means. The 
price of the catalogue is 6d., post free. 

Driving - Chains.— A pamphlet entitled ‘* Driving- 
Chains Compared with Belts” has recently been circu 
lated by Messrs. Hans Renold, Limited, of Progress 
Works, Brook-street, Manchester. This pamphlet gives 
an account of the causes which led to the substitution of 
roller-chains for leather-link belts for driving the boring 
spindles of an adzing and boring-machine for railway 

eepers, and also states the results obtained. Owing to 
the a seo d of the boring spindles, it was necessary for 
the belts to round a very small pulley, and an exces- 
sive strain had to be put on them in order to effect the 
drive. Undersuch conditions constant trouble was expe- 
rienced owing to belts breaking, bearings heating, &c., 
and it was also necessary to vepiace the belts after from 
seven to fourteen days’ use. Messrs. Renold state that 
these difficulties have been surmounted by the use of 
their bush-roller chains, which have been found satisfac- 
tory, although the conditions under which they werk are 
unusually severe. Another pamphlet which has reached 
> on Se om firm points out the aiveanes of their 
chains for driving engine governors an ve-gears. 
Several examples of these drives are illustrated. 

Fans.—We have received from the Turbon Patent Fan 
Company, Limited. of Llanmore Works, Llanelly, South 
Wales, a pamphlet relating to their fans, the speci 
feature of which is the design and construction of the 
ne el pe mg the jo ye and is built up of a 
num rings of sheet-metal pressed into corrugations 
so that the rings present a wavy outline when seen edge 





on. The ridges of the corrugations are shaped so that 
when a number of rings are assembled they interlock and 
form a cellular mesh-like structure. The rings are held 
together by bolts passed through them in a direction 
parallel to the axis of the drum, these bolts also serving 
to secure the rings to the driving discat one end, and to 
a holding-ring at the other end of the drum. This method 
of construction entirely avoids the use of rivets, and it is 
claimed that the impeller is self-centering, self-balancing, 
and exceptionally strong and efficient. It is also men- 
tioned that the rings can easily be reversed, so that the 
direction of rotation of the fan can be altered if neces. 
sary. The pamphlet gives dimensions, capacities, and 
other particulars of fourteen sizes, having inlet openings 
ranging from 12 in. to 72 in. in diameter. 


Superheated-Steam L tives.—We have received from 
Schmidt’s Superheating Company (1910), Limited, 28, 
Victoria-street, Westminster, By W.., a copy of an interest- 
ing pamphlet dealing with Dr. Schmidt’s system of gene- 
rating and utilising highly superheated steam in locomo- 
tives. In this pamphlet a brief historical chapter is fol- 
lowed by others, in which the four principal advantages 
claimed for the system—viz., in haulage power, 
reduced coal and water consumption, reduced boiler pres- 
sure, and reduced maintenance costs for boiler and fire- 
box—are fully dealt with. An illustrated description of 
the smoke-tube type superheater is then given, together 
with particulars and drawings of simple and “trick” 
piston-valves, metallic packings, and other details of the 
system. The pamphlet contains several half-tone illus. 
trations of British-built locomotives fitted with Schmidt 
superheaters and piston-valves, and also gives, on folding 
plates, a number of reproductions of sectional scale draw- 
Ings of express passenger and goods engines for British 
and foreign lines. It is mentioned that, at the time of 
publication of this acs hlet, anes of 9000 engines had 
been fitted with Schmidt superheaters for use on over 240 
different railways in all parts of the world. 


Rotary Pump and Compressor.—We have received from 
the Herring Pump Company, 14, Marchmont-street, 
W.C., a pamphlet illustrating and describing Herring’s 
patent rotary pump and gas-compressor. It is stated 
that this pump can used for compressing air or other 
gases up to 200 Ib. per sq. in., and for exhausting down to 
29 in. of mercury, as well as for pumping liquids of all 
kinds. The pump consists of two geared impellers which 
rotate in a chamber having longitudinal ports opening 
into” the delivery and suction chambers at the top and 
bottom respectively. The delivery chamber is arranged 
so that it forms a reservoir for a liquid, such as oil, water, 
or glycerine, which is employed to seal the joints 
between the impellers and the casing when the pump is 
used for compressing or exhausting. The level of the 
liquid in the delivery chamber is above that of the de- 
livery port, so that the liquid has free access to the upper 
part of the impellers, and thus seals the joints between the 
teeth. By-pass passages are also provided to allow a small 
quantity of the fluid to flow into the lower part of the 
impeller casing, the liquid entering in this way, being 
carried round by the teeth, serves to a. the joint tight 
between the teeth of the impellers and the casing. The 
pamphlet gives full particulars, including price, of a 
pump capable of delivering about 3000 gallons of water per 
hour when running at 800 revolutions per minute. Both 
larger and smaller sizes can, however, be made. 











THe TWELFTH INTERNATIONAL CONGRESS OF NAVIGA- 
TION.—On page 864 of our last volume we announced that 
this Congress would be held in Philadelphia, beginning 
May 23 next. We now hear that arrangements for the 
reception and entertainment of foreign visitors are being 
worked out on a very large scale. The Congress will bring 
together engineers who have directed the improvement 
and regulation of the great alluvial rivers of Europe and 
those engaged in solving problems presented by such 
large streams as the Mississippi, the Delaware, the 
Columbia, and the Hudson. is subject will be dis- 
cussed by nine European experts, including Dr.-Ing. 
Sympher, of Berlin, and M. Timonoff, of St. Petersburg. 
Another im t subject that is of vital interest in 
many countries is that of the dimensions to be assigned to 
canals for heavy traffic. This is to be discussed by seven 
representatives from Europe, and also by Lieut.-Colonel 
H. F. Hodges, U.S.A., Assistant-Uhief Engineer of the 
Commission that is building the Panama Canal. The 
Europeans will include M. Bourgougnon, Ingénieur en 
Chef des Ponts et Chaussées, Marseilles; M. Sanjust 
di Tuelada, Rome; and Colonel Frederik W. Hansen, 
Stockholm. M. Bourgougnon will contribute a paper 
giving the eens of France in constructing canals 
of the best dimensions in order that freight may be 

rted at the very lowest possible cost. This dis- 
cussion should be of interest in view of the canal con- 
struction now proceeding in the United States, as, for 
instance, the ae canal which is being constructed 
to connect the Great Lakes with the Hudson River 
and New York Harbour. In the movement of traflic 
this canal will have to compete with no less than 
four great railroads, and the question of its dimensions 
is important from the point of view of the cost of 
transportation. This barge canal, traversing & distance 
of 700 miles, is one of the engineering works that 
will be inspected by the foreign engineers and delegates 
visiting America for the Congress. It is on the route of 
one of the excursions to be conducted after the close of the 
sessions in June. on which the visitors will be the official 


al| guests of the United States Government and of the 


varions States and cities to be visited. Arrangement: 
will be made whereby the delegates may visit the 
Isthmus of Panama at reasonable cost and under favour- 
able conditions. 
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««ENGINEERING” ILLUSTRATED PATENT 
RECORD. 

SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 

CATIONS UNDER THE ACT OF 1907, 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Wi om inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
he iform i of 8d. 

Th: ae of the edscrtiooment of the acceptance of a Complete 
Specification is, in each case, given after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the accept of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


14,812/11. Veritys, Limited, London and Birming- 

a P.A. Four % Circuit-Breaker. 
(2 Figs.) June 26, 1911.—According to this invention, the electro- 
magnet, which holds the circuit closed, is contained in a shunt 
circuit and overload coils contained in the main circuit are 
arranged to operate means for magnetically short-circuiting the 
field of the electro-magnet. The contacts of the main circuit are 
represented by a and ¢, and the brushes therefor bydande. The 
carrier f for the brushes has connected to it an armature g which 
is movable within a tube h hung from the pole piece i of the 
electromagnet j. The electro-magnet j is excited by a coil n 
connected in a shunt circuit of the main circuit 0. When the 
shunt circuit through the coil » is closed by hand, the electro- 
magnet j is excited so that its pole-piece i sucks up the armature 
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g and brings the brushes d and e into contact with the main con- 
tacts aand ¢ to thereby close the main circuit. r is a magnetic 
sleeve surrounding the tube A in a position normally clear of the 
magnetic lines of force passing between the ends j? of the 
electro-magnet j and the pole-piece i. This sleeve is to short- 
circuit or weaken the field between the ends j? and the pole- 
piece, so that the pole-piece loses its power upon the armature g at 
the time the sleeve r is inte tween the ends ? and the 
pole-piece, The normal ition of this short-circuiting sleeve is 
that represented—namely, out of use—but it is connected by r 

8, tto solenoids u, wound to operate upon an overload in the main 
circuit, when said sleeve takes up a position inside the shunt 
circuit coil n. To open the circuit by hand, the sleeve r can be 
moved up to its short-circuiting position by any convenient 
devices. (Accepted December 6, 1911.) 

28,3070. J. Mould, London. Variable - Speed 
Dynamo. [2 Figs.} December 6, 1910.—This invention consists 
in a dynamo electric machine which will furnish an qeeeaniey 
constant current in one direction, irrespective of the d or 
direction of rotation. This object is attained by the use of a four- 
pole field, the poles being alternately north and south, and two 
of the poles being caused to act on the zone of winding on one 
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side of the brushes collecting the useful current, whilst the two 
ren — poles act = zone of winding on the other side 
of the said brushes. ©}, C2, O3, and C4 are the brushes. The 
battery D sends current round the coils el and e?, causing them to 
maynetise the four poles alternately north and south, as shown. 
When the machine first starts to revolve under conditions of equal 


brushes C% and C!, which are the brushes collecting the useful cur- 
rent, but there will be an electromotive force produced between 
the brushes U! and C2, and between the brushes C2 and C3, due to 

les N! and 82 tively. Current is now collected from 

rushes C! and O2 and used to excite coil /1. It will readily be seen 
that when the armature rotates in one direction the effect of coil /? 
will be to strengthen the pole on which it is wound, whilst, when 
the direction of rotation is reversed, the effect of coil f1 will be 
reversed, and it will weaken the said pole. The effect of this 
strengthening of the flux S2, when the machine rotates in one 
direction, will be an increase in the electromotive force between 
brushes C2 and C%, thus making the electromotive force between 
brushes C2 and O° greater than that between brushes C! and C2, 
and when the rotation is reversed, and the pole S2 becomes 
weakened, the electromotive force between brushes C* and C* 
will decrease to a less value than that between brushes C! and C%. 
It will therefore be seen that the electromotive force between 
brushes C! and C3 will be in the same direction for both direc- 
tions of rotation. The zone of winding on the other side of 
brushes C! and C%—namely, that which contains brush C4—will 
be acted upon in precisely the same way by poles 8S! and N°. The 
output of the machine is maintained approximately constant by 
virtue of the action of the coil f2 upon the pole N!. This coil, 
being in series with the main circuit, carries the whole of the 
useful current, and therefore tends at all times to demagnetise 
the pole N}. It also acts through the armature on coil f!, tend- 
ing to reduce its effect should the current in the main circuit 
ed rise above the desired value. (Accepted December 6, 
1911. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


22,082/11. A. K. Hunting London, and J. H. 
Maltby, Sandgate. a Engines. 
{1 Fig.) November 16, 1910.—This invention consists in provid- 
ing a springy metal ring around the lower end of the piston 
pres:ing against the cylinder wall, preferably with a downward 
scraping action, to prevent the passage of too much oil from the 
crank-case into the combustion space. The outer end of the 
piston is provided with a groove in which there is placed a metal 
scraper ring 2, having a downwardly projecting flange which 
reaches preferably lower than the bottom edge of the piston, so 











that much oil cannot be enclosed between the piston and cylinder, 
and be forced up t the piston as it descends or is sucked up 
during the induction stroke. This ring operating to prevent the 
movement of the cil past the piston into the cylinder thereby 
prevents the entry of sufficient oil to cause the smoking of the 
exhaust or to interfere with the action of the sparking plug or to 
cause deposition of carbon on the cylinder walls and crowns. 
The downwardly projecting flange may be slotted to allow a little 
cil to pass, and is so constructed that it tends to scrape oil off 
the — of the cylinders downwards. (Accepted November 29, 
1911. 


29,163/10. L. S. Tooth, Stepney. Regenerative 
Gas-Burners. (5 Figs.) December 15, 1910.—In a gas-burner 
having a heating chamber and a block therein for causing the 
heated gaseous mixture to flow in thin annular form to the burner, 
the block or the casing, or both, is, or are, constructed, accord- 
ing to this invention, in such a manner that the mixture of gas 
and air passing from the mixing tube shall be geen a centrifugal, 
or up and down, travel before passing through the annular space 
between the valve and the casing on its way to the burner. lisa 
chamber having a conical lowerpart 2, the apex of which :s formed 
with, or carries, the burner proper and the mantle. Inside this 
chamber 1 is a cone-sha) block 5. This block is carried by a 
screw - threaded rod 6 operable from outside the chamb 80 
that the block 5 may be adjusted and the space between the 
block 5 and the chamber determined. The block 5 is, proferably, 
at the upper —_ formed with an annular recess 9 extending from 
a raised portion 10 in the centre to the edge 11 and the Bunsen 
tube 12 is led into the chamber 1 in such a manner that the gas 








and air passing into the chamber is forced to travel in a centri- 
fugal manner around the top of the block before passing through 
the space between the block and chamber wall to the burner, such 
Bunsen tube being arranged in a horizontal, angled, or vertical 
position as desired, or the Bunsen tube may be connected to the 
chamber in any other manner, whether the is given a centri- 
fugal motion or not in the chamber. The c! ber, with its cone 
inverted, is positioned over the mantle, so that the uprising pro- 
ducts of combustion impart heat to it, and the gaseous mixture 
as it passes to the burner whereby it becomes regenerative. By ad- 
justing the block to determine the space between the block and 
chamber, the proper sized is formed to suit the size of 
the Bunsen tube, and permits A agpenome: of gas to draw in the 
correct proportion of air to obtain complete combustion. The 
block 5 is carried by a cover 13, which is screwed into the top of 
the casing 1, and the gas and air passing along the passage-way 
14 to the side of the casing 1 will partake of a centrifugal motion, 
assisted by the annular recess 9 before taking a downward course 
through the space 8 to the burner. (Accepted December 6, 1911.) 


27,579/10. J. McKechnie, Barrow-in-Furness. In- 


which the fuel is sprayed into the cylinder about the time that 
the piston arrives at the inner end of the compression stroke, a 
charge of air previously admitted into the cylinder being com- 
pressed during the compression stroke to a very high degree of 
compression, which raises the temperature of the air to a sufli- 
cient extent te ignite the fuel as soon as it is sprayed into the 
cylinder, it has n customary to introduce the fuel into an 
atomiser preparatory to its entrance to the cylinder, and to dis- 
charge the fuel from the atomiser by highly compressed air which 
enters the atomiser from a stoi tank connected with an air- 
compressor. The present invention dispenses with the air-com- 
ressor and gg tank, and substitutes therefor a device for 
ntroducing the fuel into the cylinder in the form of spray. 
According to this invention, the fuel is injected into the cylinder 
suddenly and asa spray through fine holes without any admix- 
ture of air and under an extremely high-spring pressure in such a 
manner that on entering the cylinder (where the pressure, 
—— still very high, is much below that to which the liquid 
has n subjected) the fuel spray instantly vaporises owing to 
the eudden reduction of pressure in conjunction with the high 
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temperature of the compressed air into which it enters. A 
indicates the engine cylinder, B the piston, C the fuel-intro 
ducing plunger, and D the spring. The spring D is a powerfu 
coiled-metal spring, and encircles a rod which forms a con 
tinuation of the plunger O. The spring is confined between 
a disc c! and a cross-piece c*, The upper end of the rod ter- 
minates in an open frame that carries a roller for engage- 
ment with a cam c? mounted upon a shaft driven from any 
convenient part of the engine. e charge of fuel to be forced 
into the cylinder A is admitted into a ch ra from a measuring 
pump that is separated from such chamber by a non-return valve, 

e chamber a is in open communication with the cylinder A 
through a number of small apertures, the arrangement being such 
that when the engine piston B is at or about theinner end of its 
compression stroke, the spring is released by the action of the 
cam, with the result that the leap od C forces the fuel under 
heavy pressure (for example, from 2000 Ib, to 6000 Ib. per sq. in.) 
through the small aperturesin the form of a spray into the engine 
cylinder A, whereupon the compressed charge of air therein ignites 
the fuel in the usual manner. (Accepted December 6, 1911.) 





22,118/11. Fried. Krupp Aktiengeselischaft, Essen. 

. Artille ehicles. [5 Figs.) December 27, 

1910.—This invention relates to a limber connection for artillery 
vehicles, one of which—the limber-hook, for example —is 
pivotally carried on a draw-bar, and is adapted to contact with 
an abutment under the action of a spring, and, according thereto, 
the limber connection has springs so arranged that the mutual 
rocking movement of the draw-bar and the member carried 
thereon is opposed by a greater spring resistance than that which 
opposes the movement of the member mounted on the draw-bar, 
and which takes place in the direction of the axis thereof. A is 
the two-wheeled limber, and B the rear carriage coupled to the 
limber. The limber A carries on the rear of its frame C (Figs. 1 
and 3), a bearing D which is rigidly connected thereto, and con- 
tains a bush E, This bush E is mounted in the bearing D, so as 
to be capable of movement therein longitudinally, but is incap- 
able of rotating, and has on its rear end a flange ¢!, which 
normally rests against the rear of the bearing D. In a cylindrical 


Fig.t.g 





























boring through the bush E is guided, by means of its thicker 
portion H, a draw-bar com substantially of two cylindrical 
portions H, H' of different diameters. The portion H carries an 
eye, to which the limber-hook N is pivoted. In the position of the 
parts shown in Fig. 2, the shoulder on the draw-bar lies a little 
away from the forward face of the bush E. The portion H! of the 
draw-bar carries on its free end a nut J, which serves as a front 
abutment for two springs telescoped one inside the other. The 
inner spring bears with its rear end against a ring adapted 
to bear both against the shoulder on the draw-bar and against the 
front end of the bush E. The external diameter of the ring just 
mentioned is greater than the external diameter of the pF oy 
The rear abutment of the external spring is formed by a ring, 
which can oot itself both — the ring just mentioned 
and against the bearing D. The limber-hook N has a fork-shaped 
head on, between the fork arms of which lie the eye of the 
draw-bar H, H} and two rollers Pand P!. The rollers P and P! 





{3 Figs.) November 26, 





flux distribution, there will be no electromotive force between 





ternal 
1910.—In internal-combustion engines burning crude oils, and in 





can rest against the flange e! on the bush E. Upon the limber- 
hook N is mounted a conical limber-pin n%, which is embraced 
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with a slight amount of clearance by the limber-eye r] provided 
on the shaft R of the rear carriage B. (Accepted November 29, 
1911.) 


20,964/11. Fried. Krupp Aktiengese Essen, 

. Ammunition Wagons. [2 Figs.) March 13, 

1911.—In a tip-up ammunition wagon, according to this inven- 
tion, the armoured foot-plate B is, when the wagon is in the 
travelling position, connected by rods C to the body, and is also 
directly and detachably connected thereto near the base of the 
wagon, 80 that the foot-plate, after it has been disconnected from 
the wears body, can be turned about its rods C into a position 
in which i€ projects beyond the end wall of the wagon in a direc- 


tion away from the bottom of the wagon, The drawing shows a 
side elevation, partially in section, of the ammunition wagon 
with the wagon-hody = up. Ais the wagon-body and B the 
armoured foot-plate. 


th are connected to each other in an 





Pig.2 





easily detachable manner by the aid of two hinge parts a!, b!, 
the connecting bolts of which are made in the form of key-bolts. 
The two rods C, which are attached on the one hand to the foot- 
og B and on the other hand to the front wall of the wagon- 
y A, secure the position of the foot-plate in the travellin 

position of the ammunition wagon. The bearings of the rods 
are 80 arranged that, after the disconnection of the age parts 
a}, bi, the foot-plate B can be turned over into a position in which 
it projects beyond the end wall of the wagon in a direction away 
from the bottom of the wagon-body A. When in this position, 
and when the wagon-body is aaoedl on. it roofs over the space 
occupied by the crew when under a hostile fire, as is shown by 
dot-and-dash lines. (Accepted December 6, 1911.) 


19,215/11. Fried. Krupp Aktiengesellschatt, Essen, 
Germany. Ordnance. (2 Figs.) June 3, 1911.—This inven- 
tion relates to that class of travelling ordnance in which the 
vertical axis about which the gun-carriage can be swung rela- 
tively to the spade, is located in the vicinity of the heel of the 
trail of the gun-carriage, and comprises a spade arrangement in 
which the spade D is carried on the limber eye B! of the gun- 
carriage. Upon the tail end of the body A of the gun-carriage is 





secured the cap B, which carries a limber eye B!. The limber eye 
forms the bearing for the vertical pivot-pin of the spade D. The 
pivot-pin is mounted upon the piece d? ting two inclined 
upwardly-directed arms d* of the spade. The pivot-pin is secured 
in the limber eye by a nut, which is screwed on to the pivot-pin. 
The pivot-pin of the spade and the connecting piece d* are pro- 
vided with a central hole, which, when the gun is limbered up, 
serves to receive the so called linber pin of the limber. (Accepted 
December 6, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


22,543/11. W. A. 8S. Benson and W. A.S. Benson and 
Co., Limited, London. Chucks. [2 Figs.) July 5, 1911.— 
According to this invention, lathes are provided with a bell-chuck 
made in one piece with an annular face-plate, the sprocket wheel, 








by means of which the combined chuck and face-plate are turned, 
being preferably also made in one piece with the same. a is the 
bell-chuck, } the annular face-plate, and ¢ the s ket wheel by 
means of which the chuck is driven. (Accepted mber 6, 1911.) 


METALL’ 
MINING, EGY, AND METAL- 


27,833/10. R. Anderson, South Bank. Manipulation 
of Steel Pintes- (3 Figs.] November 30, 1910.—This invention 
relates to means for facilitating th» manipulation of iron or steel 
plates or other articles of weight, the object in view being to 





enable such articles to be readily handled so as to be introduced 
into machinery generally, or for the nianipulation of rolled plates 
about shearing or punching-machines, by placing a series of ball- 
bearings in convenient tions so as to distribute and carry the 
weight of such plates and to enable them to be easily moved 


thereon. The lai ball a is placed in a spherical recess of such 
depth that when in position and - rted on its ball-bearings b, 
the ball a is enclosed to a depth which enables a cover c to secure 
it in position in any attitude of the block, whilst leaving a suffi- 
cient surface of the ball protruding for the purpose of supportin; 
its load clear of the bearing-block to the extent required for anti- 
friction purposes. The contour of the recess in the block d is 
that of a curve which dive’ from the curve of the ball a as it 
approaches the horizontal diameter, the divergence being suffi- 
cient to afford a free play to the one . This is neces- 
sary to prevent jamming of the balls of the bearing when trying 
to regain their places after being upset by the bodily inversion, 
more or less, of the bearing. It is also essential that the space 
between the ball a and the recess be all but filled with the small 
balls b, otherwise if wholly filled, nipping is liable to take place 
under the deviation in the position of the large ball according to 
the direction of the strains of the load, which may be very heavy 
and which the bearing has to carry in a state of motion as rapid 
and variable as circumstances permit or require. (Accepted 
December 6, 1911.) 


MOTOR ROAD VEHICLES. 


26,898/10. G. W. Goodyeee, Dudley. Wire-Spoked 
Wheels. [4 Figs.] November 19, 1910. This invention con- 
sists in a wire-spoked wheel having five distinct series of spokes, 
two series connecting the outer side of the rim with the outer end 
of the hub, while of the other three series, one comprises a set 
tangential in both directions, and connecting the inner edge of 
the rim with the inner end of the hub, the remaining two series 
being tangential in one direction only, but these directions are 
—- The last-mentioned two series pass from the inner end 
of the hub to the outer side of the rim. Of the three series men- 
tioned, one series, 3, connects the edge of the rim with the inner 
end of the hub, the spokes lying in a substantially vertical plane. 
This series of spokes is arranged tangentially, and in crossed pairs, 
as shown by Fig. 1. A seoond series, 4, connects the rim on the 
outer side of the central plane with the inner part of the hub, 





(26898) 


whilst the third series, 5, connects the rim at points towards the 
outer edge with the inner end of the hub at points slightly 
inwards of the points of connection of the series 4, the second and 
third series, 4,5 being arranged tangentially, and also in such 
manner that one spoke is arranged cross-wise in relation to one of 
the other series, two such spokes forming pairs around the wheel. 
The two series, 1, 2 pass from the outer edge of the rim to the 
outer end of the hub, and are arranged in pairs, one spoke of one 
series forming a pair with one spoke of the other ; the series 1, 2 
at their inner ends are connected, as faras possible, in substantial 
circumferential alignment, whilst they diverge towards their outer 
ends, and are connected to the rim at points, which, in the case 
of the series 1, lie nearer the edge of the rim than the point of 
connection of the series 2. The spokes are arranged tangentially. 
(Accepted November 29, 1911.) 


745/11. F. McCulloch, Urmston. Pumps. [2 Figs.) 
January 11, 1911.—This invention relates to steam and other 
fluid yay ~ and has reference to pumps of the kind 
descri in Specification No. 5207 of 1906, in which the main 
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steam-inlet a from the valve-chest b to the steam cylinder c 
are to cross each other, the lower port in the valve- 
chamber conducting steam to the upper part of the cylinder ¢ 


cylinder, this and the general arrangement of the valve being 
designed to allow the pump to be started in an absolutely reliah|e 
manner. In the course of manufacture it has been found to be 
somewhat difficult or inconvenient to form the steam-inlet ports a 
in the manner referred to, and one of the objects of the present 
invention is to dispense with the crossing of the ports and to 
arrange them more direct with the ends of the cylinder c—that is 
to say, the lower port in the valve-chest ) communicates directly 
with the lower part of the cylinder c and the upper port with the 
upper part of the cylinder, the arrangement of the valve d and 
valve-chest b being substantially the same as in the prior specifi- 
cation referred to. The applicant only claims the new arrange- 
ment of ports in combination with the special type of va've 
arrangement referred to in the said prior specification. (Accepted 
December 6, 1911.) 


RAILWAYS AND TRAMWAYS. 


27,676/10. T. E. Sinn , Camberwell, and A. G. 
Tolley, Aldershot. Vehicle Coupling. [3 Figs.) Novy. 
ember 28, 1910.—A coupling for railway rolling-stock comprises, 
according to this invention, two members, whereof one con- 
stitutes a fixed draw-bar head on the one vehicle, whilst the other 
is pivoted to the draw-bar head of the other vehicle so as to he 
capable of angular movement in a vertical longitudinal plane 
with reference thereto, this latter member being provided with 
an approximately T-shaped outer part or tongue, which is pivoted 
to the inner, or main, part of the said member so as to be capable 
of transverse angular movement relatively thereto, and is adapted 
to engage in a corresponding recess in the fixed member. A and 
B are respectively the movable and the fixed members of the 
coupling, these members being attached to the draw-bar Al 
and B! of adjacent vehicles. The member A is pivoted to the 
draw-bar A! so as to be capable of movement in a vertical plane. 
For this purpose, the draw-bar Al may terminate in a forked cross- 
head, between whose limbs the inner extremity of the member A 
is fitted to work upon a transverse horizontal pin. The member 
A has an outer part C, which is pivoted to the main portion of 
the member by means of a vertical pin. Hence, when the two 
members A and B are mutually engaged, the draw-bars A! and B! 
will have freedom to move angularly with reference to one another, 
not only in a transverse plane, but also ina vertical plane. The outer 
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part C is of approximately T-form, the head of the T being pre 
ferably curved on its outer periphery about the pivotal connection 
with the other part of the same member, whilst the shank portion 
of tne T is preferably of wedge form tapering towards the same 
centre. The member B is provided with a recess D of correspond- 
ing configuration to the T-shaped part C, so that when the two 
vehicles are buffed together the members A and B can be caused 
to engage with one another by dropping the T-shaped part C 
into the recess D of the fixed member, and can be uncoupled by 
a reverse movement, both of these movements being angular 
about the transverse horizontal axis whereby the member A is 
connected to its draw-bar. In order to prevent accidental dis- 
engagement of the members A and B, the pivot of the part C 
serves also as a pivot for a locking-lever E which is free to swing 
laterally about this pivot independently of the part C itself. The 
locking-lever E is two-armed, and its end portions have oppositely- 
directed segmental notches; these two notches enable the 
respective arms of the lever to engage beneath the enlarged heads 
of pins F and G fixed to and projecting upwards from the 
members A and B. The notches are of such length as to ensure 
the lever E remaining in operation to lock the members of the 
coupling together enler all conditions of angular displacement 
of the respective members in a transverse direction. (Accepted 
December 6, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATOERS, &c. 


27,483/10. The Hon. C. A. Parsons, Newcastle-on- 
Tyne. Turbine Blading. (3 Figs.) November 25, 1910. 
According to one method already proposed for securing the blades 
of turbines assembled as bladed strips or sectors, a recess of semi- 
circular cross-section is formed on one side of the bladed sector, 
while a projection exactly complementary to said recess is formed 
on one side of the groove in the part to which the blades have to 
be attached, and after the blade-sector has been placed in position, 
with the recess engaging on the side projection, a locking-piece is 
inserted between the other side of the sector and groove. This 
invention consists in forming the groove projection with a wedge- 
shaped cross-section, and in forming a corresponding recess in the 
bladed sector, but of slightly smaller dimensions than those of the 
projection, whereby on the bladed sector being forced against the 
projection by means of a packing-piece, the projection becomes 


Fig. 





tightly wedged into the recess in the bladed sector. The blades a 
and distance-pieces are threaded on a wire c. A wedge-shaped 
recess is then cut on one side of the bladed sector near the root of 
the blades, and a coi ing projection d is formed in the 
= into which the sectors are placed when in position on the 

laded part of the turbine. The recess in the bladed sector, as 
well as the projection d, extends around the circumference of the 
bladed part of the turbine, and, as shown on an exaggerated scale 
in Fig. 1, the recess in the bladed sector is made slightly narrow | 
than the projection d. By so dimensioning the recess the blade d 
sector can only be forced home on the projection, this being 
usually effected by a caulking-piece ¢ forced in between the oppe- 
site of the bladed sector and groove. The projection d then acts 
as a wedge and securely holds the blades a and distance-pieces 4 








whilst the upper port conducts steam to the lower part of the 


position. (Accepted November 29, 1911.) 
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ENGINEERING WORKS AT THE 
ROSYTH NAVAL DOCKYARD. 


(Continued from page 75.) 
South River-WatL anD ENTRANCE-PIER. 

In our previous article we described in detail 
the four walls forming the main basin, and this 
week, on Plate XX. and the present page, we illus- 
trate the extension of the southern wall to form the 
entrance-pier and to constitute the sea-wall to the 
south of the coaling-ground and the entrance. lock 
into the basin, as shown in Fig. 1, on page 69 ante. 
So far as concerns the greater portion of the south 
wall extension, extending from the south-east corner 
of the closed basin to the entrance-pier, it forms 
the southern boundary of the coaling-ground, the 
northern boundary being the south wall of the 
entrance-lock. This portion of the south wall ex- 
tension is being constructed generally on the same 
lines as the other river-walls—namely, of mono- 
liths, surmounted by a mass-work wall with block- 
work facing. Here again the standard size of 
monolith is being adopted, as described in our pre- | 
ceding article. This standardisation has proved a| 
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great advantage from an economical point of view, 
alike in the construction of the shoes and in the 
building up of the walls during the process of sink- 
Ing, since the same moulds and shuttering can be 
used. This river-wall is returned at its eastern end 
to meet the wing-wall of the river end of the lock, 
and to form the base of the reinforced portion of 
the entrance-pier. 

This reinforced-concrete work, in connection 
with which the Kahn bar is being used, is a most 
interesting feature of the work from an engineer- 
ing point of view, the outer end consisting of 
monoliths pitched at considerable distances apart 
on the longitudinal line, and at various distances on 
the transverse line, with the intervening spaces 
spanned by ferro-concrete beams and arches. This 
entrance-pier is triangular in shape, as shown in 


plan (Fig. 68, on Plate XX.), the southern face | P 


forming an extension of the south river-wall, 
and its northern face being returned at an angle 
to the river end of the entrance - lock. e 
eastern end, or head, of the pier is formed of a 
collection of monoliths. The monolith at the 
extreme end will be irregular in shape, varying 
in width from 42 ft. to 54 ft., and in length 
from 33 ft. to 26 ft. to suit the angle formed 
by the southern and northern walls of the pier. 
This monolith will be one of the heaviest sunk in 
the works ; but the pride of place in this respect 
falls to a monolith forming the east side of the 





emergency entrance to the basin. In this case the 


dimensions are 65 ft. by 43 ft., and the weight 
14,000 tons. There are six wells in this monolith 
for the grabbing out of the material, instead of the 
usual four. 


REINFORCED-ConCRETE WorK. 


Reinforced concrete is being used not only in this 
=< the entrance, but for jetties in the tidal 
in, on the cross-ties between the walls of the 
basin, where such reinforcement was necessary to 
accommodate the greater load due to the travelling 
cranes, and also for piling in various parts of the 
work. The stresses which the reinforced concrete 
in all cases was required to meet were worked out 
according to the formule set forth in EnGInEER- 
1nc, December 25, 1908,* by Mr. William Dunn, 
F.R.I.B.A. The minimum strength of the con- 
stituent materials, &c., was taken as follows :— 
Ultimate strength of reinforcing 
8 a vA ah ..- 64,000 Ib, per sq. in. 
Ultimate working stress of rein- 


forcing steel ... ia ... 16,000 fe 
Ultimate crushing strength of 
concrete ... 2, ” 


Safe working stress of concrete... 600 : 


Ultimate shearing stress of con- 

crete we sa sie sa 
Safe working stress of concrete... 
The tensile strength of concrete 


300 Ib. per sq. in. 
60 : 


” 


was neglected. 
The ratio of moduli of elasticity 

of concrete to steel... ae 1:15 
Dead-weight of concrete where 

reinforced . 150 Ib. per cub. ft. 


Dead-weight of concrete plain... 140 i 

The live loads on the jetties were taken at 3 cwt. 
per foot superficial, and the loads where trains had 
to pass over the jetties were taken as 10 tons on 
each axle with an unlimited train, and a wheel-base 
of 7 ft. For the purpose of allowing for simul- 
taneous floor and train-way loads, these were taken 
in the case of the latter as occupying a width of 
9 ft., at which width no simultaneous floor load was 
rovided for. As regards the entrance-pier only, 
the live load was taken at 2 cwt. per sq. ft., there 
being no railway along this pier. 

The concrete is composed of one part, by measure, 
of cement to four parts of broken stone, with a 
sufficient quantity of sand to fill all the voids in 
the broken stone. The method of preparing the 
concrete is the same as that adopted in connection 
with the material for the basin walls, and described 
in our previous article. 

On Plate XX. we illustrate in detail, in-Figs. 68 
to 83, the reinforced-concrete construction of the 
outer end of the entrance-pier. Of the total length 


* See ENGINEERING, vol. lxxxvi., page 847. 





of this part of the structure, the outer end for 131 ft. 
facing the Firth, and for 124 ft, 6 in. facing the en- 
trance channel, will be constructed entirely of mono- 
liths with a mass-concrete filling in the centre. In 
the case of the remaining length the outer monoliths 
are 25 ft. by 30 ft., conforming to the monoliths in 
the river-walls, and on both faces they are pitched 
at 48 ft. 3} in. clear. The intermediate monoliths on 
the transverse section are pitched at various dis- 
tances and vary slightly in size, as shown in Fig. 
68. Between them and the transverse section are 
reinforced beams resting freely on monoliths set 
across the pier at varying distances apart, as shown in 
Figs. 82 and 83. The intervening distances in the 
longitudinal line will be spanned by reinforced 
arches (Figs. 74 to 76) resting on the monolith or 
beams, and carrying columns supporting the deck 
flooring of the pier. 

As far as possible the monoliths in the interior 
of the work will be set at right angles to the ad- 
jacent face, but in one or two instances others will 

ave to be sunk at slightly different angles to 
accommodate the skew of the arches, owing to the 
splaying out of the width of the pier towards the 


78 +24 Beam 


«15 strut 4-% Rib Bars dia. 





broadest part. This setting of the interior arches 
or ribs on the skew in the centre of the work will 
greatly simplify the construction and strengthen 
the work at both faces of the pier. It will be pos- 
sible also to get a uniform elevation on the face, 
and the effect will be seen by reference to the 
elevation, Fig. 74. 

The general cross-sections given on Plate XX. 
(Figs. 69 to 72) show the general construction 
of the work. Fig. 69 show a general cross-sec- 
tion illustrating the monolith on the outer wall 
and one of the inner monoliths, with one of the 
ferro-concrete ‘beams between the monoliths for 
supporting the ends of the reinforced - concrete 
arches, while Fig. 70 shows the method of support- 
ing the ferro-concrete arch on the monoliths. In 
order to allow for any irregularity in the sinking 
of the monoliths the face of the superincumbent 
structure over the monolith will be set back so that 
the arches can be kept uniform in all cases. The 
superstructure on the face corresponds with that 
on the river-walls already described. Figs. 71_to 
73 illustrate the return wall where the. ferro-con- 
crete construction joins the main monolith construc- 
tion. In this case the monoliths will be built right 
across the pier as along the face (Fig. 71), and the 
reinforced-concrete ribs in the first span will rest 
on these monoliths ; the construction to springing 
level and behind the beams will be block-concrete 
work, Fig. 72. 





The main beams will vary in length, owing to the 
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varying distances apart of the monoliths. Typical 
sections and elevations of these beams are given in 
Figs. 82 and 83, on Plate XX., and Fig. 84, on 
page 139. We have already given the data on 
which the various units were designed, and may 
here give a table of dimensions according to the 
spans :— 


| Reinforcement Reinforcement 














Spans, Size, | in Bottom - in Top. 
a | 

ft. in. 8q. in. 8q. in. 
36 to 22 78 x 24 36.6 44 
$1.6 ,, 20 78 x 24 25 25.6 
27.6 ,, 24 60 x 24 24.8 295 
23 «4, 20 60 x 24 15.8 12.5 
was" 2 60 x 24 7 Nil. 


The beams rest on the monoliths with free ends, 
and are braced by horizontal diagonal struts, as 
clearly shown in Fig. 84, in order to prevent lateral 
movement. These beams will carry reinforced- 
concrete arches or ribs; the span in this case is 
unifurm, which greatly contributes to econom 
in construction. As already indicated, it will 
be 48 ft. 3} in., and the half elevations in 
Figs. 80 and 81 show these beams and their con- 
nection with the main beams and with the thrust- 
bar near the springing level. The ribs will be built 
up of concrete, 24 in. by 12 in., in the narrowest 
part, Fig. 80. They are at 9-ft. centres, Figs. 75 
and 76, and carried by them will be columns vary- 
ing in section from 12 in. by 12 in. to 16 in. by 
12 in., according to height, Figs. 80 and 8l. On 
these, again, are 14-in. io 12-in. beams, on which 
will be carried the timber decking of the pier, 
shown in plan in Fig. 75. 

Such open timber decking is preferred to con- 
crete, as the latter is liable to be damaged by falling 
weights. Moreover, with open decking there is 
no chance of surface water collecting during wet 
weather or in storms. It is true that this latter 
disadvantage might be overcome by giving a large 
camber to the concrete fluor, but owing to the great 
width of the pier this was not considered feasible. 
The whole structure, it will be recognised, will 
form a homogeneous mass, and will easily take up 
any stresses which may come upon it in the event 
of ships being moored alongside preparatory to 
passing through the lock into the basin. 

(To be continued.) 





CLAYS. 

In ENGINEERING, vol. Ixxxv., page 235, there 
was pub'ished an account of the recent knowledge 
acquired of refractory materials considered in the 
light of the Raoult-Van’t Hoff law of the depression 
of the melting-point. That view receives its prac- 
tical expression chiefly in following the effect of 
the various fluxes, usually regarded as impurities, 
and estimating their relative injurious effect upon 
the basis of a standard clay. 

We now propose to dea] with recent develop- 
ments in the scientific study of that clay basis, a 
factor which is certainly not of less importanc. than 
that previously treated. Usually this ideal clay 
substance—to which clays as found in Nature more or 
less approximate—is regarded as the mineral species 
kaolin, as may be found present in china clay ; but 
recent investigations have shown that this is not 
always, nor even generally, the case. This funda- 
mental question is surrounded with difticulties, the 
nature of which is set forth, perhaps more by 
implication than by separate statement, in the 
researches hereinafter referred to. These diffi- 
culties are just as persistent in the practical work 
of the engineer who tries to interpret the analyses 
supplied him of fireclay or firebrick, and compare 
these with the results of their actual use. It is for 
the purpose of affording help in this direction that 
this article is written, by drawing on the aids which 
the geologist, mineralogist, and chemist can supply. 

These accounts of researches are arranged not 
in strict chronological order, but in the order 
deemed most effective in throwing light upon the 
practical problems connected with clays, and espe- 
cially fireclays, of which an example is given in the 
case of the well-known Glenboig seam, as shown by 
recent analyses. These reveal a clay which gives 
analytical results differing considerably from those 
published years ago. 

In following the summarised views of the various 
investigators, theoretical and practical, it will be 


That ratio, by molecules, may be readily ascertained 
from the analysis of the clay or brick by taking 
the 1911 international molecular weights—viz., 
60.3 for silica and 102.2 for alumina, and calculat- 
ing as in the following instance. The complete 
analysis is given in Table I., on page 141. 





per cent. per cent. 
Total silica 4°:°7 = 0.7739. Alumina 37-6 — 0.3684. 
60.3 . 102.2 
Ratio of molecules a = &1, 
or by another method :— 
46.67 i te 
37.05 x 164 = 21 


where 1,694 represents the number of times the 
alumina molecule is by weight that of silica. 

In kaolin, or halloysite this factor would be 
exactly 2, so that the excess of the ratio in this 
specimen suggests that there may be free silica 
present. The silica-alumina molecular ratio enables 
an engineer to compare clays better than does the 
percentage composition alone, because the latter 
varies in the different samples according to the 
degree of moisture, carbonaceous matter, bases, or 
impurities present. It further acts as an index to 
the nature of the clay substance, by remembering 
that (excluding ‘*silica” bricks, which come under a 
different category) the nearer the ratio is to two 
the more it approximates to the ideal clay substance, 
and, other things being equal, the more likely is it 
to be satisfactory as a fire resistant. 

Precision of statement is of prime importance in 
a subject so complex as the present, and therefore 
as far as practicable the conditions and results of 
investigations are given in the words of their 
authors. This is the more necessary, as frequently 
the issue—in the present transitory state of know- 
ledge—is one of choice of interpretation of the facts 
in relation to rival theories of explanation. It must 
also be borne in mind that the components of clays 
are often difficult to denominate, the proximity 
therein of substances, both in the crystalloid and 
colloid states, masking chemical properties by 
physical ones. It is therefore a great gain when- 
ever a component can with certainty have assigned 
to it a chemical formula. 

The researches referred to, in some cases, embody 
in a few sentences the matured experiences of a 
life-time, and generally they may be regarded as 
adding to our knowledge by giving definite facts, 
and by doing what is equally valuable—showing us 
where difficulties still remain to be overcome. 

The veteran investigator J. M. van Bemmelen 
has quite recently made a noteworthy contribution 
to our knowledge of clays, kaolin, summarised as 
follows :— 

He finds that the product of the ordinary weather- 
ing of silicate rocks is clay, which consists of a mix- 
ture of mechanically disintegrated, but chemically 
unchanged, crystals of silicates, with a colloidal 
product of chemical alteration. The latter contains 
(1) a silicate resembling kaolin, having from 2 to 
2.7 molecules of silica (SiO,) to 1 molecule of 
alumina (Al,O0,); and (2) a fusible silicate whose 
composition ranges from 2.9 to 6 molecules of silica 
to 1 of alumina in the case of heavy clays, and 
from 3 to 5 molecules in light clays. Volcanic 
clays are rich in (2) the fusible silicate, older clays 
containing increasing quantities of the other. 
Crystalline kaolinite is not observed in ordinary 
clays. 

Kaolinite, zeolites, and other minerals are formed 
by the prolonged action of high temperatures or of 
heated water on clays. 

In pneumatolytic weathering, kaolinite, Al,O,, 
2 SiO,, 2 H,O is the product, since apatite and 
muscovite are readily decomposed by pneumatolytic 
agencies, but are very resistant to ordinary weather- 
ing ; their presence or absence enables us to distin- 
guish between kaolinite and the products of ordinary 
weathering. 

The term pneumatolysis was applied in 1851 by 
Bunsen to the destructive action which was brought 
about Ly the volatile constituents of a rock magma 
after the completion of crystallisation. As cooling 
proceeds, some of the compounds which become 
crystallised at higher temperatures cease to be stable 
in presence of the concentrated gaseous residuum, 
are decomposed with the production of new 
minerals, The volatile substances themselves may. 
or may not enter into the composition of these new 





a help if the reader not y familiar with the 
subject will bear in mind the great importance which 
attaches to the ratio of silica to alumina in a clay. 





minerals, but in general they do so to a greater 
extent at this stage than during the magmatic 
crystallisation. Pneumatolysis is essentially an 





** after action,” and is often differentiated from 
ordinary weathering by being regarded as proceed- 
ing from below, or at any rate from within, the 
mass rather than from the atmospheric constituents, 
Pneumatolytic action may obviously be of a very 
varied character, dependent upon the nature of the 
rock and of the agents attacking it. The bearing 
of this terminology will be apparent by a reference 
to the summary of the conclusions of Van Bem- 
melen already given, and to the other investiga- 
tions, to be described in subsequent paragraphs. 

The consideration of the origins and nature of 
clay substance, which is of fundamental import- 
ance, brings into prominence two powerful factors : 
First, the réle played by water, and, second, 
the character of the forces holding together the 
various components. Lach of these factors will 
unfold their incidence in the series of original 
contributions briefly incorporated in this review, 
but the second must be here more specifically 
referred to. Dr. Caspari, discussing this molecular 
constitution of clay, says :—‘‘ It seems difficult to 
hold other views than those arrived at by Van 
Bemmelen (in 1904) with respect to the amorphous 
products of sub-aerial weathering. In so far as 
they are amorphous and colloidal, these hydrous 
silicates are to be regarded, not as definite chemical 
compounds, or as mixtures of such, but as agglu- 
tinates of collvidal silica, alumina, &c., in incon- 
stant — Just as clay itself attaches 
water of hydration, not in a series of stoichio- 
metrical proportions, but in continuously variable 
proportions, depending on such conditions as tem- 
perature, pressure, and medium, so the chief con- 
stituents of clay form an agglutinate in proportions 
similarly governed by active masses and other 
extraneous factors. What the affinity is which 
binds the constituents together we do not know, 
but it is certainly not exclusively chemical.” The 
irregular ratios which obtain when alumina com- 
bines with silica to form an amorphous hydrated 
solid are further shown by the synthetic experi- 
ments of Lemberg, in 1896, and of Stremme. 
The latter, who analysed not only artificial 
alumino - silicic precipitates, but also minerals 
of the Allophane, Halloysite, and Montmorillonite 
groups, comes to the conclusion that all these 
bodies are merely mechanical mixtures of colloidal 
hydrated alumina and silica. Against this view 
there is the resistance offered by clays to acid 
attack. If they were mixtures, extraction of 
all the argillaceous alumina by dilute acid ought 
to be a simple matter, whereas, in reality, no 
less a drastic agent than hot concentrated sul- 
phuric acid is required for the complete decomposi- 
tion of clay. And, again, it cannot be overlooked 
that a certain hazy constancy of the ratio between 
silica (SiO,) and alumina (Al,O,) prevails in both 
submarine and Continental clays, whereby a ten- 
dency on the part of these constituents to combine 
rather than exist independently side by side is 
indicated. 

Van Bemmelen distinguishes three states of juxta- 
position : (1) mechanical mixture ; (2) absorption 
compounds ; and (3) chemical compounds. 

It would appear that in the behaviour of clays 
and many colloidal bodies some attraction operates 
between the particles that correspond with the 
class designated by Van Bemmelen as an absorption 
compound and by W. Biltz as resulting from ‘‘ the 
affinity of condition.” This view, with the alterna- 
tive mode of expressing the power of cohesion, 
befits apparently the experiments carried out on 
typical clay substances by Le Chatelier as far 
back as 1887, and also the recent investigations, 
mentioned already, of Dr. Caspari, into the nature 
of the essential properties of clays. 

Le Chatelier’s experiments, having a very 
practical bearing, may here be briefly stated. He 
emphasised the fact that the hydrated aluminium 
silicates, in spite of their common occurrence and 
industrial importance, are little known chemically. 
They generally form mixtures so complex that 
analysis alone furnishes no precise data as to their 
nature, and he suggested that by studying the 
temperature of dehydration of these bodies it may 
be possible to identify a small number of chemical 
species and to distinguish the presence of each of 
them in different mixtures. He recognised in this 
way the following typical ingredients :— 

1. Halloysite (2Si0, Al,O; 2H,O0 + Aq.), by # re- 
tardation in the rate of rise of temperature 
between 150 deg. and 200 deg. Cent., a second 
one at 700 deg. Cent., followed by a sudden 
acceleration at 1000 deg. Cent. 
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2 ophane (SiO., Al,O; + Aq.), by a retardation 

7 ye 0 dae, anataa Pets and accelera- 
tion at 1000 deg. Cent. 

3. Kaolin (2Si0,, Al,O;, 2H,0), by a retardation 
towards 770 deg. Cent., and slight acceleration 
towards 1000 deg. Cent. 

4. Pyrophyllite (4Si0., Al,0O;, H,O), by a distinct 
retardation at 700 deg. Cent., and a second but 
less evident one at 850 -: Cent. 

>. Montmorillonite (4Si0,, Al,O;, H,O + Aq.), by 
a retardation at about 200 deg. Cent., another at 
770 deg. Cent., and one less marked at 950 deg. 
Cent. 

It will be noticed thatthe formule assigned to 
the several clay substances may be grouped :— 

1. Kaolin and halloysite, differing only in the 
water present ; 

2. Allophane, with a smaller silica to alumina 
ratio than group (1); and 

3. Pyrophyllite and mortmorillonite, with a 
higher silica ratio, relative to group (1), but differ- 
ing in themselves only in their water content. 

It might perhaps appear at first sight that these 
proportions of water could have no significance in 
the nature of the bricks produced from these 
several sources, but this is doubtless an erroneous 
view to take. 

Whether the water content is regarded from the 
standpoint of physical chemistry or from that of 
practical results, it ap to be of very great im- 
portance in clay substances. Firstly, the three chief 
ingredients, silica, alumina, and water, are none of 
them powerful, either as bases or acids, compared 
with the alkalies on the one hand, or acids like hydro- 
chloric, nitric, or sulphuric on the other ; but in 
relation to each other, a are in some respects 
almost equally matched. Water may act either as 
a base or asan acid, and, according to Professor 
Svante Arrhenius, its power relative to silicic 
acid increases with rise of temperature. Alu- 
mina also is relatively a weak base, but it also in 
the aluminates acts as an acid. At this almost 
zero of chemical affinity, as understood in relation 
to crystalloids, comes in, however, the power of 
cohesion between the particles or large molecules, 
indicative of the colloidal state. Alumina and 
silica are both, in the presence of water, prone to 
assume this latter state, and by their union to 
produce compounds, wherein both chemical and 
physical (doubtless including electrical) properties 
play an equal part. These are evident in clays, in 
their weathering and plastic behaviour, and it is 
quite possible that in the process of burning 
within the brick-kiln the effect of water upon the 
alumina and silica may be as great as when cold, 
or even be augmented. This important point has 
lately received consideration in the investigation 
made into the composition, nature, and behaviour 
of Glenboig fireclay. 

Professor John W. Gregory, F.R.S., of Glasgow 
University, has examined the seam of fireclay and 
sideroplesite geologically and mineralogically, and 
he has been aided in the chemical examination by 
Mr. David P. McDonald. He finds the Glenboig 
fireclay to form a bed 6 ft. 4 in. in thickness, in 
the shales and sandstones of the millstone grit 
series. It is 17 fathoms from the surface, and it 
overlies a dark, variegated shale 3 ft. in thickness. 
It is usually jointed into small irregular angular 
lumps, the surfaces of which are abundantly 
slickensided, as in most thin seams of homogeneous 
clay which have undergone much contraction, and 
as is common in most English fireclay. Unlike 
the fireclays ef the coal measures, it is not over- 
lain by a bed of coal, neither does it contain 
any fossil roots or plants. The fine grained 
clay substance forming the bulk of the material 
is present as minute rounded granules, about 
0.001 mm. in diameter. It is amorphous, and not 
crystalline, and is referable to halloysite rather 
than to koalinite. The commonest inclusions in 
the clay are grains of quartz, which is sometimes so 
abundant that some thin layers become argillaceous 
sandstone. The quartz, however, is in large grains. 
Felspar is fairly common, and includes many grains 
and cleavage flakes of very fresh plagioclase. Horn- 
blende and mica, including biotite, are both present. 
Hydrated iron oxide occurs in grains and in occa- 
sional segregations, There are also minute lenti- 
cular zoned crystals of a rhombohedral carbonate 
—a sideroplesite in which part of the magnesia is 
replaced by lime. Analysis of the last-named shows 
it to be the gideroplesite variety of chalybite of 
Speciic gravity 3.63, and of the following per- 
centage composition :— 

Lime (CaO)... 


vai 1.56 
Magnesia (MgO) ... 


3.39 








Ferrous oxide (FeO) 46.45 
Ferric oxide (Fe,0,) 6.49 
Carbon dioxide (00,) 33.26 
Water by difference ae we 0.79 
Insoluble indilute HCl and H.SO, 8.06 

100.00 


The mineral contains an insoluble residue of 8.06 
and peroxide of iron 6.49 per cent., leaving the 
essential constitution equivalent to :— 


+ neem whens ete _ ts 

fagnesic carbonate : a b 

Calcic carbonate (C0805 ? 3.3 
100.00 


The nature of the clay substance of the Glenboig 
fireclay was examined as follows:—The finest 
material separated by repeated washing from the 
fireclay was dried in a steam-oven and analysed. 
The dried material had a decided’ buff colour, and 
under the microscope some free quartz was seen. 

The analytical result gave the following per- 
centages at column I., Table I.; the ferric oxide 
(Fe,0,) being included with the alumina. It is im- 

rtant to remember that this analysis is not of the 

lay as a whole, but that of its chief constituent. 

To make the information more complete, the 

analyses of Glenboig fireclay, raw and fired, are 

placed slongside, in columns II. and III.; these and 

the physical results of examination are from Mr. 
J. T. Norman, F.C.S. 

TaBLE I.—Glenboig Fireclay. 


Olay Sub- 




















C + stance from %4W. Fired. 
© Il. Il. 
SMS og Sng” REF ns 3.08 3.49 
Silica, combined. . ; ie 43.20 49.77 
Silica total .. 46.67 46.23 53.26 
Alumina .. 37.65 36.55 42.10 
Ferric oxide 2 1.80 2.08 
Lime 016 trace trace 
Magnesia not deter- | ” ” 
mined 
Titanic oxide .. re 1.30 | 1.50 
Alkaline oxides .. ‘ne rn trace trace 
Sulphates as trioxides .. di 0.92 | 1.06 
Water at 105 deg. Cent. 2.13 } 
Water combined. . = 12.66 
Loss on ignition . . “a 13.20 
Total accounted for 99.27 | 100.00 100.00 
Physical Results. 
Density ... as 2.65 
Volume weight ... si 1.90 
Porosity .. = et os ... 15.4 per cent. 
Linear shrinkage at 100 deg. Cent. 3.70 ,, 
% ”» 1050. 4.76 ‘ 
Volume shrinkage at 100 a 10.7 - 
” ” 1050 ” 12.6 ” 
Plasticity ... se nee ted ..- 20.0 Pe 
Fire stability 1850 deg. Cent. = Seger cone No. 38 


The clay substance has also been analysed by 
Dr. C. Fawsitt (vide proof in causa the Caledonian 
Railway Company versus the Glenboig Union 
Fireclay Company, Limited), with the following 
results :— 


, aw B. 

Silica... 48.05 46.6 

Alumina 36.53 7.2 
Water 13.45 13.85 
Percentages ... 98.03 97.65 


The quartz is in large grains, and in Professo 
Gregory's opinion it thus acts as a refractory con- 
stituent, a the clay behaves better as a fireclay 
than might be inferred from a bulk chemical 
analysis. The relations under column I., which 
are in accord with II., also A and B, point to either 
kaolinite or halloysite, although the water percen- 
tage is slightly higher than that required—viz., 
14 per cent. by the kaolinite formula 2 SiO,, Al,O, 
2H,O. The facts that the material is amorphous 
and is decomposed by acid suggest, however, that 
it is halloysite rather than kaolinite. When the 
washed clay is boiled with strong hydrochloric acid | 
for two hours, 6.5 per cent. of alumina goes into | 
solution, and after 13 hours 36.2 per cent. of | 
alumina is dissolved. These figures compare with 
2.2 per cent. yielded by halloysite from Dordogne, 
and 22 per cent. by lenzinite from the Eifel, after 
two hours’ boiling with hydrochloric acid. 

Mr. H. C. McNeil, who investigated certain 
natural silicates, thus sums up the case as between 
halloysite and kaolin. Thirty-one experiments 
upon three samples of the former showed that on 
ignition Al,Si,O, is formed as in the case of kaolin. 
This residue is appreciably more soluble in HOl 
than when derived from kaolin. The formula for 


| 


_ | machine. 








the latter, with one added molecule of water, satis- 
fies our present knowledge of halloysite, and the 


| difference in the effect of acid on kaolin and halloy- 


site may be referred to this water of crystallisation, 
for which there is no adequate theory. The bear- 
ing of this upon the foregoing case of the Glenboig 

lay essence is obvious, and it is of value in 
relation to the nature of the brick after passing 
through the kiln. 





FOUNDRY PLANT AND MACHINERY. 
No. XXXVIII. 


By Joszrnx Horner. 


A MACHINE is made in which the sand is fed to 
the moulds by gravity, and in which no manipula- 
tion by hand is required, either in preparing the 
sand or in aabins Oe moulds. This is the | gravity 
moulding-machine of Messrs. A. Buch’s Sons Com- 
pany, of Elizabethtown, Penna., U.S.A., shown by 
the side and front elevations, Figs. 601 and 602, 
with details of the sieve frame in Figs. 603 and 
604, page 142, and in a front view by Fig. 605, 
page 143. It is the embodiment of a bold concep- 
tion, the details of which have been modified as 
dictated by experience. The illustrations show 
the machine as now made. It tempers and riddles 
the sand, compresses it and fills the flask, + trickles 
the sand off, turns the flask over, and draws the 
pattern, leaving the mould, cradle, and patterns 
swinging clear. These movements are controlled 
by a single operator, who requires the help of one 
labourer to supply sand to the ho) per of the 
machine, and to attend to the supply and renewal 
of the flasks. How these operatious are performed 
may be grasped from an exanrination of the illus- 
trations. 

The machine is either belt-driven, or directly 
connected by gearing to a motor on the driving- 
shaft ; it is thrown into action by aclutch. The 
driving-shaft A makes 270 revolutions per minute, 
whence gearing-down is done as seen in the side 
elevation, Fig. 602 (compare with the front view, 
Fig. 601), through a pinion to two equal gears B 
and ©, and thence from a sprocket D on the shaft 
of the second gear to a sprocket E on the out- 
side end of the shaft F, which goes through the 
This is in the lower part of a 
hopper which lies wholly below the floor-line, 
al into which the sand supply is shovelled by 
one of the labourers, dropping through a sieve 


.|reciprocated by an eccentric, the shaft of which 


makes 200 revolutions per minute. From this 
hopper the sand is taken by the elevator to be 
rammed in buckets, and be thrown by gravity into 
the flask. It is fed into the elevator by the feed- 
roller G, which throws it up against the approach- 
ing buckets carried on the sprocket-chains H, H. 
The flow of sand is controll yy the sand-gate J, 
which is regulated by the lever K. In the upward 
movement of the buckets the sand is compressed by 
an automatic rammer L. The degree of pressure 
can be regulated by the attendant to suit different 
kinds of moulds, and sand mixtures. The buckets 
then pass on over the top of the machine and dis- 
charge their contents into the flask below, which 
is carried on the table or ‘‘ cradle” M. 

This is one of the remarkable features of the 
machine. The discharge of loose sand would be 
inefficient, and therefore the sand is compressed in 
strips in the buckets as long or longer than the 
flasks, and, falling down, builds up the mould first 
in lateral fashion until the flask width is filled, and 
then in superimposed layers in the same style. 
This lateral building up of each layer is produced 
by a swinging movement of the flask to and fro, 
which is effected by hand, or by pinion and rack- 
gears. The rapidity of the swing and the discharge 
of the strips of solid sand makes the work of ram- 
ming only that of a few seconds—30 seconds in a 
box 8 in. deep by 46 in. by 46 in., or up to the 
capacity of the machine. h bucket holds from 
two to six shovelsful of sand, depending on the 
size of the machine, and a machine will throw 130 
buckets of sand per minute. 

The elevating mechanism is then stopped by 
throwing out a clutch, and a strickle or ‘‘ strike- 
off” N is swung down over the box, and this, 
while the flask is still swinging, removes the surplus 
sand that then falls back into the hop r. The 
strike-off is then thrown up, the flask is clamped to 
the cradle by the eccentric arrangement O, turned 
over, automatically, and lowered to the self- 
levelling supporting rails beneath, P. The clamp 
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is then released, and the machine lifts the pattern- 
plate with its pattern away from the mould, swing- 
ing clear, leaving the latter to be removed by the 
crane, and allowing another flask to take its place. 
Numerous details are indicated by lettering: 
the starting-lever to the left of Fig. 601, by which 
the machine is put into and out of action; the 
brake-lever Q beneath for raising and lowering the 
cradle ; the clutch R to the driving-shaft; the 
eccentric clamping-lever S ; the balance-weights to 
the left of Fig. 601, which, by additions to or re- 
movals from, serve to counterbalance flasks of 
different dimensions. There are also the counter- 
balance weights T to the strickle and those U for 
the cradle. The function of the latter is to hold 
the cradle in its extreme itions at back and 
front, clear of the mould, e cradle-supportin 
shaft is seen above, the vradle-gears for hoisting an 
lowering at W, and the brake at X. The idler- 
shaft, by which the sprocket-gear for the bucket 
chains is supported, is shown at Y. This is adjust- 
able to take up as seen in Fig. 602. This 
may machine is made in three sizes, taking 
asks up to 46 in. by 46 in. by 20 in. deep in one 
size, up to 70 in. by 60 in. by 20 in. in the second, 
and up to 84 in. by 60 in. by 20 in. in the third. 
An interesting kind of flask is made for use on 
these machines. Instead of rigid vertical bars or 
stays, nails are gri between shallow bars by 
means of wedges. The great advantage is that the 





nails can be adjusted to suit different patterns by 
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Fics. 601 to 604. Gravity Moutpinc-Macnuine; A. Bucus 
Sons Company, Evizaperutown, Pa., U.S.A. 


merely loosening the wedges, setting the nails, and 
then tightening them in their new positions. These 








irregularly, the box part 
being turned joint face 
bk rarer the better to 
illustrate the system. 

A simple jar-ramming ma- 
chine by this same firm is 
shown bythe views, Figs. 608 
to 611, page 146. It belongs 
to a type which, though of 
very recent development, is 
coming into rapid favour. 
The principle of jar-ramming 
will be considered in the 
next article, to which this 
machine may form a suitable 
introduction. It is made 
either as a small portable 
machine mounted on three 
wheels, or with feet, to be 
set on a foundation. It 
is constructed with torsion 
springs, by the ready adjust- 
ment of which the weight of 
the flasks and patterns 1s 
counterbalanced and regu- 
lated. 


The pattern-plates for both cope and drag are 
bolted to the table or cradle side by side, and the 


bars are seen detached in Fig. 606, showing three | flasks placed over them (Fig. 608) are filled with 


separate arrangements. Fig. 607 shows a flask 
completely fitted out with the bars arranged 


sand. Then the mould is jarred by means of 4 
lever, so packing the sand by gravity around the 
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pattern. In jar-ramming the upper strata of sand 
remains loose, and then some hand-ramming must 
be done over that, or it must be squeezed. The 
latter is the method adopted in the system under 
notice. Bottom boards are placed over the moulds, 
a clamp-bar placed across them and secured, and 
the cradle raised by pressure on the jarring-lever, 
and then, when at a suitable height, the cradle is 
reversed. Fig. 609 shows it in the raised position. 
The clamping is done by a piece of pipe working in 
an eccentric, operated thus :—The clamp is placed 
on the top of the boards between the battens, the 
clamp-holder is thrown into position, and one-half 
turn given to the clamp-pipe. The cradle is 
then thrown up high enough to clear the flask, 
by means of the jarring-lever, as stated. The 
spring-catch on the left-hand side of the table 
is released, and the cradle is revolved. The 
spring-catch is automatic in action, and will sli 
into position and hold the cradle, so leaving both 
hands of the operator free to turn the cradle. This 
is the position seen in Fig. 609. In Fig. 610 the 
squeezing stage is shown, following reversal. Pres- 
sure is put on the flask by means of the large hand- 
lever to the left. The clamping-bar drops off, falling 
underneath the machine. The mould is then deli- 
vered by a combination of the movements of the hand 
and jarring levers, rapping being done in the centre 
of the cradle with a wooden mallet, the jarring 
lever operating as a brake only. Fig. 611 shows 
the work at the next stage, in which the flasks 
resting on cast-iron beds have been moved by a 
lever situated over the torsion-springs, outwards 
and laterally, into a position where the cope can be 
placed on the drag, so completing a cycle. Then 
the beds are moved backwards by the lever, and 
the cradle is reversed, all in readiness for com- 
mencing the next mould. There are thus no un- 
necessary handling of flasks, no wasteful movements 
of the attendant, no reaching over or stooping, but 
the moulds are closed by the attendant standing in 
front of the machine. 

The machine is specially adapted to snap-flask 
work, for which the firm supplies light flasks made 
of aluminium, which again reduces muscular exer- 
tion. They are made tapered to deliver off the 
moulds, and also hinged to be opened. The 
pattern-plates are preferably of white metal in a 
cast-iron frame. The sizes in which the machine 
is built cover flasks in one size up to 12 in. by 
18 in., and in the other up to 16 in. by 24 in. 
These machines are specially designed for light 
work in iron, brass, and malleable cast iron. The 
jar-ramming system renders them valuable in deep 
moulds, which are not done so well in simple 
squeezing-machines. The combination of ave. 
ing following jarring again enables the shallower 
moulds to be made, to which jar-ramming alone is 
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not adapted. An enormous output is claimed for 
these machines, which seems to be justified by the 
economies of the details embodied in it. 
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Wood-Pulp and its Uses. By C. F. Cross, E. J. Bevan, 

and R. W. SINDALL, with the collaboration of W. N. 

Bacon. London: Constable and Co. [Price 6s. net. ] 
Tue ‘* Westminster Series” is not intended for the 
specialist or the technical student, but rather to 
enable the educated to uire a fair insight into 
the technology and onal condition of trade and 
industry in particular directions. If this book is 
considered from that point of view, it will be found 
eminently satisfactory. Vague and obsol:te notions 
about the application of wood-pulp are removed ; 
the possibilities and limitations of a vast industry 
are exposed; the information is sufficient and 
accurate. The work resembles a scaffolding, which 
indicates the dimensions and character of a building 
in course of construction. Sometimes, when the 
building has risen to a considerable height, it is 
necessary to give to the scaffolding greater strength 
and complexity, in other places the scaffolding is 
modest and merely marks the direction the future 
building will take. Sometimes, too, the scaffolding 
hides the building to whose construction it con- 
tributes. So it is here ; the minute details may not 
always be seen. The general proportions are visible 
and they are inspiring. Only the expert should 
need a closer inspection, and he knows that an 
altogether different standpoint must be selected. 
He must study the details from within, not from 
without. 

The authors begin their tale with the growing 
tree, with the formation of those giant stems, 
apparently so little adapted for the purpose for 
which they are used, but in which ingenuity has 
seen and made available a very substantial contri- 
bution to the comfort and necessities of life. Jute 
and flax, whose fibrous structure has long lent itself 
to industrial purposes, are figured and described, 
and also’the spruce and the lime and the oak, whose 
tougher constitution, seeming less suitable to the 
needs of the manufacturer, has longer resisted the 
attempts to turn t!.ese immense stores of material to 
commercial account. The charm that the pine and 
the spruce lend to landscape is a very insufficient 
protection against the greed of material interests, 
and our authors proceed, with evident unconcern, 
to turn the decorations of our northern forests into 
cellulose, the form in which the product becomes 
industrially important. Here we are met with the 
curious problem presented by the chemical consti- 
tution of cellulose. Mechanically, there is no 
special difficulty in ae apeon cellulose, but its 
structure defies complete analysis. The chemical 
symbols which we may write down do not reveal 
the structure or the mechanical processes involved 
in its formation. Cellulose is a carbohydrate ; so far 
we are on safe ground. It is derived from the 
sugars and may be resolved into sugars ; but while 
the chemist cannot assign a molecular weight, he 
feels the discomfort of uncertainty. He says that 
the process, or the mechanism followed, is one of 
simple hydrolysis, but the operation is not under- 
stood, and unexpected possibilities may lurk under 
the apparently simple equation that has to satisfy 
his curiosity or hide his ignorance. To the general 
reader, or, indeed, to the professional expert, it is 
indifferent whether he regards cellulose as a com- 
plex polymeride or a colloidal aggregate, and the 
authors seem to us to have wandered a little from 
the path in devoting so much space to the constitu- 
tion of ‘* cellulose as a chemical individual.” As 
bearing on the hidden qualities of the product, it 
may be pointed out as a curious paradox that cotton, 
the type of chemically-balanced cellulose, is of a 
higher order of stability than the wood celluloses. 
Both are vegetable products, but cotton being a 
seed hair is connected with a tissue which is gener- 
ally and rig regardec as the more perishable, 
while wood, having perernial functions connected 
with the plant’s economy, would, primd facie, suggest 
superior stability. Yetit is the cotton fibre which is 
the more permanent. Here, as in many other cases 
in physics and technics, the obvious is the incorrect. 

The economist and the financier approach the 
question of wood-pulp and its possibilities from an 
entirely different point to that occupied by the 
chemist. The problem from this outlook is, What 
is the rate of consuu,ption and what are the sources 
of supply’ Is a forest a wasting asset, or can it be 











made a permanent investment? So many sensa- 
tional tales are told about the number of trees daily 
sacrificed to produce a single edition of a news- 
paper with large circulation, magnifying the terri- 
fying spectre of approaching exhaustion, that the 
authors have rendered a very useful service by 
reducing loose expressions to rigorous calculation, 
and demonstrating the economical side of affore- 
station and the possibility of securing a systematic 
upkeep of the raw material. This question is so 
important, and so frequently misunderstood, that 
we may give it some attention. The study of the 
problem of the world’s supply and the acreage 
required for maintenance is rendered difficult and 
confusing by the want of uniformity in the units of 
measurement in different countries ; but it is not 
impossible to reduce this vagueness to the common 
basis of a cord of wood, measuring 128 cub. ft., for 
the rough timber, and the air dry ton as the unit of 
measurement for the wood pulp. Reduced to these 
standards, the authors state that the world’s 
demand in 1907-8 amounted to 4,628,000 air dry 
tons, divided very nearly equally between ‘‘mechan- 
ical” pulp and ‘‘ chemical’ pulp. But while a ton of 
‘*mechanical”’ pulp can be obtained from 1} cords 
of timber, 2} cords are required to produce 1 ton 
of ‘*chemical”’ pulp. It is easy to see, therefore, 
that some eight million cords of wood were turned 
into pulp, and the quantity is not likely to grow 
less with time. The number of cords of wood that 
an acre will supply is, of course, a very variable quan- 
tity, and the authors put the average number at ten. 
For those who wish to make their own calculations 
it may be noted that an ordinary spruce or pine- 
tree, 9 in. in diameter, will furnish Ye logs about 
16 ft. long, fifteen of which would be required to 
make a piled cord, so that the substance of five 
trees is needed for one cord. Ten cords to the acre 
means fifty such trees, or, say, one tree to 50 square 
yards. This seems reasenable, and on this esti- 
mate 800,000 acres, or 1250 square miles, must be 
annually cleared of timber. It is not easy to con- 
jure up in imagination such an area, supporting 
41,000,000 trees, but it may assist to remember 
that the total area of Wales is about 7500 square 
miles, and certainly the denudation of such an 
extent of country in six years seems alarming. 
From another point of view, however, the prospect 
is more reassuring. Suppose that a newspaper has 
an output of 300 tons per week, what area of forest 
land would be required to enable it to disseminate 
its wealth of information? Such a paper would 
need 200 tons of ‘‘ mechanical ” and half the quan- 
tity of ‘‘chemical” pulp a week. On the same 
figures as in the previous case it will be found that 
2500 acres would be needed annually. If, then, a 
pulp-mill had command of 100,000 acres, it would 
take forty years to exhaust the entire area, and at 
the end of that time the portion first cropped would 
be ready to yield again as at first, or a perpetual 
supply for the mill would be assured. Indeed, 
Canadian pulp proprietors assert that they can run 
a mill, ry 6000 tons of pulp annually, on a 
rant of 25,000 acres with a forty years’ rotation. 
n this way the prospects of permanent investment 
look brighter, but the fact has to be faced that the 
ground is practically idle for thirty-nine years, 
necessitating the employment of labour, even if no 
capital is invested in the land, in order to produce 
a return in the fortieth. In addition, we have to 
take into account the chances of forest fires, the 
growth in the value of the land as the country 
becomes occupied, and the inconvenience and 
expense of transporting trees to the mill as the 
distance from the mill continually increases. In 
older countries, where, perhaps, economic affore- 
station is more scientifically practised, the out- 
look is still more comforting. In Saxony, within 
the last fifty years, the State has realised the sum 
of 40,000,000/., and yet improved the quantity and 
quality of valuable timber in the forests. Put in 
another way, the amount of standing timber has 
increased by 16 per cent., notwithstanding constant 
felling, and the net revenue per acre has risen from 
4s. to 22s. Probably Saxony enjoys a better and 
more variable market than Canada, and may have 
a more valuable timber. The point is, that affore- 
station is not without its attractiveness as an invest- 





ment for corporate bodies. The man who plants is | 
not he who reaps. Rigorous actuarial investigations | 
show that there must be many, many, years of loss | 
before there is any revenue. Only after forty 

years does a forest become self-supporting, and | 
after eighty years one may reckon to have received | 
‘* 3} per cent. on the net cost, calculated at accu- | 


mulating compound interest at 3 per cent.” Only 
corporations and national exchequers can contem- 
plate such investments with equanimity. 

The authors, assured of a satisfactory supply 
enter with zest on the technical details concerning 
the grinding of the wood in order to produce the 
form of wood-pulp known as ‘‘mechanical,” or by the 
application of suitable solvents, such as sulphurous 
acid or caustic soda, to convert it into ‘‘ chemica] ” 
pulp. The bleaching is an important operation and 
well described ; indeed, all the processes undergone 
in producing the pulp as a commercial article receive 
adequate attention, till finally, in imagination, we 
can see the mammoth factories, the creation of 
modern requirements, producing a sheet of paper 
170 in. wide at a speed of six miles an hour. The 
uses to which this product is put are, of course, 
numerous, and the description is interesting, not 
only on account of its variety, but for the ingenuity 
and dexterity exhibited in order to derive the 
utmost advantage from complicated machinery. 
Finally, we come to the employment of wood-pulp 
in the textile industries, where the manufacture of 
the felted product has to compete with cotton fibre, 
which, after nitrification, finds so many applica- 
tions. Here we have to consider the subdivision 
of the web of paper into strips of suitable dimen- 
sions, by way of constructing or imitating a fibre ; 
the rolling of these strips continuously into a cylin- 
drical form, and subjecting the length of paper 
‘*felt’” to a twisting operation so as to increase its 
tensile strength toa maximum. The cost of pro- 
duction seems to be so nearly that of other yarns 
without any particular advantage in tensile strength, 
but with certain drawbacks when wetted, that the 
industry which, judging by the list of patents is 
mainly in German hands, does not progress very 
rapidly. It may, however, be noted, as offering 
scope for further exploitation, that the value of 
pulp in the form of yarn is very much increased. 
A cubic metre of wood, which, in the forest, is 
worth about 3s., when transformed into chemical 
pulp has its value raised five fold, in the form of 
paper the value is further increased to 35s., but 
manufactured into pulp yarn this same quantity of 
timber represents 45s., and finally as artificial silk 
or lustra cellulose its price would be 7/. 10s. Evi- 
dently it is worth while knowing how this appre- 
ciation is accomplished. 





Analytical Mechanics, congaitig the Kinetics and Statics 

of Solids and Fluids. y Epwin H. Barton, D.Sc., 

ec. London: Longmans, Green, and Oo. [Price 
10s. 6d. net. ] 


Tuts is an excellent book, which should be useful 
to a large class of students. In scope it covers 
exceptionally wide ground, and in method it is 
adapted to the use of those who have already 
acquired a knowledge of the rudiments of the 
infinitesimal calculus, or who are studying the two 
subjects at the same time. Such readers will derive 
great advantage from the light which the study of 
concrete applications throws on the elementary 
principles of the calculus. They will find an 
interest in abstract analysis, and a stimulus which 
they are otherwise apt to miss in the earlier stages 
of their work: The range of subjects treated within 
the limits of a single volume necessitates a certain 
condensation, which may cause the reader to look 
to a teacher for further explanation ; but, on the 
other hand, it is a very real advantage to have 
cognate subjects treated in a uniform way, which 
places them in their proper relation to one another, 
and not in separate compartments. The ground to 
be traversed increases as time goes on, and it 
becomes necessary to exclude all topics of minor 
importance, and, for the rest, to give an exposition 
as concise as is consistent with clearness. Both in 
choice of matter and in the treatment of it, Pro- 
fessor Barton seems to us to have shown admirable 
judgment. 

After two preliminary chapters, including a col- 
lection of mathematical formulz, which the beginner 
may find useful for reference, there follows a sec- 
tion of eight chapters devoted to kinematics. ‘The 
subjects discussed comprise the motion of a point on 
a plane, including motion under a central accelera- 
tion, rotational motion in a plane, and three-dimen- 
sional motion of a pointand of asolid body. Space 
is found here for a very interesting chapter on the 
simpler forms of mechanism. Some account of a 
Hooke’s joint might, perhaps, have been added 
with advantage. e last chapter of this section 
deals with Strains in a clear and simple manner. 

The section on ‘‘ Kinetics,” which follows, con- 
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sists of four chapters, of which the first contains a 
very fair account of the critical positions taken up 
by different writers with regard to the physical 
basis of dynamics. In the other three chapters 
the chief problems of the more elementary kind in 
the kinetics of particles and of rigid bodies in two 
and three dimensions are discussed. The subject 
of Statics occupies four chapters, of which one is 
devoted to attractions and the Newtonian potential. 
The final chapters of the book—three in number— 
deal respectively with hydrostatics, hydrodynamics, 
and elasticity. The treatment here is necessarily 
very brief, and in spite of judicious compression, 
only an introductory sketch of each subject is 
possible. But the author knows how to select 
what is really essential, and even a slight sketch 
can be made very useful to the student of physics, 
for whom the book seems more particularly adapted. 
Numerous examples are given at all stages through- 
out the work, and an additional collection is placed 
at the end. ‘Tables of constants and of four-figure 
logarithms are provided. The logarithms of the 
constants should have been supplied, and the table 
of antilogarithms might well be omitted (here and 
elsewhere). Practically they save no time in four- 
figure work, and the habit of using them is a bad 
one when it becomes necessary to use more ex- 
tended tables. There is a good index. 

In general, the methods of proof are simple and 
clear, though they seem to have no marked claim 
to novelty. Perhaps one of the best features is the 
account of the fundamental principles of dynamics 
in Chapter XI., where the difficulties are very 
honestly and impartially set forth. Only a brief 
mention is made of the results of the electronic 
theory, and a fuller account would have been out of 
place. Mach seems to have been obsessed with the 
importance of stating principles in the fewest 
possible words ; but one is curious to know what 
would have been his view of the new theory. 
Frankly, the notion of a variable ‘‘ mass” does 
not appeal to us. It may be that, just as at 
the end of the seventeenth century the notions 
of mass and weight came to be distinguished, 
we shall be led to entertain distinct ideas of mass 
and inertia, treating the former as constant and 
the latter ibly as variable. Yet another course 
seems to be logically open to us. Is there any 
reason which compels us to regard the vectors of a 
field of force as purely positional and independent 
of the velocity of the body on which they act? If 
not, it may still be possible to reconcile our precon- 
ceptions with the results of experience, and avoid 
this necessity of reconstructing the hitherto accepted 
foundations of dynamics. 





Hiitte. Des Ingenteurs Taschenbuch. Herausgegeben vom 
AKADEMISCHEN VEKEIN HUtTs. Twenty-first edition. 
Vols. I. and II. Vol. II1Il.—Hiitte des Bawingenieurs. 
Berlin, 1911: Wilhelm Ernst and Sohn. [Price of 
Vols. I. and IJ. together, in cloth, 13 marks ; in leather, 
15 marks; Vol. IIT., separate, 9 marks in cloth, 10 marks 
in leather. All the three volumes together, 18 marks 
in cloth, 21 marks in leather. ] 

The ‘‘ Engineer’s Pocket-Book Hiitte,” which we 
have noticed on many previous occasions, has in 
so far been altered that the first two volumes are 
devoted to mathematics, mechanics, and what may 
broadly be considered mechanical engineering, while 
civil engineering has been dealt with in the third 
volume. 
civil engineering is, however, hardly so accentuated 
in Germany, or not made in exactly the same sense 
as over here, and Vol. III. therefore discusses soine 
subjects which might be looked for under mecha- 
nical engineering. 

If we refer first to this third volume, we find 
that the section on surveying has beenshortened; the 
sections on building construction have been consider- 
ably enlarged, while being re-written ; the sections 
on foundations, constructional engineering, and 
the laying out of towns and streets, are new ; the 
section on railways deals with the permanent-way, 
as well as with resistance to motion, length of 
trains, railway-station construction, brakes, rope 
and rack railways, locomotives and motors, and 
workshops ; the sections on bridge-building, heat- 
ing and ventilating, hydraulic plants, and factories, 
have been revised and enlarged. Of novel additions 
and enlargements in the first two volumes we notice 
Fourier series, harmonic analysis, vibrations of 
rigid bodies ; sections on resistance of fluids to the 
motion of bodies; on combustion ; on the constants 
and the testing of special steels, &c ; on welding; 
on power-house testing; on steam-turbines, espe- 
cially marine turbines; turbo-dynamos; and construc- 
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tion of motor-cars. The various sections are con- 
tributed by different authors, and the already long 
list of their names has further been lengthened 
by the additions. Mr. H. Hannemann is the 
editor of the three volumes. The first volume 
contains 1138 pages, the second 1153 pages, and 
the third volume 1043 pages. The number of 
diagrams is, in each case, very large; but as each 
of the several main divisions of every volume 
begins a fresh series of illustrations, we will con- 
tent ourselves with the statement that the whole 
work is illustrated by 4544 text figures. Each of 
the three volumes contains a complete and care- 
fully compiled subject-matter index comprising the 
three volumes. We need not further recommend 
so old-established a yearly as the ‘‘ Hiitte.” 
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aly 1912, London: T. B. Browne, Ltd. [Price 


Lockwood’s Builders’ and Contractors’ Price-Book, 1912. 
Edited by Francis T. W. Miuier. London: Crosby 
Lockwood and Son. [Price 4s.] 

Sell’s Directory of Registercd Teleyraphic Addresses ; with 
Telephone Numbers, 1912. Issued annually with supple- 
ment by Henry Sztt. London: Business Directories, 
Limited. [Price 25s. ] 

Laxton’s Builder’s Price-Book for 1912. (Containing About 
73,000 Prices.) Originally compiled by W1LL1AM LaxToNn. 
Ninety-fifth edition. London: Kelly’s Directories, 
Limited, and Simpkin, Marshall, Hamilton, Kent, and 
Co. [Price 4s. net. ] 

Who's Who in Science (International), 1912. Edited b 
H. H. SrepHenson. London: J. and A. Churchill. 
[Price 6s. net.] 

Beitrdge zur Geschichte der Technik und Industrie, Jahr- 
buch des Verienes Deutscher Ingenieure. Herausgege- 
ben von ConraD Marscuoss. Dritter Band. Berlin: 
Julius Springer. [Price 8 marks; bound, 10 marks. } 

Die Theorie der Wechselstrime. Von Dr. Ernest ORLICH, 
Mitglied der Physikalisch-Technischen Reichsanstalt. 
Leipzig and Berlin: B. G. Teubner, [Price, sewn, 
2.40 marks ; linen covers, 2.80 marks. } 

Taschenbuch der Kriegsflotten, XIII. Jahrgang, 1912. 
Herausgegeben von B. Weyer, Kapitiinleutnant a. D. 
Munich: J. F. Lehmann. [Price 5 marks.] 

Maschinentechnisches Lexicon. Herausgegeben von Ing. 
Feuix Kacerer. Lieferung 8, 9, 10, 11, 12,13. Vienna: 
Vorm. R. v. Waldheim, Jos. Eberle and Co. [Com- 
plete in about thirty parts at 70 pfennig each. } 

La Résistance de ’ Atr ct V Aviation. Experiences Effec- 
tuées au Laboratoire du Champ-de-Mars. Par G. 
E1rret. Deuxiéme Edition, revue et augmentée. 
Paris: H. Dunod et.E. Pinat. [Price 12 anes 

Motori Diesel. Ing. Giorcio Supino. Milan: lrico 
Hoepli. [Price 5.50 lire. 

Ship Wiring and Fitting. By T. M. Jonnson. London: 
Constable and Co., Limited. [Price 1s. ] 

A History of Inland Transport and Communication in 
England. By Epwin A. Pratr. London: Kegan 
Trench, Triibner, and Co., Limited. [Price 6s. 
net. 

Die Heisdampf Schiffsmachine. II. Teil. Von Cari 
Frep Hoximsor. Berlin: Wilhelm Ernst und Sohn. 
[Price 3.40 marks. } 

Machine-Tools, Commonly Employed in Modern Engi- 
neering Workshops, together with a Series of Sectional 
Models Illustrating the Arrangement of the Parts and 








the Details of some Typical Tools. y JAMES WEIR 
Frencw, B.Sc., with a foreword by Joun Dewar 
Cormack, D.Sc. Two Volumes. London: The 


Gresham Publishing Company. [Price 42s. net.] 

Beitrdge zwr Geschichte der Technik und Industrie, Jahr- 
buch des Vereines Deutscher Ingenieure. Dritter Band. 
By Conrap Marscuoss. Berlin: Julius Springer [Price 
8 marks; bound, 10 marks. } 

Alternating-Current Design. By Juttus Friru, M.S8c., 
M.I.E.E. London and New York: Harper Brothers. 
[Price 5s. net. ] 

Motor Bodies and Chassis: A Text-Book Dealing with 
the Complete Car, for the Use of Owners, Students, and 
others. By H. J. Butter. Foreword by the Right 
Hon. the Lord Monracu or Bravutiev. London and 
New York: Harper Brothers. [Price 6s. net. ] 

Cost Accounts, with Special Reference to those of an Engi- 
neer and Ironfounder. By J. W. Best, Second Edition. 
London: Gee and Co. (Publishers), Limited, 34, Moor- 
gate-street, E.C. [Price 5s. net. ; post free, 5s. 4d.) 

Proceedings of the South Wales Institute of Engineers 
Parts VII. and VIII. of Vol. XX VII. Edited by the 
Secretary. Also Charter, By-Laws, and List of Mem- 
bers. Cardiff: South Wales Institute of Engineers ; 
London: Spottiswoode and Co., Limited. [Price 5s. 

h. } : 


each. 

Laboratory Exercises in Physical Chemistry. By J. H. 
Princ, D.Sc. London: Sherratt and Hughes, 33, Soho- 
square, W.; Manchester : The University Press. [Price 
4s. net. } 


. | system of markin 
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The Alphabet of the National Insurance Act, 1911. By 
C. G, Moran, Barrister-at-Law. London: Methuen 


and Co, Limited. [Price 1s. net.] 
Soap Bubbles ; Their Colours and the Forces which Mould 
Them. By C. V. Bors, F.R.S._ New and enlarged 


Edition. London: Society for Promoting Christian 
Knowledge. [Price 3s.] 
Lista Navale Italiana : Pubblicazione periodica sul Perso- 


nale e Materiale della Marina Mi'itare e Mercantile. 
Fascicola Mensile Ruoli del Personale (in corrente 
al 31 Dicembre, 1911). Rome: Officina Poligrafica 
Italiana. 

Centrifugal Pumps, their Desion and Construction. By 
Louis C. Lorwenstein, E.E., Ph.D., and CLarEncr 
P. Crisszy, M.E. London: Constable and Co., 
Limited. [Price 18s. net. ] 

Les Flottes Combat en 1912. Par Commandant Dr 
Baincourt. Paris: Berger-Levrault. [Price 5 francs. | 

Tech lL Arithmetic and Geometry. C. T. Mriuis, 
M.I. Mech. E. Second Edition, revised ; with addi- 
tional exercises. London: Methuen and Co. [Price 
3s. 6d.] 

Transactions % the Swindon Engineering Society, 1910-11. 
Pamphlets Nos. 100 to 108. Edited by H. Hotcrorr, 
Honorary Secretary. Swindon: Great Western Rail- 
way Locomotive and Carriage Department. [Price 5¢. | 

Proceedings of the Rugby Engineerina Society; Session 
1910-11. Volume VIII. Rugby: The Society. 

The Legal Position of Trade Unions By Henry H. 
ScHLOESSER and . Swirx Ciark, M.A., LL.B., 
Barristers-at-Law. London: P. 8. King and Son. 
[Price 10s. 6d. net. ] 

U.S. Department of Commerce and Labour. Twenty-Fifth 
Annual Report of the Commissioner of Labour, 1910. 
Industrial Education. Waz-hington: Government Print- 
ing Office. 

Aitken’s Manual of the Telephone. By W. AITKEN, 
M.1.E.E. don: The Electrician Printing and 
Publishing Company, Limited. [Price 18s. net. } 

Ia Métallurgie du Fer. By Pavut Doumer and others. 
Paris: Librairie Vuibert, 63, Boulevard St. Germain. 
[Price 10 francs. } 

Uber Seeretention, Hochjfluten und das Problem konstanter 
Wasserfiihrung. Von Dr. PautCurti. Zurich: Albert 
Raustein. [Price 5 francs. } 











Beteran Coat Synpicate.—The Belgian Coal Syndi- 
cate has at a recent meeting decided to dissolve, the posi- 
tion taken up by the outsiders not appearing satisfactory. 
The actual dissolution will not take place till July, the 
current business in the meantime being carried on. 





Grigrson’s Rari-Gaucr.—We have received from 
Messrs. W. F. Stanley and Co., Limited, Great Turnstile, 
Holborn, W.C., a new ck >. the invention of Mr. 
T. B. Grierson, M.Inst.C.E. This gauge is designed 
for the ae on of ascertaining the wear of rails without 
removing them from the track. It consists of a clip with 
one fixed and one movable arm, formed so that it can 
close over the rail-head. The gauge is formed to tem- 
plate, and when the rail is new, the arms are just allowed 
to close up to the web of the rail under the head. The 

uge carries a slide and rod, and if the head is worn 

own at all, this rod, on wy pressed down on to the 
head, will give a measure of the wear. The rod may Le 
graduated in fractions of an inch, or scaled off to read 
the weight of pounds per yard, a maximum wear mark 
also being given. The operation of gauging the wear of 
rails is a matter of less than a minute’s work with this 
instrument, and for much work such gauging should 
prove quite sufficient. The advantages of this method 
scarcely need emphasis when it is recollected that it does 
away with all inconvenience to traffic. Separate ganges 
of this kind have to be got out for the several rail- 
sections, in order that they may be made to read off 
directly. Messrs. Stanley undertake the correct gradua- 
tion. A similar gauge for rails subject to irregular wear 
provides for both horizontal and vertical movement of the 
sliding-rod, instead of the latter movement only. A 
gauge of somewhat similar character is made for tram- 
rails, taking account of the wear of the head and groove. 





Tur CENTRAL MARINE ENGINE Works: APPRENTICE 
ADVANCEMENT ScueME.—We have received from the 
Central Marine Engine Works, West Hartlepool, a list 
of the apprentices who have been successful in winning 
awards under the advancement scheme in operation at 
these works. This scheme has been in use about nine 
years. It involves marking for the year, 100 marks 
each being given as a maximum, for science classes, 
workmanship, conduct, and time-keeping. The marks 
awarded for each successful examination at an approved 
science school are as follow :—South Kensington 
advanced first, 40 marks; second, 30 marks: South 
Kensington elementary first, 25 marks ; second, 15 marks ; 
preparatory class certificate, 25 marks; satisfactory 
attendance at night school, 10 marks. For workmanship 
and conduct the maximum number of marks is 100 for 
“excellent,” 75 for ny good,” and so on down to 0 
for ‘‘ bad,” the foremen of each department reporting on 
these points. With regard to time-keeping, 1 mark is 
deducted for each hour up to 100 absent from work with- 
out leave or a doctor's certificate. On the result of this 
the wages of the apprentices are 
advanced. For 276 marks and over, a rise of 1s. per 
week for twelve months is granted ; for 259 marks and 
above, an increase of 9d. week is made; and for 
230 marks an increase of 6d. per week is allowed. In 
addition, the company undertakes to pay the class fees of 
the ap tices successful in examinations. The 
list for last year shows that twelve a; tices have been 
awarded the ls. increase in pay, two the 9d. increase, and 
thirty-one the 6d. increase, 
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Iv our notice of the Smoke-Abatement Exhibition 
recently held in Manchester, which appeared on 
page 675 of our last volume, we briefly referred to some 
new types of gas-furnaces designed and constructed 
by Messrs. Fletcher, Russell, and Co., Limited, of 
War rington, whose name is well known in connection 
with such appliances. As these furnaces are exceed- 
ingly handy to manipulate and very simple to use, 
and, moreover, because they are well adapted to many 
processes in which engineers are concerned, a fuller 
description of them than we were able to give in our 
previous notice will, no doubt, be of interest to engi- 
neers. 

_ Three of these furnaces, which are, perhaps, of special 
interest, we illustrate above, Fig. 1 being a furnace 
intended for use particularly in connection with forging, 
bar-heating, drop-stamping, &c. Fig. 2 is a hi papend 
steel furnace for hardening cutters, dies, milling and 
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GAS-HEATED FURNACES FOR METALLURGICAL PURPOSES. 
MESSRS. FLETCHER, RUSSELL, AND CO., 


ENGINEERS, WARRINGTON. 































































































lathe tools, &c. ; while Fig. 3 is a small high-tempera- 
ture furnace intended for welding, hardening, &c., and 
for the treatment of high-speed lathe tools, Ko, These 
three illustrations are reproduced from photographs, 
and give a good idea of the general appearance of the 
appliances. The three furnaces are also shown in 
section in Figs. 4 to 8. 

The furnace illustrated in perspective in Fig. 1 
is very effective in its heating, and the inside 
slabs may be easily renewed, which is done by 
merely removing the front flanges, after which the 
inside slabs may be withdrawn and replaced with- 
out taking the body of the furnace apart. The 
internal arrangement of the slabs and the path 
of the products of combustion from the burner 
may be seen in Figs. 4, 5, and 6, which are re- 
a sectional elevation, a transverse sec- 
tional elevation, and a sectional plan. This fur- 
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nace is, as before stated, for forging, bar-heating, drop- 
stampings, &c., and it can be made of any size to 
suit requirements. The high-speed -steel furnace 
shown in perspective in Fig. 2, and in sectional eleva- 
tion in Fig. 7, is 4 ft. 7 in. high and 2 ft. 9 in. in 
diameter, and has a working space inside of 1! in. by 
11 in., its net weight being 5 cwt. 1 qr. 17 lb. A tem- 
perature of over 2500 deg. Fahr., which is more than 
sufficient for hardening high-speed steel, can easily be 
obtained in it. The bottom of the furnace is fitted 


with lifting and lowering gear for the oy of 
charging and discharging, as shown, and the furnace 
can be used either with or without a closed muffle. If 


desired, it can be supplied on a low stand, and without 
the lifting gear, in which case it is charged from the 
top only. A perforated top is also fitted to take 
high-speed twist drills of all sizes. The small high- 
temperature furnace shown in perspective in Fig. 3, 
and in section in Fig. 8, stands | ft. 8 in. high, is 11 in. 
wide, and 11 in. from back to front, and it has an 
inside working space of 6 in. by 4 in. by 4 in., its 
approximate net weight being # cwt. The makers 
claim that this is the only furnace that can be suc- 
cessfully used for welding, using coal-gas as fuel. 
These furnaces are all very handy, and should prove 
very useful to engineers. 








“Lista NAvVALE ITALIana.”—We have received from 
the Officina Poligrafica Italiana, Rome, a copy of this 
list, corrected down to December 31 last. It gives the 
names of all the officers in the Italian Navy. 
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THE ASSOCIATION OF CONSULTING 
ENGINEERS. 
To THz Eprror or ENGINEERING. 

Srr,—From your article on the Association of Con- 
sulting Engineers in last week’s issue, it is obvious that 
the object of the Association has not been made clear 
to you. 

If the aim were merely to form a body of expert 
engineers to read papers and discuss matters of engineer- 
ing interest, it 1s apparent that the field is eenty 
covered, and such an Association is unnecessary. The 
existing Association of Municipal Engineers is an associa- 
tion of duly qualified engineers who are connected with 
municipal work; in the same way, the Association of 
Consulting Engineers is pone Ties of expert engineers 
who are engaged in consulting work. 

The Association is of opinion that the question as to 
whether a man is an expert engineer or not is very well 
dealt with by the existing Institutions, but it will not be 
contended for one moment that all, or even an appreciable 
percentage, of the corporate members of the Institution 
of Civil Engineers are also consulting engineers. 

The consulting engineers themselves are obviously the 
people best qualified to judge whether an engineer 1s, in 
addition, professionally a ae engineer. ; 

A great deal of the difficulty and misunderstanding at 
present existing is due to people attaching different 
meanings to the term ‘‘consulting engineer.” Of course, 
any expert engineer who is consulted on an engineering 
point is, in one sense of the word, a consulting engineer, 
and it is to be deplored that there is no more definite 
t-rm which describes an expert engineer who devotes him- 
self to advising the public on engineering works, has his 
own office and staff for that purpose, and is, in addition, 
free from any commercial or manufacturing interests. 

Tt is such men as these whom the Association seeks to 
bring together for their mutual advantage, and for the 
advantage of the public, and it is difficult to see what 
real objection can possibly be taken to such a course. The 
Association does not claim for one moment that its 
members are more highly trained than any other expert 
engineers, but merely that they devote themselves to con- 
sulting work inthe same way that others devote them- 
selves to manufacturing, contracting, or municipal work. 

I am, Sir, yours faithfully, 
For the Association of Consulting Engineers, 
. H. Dyxxs, Honorary Secretary. 

Westminster Chambers, 11, Victoria-street, 

London, 8.W., January 29, 1912. 

[We willingly publish Mr. Dykes’s letter ; but in doing 
so it is only right that we should state that we are under 
- misapprehension as to the object of his Association. — 


LD, Th. 








‘*GAS-ENGINES FOR COLLIERY POWER- 
STATIONS.” 
To THE Eprror or ENGINEERING. 

S1tr,—Like Mr. Charles Whiting Baker, I have given 
much study to, and made many experimental tests on, 
comp air in connection with gas-engines. Through- 
out these I have always considered the following state- 
ments to be statements of fact :— 

1. The generation or the transmission of power can only 
be accomplished by an expenditure of heat. 

2. In the generation of power the heat is expended in 
raising the temperature or the pressure of the power 
generating medium, or both of them. 

3. In the transmission of power the heat is expended 
in overcoming resistance in or radiation from the parts 
of the power-transmitting apparatus, or both of them. 

4. A power-generator delivers, in the form of useful 
work, only a fraction of the heat supplied to it. 

5. If the power-transmitting apparatus is such that the 
expenditure of heat made in overcoming resistance in or 
radiation from the parts can be made up by a supply of 
heat taken from the remaining fraction of heat not used 
in the power-generator, then it may be said the transmis- 
sion of power takes place at 100 per cent. efficiency or 
more, according to the quantity of heat so taken into the 
power-transmitting apparatus. 

6. If the supply of heat taken into the power-trans- 
mitting apparatus is more than is needed to make up the 
expenditure made in overcoming resistance or in radia- 
tion, the excess will be used up in performing useful 
work, either by increasing the temperature or the pressure 
of the power-transmitting medium, or both of them. 

7. When the temperature of the power-transmitting 
medium is equal to the remaining fraction of temperature 
in the power-generating medium, no further transfer of 
heat can take place, and the power-transmitting appa- 
ratus will then be operating at its highest possible trans- 
mission efficiency. 

Be Baker's studies, eateee, have led him to make 
the assertion, unsuppor y any sort of argument or 
proof, that my “adiabatic” Bes fir meh ” air transmis- 
sion system is impracticabls, *‘ because the air exhausted 
from the winding-engine would be further raised in tem- 
perature at every circuit.” If the latter part of his 
assertion is intended to be taken as an argument, then it 
seems to me it can only be ee on the supposition 
that an apparatus can be e to develop power and 
at the same time retain the heat by which the power 
was developed. That, of course, is impossible. 

My letter in your issue of December 29, 1911, contained 
a not altogether unnecessiry warning to engineers in a 
hurry, Although almost absurdly simple in its details, my 
‘closed-circuit ” system is not quite so simple as it looks 
when its various interactions are followed throughout 


their whole process. Probably a little consideration 
given to statements 6 and 7 will enable some of your 
readers to avoid being led astray by overlooking the facts 





that the temperature and the quantity of heat in the 
exhaust-gases of a Lrg oad are limited amounts—so 
much so that Ido not believe it would pry to attempt 
“adiabatic” open-circuit operation at all, as under the 
circumstances the delivery temperature of the air would 
be so high that, allowing for the resistance through the 
metal of the heater, little or no increase in temperature 
would result. It is for that reason I designed my ‘‘adia- 
batic” ‘‘closed-circuit” apparatus, so that delivery-air 
temperatures would be the oak possible, and in that 
way extract the highest possible amount of heat from the 
exhaust gases. I might mention that never at any time 
did I perceive any tendency on the part of my experi- 
mental plant to assume the form of molten metal. The 
increase of power due to exhaust heat was 16 per cent., 
and the plant was a very indifferent one indeed. 

If I understand Mr. F. W. Wilson’s letter rightly to 
mean that because in his immediate vicinity ‘‘closed- 
circuit” operations are limited to special forging-hammers 
and hand-tools, no other field of operations is opsn to 
“closed-circuit” working, then I would advise him to 
enlarge his field for inquiry, and take in California and 
South Africa. The mines there are, in many cases, 
equipped with isothermal ‘‘closed-circuit” installations, 
steam driven, and doing all that ‘“‘closed-circuit ” working 
can claim to do under the circumstances. 

Yours truly, 
Jas. DuNLop. 

69, Armadale-street, Dennistoun, Glasgow, 

January 27, 1912. 


To THE Epiror or ENGINEERING. 

S1r,—The letters in your issue of January 25 from Mr. 
Baker and Mr. Wilson, commenting on Mr. Dunlop’s 
letter on ‘‘ The Economical Use of Compressed Air in 
Colliery Work by the Use of the Closed Circuit,” are not 
only interesting, but of much commercial importance at 
the present time. The subject sprang from your editorial 
on Mr. Alan E. L. Chorlton’s paper, recently read before 
the Midland Mining Institute, in Leeds, where this 
gentleman described in some detail his gas winding- 
engine, which he pro to use as a self-contained 
machine, this being very economical both as to working 
and first costs, though the closed air-circuit system was 
mentioned in his paper. 

Mr. Baker cone appear to rather throw cold water on 
the closed-circuit system of Mr. Dunlop, whereas Mr. 
Wilson seems more hopeful. If Mr. Denk ’s interesting 
figures can be proved, compressed air would have a new 
lease of life for colliery work, and would get over the pre- 
sent-day difficulty in low economy with power under- 
ground. 

Is not this closed air-circuit system already in use im 
some South African mine? It would be most interest- 
ing to have actual figures of working from such a system. 


ours sae. 
Joun D. Trovp. 
‘Te Puanga,” Darlington-road, Withington, 
Manchester, January 30, 1912. 








‘“* BRITISH MANUFACTURERS AND THE 
EXPORT TRADE.” 
To THE Epitor oF ENGINEERING. 

Srr,—Your article on this subject has awakened wide 
interest, and I heartily endorse the arguments you put 
forward, and can corroborate also the general strictures 
by your correspondent ‘‘R. H. P.” There is one point 
in your article which is worth enforcing—the need for 
adopting the language, monetary notation, and weights 
and measures of clients. It is really absurd to imagine 
that any benefit to trade will acerue from sending to any 
country shoals of catalogues printed either with language, 
weights, measures, or prices which are unfamiliar to the 
people. Such literature is even worse than useless, as it 
engenders a feeling of resentment against the contemp- 
tuous attitude which it is thought to express. What 
chance of trade would a foreigner have in England were 
he to send us catalogues in a language we knew very im- 
perfectly, if at all. Or, supposing his catalogues were 
printed in English, but prices were given in kronen, or sizes 
in sachine? It is quite as foolish for us to send out litera 
ture containing weights and measures which are not 
understood, but the numerous copies of English catalogues 
abroad show that this is not appreciated. Even in Canada 
it is too much to expect a buyer to work back a price 
given in £ sterling to its equivalent in dollars and cents, 
while prices in shillings and pence merely irritate, with- 
out enlightening, every native-born Canadian. We have 
even heard a discussion as to the ible meaning of a 
price which was given as 6s. 9d., and this had eventually 
to be settled by an Englishman. Furthermore, our cata- 
logue senders and es:imating clerks cause numerous 
mistakes and much needless friction by forgetting that 
the ton and cwt. in Canada are universally understood 
as meaning 2000 lb. and 100 lb. respectively. For every 
country in which trade is sought, catalogues should be 
prepared specially for that country, as ordinary English 
catalogues are not worth the postage of sending them. 

Even when a foreign buyer is so willing to purchase 
British machinery that he applies to a British firm for 
quotations, his experience is often so unsatisfactory that 
he has little inducement to repeat the experiment. 
Suppose that, as is often the case, his requirements are 
not clearly stated, he receives a polite letter telling him 
so, instead of two or three alternative prices and an 
explanation calculated to help him to arrive at a decision. 
Thus valuable time is wasted and an nay to in- 
augurate a friendly relationship is lost. If, however, his 
inquiry is explicit, he is quite likely to get a quotation 
for something for which he never asked, without adequate 
information or advice to justify quoting such a machi 
and it is almost certain that the price will be given in 


English currency, and delivery given as “ f.o.b. Liverpool 
or equal.” Now, for the average buyer of machinery in 
some out-of-the-way place to ascertain the freight rates 
from England to site by sea and rail, and to compute 
what the shipment will eventually cost him in his own 
currency, with customs and everything included, is a 
matter of practical impossibility, even were he disposed 
to attempt it ; so he naturally accepts some other tender, 
possibly of dearer and inferior stuff, whose senders m ike 
things easy for him. This sort of thing, to my own 
knowledge, occurs over and over again, and yet our 
makers wonder that they do not get the trade they hope 
for. There is no difficulty at all for any British firm to 
give an inclusive price free on rail at site and expressed 
in local currency. The whole of the necessary informa. 
tion as to freight and duty, even if not known at the time, 
can be obtained in twenty-four hours, whereas the unfor- 
tunate prospective buyer has no facilities at all for getting 
such data, even supposing he was prepared to spend the 
time and trouble. 

I am, Sir, yours truly, 


os 





To THE EpiTor OF ENGINEERING. 

Sir,—As a shipper of British goods for a quarter of a 
century I can testify to the great improvement in the 
methods of selling for export that hastaken place amongst 
British firms during the last few years; they are not so 
black as they are often painted. The fundamental errors 
many firms make are :— 

Firstly, they do not employ a clerk in their oftice to 
attend to export trade, but rely on outside commis. 
sion agents to obtain orders for them. Thus, whilst 
such firms employ their own men to sell their produc. 
tions in Britain, they give away their export trade to 
an outside agent, who can do just as he likes with their 
productions. Only yesterday I was talking to one of 
the oldest firms in London, wishing to buy from them 
to ship to the Colonies. But I was unable to buy their 
goods, because they had given the whole of their colonial 
and Indian agency toa firm of city commission agents, 
who represented other manufacturers as well ; and these 
city agents appointed other sole agents and agencies for 
the various manufacturers in the various possessions. 
Thus the city agents were running the entire shipping 
business of this old-established and other firms, who were 
not allowed to execute an order, or even to post out a 
price-list, without first obtaining the corsent of the city 
commission agents. I refused to buy on such conditions, 
and placed my order, which was worth from 5000/. to 
10,0007, yearly, with an American firm. Why could not 
this old-established firm employ a man in their own office 
to sell their own goods for export ? 

ndly, another fault is that the output of many 
British factories is not sufficiently great to meet the 
increasing demands of the colonial and Indian markets. 
The British factory is no larger now than it was ten, 
twenty, or thirty years ago. Why do not firms extend 
their factories ? 

Thirdly, owing to the colonial and Indian demand 
being greater than the supply, many British manufac- 
turers grant exclusive agencies for enormous territories 
to commission agency merchants in the colonies and 
India, who may be acting for 10, 20, 30, or even 40 other 
manufacturers as well. Each manufacturer has a frac- 
tional part of the mt; and when some of the territories 
are several Pacey mnt than Britain, the absurdity of 
the exclusive-agency system, under such conditions, is 
apparent. I met a maker a few weeks ago who pined :— 
**Oh ! cranes are not wanted in the colonies. We have 
had an exclusive agent there representing us for five 
years, and he has only sold one crane !” Had they had 
a man in their office to attend to export orders, they 
could have sold one crane weekly. 

Fourthly, another great error is, that many manufac- 
turers pay far too much attention to out-of-date, unin- 
telligent political consular reports, miny of which are 
absolutely worthless for trading purposes, and far too 
little attention to the trade paper of the industry. The 
best consular report is the trade paper of the industry. | 

Fifthly, if any person will take the trouble to investi- 
gate the causes of some indus‘ries being ‘‘ depressed,” 
**slack,” ‘‘on half-time,” and suffering from other com- 
mercial ailments, in most instances it will be seen that 


‘the firms in such trades do not cater for export orders. 


Any firm supplying the colonial and Indian markets 
rep must be busy if they offer their productions for sale 
in an intelligent manner. 

Your obedient meray, - 








THE CRITICAL POINTS OF STEEL. 
To THE EpiItorR OF ENGINEERING. 

Srr,—Last April Dr. Rosenhain, Director of the Metal- 
lurgical Department of the National Physical Laboratory, 
gave the first of two l+ctures on steel before the Institu- 
tion of Mechanical Engineers 

Through the courtesy of Dr. Rosenhain, I have just 
received copies of these lectures, and on page 243 of the 
proceedings in which they are embodied, I read with some 
surprise the following statement. Referring to Osmond’s 
paper before the Iron and Steel Institute in 18) on 
‘The Critical Points of Steel,” Dr. Rosenhain says :—“‘ It 
contains many facts which seem to have been neglected ; 
in fact, some of them seem to have been rediscovered quite 
recently ; thus the * Fourth Recalescence in Steel’ was the 
subject of a paper and was announced as a discovery 
early last year, yet a clear account of the double nature 
of Ar is to be found in Osmond’s paper of 1890.” _ 

May I claim a portion of your valuable space in order 
to state the facts? 

Osmond, in his paper (Journal of the Iron and Steel 
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Institute, No. 1, 1890, 49), says that the point Arois 
less distinct than Ars, ving no precise limits, and 
extending from about 750 deg. to 690 deg. Cent., passing 
through two unequal maxima. On reference to Osmond’s 
actual curves on Plate IIIf. there will be found a curve 
of electrolytic iron, which certainly does exhibit some- 
thing like the two peaks of, Ars, but since, in this same 
curve, there are three extra critical points, obviously 
due to errors of observation, it is a little difficult not to 
imagine that the second peak of Ar, is also due to errors 
of the instrument, because in other four curves of steel 
exhibited by Osmond, in which the point Ar. is 
separate, in every case it is figured as a single point. 
The accuracy of my observations of the double nature of 
the point Ar, has always been denied by Dr. Rosenhain, 
because his apparatus was not sufficiently accurate to 
resolve the point into the two ks, and the same 
remark applies to the work of Messrs. Carpenter and 
Keeling, who used a similar apparatus. On page 
957 of the Proceedings embodying Dr. Rosenhain’s lec- 
ture will be found the curves of five mild steels, 
in all of which Ar. is represented as a single point. 
However, the fact that Dr. Rosenhain now admits 
the accuracy of the observations made at Sheffield Uni- 
versity is extremely gratifying, and I do not suppose 
steel metallurgists who are interested in this matter will 
much trouble their heads who discovered the fact. With 
the greatest deference to Dr. Rosenhain, I suggest that 
he should, before giving public lectures embodying the 
recalescence of steel, make himself more perfectly ac- 
quainted with the subject. 

The ‘Fourth Recalescence of Steel,” which I announced 
to B Section of the British Association at the Sheffield 
meeting, has no connection whatever with the point Ars, 
as asserted by Dr. Rosenhain. 

I enclose you copy of my lecture before the B Section 
of the British Association. 

Yours faithfully, 

J. O. ARNOLD. 

Department of o—_ Science, St. George’s-square, 
Shefheld, January 25, 1912. 








* THE EVOLUTION AND PRESENT 

DEVELOPMENT OF TURBINE PUMPS.” 

To THE Eprror oF ENGINEERING. 

Sir,—I notice in the on on ‘The Evolution and 
Present Development of the Turbine Pumps,” by Dr. Ed. 
Hopkinson and Mr. Alan E. L. Chorlton, recently read 
before the Mechanical Engineers, and published in your 
issue of the 26th ult., that the authors attribute a large 
part of the improvement in efficiency of the present 
design of pump, over the Mather-Reynolds pump, to the 
shrouded impeller. I think some experiments on this 
point were carried out about six or seven years ago by 
Messrs. Mather and Platt with a special pump con 
structed so that different types of impeller, including the 
open radial type, could be run to the best advantage. The 
same guide-vanes being used in each experiment, the 
results were strictly comparable as regards the impellers. 

Possibly in compiling their paper these experiments 
were lost sight of, an easy matter in view of the very large 
number which were carried out at that time. I believe 
the pump in question was eventually presented to the 
Engineering Laboratory of the Gordon College, Khartoum. 
On account of the lapse of time I do not recollect the 
exact result, but think it was not so much unfavourable 
to the open impeller as might have been expected. 
Perhaps the authors may be able to append the results of 
these experiments to their interesting paper. 

With regard to some of the other points in the paper I 
trust I may be excused from offering a few comments. 
Mr. Atherton, in referring to the skin friction of the im- 
peller, mentions that it rises as the square of the relative 
velocity of surface to fluid. This is quite true, but it 
therefore follows that the loss from skin friction rises as 
the cube of the velocity, and for constant revolutions as 
the fifth power of the diameter of the impeller, as Mr. 
Chorlton in his reply stated. As the impeller skin- 
friction constitutes the largest item in the pump losses, 
it pays to keep this down at the expense of lengthened 

ages; hence the preference for multiple chambers. 
An interesting extension of this is the fact that a 4 or 
6-chamber pump of identical sectional design with a 
2chamber will have a slightly higher efficiency. The 
explanation is that while the efficiency of each section or 
chamber of the pump is the same, the losses from the 
bearing and gland Sistion and the leakage from the 

ncing-chamber bear a higher proportion to the output 
of the 2-chamber pump than to that of the 4 or 6-chamber 
pump. 

In referring to the effect of lengthened guide-passages 
I think the authors have fallen ee error. One of the 
largest losses in turbine pumps arises purely from skin 
friction of the water through the passages, and because 
the surface of a small passage bears a larger proportion 
to its sectional area than the surface of a large one, the 
frictional loss with the same velocity of water passing 
must necessarily greater in the case of a small one. 
There is consequently a greater reduction in head and in 
loss of efficiency in the case of the small , and it 
18 quite impossible for it to achieve the same efficiency as 
the large one. In Figs. 10 and 11 accompanying the 
= (page 133 ante) the more efficient pump is much 

r, and will therefore have an additional advantage 
to the above in a reduced velocity through the body of 
the pump, and the result obtained was only to be 
expected. That lengthened guide-passages do not neces- 
sarily mean efficiency is also borne out by the curves 
given in Fig. 12, where D with longer and more gradual 
guide-passages than C, though otherwise exactly similar, 
18 less efficient. Many other similar instances having a 
ing on this point will be within the experience of 


turbine-pump designers. The Sulzer pumps are notable 


examples of short guide-passages. 

The importance of the influence of eddies in the 
passages appears in danger of becoming exaggerated. At 
the time Professor Unwin put forward his now well- 
known theory of the action ff the centrifugal pump there 
is no doubt that eddies, on leaving the periphery of the 
impeller, were responsible for a large percentage of the 
losses; but with a modern well-designed turbine pump it 
is questionable whether they represent more than about 
5 to 8 per cent. out of a total loss of 24 or 25 per cent. 
The principal losses are from skin friction of the im- 
pellers, and in the throat of the guide-p: as men- 
tioned before, and the balance is composed of skin friction 
in the remainder of the pump, eddy loss in guide- 
Pp internal leakage, shock loss at the eye of the 
bucket, internal rubbing friction, gland friction, and 
bearing friction, in about the order given. The whole of 
these can approximately determined experimentally, 
except that the eddy loss cannot be separated from the 
skin friction due to the flow through the guide- 
and bedy of the pump. As the latter can be pee 
fairly closely, however, the eddy loss is left by inference 
at about the figure given above. A confirmation of the 
smallness of the eddy loss is given by the appearance of 
the pump characteristic for a number of different speeds, 
such as are presented in Fig. 12. If the eddy loss were 
considerable, it would be reasonable to expect an altera- 
tion to the shape of the curve at higher speeds in the 
direction of a considerable lowering of the head (the eddy 
loss being necessarily shown as a reduction of head). 
On the contrary, the curves are always found to be iden- 
tical (within the ordinary limits of vbservation), and any 
of the lower-speed curves can be represented by a high- 
speed curve by simply moving up the bace-line to a 
position to correspond to the initial head for the speed 
required. This points strongly to the loss of head shown 
on the characteristic being mainly a function of the 
volume of water passing through the pump. 

A consideration of the sources of loss in turbine pumps, 
as mentioned briefly above, points to this type having 
reached the greatest efficiency in its present form. The 
impeller skin friction being considerably the greatest 
loss, it is to the reduction of this that we must look for 
future improvements. Possibly the pump of the future 
will have its impellers running in air instead of in water 
We have the corresponding thing in water motors in th 
Pelton wheel. Why not in turbine pumps? 

I am, Sir, yours faithfully, 
F. O. L. Cuoruron, 

Bury, Lancashire, January 29, 1912. 
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THE ELIMINATION OF RANGE-FINDING 
To THE Epiror oF ENGINEERING. . 

Si1r,—In your issue of the 26th ult., page 125, there 
appears a short article entitled ‘‘ The Elimination of 
Range-Finding.” As a person interested for very many 
years in range-finders, will you permit me to offer a few 
comments ? 

I propose to confine my remarks to the discussion of the 
new method as likely (? or not) to supersede range-finding. 
I therefore say nothing about danger zones or safety 
zones. 

Suppose, then, the sighting is such as to be correct at 
500 yards—i.e., ens the target to be at 500 yards, 
and to be 54 ft. high—the sights are directed towards a 

int 54 ft. below the base of the target, and we shall 

urther assume, for simplicity, that the rifle is 5} ft. above 

the ground. If now the target be taken to 1000 yards, 
the sight will be elevated from its previous position 
through an angle equal to that subtended by 11 ft. at 
1000 yards, or 12.6 minutes of arc. This means that the 
rifle, sup to be correctly sighted for 500 yards, is 
elevated through the same angle, and the question then is, 
what is the corresponding range? Unfortunately, I have 
no very recent table of elevations for rifle fire, but taking 
Sir George Greenhill’s article on ‘‘Gunnery” (Encyclopedia 
Britannica, tenth edition, page 174), we see that for a par- 
ticular rifle the elevation for 500 yards is 21’. After tilting 
the rifle through an extra 12.6’, the total elevation is 
33.6’, and this from the table corresponds to a range of 
790 yards instead of 1000 yards. Similarly, if the target 
is taken t» 2000 yards, the angle of tilt beyond the 
500 yards position will be 18.9’, and the corresponding 
elevation will be 39.9, ae to a range o 
922 yards instead of 2000 y: Of course, if one can 
sight for 922 yards when the range is 2000 yards, and still 
hit the target, infantry range-finders would never have 
been required. It is, however. a fact that manufacturers 
of infantry range-finders supply instrument, to read to 
10 yards at 1000, and even greater accuracy than this is 
demanded. 

One further criticism. In modern engagements soldiers 
do not come out in the open if they can apcas | avoid 
doing so, and how the new method is to be applied for 
correct sighting when only a man’s helmet is visible is not 
very apparent. . 

A few words, finally, concerning the 14 of this 
method to naval gunnery, as illustrated by Fig. 2 of your 
article. I assume the gun to be 30 ft. above the water, 
and the sight to be 30 ft. above the gun, as in the article ; 
and I suppose the adjustment to be made correct at 5000 
yards, — we get the following results (using the table 
of elevations for a 12-in. gun muzzle velocity = 2780 
ft./sec.) :— 








“ 


Range. Sighting set for 
2,000 4,480 
5,000 5,000 
10,000 5,170 
15,000 5,250 


Comment seems to me to be superfluous. 





It seems perfectly evident that the longer the range 


the smaller will be the extra elevation given for an addi- 
tional range of, say, 1000 yards to the target ; whereas, 
of a a greater additional angle of gun elevation is 

uired. 

am almost tempted to think that I entirely misunder- 
stand the new method, in which case I shall be grateful 
to be enlightened. 

Yours truly, 
: WituiaM Srrovup. 

Aaniesland, Glasgow, January 29, 1912. 

[Professor Stroud has, we think, not quite appreciated 
the object of the method of sighting, which, as clearly 
implied in the note criticised, is not intended for use 
where the range is such that the culminating point of the 
1p od trajectory would be more than twice the height 
of the object. For long ranges, range-finders will always 
be required, and there is ample time for their use. With 
small arms, the real difficulty ar'ses at what may be 
called eres ranges,’ where the distance is unknown, 
and may be changing rapidly. Remarkable results have, 
we are informed, n obtained in practice at a 6-in. 
bull’s-eye under these conditions; and, no doubt, the 
originator of the system will be able to give our corre- 
spondent actual figures. —Ep. E.] 








* THE STRENGTH OF THICK CYLINDERS 
UNDER INTERNAL PRESSURE.” 

: To THE EpiToR OF ENGINEERING. 

Sir.—M. van Iterson appears to have made an assump- 
tion in regard to the maximum pressure which experiment 
shows to be incorrect. The following table, which, for 
brevity, was not included in the original paper, gives, 
for the cylinder mentioned in our previous letter, th: 
relation of internal pressure to external and internal 
diameter, the former being measured by a micromster, 
and the latter estimated by assuming the volume of the 
material to remain constant :— 











External Internal 
Internal Pressure. Diameter. Di meter. 
Ib. per sq. in. in. in, 
0 1.107 0.627 Initial. 

17,600 1112 0.636 After yield. 
19,200 L117 0.645 
20,600 1.120 0.650 
22,000 1,124 0 657 
23,500 1.129 0.665 
25,000 1.136 0.677 
27,900 1.152 0 704 
30,500 1,220 0.811 Maximum. 
29,400 1.320 0.948 Rupture. 


It will be clear from the above that there can be no 
rational basis for M. van Iterson’s formula, since, when 
maximum pressure occurs, the dimensions of the cylinder 
have increased considerably ; but the close agreement of 
the formula with the results of the tests, although avci- 
dental, renders it very suitable for practical use. 

Yours faitnfully, 
GILBERT Cook. 
ANDREW ROBERTSON. 
Engineering Department, The University, 
Manchester, January 26, 1912. 








AERATION OF PORTLAND CEMENT. 
To THe Eprror or ENGINEERING. 

Srr,—The discussion on the paper termed ‘‘ Aeration 
of Portland Cement,” read at the Institution of Civil 
Engineers in November, 1910, was continued for four 
evenings, and every speaker, commencing with Sir William 
Matthews, admitted that there was something in the Port- 
land cement, as delivered by manufacturers, detrimental 
to its use in concrete before it has been exposed to air and 
moisture for some considerable time, and continually 
turned over to ex different surfaces. It is also 
admitted by all that this detrimental substance is the 
free and uncombined lime contained in the cement. 
Logically speaking, therefore, the smaller the quantity 
of this deleterious substance in the cement the better. 
do engineers therefore still accept the cement con. 
taining 15 per cent. or more of this free lime when they 
can obtain the best cement with not more than 5 per 
cent. ? If they therefore refuse to accept such over- 


f | limed cement, the manufacturers will supply them with 


ood cement not containing more than 61 per cent. of 
ime, only about 5 per cent. of which would be free or 
uncombined. The introduction of high-lime cement 
containing 64 to 65 per cent. was only to suit the con- 
venience of makers of rotary kiln cement. 
Yours faithfully, 
A. Kriway Bampgr, F.I.C. 
Westminster Chambers, 9, Victoria-street, 
Westminster, 8.W., January 29, 1912. 





Frencu Locomotive Burtpine. —The Eastern of France 
Railway Company has decided to order 1580 locomotives ; 
the construction of the new engines to be s over a 
term of ten years. The Paris, Lyons, and Mediterranean 
Railway Company has adopted a similar programme as 
regards new locomotives. All the engines ordered for 
this company are to be built in France. 





Ruopesian Goup-Mininc.—The production of gold in 
Rhodesia last year surpassed all previous outputs, but 
not by any great amount, the value of the output for the 
twelve months havin 2,647,824/., as compared with 
2,568,201/. in 1910, 2,623, 7081. in 1909, and 2,626,0071. in 
1908. Rhodesian gold-mining has not exhibited much 

in the past, and it has not yet altogether shakea 








P 
off its old stagnation. 
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LOCOMOTIVE WEIGHING MACHINE OF 160 TONS CAPACITY. 


CONSTRUCTED BY MESSRS. W. 


Fig.3 F 
SECTION C.D. BUT SHOWING OUTSIDE 
VIEW OF INDICATING MECHANISM 


i 








A LARGE twelve-table weighing-machine, constructed | locomotive is on the extreme end in coming on or going 


by Messrs. W. and T. Avery, Limited, Soho ae i 
Birmingham, is illustrated in Figs. 1 to 4 herewith. 


off the machine, and avoids all torsional stresses. e 
most important innovation in this machine is a new 


This has been built for —egning ocomotives, and has | form of locking-gear for the tables, to prevent shock 


a total capacity of 360,000 1 


when a locomotive is moving on or off. This gear 


Each table is contained in a cast-iron box, 2 ft. 4 in. | also prevents the tables being jammed against the 
deep, and built up in sections, the joints being all|frames. It is operated by means of the hand-wheel 


planed and bolted together with joggle faces, ensuring 
very stiff construction. The tables are designed on 
the three-lever principle, which has been illustrated 
several times in ENGINEERING, and in shown in 


again 
Figs. 3 and 4 herewith. This design of table effec- 
tively prevents the tipping of the tables when the 


and gear intended to bring the locking-gear into play 
| gradually, the table and quadrants being simul- 
taneously locked or released. 

Each table has a capacity of 30,000 lb. and the 
quadrants are graduated in 100-lb. divisions. The 
indicating mechanism is of the firm’s pattern known 





AND T. AVERY, SOHO FOUNDRY, BIRMINGHAM. 





as the ‘‘ Aerostat,” designed to reduce friction to 
minimum. It consists of two cylinders suspended and 
rolling upon non-extensible bands. The cylinders are 
connected to the main levers by means of metal bands 
and wrought-iron links. The indicator-pointers are 
worked by the cylinders through tooth-gearing, and 
there is therefore no vibration of the needle. This 
type of indicator gear avoids all use of fluids and is 
especially suitable for countries where machines are 
subject to considerable temperature variations. 








TIRRILL REGULATOR ON THE MERSEY 
RAILWAY. ; 

Tue Tirrill regulator was introduced into this 
country some years ago, and has met with such success 
that there are now some 250 installations in operation 
in the United Kingdom. Under these circumstances 
it may be held that its main principles and method of 
operation are familiar to the majority of electrical 
engineers, and that there is no need to describe it 
further. Ina sense thie is true, and yet there must 
be large numbers of engineers who are interested in 
its applications who have but little acquaintance with 
its mechanism, so that no apology is needed for briefly 
describing its details by way of preface to the account 
of a particular application of the regulator on the 
Mersey Railway, which is the proper subject of this 
article. 

The regulator is intended for automatically control 
ling the voltage regulation of either alternating of 
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TIRRILL REGULATOR; THE MERSEY ELECTRIC RAILWAY, 
CONSTRUCTED BY THE BRITISH THOMSON-HOUSTON COMPANY, LIMITED, RUGBY, 


Cc 





























Fug. 1. wan 
EXCITER 3 alll 
CONTROL a ; bs MAIN 
ad SRsarenan 
J 
DASHPOT 
EXCITER 
FIELD 
RHEOSTA 
\ 
FIELD 
RUEOSTAT 
(2630.4) 






























EXCITER 





OVERLOAD 
ciRCcUIT 
BREAKER 









GENERATOR 
FIELO 





134 hW. 
GENERATOR 


direct-current generators, and may be connected up to 
maintain a constant voltage on bus-bars or at the 
centre point of a distributing network, one apa 
for line drop. It is also applicable in connection wit! 

reversible boosters, fly-wheel motor-generators, <c. 
The action of the regulator depends, in principle, on 
the intermittent short-circuiting of a rheostat which 
controls the field, and consequently the voltage of an 
exciter, or exciters, supplying the field current to the 
machine, or machines, the voltage of which has to be 
controlled. It will be clear that by intermittently short- 
circuiting the rheostat, which is in series with the field, 
it is possible to obtain a field flux in the exciter which 
is intermediate between the flux obtained with no 
resistance in circuit and that obtained with all resist- 
8nce in cireuit. Further, the effective field flux may 
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be varied by varying the rate at which the rheostat is 
short-circuited, so that the system allows of a com- 
lete control of the field of the exciter over the range 
we which the instrument is set. The t advantage 
of the system of control lies in the rapidity with which 
the instrument may be made to nd to voltage 
variations in the circuit which is being controlled. 
This rapidity is made possible by the fact that, — 
to the short-circuiting system of control, the whole o 
the movements which have to be made are of small 
dimensions, of the order of ;'; in. only, so that they 
may be carried out with extreme rapidity. Further, 
the moving parte are very light, so that there is no 
delay owing to their inertia when they have to be 
set in motion. , 
Although a complete diagram of connections of 





Fie, 3. 





Tirrell regulator appears somewhat complicated, the 
device is in reality a simple one, the understanding 
of which presents no difficulty to anyone with a 
little electrical knowledge. A simplified diagram, 
showing the essence of the regulator, but divorced 
from 7 Se circuits, is given in Fig, 1, 
above. is diagram shows the connections for the 
control of a direct-current generator, but the arrange- 
ment is essentially the same when the regulator is 
applied to an alternator, The apparatus consists of 
two solenoids a and b, each with a moving core sus- 
pended at the end of a horizontal pivoted lever. The 
two levers are shown at ¢ and d in the figure. The 
ull of the solenoid a on the lever c is balanced by 
our spiral springs, while that of the solenoid b on lever 
d is balanced by a fixed weight, as shown. The sole- 
noid } is so designed and adjusted that the pull for any 
given eo remains constant irrespective of the 
position of the moving core within its working limits, 
the movement of the moving core is damped by a 
dashpot. The two levers c and d carry a pair of 
main contacts at their inner ends, which are closed 
together or opened during the operation of the 
regulator. In addition to the two solenoids, the 
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apparatus contains a relay shown at cin Fig. 1. This 
has two coils, one of which is conn permanently 
across the exciter brushes, and the other across the 
same brushes, but through the contact-blocks which 
are carried at the ends of the pivoted levers. The 
two coils are wound so that they oppose each other. 
The relay controls by attraction a pivoted lever, the 
movement of which opens or closes the short-circuit 
contacts of the exciter field rheostat. This lever, 
which is shown at / in the figure, is fitted with a 
spiral spring which tends to hold it away from the 
a and to close the short-circuit contacts. 

e operation of the regulator may best be followed 
by assuming a change in load on the generator, and 
os through the operation of the various parts. 
If it be supposed, for instance, that a sudden load 
comes on the generator so that the volts havea worry 
tendency, the result will be that the flux in solenoid 
will become less, and that the moving core will move 
downwards, closing the main contacts. As soon 
as this occurs the right-hand coil of the relay will 
become magnetised, and neutralise the left-hand one, 
so that the Toor J, which previously was held down 
by the relay, will be released, and under the action of 
its spring will close the short-circuit contacts of the 
exciter field rheostat. The instant this happens the 
voltage of the exciter will rise, and increasing the 
flux in solenoid a, will cause the lever c to move ina 
counter-clockwise direction, tending to open the main 
contacts. As, however, the lever d will be at the 
same time moving in a clockwise direction, the con- 
tacts will remain closed until the exciter voltage rises 
to such a value as to maintain such field on the gene- 
rator as will give the voltage for which the regulator 
is set. As soon as the generator voltage attains the 
correct value, the arm d finds itself in a position of 
equilibrium, and ceases to move, the arm c meanwhile 
continuing to rotate until the main contacts are parted. 
When this occurs the relay e becomes magnetised 
again from its left-hand coil, owing to the breaking of 
circuit on its right-hand one, and pulls down the 
lever f, opening the short-circuit on the exciter-field 
rheostat, thus causing the exciter volts to fall. When, 
however, they have fallen but the slightest amount, 
the pull of the solenoid a is weakened, so that the 
lever c moves in a clockwise direction, and closes the 
main contacts again. 

During the working of the regulator the lever c is in 
a continual state of vibration, holding such an exciter 
voltage as will supply the generator with such a 
field that it will give a constant line —- The 
dashpot, fitted in connection with solenoid 6, damps 
the motion of lever d, so that when the contact on 
lever c strikes that on d, it does not set up vibrations 
in the core of the solenoid b, which would result in 
hunting and flickering of the generator voltage. The 
lever d only moves when the generator voltage rises 
above or falls away from the voltage for which the 
regulator is set. ‘The rate of control is so rapid that 
the main contacts close within ;5,;th of a second after 
a change of 1 per cent. in the generator = 
After the close of the main contacts, however, the 
fields of both the exciter and generator have to 
change before the generator voltage can adjust itself 
in terms of the change in load. To make these field 
changes as rapid as possible, it is arranged that the 
machines shall utilise the extreme ends of their mag- 
netisation curves, so that, for instance, when it is 
desired to increase the voltage, and the exciter-field 
rheostat is short-circuited, the change in the field 
instantly brings the exciter voltage to the desired 
value. And when, on the contrary, the voltage 
requires reducing, the whole of the rheostat is put in 
series with the field, and, as this rheostat is arranged 
to have sufficient resistance to lower the generator 
voltage by 65 per cent., this voltage returns to its 
correct value at an extremely rapid rate. The regula- 
tion is so rapid that it is an easy matter to hold the 
voltage accurate well within 1 per cent. even under 
difficult conditions, as is shown in the curve given in 
Fig. 4, on the previous page. 

As we said above, the Tirril! regulator may be 
made to fulfil a variety of pan and among these 
the service to which it has n put at the power 
house of the Mersey Railway at Liverpool is not the 
least interesting. The regulator in conjunction with 
a motor-generator has been installed to supply lighting 
current to the station. The new motor-generator, 
which is driven from the traction mains, replaces a 
separately steam-driven generator which previously 
supplied the lighting circuits. The installation of the 
Tirrill regulator and motor-generator have resulted in 
a saving of 500/. a year. When it is stated that the 
traction supply vol varies from 550 to 720 volte it 
will be seen that the service demanded from the new 
nstallation was somewhat onerous, but the conditions 
have been met so successfully that the lighting voltage 
is held at a pressure which does not vary more than 
1 per cent. up or down. 

he new arrangement consists of a 205-horse-power 
motor connected to the 550/720-volt mains, and having 
mounted on its same shaft a 134-kw. 690-volt gene- 
rator and a smull exciter. The regulator acts on 


the rheostat of the exciter in the manner previously 
described, and so controls the field of the generator. 
Owing to the great variation of the supply voltage, 
however, an additional relay is fitted to the regulator, 
the contacts of which open when the other relay con- 
tacts close, and vice versd. These additional contacts 
are connected across the motor-field rheostat, so that 
the motor-field is increased or decreased when the 
exciter-field is decreased or increased. The result is 
that when the exciter and generator-fields are being 
strengthened to increase the voltage, or weakened to 
increase it, the motor-field is being weakened to prevent 
the speed from falling or to increase the speed, as the 
hoase may be. The connections of the new arrangement 
are shown in Fig. 2, on the previous page, and will be 
understood without further comment. It is, however, 

rhaps well to say that the condensers shown at the 


of preventing a spark when the short-circuiting contacts 
of the field rheostats are opened. Such condensers are a 
feature of the Tirrill regulator, although they were not 
mentioned in the elementary description which formed 
the early part of this article. A view of the regulator 
itself is given in Fig. 3, and the two relays, working 
from a single pair of coils, will be clearly seen in the 
lower part of the illustration. It should be said that 
any number of relays up to twenty-four may be so fitted 
to the regulator. The apparatus in connection with 
the installation was supplied by the British Thomson- 
Houston Company, Limited, of Rugby, who, as is well 
known, are the makers of the Tirrill regulator in this 
country. 





THE SUCKLING WATER-TUBE BOILER. 

THE more cr less general adoption of water-tube 
boilers in electric generating stations and power plants 
liable to sudden variations in load has, no doubt, 
been largely due to their quick steam-raising qualities 
and their capacity for meeting sudden demands for 
power. Incommon with many other matters of con- 
venience, however, it is found that this desirable 
quality is attained in many instances at the cost of 
certain disadvantages inherent to the particular type 
of boiler adopted. 

Among the chief troubles experienced may be men- 
tioned faulty circulation, leakages caused by unequal 
expansion, and overheating of tubes due to deposits 
becoming lodged therein. Although these troubles 
may, in some measure, be due to the design of the 
boiler, they are, to a large extent, accentuated by 
many users of water-tube boilers failing to realise that 
the water, due to the comparatively small water 
content, becomes much more rapidly concentrated 
than is the case in Lancashire boilers of similar power. 

The Suckling water-tube boiler, illustrated in Fige. 1 
and 2, on page 154, is claimed to be free from the 
troubles mentioned above, and it will at once be seen 
that a considerably larger water content is arranged 
for than is usual in boilers of this type. The circu- 
lation of the water, it will be noted, is quite un- 
restricted, and, combined with the easy path arranged 
for the gases in passing through the boiler, accounts 
for the high evaporation obtained in the test men- 
tioned below. 

The drawings given refer to a boiler of about 
10,500 lb. per hour evaporation at 160 lb. per sq. in. 
pressure, with a total heating surface of 2100 sq. ft. 
and a grate surface of 54 sq. ft. Referring to the 
illustrations, it will be seen that the boiler com- 
prises two cylindrical drums, placed vertically above 
one another and connected by two vertical pipes of 
comparatively large diameter riveted to saline at 
each end. 

The upper, or steam, drum, which is 23 ft. long by 
4 ft. in diameter, is placed horizontally, the distance 
from the floor level to the centre being about 17 ft. 
The lower, or water, drum is 22 ft. long by 3 ft. in 
diameter, and, as shown in Fig. 1, is given a consider- 
able slope towards the back of the boiler, where, at 
its lower end, the blow-off cock is placed. Of the two 
connecting pipes, it will be seen that the one at the 
front end of the boiler is in the direct path of the gases 
leaving the furnace, which is placed externally to 
the main setting. It thus acts as an uptake for the 
water, whilst the pipe at the back end of the drums, 
which comes outside the setting, acts as a down- 
comer. The two drums are further connected by 
groups of vertical tubes, 3} in. outside diameter, con- 
stituting the main portion of the heating surface ; 
these are placed in staggered rows, so as to obtain full 
benefit from the gases flowing through the boiler. 
There are 204 tubes in the boiler illustrated, and the 
ends are slightly curved, so as to bring the tubes radial 
and normal to the drums, into which they are expanded. 
The curvature given to the tubes po. Poa the drums 
to be made cylindrical, and without any flats, &c., 
for tube connections, and further, makes provision for 
expansion between the drums. 

ree ex ion of the boiler is also arranged in the 
method adopted for its support. Referring to Fig. 1, 
it will be seen that the bottom drum rests on a cast-iron 





chair near its back end, this chair being supported 


ower part of the regulator are inserted for the purpose | head 


by a steel joist bedded in the concrete foundation, 
The front end of this drum is carried by the uptake 
pipe depending from the upper drum, which latter jg 
supported at the front end by a steel stirrup from the 
cross girder carried by stanchions shown in the engray. 
ings. The back end of the top drum is carried by the 
downcomer tube, and thus it will be seen that both 
drums are perfectly free to expand lengthwise, and 
that no weight is carried by the boi tare one or brick. 
work setting. 

A manhole is provided at the end of each drum for 
giving access to the tubes for cleaning purposes, and 
also for inspection, the drums in all cases being of 
sufficient diameter for a man to work easily. ‘The 
tubes are so arranged that individual tubes can be 
easily taken out and replaced without in any way 
interfering with adjacent ones ; further, no extra 
-room is required for withdrawal or replacement 
of tubes, since they are passed in from the side of the 
boiler. 

As already mentioned, the furnace is built externally 
from the main setting, and, as will be seen from the 
engravings, provides very ample combustion space. On 
leaving the furnace the gases travel above a series of 
horizontal cast-iron baffle-plates reaching across the 
setting until they reach the back end of the boiler, 
when they return beneath the baffles just mentioned. 
On reaching the cross-wall the gases again turn back- 
wards and pass beneath the bottom drum to the 
damper opening. In building up the setting a suffi- 
cient space is allowed on each side of the boiler for a 
man to pass along for cleaning or inspection purposes; 
and in order to prevent the gases getting along the 
space so formed hinged baftles are provided. 

The slope given to the bottom drum determines the 
collection of deposits at the back end of the drum, and 
further ensures a forward travel to any steam bubbles 
entrained in water passing down tubes acting as 
downcomers. The feed water enters the boiler at 
the front end of the top drum, and passing through an 
internal pipe is delivered into the main downcomer 
at the back of the boiler. 

One of the chief claims made for the boiler is the 
dryness of the steam given. The free discharge from 
the individual tubes, and the large water area, would 
lead one to expect the result, and the further provi- 
sion of the perforated diaphragm above the water- 
level, in addition to the usual intérnal steam-pipe, 
assists in the supply of dry steam. 

The manufacture of this boiler, which has now been 
on the market for some six years, has recently been 
taken up by Messrs. Thomas Beeley and Son, Limited, 
Hyde, near Manchester, under an agreement with the 
patentee, Mr. N. J. Suckling. 

In conclusion we give a few results obtained on a 
test of one of these boilers carried out by Messrs. 
Burstall and Monkhouse, of 14, Old Queen-street, 
S.W. The boiler tested had a total heating surface 
of 396 sq. ft. and a grate area of 11.6 sq. ft., giving a 
ratio of 34 : 1, which may be considered unusually low 
for water-tube boilers. It was working at a pressure 
of 198 lb. per sy. in. The duration of the test was 
was about 10 hours, and the fuel used was Welsh coal 
having a net calorific value of 14,424 B.Th.U., and 
was hand-fired. With feed water at 95 deg. Fahr. 
the evaporation obtained was 8.9 lb. of steam, at the 
boiler pressure given, per pound of coal as fired, which 
corresponds to a net thermal efficiency of 70.2 per 
cent. 

The rate of evaporation was 2262 lb. per hour, and 
the rate of firing 22 1b. per sq. ft. of grate per hour. 
The evaporation obtained per square foot of heating 
surface is thus 5.9 lb., or, reduced to standard con- 
ditions of from and at 212 deg. Fahr., an evaporation 
of 6.72 lb. per sq. ft. Tests made as to the dryness of 
the steam showed that the moisture did not exceed 
0.6 per cent. Analysis of the flue gases showed that 
perfect combustion was obtained, and that the exccss 
air supplied was only 50 per cent. over that theoreti- 
cally required. The temperature of the gases leaving 
the boiler was 666 deg. Fahr., but we understand 
that the boiler tested was of special construction, in 
order to place it in a confined position, and that the 
horizontal baffles mentioned above were omitted. A 
more usual figure obtained on this boiler, we are 
informed, is about 100 deg. Fahr. less than in the case 
of the test quoted. 








Tur EvoLuTion AND PRESENT DEVELOPMENT OF THE 
TuRBINE Pump: Erratum.—We are uested to correct 
an error which occurred in the remarks made by Dr. 
Hopkinson on the conclusion of the reading of his paper 
on the turbine pump at the last meeting of the Institu- 
tion of Mechanical ineers. As reported on page 108 
of our last issue, Dr. Hopkinson stated that :—‘* The first 
time that centrifugal pumps were brought into prominent 
notice was in a paper by Mr. (now Sir) Charles A. Parsons, 
in the year 1876, written while a student of the Institu- 
tion of Civil Engineers. This paper had been printed 
in the Proceedings of the Institution, and had been 
awarded the Miller prize.” The paper in question W®, 
however, not written by the Hon. Charles A. Parsons, but 





by his brother, the Hon, R, Clere Parsons, 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 17, 1912. 

Tue improving condition of the steel industry is 
indicated in the figures, just published, of the Steel 
Corporation for December, showing orders for that 
month at 942,806 tons. The total unfulfilled orders on 
the Corporation’s books amount to 5,084,761 tons, the 
largest since March, 1910. The railroads continue to 
order quite freely, the rail orders for the past week 
amounting to about 100,000 tons. There have been 
several recent conferences between rail-makers and 
railroad managers, and some heavy business is ex- 
pected as a result at an early date. Among recent car 
orders are 7200 by the Pennsylvania Railroad, of which 
4000 are for the eastern, and the balance for the western 
systems. Pending inquiries for steel cars aggregate 
15.000. These and similar activities have served to 
harden the price of billets, especially in western markets. 
Business is now pending for large blocks of steel billets, 
and the advancing tendency will naturally bring out 
a great deal of latent business which has been hangin 
back because of weak prices and the possibility of still 
lower quotations. The inquiries for plate are also 
increasing, and the fractional advances recently made 
are maintained. Large quantities of Bessemer iron 
have been purchased within a week, deliveries to 
extend over a period of six months in some cases. 
Iron bars are being held at the advance, and steel bars 
are in active demand. The general tone of the market 
is stronger, and everything now points to a further 
expansion, not only for current requirements, but 
against the possibility of still higher prices. Coke 
has advanced 20 cents a ton at the ovens, and a further 
advance of 10 cents is in sight. Since the first of the 
year 4000 ovens have been fired. 

January 24. 

Nearly all of the furnace interests are agitating for 
a more favourable re-arrangement of freight rates on 
iron ore from northern and southern sources. The 
independent iron and steel makers assert and prove 
that the southern railroads apy d are making 
discriminating rates against them to the Ohio river, 
by which the Tennessee Coal and Iron Company are 
favoured. This is a serious question to the indepen- 
dent interests now that margins are so close and when 
there is sucha struggle to secure business. It is repre- 
sented that a large percentage of the business recently 
laced has been taken at but little more than cost. 
‘he Government is investigating the Steel Corpora- 
tion, which is the chief wow dl if offence exists. 
The entire subject will be thoroughly thrashed out, 
and the ‘‘ independents” will not be satisfied until 
fair dealing is extended to them. Prices for 1912 
Lake Superior ore have not yet been fixed, but rates 
have been agreed upon for imported ores. The matter 
of almitting ores from outside countries free will come 
up for consideration in a few days in Congress. Large 
tonnages of ore are on the Lake Erie Docks awaiting 
sale. Consumers are anxious to place contracts for the 
season, but are restrained from so doing. The uncer- 
tainty as to ore will check the resumption of work at 
a number of blast-furnaces. Meanwhile stocks are 
declining, and a hardening tendency is apparent in all 
kinds of crude iron, excepting basic and Bessemer. 
The severe weather of the past two or three weeks has 
interfered with the shipping of coke, and prices during 
the month have advanced. The Connellsville plant is 
working to 70 per cent. of capacity. The exceptional 
activity in all finished products in the past month has 
disappeared, and the business of the past week has 
been notably light. This is not a discouraging feature. 








CANADIAN INDUSTRIAL EXHIBITION ASSOCIATION.—The 
Exhibition for 1912, under the auspices of the Canadian 
Industrial Exhibition Association, will be held in Winni- 
peg, from July 10 to 20 next. H.R.H. the Duke of Con- 
naught, Governor-General of Canada, will officially open 
the Exhibition, and will be present during most of the 
time it remains open. 





THe Association OF Rattway Locomotive Enat- 
NEERS.—-Mr. Pickersgill, chief mechanical engineer of 
the Great North of Scotland Railway, has been elected 
endens of this Association for 1912, and Mr. Harry 8. 
Vainwright, chief mechanical engineer of the South- 
Eastern and Chatham Railway, has been elected vice- 
president. Mr. Wainwright has been secretary of the 
Association since 1898. 





PrRsONAL.—The offices of the Aeronautical Society of 
Great Britain will be removed to Albion Chambers, 11, 
Adam-street, Adelphi, W.C., on February 8.—The 
Westminster Engineerin Company, Limited, having 
purchased from Messrs. Ferranti, Limited, all the neces- 
Sary drawings, plant, and tools, are prepared to carry 
out repairs or supply new spare parts to Ferranti alter- 
nators, rectifiers, &c. essrs. Ferranti have advised 
their customers to this effect. The Westminster Engi- 
neering Company, Limited, have for some years devoted 
& portion of their works to electrical repxirs, and are in 
& position to give prompt delivery. They also bring ma- 
chines of old design up to date, fitting interpoles where 
necessary, new commutato s, new brush gear, &c. 





THE LATE PROFESSOR J. AMSLER- 
LAFFON. 


In the person of Professor Amsler-Laffon, who died at 
Schaffhausen a few weeks ago, in his eighty-ninth year, 
an original inventor and distinguished engineer has 
passed away. During the last years of his life he was 
no longer able even to take an active part in the 
affairs of Schaffhausen, where he spent most of his life, 
and the present generation knew little of the man who, 
a few decades ago, had a European reputation. Born 
in November, 1823, at Stalden, near Brugg, in Switzer- 
land, as son of a farmer, Jacob Amsler went first to a 
village school, then to the canton school at Aaran, and 
later to the universities of Jena and Kénigsberg, where 
mathematics and physics chiefly attracted in. although 
he had originally meant to study theology. Returning 
to Switzerland in 1848, he was for a few years at the 
xeneva Observatory under Plantamour, and became 
then lecturer on mathematics at the Ziirich Polytechnic. 
In 1851 he accepted an appointment as mathematical 
master in Schaffhausen, which he gave up in 1857 to 
have more time for practical work. 

Since 1849 he had been acquainted with tke planimeter 
of his countryman Oppikofer, a complicated and delicate 
integrating instrument. In 1854 Amsler brought out 
the polar planimeter, which made him a famous man. 
The ordinary linear planimeter integrates according to 


the formula Fs ydx. Amsler substituted for the 
variable y the constant linear dimension r and a vari- 
able angle a, such that Ff ydx=r JS 
he showed later how the integral Y f y" dx can be 


determined as r” SJ sin" ad x, expressing the sin” a as 


sinad wx; and 


the sum of terms containing the sines of multiples of «. 
The coefficients of the Fourier series, he showed after- 
wards, might be determined in a similar way ; but he 
did not design any actual instrument for this purpose 
—a problem which Lord Kelvin later solved with 
his harmonic analyser. But Amsler designed and 
constructed in his own workshop various instruments 
for determining static moments, moments of inertia, 
and centrifugal moments on the planimeter method. 
These researches he described in 1855 in the quarterly 
of the Ziirich Naturforschende Gesellschaft, and in a 
German book entitled ‘‘On the Mechanical Determi- 
nation of the Area, Static Moments, and Moments of 
Inertia of Plane Figures, and on a New Planimeter.” An 
addition to this momentous work on mechanical integra- 
tion was published by him in 1884 in the Zeitschrift fiir 
Instrumentenkunde, under the title ‘‘ New Planimeter 
Constructions.”” He demonstrated also in this volume 
how the slightly modified planimeter could be utilised 
for measuring the areas of figures drawn on spheres. 
His great work on mechanical integrators is perhaps 
less known now—because special names have been 
attached to special types of the integrators he origi- 
gated—than his cement-testing machines and other 
testing-machines, his dynamometer, his apparatus for 
measuring speeds and velocity of water currents, his 
hydraulic press, &c.; his apparatus for recording the 
permanent set of specimens under fall-hammer tests 
dates from his eightieth year. His practical sense, 
versatility, and originality of mind, and his thorough 
reliability—the commercial instinct was lacking in 
him—led to his being consulted by many authorities 
on various subjects. He was a member of the Swiss 
Government Commission on fire-arms, and he was 
called to Vienna and St. Petersburg by the Austrian 
and Russian Governments. He was a corresponding 
member of the French Academy of Sciences, an 
honorary member of the Swiss Association of Engi- 
neers and Architects, and received many honours in 
his own country and from foreign countries. His 
second name Laffon is that of his wife, which is added 
to the husband’s name in accordance with the Swiss 
custom ; she was the daughter of a pharmaceutical 
chemist at Schaffhausen. 





Tue Commerce or Carr Townx.—The commercial, 
icultural, and manufacturing opportunities of Cape 
‘own are clearly set forth in an official hand-book, 
‘**The Industrial and Commercial Inducements of Cape 
Town,” compiled under the joint auspices of the corpora- 
tion of the city and the South African Railway Adminis- 
tration. The book reviews all the facts which the manu- 
facturer who is ee the possibilities of Cape Town 
as a centre for the establishment of a local factory will 
desire to be acquainted witb, the proximity of populous 
and thriving agricultural and pastoral towns, abundance 
of inexpensive labour, a plentiful and cheap supply of 
ee water and electric power, spacious docks, an 
uilding land adjoining the railway. Specially low rail- 
way rates for manufactured goods from Cape Town and 
coal to Cape Town are some of the inducements held out 
to manufacturers. For the establishment of factories in 
Cape Town and district the hand-book contains much 
useful statistical information and a number of illustrations. 
Copies of the hand-... k may be obtained gratis on appli- 
cation to the office of the High Commussioner for the 
Union of South Africa, 32, Victoria-street, 8.W. 
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THE CENTRAL HEATING AND POWER 
PLANT OF THE Mc3ILL UNIVERSITY, 
MONTREAL.* 

By R. J. Durty, B.Sc., Ma.E., M. Inst. C.E. 


Economic and other conditions have Jed in many places 
to the development of central plants for the distribution 
of heat to large groups of buildings or to districts in towns, 
and these installations are in successful operation both 
with and without accompanying electric generating- 
stations. 

The present paper describes the arrangement and 
equipment of a central heating plant, combined with an 
electric light and power station, designed to serve the 
various buildings of McGill University. Although only 
of moderate size, the installation is of interest on account 
of the somewhat severe climatic conditions and the un- 
usual nature of the service. Attention is called to the 
fact that the economic possibilities of such a station 
depend very largely on the relation between the demand 
for heat and that for electric current. 

The University buildings were, up to 1908, heated 
individually by their own steam or hot-water equipment, 
and took current from the local electric-supply company. 
The coal used for the heating service was necessarily of 
an expensive kind, and the cost of current was rather 
high. Economy and improvement in service, therefore, 
were sought by utilising cheaper coal in a central boiler- 
plant, and heating the various buildings from one source, 
employing for this purpose as far as possible the exhaust 
steam from electric generating sets. The buildings which 
will ultimately be served have a total volume of about 
7,570,000 cub. ft. ; they contain 81,000 sq. ft. of direct- 
radiation heating surface, need 185,000 cub. ft. of warmed 
air per minute for ventilation, and require as a maximum 
about 475 kw. for light and power. The greatest demand 
for steam for heating and ventilation for all the buildings 
in cold weather would be about 30,000 lb. per hour. 

The station as at present working supplies current to 
eleven buildings, and heat to five, and the heating ser- 
vice will be extended % all the buildings as opportunity 
serves, 

A brief discussion of the systems of heating and venti- 
lation in general use in Canada for large buildings, and a 
description of the nature of the demand for steam and 
current for the University purposes, is followed by notes 
as to some of the problems arising in the design and con- 
struction of underground piping systems for steam and 
hot water. 

The McGill power-house itself is not of an unusual 
type, its equipment including four water-tube boilers, 
three steam-electric generating sets, the necessary heaters 
and auxiliary machinery, and the ordinary apparatus for 
the switchboard and electric accessories. 

The heat-distribution to the buildings being largely by 
means of forced-circulation hot water, as well as by 
steam, the heaters and circulating pumps are installed in 
the engine-room, and are at present capable of supplying 
hot water to 69,000 sq. ft. of direct-radiation Goalie 
surface. Means are provided for obtaining a record of 
the heat delivered to the heating systems of the various 
buildings. 

The electric distribution is by underground cables 
throughout, the cables, as well as the heat-distributing 

ipes, being carried partly in tunnel and partly in con- 

uit. Secondary heaters have been installed in two of 
the buildings, in order to avoid the expense of renewing 
their existing heating pipes and radiators. 

The paper closes with a description of the methods of 
operation adopted, and the systems of temperature regu- 
lation employed, together with some notes as to working 
costs. 








LiverPoo. SALVAGE ASsOcIATION.—A very satisfac- 
tory year’s work is recorded in the annual report of this 
Association, submitted to the annual general meeting, on 
January 26. Ten important salvage cases have 
successfully dealt with, including the Olympic, after her 
collision with the Hawke, and the Ivernia, which struck 
Daunt’s Rock, and was beached in Queenstown Harbour. 
From her 2000 tons of cargo were discharged by divers, 
forward holds were platformed by divers, considerable 
patching done, and the vessel floated and sent to the 
Mersey to discharge the remainder of her cargo and 
docked for repair. Two of the Association salvage steamers 
—the Ranger and Linnet—were engaged in the o 
at Queenstown on the Ivernia. Mr. William Gow, the 
chairman, at the annual meeting, stated that the Associa- 
tion possessed twelve motor-pumps (nine being 12-in. and 
three being 5-in.), and of ten steam-pumps—including 
those on the Linnet, the Ranger, and the Enterprise— 
three are of 12-in., four of 10-in., two of 8-in., and one of 
5-in. If all these pumps were at work at full bore they 
could pump water at the rate of 12,000 tons—which means 
420, cub. ft.—of water per hour. This amount of 
water could be raised in ene hour from a ship and thrown 
to an average height of 30ft. In addition they had a 
series of air compressors, seven altogether, of which three 
were driven by oil and four by steam, one each of the 
steam compressors being aboard the Ranger and the 
Linnet. A very large asset consisted of portable electric 
light apparatus, of which they had two complete sets. 
he Association had at present three vessels, for in addi- 
tion to the two mentioned above they possessed the 
Enterprise, which was specially adapted to river work. 
Holyhead is the permanent station of the Enterprise. 
and she is always ready for active service at 30 minutes’ 
notice. 





| * Abstract of a paper read at the ordinary meeting of 


| the Institution of Civil Engineers on Tuesday, January 30, 
| 1912. 
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FRIDAY, FEBRUARY 2, 1912. 


THE ENGINEER CONSULTANT. 


Ir is well in initiating a discussion on consulting 
engineers and consulting engineering to make quite 
clear what one means by the phrase, or, rather, 
what particular class of consulting engineer we 
wish to deal with. Among the several classes 
there are two which are widely differentiated, and 
which stand at the two extremes of the graduated 
series into which consulting engineers can be 
divided, the intervening space being occupied by 
those who fill the functions and adopt the 
methods in a greater or less degree of both of 
the other two. The two extreme classes roughly 
and in a general way may be represented in one 
case by consulting civil engineers, and in the other 
by consulting mechanical and electrical engineers. 
The civil engineer of the type we are considering, 
in designing a work or structure makes himself 
responsible not only for the general scheme, but also 
for the which make it up, down even to the 
smallest detail. He designs, works out, and makes 
drawings for these details himself, so that the 
contractor who finally carries the work out is 
responsible only for the actual construction, and 
not for the adequacy either of the main scheme 
or for the parts which make it up. The mechanical 
or electrical engineer of the type which is the 
antithesis in mode of operation of the civil 
engineer just referred to settles only the general 
features and dimensions of a project, and beyond 
approving or as aa of the details of the 
material supplied by the contractor, does not make 





himself responsible for the minutiw of the work. 


Flack, M.A., M.B., B.Ch. Lord Sanderson, GOC.B., K.C.M.G., | 
Thursday, February 8, at | 


|He does not actually design the machines which 
—a part of his project. 
| ese names, a8 we are using them here, refer 
|rather to types of work than to classes of indivi- 
‘dual, although in a rough way the two types of 
work are in practice carried out by different classes 
|of individual. As a broad definition, it might 
‘be said that civil engineers are engaged in the 
| design of structures, and mechanical or electrical 
| engineers in the design of machines, and yet in prac- 
| tical life each type of engineer must trespass to some 
extent on the domain of the other. A civil engineer 
| designing a graving-dock may have to design or 
| specify the pumps required for emptying it, while 
a mechanical engineer laying out a manufacturing 
plant may have to design the buildings which are to 
contain it. In the first of these cases we should say 
that the civil engineer is acting partly as a mechanical 
engineer, and in the second that the mechanical 
engineer is acting partly as acivil one. In the pro- 
fessional sense, of course, the pumps for a graving 
dock are considered to come within the sphere of 
civil engineering, and the building for a manu- 
facturing plant within the sphere of mechanical 
engineering ; and yet not only in our present sense, 
but in the strict meaning of the two expressions, it 
is obvious that in each case the work really lies 
within the domain of the other. In practice, it is, 
of course, impossible that civil and mechanical con- 
sultants should not stray into each other’s dominions ; 
but in what follows we hope it will be clear that 
when we speak of the work of civil engineers 
we refer only to such of that work as is civil 
engineering par excellence, and, similarly, when we 
refer to the work of mechanical or electrical engi- 
neers we refer only to that major part of their 
work which comes strictly within the meaning of 
the expressions ‘‘mechanical engineering” or 
‘* electrical engineering.” 

Of this civil-engineer type of consultant it is not 
necessary to say much. In general his work is 
unique. There is no question of applying standard 
machines or standard parts to it. It must be 
specially designed to meet special local conditions, 
and quite apart from the determination of the 
general features of a work, it is part of the recog- 
nised duty of the consulting engineer to work out 
the details also, and to determine in every par- 
ticular what shall be done and how it shall be 
done. The uniqueness of a civil engineer's 
work demands that every project shall be speci- 
ally designed, and unless the consultant is to 
undertake this design it is difficult to see that he 
has any function at all. The consulting mecha- 
nical or electrical engineer is, however, in a 
different case. His work frequently, and indeed 
generally, consists only in the designing of projects, 
or schemes, into which it is necessary to on! 5 various 
machines and pieces of apparatus which the engi- 
neer is not expected to design for himself. is 
duty is to select from among the material designed 
by others that which his judgment tells him is best 
suited to the work in hand. He forms the con- 
sultant and referee in a way that the civil engineer 
designing a project in detail does not attain to. 

The peculiar position of a consulting mechanical 
or electrical engineer, which is, we think, without 
exact parallel in any other profession, raises several 
interesting points, which are well worth considera- 
tion. Some of them were dealt with by Mr. Michael 
Longridge in his presidential address before the Man- 
chester Association of Engineers on the 13th ult. 
This address was so altogether racy and admirable 
that we could wish to give it nought but praise. 
However, our criticism, in this connection, is not 
very severe, for we wish only to make the point that 
whenspeaking of consulting engineers Mr. Longridge 
did not state in terms what class of consulting engi- 
neer he was dealing with. A reading of his address 
makes it quite clear what he was talking about, but 
there is danger, as already mentioned, in speaking 
of consulting engineers as a single class when in 
reality they are many. Mr. Longridge discussed the 
amount of detail a consulting mechanical or electrical 
engineer should embody in a specification for work 
in order to obtain the best value for his. client. 
The letter of Mr. Longridge’s address, however, 
referred to consulting engineers in general, and, 
by the presumptive inclusion of civil engineers, 
would appear to have paved the way for fruitless 
discussion. As we have said, unless a civil engi- 
neer is to include practically all details in his 
specifications and drawings, it is difficult to see 
that he can be said to have fulfilled his functions. 





With mechanical and electrical engineers, however, 
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the matter is different. Mr. Longridge suggested 
two methods on which they can work. In the 
first place, they may issue specifications des- 
cribing the required plant and its accessories 
in every detail, and laying down the methods of 
manufacture, the materials to be used, the test to be 
applied, and, indeed, everything to the last coat of 
paint. In the second place, they may issue specifi- 
cations which state only what the plant or machinery 
has to do and the tests it will be required to pass, 
and leave the contractor free to obtain the desired 
results in his own way. 

It is in connection with the question of specifica- 
tions in detail versus specifications in terms of 
results that we find our second point of disagree- 
ment from Mr. Longridge. He says: ‘Of the 
two methods, except when dealing with standard 
designs, I think the first, viz., specification in 
detail, is much to be preferred ; but I fear that, as 
the child of the consulting engineer, it is unlikely 
to survive. It is an exotic, too costly in time and 
money for the present industrial conditions.” We 
are afraid we must disagree from the idea that 
specification in detail is to be preferred to speci- 
fication in terms of results. There is difficulty 
in disagreeing from anything in Mr. Longridge’s 
charming address, but we dare say he will forgive 
us for suggesting that he is wrong here. Aliquando 
bonus dormitat Homerus. That a consulting en- 
gineer should personally design every detail in the 
work he is to carry out might have been a ible 
and reasonable practice many years ago. Indeed, 
it was the actual practice. Nowadays, however, we 
look upon it as a very unsatisfactory, and even 
dangerous, form of activity, which is likely to prove 
too costly, in a way different from that of which 
Mr. Longridge was thinking. It is impossible 
among the complexities of modern engineering for 
any man, no matter how able and industrious, to 
obtain such detail knowledge of, say, the range of 
electrical practice, as would enable him to design 
the whole of a complicated electrical plant in every 
detail. The understanding of the mere question of 
the insulation of electrical machines demands many 
working years of a man’s life, and the practising 
consulting engineer can only come into knowledge 
of such matters at second hand. And we have 
little faith in designing work based on second-hand 
information. Again, with every respect to an able 
profession, we doubt if there is a consultant in this 
country who has the knowledge of, say, such a sub- 
ject as the electrical driving of rolling-mills which 
is in the possession of certain contractors. 

In very many cases, of course, there can be no 
objections, from the point of view of adequacy or 
efficiency, to mechanical or electrical consultants 
designing apparatus in every detail, but even in 
these cases there is great objection from the point 
of view of economy. This objection is probably that 
which Mr. Longridge had in view when he stated 
that the system was too costly in time or money 
for the present industrial conditions. The most 
obvious cases illustrate this objection. Consider, 
for instance, a specification for centrifugal pumps 
driven by reciprocating engines. If the consultant 
issuing such a specification is to accompany it by 
detail drawings, it is clear that all the manufacturers 
who tender to it will necessarily demand a much 
higher price than they would require for their own 
products, since the whole of the patterns required, 
and possibly many tools, would have to be specially 
made for the job, There is no need to enlarge on 
this point, however ; obviously specifications in detail 
for ordinary machinery at once eliminates the whole 
of the saving due to standardisation, of which so 
much is ree nowadays, and this will apply nomatter 
what the ability of the consulting engineer in connec- 
tion with the particular souladthe may be calling for 
in terms of his own designs. Mr. Longridge, in the 
quotation we have made from his address, specially 
excludes standard designs fror his scheme of speci- 
fication in detail ; but we are inclined to think that 
the objections to such specification extend far 
beyond what are usually known as standard designs. 
Even in special machinery it will usually be ible 
for a manufacturer to quote a lower price if he is 
permitted to work in any of his standard parts, such 
as glands, cocks, connecting-rods, &c., and is at 
liberty to modify the general design in terms of his 


manufacturing facilities. The only cases in which 
complete detail design would appear to be justified 
are those in which the requirements of space or 
output are so extraordinary that manufacturers’ 
standard parts could under no circumstances be 
employed. 





Although compelled to reject the idea of detail 
specifications on quite other grounds than Mr. 
Longridge, we find no difficulty in agreeing with 
his remarks on the dangers and difficulties of the 
rival system of specifications in terms only of 
results. As he points out, such specifications too 
frequently result in tenders from manufacturers 
which abound in such expressions as ‘ suitable 
material,” ‘‘ample capacity,” and ‘‘ large bearing 
surfaces,” and the —— of such a tender may, 
and does, lead to much trouble in the interpreta- 
tion of the expressions when the material tendered 
for is ready to be inspected or delivered. Inci- 
dentally and in this connection Mr. Longridge 
suggests that when it comes to a question of 
accepting material described in phrases of this 
order, the consulting engineer should have regard 
to the general class of work turned out by the 
firm which has made the material. The expres- 
sion ‘‘highest class of workmanship” may 
have very different meanings in two shops, and 

t unfairness may be done to a firm which in 
the best faith has constructed an article to their 
‘*highest class of workmanship,” by insisting that 
they shall reconstruct it in terms of some one else’s 
meaning of the phrase. One, of course, agrees 
with Mr. Longridge in this, and with a competent 
consulting engineer difficulty should seldom arise, 
since it is clearly part of his duty, if he does 
not know the firm he is dealing with, to ascertain 
beforehand, by inspection of some of their usual 
work, what it is they are likely to mean by 
‘*highest class.” None the less, however, speci- 
fications in terms of such vague phrases as ‘“ best 
materials,” and the like, are always unsatisfactory, 
and any more definite practice which can be devised, 
provided it is not too expensive, is to be preferred. 

Since it is impossible, or at any rate undesirable, 
that consulting engineers should issue their speci- 
fications in detail, and since it is at the same time 
desirable that specifications should not be vague 
and half meaningless, it would appear that the 
most satisfactory way of dealing with the matter 
would be for manufacturers tendering to a con- 
sultant’s specification to put forward themselves a 
detailed summary of the material they propose to 
supply. This system is, of course, practically 
always approximated to now, but since there must 
be a limit to the expenditure a manufacturer can 
incur over a tender which may not be accepted, 
such detailed summaries are apt to bristle with the 
vague phrases to which objection has already been 
taken. And this difficulty is impossible to over- 
come unless consulting engineers are prepared to 
work with the system which is suggested by Mr. 
Longridge, and which is already in use to some 
extent. This system demands that the manufac- 
turer should supply with a tender a specification 
which in effect might be divided into two parts. One 
of these parts might be considered as the variable 
factor, and would define the characteristics of the 
— plant which it was proposed to supply. 

he other part would be standard, and would con- 
tain descriptions and illustrations of the design and 
finish adopted by the contractor for other plants of 
the same class. As we have said, something is 
already done with this system, and many firms, by 
illustrated leaflets and photographs, now suppl 
information in reference to their products, in 4 
their tenders. We have not, however, always 
found that consulting engineers favour the method, 
and even in straightforward work special drawings 
and details are frequently demanded from all the 
contractors in a way that te little justification. 

We consider the system of accompanying a tender 
by standard descriptive and illustrative matter an 
excellent one, and although there is room for 
improvement in the form of such matter supplied 
by some firms, we think improvement would quickly 
be seen if consulting engineers in general showed 
themselves in sympathy with the method. The 
matter supplied nowadays too frequently, perhaps, 
tends to approximate to the “‘ highest class of work- 
manship’’ order, since the preparation of informa- 
tion of this class is relatively an inexpensive matter. 
If, however, consulting engineers will show them- 
selves favourableto a system which demands nothing 
but a statement of the main dimensions and effli- 
ciencies in a tender for a particular plant, but de- 
scribes the class of detail to be supplied in terms of 
standards or of details supplied for other work, we 
think the manufacturers will not hesitate at the time 


and money required for the preparaticn of such detail | 
information in an adequate manner. The initial | 


expenses would in many cases be heavy, but as the 





matter produced could be used again and again, 
the final result would be an enormous saving over 
the present system, which involves the preparation 
of endless detailed tenders, the majority of which 
represent so much lost money. At the same time 
the system would enable tenders to be sent in 
for complicated plant with much less delay than 
now occurs, and would actually result in fewer 
disputes about the class of work which was to be 
supplied, since information got together at leisure 
ak be much fuller and more explicit than even 
the most detailed special tender pressed through an 
office at top speed against a time-limit. 








THE RATING OF PETROL-ENGINES. 

Tue fact that a Commission has been appointed 
to inquire into the question of the rating of petrol- 
engines for revenue purposes again rouses interest 
in this question. We dealt with the matter from 
some points of view in our issue of December 15, 
1911, discussing in that article the rating of engines 
for competitions, and the points of design necessary 
to get the best results on the — rating, but 
we now propose to deal with the rating from the 
point of view of the taxation authorities. As long 
as engines are taxed by horse-power, it is necessary 
to have some arbitrary rating for the purpose. No 
doubt the best plan, theoretically, would be to tax 
them on the power that they actually give in prac- 
tice, but this would involve testing every engine 
under such circumstances as to be sure that the 
test represented the power actually developed in 
ordinary running on the road, and this is obviously 
impracticable. It is, however, open to question 
whether it would not be fairer to abandon altogether 
the plan of taxing cars by their ‘‘ horse-power” and 
simply tax the petrol. This would be, in fact, 
rating the engines by their petrol consumption, and 
this would, on the whole, be a perfectly fair rating. 
Assuming, however, that a rating for taxation 
purposes is required, it is obvious that it must be 
reasonably simple, and that the measurements on 
which it is based must be such as to be easily checked. 
It seems to be fairly well agreed that the only prac- 
ticable basis for rating is afforded by the dimensions 
of the cylinders. Possibly a theoretically more cor- 
rect basis would be the diameter of the inlet pipe, 
for the power of an engine is more nearly propor- 
tionate to this than to any other single dimension. 
As the majority of authorities are, however, agreed 
that cylinder dimensions must form the basis of 
rating, we shall confine ourselves to the considera- 
tion of ratings based on these. 

Before going into the merits of these it may be 

remised that it is impossible to make any formula 
me on the dimensions of the cylinders which will 
in any way accurately rate engines of different 
types of construction, especially when these are 
designed to run at different speeds. For getting 
the best possible power out of given sized cylinders 
it is obviously necessary to run the engine as fast 
as possible, while for all the practical requirements 
of a car—durability, quietness, &c.—it is desirable 
to do exactly the opposite. Hence, if the rating 
is based on the cylinder capacity, those who endea- 
vour to get the greatest power out of their cylin- 
ders, regardless of anything else, will always pay a 
lower tax per horse-power t!:an those to whom 
other considerations are of importance. The rating 
should therefore be such as to he fair to the bulk of 
motorists, though it is pos: i‘ ly inevitable that under 
this system some will evade paying their propor- 
tionate share. As, however, engines tuned up to give 
the greatest power from given sized cylinders are 
extravagant in fuel, such people will pay a heavier 
petrol-tax. Granting that rating is to be based on 
cylinder dimensions, the only question is, Which 
formula will most fairly rate engines of differing pro- 
portions of diameter to stroke’ The present rule 
rates engines by the area of their cylinders only, and 
it is obvious, both from theory and practice, that the 
result is inevitably to rate engines of varying pro- 
portions of diameter to stroke unfairly, for the 
longer-stroke engine of a given diameter will give 
the greater power, though rated equally. 

The natural alternative to this is to rate the 
engines by their cylinder capacity—i e., the area 
multiplied by the stroke. Various other very 
complicated formulz have also been proposed, but 
these are obviously not justified unless it can be 
shown that a capacity rating would be unfair. 
Taking the ordinary touring car, we find that 
the revolutions for a given power are mainly fixed 
by practical considerations, There is no difficulty 
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in making a petrol-engine capable of maintaining 
3000 revolutions per minute at full load, just as 
there is no difficulty in running a locomotive with 
44-ft. wheels at 60 miles an hour. It is, however, 
found best to keep the revolutions down to a more 
moderate figure in both cases. In a car some of 
these limits to engine speed are absolute, such as 
are involved in the necessity of making the gear 
run quietly, &c., and are totally independent of the 

roportions of the cylinders. If these absolute 
fimite are those which govern the design, it is 
obvious that the power of the engine will, with a 
given compression, &c., be proportionate to the 
cylinder capacity, and hence the latter will be the 
correct rating. It may be argued, however, that 
the limit to revolutions is relative, and not abso- 
lute—i.e., that the engine speed practicable in a 
touring car is a constant percentage of the maxi- 
mum possible. If this were so, the power deve- 
loped would also be a proportion of the maximum 
possible. In this case the basis of rating for taxa- 
tion should be the same as the basis of rating for 
competitions, and it is therefore convenient to con- 
sider the latter. 

Capacity rating has now been used for three 
years for the Autocycle Tourist Trophy, and the 
results will therefore show definitely whether it 
has produced engines of exaggerated proportions, 
as would be inevitably the case if it rated varying 
proportions unfairly. Previous to the institution 
of such races the usual proportions for motor-cycle 
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cylinders were either to have the diameter and the 
stroke equal, or thestroke slightly longer than the 
diameter, the proportions of stroke to diameter being 
usually within the limits of 1 and 1.1. The sole 
question is therefore whether the method of rating 
has produced any great variation from this. 
In some of the early races competitors used 
engines with very short strokes, the assumption 
being that with the shorter stroke higher revolu- 
tions could be run, and therefore greater power 
obtained from a given cylinder capacity. It was 
found that there was no difficulty in making an 
engine run satisfactorily with a stroke as short as 
0.58 of the diameter. In 1911, however, makers 
quite abandoned such short strokes, and returned 
to practically their normal proportions, as used 
before the races were instituted. The proportions 
adopted by various makers range from a stroke- 
bore ratio of about 0.66 to 1.4. This conclusively 
proves that makers of experience consider that the 
power developed for a given cylinder capacity is not 
affected by the proportion of diameter to stroke 
within the range generally used. As regards the 
actual results of the racing, Fig. 1 shows the results 
of the race for the larger-sized machines, and 
Fig. 2 that for the smaller. In both the single- 
cylinder engines are shown by dotted lines, and the 
twin cylinders by full lines. The cylinder capacities 
allowed were in the large class 585 cub. cm. for 
twins and 500 cub. cm. for singles, and in the smaller 
340 cub. cm. for twins and 300 cub. cm. for singles. 
It will be seen that these results demonstrate 
quite clearly that rating by cylinder capacity has 
neither produced exaggeratedly long nor extremely 
short strokes. In the larger race several machines 
were entered with strokes below 0.8 of the dia- 
meter, but were beaten by those with strokes 
slightly longer than the diameter. The single- 
cylinder engines in this race were all of a stroke 
about equal to the diameter and almost all of 
one make, so there is little to learn from them. 
In the race for the smaller class the long-stroke 
engine shows to great advantage in the twins, 
while the shorter-stroke does in the singles. The 
obvious conclusion from these facts is that the 
power developed by engines of a given’ cylinder 





diameter to stroke, the difference in the speed of 
the individual machines being due to the skill of 
the riders, luck with tyres, attention to the tuning- 
up of the engine, and other factors having nothing 
to do with the proportion of diameter to stroke. 

Other analyses give much the same results. For 
instance, we showed in our issue of May 21, 1909, 
that if a given series of engines of one maker be 
taken, the cylinder capacity per horse-power is prac- 
tically constant, regardless of the soles The ae 
lopment of racing engines under the area rule shows 
the same thing. Under this rule the stroke has 
naturally been exaggerated, and it has been found 
that the horse-power has gone up practically in pro- 
— to the stroke—i.e., it is as easy to get 30 brake 

orse-power out of a cylinder 4 in. by 12 in. as 
10 brake horse-power out of one measuring 4 in. by 
4in. There can, therefore, be little doubt that 
the power of a petrol-engine is substantially propor- 
tionate to the cylinder capacity within the range 
of stroke to diameter usually used, and therefore 
there can be no excuse for introducing complicated 
rating formulre based on other assumptions. 

The facts being the important point, the reasons 
for them are of secondary importance; it is, however, 
rather interesting to consider why this should be 
so. If the power of a motor with a cylinder of a 
given capacity does not vary with the proportion of 
diameter to stroke, it means that the maximum 
revolutions are the same, or that, if there is any 
variation in the revolutions, it is compensated for 
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| by a variation in the mean pressure. It is possible 
that the long-stroke engine gains slightly in mean 

ressure, and that this compensates for a slight 

oss in revolutions, but this can only be so to a 
very small extent, and we are therefore forced to 
the conclusion that lengthening the stroke and 
reducing the diameter does not vary the maximum 
revolutions which can be run to any material 
extent. This leads to the question, What is the 
limit of the speed at which an engine can be run ? 
Probably in practice the points which determine 
this are the time required for combustion and the 
port area. In his paper before the Institution of 
Automobile Engineers, on ‘‘ Engine Design for 
Taking Advantage of Horse-Power Rating Rules,” 
Mr. Pomeroy stated that in order to get the charge 
to burn in the time available for combustion at a 
speed of 3000 revolutions, it was necessary that a 
compression ratio of 5 to 1 should be used. He also 
pointed out that with a compression space of a given 
size there is a limit to the size of valves which could 
be used. As the compression space for a given ratio 
cylinder capacity is the same, whatever the propor- 
tion of diameter to stroke, it follows that the valve 
area practicable will also be the same. Possibly there 
are other limits, but, if so, they do not appear to 
affect the fact that the power to be obtained out of 
a given cylinder capacity does not in practice vary 
with the proportion of diameter to stroke. 

This being the case, it is not necessary to deal at 
great length with the alternatives proposed. Of 
these the most important is the one brought forward 
by the Society of Motor Manufacturers and Traders. 

This is 

Horse-power = 0.197 (d—1) (r + 2) N, where d is the 
diameter of cylinder in inches, r is the stroke 
divided by the diameter, and N the number of cy- 
linders. z 

It is obvious that this formule is extremely 
complicated, and unless it can be shown that 
it is necessary it is quite unjustifiable. As we 
have definitely found that the racing of motor 
cycles under a capacity rule does not tend to 
exaggerated proportions, it only remains to see 
whether the drove rule rates these proportionately. 





capacity does not vary with the proportion of 





Applying this formula to the motor-cycle race, we 
find that among the twin-cylinder engines entered 


for the larger race the proportions of diameter to 
stroke varied from 63 mm. in diameter by 83 mm. 
stroke, to 80 mm. in diameter by 58 mm. stroke. 
By the above formula the former engine is rated 
at 4.8 horse-power, the latter at 7.2 horse-power, 
and much the same applies to the other classes. 
If the above rating had the slightest foundation in 
fact, it is obvious that the races held under a rating 
by cylinder capacity would be won by very short- 
stroke engines. 

The fact is that the above formula is based on 
two fallacies. The first is that the mean pressure 
is not the same in small cylinders as large, but 
varies as d—1, being therefore nil in a cylinder 1 in. 
in diameter. Of this there is ~ crepeen | no evidence, 
the mean pressures developed in explosion engines 
being much the same for all cylinders from the 
smallest up to 50 in. in diameter. Fora given cylinder 
capacity it seems likely, on the contrary, that the 
engine with the smallest cylinder, and therefore 
the longest stroke, will give slightly the greatest 
pressure owing to the better shape of the combus- 
tion-chamber. The other fallacy is that, in practice, 
the speed at which an engine can be run is limited 
by the stress on the connecting-rod, big-end bolts, 
&c., due to the inertia of the piston. As this is the 
basis of a very large proportion of the formule 
proposed, it is interesting to see what foundation 
it has in fact. It assumes that engines are not run 
eds they are capable of as far as 
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has been calculated will produce an unsafe stress 
in the connecting-rod. As far as the ordinary 
touring-car engine is concerned, this is obviously 
quite absurd, for the drivers are usually absolutely 
ignorant of stresses of all kinds. Even in the case 
of competition cars it has no basis in fact, for these 
are usually run at the highest speed at which they 
will maintain a good torque, the driver never con- 
sidering the stresses when racing. 

Under the Society of Motor Manufacturers and 
Traders’ rule, and all others based on the 
above hypotheses, the longer the stroke the greater 
the cylinder capacity for a given rating. As we 
have found that, in practice, the power is propor- 
tionate to the cylinder capacity, it is evident that 
such rules would produce a long-stroke engine just 
as the R.A.C. pd Treasury rating has done, and 
probably to the same extent. 

In connection with the genesis of this proposed 
rule, it is interesting to note that in the report of the 
Society of Motor Manufacturers and Traders setting 
forth the basis of the proposed rule, a formula 
was given for finding the stress on the connecting- 
rod, which gives stresses twelve times the actual 
ones. It is also interesting to note that the Society 
of Automobile Engineers appointed a committee to 
investigate the rule, and that a report was pub- 
lished, which was subject to prolonged discussion : 
but while details were debated, the main principle, 
that the limiting speed of the engine was the stress 
on the connecting-rod, was accepted by the majority 
of speakers, and the formula was never questioned. 
A rule evolved in such a manner is hardly likely 
to be satisfactory. 








IRRIGATION IN SOUTH AFRICA. 

Tue Union of South Africa, in the first ten 
months of 1911, imported food-stuffs—meat, flour, 
butter, &c.—to the value of two million pounds, 
while during 1910 it imported similar material to 
the value of over three million pounds. These 
figures are somewhat surprising in view of the facts 
that much of the soil of the country is suitable for 
farming, and that the density of population is 
under thirteen “ogee to the square mile, while 
the density of the white population is under three 
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persons per square mile, and it is chiefly for this 
population that the imports are made. e rela- 
tive backwardness of farming which these figures 
disclose may be explained in terms of a number of 
factors which were set out in a ge read before 
the Royal Society of Arts by Mr. W. A. Legg, 
M. Inst. C.E., on the 30th ult. Mr. Legg grouped 
the hindrances to the progress of agriculture in the 
past under the following heads :— 

1. The distribution of the white population, 
which was so thinly scattered throughout the 
country as to prevent, or render difficult, inter- 
course and mutual action for advance. 

2. Adverse climatic conditions. 

3. Difticulties of transport. 

4. Legal difficulties. 

We do not propose here to deal at any length 
with the whole of these factors; but it may be 
remarked that the first and third of the causes are 
obviously related, and that they are both tending 
to disappear in the — day with the increase 
in population and the extension of the railways. 
None the less, however, these two causes of hind- 
rance are not yet eliminated, and although the 150 
miles of railway of 1875 have now grown to 6000 
miles, there are yet many agricultural districts which 
are but poorly served, and from which the cost of 
carriage to the great centres of population is as yet 
such that effective competition with sea-borne pro- 
duce is not easy. The population question is also 
still a difficulty, and in a way that was not referred 
to by Mr. Legg. The census of 1911, as compared 
with that of 1904, showed that while the white 
population had increased by 14 per cent., the 
native population had increased by 16 per cent. 
This is, no doubt, partly to be explained by 
the fact that South Africa is not a white man’s 
country as far as unskilled labour goes, and that 
there is no inflow of such labour similar to that 
which is taking place in Canada. The result is that 
the rough work of farming is still dependent on the 
coloured man, and with the attraction of the high 
wages paid in the mines, there is still a tendency 
for him to drift to the mining districts, to the detri- 
ment of the agricultural ones. This condition will, 
however, no doubt rectify itself in time. 

The other handicaps to agriculture, which Mr. 
Legg specified as adverse climatic conditions and 
legal difficulties, both have reference in the main 
to the questions of rainfall and irrigation. The rain- 
fall varies greatly throughout the country, and it 
is in comparatively few districts that crops can be 
raised on the rainfall only. Wheat is so raised in 
the south-western portion of the Cape Colony and 
in part of the Orange Free State, while mealies are 
similarly grown in the Transvaal, Orange Free 
State, and Natal. The rainfall varies from 2} in. 
per annum or less in the north-west of Cape Colony 
to between 40 in. and 50 in. on the coastal region of 
Natal, while there is still heavier precipitation in 
a few local centres, notably in the south-west of 
Cape Colony, where upon a small area rainfalls up 
to 80 in. per annum are registered in the mountains. 
The mean annual rainfall of the Cape Colony is 
about 15 in., of the Transvaal about 29 in., of the 
Orange Free State 21 in., and of Natal about 34 in. 
The mean for the whole Union is probably about 
20 in. perannum. The greater part of the rain falls 
in the summer, but it is none the less generally dis- 
tributed throughout the year, so that in a year of 
small total, individual rains are usually so small as 
to be of little service. The rainfall is also some- 
what irregular, and, as an example, while the mean 
annual rainfall in the Karoo district, taken over 
thirty years, was 13.75 in., the maximum, in 1891, 
was 25.75 in., and the minimum, in 1903, 1.74 in. 
Conditions of this sort make farming, on the rain- 
fall only, profitless in a great part of the country, 
and progress can be made only in the wake of 
irrigation schemes. 

It was in relation to the political and social 
questions that are so frequently raised by irrigation 
projects that Mr. Legg referred to the legal diffi- 
culties that have hampered the advance of agri- 
culture in the past. In the very early days, when 
the white population was very small and very 
scattered, it was no doubt possible for individuals 
to take what water they wanted, or could get, 
without reference to others ; but for many years 
now the existence of laws and ulations have 


revented free-and-easy action of this order, and 
it is to be feared that legislation in the past has 
not always assisted towards increasing the irriga- 
tion resources of the country. Mr. Legg dealt 
with the history of the various enactments which 





have controlled the rivers and streams of the 
country from the early days of the white occupa- 
tion ; but it is not necessary that we should review 
the whole of these matters here, and the question 
may be taken up at the point at which it was left 
in the article in which we dealt with this subject 
some years ago.* That article pointed out that 
legislation had been passed introducing Irriga- 
tion Boards, River Boards, and Water Courts, 
which made it their duty to supervise the whole 
of the agricultural water supply of the Cape 
Colony. Such legislation, which took place in 1906, 
was followed up by an Irrigation Act applying to 
the Transvaal, and passed in 1908, which extended 
to that country generally the same regulations as 
the earlier Act im in the case of the Cape 
Colony. Mr. Legg suggested that it will no doubt 
be an early care of the Union Parliament to prepare 
an Act extending a uniform law to the whole of 
the countries forming the Union. 

Since the passing of the Irrigation Act there has 
been considerable activity, and there are now 
probably some 500,000 acres under irrigation in 
the Cape Colony alone. Mr. Legg attributes this 
not only to the improved conditions under the new 
law, but also to the more sympathetic attitude of 
the Government, and to the beneficial action of its 
Irrigation Department. The Government is able, 
under the new law, to advance loans for the con- 
struction of works, and much assistance has been 
given in this way. The Government also provides 
the services of the professional staff of its Irrigation 
Department at nominal charge, to make preliminary 
investigations, and if the conditions are favourable, 
to advise as to the construction of the necessary 
works. It does not, however, itself undertake con- 
struction, which is looked after by the Irrigation 
Boards, which employ contractors or work adminis- 
tratively under the advice of the department. The 
Irrigation Boards, which control each a single dis- 
trict, carry out both the largest and smallest works, 
ranging, for instance, from that on the Breede 
River at Robertson, which covers an area of 5576 
acres of land, to that at Vekeerde Vlei, which runs 
to 500 acres only. The capital cost of the schemes 
works out at from 51. to 101. an acre, although 
some have cost considerably more than 101. 

The nature of the country in the Union is such 
that it does not lend itself to large irrigation 
schemes—that is, large in the Egyptian or Indian 
sense—and the greater part of the work done is of 
a comparatively modest order. A system of flood 
irrigation, known as Zaai dam irrigation, is very 
extensively employed, especially in the north-west 
of the Cape Colony. The rivers, which in this dis- 
trict are dry for the greater part of the year, are 
stopped by temporary dams during the dry season, 
so that on the return of the water it flows over the 
surface of the adjoining land, the flow in many cases 
being assisted by the fact that the land falls away 
from the river banks. The water, after it has been 
turned on to the land, is held by low earth embank- 
ments a few feet high, which are built more or less 
at right angles to the river flow. These temporary 
embankments, or Zaai dams, enable the water to be 
controlled, and it is passed from the basin formed 
between two dams to that between the next two by 
cutting narrow channels in the dams or by causing it 
to flow round the ends remote from the river. e 
system allows the water to be so controlled that it 

from basin to basin without causing any 
urrow in the land. The dams across the river are 
usually destroyed every season, but the Zaai dams 
may last several years. These latter are usually 
made with scrapers drawn by oxen. 

For storage work the earthen dam is almost the 
only type of structure employed. Masonry and 
concrete dams have been built in several places, but 
always either for domestic supply only or for that 
and irrigation combined. The earth used is usually 
a light silty loam, as there is little real clay in the 
country, so that careful construction is necessary 
even for the low dams that are employed. Puddle 
cores are not, as a rule, used, and it would indeed 
be difficult to get the necessary material if it were 
desired to use them. An earth dam 60 ft. high 
above the river bed and to contain 3000 million 
cubic feet of water is now being constructed on the 
Ongers River. This dam will the highest earth 
dam in the country, and will be made entirely of the 
silty alluvial earth of the district. Much interest 
attached to theconstruction of sohigh adam with such 
material. In addition to reservoir irrigation, much 


* See ENGINEERING, vol. lxxxvi., page 516. 





work has been carried out in South Africa in con- 
nection with irrigation by pumping from deep-river 
channels, and during the three years ended Dec- 
ember, 1909, the Irrigation Department advised on 
sixty-three schemes of this class, of which the 
aggregate cost was 41,000/., and the area to be irri- 
— 6000 acres. Of these sixty-three installations, 

fty were fitted with suction-gas plants, a class of 
apparatus which Mr. Legg stated has given much 
satisfaction in the Colony. Much work has also 
been carried out with irrigation from bore-holes, 
and during the period from 1884 to 1908 some 
5600 bore-holes were put down in the Cape Colony, 
the Government contributing 450,0001. towards the 
cost. As a result, about 18} million gallons a day 
of flowing water are available, and about 354 mil- 
lion gallons may be obtained by pumping. Owing 
to the success of such boring the work has been 
very largely taken up by private companies, and 
the Government subsidy was discontinued in 1908. 
Government action in connection with this branch 
of irrigation work is now almost entirely confined 
to the Transvaal. 





NOTES. 
Wireless TELEGRAPHY. 

AT a meeting of the Society of Arts on Wednes- 
day evening last, Professor G. W. O. Howe gave a 
lecture describing the general principles on which 
wireless telegraphy is based. He took as an 
analogue to the electric wave the motion of a 
vibrating reed. In such a case, he said, there was 
a continual transformation to - and - fro of energy. 
At one instant this energy was wholly kinetic, 
and at the next—at the end of aswing, for instance 
—it was wholly potential, kinetic energy being 
associated with motion and potential energy with 
displacement. The oscillating discharge of a con- 
denser was, he said, in every way analogous. At 
one moment the electricity was in motion, pro- 
ducing current, and at the next it was at rest, 
and we had a static charge. When in motion 
the electricity produced a magnetic field around 
the wire, which was the manifestation of a storage 
of energy in the ether; and just as the kinetic 
energy of a moving body was proportional to its 
mass multiplied by the square of its velocity, so 
was the energy of the magnetic field proportional 
to the inductance of the coil and the square of the 
electric current. In most wireless equipments, he 
stated, only a small proportion of total energy 
expended was used in producing the oscillations 
desired, but with the Wien spark-gap as much as 
75 per cent. of the output of the alternator was 
transferred to the aerial. Only a very small pro- 
portion of this was, however, utilised at the receiver, 
and in some tests made hy the United States Navy 
a current of 30 amperes in the aerial at the sending 
station only gave 40 micro-amperes at a receiving 
aerial 500 miles away. The loss was mainly due to 
the undirected radiation which took place from an 
ordinary aerial. Two methods, he stated, had been 
used to obtain a directed radiation—viz., that of 
Marconi, who employed an aerial with a long hori- 
zontal limb, and that of Messrs. Bellini and Tosi, 
whe employed two vertical antennz joined at the 
bottom by a horizontal wire, in the middle of 
which was inserted the secondary of the sending 
transformer. When one aerial was positively 
charged, the other was negatively so, and two in- 
terfering waves were sent out. In the fore and 
aft direction, if the distance between the two 
antennz was rightly chosen, the two waves could, 
however, be made to reinforce each other, whilst 
in the transverse direction they cancelled each 
other. A directed radiation was thus obtained of 
equal strength fore and aft, and of less value in 
other directions. By introducing into their appa- 
ratus a third aerial, Messrs. Bellini and Tosi had, 
the speaker said, nearly cancelled the radia- 
tion in the backward direction. In this case 
the central anterna gave a uniform radiation in all 
directions, and matters were so arranged that when 
the trough of this central radiation reached one of 
the antennze, this one was emitting a crest and the 
two cancelled, whilst in the other direction the 
crest from the central radiator met a crest from the 
radiator there, and the wave was reinforced. 


Tue Force or a Brow. 

Elementary considerations are quite sufficient to 
make evident that when two bodies come into col- 
lision very great pressures must be developed. The 
time during which a cricket-ball remains in contact 
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with a bat is extremely small, but. is sufficient to 
endow the former with a very considerable velocity. 
It is not always easy, however, to make any accurate 
estimate as to the absolute value of the pressures 
developed, but the work has been accomplished, 
and in a lecture delivered at the Royal Institution 
last Friday, Professor Bertram Hopkinson gave an 
interesting and pretty comprehensive summary 
of the results acquired. It appears that when a 
billiard ball, after a fairly hard stroke, collides 
directly with another, the average pressure deve- 
loped on the area of contact is no less than 27 tons 
per square inch, whilst the maximum is 50 per cent. 
more. With hollow steel balls of the same weight 
as the billiard balls, the average pressure on the 
area of contact would attain to 280 tons per square 
inch, Even mild-steel balls will carry without per- 
manent injury, the lecturer said, a local pressure 
of 100 tons per square inch, although this is far 
in excess of the crushing ——_ of the material 
as tested in the usual way. e extraordinary 
resistance shown by balls to the pressures deve- 
loped by collision, Professor Hopkinson stated, 
was in part due to the extremely short duration 
of the pressure, and, for the rest, arose from the 
lateral pressure exerted by the metal surrounding 
the point of contact. To produce breakage or 
permanent set, a difference of pressures in different 
directions was required, and where balls collided, 
the difference between the direct and the lateral 
pressures was only 25 tons per sq. in. when the 
maximum direct pressure was 100 tons per sq. in. 
When a soft colliding body struck a hard surface 
there was, he said, however, a limit tothe maximum 
stresses set up. Thus ifa cylindrical bullet 1} in. long, 
moving at 1800 ft. asecond, struck a hard target, the 
head flowed laterally, and the pressure at the point 
never reached the base until the latter itself came 
into actual contact with the target. The pressure 
developed in such a case amounted to 280 tons | aed 
sq. in. The intensity of this pressure depended 
wholly on the velocity of impact, and not at all 
on the length of the bullet. With hardened steel 

rojectiles, a wave of compression was, Professor 
Ho kinson said, set up at the point of contact, 
and this travelled back through the projectile at 
the speed of sound. At any instant the part which 
had been traversed by the wave was at rest, whilst 
the part which had not yet been reached by the 
wave travelled on with undiminished velocity. On 
reaching the free end of the projectile the wave 
was reflected, and returned as a wave of extension 
in placeof one of pressure. Very great tensions 
might thus be set up, which were in some cases 
sufficient to tear the material asunder. Thus in 
some experiments in which a charge of gun-cotton 
was detonated in front of a steel plate, a scab of 
steel was blown off the opposite side. In the case 
of capped projectiles, the lecturer attributed the 
efliciency of the cap, less to its tensile strength 
than to its inertia. On striking a target the cap 
was called upon with great suddenness to expand 
laterally, and its inertia was so great that very great 
lateral pressures on the point of the projectile were 
developed, and it was these which prevented its 
fracture by the hard face of the plate. 


Tue Bessemer Memoriat LaBoraTory. 


’ The opening of the Bessemer Memorial Labora- 
tory at the Royal School of Mines, South Kensing- 
ton, took place on Tuesday last, the Memorial 
Committee being represented by Sir Charles 
Allen, while the gift was accepted, on behalf of 
the Governors of the Imperial College of Science 
and Technology, by Mr. Gerald Balfour. Some 
time after 2 o'clock quite a numerous and repre- 
sentative body of men had foregathered in the 
new building. The chair was taken by Mr. Gerald 
Balfour, and the formal proceedings were short and 
to the point. Sir Charles Allen explained how it 
happened that he was representing the Memorial 
Committee on that occasion. It was due to the 
fact that their chairman, Sir William Preece, was 
detained in Egypt on account of his health. It 
was, he said, hardly necessary to refer to the 
inauguration of the movement which had resulted 
in the erection and equipment of those laboratories, 
which were intended to commemorate the achieve- 
ments of Sir Henry Bessemer. He wished, however, 
to refer to one point in the see made by the Duke 
of Norfolk at the Mansion House meeting in 1903, 
when the movement was set on foot. is Grace 
then said that the commemoration should not be 
one which merely recorded the conclusion of, but one 
which carried on, the work of Sir Heary Bessemer. 





That was exactly the object of the laboratory, and 
he did not hesitate to say, from his knowledge of 
Bessemer's love of imparting knowl to young 
men, that nothing would have commended itself to 
him so well as the form that had been given to the 
memorial. The Royai School of Mines had had a 
glorious past, and was growing in importance. He had 
the fullest confidence that the new laboratory would 
add to its lustre. Thefuture of many of the industries, 
and even, in a way, of the Empire, which was depen- 
dent upon those industries, was bound up with the 
school. He wished, finally, to give a reminder that 
the Memorial Fund did not close with that opening 
ceremony. It would be maintained in order that the 
equipment of the laboratory might be kept abreast of 
developments which were sure to occur in the future. 
He then formally presented the laboratories to the 
Governors. Mr. Gerald Balfour, in accepting the 
gift, said that its vaiue could only be appraised by 
experts, but he believed the laboratory and its equip- 
ment would be hard to match in this or any other 
country. He thought he might aptly quote in such a 
connection ‘‘ Si monumentum queris, circwmspice.” 
To those to whose energies this great result was due 
he thought the heartiest thanks should be accorded. 
He was pleased to think that the activities of the 
Memorial Committee were not ended, and that 
additions to the equipment would be made as the 
industries progressed. These would be welcomed by 
the College of Science, and he was sure that such 
changes would be made as the result of harmonious 
consultation of the two bodies. The resolution 
inaugurating this movement had had in view a 
memorial of far-reaching effect. He hoped that in 
this respect its aim would be realised. It would 
have cost, before it was finished, some 150,000l. 
Walls alone did not make a city, but those who 
dwelt therein and the spirit that animated them. 
He hoped the laboratories would promote national 
efficiency. The authorities would endeavour to give 
the rising generations the highest education, so 
that this country might take its place on a level 
with others. In order that this might be success- 
fully accomplished it was necessary for them to keep 
in touch with practical men engaged in the indus- 
tries concerned, and the sympathy, interest, and 
co-operation of such men would, he hoped, be with 
them in the future. The laboratories were then 
declared open. As we propose shortly to give a 
full account of these laboratories and their equip- 
ment, we will defer for the present further descrip- 
tion of them. 


Setr-StarRTeERS oN Moror-Caks. 


An informal meeting held by the Institution of 
Automobile Engineers, on Wednesday evening, at 
the Connaught Rooms, was devoted to an interest- 
ing discussion on the relative merits of various 
designs of self-starters for motor-car engines. This 
meeting was the second of such meetings held 
this year, and their popularity was clearly evi- 
denced by the attendance of members and the 
unanimous vote given at its conclusion to hold 
similar meetings during the session. The pro- 
ceedings were quite informal, and speakers were 
nominally restricted to five minutes, which limit, 
the President mentioned, would be rigidly en- 
forced at future meetings, as also would be the 
rule against reading from notes. The starters 
exhibited and described included electric, com- 
pressed-air, coil-spring, and acetylene systems, each 
of which was freely criticised by the exponents 
of the different types. The electric arrangement 
was es by the Cadillac car, a complete 
chassis being exhibited, and a demonstration of its 
capabilities being given. This car was briefly 
described in our issue of November 10 last, and is 
fitted with an electric-lighting equipment, the gene- 
rator of which is utilised as a motor, and is driven 
from a storage battery for starting the engine. 
That no doubt could be entertained as to the 
power developed, the demonstration included a run 
on the chassis, which was started up on the start- 
ing motor, on - gear, with a load of ten passen- 

rs. Provided the car is equipped with an electric- 
ighting system, practically no extra weight is added. 
and an advantage claimed is that a start can always 
be made even if the engine stops on dead centres. 
Two forms of compressed-air starters were shown 
by Messrs. Newton and Bennett, of Manchester, 
and the Adams Manufacturing Company, Limited, 
of Bedford, both of which used air stored in a reser- 
voir charged by a small compressor driven from 
the engine shaft. The compressed air is led to 
the jundee through a mechanically- operated 





distributing valve driven from the timing gear of 
the engine. Another form of compressed - air 
starter described was the Christensen, which, by 
means of an auxiliary carburettor, delivers an 
explosive charge to the engine under a sufticient 
pressure to turn the engine should ignition fail to 
take place. The ‘‘ Disco”’ compressed - acetylene 
starter was also exhibited. In this instance dis- 
solved acetylene is used, and, as in the case of the 
previous starter, a sufficient pressure is provided to 
turn the engine should firing not take place at 
once. In this apparatus, however, the distribution 
is carried out by a hand-operated valve, and thus it 
would appear that some experience would be neces- 
sary for its successful operation. Another type put 
forward was the Goodhart mechanical starter. In 
this gear a coiled spring is arranged between the 
engine and gear-box, the shaft being divided. On 
running the engine the spring is coiled up, and 
can be utilised for starting the engine by releasing 
a pawl. The gear is very compact ; it was stated 
to have been in successful operation, and it was 
claimed that a start could be made even if the engine 
stopped on dead centres. It may be mentioned 
that the success of meetings such as these depends 
in no small measure upon the enthusiasm of the 
chairman, and in this respect the Institution is 
/~ee fortunate in their President, Mr. 

. H. Legros. At the conclusion of the meet- 
ing the chairman announced that two further 
innovations were to be given a trial, in that the 
papers to be discussed at the ordinary meetings 
were to be published in the technical Press a week 
in advance, and that only a short réswmé was to be 
given at the meeting. Thus the full time of the 
meeting would be devoted to the discussion. The 
second announcement referred to the election of 
the Council for the ensuing year, which election 
it was made perfectly clear was entirely in the 
hands of the members, who were free to add to the 
list proposed by the Council any names they chose. 
It was Seether pointed out that, on the lists issued, 
the attendances of Members of Council during the 
past year was given, from which the members could 
draw their own conclusions. 








ConcrerE Mixers.—The Ransome-ver Mehr Machi- 
nery Company, Caxton House, London, supplied the 
table concrete mixers in use at the Rosyth Naval 
Jockyard, illustrated and described on page 71 ante. 
Other designs of their mixers were illustrated and de- 
scribed in ENGINEERING, vol. Ixxxiii., page 593, and vol. 
lxxxvii., page 528. 
* 


New EnGIneerinc Lasoratortes—University Cou- 
izee, Corxk.—On Monday, the 22nd ult., Dr. P. C. 
Cowan, M. Inst. C.E., Chief Engineering Inspector of 
the Local Government Board, and President of the 
Institution of Civil Engineers of Ireland, delivered the 
inaugural address at the opening of the new engineering 
laboratory of University College, Cork. He dealt at 
length with the testing of materials and with its relation 
to constructional engineering works. The visitors were 
then shown through the new laboratories, where an 
inspection was made of the plant; several typical tests 
were carried out by Dr. Cowan. 





CANADIAN Paciric Rattway.—There was a consider- 
able advance last year in the development of the Canadian 
Pacific Railway. In 1905 the company had 8568 miles in 
working, and it was also working 438 miles of other lines, 
while 481 miles were in course of construction, makin 
an aggregate of 9487 miles. In 1910 the system h 
grown to the following extent: Lines in working, 10,271 
miles ; other lines worked, 262 miles; lines in course of 
construction, 471 miles; making an aggregate of 11,004 
miles, At the close of last year the figures stood as 
follows: Lines in working, 10,481 miles ; other lines worked, 
292 miles; lines in course of construction, 983 miles ; 
making an aggregate of 11,756 miles. 





Contrracts.—Messrs. Andre Citroén and Co. have re- 
ceived a contract from Messrs. Harland and Wolff, 
Limited, for the gearing equipment of the steering- 
engines of five large steamers. on of these is the s.s. 
Gigantic, the largest liner in the world, which is being 
built for the White Star Line. This contract is the 
result of the satisfactory working of the Citroén gears on 
the s.s. Olympic.—We are informed that Messrs. Browett, 
Lindley, and Co., Limited, have this week received an 
order for one of their 500-brake-horse-power triple- 
expansion forced-lubrication engines for the Bengal and 
North-Western Railway Company, Limited, through 
Messrs. Sir A. Rendel and Robertson. They also recently 
received from the British Westinghouse Company, 
Limited, an order for two 400-kw. triple-expansion 
engines, to Messrs. Sir A. Rendel and Robertson’s speci- 
fication, for the Indian State Railway, North-Western 
Section. They have also in hand a 2000-horse-power 
three-crank compound engine for Messrs. P. Dixon and 
Sons’ paper-mills, Grimsby, and several other engines, 
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INDUSTRIAL NOTES. 


Tur conference between the coal-owners and the 
miners, held last week, had the effect of easing the 
tension between the two parties, and the situation 
appears more hopeful. The masters have never, from 
the first, refused to recognise the principle of a mini- 
mum wage; but the question is surrounded by so 
many details, and requires so many safeguards, that 
they are naturally unwilling to agree to the sugges- 
tion unless they are sure that the men’s leaders 
will recognise on their part the necessity of these 
safeguards. At the close of the meeting on Thursday, 
last week, no definite statement was made, but a sub- 
committee met again on Friday. It was, however, 
known that a considerable amount of agreement had 
been reached. The conference of the sub-committee 
came to no conclusion on Friday, and was adjourned 
till the following day. After this meeting the following 
statement was issued :—‘‘ The joint committee of 
owners and workmen’s representatives in the federated 
area at several meetings have exchanged views upon 
the demands of the miners with reference to abnormal 
places and the minimum wage. A report will be 
submitted to the coalowners and miners in the dif- 
ferent districts within the federated area, and it is 
hoped that for this purpose meetings may be held in 
each district during the next week.” This announce- 
ment naturally gave a brighter outlook, and the 
impression was abroad that the masters might eventu- 
ally give way regarding the minimum wage under 
certain definite restrictions. It had also been decided 
again to submit the matter to the districts for con- 
sideration. It is well known that in some districts 
the negotiations which the miners’ ballot interrupted 
had very nearly come to a successful issue. A mini- 
mum wage of 7s. a day had actually been arranged in 
Warwickshire, and in some other counties minimum 
rates had been offered by the coalowners, which 
were less than those demanded by the men. Any 
arrangement that may finally be reached will, no 
doubt, contain some assurances that the aged and 
infirm will not be included in it, for it is understood 
thatthe miners agree that this is only fair. The wiles 
of the ‘‘shirker” and of the ‘‘ malingerer ” will also 
have to be met by some drastic regulations if any 
agreement is to be lasting. 

The federated districts of Great Britain are those 
comprising the area of the English Conciliation Board, 
and in these districts there are about 200,000 miners, 
or about one-third of the total number of miners in the 
United Kingdom. In these districts the minimum wage 
desired varies from 8s, to 7s. a day, and sometimes less ; 
the working conditions vary greatly, so much so, in 
fact, that anything like a general minimum wage seems 
impossible. Districts outside the federated area of 
(creat Britain would not be affected by any agreement 
relating to the federated area, though there are in them 
conciliation boards. The outside areas are South Wales, 
Scotland, Northumberland, and Durham. The miners 
in the federated districts could not, however, act 
independently in any final step the men in the out- 
side areas might take, and it is recognised that if 
a basis of compromise were accepted in the federated 
area, such would have a great influence on the 
negotiations in the other areas. A joint conference of 
coal-owners andi miners’ representatives from all the 
British coal-fields will, it has been reported, be held 
in London on Wednesday, February 7, but nothing 
definite as to this appears to be fixed. This is the 
outcome of the resolution adopted by the Federation 
at the recent conference held in Birmingham, the reso- 
lution being as follows:—‘‘ That an intimation be 
made to the employers that the workmen’s represen- 
tatives are prepared to meet them to continue negotia- 
tions in districts and nationally, with a view of arriving 
at asatisfactory settlement.” It is possible that further 
details were made known yesterday at the adjourned 
conference of the Miners’ Federation of Great Britain, 
held in London, but at the time of going to press we 
had no further particulars. In Northumberland the 
situation is not promising, for there does not appear 
any prospect of either side giving way. 

As an example of satisfactory methods in the 
mining industry Derbyshire may be taken as a good 
example ; indeed, the district may be said to be 
one of the best organised in Great Britain. The 
Derbyshire Miners’ Association covers the whole 
county, if we except a small district on the borders 
of Leicestershire, where the South Derbyshire Associa- 
tion claims the men. In the ey associations are 
some 40,000 members, and practically all the miners 
are trade unionists. In this county there is not a 
single colliery which has not its es or its boys’ 
list. Moreover, there is no colliery in which the 
miners’ agents do not go to negotiate with the manage- 
ment regarding any disputes that may occur, no 
matter whether they relate to conditions of work or to 
matters of wages, and the relationship between the 
masters and the men is said to be cordial. These good 


ae ea are largely, it is said, due to Mr. James 
Haslam, M.P., 
W. E. Harvey, M.P., the financial secretary. 


the secretary, and his colleague, Mr. 
The 


former of these gentlemen founded the Association 
about thirty years ago, and the latter has devoted 
himself to its work almost from the beginning. When 
it was founded there was not a single price-list 
in the county, while now every colliery has one. 
In consequence of the admirable organisation that 
exists, there is not in Derbyshire so much difficulty 
regarding a minimum wage as there is in some other 

rts, although to a certain extent the difficulty exists. 

he average wage basis has, however, been satisfac- 
torily arranged. On the eastern side of the county 
the average wage is 5s. a day, plus 50 per cent., making 
the wage 7s. 6d.; on the western side the wage is 
4s. 9d. a day, plus 50 per cent., making the total 
7s. lid. a a and the loaders receive not less than 
6s. a day. The wage of the boys is also fixed. It 
commences at Is. 9d. a day, and is regularly advanced 
each quarter. The agreements provide for the pay- 
ment of these rates for all work done in abnormal 
places. In this county, therefore, it seems as though 
the masters and the men had solved the difficulty 
about abnormal places, and put matters on a more 
satisfactory basis than in other districts. If success can 
be ensured in one district, why not in others. 


Trouble has resulted from the decision of the Glasgow 
shipowners to enforce conditions of working cargoes 
arrived at in conference with the men’s leaders, and to 
which the leaders had to, and a strike was in 
consequence commenced on Monday last, when nearly 
7000 dock labourers ceased work. The dockers at 
Greenock, to the number of 500 to 600, threw in their 
lot with the Glasgow men eut of sympathy. The ship- 
owners sent out notices to shippers, merchants, and 
others who send goods by their vessels that all sailings 
will be suspended from the port until matters are 
settled. It was thought on Monday that the trouble 
might extend to the transport workers. The Liver- 
pool dockers decided to take up an impartial position. 
At a mass meeting on Tuesday the men agreed to a 
suggestion that they should return to work pending 
negotiations, on condition that the shipowners with- 
drew the notice imposing the agreement which the 
dockers rejected ten days ago. This the shipowners 
refuse to do, since the terms were arranged with the 
men’s leaders. 


The fiftieth quarterly report of the General Federa- 
tion of Trade Unions has recently been published. It 
points out that during the last quarter ending December 
there were fewer trade disputes than in the previous 
quarter, the actual numbers being 159 and 211 respec- 
tively. Fora quarter containing no very large dispute, 
the cost of benefit has, however, been large, due mostly 
to the fact that many accounts of disputes incurred 
during one quarter cannot be presented till the next. 
To the cost of benefit must be added a general expendi- 
ture of 710/., which brings the total disbursement 
up to 10,726/. During the same period the total 
income from all sources was 9765/., so that there was 
a deficit of 997/. on the transactions of the quarter. 
The immediate outlook does not appear particularly 
hopeful, and there will probably no reduc- 
tion in benefit during the present quarter, because 
of the lock-out of the weavers and possible trouble 
in the building trade. There is in the report 
the usual outcry against what is called ‘‘ the 
legal exploitation of their funds,” which means that 
a check has from time to time been put on some 
of their questionable methods. The report contains 
an address delivered by Dr. Gilbert Slater, Principal 
of Ruskin College, Oxford, the subject being the 
universities and the democracy. Dr. Slater considers 
that the three universities of Oxford, Cambridge, 
and London should be as one, and the boys who are 
finally to go up to a university should selected 
not by class, but by ability, industry, and other 
elementsof personal fitness, and that the three univer- 
sities mentioned should be the final places of education 
for the most brilliant students from local universities. 
He also considers that a certain minimum of attain- 
ments in useful knowledge should be demanded 
of a man before he is admitted to either of these 
universities, and that such a minimum might in- 
clude ability to speak, write, and readily understand 
some foreign language; a good knowledge of geo- 
graphy, of the real history of this country, so far 
as it has yet been ascertained, and of the outline of 
world history, with a fair grip of some natural science 
and of elementary mathematics. Such an entrance 
examination, he maintains, in place of the classical 
test, which is practically a class test, should transform 
school education, and sweep away the cobwebs of the 
middle from the public schools, as well as elevate 
the ce of the public elementary schools. We 
wonder how many of these pro ls Ruskin, whose 
name is borne by the college, would have approved of. 





A strike of railway carters was declared in London 
last week, and about 1000 men ceased work. It was 
the old story—one man dismissed, hundreds of others 
at once ceasing work out of sympathy. The man was 





employed at the King’s Cross dépét of the Great 


Northern Railway Company, and he refused, it is said, 
to perform porter’s work. The men who went out 
on strike belong to the Amalgamated Society of 
Railway Servants. The men at Farringdon-street, 
Poplar, Victoria Docks, and Mint-street struck work 
in sympathy, and all the London dépéts were involved 
in the trouble, but returned to work by Friday. 





According to the Board of Trade Labour Gazette, 
the number of disputes causing a stoppage of work 
recorded as commencing in 1911 was 864, involving 
directly and indirectly 931,050 workpeople. In addi- 
tion 27 disputes, which began in the previous year, 
extended into 1911. The aggregate duration of all 
the disputes in progress during 1911 resulted in the 
loss of 10} million men-days. The number of stoppages 
in 1911 was greatly in excess of the average of the ten 
previous years, while the number of workpeople 
involved was the highest recorded in the statistics of 
the department. he high figure for the numbers 
involved in 1911 is due — to a series of great dis- 
putes in the transport trades, involving: (1) about 
110,000 seamen, dock labourers, &c., at the principal 
ports of the United Kingdom in June and July ; (2) 
77,000 carters, dock labourers, &c., in London in 
August ; (3) 48,000 dock labourers and other transport 
workers at Liverpool in August; and (4) about 
140,000 workers on the = railways of the 
United Kingdom in August. he number involved 
in 1911 were further increased by the dispute 
in the cotton trade, involving about 150,000 work- 
people, which began on December 28, 1911, and 
ended on January 20, 1912, The number of people in 
the transport and textile trades affected by disputes 
in 1911 amounted to more than two-thirds of the 
number involved in all the disputes of the year. The 
majority of the great disputes of the year were, how- 
ever, of comparatively short duration, with the result 
that, although the number of days lost by disputes in 
1911 exceeded the high figure recorded in the previous 
year, it was lower than in other years of great indus- 
trial disturbance, such as 1893, 1897, and 1908. 

The Social Democratic Unions in Germany prepare 
and publish annual statistics of strikes a their 
financial results. Those for the year 1910 have recently 
been made available, and tend to illustrate what heavy 
outlay and losses these conflicts involve, and to show 
that the pecuniary result cannot be considered a satis- 
factory one from the men’s point of view. In the 
year 1910 the unions had disbursed 18,500,000 marks 
(925,000/.) on labour conflicts, and the loss in men-days 
for the year amount to an aggregate of 9,037,575. 
Putting the average wage at 4 marks (4s.) per day, this 
loss in time represents more than 36,000,000 marks 
(1,800,000/.), which, with the strike expenses, makes 
a total of 2,725,000/. Supposing that the strikes, on the 
other hand, bring about an increase in wages of 3 per 
cent., this would mean 36 marks (36s.) per head con- 
cerned, assuming the average annual pay at 1200 marks 
(60/.). During 1910 an aggregate of 341,994 hands 
were affected by strikes, and consequently the above 
average gain would figure out at about 12,250,000 marks 
(612, -), with 54,500,000 marks (2,725,000/.) on the 
other side ; and this sum does uot represent the full 
amount, there being other additional disbursements on 
the part of the men. Then it may be argued that the 
advance in pay extends over more than one year, but 
wage conflicts generally arise every third or fourth 
year, which is also borne out by the nature of the 
tariff agreements. Even if the gain of 12,250,000 marks 
(612,500/.) is taken to last for four years, it will not 
cover, or, in any case, not exceed, the cost of the con- 
flict. The men, consequently, gain nothing by the 
great strikes. 





On Saturday last a meeting of workmen employed 
by the Thames Iron Works, Shipbuilding, and Engi- 
neering Company, Limited, was held at the Public 
Hall, Canning Town, at which conditions under 
which the Admiralty orders for two protected cruisers 
might be secured were considered. It was then de- 
clared almost unanimously by the men that they were 
willing to sacrifice wholly or in part their recent 
advance in wages in order to enable the Admiralty 
to place the order for two cruisers with the 
company. ‘There appears to be some doubt, however, 
whether the decision of this meeting will meet 
with the _—- of the trade unions concerned ; 
there ma strong opposition. It was stated on 
Monday by Mr. Sennett, the London District Secre- 
tary of the Amalgamated Society of Carpenters and 
Joiners, that the members of that society would not 
be allowed to return to work below the rate of wages 
now prevailing in the London district. He stated that 
the — Saturday was unofficial, and consisted 
chiefly of labourers. Other unions have expressed 
similar views. 





The so-called settlement with the weavers in the 
Lancashire cotton trade does not appear to rest on 
a very stable foundation, and, ieee it is becoming 





more and more evident that it is unwise to expect any 
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such settlements to be in any sense of the word lasting 
until the parties concerned can be compelled by law 
to keep their agreements; the men, at any rate, 
appear now to have little inclination to deal honour- 
ably in the matter of fulfilling what they promised. 
The weavers still continue to refuse to work with non- 
unionists, and have not ceased to violate their promises 
since they agreed to go back to work. It is clear that 
this sort of thing cannot be tolerated indefinitely. 


The Scottish ironmoulders have had a ballot on the 
question of a strike to enforce a general increase of 
wages, with the result that 6704 men voted for a 
strike and 1185 against. Most of the men are engaged 
on heavy cxstings, and belong to the Associated Iron- 
moulders of Scotland. They had recently offered to 
them, by the employers, an advance of jd. an hour 
in the case of time-workers, and of 24 per cent. in the 
case of piece-workers. The men engaged on light 
casting work are connected with the Central Iron- 
moulders’ Association, and these have been refused an 
advance by the employers on the ground that the 
state of trade does not justify it. Soint action has 
been taken by the two unions. 





Mr. J. H. Thomas, ee, ee at Newport on 
Sunday night last, is reported to have said that the 
railwaymen’s executive had not been entirely in- 
fluenced by any German complications in the recent 
railway negotiations, as had been stated. The railway 
companies were threatened by the Government, the 
result being a meeting between the companies and 
the men; after all, patriotism had no little bearing 
on the result. 


If reports are true, the authorities in Portugal appear 
to have a drastic and summary way of dealing with dis- 
turbers of the peace in connection with strikes, for on 
Tuesday night last 2500 persons, including anarchists 
and Royalists, were arrested in connection with the 
general strike in the capital. The prisoners were 
taken on board warships. It is expected that another 
2000 roughs will be arrested. The report goes on to 
say :—‘‘ The situation is now quieter.” We have no 
difficulty in believing this statement. 





A report on the work of the Labour Exchanges 
during 1910 and 1911 is given in The Times, and is 
full of interest as indicating the result of these 
exchanges up to the present time. What has so far 
been done may be gathered from the following figures. 
For the reason given in the foot-note, the figures for 
each year are not entirely comparable :— 


GENERAL REGISTER. 

Number of applications by work- 

people on register at January 1, 

a= ane dics at ‘a 64,350 
Number of applications by work- 

people on register at December 29, 

ee ab an ses be 64,999 
1910*. 1911+. 
Number of vacancies notified by 

employers (adults and juveniles)... 458,943 757, 108 
Number of vacancies filled by the 

Exchanges (adults and juveniles) 375,313 589,770 

1910. 1911. 


Vacancies for juveniles notified by 

employers... ae ae ... 46,991 164,344 
Vacancies filled by the Exchanges... 58,259 122,550 
Number of jobs given:—Men, 112,492 ; women, 12,812; 

total, 125,304. 

* Casual register (1911 only). _ : 

+ Certain casual occupations included in the return 
for 1910 are not included in the General Register for 1911, 
but the number of these jobs is given separately above. 


The demand for workers during the year 1911 ex- 
ceeded the supply in the case of the cotton, woollen, 
and worsted trades, and in the case of women in the 
clothing trade, and in laundrywork. There was during 
the first half of the year a deficiency of labour in the 
coach-building industry and of women in the linen 
trade. Not including the three months of March, 
April, and May, the demand for workers in the ship- 
building industry on the Clyde was greater than the 
supply, and, with the exception of January and Feb- 
ruary, there was also a deficiency of workers in the 
engineering trades. 





Setu’s Drirecrory . oF REGISTERED TELEGRAPHIC 
AppressEs.—We have received a oopy of this Direc- 
tory for 1912. It is issued by Mr. Henry Sell, and is 
published at the price of 25s. by Business Dictionaries, 
Fimited, 166, Fleet-street, E.C. All information respect- 
ing telegraphic addresses received from the Post Office 
up to January 1 of the present year is included in the 
volume. It is, as usual, in sections, arranged alphabeti- 
cally according to the names of firms in London and in 
the country ; there being also alphabetical lists of the 
telegraphic addresses, a classified trade list, and a very 
large number of colonial and foreign addresses. The 
telephone numbers of the registrants throughout the 
United Kingdom are also given. The book forms an 
indispensable aid to all business firms. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market improved in tone, and 4000 tons of 
Cleveland warrants changed hands at 49s. O}d. and 
49s. 1d. cash, 49s. 4d. one month, and from 49s. 114d. to 
50s. 1d. three months. Closing sellers quoted 49s. 24d. 
cash, 49s. 6d. one month, and 50s. 1d. three months. Cash 
hematite was quoted 63s. buyers and 63s. 6d. sellers. 
The afternoon session was weak, and Cleveland warrants 
were done at 49s. ld. and 49s. 14d. cash, 49s. 3d. and 
49s. 34d. nine days, and 50s. three months. The turn- 
over was 5500 tons, and sellers’ closing prices were 
49s. 14d. cash, 49s. 5d. one month, and 50s. three 
months. On Friday morning Cleveland warrants fell 
away in value, and about 7000 tons were dealt in at 
48s. 11d. cash, 49s. 24d. one month, 49s. 24d. and 49s, 5d. 
March 15, and 49s. 94d. three months. At the close there 
were sellers over at 48s, 11d cash, 49s. 24d. one month, 
and 49s. 94d. three months. In the afternoon the 
market was the turn firmer, but the dealings only 
amounted to 2500 tons of Cleveland warrants at 49s. 
seven days and 49s. 2d. one month, and the closing quota- 
tions were called at 48s. 114d. cash, 49s. 3d. one month, 
and 49s, 10d. three months sellers. Buyers of hema- 
tite offered 63s. 6d. one month. On Monday morning 
a weak tone prevailed, and with Cleveland warrants 
being easier, a large business of 14,000 tons was put 
through at 48s. 84d., 48s. 9}d., and 48s, 9d. cash, 49s. one 
month, 49s. 2d. March 15, 49s. 3d. March 20, and 
49s. 7}d. three months. At the close there were sellers 
at 48s. 94d. cash, 49s. ld. one month, and 49s. 8d. three 
months. In the afternoon Cleveland warrants were 
done at 48s. $d. seven days, 48s. 11d. twenty-one days, 
49s. one month and March 1 and 4. The turnover was 
4000 tons, and closing sellers quoted 48s. 9d. cash, 
49s. 04d. one month, and 49s. 8d. three months. Sellers 
of hematite quoted 63s. 3d. cash. The market was the 
turn stronger on Tuesday morning when 4000 tons of Cleve- 
land warrants were done at 48s. 9}d. cash, 48s. 9d. three 
days, 48s. 114d. twenty days, and 49s. 7d. three months. 

lers’ closing quotations were 48s. 10d. cash, 49s. 14d. 
one month, and 49s. 84d. three months. One lot of 
hematite changed hands at 63s. 3d. eleven days, with 
cash buyers over at 63s. In the afternoon Cleveland 
warrants became firmer, and advanced from 48s, 114d. to 
49s. 1d. cash, and from 49s. 11d. to 50s, three months, 
and the turnover of 4500 tons included dealing at 49s. 5d. 
nineteen days, and 49s. 5d. one month. The close came 
with sellers quoting 49s. 2d. cash, 49s. 54d. one month, 
and 50s. 04d. three months. Hematite (1000 tons) was 
done at 63s. 6d. twenty-two days. When the market 
opened to-day (Wednesday) a quiet tone prevailed, 
and the business was limited to 1500 tons of Cleve- 
land warrants at 49s. 2d. cash, and 50s. three months. 
At the close there were sellers over at these prices 
and at 49s. 54d. one month. In the afternoon the 
market was depressed, and Cleveland warrants were 
a shade easier. The turnover again consisted of only 
1500 tons at 49s. 3d. nineteen days and 49s. 11d. three 
months, and closing sellers quoted 49s. 14d. cash, 49s. 5d. 
one month, and 49s. 1ld. three months. The following 
are the market quotations for makers’ (No. 1) iron :— 
Clyde and Calder, 64s.; Gartsherrie, Summerlee, and 

ngloan, 64s.; and Coltness, 82s. 6d. (all shipped at 
Glasgow); Glengarnock (at Ardrossan), 65s.; Shotts 
(at Leith), 65s. ; and Carron (at Grangemouth), 65s. 6d. 


Sulphate of Ammonia.—A good strong tone has been 
the prevailing feature in the sulphate of ammonia market 
during the past week, but the Clyde dockers’ strike has 
held back shipments. The price is firmer, and for early 
delivery the quotation is from 14/. 10s. to 14/. 12s. 6d. per 
ton, Glasgow or Leith. The amount shipped from the 
latter port last week was 2263 tons. 


Scotch Steel Tradc.—The Scotch steel-makers continue 
to be very well employed, and the demand for ship-plates 
is so heavy that some of the rolling-mills are going 
— both day and night. This is quite a satisfactory 
state of matters, and the present activity is likely to be 
well maintained for some time, as a considerable amount 
of fresh buying has been taking place during the past 
fortnight. e export trade is reported as fairly good, 
and Canada has this week been purchasing general 
material quite freely. Makers of black and galvanised 
sheets report no change in their trade, and pressure for 
delivery iscommon. The Scotch Steel-Makers’ Associa- 
tion have made no alteration in the official list of prices. 


Mulleable-Iron Trade.—The malleable-iron makers are 
fairly busy, and conditions are improving steadily. The 
demand seems to be getting better each week, and with a 
greater number of specifications coming to hand, ten 
shifts per week are being secured. The price for prompt 
delivery is based on 6/. 10s. per ton, less 5 per cent., for 
crown ten, but for forw lots 6l. 15s. per ton, less 
5 per cent., is being mentioned. 


Scotch Pig-Iron Trade.—Rather a better demand is 
reported for the ordinary qualities of Scotch pig iron, and 
deliveries to local consumers have been . The for- 
ward bookings are on a heavy scale. The demand from 
the South is again responsible for a large tonnage, and 
inquiries from abroad show that considerable quantities 
are required. The hematite demand is still quiet, and 
little fresh business is passing. Deliveries to the steel 
works have lately been in excess of uirements, with 
the result that cor are being curtailed, and stocks are 
now inclined to accumulate in makers’ hands. In the 
hope of meeting consumers, sellers are offering at 68s. per 
ton for prompt lots, but little dealing has taken place. 


Shipbuilding.—Since the beginning of the year there 





has been much activity in the various shipbuilding yards 
in Scotland, with the result that the output for January 
constitutes a record. The figures are :— 





Vessels. Tors. 

Clyde .. 7 i ig i 39,526 
Forth .. Pe as ‘ ‘a 7” 1 1,085 
Tay .. ‘ on — 1,250 
Dee... ne - = 2 410 
23 42,271 


The booking of new contracts has been very good during 
the month and order-books are exceedingly well filled. 
Referring to the above Clyde output, it is interesting to 
note that the previous best total for the month of January 
was in the year 1907, when the figure was 35,300 tons. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Chamber of Commerce Report.—An interesting official 
pronouncement upon the state of local industry last year 
is made in the Sheffield Chamber of Commerce annual 
report. Itstates: Trade in Sheffieldduring 1911 has been 
distinctly good, as all the staple trades, whether heavy 
or light, have been wellemployed. As regards the heavy 
trades, there has been a satisfactory demand for armour- 
plate, railway steel, tyres, axlesand rails, whilst the trade 
in high-speed and special steels has been well maintained, 
and Australia and Japan have been especially good cus- 
tomers. A growing business has also been done in the 
manufacture of steel for motor-car purposes. The report 
also says that although the effect of the Insurance Act has 
yet to be seen, the prospects for 1912 seem on the whole 
to be favourable. At the meeting of the Associated 
Chambers in March, the Sheffield Chamber is bringing 
forward proposals urging the Government to take action 
in cases of false marking, either at home or abroad, 
as such is doing injury to the interests of trades and com- 
munities within the Uni Kingdom. Another resolu- 
tion to be brought forward is one protesting against any 
increase in railway freight charges. 


South Yorkshire Coal Trade.—The position in the coal 
trade is one of tension, and what the next week or so 
may bring forth is entirely a matter of speculation. 
Locally things have quietened down considerably, and 
a certain amount of hopefulness is expressed as to the 
re of the negotiations. In South Yorkshire the 
abnormal places question does not present the same 
acute difficulties that are met with in other quarters, and 
the referring of the minimum wage question to the 
districts is regarded, so far as South Yorkshire is 
concerned, as a hopeful step. The most unsatis- 
factory feature of the present position is the shortage 
of wagons, and this is causing pits to work very 
irregularly. Works are still stocking, but there is 
not much easing off in prices. The lower figures 
that are quoted for certain kinds of hards are for 
shipment purposes, and in face of foreign competition 
local collieries have to quote moderate figures. it price- 
list was given on the Sheffield Exchange on Friday, for 
the first time since the result of the miners’ ballot was 
published, as follows (these prices are so far unaltered) : 
—Best branch hand-picked, 16s. to 19s. (at pits); Barnsley 
best silkstone, 15s. 6d. to 16s. 6d.; silkstone, 13s. 6d. to 
15s. 6d.; Derbyshire best brights, 14s. to 15s.; Derbyshire 
house, 12s. 6d. to 13s. 6d.; large nuts, 12s. 6d. to 13s. 6d.; 
small, 10s. 6d. to 11s. 6d.; Yorkshire hards, 12s. to 15s.; 
Derbyshire, 11s. 6d. to 13s. 6d.; rough slacks, 7s. to 9s.; 
smalls, 6s. to 7s.; fine, 4s. to 5s. 


Tron and Steel.—The iron market has been somewhat 
quieter, doubtless because the ruling high prices are not 
popular with consumers, and, though the baer heavy 
rate of consumption of the common and steel-making 
irons will necessitate extra supplies from time to time 
within the immediate future, most of the contracting for 
the first half of the present year, at any rate, has already 
been done. The quotations at present ruling are :— 
Hematites, West Coast, 79s. to 80s.; Kast Coast, 
73s. to 74s. ; Lincolnshire No. 3, 54s. ; forge, 53s. ; 
Derbyshire No. 3, 55s. ; forge, 52s.; bars, 7/. 5s. ; 
sheets, 9. to 9. 10s. The tension in regard to the 
coal crisis has been considerably relaxed, and though 
manufacturers are naturally alive to possibilities, anxiety 
is not nearly so widespread as was the case a week or so 
ago. Further, the majority of the local manufacturers 
have got in as much coal as they can stock, which means, 
roughly, probably a month’s supply, so there is no imme- 
diate catastrophe inevitable for local industry should a coal 
strike take place. Some works, of course, are not so fortu- 
nately placed and would be quickly stopped by a strike, but 
they are in the minority. At present branches of 
Sheffield trade are in a state of great activity, and for 
the moment the only ef unsatisfactory feature 
about the situation is the difficulty experienced in the 
transit of raw materials and finished articles, owing 
to congestion on the railways and scarcity of wagons. 
The three oo departments of the heavy a 
armaments, shipbuilding, and railway material — are 
flourishing. In the last-named there is great pressure 
experienced owing to the necessity of railway companies 
having more stock. Engineers are doing well and the 
makers of gas and oil-engine parts are well occu- 

ied. In spite of strong American competition in 

igh-speed steel, and some falling off in exports to the 
Far East, the tool-steel makers are busily engaged. 
Foreign orders for edge tools, on the other hand, have 
increased, and price advances have been made. An 
excellent season is anticipated in sheep shears, and already 
makers are stocking heavily to meet forthcoming orders. 
Prospects in other branches of the agricultural implement 
tradc are good 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business in pig iron is very 
uiet just now, but traders generally qpedk eapetaite of 
the future, and a very satisfactory feature of the market 
is the fact that higher rates have to be paid for forward 
than for early delivery of pig iron. roducers have 
excellent order books, and some firms are so well placed 
that they are quite indifferent about entering into further 
contracts, preferring to hold off for a while in the belief 
that shortly they are likely to be able to do business 
on better terme than are at present available. The 
general market quotation for No. 3 g.m.b. Cleveland 
pig iron is 49s. 6d. f.o.b., and second hands are 
offering the ruling quality pretty freely at that price ; 
whilst No. 1, which continues scarce, is 536. 6d. to 54s. ; 
No. 4 foundry and No. 4 forge each stand at 49s. to 
49s. 3d., and mottled and white each at 48s. 9d. The 
foregoing prices are merchants’ quotations, and are for 
early delivery, up to ls. 6d. above the rates named being 
asked on forward account. Hast Coast hematite pig is 
uiet, but demand is expected to improve in the near 
uture. Mixed numbers are obtainable at 66s. for 
February, but for delivery further ahead uP to 67s. 6d. 
is aan 3 Foreign ore is very firm, though business just 
now is slack. Best Rubio is fully 21s. 6d. ex-ship Tees, 
and market rates are based on that quotation. Coke, 
though in heavy local consumption, is easy. Average 
blast-furnace kinds stood at 17s. delivered here. 


Manufactured Tron and Steel.— Very excellent accounts 
continue to be given of the various branches of the manu- 
factured iron and steel industries. Producers of all 
descriptions are full of work, and there are good inquiries 
in the market. Under these very Seveonaille conditions 
values tend upward, but the only actual advances to report 
are in ship rivets and steel joists. Principal market rates 
now stand :—Common iron bars, 71. ; best bars, 7/. 7s. 6d. ; 
best best bars, 7/. 15s. ; packing iron, 5/. 15s. ; iron ship- 
plates, 61. 12s. 6d. ; iron ship-angles, 7/. ; iron ship-rivets, 
71. 12s. 6d. to 7/. 15s. ; iron girder-plates, 6/. 17s. 6d.; iron 
boiler-plates, 7/. 12s. 6d.; steel bars, 6/. 10s. ; steel ship- 
plates, 7/. 5s.; steel ship-angles, 6/. 17s. 6d.; steel boiler- 

lates, 7/. 15s.; steel strip, 67. 12s. 6d.; steel hoops, 

. 15s. ; steel joists, 6/. 12s, 6d. to 61. 15s.; cast-iron rail- 
way chairs, 3/. 12s. 6d. ; light iron rails, 6/. 10s.; heav 
steel rails, 5. 15s.; steel railway sleepers, 6/. 10s.; and me 
vanised corrugated sheets, 11/. 10s. to 11/. 12s. 6d.—sheets 
less 4 per cent. f.o.b., railway material net, and all other 
descriptions less 24 per cent. discount. 


Ironworkers’ Wagcs.—The accountants to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England have just certi- 
fied the average net selling price of iron rails, plates, bars, 
and angles for the two months ending December 31 last 
at 60. 6s. 6.26d. per ton, as compared with 61. 5s. 3.25d. 
per ton for the previous two months, and, in accordance 
with sliding-scale arrangements, ironworkers’ wages for 
February and March will be the same as prevailed during 
the preceding two months. 


Shipments of Iron and Steel.—Shipments of pig iron 
from the Tees during January did not come up to expec- 
tations, but they reached a fair average for the first 
month of the year. They totalled 86,268 tons, 79,401 
tons of which went from Middlesbrough, and 6867 tons 
from Skinningrove. For the previous month the total 
shipments of pig reached 150,419 tons, and for January 
twelve months “go they amounted to 84,179 tons. Of the 
pig despatched from Skinningrove during the first month 
of the year, 5825 tons went to Scotland, and 1042 tons to 
Terneuzen. Of the pig loaded at Middlesbrough during 
the month just ended, 50,407 tons went to foreign 
countries, and 28,994 tons to coastwise customers. Once 
more Scotland was the largest receiver, taking 17,925 
tons, whilst Japan —— 11,460 tons; Sweden, 
9429 tons; Belgium, 7096 tons; France, 6341 tons; 
and Wales, 5655 tons. Manufactured iron shipped 
from the Tees during January amounted to 16,243 
tons, of which 10,346 tons went abroad, and 5897 tons 
went coastwise, the best customers being the Argen- 
tine, with an import of 3685 tons, and India, with 
3520 tons. The clearances of steel for January reached 
40,839 tons, 34,238 tons going to foreign ports, and 
6601 tons coastwise. India was the la t receiver, 
taking 8054 tons, whilst West Australia imported 
4591 tons; Egypt, 3784 tons; the Argentine, tons ; 
Japan, 2937 tons ; and New South Wales, 2292 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—There having been numerous arrivals of 
steamers, colliery owners were enabled to commence the 
week well. There was less congestion observable in the 
docks, but delays still occurred. With so much coal to 
be delivered on account of the Admiralty and other con. 
sumers, colliery owners found the week a busy one ; but 
there was a falling off of activity 6s regards new business ; 
this was probably due to an or ge that the prospect 
of a national strike being avoided has improved durin, 
the last few days. The best Admiralty large steam cua 
has made 19s, 3d. to 20s. per ton ; secondary qualities have 
ranged between 17s. 6d. and 19s.; best bunker smalls 
between 10s. 6d. and 11s., and cargo smalls between 9s. 6d. 
and 10s. per ton. House coal has shown continued 


strength. The best ordinary qualities have made 16s. 6d. been 


to 18s.; No. 3 Rhondda large, 17s. 6d. to 18s.; and No. 3 
smalls, 10s. 6d. to 11s. per ton. No. 2 Rhondda large has 
been quoted at between 15s. to 16s.; and No. 3 smalls 
between 8s. 9d. to 9s. 6d. per ton. Foundry coke has 
realised 17s, 6d. to 2ls.; and furnace ditto, 16s. to 17s, 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets. 


NoveMBER, 1911. 


DecemBer, 1911. 


JANUARY, 1912. 








NOVEMBER ‘II. 


DECEMBER ‘11. 


14) 


JANUARY ‘12. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 11. in all other cases. 


The price of quicksilver is per bottle, the contents of 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


which vary in weight from 70 1b. to801b. The metal 
in-plates are per box of I.C. cokes. 


—_ ———————— _—__—_— 





per ton. As regards iron ore, Rubio has made 20s. to 
21s. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

New Steel Works.—It is reported that Baldwins, 
Limited, are about to erect large new steel works adjacent 
to the King’s Docks, Swansea, where they have already 
tinplate works of twelve mills. It is proposed that the 
plant shall be made capable of producing 5000 tons 
weekly. The cost of the new works will between 
100, 0002. and 150,000. 


Dowlais.—The Dowlais works have been scarcely so 
brisk, the Big Mill having done less. The-Goat Mill has 

sagged upon steel a rails, tin bar, &c., and 
the tonnage despatched has nm large. The Bessemer 
and Siemens have been fully employed. 





pect of Gilfach Goch becoming a second Rhondda. It is 
now reported that in the recently sunk Trane pit the 
celebrated 9-ft. seam has been pierced, and that it contains 
coal 6 ft. thick. 


| Newport (Alexandra) Docks.—The revenue of the Alex- 
| andra (Newport and South Wales) Docks and Railway 
ye ag for the past half-year showed a balance of 
| 2438/,; but the working expenses having increased by 
7308/., there was a decline of 48501. in the net revenue. 
The directors recommend the full dividend upon the 
|‘*A” and ‘“‘B” preference stocks, carrying forward 
| 12,4382. This result is considered relative y favourable, 
| in view of the extent to which local trade suffered during 
the past year through labour troubles. The expenditure 
on capital account during the last half-year included 
40,8580. in respect of a lock entrance and 3445/. for dock 
extension. It is estimated in the present six months 


More Welsh Coal. so the enterprise of Mr. D. A. | 95,0002. will be required for new entrance lock-gates and 


Thomas and Mr. Leo 


Llewelyn, there is a pros- | 12,000/. for sidings, 
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STEEL-SHEET PILING FOR COFFERDAMS. 


CONSTRUCTED BY THE RANSOME-VER MEHR MACHINERY COMPANY, LONDON. 





Fie. 1. 


STEEL sheet piling has of late years come into exten- 
sive use on account of its strength, tightness, and, in 
many cases, economy, as compared with timber in the 
same situation. Among other systems of steel piling, 
that known as the ‘‘ Ransome” has been extensively 
used, and has, we understand, proved very jpn st 
‘the fundamental principle of the piling will, we think, 
be clearly understood from Fig. 1, which is a reproduc- 
tion from a _——— of three piles and a corner- 
piece, laid on their sides in the makers’ yard, in order 
to illustrate the way in which the different parts come 
together. Fig. 2 shows the piling in actual use 
during the construction of a retaining wall at the Elec- 
tricity Works, Stockport, Messrs. Daniel Eadie and 
Co., Limited, being the contractors on the undertak- 
ing. In the construction of this work one set of piling 
was used for a series of dams. The nature of the 
ground was somewhat difficult, but all the piles were 
driven by means of hand mauls, a timber dolly being 
placed above a cast-steel driving-cap in order to mini- 
mise the jar. 

Another piece of work recently carried out by means 
of this piling was the new Undercliff Drive Extension 
at Bournemouth, on which undertaking there is some- 
thing like a mile of sea-wall to construct, and for this 
the contractors, Messrs. Tom Wilkinson and Co., have 
adopted 300-ft. run of Ransome’s interlocking sheet 
piling, the method of — being to drive and 
Lares, He the piling and re-drive the same as the work 
proceeds. At first the contractors ordered 100-ft. run 
of the piling, and then, after having put this to use, 
pas o second 100-ft. run, since which time an order 
for a third 100-ft. run has been received. The piles 
in this instance were driven into close-binding sand, 
and during high tides the sea comes right up against 
them, but they have been found to prevent fine sand 
getting into the work as well as the sea-water. 

We understand that a consignment of light sections 
to replace timber as trench-runners has been sent 
to Rio de Janeiro ; but in this case there was no water 
to contend with, and the piling was used because it 
proved more economical than timber runners, owing to 
the fact that the steel piles last an indefinite period, 
and by their superior strength enable a certain amount 
of timber strutting to be dispensed with, thereby 
leaving a greater floor space for working the material 
out of the trench. 

Many other works are, we understand, now being 
carried on in which this piling is being used, among 
them being the construction of cofferdams, &c. Among 
the advantages claimed for the piling are that 1 ton 
of it covers a larger area than any other section. 
This piling is manufactured by the Ransome-ver Mehr 
Machinery Company, Caxton House, Westminster, S. W. 








Foreign Enoinerrs iN DutcH Inp1a.—It has been 
found for some time, states a Danish consular report, that 
there is a lack of engineers in Dutch India. There are 
no technical colleges there, so all engineers must come 
from Europe. The Government have for several years 
done all ior could to increase the number of Dutch 
engineers, the more so as the authorities themselves feel 
the insufficiency of engineers for the immense amount of 
work which is before them. The Government is at 


present particularly in need of ‘‘ Waaterstaat” engineers 
—that is, building and construction engineers, but there 
are also openings for machine and electrical engineers. 
In forming an estimate of the terms offered, it should be 
borne in mind that living is very expensive in those parts. 








BOILERS FIRED WITH LIQUID FUEL.* 


By Major Grutto Fumantl, of the Italian Corps 
of Naval Architects. 


THE use of liquid fuel for raising steam in the boilers 
of warships and merchantmen is being tly developed. 
Liquid fuel may, in fact, be said to forcing itself to 
the front on account of the numerous advantages which 
it over coal, and there is no doubt that its use 
would be even more general than it even now is, were it 
not for economical conditions and for the special difficulty 
which exists in regard to the lack of stations for making 
up supplies. The liquid fuels generally burned under 
boilers are the residues of the distillation of crude oil at 
me ag up to about 300 deg. Cent. (572 deg. Fahr.). 
Crude oils from Texas and California can also be used, 
but these have the disadvantage of containing a large pro- 
portion of sulphur. The specific gravity of the liquid fuel 
varies between 0.88 and 0.94, and its calorific value from 
10,500 to 11,000 calories (about 19,800 B.Th.U. per Ib.). 
Its flash-point is at about 150 deg. Cent. (302 deg. Fahr.). 

The calorific value of a good coal varies from 7500 to 
8000 calories (about 14,400 B.Th.U. per lb.); naphtha, 
therefore, has a calorific value about 30 per cent. higher 
than that of a good coal. Seeing, further, that the coal does 
not burn up oe in the boilers, there occurs a loss, 
and it may be taken that the vaporising power of oil and 
coal stand in the ratio of 15 to10. The delivery of liquid 
fuel on board ship is also cheaper than coaling. 

The cost of an installation, except as regards patent 
devices, is the same for both kinds of fuel. Apparatus are 
required for delivering the liquid fuel inside the furnaces ; 
but, on the other hand, no te, ash-ejectors, and so 
forth, are needed. The cost of working with liquid fuel is 
notably cheaper than that of working with coal, since the 
heavy expenses incurred by the frequent repairs to the 
grates, the ash-buckets, and other accessoriés ure not in- 
curred ; the stokehold plating is less subject to wear when 
liquid fuel is used ; the burners and the spraying installa- 
tion have only to be considered in rd to handling costs, 
together with a higher outlay for changing the fireproof 


lining, which has a greater wear than in the case of boilers | 


fired with coal ; liquid fuel also requires less men in the 
stokeholds. 

The author recapitulates the advantages of liquid-fuel 
firing as follows :—Rapidity and facility with which it is 
stowed on board ; uction in the dimensions of the 
stokeholds, it being only necessary to provide in front of 
the boilers sufficient space for the combustion apparatus 
and for handling the burners ; complete combustion and 
absence of smoke ; facility with which the rate of combus- 
tion can be rapidly varied; the ibility of in8tan- 
taneously extinguishing a furnace by simply cutting off 
the fuel supply ; raising of steam in the briefest possible 
time ; facility for maintaining a constant combustion in 
the boiler, the fuel supply being automatically constant ; 
greater simplicity in stoking, and almost complete sup- 
pression of all fatiguing work hitherto borne by the men 
in the stokeholds ; ease with which the fuel is stowed in 
the narrowest spaces, which spaces would be quite un- 
suitable for stowing coal. All these advan have a 
very great importance, not only in the case of merchant 
ships, but also, and more especially, in that of warships. 
In the various phases which pi ean engagement, when 
the crews have undergone a long period of cruising and 
navigation, they find themselves, by reason of the nervous 
strain to which they have been submitted, in an unsatis- 
factory condition from the point of view of efficiency. 
In moments such as these the facility with which the 


* Abbreviated translation of a paper read, in Italian, 
before the meeting of the 1° Congresso Nazionale di 
In eria Navale e Meccanica, held in Rome, on Novem- 
be ie, 1911. 








Fig. 2. 


| boilers are managed, enabling the maintenance of the 
speed constantly at its maximum efficiency, forms a most 
valuable asset. The operation in boilers using liquid fuel 
| is the reverse of what obtains in those burning coal—the 
working improves as the furnace becomes incandescent 
|after a certain time, when all the brickwork is sufli- 
|ciently hot, either the number or the supply of the 
| burners has to be reduced in order to maintain a regular 
production of steam. Foran equal evaporative power and, 
| consequently, for an equal radius of action, liquid fuel 
leads to a saving of 40 per cent. in weight, and this equals 
approximately 4 per cent. of the total displacement of a 
battleship, 10 per cent. of that of a destroyer, and 16 per 
cent. that of a scout. In the matter of space occupied, 
1 ton of coal takes up 1.25 cub. m. (43 cub. ft.), and 1 ton 
of liquid fuel 1.08 cub. m. (38 cub. ft.). 

With regard to the disadvantages of liquid fuel, the 
principal drawback is the risk of fire. To obviate this, 
| the oil is stowed in tanks located at a distance from the 
stokeholds, and the oil is drawn from the tanks by means 
of tubes. Explosive gas mixtures can also form in the 
tanks in question when these latter are partly emptied ; 
special care has to be taken when entering the tanks, 
| and these, moreover, should be provided both with forced- 
draught ventilation and with steam-jet apparatus for 
expelling the inflammable gases. There may, further, 
occur leakages in the tubes which supply oil to the 
burners, and since the fuel is raised in temperature before 
it reaches the burners, this increases the fire risks. For 
this reason, great attention has to be given to the manu- 
facture of the pipe systems, and repairs must be carried 
out immediately the least sign of a leakage occurs. The 
danger is, of course, greater in the systems of sprayers 
in which the oil is submitted to a high pressure. One 
disadvantage has to be provided against when constructing 
the oil-tanks and distributing them over the ship. The 
fuel being a liquid, the tanks have, for reasons of stability, 
| to be divided up into compartments of limited capacity, 
and the riveting throughout has to be carefully designed 
| and perfectly done, owing to the facility with which the 
| oil can leak through the joints. In warships, the tanks 
have to be protected from gun-fire; the compartments 
| formed by the double bottom can be utilised for this 
purpose, and tanks can also be provided in the well, but 
at a distance from the boilers. When the boilers are 
fired with coal, this is stowed in lateral bunkers which 
constitute a protection ; too much reliance should not, 
however, be placed upon this, since an engagement might 
take place at a time when the lateral bunbees were partly 
empty. 

When the advan and disadvantages of liquid fuel 
are considered together, the superiority of liquid fuel 
over coal is evident; the disadvantages, moreover, of 
liquid fuel can easily be overcome bya rational distribu- 
| tion of the tanks, and by the adoption of special methods 
| governing the use of the fuel. The problem thus becomes 
an economical one ; liquid fuel can be suitably adopted 
in every instance in which its cost is 14 times that of coal. 
In warships, where the economical question is of secon- 
dary importance, and where advantages of a military 
character have to prevail, the preference should, without 
| doubt, be given to liquid fuel. The unfortunate circum- 
stance above refe to—t.e., the difficulty of provid- 
ing stores of oil—has, however, militated against its use. 
There are coal stores in all the harbours of the world, 
whilst petroleum stores are found in a very few places 
only. For this cause, ships fitted exclusively for oil- 
fuel combustion cannot steam at any great distance 
from their national bases. When considering the even- 
tuality of burning liquid fuel, two methods have been 
resorted to ; according to one, the boilers are arran to 
burn either fuel, while in the other several of the boilers 
are built only for liquid-fuel firing, the remainder being 
built for -firing. The first method would appear to 
be the better of the two, the liquid fuel being kept in 
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reserve for use only in the course of an actual engage- 
ment. 

Major Fumanti then reviews in his paper the various 
types of burners u he divides these into two classes— 
viz : (a) those in which the fuel is atomised by a steam or 
an air jet ; and (b) those in which the liquid fuel is under a 
high pressure and becomes atomised by issuing from a 
small nozzle in the burner, this latter system being known 
as the mechanical combustion system, In the first class 
of apparatus, the oil flame is cone or fan shaped, accord- 
ing to the shape given the injection port; in the other, 
the flame is cone shaped. In the atomisers under a, the 
steam pressure is about 60 lb. to 90 lb. The liquid fuel 
is, moreover, under a pressure of 10 lb. in some of the 
apparatus (W. N. Best and Hayes); in the Lassoe- 
Lovekin burner the pressure is 75 lb. Insome, the liquid 
fuel flows out by gravity; the Cuniberti ap) tus is of 
this latter type. With the atomisers under a, the oil 
fuel being under pressure, a special pump is required. 
When gravity is resorted to, the service tank supplying 
the atomisers requires to be placed at a suitable height 
above the latter. In the atomisers in which air is used, 
the air is comp to a pressure of 20 lb. (Gundell- 
Tucker) ; air at a lesser pressure, about 2 1b., can also be 
used. In those in which the air is at a pressure of 20 lb. 
and over, special air-compressors are necessary ; for the 
others, a Root or Green fan meets the purpose. Among 
the burners which are designed to work both with com- 
poumee air and with steam, may be mentioned the Lassoe- 

vekin burner, in which the oil is under a pressure of 
75 lb., as aforesaid, the pressure of the air or steam being 
about 60 Ib. 

In the burners under } the oil is atomised under a 
pressure which varies from 100 lb. to 250 lb.; special 
pumps are required with these. The Thornycroft and 
Kérting burners belong to this class. 

In order that combustion should take place regularly 
the following four main conditions have to be met :— 
Heating of the oil ; filtering of the oil ; proportioning the 
air and carefully arranging the air-pipes; means being 
also taken for the escape of the products of combustion. 
The heating is necessary to give the liquid fuel the right 
fluidity. In the case of the mechanical atomisers, the oil 
is heated to a temperature of from 90 deg. to 125 deg. 
Cent. (194 deg. to 257 deg. Fahr.). In that of the 
atomisers using a steam or an air-jet, a temperature up to 
60 deg. Cent. (140 deg. Fahr.) is sufficient. Filtering has 
to be resorted to in order to prevent the small ports of 
the burners from becoming obstructed. The firing with 
oil fuel requires per pound a larger amount of air than 

The composition of both kinds of fuel is, on an 
average, as follows :— 


Coal :— 
Carbon 90 
Hydrogen 5 
Oxygen 5 
Oil Fuel :— 
Carbon 85 
Hydrogen 14 
Oxygen 1 


The theoretical weight of air for burning 1 lb. of coal and 
of oil fuel is 11.29 lb. for the former, and 14.68 lb. for the 
latter. In practice, however, the weight of air is double 
the above for the coal, and slightly under double for the 
oil fuel. In order to obtain satisfactory working, the air 
supply has to be exactly that required. The Thornycroft 
burners are specially well suited to the warship boilers 
which are likely to be submitted to varied rates of 
=< 

The flame proceeding from the oil-fuel burners extends 
over a great length, and this condition renders it neces- 
sary to build the boilers rather longer than for coal, for 
the products of combustion to follow a regular path with- 
out any sharp deviations. Oil-fuel firing has, however, 
been applied with success to cylindrical boilers, loco- 
motive boilers, and also to water-tube boilers. In these 
latter it is necessary to arrange a system of diaphragms, 
according to the arrangement adopted for the tubes, in 
such a way that the products of combustion, after having 
passed through the tube sets, may have a regular flow to 
the chimney. 

The various tests made in the Italian Navy have shown 
that the atomising with a steam-jet is more regular than 
in the other systems, since the steam heats the oil on its 
issuing from the atomiser, and facilitates the mixture 
with the air for combustion. Atomisers using an air-jet 
have given less satisfactory results, since it would appear 
that the air, on issuing forth, expands, and leads to a 
cooling of the oil, resulting in a less good combustion. The 
combustion is regular with the mechanical atomisers, but 
at times drops of oil fall on the floor-plate in front and 
remain unburnt; as a whole, the oil consumption per 
horse-power in these is greater than that with the steam- 
jet atomisers. 

The main objection which attaches to the steam-jet 
atomisers is with regard to thir steam or water con- 
sumption. The water consumption may be taken to 
amount to 0.4 lb. per pound of oil. Supposing, there- 
fore, an evaporative power of 12 lb. of water, there 
occurs a consumption of about 3 per cent. of the water 
evaporated. This point has without doubt avery great 
ae in the case of ships of small displacement 
and of great power, such as torpedo-boats; and for 
this reason, whilst atomising by a steam-jet would 
be advi‘able for these small units, owing to their 
lower oil consumption, the absence of compressors, 
the facility in regard to repairs, &c., the mechanical 
atomisers have predominated for these types of light and 
high-speed ships. In the larger units, where the greater 


weight due to water and boilers has a lesser effect u 
displacement, atomising by steam or air-jets has prevailed. 





Tests have shown that by using the steam-jet atomisers, 
the fans being stopped, the ship can maintain a speed 
of 10 knots, combustien being regular, without smoke. 
This cannot be done with mechanical combustion ; and 
this is an immense advantage, since in case of damage 
to the fans, a ship fitted with steam-jet atomising 
would not be incapacitated. Tests for visibility, carried 
out at night time, have shown both systems to be equally 
good, but with a _— advantage in favour of steam-jet 
evaporation, with which the rare sparks which occur with 
mechanical atomising are non-existent. 

With mechanical combustion it has been found that the 
ship is ready to start 27 minutes after the order for light- 
ng up has been giveu, and 34 minutes after the same 
order the ship is under full steam. In 6 minutes the 
ship can proceed from cruising speed to full speed; 11 
minutes are required to put a boiler in full steam, the 
others being already fired. Similar results are obtained 
with steam-jet atomising ; owing, however, to the system 
of firing, it takes longer to put the boilers in full steam. 
This could be remedied by adopting for ignition a small 
mechanical atomiser supplied by a small hand - pump. 
Satisfactory results have obtained in Naples Dockyard 
with a small atomiser of this kind. 

Major Fumanti then deals with the application of oil- 
fuel firing to merchant ships. In the instances which he 
gives, the oil fuel consumption amounted to 0.500 kg. 
and to 0.460 kg. (1.1 lb. to 1.0 lb.) per indicated horse- 
power per hour. 





ECONOMY IN THE USE OF OIL AS FUEL 
FOR HARBOUR VESSELS.* 

By Engineer-in-Chief C. A. McALLister, Member. 

A Goop example of economy in the use of oil fuel is the 
apparatus recently installed on board the harbour tug 
Golden Gate, doing revenue-cutter boarding duty at San 
Francisco, California. The Golden Gate is a vessel of 
the ordinary harbour tug type, 110 ft. long over all, 
100 ft. between perpendiculars, 20 ft. 6 in. beam moulded, 
and a moulded depth of 12ft. }4in. amidships; the 
normal displacement being 220 tons. She is built of mild 
pany whom steel throughout, and was completed in 
1896, at a total cost of 10,417/.+ Her propelling machi- 
nery consists of a water-tube boiler and a vertical, 
inverted, triple-expansion engine, with cylinders of 13 in., 
21 in., and 32} in. diameter respectively, and a common 
stroke of 24in. Under maximum conditions it is capable 
of developing 550 indicated horse-power. 

She is provided with two ordinary fore-and-aft coal- 











soon as the run is over, under present conditions the oil 
is, of course, shut off, and practically no fuel is used when 
the cutter is not under way. In the summer months 
the oil can be shut off, the boiler closed up tight, a full 
glass of water pumped in, and with steam at 150 Ib. at 
six 0’clock in the evening there will be found ample pres- 
sure the next morning to start the oil-pump, when steam 
at the working pressure can be raised in a few moments. 
In the winter season, when it becomes necessary to use 
steam for the radiators, one burner partly turned on is 
found ample to keep up the pressure, and the additional 
fuel consumption for this purpose in 24 hours is found to 
average about one barrel. 

There is nothing unusual about the apparatus employed, 
as it consists of a No. 10S and P. oil-pump, with the 
necessary heater, coil, vernor, relief, gauge, tank, 
strainers, &c. There are t ordinary type burners, one 
to each furnace, which project about 12 in. beyond the 
door-frame liners, and are about 6 in. above the level of the 
grates, slanting slightly downwards. One feature of this 


particular plant is that the coal-burning apparatus remains 
Intact ; the ordinary grate-bars are fit in place, but 
covered over with fire-brick. For pur of ballast, 


about 10 tons of coal in bags are carried in the bunkers, 
so that if it ever becomes necessary to order the tug 
to some other port, where oil is not obtainable, or if 
for any reason the oil supply should become exhausted, 
the change to coal burning could be made in a very short 
time. 

The engineer’s force, when coal was used for fuel, con- 
sisted of four men; with oil it is found that three men 
can easily perform the work, and consequently one man 
was transferred to another vessel to fill a vacancy. The 
saving in the wages, food, and clothing of the fireman 
thus dispensed with amounts annually to 140/. 

Strict account of all expenditures made on Government 
vessels is rendered each month, so that it is possible to 
show in Table I. the comparative costs of fuel for periods 
of nine months; first with coal as fuel, and second with 
fuel oil. The contract price of coal in San Francisco 
during the period covered by the table was 1/. 2s. 6d. per 
ton of 2240 lb., and the contract for oil was made at a 
rate of 2s. 6d. per barrel of 42 gallons. Attention is called 
to the fact that the miles cruised during the period since 
the oil-burning apparatus was installed are not so great 
as for the corresponding period when coal was used ; this 
was due to the decreased demands for the services of 
the tug and will not materially affect the general result. 

eaverage saving in fuel cost per month for the nine- 
months period covered by the above schedule is 36/.; for 
a year at this rate it will be 432/. This added to 140/., 




















TABLE I. 
Wirn Coan. Wirn Om, 
Hours : Hours * 

Date. Miles Tons of Cost of Miles Barrels of} Costof | Monthly 
Under ‘Travelled. Coal Used. Coal Used. Date. vo ‘Travelled. Oil Used. | Oil Used. Saving. 

4 £84. : £adé£ ada 
October, 1909... 101.50 875 49.0 55 2 6 | October, 1910.. 70.55 660 106.76 13 6 11 41 15 7 
November, 19/9 75.10 640 40.1 46 0 0 | November,1910 63.40 | 545 76.10 |9 7 9 8 12 3 
December, 1909 61,15 515 39.6 4411 6 December, 1910 55.40 459 72, 1/9 O © 8 ll 6 
January,1910..| 81.55 710 41.5 4613 9 | January, 1911 57.35 485 79.0 9 17 6 36 16 3 
February, 1910 50.00 410 32.7 36 16 0 ||February, 1911 56.0 4385 | 76.0 |9 10 0 27 6 0 
March, 1910 .. 77.26 680 46.0 5115 0 (March, 1911 .. 64.30 495 | 8.0 10 15 O41 O 0 
April, 1910 81.35 695 49.9 566 2 4 || 4pril, 1911 86.10 | 640 | 1100 (18 15 O 42 7 4 
May, 1910 67.05 570 35.9 40 7 9 ||May, 1911 56.30 410 83.0 (10 7 6 30 0 # 
June, 1910 66.50 560 38.4 43 410 ||June, 1911 53.50 400 84.50 - ll 3 32 13 7 


bunkers in the boiler space, with a total capagity of 
30 tons. The question of fitting this vessel for using oil 
fuel naturally arose several years upon the develop- 
ment of the large oil deposits in California, and many 
steamers of all descriptions, employed on the Pacific 

t, were thus equipped. As the cost of transforming 
the coal-bunkers into oil-tight tanks for fuel-oil was con- 
sidered prohibitive in view of the age of the vessel, and 
the lack of funds for the purpose, the idga was temporarily 
abandoned. However, in the early part of 1910, it was 
found necessary to fit this vessel with a new boiler, and 
the thought then occurred to the writer that a limited oil 
system could be installed at a comparatively small cost. 
The duties of this vessel are almost entirely confined to 
San Francisco, harbour and the waters adjacent thereto, 
so that at no time is she more than 30 or 40 miles from 
her wharf. A scheme was therefore evolved of fitting a 
horizontal cylindrical tank under the deck ms in the 
fire-room space. The result was that this tank, havinga 
capacity of twenty-three barrels, the oil-pump, burners, 
&c., complete in all details, were fitted at a total cost of 
only 520/. 

The oil is obtained from a pipe-line run to the end of 
the wharf immediately alongside the water hydrant, so 
that the labour of fueling and watering the vessel is reduced 
toa minimum ; in fact, the oil-tank can be filled in ten 
minutes. This tank carries sufficient oil for ten days’ 
ordinary use, and the thg’s duties are very intermittent 
and consist of running down to the harbour entrance 
and placing inspectors on incoming foreign vessels. For 
nearly nine-tenths of the time she must lie at the wharf, 
with steam up and be ready for an immediate call at any 
time a vessel 1s reported as coming into port. The great 
saving is therefore in the time that the vessel would 
ordinarily be under banked fires if coal was used. 


* Paper (slightly abridged) read at the eighteenth 

neral meeting of the Society of Naval Architects and 
ere Engineers, held in New York, November 16 
and 17, 1911. ; 

+ In converting dollars into pounds the value is taken 
as 4s, 2d. 


AS | 590/. in 








the saving of expense by dispensing with one fireman, 
makes the total annual saving 572/., which, it must be 
admitted, is a decidedly guod showing for an original 
investment of only 520/. It is not, of course, to be con- 
tended that there would be such a marked saving at any 
port in the country as shown herein, for the high cost of 
coal and the low cost of oil in San Francisco are probably 
the extremes which would be met with at any of our 
large seaports. However, the saving would be sufficient 
in many harbours to warrant the necessary expenditure. 
For example, if the Golden Gate were stationed in 
New York hous, the following would be the results 
on fuel expenditures for the nine-months period 
given above. The contract price for coal for revenue 
cutters in New York is lls. 104d. per ton, and fuel oil 
can be purchased at open pony 3s. 9d. per barrel. 
The amounts of the fuel used are the totals from the 








tabulations :— 
& « d. 
373 tons of coal, at 11s. 10}. per ton ay 4 
772 barrels of oil, at 3s. 9d. per 
barrel... nee bes per a8 14415 0 
Net saving on fuel (for nine 
months) .. cm ma si 7614 4 
Net saving on fuel (for one year) 102 5 10 
Add cost of one man’s services for 
one year eas oan a 140 0 0 
Total annual saving by use of oil 
fuel... sis 242 5 10 


Thus even in New York, where the prices of the two 
kinds of fuel are not at such variance, an expenditure of 
in the manner described would result in an annual 
dividend of over 46.6 per cent. on the investment. 








Tue Japanese Navy.—The Budget for 1911-12 con- 
tains a total sum of 9,000,000/. for the navy, of which 
4,240,0002. are for current expences, and 4,760,000/. for new 
work, 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a number of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further information concerning these can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. 

Australia: According to the Age, Melbourne, a proposal 
is under consideration . the Commissioners of the Mel- 
bourne Harbour Trust for the construction at that port 
of another dock as large as the Victoria Dock. The new 
dock would be 900 ft. wide, 6000 ft. long on the west side, 
and 4500 ft. on the east side, and the cost of construction 
would probabl nearly half a million sterling. 

Canada : HM. Trade Commissioner for Canada reports 
that among the items of proposed expenditure in the 
estimates submitted to the Canadian Parliament at 
Ottawa at the recent opening of the session are the 
following :—Provision of two new vessels for the Fisheries 
Protection Service on the British Columbian coast, 
275,000 dols. ; harbour and river improvements at Port 
Arthur and Fort William, 1,000,000 dols. ; improvement 
of navigation on River St. Charles at Quebec Harbour, 
1,000,000 dols.; construction of Hudson “| railway, 
2,000,000 dols. ; National Trans-Continental Railway, 
25,000,000 dols. ; survey of Welland Canal, 50,000 dols. ; 
works in connection with dredging the River St. Law- 
rence from Montreal to Father Point, 727,000 dols. 
(Dollar = 4s. 14d.) ; 

Spain: The Gaceta de Madrid contains a decree author- 
ising the ‘‘Direccién General de Obras Publicas” to 
invite tenders for the construction of a railway from 
Ribadesella to Gijén. Although this contract will doubt- 
less be awarded to a Spanish firm, nevertheless the 
carrying out of the works may involve the purchase of 
some materials out of Spain. : 

Italy: The Gazzetta contains a notice approving the 
contract entered into between the Ministry of Public 
Works and the communal authorities of Castelfranco 
Emilia and Messrs. Corrado Manfredi for the construc- 
tion and working of a steam tramway from Castelfranco 
to Bazzano. The Sole, Milan, notifies that the Govern- 
ment authorities and municipal and provincial authorities 
interested have approved the plans for the construction 
of a steam tramway between Novara, Granozzo, Con- 
fienza, Robbio, Castelnoveto, Rosasco, Langosco, Candia, 
Breme, Sartirana, and Mede. The line will be 354 miles 
long, and the cost of construction is estimated at 2,270,000 
lire (90,8002.). The financial arrangements include pro- 
vincial and communal subsidies. The Sole also states 
that the Italian naval authorities intend shortly to 
arrange for the construction of a new large dock at Spezia, 
which will form an extension of the Lagara sea-wall 
towards Pilocco. The dock will be capable of taking 
super-Dreadnoughts. Other important works are to be 
put in hand, including the widening of the fairway, the 
construction of a bridge at San Vito, and also the con- 
struction of a careening dock capable of taking the largest 
Dreadnoughts. H.M. Consul at Naples reports that a 
concession has been granted to the Société Franco- 
Italienne du Chemin de Fer Metropolitain de Naples, 
represented by Signor Carlo Enrietti and Ingegnere 
Signor Giuseppe Ottone, for the construction of an under- 
ground railway of 95cm. gauge. The line is to be 8 km. 
long, with fifteen stations, seven of which are to be 
reached by lift. 

Russian Turkestan: The Commercial adhd Industrial 
Gazette, St. Petersburg, announces that a meeting of the 
Cotton Committee was held in St. Petersburg on the 
11th ult., to discuss plans for carrying out an extensive 
scheme of land irrigation for the pur of growing 
cotton on a large scale in Turkestan. keen desire was 
expressed to promote cotton cultivation so that even- 
tually Russia may be rendered virtually independent of 
raw cotton from other countries. It was stated that for 
the successful development of such a scheme it would be 
essential to place every facility in the es A of companies 
or other bodies desirous or undertaking the irrigation of 
land in Turkestan, and not to thwart their efforts by im- 
posing irksome conditions, as has been the case with other 
industries. Reference was made to the large quantity of 
raw cotton imported. It is calculated that in Southern 
Asia one dessiatine will yield 20 pouds of cotton, and that, 
in order to grow sufficient for Russian requirements, it 


would be necessary to put some 500,000 dessiatines under | 159 


cultivation. This does not, however, constitute the limit 
of what might be done. It is possible to devote 2,000,000 
dessiatines to cotton growing, and, reckoning the cost of 
irrigation at 200 roubles per dessiatine (about 7/. 16s. per 
acre), it will be seen that a capital of approximately 
400,000,000 roubles (about 42,000,000/.) would be required 
to carry out this gigantic enterprise. A serious item 
would be that of finding the capital for a scheme of this 
kind, and the question of providing State guarantees 
would have to be carefully considered. (Poud = 36 lb. ; 
dessiatine = 2.7 acres.) 

Netherlands East Indies (Sumatra) : The Nederlandsche 
Staatscowrant contains a decree providing a supplemen- 
tary sum of 1,000,000 gulden (about 83,3007.) for the con- 
struction of railways in South Sumatra. 

Mexico: The Diario Oficial notifies that a concession 
has been awarded to Miguel Cardenas, Frank B. James, 
and Foon Chuck to utilise 12,000 litres per second of the 
waters of the River Mante, in the municipal district of 
Quintero, State of Tamaulipas. The water is required 
for irrigation pu Seven years are allowed for the 
completion of the work. Exemption from customs duty 
is granted in respect of any material which it may be 
necessary to import for carrying out the work. 

Brazil: The Diario publishes a decree (No. 9005) 
approving the estimate of 4,623,728 milreis (about 
308,000/.), submitted by the Companhia Viagio Geral da 








Bahia, for important permanent-way works and renewals 
on the railway from inhas to S. Francisco, as 

by the Ministry of Communications and Public Works. 
The Diario also contains the following decrees openi 
credits in favour of the Ministry of Communications an 
Public Works:—No. 9245, for 500,000 milreis (about 
33,000/.), to extend the Central of Brazil Railway from 
Ouro Preto to Ponte Nova ; No. 9246, for 800,000 milreis 
(about 53,000/.), to construct a section of line from Sabara 
to Ferros ; No. 9248, for 1,300,000 milreis (about 87,000/.), 
to prolong the Central of Brazil Railway from Lafayette 
in the direction of the Paraopeba Valley via Bello Hori- 
zonte; No. 9249, for 1,750,000 milreis (about 117,000/.), 
for constructional work on the Fluminense system of 
railways. 

Chili: The Diario Oficial publishes a decree granting 
to the Antofagasta-Bolivia Railway Company permission 
to construct two branch lines from the Aguas Blancas 
Railway to the points called Remiendos 1 and Remiendos2. 








CATALOGUES. 


Wire Ropes.—We have received from Messrs. Thomas 
and William Smith, Limited, Guildhall, Newcastle-upon- 
Tyne, a booklet giving, in tabular form, dimensions, 
weights, breaking loads, and other particulars of special 
wire ropes for use in connection with oil-wells. 


Power-Transmission Accessorics.— Messrs. C. F. Carver, 
Limited, Alfred-street Mills, Nottingham, have sent us a 
copy of their price-list of canned cial cathian, = 
loose collars, plummer-blocks with ordinary and self- 
oiling bearings, hangers, standards, wall-brackets, belt 
and rope pullers. and other accessories for power trans- 
mission. The list is well printed and fully illustrated by 
means of half-tone engravings. 


Technical Dictionaries. — We have received from Messrs. 
Boyveau and Chevillet, 22, Rue de la Banque Paris, 2°, 
a list giving prices and particulars of technical dictionaries 
in all languages. The list includes general dictionaries, 
commercial vocabularies, general technological dic- 
tionaries, and also dictionaries dealing with terms used in 
— special branches of engineering and other pro- 

essions. 


Steam Fittings.—The Lambeth Brass and Iron Com- 
pany, Limited, 91 and 93, Southwark-street, S.E., have 
sent us a copy of their illustrated catalogue of steam 
fittings, including cast-iron and gun-metal stop-valves, 
plug-cocks, check-valves, safety-valves, water-gauge-glass 
fittings, pressure-gauges, unions, &c. The catalogue, 
which is well got up, is composed of separate 
fastened into a cloth-bonnd cover in such a manner that 
new pages can be added and any page can be removed or 
replaced as required. Prices are stated for all the articles 
dealt with. 

Fencing, Buildings, Bridges, &c.—A copy of a cata- 
logue received from Messrs. David Rowell and Co., 
33, Old Queen-street, Westminster, S.W., illustrates and 
gives prices and particulars of wire, wrought-iron, and 
corrugated-iron -fencing, iron railings, steel roof prin- 
cipals, fire-escape ladders, and other structural iron and 
steel work. The catalogue also gives particulars of corru- 
gated-iron and timber buildings ranging in size from 
labourers’ cottages to large engineering works, and in- 
cluding bungalows, pavilions, churches, schools, &c. 
Several examples of ——— and other bridges made 
and erected by the firm for foot, road, and railway traffic, 
are also illustrated. 


Manhole Cover for Ships’ Tanks.— A booklet illustrating 
the ‘‘ Elordieta” manhole cover has been forwarded to us 
by the sole agents, Messrs. Larrinaga and Co., 30, James- 
street, Liverpool. The special feature of this cover is the 
fact that there are no projections on the upper side to 
cause damage to the ship’s cargo. The cover consists of 
two p -stee] plates, the upper one being 
to accommodate the bolt-ends and nuts, so that it is 
practically flush with the top of the tank. The booklet 
ulustrates the method of fixing the cover in position—an 
operation which can easily be carried out by one man. 


Cranes, &-c.—We have received from Messrs. J. Booth 
and Brothers, Limited, Union Iron Works, Rodley, 
Leeds, a copy of their catalogue of cranes, lifting machi- 
nery, and electrical plant. This catalogue contains 
bound in cloth-covered boards, and is very 
fully illustrated Ly means of half-tone engravings. Among 
the illustrations are included a large number of electric 
overhead travelling cranes, with lifting capacities ranging 
from 14 to 100 tons. Overhead cranes operated by steam 
or hand power, or by means of cotton ropes, are also 
illustrated in this section. The catalogue also deals with 
electric telphers, Goliath cranes, cantilever cranes for 
shipbuilding yards, steam and electric locomotive and 
portable cranes, electric travelling gantry cranes, walking 
cranes, railway breakdown cranes, derric and tra- 
versers. A few examples of electric hauling-engines, 
ships’ cargo-winches, steam winding-engines, electric 
capstans, dynamos, and motors are also illustrated. 


Liquid Fuel.—An interesting booklet relating to the 
use of oil fuel for heating and power production has been 
issued by the British Petroleum Company, Limited, 22, 
Fenchurch-street, E.C. The booklet, after dealing briefly 
with the methods of distributing the fuel, gives parti- 
culars of the three standard qualities supplied by the 
firm, known respectively as ‘ leum,” ‘‘Gasoleum,” 


and ‘“R.V.O.” The advantages of liquid fuel for firing | Th 


marine boilers in the Navy, and in the mercantile marine, 
are then pointed out, and the question of marine propul- 
sion by internal-combustion engines is also gone into. 
Other sections deal with the application of liquid fuel to 
various industrial furnaces, the illustrations including 





examples of furnaces for heating rivets, tubes, and billets, 
and for glass-melting, an enamelling, &c. Some 
particulars are also given of oil-fired locomotives, fire- 
engines, and stationary boilers, as well as of internal- 
combustion engines for power production on land. The 
Carbogen and Kermode burners are illustrated and fully 
described, and a list of other British makers of oil-fuel 
burners is included ; a list of firms manufacturing oil- 
engines is also given. 


Railway Signals.—Messrs. Siemens Brothers and Co., 
Limited, Caxton House, Westminster, S.W., have sent 
us a copy of a pamphlet relating to their battery signal 
machine. In these machines a small electric motor, 
supplied with current from a few primary cells, is em- 
ployed to lower the signal arm, the mechanism being 
contained in a watertight cast-iron box attached to the 
signal post. The working of the apparatus can be con- 
trolled either from the signal cabin or automatically by 
track circuit or other means. As originally introduced, 
the lowering mechanism was ates by worm gearing 
from the motor spindle, but spur gearing is now employed 
for this purpose. By this modification the efficiency of 
the apparatus has been greatly increased, since, with the 
old pattern, the time taken to lower a standard signal arm 
was from 8 to 9 seconds, whereas, with the latest form of 
machine, this operation takes only 4 seconds. The current 

uired to operate the machine is practically the same as 
before, so that, as this current is only required for a much 
shorter time, the life of the battery is greatly increased. 


_ Hydraulic Machinery.—From the Hydraulic Engineer- 
ing ae Limited, of Chester, we have received a 
copy of the fourth edition of their catalogue of hydraulic 
machinery. This catalogue, which is altogether a very 
creditable production, contains about 180 pages, nicely 
bound in red cloth covers. It has been issued to give an 
indication of the kind of work to which the company has 
given special attention, and is not intended to include 
examples of all the classes of machinery manufactured. 
The numerous illustrations, which are mostly reproduced 
from photographs, show coal-hoists, wagon-lifts, various 
types of cranes, machinery for operating swing-brid 
and lock-gates, hydraulic and electric capstans, hydraulic 
‘‘jiggers,” lifts, &c. Later sections of the book deal with 
steam Pe ay for hydraulic-power plants, belt 
and motor-driven hydraulic pumps, accumulators and 
intensifiers, stop and other valves, high-pressure Pelton 
wheels, and Brotherhood three-cylinder hydraulic engines. 
Examples of presses and machine-tools for forging, 
flanging, bending, ammunition manufacture, &c., and of 
sewage and noe gy operated by hydraulic power, 
are also illustrated. me special appliances, among 
which may be mentioned hydraulic-injector fire-hydrants, 
and eee for automatically emptying sumps, are 
also included. The catalogue concludes with a few pages 
of hydraulic tables and memoranda, and a complete 
general index to its contents. 


Drawing-Office Requisites.—A copy of their general 
oa of drawing-office uisites has come to hand 
from Messrs. B. J. Hall and Co., Limited, 39, Victoria- 
street, Westminster, S.W. The catalogue, which con- 
tains over 200 pages, gives prices and full particulars of 
drawing instruments of all kinds, slide-rules, inks, colours, 
| noma we drawing and tracing-paper, tracing-cloths, and 

rawing-office furniture, such as drawing-tables, desks, 
cabinets, &c. Fall particulars are also given of theodo- 
lites, levels, clinometers, prismatic compasses, aneroids, 
measuring-tapes, and all accessories for surveying work. 
The catalogue alsodeals with the necessary apparatus and 
materials for photo-printing work, including electric 
copying-machines, arc-lamps, flat printing-frames, deve- 
loping-baths, — rat other supplies. A 
description of the ‘‘Ordoverax” process of copyin 
tracings and drawings is also given, and prices are sta 
for the necessary apparatus and materials. The process 
of reproducing a tracing by this method is briefly as 
follows :—An undevelo; Leso-eviat of the tracing is 
pressed down on to a sheet of zinc, coated with a special 
composition, and immediately removed. This operation 
affects the composition in such a manner that when an 
inked roller is passed over it the ink adheres only to 
those parts which have been in contact with the lines of 
the print. A number of copies in pure black lines, and 

uite true to scale, can then be produced by placing 
sheets of white yd on to the inked composition and 
rubbing down the back of the paper to ensure perfect 
contact. Two impressions can be obtained from the first 
inking, but the prepared sheet must be re-inked before 
each su ing copy is taken. When black ink is 
employed, the copies produced are said to resemble 
original inked-in drawings or tracings, but ink of any 
other colour may be used if desired. 





WATERPROOFING A Masonry Surrace.—The Moore 
Mica Paint Company, of William-street, New York, have 
recently adop' a novel method of waterproofing a 
ge ma ag by means of compressed air. According 
to the New York Engineering News a hood is placed 
tightly over the leaky portion of a concrete or masonry 
wall to which a special paint has been applied. Com- 
pressed air is then admitted under the hood, and by its 
pressure the paint is forced into the pores of the masonry. 


GerMaN Stream Navication.—The Hamburg and 
America Steam Navigation Company has declared a 
dividend for 1911 at the rate of 9 per cent. per annum. 
e corresponding dividend for 1910 was at the rate of 
8 per cent. per annum. It is pro to increase the 
capital of the company from 6,250,000/. to 7,500,000. The 
= profits realised last year were 2,020,000/., in round 
— as compared with 1,830,000/., in round figures, in 
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A STUDY OF THE PROPERTIES OF ALLOYS 
AT HIGH TEMPERATURES.* 
By G. D. Bencoucn, M.A. 
(Concluded from page 9.) 
Series Il.—Alwminium (Rolled). 

THE stress-temperature curve (Fig. 9) is of similar form 
to that obtained for copper (see data in Table [V.). The 
temperature of recu tion is 395 deg. Cent. The strain- 
temperature curve (Fig. 10) is rather different, in that the 
elongation increases slowly up to about 390 deg. Cent.— 
t.¢e., @ little below the pee ace of recuperation, and 
then undergoes a rapid and increase. Above 400 deg. 
the increase becomes slower till a temperature of rather 
over 600 deg. is reached, when a rapid fall takes place, 
due probably to loss of cohesion. 

Tasie 1V.—Series II. Aluminium (Rolled). 








Tempera- Elongation ,, A 
comp of | Maximum Stress, | per Cent. c — 
Tests. on 2 In, 

deg. Cent. Ib. tns p. sq. in.| per cent. 

20 946 8.6 11.0 

20 940 86 | 12.) 
200 701 6.3 } 15.0 
275 645 4.96 17.2 
830 871 3.4 20.3 
376 190 1.7 25.0 
396 196 0.96 56.0 
450 66 0.65 65.0 
520 j 46 0.40 68.5 
565 27 0.24 70.3 
610 33 0.30 76.0 
626 21 0.19 39.0 


Points to be noticed, especially in the curves fur copper 
and aluminium, are :— 

1. The well-marked change in direction of the stress- 
temperature curves at 650 deg. and 395 deg. 

2. The well-marked change of direction in the strain- 
temperature curves at approximately the same, but rather 
lower, temperatures. 


Serizs III.—Cast Aluminium. 


The results with this metal are given in Table IVa. 
The temperature of recuperation is about 410 deg. Owing 
to the abnormally low elongation of the cast bars, a new 


TasLe [Va.—Series 11]. Cast Aluminium. 























Elongation = 
Tempera- . Contraction 
ture of Test. Maximum Stress. = Cent. ¢ Area. 
n 2 In. 
deg. Cent. Ib. tns. p. 8q. in. | per cent. 
18 3143 7.1 15 | 
240 1561 | 38.6 4.7 | 
280 959 22 «| 6.2 
315 1281 29 #86| 15.6 
350 1113 2.6 11.0 
380 781 1.8 10.5 
0 =| 574 1.3 9.5 
416 | 682 12 | 94 
425 | 329 0.75 12.0 
482 } 455 1.0 22.9 } 
450 — -—- -- | 
495 247 0.56 23.4 
525 161 0.36 14.0 


series of experiments has been made on a fresh set of 
castings. It was hoped that the new tests would be ready 
for publication at the meeting ; unfortunately, they have 
been delayed by unforeseen circumstances. 


Series 1V.—Copper-Nickel Alloy. 


Thisalloy consists of a singlesolid solution. The stress- 
temperature curve is F dey in Fig. 12, and is plotted from 
the results given in Table V. It is of the same form as 
those of copper and aluminium, and the temperature of 
recuperation is about 710 deg. The strain-temperature 
curve, Fig. 13, differs from those of the pure metals. 
The elongation falls off till a temperature of about 650 deg. 


Taste V.—Series 1V.—Copper-Nickel Alloy. 











Tempera- Elongation | Gontraction 
Maximum Stress. per Cent. 
ture o! wane ‘on 3 In. | of Area. 
deg. Cent. Ib. tns. p. 8q. in r cent. 
17 os | al 26.0 “a 
17 0.T. | 29. 28.2 
17 int %2 28.0 
300 2596 x.7 23.5 
456 2016 18.4 20.3 
505 1736 15.8 20.0 
580 1823 12.0 155 
675 735 6.7 20.2 
685 498 4.5 31.2 
760 321 2.9 23.4 
760 273 25 | | 220 
795 287 26 | 26.5 | 
850 241 2.0 27.2 «| 
950 129 1.1 31.2 
1010 117 1.0 37.0 | 








is reached, and then increases somewhat rapidly, reachi 
& maximum at about 700 deg. Cent.; it then falls o 
again up to 750 deg. Cent., and, lastly, rises till a tem- 
perature of at least 1010 deg. is reached. The melting- 
int of this alloy was 1190 deg. Cent., but it was not 
ound practicable to carry out experiments at tempera- 
tures much above 1000 deg. Cent., hence no evidence of a 
* Paper read before the Institute of Metals on Wed- 
nesday, January 17, 1912. 





final turn back of the curve in the neighbourhood of the 
melting-point could be obtained. ‘ : 

This curve should be compared with that given for 
70/30 brass (a solid solution), by O. F. Hudson and the 
author, in vol. iv. of the Institution Journal, and now 
reprinted in Fig. 11. The form of the two curves will 
be seen to be nearly similar, and the peaks in the curves, 
which occur in each case at about the temperature of 
recuperation, are particularly to be noticed. . 

The micro-structure of this alloy, and the effect on it of 
annealing, are shown in Figs. 28 to 32, page 170. 


Series V.—Brass ‘‘ A.” 


This alloy, like the last, consists of a single solid solu- 
tion, the a solution of the copper-zinc series. The results 
obtained with it are given in Table VI., and plotted in 
Figs. 14and 15. The stress-temperature results appear 
to fall on two curves, which meet at about 440 deg., and 
are both approximately straight lines. Fig. 14 should be 
compared with the stress-temperature curve for 70/30 
brass wire, given in vol. iv. of the Institution Journal 
by O. F. Hudson and the author. 

The strain-temperature curve of this alloy is remark- 
able. The elongation falls quite rapidly till a tempera- 
ture of just over 400 deg. Cent. is reached, and it oe! be 
mentioned here that this phenomenon occurs in all alloys 
which contain the a solution of the copper-zinc series in 
po considerable quantity, as well as in some alloys that 
only contain a trace of it. In the case of the brass now 
being considered, and of the wire used in the experi- 
ments already referred to by O. F. Hudson and the 
author, the minimum values for elongation were obtained 
in each cuse at a temperature of about 410 deg., and are 
practically identical numerically—namely, 1.5 and 2 per 
cent. 

Above 430 deg. Cent. recovery sets in with both these 
alloys. In the case of the wire this recovery is very ~— 
and a new maximum of value is obtained at 450 deg. 
With the cast bar the recovery is very much slower, and 
the new maximum is only reached at a temperature of 
625 deg. Cent. In both cases the actual value is approxi- 
mately the same—namely, 18.5 and 17.5. After the 
maximum is reached, the elongation falls off, in the case 
of brass ‘‘ A,” quite steadily up to the melting-point. In 
the case of the wire the curve resembles that of the 
copper-nickel alloy, and the fall only takes place in the 
neighbourhood of the melting-point. 


TasLeE VI.—Series V.—Cast Brass. 


| 


in Figs. 16 and 17. The stress curve shows two branches; 
one is slightly concave upwa: The first branch extends 
from 0 deg. to 430 deg., the second from 430 deg. to the 
melting-point, 890 deg. The strain curve is rather more 
complex, and will now be considered in detail. 


Taste VII.—Brass Wire.* 
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Elongation 














Tested at Maximum Contraction 

Mark. | Deg. Cent. Stress. Per co _ on) of Area. 

tne. p. sq. in. per cent. 
w2o.. 310 18.1 2.5 ll 
W3i1.. 310 19.0 2.0 10 
W30.. 313 16.3 2.0 2 
W 32.. 415 10.8 1.5 10 
Ws3.. 415 10.3 1.5 9 
Wws3s. 440 6.1 6.0 15 
W39.. 453 5.1 175 30 
W34.. 465 4.8 16.5 29 
W35.. 472 4.4 16.25 29 
W 36... 472 4.6 16.25 29 
w4o.. ‘ 500 3.4 13.7 28 
wa... 500 3.5 13.0 22 
we.. 590 1.3 16.0 23 
w43.. 590 1.2 14.0 18 


+ The Heat 1 Treatment of Brass,” Bengough and Hudson, 
Journal of the Institute of Metals, No. 2, 1910, vol. iv. 


Between 0 deg. and the 340 deg. the elongation falls off 
rapidly, and reaches a minimum value at that temperature. 
It then increases again rather rapidly up toa temperature 
of 395 deg. The or shape of the curve in this region 
resembles that of the a solid solution (Figs. 15 and 13). 
It differs in that the minimum value is 7.6 per cent. 
ins of 1.5 per cent., and that recovery sets in at a lower 
temperature. Both these deviations would be expected 
as results of the presence of the § phase, which will be 
shown later to be a phase of low strength, but consider- 
able ductility at moderate temperatures whenever its 
strength can be improved. 

he presence of 8, then, when associated with a, 
masks the entire loss of ductility by the a solid solution, 
and enables recovery to begin at a lower temperature— 
namely, 340 deg., instead of 410 deg. The slope of the 
curve between 340 deg. and 390 deg. was very difficult 
to determine, and has been examined experimentally with 
great care. At first the recovery seems to be due mainly 
to the "7 importance of 8. Above about 400deg., 
however, it will be assisted by the recovery of ductility 
of the a also. 

These two factors help one another throughout the 

















| Elongation | . 
Tempera- : | ay Contraction 

ture of Test. | Maximum. | = a of Area. 

deg. Cent. Ib. ltns p. sq. in.| per cent. 
Ascast | 0.T. 12.1 39.0 
As cast 0.T, 12.2 | 37.0 
290 —_ 5.7 15.0 
325 2229 5.0 11.0 
345 2152 4.9 9.0 
400 1281 2.9 3.0 
482 1101 2.5 2.0 
465 1279 2.9 3.2 
496 | 1057 2.4 4.4 
630 | 917 2.0 3.5 
560 | 959 2.1 5.0 
600 833 1.9 9.3 
620 819 1.8 } 8.0 
625 558 12 | 20.0 
635i 685 1506 | «185 
650 | 689 1.3 | 18.0 
680 463 a ee 
710 | 443 1.0 15.6 
745 | 801 0.67 12.5 
785 189 | 0.43 11.0 


It will be seen that er there are several points of 
resemblance in the general form of the curves, there are 
also points of difference. Perhaps a close resemblance 
could hardly have been expected between material so 
different physically as a hard-drawn wire i in. in dia- 
meter and a 1-in. cast bar. Chemically, the latter differs 
from the former in containing an additional 0.5 per cent. 
of lead, and a considerable part of the difference between 
them may probably be put down to this fact. The struc- 
ture of this alloy after fracture at 785 deg. is shown in 
Fig. 33, page 170. 
Two-PuHask Systems. 

The mechanical properties of a number of two-phase 
systems may now be considered. It must be said at once 
that the complete interpretation of the curves obtained 
experimentally for these systems is by no means easy, 


| temperature ranges 400 deg. to 730 deg. and the increase 

| in ductility is therefore quite rapid. his branch of the 

| curve ends at a temperature of 730 deg. Cent., and 51 per 

| cent. elongation. The stress curve undergoes a slight 

| change of direction at 720 deg., and with this is associated 
the sudden increase of elongation at about the same 
temperature. 

Several similar cases of rapid increase in elongation at 
|a critical point in the stress curve may be seen in the 
curves already described ; the phenomenon isa usual one, 
though perhaps not quite universal. 

At 730 deg. the constitution of this alloy undergoes an 
entire change. Quenched specimens show that above this 
temperature it consistsof pure 8. In Shepherd’s diagram 
(Fig. 26, page 168) the temperature of this change for an 
alloy of similar composition is given as 745 deg., but 
there is reason to suppose that the precise slope of the 
curve between the 8 and a + 8 areas in this neighbour- 
hood has not been determined with an accuracy greater 
than 10 deg. or 15 deg. Cent. Above 730 deg. the curves 
represent the properties of the partially saturated 8 solu- 
tion. 

A question arises as to the effect on the mechanical 

roperties of the inversion at 475 deg., discovered by 

arpenter and Edwards. The author now believes that, 
though this change is a very real one, it does not appre- 
ciably influence the shape of the curves here published. 
The reason for this is that the change is too slow to 
make any serious headway in the short time for which 
the bars were heated in the furnace. 


Serizs VII.—Muntz Metal ‘‘B.” 


This alloy, like the last, consists of two solutions. It 
contains just 1 per cent. more zinc. A micro-photograph 
of the alloy is shown in Fig. 35. It will be seen that 


Tas_E VIII.—Series VIJ.—Muntz Metal “ A.” 





and the remarks made by the author in dealing with each | 
of these systems are intended to be suggestive rather than | 
authoritative. Much further study is required in this | 
branch of the subject. 


Series VII.—Muntz Metal ‘‘ A.” | 
This alloy is the first of the two-phase systems. Its 
micro-structure is illustrated in Fig. 34. It consists of 
the a and § solid solutions, and it should be i 
that the a constituent (shown light in the photograph) | 
forms the matrix in which the § solution is embedded. | 
From this it would be expected that the characteristics | 
of the a solution would predominate in the alloy, espe- 
cially at low temperatures. At high temperatures, at 
which the 8 constituent increases in quantity at the 
expense of the a, it would be expected that the charac- 
teristics of the a solution would be much modified.* 
The experimental results are given in Table VIII., and 


* It must be clearly borne in mind that the mechanical | 
properties of both the a and § solutions alter with their 
composition. In all Muntz metals the a solution is 


always saturated, and so will have definite mechanical 





properties which only vary with the temperature. 





Elongation 











Tempera- “4 7 Contraction 
ture of Test. Maximum Stress — c _ of Area. 
| deg. Cent. Ib. |tons p. sq. in per cent. 

17 | 0.T. 27.1 33.2 

17 0.T. 28.9 34.0 

= a 27.7 36.5 

17 ee 28.1 34.6 

292 1666 16.1 13.0 
340 1523 13. 7.6 
349 | 1401 12.7 9.4 
356 | 1397 12.7 10.9 
375 | = 1005 9.1 14.1 
= | 805 7.3 19.0 

| 611 4.6 9.3 

405 777 7.0 14.1 
416 609 5.5 18.7 
432 735 6.7 17.1 

7 329 3.0 21.8 

520 175 1.6 25.0 
560 133 1.2 27.0 
625 59 | 0.5 29.6 
685 38 0.34 34.5 
730 16 0.14 51.0 

7 11 0.09 44.0 
830 7 0.57 58.4 
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the structure differs from that of Muntz metal “A” 
in the important fact that the 8 now forms the matrix, 
in which the a is distributed, instead of the reverse 
arrangement. It is to be expected, therefore, that the 
characteristics of the a curves would be largely or entirely 
masked, since the stress and strain must now fall prin- 
cipally on the matrix solution. ; 

he curves obtained experimentally from this alloy 
fulfil these predictions. They are shown in Figs. 18 and 
19, and are plotted from the values given in Table IX. 
Instead of a rapid falling off in the elongation so charac- 
teristic of the a solution, the curve is nearly vertical up 
toa temperature of 400 deg. At this temperature the 


a solution has lost practically all its ductility, but the 8 


has acquired a moderate amount. Y ' 
experiments that this alloy gave very variable results in 
the range of temperature between 400 deg. and 500 deg., 








600 


It was found in the 





in this range must be a fact of great industrial interest and 
importance. The difference in inclination between the 
two curves at temperatures above 500 deg. must be due 
to the fact that a slightly increased proportion of the 
8 phase confers on the alloy greater ductility at high 
temperature. 


Series [X.—Cast Brass ‘‘ C.” 

It was thought that it would be interesting to cast a 
few bars of such composition that they would consist 
entirely of pure f. 

Unfortunately, the resources of the author’s laboratory 
did not at the time allow of the metal being melted in 
sufficient quantities to make the bars required. The 
matter has since been remedied, but too late for the bars 
to be cast and tested in time for the present paper. Con- 
sequently the bars had to be cast outside the University, 









8 Ww 


& 





Fig.|11. 





rade. 
g 
=) 


00 








_D rees Centig 


BENGOUGH & HUDSON 








8 





8 


Temperature 























8 





0 
(2642.4) 


35 45 
Maaimum Stress: Tons per Sq Inch. 


(2642.0) 


and it has been found impossible to plot a characteristic 
curve in this neighbourhood. The cause of this is prob- 
ably to be found in the fact that the a and § solutions are 
present in this range of temperature in very nearly equal 
amounts, and are also of approximately equal strength, 
though at the lower temperatures the §f is slightly 
stronger. Consequently the strain may fall on either of 
them, according to the detail of their relative arrange- 
ment in the ectual bar examined. If the strain fall 
mainly on the a, the ductility will be very small ; if it fall 
on the §, it may be fairly high. Hence in this region no 


two bars behave exactly alike. At temperatures above | 





500 deg. the £ solution increases in amount at the expense | 


of the a, and consequently yy upon the bar its 
properties of great ductility and low strength, with the 
result that the curve passes off rapidly to the right. 

It is interesting to com the curves for the two 
samples of Muntz metal. t 
of quite different types at all temperatures below Tee dee-» 
in fact, they are as different as if they represented the 
properties of two entirely different alloys. The sensitive- 


| 


and were found to be rather higher in « 

sponds to pure 8—that is, they contain 
t will be seen that they are | of copper instead of 54. Nevertheless, the tests of these 
bars are interesting. The 
crystals, with quite small a crystals scattered about 
amongst the matrix and alon 
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r than corre- 
56.7 per cent. 


consist very largely of 8 
the crystal boundaries 


ness of these alloys to very small differences of composition | (Fig. 37, page 170) ; it is evident that the mechanical 











properties of the bar will represent v closely those 
of the nearly pure 8 solution. . The pla Bre results 
are given in Table X., and are plotted im Figs. 20 
and 21. It will be seen that at the ordinary tempera- 
ture the 8 solution has considerable strength ; it is, 
in fact, at least equal in this respect to the cast a 
solution (see Fig. 14). On the other a. it has practi- 
cally no ductility. The elongation, however, increases 
steadily with the rise in temperature up to 610 deg., 
when it reaches a value of over 30 percent. It seem» 
almost certain that the slight check in the rise of the 
curve at 400 deg. Cent. is due to the ce of the trace 
of a which happened to be arranged in the particular bar 
tested at this temperature, so that it could exert its 
influeng. At 600 deg. Cent. the curve turns back, show- 
ing a loss of ductility. At this temperature, however, 
the alloy consists of pure 8, and this tarn back in the 


1 





(a 


Degrees 


0 
Elongation per Cent. 


curve must mean that the strength of the 8 phase of the 
composition of this alloy has now become so low that 
its great ductility is not available; in fact, it rather 
resembles lead in its mechanical properties. 

Fig. 40 shows the micro-structure of the bar broken 
at 700 deg., in the neighbourhood of the fracture. After 
fracture the bar was withdrawn from the furnace, and 
cooled naturally in air. The large crystals are f, and 
round the edges of them a thin film of a has crystallised 


out. At the temperature of fracture no a was t, as 
was shown by quenching small specimens. ith regard 
to this micro-pho E. it may be mentioned in passing 


that the f solution, awd high in zinc and approximately 
pure, is without exception the most difficult alloy known 
to the author to obtain free from scratches for photo- 
graphy ; hence the appearance of the micro-photograph 
in question. 


TasLe [X.—Series VIII. Muntz Metal “‘ B.” 








| 
Elongation, 
Temperature | + ° 
per Oent. on Maximum Stress. 
to | — 
deg. Cent. Ib. tons per sq. in 

17 26.7 0.T. 27.2 

17 22.7 G.T, 25.8 
225 29.6 2569 23.2 
350 26.5 1120 10 
395 24.2 742 6.5 
428 25.0 502 4.6 
430 34.8 651 5.9 
440 32.0 364 3.2 
450 16.1 441 4.0 
490 31.2 231 22 
496 18.5 189 17 
510 18.7 225 2.0 
510 : 217 1.9 
530 22.5 189 4.7 
550 24.0 119 1.08 
625 44.5 105 < 0.96 
675 51.5 ra) 0.16 
780 65.6 ll 0.08 


TasLe X.—Series IX. Brass “ C.” 





Tempera- | Elongation | ,, , 
tureof | Maximum Stress. per Cent. | ae tion 
Teste. | on2In. | oa 

| deg. Cent. | Ib. tins p. 8q. in.| per cent. 

18 | 0.T. 15.1 | 3.1 

330 2998 6.8 | 12.5 

400060 |)«Co snes 3.4 11.9 

460 1202S 2606CUd|} «64 

480 847 1.9 21.0 

530 245 0.56 28.1 

610 98 | 0.20 81.0 

640 35 0.07 25.0 | 

685 33 0.06 22.0 

740 30 0.06 





| 


Fig. 38 is a photograph of another bar of the same 
alloy, as cast ; the only mechanical work that had been 
put on the bar was due to serewing the ends. The net- 
work seen in the photograph only e apparent after 
etching. The author believes it to be a very fine cubical 
cleavage, which had been developed in the brittle material 





168 ENGINEERING. 





[Frs. 2, 1912 





of bars of this alloy 
owing to the fact 
con- 


This 


by the mechanical stress caused by the screwing. The At ~— temperatures the ductility 
cleavage has been opened out and made visible by the | cannot satisfactorily measured, 
etching agent gradually finding its way along cleavage that numerous wide cracks open up in the bar at 
planes. siderable distances from the point of fracture. 
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TaBLE XI.—Series X.—Complex Brass. phenomenon was also ob- 
A linia | served at all temperatures 
‘ Elongation ag oe te — at 700 
enipera- : Contraction | deg. ti 
ture of Test. | saeco Strate. ros — of Area. siieeimenaie Pie on sem (2642.4,) 
“ ese also showed a 
deg. Cent. | Ib. tns p. sq. in. per cent. tendency to break outside 
= 0.T. ow ard the gauge-marks and at the shoulder, and man 
250 31.2 40.2 were spoilt in this way. Only the results of satis- 
300 1797 16.0 4.8 factory tests have been recorded in the tables and 
350 1267 11.7 60.0 curves. 
420 505 4.6 50,38 
432 613 5.5 59.3 cRIES X.— % 
0 408 = = Series X.—Complex Brass 
= os =. = The results obtained from this series are shown in 
510 307 2.7 48.5 Figs. 22 and 23. 
615 204 2.7 68.2 The elongation curve of this alloy is very remarkable, 
. mg ee y 
52a 280 2.4 97.0 and is shown in Fig. 23, which is drawn from the results | 
- bo 12 105.0 in Table XI. This alloy has two small thermal critical 
= = : : Led points in the solid, at 720 dey. Cent. and 560 deg. There 
585 188 U5 107.5 does not appear to be any abrupt change in mechanical 
615 140 12 140.0 rp ene corresponding with the latter. The analysis 
7 <105 > 0.96 162.5 f this alloy shows it to be a very complex material, and 
750 10 ; 156.3 the object of introducing the subsidiary constituents 
7 ? 128.0 appears to be to improve and strengthcn the mechanical 
Bea oS properties of the § phase. 
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GENERAL Discussion OF EXPERIMENTAL RESULTS. 
It will be noticed that the stress and strain curves of 
| the pure metals show changes of direction which are most 
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rature of 650deg. Cent. in the case of 
copper, and at 395 deg. Cent. in the case of aluminium. 
These points may be referred to as ‘‘ mechanical critical 
points,” to distinguish them from the well-known thermal 
critical points of metals and alloys. Now the pure metals 
| copper and aluminium exhibit no thermal critical points 
at temperatures corresponding to the mechanical critical 
points, and we must come to the conclusion that there is 
no necessary relation between the two sets of pheno- 
mena. Further, the only changes that take place in the 
micro-structure of these pure metals as the temperature 
rises are the increasing crystal size, and the removal of 
the amorphous material formed in and around the crystals 
as the result of cold work, contraction strains, &., on 
the metal. The conclusion therefore appears to be in- 
evitable that there are certain powerful factors, hitherto 
u ised, which profoundly affect the mechanical pro- 
perties of pure metals and alloys, and which have no rela- 








tion that has yet been traced to their phase relationships. 
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An examination of the whole series of tensile curves 
now published will show an interesting difference between 
those representing materials rolled or worked at a com- 
paratively low temperature, such as aluminium, copper, 
70/30 brass, copper-nickel, and those representing cast 
materials, or materials only worked at high temperatures, 
such as ‘‘extruded metal.” In Fig. 25 the curve X Y Z 
isa typical stress-curve of the former class of material ; 
the curve X Y V of the latter type. The curves indicate 
that at ~~ temperature below Y rolled metal is stronger 
than similar cast material, but that at temperatures 
above Y both materia's have identical properties. This 
temperature Y, at which the curve X Y meets the curves 
Y V and YZ, has been determined both for cast and 
rolled metal in the case of aluminium, and has been found 
to be 395 deg. Cent. for rolled metal and 410 deg. Cent. 
for cast metal of slightly different composition. For 
exactly similar metal the temperatures would probably be 
identical. A discussion of the position of Y horizontally 
will be taken up later. 

The horizontal distance, B C, shows the difference in 
strength, at a temperature of 250 deg., between the cast 
and rolled materials. As the temperature is raised this 
difference in strength becomes s 
vanishes at Y. 

It now r ‘mains to discuss the physical meaning of this 
remarkable series of phenomena, and to supply a rational 
explanation of it. 

fore doing so, the physical properties of metals and 
alloys above the temperature Y and below the melting- 
point must be described. In this range their behaviour 
resembles that of » viscous fluid; their strength is very 
small; they exhibit great ductility and plasticity, and the 
influence of time on the tensile strength mes impor- 
tant. Moreover, in nearly all cases, they give out a 
“cry” like that of tin when stressed by loads much less 
than that required for fracture. This “cry” is parti- 
cularly noticeable in the case of the brass alloys and 
copper. The “cry” of tin is usually explained as due to 
the rubbing of the crystal surfaces against one another, 
due to inter-crystalline fracture, and in its most literal 
sense the author believes that to be the explanation 
in the present case. This remark naturally leads to 
the consideration of the question why other metals 
do not ‘“‘cry” when stressed at ordinary tempera- 
tures, The answer may reasonably be given that tin is 
above the temperature Y, its “‘temperature of recupera- 
tion,” at the ordinary temperature, whereas most other 
metals and alloys are not, and that it is only at tempera- 
tures above Y that the crystals can come in actual 
contact with one another. 

It has always appeared a remarkable fact to the author 
that the fracture of metals and alloys tends to 
through the body of the metallic crystals rather than 
between the crystalline junctions, especially in the case 
of pure metals and solid solutions. (Cases of fracture 
passing through weak inter-crystalline eutectics du not 
affect the present argument.) It would seem that at the 
ordinary temperature the cohesion between the faces of 
separate crystals is greater than that between different 
parts of the same crystal—a really remarkable pheno- 
menon, which has not perhaps received the attention it 
deserves. 

Another fact of some significance in this connection is 
the uliar action of etching agents upon pure metals 
and homogeneous solid solutions. The first action of a 
dilute ent is to eat into the crystalline boundaries, 
and so bring out the polygonal structure characteristic 
of these substances. 

The deduction may reasonably be drawn that the indi- 
vidual —s in a pure metal are normally bound to one 
another by some substance stronger than the crystals 
themselves, but more easily attacked by etching agents. 
This substance must surely be no other than Beilby’s 
amorphous material,* arranged in a thin, more or less 
continuous, layer round the crystals. Its presence has 
hitherto only tae clearly recognised in highly-worked 
or strained metal ; from the experiments now described 
it would seem to the author to exist in all metals and 
alloys below a certain temperature, characteristic of each 
material—the temperature of recuperation. 

Its presence may be accoun for in the following 
ways :—Firstly, it may result from the counter-attrac- 
tions of the crystals on either side of it, none of which is 
sufficiently strong to overcome the crystalline attraction 
of all the neighbouring crystals, and so to incorporate the 
last minute trace of still liquid material into its crystal- 
line system. 2a a it may result, or at any rate be 
increased in quantity, by the effect of contraction strains 
in the metal. That these may be very considerable is 
evidenced by the fact that they sometimes give out 
audible sound-waves during the process of relief. Thirdly, 
it may result from an increase in viscosity of the still 
molten metal, which in turn may result from the concen- 
tration in the last liquid portions of an impurity. Great 
viscosity is known to hinder crystallisation, and so to help 
in the formation of amorphous material.+ 

Now, at temperatures above Y, it may be supposed that 
the amorphous material which cements the crystalline 
faces ther is no longer able to exist even momen- 
tarily. ence fracture will take place between the 
crystalline junctions, and the fractured surface of speci- 
mens broken at high temperatures serves to support this 
view. Further, =. slip takes place in the crystals 
themselves, the resulting mobile material instantly re- 
crystallises, owing to the great activity of crystalline 


ler and smaller, till it 





* In po. this amorphous material exhibits 
strength, but less ductility, than the crystalline su 
from which it is formed. , thes 

The influence of traces of impurity in destroying the 
ductility of masses may possibly be exp'ained in this way, 
since amorphous metallic materials have little ductility. 


ter 
tance 


growth at these tem tures. Co uently ‘‘work” 

will no longer strengthen and harden the metal, and a 

ise definition of ‘‘hot-work” can be readily formu- 
ted. This definition is as follows :— 

Hot work is work performed on a metal or alloy at 
such a temperature that the amorphous or mobile 
material formed at the expense of the crystals recrystal- 
lises instantaneously, leaving the material in a ectly 
soft condition. The lowest temperature at which this is 
possible is called the tem ture of recuperation. 

Cold work will be work carried out partly or wholly 
below the temperature of recuperation, and will result in 
the formation of the amorphous material in considerable 
quantity. 

The meaning of the term “ the limiting temperature of 
complete recuperation” is now apparent. It means that, 
under the conditions of the experiment, the amorphous 
substance has no appreciable period of existence. It is 
also intended to cover the fact that the rapid falling off 
in tensile strength is abruptly checked. 

It will be well to consider for 1 moment the phenomena 
which take place in a bar under test at temperatures 
above the temperatures of recuperation. A load is 
applied ; plastic deformation takes place; mobile mole- 
cules are formed along the planes of slip ; these molecules 
have an infinitely short period of existence and at once 
recrystallise, and this may happen before any further 
load is applied. If, however, the rate of loading is very 
rapid, it 1s just ible that complete recrystallisation 
may not have had time to take place, and a residue of 
amorphous material is left. Therefore, unless the rate 
of recrystallisation is rapid as compared with the rate 
of loading, the actual temperature of recuperation deter- 
mined experimentally will be dependent to some extent 
on the latter factor. Hence the use of the words “ under 
the conditions of the experiment” in the last paragraph. 

Turning now to Fig. 25, the difference in strength indi- 
cated by the line BC between a rolled and a cast material 
will be due to the amount of work put on it by forging, 
rolling, &c. If the curve X Y be extrapola down to 
the ordinary temperature, as shown in Y W, we shall 
obtain the area The curve Y W obviously 
shows the properties which a metal would have at any 
temperature if it could be prepared and tested at that 
temperature in a perfectly crystalline state, without any 
amorphous material being formed in it. This is, of course, 
impossible, since the mere act of testing at any tempera- 
ture below Y results in the formation of the hard eamor- 
phous substance. The curve X Y W may therefore be 
regarded as representing the properties of an ideally soft 
metal, or of a metal whose temperature of recuperation is 
below the ordinary temperature. The line A B, then, 
represents the strengthening effect of the mechanical 
work necessarily put upon the metal by the act of testing, 
and also any small effect which results from contraction 
strains resulting from cooling. 

If the foregoing views be accepted, it will be seen that 
the unstable, vitreous amorphous material of Beilby 
plays a far more fundamental part in determining the 
mechanical properties of metals or alloys than has hitherto 
been suspected. The industrial alloys of copper, and 
even copper itself, depend for their commercial useful 
properties entirely upon this material. Without it all 
metals would be weak, plastic, viscous bodies, rather 
resembling pitch, or perhaps tin. 

An ee discrepancy between Beilby’s results and 
those of the author may now be referred to. In his May 
lecture before this Institute, Beilby republished a number 
of his results which showed that the amorphous material 
in his copper wires recrystallised completely at 220 deg. 
Cent. This might be supposed to correspond with the 
author’s temperature of recuperation for copper—namely, 
650 deg. Cent. A careful consideration of the two sets 
of tests will show clearly, however, that there is no 
direct relation between them—salient points of difference 
being that Beilby’s wires were comparatively slightly 
stressed so as to give a 1 per cent. elongation, ween the 
author’s were stressed to fracture, and that in the author’s 
experiments the amorphous material was being continu- 
ally reformed in quantity by the test itself. 

turning to the consideration of the experimental 
results now presented, and leaving on one side any further 
consideration of the theoretical suggestions outlined above, 
the author would direct attention to one or two matters 
that have not yet been considered in sufficient detail. 

In the first place, it would ap from the curves that 
the elongation of an alloy is far more easily upset by 
variation in temperature, size of specimen, and possibly 
other factors, than is the maximum stress. The ‘‘ mechani- 
cal critical points” in the elongation curves are decidedly 
more well-marked than in the stress curves. especially in 
the case of pure metals. The exact interpretation of 
some of the curves determined experimentally is diffi- 
cult, especially in the case of: two-phase systems. is 
arises from the fact that the properties of the a solution 
are very remarkable, and the elongation curve bends 
in a manner that is obviously dependent on a number of 
factors which are not yet clearly known, but some of 
which may be associated with slight differences of chemical 
composition and of size of bar. In the author’s experi- 
ments the thick cast bars were tested at approximately 
the same rate as the smaller bars and wire. The resem- 
Llances and differences between cast bar A and the 70/30 
brass wire have already been alluded to. If the respec- 
tive times under test had been proportioned to the 
relative thicknesses, a closer resemblance’ might have 
been attained, and the shapes of the curves seem to 
suggest this. 

The general type of elongation curve for pure metals is 
clear from Fig. 8 (see page 95 ante) and Fig. 10, page 167. 
From these it —_ be seen that elongation may either 
increase or fall off as the temperature is raised, and it 
' may be inferred that it may remain practically constant, 








up to the temperature of recuperation. At about this 
meoetere it will epee a large increase, and remain 
at a high value till the neighbourhood of the melting-point 
is reached. 

The general type of curve for a solid solution is not 
— so clear, but the author believes it to be of the form 

own in Fig. 24. The dotted curve shows a ible 
variation where the elongation increases caguiany from 


0 deg. 

The curves of several two-phase systems have been dis- 
cussed in some detail already. It is, however, doubtful 
if we are yet in a position to give a complete explanation 
of all the types of curves obtained for these more complex 
cases. These types have not yet been sufficiently clearly 
fixed experimentally, and much more work will have to 
be done before they can be regarded as settled. The 
author only regards his results as affording a preliminary 
exploration of the field. 

n conclusion, the author would like to draw atten- 
tion again to the remarkable fact that the most abrupt 
changes in mechanical properties which have been found 
in the alloys examined do not occur at temperatures cor- 
responding to phase changes, either in the case of pure 
metals or in the case of complex two-phase systems. It 
would appear that the presence of unstable and non- 
crystalline substances is the most important factor in 
determining the mechanical properties of metals and 
alloys at ordinary and moderate temperatures. If this 
reasoning not accepted, then some cause other than 
phase changes must sought in explanation of the 
remarkable experimental facts that have been now 
described. In the last May lecture delivered before this 
Institute, Beilby drew attention to the importance of 
amorphous, vitreous, and unstable substances in commerce, 
and instanced glass as a case in point ; is it not possible 
that such substances are of equal importance in the case 
of all metals handled, used, or wor at any temperature 
removed by more than a comparatively short range from 
their melting-points ? If this be so, then the attention 
of metallurgists must, in the future, be concentrated 
much less exclusively on the study of stable systems than 
it has been in the past. 

The author desires here to express his cordial thanks to 
the following gentlemen for their help in various ways :— 
Mr. E. F. Law, A.R.C.S., Mr. H. Jelf-Reveley, and Mr. 
H. Purser (of Birmingham University). Also to Mr. W. 
Donaldson, of the Walker Engineering Laboratories, Liver- 
pool University, who kindly carried out, for the author, 
all the cold tests in the University testing-machines. 





AMERICAN Exxectrric Rartwars.—The electric railway 
system of the United States was increased last year by 
1192 miles. The corresponding increase of track in 1910 
was 1397 miles. California led last year with 121 miles 
of new line, and North Carolina and Illinois followed 
with 104 miles each. New equipment ordered by Ameri- 
can electric railways in 1911 comprised 4015 cars, or 1466 
cars less than were ordered in 1910. Of the 4015 cars 
ordered in 1911, 2884 were city passenger cars, 626 urban 
cars, and 505 freight and miscellaneouscars. The number 
of electric locomotives ordered in 1911 was 81, as com- 
pared with 43 in 1910. 





ExvecrraicaL Works In Japan. — The Frankfurter 
Zeitung states that, according to a Japanese official 
announcement, the number of electrical works in Japan 
a Se capital invested therein at the end of 1910 were 
as follow :— 


Nominal 








— Paid-U 
Number. Capital. | Capital 
| yen. yen. 
Electric light and power com- 
ies .. > o» ss 199,348,055 , 127,908,960 
Electric railway companies .. 15 25,110,000 14,927,500 
Electric railway and power 
companies .. ee » 25 130,721,678 99,353,239 
Private installations .. 697 -- = 
Government installations 93 — 


The above-mentioned companies represent a total power 


of 472,205 kw. In addition to the foregoing it appears 
that 168 companies have now obtained official sanction to 
generate a further 381,232 kw. (Yen = 2s. O4d,) The 
above information is reproduced from the of Trade 


returns. 





Lock woon’s BuILDERS’ AND Contractors’ Price-Book, 
1912.—There has been little change in the building trade 
during the past year, and prices remain very much as 
they were at the end of 1910, and there were no strikes. 
In the case of a few kinds of material there has been 
some variation, there being, for instance, a slight up. 
ward tendency in bricks and lead. In preparing the 
new edition of Lockwood’s well-known price-book for 
1912, which has recently been published, the editors have 
therefore devoted their time chiefly to adjusting the 
prices to meet these variations, and to the examination 
and revision of several sections. The tabular matter 
throughout the book has been carefully checked and 
corrected, and the wage-table has undergone thorough 
revision and enlargement. There is no need to say much 
more with ard to this well-known price-book, for it 
has been too long before the public to require it. We 
may, however, mention that a corrected list is given of 
the surveyors of the various Metropolitan Borough 
Councils, with their official addresses. The book is very 
much on the lines of the previous edition. It is edited 
by Mr. Francis 

ublished by Messrs. Crosby r 

, Stationers’ Hall-court, Ludgate Hill, E.C., the price 
being 4s. net. 
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THE PROPERTIES OF ALLOYS AT HIGH TEMPERATURES. 






[F 16. 27.—Copper (as rolled). Fic. 28.—C 


(For Description, see Page 166.) 


upro-nickel (as rolled). Magnification? 1¢.- 29,—Cupro-nickel annealed one hour at 
700 deg. Cent. 


150 diameters, 


FG, 30.—Cupro-nickel annealed one hour at 
750 deg. Cent. 





Fic. 31.—Oupro-nickel annealed one hour at 
800 deg. Cent. 





Fie, 34.—Muntz metal “‘ A” (as rolled). Fie, 35.—Mun 


3m 
(an 


Lisa’ i 


Elen 





Fie, 38.—Brass ‘‘C” (as cast). Magnification 150 
diameters (deeply etched). 


Soutn ArricaN Minges.—The November report of the 
Mines Department of the Union of South Africa for 
November last contains the following statistics for the 
month :—The total output of gold from the Transvaal 
and other provinces was.720,856.270 fine ounces, valued at 
3,062,004/., of which 691,325.66 fine ounces, valued at 
2,936,564/., came from the Witwatersrand district. The 
total amount of silver produced was 78,633.65 fine ounces, 
valued at 8461/., while the total amount of coal mined was | 


Fie. 32,—Oupro-nickel annealed one hour at 
900 deg. Cent. 


Fie. 33.—Cast brass broken at 785 deg. Cent. The ‘‘ twinning” 
is due to the mechanical work of the test. The black specks 


are lead. 


tz metal “ B” (as rolled). der. © 
eg. Cent. 


Fig, 39.—Brass “‘ C” (broken at 530 deg. Cent.). Fie. 40.—Brass *‘C” (broken a 700 deg. Cent.). 


| 638,553 tons, valued at 161,277/. The actual weight of 
base minerals other than coal is not mentioned, but the 
value is given at 55,553/. This brings the total value of 
all the minerals mined to 3,287,295/. The statistics for 
labour show that in the gold-mining industry for the whole 
of the Union 25,346 whites were employed, in addition to 
196,861 blacks, making a total of 222,207. The coal- 
mines gave employment to 4654 whites and 22,798 blacks, 
or a total of 24,008; while the base mineral mines, lime 


Fie, 36.—Muntz metal “ B,” after fracture at 
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Fic. 41.—Complex brass (as rolled). 


works, flint works, &c., gave occupation to 610 whites 
and 6396 blacks, totalling 7006. In the diamond mines 
4654 white men found employment, as well as 37,829 
coloured men, amounting together to 42,483. The totals 
for the whole of the mining industry were therefore 
31,820 whites and 263,884 blacks, amounting in all to 
295,704. The output of diamonds is published half-yearly 
only. The amount of coal is represented by the 
| 2000-1b.-ton, 




















waeocr te swe 


“oa ora & TP 


ak ima eo noi ik ee one. Oo oe ae fe 


FEB. 9, 1912.] 


ENGINEERING. 


17t 





LITERATURE. 


——_—-——— 
Chrusotile-Asbestos : Its Occwrrence, Exploitation, Milling, 
and Uses. By Fritz Crrxet, M.E. Second Edition, 
enlarged. Ottawa: Government Printing Bureau. 
From time to time the Canadian De ment of 
Mines issues reports on economic geology, mainly 
with the object of directing attention to the import- 
ance of the mineral wealth of the Dominion, and of 
assisting, by the spreading of trustworthy informa- 
tion, those who are actually engaged in the develop- 
ment, as well as those who may be contemplating 
some further exploitation of its mineral resources. 
Such was the origin of Mr. Cirkel’s report, which 
appeared in its earliest form some six years ago, 
when the Canadian asbestos industry was beginning 
to expand. Increased experience in mining and 
wider employment of the material have necessitated 
a recasting of the work, in order to make it more 
immediately applicable to the present time, The 
author, however, in making this extension has 
erred a little on the side of minuteness, and has 
been guilty of some irritating repetitions, which he 
might have avoided by exercising a little more 
care. Though the output of asbestos has nearly 
doubled in the last six years, and its value 
has increased in even a larger ratio, the indus- 
try is still a small one. The annual yield is 
only about 67,000 tons, is necessarily confined 
to a limited area, and can employ but a small 
amount of labour. Its significance is more appa- 
rent, however, when it is remembered that some 
85 per cent. of the world’s total “——v comes from 
this favoured Canadian district. The township of 
Thetford, some 50 miles south of Quebec, may be 
regarded as the centre of the zone, and the total 
distance throughout which asbestos deposits are 
encountered is some 23 miles, with a width varying 
from 100 ft. to 6000 ft. The total acreage of the 
serpentine belt in which the asbestos veins occur 
is but 17,300 acres, from which deductions must be 
made for granite dykes, dioritic intrusions, and 
serpentine gabbras, which occur throughout the 
belt, leaving an available acreage of 12,420 acres. 
Only 1100 acres are under development ; but 
though this area seems very limited, yet asbestos 
deposits, wherever they are found in paying quan- 
tities, occupy whole blocks of the formation. 
Consequently the available tonnage in any new 
mine may soon reach large proportions. 

To several minerals characterised by a fibrous 
crystalline structure we indifferently epply the 
common term ‘‘ asbestos,” but some of these, like 
antophyllite and the varieties of amphibole, have 
little commercial value. The peculiar form dis- 
tinguished by the term ‘‘ chrysotile asbestos” is a 
fibrous, silky product, lying in narrow veins in the 
main mass of serpentine, and possessing almost 
identically the same chemical composition as the 
enclosing rock. It is therefore a hydrated silicate 
of magnesia (3 MgO, 2 SiO,, 2 H,O), and nearly 
allied to picrolite and soapstone. The author regards 
the serpentine as a hydrated peridotite, or olivine, 
from which, under the action of carbonated waters, 
the iron has been carried off, some of the magnesia 
being removed at the sametime. ‘‘ Olivine is often 
full of fissures, and it is in these fissures that its 
transformation into serpentine commences. Under 
the microscope it appears as a finely fibrous green 
fringe, the fibres lying at right angles to the surfaces 
from which they originate.”’ The fibrous structure 
appears to extend from the external parts towards 
the interior, till the whole is converted into a mass 
of interlacing contorted fibres. This describes the 
manner of occurrence, but does not explain many 
difficulties, and, indeed, notwithstanding the ex- 
penditure of much care and ingenuity, a satisfactory 
explanation has yet to be found. Practically, from 
a mining point of view, chrysotile asbestos occurs 
in two forms, known as ‘‘ vein” and “slip” fibre. 
In vein fibre, the asbestos is found in fissures at 
right angles to the enclosed walls, forming regular 
veins intersecting the serpentine rocks in every 
direction ; but, as a rule, following straight lines. 
The ‘‘ slip” fibre occurs in “‘ slickensided fault 
planes” in the serpentine formation, caused by the 
moving or slipping of one rock portion along its 
contact with another portion. The fibre so pro- 
duced is bedded on the fracture or slipping plane 
ina flat position, but both varieties, when separated 
from the rock and worked out into mill fibre, pre- 
sent very few differences in those qualities of 
length, silkiness and tensile strength, which give 
distinctive value to Canadian asbestos. 


Herein we are dealing with the superficial rocks, 
or as they appear on the removal of the vegetable 
over-burden. A point of great economic importance, 
evidently, is the depth to which the rock pené- 
trates, and up to the present science has discovered 
no method of forecasting the depth at which 
asbestos will be found in any mine or quarry, and 
consequently the life of a mine remains a very 
indefinite quantity. No asbestos has been quarried 
at a greater depth than 200 ft., and though in one 
district, through an accident, asbestos has been 
encountered at a depth of 400 ft. below the 
surface, yet hitherto rigorous examination has 
been confined to shallow workings. The absence 
of preliminary surveys is easily explained. The 
fibrous nature of the rock and mineral renders any 
tests by means of diamond drills and such appli- 
ances futile, while the very irregular character of 
the asbestos shoots, both laterally and vertically, 
makes shaft-sinking unsatisfactory. An instance is 
given in which the Bell Asbestos Company carried 
down a shaft 137 ft., but the ground penetrated 
did not pay to work, and this _—— section was 
long neglected as valueless. But the great under- 
ground workings have subsequently shown that the 
very portion of the property originally condemned 
was by far the richest asbestos ground in the dis- 
trict. There is, therefore, a very considerable 
element of luck in hitting upon a payable ore body; 
but in some cases, where development can be 
carried out nearer the surface, the results have been 
eminently satisfactory. In one of the quarries of 
the Black Lake, the author is able to state from 
direct personal investigation that there are 45 mil- 
lion tons of asbestos rock in sight above the rail- 
way track and ready for immediate exploitation. 
Allowing for waste rock, he computes that in this 
quarry alone there is a sufficient quantity of 
asbestos rock to keep a milling plant of the daily 
capacity of 4000 tons running for some 22 years. 

e use of the term ‘‘quarry” shows that the 
plan of open cast work is almost universally em- 
ployed, and while the economic advantages of such 
a plan are patent, it must not be overlooked that, 
in the absence of adequate protection, the severe 
Canadian winter can operate very disastrously on 
the industry, causing either complete interruption 
or a partial cessation of work. There are other 
drawbacks, such as the curtailment of dumping- 
ground on properties of limited extent, so that it is 
not impossible that, with larger output and in- 
creased demand, regular underground methods of 
working will be adopted. The author gives a very 
full description of the methods of quarrying and of 
mining, where that plan has been adopted. We 
can follow the separation of the dead from the 
useful material, trace it to the cobbing sheds, see 
the separation of the fibre from the rocky particles 
adhering to it, witness the drying and mechanical 
treatment, watch the cyclone machines at work, 
and mark the grading of the products. The book 
offers a very complete examination of the whole 
detail. The author has evidently had great expe- 
rience in the whole process of preparation and treat- 
ment, and it is equally evident that this experience 
has not exhausted his enthusiasm. He evidently 
believes that a great future awaits the asbestos in- 
dustry, and tells with pride of every investment of 
new capital, and the capacity of every mill that is at 
work, or pro to be constructed. But, neverthe- 
less, the industry is mainly of local importance, and 
some of the details which the author has been able 
to collect do not seem so convincing here as when 
viewed on the spot. Owing to the limited supply 
of asbestos in the past, it fills no very large want 
in commerce. -The world learnt to do without it, 
and it has been regarded rather as a curiosity than 
a necessity ; and though, owing mainly to its heat- 
resisting capacity, there are many opportunities for 
its successful application in commerce and manu- 
factures, some unexpected large development—some 
new want—is necessary before any very great 
demand can be made upon the Canadian stores. 
The author points with hopeful satisfaction to the 
new directions in which use is being found for 
asbestos, such as slates for roofing, mill-boards for 
the lining of ovens, asbestos cloth for stage pro- 
perties, &c.; but these do not point to a rapidly- 
increasing consumption. The industry has suffered 
in the past from over-production ; and when the 
author gleefully reports that the mills now in course 
of construction will increase the production some 
30 per cent., we are not without some apprehensions 
that the industry may receive a set-back as severe 





as it received in the middle ‘nineties. But 


eS 
asbestos is a material whose methods of work- 
ing are little known in this country, so that the 
author’s pages are not without novelty ; and though 
we could have dispensed with the information con- 
cerning the numerous joint-stock companies that 
goon Ce field, yet we are grateful to Mr. Cirkel 
for a k that contains much useful information, 
illustrates the rness with which the Canadians 
are exploiting their mineral resources, and convinces 
us of the energy that has successfully attacked a 
problem of great difficulty. 





Steam-Turbines ; Their Design and Construction. By 
Rankin Kennepy. London: Whittaker and Co. 
[Price 4s. 6d.] 


A perusal of Mr. Kennedy’s book—we cannot call 
it ‘‘ work ”’—on steam-turbines leaves one in doubt 
whether to be more amazed at the assurance of the 
author, or at the ill-fortune of the publishers in 
allowing so discreditable a production to find a place 
amongst the numerous excellent text-books for 
which they have in the past been responsible. The 
adjective used above is, no doubt, strong, but it 
does not go beyond the facts. An examination of the 
book shows that the author has ‘‘ conveyed,” with- 
out any acknowledgment, whole pages from other 
writers. Mr. J. M. Newton is an especial sufferer in 
this respect. About three-fourths of the concluding 
chapter of Mr. Kennedy’s treatise is reproduced ver- 
batim from the very valuable paper contributed by 
Mr. Newton to the Institution of J unior Engineers 
in 1910. His name is never mentioned, and, 
quotation marks being absent, readers who have 
waded through Mr. Kennedy’s original contributions 
to his book must have been puzzled at the contrast. 
Another sufferer is Mr. E. M. Speakman, who, in 
1905, read a particularly interesting and valuable 
paper dealing more especially with the marine 
steam-turbine. From this paper Mr. Kennedy 
reproduces, with acknowledgment, 1} pages of 
his book, and, without acknowledgment, at least 
three or more times as much. As before, the quota- 
tion is verbatim. We are ourselves sufferers, page 49 
being a verbatim reproduction of t of our issue 
of May 15, 1908. ere again there are neither 
quotation marks nor other acknowledgment. Pro- 
bably a detailed study of the book would show 
further cases, but we think we have said enough to 
justify the adjective used. Further, certain copy- 
right blocks have been reproduced from our columns 
without our permission, and without acknowledg- 
ment. 

With such examples before us of the compiler’s 
assurance, there is, perhaps, little occasion for 
further amazement at his venturing to write a 
text-book at all, in view of his apparent want of 
knowledge of thermodynamics and hydraulics. Appa- 
rently he has never heard of the Rankine cycle ; so 
he treats steam throughout as if it were a perfect 
gas, and even does this wrongly. For the quantity 
which is usually known as the ‘‘ available heat” of 
a pound of steam he gives the expression 


ee T, -T 
B.Th.U. = H(7"-*), 
where H denotes the total heat of the steam at the 
initial pressure; T, its corresponding absolute 
temperature ; and T the absolute temperature at 
exhaust. This would be wrong even were steam a 
perfect gas, since the total heat is not all added at 
the highest temperature, and as applied to steam 
it is ludicrously accurate. Mr. Kennedy uses his 
formula to determine the available heat when steam, 
at a pressure of 200 lb. and an absolute tempera- 
ture of 983 deg. Fahr., is expanded down to a tem- 
rature of 586 deg. Fahr. He gets the result 
B.Th.U.! From the Mollier diagram it ap 
that the correct result is about 288 B.Th.U. only. 
The ridiculous formula quoted is used again and 
again. As for the author’s competence in hy- 
draulics, we will quote one formula. For the thrust 
impelling a turbine wheel he gives the formula 


T = 4:9. Vs (Vs ~ Ve) x 1+ 0000 


g 

In the above, d denotes the weight of the steam 
per cubic foot ; a the area of the guide- in 
square feet ; V, the steam velocity; V: the blade 
speed ; and @ the total angle through which the 
jet is deviated. Probably the 1 + cos 6 is meant 
to be included in brackets, but even if these are 
put in, the formula is still totally wrong. The 
value of cos @ is greater the smaller the angle 6, so 
that, according to Mr, Kennedy, the less the angle 
of deviation the greater the thrust on the bucket. 





Even if we change the sign of cos 6, the formula is 
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still hopelessly wrong, as is perhaps best shown 
by taking the case represented on page 9 of his book, 
where a jet is shown playing on to a bucket, with 
entrance and discharge angles each equal to 45 deg. 
Mr. Kennedy states that in this case the angle of 
deviation is 90 deg.; but this is only true if the 
bucket is not in motion. Even if we assume the 
bucket at rest, Mr. Kennedy’s formula gives the 
thrust as 
T= 2:2¥y,. 


This, however, is the thrust in the direction of the 
jet, and not in the direction of motion of the 
uckets. 

In view of the foregoing, the following quotation 
from page 10 of the author’s work is distinctly 
amusing :—‘‘ The student is supposed to have an 
elementary knowledge of theoretical mechanics.” 





Traité de Topographic. Par A. Peuietan, Inspecteur 
Général des Mines; Professeur 4 |’Ecole Nationale 
Supérieure des Mines. Deuxiéme Edition. Revue et 
considérablement augmentée. Paris: Ch. Béranger. 
[Price 15 francs. | 

Wir the appearance of the second edition of a 

known and approved work, we are unfortunately 

compelled to express our regret at the loss French 
science has sustained by the death of the author, 

M. Pelletan, who laboured long and sedulously to 

incorporate in his book the latest researches of 

many able colleagues in all countries. M. Pelletan 
has schemed his work on sufficiently generous lines. 

He has devoted the first hundred pages to a treatise 

on applied optics. These chapters have nothing to 

do with the finished telescope, its instrumental 
adjustment and manipulation ; such subjects are 
separately treated later. The optical discussion as 

it stands is admirable ; but is it necessary? Is a 

knowledge of theoretical optics an assistance in the 

choice of an instrument? for that is the ground on 
which this long introduction has been inserted. 

How far such knowledge has been used by ‘‘le 

constructeur d’appareils de précision” in his im- 

provements, and to what extent he has been guided 

preferably by experience, mechanical aptitude, or 
tradition, are doubtful questions ; but the purchaser 
has little opportunity of bringing his optical know- 
ledge to bear, unless he designs an instrument for 
a particular pa. Next we have several chapters 
on practical astronomy, and again we think the 
author has erred on the side of diffuseness. For 
instance, is there any place in a treatise on topo- 
graphy for discussing the length of the anomalistic 
year, or of the sidereal revolution of the moon? It 
is difficult to imagine any circumstances in which 
such facts would be of the slightest assistance to 
the surveyor or the geodesist. We notice, too, a 
section describing the method of determining longi- 
tude by the observation of Jupiter’s satellites—a 
method often described and very rarely used—but 
no mention of the accurate and convenient plan of 
observing signals transmitted by wireless telegraphy, 

a process which will have a wide application in the 

future. Still, before entering on the practice of 

topography, we have another treatise on the 

‘*Theory of Errors,” in which all the old proposi- 

tions are thrashed out with rather wearisome detail. 

By these remarks we do not mean to imply that 

the author has exhibited any other fault than 

a og and to some that may be a merit. 

The work on topography, properly so called, 
begins with the description of instruments, both 
those intended for the measurement of angles and 
for distances. These chapters are very clear and 
sufficiently full, since, under any circumstances, 

ractical work in the field is necessary in order to 

iscover the extent of the usefulness and the 
limitations of mechanical equipment. As instances 
of satisfactory treatment we may refer to the 
description and use of the Jiderin tape and forms 
of telemeters. Here, as in the description of the 
actual operations necessary for dnotendied triangula- 
tion, the author does his best to encourage and 
instruct his pupil, but the difficulties of triangula- 
tion and their removal can only be learnt from 
experience. The selection of stations, the choice 
of triangles, the scheme of work, exhibit very close 
attention to practical requirements, and the author’s 
wide experience will be evident to the expert, and 
cannot but be of assistance to the tyro. oreover, 
anyone who has had some practical instruction and 
learnt the rudiments of the process will find here 
many useful hints that would enable him to turn 
his elementary knowledge to greater practical 





service, while the worked-out examples should 
prove of distinct value. 

A feature here of special attractiveness is the 
method of conducting a survey in a mine, an appli- 


cation for which the author’s official ition emi- 
nently fitted him. The success with which the 
author removes difficulties out of the path of the 


student is illustrated by the method of determining 
a meridian line under ground, and the necessary 
connecting orientation. To those who have never 
had any special practice in such details the process 
has always presented difficulties, particularly in the 
case where there is only one available shaft. The 
process followed in such cases is described at con- 
siderable length and is perfectly clear, but, owing 
to the necessarily short base line, does not seem to 
secure great accuracy. The compass method and 
that of the improved ‘‘déclinatoire” for accom- 
plishing the same result might very well have been 
accompanied by numerical examples, to indicate the 
order of error that one might expect to encounter 
in the use of such instruments. 

Owing to the death of M. Pelletan, the eighth 
and last section, that on photogrammetry, has been 
contributed by M. Mouronval, a practical optician 
of the house of Mailhat, who has long enjoyed 
M. Pelletan’s confidence, and been associated with 

im in designing instruments for the use of the 

cole Nationale des Mines de Paris. This icular 
method of surveying, which has for its object the 
filling in of the details of a chart by means of photo- 
graphic negatives taken under special conditions 
from stations of known position and elevation, has a 
great future before it. The combination of survey- 
ing instruments with the camera could not make 
much progress till a reliable dry-plate process had 
been invented. Consequently the method has not 
had many years in which to compete with the older 
forms of surveying, but already its ready applica- 
tion, accuracy, and economy have made ita favourite 
wherever it has been employed to obtain carto- 
graphic representation of the terrene. Since the 
rapid development of aerial locomotion has increased 
the opportunity of employing the perspective method 
for topographic plotting, we could have wished that 
M. Mouronval had developed this part of his subject 
with more detail. There are many books on photo- 
topography, but none on the particular adaptations 
of - method that are most suitable for aviation 
work. 





The Record of the Special Commission formed by the 
British Fire-Preventi C ittee to Visit Paris, 
August, 1911. Being a Diary and Notes compiled by 
Epwin O. Sacus and E1tis Marsianp. London: The 
British Fire-Prevention Committee. [Price.7s. 6d.] 

Amonc much admirable work organised and carried 

out last year by the British Fire-Prevention Com- 

mittee was a visit of a special commission to Paris 
in order to investigate and report upon certain fire 
protective arrangements in that capital. The 
result of this visit has been published in the form 
of a report of some 110 pages, containing much 
valuable matter, the interest of the whole being 
enhanced by a great number of excellent illustra- 
tions. The special commission included the Earl 

of Londesborough, K.C.V.O., Messrs. Edwin O. 

Sachs, F.R.S.Ed., Horace 8. Folker, F.A.I., Ellis 

Marsland, district surveyor, and others closely con- 

nected with the subject. A number of observations 

and impressions likely to be of importance to the 
fire-protective work of this country and the Colonies 
reface the report, the arrangement of the data 

ing such as to be useful to the various autho- 
rities concerned. Considerable space is given to 

the Paris Fire Brigade, which is fast becoming a 

motor fire brigade. It is conducted on modern 

lines, and, being a military body, is well disciplined 
and of very fine physique. The fire-preventive 
measures as to shops, warehouses, theatres, and 
tube railways are dealt with in detail. The pre- 
cautionary measures that have been organised 
ap to be excellent, and are largely due to the 

Police Prefect, M. Lepine, who has initiated mobile 

cyclist police squadrons as well as river police, the 

latter being equipped with fire-floats. In addition 
to the brigade just referred to, there are the 

National Fire Service and the Paris Suburban Fire 

Brigades—which are described, as well as the pre- 

cautions adopted at great establishments outside 

Paris, like those of some of the great gas-works— 

and also the French Fire-Service Federation. The 

committee have fully reviewed the whole subject, 
with reference to both national and local aspects, 
and in addition to the many admirable illustrations, 


. 








which are reproductions from photographs, there is 
a coloured map of Paris and a frontispiece of the 
well-known picture portraying the death of the late 
Colonel Froidevaux, of the Paris Fire Brigade, 
at a great factory fire in 1882. 

Altogether, this report deserves much praise, par- 
ticularly when we consider that it is the outcome of 
a very short visit—the.whole journey of the com- 
mission being timed to occupy only eight days, two 
of which were devoted to travel and one to attend- 
ing a review, leaving only five days for collecting 
technical information. Every care had, however, 
been taken for several months before in arranging 
the programme to be carried out, and special 
facilities were afforded by the French Government. 
It may be remarked that we gather from the report 
that great importance is attached by the French 
authorities to the physical fitness of the men, 
there being daily exercises at all the barracks, these 
exercises varying in length from not less than one 
hour to not more than two hours. This appears 
eminently satisfactory, especially as systematic 
‘*Swedish” muscular work is included in the gym- 
nastic exercises. Another point to which attention 
is called in the report is the fact that the Paris 
brigade possesses all the advantages of military 
discipline, with apparently none of its defects, such 
as lack of initiative. The Paris brigade is thought 
to be somewhat over-officered, there being 48 supe- 
rior officers to 1800 men ; but it is better to err in 
this direction than in the other. The report will 
be found to be full of valuable matter to anyone 
interested in the subject. 
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Tur PennsyLvania RatLRoap.—We are informed that 
the Travellers’ Insurance Medal for the American em- 
— who has done the most ‘‘for the protection of the 
ives and limbs of his workmen” was awarded on 
January 18 by the American Museum of Safety to the 
Pennsylvania Rai Company. The award was made 
by Professor F. R. Hutton, chairman of the jury of 
award, and was accepted by Mr. W. W. Atterbury, fourth 
vice-president of the Company, in charge of the operating 
department. 
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THE LONDON, BRIGHTON, AND SOUTH 
COAST RAILWAY ELECTRIFICA- 
TION.—No. II. 


DISTRIBUTING ARRANGEMENTS AND SwITCH-CaBINs. 


One of the characteristic features of a single- | 


phase system of working lies in the simplicity of 
the distributing cable arrangements and substation 
gear which is required. This simplicity is well 
illustrated in the Brighton installation, in which, 
apart from the overhead line itself, the whole dis- 
tributing system consists of two supply-cables 
running between Queen’s-road switch-cabin and 
Peckham Rye distributing-room, and one supply- 
cable connecting the latter with Tulse Hill distri- 
buting-room, a distributor cable extending from 
switch-cabin to switch-cabin, the whole length of 
the system, and a booster distributor also running 
the length of the system. The remaining gear 
consists merely of the two distributing-rooms and 
twenty-two switch-cabins, with their necessary con- 
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nections to the overhead line. Of the twenty-two 
switch-cabins, two: are concerned only with the 
supply of power to the repair-shops at Peckham 
and Norwood. The arrangement is shown in a 
diagrammatic and simplified way in Fig. 10, 
annexed. This figure shows the essential features 
of the whole of the distributing system, the only 
omissions in it having reference to distributing- 
room instruments, telephone cables, and other 
secondary details. 

Power is supplied to the railway both at Queen’s- 
road switch-cabin and Peckham Rye distributing- 
room, in both cases coming from the Deptford 
power-station of the London Electric Supply Cor- 
poration. Queen’s-road is supplied through two 
0.26-sq.-in. feeders, which were laid when the 
first part of the railway was electrified ; while 
Peckham Rye is fed by a 0.5-sq.-in. concentric 
cable which has been laid in order to deal with the 
extension. Arrangements are made at Peckham 
Rye for the installation of further supply-cables 
as the load increases and further extensions are put 
in hand. The supply-cables at Queen’s-road are led 
directly to Peckham Rye, as shown in the diagram, 
this arrangement being a modification of that used 
for the first electrification only when the cables were 
led to Denmark Hill. The interconnecting supply- 


feeders between Queen’s-road and Peckham Rye 
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consist of two 0.26-sq.-in. paper-insulated lead- 
covered cables, while the connecting cable from 
| Peckham Rye to Tulse Hill is a 0.5-sq.-in. con- 
|centric one. The power supplied to the railway 
lis metered for payment at Queen’s- road and 
| Peckham Rye by duplicate instruments. 

The distributing arrangements will be understood 
from a study of Fig. 10. In this figure the over- 
head contact wires are shown by heavy lines, the 
high-tension cable by double lines, and the low- 
tension returns by fine lines. It will be noted that 
it has been necessary to divide this diagram of con- 
‘nections into four parts, in order to get it within 
the limits of our pages; but no difficulty should 
arise in following the various cables and wires 
through. Some assistance will probably be furnished 
| by the map forming Fig. 1, and given on page 105. 
On the South London loop first equipped there is a 
paper-insulated and bitumen-covered concentric 
cable having an inner core of 0.125 sq. in., and an 





outer of 0.5.sq.in. The inner of this cable goes into 
every switch-cabin, and is in parallel with the 
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trolley-wires, while the outer, which is laid over the 
bitumen and is uninsulated, is bonded to every 
length of running rail, the rails themselves not being 
bonded over the fish-plates. This cable runs the 
whole length of the South London line. In addi- 
tion there is a booster cable of the same size as 
the distributor, but paper-insulated and lead- 
covered. This cable runs only between Battersea 
Park and South Bermondsey, and does not enter 
switch-cabins in which no boosters are fitted. Both 
the inner and outer of this cable are used for 
the booster circuit. On the later extension a 
modification has been introduced and the inner of 
the booster cable dispensed with, this cable be- 
coming a single low-tension return conductor of 
0.5 sq. in. section and paper-insulated and lead- 
covered. The inner of the distributor has at 
the same time been increased to 0.26 sq. in. 
section. The boosters have ratios of 1 to 1, and 
are all connected in series. Their duty is to boost 
the return circuit, and so confine the current as far 
as possible to the cable system instead of allowing 
it to return to the distributing points via the earth. 
In this connection it should pointed out that 
the Board of Trade fixed 20 volts as the maximum 
permissible drop of pressure in the return circuit, 





although the method of measuring the drop 





was not specified. The 20 volts was fixed as 


being more or less equivalent to the 7 volts 
which is demanded in direct-current tramway 
systems, as the Act of Parliament of 1903, author- 
ising the electrification of the Brighton line, 
included a clause demanding this 7-volt drop. This 
clause inserted in the Act placed the Brighton 
Company ata disadvantage as compared with other 
electrified railways, such as the Lancashire and 
Yorkshire, the North. Eastern, and the Midland, as 
these railways have to conform to no such clause. 
Its existence had some effect in determining the 
company to adopt single-phase working. 

The scheme of connection of the boosters, and 
the interconnections between the booster and dis- 
tributor circuits, will be followed from Fig. 10. On 
the South London line the two return circuits are 
permanently connected at each of the boosters, 
while on the extension interconnecting chopper 
switches are fitted, at points between the switch- 
cabins, which interconnect the two cables, but 
which, if necessary, may be opened. Each booster 
is provided with a short-circuiting link on its low- 
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tension side, while on its high-tension side it has 
two switches, one having two poles, and serving to 
put the booster in circuit, and the other of the 
single-pole type, and serving to short - circuit 
the winding. The handles of the two switches are 
interlocked, so that the booster is either in circuit 
or cut out and short-circuited. Tests which have 
been made to determine the efficacy of the 
boosters show that when they are out of circuit the 
major part of the return current comes via the 
earthed return, but that when they are in circuit 
it comes through the insulated outer of the booster 
cable. The moditication of the booster - cable, 
which has been made on the extension, was intro- 
duced as a result of experience and with the idea of 
saving capital expense and causing a better utilisa- 
tion of the copper in the cables. Before leaving 
the cable arrangements, it should be pointed out 
that two special supply-cables are run from Peckham 
Rye distributing-ruom to the Peckham shops, and a 
single similar supply-cable from Tulse Hull distri- 
buting-room to the Norwood shops. These cables 
are shown in Fig. 10. 

The contact-wires and overhead system are 
divided up so that a complete section exists be- 
tween each station and the next, as shown in 
Fig. 10. At the same time the up and down line 
contact-wires are independent from each other, 
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Figs. 11 To 15. ARRANGEMENT OF CHARACTERISTIC SwitcH-CaBIN AND GEAR. 


except at Victoria and London Bridge. At these 
two termini the complicated nature of the work 
prevented this separation, and the whole of the 
overhead work and crossings are in each case 
connected up to form an independent zone. The 
switch-cabins are connected to the overhead wires 
through rubber-insulated cables on the South 
London line, and through bare conductors on the 
extension. From each switch-cabin four such cables 
or conductors emerge, these being connected one 
each to the two sections of the up and down lines 
respeetively. The arrangement will be clearly seen 
from the diagram. Each contact-wire connection is 
carried through an insulating link mounted on the 
top of the switch-cabin, so that any conductor may 
be cut out if necessary. The links may also be used, 
if desired, to make through connection between 
two contact-wire sections, and cut a switch-cabin 
completely out of circuit. It will be seen from Fig. 10 
that two contact-wire connections only emerge 
from Battersea Park No. 2 switch-cabin, and that 
the section of overhead contact wires on the Victoria 
side of that cabin is not fed from it. This is due to 
the proximity of Battersea Park No. 1 switch- 
cabin, which is situated on the South London line, 
and feeds the section of overhead section referred 
to. This section indeed, with the exception of the 
short branch to Battersea Park No. 2 switch-cabin, 
forms part of the South London line. An inter- 
connecting cable, to which reference will be made 
later, runs between Battersea Park cabins Nos. 1 
and 2. The overhead contact wires, shown by 
dotted lines, between Tulse Hill and Peckham in 
Fig. 10, refer to the connecting line between these 
two places, which runs via Dulwich, the electrifica- 
tion of which will form a further extension on the 
work dealt with in these articles. 

The electrical connections of the switch-cabins 





themselves are very simple, as in the case of cabins 
having no booster the arrangement consists, in 
essence, of a single bus- bar, to which are connected 
up two incoming circuits from the distributing- 
mains, and four outgoing circuits to the contact- 
wires. In booster-cabins the bus-bar is split, and 
the booster primary is connected between the two 
parts. Each incoming or outgoing circuit is con- 
nected to the bus-bar through a single-pole oil- 
switch, the overhead conductor switches being 
fitted with automatic trip-gear, while those on the 
distributor circuit are non-automatic. The boosters 
are also connected to the bus-bars through oil- 
switches, which have already been referred to. The 
contact-wire and feeder-switches are fitted with 
railway-type handles in order that the apparatus 
shall, as far as possible, conform with that with 
which railway employees are already familiar. The 
booster switches have escutcheon type handles. 
These arrangements are shown in Figs. 11 to 15, 
above, which illustrate a characteristic booster- 
switch cabin, Figs. 11 and 12 being views of the 
high-tension and operating sides of the gear, Fig. 13 
a section through a distributor panel, Fig. 14 a 
section through a contact-wire feeder-panel, and 
Fig. 15 a section through a booster-panel. In addi- 
tion to the isolating-links fitted above the switch- 
cabin and referred to in the previous paragraph, 
there are isolating-switches between the oil-switches 
and the bus-bar on the overhead conductor circuits. 
These switches are carried above the oil-switch 
handles onthe main wall, which carries the gear. 
They can be seen in Fig. 12. An earth-bar is run 


on the wall at the back of the bottom contacts, 
and the switches are arranged so that when they 
are open they are earthed. As the lower contacts 
of the switches are connected to the contact-wire 
sections, the opening of these earths the contact 





wire. The switches are interlocked with their 
corresponding oil-switches, which cannot be closed 
while the isolating-switches are open, and a key 
which forms part of the interlocking gear can only 
be withdrawn when the isolating-switches are open. 
When work on the overhead line is in progress, 
this key is in possession of the ganger, and 
furnishes proof to him that the line is earthed, and 
must remain earthed, as the switch cannot be 
closed again until the key is replaced. 

The general construction of the switch-cabins 
will be readily followed from Figs. 11 to 15. It 
will be seen that they consist of simple and straight- 
forward structures, and that the gear they contain 
is arranged in a diagrammatic way on each side of 
a wall which separates the oil-switch chambers from 
the operating side of the cabin. No high-tension 
gear exists on the operating side of the wall below 
the earth-bar previously referred to, and as it is 
impossible for a man when standing on the floor 
to reach this earth-bar, there is no possibility 
of the,railway operatives making contact with live 
gear. The bus-bars and oil-switches are fitted in 
moulded-stone chambers, and the booster is placed 
above the bus-bar in a hole in the main wall, as 
shown. The contact-wire circuits are fitted with 
spark-gap lightning-arresters. The cabins are, of 
course, run without any continuous attendance, but 
are the subject of daily inspection. The keys of 
the cabin-doors, admitting only to the operating 
sides, are kept in neighbouring signal-boxes, which, 
when necessary, are called up by telephone from 
one of the distributing-rooms, and instructions are 
given that certain of the oil-switches are to be 
opened. This operation is carried out by the 
ordinary railway staff. 

The actual operation of the electrical supply 
system of the railway is looked after from the 
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distributing-rooms at Peckham Rye and Tulse Hill. 
These rooms are built generally on the same lines 
as the switch-cabins, but are, of course, larger, in 
order to accommodate the more complicated and 
extensive switch-gear required. Views of the operat- 
ing and high-tension sides of the gear at Tulse Hill 
are given in Figs. 16 and 17, annexed. It will 
be noted from these views that no high-tension 
gear is in these cases mounted on the operating 
side of the main wall, and that the isolating-links 
connecting the bus-bars to the outgoing cables are 
in the form of porcelain handles which carry the 
instrument series transformers. This arrange- 
ment, besides saving room, is a very convenient 
one, since, in the event of trouble with a traps- 
former, it may be at once removed, and a spare 
inserted in its place without loss of time. As these 
distributing-rooms are the points from which the 
electrical system of the railway is controlled, they 
contain the whole of the meters and indicating 
instruments which are fitted, with the exception of 
the integrating wattmeter at Queen’s-road, which 
records the power supplied to the railway at that 
point. The distributing-rooms contain each a 
wattmeter recording the energy dealt with, and in 
addition ammeters on each circuit and voltmeters 
on each ef the three sections into which the bus-bar 
system is divided. The instruments are all operated 
from the low-tension side of instrument trans- 
formers, the series transformers being in the form 
of isolating links, as previously mentioned. An 
electrolytic lightning-arrester is fitted to the bus- 
bar system of each room. 

The distributing-rooms are arranged for the 
control each of a section of the railway, and, as 
further extensions are completed, further distribut- 
ing-rooms will be built, as may be required. In the 
present scheme the South London line is operated 
from Peckham Kye, and the Crystal Palace exten- 
sion from Tulse Hill. A single operator in each of 
these rooms suffices for power-control of the whole 
railway. It will be seen from Fig. 10 that each of 
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the distributing-rooms contains two bus-bars, and 
that each of such bars is divided into sections 
with isolating-links between them. And, further, 
it will be seen that each section of the upper bar, 
in each case, is connected to the lower bar through 
an automatic oil-switch. In normal working the 
isolating-link of the lower bars are closed, and 
those of the upper bars are opened, while the inter- 
connecting oil-switches are closed. The whole of 
the supply to any branch of the railway is taken 
from one of the upper bar sections, so-that in the 
event of serious Sresbiieuss on any such branch 
the interconnecting oil-switch will open and isolate 
the section of bus-bar from which that branch is 
supplied ; while, if necessary, this switch may be 
kept open, and the remainder of the railway 
operated without reference to the injured branch. 
It will be seen from Fig. 10 that the right-hand 
section of the upper bus-bar in the Peckham Rye 
room controls the supply to London Bridge, the 
middle section the supply to Victoria, and the left- 
hand section the supply to Tulse Hill and the 
branch to that point, which is to be opened in the 
future. The isolating-links in the lower bars are 
opened only when it is necessary to close down a 
part of the switch-gear for such matters as cleans- 
ing or repairs. 

It will be remembered that the supply cables 
from Deptford enter the railway property at 
Queen’s - road and at Peckham, and that the 
Queen’s-road cables are carried direct to Peckham, 
so that this latter point forms the supply centre of 
the railway. From it the whole of the distributors 
for the South London line issue, and at the same 
time the 0.5-sq.-in. supply-cable to Tulse Hill dis- 
tributing-room. This latter normally carries the 
whole of the current for the Crystal Palace exten- 
sion, which is controlled from Tulse Hill, as before 
explained. In order, however, to allow of an 
alternative route of supply for the extension in the 
event of the breakdown of this 0.5-sq.-in. cable, a 
connecting feeder is laid between the two Battersea 
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Park switch-cabins, as before referred to and as 
shown in Fig. 10. It is obvious that this feeder 
will allow of the Crystal Palace line being fed via 
the South London line should a fault in the Tulse 
Hill supply-cable render this necessary. We should 
state that the whole of the cable work was supplied 
by Messrs. Robert Blackwell and Co., Limited, of 
Parliament Chambers, Great Smith-street, S.W., 
and that it was manufactured by Messrs. Johnson and 
Phillips, Limited, of Charlton, Kent, and Messrs. 
Siemens Brothers and Co., Limited, of Woolwich, 
these firms acting as sub-contractors. Messrs. Black- 
well themselves had direct control of the cable 
work on the Crystal Palace extension, but on the 
South London line acted as sub-contractors to the 
Allgemeine Elektricitits - Gesellschaft, of Berlin. 
The switch-gear was manufactured by the British 
Thomson-Houston Company, Limited, of Rugby, 
for both the South London line and the extension. 








PROBLEMS IN BITUMINOUS 

SUCTION-GAS PLANTS. 
By Frank FIecpen. 

Tue undoubted success attained, and the popu- 
larity experienced, by the suction-gas plant within 
the last ten or twelve years as a primary means to 
the production of cheap power for small and medium 
power units has led many engineers and inventors 
to investigate the possibility of using cheaper fuel 
for gas production, with a view to still further 
economise in the generation of power. An exami- 
nation of the specifications issued by suction-gas- 
plant makers reveals the fact that in most cases a 
good average quality of dry anthracite coal of a 
certain size is expected to be used to fulfil the 
guarantees as to fuel consumption and quality of 
gas to be produced. 

So widespread has become the use of this class of 
fuel for suction-gas plants, however, that not 
unnaturally the cost has gradually increased to 
such an -extent as to preclude the possibility of 
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attaining the marked economy of eight or nine 
years ago. The limited areas in which suitable 
anthracite can be profitably mined and sold, and 
the widespread distribution of bituminous coal- 
seams throughout the world, are again strong incen- 
tives to the engineer to construct a suitable suction- 
gas generator for the satisfactory gasification of 
native coals which have hitherto been unemploy- 
able for the purpose. 

It is not too much to expect that eventually even 
such coal as is found to be unprofitable and unsuit- 
able for steam-raising in our boilers, on account of 
the high percentage of ash contained, will be 
satisfactorily and profitably gasified in this type of 
gas-producer. At the present time makers of 
pressure-type gas-producers of the external tar- 
extractor type are finding this a profitable field of 
exploitation, coal containing such a great amount 
of ash as to approach to almost 40 per cent. being 
successfully and profitably gasified for the driving 
of gas-engines. The value of such a coal for steam- 
raising purposes is practically nil; hence such a 
fuel is at present either left unmined or is dumped 
on to the waste heaps around our pit-mouths. 

As the amount of carbon contained in anthracite 
coal, compared volumetrically, is in excess of that 
cf any other fuel commercially obtainable, it stands, 
hy virtue of this quality alone, above all other coals 
for use in suction gas producers. The extremely 
low percentage of ash and volatile matter of a tarry 
nature contained in anthracite coal also conduces 
very materially to its pre-eminent suitability for the 
generation of suction-gas. 

Within the last seven or eight years gas-coke has 
been used for fuel with varying success, and makers 
have adapted their gas plants where required to 
suit the different conditions imposed by this fuel. 
The lower specific gravity of the coke demands a 
generator of greater capacity, while the increased 
percentage of ash it contains, amounting in some 
cases to as much as 20 per cent., as compared with 
1 to 5 per cent. in anthracite, necessitates increased 
facilities for removing clinker and ash. The in- 
creased amount of tarry volatile matter given off 
by the coke requires larger scrubbers and more 
extensive filtering to ensure the gas being clean at 
the engine valves The amount of ash and tar in 
gas-coke varies considerably. In some districts it 
may be obtained almost equal to oven-coke, while 
in other districts it approximates to bituminous 
coal with respect to rs two qualities. Even 
from the same gas works the fuel often varies. 
Owing to insufticient carbonisation the coke leaves 
the gas works in some instances in such a condition 
as to prevent actual commercial success being 
obtained in an ordinary anthracite type of suction 

lant. The writer has seen a deposit of tar, equal 
in bulk to a walnut, on the inlet valve of a gas- 
engine after a ten hours’ run, from gas coke in a 
plant containing double the amount of scrubbing 
apparatus necessary for anthracite coal. 

t is not surprising then that early attempts at 
gasifying bituminous coal in a suction plant have 
failed to reach a commercial standard of success. 
In the classification of coals, bituminous coals come 
between lignites at the lower end of the scale and 
anthracite at the higher. Various methods of 
classification have been adopted, but after an ex- 
tensive system of analysis and investigation of 
existing methods and results, Seyler states that 
with coal containing over 84 per cent. of carbon 
the proportion of the total hydrogen obtained by 
analysis is the most correct index, while for coals 
below this percentage of carbon the basis of classi- 
fication is the percentage of carbon alone. 

Seyler’s Classification. ‘ ’ 
roximate 
Hydrogen. Volatile Matter. 
Anthracite genus... ees per cent. Up to 10 per cent. 


Carbonaceous ,, ... ™ 10 to 16 a 
Semi - bituminous 

genus... .. 45 tod vn 16 to 24 se 
Bituminous genus 5 to 5.8 ze Over 24 a 
Per - bituminous 

genus... ... 5.8 p.c. and over 


A more general classification as to volatile matter 
is as follows :— 


Anthracite... a .. Up to 8 per cent. volatile 
matter. 

8 to 10 per cent. volatile 
matter. 

10 to 14 per cent. volatile 
matter. 

14 to 20 per cent. volatile 
matter. 

Bituminous ... is ... 20 to 40 per cent. volatile 
matter. 


Semi-anthracite 
Dry steam coal (Navy) 


Semi-bituminous 





When bituminous coal is fed into an ordinary 
anthracite suction-plant the hydrocarbons are dis- 
tilled by the heat given off from the incandescent 
fuel, and these hydrocarbons are drawn through 
the plant by the suction of the engine, and are 
deposited in the pipes, cleaning vessels, and on 
the gas-engine inlet and exhaust valves, and even 
the inside of the cylinder, resulting in a gradual 
choking-up of the gas-supply pipe with tar and soot 
and the sticking of the valves and piston of the 
engine. 

t has been thought that, by altering the position 
of the gas outlet of the generator from near the to 
to near the bottom, the hydrocarbons would be all 
drawn through the incandescent fire and issue at 
the outlet as fixed gases, such a type of plant being 
named a down-draught as distinguished from the 


ordinary upward-draught of the anthracite plant. 


The problem of successfully gasifying bituminous 
coal in a suction-plant is very closely akin to the 
much oider problem of the smokeless combustion 
of bituminous coal and the more or less successful 
results accomplished in the latter problem should 
be of considerable assistance in the solution of the 
former, it being clearly understood that there are 
other difficulties to overcome pertinent to the gas- 
producer itself. 

It is common knowledge that a certain minimum 
amount of oxygen is necessary for the complete 
combustion of a certain definite amount of carbon, 
and in the case of bituminous coal it may be stated 
in general terms that the combustible constituents 
require a certain minimum amount of atmospheric 
air for the complete combustion of the carbon and 
lighter hydrocarbons given off during distillation 
and combustion. 

In the case of the steam boiler, regular stoking 
and devices for regulating the amount of air enter- 
ing the furnace, and also the particular point of 
air-admission, have been effectual in reducing the 
amount of smoke passing to the chimney. Mecha- 
nical stokers have successfully demonstrated the 
advantage of a regular rate of feed of coal with a 
view to the combustion of the hydrocarbons as and 
when formed, and it would seem self-evident that 
to successfully cope with the hydrocarbons distilled 
from the bituminous coal in a gas-producer, the 
coal must be fed at a regular rate, preferably 
mechanically, means being provided to admit and 
regulate the amount of air necessary for combustion 
at such a point as to ensure the hydrocarbons dis- 
tilled from the coal being mixed with the necessary 
amount of air, and the whole passing together 
through the hottest zone with a view to the com- 
plete carbonisation of the raw coal. To this end 
the air for carbonisation should not be mixed with 
vapour, as this would have a cooling effect, and 
retard the effectual combustion of the hydrocarbons 
given off during distillation. 

In the earlier experiments with the down-draught 
type suction plants the air for combustion was 
charged with vapour in exactly the same way as 
now holds with the anthracite plants ; but it was 
found that although a sufficient heat was attained 
for making gas of effective and explosive power, 
yet the tarry volatiles and soot were deposited in 
the gas-supply pipes, and eventually found their 
way to the engine. Since it is necessary to pass a 
sufficient amount of vapour through the generator 
in order to produce good gas without the forma- 
tion of an excessive amount of clinker, and to 
prevent the fire-brick lining being burnt away, 
which would occur were air alone admitted, it 
becomes necessary to divide the functions of the 
suction bituminous producer into two distinct pro- 
cesses. First, the coal must be coked, and, second, 
the coked fuel must be fed with the necessary air 
and vapour to produce good gas. The latter func- 
tion is already completed in most suction plants 
now on the market. The former function is the 
one to which thought and inventive skill are now 
being directed, and as in the commercially successful 
bituminous suction generator, both functions 
should be combined, together with means for 
treating satisfactorily widely divergent qualities of 
coal, both caking and non-caking, containing quan- 
tities of ash varying from 5 to 40 per cent., and 
volatile matter varying from 16 to 40 per cent., 
some idea of the difficulty of the problems can 
be formed. 

The amount of vacuum at disposal for the separate 
functions of coking and gas-making is regulated by 
the load on the gas-engine to which the plant is 
coupled, and since a definite amount of air charged 
with vapour is necessary to keep the coked fuel in a 





suitable condition for gas-making proper, it is reason- 
able to expect that the air supply for coking only 
should be used to the best advantage. Where large 
quantities of coal are fed at extended intervals into 
a gas-producer at normal working temperature, the 
tarry volatiles are quickly given off during distil- 
lation, and for the major portion of the interval 
the fuel isin a more or less fully coked condition. 
Assuming a regular constant load on the engine, 
then the air supply is constant also, and the amount 
of air drawn into the generator during the coking 
period is no more, but is actually less, than obtains 
when the fuel is fully coked, the effect being exactly 
similar to that produced by irregular stoking in a 
steam-boiler furnace. Not only is the air supply 
insufficient to produce complete combustion of the 
tarry volatiles, but the heat of the generator is con- 
siderably reduced during the heating up of the 
cold mass of coal, and this reduction of heat in the 
generator is further accentuated by the refrigerat- 
ing action of the volatilisation of the coal during 
distillation. The amount of heat absorbed in the 
volatilisation of the coal is considerable, consisting 
not only of the sensible heat necessary to raise the 


temperature of the solid carbon, but also the latent: 


heat possessed by the volatiles. In the case of 
highly bituminous coals this latent heat amounts to 
about 50 per cent. of the total heat evolved, with 
the result that the tarry gases pass through the 
generator unconsumed. 

Again, since complete combustion of the volatile 
gases given off during distillation is only attained 
through the thorough and complete mixture of 
these gases with the necessary oxygen of the air 
induced by the suction of the gas-engine, anything 
which tends to reduce the vacuum available for 
this air supply will of necessity reduce the pos- 
sibility of the complete combustion of these volatile 
gases. In the case of the generator containing 
fully-coked fuel, it can be assumed that the air 
supply is a maximum ; whereas, on the other hand, 
if a large, or even moderately large, amount of 
bituminous coal be placed in the generator, the dis- 
tillation commences immediately, and the volatile 
gases given off at once tend to reduce the available 
vacuum, with the result that less oxygen is supplied 
to the generator at the time when the maximum 
quantity is most desirable and necessary. 

That an intimate diffusion with the necessary 
amount of oxygen is a sine qud non in the complete 
combustion of bituminous fuel has been thoroughly 
established in furnace practice as confirming the 
results of the chemical laboratory. To ensure this 
—- diffusion of oxygen with the fixed carbon 
of the fuel is comparatively simple ; it is, however, 
essential that the hydrocarbons also should be sub- 
ject to a thorough diffusion, with the necessary 
amount of oxygen in order to complete their combus- 
tion. The ignition temperature of the hydrocarbons 
given off from bituminous coal during distillation 
ranges from 1100 deg. to 1250 deg. Fahr., when inti- 
mately mixed with the necessary amount of oxygen ; 
and since carburetted hydrogen requires twice the 
volume of air for combustion that is required for 
the combustion of carbon, means must be provided 
for supplying a sufficient amount of pure air at the 
point where the hydrocarbons are evolved. The 
ignition temperature of carbon being 1240 deg. 
F&hr., all the hydrocarbons must be constrained to 
pass through a zone of such a minimum tempera- 
ture to effectually prevent the ultimate deposition 
of soot and tar in the gas-pipes and cleaning vessels. 
The carbon residue remaining —or, in other words, 
the fully-coked coal—is then in a suitable state for 
forming the necessary basis for gas production 
proper, it being understood that the products of 
wr combustion are passed through this coked 

uel. 

The importance of a high temperature for primary 
combustion shows the advisability of preventing at 
such a point in the evolution of the process the 
admission of vapour used for gas-making proper, 
while a suitable method of supplying the air in 4 
heated state, as by regeneration, would promote 
efficiency in the combustion of the hydrocarbons. 

To have an universal application, a suction bitumi- 
nous plant should be capable of satisfactorily dealing 
with both free burning coal and caking coal. It isa 
natural question to ask what constitutes a caking 
coal. While there is no simple relation between 
coking or caking power and chemical composition, 
it may be stated generally that coals which are either 
very rich or very poor in hydrogen and oxygen do 
not melt or cake. The coking property is probably 
determined by the presence in greater or less 
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amount of certain compounds of carbon, hydrogen, 
and oxygen, which at high temperatures are de- 
composed into volatile substances and carbon, the 
latter serving as a cement to bind the particles of 
the residue together. This caking power is insome 
cases lost very soon after the exposure to air, on 
account of the rapid weathering of the coal. The 
caking power also varies inversely with the per- 
centage of ash contained by the coal, so that a good 
caking coal has a minimum amount of ash in its 
composition. 
hen caking coal is fed into the top of a gene- 
rator, whether of the suction or pressure type, it is 
fused together by the heat, po unless means are 
provided by agitating or breaking up the caked 
masses while in the generator, the air for combustion 
and gas-making is not equally consumed through the 
full area of the fire, resulting in the formation of 
holes and spaces, through which the air passes at an 
accelerated rate and produces intense local tem- 
peratures, with a corresponding variation in the 
quality of gas produced. 
Although coal loses one-tenth its weight in coking, 


_it increases its volume by one-third. The effect of 


this is that when fed from the top of the generator 
arching over of the fuel occurs, particularly in those 
generators where the inner diameter gradually 
diminishes, and it has been observed also in gene- 
rators with parallel walls, the fuel near the bottom 
of the generator being almost entirely consumed, 
and the combustion zone gradually working up- 
wards, leaving a hollow space below the arch thus 
formed. The writer has seen this occur in plant 
using anthracite coal as fuel. With caking coal, 
however, the trouble is greatly exaggerated ; the 
fusing of the coal together completes the effect of 
the natural expansion through heat, and any addi- 
tional weight from above due to adding more fuel 
increases the thrust on the sides of the generator 
exerted by the arch. 

In most cases this arching over of the caking coal 
is prevented by regular hand-poking from above ; 
but one or two patents have been granted for 
mechanically-worked pokers, which, projecting into 
the fuel bed, are given a constant agitating motion. 
In one American patent means are provided for 
continuously revolving one section of the generator 
with a view to prevent the adhesion of the fuel to 
the interior of the fire-brick lining. Other methods 
of overcoming this caking trouble consist in treat- 
ing small portions of coal at a time, with a view 
to supplying each portion with the requisite amount 
of air, and also affording facilities for the natural 
expansion and caking before the fuel is fed into the 
main body of the generator. Thus eventually the 
coal reaches the main column of fuel in the gene- 
rator in a fully-coked condition. As a satisfactory 
means of dealing with either the caking property 
of coal or the successful combustion of the hydro- 
carbons given off by any bituminous coal, such a 
method—viz., the separate treatment of each por- 
tion of fuel previous to being passed into the main 
fuel-bed—would seem to contain the elements of 
success. 

It has been suggested by some engineers that the 
tar from bituminous coal should be extracted from 
the gas at some point between the generator and 
the engine, as is accomplished in pressure-type 
plants by means of extensive condensers, scrubbers, 
and tar-extractors, mechanically operated and other- 
wise. Asthe raison d’étre of the suction plant is 
its simplicity and the minimum amount of attend- 
ance and skilled supervision required, together with 
the small amount of space occupied, such a solution 
can be hardly expected to have universal applica- 
tion. A number of plants are, however, working 
on this system, but it is extremely difficult to find 
a profitable market for the tar thus extracted owing 
to the impurities it contains ; and as our municipal 
authorities object very naturally to it being run 
into the sewers, its disposal is a matter of some 
moment, particularly in towns and cities. Certainly 
for ship propulsion such a method would be pro- 
hibitive, since the question as to space occupied is 
a very vital factor in these days of the steam- 
turbine and the more recent Diesel oil-engine. 

Another trouble which has been experienced by 
the makers of suction-gas plants for anthracite and 
coke fuel—viz., ash and clinker—is intensified con- 
siderably with bituminous coal. Most suction-gas- 
plant attendants have experienced annoying stop- 
pages of the gas-engine at one time or another 
through the opening of doors in the generator 
during the clinkering and clearing o&the ash from 
the fire in solid-bottom generators, the reason 


for such stoppages being that while the ash-door 
was opened the vacuum was insufficient to induce 
the necessary amount of vapour required for the 
generation of good, rich gas to drive the engine on 
load. Indeed to such an extent has this possibility 
cf stoppage been prevalent that some makers have 
advocated and installed twin generators for services 
demanding extended running periods. 

With three or fourfold increase in the amount of 
ash as obtains in bituminous coal, then, it becomes 
absolutely essential that means shall be provided 
for removing such ash and clinker without causing 
an undue effect on the engine. The composition 
of the ash as it exists in the raw coal varies con- 
siderably, and its behaviour inside the generator is 
no less variable, depending largely on the tempera- 
ture to which it is subject. If the temperature of 
the generator is kept fairly low, then the formation 
of clinker is a minimum, but to get good, rich gas it 
is necessary to work at a fairly high temperature— 
say, at 2000 deg. Fahr., and at this temperature 
a considerable amount of the ash is fused and forms 
clinker. In some cases this is of a highly vitreous 
nature, having an aftinity for the fire-brick lining 
and being extremely difficult to remove without 
breaking away portions of the brickwork to which 
it clings. Unless it is removed periodically it causes 
arching over of the fuel similar to the action of 
caking coal, and poor gas is the inevitable result. 

It is imperative, then, that with coal of a high 
ash percentage every facility should be provided 
for the thorough searching of the generator and the 
effectual removal periodically of the ash, where 
anything like continuous running is required. In 
most anthracite plants the poking of the fire and 
clinker has to be done from a door or doors fixed 
radially near the bottom of the generator, but where 
clinker is adhering to the brickwork it is next to 
impossible to remove it without damaging the fire- 
brick lining. 

The position of the vaporiser in most suction- 
plants is at or near the top of the generator, thus 
making difficult the best arrangement of poking 
the fire—viz., in a direction parallel to the wall of 
the generator. In one or two generators poke- 
holes are found in or adjacent to the fuel hopper, 
but in this case the poker is still pointing at an 
angle to the brickwork, although the angle is con- 
siderably smaller than in the case of radial poking 
from the bottom. To anyone, however, de has 
had the running of a suction-gas generator on full 
load with a depth of, say, 5 ft. of fuel, the great 
advantage of being able to push the poker through 
the fire parallel to the firebrick lining and close up 
to the brickwork is at once apparent. 

Anthracite plants of fairly large units, say of 200 
brake horse-power and upwards, are fitted with a 
water-luted ash-tube, by means of whi h the ash 
and clinker after being poked down can be removed 
without seriously interfering with the quality of 
the gas produced. Since there is in most common 
steam slack coal a much higher percentage of ash 
than in anthracite, a similar means of removing the 
ash and clinker will be necessary for even less units 
than those mentioned, unless recourse is made to 
other means, such as, for instance, mechanically- 
operated slicers similar to those now made for 
pressure-type producers for coal high in ash. - 

There are, of course, a large number of other 
combustibles which may be satisfactorily gasified 
in suction-gas plants, from dried dung upwards to 
charcoal, including a number of more or less waste 
products such as sawdust, &c., but as these have 
only a limited sphere of distribution the greatest 
desideratum is a suction-gas plant which will pro- 
duce gas commercially successfully from a wide and 
extremely variable class of bituminous coal. 

To summarise, then, the ideal suction plant will 
consume all the volatile matter contained in the 
coal in addition to the solid carbon, and to effect 
this requires an intimate mixture of air with each 
portion of the coal at a suitable temperature, to 
fulfil which duty some means of mechanical feeding 
of the fuel at a regular rate to suit the load on the 
engine would seem desirable. 

Caking coal wil! be so treated as to prevent arch- 
ing over and consequent obstruction to an equable 
air and vapour supply in the main fuel column of 
the generator. 

Suitable facilities for the effectual removal of ash 
and clinker formed, without interfering with the 
quality of produced, will have to be provided 
for coal witha high percentage of ash, and, in fact, 





} 


for all coal used on extended periods of running. 


struction, with minimum amount of attention and 
reasonable first cost, are factors the stating of 
which, perhaps, savours of triteness. 





THE NUREMBERG MARINE OIL-ENGINE. 

NINE months ago* we published photographic illus- 
trations and a general description of the type of Diesel 
marine oil-engine then being manufactured by the 
Maschinenfabrik Augsburg-Niirnberg A.-G.,of Nurem- 
berg, and since then good sengens tee been made in 
manufacture and application, bringing with it {fuller 
practical experience of the alterations in design neces- 
sary to meet the requirements of the mercantile and 
naval services. The drawings which we reproduce on 
pages 178, 179, and 180 of this issue not only show in 
detail the general features of the design of the single- 
acting type of engine, including severa] of the new 
features, but assist towards a clearer understanding of 
the general arrangement of the double-acting engine. 
Before giving a complete description of the engine illus- 
trated, and therefore of the elements of design which 
differentiate the Nuremberg t; from others, it ma 
be well to refer briefly to the developments in detail 
and to the prominent applications. 

At the outset it should be stated that the two- 
cycle system is now preferred by the company, and 
that while double-acting and single-acting engines are 
being constructed, the latter design still predominates. 
Of it a detailed description will be given presently. 
In the double-acting engine an important change is 
made with reference to the supply of air for scavenging 
the cylinders after the impulse. Whereas in the 
single-acting engine the air-compressing cylinder for 
this duty forms the lower part of the working cylinder, 
in the double-acting engine separate scavengin 
cylinders are ssontiel, and these are either wot 
off the end of the main shaft or placed alongside the 
main engine and worked by a lever from the cross- 
head, as in the case of the air-pumps in a steam-engine. 
This is quite convenient, as the air pressure need not 
be more than 5 lb. to 7 lb. per sq. in. In single-acting 
engines the air-compressor, producing 800 lb. pressure 
of air for spraying the fuel into the cylinder and for 
starting and manceuvring the engine, is usually placed 
forward, worked from the main crank-shaft, and this 
may be the case in the double-acting engines where 
the scavenging pumps are worked by levers ; but when 
the scavenging pumps are worked off the end of the 
crank-shaft in the double-acting engines, then separate 
high-pressure oil-driven compressors are installed. 

he valve mechanism, entirely operated from one cam- 
shaft in the single-acting engine, to be described later, 
applies without modification to the valves on the top 
oF the double-acting engine. It is the same, too, for the 
bottom of the cylinder, so far as the drive from the 
crank-shaft, the gearing, and the backlash for reversing 
are concerned ; but since the stuffing-box for the piston 
is, of necessity, centrally | eer, ere has had to be 
duplication of the cam-shaft running fore and aft under 
the cylinders on each side of the series of piston-glands, 
with manceuvring air-admission valve, fuel-spraying 
valve, and scavenging air-valve on each side of this 
gland. The valves themselves are of the same design. 

The stuffing-box, a unit which was regarded with 
uncertainty in oil-engines, has proved quite successful. 
It is of simple form ; cast-iron rings with springs behind 
them are mounted in a box provided with slight 
swivelling motion. There is a passage between the 
front and back of the rings to equalise gaseous pres- 
sure, and for leakage there is a chamber similar to 
that adopted in turbine glands. 

In the double-acting engine the top cover of the 
cylinder is removable so as to admit of examination or 
removal of the piston. The exhaust-ports instead of 
being at the bottom, as in single-acting engines, are 
in the centre of the length. As in single-acting prac- 
tice, the cylinders are cast without liners and are pro- 
vided with water-jackets. 

The piston in the double-acting engirie is formed in 
two parts, the diameter being narrowed near the point 
of junction to form a recess for the bolting fiange, 
which, being on the outside, can easily be examined. 
The piston is oil-cooled; a rocking-lever pipe con- 
nected to the cross-head up through a pipe 
inside the piston-rod to the interior of the piston, 
whence, after —— the piston, it returns again 
through the piston-rod to a corresponding swing-pipe 
to the cooler. 

The largest double-acting engine constructed has 
three cylinders, with scavenging - cylinders worked 
from the crank-shaft, but with separate a 
air-compressors, driven by an oil-engine. This engine 
is of 6000 brake horse-power, and has been at work 
on the testing-bed for a considerable time, making non- 
stop runs of several days’ duration. This is one-half 
of a six-cylinder set to develop 12,000 brake horse- 
wer, being constructed to drive the centre shaft of a 
rman battleship, the wing-shafte of which will be 
rotated by steam-turbines. For the merchant service 
the largest double-acting engines — for a twin-screw 








The amount of space occupied, simplicity of con- 


* See ENGINEERING, vol, xci., page 484. 
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THE TWO-CYCLE SINGLE-ACTING NUREMBERG MARINE OIL-ENGINE. 
CONSTRUCTED BY THE MASCHINENFABRIK-AUGSBURG-NURNBERG A.-G., NUREMBERG. 
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made in two classes, one for high-speed boats, naval 
work, and other cases where extreme lightness is 


essential, and the other for ordinary commercial 
ships, where heavier build and slower speed are 
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) framing in these ‘light - ty 


In the former, the weight per brake 


rse-power, including the auxiliary gear, such as air 


vessels, &c., works out at 40 1b. in the case of | 
engines, to 54 lb. in the case of smaller sizes, 


The 




















is made of 


engines 
oors, covers, &c., wher- 
The speeds of these 
light-type engines vary from 550 revolutions per 
minute for 150 horse-power to 400 for 1200 horse- 


manganese bronze, and all 
ever possible, of aluminium. 


power, whilst in the heavier and longer-stroke engines 
the speeds range from 330 for 180 horse-power to 
175 for 1250 horse-power. In almost all cases the 
engines are miade with six working cylinders, but in 
some cases, as for submarines, where it is necessary 
to get a large power with very little available head- 
room, eight cylinders are used. 

The engine illustrated on the present and opposite 

ges is a six-cylinder engine of the light type, develop- 
ing 150 brake horse-power at 550 revolutions. Of this 
type Messrs. J. Samuel White and Co., Limited, of 
East Cowes, are at present building five engines, one 
of which is now on the testing-bed; and the others are 
nearing completion. Two of the sets are to be fitted 
in pinnaces in the Argentine navy, one in an 
Admiralty pinnace, and two in a twin-screw yacht. 
This 150-brake-horse-power engine weighs 3 tons 6 cwt., 
including the necessary filters, oil and air-coolers, and 
the compressed-air reservoirs—indeed, all the machi- 
nery necessary for the propulsion of the ship, up to 
and including the thrust-block. The weight works 
out at 49.3lb. per brake horse-power. The total 
length of the engine to the thrust-block is 9 ft. 11 in., 
and the extreme height above the centre of the 
crank-shaft 3 ft. 114 in. A further important point 
has reference to the head-room required for dismant- 
ling the engines. To enable this to be done, the 
cam-shaft, which is made in sections, can be discon- 
nected, its bearings removed, and the whole cylinder 
raised over the piston, which, in such case, would, of 
course, be at he extreme bottom sition. The 
bottom end of the connecting-rod would then be dis- 
connected from the crank-pin, leaving the whole 
piston and —————— removable. It will be seen 
that comparatively little head-room is required for 
this dismantling work. 

Each working cylinder of the engine illustrated is 
175 mm. (6.9 in.) in diameter and the stroke is 220 mm. 
(8.66 in.). The cylinder is cast of specially hard iron, 
in one part with the water-jacket, with an exhaust- 
belt cast round it. The cylinder and exhaust-belt are 
thoroughly water-jacketed. In the head of the cylin- 
der are placed three valves, one for fuel admission and 
one for the admission of scav air, as shown in 
Fig. 6; the third valve, which is not shown, is for 
the admission of air for starting up the engine or 
for reversing operations during manceuvring. 





The upper and lower parts of the piston, it will be 
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seen, are of different diameters, the upper, or smaller, | voirs, which are fixed at the side of the engine-room. 


diameter being the working piston, the lower one, 
of 275 em. (10.82 in.), acting as a guide and, in addition, 


as @ scavenge air-pump. ‘This piston, on its down | 


stroke, draws in air through a thin sheet-steel valve 
on the right-hand side of the section at A in Fig. 6. 
In order to avoid the noise which is usually made by 
these valves sucking in air through filters, all of these 
filters for the six cylinders are enclosed in a casing, 
to which air is led from some convenient part of 
the vessel, so that the inlet for atmospheric air is 
entirely outside the engine-room. On the up-stroke 
this piston compresses the air to about 5 lb. pressure, 
and delivers it through the thin-sheet steel valves at 
B into the upper part of the lower framing of the 
engine, which serves as a reservoir, from which it is 
conveyed by pipes D to the scavenge-valves E at the 
top of each cylinder. The scavenge-valve is operated, 
as is also the fuel spraying-valve, by cams on the 
cam-shaft, as clearly shown in the longitudinal section 
forming part of Fig. 1. 

From Fi . 1 it will be seen that there are four cams 
for each opines, one for the scavenge-valve, one for 
the fuel-valve, and two for the pilot-valves operating 
the air-starting and reversing-valve in connection 
with mancwuvring, these cams being respectively for 
ahead and astern motion. At the forward end of this 
cam-shaft is fitted a centrifugal governor, which, b 
diminishing the amount of oil supplied to the fuel- 
valves by the oil force-pumps, prevents the engine 
from racing in the event of the propeller emerging 
from the water in a followingsea. A spindle, forming 
an extension, and driven from the end, of the cam- 
shaft, and carried on the top of the air-compressor, 
operates a tachometer, as shown in Fig. 3, to indicate 
the speed and direction of the rotation of the engine. 
Below this, at the end of the engine, there is fixed the 
gauge-board. This gauge-board is very well shown in 
the engravings published in our previous article. . 

The cam-shaft is driven from the crank-shaft by 
helical gearing at the after end of the engine. The 
vertical gear-shaft shown in Figs. 1 and 4 is not solid for 
its whole length, but has a coupling connecting the 
upper and lower parts. In this coupling there is a 
clearance which allows one-half of the shaft to fall out 
of position with regard to the other half to the extent 
of 30 d The effect of this is that if the engine is 
reversed, the crank-shaft and the lower part of the 
vertical shaft will travel 30 deg. in the new direction 
of rotation before the upper portion (and therefore 
the cam-shaft running along the tops of the cylinders) 
begins to rotate. By this means the cams working 
the fuel and the scavenge air-valves of all the cylinders 
take up the new itions, giving their respective 
valves the same angles of opening in the new direction 
of rotation as they had in the old direction. 

This vertical shaft also drives the lubricators for all 
the cylinders. These lubricators have a sight feed, 
the oil, after dripping through these, being forced b 
ae = each point where it is to be ete. 

e rings are lubricated by oil under pressure. 
This is delivered in the usual way through a hollow 
crank-shaft and up the connecting-rods to the gudgeon- 
pins. It will be noticed that splash-guards are fitted 
above each crank, and so effective are these that it is 
quite possible to take off one of the doors of an engine 
running at 550 revolutions per minute without the oil 
being thrown out. In the larger engines this oil is 
carried up from the “ee to the tops of the 
working pistons, which are hollow, and, after cooling 
them, is discharged back into the crank-pit. From the 
crank-pit the oil passes through a filter and oil-cooler, 
and is then again forced round the bearings by the 
pump shown at the extreme right-hani end of the 
crank-shaft. The temperature of the oil after it has 
been round the bearings and through the piston seldom 
exceeds 130 deg. Fahr. The same eccentric which 
works the oil force-pump also voperates a similar 
pump for the cooling water for the jackets and coolers, 
as shown in Fig. 3. It also gives motion to the rock- 
ing levers working the fuel-oil force-pumps, of which 
there is one for each cylinder. At the after end of 
the engine, and forming of the lower framing, is 
the thrust-block, which is adjustable, and also works 
under forced lubrication. 

Between the forward working cylinder of the engine 
and the reciprocating oil and cooling-water pumps, just 
mentioned, is a crank, from which is driven a two- 
stage high-pressure air-compressor, delivering its air 
to separate reservoirs or bcttles. The air, after 
leaving the first stage of the compressor, is cooled 
in a cooler shown in Fig. 3. In this there is 
a series of vertical tubes through which water is 

This compressor is shown in transverse section 
in Fig. 5, while the longitudinal section is included 
in Fig. 1. This compressor delivers the air at about 
800 Ib. into a smaller reservoir, which stands along- 
side the engines, and has its controlling valves con- 
venient to the engineer on the starting platform. 
From this reservoir pipes lead to the fuel-valve on 
each cylinder, the pressure in this pipe being regu- 


lated by means of a hand-wheel. The surplus air is | 


led from the reservoir to the starting air-storage reser- 





The speed of the engine is varied by regulating the 
quantity of the fuel-oil supplied to the fuel-injection 
valve at each stroke, this being effected by altering the 
lift of the suction-valve of the fuel force-pumps. When 
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At the extreme forward end of the engine is the 
manceuvring , the lever of which is shown in 
Figs. 1 and 3. This lever controls all combinations 
of air and fuel admission. The first result of moving 
the lever off the ‘‘ stop ” position is to open, by means 


reversing, the fuel oil is cut off automatically by the! of compressed air, all the starting-valves on all the 
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reversing lever, and until the engine is started again 
in the new direction there is no further supply of fuel. 
Tests with the tug Niirnberg, of Rotterdam, have 
shown that the time taken to effect a change from full 
speed ahead to full speed astern is 3 seconds, frum 
full speed ahead to stop, or the reverse, 2} seconds. 
These figures apply to the two-cycle single-actin 
engine, but equally satisfactory results are got wi 


he double-acting engine. 









cylinders. The starting air from the reservoirs, how- 
ever, is not, by this movement, admitted behind the 
valves. By this means all cylinders are placed in 
connection with each other, and as one of them is 
always open to exhaust, all compressed air or gases 
in the engine, which might form a counter-pressure, 
are discharged, and the engine is ready to start in 
either direction. These valves are closed again oo a 

en 


| very small further movement of the lever. 
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the lever is pulled further, either to “ahead” or 
‘“‘ astern,” compressed air is admitted behind each 
starting-valve and is available for acting on the piston 
when the starting-valve shall open. Atthe same time 
a small piston-valve is by air under pressure 
up against either the “‘ ahead” or ‘‘astern” cam, as 
the case may be, and this operates as a slide or 
pilot valve to the starting-valve on the top of the 
cylinder, opening it and admitting the air from 
the reservoirs when the crank is in a suitable 
position. The fuel is admitted immediately the 
engine has started, and as soon as ‘*firing” takes 
place, the air is shut off. The amountof fuel admitted 


per stroke, and consequently the speed of the engine, be 


is regulated by the same lever. In the case of double- 
acting engines there is an intermediate stage covered 
by a movement of this lever or hand-wheel, in which 
combustion takes place in the upper ends of the cylin- 
ders before fuel is supplied to the lower ends. 

Figs. 7 and 8 illustrate a complete installation of 
300 horse-power for wage be single-screw ship now 
being built in Germany. The engine in this case is of 
the two-cycle single-acting type. Fig. 7 is a cross- 
section of the vessel showing the engine as viewed 
from the forward end, where there is a high-pressure 
air-compressor, which delivers its air into the injection- 
air reservoir seen on the right side of the main engine, 
and to the starting-air reservoirs on the left side of 
the engine-room. Above the engine is the exhaust- 
pipe and silencer, from which latter a pipe is led up 
the funnel. On the right wing of the engine-room 
there is the auxiliary machinery, which consists of 
an oil-engine, a dynamo for lighting and for driving 
various motors, and a small air-compressor which can 
be used for charging the reservoirs in case all the 
compressed air has by any means leaked away. 








“THE STRENGTH OF THICK CYLINDERS 
UNDER INTERNAL PRESSURE.” 
To THE Eprror or ENGINEERING. 
Srr,—I regret being compelled once more to defend my 
formula for the ultimate strength of thick cylinders, 


p= flog, . , which, to my great satisfaction, was so 


i 

srfectly confirmed by the tests of Messrs. Cook and 

obertson. 

In your last issue the authors show that my formula 
is not correct when, for its application at maximum pres- 
sure, the increasing of the diameters is taken into account. 

In the above formula the authors refer the internal 
pressure p to the dimensions of the cylinder after yield, 
and show that there is no agreement when for f the 
ultimate strength—viz., load divided through wndi- 
minished section—is taken. 

The two phenomena are apelogems, and when in both 
cases the ultimate strength is calculated for the initial 
dimensions, the ment of theory and experimental 
result remains well proved. 

Yours truly, 
F. vAN ITERSON. 

Delft, February 5, 1912. 








“THE ELIMINATION OF RANGE-FINDING.” 
To THe Eprtor oF ENGINEERING. 

Srr,—In reply to the criticism of Professor Stroud 
in your issue of the 2nd inst. under the above heading, 
I cannot do better than endorse the editorial note 
appended to it. The negative-angle system of sighting 
is only for use within battle —— such ranges being 
limited by the power of the cartridge. : 

Hitherto rifles have always been sighted according to 
distance, the sights being scaled to fifties or hundreds of 
yards. An attempt was made by the military autho- 
rities to utilise a ‘‘fixed” sight of 500 eae range as a 
battle sight, the culminati: eight of the trajectory for 
this range being such that if aim were taken at the feet 
of an erect enemy within 500 yards distance, the bullet 
must hit him. is fixed sight, however, was found to 
be comparatively useless, as the advancing enemy had 
only to assume a prone tion to put it out of action, 
pee 4 it was accordingly abandoned when the short rifle 
came into existence. < , 

The greatest difficulties encountered in rifle fire in war 
have been judging distance and correctly adjusting sights. 
At long ranges ee difficulties are not so pronounced, 
since the former can be carried out by accurate range- 
finders, and there is sufficient time to perform the latter. 


But at the critical stages of an engeemment, when oppos- | ® 
in ‘ 


ing forces have approached to wit! ‘battle “..” 
say, less than 1000 yards, there is little time for range- 
finders and too much flurry for adjusting sights. 

The Remington negative-angle —- of sighting meets 
this difficulty. A simple sight having two points of 
elevation easily and quickly interchangeable is fitted to 
the rifle. The points of elevation are fixed in relation to 
the trajectories to be . For example, say the 
trajectories selected are 11 ft. and 3 ft., the former for 
use against erect figures, and the latter — prone 
figures. The angles of elevation necessary depend upon 
the cartridge, but suppose they are 40 and minutes 
respectively. Immediately the caution is given ‘‘ Battle- 
sight,” the negative-angle sight would be brought into 
use, and according as the enemy were erect or prone, the 
soldier would fix the sight at the high or low point of 
elevation. He would then aim, not at the man, 
but at a depth below him —_— > his height. For 
instance, the enemy is erect, showing a target of about 


54 ft. Aim would be taken 5h ft. low. In other 
words, there would be given a “negative allowance” 
of 5 ft. 6 in. If the target were, say, 800 yards off, 
this negative allowance of 54 ft., or 66 in., would 
subtend an angle of 8 minutes (approximately), which 
would be automatically subtracted from the fixed angle of 
40 minutes on the rifle, leaving a mean angle of projection 
of 32 minutes. If the target advanced to, say, 600 yards, 
the negative allowance of 66 in. would subtend a negative 
angle of about 11 minutes, leaving a net angle of elevation 
of 29 minutes. At 200 yards the negative angle would 
be 33 minutes, and the net positive angle of elevation 
7 minutes; and so on. During the advance, when the 
enemy assumed a prone position, the battle-sight would 
altered to produce the lower point of sight elevation, 
and aim taken as before—namely, the height of the prone 
figure beneath him. This height, according to military 
authorities, is about 18 in. The construction of the sight 
is such that the alterations can be made in an instant, and 
without any possibility of error. 

The advantages of such a system are: absolute correct- 
ness and uniformity in sight elevations throughout a 
fighting force during the most critical stages of un engage- 
ment; no need for sight ‘‘adjustment” in the heat of 
battle; and a tly extended danger zone. In naval 
gunnery the Gos show that sights constructed on 
the Remington negative-angle principle can extend the 
‘* point-blank ” or battle range by no less than 50 per cent. 

am sure Professor Stroud will forgive my using 
approximate figures in describing the principle as — 
to rifle fire ; but I have pang’ done so to avoi ron | 
suggestion of limitation of range, which, as before stated, 
depends entirely on the ballistic qualities of the cartridge. 
Yours truly, 
H. OMMUNDSEN. 

St. Stephen’s House, Westminster, S.W., 

February 6, 1912. 





THE KING’S VOYAGE NAVAL 


HONOURS. 
To THE EprTor OF ENGINEERING. 

Srm,—The record of the Royal progress given in the 
newspapers of oo! and Tuesday offers an interesting 
contrast and a significant commentary on a p of 
naval administration worthy of note. 

On Monday all interested in engineering were glad to 
note that to avoid the predicted storm the Medina’s 
engines been speeded-up and made the run from 
Gibraltar to Spithead in fourteen hours less than the 
scheduled time. This latter may have allowed a margin ; 
but in any case the result achieved called for some extra 
effort, especially in engine-room and stokehold organisa- 
tion and supervision. 

On Tuesday there was givena list of appointments and 
promotions in the Victorian Order in connection with the 
King’s visit to India. There were included officers of the 
military, Royal marine and medical branches—even the 
pilot at Portsmouth was not forgotten ; but there was no 
mention of officers of the engineering branch of the Ser- 
vice. Everyone honoured certainly merits the distinc- 
tion; but why should the engineering branch of the 
Service be ignored ? 

It is a well-known fact that under the new system of 
entry there may be a difficulty in getting sufficient 
volunteers among the young officers for the engineering 
branch. This way of ignoring engineers will not help in 
popularising the Service. 


Yours truly, 
February 7, 1912. 


AND 


Anti-ISHMAELITE. 





“THE EVOLUTION AND PRESENT 
DEVELOPMENT OF THE TURBINE PUMP.” 
To THE Eprror oF ENGINEERING. 

Srr,—In making some remarks at the opening of the 
discussion on Mr. Chorlton’s and my paper on “The 
Evolution and Present Development of the Turbine 
Pump,” which you report in your issue of January 26th, 
I refe to a paper on “ The Theory of Centrifugal 
Pumps, as Supported by Experiment,” published as a 
selected paper in the Feounliiegs of the Institution of 
Civil Engineers, vol. xlvii., and inadvertently incorrectly 
attributed it to Mr. Charles A. Parsons (now Sir Charles 
Parsons). The author of the paper was Mr. R. C. Parsons, 
and though written by him as a student of the Institu- 
tion some thirty-six years ago, the paper is still of much 
interest and value. 

Yours truly, 
Epwarp Hopkinson. 

Salford Iron Works, Manchester, February 6, 1912. 

[A ph correcting the error above referred to 

152 of our last issue, but we willingly 
opkinson’s letter.—Ep. E.] 


d on 


Ppe: 
publish Dr. 





THE CRITICAL POINTS OF ST'EEL. 
To THE Eprror or ENGINEERING. 

Srr,—Professor Arnold takes exception to a reference 
to his paper on the “F lescence of Steel” con- 
tained in a lecture which I delivered to the Institution of 
Mechanical Engineers in April last. In making that 
reference I had supposed that Professor Arnold had not 
been aware of Osmond’s earlier demonstration of the 
occasional doubling of Ara, but now Professor Arnold claims 
a knowledge of the subject superior tomy own. In that 
case, even if Osmond’s anticipation were really as slight 
as Professor Arnold suggests, why was no reference to 
Osmond’s paper faseetel in the paper on the ‘* Fourth 
Recalescence” ? When that paper appeared M. Osmond 
wrote to me protesting against the manner in which his 





work had been ignored in this case, and this led me to 


refer to the matter in that ion fof my lecture which 
dealt with the history of A petro . 

Professor Arnold’s version of the “facts,” however, 
contains certain statements which I cannot accept. Thus 
the suggestion that Osmond’s curve is unconvincing, 
use of other minor irregularities, applies with equal 
force to the curves published by Professor.Arnold him- 
self ; the latter, however, draws a smooth curve through 
those perturbations which he regards as accidental. Tn 
some of Professor Arnold’s curves these accidental 
irregularities are sometimes of a magnitude quite com- 
parable with those on which he relies to establish the 
doubling of Arg, and it is for that reason that I have 
remained unconvinced on this point. My reference to 
the matter in my lecture merely implied that so far as a 
doubling of Are had been demonstrated at all, it had 
alread nm done by Osmond in 1890; and Professor 
Arnold has brought forward nothing to modify that view, 
so that his pleasure at my supposed conversion to his view 
is somewhat premature. 

I have no desire to enter into a controversy with Pro- 
fessor Arnold on the general question of the methods and 
apparatus to be u for the determination of cooling- 
curves ; that subject has been discussed in private and in 

ublic until nothing useful remains to be said. I cannot, 

owever, allow Professor Arnold’s statement, that the 
apparatus employed at the National Physical Laboratory 
is not sufficiently sensitive to detect the double nature of 
Ars, to pass unchallenged. The delicacy and accuracy of 
the cooling-curves taken at the National Physical Labora- 
tory are too well known and appreciated among metallur- 
gists to require any defence in this place; but I may 
point out that, thanks to the use of the potentiometric 
methods, the equivalent scale.length of the Laboratory 
penne for a range of 1000 deg. Cent. is approximately 
metres; in the Sheffield instrument, which Pro- 
fessor Arnold has very kindly shown me, the equivalent 
length of scale is considerably less than 1 metre. The 
constancy with which cooling-curves can repeated at 
the National Physical Laboratory shows clearly that the 
electrical and other appliances are adequate to utilise the 
very open scale to the full. In view of these circum- 
stances, Professor Arnold’s dogmatic assertion is scarcely 
justified. The great majority of the cooling - curves 
of steel taken at the National Physical Laboratory 
do not show any si of doubling in the peak of 
Are, but it would & more scientific attitude on 
Professor Arnold’s part to look for the causes of this 
discrepancy in the circumstances of the phenomenon 
itself, such as differences in the rate and extent of heating 
and cooling, &c. This attitude is the more desirable 
since M. Osmond informs me that he has only found the 
slight doubling of this point in occasional cooling curves. 
It 1s evidently an elusive phenomenon, to be studied care- 
fully by those specially interested in it; but new light is 
hardly to be obtained by mere derogatory statements con- 
cerning the apparatus employed by another investigator. 

am, Sir, yours faithfully, 
Wa ter Rosennain. 
Metallurgy Department, The National Physical 
Laboratory, Teddington. 





RADIUM “ PERPETUUM MOBILE.” 
To THe Eprtor oF ENGINEERING. 

Sm,—In your account of a radium * perpetuum mobile” 
(December 29) you state that Strutt’s “radium clock ” 
was charged by the § rays from radium bromide. As I 
have seen the instrument described, it is charged by the 
a rays. 

It leads me to wonder whether Mr. Greinacher’s modi- 
fication is quite correctly described. It would seem from 
your account that this is actually charged by f rays, the 
a rays being absorbed by an inter plate of alumi- 
nium, which apparently remains neutral on account of the 
ion: air surrounding it ; otherwise, it would, of course, 
become positively ——. Perhaps you could say if 
this is correct, and whether the reference to Mr. Strutt’s 
apparatus was wrongly expressed. 

Yours truly, 

Colchester. Cuaries E. Bennam. 

[In describing his ‘‘ Radium Clock ” in the Philosophical 
Magazine, 1903, vol. vi., page 588, the Hon. R. J. Strutt 
said :—‘‘Some time ago M. Curie showed that § or 
cathodic rays of radium carried away a negative charge 
from the substance, leaving a positive charge on it... I 
shall describe a simple piece of apparatus which exhibits 
the effect in a permanent and striking manner.” Further 
on he remarked :—‘*The a rays of radium which are 
deflected by a magnet in the opposite sense to the f rays 
should eg Ay tive c . .» I have attempted to 
ype es t A same net od, but have not succeeded.” 

s regards Dr. Greinacher’s ‘‘ perpetuum mobile,” Mr. 
Benham will, we think, find aah ane account is = sub- 
stantial agreement with the description which Grein- 
acher gave in the Deutsche Phy ische Gesellschaft 
(Verhandlungen, 1911, e 398); there is no mention of 
a rays in his paper at all.—Ep. E.] 





AERATION OF PorTLAND CemENT: Erratum.—The 
letter under this heading on page 149 of our last issue 
was, by a printer’s error, signed A. Kelway Bamber. It 
should have been signed H. Kelway Bamber. 


GRINNELL SpRINKLERS.—The efficacy of sprinklers has 
been demonstrated twice recently, when outbreaks of 
fire have been immediately extinguished at the Flour and 
Provender Mills of Messrs. W. Primrose and Sons, 
Limited, Glasgow, and at the Rockcliffe Cotton-Mills of 








Messrs. A. Smart and Limited. A reduction of 
25 to 70 per cent. is allowed off the fire premiums on 
buildings equipped with Grinnell sprinklers, 
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McLEAN’S COMPENSATED DRAUGHT FURNACES 
CONSTRUCTED BY MESSRS. THWAITES BROTHERS, LIMITED, ENGINEERS, BRADFORD. 
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Ir is perfectly well known that it is useless to expect | tions. 


high efficiency in the combustion of coal in a furnace 
unless the minimum quantity of air that will consume 
the fuel be admitted to the fire, and the closer this 
amount can be approached the more satisfactory will be 
the result, the initial temperature being higher than 
if an excess of air is supplied. A smaller amount of 
air is, of course, uneconomical. An ingenious method, 
known as ‘‘Compensated Draught,” McLean’s system, 
for supplying the correct quantity of air has been 
devised, whereby the supply is automatically regulated, 
and this system appears to give very Spee | 
results. Messrs. Thwaites Brothers, Limited, of Brad- 
ford, manufacture and instal the plant, as illustrated 
by Figs. 1 to 7. This system of ‘Compensated 
Draught” not only maintains the air-supply in the 
amount required, but at the same time gives a 
practically constant steam pressure. It does this by 
acting — two dampers, one through which the air 
from a fan enters the ash-pit, and a second through 
which the products of combustion escape to the chimney. 
These two dampers are moved simultaneously and in 
harmony, and therefore the supply of air to, and the 
exit of the gases from, boiler and other furnaces are 
automatically regulated in such a manner that a uniform 
pressure, practically equal to atmospheric pressure, is 
maintained above the grate at the furnace door. Under 
these conditions the gases pass over the heating sur- 
faces at the lowest possible velocity, and consequently 
transfer to the surfaces with which they are in contact 
the maximum proportion of their heat. In addition 
the temperature of the gases is not lowered, as in 
ordinary practice, by the admission of cold air over the 
fuel when the furnace doors are opened, as the pressure 
is then the same in both the furnace and the stokehold, 
and no air can be drawn in from the atmosphere while 
firing. Should an increased demand come upon the 
boiler, and the steam pressure fall, the automatic 
control comes into action, the air-supply and exit 
dampers being opened sufficiently to ensure the rate 
of combustion necessary to keep the steam pressure 
constant ; while should there be a decreased demand 
for steam, the rate of combustion is checked by the 
automatic reduction of the air-supply and closure of 
the exit dampers, only the required amount of fuel 
being burned to supply the necessary amount of 
steam. 

The quantity of combustible that can be burned 

with this system is said to be much higher than is 
the case with natural draught, in addition to which 
a sufficient quantity of a cheaper class of fuel can be 
burned, to evaporate the required quantity of water. 
In certain cases of this kind the resulting economy is 
said to have been remarkable, sonetimes reducing the 
cost of fuel by as much as 50 per cent. It is claimed 
that in many cases with hand-fired boilers a saving 
of from 10 to 25 per cent. can be obtained when 
the same quality of coal is used, and if a cheaper 
uality is obtainable the saving may be much increased. 
n the case of mechanically-fired boilers the saving 
varies greatly, ranging from 5 to 25 per cent. As 
these furnaces usually employ the cheapest quality of 
fuel, no further saving in this direction can 
effected. 

Coming now to the method by which this draught 
compensation is effected, we must refer to our illustra- 





The chief part of the apparatus is what is 
known as the C. D. regulator, which is shown in Figs. 1 
and 2, the former being a sectional elevation, and the 
latter a transverse section, and these illustrations we 
will refer to again. Figs. 3, 4, and 5 represent the 
wpparatus applied to a water-tube boiler, while in 
Figs. 6 and 7 may be seen its application to a marine 
hoiler ; and if we apply our soudthe to the latter type 
vf boiler it will perhaps be all that is necessary, 
because its adaptation to any other type is merely a 
matter of detail. The application toa eomdin boiler 
is very much the same as to a boiler of the marine 


type. 

The apparatus consists of a fan A, which is gener- 
ily driven at a constant speed—in this case by a small 
engine attached, but any other convenient drive can 
be adopted. This fan is capable of supplying a volume 
of air to the furnaces considerably in excess of that 
required for the normal rate of combustion. The fan 
blows air through the ducts B into the closed ashpit of 
the furnace as in the ordinary practice with forced 
draught. The flue or flues for the exit of the gases 
are fitted with a simple form of swinging damper or 
dampers, which are shown at C. These dampers are 
connected by means of levers or wire ropes to the 
dampers D in the air ducts in such a way that the 
action in opening and closing is concurrent. The 
damper-controller E is placed in some convenient posi- 
tion in the boiler-house, or adjacent to it, and is 
directly actuated by steam pressure from the boiler, 
causing the lever ¥ to rise or fall in accordance 
with such pressure, and is so amen en that its motion 
opens or closes the flue-dampers C and the air-ducts 
which control the air supply. The springs G and H, 
shown in Figs. 6 and e serve to bring back the 
dampers to their full open position when the steam 
pressure falls below a predetermined point, but weights 
can be used for this purpose on stationary boilers if 
desired. The dampers can be closed by hand, and 
kept closed while the fires are being cleaned, and even 
in boilers with only two furnaces, the operation of clean- 
ing the fires can be performed with very little reduction 
in steam pressure. In our illustrations only hand-fired 
installations are shown, but the system is equally well 
— to furnaces with mechanical stokers. 

fe will now return to the regulator or controller, 
which is shown in detail in Figs. 1 and 2. Some years ago 
Messrs. Thwaites Brothers designed a controller which 
was capable of automatically regulating the s of 
electric motors, &c,, working in connection with Roots 
blowers, centrifugal fans, &c., used for maintaining 
light air pressures. Since this appliance was com- 
pleted, however, necessity has arisen for a regulator 
capable of working reliably with the very much higher 
pressures which are chiefly needed in connection with 
the system of ‘‘ compensated draught,” and for this 
pespose the regulator shown in Figs. 1 and 2 was 
esigned and constructed. It is very sensitive, and 
works with a variation of pressure of less than 1 per 
cent., and is positive in action. Its action is based 
on the same principle as an ordinary steam-gauge, 
the expansion of a Sede tube being employed to 


be| bring into action a simple mechanical device, which 


exercises an amount of energy sufficient to actuate the 
damper or dampers. Its action will be best under- 
by reference to Figs: 1 and 2. 





In these illustrations it will be seen that there is a 
shaft I which can be driven by any convenient method 
(in this case by a cord on the pulley J) which rotates 
a worm-wheel K, Fig. 1, and through the pin L and 
the roller M oscillates the lever N. This lever, by 
means of pawls O, rotates the ratchet-wheels P in 
either direction ; and thus, by means of the shaft () 
and the reducing gear R, raises or lowers the damper- 
lever F. The ratchet-wheels P, which are notched 
in opposite directions and fastened together by the 
bolts © anes return to the same ition when the 
pressure drops, and the amount of travel given to 
the wheels when closing the dampers is controlled 
by a movable guard-ring and plate S. The pawls O 
are normally held out of engagement by the guard- 
plate 8, which is fixed to the spindle a, as shown 
in Fig. 1, but which is controlled by means of the 
Bourdon tube U, this tube being connected to the 
boiler pressure bv means of the 1, Nap: tga to 
the union V. When the tube expands under pres- 
sure, it moves the pivoted link W, and through it 
the rod X and the pallet Y. When the pressure in 
the Bourdon tube is just at the point at which the 
regulator is set to work, the pallet Y is pushed up by 
the rod X, and the rocker-disc Z just clears the 

oints, or the engaging edges, of the pallet. The two 

ngers b (Fig. 2) are independent of each other, having 
ok a semi-circular boss at the bottom, which embraces 
the spindle a, the fingers wig Bry in place by the 
spring a', The spring - or b, being held together by 
the spring, are oscillated by the long projection on the 
pin at the end of the rocking-arm N, and in their turn 
oscillate the pawl-guard S by means of the pin d' on 
the guard, as will readily understood by reference 
to our illustrations. The pawlsO are, therefore, kept 
out of gear during the whole of their travel. Should 
the pressure of the steam rise a little, however, the rod 
X is forced up, and the rocker-disc Z catches the edge of 
the pallet Y, and holds the pawl-guard S to one side, so 
that the pawl on the opposite side can engage with the 
ratchet-wheel, and so work the dampers. The fingers, 
being quite independent, one of them can be held back, 
and the other one allowed to oscillate, being kept against 
the boss of the guard by the spring a’. The travel of 
the rocking-lever N, and therefore of the spring fingers 
and the spindle a, is so arranged that the rocker-disc 
always releases itself from the pallet Y at the end of 
each oscillation, thus allowing the pallet to take up 
any new position to suit varying pressures of steam in 
the Bourdon tube. This obviates any danger of the 
let being held up after the pressure has dropped. 
he svete link W is fulerummed in the steel rod c, and 
when raised or lowered by means of the cam d alters the 
position of the rod X, thus increasing or decreasing 
the pressure at which the pallet trips the rocker-disc 
Z The cam d can be turned by means of the milled 
screw e and locked. ; 

We have had the opportunity of examining one of 
these installations while at work, and observed that 
suction when the fire-door was opened was practically 
eliminated, the conditions being such that a light piece 
of paper ignited on the dead-plate showed no tendency 
tobe drawn into the furnace. There appears also to 
be no danger of an outrush of hot air or flame when 
the doors are opened. We understand that the appa- 
ratus has been applied to upwards of 6000 boilers in 
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America and on the Continent of Europe with most 
satisfactory results, and it is now being introduced 
into this country. 

There are, of course, numerous ey and duties 
to which this regulator could put, such as a 
reducing-valve, maintaining a constant temperature 
in boilers for dyeing, &c.; cutting off the air to air- 
compressors ; regulating automatically the speed of a 
fan in closed stokeholds in relation to the boiler pres- 
sure; maintaining a constant temperature in annealing 
furnaces, &c. Sone other uses may occur to our 
readers. We understand that at the present time the 
firm are in negotiations to apply this regulator to 
circulating water for a condenser, whereby the over- 
flow is kept at a practically constant temperature 
independent of the foad on the turbine. This result 
will be obtained by opening and closing a by-pass 
valve according to the temperature of the overflow, 
which should not vary more than 2 deg. or 3 deg. 








THE LATE DR. HENRY TAYLOR BOVEY. 

WE regret to have to record the death of Dr. Henry 
Taylor vey, M.A., F.R.S., D.C.L., LL.D. Dr. 
Bovey was born in 1850, at Montreal, Canada. His 
education was commenced in a private school, and 
was continued at Queen’s College, Cambridge, where 
he graduated as twelfth wrangler in the Mathematical 
Tripos in the year 1873, being appointed later a 
fellow of the college. In the same year (1873) he 
became a pupil of Mr. George Fosbery Lyster, M. Inst. 
C.E., chief engineer of the Liverpool k Works. He 
joined the Institution of Civil Engineers as a student 
in the year 1874, and was appointed, in 1875, an 
assistant engineer on the Liverpool Dock Works above 
referred to. In 1876 he was made an associate of 
the Institution of Civil Engineers, and in 1878 he re- 
signed his post on the Liverpool Dock Works on 
his appointment to the Chair of Civil Engineering and 
Applied Mechanics at McGill University, Montreal ; 
he was elected Dean of the Faculty of Applied 
Mechanics in the same university in 1879. The 





deceased entered into partnership with Mr. W. Bell 
Dawson, Assoc. M. Inst. C.E., in 1880, the firm 
practising as civil engineers until 1883, when it was 
dissolved. He was elected a member of the Institu- 
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tion of Civil Engineers in 1886, and for a time 

as a member of Council. He was also 
elected a member of the Institution of Mechanical 
Engineers in 1879, but resigned his membership in 
1898. Dr. Bovey was Vice-President of the Mecha- 
nical Section of the British Association for the 
Advancement of Science, at the Montreal meeting in 
the year 1884. He was the author of a book on 
** Applied Mechanics,” and of several other technical 
im He was also a member of the American 
Institute of Mining Engineers and of the Liverpool 
Society of Civil Engineers, a society which he founded. 
He was further one of the founders of the Canadian 
Society of Civil Engineers, an honorary member of the 
National Electric- Light Association of the United 
States, and a Fellow of the Royal Society of Canada. 
In 1897 he was again Vice-President of the Mechanical 
Section of the British Association ; he was elected an 
F.R.S. in 1902, and in 1906 Queen’s College, Cam- 
bridge, made him an Honorary Fellow. In May, 1909, 
Dr. ws was pee the first Rector of the re- 
organised Imperial College of Science and Technology, 
London, & position which he was compelled to resign 
the month of December following owing to ill-health. 


In 








THE LATE MR. FITZ CHARLES 
MACDONALD 
THE announcement of the death of Mr. Fitz Charles 
Macdonald, the well-known engineer, whose career was 
mostly spent in Burma, will be received with regret. Mr. 
Macdonald was born in Scotland in June, 1856, and was 
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educated at the High School, Glasgow, from 1865 to 
1871; he then entered Glasgow University, where he 
stayed from 1872 to 1873, oa completed his education 
at the Glasgow School of Arts, from 1873 to 1879. At 
the same time, and from 1873 to 1877, he was appren- 
ticed at the works of Messrs. J. Norman and Co., 
engineers, Glasgow, and from 1878 to 1880 he was 
occupied at the Caledonian Railway Company’s works, 
Glasgow. In 1880 he entered the service of the Irra- 
waddy Flotilla Company, Limited, Rangoon, in which 
he acted in the capacity of assistant superintendent 
engineer from 1886 to 1894, being appointed there- 
after superintendent engineer. For several years he 
was chief engineer of the port defence system, and for 
some time he also commanded the Rangoon Submarine 
Mining Engineers. 








Tue InstirvTion or Exxecrrican EnGingrrs.—The 
annual dinner of the Institution of Electrical Engineers 
was held at the Hotel Cecil on the Ist inst. The gather- 
ing, which assembled under the chairmanship of the 
President, Mr. S. Z. de Ferranti, was very large, some 
350 members and guests being present. A feature, 
somewhat unusual in dinners of this class, was the brief- 
ness of the toast list, which, apart from the usual loyal 
toasts, was restricted to that of the ‘‘ Institution,” pro- 
posed by the Lord Chief Justice, and res led to by 
the President ; and the “Guests,” pro by Professor 
Silvanus Thompson, and replied to by Sir George Reid, 
High Commissioner for the Commonwealth of Australia. 
The function was in every way a success, and one worth 
of the  _—_c institution under the auspices of whieh 
it was held, 








184 


ENGINEERING. 





[FEB. 9, 1912. 





HORIZONTAL COMPOUND TANDEM 
ENGINE. 


Is one of our general articles on the Turin Exhibi- 
tion (see vol. xcii., page 234), we referred briefly to the 
horizontal compound tandem steam-engine exhibited 
in the engineering building by Mr. Franco Tosi, 
Legnano. We illustrate this engine in Figs. 1 to 4 on 
our two-page plate, and in Figs. 5 to 12 on page 186. 
The high-pressure cylinder is 500 mm. (19.7 in.) in 
diameter, the low-pressure cylinder has a diameter of 
850 mm. (33.5 in.), and the stroke is 1 m. (39.37 in.). 
The normal speed is 125 revolutions per minute, and 
the engine develops, when working condensing, 600 
to 900 indicated horse-power, with a cut-off of from 
14 to 32 percent. The steam on leaving the high- 
pressure cylinder flows into the receiver C, whence 
it passes partly to the low-pressure cylinder and partly 
through a set of pipes to the workshops, where it is 
utilised for different purposes. 

The engine comprises a bayonet frame cast in one 
piece with the crank bearing, the latter being fitted 
with brasses in four pieces, adjustable for wear from 
the outside and lined with white metal. The cylinder- 
covers form the valve-chests for the inlet and exhaust 
valves. This feature, combined with the ial 
exhaust valves used, which open from inside to 
outside, has made it possible: greatly to reduce clear- 
ance. Each cylinder, therefore, consists of three main 
parts, the two, front and rear, covers which contain 
the two inlet and two exhaust-valves, and the working 
barrel. Both the inlet and exhaust valves are double- 
beat valves ; they are easy of access, perfectly tight ; 
they have a slow, silent, and regular action, without 
shocks, and facilitate the flow of the steam. The 
upper seat of the exhaust-valves is larger than the 
lower seat to facilitate their perfect closing under the 
pressure of the steam ; the closing action is, however, 
effected by the valve spring. The valve-rods are pro- 
vided with labyrinth packing. The pistons are of simple 
design ; they are each in one piece and are fitted with 
three elastic packing-rings. The piston-rod slides in 
metallic packing formed of double rings in four pieces, 
divided tangentially and held fast round the rod by a 
spiral spring, an arrangement which ensures perfect 
tightness under all conditions of working (see Figs. 11 
and 12). It is supported in a bearing located between 
the two cylinders, and in a second bearing to the rear of 
the high-pressure cylinder. These bearings are made 
adjustable, and prevent all undue wear of both the 
cylinders and pistons by supporting the weight of the 
latter. The shaft, connecting-rod, crank, crosshead, 
and piston-rod are of Siemens-Martin steel. The 
slide-shoes are of cast-iron lined with white metal ; all 
the bearings are also lined with white metal. 

The engine exhausts into a horizontal jet condenser 
placed beneath the floor level, connected to a single- 
acting double-barrelled vertical air-pump, having no 
suction-valve, and driven directly by the engine by 
means of a return crank and connecting-rod. 

The high-pressure cylinder is unjacketed, as the 
engine is designed to work with superheated steam ; 
the low-pressure cylinder has a jacket which is cast 
in one piece with the cylinder barrel, and the steam 
from the jacket flows into the covers by means of open- 
ings cut round the sides of the barrel and covers. 
The two inlet-valves of the high and low-pressure 
cylinders are governed by a shaft governor of the 
Lentz system, shown in Figs. 2, 3, and 4. The Lentz 
speed-governor is generally fitted only to the high- 
pressure cylinder of engines working condensing, the 
steam distribution to the low-pressure cylinder being 
regularly constant. In the engine we illustrate, 
which is designed, as above stated, for utilising a part 
of the steam for other purposes, a Lentz speed-governor 
H is fitted on the low-pressure cylinder, and a second 
Lentz governor E, placed under the control of a pres- 
sure in F, is fitted to the high-pressure cylinder. 

The engine works as follows:—The steam coming 
from the high-pressure cylinder flows into the inter- 
mediate receiver C, whence it branches off partly to the 
low-pressure cylinder and partly through pipes I to be 
otherwise utilised according to the needs of the plant. 
The object of the double system of governing is to 
maintain the pressure in the receiver constant, and to 
cause the power of the engine to correspond with the 
load. The two Lentz shaft governors are so com- 
bined that when the engine has reached its normal 
speed the governor fitted to the low-pressure cylinder 
cuts off a little earlier than that of the high-pressure 
cylinder. This lead can be adjusted by hand also, at 
will, while the engine is rae When the steam 
coming from the high-pressure cylinder is more than is 
required for the low-pressure cylinder, it flows to the 
pipe I through the non-return valve K, which has a 
cataract M ; this valve acts in conjunction with an auxi- 
liary valve L, operated by the — relay F. The 
auxiliary valve serves to supply steam directly from 
the boiler when required. hen the pressure in the 


pipe I has reached a given limit, the relay F, which is 
connected with the pipe I by means of a small serpen- 
tine pipe G, gradua , rises and effects the closing of 
the auxiliary valve L, 


and adjusts the governor E of 





the high-pressure cylinder, so as to reduce the steam 
supply to this cylinder. The slight decrease in 
which results therefrom is immediately compensated 
for by an increase in admission to the low-pressure 
cylinder under the action of the governor H. The 
non-return valve prevents the steam inthe pipe I from 
flowing back to the cylinders when the load on the 
engine decreases or the engine is se altogether. 
Close to the non-return valve is fit & progressive 
discharge safety-valve O loaded by a weight ; the 
working of this latter valve is so regulated that it 
commences to act as soon as the pressure in the pipe I 
exceeds by 4 atmosphere (7.3 lb. per sq. in.) the normal 
pressure for which the system is designed. 

Extensive tests made with this type of engine work- 
ing condensing, and using steam at 12 atm. (176 lb. per 
sq. in.) and 300 deg. Cent. temperature at the valve, 
have given the following results for steam con- 
sumption per indicated horse-power-hour: 4.1 kgr. 
(9.03 Ib.) at 150 indicated horse- power; 3.9 kgr. 
(8.59 lb. ) at 300 indicated horse-power ; 4 kgr. (8.81 Ib.) 
at 450 indicated horse-power; 4.18 kgr. (9.21 lb.) at 
600 indicated horse-power ; and 4.45 kgr. (9.80 Ib.) at 
750 indicated horse-power. 

The engine above described, which was exhibited at 
Turin, has been purchased by the Comphania Nacional 
Moagem, Lisbon, Portugal. It has been provided 
with a fly-wheel for rope drive. 





Rapivum 1n_ Swepren.—The proposed liquidation last 
year of the Swedish Kolm Company, which had been 
carrying on the production of radium, was not sanctioned 
at the general meeting, at which it was, on the contrary, 
decided to subscribe fresh capital for the purpose of 
working a new method invent by one of the company’s 
chemists. It would seem that this new system works 
entirely satisfactorily in the laboratory, and so as to 
thoroughly test its value on a larger scale, works are 
about to be erected in West Gothland. 





Tur Copper Market.—In their monthly report dated 
the Ist inst., Messrs. James Lewis and Son state that the 
very active demand for both standard and refined copper 
during the months of November and December has been 
followed during the t month by dull markets, con- 
sumers buying sparingly, while speculators sold to secure 
their profits. The further material improvement in the 
statistical position has consequently had no effect, bein 
neutralised by the weakness of the New York Stoc 
Exchange and fall in the shares of copper-producing 
companies. Opening at 62/. 13s. 9d. for cash, standard 
copper advanced to 64/. on the 3rd ult., fell to 627. 18s. 9d. 
next day, and again advanced to 64J. 5s. on the 8th. 
From this point it declined to 61/. 15s. on the 16th, but 
recovered to 63/. 5s. on the 17th, falling away to 
601. 17s. 6d. on the 29th. This price induced active 
buying, and up to 62/. 7s. 6d. was paid for cash, and 
631. 3s. 9d. for three months on the 31st. On February 1 
cash fell to 61, 10s., but closing values were 61/. 16s. 3d. 
cash, and 62/. 12s. 6d. three months. Total sales amounted 
toabout 45,000 tons. American refiners, having previously 
sold large quantities of electrolytic for prompt and 
forward delivery, raised their price to 144 cents per 
pound, and maintained it at this until quite lately, when 
more desire was shown to make further sales by one 
large producer, who offered at 65/. 5s per ton c.i.f., and 
this — was accepted for a fair quantity of wire bars 
for February and March delivery. American shipments 
for January from the northern ports were advised as 30,967 
tons. European stocks decreased 1988 tons, and a very 
large reduction in American refiners’ stocks was oupectel 





Prrsonat.—Mr. H. J. Wagstaff, metal and general 
hardware merchant, advises us that he has converted his 
business into a private limited liability company, regis- 
tered under the style of Wagstaff, Musgrove, and Com- 
pany, Limited, Hamilton House, Bishopsgate, E.C.—We 
understand from Mr. W. Paul, manufacturer of electrical 
instruments and scientific apparatus, Newton - avenue 
Works, New Southgate, London, N., that he has opened 
a branch laboratory and show-room at 1, East Forty- 
Second-street, New York, which will be in the charge of 
Mr. C Brown, who was formerly at Mr. Paul’s 
London works. At the new branch all instruments can 
be tested before being handed over to purchasers, and 
any repairs can be undertaken.—Messrs. Crosby Lock- 


wood and Son, of 7, Stationers’ Hall-court, London, E.C., | hook 


are transferring their technical book-room from 1214, Vic- 
toria-street to more commodious premises at 5, Broadway, 
Westminster (opposite Vickers House).—On the nomina- 
tion of the Master, Wardens, and Commonalty of the 
Society of Merchant Venturers, the Council of the Univer- 
sity of Bristol has r Sir William H. White, 
K.C.B., F.R.S., LL,D., D.Sc., a member of the Board of 
the Faculty of Engineering, which is provided and main- 
tained in the M t Venturers’ Technical College.—On 
and after the 8th inst. the London address of Messrs. 
Stothert and Pitt, Limited, of Bath, will be 38, Victoria- 
street, Westminster, 8.W.— Messrs. Wells and Tayler have 
commenced business as consulting engineers at 78, Fleet- 
street, London, E.C.—We are requested to state that the 
dissolution recently announced of the nme hitherto 
existing between Mr. G. Hooghwinkel and Mr. Thursfield, 
of Leeds, does not in any way affect the partnership of 
Mr. Hooghwinkel and Mr. Wm. Anthony Brown, who 
are continuing to carry on business as civil and electrical 
engineers at 24, Martins-lane, Cannon-street, E.C., and 
at Mexico City and Rio de Janeiro. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was stronger, and 5000 tons of 
Cleveland warrants were done at 49s. 34. cash, 49s. 5d. 
eighteen days, 49s. 6d. and 493. 64d. one month, and 
50s. 1d. three months. At the close there were sellers at 
49s. 34d. cash, 49s. 7d. one month, and 50s. 2d. three 
months. In the afternoon Cleveland warrants were 
nominally steady, and 4000 tons changed hands at 
49s. 34d. cash and 49s. 64d. and 49s. 6a. one month, 
but the close was the turn easier at 49s. 3d. cash, 
49s. 64d. one month, and 50s. 1d. three months. On Friday 
morning the market was not so firm, and about 8500 tons 
of Cleveland warrants were dealt in at 49s. 14d. seven 
days, 49s. Sd. seventeen days, 49s. 4d. and 49s. 44d. one 
month, and 49s. 11d. three months. Closing sellers quoted 
49s. 14d. cash, 49s. 44d. one month, and 49s. 114d. three 
months. In the afternoon Cleveland warrants were 

uiet, and 2000 tons changed hands at 49s. 2d. seventeen 

ys, and 49s. 1ld. three months, and closed at 49s. 1d. 
cash, 49s. 4d. one month, and 49s. 114d. three months 
sellers. On Monday morning a dull tone prevailed, 
and 2500 tons of Cleveland warrants were put through 
at 48s. 10d. cash, 49s. 4d. two months, and 49s. 7d. three 
months. Theclosing prices were 48s. 104d. cash, 49s. 2d. 
one month, and 49s. 8}d. three months sellers. The 
market was still quiet in the afternoon, and dealing was 
limited to one lot of Cleveland warrants at 48s. 11d. four 
days, with sellers over at 48s. 114d. cash, 49s. 3d. one 
month, and 49s. 9d. three months. On Tuesday morning 
there was no improvement in the tone of the market, 
and the business consisted of 2000 tons of Cleveland war- 
rants at 48s. 114d. cash, 49s. three days, and 49s. 64d. two 
months. At the close sellers quoted 48s. 104d. cash, 49s. 34d. 
one month, and 49s. 10d. three months. The afternoon ses- 
sion was a complete blank as regards business, but sellers 
of Cleveland warrants were firmer at 49s. 1}d. cash, 4s. 5d. 
one month, and 49s. 114d. three months. When the market 
opened to-day (Wednesday) Cleveland warrants were 
quiet, but steady. The turnover amounted to 2500 tons 
at 49s. 14d. ab, 49s. 84d. two months, and 50s. three 
months, with sellers over at 49s. 2d. cash, 49s. 54d. one 
month, and 50s. three months. In the afternoon there 
was again little doing, and dealing was confined to 2000 
tons of Cleveland warrants at from 49s. 3d. to 49s. 2d. 
cash, 49s. 5d. one month, and 49s. 84d. two months. 
The closing quotations were unchanged at 49s. 2d. cash, 
49s. 54d. one month, and 50s. three months sellers. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde and Calder, 64s. ; Gartsherrie, Summerlee, 
and Langloan, 64s. 6d.; and Coltness, 82s. 6d. (all shipped 
at G ow) ; Yr (at Ardrossan), 65s. ; Shotts 
(at Leith), 65s. ; and Carron (at Grangemouth), 65s. 6d. 


Sulphate of Ammonia.—A firm tone continues to rule 
in the sulphate of ammonia market, but business is some- 
what quiet. The price is steady this week at 14/. 12s. 6d. 
per ton for prompt delivery, Glasgow or Leith. The amount 
shipped from Leith Harbour last week totalled 187 tons. 


Scotch Steel Trade: Advance in Prices.—The Scotch 
steel industry is still exceedingly busy all round, and the 
demand for heavy materiaj is stronger than it has been 
for a long time back. Both ship and boiler-plates are in 
great demand, and, although the output is large, the 
specifications on hand are quite equal to supplies. Some 
new business has fixed up this wale amounting 
to several thousand tons of plates, &c., and current 
inquiries represent a fair tonnage of heavy material 
wanted for export ; but some producers are full up for 
months to come, and cannot accept fresh orders for any- 
thing like near delivery. Black-sheet makers are being 
pressed for deliveries, and are working at high-water 
mark endeavouring to overtake orders. Good inquiries 
are in circulation for structural sections for abroad, and it 
is reported this week that some fresh lots have been 
booked for shipment to Australia and Canada, while the 
demand from South America is very good. Prices have 
ruled very firm for some time, and at last the ad- 
vance mentioned in this column a week or two ago as 
very probable at an early date has taken place. The 
meeting of the Scotch Steel-Makers’ Association was 
held in Glasgow on Monday, when it was resolved to 
raise prices by 5s. per ton, both for home requirements 
and for export. The following are now the current quota- 
tions for Clyde delivery or equal :—Ship-plates, 7/. 7s. 6d. 
per ton ; boiler-plates, 8/. 2s. 6d. per ton ; and angles, 7/. 
per ton, all less 5 per cent. discount. 

Malleable-Iron Trade.—The West of Scotland malleable- 
iron makers are still well employed, and order-books are 
fairly well filled. Few of the makers are desirous of 
ing forward contracts, and for prompt lots the 
current price has firmed up to 6/. 15s. per ton, less 5 per 
cent. for crown bars. 

Scotch Pig-Iron Trade.—The dockers’ strike at Glasgow 
has been the cause of a falling-off in the shipments of 
Scotch pig iron, but local deliveries have been on a good 
scale. Inquiries are only moderate at present. Con- 
sumers in the South continue to send along some decent 
orders, some of which have had to be sent direct by rail. 
The hematite position is practically unchanged, and 
prices are i , with some sellers naming 69s., while 
others are holding out for 72s. per ton. 





O1L-Driven BarGr’s ATLANTIC VoyaGE.—The motor- 
Lingueta, a river vessel built on the u ~ reaches 
of the Thames, has performed a world’s record by making 
a 4500 miles voyage, from London to Pernambuco, during 
the latter end of December, 1911, and beginning of 
January, 1912, experiencing severe weather. She bas 
thus proved the reliability of the internal-combustion 
marine engine (Bolinders’ direct reversible). 




















FEB. 9, 1912.] 


ENGINEERING. 


185 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The position in the coal 
trade locally has not shown much alteration, except that 
interest is just now being focussed more keenly again 
upon the negotiations. The fact that the surfacemen of 
South Yorkshire and Derbyshire, embracing all grades 
employed on or about a pit top, have balloted strongly 
in favour of handing in their notices on the minimum 
wage and eight-hours’ question, thus bringing themselves 
into line with the miners, shows how strongly labour in 
the mining world feels upon the present crisis. As is to 
be expected under such conditions, a very big demand 
for manufacturing fuel continues to be experienced, 
as the large works must of necessity be prepared, 
so far as is possible, an emergencies. On the 
other hand, house coal has been somewhat quieter, 
and reductions in certain qualities have taken place. 
Hard-coal prices have remained practically undisturbed. 
The following were the quotations on the Sheffield Ex- 


change on Friday :—Best branch hand-picked, 16s. to 
17s. 6d. ; Barnsley best silkstone, 15s. to 16s.; silkstone, 
13s. 6d. to 15s. 


3 gm ge best — 14s. to 15s. ; 
Derbyshire house, 12s. 6d. to 13s. 6d. ; byshire large 
nuts, 12s. 6d. to 13s. 6d. ; small nuts, 10s. 6d. to 11s. 6d.; 
Yorkshire hards, 12s. to 15s.; Derbyshire hards, 11s. 6d. 
to 13s. 6d.; rough slacks, 7s. to 9s. ; seconds, 6s. to 7s. ; 
smalls, 4s. to 5s. 


Iron and Steel.—The iron market continues to be dull 
and lifeless, with very little buying, and prices, though still 
high, tend to be slightly weaker. Pessimistic prophecies 
are being made in some quarters, based on comparisons 
with a similar slump a year ago, but it should be pointed 
out that general trade in the city to-day is much more 
vigorous than it was twelve months ago, and the consump- 
tion of iron is so great that it must keep up the demand, 
unless users are more largely stocked than is generally 
supposed to be the case. A rise is noticeable in basic 
billets. The following are ruling official quotations :— 
Hematites, West Coast, 79s. to 80s. ; East t, 738. to 
74s. ; Lincolnshire No. 3, 54s.; forge, 53s. ; Derbyshire 
No. 3, 58s.; forge, 52s.; bars, 7/. 5s.; sheets, 9/. to 
91. 10s. Complaints are still heard on all hands of the 
difficulties occasioned by the congested state of railway 
traffic and the shortage of wagons, and there can be no 
question that the delays in dealing with both raw 
materials and finished articles form a serious matter. At 
the same time, the Great Central Railway Company 
shows, in its report, that it has spent 20,0007. on mer- 
chandise and mineral wagons during the past half- 
year, and proposes to spend another 96,000/. during 
the coming = nl on rolling-stock. Activity in the 
railway steel branches of the Sheffield industries follows 
from such statements as the above. The local firms 
engaged in this class of work report a better year and 
good prospects. The volume of work in the general steel 
trades continues to expand, and in the heavy depart- 
ments new demands for casti and forgings, &c., are 
keeping the works fully occupied. The rolling-mills were 
busy all through last month, which is an unusual feature 
in local trade, and indicates great activity in the lighter 


industries. The tool-makers, including file manufac- | 6/ 


turers, are working overtime several days a week. 








EXTENSION OF THE ASHFORD Works, SoutTH-EAsSTERN 
AND CHATHAM Raitway.—La extensions are being 
carried out at the Ashford Works of the South-Eastern 
and Chatham Railway, whereby the capacity of the loco- 
motive side will be increased throughout by some 50 per 
cent. The extensions have been planned by Mr. H. 
Wainwright, Chief Mechanical Engineer, and are being 
carried out by Messrs. Lovatt, Limited, Wolverhampton. 
The principal block in the new work will be an erecting- 
shop, 584 ft. long by 61 ft. wide, provided with three roads, 
of which the outer two will have pits throughout their 
length, while the central road will be used for wheeling, &c. 
There will be two 30-ton 3-motor electric cranes, carried 
on steel girders supported on stanchions independent of 
the main walls. The old erecting-shop is being extended 
by 148 ft. so as to make a for the extension of 
the boiler-shop. The overhead cranes at present in the 
works are rope-driven. These will in the future be con- 
verted to single-motor electric cranes, and the ee. 
tunity will be taken to speed them up considerably ; 
the lifting and traversing speeds are to be increased 
50 per cent. and the travelling speed 100 per cent. A 
new tender-shop, 157 ft. long y 48 ft. wide, is being 
erected near the running-shed. It will have three roads, 


of which the outer two will be pit-roads, while the| H. W. W: 


central one will be a plain road for wheeling, &. Two 
25-ton three-motor cranes will be installed in this shop. 
The old tender-shop is to be used as an extension of the 
machine-shop. Part of it will be driven by steam and 
= by independent motors, so that rush work paw | be 
one out of shop hours without keeping all the shafting 
going. As y stated, part of the present erecting- 
shop will be used as an extension to the boiler-shop, the 
rope-driven cranes being conve into single-motor 
electric cranes. The smith’s shop is to be extended to take 
in the pattern-makers’ and brake-fitters’ shops. The 
paint-shop is also being extended, and oop | apparatus 
will be installed in it. A new coppersmith’s shop is to be 
erected, fitted with central fires. A new tool-room is to 
be provided, and will be equipped with a special set of 
machines. The pattern-makers’ shop is to be moved, 
and will occupy the truck-sheet rar oy and a new pattern- 
store will be fitted up. As no outside supply of current is 
available, a power-house is to be i near the boiler- 
shop, with two generator sets driven by Diesel engines of 
the th linder four-strokecycle each set develop- 
ng 240 brake horse-power at 225 revolutions per minute. 





NOTES FROM CLEVELAND AND THE 
NURTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland. Iron Trade.—There is still only a 
moderate business passing in pig iron, but traders con- 
tinue to speak very hopefully of the outlook, and that 
there is confidence in the future is emphasised by the fact 
that forward business cannot be transacted except at 
higher rates than rule for early delivery. Just at present 
buyers and sellers alike ap to be indifferent about 
doing business. Other kinds than No. 3 Cleveland pig 
iron are scarce, and as a result they are relatively dearer 
than No. 3 quality. This is particularly the case so far 
as No. 1 and No. 4 forge are concern After selling 
at 49s. 3d. this week, No. 3 g.m.b. Cleveland pig 
was disposed of at 49s. 44d. f.o.b., and the gene’ 
market quotation is now 49s. 6d.; whilst No. 1 is 6d.; 
No. 4 foundry and No. 4 fo 
and white iron, each 48s. These are merchants’ 
uotations, and are for early delivery, up to 1s. 6d. above 
the rates being asked on forward account. Some makers 
— No. 3 up to 50s., No. 1 at 54s. and upward, and 
0. 4 forge at 49s. 3d. and upward for early delivery. East- 
Coast hematite pig iron is steady, but inactive. Second 
hands are still quite prepared to sell Nos. 1, 2, and 3 at 
66s. for early delivery, but both merchants and makers, 
asa rule, — 67s. 6d. for delivery over the first half of 
the year. Foreign ore values are fully maintained, though 
little new business is being transacted at present. Market 
rates are based on 21s. 6d. ex-ship Tees for best Rubio. 
Coke is quiet, but strong, with ave blastfurnace 
qualities realising 17s., delivered at Tees-side works. 


Stocks and Shipments of Pig [ron.—Stocks of pig iron 
show little ch this month. To-night there are 
529,062 tons of Cleveland pig iron in the public warrant 
stores here, which is a decrease since the beginning of 
the month of but 875 tons. a are a fair average 
for this season of the year, but do not come up to 
expectations. Unfavourable weather conditions, how- 
ever, have interfered with loading. Up to to-night the 
clearances of pig iron from the Tees this month amount 
to 15,899 tons, or an average of 2650 tons per working 
day. To the same date last month the total loadings 
reached 20,119 tons, or a daily average of 3353 tons; and 
for the corresponding part of February last year the ship- 
ments were returned at 14,895 tons, or an average of 
2482 tons per working day. 


Manufactured Iron and Steel.—Very satisfactory and 
ep ey be pm continue to be given of all branches 
of the finished iron and steel trades, 
branches of the staple industry present few new features 
of moment. In every department a t deal of work is 
being turned out, and some firms have contracts made 
which will keep them busily employed beyond the end of 
the year. Under these favourable conditions values are 
fully maintained, and, indeed, quotations for some 
descriptions may be advanced at — time. Common 
iron bars are 7/.; best bars, 7/. 7s. 6d.; best best bars, 
7l. 15s.; iron ship-plates, 6/. 12s. 6d.; iron ship-angles, 
7l.; iron ship-rivets, 7/. 10s. to 7/. 15s.; iron girder-plates, 
. 17s. 6d.; iron boiler-plates, 7/. 12s. 6d. ; tec! bars, 
61. 10s. ; steel ship- plates, 7/. 5s.; steel ship - angles, 
6l. 178. 6d.; stee iler - ep 7l. 158. ; steel stri 
61. 12s. 6d.; steel hoops, 6/. 15s.; and steel joists, 6/. 12s. 6a. 
to 61. 15s.—all less the customary 2 per cent. discount. 
Cast-iron columns are 6/. 10s. ; cast-iron railway chairs, 
31. 12s. 6d.; light iron rails, 6/. 10s. ; heavy steel rails, 
5l. 128. 6d.; and steel railway sleepers, 6/. 10s.—all net at 
works. Iron and steel galvanised corrugated sheets, 


S. | 24-gauge, in bundles, stand at 11/. 10s. f.o.b.—less the 


usual 4 per cent. 








Fur. 1n GermMany.—The imports of coal into German 
last year were 10,913,948 tons, as compared with 11,153, 
tons in 1910, showing a decrease of 239,645 tons. The 
exports of coal from Germany last year were 27,412,218 
tons, as compared with 24,257,421 tons in 1910, showing 
an increase of 3,154,797 tons. Coke was imported into 
Germany last year to the extent of 598,331 tons, as com- 
—_ with 622,452 tons in 1910, showing a decrease of 

4,121 tons. The exportsof coke from Germany last year 
were 4.455,573 tons, as compared with 4,125,798 tons in 


}| 1910, showing an increase of 329,775 tons. 





EXTENSION OF THE Works OF Messrs. H. W. Warp 
AND Co., Limitep.—We are informed that Messrs. 
ard and Co., Limited, Lionel-street, Birming- 
ham, have just extended their works by the acquisition of 
shops and land at Bournbrook, near Birmi Since 
its formation, twenty-one years ago, this firm has made 
steady progress, having commenced in small premises in 
Ledsam-street. The small quarters then occupied proved 
sufficient for a very little time, and premises were 
soon taken over in Ledvecst oud. In 1896 the firm was 
again able to enlarge its works, and the Lionel-street —— 
were occupied. Now a new branch of the works is to 
started at Bournbrook, where there are shops and offices 
having a total floor area of 63,400 sq. ft., making for the 
“6 te of the whole of the firm’s works an area of 
121,196 sq. ft., in addition to which there is at Bourn- 
brook some 34 acres of land suitable for further exten- 
sions. At its commencem at the firm confined itself to 
the manufacture of lathes and special machinery ; but, as 
is well known, it now constructs milling, drilling, grind- 
ing, and other machine-tools. The heavier machines 

, in future, be made at the Bournbrook works, which 
are well-lighted shops with saw-tooth roofs. These shops 
will ultimately be electrically driven, though at present 
steam-power is installed. 


each 49s.; and mottled | mad 


ut these important | }, 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has been affected to 
some extent by the exceptionally severe weather which 
has prevailed. e managers of the various South 
Wales docks have had to keep their hydraulic appliances 
from freezing, and their efforts have not been altogether 
successful, a number of coal tips having been frost-bound 
on Monday. In the course of the day some tips were 
brought again into activity; but a number remained 
idle. The difficulties of the coal trade were also in- 
creased as regards washed smalls, which were frozen 
hard in wagons. The best Admiralty 1 steam cval 
has made 19s. to 19s. 6d. per ton; secondary qualities 
have ranged between 17s. 6d. and 18s. 9d.; best bunker 
smalls between 11s. 6d. and 12s., and smalls between 
10s. and 10s. 6d. per ton. The house trade has shown 
considerable strength ; the best ordinary qualities have 
e 16s. 6d. to 18s.; No. 3 Rhondda large, 17s. 6d. to 
18s.; and No. 3 smalls, 10s. 6d. to lls. per ton. No. 2 
Rhondda large has realised 15s. 3d. to 15s. 9d.; and No. 2 
smalls 8s. 9d. to 9s. 6d. per ton. Foundry coke has 
been taken off at 17s. 6d. to 21s.; and furnace ditto, at 
16s. to 17s. per ton. As regards iron ore, Rubio has 
brought 20s. to 21s. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., 
to Cardiff or Newport. 


Bristol and South Wales Railway-W Company, 
Limited.—The directors of the Bristol and South Wales 
Railway-Wagon Company, Limited, in their report and 
accounts for 1911, state that, after carrying 3000/. to the 
——_ fund, the revenue shows a dis ble balance 
of 16,836/. Out of this an interim dividend of 5 per cent., 
amounting to 7500/., had been paid, and the directors 
recommend a further dividend of 5 per cent. (making 
10 ~~ cent. for the year, less income-tax), leaving 7836/, 
to be carried forward. The contingent fund now stands 
at 53,000/. 


Rhymney Iron Company.—The report of the Rhymney 
Iron Company, Limited, for the half-year ending Septem- 
ber 30, states that the output of coal was 543,437 tons, 

inst 498,146 tons in the corresponding period of 1910. 

ere was a fair demand for steam coal, and the prices 
realised were, upon the whole, satisfactory. Trade in 
house or bituminous coal, on the other hand, was de- 
cidedly slack over the greater a of the period, and 
the profits were reduced accordingly. In view of the 
labour unrest, and the uncertainty of the outlook, the 
directors do not consider it prudent to distribute an 
interim dividend. A considerable quantity of water 
aving been met with at Pengam, an electrically-driven 
pump, capable of dealing with 100,000 gallons per hour, 
is in course of erection. Thispump, together with other 
machinery there and at Groesfaer, will be driven by 
power taken from the South Wales Electrical Power Dis- 
tribution Company. 








ScHOLARSHIPS AND EXHIBITIONS IN SCIENCE AND TECH- 
NOLOGY, 1912.—The London County Council is prepared 
to award in 1912 :—(1) Not more than fifteen scholarships 
in science and technology, consisting of free education in 
day classes at ised polytechnics, technical insti- 
tutes, or institutions of university rank, together with, 
in cases where the Council thinks fit, maintenance grants 
to be fixed after consideration of the circumstances of each 
candidate, but not to exceed 50/. a year in any case ; the 
scholarships will be tenable for a period of two years, 
with a possible extension for a third year, and will be 
open to 4 pon engaged in industrial pursuits who have 
attended evening classes at polytechnics, technical insti- 
tutes, or at colleges of university rank. (2) Not more 
than 180 evening exhibitions in science and technology, 
to be open to persons e' in, or intending to engage 
in, industry, each exhibition to consist of payment of 
tuition fees, together with a grant of 3/. a year, and to be 
tenable for two years, with a possible extension for a 
third year. Persons engaged in, or intending to en 
in, the teaching profession, and trade lads at the Wool. 
wich Arsenal, who have not completed their training, are 
not eligible for these awards. pplication forms can be * 
obtained from the London County Council Education 
Offices, Victoria Embankment, W.C. 





Contracts.—Messrs. Mather and Platt, Limited, of 
Manchester, have just been instructed to proceed with a 
large contract for the Accrington and Church Outfall 
Sewerage Board, which comprises twenty-four of their 
_—- type of revolvi istributors, each 62 ft. in 

iameter, complete with all appurtenances, as well as a 
se -pump, a ng ae, meme motors to drive the 
machines, and also the lighting work.—The University of 
Queensland have placed an order with Messrs, Simpson, 
Strickland, and Co., Limited, Dartmouth, for a triple- 
expansion experimenting marine engine, having epliadere 
6} in., 10} in., and 16 in, in diameter by 10 in. stroke. 

he engine has been designed by Professor Alexander J. 
Gibson, and embodies every convenience for experiment 
work.—The Ribbon Metals Syndicate, Limited, onto. 
have just — to the Admiralty, for their new 
hydraulic dock gates at Portsmouth, 3 tons of their ribbon 
lead, as used for poy any ogee © and steel pipe-joints. 
The selling ts for this are Messrs. Sibbald, Deen 
and Co., 147, Bath-street, Glasgow.—We are informed by 
Messrs. Manlove, Alliott, and Co., Limited, Bloomgrove 
Works, Nottingham, that they have recently secured a 
contract for the supply of an ejector plant for the Ipswich 
Sanatorium, the capacity of the plant being 50 gallons, 
Although one ejector is being supplied at t, we 
understand that sufficient space is being left for the 
installation of another at a future date. 
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HORIZONTAL TANDEM COMPOUND ENGINE. 
MR. FRANCO TOSI, ENGINEER, LEGNANO. 
(For Description, see Page 184.) 
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NOTICES OF MEETINGS. 


THe PuysicaL Society or y LONDON. —Friday, February 9, at 
8 p.m., at the Imperial College of Science, Bee Institute- 
road, South Kensington, 8.W. Annual general meeting. After 
the election of officers and Council for the coming year the 
new president will deliver an address entitled ‘A Critical 
Examination of the Possible Causes of Terrestrial <r’ 
The Council have nominated Professor A. Schuster, Ph.D., iS} 
as president. 

a8 NorTH OF ENGLAND INstiTUTE OF MINING AND MECHANICAL 
Eneingers.—Saturday, February 10, at 2 p.m., in the Wood 
Memorial Hall, Newcastle-upon- “Tyne. The following papers will 
be open for discussion :—“ The ‘Advantages of Freezing as a 
Method of Sinking through Heavily-Watered or Difficult Ground,” 
by Mr. William Brumwell Wilson. ‘The Microscopical Examina- 
tion of Coal, and its Use in Determining the Inflammable Con- 
stituents Present Therein,” by Mr. James Lomax. ‘‘ The Working 
of the Thick Coal-Seams of Upper Silesia,” by Mr. Berent Conrad 
Gullachsen). The following paper will be read, or taken as read :— 
** Miners’ Baths,” by Messrs. H. F. Bulman and W. B. Wilson. 

THe INSTITUTE OF MARINE ENGiInk#RS.—Monday, February 12, at 
8p.m. Presidential address and men ‘of awards by the 
Most Hon. the Marquis of Graham, O.B. 

Tae Royau Society or Arts.—Monday, February 12, 
Cantor Lecture. ‘The Meat Industry,” by Mr. 
Cougien, F.R.S.E. Lecture II.: ‘The Sheep and its Produc 

Wednesday, February 14, at 8 p.m.—*‘Gem Engraving,” by Mr. 
Cecil Thomas. Sir Arthur J. Evans, M.A., D.Litt., LL.D., F.R.8., 
will preside. 

THE INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ ASSOCIA- 
TION.—Monday, February 12, at 8 p.m. A special illustrated 
lecture upon ‘Recent Researches at the National Physical 
Laboratory,” will be given by Dr. T. E. Stanton, Acting Director 
of the Laboratory. Chairman, Mr. E. B. Ellington, President of 
the Institution. All classes of members are invited to this lec- 
ture. 

Tue Junior InstiTuTion OF ENGINEERS.—Monday, February 12, 
at 7.30p.m Combined meeting with the Architectural Associa- 
tion at 18, Tufton-street, Westminster. Paper on “ Bridges,” 
by Mr. Paul Waterhouse, M.A, F.R.1.B.A.. of London. Satur- 
pod February 17, at 6.30 "tor 7 p. m. Annualdinner at the Hotel 

ecil, Lo London. Commendatore G. Marconi, D.Sc., ident, in 


at 8 p.m. 
Loudon M. 


on chair. 

THe InstirvTion or Post-Orrics ELscrricaL ENGINEERS. — 
Monday, February 12, at 6 Pp m., at the Institution of Electrical 
Engineers. “E f Tel ph Transmission,” by Mr. 
A. W. Martin. 

Tas Institute or SanitaRY Exoineers.—Monday, February 12, at 
8 Ae m., at the Royal United Service Institution, Whitehall. Paper 

be read :—* Hospitals and Trager’ by Mr. A. Alban H. Scott 
(Fellow), M. ry M.R.S.1., MC... M.I.M., and Mr. F. ©. Davies, 
B.A., MB., B.C, M.R.C. S., L.R.C. _m Medical Officer Battersea 
Tuberculosis Dixpensary. 

Tae IvstiruTion or Civi, Eneingers.—Tuesday, February 13, at 
3 p.m. Papers to be further discussed :—‘‘The Water Supply of 
the Witwatersrand,” by Mr. Donald Calder Leitch, M. Inst. O.E. 
“Investigations Relating to the Yield of a Catchment Area in 
Cape Colony,” by Mr. Edward Cecil Bartlett, M. Inst. C.E. Students’ 
meetings, Fridays, February 16 and 23, at 8 p.m. The Vernon- 
Harcourt lectures on :—‘‘ Works for the Prevention of Coast- 
Erosion,” by Mr. W. T. Douglass, M. Inst. C.E. Dr. W. C. Unwin, 
*.R.S., President, will occupy the chair on February 16, and 
Mr. A. Ross, M Inst. C.E., on February 23. Members of all classes 
of the Institution are invited to attend these lectures. 

THe ASSOCIATION OF ENGINBERS - IN - CHARGE.—Wednesday, 
February 14, at 8p.m. A paper will be read on “ Steam-Turbine 
Machinery, ” by Mr. A. A, A. Wynne, M.A. 

Tax INSTITUTION oF ELacTricaL ENGINeERS : YoRKSHIRE LocAL 
Section.— Wednesday, pig eeen & 14, at 7. re m., at the University, 
a Discussion on a pa Paper by Mr. Seabrook, Member, 

‘* Residence Tariffs,” will be cued by Mr. 8. Z. de Ferranti, 
President. 

Tae InstITUTION OF MINING AND MeraLLUuRGy.—Thursday, Feb- 
ruary 15, at 8 p.m., at the Rooms of the Geological Society, 
Burlington House, Piccadilly, London, W. The following am 
will be discussed in the order in which they are given :—*‘ 
Theory of Biast-Roasting of Galena,” by Mr. C. O. Bannister, 
Member. ‘ Quick Combination Methods in Smelter Assays,” by 
Mr. A. T. French, Associate. ‘‘ A Graphic Method of Illustrating 
the Results of Extraction Tests,” by Mr. H. K. Picard, Member. 

THE — InsTiITUTE OF ScoTLAND.—Thursday, February 15, 
at 6 in the Masonic Hall, Cadzow-street, Hamilton. Mr. 
Duga. id "Baird's paper on “* Wire Ropes as Applied to +4 ” will 
be discussed. ‘The discussion will be introduced by Mr. D. M. 
neal Mr. J. B. Sneddon’s paper on ‘‘ Description of the Aerial 
Ro y from the Shale Mines to the Oil Works at Oakbank, 
Mi Calter” will be discussed. The discussion will be introduced 
by Mr. W. Walker, H.M. In ae of Mines. Mr. John Paul's 
~ a on “The Walker Overwinding Prevention Gear for Colliery 

nding-Engines, as Fitted on the Mary Pit of the Lochgelly Iron 
and Coal Company, Limited,” will be discussed. The dis ion 
will be introduced by Mr. Andrew W. Barclay. at to be 
mt for Fire- a. Black-Damp by Means of a Safety- 

y Mr. Henry ges. Office-bearers for session 1912-13 
will be nominated. 

Tus Roya Instrrvtion or Great Brirain.—Friday, February 16, 
at 9 p.m. A discourse will be se by the Right Hon. Sir 
John H. A. Macdonald, K.C.B., LL.D., F.R.8., M. Inst. E.E., on 
“The Road: Past, Present, and Future.” ‘Afternoon lectures 
next week at 3 o'clock. Tuesday, February 13, Professor William 
Bateson, M.A., F.R.8., Fullerian Professor of Physiology, R.L, 
on “The Study of Genetics ” (Lecture V.). Thursday, February 15. 
Mr. M. H. Spielmann, F.S.A., M.R.I., on “The Portraiture of 
Shakespeare ” (Lecture L.). Saturday, February 17. Sir Alexander 
C. Mackenzie, Mus. .O.L., LL. D., M.R.L, on (IIL) “ Franz 
Liszt” (Centenary). With musical illustrations. 

Tus INSTITUTION OF MacHANICAL EnotneEeRs.—Friday, February 16, 
at 8 p.m. The results of the ballot for the annual election of 
the President, Vice-Presidents, and Members of Council will be 
annou . The annual report of the Council and a Note b: :> the 
President on the proposal for examinations will be read an 
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HIGH-TEMPERATURE WORK. 
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of instruments which, though differing considerably 








in simplicity and price, are all said to be sufficiently 
reliable for his purposes. It may be, however, that 
the manufacturers take an optimistic view of the 
accuracy of these instruments. For a great deal 
still remains to be done upon the experimental 
side before the steadily Advancing requirements of 
science and industry in the matter of a trustworthy 
temperature scale of sufficient accuracy and, even 
more particularly, of sufficient range can be satis- 
fied. That fact was admitted by Dr. Arthur L. 
Day, director of the Geophysical Laboratory of 
the Carnegie Institution at Washington, when he 
opened a discussion on high-temperature work at a 
meeting of the Faraday Society last summer. Dr. 
Day has himself conducted important researches 
on these problems, and a review of this discussion, 
in which we shall follow Dr. Day’s contribution in 
the first instance, will be of interest. 

For high-temperature thermometry gas thermo- 
meters remain alone suitable. But even with gases 
the expansion is not rigorously proportional to the 
quantity of heat supplied. In this respect, as in 
others, no strictly perfect gas is known. The 
expansion curve differs slightly from the theoretical 
curve, and the deviations are different for different 
gases and for the same gas at different tempera- 
tures. Yet in the case of the inert gas nitrogen, 
which is the most suitablé gas for several reasons, 
as will be seen, the departure does not attain the 
magnitude of 1 deg. Cent. until the temperature 
exceeds 1100 deg. Cont. It is only within the last 
few years, however, that gas thermometry has 
been extended beyond 1100 deg. Cent. ; and in any 
case the gas thermometer is far too delicate and 
cumbersome an instrument for the furnace-room. 
The various radiation pyrometers, which are all 
based on the laws of Stefan and of Wien-Planck, 
on the other hand, are relatively convenient, since 
they do not require that the measuring instrument 
be in contact with the hot body, and since they have 
no upper temperature limit. But they depend for 
their calibration on the gas scale, and this calibra- 
tion labours under certain drawbacks. A radiation 

yrometer becomes only effective when bright red 
hat is approached, at about 900 deg. Cent. Thus 
the pyrometer scale and the gas-thermometer scale 
of the Reichsanstalt, which is generally accepted, 
overlap only in the short interval 900 deg. 
1150 deg. Cent., and the sensibility of the pyro- 
meter is, moreover, very low in this region of 
250 deg. Hence the extrapolations frequently 
made, up to 3000 deg. Cent. and more, are very 
uncertain. To meet this situation the gas-ther- 
mometer scale had to be ‘extended. Four such 
attempts have been made in the last decade. In 
the first research, Dr. J. A. Harker, at the National 
hysical Laboratory, followed, in 1904, the work 
. Holborn and Day at the Reichsanstalt, which 
had immediately preceded it, except that he 
replaced the platinum-iridium bulb by porcelain. 
He was not able to go beyond 1150 deg. Cent., 
however, nor were Messrs. A. Jaquerod and E. L. 
Perrot, at Geneva, in 1905, though they did some 
excellent work on gas thermometers. Their quartz- 
glass bulbs were charged with pure nitrogen, air, 
oxygen, carbon monoxide, at carbon dioxide, 
and were all used also for determining the melt- 
ing-point of gold; the value they found, 1067 
deg. Cent., is, however, considered to be about 
5 deg. too high, and the silica bulbs which they 
used devitrify above 1100 deg. Cent. and undergo 
rmanent volume changes. In the third research 
E. Holborn and 8S. Valentiner (Reichsanstalt) 
reached temperatures of 1600, and even 1700 deg. 
Cent. in 1906; they used ‘bulbs of platinum, 
stiffened by being alloyed with iridium, and, in 
extreme cases, a bulb of iridium. 

The difficulties to be overcome in such investiga- 
tions are exceedingly great and of various kinds. 
In the first instance, the selection of the gas is 
is} important. Hydrogen was first chosen by various 
experimenters, because it is apparently the most 
perfect gas; but all substances are permeable to 
this gas at temperatures above 300 deg. Cent. 
Nitrogen has generally been adopted, and neither 
Holborn and Valentiner, nor Day and Sosman, in 
the fourth investigation, presently to be referred to, 
found any evidence of its dissociation at their 
highest temperature attained. Yet there is the 
danger of Sosestetion in the case of diatomic 
gases like nitrogen, and it would not be advisable 
to take one gas for moderate temperatures, and 
another for the highest temperatures attainable. 
Jaquerod and Perrot found no differences in the 
behaviours of oxygen, carbon monoxide, and carbon 
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dioxide ; but these gases are not to be recom- 
mended for still higher temperatures. Of mon- 
atomic gases, on the other hand, helium is out of 
question, because it would escape almost as easily 
as hydrogen ; argon will probably be found more 
suitable than nitrogen, being likewise inert and, in 
addition, monatomic and of high atomic weight (40). 

The material of the containing vessel, or bulb, is 
a much more difficult feature. Prinsep used gold 
in 1827; Deville and Troost introduced porcelain in 
1857, and porcelain was used by the Reichsanstalt 
up to 1897, and by Barus in 1888 ; but its adoption 
was a retrograde step. Porcelain is not absolutely 
uniform in its expansion and contraction, and it 
absorbs gas, reacts with it, and lets it permeate when 
softened by heat ; yet Barus used porcelain bulbs, 

lazed outside only, up to 1400 deg. Cent., with 
air success. Pure platinum is too soft and perme- 
able to gases when hot; the iridium alloys are 
harder and more appropriate ; but the iridium is 
destructive to the eumeanaates near it. For 
this reason A. R. Day, R. B. Sosman and E. 
T. Allen, in their researches of 1908 to 1910—the 
latest so far published (American Journal of Science, 
vol. xxix., pages 93 to 161)—selected, after trying 
these alloys, an alloy of platinum with 20 per cent. 
of rhodium, Asregards the furnaces, electricheating, 
introduced at the Reichsanstalt in 1899, marked a 
step in advance, and the Geophysical Laboratory 
enclosed the bulb and heating coils in an air-tight 
bomb, the gas pressure outside the bulb being 
always kept equal to the pressure of the expanding 
gas within. hat was a very important improve- 
ment, because then the gas no longer tended to 
diffuse through the bulb wall, and the mechanical 
stress on the bulb was removed; the pressure 
regulation from initial to final pressure had pre- 
viously been one of the chief sources of trouble. 
The sensitiveness of the a tus was much 
increased by these means. The pressure-gauges 
used are J-tubes of mercury, which do not give 
rise to any particular trouble. But the thermo- 
couples require very careful handling. The thermo- 
couples are inserted into baths at known tempera- 
tures together with the gas-bulb, and an empirical 
curve is established for the electromotive force of 
the couple expressed in terms of the gas-thermo- 
meter temperatures. These curves correspond very 
closely to simple goa and three or four 
comparisons generally suffice to determine the 
parabolic curve which, experience shows, may with 
safety be interpolated afterwards. There is less 
certainty about the extrapolation, but that is still 
the only available method. 

In their experiments with nitrogen gas in 
platinum-rhodium bulbs, Day and Sosman deter- 
mined gas-thermometer temperatures up to 1550 
deg. Cent., and included always several thermo- 
couples in the same furnace ; afterwards a series 
of standard fixed temperatures like the melting- 
points of metals, minerals, or salts, were deter- 
mined. Contamination of the thermo-couple with 
metallic vapours must be carefully guarded against, 
as it would affect the thermo-electric force. Iridium 
is volatile ; hence iridium bulbs are best avoided, 
though a correction can be made for the thermo- 
electric force in such cases. Proceeding in the way 
indicated, Day, Sosman, and Allen determined in 
the Geophysical Laboratory the subjoined melting 
and freezing-points ; the last column of the table 
contains the melting-points published by the Reich- 
sanstalt in 1900, which have so far been generally 
accepted. 





found to be 204 deg. Cent. by Nernst and von 
Wartenberg; 207 deg. Cent. by Holborn and 
Valentiner ; and 207 deg. Cent. by C. W. Waidner 
and G. K. Burgess at the Bureau of Standards. 
The mean of these determinations is 206 deg. Cent. 
If we add 206 deg. to the melting-point of palla- 
dium, 1549, we obtain 1755 deg. Cent. for the 
melting-point of platinum, the first of the two 
values. When the curve of the thermo-electro- 
motive force is extrapolated upward until the 
platinum wire of the thermo-cou Te melts, a second 
estimate of the melting-point of platinum is obtained 
in asimilar manner. This has been carried out in 
the Geophysical Laboratory with couples made of 
alloys containing 1, 5, 10, and 20 per cent. of 
rhodium, and the mean value, 1752 deg. Cent., has 
been arrived at by this second method. 

The result of these various investigations is that 
the range 900 up to at least 1550 deg. Cent. is now 
open for direct and accurate calibrations of radia- 
tion pyrometers, and the extrapolations are placed 
on a much safer basis than when the upper limit 
was 1150 deg. Cent. 

In these investigations use is made of the con- 
stancy of the melting-points of metals and minerals. 
The boiling-points of water and sulphur are utilised 
for the same purpose, and if the boiling-points of 
metals could accurately be determined, high-tem- 
perature thermometry might be in a more secure 
position, though it is difficult to see at present how 
metal-vapour jackets could be constructed. But 
very little is settled about the boiling-points of 
metals. Mr. H. C. Greenwood, B.Sc., of the 
National Physical Laboratory, dealt with these 

roblems in a paper on ‘‘The Boiling-Points of 

etals.” The arc-furnace is not suitable for their 
determination. J.P. Watts (Wisconsin) attempted 
in 1907 to deduce the boiling-points from Mois- 
san’s estimate of the amount of metal volatilised 
by certain currents in a given time ; the results 
could not be satisfactory, even if reliance could be 
laced on Moissan’s crude estimates of current 
intensity. Many metals ssess considerable 
vapour pressures at temperatures well below their 
boiling-points, and thermal and electric insulators 
fail at really high temperatures. Krafft therefore 
deduced the boiling-points from experiments at 
reduced pressures, but the difficulties of securing 
mechanical strengths become very great at high 
temperatures with vacuum apparatus. 

In his experiments, Greenwood first tried to heat 
metals rapidly in thin-walled crucibles, hoping that 
the ebullition point would be marked by a discon- 
tinuity in the temperature curve ; but the crucible 
continued to get hotter when the metal boiled, and 
discontinuity could not be recognised. Greenwood 
therefore heats gradually and observes the surface 
of the metal through an absorbing glass. The 
surface is at first perfectly still ; on approaching the 
boiling-point a slight agitation sets in, which rapidly 
becomes vigorous. The temperature iatapeal be- 
tween gentle agitation and ebullition, such that 
globules of molten metal are projected to a height of 
several inches, does not, as a rule, exceed 100 deg. 
Cent., and concordant results were obtained in diffe- 
rent experiments by taking the temperature of 
decided ebullition as boiling-point. The furnace is a 
vertical carbon tube, 25 cm. long, about 25 mm. 
internal diameter, coppered at both ends, and 
soldered into brass castings provided with water 
circulation ; the tube is packed with charcoal on the 
outside, and it forms the core of a cubical furnace 
body of considerable dimensions. Currents up to 


| 








a | | ‘ 

Substance. | SREY on Groening: Atmosphere. Crucible. | Temperature. | ee 

a 

} deg. Cent. deg. Cent. 
Zinc .. as adiinegsin & freezing-point Air Graphite 418.240.3 | 419.0 
Antimony ol itto Ditto | co Ditto 629.2+0.5 } 630.6 
Bilver .. Ditto Ditto co Ditto 960.0+0.7 — | 961.5 
Gold .. Ditto Ditto co Ditto 1062.4+0.8 1064.0 
Copper .| Ditto Ditto co Ditto 1082.6 +0.8 1084.1 
Diopside ae Meltiny-point Air Platinum 1391.241.5 on 
Nickel j eer & freezing-point’ Hydrogen and nitrogen A* | 1452.342.0 | — 
Cobalt eal tto Ditto | Ditto Magnesia 1489.8 + 2.0 _ 
Palladium Ditto Ditto Air Ditto 1549.24+2.0 1575.0 
Anorthite Melting-point Air Platinum 1549.5420 | — 
Cadmium .. Melting-point & freezing-point! Air Graphite 320.040.3 321.7 
Aluminium .. | zing-point | co Ditto 658.0 + 0.6 657.0 
Platinum... . | Melting-point Air Magnesia { eee 7 a 


* A. Mixture of magnesia (pure) and magnesium aluminate. 





Two values are given in this table for the melting- | 900 amperes at 10 volts raise the temperature of the 
They were obtained in the furnace-tube to 2500 deg. Cent. The crucible is a 
paladin interval between | cylindrical graphite crucible (wall thickness only 


int of platinum. 
ollowing ways. The 
the melting-points of 
has been determined by 


ium and of platinum 1 mm.), which is suspended within the tube, so that 
radiation methods, and the crucible is about half-way down. Opposite the 


crucible a side tube branches off from the vertical 
tube, the two formingak-. The outside end of the 
horizontal tube is closed by a window, in front of 
which the Wanner pyrometer is mounted. In order 
to keep this observation tube free of vapours, 
hydrogen is introduced into it outside the furnace. 
The optical temperature readings agreed with those 
of thermo-couples used up to 1500 deg. Cent., and 
fairly the same results were again obtained, when 
the cylindrical graphite crucible was replaced by an 
ane crucible in which the metal surrounded 
an axial rod, through which the current flowed. 
It was observed, however, that the nature of the 
gas with which the observation tube was flushed 
made a difference ; when nitrogen was substituted 
for hydrogen, the readings were from 50 deg. to 
100 deg. Cent. higher, probably because the 
hydrogen diffused through the crucible walls more 
readily and dislodged the metallic vapours. 
Further temperature checks are obtained with 
the aid of strips of the platinum metals platinum, 
rhodium, iridium, specially prepared by Messrs. 
Johnson, Matthey, and Co., 8 cm. long and 4 mm. 
in width. The observer watches the surface of the 
metal in the crucible with the aid of a plane 
mirror fixed at 45 deg. above the vertical tube ; 
this mirror throws an image of the surface on 
a screen, on which the ebullition can conveniently 
be observed. In the case of silver, e.g., a very 
slight agitation was noticed 14 minutes after 
starting the current of 320 amperes at 1860 deg. 
Cent.; at 1935 deg. (17 minutes) drops began to be 
thrown up gently ; at 1955 deg. there was decided 
boiling ; at 1965 deg. (21 minutes) drops were 
thrown out of the crucible. The following table 
summarises the results of experiments made at 
atmospheric pressure with metals which do not 
combine appreciably with carbon. The letters in 
the second column indicate the values of previous 
observers : B. = Barus, 1890; C. and W. = Car- 
nelley and Williams, 1879 ; D.= Ditte ; F.= Féry; 
M. and M.= Mensching and Meyer, 1887 ; B. and 
M. = Biltz and Meyer; W. = von Wartenberg, 











1908 :— 
Metal. Authority. Value. Greenwood. 
deg. Cent. | deg. Cent. 
Copper F. 2100 | 2310 
a al w. Above 2200 | ~- 
Tin .. ..| ©. and W. 1435 to 1505 | 2275 
ki os .| Ww. Above 2200 — 
Silver Ww. 2070 | 1955 
Lead C. and W. 1435 to 1505 | 1525 
9 a w. 1580 - 
Bismuth ..| C. and W. 1084 to 1435 | 1420 
ig ‘ 1550 — 
Antimony..| C.andW. | 1084 to 1435 1440 
o ..| M. and M.; | Above 1437 _ 
9 B.andM. | 1500 to 1700 — 
Magnesium | D. 1100 1120 
fu Ww. | Above 2200 | — 


In the case of metals which readily form car- 
bides all contact with carbon had, of course, to 
be avoided. The magnesia tubes of the Berlin 
Porcelain Factory did not answer. Finally long 
carbon tubes were ‘‘ brasqued” with magnesia, 
though many of these experiments proved failures. 
Pure magnesia was electrically shrunk by being 
packed round a carbon rod; it was afterwards 
crushed and sieved, the powder kneaded with 
saturated solution of magnesium chloride, and the 
carbon tube lined with the paste to a thickness 
of 2mm. After slowly drying at 200 deg. Cent. 
the crucible was heated up in the furnace above 
described ; copious vapours of hydrochloric acid 
were oeuntel. The metal was then charged into 
this magnesia crucible. There was some inter- 
action between the carbon and magnesia, but this 
feature did not appear to disturb the phenomena 
except the ebullition of iron; in the successful 
experiments, in which the brasque had remained 
intact, the iron was found almost free of carbon. 
The following boiling-points were thus determined : 


Deg. Cent. 
Aluminium ... 1800 
Manganese 1900 
Chromium 2200 
Tron 2450 


The boiling-points of aluminium and manganese, 
Mr. Greenwood considers, are probably a good deal 
lower than is assumed. His observations were 


|rendered difficult by a tenacious film of oxide on 


the aluminium, which made the commencement of 
ebullition very sudden, and by the interaction 
between the magnesia on the one hand and the 
manganese and chromium on the other. 

In his third series of experiments, Greenwood 





determined the boiling-points of some metals (such 
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which do not form carbides) both at reduced pres- | opportunity for sensation, the — 
sures and at higher pressures [For the former | by the half-informed reformer, w 
‘must be admitted, with all his exaggeration and 


experiments he placed a small furnace of the type 
described within a water-jacketed cylinder of tinned 
iron ; @ powerful pump was required to keep the 
pressure below 10 cm. of mercury, because the 
charcoal packing occluded considerable amounts of 
vas. Hydrogen or nitrogen were, moreover, intro- 
duced into the observation tube as before ; in this 
series the nature of this gas made hardly any dif- 
ference in the readings. The resulting boiling- 
point curves for different pressures (10cm. to 80cm. 
of mercury) were all ofa similar shape, and would 
apparently agree with the experiments which F. Krafft 
(Berichte Deutsch. Chem. Ges., 1903, page 1690) made 
with the aid of quartz vessels and the electric fur- 
nace or cathcde rays. The boiling-points of bismuth, 
lead, silver, tin, copper were raised as the pressure 
was increased, of course, by 200 or 300 deg. Cent 
as the pressure rose from 10 cm. to 80 cm. of 
mereury. This rising of the boiling-pvint continued 
when the pressure was raised to several atmo- 
spheres, which Greenwood effected in a furnace of 
the type described by Hutton and Petavel in 1904, 
modified after his own (Greenwood’s) pattern. 
Stronger currents were naturally required at high 
pressures to attain the same temperatures as at 
atmospheric pressure, and there was trouble with 
convection currents in the compressed gas and 
vapours. The boiling-point of zinc rose from 
419 deg. Cent. at atmospheric pressure to about 
1500 deg. at 50 atmospheres; that of lead from 
1525 deg. Cent. to about 2100 deg. Cent. at 12 atmo- 
spheres ; and that of bismuth from 1420 deg. Cent. 
to nearly 2100 deg. Cent. at 17 atmospheres. 

We may mention two more of the contributions to 
the discussion on ‘* High-Temperature Work” which 
were brought before the Faraday Society. The one 
was by Dr. J. A. Harker, F.R.S., on ‘‘ The High- 
Temperature Equipment of the National Physical 
Laboratory,” a subject on which we have touched 
in our annual reports on the work of this institution, 
and with which we hope to deal further in a special 
article. The second was a paper by Mr. A. Blackie, 
B.A., on ‘* The Behaviour Of | Fused Silica at High 
Temperatures.” This very careful research was 
conducted at the National Physical Laboratory by 
request of the Thermal Syndicate, of Newcastle-on- 
Tyne. Several kinds of fused silica may be dis- 
tinguished ; the product is either opaque or 
translucent and may appear glazed, unglazed, or 
satin-like, or it is quite transparent. The trans- 
parent silica proves at all stages to be much 
stronger mechanically than the other kinds, the 
glazed silica being again stronger than the two 
others, and the satin-like the weakest. In all cases 
loss of strength sets in above 1120 deg. Cent., but 
this weakening is not important, even after heating 
for eight hours; four hours’ heating up to 1353 
deg. Cent. suffice, however, to reduce the strength 
by one-half or more. As regards expansion, the 
opaque silica expands more than the transparent 
below 500 deg. Cent.; at higher temperature the 
transparent product has the higher coefficient ; the 
differences are very small, however. But there is 
a decided time-lag in both cases, and specimens do 
not always reassume quite their original length 
after re-cooling. The changes are negligible, except 
for standards of length. 

We should like to add that the most recent deter- 
minations of the melting-points of tantalum and 
tungsten, which W. E. Forsythe (Astrophysical 
Journal, vol. xxxiv., pages 353 to 370, December, 
1911) conducted in the University of Wisconsin with 
vacuum electric furnaces, yielded for the melting- 
point of tungsten by the direct black-body furnace 
method the value 2974 deg. Cent., and by an indirect 
wedge (as black body) method the value 3030 deg. 
Cent., against 3250 deg. Cent., found by Pirani, 
and 3080 deg. Cent., by Waidner and Burgess ; a 
melting wedge of tantalum gave the melting-point 
2798 deg. Cent., against 2910 deg. Cent., found by 
Waidner and Burgess, and 3000 deg. Cent. by Pirani. 
In these determinations of Forsythe the melting- 
point of platinum is assumed to be 1755 deg. Cent. 





STANDARD MATERIALS FOR 
RAILWAY ROLLING-STOCK. 
Ir will be remembered how, in a fit of national 
despondency some years ago, a 
gained credence for a while, that every method of 


manufacture in vogue abroad was, per se, superior | 


to those in use here. Fora brief space, encouraged 
by a section of the Press which seldom misses an 





pular notion | 


' made. 


was occupied 
o, however, it 


pessimism, then rendered the country no inconsider- 
able service, though it is characteristic of the ups 
and downs of this world that countries, which were 
erstwhile extolled as our examples, have since done 
us the a of applying some of those very 
systems which were held up here to public con- 
tempt. 

At the time we speak of, roughly thirteen years 
ago, those responsible indirectly for the condi- 
tions existing in our locomotive-building industry 
were subjected to a great deal of opprobrium. 
Amid the immense industrial activity prevailing 
abroad at the time, with rapid expansion noticeable 
on every hand, it required very little fanciful exag- 
geration to convince superficial minds that there, in 
contrast to our carefully-detailed methods, locomo- 
tives were built like sewing-machines, typewriters, 
and cash-registers, and could be delivered out of 
stock in response, so to speak, to a telephone 
message. On subsequent repetition here this 
par eageaee occasioned many uncomfortable qualms, 

asty words were spoken, and no little excitement 
arose. Maturer consideration, however, plainly 
showed that the remedies first proposed were based 
to some extent upon fallacies, due to an unfortu- 
nate distortion of the relative importance of the 
inevitable two sides to the question. The most 
valuable result of the whole episode lay in the 
recognition of the fact that a greater measure of 
co-operation between the purchasing and manu- 
facturing parties, than had previously existed could 
not fail to be of all-round advantage. As a result, 
in 1901, the reference to the then newly-formed 
Engineering Standards Committee, appointed by 
the Council of the Institution of Civil Engineers, 
was enlarged, so that the work might be made to 
cover questions concerning locomotives and rolling- 
stock, 

As regards the standardisation of locomotives, 
the efforts of the Committee have necessarily been 
confined practically to one field—namely, that of 
the State lines in India. Since the engines built 
here for the whole of India have formed, in many 
years, less than one-seventh of our locomotive export 
trade, in addition to which there is the work done 
for the home market, it is evident that the 
standardisation so far effected touches no more 
than the very fringe of the industry. 

The results of the standardisation of certain 
types of locomotives for service on Indian railways 
were dealt with in a paper by Mr. C. H. Hitchcock 
read before the Institution of Mechanical Engineers 
in 1910and published in our pages at the time (vide 
ENGINEERING, vol. xc., page 614), and a perusal 
of the discussion to which that paper gave rise will 
show the very great difficulties with which the 
Standardisation Committee had to deal. 

Of much wider interest, however, is the Com- 
mittee’s work in connection with materials for rail- 
way rolling-stock. Unlike the work of standardising 
locomotives as a whole, which can at the best only 
meet with limited support, the efforts of the Com- 
mittee in regard to materials have proved acceptable 
all the world over, where British ideas have any 
influence in engineering matters. The standard 
specifications drawn up are approved not only by 
railway engineers, but are found of considerable 
service to others engaged in more general work, so 
that these may rightly be set down as among the 
most satisfactory results achieved by the Engineer- 
ing Standards Committee. 

The first report on this subject was issued in 
1906. This was Report No. 24—a general col- 
lection of specifications which has since undergone 
revision, and has lately been re-issued. The revision, 
in addition to having been improved by a certain 
amount of elaboration, embodies several important 
changes, which have been made as the result of 
experience with the working of the specifications 
since they were originally drawn up. For instance, 
in the 1906 specificat.ou for straight axles there was 
a clause permitting a re-test in the case of failure 
under the drop test, it being specified that if the 
axle first selected failed, and two more subsequently 
chosen passed the test, the whole lot should be 
accepted. The abolition of this re-test will probably 
be welcomed. It will result in greater care on the 
part of the manufacturer, and at the same time will 
relieve inspectors of much uncertainty of mind 
arising from evident lack of uniform quality. 

In the matter of tyres several changes have been 





In future analysis will be required for all | 


locomotive tyres, the alternative specification with- 
out analysis having been path ary Experience 
has similarly shown that the softest quality of loco- 
motive tyre originally specified is not advisable. 
This class B, for 42 to 48-ton tensile steel, has 
therefore been removed from the specification, 
leaving only two classes—viz., C (50 to 55-ton 
steel) and D (56 to 62-ton steel). A step up has 
also been made in the quality of material demanded 
for carriage and wagon tyres. The classes, in the 
specification with analysis, remain as heretofore, 
but, in that without analysis, the class A, of 35 to 
40-ton tensile steel, is abandoned, and a higher 
class, of 50 to 55-ton quality, added. It may be 

inted out in this connection that it seems a little 
inconsistent to place an embargo on material coming 
between two acceptable qualities. In these tyre 
specifications the various classes embrace steels of 
42 to 48 tons, 50 to 55 tons, and 56 to 62 tons 
tensile quality, and why material of 49 tons quality 
should not prove satisfactory is not quite clear. 
Perhaps in a future revision this point may be 
given attention, and the anomaly removed. 

A considerable improvement has been made with 
regard to the specification of tyre deflection under 
the drop test. Formerly in this connection tyres 
were placed in two categories, under and over 3 ft. 
in diameter, and deflection was called for in terms 
of the diameter only. Now it is specified in terms 
of both diameter and tyre thickness, and the amount 
is obtainable from a single expression for any dia- 
meter, for each quality of steel. Thus, for wagon 
tyres of 50 to 55 tons quality, the original demand 
was for a deflection one-eighth of the diameter for 
tyres 3 ft. and over, and one-tenth the diameter for 
those under 3 ft. In the new specification the 

2 
deflection required is given by the expression Bot 
where d is the diameter, and ¢ the thickness at the 
centre of the tread. 

Several other changes might be referred to, as, 
for instance, the separation of the specification for 
spring material from that for the springs them- 
selves, the adoption of a new formula for the 
deflection of laminated springs, the addition of an 
extra class of forgings, or the reduction of the 
tensile strength demanded for rivet-bars, of from 
26 to 30 tons to 24 to 28 tons, with proportionately 
increased elongation. The points we have drawn 
attention to, however, suffice to show that the 
Committee is fully alive to the desirability of 
keeping these specifications abreast of the best 
practice, and is not afraid to make a change when 
such appears to be necessary. Only by such a 
broad-minded policy can any form of standardisa- 
tion be a success. Without it the whole thing is a 
snare, leading to ultimate trouble and confusion. 

The revision of this Report No. 24, to which we 
have alluded toabove, does not by any means cover 
all materials in which the locomotive engineer is 
interested. Specifications for boiler-tubes of brass 
and copper are given therein, but, though these 
are now largely giving place to charcoal -iron 
lap welded tubes, or to weldless steel tubes, the 
latter specifications are still published separately 
as Reports Nos. 43 and 53. he view of the trend 
of current practice, the comprehensive heading of 
‘*Materials Used in the Construction of Railway 
Rolling-Stock,” given to the Report No. 24, might 
be expected to cover such matters as these. In 
addition to these, there is a further report (No. 51), 
which consists of specifications for four grades of 
wrought iron used in railway rolling-stock, which 
likewise concerns the locomotive engineer. It 
would probably meet the approval of a large number 
of engineers if all these ous be published together 
in some handy form. They would certainly form 
together a very valuable hand-book to the testing 
of materials for railway rolling-stock. 

A short time ago a member of one of the leading 
institutions deplored the lack of practical know- 
ledge of young men who came before him as candi- 
dates for railway posts abroad. Though the picture 
drawn may have been somewhat exaggerated, it 
may not be out of place to point out that on many 
subjects the younger niet ee of the locomotive 
staff often have difficulty in satisfying their craving 
for knowledge. We know of no hand-book which 
would give them such insight into the requirements 
in their — line of work, as regards materials, 
as could be derived from a study of the specifica- 
tions with which we have been dealing. The infor- 
mation is in itself so valuable, and represents the 
results of such wide experience, that its dissemi- 
nation among young railway engineers would most 
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certainly be very beneficial ; but to most juniors 
and the older apprentices the sum of 36s. 6d., 
which these four specifications at present cost, is, 
of course, quite prohibitive. It might therefore 
be worth consideration whether it would not be 
possible to place a synopsis of this information in 
their hands in some less expensive and more 
compact form, arranged so as to interfere as little 
as possible with the sale of the Engineering Stan- 
dards Committee’s regular publications. 








HEAT-FLOW IN ELECTRICAL 
MACHINES. 

As is well known, the output of electrical machines 
is very largely determined by the temperature to 
which they can be allowed to rise when in opera- 
tion, and the increased outputs per unit of weight 
which are obtained by modern designs, as com- 

red with those of an earlier day, are largely to 
“ accounted for by the superior methods of venti- 
lation now in use. The whole question of the 
heating and ventilation of dynamos, motors, and 
cognate apparatus is one of great importance, since 
not only is it bound up with this question of 
output, but it also bears a close relation to matters 
of reliability and life, particularly in virtue of its 
close relation with the question of the durability 
of the insulating materials which are used. In 
any scheme of ventilation which may be devised 
for an electrical machine, it is necessary that 
attention should be directed not only to the 
keeping down of the temperature of its outside 
parts, or its more immediately accessible and 
obvious inner parts, but also of its interior 
and inaccessible members, which are frequently so 
enclosed that no inspection of their condition is 

ible after the machine has been set to work. 
he inner turns of a field winding may be taken as 
an example of such an inaccessible part. The heat 
likely to be generated in the interior of a winding 
of this class may be more or less calculated, but the 
total temperature which is likely to be reached is 
dependent on the rate at which this generated heat 
is able to escape, and is a matter not so susceptible 
to calculation. An adequate scheme of ventila- 
tion is, however, concerned in the main with this 
question of the escape of the generated heat, and 
any information which may become available as to 
the flow of heat in the interior of such coils, or 
in the interior of other parts of electrical machines, 
is likely to be of considerable value to designers. 

The whole question of the internal heat-flow in 
dynamos and motors was dealt with in a very able 
ee by Mr. Harold D. Symons and Mr. Miles 

alker, read before the Institution of Electrical 
Engineers on the 25th ult. This paper contained 
a record of much useful and original work, and 
although we are unable to deal with the whole of the 
ground it covered, a reference to some of the 
matter it contained should be of interest and value. 
The first problem faced by the authors was that of 
the determination of the heat conductivity of sume 
of the more common electric insulating materials, 
as information on this point was necessary as a 
preface to some of their later experiments and 
reasoning. The heat conductivity of materials 
easily obtained in flat sheets, such as mica and 

ae was measured on the method used by 
Mr. . Bacon, and described by him in a paper 
read before the British Association at Sheffield in 
September, 1910 ;* while that of tape and other 
materials of a flexible nature was obtained with a 
special apparatus, consisting of a copper cylinder on 
which the material was wrap; and afterwards 
covered with an outer layer of thin copper. The 
interior of the cylinder was furnished with an 
electric heater, and the internal and external tem- 
perature of the material was measured by means 
of thermo-couples inserted when the material was 
wrapped in position. Some «f the results which were 
obtained are given in the table in the next column. 

It was found that all the cellulose material, such 
as cotton and paper, had a considerable temperature 
coefficient, the heat conductivity at 100 deg. Cent. 
being 12 per cent. higher than at 30 deg. Cent. 
The heat conductivity of mica was found not 
to change between 20 deg. Cent. and 100 deg. 
Cent. It will be noted that of all the fibrous 
materials given in the above table, the one having 
the highest thermal conductivity is ‘‘ Empire” clota. 
This was pressed into a solid mass free from air- 
spaces, and as the fibres of the material itself were 


* See ENGINEERING, vol. xc., page 396. 


completely filled with oxidised varnish, the results 
add weight to the suggestion that the lower con- 
ductivity of the other fibrous materials was due to 
the presence of minute air-spaces. This idea was 
Souther supported by the much lower conductivity 
which was found when the materials were but 
loosely wrapped on the copper cylinder. Experi- 
ments were also carried out on the conductivity of 
air-spaces, and although the results were not 
altogether concordant, the authors, with the assist- 
ance of theoretical principles, were able to construct 
a curve connecting thermal resistance with lengths 
of air-space. This curve showed that with increas- 
ing length of space the resistance approached a 
constant value, which was the reciprocal of the 
cooling constant for surfaces exposed to still air. 
Heat Conductivity of Insulating Materials. 
Thermal Conductivity 
in Watts per Sq. Cm. 
r Deg. Er 


Material. nt. of Dif- 


erence of Temperature 

per Cm. Length of Path. 
**Empire ” cloth = si ... 0.00249 
Presspahn (untreated) 0.00170 
Rope paper (untreated) 0 00115 
Rope paper and oil... bea .. 0.00142 

Rope paper treated with sterling 

varnish ks aes * ... 0.00170 
Fullerboard (varnished) 0.00140 
Pure mica ws nit oh ... 0.00360 
Built-up mica (19 per cent. shellac) 0.00103 
Built-up mica = cent. shellac) 0.00120 
Linen tape (trea ts wa ... 0.00146 


An experiment was made on the armature 
of a 5000-kw. three-phase generator to deter- 
mine the nearness with which reasoning from 
the previous experiments would give results 
approaching those obtained in practice. Various 
thermo-couples were inserted between turns of 
the armature winding during construction, and 
when the machine was completed it was run 
up to full speed, with the armature short-circuited, 
until a steady temperature was reached. The 
current in the armature was known, so that the 
heat generated could be calculated, while the tem- 
perature between the various turns was given by 
the thermo-couples. The total thickness of the 
insulation amounted to 0.177 in., and it consisted of 
the following materials in the proportions given :— 
‘*Empire” cloth, 0.07; mica, 0.03; varnish and air, 
0.02; paper, 0.017 ; and tape, 0.04. The heat 
conductivity for the combined insulation was shown 
by the experiment to be 0.00112 watt. per centi- 
metre cube per degree, which was considerably 
lower than the figure 0.002, which was given by the 
earlier tests on materials alone. The discrepancy 
was probably to be explained by the presence of 
air-spaces, which did not exist in the cases in which 
the materials were tested by being wrapped tightly 
on acopper cylinder. The authors suggested that the 
figure 0.0012 watt per cubic centimetre per degree 
might be taken asa fair one for the thermal con- 
ductivity of the insulation of machine coils wrapped 
with ‘‘ Empire ” cloth and mica or paper and mica in 
the ordinary way. 

The second part of the paper was concerned with 
the cooling effect of air on the various parts of an 
electrical machine, and the authors divided the 
different cases of such cooling which arise into the 
following three main classes :—First, the case in 
which an armature or field magnet revolves within 
the stationary part of a machine ; second, the case 
of a field coil against which a draught of air is 
blowing ; third, the case of the iron surface of a 
ventilating duct through which air is passing at 
a certain velocity. They pointed out that the law 
of cooling was in each of these three cases different 
from that of the other two. The first case, which 
is practically that of the cooling of a revolving 
cylinder, is a very complicated one, since the rate 
of cooling will depend not only on the area per watt 
and the peripheral speed, but also on the length of 
the air-gap, the temperature and shape of the 
surrounding objects—i.e., the fixed parts of the 
machine—the temperature of the air, the nature of 
the cooling surface, and the rate at which the air 
in the gap is changed by artificial ventilation. It 
is clear that any formula giving the rate of cooling 
of such a rotating armature or field magnet must 
involve an expression for the velocity of the air 
relative to the surface of the rotating part, and yet 
such velocity is clearly indeterminate, since some 
of the air will cling to the rotating surface, and 
some will cling to the stationary — while all 
intermediate velocities will be found somewhere in 





the — o The authors gave a number of 
formule, which had been obtained by different 


experimenters, for the cooling of sucha rotating 
cylindrical surface. They were all of the same 
form, and that given by Kapp is stated by the 
authors to afford good practical results for ordinary 
direct-current armatures. It is clear from the 
remarks above that a rough approximation only 
can be expected from a formula that is intended to 
apply to the armatures of widely different machines. 
app’s formula is :— 
eo = 550 
2 (1 + 0.1%) 
w 


where o is the area of the cylindrical surface, w the 
watts to be dissipated, v the peripheral velocity in 
metres per second, and ¢° the degrees Centigrade 
rise above the surrounding air. Other experi- 
menters’ formule give different values to the 
numerator 550, and different coefficients to v or 
different indices to v. It is suggested that the 
variation in the formule is partly to be explained 
as the result of attempts to make them apply to 
the case not only of a revolving armature, but 
also to the case of stationary coils, which, the 
authors proceed to show, follow a different law. 
For turbo-generators with forced ventilation it is 
suggested that the formula given by Dr. Ludwig Ott 
affords good results. This formula is as follows :— 
335 


© (1 + 0.107 v) 
w 


The second case of cooling, that of wire-wound 
coils, was experimented on by Messrs. Symons and 
Walker with the apparatus previously described 
for determining the heat conductivity of insulating 
materials. A coil constructed as in the earlier 
experiments was furnished with an internal heater 
and set up in an air current of known velocity and 
temperature. These experiments showed that the 
rate of cooling followed a law of the form 

h=a(l + b r®), 
where 4 was the cooling coeftlicient, v the velocity 
of the air, and a and } constants depending on 
the nature of the surface and the way in which the 
air current met the surface. For cotton-covered 
wires the formula was approximately 


h = 0.0011 (1 + 0.54 2). 


The experiments did not involve air velocities 
above 700 ft. a minute, but such velocities are not 
usually exceeded in electrical machines. The 
authors pointed out that while some designers 
arrange their shunt-coils to be entirely air-cooled, 
others make them a tight fit on the iron poles, 
with the idea that the heat will be conducted away 
through the insulation and by the iron. The cooling 
in the two cases must, of course, be treated dif- 
ferently, that of the air-cooling following the law 
given immediately above, although the determina- 
tion of the value of v will naturally be a very difti- 
cult matter in the case of any ordinary shunt-coil. 
The cooling through the iron may be worked out 
from the ‘consideration establishing the thermal 
conductivity of insulating materials, given earlier ; 
although in this case it is clearly necessary that the 
provision of adequate iron surface, to dissipate 
received heat, should not be overlooked. In this 
connection it is useful to remember that in wrought 
iron a temperature gradient of 1 deg. Cent. per 
centimetre causes a heat-flow at the rate of 0.7 watt 
per square centimetre. 

The third of the paper was concerned with 
cooling of machines by the flow of air through venti- 
lating-ducts. Experiments were made on a 1875-kw. 
totally - enclosed turbo - generator by inserting 
thermo-couples in the stator windings and between 
the punchings in the neighbourhood of ventilating- 
ducts in thestator. The velocity of the air through 
the machine was measured both by an anemometer 
and by a calculation based on its rise in tempera- 
ture. It was found that the anemometer gave 
results from 5 to 7 per cent. too high. By running 
the machine with a motor whose power could be 
measured, and by varying the air-admission, calcu- 
lating the loss in the bearings by the heating of the 
oil, and estimating for the loss of heat caused by 
leakage through the frame, it was possible to find 


the total losses which were acting to heat up the 
air passing through the machine. These losses 
were made up as follows :— 
Kilowatts 
Windage... 22.8 
Excitation 8.5 
Iron loss ... 43.5 
Total ... 74.8 
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As a result of these measurements, it was estab- 
lished that the rate at which the air took up heat 
from the cooling surface of the ducts was almost 
exactly proportional to the velocity of the air, the 
connecting expression being :— 

h = 0,00145 v, 


where h is the watts per square centimetre of 
cooling surface per degree Centigrade of difference 
of temperature between surface and air, and v the 
velocity of the air. It was suggested that 100 cub. 
ft. of air per minute for each kilowatt loss would 
provide sufficient air to carry away the heat in 
machines as ordinarily designed, and that if the 
conductivity for heating of all parts was sufticiently 
good, and the air was so distributed that none of it 
received a temperature rise greater than 32 deg. 
Cent., that 69 cub ft. of air per minute would be 
sufficient to keep the machine temperature below 
45 deg. Cent. rise. The 100 cub. ft. per minute 
represents about the quantity allowed in ordinary 
practice at the present time. 








NOTES. 
THe New Spanisu Navy. 

Tue first of the battleships for the new Spanish 
Navy was launched on Monday, the 5th inst., at 
Ferrol, by Her Majesty Queen Victoria Eugénie. 
The occasion was regarded as of State significance, 
being attended by the King, who recognised the ser- 
vices rendered to Spain in connection with the 
design and construction of this vessel by British 
naval constructors, by conferring upon Mr. Albert 
Vickers the high distinction of the Naval Order 
of Merit. It is well known that the Spanish com- 
pany—La Sociedad rey de Construccion Naval 
—has the support of British concerns, not only in 
the construction of battleships, gunboats, and tor- 
pedo craft for the new navy, but also in the re-organi- 
sation of the dockyards at Ferrol and Cartagena, 
and the harbours of communication to the arsenals. 
Already very satisfactory work has been done, for 
the contract was only signed in the summer of 
1909, and the buildings, as well as ship berths, 
had to be prepared from virgin land of an undu- 
lating nature. There are three battleships—the 
first, now launched, being named Espana; the 
second, which is well advanced, is the Alfonso XIIL.; 
and the third, which is to be built on the berth 
now just vacated, is to be named Jaime I. These 
ships are notable for the great fighting power em- 
bodied in limited dimensions. The length between 
perpendiculars is only 435 ft.; the beam, 78 ft. 6 in. ; 
and the draught, 25 ft. 6 in.; with a displacement of 
15,450tons. Eight 12 in. gunsare mounted, and the 
twin gun-barbettes are so arranged thatallof the guns 
may fire on either broadside, while six may fire ahead 
and six astern. This has been achieved by placing 
two guns on the port side and two on the starboard 
side, with a very considerable distance separating 
the barbettes in the longitudinal line ; the only ob- 
struction is one funnel, so that the guns have a 
very wide arc of training on both beams. The other 
guns are, of course, mounted in centre line bar- 
bettes forward and aft. There are also ten 4-in. 
guns on each broadside, all of them within the 
side armour of the ship. Four of the 4-in. guns fire 
ahead and four astern. As regards protection, the 
main belt is 9 in. thick, while above this is 6-in. 
armour and a 3-in. upper strake to protect the upper 
works and to form the 4-in. gun battery. The bar- 
bettes are of 10-in. armour. The main belts on the 
broadside extend right fore and aft, but are reduced 
forward and aft to 4 in. in thickness. A notable 
feature is that, almost extending the whole length of 
the ship, there is on each side, forming the interior 
wall of the coal bunkers, a fore-and-aft armoured 
bulkhead 14 in. thick. The boilers are of the 
Yarrow type, and the turbines of the Parsons design; 
these are designed to give a power which, it is 
anticipated, will drive the ship at a speed of about 
20) knots. The vessel, too, has a large radius of action 
—7500 nautical miles—so that it must be ,recog- 
nised that in her design there has been achieved a 
most satisfactory compromise of conflicting claims. 
The Spanish naval authorities had thus every 
reason for their satisfaction at Monday’s ceremony, 
as it signalises the first important stage, not only 
in the rehabilitation of the Spanish fleet, but in the 
maturing of satisfactory modern shipbuilding facili- 
ties at the historic port of Ferrol. 


Exectric Furnace StTatTIstTIcs. 


Although it is generally known that during the 
last few years a great advance has been made in 





the number of electric furnaces applied in con- 
nection with steel manufacture, it is probable that 
engineers at large have but little idea as to what 
the actual number in use may be. As the matter 
is one of much interest, any particulars which 
become available are of value, and we accordingly 
record here some figures which were given in a 
paper read by Mr. Gecil Myers before the Man- 
chester Association of Engineers on the 27th ult. 
Although the statistics are interesting, they are in 
a somewhat incomplete form, so that it is not pos- 
sible to present them ina table, and we accordingly 

uote them substantially as given by Mr. Myers. 
n June, 1910, there were about 118 furnaces of 
all types, of which 70 were in use, 10 not working, 
and 38 being built. Of the total number, 77 were 
recorded as arc furnaces, of which 29 were Héroult, 
17 Girod, 13 Stassano, and 6 Keller. Of the Héroult 
furnaces, the total capacity per charge of those 
working was about 80 tons, and of those in course 
of construction 50 tons. The total capacity of the 
Girod furnaces was 30 tons for those in work, and 
26 tons for those being built. The figures for the 
Keller were respectively 13 tons and 8 tons. Of 
the induction type of furnace there were 14 
Kjellin, with a total capacity of 35 tons, and 15 
Rochling-Rodenhauser, with a capacity of 30 tons. 
The total capacity of all the steel-melting furnaces 
recorded was about 350 tons. The total figure of 
118 electric furnaces given above includes a blast- 
furnace at Domnarfvet, Sweden, capable of produc- 
ing 2500 tons of pig iron per annum, and two blast- 
furnaces in course of erection—one in Norway 
and the other at Trolhittan, in Sweden—each 
designed to produce about 7500 tons of pig iron 
ayear. Asan example of relative advance, it was 
recorded that the number of Héroult furnaces in 
June, 1910—29, had in September, 1911, in- 
creased to 43, with a total capacity of 242 tons. 
The total output of electrically-manufactured steel 
in Germany, the United States, and Austria- Hungary 
in 1910 amounted to 112,000 tons—an increase of 
63,000 tons over the figure for 1909. Some statistics 
relative to this country werealso given. Before the 
beginning of 1911 the Héroult furnace at Messrs. 
Edgar Allen and Co.’s Sheffield works was the 
only arc-furnace in continuous operation; but in 
January of 1911 three Héroult furnaces were 
started—one at Messrs. Vickers and one at Messrs. 
Thomas Firth and Sons, both in Sheffield, and one 
at Messrs. Lake and Elliott, at Braintree, in 
Essex. A Kjellin furnace for demonstration and 
manufacturing purposes was also started in Sheffield 
at about the same time. The total output for 
England in 1911 was expected to amount to about 
13,000 tons. A 15-ton Héroult furnace is about 
to be started at Skinningrove, and is expected 
to turn out 200 tons a day, while Kjellin induction 
furnaces are also in operation at Messrs. Vickers, 
and at Messrs. Jessop’s, and an experimental fur- 
nace at the University of Sheffield. Great progress 
is expected to be made in Germany this year, when 
Héroult furnaces of 25 and 22 tons capacity are to 
be constructed. In September, 1911, the largest 
furnaces of this type were two of 15 tons capacity 
at South Chicago and Worcester, and belonging to 
the United States Steel Corporation. 





THE TRANSMISSION OF HEAT FROM 
STEAM THROUGH SURFACES. 

Art a meeting of the Institution of Heating and 
Ventilating Engineers (Incorporated), held in London 
on Tuesday last, a paper was read by Mr. O. M. Row 
on “‘ The Effect of Water Pressure in Preventing the 
Transmission of Heat from Steam through Surfaces.” 
The experiments described in this paper have led 
Mr. Row to the conclusion that, if heat is being trans- 
mitted from steam through a surface to water, the 
quantity so transmitted falls off if the pressure on 
the water side be raised. In the experiments the 
water was run through two calorifiers. The first was 
used in order to maintain the inlet water to, the 
second at the constant temperature of 80 deg. Fahr. 
The flow through the second was regulated so that the 
discharge temperature was 180 deg. ahr., and the time 
which it took to raise 25 gallons of water through 
100 deg. Fahr. with various steam and water pressures 
was recorded. Three series of tests were made with 
steam pressures of 100 Ib., 50 lb., and 25 Ib. per sq. in. 
respectively, the water pressures being varied from 
5 lb. upward. The results of these tests are given in 
the set of curves in the figure herewith, and according 
to these it would appear that the transmission of heat 
from the steam to the water falls off as the water 
pressure is raised. After the point at which the 
steam and water pressures become equal, no further 
increase of water pressure appears to have any effect. 


Ig! 
Mr. Row suggests, if we follow him rightly, that, 
although the average temperature of disc from 


the calorifier was only 180 deg. Fahr., the water may 
have been heated locally sufficiently for bubbles of 
steam to form on the water side of the heater tube. 
If such bubbles form, under low water pressures they 
would be large, and their movement away from the 
tube would tend to encourage circulation, compara- 
tively speaking, to a considerable extent. As the 
pressure increased, the size of the bubbles would 
diminish, and the stimulus thus given to the circula- 
tion would fall off. When the pressure on the water 
side equalled or exceeded that on the steam side no 
such bubbles would form, as the point of steam gene- 
ration would not be reached. The point is interesting 
and is worthy of fuller investigation. 
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We do not doubt that the foregoing tests were con- 
ducted with every precaution, but it may be permissible 
to point out that the presence of a slight leak would 
also result in a phenomenon very similar to that which 
Mr. Row has recorded. With low pressures on the 
water side a considerable quantity of condensed steam 
might then pass into the water, but this passage 
would cease when the water pressure equalled that of 
the steam. If the water pressure was higher than 
that of the steam, the leak would be the other way, 
but this could not be checked in the manner in which 
the above experiments were carried out. The recorded 
results, it must be admitted, would involve the pre- 
sence of a leak of considerable magnitude, and it seems 
hardly likely that such would have been unobserved. 





INDUSTRIAL NOTES. 

Tue Miners’ Federation of Great Britain began its 
adjourned conference on Thursday in last week, at the 
Westminster Palace Hotel, for the purpose of con- 
sidering the minimum-wage demands. No deci:on 
was arrived at, and the meeting was adjourned until 
the following day. When the conference met on 
Friday the revised proposals for minimum wages in 
the various districts were approved. The new rates 
were submitted to the national joint conference of 
owners and men which took place on Wednesday last 
at the Westminster Palace Hotel, and, at the time it 
assembled, the conference was regarded as the most 
important that had taken place in connection with 
the coal trade dispute, every district in the United 
Kingdom being represented. The present stage has 
taken many months to reach, but opinions were ex- 
pressed that it was not at all likely that it would 
result in any final settlement. These fears were realised, 
for the owners informed the miners that they could 
not agree to the minimum wage, to which the miners 
replied that if it was not granted, the. first day of 
March would see the commencement of the threatened 
strike. The miners stated, however, that they were 
prepared to continue the negotiations. At an early 
stage in the conference the South Wales owners 
withdrew from the negotiations, and this did not 
add to the prospect of a settlement. The aspect 
of things is now, of course, very serious; but 
there is still time before the end of the month for 
some solution of the difficulty to be found, and the 
prospect is even now not without hope. After all, 
the coal-owners are only standing for their rights 
under the very solemn agreement made two years ago 
—an agreement that has yet three years to run, but 
already been absolutely disregarded by the miners. 

In many cases the new rates are considerably 
below those originally put forward, and are as follow, 
being for each district for piece-workers at the face 
of the coal:—Yorkshire, 7s. 6d. ; Lancashire, 7s. ; 





Midland Federation, 6s. to 7s.; Derbyshire, 7s. 14d. 
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to 7s. 6d. ; Nottinghamshire, 7s. 6d. ; North Wales, 
6s.; Leicestershire, 7s. 2d.; South Derbyshire, 
6s. 6d.; Somersetshire, 4s. lld.; Bristol, 4s. 11d. ; 
Cumberland, 6s. 6d.; Scotland, 6s.; South Wales, 
7s. 14d. to 7s. 6d.: Northumberland, 6s. to 7s. 2d.; 
Durham, 6s. 1}d. ; Forest of Dean, 5s. 10d. ; Cleve- 
land, 5s. 10d. No underground adult worker to re- 
ceive a rate of wages less than 5s. per shift, this not 
to apply to Somersetshire, the Forest of Dean, and 
Bristol. The individual minimum wages for all piece- 
workers other than colliers to be arranged by the dis- 
tricts themselves, and to be as near as possible the 
present wages. The rates paid to the underground 
workers who are paid by day wage are very complex, 
and cannot easily be dealt with generally, and this 
matter has therefore been left to the districts, with in- 
structions that they should endeavour to arrange 
minimum rates for each class or grade of those work- 
ing locally in each district. Arrangements for boys’ 
wages to be left to the districts, but to be not less than 
sence wages, nor in any case less than 2s. a day. 

omerset, Bristol, and the Forest of Dean are exempted. 

As a means of comparison with the above revised 
claims, we append the original demands :—York- 
shire, 8s.; Lancashire, ‘js. ; Midland Federation, 
5s. 6d. to'7s. 14d.; Derbyshire, 8s.; Nottinghamshire, 
7s. 9d. and 8s. 3d.: North Wales, 7s.; Leicestershire, 
7s. 2d.; South Derbyshire, 6s. to 7s. 6d. ; Somersetshire, 
6s.; Bristol, 6s.; Cumberland, 6s. 6d.; Scotland 6s. ; 
South Wales, 8s.; Northumberland, 6s. to 6s. 9d.; 
Durham, 6s. 1}d.; Forest of Dean, 6s.; Cleveland, 6s. 
The fact that the original claims were modified and 
reduced gave hope that the leaders were wishful to 
effect a peaceful termination of the dispute, and 
further negotiations may strengthen this hope. 

At all the collieries throughout South Wales notices 
to leave work on February 29 were handed in on 
Thursday in last week. otices on behalf of the 
members of the South Wales Colliery Enginemen’s, 
Stokers’, and Craftsmen’s Association were handed in, 
as we last week notified was the intention. In all 
about 200,000 men are affected. 

The conference has been adjourned until the 13th 
inst. 

The situation created by the strike of the Clyde 
dockers has not improved since our last issue. Asa 
result of the refusal of the shipowners to withdraw the 
notices they had posted up the previous Saturday, the 
dockers decided on Thursday of last week that they 
would not return to work. The local strike committee 
communicated with the secretary of the National 
Transport-Workers’ Federation in order to find out 
whether there was any prospect of the Federation 
supporting the Clyde men. The result was that the 
secretary of the Dockers’ Union was summoned to 
London in order to confer with the executive council 
of the Federation. It then looked as though the trouble 
would extend to all classes of transport workers in 
Glasgow and the district. 

On Friday the Glasgow Shipowners’ Committee met 
to consider a communication they had received from 
the Scottish Dockers’ Union suggesting that another 
conference might take place in order to clear up any 
— in the proposed agreement in which there might 

any misunderstanding. The shipowners came to 
the conclusion that they could not understand how 
there could be any difficulty in the interpretation of 
the rules, for numerous explanations had been already 
given at meetings already held with representatives of 
the unions. They expressed themselves willing, how- 
ever, to consider any points on which further expla- 
nation was required. As a result of a communication 
with the Board of Trade a joint conference between 
the masters and the officials of the Transport Workers’ 
Federation was arranged, the meeting taking place on 
Tuesday last at Glasgow, under the presidency of Sir 
George Askwith. From this meeting it was understood 
that the shipowners sre prepared to give an under- 
taking as to the faithful carrying-out of the agreement 
recently arrived at with the men’s leaders. They 
declined, however, to entertain any proposals to alter 
the clauses. The meeting was adjourned until the 
a day, but no agreement was then come to, 
and the fight continues. 

The ‘sympathetic ” strike at Greenock collapsed, as 
the dockers stated that they had received no financial 
help from Glasgow. There does not appear to be any 
strike-pay forthcoming in Glasgow fr the reason 
being that the Scottish Uniun of Dock Labourers was 
only formed last summer, and there are consequently 
not sufficient funds accumulated. At present the 
funds of the union are said to amount to 1500/., and 
the number of dockers on strike is 7000. 





The non-union trouble (or we ought to say the 
union trouble, for it is the unions that cause the 
trouble) broke out among the dockers at Tilbury 
Docks on Thursday of last week because some non- 





the eement of August last, and the men were 
advised by their delegate to return to work, which, 
however, they declined to do, and were therefore 

id off. The trouble, however, ended on Monday 
Pest, the men returning to work on the advice of their 
leaders, pending negotiations through the Board of 
Trade. The non-union clerk was not discharged by 
the Thames Committee of the International Shipping 
Federation, Limited. 





The disorder caused by recalcitrant weavers in 
North-East Lancashire has given rise to serious appre- 
hension, for the settlement arrived at three weeks ago 
has been completely disregarded by many of the men, 
who, in spite of the promises of their isllees that they 
would work amicably with the non-unionists, have re- 
fused to do so, and have lost no opportunity of intimi- 
dating and insulting free workers, even though they 
may be women. What is more, this form of unjustifi- 
able tyranny does not appear to have satisfied them to 
the full, for, in addition, they have added to it the 
molestation of other workers because they have chosen 
to believe in and follow the Roman Catholic faith, 
a motive for attack that speaks volumes for the 
intolerance of the members of the weavers’ union. 
The officials of the men appear to be helpless, and 
to have lost control, or else me are indifferent. The 
former is probably the case, however, for men who 
light-heartedly break solemn agreements and molest 
women are not likely to quibble about throwing 
over the admonitions of their leaders. They want 
a far stronger force to bring them to their senses, and 
this, if things go on much longer as they are, will have 
to be appli fore the intolerant conduct that has 
lately been so much in evidence is stopped. It will 
create little surprise if the masters again declare a 
lock-out. 

The demand of the weavers for an advance of wages 
has met with less success than it might otherwise have 
done owing to the failure of a section of the operatives 
to abide by the agreement that brought the recent 
lock-out to an end, for the masters are now in no mood 
for listening to any demands of the kind until all the 
men loyally keep their agreements. It is said that in 
the Preston district about 800 new members have been 
enrolled by the Weavers’ Association since the lock- 
out. Owing to the coercion employed there is said 
to be hardly a non-unionist left among the weavers. 

The masters’ offer of an increase of wages of }d. per 
hour for time-workers and jobbing moulders has been 
accepted by the Associated Ironmoulders of Scotland 
and the Central Ironmoulders’ Association, but the offer 
of 24 per cent. on piece-rates from May 1 has been 
rejected, and it was decided to demand for the piece- 
workers an advance as from March 1. 





A demand from the Dundee jute-workers for an 
increase of wages has been refused. The demand was 
for an advance of 15 per cent. on the wages of those 
receiving less than l/. per week, and 10 per cent. for 
those receiving over that sum. The spinners and 
manufacturers met on Thursday in last week to con- 
sider the matter; but, after careful consideration, 
decided that, the trade having recently passed through 
bad times, they could not accede to the men’s demand. 





A very urgent and striking appeal has been issued 
to employers of labour by the Employers’ Parlia- 
mentary Council in an introduction to the report of 
their proceedings for the past year. It is a very 
forcible call for a closer emelgametion of employers as 
& means of co-operation against the unjust and one- 
sided legislation that enables the organised forces 
of labour to carry on a crusade against men willing to 
work, and to commit with impunity outrages like those 
that for a time paralysed the industries of the country 
during a part of last year. This appeal points out 
that unless employers and the public generally take 
more serious steps in the matter, the effect of the 
present tendency of trade unionists to get more 
and more — given them by vote-hunting poli- 
ticians, will be to bring certain disaster on the 
country. So far the appeal of the employers to the 
Government for justice and fair-play has been little 
more than a voice crying in the wilderness, for the votin 
power behind the employers is insignificant compa 
with that behind organised labour, and little else 
seems now to count. The question is asked, Can 
employers do anything to remedy the present state of 
things? The answer is, More unity on the part of 
eo We can only hope that this may be brought 
about. 


In the half-yearly statement and monthly report of 
the National Union of Boot and Shoe Operatives 
employment’in the trade is said to be fair, and better 
than a month ago and a year ago. Returns from 
firms employing 66,268 workpeople in the week ending 





union tally-clerks were employed by the City Line of December 23, 1911, showed little change in the 


steamers, and unionists threatened to strike unless the 
tally-clerks were discha . The action of the 
dockers appears to have 


number employed, and an increase of 3.7 per cent. in 
the amount of wages paid compared with a month ago. 


a distinct breach of Compared with a year ago, there was an increase of 





3.2 per cent. in the number employed, and of 9.9 per 
cent. in the amount of wages paid. At Leicester, 
Northampton, and Kettering employment was fair, 
and better than a month ago and a year ago. In al! 
other centres also trade appears to be fair. 

The total income of the society for the half-year 
ending December 31, 1911, including balance in hand, 
was 88,447/. ls. 2d., as compared with an income of 
83,315/. 10s. 4d. for the corresponding half of 1910. 
The expenditure during the same periods was 
90831. 13s. 1d. and 8385/, 1s. 3d. respectively. The 
total funds of the union amounted at the end of last 
year to 139,834/. 12s. 4d., which included the sick and 
funeral department, the fidelity department, the 
central office and branches. The membership of the 
union at the end of December, 1911, was 32,928; in 
June, last year, 30,758 ; and in December, 1910, the 
total membership stood at 30,197, showing a steady 
and satisfactory increase. 





At Bedford, on Friday evening last, a meeting of 
railway workers of all grades was held, the chair 
being occupied by Mr. John Spence, a passenger- 
guard, who was one of the non-union witnesses before 
the Railway Commission. A resolution was proposed 
to form the Bedford Railway Society of Free Workers, 
as a means of maintaining their personal liberty, and 
to provide legal assistance to the members in case of 
injury by accident or intimidation This proposal 
was seconded and carried unanimously. It was ex- 

lained by the chairman that there was no wish to 
interfere with the right of combination, but trade 
unions would have to be prevented from interfering 
with non-union men. All they wanted to do in form- 
ing the society was to protect the liberties of non- 
unionists. 





The Derby branches of the railwaymen’s unions, 
where the recent railway settlement was at the time 
so loudly condemned, now acknowledge that the settle- 
ment is satisfactory, and at Derby, on Sunday last, a 
resolution was passed by an overwhelming majority 
expressing confidence in Mr. J. H. Thomas, M.P., 
and accepting the settlement as satisfactory. 





A truce has been arranged with regard to the dis- 
charge-note system, to which we recently alluded. 
This was the result of a long conference of the repre- 
sentatives of the Shipbuilding Employers’ Federation 
and the standing committee of the shipyards’ trades, 
held in Edinburgh on Tuesday last. It was then finally 
agreed that the present system of discharge notes be 
discontinued pending the question of the non-comple- 
tion of contracts by piece-workers being remitted to 
the local associations, with a view of devising a method 
which will meet such difficulties in a manner equitable 
to employers and workmen. 





Much surprise has been occasioned in the Ship- 
building Employers’ Federation by the action of the 
Boilermakers’ Society in attempting to bring the 
apprentice iron-workers in shipyards under their 
control. This action only became known to the em- 

loyers on Tuesday last, and their surprise is natural, 

cause the intention of the Boilermakers’ Society 
appears to be quite contrary to the existing appren- 
tice agreement, which provides that ‘‘an apprentice 
is not to belong to any trade society (except for the 
purpose of benefit), nor is he to be interfered with in 
any way by any trade society.” Should the Boiler- 
makers’ Society persist in their action there is, we 
fear, likely to be trouble. 








Tue Kerprty Gas-PRopucerk FOR Finz-GRrain FUvEL. 
—The Kerpely high-pressure gas-producers which can 
burn low-grade taal have now been adapted to fine-grain 
fuel. There are great difficulties with fine particles of 
fuel because layers of such fuel offer a great resistance to 
the air-currents, and, further, because the particles clog 
the air- or pass unburnt into the ashes. The 
trouble is less serious with ordinary coal, which is inclined 
to cake when hot, so that the grain grows in the furnace, 
than with coke or anthracite dust and such materials, 
which, owing to their high percentage of moisture, are 
apt to disintegrate into finer particles. The new producer 
deals with grains from 15 mm. in diameter down to the 
finest dust. Stahl wnd Hisen of December 28, 1911, gives 
particulars of very satisfactory results obtained with a 
producer 80 in. in diameter in the works of the Oeste1- 
reichisch-Alpine Montangesellschaft at Donawitz. In 
most of these experiments small blast-furnace coke, from 

in. up to } in. in grain, was used ; but coal-dust and 
fgntc briquette-dust were also tried. The chief feature 
of the new producer is a revolving grate, provided with 
small perforations all over its surface. The ashes fall 
into a conical bin, which is emptied two or three times a 
day. The air passes through the small perforations under 
a oat of 16 in. or 28 in. of water, according to the 
size of the grain. There is not much in the way of 
interesting constructive detail to be found in the article 
pics ay is noteworthy, however, that a good gas was 
obtained from lignite briquettes, the ashes of which consist 
of 50 per cent. of lime. As this lime absorbs water, turn- 
ing the ash into a smeary mass, it was feared it would 
spoil the producer. The absence of a water-seal in the 
new producer obviates this difficulty, 
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WATER SUPPLY IN SOUTH AFRICA.* 
“THe Water SuPPLY OF THE WITWATERSRAND.” 
By D. C. Lerrcn, M. Inst. C.E. 


Tue works described in this paper serve an area of 
365 square miles, with a population of 139,000 white and 
226,000 coloured inhabitants. Seven municipalities and 
seventy-three mining companies take water from the 
board. The Rand lies at a considerable elevation, and 
divides the streams flowing to the Orange River and the 
Atlantic from those which flow to the Crocodile River 
and the Indian Ocean. The gold-bearing conglomerates 
of the district dip to the south ; ed are overlaid by 
voleanic rocks, and still farther south by dolomite, from 
: is obtained. The catchment 
area of the Klip River Valley, above the board’s wells, 
is about 308 square miles, the ave rainfall being 
29.5in. perannum. The Klip River Valley has for many 
vears been regarded as a possible source of supply for the 
Rand; other schemes had been considered, but, owing 
to various reasons, none passed the preliminary stage. 
The scheme now described includes reservoirs and distri- 
buting mains on the Rand, and a rising main from Zwart- 
kopjes, where there is a central pumping-station. At 
this station there is electric generating plant and main 
yumping-engines, the latter delivering the water on the 
Rand, a single lift of over 820 ft. "The former provides 
current to actuate the pumps at the wells in the vicinity, 
which include nine pairs of shafts and bore-holes in an 
area of about 50 square miles; these pumps raise the 
water from underground, and deliver it at the pumping- 
station at Zwartkopjes. The supply is obtained from 
fifteen shafts and five bore-holes, sunk, with two exce 
tions, in pairs, the units forming a pair 110 ft. apart. In 
most cases bore-holes were sunk in the first instance from 
the level of standing water, and sometimes yielded an 
adequate supply; in other cases a shaft was sunk and 
Sealine were driven, using the permanent pumping- 
plant to keep down the water. The total supply available 
is about 74 million gallons daily. Headings were driven 
by native labour to intersect water-bearing fissures, where 
these were not met with in shafts, and all bore-holes were 
torpedoed to improve the yield of water. 

The central pumping-station at Zwartkopjes contains 
the steam-driven pumps, boilers, and superheaters. There 
are four sets of main triple-expansion ne sg a eg 
which are of the vertical inverted type, driving the pump- 
plungers direct off crossheads. The maximum capacity 
of each engine is 100,000 gallons per hour, against 960 ft. 
head. There are three high-speed electric generating 
sets, each of 360 kw., supplying three-phase current at 
3300 volts. On trial, with a superheat of 500 deg. Fahr., 
the main engines consumed 11.25 Ib. of steam per net 
horse-power hour, a record performance; in ordinary 
working this consumption is increased to about 13 Ib. 
Current is delivered to motors at the wells at the full 
voltage of 3300 to 3000, by overhead transmission lines 
of stranded copper, carried on timber cross-arms and steel 
poles, which also carry telephone lines. The well pumps 
are of the bucket-and-plunger type, driven by and 
bell cranks from a heulener and motor placed centrally 
between each pair of pumps. The fly-wheels, on crank- 
shafts of the head-gears, weigh about 4 tons each, and a 
considerable saving in cost was effected by constructing 
them of mort ttn | concrete from material on the spot. 
The capacity of the pumps ranges from 45,000 to § 
gallons per hour. Theseelectric motors are connected to 
the head gear by double reduction spur-gearing. Six of the 
motors are of 50 brake horse-power and four of 75 brake 
horse-power each ; the over-all efficiency of motor, gear, 
and pumps is about 70 per cent. 

The water pumped from Zwartkopjes to the summit at 
Turffontein Nek gravitates to the pumping-station at 
Village Main Reef. Here, up to 100,000 gallons per hour 
can be pum to Yeoville basevele, inst a head of 
270 ft.; of the remainder, Bt is taken by mining con- 
sumers before reaching Village Main Reef, and the 
balance is distributed east and west along the Rand. To 
accelerate the delivery eastward, steam pumping plant 
—- of delivering 290,000 gallons hourly against 
a head of 80ft. is provided. The pumping-engines 
are of the Worthington duplex, triple-expansion 
type, with pneumatic penton, driving the 
high - lift pumps direct off the cross- heads, and the 
low-lift pumps off the tail-rods of the high-pressure 
plungers; the latter pumps can be readily connected 
or Seocnnested. There are also several small elec- 
trically-driven pumping-stations, — supplies, in 
all about 500,000 gallons daily, from wel 
main from Zwartkopjes is constructed of 27-in. and 29-in. 
welded steel pipes, with both riveted and Kimberley 
collar joints. As the maximum head may reach 960 ft., 


which the present supply, 


the lower portion of the pipe is strengthened by steel-wire 
binding. e length from Zwartkopjes to the summit is 
about 64 miles, divided into four sections by reflux 


valves of special construction for high pressures. Expan- 
sion joints are provided, and the pipes are protected by a 
bituminous coating; precautions are also taken against 
sand-cutting. The leakage amo cuts to only 150 gallons 
per tong, © distribution system, also descri com- 
prises 133 miles of steel mains, averaging 144 in. in 
diameter. Provision is le against subsidence over 
mine workings. The storage reservoirs on the Rand have 
a total capacity of about 10 million gallons. In addition 
there are settling-tanks at Zwartkopjes, with a total 
capacity of 6,070,000 gallons, and also two clear-water 
tanks, each containing 75,000 gallons. These tanks are 
all uncovered, and are constructed of reinforced concrete. 
The whole of the water delivered to consumers is measured. 

* Abstracts of two papers read at the ordinary meeting 
of the Institution of Civil Engineers on Tuesday, Feb- 
ruary 6, 1912. 








The average hardness of the Zwartkopjes supply is 
about 19 100,000 ; this is reduced to 14 parts b; 
the addition of hydrate of lime, a solution of which is 
added to the water entering the settling-tanks from the 
wells. As much as 2 parts of iron per million is found in 
the water from some of the wells which afford the most 
copious yield. Growth of weed is prevented in these 
cases by adding 1 part in three millions of copper sul- 
phate ; while the oxide, formed as soon as the water is 
aerated, is removed by passage through a cinder filter. 
Owing to the occasional presence in summer of B. coli, 
probably due to insect yy it is desirable to have 
means of sterilising the water. This is done by the addi- 
oct of 74 Ib. to 15 Ib. of chloride of lime per million 

ons. 

The works described were carried out mainly by local 
contractors, under the direction of the author, material 
being purchased in England under separate contracts. 
The total cost was about 900,000/. 

Particulars are given of the working of the plant and 
the cost of dealing with the water. Thus, during the 
first half of 1910, the difference between the water 
pumped and water sold was about 6.2 per cent. on a total 
of 172 million gallons per month, and with about 10} mil- 
lion gallons in circulation, in mains and reservoirs. 
During the second half of 1910, the ave demand rose 
to 235 gallons per month, and the cost of pumping and 
delivering water to the consumers was 74d. per 1 
gallons. Adding to this fixed charges on Rand water 
stock—paid by direct contribution from the municipalities 
and producing mines—which amounted to 1s. 4.84d., 
the total cost of water was 2s. 0.34d. per 1000 gallons. 





** INVESTIGATIONS RELATING TO THE YIELD OF A 
CaTcHMENT AREA IN Capr CoLony,” 


By E. C. Barrett, M. Inst. C.E. 


The objects of this paper are to render available the 
results of rain and river gaugings taken over some years 
on @ mountainous area in Cape Colony, to indicate the 
large variation in the intensity of rainfall over small 
areas in mountainous districts, and to emphasise the 
necessity of taking gaugings of river discharge for at 
least twelve consecutive months, in order to obtain a 
reliable approximation to the available yield of the 
catchment area. Reference is made to the physical 
features of the catchment area of the Berg River and of 
the most important tributary near its source—namely, 
the Wemmers Hoek River—on the catchment area of 
which these investigations were made. The mountains 
forming the watershed of the Wemmers Hoek River 
attain a height in places of over 5000 ft. above sea-level, 
the level of the river where it emerges from the catch- 
ane area of 344 square miles being 800 ft. above sea- 
level. 

Rainfall records at three valley gauges were obtained 
for nearly four years, and at later dates additional rain- 
gauges were erected, so that for nearly a year readings 
were obtained at twenty-six gauges. The method of 
computation of the mean rainfall is described, and a com- 
parison is made of the results obtained at different dates. 
A plan of the catchment area shows the position of and 
the computed mean rainfall at each gauge, the mean rain- 
fall varying from 40 in. to 210in., and the computed 
mean rainfall over the whole area being 76in. The 

uge-weirs erected across the Wemmers Hoek River are 
Seomek. Figures are given showing the maximum, 
minimum, and mean rates of river discharge. Attention 
is called to the rapid increase in the rate of river flow 
which is caused by rain, and to the equally rapid decrease 
of flow after the flood has reached its maximum. The 
effect of underground storage is considered, and an attempt 
is made, first by comparison of the results obtained on 
this and on a small and com tively non-absorptive 
catchment area, and, secondly, by an examination of the 
Wemmers Hoek River discharge during the wet season, to 
obtain the effect of the underground storage on the river 
discharge at the commencement and termination of the 
wet season, and on the dry-weather flow. The daily 
river-discharge during three dry seasons is shown in dia- 

ms, and the same curve is plotted on each.of these 
Semen to show approximately that portion of the river 
flow during these periods which was due to water derived 
from the winter rains, but retained by the natural storage 
of the ground until the summer months. An examination 
of these diagrams and of the rainfall and river-discharge 
shows that of the rain which falls during the six dry 
months, only a small percentage flows off the catchment- 


he rising | area. 


The author advances the opinion that, on this catchment 
area and on others similarly subject to five or six months 
of low rainfall and high evaporation, an estimate of the 
yield should be based on a consideration of the rainfall 
of the six wet months, more than on the yearly rainfall. 
Further, he does not consider that the assumption of an 
arbitrary number of inches of rainfall as a deduction for 
the losses due to absorption and evaporation is —- 
except in temperate countries like England, where the rain- 
fall is fairly evenly distributed throughout the year. An 
analysis is made of the rainfall during the six months of the 
wet and dry seasons of a certain year, which shows that 
during the twelve months the distribution of the rainfall 
was exceptionally unfavourable for the production of a 
yield in a normal proportion to the amount of rain which 
fell, and, based on this analysis, an estimate is made of 
the average yield that may be expected from the catch- 
ment area during the driest three consecutive years. 

The quantity of compensation water to be provided, as 
determined by the Cape Legislature, is stated, and the 
author believes that this is only the second case in Cape 
Colony where compensation for the extraction of water 
for domestic purposes has been provided otherwise than 
by money payments, 





THE RATING OF MACHINERY. 
An Important Dectsion. 


Tue case of Greenwood and Batley, Limited, v. the 
Overseers of the Bramley Union, which was heard by the 
Recorder of Leeds at the City Sessions early last month, 
involved an important discussion of the principle to be 
adopted in rating machinery. 

r. Balfour Browne, K.C., Mr. Ryde, K.C., and 
Mr. Shepherd a red for the firm who were appealin 
inst a rate; Mr. Waugh, K.C., Mr. Compston, an 

r. Jeeves for the respondent union. 

The facts, in so far as they were sufficient to explain 
the judgment, are these :—The appellants’ Albion Works, 
which contain a large quantity of miscellaneous engi- 
neering machinery, were rated at 10,134/. gross and GON. 
net. The appellants alleged that this rate was excessive ; 
that it was based upon a wrong ye gh ad 
5 per cent. of the estimated value of land, buildings, 
and machinery; that in bringing the machinery into 
rating as enhancing the value of the buildings, regard 
must be had to the fact that the premises were 
old and ill-adapted to modern machinery; and that 
the proper method of rating a factory of this kind was to 
try to ascertain what a practical man, well acquainted 
with such works, would give for them as a whole in the 
way of rent. Such a man would be able to state by how 
much the value of the land was en by the machi- 
nery. The Assessment Committee, on the other hand, 
alleged that a proper valuation had been made ; that it 
was a mere coincidence that the rateable value came to 
6050/., being 5 per cent. on the admitted value of land, 
buildings, and machinery ; and that the works were such 
that even without the machinery at all they would 
command a rent of 4500/. 

The Recorder (Mr. E. Tindal Atkinson, K.C.), in giving 
a. said :—What I have to do in this case is to 
find the proper amount of the rateable vaiue. That 
is the exact contrary of what I had to find on the last 
occasion, when there was an appeal with rd to these 

remises from the Assessment Committee. I had then to 

termine what was the proper amount of the statutable 
deductions. In this case the statutable deductions are 
, and therefore what I have to do is to find what is 
the proper amount of the gross. There are three matters 
which go to make up the gross in this case. There is the 
rent of the land, there is the rent of the buildings, and 
an addition to the rent of the buildings and land owing to 
the presence of machinery. 
ith regard to the land I have two sets of figures to 
deal with, and I have to decide which of these two is right, 
or whether the proper sum is something between these 
two sets of figures. On the one hand I have valuers from 
London who put the figure at 350/.; on the other hand I 
have local valuers, who are acquainted with this district, 
and whoare well qualified to go into this question. There 
is the evidence of Mr. Silcock, and incidently the evidence 
of Mr. Happer, who are gentlemen of t experience, 
and they put it at 830/. It is always difficult—in fact, 
almost impossible—to get an absolutely satisfactory 
decision where it is a question of opinion with d to 
the value of land or buildings, or, indeed, anything ; but 
to the best of my judgment the proper rent to be put on 
this land is 500/. I start with that. 

The next matter to be dealt with is the rent of the 
buildings. There is practically no dispute as to that. 
Indeed, the figures of the respondents are somewhat less 
than those of the appellants. The respondents put 4301/. 
as being the rent of the buildings, and the appellants 
44701. I take the appellants’ figure—4470U. 

I now come to the matter which is the real matter in 
dispute in this case. It is su ted that I ought to deal 
with this as a matter of principle. It is impossible tolay 
down a principle which will go anywhere near settling 
other cases which come up for decision. It is purely a 
oo of fact in each case, and itisa practical question. 

suggested in my engine decision in Kirby v. Hunslet 
Union ((1905) 22 T.L.R., 167) that in my judgment it was 
not a question of taking the capital value and getting a 

rcentage upon it, and I am still of that opinion. I am 
— to be of that opinion, because that opinion was 
upheld in every single court up to the House of Lords. 
What is the true determining factor in the case of rent, 
which is to be added in consequence of the presence of 
machinery in a mill? That isa practical question. The 
question 1s, What extra amount will a practical tenant 
engaged in that particular trade, when he comes to look 
at the premises, in hisown mind add to the rent by reason 
of the machinery which he sees upon the premises. One 
ractical man has been called here—namely, Mr. Macleren, 
should have liked, if ible, to have had some evidence 
from practical men called on the part of the respondents. 
They have called no practical men. It is not for me to 
advise them ; but I should have thought that in all these 
cases, in order to arrive at what is a proper additional 
rent to be given owing to the presence of machinery, the 
overseers, and the valuers called in to assist the overseers, 
should be satisfied by some practical evidence capable 
of being given by persons who are in the same way of 
business as that in which the particular case arises. 

Mr. Maclaren has looked at these premises; he has 
been there for threedays. Heisa tical man carrying 
on the same trade, and the effect of his evidence is this. 
He says that in his opinion the additional rent to be 
attributed to the machinery in this case would be, as 
he said in the first instance, about 100 per cent. 
He subsequently qualified that by putting 3600/. as the 
rent of the buildings. I take that as including the rent 
of the land. He adds 3000/. additional rent owing to the 
presence of the machinery. He is speaking of this in- 
dividual case with his practical knowledge, and it is a 
guide to me certainly in coming to a conclusion in this 
case as to what, to the best of my judgment, is a proper 
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SIX-COUPLED (4-6-0 TYPE) PASSENGER LOCOMOTIVE; GREAT EASTERN RAILWAY. 


CONSTRUCTED AT THE COMPANY’S 


WORKS, STRATFORD; MR. S. DEWAR HOLDEN, LOCOMOTIVE 


SUPERINTENDENT. 








additional rent. He gives practically 80 per cent. I do 
not say that it is absolutely correct, but it is the best he 
could do under the circumstances. He was the only 
practical witness. He says:—‘‘I take the additional 
rent to be added to the rent of the buildings and the land 
as 80 per cent. of the original rent.” I think that is a 
guide, although I have the rest of the figures by which I 
evn work it out. I have the appellants’ figure of 4470/. 
and I have the land, which I have now put at 500/. That 
makes 49701. Taking 80 per cent. of that it comes to 
39761., and that is the amount at which I assess the 
additional rent due to the presence of the machinery. That 
works out as follows :—500/. for the land, 44702. for the 
buildings, 39767. additional rent due to the machinery, 
making 8946/. gross. From that there is to be deducted 
on for statutables, leaving the net in this case at 
48721. 


With regard to the costs, I should have found myself 
ina a | in granting to the appellants costs in this 
case if I had been satisfied that they had wilfully with- 


held information that they ought reasonably to have given 
to the Assessment Committee in this case. I think that 
rsons who are aggrieved by an assessment should, as 
ar as possible, take steps to give the Assessment Com- 
mittee information. In this case there might have been 
trouble, and there may be in future some trouble in 
arriving at the correct amount as to what is the proper 
sum to be attributed to the repair of machinery in any 
rticular mill. The owners of the mill know a great 
eal better than the valuers of the Assessment Committee 
what amount has been spent, and if a request is made by 
the Assessment Committee to the owners of the mill that 
they should furnish the figures of the actual expenditure 
which is to be found in their books, from my point of 
view that information ought to be given to the Asseas- 
ment Committee. With regard to the repairs necessary 
for the buildings, those can be dealt with quite well by 
any valuer who goes upon the premises, and sees their 
osition. He can do that as a matter of rule of thumb. 
owever, in this case no difficulty has arisen, because 
Mr. Faraday, on November 25, gave notice to the 
Assessment Committee that he was perfectly willing to 
accept the figure that was given on the previous occasion, 
40741. Under these circumstances my decision is that 
the net should appear in the rate-book as the sum of 
48721., and this appeal will be allowed with costs. 

Mr. Waugh : May I make one submission, sir, with 
regard to the costs? Ycu have seen the notice of appeal. 
The appeal is based on at least a dozen grounds, all of 
which necessitated our having a large number of wit- 
nesses to prove everything which under the statute had 
to be proved : with regard to the making the deposit, 
the allowing of the rate, the appointment of a valuer, 
and every objection which was taken. When we come 
here all those witnesses are rendered unnecessary, but we 
are bound to bring them here. We tried to get the 
appellants, before we came here, to tell us what the 
grounds were on which their case was to be fought. We 
could obtain no such admission, with the result that we 
were bound to bring all those witnesses. I submit it is 
unjust that the Assessment Committee should have to 
bear those costs, which have been occasioned entirely 
because the appellants have given a notice by which they 
do not stand when they come to trial. I submit some 
allowance ought to be made to the Assessment Committee 
in respect of that. 

Mr. Balfour Browne: As my learned friend knows, 
notices of appeal cover every ible thing, and my 
learned friend could make up fis mind what the real 


= was from the correspondence just as well as we 
could, 

The Recorder : After the service of the notice of appeal, 
was any request made by the respondents to the appel- 
lants to admit anything ? 





Mr. Balfour Browne: None. 

The Recorder: Unless that has been done, my decision 
with regard to the costs mnat stand. 

Mr. Balfour Browne: Will my learned friend agree to 
tax out of session ? 

Mr. Waugh : Certainly. 








EXPRESS PASSENGER LOCOMOTIVE (4-6-0 
TYPE), GREAT EASTERN RAILWAY. 

WE illustrate above one of a new class of 4-6-0 type of 
locomotive designed by Mr. S. Dewar Holden, locomotive 
superintendent of the Great Eastern Railway, for working 
the heavier mair-line traffic on that company’s system. 
This engine has been constructed at the company’s works 
at Stratford. It is a powerful engine, and is fitted with 
a superheater on the Schmidt system. The principal 
particulars are as follow :— 


Cylinders, two-high pressure, dia- 


meter ... ae as see io 20 in. 
Cylinders, two-high pressure, stroke ae os 
Diameter of coupled wheels ... . 6ft. Gin. 


” 
Se 4 


bogie wheels 
4 ” 


tender wheels 


” ” 


” ” 


Boiler : 
Fitted with Schmidt superheater (21 elements). | 


Barrel, telescopic, lengt we ... 12 ft. 6 in. 
Length between tube-plates ... a ee 
Maximum diameter, inside ... ot Lae Wee 
“ ao outside —— Sa > 
Fire-box casing, length = i es 
oe és width at top . =e 
i a a bottom... 4,, O84 ,, 
Ordinary tubes, 191—outsidediameter 1? in. 
Large tubes, 21—outside diameter ... ie 
Superheater element tubes—outside 
iameter ee es = an | 
Working pressure per squareinch ... 180 1b. 


Heating — : 


1-in. tu ™ 1123.0 sq. ft. 
54-in. tubes 


es Pn ae tt ee 
Superheater element tubes ... 286.4, 
Fire-box ... ws ie ; ee 
Total 1919.9 ,, 
Grate area aa 
Wheel-base : 
Bogie centres ... - sie 6 ft. 6 in. 
Centre of bogie to driving wheel ee 
Driving to intermediate wheel es 7 ft 
Intermediate to trailing wheel 
ae ca, oe 14,, 
Total of engine ... me aS 28 ft. 6 in 
Tender, leading to centre wheel 6 ft. 
nn centre to trailing wheel ... S 
Total of tender... poe ea a¥s  - 
ia engine and tender 48 ft. 3in 
Length over buffers Gu ts 
Weight in Working Order : 
On bogie-wheels 20 tons 
» Griving-wheels_... 16 ,, 
», intermediate wheels Ma 
», trailing wheels Oe xs 
., coupled wheels ees 
Total of engine... a 
Tender : tons cwt. qr. 
On leading wheels 132 3 3 
»» centre wheels 3 3 1 
» trailing wheels 13 19 O 
Total of tender ... Oe na) 39 56 O 
Total of engine and tender ... 103. 5 90 











Capacity of tender, coal ... ‘ane 4 tons 
re - water... Pre 3700 gallons 
Adhesive power (508 lb. per ton) 22,352 Ib. 
Tractive power (mean effective pressure 
taken at 82 per cent. of boiler pressure 21,194 ,, 


Four 3-in. safety-valves are fitted to the boiler. The 
fire-box is of the Belpaire type ; the front half is inclined 
above the intermediate axle, and the back half is hori- 
zontal. The cylinders are placed horizontally between 
the frames, and the piston valves are fitted with their 
centres vertically above the cylinder centres. These 
piston-valves are 10 in. in diameter, with inside admission, 
14-in. lap and 4;-in, exhaust negative lap, and are operated 
by a Stephenson link-motion through the medium of a 
rocking-shaft. The connecting-rod is 7 ft. 3 in. long and 
of Isection. A Wakefield eight-feed mechanical lubrica- 
tor, driven off the right-hand valve-spindle crosshead, 
affords forced lubrication to cylinders, valves, and piston 
tail-rods. The tender is of the standard six-wheeled type, 
fitted with air-operated scoop for water pick-up. 








Larce Projecrep Hypro-E:ectric Power-Station 
In Norway.—Survey has been made of the Aurlands falls 
and lakes, which, with the necessary regulation and the 
construction of a tunnel, are understood to represent some 
150,000 horse-power, with a fall of 800 to 900 metres. 
The establishment of large electric steel works in con- 
nection with the exploitation of these falls is reported 
to be under ccoheingielien. 





Tae Society or ENGINEERS (INCORPORATED).—The 
first ordinary meeting of the present session was held on 
Monday, February 5, 1912, at the Institution of Elec- 
trical Engineers, Victoria Embankment, W.C. The 
chair was first occupied by the retirmg President, Mr. 
F. G. Bloyd, who presented the following premiums, 
awarded for papers published in the Journal during 1911 : 
—The President’s Gold Medal to Mr. W. R. Baldwin- 
Wiseman for his paper on ‘‘The Administrative Aspect 
of Water Conservancy ;” the Clark Premium to Mr. T. J. 
Gueritte for his paper on ‘‘ The Mechanical Installation 
and Upkeep of Permanent-Way on Railways ;” the 
Bessemer Premium to Mr. R. W. A. Brewer for his 

per on ‘“ Two-Stroke Cycle Engines ;” a Society’s 

remium to Mr. E. Kilburn Scott for his paper on 
‘* Nitrogen Products made with the Aid of Electric 
Power ;” a Society’s Premium to Mr. F. G. Woollard for 
his paper entitled ‘‘Some Notes on Drawing-Office 
Organisation.” Mr. Bloyd then vacated the chair in 
favour of Mr. John Kennedy, the President for 1912, who 
was received with acclamation. A vote of thanks to the 
retiring President was proposed and heartily accorded. 
The President then delivered hisinaugural address, which 
dealt with shipbuilding and marine engineering, and 
quoted statistics of the world’s shipping, the total ton- 
nage being 43,147,154, of which 38,781,572 tons gross was 
steam, and 4,365,582 tons net was sail, the number of vessels 
being 30,087 (22,473 steam and 7614 sail). Reference was 
made to the Frahm anti-rolling device, which utilises a 
secondary and artificial resonance in order to minimise 
the influence of the primary resonance between the wake 
and the ship. The President also referred to the exper! 
mental tank at the National Physical Laboratory, for 
the construction of which Mr. A. F. Yarrow, M. Inst. 
C.E., Hon. F.S.E., gave 20,000/. This tank is the second 
longest, and the first as regards sectional area, in the 
world. The development of marine propulsion in recent 
times was touched upon, and various kinds of propulsive 
machinery pore ig the use of oil fuel being especially 
referred to. A table was shown giving the names and 
tonnage of the largest steamers in various years, beginning 
with the year 1858. A cordial vote of thanks was given to the 
President for his address, and the meeting terminated, 
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TWIN-SCREW STEAMER “CHELOHSIN” FOR VANCOUVER. 


CONSTRUCTED BY THE DUBLIN DOCKYARD COMPANY, ENGINEERS, DUBLIN. 




















WE illustrate above a new twin-screw steamer 
which has been built to the order of the Union Steam- 
ship Company, of Vancouver, by the Dublin Dock- 
yard Company, Dublin. She is intended for the owners’ 
passenger and light-freight service in the protected 
waters of British Culumbia—a service somewhat akin 
to that found in the fjords of Western Norway. 
The vessel has been designed and built according 
to American ideas, as may easily be seen by our illus- 
tration, and resembles the type of craft plying on the 
St. Lawrence and the Mississippi ; but she has been 
modified to suit the owners’ particular requirements 
and experience. 

The dimensions of the vessel are 175 ft. long between 
perpendiculars, with a beam of no less than 35 ft., 
which was necessitated by the vessel’s great height, 
there being four decks devoted to passenger accommo- 
dation, &c. She has been built under survey of the 
British Board of Trade and the British Corporation, 
and is specially strengthened with plating, doubled 
forward, to resist the impact of floating timber, 
and, for the same reason, aft, the propeller shafts are 
outwardly protected by bossing the shell, and the 
prupellers are of strong section cast steel. A specially 
heavy belting surrounds the vessel, and the anchors 
are drawn up into recessed hawse-pipes forward so as 
to be under the flush of the shell plating, thus pre- 
venting damage to other vessels coming alongside. 
The hull has also been built of very stiff construction, 
all the four decks being completely plated with steel, 
and the whole bound together by a system of pillaring, 
the efficacy of which was found at the trials, which 
took place in rough weather, for there was then a total 
asence of the annoying vibration associated with high- 
speed engines. 

The first-class passenger accommodation is very 
comfortable, nearly all the state-rooms having only 
two berths on the awning and shade-desks. They are 
finished in oak, and in some of them both hot and cold 
water are laid on. Fourteen of the state-rooms have, 
in addition to the two open berths, a folding cabinet- 
bed on the American principle. The dining-room is 
situated on the main deck, with a companion-way to 
the awning-deck. It is square in shape and will accom- 
modate 60 passengers, the tables being arranged for 
small parties of four, six, or larger numbers. The 
pantry and the galley are adjacent. 

The ladies’ saloon is on the awning-deck aft, attached 
to it being a tea-room and a reading-room, and also a 
ladies’ retiring-room with toilet arrangements. There 
is also what is called a conversation-room on the awning- 
deck immediately forward of the range of state-rooms. 
It is spacious and has large sliding windows all round, 
through which the scenery, which is in many places 
very fine, may be viewed. This room also forms the 
principal entrance hall. The smoking-room is on the 
shade-deck forward of the funnel casing, and in this 
— the windows are of the sliding type. In front 
of the smoking-room is the chart-room, and in front of 
that the wheel-house. The second-class accommodation 
and that for the deck passengers are situated on the 
lower decks forward. The comfort and the conveni- 
ence of the passengers has been well considered, there 
being a hot-water system, steam-heating system, and 
a complete electrical installation. 

The propelling machinery has been supplied by 
Messrs. MacColl and Co., of Belfast, and consists of 
two sets of balanced-crank triple-expansion engines, 
supplied with steam at 185 1b. pressure ond sq. in. 
from two ge large boilers, designed for burning 
inferior coal. The auxiliary machinery comprises cen- 


trifugal, circulating, feed, bilge, and sanitary pumps, 
evaporator, ash-ejector, &c. 

Before leaving Belfast, the vessel ran her trials on 
the new measured mile in Belfast Lough, and obtained 
a speed of 14.29 knots in service conditions, and full 
13 knots with 300 tons of dead-weight on board, bot 
speeds being in excess of that guaranteed, although 
the weather was boisterous at the time. The vessel 
was built to the specification of Mr. James Maxton, 
consulting engineer, Belfast, under whose supervision 
the trials were carried out. 

The Chelohsin has made an excellent maiden voyage, 
the long passage from Belfast to Vancouver Cale 
made in 72 days ; and the vessel has not suffered in the 
least from her ocean trip. To economise coal on the 
voyage, steam was generated by one boiler only. 





CONTINUOUS BLUE-PRINTING MACHINE. 

Rapipity with certainty of production of blue-prints 
being a necessity in the drawing-offices of all large 
works, it follows that wherever any great quantity of 
blue-printing is needed, and the electric current is 
available in the works, arc-lamps have been used to 
supplement or replace daylight. These lamps, in 
combination with a drying cupboard, allow the whole 
operation of blue-printing to be completed in as many 
minutes as it formerly took hours. Specially con- 
tructed apparatus with one or more lamps has enabled 
operators to turn out vast numbers of sheets without 
delay from lack of daylight, and still further to 
increase the facilities of production the machine illus- 
trated herewith has been designed by Mr. L. Shaw, 
of 39, Victoria-street, S.W. he main features of 
this machine are a cylindrical glass printing surface, 
with a travelling-band to clamp the tracing and 
sensitive paper in position, and an axially-moving 
lamp to ensure uniformity of illumination. The 
continuous movement of the tracing round the cylinder 
makes it possible to take a print of any desired 
length, irrespective of the size of the machine, the 
width of such print being limited by the height of the 
cylinder, 48in. being the greatest made up to the 
present time. The machine shown in the illustration 
is of a double pattern—that is to say, it will make 
two prints at one time, one on each half of the 
cylinder, black-printing being carried on, if necessary, 
on one half, whilst blue-printing is proceeding on the 
other. The framework carries the two semi-cylindrical 
a printing surfaces B, B, whilst for the pur- 
pose of keeping the tracing and sensitive paper in close 
contact thereto the convex sides are embraced by a 
continuous band of stout canvas C, which passes round 
four rollers parallel to the axis of the cylinder. Two 
of the rollers are mounted on an adjustable frame to 
keep the band in tension whilst pressed closely against 
the glass ; one of the others is fixed in the main frame 
and revolves idly, whilst the remaining roller is 
rotated to keep the canvas in motion, the power being 
supplied by a small motor, not shown in the illus- 
tration, and transmitted through variable - friction 
dises D, D. 

The two canvas bands, having each ites own driving- 
gear, may carry tracings requiring different exposures, 
and may be driven at different speeds independently 
|of each other. The arc-lamp E is carried by a pair of 
| chains, and balanced by a counterweight, and a steady 
ju -and-down motion is given to the lamp by a pitch- 

ae driven by the motor already mentioned ; one link 
of the chain is connected to the counterweight by means 
j of a rod, thus imparting the desired motion. In the 








vertical between the two canvas bands are lon 

pockets , screened from the rays of the lamp, an 

titted with light metal doors in front ; smaller tracings 
and sensitive paper are loosely rolled together, and 
placed in one of these pockets ; the leading oe of the 
pair are introduced between the canvas and glass at A 
when the moving band grips them and carries them 
at a speed mera, Han been so adjusted that the tracing 
travels across the illuminated surface in the time 























Fig.t. E 
i 7 
| | Band 
c Ala c 









































required to give a complete exposure; on arriving 
at the opposite side of the cylinder the two pieces of 
paper are guided into another pocket G to await 
removal. Long tracings are placed on the rollers H 
and taken off at I. Speeds up to 12 ft. per minute 
can be obtained for ferro-prussiate paper, whilst for 
opaque tracings or fora black-line print the speed may, 
if necessary, be reduced to a few inches per minute. 
The starting switch, lamp resistance, &c., are on the 
frame of the machine. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a series of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning these projects can be obtained 
from the Commercial Intelligence Branch, Board of 
Trade, 73, Basinghall-street, E.C. 

Canada: With reference to the call by the Deputy 
Minister of Marine and Fisheries, Ottawa, for tenders 
for the supply of screw bucket-dredgers, a hopper-barge, 
steam-engines, and steel rock-digging buckets, &c., it is 
to be noted that copies of the specifications for all these 
articles, and of drawings for all but the bucket-dredgers 
(for which there are no drawings issued), have been 
received from the Office of H.M. Trade Commissioner 
for Canada. Tenders will be received at Ottawa up to 
February 26. 

Transvaal: The Transvaal Provincial Gazette publishes 
regulations for obtaining supplies and services requi 
by the Transvaal svovienias a mn my and an dis- 

ing of public stores. 1e regulations do not apply to 
cep bm or disposal of articles by School Boards or 
to road works under Road Boards. A Provincial Tender 
Board is to be established, and public services are to be 
ut up to tender under conditions differing but slightly 
rom those laid down for the Union Tender Board. 

Italy: The Gazzetta Ufficiale publishes the following 
decrees —()) Granting to the Societa: Anonima Ferrovie 
e Tramvie Padane a concession for the construction and 
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working of a railway from Fano to Fermignano; (2) 
authorising the Turin Communal authorities to construct 
and work (a) an extension of the Barriera San Paulo- 
Barriera Casale electric tramway as far as the Trombetta 
Bridge, and (6) a section designed to connect the Bor; 
San Paolo-Barriera Grande line with the Pozzo Strada. 
Barriera Casale line. 

Spain: The Gaceta de Madrid contains a notice to the 
effect that tenders will be opened on March 27 at the 
offices of the Direccién General de Obras Piiblicas, 
Madrid, for a concession for the construction and working 
of a horse tramway from Villarreal to Grao de Burriana, 
in the Province of Castellén. Although the above con- 
tract will doubtless be awarded to a Spanish firm, never- 
theless the carrying out of the work may involve the pur- 
chase of some materials out of Spain. 

Austria: With reference to the proposed canal and river 
canalisation works in Austria, His Majesty’s Embassy 
at Vienna report that the Austrian Government have 
now submitted to the Legislature the Canals Bill, which 
is intended to amplify the programme laid down in the 
law of June, 1901, for the construction of canals and the 

lation of rivers. Of the credit of 250 million kronen 
(about 10,417,000/.) voted in 1901 for this pur it is ex- 
ted that by the end of 1912 there will still be 117 million 
Scum (4,875,000/.) in hand. To this amount the Govern- 
ment propose to grant an addition of 193 million kronen 
(about 8,042,000/.), so that for the 15 years (1913-27) 
covered by the programme a total of 310 million kronen 
(nearly 13,000, .) will be available. The works which 
it is pro to carry out are as follow, their execution 
being dependent on the assumption by the different 
provinces of their share of the expenditure :— 


Proposed Canal and River Improvement Works in Austria. 
Capital Govern- 
for Con- ment 

struction. Grant. 

Bohemia— £ £ 

Canalisation and regulation of the middle 

Elbe from Melnik to Jaromer .. ie 

Completion of the Moldau Canal in the 

district and town of Prague a - 

Continuation of the Moldau Canal, Prague 


3,020,000 2,640,000 
80,000 70,000 


—Stechowitz a om i ul 375,000 330,000 
Completion of unfinished river works and 
dams .. ° ai ee es .. 2,990,000 1,790,090 
Moravia— 
Completion of the Bystricka Dam in 20,000 20,000 


River regulation, locks, and dams 2,920,000 1,900,000 
Lower Austria— 
River regulation = a a 
Canalisation works near Vienna .. 
Silesia— 
River regulation and dam works .. ag 660,000 420,000 
Galicia- 
Completion of Vistula Canal works at 
Oracow and Podgorze... as ee 
Portion of navigable connection between 
the Oder and the Dniester jot .. 2,800,000 2,450,000 
River regulation 2,160,000 1,460,000 


In addition to the 310 million kronen for the works to be 
undertaken in 1913-1927, an extraordinary annual grant 
of four million kronen (about 167,000/. ) is pro for the 
first ten years. It has long been recognised that a com- 
plete execution of the vast project of 1901 was both 
technically and financially impossible. It was therefore 
necessary to draw up for the present a more restricted 
p mme, satisfying the more important economic 
needs of the Provinces. As rds the chief canal—the 
Danube-Oder Canal—the final estimate of construction 
amounts to some 260 million kronen (about 11,000,000/.). 
This is therefore given up for the present, as are also the 
Danube-Moldau and Prerau-Pardobitz Canals. It will 
be observed that the largest amount of expenditure is to 
be devoted to Bohemia and Galicia. he connection 
between the Oder and the Vistula basin, and thence with 
the navigable portion of the Dneister, is considered to 
be of great importance to Galicia. Such a waterway, 

ing from west to south-east for about 485 miles, would 
E", great advantage to trade and traffic, besides reducing 
the cost of coal transport. But it is found impossible for 
the present to carry out more than a part of such a 
scheme. As regards other works, the great bridge over 
the Danube at Vienna, the Kronprinz Rudolf Bruecke, 
is to be rebuilt, and a new bridge is to be constructed at 
another point. The Vienna-Danube Canal is to be en- 
larged, and a commercial and winter port to be formed. 
The contracts for the canal from Cracow to the Silesian 
frontier are, it is understood, already given, and work is 
to be begun early this year. 

Mexico: The Diario Oficial notifies that a concession 
has been awarded to Sefiora Hortensia Siller to utilise 
250 litres per second of water of the River Bravo del 
Norte for irrigation pur The Gaceta also contains 
a notice granting a similar concession to the Sociedad 
“Garza Hermanos” to utilise 1000 litres per second of 
water of the River Tio Diaz for irigation purposes. In 
each of the above cases exemption from customs duty is 
to be granted in respect of any material which it may be 
necessary to import. With reference to the Mexican 
decree authorising an institution to issue bonds, under 
State guarantee, up to an amount of 200 million pesos 


1,325,000 750,000 
1,440,000 900,000 


250,000 220,000 


(about 20,400,000/.), for irrigating and draining lands and | 382. 


disposing of them in small holdings to farmers for agri- 
cultural pur it is to be noted that a translation of 
the decree has been received from H.M. Legation at 
Mexico City. 








German OrmEent SynpicaTtE.—The Rhenish - West- 
phalian Cement Syndicate does not appear to give its 
members much satisfaction mo tis on foot for 
the pu of bringing the Fagg agreement to an 
end with the termination of the present year, and it is 
thought quite likely that the requisite majority of three- 





fourths will vote for the dissolution of the syndicate. 





THE INFLUENCE OF OXYGEN ON COPPER 
CONTAINING ARSENIC OR ANTIMONY.* 


By R. H. Greaves, B.Sc., Assistant Lecturer and De- 
monstrator in Metallurgy in the University College of 
South Wales and Monmouthshire, Cardiff. 

WHEN oxygen is introduced into pure copper, it exists in 

the metal as cuprous oxide, Cu,0, which forms a eutectic 

with the copper, containing 3.45 per cent. Cu.O, equiva- 
lent to 0.39 per cent. of oxygen.+ The influence of oxygen 
on the properties of pure copper was first investigated by 

Hampe,t who found that— 

0.45 per cent. Cu,O§ slightly decreases the tenacity, 
but does not affect the ductility of pure copper. 

0.90 per cent. Cu,O causes some diminution in 
ductility. 

2.25 = cent. CuO considerably lessens the tenacity, 
and the presence of more renders the metal first 
cold-short and then hot-short. 


According to Keller|| the best pure refined electrolytic 
copper may contain 0.6 to 0.8 per cent. CuO, while a 
similar metal with 2 to 3 per cent. Cu,O may still be 
rolled into sheets. 

All samples of commercial tough-pitch copper contain 
oxygen in amounts varying approximately from 0.05 to 
0.15 per cent. If the metal contains much more than this, 
or if some is removed, as in overpoled copper, its strength. 
ductility, and malleability are loot The effect of 
oxygen on tough-pitch copper has been dealt with recently 
by Mr. F. Johnson./ The study of tough-pitch copper, 
however, is complicated by the effect of a number of 
impurities, especially as little is known of the effect of 
oxygen on copper with any one of these taken alone. In 
this connection Hampe** found by the addition of arsenate 
and antimonate of copper to the molten metal, that the 
former was distinctly more harmful and the latter less 
harmful than its reduction product. Thus the presence 
of 0.55 per cent. of arsenic in the form of arsenate was 
found to induce cold-shortness, while 0.5 per cent. of 
antimony in the form of antimonate showed no tendency 
to cold-shortness or hot-shortness. The influence of 
oxygen in relation to the failure of arsenical copper has 
been discussed by Messrs. Bengough and Hill.+t+ 

The work described in this paper was begun in conjunc- 
tion with Mr. A. H. Hiorns, as a continuation of that of 
Hiorns and Lamb,tt} on the effect of arsenic and antimony 
on copper. 

PREPARATION OF THE MATERIAL. 


The alloys used were prepared synthetically from pure 
electrolytic copper. Oxygen was introdu as cupric 
oxide, obtained by the ignition of recrystallised copper 
nitrate; arsenic or antimony was added in the form 
of a rich alloy with copper. In preparing the alloy 
of high arsenic content copper was melted in a fireclay 
crucible, and metallic arsenic added. After stirring, the 
metal was poured into a warm mould, allowed to cool 
slowly, and when cold was powdered in a large iron 
mortar. Any particles of iron which it contained were 
removed by means of a magnet; the powder was then 
carefully mixed, and sampled for analysis. Theantimony 
alloy was prepared in a similar way. These rich alloys 
contained :— 


Per Cent. Per Cent. 
(a) Copper 67.33 (b)Copper_... 32.84 
Arsenic 32.68 Antimony ... 67.11 


On account of the volatilisation of the oxides of arsenic 
and antimony, and the uncertain oxidising or reducing 
atmosphere in contact with the metal, it was difficult to 
obtain the definite compasitions intended. Finally the 
method adopted was to melt about 1. of copper under 
lump charcoal in a clay crucible. The charcoal was then 
skimmed off, the copper stirred with a charred stick, and 
a weighed 5 a ped of cupric oxide tipped in. This 
rapidly dissolved, and after a few seconds the rich alloy 
was added, the metal stirred rapidly with an arc-lamp 
carbon, left in the furnace until dead melted, and then 
poured into an open mould. 

Methods of Analysis.—Arsenic and antimony were 
determined by distillation, the former from an acid ferric 
chloride solution, the latter from a solution of zinc and 
copper chlorides as described by Gibb.§§ The distillates 
after eggs: Napa titrated in the presence of sodium 
bicarbonate, with a standard solution of iodine. The 
method of estimating oxygen is described in the Appendix. 

Appearance of the Ingots.—The ingots in general showed 
a longitudinal depression on the surface, but in some cases 
were flat. With one exception all the flat ingots of the 
arsenical series contained from 0.05 to 0.10 per cent. of 
oxygen, with from 0.08 to 0.30 per cent. of arsenic. 

* Paper read before the Institute of Metals on 
January 17. 

+ Mittheilungen aus der Kéiniglichen Technischen Ver- 
suchsanstalt, 1900, vol. xviii., pages 315 to 329; Zeitschrift 
fiir Anorganische Chemie, 1904, vol. xxxix., page 11. 

t Zeitschrift fiir das Berg-, Hiitten-, wnd Salinenwesen, 
1873 and 1874; Chemisches Centralblatt, 1874, pages 378 to 


§ Cu,O contains slightly over one-ninth of its weight 
of oxygen. 

|| The Mineral Industry, 1899, page 248. 

{ Metallurgical and Chemical Engineering, 1910, 
574; 1911, page 397 ; Journal of the Institute of Metals, 


No. 2, Po 163 to 173. 

** Chemi. Centralblatt, 1875, Page 381. 

++ Journal of the Institute of Metals, No. 1, 1910, 
vol. =. pages 47 to 52, and discussion. 

Jo of the Society of Chemical Industry, 1909, 

vol. xxviii., pages 451 to 455. 

$f Journal of the Society of Chemical Industry, 1901, 
vol. xx., pages 184 to 187. 





Alloys whose content of oxygen or arsenic (or both) 
exceeded these limits showed a depression. Of the 
series containing antimony, only one ingot showed a flat 
surface—namely, B1, containing 0.08 per cent. oxygen 
and 0.14 per cent. antimony. The depression was very 
slight in B 2 and 3. 


INFLUENCE OF OXYGEN ON THE MECHANICAL 
CHARACTERISTICS. 

Rolling Tests.—From the large ingots, pieces having 
the approximate dimensions 2.5 in. by 0.6 in. by 0.35 in. 
were cut for rolling. These were rolled cold down to a 
thickness of 0.02 in. with the necessary annealings, which 
were carried out by heating rapidly on a clear coke fire 
to dull redness, and ~—s to cool in air. This 
treatment had no effect on the chemical composition. 
All the alloys of one series were passed through the rolls 


TaBLE I.—Copper with Oxygen and Arsenic. 


Composition. | 





























| 
:. | Cold- Wire- 
No. ee Laie Rolling | Drawing 
| Oxygen. Arsenic. Test Test. 
oe oa — _ — 
| percent. per cent. 
Al .-| 0.05 0.05 | a3 B ‘ 
2 0.07 | 0.08 7.7 B 
3 0.08 0.19 8.4 a+ 
4 0.08 0.29 8.8 a _ 
5 0.08 0.35 9.5 Bt = 
6 0.09 | 0.19 8.5 a _ 

7 0.10 0.12 8.4 A ~ = 
Bl 0.10 0.49 8.5 B B+ 
3 0.16 022 | 89 a 4 
3 0.17 0.40 ! 92 a a 
4 0.29 0.04 «=| 10.9 B y 
A 0.30 0.06 10.4 B y 
6 0.31 0.03 10.5 6 é 
7 0.33 0.33 | 8&8 Br Y 
8 0.33 0.43 | 86 B B 
9 0.35 0.19 9.5 “ y 
10 0.36 0.51 9.5 Bt y 

1l 0.60 0.24 11.9 é é 
12 0.62 0.03 | 128 6 | 6 
C1 0.26 0.05 | 9.3 B- } a 
2 0.42 0.43 11.5 B B- 
3 0.43 0.23 | 11.2 B | Y 
4 0.48 041 | 123 y | oY 
TABLE II.—Copper with Oxygen and Antimony. 
| Composition. 
nN ia ______! Relative Cold. | Wire- 
0. ’ Hardness, Rolling | Drawing 
Oxygen. | Antimony Test Test. 
| — ——————s— =< ——_ 
| per cent. | per cent. 
Al : | 0.21 0.28 7.7 B B 
2 .| 0.24 0.23 8.1 as , 
3 ae 0.27 | 0,14 9.3 a a 
4 ..| 0.80 | 088 | 86 3 3 
5 ..| 082 | 004 | 98 6 y+ 
6 ..| 0.82 | 0.18 8.9 B B 
7 ..| O84 | O22 9.8 y y 
8 041 | 0.10 | 115 Y y+ 
9 0.46 | 0.27 10.0 ) 6 
Bl 0.08 0.14 7.4 B B 
2 0.10 0.41 7.8 a a 
3 0.14 0.24 7.4 a a 





in succession and received precisely the same treatment. 
Even those of different series should yield comparable 
results, for the conditions of the tests wére made as nearly 
as possible the same. Judged by behaviour in the 
rolling test, the metals stand in the following order : — 

Arsenic :— 

Series A :—3, 4, 6 (all rolled very well), 5, 1, 2, 7 
(serrations extended 2 millimetres inwards). 

Series B :—3, 2, 9 (very good), 7, 10, 8, 1, 4, 5 (very 
slight cracks), 11, 6, 12 (badly cracked). 

Series C :—2 (incipient cracks), 5, 1, 4. 

Antimony :— 

Series A :—3, 2 (good), 1, 6, 4, 7, 8, 5, 9 (badly 
cracked). 
Series B :—3, 2 (very good), 1 (slightly cracked). 

It is, unfortunately, impossible to make a quantitative 
representation of behaviour under the rolling test, but in 
order to present the results concisely a definite mark has 
been assigned to each alloy. Thus :— 

a signifies that the alloy rolled well, and remained per- 
fectly sound at the edges. ; 

8 signifies that the alloy rolled well, but showed slight 
cracks or serrations at the edges. 

¥ signifies alloys inferior to these, surface cracks also 
being developed. 

6 signifies that the alloy cracked badly. 

The results of the test are given in Tables I. and II. 
To these may be added the following results of a similar 
test by Hiorns and Lamb*:— 

Copper-Arsenic Alloys. Copper-Antimony Alloys. 
0.0 to 0.2 per cent. arsenic, | 0.0 to 0.6 per cent. anti- 

* sligh . frayed at the mony. ‘“ The alloys all 

edges.” showed faint cracks 
0.2 to 0.5 per cent. arsenic, | along a plane at right 

** edges perfect.” | angles to the rolls. he 

| cracks increased as the 


rcen of antimony 
imeaol” 


An attempt is made to represent these results graphi- 
* Journal of the Society of Chemical Industry, 1909, 
vol. xxviii., pages 453 and 
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cally in Figs. 1 and 2. The compositions of the alloysare 
shown in the usual triangular diagram, of which only one 
corner is used, aes 

As the amount of arsenic increases up to 0.5 per cent., 
the metal may take up more and more oxygen without 
suffering deterioration in its capacity for rolling. This 
quantity of oxygen rises from about 0.05 per cent. to 0.2 
per cent. as the arsenic increases from 0 to 0.2 per cent., 
then more slowly to about 0.28 per cent. as the arsenic 
increases to 0.5 per cent. Thus with constant arsenic, 
addition of oxygen causes no marked difference to the 
malleability until a certain limit (depending on the 
arsenic present) is reached ; above this point the malle- 
ability falls off, and with still more oxygen there is a 
rapid deterioration of the metal, which becomes cold-short. 
If arsenic is increased while the oxygen is kept constant, 
any tendency to cold-shortness is diminisbed, and if 
less than 0.3 per cent. of oxygen is present, a metal which 
will roll perfectly is obta‘ned before the arsenic reaches 
0.5 per cent. 

In a similar way antimony up to 0.4 per cent. reduces 
the cold-shortness of pure ‘‘dry” copper. The first 
action of oxygen on copper containing a constant amount 
of antimony, however, appears to be to effect an improve- 
ment in the metal, as the cracks mentioned by Hiorns 
and Lamb in their cop, r-antimony alloys were not found 
in the metals B 2 an S lesutaiain about 0.1 per cent. of 
oxgyen), which rolled perfectly. Further increase in the 
oxygen causes a reduction in malleability. 

Wire-Drawing Tests.—A portion of each ingot was 
rolled down to 0.15 inch and slit for wire-drawing, which 
was carried out first on a small draw-bench and after- 


. COPPER WITH OXYGEN & ARSENIC. 
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Fig.2. COPPER WITH OXYGEN & ANTIMONY. 
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wards by hand. The results are expressed in Tables I. 
and IT. and in Figs. 3 and 4, which are constructed on the 
same principle as those for the rolling tests. Alloys 
me a and § may be drawn into wire, 8-- denoting a 
somewhat rough wire. Those marked 7 broke before the 
50 hole (diameter, 0.033 in.) even with frequent anneal- 
ing, though a short length of wire was obtained in one or 
two cases (marked +). Those marked 6 would not pass 
hole 20 ree. 0.10 in.). 7 

It will be noticed that in the presence of arsenic the 
compositions of the metals which may be drawn into wire 
are more restricted than for rolling, though in both cases 
the areas representing their compositions are similar in 
form. 

Tensile Tests.—A number of samples of the cast metals 
containing arsenic were normali by heating to about 
550 deg. t. in air in a glass tube for three-quarters of 
an hour, and allowing to cool slowly. ; 

The pieces were then planed down to a section of about 
0.3 in. square, and broken in a sensitive wire-testing 


machine. The results are given in the following table :— 
Tasue ITT. 
ie Tensile Strength, Elongation per 
Composition. tons per Square Inch.| Cent. on 2 fn 


Oxygen. | Arsenic. (1). (2). Mean (1). | (2). Mean 
r cent r cent 

B 38 ar dO 11.6 | 12.3 12.0 28.8 | 30.0 29.4 
C1 0.26 0.05 9.4 9.4 9.4 | 14.7 | 12.0 | 13.3 
B12 0.62 0.03 oa 7.9 7.9 « 25 | 26 
6 0.31 | 6.08 7.4) 9.1 8.2 61} 51 | 5.1 

4 0.29 0.03 | 98) 99), 98 |100|) 7.5] 88 

5 0.30 | 0.06 10.5 | 10.7 10.6 | 80 98 | 8&9 

9 035 | 019 9.2) 23 9.3 | 113 9.8 | 10.5 

7| 0.33 0.33 10.7 | 10.5 10.6 9.6 | 121 | 10.9 
C3 0.43 0.23 | 12.4 | 126 | 12.5 | &.2 88 | 85 
2 0.42 | 0.43 13.8 | 13.1 | 13.5 | 11.5 | 10.2 | 10.9 








A further set of alloys was made, and cast in the form 
of 1-in. diameter bars, about 10 in. long, in a chill mould 
standing on sand. Each metal was cast as nearly as could 
be judged at the same temperature. The appea 
the fractures of Nos. 2 and 6 seemed to indicate that the 
casting temperatures were in these cases slightly higher. 
The bars were machined down to 0.564 in. in diameter, 
with 2} in. parallel. Analyses were made on the last 
turnings from the test-piece. The tests were carried out 
in the engineering laboratory of this college by kind per- 
mission of Professor Elliott. The results are given in 
Table IV. 

From the results given in Table III. it appears that for 
metals in the cast state, containing a constant quantity of 
oxygen, there is a slight rise in the tensile strength and 


more marked improvement in the elongation as the) 
his is seen, for example, in B6, 4, 5, | 


arsenic increases. 
9,7; C3, 2. 


With a constant percentage of arsenic there is very | 


little change in the tensile strength, as the oxygen in- 
creases from 0.17 per cent. to about 0.4 per cent., but the 
elongation falls off rapidly. 

rison of B3, C2; C1, B4, 5, 6,12; and is borne out by 

os. 5and 6, Table IV. The same generalisation applies 
to metal containing antimony (Table LV.). Increase of 
oxygen shows no definite effect on the tensile strength, 
but causes a marked decrease in elongation. 


INFLUENCE OF OXYGEN ON THE PHYSICAL PROPERTIES. 


Hardness.—The relative hardness of the cast ingots 
was taken by means of the Shore scleroscope, using the 
intensifier hammer. The author has pointed out that the 
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physical property really measured by this instrument 
appears to be the coefficient of restitution between the 
hammer and the material to be tested. Under certain 
conditions (generally fulfilled by metals in the cast or 
annealed state) this quantity is proportional to the hard- 
ness as measured by the scratch test.* The values of the 
relative hardness of the alloys examined are given in 
Tables I. andII. To these may be added :— 














Copper with Copper with Copper with 
Oxygen. Arsenic. * Antimony.* 
oxygen elatine | arent. | atte | antimony. | Raa 

per cent per cent. per cent. 
0.4 7.5 0.05 80 1.0 | 8 
0.32 11.5 0.40 9,0 = = 
_— 1.50 10.0 _ _ 


* Hiorns and Lamb, Journal of the Society of Chemical In- 
dustry, 1909, vol. xxviii., pages 452 and 454. 

The values are plotted in Figs. 5 and 6, in which lines 
of equal hardness are approximately indicated. 

The addition of arsenic or antimony to pure copper 
hardens it; the effect of either on copper containing 
oxygen is first to diminish and then increase its hardness. 
The addition of oxygen to arsenical copper is without any 
marked influence on the hardness until it reaches a limit 
depending en the percentage of arsenic, when the hard- 
ness rapidly increases. Thus copper with 0.4 per cent. 
arsenic and 0.3 per cent. oxygen is quite as soft as, if not 
a little softer than, a simular metal free from oxygen. 
The limit of the percentage of oxygen which does not 
noticeably affect the hardness rises to about 0.35 per cent. 
as the arsenic increases to 0.5 per cent. In a similar 

* Proceedings of the Institution of Civil Engineers, 
1910, vol. clxxxi., pages 478 to 489. 


rance of | 





This is evident by com- | 














Tasie IV. 
Composition. Elonga- | 
Tensile tion per | . 
* : Strength. | Cent. on | Practare. 
% Oxygen. Antimony 2In | 
|per cent per cent. tons per sq. in. 
| na Mean. Mean. _ , 
| P fl \ 22.5 Crys ne;afew 
+) os 035 {inaay 1125 irs } 0 small blowholes 
| Yellowi h. 
| 9.81) 14.0 Fine radiating 
2) 0.15 0.38 { sty 968 ins }286 fibres. Slightit 
| reddish. 
| { 12.63 ~ 18.5 Very finely crys- 
$s; ou O48 {je t2 f 1287 o.0 p88 talline to finely 
| fibrous. Slightly 
| | ish. 
4/ 0.31 9.40 10.73 10.73 | 5.0 5.0 |Finely c ~~ 
; line. Bric 
Arsenic | 
f 11.63 29.5 |\Orystalline to 
5| 03 0.51 {TES } 14s 0 ye? a ao tw 
small _holes. 
| Yellowish. 
6| 0.18 0.33 10.50 10.50 8.5 Radiating fibres. 


8.5 
Slightly reddish 





way antimony first diminishes and afterwards increases 
the hardness of copper containing oxygen, while quite a 
low percentage of oxygen begins to harden copper con- 
taining antimony. 

The hardness found after rolling down to about 0.15 in. 
was unreasonably high (30 to 40) on the scleroscope scale, 
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but the values given, after annealing, agreed almost 
identically with those for the cast metal. 

Conductivity for Electricity.—For purposes of com- 
parison it is necessary to know the conbaniotey of copper 
containing only arsenic or antimony without oxygen. 
The most complete series of determinations within the 
limits of composition required is that of Hiorns and 
Lamb.* Their results for arsenic are in agreement with 
those of other observers, but for antimony they are some- 
what irregular; moreover, different workers have ob- 
tained divergent results.+| With regard to the effect of 
oxygen, Addickst concludes that the conductivity of 
pure copper is slightly increased by the presence of 0.05 
per cent. of oxygen, and returns to its original value with 
0.10 per cent. 

Peters,{ however, finds that ‘‘ while the proportion of 
cuprous oxide found in ordinary good seined copper does 
not appear to diminish its electrical conductivity (it may 
even increase it sli htly), yet the very highest conduc- 
tivity tests are yield by copper which contains no 
determinable oxygen.” 

Hofman, Hayden, and Hallowell§ state that the pre- 
sence of oxygen improves the conductivity of tough-pitch 
copper, & maximum conductivity being obtained with 0.2 
per cent. of oxygen. 

Measurement of Resistance.—The resistance of a definite 
length of a number of wires made as described above, 


* Hiorns and Lamb, Journal of the Society of Chemical 
Industry, 1909, vol. xxviii., pages 453 and 4 

+ | Chemiker Zeitung, 1892, s 726 to 728; 
Addicks, Transactions of the American tnatitute of Mining 
Engineers, 1906, vol. xxxvi., page 18 ; Guertler, Zeitschrift 
fiir Anorganische Chemie, 1906, vol, li., page 392 ; 1907, vol. 
liv., page 58. The latter deals chiefly with larger propor- 
tions of arsenic and antimony ; his curve for arsenic shows 
a higher relative —— 

t ‘‘ Principles of Copper-Smelting,” 1907, page 492. 

§ Transactions of the American Institute of Mining 
Engineers, 1908, vol. xxxviii., page 38, 
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was measured by the Wheatstone bridge method, the 
diameters of the wires were afterwards obtained by weigh- 
ing a measured length in air and water. Tables V. and 
VI. give the specific resistance of the wires in C.G.S. 
units (ohms x 10—-%). The relative conductivity is calcu- 
Jated from these and from Hiorns and Lamb's value 
for pure copper ; and since all measurements were not 
made at the same temperature, the latter is corrected 
for comparison by the temperature coefficient for pure 
copper—viz., R = Ro (1 + 0.00416 ¢).* For comparison, 








Fie. 7. 
and 0.49 per cent. arsenic, as cast. 
70 diameters, 


Copper containing 0.10 per cent. oxygen 
Magnified 


the tables also give Hiorns’s values for the relative con- | ground mass of capper and cuprous oxide, not showing a 
ductivity of the oxygen-free metal of the same arsenic or | eutectic structure, but oceurring in isolated globules. 


antimony content. 


In every case in the arsenic series it will be noticed | increases the cores 
that the conductivity is less than that of a similar daries become pit 
In the presence of antimony, | ance to the oxide boundaries in 
| ington has published a micrograph similar to Fig. 9, but 
with less oxygen.* 
shown better at a higher magnification. 
For the production of these the author ' oxygen is similar in the presence of arsenic and of anti 


metal with no oxygen. 
however, the effect of oxygen is to raise the conduc- | 
tivity. In order to check this result the pre mean ged 
were repeated on fresh wires drawn from strips of the 
same ingot. 





Fic. 8.—Copper containing 0.31 per cent. oxygen 
and 0.03 per cent. arsenic, as cast. Magnified 
70 diameters. 


| Fig. 9.—With more arsenic or antimony, as the oxygen 


into a dendritic form, the boun- 
, and finally approximate in appear 
Fig. 8. Professor Hont 


The structure of the boundaries js 
The effect of 


containing 0.33 per cent. oxygen 


Fic. 9.—Copper 
Magnified 


and 0.43 per cent. arsenic, as cast. 
70 diameters. 





Fie. 10.—Copper containing 0.10 per cent. oxygen 
and 0,41 per cent. antimony, as cast. Magnified 
70 diameters. 





























TABLE V. 
| i a 
|Composition. . 2 |g ; r} 
: tes 
s S25 
ar $3 5/8 ese 
No. ez i 2 e.is z e 
; ee! 5s |geisée 
e | g > | FI os Cs” 
. . | e oe 
|§/21/4121 49 lee) & 120 eR5 
|e) Pg) els! Flas ges 
2 ik ;- | & $6) £s 
z a a r—) = DL | Pa au 2° ° 
|; pe. | pe, cm. cm. ohms. | dg. ©. 
B1 | 0.10 | 0.49 | 147.6 0.0820, 0.1312 4690 | 18 | 35.2 | 424 
C2 | 0.42 | 0.43 | 97.7 0.0826 0.0775] 4251 | 17 | 38.7 | 45.1 
B8 | 0.17 | 0.40 | 128.9 0.0861) 0.0850] 3843 | 18 | 43.0 | 46.8 
2 | 0.16 | 0 22 | 170.5 | 0.0863 0.0926) 3178 | 18 | 52.0) 59.5 
5 | 0.30 | 0.06 | 61.0 0.0860 0.0261) 2485 | 18 | 66.4 77.3 
C1 | 0.26) 0.05 | 168.0 0.0831 —— 2169 | 17 | 75.8) 79.4 
| | 
Taber VI. 
¢ b RS) 
Composition. = 4 25 e 
+: lees 
3 = 
, S65 
No. ; CF Bx Soe 
> s | 2s o& [Sse 
° ” - jo, 
6 24/12) 4 ga) fu [28s 
M = & = 3 ts a5 |2e 
~ietigis £ #5| so [Sse 
—) < a = = @ eh eos 
pc. | pc. | ecm. cm. ohms | } 
(a\ 0.27 | 0.14 | 168.0 (0.0825 0, 0580 1847/89.4 ) .. | 
A3 1p! 0.97 | 0.12 | 139.2 |0. 0832/0, 0482 1889 a7 } 885 80.0 
BI {¢ 0.08 | 0.14 | 73.7 |0,0860'0.0287 1871881). | a7 5 
b*| 0.08 | 0.14 | 79.6 /0, 0836/0. 0269 1854 89.3 s! Ehese 
AG {@,| 0:82 | 0.18 | 224.8 |0, 0830 0. 0798 1919 86.11 35.8 73.0 
1d" 0.30 | 0.18 | 98.3 :0,0834)0. 0850 1934/85.6 7 °°"°°) ‘ 
Be {¢) 0.10 | 041 | 260.7 ee 58.0 
® 1b*| 0.10 | 0.37 | 226.0 \0. 0887/0. 1052 2564/64.6 j 8) 





(a) Temperature, 17.5 deg. Cent.; (b) Temperature, 18.6 deg. Cent. 
* Analyses of the wires given. 





* Swan and Rhodin, Proceedings of the Royal Society, 
1894, vol. lvi., page 81. 


Fig. 11.—Copper containing 0.10 per cent. oxygen 
and 0.49 per cent. arsenic, as cast. (Same as Fig. 7.) 
Magnified 300 diameters. 


Fig 13 




















Fic. 12.—Copper containing 0.14 per cent. oxygen 
and 0.24 per cent. antimony, as cast. Magnified 
300 diameters. 





























is indebted to Mr. H. I. Coe: they are marked (b) 
in Table VI. The post-office box used had been carefully 
standardised. — from each of the wires were taken 
for analysis; it will be seen that very little change in 
composition occurred during the operation of drawing ; 
but making allowance for the possible slight difference in 
composition, the conductivity of the two sets of wires 
shows very fair agreement. The quantitative effect of 
oxygen is not apparent from these results, and the author 
hopes to make a further series of more accurate measure- 
ments to decide this. 


INFLUENCE OF OXYGEN ON THE MICROSTRUCTURE. 

Specimens cut from the ingots were polished and etched 
by means of a 10 per cent. solution of ammonium per- 
—— The photographs were all taken by direct 
light. 
Tic. 7.—Is typical of cast metal containing arsenic 
with a low percentage of oxygen. The boundaries of the 
‘‘cores” are very distinct on account of the rapidity of 





cooling. A similar metal containing antimony is shown 
in Fig. 10, 


mony. The first effect of oxygen is to produce a curious 
ring-like formation which appears in the boundaries 
(Fig. 11). These develop into globular masses as the 
oxygen rises (Fig. 12), and increase in number until they 
fill the arsenic or antimony-rich boundaries. ; 
In conclusion, the author wishes to express his in- 
debtedness to Mr. J. Cooper Trill for assistance in making 
the tensile tests ; to Mr. A. H. Hiorns for valuable advice, 
and the benefit of his judgment in the malleability tests ; 
and to Professor A. A. Read for the interest he has 
taken in the progress of the work. 
APPENDIX. 
On THE Metuops OF DETERMINATION OF OXYGEN 
IN CopPER. 
Methods proposed for the determination of oxygen in 
copper may be classified in two groups according as they 
have for their object :— 


1. The estimation of cuprous oxide ; 
2. The estimation of total oxygen. 





* Journal of the Institute of Metals, No. 1, 1910, 








containing oxygen with low arsenic | 


Fig. 8.—Cop 
ows dendrites of copper embedded in a vol. iii., page 84 


or antimony 
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1. Estimation of Cuprous Oxide.—This depends on the 
difference in the behaviour of copper and cuprous oxide 
towards various reagents, notably (a) silver nitrate ; (b) 
dilute hydrochloric acid ; (c) ammonia. 

(a) Silver nitrate methods: Cuprous oxide behaves 
towards a solution of silver nitrate exactly as a mixture 
of copper and cupric oxide would do—that is, produces a 
mixed precipitate of silver and a basic copper salt (3), 
This is the foundation of Hampe’s method (3), in which 
thinly-rolled or finely-filed copper is treated for 24 to 36 
hours with cold dilute silver nitrate solution free from 
acid. The reaction is :— 

Cu + 2 Ag NO, = Cu(NOs). + 2 Ag. 
3Cu,0 + 6 Ag NO, + 3 H.O = 2Cu(NOs)o 
ppt. 

The copper existing as Cu.O is found by multiplyin 
the copper in the precipitate by 3. This method re | 
Aubel’s process (2). The reaction given above has been 
dispu by many—(4), (°), (7), (9)—but was verified by 
Sabatier (!°) and by Hampe—(°), (8)—himself, who points 
out the necessary conditions, chief of which are :— 

(i.) Absence of acid ; 
(ii.) A solution of silver nitrate not stronger than 
60 per cent. ; and 
(iii.) A temperature of 0 deg. Cent. throughout. 


(b) Dilute acid method. (!!)—Copper is treated in a flask 
fitted with a Bunsen valve with dilute hydrochloric acid, 
some pieces of marble being added to replace air by CO,. 
It is stated that only copper in the form of cuprous oxide 
goes into solution. 

(c) Ammonia method. (!2)—Cuprous oxide is soluble in 
ammonia in the absence of oxygen, while copper is in- 
soluble. The copper in the form of fine drillings or filings 
is treated with ammonia in a suitable apparatus, and the 
eopper which passes into solution is estimated. 

Arsenic and antimony when —— also pass into solu- 
tion ('8) probably in the form of oxides either free or com- 
bined with cuprous oxide. In all the above methods there 
is the ae as to whether the cuprous oxide actually 
found exists in the copper wholly as free oxide or partly 
combined with oxides of arsenic, antimony, &c. 

2. Estimation . Total Oxygen.—The principal methods 
are given in the following table :— 





pee Authority. 





Method. | Weighed. 
| 
1. Copper heated in a current of ‘ } si ' 
hyd ee -_ ee oe yater mas 
ydrogen ate (Hampe & m4 
2. Copper heated in a current of | | Copper |4 Murmann (2) 
hydrogen .. e os es \ Archbutt @) 
3. Copper melted in a current 0! | 
hydrogen Water | Blount (2) 


Copper melted with tin in a cur- 
rent of hydrogen .. “ - 
Copper heated in a current of 


> 


a 


| Water | Dickson (24) 
} | 


carbon monoxide .. re oe f ad | Murmann (29) 
6. Copper melted with tin in a cur- f | Carbon } 25 
rent of carbon monoxide es | dioxide Lucas (**) 


The main points of difference appear to be in regard 
to:— 


1. The preparation and size of the sample for analysis. 

2. The temperature to which the metal should be 
heated. 

3. The reducing agent to be used. 

4. The substance to be weighed. 


1. Attention has been paid to this point by Archbutt (), 
who finds that the best form is thin bright turnings. 
Larger pieces may be used if sufficient time is allowed for 
their reduction. Surface oxidation must be avoided, 
hence filings should not be used. Thin strips are a good 
form if a sample can be so taken, as these can readily be 
cleaned with emery. Johnson (76) washes the sample 
with dilute nitric acid, then ammonia. In view of the 
fact that such reagents readily attack cuprous oxide, this 
seems a dangerous practice, especially when the oxygen 
content is high. ith the use of fresh bright turnings 
or drillings, carefully obtained with a lathe working at 
low gear to avoid Leating, there is little danger of surface 
oxidation or even of grease, which, however, can easily 
be removed by washing with ether. 

2. Archbutt (22) found in the case of hydrogen that, 
provided the tube is heated to redness, a further increase 
in temperature is of no advantage. He showed that it is 
unnecessary to fuse the metal. 

3. The only reducing agents suggested have been 
hydrogen and carbon monoxide. For reasons of con- 
venience in preparation, hydrogen is to be preferred ; 
reduction by hydrogen also takes place more rapidly. (”°) 

4. There seems to be a general consensus of opinion in 
favour of the measurement of the loss of weight of the 
copper, rather than the weight of water formed. For the 
former method the hydrogen need not be absolutely free 
from oxygen, as it must for the latter. On the other 
hand, since arsenic, antimony, and bismuth are expelled 
from the copper by heat, and form a mirror on the tube, 
it is necessary to weigh tube and copper. The result 
depends therefore on a small difference in a large total 
weight : a large surface is exposed during weighing for 
the condensation of moisture from the air, and this sur- 
face is subjected between the weighings to a high tem- 
perature, which may at least cause an alteration to its 
character sufficient to affect seriously the quantity of 
moisture so deposited. When sulphur is present, part 
of the loss of weight is due to its volatilisation as H.S, and 
this must be corrected for. (!), (1°), (8), (2%). 

Method of Analysis Employed, Fig. 13.—Hydrogen 
from zine and sulphuric acid was purified by passing 


through U-tubes* containing respectively glass soaked 
in silver nitrate solution, potash pumice, and pumice 
soaked in strong sulphuric acid, then through a plug of 
heated platinised asbestos to convert any oxygen present 
into water, which was removed by another U-tube of 
pumice and sulphuric acid. The hyd was under 
pressure up to the screw-clip A, by which its flow was 
regulated. A small gas-furnace was for heating u 
the Jena glass tube in which the copper was Soar 
The water formed was absorbed in a stoppered U-tube 
containing pumice and sulphuric acid; to this was 
attached a guard-tube and then an aspirator. From 5 to 
10 grammes of copper in the form of fine turnings or drill- 
ings were weighed out into a porcelain boat and inserted 
into the Jena glass tube. The guard-tube was attached, 
and hydrogen aspirated through. Meanwhile the absorp- 
tion tube (filled with pure hydrogen) was weighed after 
being wiped on a silk cloth and allowed to remain in the 
balance-case for fifteen minutes. About 1 litre of hydrogen 
having been aspirated through, the clip B was closed 
to allow the pressure in the tubes to reach atmospheric ; 
the guard-tube was removed and the absorption-tube 
inserted into the rubber cork and connected up with the 
aspirator. Hydrogen was aspirated through for a further 
twenty minutes, the stream being regulated by the clip A. 
The copper was heated for about one hour in a slow 
current of hydrogen, then allowed to cool while a further 
litre was passed through, after which the current was 
stopped by closing the clip B, and then the taps of the 
absorption-tube. After disconnecting the aspirator, the 
absorption-tube (which now contained hydrogen at in- 
c pressure) was allowed to blow off into the guard- 
tube by momentarily opening the tap; it was then 
removed and weighed with the same precautions as 
before. The absorption-tube was always weighed full 
of hydrogen at approximately atmospheric pressure ; 
this makes it unnecessary to in uce air into the 
apparatus, and is a great convenience when a number 
of estimations have to be done. No error is introduced 
by difference of pressure: to produce an alteration 
of 0.0001 gramme in the weight of hydrogen in the tube 
used would require a change of pressure of 40 millimetres 
of mercury. Blank experiments extending over the same 
time were carried out at intervals; in these the absorp- 
tion-tube gained from 0.1 to about 0.3 milligramme ; only 
once did it exceed the latter figure, which represents 
0.0027 per cent. of oxygenon 10grammes. This is mainly 
due to diffusion of oxygen or moisture through the rubber 
joints and the uncertainty as to their constant dryness. (!7) 
t may, if desired, be entirely overcome by the use of 
ground - glass joints between C and D._ Phosphorus 
pentoxide may be used for drying instead of sulphuric 
acid : in any case the same drying agent must be used in 
the entrance and exit tubes. Presence of sulphur would 
lead to irregular results with sulphuric acid on account of 
the action of the latter on sulphuretted hydrogen. 
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Tux Russian Navy. — According to the Russian 
journals the programme for the construction of the 
Baltic fleet includes the construction of four 28,000-ton 
battleship-cruisers, the armament of which is to consist of 
13.5-in. guns ; of nine protected cruisers; and of thirty- 
six sea-going to o-boats. These units are to be built 
over a period of five years. 





* These are best supported on a wooden stand similar 
to that described by Arnold and Ibbotson in their 





“ Analysis of Steel-Works Material” (1907), page 30. 


SOME GENERAL PRINCIPLES INVOLVED 
IN THE ELECTRICAL DRIVING OF 
ROLLING-MILLS.* 


By C. Antony AsBLett, B.Sc. 


Introduction. —The power which is required to drive a 
rolling-mill generally varies rapidly between wide limits, 
while the condition that power should be generated 
cheaply is that the demand made for power on the gene- 
rating plant should be maintained steadily at the full 
capacity of that generating plant. To ensure that the 
working costs of a rolling-mill should be low, means 
must be found for reducing the fluctuations in the power 
required to drive the mill, care being taken in doing this 
that the capital cost of the plant is not unduly increased, 
nor is the possible output reduced. Any reduction of the 
possible output is equivalent to an increase in the work- 
ing cost, as the capital charges per ton are increased. 

@ variations in power are reduced by employing a 
fly-wheel in conjunction with the electric motor which is 
used to drive the rolling-mill, and by providing some 
device for reducing the speed of the motor and fly-wheel 
to enable the fly-wheel to give out some of its stored 
energy when the demand for power is great, so as to 
reduce the power which has to be furnished by the motor. 

When the demand for power is small, the motor will 
speed up the fly-wheel, thereby replacing its stored 
ey ; this increases the power which the motor has to 
supply when the demand made by the mill is small, and 
therefore reduces the total variation in power. 

In making the above general observations it must be 
borne in mind that the character of the variations in the 
power which is required to drive the rolling-mill depends 
on the type of mill to be driven. ; 

Leaving large reversing rolling-mills out of considera- 
tion, the largest variations in power occur in tin-plate 
and sheet-mills (Fig. 1, page 200). With merchant-mills 
and bar-mills the variations in power are less, while in the 
ordinary looping-mill for rolling wire-rod (Fig. 2), where the 
rod may be in six pairs of rolls at once, and where a fresh 
rod is entered while the previous one is still in the rolls, 
the power required to drive the mill does not vary much. 

A special case is that of a tyre-mill (Fig. 3), where the 
variations in power are considerable, but where the power 
demand remains pretty steady for nearly a minute, so that 
a fly-wheel would not prove of much benefit in reducin 
the fluctuations in power unless it were very heavy indeed. 
The remarks about power generation apply to the case 
of a works generating its own power. ere power is 
being bought from a power company, the system of charg- 
ing may considerably modify the arrangement of the drive 
to be adopted, in order to obtain the cheapest possible 
working costs. This point is entered into more fully 
later on. 

Action of Motor and Fly-Wheel.—It is stated above that 
in using a fly-wheel in conjunction with an electric-motor 
some device must be adopted for reducing the speed when 
the demand for power is great. This point requires a 
little consideration. The ordinary direct-current shunt- 
wound motor, or three-phase induction-motor running at 
light load, will fall in — by, say, 2 per cent. when it 
is required to give its full power. 

The stored energy of the fly-wheel varies as the square 
of the speed at which it is running, so that if a fly-wheel 
were u in conjunction with this motor, it would only 
give up 4 per cent. of its stored energy as the power 
increases from light load to the full power of the motor. 
Continuing this argument further, suppose that the 
rolling-mill required during a pass a power equivalent to 
four times the normal full-load power of the motor for a few 
seconds. Commercial motors will not give more than twice 
the normal full-load power for a few seconds without being 
liable to injury, and to prevent this the circuit-breaker is 
usually set to open at the current corresponding to this 
power. The fly-wheel, therefore, has to furnish the 
— which is in excess of that which the motor can give. 

n the case considered, the motor would fall perhaps 
5 or 6 per cent. in s when the power increased from 
light load to double full-load power, so that the fly-wheel 
would only give up 10 or 12 per cent. of its stored energy. 
The fiy-wheel would, therefore, have to be abnormal 
heavy, or else, if a fly-wheel of a weight within the bounds 
of commercial possibility were adopted, the combination 
would be unable to cope with this demand for power, and 
the ‘wile would increase unti) the circuit-breaker 
opened. 

It is therefore necessary artificially to increase the fall 
in speed of the motor as the aged which it has to give 
increases. If the speed falls by, say, 10 per cent. as the 
power increases from zero to ful! load, and, say, by 22 per 
cent. as the power increases to the double full-] power, 
the fly-wheel would have given up 39 per cent. of its stored 
energy by the time that the motor was giving double its 
normal full-load power, instead of from 10 to 12 per cent. 
A fly-wheel, therefore, of moderate weight would mate- 
rially assist the motor in overcoming heavy demands for 
power which last for a short time only. 

In practice the maximum power given by the motor 
would seldom be as much as double the normal power, 
nor would the motor power sink to zero, as even when 
nothing was being rolled the motor would still have to 
provide the power for overcoming the friction of the mill, 
which is considerable. 

There are two possible devices for artificially increasin, 
the fall in the speed of the motor as the power demanded 
increases. ese are commonly spoken of as :— 

1. The permanent-slip regulator. 

2. The praenen mtee  A a. 

This last term is mi ing, because most devices per- 





* Paper read before the Institution of Electrical Engi- 
| neers on January 11, 1912, 
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form their functions automatically, the difference between 
them being that with the first the amount of fall in speed 
or the ony rey increases as the power increases, while 
with the latter the fall in speed increases suddenly after 
a definite power is attained. 

It would therefore be better to call these devices :— 

1. The continuous-slip regulator. 

2. The intermittent-slip regulator. 
For reasons explained later on, the continuous-slip regu- 
lator is the device which is more commonly used in 

ractice. 

It should be explained that in the case of the direct- 
current motor the continuous-slip regulator consists of 





Fig.1. TYPICAL CASE SHOWING VARIATION IN 
IER OF A MOTOR DRIVING A SHEET MILL. 







circuit when the current has reached the predetermined 
limit. As the continuous and intermittent-slip regulators 
are essentially different in their action, it is desirable to 
consider the action of each in detail. 

Continuous-Slip gy pe the sake of simplicity 
it is assumed that the fall in speed of the motor or sli 
below no-load speed is proportional to the power whic 
the motor is giving. This is not strictly true, but the 
modification of the results which this slightly erroneous 
assumption introduces will be considered later on. 

_ Within the limits of fall in speed or slip of the motor 
it can be assumed that the stored energy given up by the 
fly-wheel is proportional to the slip, without involving 





Fig.2. TYPICAL CASE SHOWING VARIATION IN 
WER OF A MOTOR DRIVING A LOOPING MILL. 






analogous to those for the heating and cooling of elec- 
trical machinery ; the power of the motor, however, rises 
to practically its full value in a few seconds, while the 
temperature of an electrical machine takes a number of 
hours to reach approximately its full value. We may 
illustrate this reasoning by mathematical symbols as 
follows :— 
Let 
P = power required to drive rolling-mill when bar is 
between rolls ; 
Ka = full-load power of motor ; 
8, = slip of motor at full load ; 
tv) = speed of motor at no load ; 


Fig.3. TYPICAL CASE SHOWING VARIATION IN 
POWER OF A MOTOR ATYRE MILL. 
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an ordinary compound winding provided for the field- 
poles, while the intermittent-s'ip regulator consists of a 
system of relays which successively short-circuit resist- 
ances in series with the shunt field winding, thus in- 
creasing the field and causing the speed to fall when the 
power reached a certain predetermined point. 

In the case of the three-phase motor, the continuous- 
slip regulator consists of a resistance, liquid or metallic, 
permanently inserted in the rotor circuit, while the inter- 
mittent-slip regulator may consist either of a liqui 
resistance, the moving euise of which are controlled by 
a motor relay, so that t tes are raised and the rotor 


resistance increases when the current has reached a pre- 
determined point, or a metallic resistance which has its 
various sections short-circuited by a series of relays, so 

that these relays cut the resistance into the rotor 


Fig.6. Ay Lt SHOWING VARIATION OF MOTOR POWER AND SPEED 
OR 50-258. FLYWHEELS. PASS, 2 SECONDS; INTERVAL, 5 SECONDS. 


AND SPEED FOR 50-, 25-, AND 12%-TON FLYWHEELS. 
PASS, 5 SECONDS; INTERVAL, 2% SECONDS. 
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Fig.7. CURVES SHOWING VARIATION OF MOTOR POWER AND SPEED FOR 50-, 
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any large error; therefore the power given by the fly- 
wheel is proportional to the rate of change of the slip— 
that is, to the rate of change of the motor power. It will 
thus be seen that if a sudden increase of lead is imposed 
on the motor and fly-wheel by entering a bar between the 
rolls, and a curve 1s constructed showing the increase of 
motor power with the time, this curve will be a logarithm 
curve ; while if the power required by the mill suddenly 
decreases, owing to the bar leaving the rolls, the motor 


id | power decreases according to a logarithm curve. The 


curves showing the rise and fall in speed of the motor 
and fly-wheel are also corresponding logarithm curves. 
After the bar leaves the rolls the Fag which the 
motor gives, while decreasing to the value correspondin 
to the friction, goes to increase the — of the fly-whee 
and so replaces its stored energy. ese curves are quite 
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The stored energy given up by the fly-wheel is 
Ivs; 
that is, the stored energy which has been given up is 
proportional to the slip. . 

e sum of the power driven by the motor and the 
fly-wheel must be egeel to the power required to drive 
the rolling-mill. We can express this by the linear 
differential equation 


1v944K, =P, 
ot 


the solution of which is 
Kt 


Motor power K, = P(1-e"1e) 


showing that the motor power increases according to a 
logarithm curve. 


Fig 8. 


depends on the type of mill. In a sheet-mill (Fig. 1), 
where the duration of the passes is very short, the time 
constant need not be so big as in the case of a bar-mill, 
where the finishing passes may take a considerable time. 
The greatest time constants are found in the case of 
motor and fiy-wheel for the motor-generator set of an 
Iigner electrically-driven reversing rolling-mill. 

Figs. 4, 5, 6, and 7 are drawn to show the rise and fall 
of the power of a motor provided with a continuous-slip 
regulator and used in conjunction with a fly-wheel, and 
to show how this variation of power changes as the respec- 
tive times of the pass and interval change. 

In each case it is supposed that during each pass 500 
horse-power is ccanbelt to roll the bar and 100 horse- 
power to overcome the friction of the mill, so that a total 
of 600 horse-power is required during the pass, and the 





power falls to the friction load—namely, 100 horse-power 
—during the interval. 


TYPICAL EXAMPLE OF THE VARIATION OF THE POWER 
AND SPEED OF A ROLLING MILL MOTOR 


UNDER PRACTICAL CONDITIONS. 
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Similarly, when the bar is out of the rolls the motor 
power is equal to the power taken to speed up the fly- 
wheel, thereby restoring its stored energy, or 


Ivo? 4K, =0; 
bt 


the solution of this is 
Kt 


Motor power K, = Pe !” 


showing that when the bar is out of the rolls the motor 
power decreases also according to a logarithm curve. 

The friction of the mill has been left out of these calcu- 
lations for the sake of simplicity, but it can be very easily 
taken account of in drawing the curves by shifting the 
zero line. 

The expression y expressing the relation of motor 
power to fly-wheel capacity is the ‘‘time constant” in 
this case, and is exactly analogous to the ‘‘time con- 
stant” in the case of the heating or cooling of electrical 
machinery. 

The value of the time constant for a motor and fly- 
wheel, however, does not usually exceed about 33 secon 
The value of the time constant to be selected naturally 
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and with various durations of pass and interval :— 








Percentage Variation 
of Power. 
Average 
Power. | 
50-Ton | 25-Ton 12}-Ton 
' Wheel. | Wheel. Wheel. 








| Fig. 4 (pass 5 secs., interval h,-p. per cent|per cent per cent 
| " 350 14.2 28.2 54.5 


5 secs.) .. a Ee : 
| Fig. 5 (pass 5 secs., interval 
| secs.).. “ os al 433 7.7 153 30.0 
| Fig. 6 (pass 24 secs., interval 

5 secs.) .. oe oe - 267 12.6 | 25.0 48.5 
Fig. 7 (pass 15 secs., interval } 

15 secs.).. = ee --| 980 41.8 | 76.0 120.0 








| In this table the percentage variation is expressed with 
9.11 DIAGRAM OF TYPE OF INTERMITTENT SLIP 


REGULATOR SUITABLE FOR DIRECT-CURRENT MOTORS. 





mn gw power 
rolls. 
dot shaded rectangles show the power required 





the power by both sets of ralls 

















{srantbe 














together. 


(2683/6) 





—— 
roughing rolls must 
shang, ie =e 
tet + th 
+ + , } + + | 
} ++ 
T 


the 


+ 





40 















Qonnected. 


sf 
in Minutes. 


Fig. 4 shows the case where the pass lasts 5 seconds, 
and is succeeded by an interval lasting 5 seconds. 

Fig. 5 shows the case where the pass lasts 5 seconds, 
and is succeeded by an interval lasting 24 seconds. 

Fig. 6 shows the case where the ts 24 seconds, 
and is succeeded by an interval lasting 5 seconds. 

Fig. 7 shows the case where the pass lasts 15 seconds, 
and is succeeded by an interval lasting 15 seconds. 

In each figure three curves are shown, the first suppos- 
ing a fly-wheel weight of 50 tons, the second a weight of 
25 tons, and the third 124 tons, it being assumed that 
the continuous-slip regulator remains unaltered in each 
case. 

Since the energy which is taken from the fly-wheel 
during the pass is replaced again in the interval between 
passes, the average power for any ticular figure 
remains the same whatever weight of fly-wheel is used, 
but the percentage variation of power and speed is less 
with the heavy wheel than with the light wheel. 
the relation a the time of the pass to the time of the 
interval is changed, the average ~ naturally changes, 
the ave being less where the interval is long, and 


; 


greater where the interval is short. 


varia- 





rcen 


The ae table shows how the 


tion in power ¢ with different weights of fly-wheel 


Fie. 12, 
relation to the average power. It is thus possible to 


obtain variations greater than 100 per cent. The table 
shows that the percentage variation of the power increases 
as the weight and consequently the stored energy of the 


fiy-wheel decreases, but that this increase is not propor- 
tional to the decrease of stored energy, but increases at 
a slower rate than the stored energy decreases. 

Although for each particular figure the average power 
remains the same whether a light or a heavy fly-wheel is 
employed, a somewhat larger motor would be required with 
the light fly-wheel than with the heavy wheel, use 
the motor size is settled by the root mean square current, 
and not by the average current ; and where the variation 
of power is great the root mean square value is naturally 
greater than where the variation is small. In the curves 
shown in Fig. 7 the average power is 350 horse-power. 

ere a 124-ton wheel is used the root mean square 
power is 379 horse-power, so that a motor of this power 
would havé to be installed. 
here a 25-ton wheel is used the root mean square 
power is 360 horse-power. 

Where a 50-ton wheel is used the root mean square 
power is 354 horse- power. 

If no fiy-wheel at all were used, the root mean square 
power would be 430 horse-power. 

Comparing the case where no fly-wheel at all is used 
with the case where a 25-ton fly-wheel is used, it will be 
seen that in the former the motor would have to be 20 per 
cent. larger. It should be noticed that the speed of the 
motor and fly-wheel rises and falls in accordance with 
the logarithm curves which vary inversely as the power. 
If Figs. 5 and 6 are compared, it will be seen that in 
each case the actual amount by which the power varies is 
the same, but in Fig. 6 the percentage variation of power 
is much greater because the mean power is less. 

It will also be noticed that the power curves in Fig. 6 
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are exactly similar to those in Fig. 5, but they are turned 
upside down. This is merely a coincidence, because in 
one case the duration of the pass is twice the interval, 
while in the other case the duration of the interval is 
twice that of the pass, so that one case may be said to be 
the inverse of the other. 

If the slip of the motor were plotted instead of the 
speed of the motor, the curves for increase and decrease 
of slip would be exactly similar to the power curves. 

Alarm is raised. from time to time in cases where work 
is being carried on very rapidly, so that there is only a 
very short interval between passes, to the effect that the 
fly-wheel may not have time to recover itself between the 
intervals and . Such alarm is entirely without foun- 
dation, and this is illustrated by Fig. 5. 

If the intervals are short, then naturally the average 
power increases, while the percentage variation of power 
is reduced. As the average power is increased the motor 
is supplying greater power to the fly-wheel during the 
interval, and although this interval may be short, it is able 
to restore the stored energy of the fly-wheel. 

Fig. 7 shows that where the are long the fly- 
wheels are less effective in reducing variations of power 
than where the passes are short, because the time-constant 
of the motor and fly-wheel become comparable with the 
length of the pass, so that the motor is giving nearly the 
full power required by the rolling-mill towards the end 
of the pass, and the fly-wheel is not giving out much 
power. In such cases heavy fly-wheels are required if 
the pone variation in power is to be kept small. 

The following general conclusions may be drawn from 
these curves—namely :— 

1. If the time during which the pass lasts is short, and 
the interval is also short, light fly-wheels will reduce the 
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percentage variation in power to a small value ; while if 
the time of passes is long, and the intervals are also long, 
heavy fiy-wheels are ui 
2. Where the time of the interval is short compared 
with the time of the pass, a light fly-wheel will enable the 
percentage variation of power to be kept moderate ; but 
if the time of the interval is long compared with the time 
of the pass, the heavier fly-wheels must be used. 
In practice the question is not so simple, because, as is 
inted out later on, the various passes in rolling down a 
illet to a definite section require widely differing powers, 
while the time of the passes and of the intervals 
differ widely. The effect of the errors introduced by the 
assumption made in the above theoretical considerations 
may now be considered. To simplify calculation, it was 
assumed that the stored energy given up by the fly-wheel is 
I vs, 
and not 
41 (vq + v)s8; 


that is to say, the stored energy given up by the fly-wheel 
has been assumed to be rather too la so that the varia- 
tion of power will actually be somewhat larger than the 
calculated value. An error introduced in this way may 
be about 7 per cent. at the most. 

Tt has also been assumed that the decrease in speed of 
the motor is proportional to the power which the motor 
is giving ; this also is not quite correct. In the case of a 
direct-current motor having a continuous-slip lator, 
that is to say, a compound-wound motor, thes -power 
curve begins to approach that of a series motor, and as 
the load increases from light load the speed falls more 
rapidly at first than it does later on. The effect of this 
is to flatten the logarithm power-curves for the rise and 
fall of power, making these curvesapproach more towa\ 
straight lines, and in the case of passes of short duration 
actually to reduce the variations of power. This effect 
becomes more marked as the compounding of the motor 
is in A 
With a three-phase motor having a continuous-slip 
regulator—that is, a resistance connected permanently in 
the rotor circuit—the speed falls less rapidly at first, 
when the power increases from light load, than it does 
later on. The effect of this is to increase the curvature 


of the logarithm power curves and to increase the varia- 
tions of power in 


the case of passes of short duration. 








The consequence of this is that in certain cases a heavier 
fly-wheel must be used in conjunction with a three-phase 
motor than with a direct-current motor, in order to obtain 
the same results. 

Figs. 4, 5,6, and 7 will serve to illustrate the conditions 
of rise and fall of power entailed by the use of a continu- 


The armature of this motor relay is excited by a pres- 
sure winding which is placed across the mains sup) ine 
the main mill motor. The armature is restrained from 
moving by means of a spring, so arranged that when the 
current in the main circuit exceeds a certain value, the 
turning moment of the armature of the motor relay over- 


ous-slip regulator, but they do not in any way represent , balances the spring, so that the armature makes a slight 


the conditions obtaining in a rolling-mill. In any mill the | movement. 


bar is elongated in eac so that each succesive om 
taken in the same pair of rolls takes a longer time than 
the previous 


| 


Frequently less draught is taken in each succeeding pass | 


than in the previous pass, so that the tendency is for the | 
at diagram toconsist in theearlier passes of large powers | for | 
| of three liquid resistances with movable plates, one placed 


sting for a short time, and for the power gradually to 
diminish and the time to become longer as the later passes 
are reached, There are many exceptions to this, too 
numerous to be discussed here, but mention may 
made of such cases as those where the bar cools rapidly, 
owing to the shape of its section being such as to present 
a large area in proportion to its weight, so that consider- 
able powers are required for the later passes, or where 
heavy draughts must be taken in certain sO as 
properly to form the section, as, for instance, in the rolling 
of wagon-spokes, or in the case of a sheet or plate-mill, 
where the plate is turned at right angles after a few 
passes in order to broaden it, thus requiring a greater 
turning moment, and thus a greater power, owing to the 
increased width of plate presented to the rolls. 

Fig. 8 is an illustration of a practical case, being a 
series of curves obtained for a bar-mill, and this serves 
to show the sort of variation of power and speed to be 
found in practice. 

It may be mentioned that the bar-mill for which these 
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curves were drawn had two stands of rolls—a roughin; 
stand and a finishing stand—and as bars may be in bot 
stands at the same time, account has to be taken of the 
power required when two passes come simultaneously. 

The plain rectangles show the powers required by the 
passes in the roughing-mill, the dot-shaded rectangles 
show the powers required by the passes in the finishing- 
mill, and the shaded rectangles show the amount by 
which the total power is increased by adding the powers 
taken by the roughing-mill passes to the powers taken by 
the finishing-mill passes. 

The curved lines show the motor power, which reaches 
620 horse-power as a maximum, although in one case, 
where two bars are in the rolls together, the mill requires 
1220 horse-power, while the minimum value is 295 horse- 
power. As the mean horse-power is 424, the percentage 
variation is 76 per cent. If no fly-wheel were used, the 

reentage variation would be 267 per cent. This prac- 
tical example illustrates the benefit of the fly-wheel in a 
striking manner. Figs. 9 and 10 show the effect of the 
permanent-slip regulator on the speed of a sheet-mill. 

Speed variations of 22 per cent. between no load and 
double full load have been mentioned above, but a little 
inspection of the curves on Figs. 4, 5, 6, 7, and 8 will 
show that no such speed variations may be expected in 

ractice where the work at the mill is being carried out 
airly steadily, because with steady working the power 
never comes down to no load, neither does it reach double 
full load, save in very exceptional conditions, so that if 
the s variation were 22 per cent. between no load and 
double full load, a much less speed variation would take 
place when working under practical conditions. In the 
case of Fig. 8 the speed variation of the motor is 20 per 
cent. between no load and full load, but in the curve 


rds | the speed variation does not exceed 11.2 per cent. 


Intermittent-Slip Regulator.—Fig. 11 shows a type of 
intermittent-slip regulator suitable for direct-current 
motors. This consists of a small motor relay which sets 
in operation a number of relays which successively con- 
nect resistances in parallel with the resistance placed in 
series with the shunt field of the motor. The field of the 
motor relay is excited by the main current passing 
through the mill-motor armature. If the mill motor is 
small, the main current nag through this field ; but if 
the main current is too big, the field is placed across a 
shunt placed in the mill-motor circuit. 








is movement of the armature successively 
makes contact with a number of fingers, which energise 
the relays, which successively connect resistances in 
—— with the resistance in the main motor shunt 
eld. 


Fig. 12 shows a form of intermittent-slip regulator 
adapted for use with three-phase motors. This consists 


in each phase of the rotor circuit. A motor relay is pro- 
vided in this case, the windings of the motor stator being 
either in series with the mains supplying the main mil! 
motor or else supplied through a current-transformer. 

The rotor of this motor relay is prevented from moving, 
either by a spring or by a weight slung from a band passing 
over a pulley on the motor shaft, When the current in 
the main motor exceeds a certain predetermined value, 
the turning moment given by the motor relay overbalances 
either the spring or the weights, allowing the armature 
to turn a certain amount, thereby raising the plates in 
the liquid resistance by means of a belt ing over 
another pulley on the motor shaft. The raising of these 
plates increases the resistance in the rotor circuit of the 
mill motor, thereby causing it to fall in speed. Such 
intermittent-slip regulators do not find much application, 
because they are not rapid enough in their action to deal 
with the extremely rapid fluctuations in power occurring 
in most rolling-mills. 


Fig14. INTERMITTENT SLIP REGULATOR-ACTION IN PRACTICE. 
[ARIATION OF MOTOR POWER AND SPEED FOR 123-TON 
FLYWHEELS. & ; 
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Time in Seconds. 


The action of the intermittent-slip regulator is very 
different from that of the continuous-slip regulator. This 
intermittent regulator comes into action when the power 
given by the motor attains a certain value, and when this 
point is reached a very slight increase in power indeed 
will cause the intermittent-slip regulator to act to its 
fullest extent. Theoretically speaking, therefore, the 
power can be maintained at its average value with a 
deviation of perhaps less than 1 per cent., so that the 
power curve is practically a straight line, and does not 
rise and fall in accordance with logarithm curves, as is the 
case with the continuous-slip regulator. 

Further, it has been shown that with such variations 
in speed of the motor and fly-wheel as are permissible in 
practice, the stored energy given out by the fiy-wheel is 
proportional to the fall in speed. Assuming, therefore, 
that constant power is required throughout the pass when 
a bar is between the rolls, and as the power given by the 
motor is practically constant, the power given by the fly- 
wheel will also be practically constant ; hat is to say, in 
each small interval of time the same amount of stored 
energy is to be given out by the fly-wheel. The speed 
will therefore fall during the pass in accordance with the 
straight-line law, and will rise again in the interval 
between passes, also in accordance with the straight-line 
law, and there will be no logarithm curves for the rise and 
fall in speed, as is the case with the continuous-slip 
regulator. 

Fig. 13 is drawn to show the theoretical behaviour of 
the motor and fly-wheel when provided with the auto- 
matic-slip regulator, supposing, as in the case of Fig. 4, 
that a power of 500 horse-power is demanded for 5 seconds, 
followed by a 5-second interval, and then succeeded by 
another pass demanding 500 horse-power for 5 seconds. 
Three curves of speed are also shown for fly- wheel weights 
of 50 tons, 25 tons, and 124 tons, from which it will be 
seen that the variation in speed is proportional to the 
weight of the fly-wheel. ; 

The above considerations of the behaviour of the inter- 
mittent-slip regulator are based on purely theoretical 
grounds, and on these theoretical grounds it appears to be 
a very ideal mechanism as compared with the continuous- 
slip regulator. Engineers He ny taken account of the 
theoretical behaviour without paying sufficient attention 
to the practical side, are tempted to think that the inter- 
mittent-slip regulator is the proper mec to use in 
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every case of a motor in conjunction with a fly-wheel 
driving a rolling-mill. 

In practice, one may say that the great difficulty with 
the intermittent-slip regulator is that it is comparatively 
slow in coming into operation on account of the inertia 
of the various moving parts. Such slip-regulators often 
take from 1 to 2 seconds to come into operation, and as 
the power demanded from a rolling-mill motor increases 
practically instantaneously when the rolls bite the bar, 
the power will rise to its maximum value before the 
intermittent-slip regulator can come into operation. 
Thus, instead of reducing the power to the mean value, 
as would appear to be the action of the automatic-slip 
regulator from theoretical considerations, it actually is 
the means of producing very bad peaks indeed. 

Fig. 14 illustrates the practical operation of the inter- 
mittent-slip regulator i the same conditions as shown 
in Fig. 13, which is drawn from theoretical considerations, 
and Fig. 14 serves to show how the intermittent-slip 
regulator can allow the power given by the motor to rise 
to the maximum value that is demanded by the rolls, 
thereby producing very bad peaks. 

In many cases, particularly that of the earlier passes of 
a roughing-mill, which is roughing down billets in order 
to feed an ordinary merchant mill, the passes are of much 
shorter duration than the 5 seconds shown in ~ 14, and 
may easily be of less than 1 second duration. In sucha 
case the intermittent-slip regulator would be absolutely 
useless, and unless a very large motor were provided, the 
circuit-breaker would be continually coming out. 

The case of a looping-mill rolling wire-rod, which is 
shown in Fig. 2, would be a good one for the installation 
of the intermittent-slip regulator, use the power 
demanded from the motor does not rise suddenly, but 
gradually as the rod is looped into the vurious pairs of 
rolls, and the power demanded also increases gradually, so 
that it gives time for the intermittent-slip regulator to 
come into operation. The intermittent-slip regulator 
also finds application for regulating the speed of the 
fly-wheel motor-generator set for supplying an electri- 
cally-driven reversing rolling-mill on the Ilgner system. 

Where a three-phase rolling-mill motor is used, and 
where the continuous-slip regulator consists of a resist- 
ance permanently in the rotor circuit, while the inter- 
mittent-slip regulator consists of a resistance which is 
inserted into the rotor circuit after the power reaches a 
definite value, the use of these resistances entails a 
certain waste of power proportional to the amount by 
which the speed falls, and it would appear at first sight 
that the waste of power should be oe with the inter- 
mittent-slip regulator than with the continuous-slip regu- 
lator, because with the intermittent-slip regulator the 
resistance is not always in circuit. Careful tests have 
shown that this is not the case, and that there is practi- 
cally no difference between the loss of power taking place 
in either form of slip-regulator. 

A little consideration will show that this must be so, 
because in the cise of the intermittent-slip regulator the 
resistances are brought into circuit where the powers are 
large, and where a considerable fall in speed is desired, 
and also that when the resistances are brought into circuit 
there is a greater fall in spsed with the intermittent-slip 
regulator than with the continuous-slip regulator, so that 
when the intermittent-slip regulator is in operation it 
causes a larger loss of power than the continuous-slip 
regulator, but the intermittent-slip regulator only cuts 
the resistances out of circuit when the power, and con- 
sequently possible loss of power, is small. 


(To be continued.) 





Tur TwELFtH INTERNATIONAL CONGRESS OF NAVIGA- 
TION. —The construction of dry docks and other facilities 
for the docking and repairing of modern merchant vessels 
and warships will form one of the subjects to be discussed 
at the International Congress of Navigation to be held in 
Philadelphia, beginning on May 23 next. It will be dealt 
with by six of the foremost authorities of Europe, including 
M. Guiffart, Engineer of the Ponts et Chaussées, France, 
and Mr. Edward Egan, Inspector of Hungarian State 
Railways and Professor of Naval Construction at Buda- 
pest. M. Guiffart will devote his paper chiefly to the 
graving docks which France is building at the Naval 
stations of Brest, Cherbourg, and Toulon, and to accom- 
modate ocean-liners at the port of Havre. According to 
the dimensions which have been foreseen for battleships, 
the length of the largest dock at Cherbourg has been fixed 
at 238 metres (780 ft.). The dimensions of the new dock 
at Havre, says M. Guiffart, were the subject of consider- 
able controversy, since this dock is designed to accom- 
modate not only the largest vessels at present plying 
across the Atlantic, but also those that may be built for 
many years. It was finally decided to construct a dock 
312 m. (1023 ft.) in length, but capable of enlargement to 
500 m. (1640 ft.), should any vessels of that size be ulti- 
mately constructed. The relative merits of the floating 
and graving types of dock are expected to give rise toa 
considerable amount of discussion at the Congress. 
Germany has built large floating-docks of 35,000 and 
37,000 tons for her merchant vessels, but the French 
authorities have selected the stable ving type for all 
their large works. Mr. L. Luiggi, Senior Inspector of 
the Genio Civile, of Italy, who will report upon the 
progress in that country of dock construction, is also in 
favour of the graving type of dock wherever it is possible. 
Mr. Luiggi was responsible for the construction of one of 
the first of the world’s large modern docks at Bahia Blanca, 
Argentine Republic. When this dock was constructed— 
it is 750 ft. long—it was considered by many to be larger 
than would ever be necessary, but the two Argentine 
battleships now being built in America will test it to its 
full capacity. 
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ELECTRICAL APPARATUS. 

29,270/10. & oletti, Limited, and V. E. Joyce, 
London. oi Break-Switches. {8 Figs.] December 16, 
1910.—This invention relates to ironclad oil break electric 
switches of the protected type, in which provision is made for a 
quick ‘*‘ make” and “ break,” and in which means are provided 
for locking the lid of the casing to the oil-tank when the switch 
is closed, and for preventing the closure of the switch when the 
lid is open. According to this invention, the tank and lid of such 
aswitch are so connected that they cannot be entirely discon- 
nected or separated when the tank is lowered for inspection, re- 
filling, or repair. The lid a is mounted on a bracket b for attach- 
ment to an abutment, and has a rocking spindle ¢ journalled in 
it. This spindle c carries the switch mechanism, and is actuated 
by an ordinary handle m connected thereto by a joint, allowing 
of a certain amount of lost motion. The oil-tank t is conveniently 
secured to the lid a by a hinged bolt and nut u at each side, and 



































when the tank ¢ is lowered it travels on guide-rods w fixed to the 
lid a, and rests upon the enlarged ends 2 of the rods w. When the 
tank ¢ is in the lowered positi the tacts and fuse are 
exposed, and any oil dripping from the switch mechanism is 
caught and retained by the oil-tank. The spindle calso has fixed 
thereto an arm y, which carries a lug z at its lower extremity. 
This lug z, when the switch is in any but the “ off” position, 
engages a segmental guide 1 on the outside of the oil-tank ¢, so 
that the tank cannot lowered or the fuse removed when the 
switch contacts are “alive.” When the switch is in the “ off” 
— the lug z is clear of the guide 1, and the tank t can be 
lowered. When the tank ¢ islowered with the switch in the “off” 
position, the lug z is adapted to be between straight guides 2 on 
the tank parallel to the direction of lowering of the casing, so 
that the spindle c is locked, and the switch cannot be closed while 
the tank ¢ is in this lowered position. (Accepted December 20, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


1847/11. RK. J. Milbourne, Newport, and J. W. 
er, Scuntho Gas-Retorts. (3 Figs.) January 24, 
1911.—According to this invention, a chamber is provided at the 
foot of the ascension pipe, adjacent to the outlet of the retort 
mouth-piece, on the walls of which chamber the pitch and carbon 
are deposited, the arrangement of this chamber adjacent to the 
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retort mouth allowing of removing the deposit on each occasion 
that the retort is drawn or emptied, without the removal of any 
special part, and without disconnecting any joint. ais the retort 
mouth-piece, and b is a socket formed thereon to receive the 
spigot end of the ascension pipe c. d is the chamber or enlarge- 
ment provided at the foot or spigot end of the ascension pipe c. 
The pipe c may be made of metal. Also the pipe may be straight 





when the gas outlet is at the top of the retort mouth-piece a, as 
shown in Fig. 1. Or the said pipe may be formed with a bend in 
cases where the gas outlet is on the side of the mouth-piece, as 
illustrated in Fig. 2. Furthermore, the chamber d may be formed 
in one piece with the ascension pipe c, as shown in Fig. 1, or it 
may be made as a separate piece, and bolted or otherwise secured 
to the ascension pipe c. (Accepted December 6, 1911.) 


2212/11. Stuart Turner, Limited, and A. F. Plint, 
Henley-on-Thames. Internal-Combustion Engines. 
{1 Fig.) January 28, 1911.—This invention relates to the con- 
struction of the crank-case of an internal-combustion engine so as 
to render the same air-tight, and consists in providing ball- 
bearings for carrying the weight of the revolving parts, and in 
combining therewith a long double-flanged bush, which accurately 
fits the shaft, but is only flexibly secured within the crank-casing 
by one of its flanges, which is drawn into contact with a facing on 
the casing by a spring on the outside of the sleeve pressing outwards 
between a part of the casing and the second flange. A is the 
crank-case, to which the only opening is where the conneeting- 
rod C enters, except for clearance between the shaft D and its 
bearings. It is desired on the in-stroke of the piston E to create 





-_ 


a suction in the crank-case A, by which gas is drawn into the pas- 
sage P. This is achieved by making the bearings for the shaft D 
air-tight. In this case the bearings proper are the ball-bearings 
F, with hardened bearing surfaces in the crank-case and on the 
shaft D respectively, the bearings receiving lubrication from the 
oil in the crank-chamber. In addition to the bearings F, sleeves 
L are employed, loosely fitting the openings H in the crank-case, 
and having flanges K faced so as accurately to bear against the 
inside faces of the crank-case recesses H. On the outside of the 
sleeves L, after being put into position, springs M are placed, 
bearing against the crank-casing at H, and a second flange, or 
series of lugs N, is screwed on the outer ends of the sleeves, at the 
same time compressing the springs M, so that they constantly 
tend to press the flanges K against the inside faces H of the crank- 
case. (Accepted l'ecember 6, 1911.) 


GUNS AND EXPLOSIVES. 


2799410. A. Vickers and G. T. Buckham, London. 
Breech-Loading Guns. [19 Figs.) December 1, 1910.—This 
invention relates to the electrical firing mechanism of breech-load- 
ing guns and to mechanism of the kind in which the actuatin 

trigger is carried by the handle of the elevating hand-lever pon | 
co-operates with a longitudinally displaceable pin or bar mounted 
axially in the handle, the pin being pivotally attached to a rock- 
ing member carried by the hand-lever and adapted to operate 
through the intervention of suitable mechanism to displace a con- 
tact piece to bridge the contacts and complete the electrical 
circuit through the needle to fire the gun. According to this 
invention, the firing mechanism is so constructed and arranged 
in relation to the handle carrying the actuating trigger that the 
handle can be varied with respect to its distance from the axis 
ot rotation, €0 that a greater or less leverage can be obtained to 
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suit the conditions under which the gun is being elevated, the 
arrangement of the parts being such that this adjustment can be 
made without impediment to the firing mechanism. A is the 
elevating hand-lever, and A? the elevating shaft. B is the actuat- 
ing trigger, B! the longitudinally displaceable bar or pin, and B2 
the rocking member carried by the hand-lever. C is the contact- 
piece for completing the electrical circuit to firethe gun. In order 
to effect the variation in the distance of the handle A! from the 
axis of rotation, the handle is mounted on an arm a! slidably dis- 
posed in a groove in the hand-lever A and retained in its adjusted 
position by a pin yooeee through transverse holes formed in the 
arm a! and in the hand lever A. The inner end of the longitudi- 
nally displaceable bar or pin B! in the handle A! lies in loose con- 
tact with the outer end of the lever B®. The inner end of the 
lever engages with a longitudinally movable plunger C!, disposed 
axially within the shaft A* on which the hand-lever is mounted. 
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The plunger is under the control of a spring which is helical and is 
also Spaed within the shaft A*. Passing transversely through 
the plunger C! and through elongated slots in the shaft A* is a 
pin c?, the ends of which engage with a sleeve CO? loosely mounted 
on the shaft. The sleeve is grooved circumferentially to receive 
rollers carried by a forked member ©? pivoted to the casing C* 
enclosing the contacts, The forked member carries the contact- 

iece C, which is =e when displaced to bridge two contacts 
orming part of either a single or double circuit. When the 
trigger B on the handle A! is , movement is transmitted 
to the longitudinally displaceable pin B! and by the pin to the 
rocking lever B*, is rocking lever laces the plunger C! 
axially, together with the grooved sleeve O* connected therewith. 
The cleove rocks the forked member C3 to cause the contact- 
iece O to bridge the contacts and fire the gun. When the trigger B 
is released the spring controlling the plunger causes the parts to 
resume their nor: position and the firing-circuit to be broken. 
It will be seen that by reason of the loose contact of the inner 
end of the longitudinally displaceable pin B! with the aap mJ 
lever B2, the arm a! of the handle A! can be adjusted in the slo 
of the hand-lever A without breaking the operative connection 
between the pin and the rocking lever. (Accepted December 13, 
1911.) 


LIFTING AND HAULING APPLIANCES. 


3530/11, P. R. Davison, Gravesend. Cranes. (4 Figs.) 
February 11, 1911.—This invention relates to jib-cranes, in which 
the lifting rope, on its way to the hauling gear, is passed around 
multiple pulleys, one series being moval le with respect to the 
other series, and so arranged in conjunction with the jib that as 
the latter is luffed to swing the load in or out the movable series 
will be moved towards or away from the fixed series to correspond- 
ingly pay out or take in the lifting rope and maintain the level of 
the load. According to this invention, the movable series of pulleys 
is arranged to move in a plane ing through the pivot of the 
and the axis of the fixed pulleys, and is connected to the jib 
»y a rod or link which tilts the jib when the pulleys are moved by 
the luffing gear. a is the jib oe at b at the crane structure c, 
the jib being provided beyond the fulcrum b with the extension 
d which carries the weight e at its lowerextremity. J is the fixed 
series of pulleys, these being mounted in a bearing on the crane 
structure ¢, and g is the movable series of pulleys, these pulleys 
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being ted in tion with a travelling nut which engages 
with the screw-rod i. The upper end of the rod iis in gear with, 
and driven by, an electro-motor j, whilst its lower end is held in a 
bearing fixed to the crane structure c. / is the lifting rope, the 
rope passing over a pulley m upon the outer end of the jiba, 
thence around a pulley concentric with the fulcrum b, and then 
around the multiple pulleys f and g alternately, and being finally 
connected to the winding-drum 0, The travelling-nut is jointed 
to the lower extremity of the jib a by means of the rod p, the 
length of the rod p being equal, or greenies equal, to the 
extension d of the jib. With this construction and with the parts 
properly proportioned as above set forth, it will be obvious that 
when the motor j is operated the rod i is turned so as to cause the 
nut to travel along the rod i, the travel of the nut causing the 
jib a to rise or fall through the medium of the rod p, and at the 
same time paying out or drawing in the lifting-rope 7 to the 
required extent. (Sealed January 18, 1912.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


4980/11. Mavor and Coulson, Limited, Glasgow, 
and A. W. Davies, le. Coal-Cutting es. 
(4 Figs.] February 28, 1911.—This invention refers to coal-cuttin 
machines of a type in which the bedy of the machine is furnish 
with a head from which the cutter member extends, the cutter 
member being driven by motor mechanism arranged to also 








operate gear for the haulage of the machine, } ay being 
made for disconnecting the cutter member from the driving gear 
during haulage or tioning operations. The throwing of the 
eutter ber out of operation usually involves taking transmis- 
sion wheels out of gear with the pinions of the power shaft an 

cutter-member shaft respectively. According to this invention, 
the connection and disconnection of the transmission-gear wheels 








with the driving and driven wheels is simplified. The end of the 
motor-driven shaft A projects into the gear-head casing B, and is 
fitted with a driving bevel pinion C gearing with an upper bevel 
transmission wheel D, with which is associated a lower bevel 
transmission wheel E, the latter being arranged to gear with a 
bevel pinion F mounted on the cutter-bar shaft G. e wheels 
D are mounted to rotate about a vertical spindle H formed 
asa downward extension of acap H!. They are arranged to be 
—- by the spindle when the spindle is lifted, which, ac- 
cording to this invention, is done by raising the cap. For sup- 
porting the wheels on the spindle, a circumferential groove J is 
made in the spindle, and ‘ey are fitted with pins K adapted 
to enter into the groove. pins K are screwed into a neck 
connecting the wheels D, E, and are locked when set by a ring 
L encircling the neck and havin recesses to be brought 
down over the heads of the pinsK. For engaging or disengaging 
the gears the flange of the cap H! is fitted with elevating-screws 
P. (Accepted December 13, 1911.) 


0. T. Bullenand J. W. Bullen, West Mersea. 
Pumps. [4 Figs.) December 23, 1910.—In FH having 
fiexible diaphragms in lieu of plungers or pistons, the diaphragms, 
instead of being plain, are corrugated, the corrugations extend- 
ing from near the edge’of the disc and increasing in depth 
towards the centre, where the corrugations are of the greatest 
d . Aand A,A are the diaphragms, each of which has 
corrugations extending from points near the outer edge to a hole 
in the centre and ually increasing in depth as they approach 
the centre. The corrugations project alternately on each side of 
the diaphragm, as shown at Q, P. The corrugations stiffen the 
diaphragms, and also allow expansion and contraction to take 
place when the centres of the diaphragms are reciprocated rela- 
tively to the outer edge. Other and shorter corrugations R 
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are spaced between the corrugations Q, P to enable the dia- 
phragms to withstand pressure better. The diaphragms are 
clamped by their outer edges between the casing B, and the 
covers C and ©, © and are fitted, on one side, at their centres 
with blocks D, and D, D and, on the other side, with washers 
Eand E, E. The washers E and E, E rock on beaded washers 
F and F, F. The diaphragms A and A, A are reciprocated by 
means of an eccentric G fixed to the shaft H, and working in a 
slotted link J, to which are attached the blocks D and D, D, the 
diaphragms and the washers. Connected with the chamber 
formed between the diaphragms and the covers are the usual 
suction and delivery valves. The two suction valves are con- 
nected to a common pipe, and likewise the two delivery valves are 
ted to a pipe. (Accepted December 13, 1911.) 


RAILWAYS AND TRAMWAYS. 


27,724/10. The Brush Electrical Engineering Com- 
Limited, and 8. Leech, Loughborough. Spring 

(2 Figs.] November 29, 1910.—This invention relates to 

spring shoes for the semi-elliptic springs of wheeled vehicles, and 
more particularly to springs of the kind in which a roller is pro- 
vided between the Lge shoe and the spring, whereby friction 
and wear are reduced, and easier riding qualities are given to the 
vehicle. In carrying out this invention, the shoe a is provided 


Fig.1. 2. 
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with side-pieces ) which extend far enough to shield a roller c 
placed between the base of the shoe a@ and the spring d. Between 
the side-pieces }, and passing through the roller c, a ferrule e is 
fitted, and a bolt /, passing through the side-pieces ) and the 
ferrule e, secures the parts ther. The hole in the roller c is 
made large enough to allow the roller c to move freely along the 
shoe a for the distance required by the extension of the spring d 
when being deflected. (Accepted December 6, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


28,086/10._ The Hon. C. A. Parsons, N 
and 8. 8. Cook, Wallsend-on-Tyne. Conden 
. [4 Figs.! December 2, 1910.—This invention is con- 
cerned with condensing plant of the type in which the turbine 
exhausts into a main condenser, and in which augmentor means 
increase the degree of vacuum produced in the condenser by wet 
air pumps or other ordinary means, the latter being p! ata 
lower level than the turbine exhaust-chamber, so as to withdraw 
any condensed fluid therefrom. The invention consists in a con- 
densing plant of the above type, in which the augmentor means 
are connected to the conduit leading from the condenser to the 
ordinary means at the level to which the condensed fluid is per- 
mitted to rise within the turbine exhaust-chamber. The exhaust- 
chamber a of a turbine b is connected by a pipe ¢ to a condenser 


d | d, the water of condensation in the condenser d being withdrawn 


through a pipe e, which leads to wet air pumps /. As is cus- 





tomary in condensing plant for turbines, the vacuum in the main 


condenser d is further increased by any suitable means, such as 
that shown, which comprises an ejector-nozzle, the steam issuing 
from which entrains vapour passing through the pipe A from the 
main condenser d, the — being thereafter — into an 
augmentor condenser j, from whence it is sucked through a 
pipe k by the wet-air pumps f. In order to provide for the 
proper drainage of the exhaust chamber a, the wet air pumps 
are connected to the chamber a by a drainage-pipe m, having 
a water-seal for the pw of preventing the vapour in the 
chamber a ing directly to the pumps /, which are placed 
at a level indicated by the line », n, which is slightly lower 
than the level p, p of the turbine blades, in order that the 
water of condensation formed in the turbine casing may flow 
down the pipe-connection m leading to the inlet of the wet air 
pumps. In such an arrangement the pressure at the foot-valves 
of the wet air pump necessarily exceeds that existing in the 
turbine chamber @ by an amount sufficient to effect the opening 
of the foot-valves /, this difference in pressure being balanced by a 
column of condensed fluid, say between the levels 7, r and n, n 










































































in the suction pipee, and likewise in the chamber a. An increased 
vacuum in the chamber a will therefore cause the condensed fluid 
in the pipe e and chamber a to rise to a higher level—for example, 
that indicated by p, p ; and if the difference of levels between the 
chamber a and the foot-valves of the pump / is made as small as 
possible for the sake of economising , the condensed fluid 
will even come into contact with the turbine blades. According 
to the present invention, this difficulty is overcome by providin 
a pipe connection g between the augmentor suction pipe / an 
the suction pipe e of the wet air pumps, the connection to the 
latter being made at the level r, r to which it is deemed advisable 
to allow the water of condensation to rise within the chamber a. 
By this means, when the vacuum within the chamber a increases, 
the water of condensation will overflow into the pipe connec- 
tion P while the wet air pumps will operate at a lower pressure. 
Should the overflow into the pipe q, however, be sufficient to 
cause a decrease in the efficiency of the augmentor, the degree 
of vacuum in the chamber a will decrease, thereby automatically 
restoring the balance of power throughout the system. (Accepted 
December 13, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


19,123/11. R. H. Davis and Siebe, Gorman, and 
Limited, London. Diving Apparatus. [3 Figs.) 
August 25, 1911.—According to this invention, the apparatus com- 
prises a water-tight chamber preferably of a shape to surround, 
or approximately surround, the body of the wearer. The chamber 
is provided with a receptacle designed to receive a chamber con- 
taining a substance capable of producing oxygen gas, and at the 
same time of absorbing the carbonic-acid gas contained in the 
breath exhaled by the wearer. The oxygen-producing chamber 
is in communication with the water-tight chamber and also with 
a mouth-piece to be fitted to the wearer. Furthermore, the water- 
tight chamber is fitted with a tube, the lower end of which is 
furnished with a valve. a is the hollow water-tight chamber 
which is suspended by means of the crossed straps a! on the 
wearer. Between the two ends of the chamber is the receptacle 
to receive the regenerating chamber e, which is retained in posi- 
tion by the strap f. g is the tube by which the regenerating 
chamber e is placed in connection with the chamber a, and h is 
the mouth-piece which is connected to the regenerating chamber 
e by the flexible pipe i, and which is fitted with the face mask j 
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Fig. Fig.2. 
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by which the mouth-piece is held in position over the mouth and 
nostrils of the wearer. k is the tube, one end of which is connected 
to the chamber a, and the other end of which is fitted with the 
valve 2. The apparatus is employed in the following manner :— 


- | The wearer breathes in and out through the mouth-piece h so 


that the expired breath enters the regenerating chamber ¢, 
where the carbonic-acid gas is absorbed, and from which fresh air 
isinhaled. If the pressure within the chamber a is less than the 
external pressure, the wearer raises the tube k until the outlet 
end thereof is above the surface of the water and opens the valve 
lsoas to permit further air to enter the chamber a, the pressure 
within which then becomes equal to that of the external air. The 
valve / is then closed and the tube & released. Assuming that 
subsequently the wearer desires to rise to the surface, he first 
opens the valve | while it is beneath the surface of the water, so 
that as he rises to the surface, and the pressure of the water 
pages a which he is moving gradually diminishes, the pressure of 
the air within the chamber a correspondingly diminisher. It 
will thus be understood that in all circumstances respiration is 
rendered possible and all danger of the chamber a bursting is 
obviated. (Accepted December 20, 1911.) 
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THE CONVERSION OF KINETIC TO 
PRESSURE ENERGY IN THE FLOW 
OF WATER THROUGH PASSAGES 
HAVING DIVERGENT BOUNDARIES. 


By Professor A. H. Grsson, D.Sc., 
A.M. Inst. C.E., University College, Dundee. 


In the design of hydraulic piping and machinery 
it is often necessary or desirable to introduce a 
pipe or e whose section shall increase, either 
suddenly or gradually, in the direction of flow. 
Such an enlargement of section is usual'y intro- 
duced with a view of reducing the velocity of flow, 
and of converting a part of the kinetic energy of 
flow into the more useful form of pressure energy. 
A somewhat extended series of experiments recently 
carried out in the Engineering Laboratories of 
University College, Dundee, on the ‘resistance 
to the flow of water through pipes or passages 
having divergent boundaries ”* has given results 
which throw a good deal of light on the principles 
to be kept in view in designing such es, and 
the present article deals with the results of this 


Loss of Head expressed as a percentage of 


eo" 





Angle between Divergent Sides of Pipe. 


work in so far as it is likely to directly affect 
hydraulic design. 

When a circular pipe suffers a sudden increase of 
section such that the mean velocity of flow changes 
from v, to a lower velocity v, ft. per second, it may 
be readily shown, on a certain simple assumption, 
that the loss of energy per pound of water is given 
theoretically by (v, — A 3 2 ft.-lbs., or that the 
loss of head, in feet of water, is given by (v, — v) 
+ 2g ft. The first experiments, carried out to 
elucidate this point, show that for all practical pur- 
poses the assumption is sensibly true, and this 
being so, it was decided to express the loss in every 
case of change of section as a percentage of the loss 
which would theoretically have occurred at a sudden 
change of section between the same initial and final 
areas, 

Uniformly Tapering Pipes.—It would naturally 
be supposed that by enlarging the section gradually, 
shock and consequent eddy formation and loss of 
energy would be reduced, and to determine the 
extent to which this conclusion is justified a series 
of experiments on uniformly tapering pipes was 
carried out. Some of these were of circular cross 
section, others were square, and others rectangular 
with one pair of sides el. The ratio of final 
to initial areas ranged between 2.25 to 1 and 9 to 1, 
the larger diameters being 3 in., while the larger 
end of the square and rectangular pipes had the 
same area as the circular pi The mean results 
of these experiments are shown in Figs. 1 and 2, 
from which the following conclusions are to 
drawn :— 

(a) Ina circular pipe, with uniformly diverging 





* Proceedings of the Royal povite, A. vol. lxxxiii., 
1910 ; also Transactions of the Royal Society, Edinburgh, 
Vol. xlviii,, 1911, page 67, 


boundaries, the loss of head, expressed as a per- 
centage of (v, — v,)* + 2 g, varies somewhat with 
the mean diameter of the pipe, and with the ratio 
of final to initial area, as well as with the angle 0, 


between its opposite faces. For values of 6 between 
6 deg. and 35 deg. the differences are comparatively 
small, and as ee of head is given fairly accu- 
rately by :— 





Loss = 0.011 61 (n= 2? feet, 
g 


where @ is measured in de ; 

The minimum loss of head is attained with a 
value of 6 in the neighbourhood of 6 deg. This is, | 
of course, due to the fact that the loss is made up | 
of two parts, due respectively to wall friction and | 
to shock following enlargement of section. As 6 
is reduced, the length of pipe, and therefore the | 
friction loss, is increased, and for values of 6 less 
than 6 deg. the increased friction loss more than 
counterbalances the reduced shock loss. 

As 6 is increased, the loss rapidly increases, and 
attains a maximum, greater than 100 per cent. in 
every case, for a value of @ in the neighbourhood 











of 65 deg. The value of 6 which makes the loss 


Fig.7. PERCENTAGE LOSS OF HEAD 
IN STRAIGHT TAPER PIPES 
OF CIRCULAR SECTION. 


expressed as a Percentage of oe” 


increasing as the velocity diminishes. A number 
of such passages were examined, the most efficient 
being those in which the loss of head per unit 
length of the passage was constant. 

In a circular pipe, whose smaller and larger radii 
are respectively 7, and 7, and whose length is l, 
the radius ata distance x from the small end is 


then given by 
1 x ( 1 1 ) 

i ~ : ri? i; rt 
while in a rectangular pipe, with one pair of sides 
parallel, whose half breadths are respectively 1, 
and y,, the half breadth y at a distance x from the 
small end is given by 

x ( 1 1 ) 

xont § \yt ” at 


1 1 
Where the length of pipe is great, or the ratio of 
areas small, the curves thus formed may, at the 
smaller end of the pipe, diverge at an angle less 
|than that (6 deg. in a circular pipe and 11 deg. 
|in a rectangular pipe) giving minimum loss, and in 
‘such a case the pipe would be made to diverge 


1 


eS 
r,* 


Fig.2. PERCENTAGE LOSS OF HEAD 
IN STRAIGHT TAPER PIPES OF, 
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equal 100 per cent. varies from 40 deg. to 60 deg., 
and it is important to note that a sudden enlarge- 
ment of section is more efficient in the conversion 
of kinetic into pressure energy than a gradual 
enlargement in which the angle 6 is greater than 
this critical value. 

(b) In pipes of square section the loss is a 
minimum when @ is approximately 6 deg., and 
attains a value of 100 per cent. when @ is between 
25 deg. and 30 deg. 

(c) In rectangular passages having one pair of 
sides parallel, the loss is a minimum when @ is 
approximately ll deg. It varies little with the 
size of passage and with the ratio of enlargement, 
and is given with fair accuracy, for values of 6 
between 10 deg. and 35 deg., by the relationship :— 


Loss = 0.0072 o1-4 (%1 — %2)” feet, 
29 











The maximum loss is obtained when @ is about 
70 deg., while the critical value of 6, above which 
the loss is greater than at a sudden enlargement of 
section, varies from 32 deg. to 40 deg. 

Trumpet-Shaped Pipes.—From a priori reasoning 
it appears certain that where the initial and final 
areas and the length of a e are fixed, the loss 
of head may be soleus We tekien the 


uniformly at this best angle up to a point where ite 
— sides would intersect the calculated curved 
sides. 

If, on the other hand, the length of pipe is small 
or the ratio of areas large, the calculated curves 
may, towards the larger end of the pipes, diverge 
at an angle greater than that giving a loss equal to 
that of a sudden enlargement. 

In such a case a more efficient pipe is obtained 
by enlarging the pipe to its final section by a sudden 
enlargement at the point at which the angle of 
divergence becomes equal to this critical value. 

A still more efficient pipe is obtained if, from the 
point at which the angle of divergence becomes 
equal to the critical angle, the section is enlarged 
gradually, the best angle of divergence being found 
to vary but slightly in such circumstances and in 
any cases likely to be found in practice, bein 
approximately 20 deg. for a rectangular pipe an 
10 deg. fora circular pipe. 

The proportional saving by introducing such 
curved boundaries increases as the length of pipe 
diminishes, and varied from 20 to 60 per cent. in 
the pipes examined, 

Compound Pipes or Passages.—The loss of head in 
a pipe whose section increases gradually from A, to 
A,, and which then suffers a sudden enlargement 
of area to Ay (Fig. 3), is approximately equal to the 
sum of the separate losses which would be experi- 
enced in the taper portion of the pipe and at the 
sudden enlargement, if these were independent of 
each other. By reducing the angle of divergence of 





trumpet shaped, the angle of divergence of its sides 


the first portion of such a tube, the sudden enlarge. 
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ment of section and the accompanying loss is made 
greater, but the loss in the diverging portion is 
reduced in a double degree, since not only is the 
numerical coefficient expressing such loss as a per- 
centage of (v, -- v,)? + 2q diminished, but A, is dimi- 
nished at the same time, and thus the factor v, — v, 
is also diminished. A diminution in the angle of 
divergence therefore causes a rapid diminution in 
this portion of the loss, which may, or may not, be 
counterbalanced by the loss at the sudden enlarge- 
ment of section. Owing to the comparatively low 
velocities at the large end of the pipe, however, 
except in pipes whose length is comparatively very 
short, and whose ratio of enlargement is small, 
this latter loss is comparatively small, and the total 
loss is a minimum with a pipe—straight or curved 
—whose angle of divergence—actual or eftective— 
is little, if any, greater than that giving minimum 
loss in the diverging portion of the pipe alone. 

It thus becomes possible to design a pipe—often 
with a considerable reduction in length—in which 
the boundaries are straight, and in which the loss 
is still appreciably less than in a straight taper pipe 
giving the full salned of section with the best 
possible value of 0. 

The value of 6 in the taper portion of the pipe, 
which gives a minimum loss of head, varies from 
10 deg. to 16 deg. in the rectangular pipes, and 
from 7 deg. to 15 deg. in the circular pipes, in- 
creasing for a given length of pipe as the ratio of 
enlargement is reduced, and for a given ratio, increas- 
ing as the length is reduced. In any cases likely to 
occur in practice its value may be taken as follows, 
without any very great variation from conditions 
of maximum efticiency :— 


Ratio of enlargement act 0:1 | 4:1 2:1 
Value of @ (rectangular pipe), 10 deg. (12 deg. 30min. 16 deg. 
wx (circular pipe) . | 7 » |10 , 0 , | 1, 


| 





By this method of construction the loss may be 
reduced to about 90 per cent. (in rectangular pipes), 
and to about 96 per cent. (in circular pipes) of the 
minimum possible loss in a uniformly tapering pi 
undergoing the full enlargement of section. By 
designing the pipe from A, to A, with curved boun- 
daries, the loss may be still further reduced. In 
the majority of cases occurring in practice, how- 
ever, the additional trouble of calculation and cost 
of template will not be counterbalanced by the 
slight increase in efficiency which they render pos- 
sible. 

In certain centrifugal pumps of Continental 
design, the parallel sides of the collecting-chamber 
are projected for some distance into the volute 
chamber whose sides are, as is general, divergent. 
Experiments were also carried out with a view of 
determining the effect of such a construction on the 
conversion of kinetic to pressure energy, with the 
result that in every case such a projection increased 
the loss, the effect increasing steadily with the 
length of the projection. 





ENGINEERING WORKS AT THE 
ROSYTH NAVAL DOCKYARD. 
(Continued from page 140.) 

Entrance Lock. 


Tue lock which will normally form the entrance 
tothe basin is situated near to the south-east corner 
of the closed basin. The lock, which is clearly 
illustrated in Plate X XII. accompanying this issue, 
will be closed at each end by sliding caissons, and is 
designed to serve as a dock for the repair of vessels 
should occasion arise. Vessels can then pass in and 
out of the basin through the emergency entrance in 
the southern basin wall. The lock will therefore 
be provided with altar steps and slides, and provi- 
sion is being made for the accommodation of keel- 
blocks, as shown on the plan (Fig. 86). 

The location of the lock, as shown on the plan 

ublished with our first article (page 69 ante), was 
argely determined by the existence of a whinstone 
island in the firth, named Dhu Craig, as it was 
considered that it would be cheaper to quarry out 
the material of this island than to provide founda- 
tions in the softer material of the adjacent fore- 
shore by monolithic structure. It is hoped that all 
that will be necessary in the construction of the 
walls will be to line the excavated whinstone with 
a thin facing of concrete, keyed into the rock by 
means of vertical and horizontal dovetails, as shown 
in the cross-sections on Plate XXII. (Figs. 87 
to 89). In parts, however, it will be necessary to 


step the wall at the rear, in order to take up the 
side pressure from the earth-filling where the rock 
surface dips far below coping level (Fig. 87). 

Generally, the walls will be built of mass-con- 
crete work in situ. The altars and the portion 
immediately behind the shores will be finished with 
granite, the remainder of the dock face being 
finished in granolithic concrete. The bottom of the 
lock is not to be put in of sufficient thickness to 
resist upward hydrostatic pressure; on the con- 
trary, 4-in. perforated pipes are to be placed at 
frequent intervals to take off any infiltration of 
water through the rock under the floor of the lock, 
and to convey it to the gutters at the sides on 
floor level (Fig. 88). This will prevent any pres- 
sure coming upon the underside of the floor tending 
to lift it from the rock. The only disadvantage in 
this system is the gathering within the dock of the 
small quantity of water which will flow through 
the perforated pipes ; but the provision of pumping 
plant to deal with this surface water will involve 
much less cost than the putting in of a thick 
floor to resist the hydrostatic pressure. Thus, 
the floor is only to be 3 ft. thick, and will be 
keyed in the longitudinal and transverse direction 
to the rock immediately below it, as shown on 
the sections. The exposed surface of the floor 
will be finished with a granolithic face, and there 
will be a cross camber of 6in. Side gutters are 
provided for the purpose of drainage, the fall being 
1 in 800 ft. to sumps which are connected to the 
drainage culverts. The arrangement of altars is 
shown on the section, and it will be seen from a 
longitudinal section that a 9-in. by 12-in. shoring 
timber will be placed over the whole length of the 
dock on each side, to take the upper row of shores. 
There will be two timber slides and three sets of 
stairs on each side of the lock (Figs. 85 to 87). 

The internal sills of the lock are to be entirely 
faced with granite, while the external sills will have 
only granite coigns, to act as rubbing faces for the 
caissons. The water in the lock will be equalised 
by means of culverts, 8 ft. in diameter, running 
round the caisson. The sliding caissons are to be 
hauled back into cambers specially prepared for 
them, and grooves will be formed in the permanent 
work at the entrance to the cambers, so that tem- 
porary dams can be fixed across the entrance to 
enable the caissons to be docked in their own 
cambers (Fig. 89). The cambers are to be covered on 
top by fixed decks. The caissons will be designed and 
constructed under another contract, which has not 
yet been let. The lock is provided with the neces- 
sary capstans, bollards, &c., and these, along with 
the pumping arrangements and penstocks, will be 
described in our next article, dealing with the dry 
docks. Here, however, it may be added that a 
subway is provided under the inner entrance for 
the convenience of water, electric, oil, and other 
mains. 

(To be continued.) 





SOME NOTES ON SPRINGS, PRINCI- 
PALLY WITH REFERENCE TO THOSE 
FOR RAILWAY ROLLING-STOCK. 


By Grorce W. Suearer, Whit. Schol., B.Sc., 
A.M. Inst. C.E., and Cecrz Watson, A.M. Inst.C.E., 
M.I.M.E. 


As a result of the consideration of questions relating 
to oe for buffing and draw-gear for rolling- 
stock, and the examination of the formule for the 
deflection and rotation of helical springs under 
load, the authors found that whilst it was easy to 
obtain information as to circular sections, it was 
difficult to secure facts of a definite nature with 
regard to other sections in a form suitable for prac- 
tical application; and where rectangular sections 
were dealt with, it was only to find that those 
sections which had sides between the ratios of 4 to1 
and 1 to 1 (a square) were usually excluded. 

The serious twisting which was observed in 
certain cases where central buffers were employed 
first led to the authors taking up this subject. This 
twisting is, of course, due to the shape of the 
section of the bar from which the spring is made. 
The usual practice in this country and in India is 
to use rectangular sections, though in America and 
South Africa circular sections arecommon. Indeed, 
in 1883 a paper was read before the American 
Society of Mechanical Engineers by Mr. John W. 
Cloud,* in which it is plainly stated that on account 


i Proceedings of the American Society of Mechanical 
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of its greater resilience—that is, capacity for 
storing energy per pound of material without 
exceeding the safe (proof) stress in the materia] 
a circular section is the only one which is worth 
consideration. In British practice, however, greater 
weight has been given to other considerations 
with the result that practically no circular section 
springs are used for these purposes. 

Important points which require attention are 
strength and range of deflection, and it will easily 
be recognised that in a given space the relation 
between these quantities frequently necessitates a 
compromise. Inthe space available for the gear 
in existing rolling-stock, it is not easy, without 
alteration of the structure of the underframes, to 
get both characteristics up to the figures now 
frequently required. With a rectangular section 
in cylindrical helical springs it is possible to get a 
= range of deflection in a given space*‘an can 

obtained with a circular section spring of the same 
strength, and when compressed home the rect- 
angular sectioned spring is better suited to take the 
final shock. Some care is, however, now being 
taken in design, so that springs are never driven 
home, and the shock is taken by solid parts before 
the spring is quite closed up. The circular section 
has, moreover, the disadvantage that such springs 
cannot be made sufficiently conical to permit the 
coils clearing one another when compressed, an 
arrangement possible with elongated elliptical or 
elongated rectangular sections in volute springs. 

There are many designs of springs, even for the 
limited range of duties required in buffing and 
draw-gear, which examination will show have been 
very little influenced by the real bearing of De St. 
Venant’s work in connection with the calculations 
of the deflections. Neither do these examples show 
that any account has been taken of the relative 
rotation of the extremities. This is surprising in 
view of the fact that, as subsequent conversations 
with railway engineers have shown, broken springs 
and twisted buffer-heads are only too familiar a 
source of trouble, being regarded as practically un- 
avoidable. It is not suggested that the neglect of 
these points accounts for all failures, for another 
result brought out by a consideration of springs used 
is that the stresses in helical springs when buffed 
home can be, and are, much higher than would be 
recommended by any one proportioning springs 
according to permissible fibre stresses. It must, 
however, be admitted that no definite stress limits 
are laid down by any authority, with which the 
authors have acquaintance, for the sizes of sections 
used in modern springs for railway work. 

Figures thus given for wires from 1 in. in dia- 
meter down to } in. range from 50,000 lb. per 
sq. in. for the large to 80,000 lb. per sq. in. for 
the smaller wire. Calculations made on springs of 
over 1} sq. in. section in common use, made in 
England for railway work, show that when com- 

ressed home the stress considerably exceeds the 

igher figure given above, and this must be held 
responsible for a considerable proportion of the 
failures. Typical stresses obtained by calculation 
from the deflections when home were as high as 
48, 53, and 63 tons per sq. in. respectively, out of 
the comparatively small number tried. The spring 
with the stress last quoted proved unsatisfactory, 
but it is probable that the use of a steel of higher 
quality than that required to meet the specification 
would have enabled it to stand the working condi- 
tions. Surprising results have been obtained by 
such a method, and patented sections often achieve 
good results solely by this device, and in spite of 
the fact that they violate every law of the mechanics 
of springs. It would be invidious to mention any 
particular section as offending in this way, since 
there are several which are flagrantly at fault in 
this matter. 

The great difficulty which at the present day con- 
fronts the designer of springs for the purposes now 
under examination is that of getting a spring with 
the required strength and range of deflection into 
the space available. Sufficient strength must be 
| provided, of course, to stop the large vehicles now 
| used on railways at the usual shunting speeds. While 
| great strength is thus required on the one hand, on 
the other the range must be sufficiently large to 
prevent the shocks being too severe. 
| The variety of possible cases is so great that 
nothing more than a compromise can be effected, 


| since for the same speed of shunting the spring 








~ | which would just be strong enough to stop a 40-ton 
loaded coal-wagon would produce a very sharp stop 
|with a similar wagon unloaded, and still greater 
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shock with an empty 8-ton or 10-ton wagon. A | damage is caused by the relative rotations of the, A photograph of an Indian railway wagon was 
very few years ago springs with 3 in. range up to| ends of ordinary section springs under load, which | reprodu in ENGINBERING, vol. xci., page 213, 
a 7-ton to 8-ton load were considered the standard | results in the centre line of the draw-hook, instead | showing a particularly bad example of this defect. 
for heavy stock ; but atthe present time a minimum | of remaining in a vertical plane, inclining to one| As the strength of the springs is increased, the 
of 4 in. deflection with 10 to 12 tons is frequently | side when only one spring is used. When two’ forces tending to produce this rotation also increase. 




















In the Railway Engineer for April, 1910, there 
| appeared a table of thirty-two designs of springs 
accepted as standard by the Railway Clearing- 
House Committee for self-contained buffers for 
private owners’ wagons. These are for the lighter 
vehicles in use on British railways, and are such 
that with no one would it be possible to get a spring 
having a deflection of 4 in., or even 3 in., with 10 
to 12 tons, without either entirely altering the 
design or increasing the length of the spring box. 
Twenty-eight of them are volute springs, whilst the 
other four are of the types shown in Figs. 1 to 4, 


CONICAL SPRINGS annexec. 


DIAGRAM FOR REGULATING THE DEFLECTION _ To get the maximum deflection with these sec- 
aad OF SUCCESSIVE COILS. tions two methods have been adopted. In one the 


coiled section is made rectangular, with the short 


From the Intersection of any given Radius side of the rectangle parallel to the axis of the helix, 
& Deflection, can be found the Deflection while in the other the spring is made conical, so 
for other Radii on the same Horizontal Line. that the coils slide past each other in being pressed 
R = Radius home. Both these methods are open to serious 
A = Deflection objection in that they produce a section and design 
4AarR’™ giving a very large relative rotation of the ends, 


with resulting increased stresses and damage 
to the springs, shanks, and guiding-slots, though 
it must be allowed they both permit the required 
strength to be obtained os 6 large range of 
deflection. 

As it is not an easy matter to obtain a clear idea 
of the direction of rotation of the ends, even from 
those text-books which touch upon the subject, 
it may be of interest to enlarge a little upon this 
point, in connection, for instance, with the case of 
a buffer or draw-spring which always acts under 
compression. The direction of rotation of what 
may be called the ‘‘ free” end, assuming one end 
fixed, would, of course, be reversed under tension. 
Figs. 5 to 8, annexed, show four different sections of 
steel, the arrows indicating the direction of rota- 
tion of the free end in each case, when the springs 
are subjected to compression. 

From a consideration of these figures it will 
readily be seen that there is a section, or rather a 
variety of sections, which will give no rotation 
under compression or tension, those most easily 
calculated being, of course, the elliptical and rect- 
angular types. Owing to the great strength and 
range required, only the circular and rectangular 
sections, as shown in Figs. 9 and 10, are of any 
importance, as the necessary proportions of the two 
diameters of the elliptical section—viz., 1 : 1.5 
(Fig. 11)—makes it practically impossible to get the 
strength and range together, with this section coiled 
into a circular helix. Neither can it be made sufli- 
ciently conical for the coils to pass one another, as 
could be done with a ratio of, say, 5 or 6 to 1. The 
proportion of the sides of a rectangular section 
which gives no rotation—viz., 2.0 : 1—renders it 
in some cases difficult to get sufficient range together 
with sufficient strength; this, however, can bedone by 
departing a little from the theoretically best shape, 
and using the ratio of, say, 1.5 to 1; but as the 
longer axis of the section must be parallel to the 
axis of the helix, some little difficulty may even then 
be experienced in arranging for the necessary stiff- 
ness, together with the required range of deflection. 
In the case of new rolling-stock this would be a 
matter of no difficulty. A very slight lengthening 
of the spring would meet the case, but in fitting 
R-1 15 2 25 3 35 4 4 #5 new springs into existing stock it becomes neces- 

(e396 £) R sary, owing to these pene to sacrifice to _ 
: . extent stated above the non-rotative property by 
pe page = te nana ang ch es a slight alteration of the theoretically best pro- 

one - : fhe ~- rtions. 
— — pn weg cade: pad Be egy wee P’The usual formula for the deflection of a spring is 


and eye must each be turned by hand into the _— 24 nW Reece ( 5° ay ) . Q) 


Fig. 4 





asked for. To comply with these requirements, 
various devices have been resorted to—such as, for 
instance, providing two concentric helical springs, 
usually made with right and left-handed helices 
respectively, to minimise the damage suffered by | 
the squared shank-of the draw or buffer-bars. This | vertical plane before they can be coupled. 
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in which the letters, &c., have the following inter- 
pretation :— 


W = load in tons. 
R = mean radius in inches. 
E = Young’s modulus—say 13,800 tons. 
N = torsion modulus—say 5000 tons. 
D, d = diameter of wire (circular or elliptical). 
wJt= = of wire (square or rectangular 
>t 
angle of helix. 
moment of inertia of section. 
Polar moment of inertia of section. 
= unit stress per square inch—not to exceed 25 
tons for free or 50 for restrained springs of 
ordinary steel, and better with 20 and 40 


I 
J 


tons. 
n = number of free coils. 
i = length of coil (27 Rn sec 86). 









































Taste II. 
b | 
r is a B. 7 
1.0 0.675 0.141 0.208 
1.2 0.759 0.166 0.219 
1.4 0.822 0.187 0.228 
1.6 0.872 0.294 0.233 
1.8 0.904 0.218 0.242 
2.0 0.930 0.229 0.246 
3.0 0.985 0.263 0.267 
4.0 0.997 0.280 0.282 
5.0 0.999 0.291 0.291 
6.0 1.000 0.298 0.°98 
10.0 — 0.312 0.312 
20.0 — 0.323 0.823 
100.0 — 0.331 0.331 
pa — 0.333 0.333 











¢° = 860 W R?nsin (a7 - xa) 


where C is De St. Venant’s coefficient, and such 
that 5 for rectangular wires can be written :— 


— 
= Boer 
For a circular or square section we get :— 


gf = eppeee. W R*nsin 0 
_— 5 dé 


For a rectangular wire of cross-section b x t, 
where b is greater than t, b being parallel to the 
axis of the helix 


SPRINGS, ELLIPTIC & ROUND WIRE, 50 TONS STRESS 


UNITS =TONS & INCHES. 


Fig. 15. 


Load W- FPA ~ 26nd’ 


where nD 





TABLE I. 
= Elliptic Wire. Circular Wire. Square -“e. peter 
SIR(@!+@_ R09+a) £x| eftR_R SIR_ R2 
pe a. Nd D2 15.9 d D2 Nd 8d aNt i6.0at 
DeSection & _| WislRa(De 44) _ WR (D? +m) W se? R? _ WR Wine, wR 
— Nr DB 156 D8 d3 ‘Nwdt 7d BNbt 796 Boe 

5 _frD@ _ 9sDd@ Sr@ _ 983 Sybe 

LeaW.. .. -| 16R R oR R R 











Using f = 50 tons, this formula reduces as in 
Table I. above, for certain types of section. 
In these expressions the values of a, 8, and y are 


as given in Table II., for varying values of- . 
In the above, @ is considered so small that the 


coils are taken as flat. The stress increases with 
6 in the ratio 1 + sin 6:1; but in the usual case 





(compression), as the stress increases the coils get 


flatter, so the error introduced from this cause will 
be very small. Constraining the ends of a spring 
to prevent rotation increases the stress. 

ith the same notation the formula for the 
rotation of the free end of a spring :— 


¢= 27 WRnsind( 5) - Ws) 
becomes :— 


WhereCts a function of 2 
The Value of the latter 
ts written on the CLines 





ff). 
4.8. THIS STRESS 1S HIGH & SHOULD BE REDUCED WHERE POSSIBLE TO 40 TONS. 


The Intersection of Horizontal & Vertical Lines with the Diagonals 
as Shown will find whichever quantity ts unknown, 

Thas for Example(shown dotted in Diagram) with Radius 2” 
and a Wure of D-2 and d-7 Ais found 0-3 and W-9-8 





Deflection A = Rip yd) 


~ Re 

SIA 
Fig. 
wv 


Lm | 
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soshatiphephtp deb ictrinttn ental cichedp celine chenlnioeiciblncisdineieinas 


N 





Woe nnn ee nec emneennnce 


W R? nsin 0 1 
gs Tease (o.s12 - gy 5) 
or if 
W R* nsin 0 
ma 


From this it follows that in the region of b = 2¢ 
there is no rotation, and the direction becomes 
inverse on different sides of this point. 
If* the cross-section still be b x t, with ¢ parallel 
to the axis of the helix, then 
¢° = WR? nein 0 ( 


1 - in9 a8) 
326¢ 13.9868) 


Volute and other conical springs twist more 
than the same wire would in a cylinder of the same 
mean radius. 

It will be found that the formule given above for 
the deflection of square and rectangular 


springs 








Wah AD ee hom ninadine 
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give practically the same results as the formula | correct results ; but if n be counted roughly as the 
given by Kempe and Molesworth if we substitute number of coils from tip to tip of the spring, the 





motor-car springs, which are of special steel, the 
value of N is probably much higher. The value of 






















6.7 for the constant 6 in that formula ; thus :— | value 6 will be the more correct. E seems to be that given in the formule above— 
Deflection A-¢ 22 R_ Fe Load W-¢ SE ma 
For Values of 2-1, #1, 1-2, 13, 16, 2,3 pg Fag 7 ta ce tl b and- Hf 
Fig hl, Multiply they 1.5 549, 1.35, 13, 12, 1, 101 on Ro 8 Sine ~~ 
guard by ene OR Te Approe P-f RP Fig 18 
for b> 6t 
A K -> % 
508 96 5 by a" cf 
: © 0-4 


Ott 


thy % 
| = 


SSeS > 








' 

' 

! 

1 

Fs 
mS 

06 | 

3 

| 

0-7 | 

R 

25 
R 08 | 
09 | 

14} 

od 

75 1-3 
15 t 

a “bb O05 06 
SPRINGS, RECTANGULAR WIRE, 50 TONS STRESS. 

N.B. THIS STRESS 1S HIGH & SHOULD BE REDUCED WHERE POSSIBLE TO 40TONS 
UNITS =TONS, INCHES. . eS 

The Intersection of Horizontal & Vertucal Lines with 

the Diagonals/as shown dotted), will tind whichever ' 
Quantity vs unknown 

Thus with Radius 2%Ins.& a Wiret-Sins.x0-5in | 

the Deflection will be 637Ins. 

Also if 2-3 then aline drawn from t-'5 

asc) through C-3, & R~2% ends at W-23 ! 
a+ 





Fic. 19, Fic, 20. Fie. 21. Fig. 22. 
ge SIS WO + 4. | It is usual to take the value of N as 12,000,000 Ib. | viz., 13,800 tons (30,900,000 Ib.). When the 
Ne |= 5360 tons; but a careful examination of the| methods of manufacture are considered, it will 


If care be taken to count the number of free coils, | results given by a number of actual springs points be seen that it is quite unnecessary to introduce 
it is believed the value 6.7 will give the more | to 5000 tons as being the more correct value. For, too much refinement into spring calculations. In 
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forming what is called a rectangular helical spring, 
in order to produce the final approximately rect- 
angular section, the initial section before wind- 
ing round the mandrel is a symmetrical trapezoid. 
In winding, the narrow side is placed next the 
mandrel, and thus in the finished spring a prac- 
tically rectangular section is produced, according to 
the skill and judgment used in fixing the angles 
and shape of the original section. In circular 
sections no corresponding allowance is required in 
the initial circular shape of the wire or rod, as, 
during the process of winding round a mandrel, 
the wire continually twists on its own axis, and the 
section remains circular. 

The objection to the sharp edges of the rect- 
angular section is not in the fact that the stresses 
produced during compression whilst working are 
excessive, but that they result in a tendency to the 
production of cracks in manufacture. 

The formula for the relative rotation of the ends 
of a spring under load—viz. :— 

ph 2« S. -& 

¢ =2rnW R2 sind (ws a1) 

or 
: 1 1 

rr) W Risin 8 0080 ( I7k 1) 
shows that the rotation can be made very large by 
suitable choice of 0, viz., 45 deg., in addition to the 
proper proportioning of the sides or axes of the 
section, as in the Ayrton-Perry spring. 

The deflection of a spring of approximately 
rectangular section, with sides in the ratio of 
1: 1.5, as found above, when tested under ordinary 
commercial testing conditions on a machine with a 
table on ball-bearings permitting the ends to rotate 
during the compression, when calculated for 3 tons 
gave 6 = 1,84 in., whilst the actual deflection was 
2in. In this case the retention of the constant 6 
in lieu of 6.67 in the formula would have made the 
calculated result smaller still. It is possible that 
the discrepancy between the calculated and actual 
results may have been due to the fact that the sec- 
tion was not accurately rectangular, but of the 
shape shown in Fig. 12, the original section before 
coiling being as in Fig. 13, page 207. 

A few results of calculations of the stresses in 
actual springs used on Indian railways when com- 
»ressed home may be of interest, and are given in 

‘able III. 

Tasiex IIT. 





_ P Height , Ultimate | Maximum 
Section. Coils. Pree. Home. | Radius. Load. 


Stress. 











in. in. in. in. | tons tons per 

| 8q. in 

1j bys | 8 78 bys ~~ 6 | 638 
| | 
~1%g-4 | | 

y t-16-4 | OF | 10;4 7h 1 - 56.8 
| | 

lv. #) % | ma 8} 133 4 | 6512 








The stresses in the three foregoing examples are 
calculated by the formula given in Professor Perry’s 
‘* Applied Mechanics,” page 635—viz. :— 
pad WR + by 
bhi 

whilst if we use the formula given in Professor 
Morley’s ‘‘ Strength of Materials,” page 272, we 
get smaller or greater stresses from the formula :— 


W Ros 0 (3 +18 * ) 
og — 


according to the ratio of the sides, the stresses 
being greater by Professor Perry’s formula when 
the ratio of the sides is less than 1 : 1.6, and greater 
by Professor Morley’s formula for values of the 
ratio greater than 1 : 1.6. 

Finally, in the absence of any more definite and 
reliable data as to the permissible stresses in springs, 
the assumption is made that 50 tons per sq. in. can 
reasonably be used for springs of restrained range 
required to withstand rough usage for long periods. 
The diagrams (Figs. 14 to 18) for rectangular springs, 
drawn for a maximum stress of this magnitude, 
greatly simplify the work of designing a spring for 
any particular purpose, or checking a proposed 
design. The diagrams show the proportionate 
deflections of the various coils of conical springs 
(Fig. 14), and the loads and deflections for circular, 
elliptic (Figs. 15 and 16), and for square and rect- 
angular wires (Figs. 17 and 18), with short expla- 
nations of their use. They are drawn for maximum 





stresses of 50 tons 
able for the spring will 
that the stress should 
sq. in. 

As an example of the use of the diagrams, let us 
take a wire of elliptic section, with diameters d and 
D, respectively 1 in. and 2 in., and a radius of 2 in. 
From Fig. 15, taking A on the scale where d = 1, 


draw a horizontal to B on the diagonal for 1 = r = 2, 


then a vertical down to C on the diagonal for R = 2, 
and a horizontal to the vertical scale for W, we 
reach D', where W = 9.8. 

Similarly, from Fig. 16, taking E where R = 2, 
draw a horizontal to F to meet the diagonal for 


O= = 2, then a vertical to G, on the diagonal 


for d = 1, and a horizontal to H on the scale for 
A, and we find 4=0.3. A is, in all cases and 
diagrams, the deflection per coil, and the whole 
deflection of the spring is to be found by multiply- 
ing A by the number of free coils. 

As a matter of interest, to demonstrate clearly 
the difference as regards rotation under load, photo- 
graphs are reproduced of two springs made of the 
same section and length of wire, with the ratio of 


sides . the same in both cases—namely 1:1 5, 


per sq. in.; but if space avail- 
ermit, it is recommended 
limited to 40 tons per 


but arranged with the longer axis respectively 
parallel and perpendicular to the axis of the helix. 

Figs. 19 and 20 show one spring open and com- 
pressed, the latter showing that there is in this 
case considerable rotation. With the section 
wound the other way, the spring shown in Figs. 21 
and 22 was made, resulting, as is clear from Fig. 22, 
in a spring with practically no rotation. From 
these it can be judged that some of the sections 
common in buffer-springs, both helical and volute, 
must give very considerable rotation. The photo- 
graphs confirm the calculation that the ratio of 
sides for no rotation is about 2, with the longer 
axis parallel to the axis of the helix. 

In conclusion, it may be stated that a set of 
articles in the American Machinist for April and 
May, 1899, by Robert A. Bruce, gave diagrams 
applicable, by the aid of subsidiary scales, to any 
section, square, rectangular, circular, or elliptical, 
and any stress up to 75,000 lb. per sq. in. 

A very good paper on the subject was also pre- 
sented some years ago by Mr. A. E. Young to the 
Institution of Civil Engineers. This was repro- 
duced in vol. ci. of the Institution’s Proceedings. 

The thanks of the authors are due to Mr. F. E. 
Robertson, C.I.E., who took a great interest in the 
above investigation, and who supplied the diagrams 
reproduced, as well as the values of N, deduced 
from an examination of many springs in use on the 
Indian railways. 








Messrs. R. any W. HAWTHORN, LESLIE, AND Co., 
LiurtEep.—The past year was a satisfactory one in the 
history of this firm, the profit realised, after providing for 
depreciation and debenture interest, having been 83,8451., 
as compared with 26,646/. in 1909-10; 21,1317. in 1908-9 ; 
28,4231. in 1907-8 ; and 75,160/. in 1906-7. The allocation 
made to reserve in 1910-11 was 10,000/., while in the three 
previous years nothing had been placed to this account. 
An allocation of 25,000/. was also made in 1910-11 for exten- 
sions and improvements, The allowance for depreciation 
and leasehold redemption in 1910-11 was 15,932. The 
dividend for 1910-11 is at the rate of 10 per cent. per 
annum, as compared with 6 per cent. in 1909-10; 5 per 
—-> 1908-9 ; 64 per cent. in 1907-8; and 10 per cent. 
in 7. 





State Raitwars.—The department for the Norwegian 
State Railways is proposing that the State should take 
over several railways, although the time for such expro- 
een has not been definitely settled so far as certain 
ines are concerned. Most of the older State railways are, 
in reality, limited companies, in which both private 
rsons and — can, and, as a matter of fact 
o, hold shares. is principle has been abandoned of 
late years, when purely State proprietorship has been 
adopted. The State has also by degrees purchased a 
number of outstanding shares ; thus during the last ten 
years it has acquired shares representing capital to the 
amount of 1,460,000 kr. in the Vosse Railway, whilst some 
800,000 kr. still remain in the possession of private persons 
or municipalities, who also hold for 600,000 kr. shares in 
the Eidsvold-Hamar Railway, and for 300,000 kr. in the 
Stéren-Drontheim line. The department proposes to 
make arrangements forthwith for the expropriation of the 
Eidsvold-Hamar Railway ; but as far as the Bergen Rail- 
way is concerned the department deems it premature to 
take steps for the expropriation of the whole of this line ; 
also as regards the Stéren-Drontheim line, the present 
time is not deemed convenient, as this railway, which will 
beoome of considerable importance when the Dovre Rail- 
way is opened, is at present being re-built. 
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Hand-Book on the Gas - Engine, comprising a Practical 
Treatise on Internal-Combustion Engines for the Use of 
Engine-Builders, Engineers, Mechanical Draughtsmen, 
Engineering Students, Users of Internal-Combustion 
Engines, and others. By Herman Harper, Civil Enzi- 
neer, Wiesbaden ; translated from the rman, and 
edited, by W. M. Husxisson, A.M.1.E.E., with the 
addition of numerous useful tables and other data. 
London : Crosby Lockwood and Son. [Price 183. net. | 
Enornegers who are familiar with the English 
edition of Herman Haeder’s excellent ‘‘ Hand- 
Book on the Steam-Engine,” which was translated 
into English some years ago by H. H. P. Powles, 
will no doubt receive with interest the translation 
of another book by the same author, this time on 
the kindred subject of gas-engines. To those engi- 
neers who found the earlier book a help, the present 
volume cannot but be useful, for it is compiled on 
the same lines, though the subject is much more 
exhaustively treated than was the case with the 
steam-engine ; in fact, we cannot call to mind any 
book in which the gas-engine is in one volume more 
completely discussed from a practical standpoint. 
The gas engine has during the last few years taken 
up such an important position throughout the world, 
that the book has made its appearance at an appro- 
priate time, dealing as it does with the latest modern 
practice. It has been translated by Mr. Huskisson, 
who for nearly ten years was with Messrs. Crossley 
Brothers, of Manchester. In the space we have at 
our disposal it will be quite impossible to give any- 
thing like an adequate description of the book, the 
value of which depends largely on the drawings and 
diagrams it contains, these being more numerous 
than in any similar work with which we are ac- 
quainted. In order to add value to the present 
volume the author’s book, ‘‘ Defects in Gas-Engines,” 
has been utilised as a guide when supplying data 
in the parts relating to gas-engine construction. 
The author calls attention to the fact (although 
perhaps in this country this is not so necessary as 
in some others) that the endeavour to build very 
light engines for export in order to effect a saving 
in weight and freight charges, though in a sense 
laudable, must not be carried too far, because the 
dimensions exercise a considerable influence on the 
smooth running, freedom from accidents, and the 
life of the engine. After all, this matter of light- 
ness really means knowledge. It is quite possible 
for one engineer to build a light machine that is 
quite as strong as a similar, though heavier, machine 
turned out by another maker, simply because the 
man who designs the former knows where best 
to put his material in order that it may have its 
highest efficiency, and perhaps there are few 
branches of engineering where this wide know- 
ledge (bred of long experience and many experi- 
mental tests) is more necessary than it is in the 
design and construction of gas-engines. A part of 
the engine where there is perhaps a great tempta- 
tion to economise weight is the fly-wheel ; generally 
this economy is a mistake, if a steady running 
engine is desired. 

e work of the translator appears to have 
been very well and carefully done, bringing before 
a section of engineering readers, perhaps not well 
versed in German, the true meaning of the 
author. The tabulated dimensions of the various 
engines are expressed in millimetres, as they relate 
to etinentdl cadets ; but tables of the nearest 
equivalent inches are also given. As_ before 
stated, a feature of the book is the illustrations, 
which are most profuse; indeed, there is hardly 
& page without drawings and diagrams. Many 
of these are excellent, while others could be im- 
proved if a little more care were bestowed on their 
reproduction. We feel it necessary to call atten- 
tion to this point, because, in a future edition, it 
may be possible to remedy the defects, and it 
seems a pity that a book should be marred in this 
way where it can be avoided. The defects to 
which we refer are in many cases due to the 
diagrams, &c., being so very small that it is not 
easy to read them. This matter of size cannot 
perhaps be altered, but there is then al] the more 
reason that the blocks from which they are printed, 





and the printing, should be particularly good. As_ 


examples we may mention the drawings on page 67 
and the diagrams on page 176. There are also 
others through the book that might be improved. 
We may also point out an error which occurs on 
page 143 in connection with some temperature 
diagrams for the combustion-chamber and back 
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end of the piston. The last line of the description 
of these states:—‘*The mean temperatures are 
indicated in the diagrams by dotted lines, thus 
ae ” As a matter of fact, they are shown by 
lines thus --------- is 

The book is divided into seven chapters, besides 
an appendix. Chapter I. treats of the method of 
working, types, &c. In it all the types are described, 
the different cycles and the work diagram for each 
being illustrated by drawings, which add much to 
the clearness of the description. Chapter II. treats 
of the output of the engine, and discusses mean 
pressures and efficiencies. The main dimensions 
of the engine are discussed in Chapter III. The 
effect of inertia of the reciprocating parts occupies 
Chapter IV. Chapter V. treats on the tangential 

ressure or turning-movement diagram for calcu- 

ting the fly-wheel ; while Chapter VI. we find 
devoted to the forces acting on the cross-head, 

iston, connecting-rod, and main bearings. Chapter 
JII. occupies more than half the book, and is 
divided into seven sections, in which the different 
parts of the engine and the working costs are very 
fully considered; in fact, it may largely be regarded 
as the part of the book devoted chiefly to practical 
details. This part of the volume is particularly good 
on account of the fulness with which the different 
matters are treated. 

The various sections of Chapter VII. are devoted 
to the crank-shaft (which occupies twenty-nine 
pages), the main bearings of an engine, the frame 
and cylinder, the pistons, the connecting-rod, the 
tly-wheel, and the cost of working gas-engines and 
steam-engines. Section 6, which is devoted to 
fly-wheels, is exhaustive, and occupies thirty-five 
pages. The practical construction being gone into 
as well as the theoretical, different methods of 
providing for the stresses in a built-up fly-wheel 
receive due attention. 

Appendix I. contains a description of the Hum- 
phrey gas-pump, which is a reprint of the paper 
read by Mr. H. A. Humphreys, M. Inst. C.E., 
before the Manchester Association of Engineers, 
on November 12, 1910, and Appendix IT. is devoted 
to useful tables. Altogether the book is one that 
should finda place in the engineer’s library. 


PLANT AND MACHINERY. 

No. XX XIX. 

By JosrrH Horner. 

THE jar-ramming or jolt-ramming design of 
moulding-machine is the latest development in this 
sphere. As is usual in all other supposed novel- 
ties, the idea is not a new one ; it may be traced 
back for about forty years, but the practical 
machines are recent. During the last three or four 
years they have made great strides, especially in 
dealing with very heavy work, for which they are 
most admirably adapted. 

The older craftsmen, accustomed to the careful 
hand-ramming and handling of moulds, in which 
one of the things to be most carefully avoided is the 
fracture of the sand, may be pardoned if they should 
express doubts as to the practicability of ramming 
a mould by violently bumping it up and down on 
ananvil. Butcritical study of these machines seen 
in operation at once dispels these doubts. The 
system is an undoubted success, and in its own 
particular sphere must grow in favour. Already 
many firms in Great Britain and in America are 
building these machines. Their essential construc- 
tion is as follows :—The machine is, in principle, a 
gravity machine, but the impacts of the moulding- 
box on its table, on the anvil below are effected with 
extreme rapidity. The box is lifted by compressed 
air at 80 lb. per sq. in. usually, in a cylinder below, 
which, being exhausted, allows the box to fall. 
The result is a packing of the sand grains around 
the pattern, the effect of which is different from 
either ramming such as is done by hand, or the 
Squeezing which is effected by the machine. The 
effect of rapid packing of the sand by gravity is to 
render it denser next the pattern than it is 
higher up, and, in consequence, such moulds do 
not, in general, require to be vented with the wire. 
If 4 mould is hand-rammed, the density of the sand 
is regulated by the moulder; if it is squeezed 
by machine, it is denser near the outside than it is 
next the pattern. When it is jar-rammed, the 
looser sand near the outside is strickled off, or else 
hand-rammed, or it is squeezed by the machine. 
The problems therefore which have to be taken in 
hand in the design of jar-ramming machines are of 
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a different nature from those which exist in other 
kinds, and are of a rather peculiar and somewhat 
difficult character. Different, because the falling 
weight which varies in moulds of different sizes 
must bear some relation to the mass of the anvil, 
and the pressure of the springs on which the latter 
is carried, otherwise the moulds would fracture. 
The case is paralleled by the problems which arise 
in the power hammers and their anvils. Although 
from the — of expenditure of power it would 
seem desirable to reduce the weight which has to 
be lifted and dropped, say thirty or forty times, 
mass and rigidity are necessary in order to prevent 
fracture of the sand. If any movements occur be- 
tween the pattern, the flask, and the sand, the 
sand must fracture just as it will do when a flimsy 
moulding-box is being turned over. The same 
thing would happen if the flask sprung up from the 
table to which it is attached. The anvil on which 
the mould is dropped must also be massive. It is 
usually made of not less than the weight of the 
loaded table. It is often bedded on timber simi- 
larly to the anvils of steam hammers, which pro- 
vides an elastic foundation. The fall is then less 
effective in jar-ramming than it would be if the 
foundation were of solid rock or concrete. But the 
latter is more injurious to the machine, and it 
causes noise and annoyance by the transmission of 
ground waves to adjacent buildings, which become 
more serious as machines increase in size. Actually 
therefore some efficiency in the jar-ramming is 
sacrificed in order to avoid more serious evils. 

The height of drop is varied in the case of moulds 
of different weights. It may range between 1 in. and 
4in., 24 in. being an average. There is a height 
suitable for a given weight which corresponds with 
the most efticient degree of consolidation of the 
sand. The first jars are the most efficient, and at 
a certain stage no further density can be got for a 
given lift. 

An uncushioned shock is therefore a thing to be 
avoided in all machines. But the mounting of the 
anvil on a timber foundation is not sufficient to 
secure the chief portion of the cushioning which is 
necessary. The principal share of this is taken by 
springs located in the base of the machine and on 
which the anvil is supported. Mr. Wilfrid Lewis, 
who has given much study to the subject, explains 
that the effect is to retard the falling motion of 
the table at the moment of its contact with the 
anvil. The table loses about half its velocity, and 
the anvil acquires one-half, rising and maintaining 
close contact with the table and its mould, and so 
preventing injurious shock. This is assisted by the 
expansion of compressed air ; which air, having first 
lifted the table from the anvil, is cut off, but for a 
moment expands, raising the table higher. The 
anvil springs, thus relieved of the weight of the 
table, expand and allow the anvil to rise to meet 
the falling table. This movement mz, be increased 
by passing the exhaust air from the jarring-cylinder 
into the anvil-cylinder. The net result is that the 
table and anvil come to rest, with ample jarring of 
the sand, but without transmitting the shock to 
the foundations. The springs may sustain half the 
weight of the falling table. 
stated that the density of the sand is increased by 
from 25 te 30 per cent. in the jar-ramming process. 
Also that the greater the change in velocity at the 
instant of impact the gteater is the ramming 
effect, because the sudden change in the velocity of 
the table increases the pressure of impact, and the 
ramming effect is measured by the square of that 
change in velocity. 

A shockless jarring-machine was designed by the 
Tabor Manufacturing Company on these lines to 
accomplish, as its name indicates, the packing of 
sand without transmitting destructive shocks to the 
moulds, or causing excessive noise and vibration in 
the vicinity. In this machine (shown by the ver- 
tical sectional view in Fig. 612, page 212), the jarring 
table, which receives the flask, pattern, and mould, 
is cast in one piece with the jarring-cylinder. This 
is mounted on a cylindrical anvil that rests upon 
springs, and which moves within the cylindrical 
base by which its vertical movements are coerced. 
The movements of the parts are operated by com- 
pressed air, controlled by suitable valves. The 
action is that outlined in the previous paragraph. 
The supply of air is controlled by the valve A, 
operated by the hand-lever B. The air passes first 
through the pipe C into the jarring-cylinder to raise 
the loaded table ; then at some predetermined — 
in the upward movement of the table the air-supply 
is cut off automatically by the adjustment of the 


Mr. Lewis has also|S 





lever D. At this moment, while the valve is re- 
versing, the air will expand and lift the jarring- 
table further from its anvil, provided its pressure 
exceeds that of the weight which it carries. “When 
the valve has reversed, the air exhausts through 
the valve E. The air may then be allowed to 
exhaust into the atmosphere ; or, as recommended, 
it is conducted from the jarring-cylinder to the 
anvil cylinder beneath, through the pipe F. As 
the table now drops by gravity, the anvil is also 
relieved of the load of the flask, its sand, and the 
pattern, and the springs on which it is supported 
consequently expand, lifting the anvil upwards to 
meet the descending table. This occurs even though 
the air is exhausted into the atmosphere. But if 
it is brought into the anvil-cylinder the upward 
movement of the anvil, due to the expansion of the 
springs, is inc by the air pressure. The 
result is that the momentum of the rising anvil is 
rendered about equal to that of the falling table at 
the instant of impact, and the table and anvil come 
to rest with the maximum of sand-packing effect, 
but without transmitting shock to the foundations. 
The rebound, which injures a mould, is avoided by 
the upward movement of the anvil, which retains 
the mould, table, and anvil in close contact. Another 
element introduced to lessen shock is a buffer of 
leather G between the jarring-cylinder and the 
anvil. H is a lever, by which the length of stroke is 
adjusted. The jarring-table, which is subjected to 
incessant and severe shocks, is made with the top 
and bottom flanges well ribbed, as shown. The 
anvil is solid. The cylinders are of large diameter, 
to offer large wearing surfaces. The largest jarring 
machine yet made is one by the Tabor Manufac- 
turing Pm It weighs between 90,000 lb. 
and 100,000 lb., the table measures 8 ft. by 12 ft., 
and the cylinder is 36 in. in diameter. The anvil is 
5 ft. in diameter and rests upon twenty-two helical 
springs. 

A recent machine is made with two cylinders 
instead of a central one. The object in view is to 
extend the capacity of a single machine to include 
tables of different lengths, from those as small as 
24 in. by 32 in. to lengths suitable for lamp columns 
and pipes. The base, of course, is of the maximum 
length, and the cylinders are adjustable along a 
slot in it. The central portion of the machine 
between the base and table is occupied with the 
main operating valve and its immediate arrange- 
ments. Thence flexible hose conveys the air to 
the cylinders to right and left, each of which has 
its entry and exhaust-valves enclosed within its 
base. e valves in each are actuated simulta- 
neously, lifting the jarring-table, or allowing it to 
drop. This is built by the E. Killings’ Moulding- 
Machine Works, of Davenport, Ia., U.S.A. 

An electrically-driven jar-ramming machine has 
been put on the market recently by Henry E. 
Pridmore, of New York ; 24 horse-power operates 
it. It has a capacity for moulds weighing 2 tons, 
and gives 175 jars per minute. 

The Hermann jarring-machine, built in England 
by the Pneumatic Engineering Appliances Com- 
pany, Limited, of Palace Chambers, Westminster, 
.W., is constructed both for stripping-plate work 
and for turn-over moulding. One design is shown 
in front and back views in Figs. 613 and 614, 
page 212. The turn-over mechanism is an attach- 
ment which can be removed (as is done in the 
photographs), leaving the machine ready for strip- 
ping-plates. The separation of pattern and hae 
is effected by power by means of pneumatic cylinders 
located at the ends of the machine, and the lift is 
either up or down according to the system which 
is adopted for the moment. 

When using a stripping-plate, the plate, often 
made of wood, is slipped over the pattern, and the 
moulding-box set over it. A sand-frame of from 
3in. to5 in. deep is set over the box to confine the 
sand flung in above the box edges. The air is 
admitted through a valve, and the jarring done. 
The mould is then raised off the pattern by the 
pneumatic cylinders. In using the turn- over 
mechanism the work is similar except for the 
absence of the stripping-plate. When the mould 
has been jarred the sand is struck off, and a bottom 
board laid upon it and clamped to the pattern- 
plate. The whole is then raised by the cylinders, 
turned over, and lowered on to the table of the 
machine. Theclampsare then removed, the lifting- 
forks placed under the pattern-plate, and the 

ttern withdrawn. The mould is placed on the 

oor, and the pattern-plate and table turned over 
for the next mould. An oil-governing arrangement 
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ADJUSTABLE REAMER. 
CONSTRUCTED BY MESSRS. VICKERS LIMITED, LONDON. 
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(an idea borrowed from the oil-governed hoist) is 
included in the pneumatic cylinders by which the 
pattern-table and the moulding-box are lifted and 
lowered. The result is absolute steadiness of 
movement, which is difficult to ensure where air 
alone is employed. Such steadiness is very desirable 
to prevent risk of fracture of the mould. 

The writer saw these machines in operation 
recently at the works of Messrs. Saxby and Farmer 
at Chippenham, where they are being manufactured. 
Deep and fairly large moulds were being rammed 
within 30 seconds, moulds that would occupy 20 
minutes to an hour to ram by hand. Two minutes 
sufficed to place an average moulding-box on the 
machine table, fill it with sand, jar-ram it, strickle 
off and hand-ram the loose upper strata of sand, and 
remove the box to the floor. The moulds are firm 
to the fingers and free from any suspicion of cracks. 

A few selected illustrations are given of the times 
occupied in making some typical castings on the 
Hermann machines. Comparisons are made with 
times of hand-ramming, which are, of course, sub- 
ject to much variation with different men and dif- 
ferent foundry conditions. 

Figs. 615 and 616, on page 212, show a common 
6-in. quarter bend, each casting weighing about 
100 lb., of which from two to six are made in a flask, 
the top and bottom parts being made from the same 
plated half-patterns, on the same or on separate ma- 
chines. Using two patterns in a flask, six complete 
moulds are made per hour. Two unskilled men are 
employed, who are paid 34d. per box ; fifty jars are 
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| required for the drag and forty for thecope. A deep 


mould requires more jars than a shallowerone. The 
output when hand-moulded was six bends per day. 

Fig. 617 is a 4-in. globe stop-valve weighing 
50 lb., of which the cope and drag are made from 
the same half-patterns, and one stripping-plate 
serves. Ten complete moulds are made per hour 
by one man and a boy at a price of 2d. per box ; 
twenty-five jars are required for cope and drag. The 
time occupied previously in hand-moulding was ten 
to twelve castings per day. 

Figs. 618 and 619 show a 10-in. mine car-wheel, 
weighing 22 lb. In this the cope is rammed by 
hand, and the drag jarred twenty-five times. Two 
boys make twenty moulds per hour at #d. each 
mould. 

Figs. 620 and 621 show a brake-block for an engine 
tender, weighing 55 lb. The pattern is moulded 
flatwise, the cope is rammed by hand, and the drag 
is jarred thirty times. Two men turn out twelve 
moulds per hour at 14d. per box, the cost if made 
by hand being given at 3d. per box. ; 

The carriage axle-box illustrated in Figs. 622 
and 623, weighing 125 lb., is being moulded in 
several of the railway and wagon shops about the 
country. Five moulds per hour are produced by 
two unskilled men at 4d. per box ; thirty-five jars are 
required for the drag and twenty-five for the cope. 
The price if moulded by hand is 10d. to 1s. each. 

The buffer-cylinder, + 624 and 625, weighin 
75 lb., is moulded with the flange uppermost, an 
the cope, being flat, is rammed by hand. The drag, 





being deep, receives thirty-five jars. One un- 
skilled operator turns out twelve moulds per hour 
at 1jd. per box. From two to three moulds per 
hour would be made by hand. 

Of the rail-chair, Figs. 626 and 627, weighing 
50 lb., fifteen moulds are made per hour by one 
man. The cope is rammed by hand, and the drag 
receives twenty-five jars. 

Of the gas-engine piston, Figs. 628 and 629, 
seven or eight per hour can be made by one man 
and a boy at 2d. per box ; twenty-five jars are re- 
quired. To deep work of this kind, the pattern 
being moulded with its axis vertically, jar-ramming 
is best adapted. 





VICKERS’ ADJUSTABLE REAMER. 

AN adjustable reamer, which has enjoyed a con- 
siderable amount of popularity, has for some time 
past been manufactured by Messrs. Vickers Limited, 
at their Erith works. This reamer has given excellent 
results in practice, but it could only be considered as 
a high-class finishing tool. Having devoted consider- 
able attention to the production of a reamer that could 
be used for a roughing as well as a finishing cut, 
the firm are now eng the tool, illustrated in 
Fig. 1, annexed, which fulfils these conditions. The 
construction is simple, and will be understood on refer- 
ence to Figs. 2, 3, 4, and 7, so that a brief description 
will suffice. The number of reamer component parts is 
five, these being the shell, cone-bolt, retaining-ring, 
lock-nut, and blades. A glance at Figs. 2, 3, and 4 
will indicate the general arrangement. 

The largest component is the shell, which is of mild 
steel, slotted and recessed to receive the cone-bolt and 
blades. The practice of backing up the side of the 
blade and leaving the cutting face clear has been 
retained, as experience proves this to be of advantage 
in preventing ‘‘chatter.” The top of this shell is 
recessed to receive the key of the Morse taper or 
cylindrical arbor. 

The cone-bolt is hardened, and made of the best tool 
steel. The actual cone on which the blades rest is 
interrupted and threaded to take the collar, so that 
the internal edge of the blade rests on two truncated 
cones. The lower end of the cone-bolt is graduated, 
as may be seen in Fig. 3, and each division corresponds 
to a fractional part of an inch, or metric variation, in 
the diameter of the reamer. The other end of the 
bolt is threaded to take the lock-nut. 

The collar screws on to the parallel:and threaded 
part of the cone-bolt, and has a blind key-way which 
engages with a small pin let into the shell. The collar 
is thus fixed with regard to the shell, and any rotary 
movement of the cone-bolt results in the displacement 
of the latter in an axial direction. The blades are 
strips of carbon or high-speed steel, and are wedge 
shaped, so that the cutting edges are parallel when the 
blades are resting on the cone-bolt. They are also 

so as to ride freely over the collar. 

The adjustment of the tool is extremely simple. 
The operator, having dismounted the reamer from the 
arbor, inserts the box-spanner and slacks out the lock- 
ing-nut slightly. He then places the adjusting-key 
(Fig. 5) in the pin-holes of the cone-bolt, and turns it 
slowly in a clockwise direction. Each small division 
on the face of the cone-bolt corresponds to yz\5y in. 
variation in diameter, and each large division to 
revs in., so that ten large divisions must = the zero 
mark to increase the diameter ;}, in. ith metric 
sizes each division is equal to ;4, mm. This done, the 
adjusting-key is removed and the lock-nut screwed 
home, when the tool is ready for use. An advantage 
of this is that, under normal conditions, when the 
different holes reamed have to be of equal diameter, 
the removal of the box-spanner and adjusting-key 
prevents the reamer being tampered with. 

While on the subject of adjustability, we may call 
attention to the exceptional range of adjustment of 
which this tool is capable. As previously described, 
the general principle is a wedge action. Thus a longi- 
tudinal motion of the cone-bolt results in an increase 
or decrease of the working diameter of the reamer 
without a corresponding longitudinal motion of the 
blades. In all cases the blades are firmly bedded on 
a good bearing surface ; the displacement of the cone- 
bolt is comparatively small, and permits of a blind 
hole being reamed out independently of the diameter 
to which the tool is set. 

The ranges of adjustment, to quote a few examples, 
are as follow :— 


0.035 in. with a 1-in. reamer. 
.084 


0. ” ” ” ” 
0.120 ” ” 3 ” ” 
0. 138 ” ” 4 ’” ” 
0.154 ” ” 5 ” ” 
About 10 per cent. of these values is devoted to 
under size. 


To avoid possible confusion in cases where the 
diameter of the reamer is being constantly altered, 
it is of importance to note that when the cone bolt 
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and shell are flush, and their zero marks in line, the 
actual diameter of the reamer is equal to the size 
in inches or millimetres stamped on the shell ; it is 
therefore an easy matter for the machinist to reset 
the reamer to + size within its compass. 

A glance at the following figures will show that 
the new reamer is capable of taking a heavy cut with 
complete success. Tests have also been taken with a 
view to producing a fine finish, and the results were 
most satisfactory :— 




















‘ | ‘ 
Peri- pony ray Depth Lubri =. 
| woe Hevo- Inereased of Material. cant of 
peed. lution. | by Hole. | U Reamer. 
ft. in. in. in. in. | in. 
10: 6 0.0144 0.020 3 Manganese | 2 
| bronze | 
15 3 0 02407 | 0.035 6 35-ton T.| Oil | 2 
steel 
22 0 0.0226 0.030 3.9 F.8S. 35-ton Water 2 
T., 2 plates 
riveted to 
gether | 
75 O | 0.08125 0 06254 2.3 | 30-ton T. | Oil 14 
| steel | 


It will be observed that the tests have been con- 
ducted upon a variety of materials and with a varying 
peripheral velocity. The condition of the holes was 
carefully examined after each test, and was quite 
satisfactory. It is interesting to note that ;{,;in. was 
removed from the walls of a 14-in. hole drilled in mild 
steel of 30 tons tensile strength, especially as the tool 
was in no way impaired by this trial, but continued 
in use during further tests. 

The illustration, Fig. 8, on page 213, shows a 
mild-steel cylinder, 8} in. long, which was rough 
drilled, and then reamed out in one operation with 
one of the new design reamers. The size of reamer 
used was 1}4in., and the hole produced was true to 
gauge, quite parallel, and well finished The amount 
of metal removed from the walls was ;%; in., the feed 
per revolution being 0.014 in., and the cutting velocity 
21.5 in. per minute. 

Exceptionally good finish can be procured by using 
a set of carbon nan, which can be specially kept for 
the purpose, the i tn blades being used for 
roughing work only. The blades are interchangeable, 
and the cost of a new set is very small when compared 
with the price of a solid reamer of equal diameter. 
Should the blades require re-grinding, no special jig 
is required, as the reamer can be placed in the grinding- 
machine, and the blades touched up in the usual 
manner. 











INSTITUTION OF AUTOMOBILE ENGINEERS.—A meeting 
of this Institution was held on the 14th inst. at the 
Institution of Mechanical Engineers, Storey’s Gate, S. W., 


when a paper by Mr. G. F. Barrett, on ‘Causes of 
Failure in Ball Bearings,” resulted in a very interesting 
discussion. At this meeting the paper, having been 


issued to the members a week previously, was taken as 
read, and the whole time of the meeting devoted to the 
discussion. The innovation was an entire success, and at 
the termination of the meeting it was unanimously 

that the method of procedure should be followed with 
future papers. On another page of this issue we deal with 
the subject-matter of discussion referred to. 

THe Mosstry Tram Accipent.—It will be remem- 
bered that on October 20 last a fatal accident occurred to 
a tramcar on the Stalybridge, Hyde, Mossley, and Dukin- 
field Tramways, when a’ the hill on Stamford- 
road, Mossley. On this hill the driver lost control of his 
car, which finally ran into the parapet of an overbridge 
and tell over on to the London and North-Western Rail- 
way, blocking both up and down lines. As a result of 
the accident six persons iost their lives and others were 
very severely injured. The conductor was one of those 
killed, and the driver was not able to give evidence for 
eight weeks afterwards. These facts, en with the des- 
truction of important portions of the car, have made 
it impossible for the Board of Trade Inspector, Lieut.- 
Colonel P. G. von Donop to arrive at any definite 
conclusions as to the cause of the accident. Colonel 
von Donop thinks that it was due to a fault which 
developed in the controller, thus rendering the magnetic 
brakes inoperative, —_ they were in working order 
late the night before, and this was the first trip of the day. 
He suggests as a preventive that more careful examination 
cout te made of these controllers by skilled mechanics. 
He also suggests that drivers should be instructed to use the 
most powerful brake on the car for ordinary traffic stops, 
and not only in case of emergen:y, in order that there may 
be less risk of incorrect manipulation when an emergency 
arises. The tramway authorities are arranging to fit 
their cars used on hilly routes with the Huddersfield form 
of mechanical slipper-brake, which is independent of the 
rotation of the wheels of the car. They are also closing 
the Mossley car shed, and now stable all cars at Staly- 
bridge, which will ensure the drivers having suitable 
inclines, on taking their cars out, on which to test their 
brakes before reaching severe gradients. The hill on 
which the car in this instance ran away was one of 1 in 
21.5 for 44 yards, followed by 1 in 16.1 for 198 yards. 
After this came 396 yards of 1 in 18.1 and 242 yards of 
lin 15.8. The curve at which the car became derailed 
was one of 150 ft. radius. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 31, 1912. 
THE agitation in the Lower House of Congress for a 
general reduction of duties that will range from 33 to 
50 per cent., if the plans of the reducers are carried 
out, has exerted an unfavourable influence on iron and 
steel trade conditions. The House is democratic, and 
the Senate republican. The proposed reductions will 
be fought in the Senate. Betind all remains the 
ibility of a presidential veto. The United States 
steel Corporation is passing through a severe investi- 
gation, which thus far does not threaten its integrity 
seriously. One purpose of the agitation is to manu- 
facture campaign material for the on-coming presi- 
dential campaign. The Democrats know the strong 
leanings of the country to Protection, and it is to be 
presumed they will not jeopardise their presidential 
chances by a too great reduction. Any legislation 
they might succeed in passing would probably not 
go into effect until after the campaign. Export 
requirements for rails are growing. A Birmingham 
mill booked an order for 3300 tons for Japan. Light rails 
for coal roads are ordered for roads in Pennsylvania, 
West Virginia, and Kentucky. One order for 2800 
tons went to the Carnegie Mills. This month closes 
with a satisfactory volume, considering all discourage- 
ments. The most favourable indication is the demand 
for crude steel. Capacity is quite generally engaged 
to the maximum. Shipyard interests continue to pre- 
sent large orders. It is estimated that present in- 
uiries for shipbuilding material cover 60,000 tons. 
rreater activity is promised in Lake shipyards by the 
prospective orders for several large lake boats, con- 
tracts for which will soon be p Much pipe-line 
work for water, oil, and gas is coming along. One order 
calls for twenty miles of 18-in. pipe and another for 
74 miles of 12-in. pipe. The ore question is unsettled. 
Cuke is being made in immense quantities, and the 
ovens will stay hot for months. Wire-mill products 
are high, and mills are all busy. Railroad building in 
Western Canada will create a large demand during 
the year. The Canadian Pacific, Grand Trunk Pacific, 
and the Canadian North-Western have plans laid for 
energetic prosecution which will bring much business 
to the mills. 
February 7. 
Among recent orders for iron and steel products are 
12,000 car-wheels for the Pennsylvania Railroad, 100 
passenger-cars for the Illinois Central Railroad, and 
1000 box-cars and 500 refrigerator-cars for the Illinois 
Central Railroad, 85 engines for the Canadian Pacific 
Railroad, 15 for the same road from a Canadian maker, 
and 25 for Montreal. The Lehigh Valley Railroad 
has ordered 10,000 tons of rails at Bethlehem, and the 
Bessemer and Lake Erie Railroad is ordering 2500 
cars, while the Western Maryland Railroad will order, 
this week, 1000 box-cars, 750 hopper-cars, and 1000 
dongolas. A Texas road has ordered 80 tank-cars at 
St. Louis. These are only a sprinkling of the heavy 
orders of the past week. Work has begun at Pittsbur 
on the 60,000-ton rail order of the North-Western, an 
the Soo line has ordered 20,000 tons of rails. The 
general tone of the market is strong, and much new 
business is in sight. There are heavy requirements 
from shipbuilding yards along the coast, the aggre- 
gate of which now under inquiry foots up 85,000 tons 
of plates and shapes. The Coastwise Steamship Com- 
pany will build a 7500-ton ship near Philadelphia, 
and the Southern Pacific Railroad is arranging for 
material for four vessels of 10,000 tons capacity each. 
The Standard Oil Company is about making a contract 
for # number of oil-carriers to operate on the Great 
Lakes, the exact number not being known at present. 
The American Hawaiian Company has contracted for 
tive steamships to be built at Philadel hia which call 
for 20,000 tons of plates and shapes. Prices continue 
strong, and inquiries indicate the coming of much 
additional business. 





Lonpon County Councit.—WEsTMINSTER TECHNICAL 
InsTITUTR.—A_ special short course of lectures on 
‘*Gaseous Combustion as Applied to Furnace Heating,” 
will be given by Mr. A. W. Onslow, on Tuesdays, at 
7.30 p.m., commencing on February 20. The lectures are 
designed to give a practical demonstration of modern 
gaseous heating for industrial purposes, and will be 
illustrated by diagrams and designs worked out during 
each lecture. The special fee for the course is 2s. 6d. 
Students already in attendance at the Institute are ad- 
mitted free. 





INSTITUTE OF MARINE ENGINEERS.—At the meeting 
of this Institute on Monday, the 12th inst., when the 
Most Hon. the Marquis of Graham delivered his presi- 
dential address, which is referred to elsewhere, the fol- 
lowing awards were announced:—The Denny Gold 
Medal, awarded to Mr. W. R. Cummins (member) for 
his paper on ‘‘ Internal-Combustion Engines for Marine 
Use ;” Stephen Award tothe value of 2/. to Mr. J. D. 
Boyle ( uate) for his essay on ‘‘The Steam-Engine 
Indicator ;” and the Stephen Award to the value of 


| 11. 10s. to Mr. H. B. Locke (graduate) for his essay on 


the same subject. 


| and the outlook is bright. 


NOTES FROM THE NORTH. 
: Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market wassomewhat dull and quiet, and the 
dealings consisted of 2000 tons of Cheveland warrants at 
48s. 114d. and 49s. cash, 49s. 3d. one month, and 49s. 54d. 
two months. Closing sellers quoted 49s. cash, 49s. 31d. 
one month, and 49s. 94d. three months. In the aftor- 
noon Cleveland iron was steady, but business was limited 
to two lots at 493. cash, with sellers over at 49s. 04d. cash 
493. 34d. one month, and 49s. 94d. three months. On 
Friday morning the market was easier, and 4000 tons 
of Cleveland warrants were ly through at 48s. 114d, 
and 48s. 11d. cash, 49s. 3d. and 49s. 2d. one month, and 
49s. aa three months. At the close sellers quoted 
48s. 11}d. cash, 49s. 24d. one month, and 49s, 84d. three 
months. The afternoon session was quiet, but the tone 
was a shade stronger. The dealings only totalled 2500 
tons of Cleveland warrants at 48s. 11d. and 48s. 114d. cash, 
and 49s. 2d. one month, and the closing prices were called 
at 49s. cash, 49s. 3d. one month, and 49s. 9d. three months 
sellers. On Monday morning the market was nominally 
unchanged, and Cleveland warrants were done at 48s. 11d. 
cash, 48s. 114d. four days, 49s. 2d. one month, and 
49s. 84d. three months. @ turnover was 3500 tons, and 
sellers’ closing prices were 48s. 114d. cash, 49s. 24d. one 
month, and 49s. 9d. three months. One lot of hematite 
changed hands at 63s. 3d. cash, with sellers over at 
63s. 9d., and buyers at 63s. 6d. In the afternoon the 
market was quite idle, and sellers of Cleveland warrants 
quoted 49s. cash, 49s. 3d. one month, and 49s. 9d. three 
months. On Tuesday morning Cleveland warrants were 
quiet, and 1000 tons were done at 49s. 2d. one month, 
with sellers over at that figure, and at 48s. 11d. cash, 
and 49s. 84d. three months. The afternoon session was 
also quiet, and the dealings were in limited to 1000 
tons of Cleveland warrants at 48s. 104d. cash and 49s. 1d. 
one month. Closing quotations were 48s. 11d. cash, 
49s. 2d. one month, and 49s. 8d. three months sellers. 
When the market opened to-day (Wednesday) the tone 
was fairly good, but there were no dealings in Cleveland 
warrants. The close was firm, and prices were nominally 
ld. dearer at 49s. cash, 49s. 3d. one month, and 49s. 94d. 
three months sellers. In the afternoon quietness again 
revailed, and the business was limited to 1500 tons of 
leveland warrants at 49s. cash, 495. 3d. one month, and 
49s. 9d. three months. Sellers’ closing prices were 49s. 
cash, 49s. 34d. one month, and 49s. 9d. three months. 
The following are the market quotations for makers’ 
(No. 1) iron:—Clyde, Calder, and Summerlee, 64s. ; 
Gil hn “4 e scam 65s. ; oe il 82s. 6d. 
i at lasgow 3 engarnock (at Ardrossan), 
65s. ; otts (at Leith), 65s.; and Carron (at Grange- 
mouth), 65s. 6d. 


Sulphate of Ammonia.—The sulphate of ammonia 
market has been quieter during the past week, and in- 
quiries have been more limited. Quotations are inclined 
to be easier, and from 14/. 10s. to 14/. 12s. 6d. per ton may 
be taken as the current price for prompt lots, Glasgow or 
Leith. The shipments from Leith Satew last week 
amounted to 153 tons. 


Scotch Steel Trade.—Quite a healthy state of affairs pre- 
vails in the Scotch steel trade at present, and makers are 
being kept well employed, the deliveries to local con- 
sumers being on a large scale. New business for the home 
market is being fixed up slowly ; but, on the other hand, 
a considerable tonnage of ship and boiler-plates and 
angles has lately been booked for early shipment abroad. 
The dockers’ strike at Glasgow has delayed a number of 
export orders, but now that the trouble is practically 
over the accumulations should be speedily cleared off. 
Black and galvanised-sheet makers continue to be fully 
employed, and producers of light plates and structural 
sections have also been booking some fair shipment orders, 
while the inquiries presently in circuit amount to a fairly 
decent tonnage. 


Wages in the Steel Trade Advanced.—In connection 
with the rebates given by the Scotch steel-makers to their 
customers, jt was | that the wages of the workmen 
should be reduced owing to the reduced prices being 
ob:ained for ship-plates. The men’s representatives con- 
sidered the matter, and, in declining to agree to a reduc- 
tion, they contended that the smaller prices being 
oe bee — a reduction ym quoted price —_ 

tes, by which arrangement their w are regulated. 
t has A that the basis pli rn be remitted to 
a committee consisting of three members from each side 
of the Scotch Steel Trade Conciliation Board. In the 
meantime the existing arrangement has been retained, 
and as a result of the advance of 5s. per ton in the price 
of ship-plates, last December, the workers’ w: were 
advanced by 24 per cent. as from Monday last, the 12th 
inst. The increase will be participated in by over 5000 
workmen. 


Malleable-Iron Trade. —Conditions in the malleable-iron 
trade of Seotland are unchanged, and employment is satis- 
factory. Contracts on hand are sufficient to ensure gen | 
running for a week or two, and prices are being we 1 
maintained on the basis of 6/. 15s. per ton, less 5 per cent. 
for crown bars. 


Scotch Pig-Iron Trade.—Business in the ordinary quali- 
ties of Scotch pig iron has been rather quiet of late, as local 
consumers have been buying me! sparingly. Deliveries 
have been, however, ay! good, but these do not make 
up for the falling-off in the shipping lots, which have been 
very much restricted owing to the dockers’ strike on the 
Clyde. With the trouble now settled, shipments abroad 
and to the English centres are this week much improved. 
Inquiries are in the market for a consklerable tonnage, 
Hematite is in slow demand, 
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and deliveries are still small. The current price is about 
69s. per ton, but buyers are not being tempted. 
Shipbuilding.—Messrs. Scotts’ Shipbuilding and En- 
ineering Company, Greenock, have received an order 
— the Holt Line. Liverpool, to build a steamer of 
about 11,000 tons. This vessel, which will be 450 ft. in 
length, will be of an entirely new class for the Holt fleet, 
— will be supplied with single-screw machinery of about 


4800 horse-power. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, hetpmg ver 6 

Sheffield and Smoke.—The smoke problem in Sheffield 
has had a good deal of attention lately, and manufac- 
turers, who have hitherto not taken the anti-smoke 
agitators very seriously, are finding it necessary, in face 
of a growing body of opinion, to put forward some justi- 
fication if the emission of smoke is to be permitted to 
anything like its present extent. If they can prove that 
smoke, in certain manufacturing processes, is an essen- 
tial condition of industry, they will have established a 
claim, that Sheffielders will not be likely to disregard, to 
be left without interference. The Chamber of Commerce 
is at present considering the matter, and in a communica- 
tion to their members they give extracts from a report 
made on the subject some years , which stated that 
for such operations as reheating and annealing steel of a 

higher carbon than about 0.5, smoke was a necessity. 


South Yorkshire Coal Trade.—The t week has seen 
general unsettlement in the South Yorkshire coal trade 
and a deepening of anxiety. It is fully realised that 
affairs have taken a very unfavourable turn, and that the 
chances of a peaceful issue have become very slender. 
The pessimistic reports which have been received 
of the progress of deliberations between masters and 
men have naturally resulted in another rush for 
coal; and to add to merchants’ difficulties under this 
head, the delays in transport have become even more 
acute. In some cases wagons have been held up in 
sidings for a week only a few miles away from their 
destination. As a consequence pits have been working 
very irregularly. Practically all the Derbyshire miners 
have handed in their notices, and the last day for the 
men in South Yorkshire is to-morrow. Not only has 
the demand for house coal gone up very consider- 
ably, but there has been no slackening in the big 
stream of orders for manufacturing fuel and for 
supplies for the railway companies. On the Sheffield 
wee on Friday prices were manifesting an upward 
tendency, but there was little quotable change. Since then, 
however, collieries have withdoona price-lists, and to-day 
merchants are quoting from 2s. to 4s. advances all round 
in order to cover themselves, and the fluctuations are so 
marked that it is again impossible to give a complete and 
accurate list. House coal cannot be bought at pits under 
13s. 6d. a ton, and for some qualities it is up to 18s. 6d., 
whilst householders are paying as high as 23s. 6d. York- 
shire hards are about 15s. at pits. 


Tron and Steel.— Although there has been no relieving 
of the quiet condition of the iron market, makers main- 
tain a firm attitude. Current demands are small, but 
most of the iron being produced is already spoken 
for, so that the makers’ position is one of indepen- 
dence. Scrap is in a weak condition. Tungsten has 
improved in price. The whole of the trades of the city 
are necessarily affected by the present disturbances in the 
mining world, and a good deal of inconvenience is also 
being caused by congestion on the railways. In fact, in 
some cases departments of works have been thrown tem- 
porarily idle through the non-arrival of supplies of raw 
material or fuel. One of the most active branches of the 
heavy trades is railway steel, the manufacturers of which 
are practically on full outputs, and there are prospects. 
The manufacture of steel on engineering account is good, 
and there are some substantial orders on hand for tool- 
steel, though prices are still unsatisfactory to the bulk 
of makers. he tool manufacturers, including those 


qgonelicng in garden tools, are all well employed, and | to 
all r y 


ound prices are higher. The recent demand for skates, 
had it lasted longer, might have temporarily revived what 
is almost a lost industry in Sheffield, except for export 
purposes. As it is, makers were able to get rid of a 
deal of stock. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Business in pig iron is 
very ae just now. Buyers and sellers alike ap; 
disinclined to operate. Possible serious labour wonton 
in the fuel trade are chiefly responsible for the present 
idle state in pig iron. Producers have excellent order- 
8, and consequently are not required to seek new 
work. Notwithstanding the present unrest, there is 
& general under-feeling of confidence, and the opinion 
prevails that if strikes are avoided there will be a renewal 
of brisk buying in the very near future. That there is 
confidence in the future is emphasi by the fact 
that forward business cannot be done except at higher 
rates than rule for early delivery. What sales are 
occurring just now are almost entirely confined to small 
transactions for early delivery. No. 3 g.m.b. Cleveland 
1s offered by merchants at 49s. 3d. for bet f.o.b. delivery. 
That is the general market quotation, and sales have been 
recorded at that price, but makers ask 49s. 6d. and 50s., 
ee for some named brands up to 50s. 6d. is quoted. 
0. 1 is 588. 6d.; No. 4 foundry and No. 4 forge, each 
49s.; and mottled and white i 
early delivery. Qualities other No. 3 are 
especially No. 1 and No. 4 forge. East Coast hematite 





Rig iron is steady, but salesare slow. Second hands offer 
os. 1, 2, and 3 at 66s. for early delivery, and doubtless 
purchases could be made from some makers at that price, 
though more is quoted. Fordelivery of mixed numbers to 
the end of June the general quotation is 67s. 6d. Foreign 
ore is steady and firm, but there is little business doing. 
en pay are on a very heavy scale. Consumers’ stocks 
had got low, and they have recently been, and are still, 
taking very large supplies. Market rates are still based 
on 2ls. 6d. ex-ship Tees for best Rubio, which dealers 
here declare is an unremunerative rate, pointing out that 
the price at Bilbao is 15s. to 15s. 6d., and that freights 
Bilbao-Middlesbrough are now 6a. 


Stocks and Shipments of Pig Iron.—Stocks of pig iron 
change very little just now. Up to date this month 810 
tons of Cleveland pig iron have been withdrawn from 
the public warrant stores, and the stock there to-night 
(Wednesday) stands at 527,377 tons. Shipments of pig 
iron are on a satisfactory scale for this season of the year. 
To date this month they average 3164 tons per working 
day, the total dispatches reaching 37,970 tons, 34,165 tons 
of which have gone from Middlesbrough and the re- 
mainder from the neighbouring port of Skinningrove. To 
the same date last month the total loadings of pig iron 
amounted to 35,589 tons, or a daily average of 2965 tons, 
and for the corresponding part of Samar last year the 
clearances were returned at 34,819 tons, or an average of 
2902 tons per working day. 


Manufactured Iron and Steel.—The difficulty in the 
coal trade has checked buying in manufactured iron and 
steel, but producers have excellent order-books and are 
not anxious to make further contracts just now. Prices 
all round are fully maintained. Principal market rates 
stand :—Common iron bars, 7/.; best bars, 7. 7s. 6d.; best 
best bars, 7/. 15s. ; iron ship-plates, 6/. 12s. 6d. to 61. 15s. ; 
iron ship-angles, 7/. ; steel ship-plates, 7/. 5s. ; steel ship- 
angles, 6/. 17s. 6d.; steel boiler-plates, 7/. 12s. 6d. to 71. 15s. ; 
steel strip, 6/. 12s. 6d. ; steel joists, 6/. 15s. ; cast-iron railway 
chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s. ; heavy steel 
rails, 5/. 12s. 6d. ; steel railway sleepers, 6/. 10s. ; and 
galvanised corrugated sheets, 11/. 10s.—sheets less 4 per 
cent. f.o.b., rails net, and all other descriptions less 2} 
per cent. 


Clercland Miners’ Minimum Wage.—A meeting be- 
tween the Cleveland Ironstone Mineowners and the 
Cleveland miners’ representatives was held at Middles- 
brough this week, Sir Hugh Bell, Bart., presiding. The 
miners’ representatives referred to the present position of 
the minimum wage question, which, so far as Cleveland 
was concerned, was as follows:—(1) Miners’ "4 ~ 
prices: present rates, plus existing percentage, to 
regarded as the minimum ; men unable to earn 5s. 10d. 
per day to be made up to that figure ; a special — 
ment to be made for dealing with old and physically 
inefficient workmen. (2) Adult day underground work- 
men to receive not less than 5s. per day. (3) Boys start- 
ing work underground to receive 2s. per day. These 
proposals were made in accordance with the instructions 
received from the Miners’ Federation. The chairman 
said the owners had nothing to add to what they had 
already communicated to the men as regards the first 
— and that the owners could not concede the 

emands of adult workers and boys. 








Contracts.—The Underfeed Stoker Company, Limited, 
of Coventry House, wpe oe Finsbury, inform us 
that their recent sales of stokers amount to 73, of which 
the Rosyth pumping-station took six; Messrs. James 
Keiller and Son, Dundee, eight ; and Gebruder Sulzer, 
Winterthur, three.—The Worthington Pump Company, 
Limited, London and Newark-on-Trent, have recently 
booked a large number of important orders for their com- 
plete condensing outfits, pumps, and various types of 
condensers, many of which are repeat orders. These are 
for this country, the Continent, and distant lands, and 
are for use in all kinds of installations.—Messrs. Boulton 
and Paul, Limited, Norwich, have just been instructed 

proceed with a contract for several steel-framed build- 
ings for the Brazilian Government ; they also.have sup- 
—_ in record time ten timber-framed bungalows for the 

‘ape to Cairo railway scheme. 





Tue IncorporaTeD MunicrpaL EuecrricaL Associa- 
TION.—The seventeenth annual convention of the above 
Association will be held at H. te from June 18 to 21 
of this year. In accordance with the preliminary pro- 

mme, which has just been issued, the convention will 

opened on the first ~ by the Mayor of Harrogate, 
and will afterwards be addressed by the President, Mr. 
George Wilkinson, chief electrical engineer to the Cor- 
poration of Harrogate. The remainder of the morning 
will then be taken up by a discussion on ‘‘ Means for 
ne meng ee vag ge and Maintaining Continuity in Elec- 
tricity Supply,” while in the afternoon a discussion on 
wf 3 Dookin Load, from the Supply Station Point of 
View,” will held. There will a reception 7 the 
Mayor in the eveni On the second day there will be 
a visit to Leeds, an pers will be presented nr 
S. L. Pearce, of Manchester, on ‘“‘ Limitations of Profit 
from Municipal Trading,” and by Mr. R. A. Chattock, 
of Birmingham, on ‘‘ Organisation of Electric Supply 
Undertakings.” The annual dinner will be held at Harro- 
gate in the evening. On the third day there will be a 
visit to Middlesbrough, and a paper on ‘* Automatic 
Pressure Regulation ” will be read yy 8. J. Watson, 
of Bury. The concluding day will taken up by the 
annual general meeting and by excursions. Further in- 
formation in reference to the convention may be o 
from Mr. C. McArthur Butler, of 28, Bedford-square, 
London, W.C. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has remained in the 
same uncertain and difficult condition as for some time 
past. Small coal has commanded rather higher prices, 
there being keen competition for the limi quantities 
offered. The demand for large coal has, however, been 
restricted in consequence of the difficulty of arranging for 
steamers for loading. With a chance of a strike at the 
end of the month, shipowners prefer to give their atten- 
tion to other trades. e best Admiralty large has made 
15s. 9d. to 16s. 3d. per ton; secondary qualities have 
ranged between 16s. 9d. and 18s. 6d.; best bunker smalls 
between 12s. 6d. and 13s. 6d. ; and cargo smalls between 
10s. 6d. and 11s. 6d. per ton. House coal has continued 
steady ; the best ordinary qualities have made 16s. 6d. 
to 18s. ; No. 3 Rhondda large, 20s. to 20s. 6d.; and No. 3 
smalls, 12s, to 12s. 3d. per ton. No. 2 Rhondda large 
has brought 15s. 6d. to 16s. ; and No. 2 smalls 9s. 6d. to 
10s. per ton. Coke has shown little change. Foundry 

ualities have realised 17s. 6d. to 2is.; and furnace 

itto, 16s. to 17s. per ton. As regards iron ore, Rubio 
has been quoted at 20s. to 21s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

South Welsh Coal.—The exports of coal from the six 

rincipal Welsh ports—Cardiff, Newport, Swansea, Port 
Talbor, Neath, and Llanelly—in January were 2,854,724 
tons, as com with 2,375,377 tons in January, 1911, 
showing an increase of 479,347 tons. In consequence of 
the present troubled state of the coal trade, there has 
evidently been a desire to obtain yood current Welsh 
supplies. The exports from Cardiff in January were :— 
Foreign, 1,604,369 tons; coastwise, 275,852 tons; total, 
1,880,221 tons. Newport—foreign, 401,691 tons; coast- 
wise, 69,912 tons ; total, 471,603tons. Swansea—foreign, 
274,584 tons ; coastwise, 30,095 tons; total, 304,679 tons. 
Port Talbot—foreign, 139,402 tons; coastwise, 12,042 
tons; total, 151,444 tons. Neath—foreign, 13,018 tons ; 
coastwise, 15,161 tons; total, 28,179 tons. TJanelly— 
foreign, 15,482 tons; coastwise, 3096 tons; total, 18,578 
tons. 

Dowlais.—The Dowlais Works have been working at 
high pressure. The blast-furnaces have had a large out- 
put of steel pig; the iron production has also been con- 
siderable. e Goat Mill has turned out a heavy tonnage 
of steel rails, blooms, tin-hars, &c. ; and the Big Mill has 
been well employed upon light rails for colliery purposes. 


Swansea.—The general trade of the district has com- 
pared favourably with that of any previous week this 
ear. The blast-furnaces have shown activity, and there 
as been a heavy output of pig. The output of steel bars 
has also been considerable. 


New Steel Works.—An important development of the 
steel and tin-plate industry is in progress at Morriston, 
near Swansea. Mr. W. H. Edwards, proprietor of the 
Dyffryn Steel and Tin-Plate Works, has taken the whole 
of the fields lying betwecn his present establishment and 
Liansamlet. A large stretch of land Las been surveyed 
and out for the new plant. About 200 men are 
daily employed on the site by Messrs. J. Aird and Co., 
and a huge tip—the accumulation of years of tipping from 
the works—is being removed and levelled over the area 
of the new ground taken. The greater part of the new 
works is expected to be completed by July next. 

Port Talbot.—Mr. A. Fielding, of Port Talbot, who 
died on Monday, had for the past ~ years held the 

ition of manager of the Port Talbot graving-dock. 

rior to that he was manager of the ship-repairing works 

of Messrs. J. Shearman and Co., Cardiff and Barry, for 
ten years. 








Tur Giascow TrcHNicaAL CoLLEGE HONOURED BY THE 
Kine.—His Majesty has been Fg mores J pleased to direct 
that this college, which was fully illustrated and described 
in vol. xc. of ENGINEERING, shall henceforth be known as 
‘The Royal Technical College, Glasgow.” This, says a 
correspondent, is a fitting compliment to an institution 
—the oldest and the largest of its kind in the ~~ 
which is attracting students from all parts of the Empire, 
and is sending out others in even greater numbers to 
assist in manning our industrial outposts wherever the 
trained chemist and engineer are needed. In laying 
down the main lines of the original constitution of the 
college about 120 years ago, its founder, Professor John 
Anderson, declared his belief that ‘‘men should be 
taught the principles of the arts they practise,” and 
that fundamental idea has ever since been the is of 
the college work. The confidence of the community in 
the work of the college found fitting expression in 
the response made to the appeal for the provision 
of new buildings. That movement was initiated in 
December, 1900, and since that date a sum of about 
370,000. has been subscribed, the Corporation of the city 
and the Scotch Education Department being conspicuous 
among the donors, The memorial-stone of the new 
buildings was laid in May, 1903, by His late Majesty 
King Edward, and building operations were not con- 
cluded until last year—the year of His present Majesty’s 
Coronation. The buildings contain over 7 acres of floor 
space, and are believed to be the largest of their kind in 
existence. As stated in the last annual report of the col- 
lege, they ‘‘have been visited by re tatives (many of 
whom were Government officials) of nearly every civilised 
country in the world, and approval of the | ave _ 
and arrangement of departments, as well as details of the 
construction, has m unanimous.” Last session there 
were 536 day students and 4842 evening students, while 
the system of iated continuation | in science, 
centred round the college and extending through half-a- 
dozen counties, contains over 8600 students. 











216 


ENGINEERING. 





(Fes. 16, ror2. 





— 


100-SHAFT-HORSE-POWER REVERSIBLE DIESEL MARINE ENGINE. 


CONSTRUCTED BY 


MESSRS. PAOLO KIND AND CO., ENGINEERS, TURIN. 











As stated in our general article on the Turin 
Exhibition,* Messrs. Paolo Kind and Co., engineers, 
Turin, exhibited in the Italian Naval Pavilion a 
100-shaft-horse-power marine Diesel engine, which was 
direct-coupled on one side to a dynamo supplying 
light to the pavilion at night time, while on the other 
side it drove a propeller shaft, which ran through the 
wall of the building, the propeller being located in 
a water-tank, to demonstrate the facility and the 
rapidity with which the engine was reversed. Messrs. 
P. Kind and Co. manufacture heavy-oil internal-com- 
bustion engines for stationary plants, for locomotives, 
portable engines, and for ship propulsion. In this 
article we shall deal mainly with their directly 
reversible internal-combustion engine for ship pro- 
pulsion. They build this of two types—a heavy 
engine, running at a comparatively low speed, for 
larger ships, and a lighter type, having a high speed, 
for fast ships. Both of these types, modified to 
meet the requirements of each case, they build for 
the stationary plants and for the other purposes above 
referred to. 

In their smaller, directly reversible high-speed 
marine engines of 40 to 50 shaft horse-power, having 
four cylinders, the speed is 500 to 650 revolutions per 
minute ; in their light, high-speed, larger power marine 
engines the speed is 350 revolutions per minute. When 
low running cost and long life of the engine are the 
main points for consideration, the speed is reduced, 
as in the normal type of Diesel engine,-down to 
150 revolutions in the larger type of engine, and to 
350 or 400 revolutions in the smaller one. 

Owing to a judicious use of bronze metal for several 
of the mechanical parts, the other parts being made of 
the best selected steel, the makers claim that the 
weight of the high-speed marine engines does not 
exceed 15 kg. (33 lb.) per shaft horse-power, whilst 
the weight of the other type of engine varies from 
20 kg. to 30 kg. (44 lb. to 66 lb.) per shaft horse-power. 
The tuel consumption in the smaller high-speed marine 
engines rises up to about 260 grammes (0.57 lb.) per 
shaft horse-power hour. In) the slower engines of 
larger power the fuel consumption decreases down to 
about 200 grammes (0.44 Ib. \. 

The working of the Kind-Diesel engines is similar to 
that of any normal two-cycle Diesel engine, but the 
construction of several detail parts gives evidence of 
the experience which the company have acquired since 
1905, when they built their first directly reversible 
Diesel engine tor marine propulsion. They have 
abandoned the reversing system which was operated 
by the axial displacement or by the revolution of the 
cam-shaft, or, again, by the use of double cams, 
involving fixed distributing intervals for the starting 





* See vol. xcii., page 250, 
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and the fuel-valves, and they have given all their 
attention to securing variability for the distributing 
intervals and for the action of the connections 
between the mechanisms operating the starting and 
the fuel-valves. In improving their former type they 
have not hesitated to make a partial sacrifice of cheap- 
ness of manufacture in their attempt to secure the fol- 
lowing conditions, which are embodied in their present 
design :—Simplicity and safety in working ; improve- 
ment of the combustion-chamber and of the scavenging 
action, leading to an increased efficiency for the engine ; 
accessibility of the various parts which require to be 
removed pericdically for cleaning and inspection, 
especially the pistons and brasses ; standardisation of 
parts, leading to easy interchangeability ; reduced 
ge taken up by the engine, and facility with which 
the weight of the latter can be reduced when this is 
specially required. 

The Kind marine engines work on the two-cycle 
principle, and, according to the type, they are provided 
with scavenging-valves fitted in the top of the cylinder, 
or with scavenging-ports which the piston uncovers 
after opening the exhaust-ports. The air for scavenging 
is supplied by a special pump driven by the engine, b 
@ separate air-pump driven independently, or by trun 
pistons connected to each working piston. 

Figs. 1 to 3 are a general view, elevation, and plan 
of the 100-shaft-horse-power reversing engine runnin 
at a speed of 375 revolutions per minute, exhibi 
at Turin; vertical sections through the cylinders, 
and diagrams illustrating the reversing gear are given 
in Figs. 4 to 7. In order to obtain as perfect o 
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combustion-chamber as possible and perfect scaveng- 
ing, the scavenging-valves have been fixed at an angle, 
as will be seen. The cylinders are supported on strong 
iron columns; the crank-shaft casing is completely 
closed in, doors in the casing being provided for in- 
spection purposes. The pistons are trunk pistons, and 
by the action of the flange at the bottom they ensure the 
supply of air for scavenging their respective cylinders. 
The scavenging flap-valves, which, in the higher power 
engines, are substituted for the valves shown in Fig. 5, 
are set in the cylinder itself. The scavenging cylin- 
der is occasionally built separate from the working 
cylinder ; in this case the working piston, scavenging 

iston, and connecting-rods can removed and 

tted in place afresh in a very short time and without 
removing any other part. Nor is the engine increased 
in height thereby, a point which is of great import- 
ance, more especially in regard to submarines. 

The valve gear and its governing are different from 
those of the Diesel engines of other makes. From 
Figs. 6 and 7, which illustrate the reversing gear, it 
will be seen that by the displacement of the sliding 
slotted bar } in a horizontal plane, by means of 
a hand-wheel at one end of the engine, the lift 
of the valves corresponding to the profile of the 
cams is modified in regard to time according to 
the shifting action due to the slots in the bar. By 
this means it is possible to obtain a whole series 
of variations in the distribution, which lead up to 
the reversing of the engine. Owing to the shape 
of the curved piece c, combined with the shape of 
the cams, the litt of the valves by the cams can take 
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100-SHAFT-HORSE-POWER DIESEL MARINE ENGINE. 
CONSTRUCTED BY MESSRS. PAOLO KIND AND CO., ENGINEERS, TURIN. 


Fig. 4. 


Fig.5. 
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Place over the complete travel or only over part of ever, is operated in the usual way by turning the 
Same, or there can also be no lifting action trans- cam-shaft. The oil-fuel supply, together with the air 
— to the valves at all, the variations in the lift | supply, are made to vary toan extent which corre- 
ote governed by the sponds with the work required from the engine. 
oe bar is placed. The device makes it possible, |The mechanism further rotates the cam-shaft in order 
+ ape re, to vary at will the period when the lift of | to reverse the scavenging valves when this is n a 
z e valves commences, the extent of the lift, and the | On reversing the engine, a safety device prevents oil- 
_ during which the lift lasts, a great advantage in | fuel injections, corresponding to a given direction of 
- cage of ship yetion, where it is necessary to be rotation, from taking place whilst the engine is running 
able to command a number of variations in s ahd | in the opposite direction. 
In power, The device in question acts upon the start- The system of control in question, therefore, makes 
a and oil-fuel valves for reversing when this is’ it possible to start the engine, to reverse it, to run it 
needed ; the reversing of the air for scavenging, how-| at a lower speed, or to cause it to develop for a time 
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ition in which the sliding 





a higher power than its maximum normal power, the 
action being the following :—On starting, and also on 
reversing, the engine is set to work first with com- 
pressed air alone, then with compressed air and, 
in addition to this, with a quantity of oil-fuel ; then, 
further, with oil-fuel alone, the supply of which is 

overned as to quantity and time by the injection 

evice, all the actions for securing this being controlled 
by the hand-wheel working the slotted bar b. Official 
trials have shown that it took only from two seconds 
and one-fifth to three seconds for reversing a 100-shaft- 
horse-power engine, running under its normal load, 
from the moment the order for reversing was trans- 
mitted. 

All the mechanical parts uiring supervision can 
be attended to from i pha omg dana. The oil- 
fuel pump, cooling-water pump, cylinder-lubricating 
pump, pressure-oil pump, injection air-compressor and 
manceuvring hand-wheel are on the opposite end to 
that occupied by the fly-wheel. 

In the engine exhibited at Turin, the cooling water 
was supplied by a centrifugal pump. The air-pump 
supplying the air for injection was a two-stage pump 
which drew direct from the atmosphere. The air for 
scavenging was drawn through one single pipe for all 
cylinders, whilst the exhaust gases were also driven 
through one single water-cooled pipe to the silencer. 

The space occupied by a 150-shaft-horse-power 
engine running at a eqeel of 500 revolutions is the 
following :—Length, 2 m. (6 ft. 6 in.) ; height from 
the axis of the crank-shaft, 1.35 m. (4 ft. 5 in.) ; 
width, 0.67 m. (264 in.). The engine at Turin was of 
the type suitable for the propulsion of launches and 
of pleasure-yachts ; the engineer’s stand was on the 
ry end, the fly-wheel being on the opposite end. 

he oil fuel used was Roumanian crude oil, having a 
density of 0.94. The oil-fuel tanks were located below 
the floor level. 





PROPERTIES OF STEAM. 
To tHE Eprror or ENGINEERING. 

Srr,—It is, perhaps, not too much to say that the pro- 
perties of steam are now a matter of fact, and not a 
matter of opinion, because they have been redetermined 
during the last decade by new and refined methods that 
are capable of great certainty and precision, so that com- 
putations based on them show a satisfactory concordance. 
Physicists may seek greater refinement in the future, 
but for engineers this chapter is closed ; as compared 
with the unavoidable errors of expert work in steam 
engineering, the residual uncertainties are entirely 
negligible. 

There is the further reason for congratulation in that 
the derivation of steam tables from the physical data may 
be direct, without the intervention of abstract thermody- 
namic methods, except for the determination of volumes 
at low pressures. It is, however, convenient still to use 
Clapyron’s equation for calculating volumes of saturated 
steam at all pressures, and to check the results by com- 
parison with experiments. 

The degree of precision to be attributed to this new 
physical experimental work is of the order of one-tenth 
of a per cent., or, in some cases, two-tenths of a per cent. 
If this information is used with discretion in the compu- 
tation of tables, they will have the same degree of correct- 
ness. Such tables have been computed independently 
by the writer and by Marks and Davis, and show a very 
close concordance ; what little discrepancy there may be 
is due in some part to the fa>t that the latter computers 
have chosen a slightly different thermal unit from that 
used by the writer. 

The following are briefly the data on which such tables 

may : 
(a) ‘*Pressure of Saturated Steam,” by Holborn and 
Henning (Annalen der Physik, 1908). The temperatures 
were measured to ;},; deg. Cent., and the pressures with 
greater precision. 

(b) “Specific Heat of Water,” by Barnes (Physical 
Review, 1902), or by Dieterici (Annalen der Physik, 1905). 
A very high degree of precision can be attributed to 
Barnes’s work; and as Dieterici’s work does not agree 
with it, the writer has preferred to fall back on the 
experiments made by Regnault (‘‘ Memoires de _|’Insti- 
tute de France,” tome xxvi.), with allowance for Barnes’s 
specific heat. The difference at high temperature appears 
to be four-tenths of a per cent. at 200 deg. Cent. between 
heats of the liquid obtained from Dieterici’s work and 
by the writer's method ; but since this property is used 
in conjunction with the heat of vaporisation, the effect is 
equivalent to an error in the table of one-tenth of a per 


cent. 
(c) ** Mechanical uivalent of Heat,” Rowland 
(Proceedings of the American Academy, 1879). More 
recent determinations confirm the claim that the pre- 
cision of his work is of the order of one-tenth of a per 


cent. 

(d) ‘* Heat of Vaporisation,” by Henning (Annalen der 
Physik, 1906 and 1909). His probable error is two-tenths 
of a per cent. at high temperatures, and less at low 
tem tures. 

(e) ‘‘Total Heat,” by Davis (Transactions of the 
American Society of Mechanical Engineers, 1908). For 
pn ce above 100 deg. Cent. this work may be 
preferred to Henning’s ‘‘ Heat of Vaporisation,” because 
the precision appears to be one-tenth of a cent. 

( #) “Specific Volume of Superheated Steam,” Knob- 
lauch, Linde, and Klebe (Mitteilungen iiber Forschungs- 
arbeiten, 1905) ; this work can be made to yield specific 





volumes of saturated steam for pressures higher than that 
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of the atmosphere. The probable error is two-tenths of 
a per cent. 

(g) ‘‘ Specific Heat of Superheated Steam,” Knoblanch 

Mitteilungen iiber Forschungsarbeiten, 1906, 1910). 

(a) ‘* Absolute Temperature,” Callender (Philosophical 
Mayazine, 1903) ; the precision is one-tenth of a per cent. 
or better. : 

The memoirs of the scientists who made these experi- 
ments of course give methods and observations at length, 
which must be read in detail by ee who proposes to 
use the data for computation of tables or other pu ; 
the more especially as a discreet combination of all this 
work can be made only after it has been mastered as a 
whole. They have summarised their work variously, some- 
times in the form of tables, sometimes by aid of empirical 
equations and sometimes in the form of a diagram. Hol- 
born and Henning’s result whose work is of extraordinary 
precision, is stated in a table, and can hardly be otherwise 
given with sufficient precision. Henning’s work on heat 
of vaporisation is summarised in empirical formule, and 
Knoblauch’s work on the specific heat of superheated 
steam by a diagram, which has sufficient precision for his 
purpose. The experimenter’s observations are the facts 
which are represented in brief by his summary ; in general 
he is best able to summarise them and assign the degree 
of precision ; but for some purposes it may be convenient 
to recur to the original observations. i 

Of the properties of saturated steam given in steam- 
tables, the pressure can be taken directly, and the total 
heat or heat of vaporisation can readily be computed. The 
heat of the liquid and the entropy of the liquid are 
obtained by integration very satisfactorily. The heats of 
internal and external work are obtained by direct sub- 
traction. There remains the specific volume, which is 
habitually computed by Clapyron’s equation :— 


r 
s=ort . 9 
aATé@P 
dt 
where o is the specific volume of water, ris the heat of 


vaporisation, 1 is the mechanical equivalent of heat, and 


T isthe absolute temperature. Finally, the differential 
coefficient = is to be derived from the relation of the 
tf 


emperatures and pressures. 

Now the probable error of the differential coefficient of 
an empirical equation is larger than that of the equation 
itself, and it is, therefore, a very unsatisfactory function. 
It is equivalent to drawing a tangent to an experimental 
curve, and is affected by the same inherent difficulty 
that the location of the curve at a given point is better 
than its direction. This comes from the fact that the 
observed points are distributed irregularly in a_ belt 
whose width is controlled by the probable error of obser- 
vation. The best that can be done is to draw the curve 
as nearly as may be in the middle of this belt, either by 
hand or by aid of an empirical equation. In a certain 
sense all equations representing physical properties are 
empirical, whether or not derived by a logical process, 
because in the end they must be justified by their relation 
to observed points. As an example of the lack of pre- 
cision to be ascribed to such a differential coefficient, 


we may consider that the function op may be replaced 


by ‘ . The writer is of the opinion that the best results 
are to be obtained by taking A ¢ equal to 4 deg., so that 
single determinations are liable to error of 1/400, because 
Holborn and Henning claim 1/1C0 of a degree for the 

recision of the measurement of temperature (a marvel- 
i degree of precision). A series of determinations for 
each degree Centigrade when discreetly faired may have 
a somewhat greater degree of reliability, perhaps 1 in 
5 


00, 

This matter has been detailed at some length, because 
the writer wishes to present the following table as proof 
that steam-tables may properly claim a precision of 1 in 
500. It gives the volume of saturated steam as computed 
by Clapyron’s equation, and as derived from the experi- 
ments (not the empirical equation) of Knoblauch, Linde, 
and Klebe. 

Comparison of Experimental and Computed Values of 
the Specific Volume of Satwrated Steam. 




















: Volume, Cubic Metres. | Bs | Volume, Cubic Metres. 

© — N Miieneaineent ot 
Fl messes! ee 

& 5| Experi-- Com- Per Cent.| & 5 | Experi- | Com- | Per Cent. 
& >| mental | puted. Deviation. |& > mental. | puted. | Deviation. 
100| 1.674 | 1.671 | + 0.18 | 145 0.4468 | 0.4457 | + v.02 

105| 1.421 | 1.419 | + 0.14 | 160 0.9927 | 0.3921 | + 0.15 

110) 1.211 | 1.209 | + 0.17 | 155 0.3466 | 03463 | + 0.00 

115, 1036 | 1.036 0.0 | 160 0.3069 | 0.3063 | + 0.20 

120} 0.8894 | 0.8010 — 0.18 | 165, 0.2724 | 0.2729 | + 0.18 

125] 0.7688 | 0.7698 — 013 | 170, 0.2426 | 0.2423 | + O.12 

130} 0.6670 | 0.6677 | — 0.10 | .75' 0.2168 | 0.2164 | + 0.19 

135) 0.5809 0.5812 | — 0.05 | 180) 0.1940 0.1941 | — 0.05 

140) 0.5080 | 0.5081 | — 0.02 | | 








The writer has been led to offer this brief presentation 
of the status of steam-tables computed from recent obser- 
vations because ENGINEERING on December 1 and 8 gave 
a statement which appears to him to be gravely mislead- 
ing. He may be excused for claiming a nal interest, 
because the writers of the articles have honoured him by 
ones his tables as representative, but unfortunately 
chose the old edition, which has been out of date for 
néarly three years. If the writers of these articles— 
C. A. M. Smith, M.S., and A. G. Warren, B.S.—had 
made a fair presentation of the present knowledge of the 





aa age of steam, a brief letter would have been enough 
‘or the purposes of the writer; but as they do not appear 
familiar with the literature of the subject, the present 
article may not be out of order. 

A reference to ENGINEERING, 758, December 8, 
1911, will show that Messrs. Smith and Warren 
their entire work on thermodynamic equations, with free 
use of differential coefficients of quantities derived from 
physical investigations, and use such functions to show 
the discrepancies between representative tables and those 
which they have themselves computed. It is hardly fair 
to turn their own guns on these experimenters, because 
their tables are undoubtedly much better than such a 
showing will indicate; but as I have not their tables at 
hand, there seems to be no other way. Taking their 
process and applying it to my recent tables we have :— 


























' ! 
| dH | 
dH au 
. . | at | P aT dL | 4b 
‘emperature verage , ry 
Average dt dt 
nge Value (anthem | (Peabody). | (Smith and 
(Peabody |” Warren). | arren). 
deg. F. | 
80—120 0.457 0 4625 0.552 | 0.5425 
220—260 0.345 | 0.3775 0.670 | 0.640 
360—400 | 0.190 0.2325 0.867 | 0.815 





It may be carping criticism to call attention to the fact 
that their tables of specific heats of superheated steam 
differ radically from Knoblauch’s value; for example, at 
saturation and for 201b. absolute they give 0.508 instead 
of 0.47. Regnault’s value of 0.48 was nearly correct for 
atmospheric pressure, under which it was determined ; it 
has long been known to be erroneous for high pressures and 
temperatures, and has not been used for five years by 
persons having any pretensions to information. 

But what shall be said of the use of Regnault’s equation 

g = t + 0.00002 @ + 0.0000003 # ; 
Messrs. Smith and Warren use it to represent the internal 
energy of the water, whatever that may be. But this 
equation was definitely superseded by Rowland’s experi- 
ments on the specific heat of water in 1879. 
Yours truly, 
E. M. Prasopy. 
Massachusetts Institute of Technology, 
Boston, U.S.A. 





To THE EpiTor OF ENGINEERING. 

Str,—The letter from Professor Peabody, which you 
have been good enough to send to us before its publica- 
tion, seems to have been written under a misapprehension, 
which it is advisable to clear up at once, in fairness to 
such a well-known authority on thermo-dynamics and to 
ourselves. 

There are certain matters of a highly technical nature, 
to which we shall refer later in this letter, and possibly, 
after more time for careful examination and calculations, 
it may be necessary to refer in to them. For the 
moment we wish to assure Professor Peabody that any 
injustice which he may think was done to him by our 
article was quite unintentional, and, whether it was real 
or imaginary, we most sincerely regret it. 

The object of the articles published in ENGINEERING last 

mber was to bring to the notice of engineers the work 
of Callendar, and show what a great advance in the science 
of thermo-dynamics that work represented. It was also 
desired to publish the tables of specific heats of super- 
heated steam, which the authors obtained by the use of 
Callendar’s equation, and which, as Professor Peabody 
rightly points out, differ radically from experimental 
values. We believed that that point had not been appre- 
ciated, and we put forward our tables of specific heats 
because we hoped for criticism from those engaged in 
experimental work on the subject. 

rofessor Callendar’s paper (to which we referred) was 
published in 1900. A great deal of the space devoted to 
our articles was used up with the equations which we 
had, after a great deal of trouble to ourselves, obtained 
in our attempt to make that paper, written for mathe- 
matical physicists, intelligible to engineers who usually 
find some difficulty in bridging the gaps in such work. 
As we ourselves experienced such difficulties, we 
thought that others of your readers might find our 
work of value to them. In order to illustrate the 
advance represented by that 1900 paper, we obtained 
numerical values by substitution. Our first idea was to 
compare these values with those given in the steam 
tables of Marks and Davis, but we thought it fairer to 
the work of Callendar to select numbers from tables 
which we considered most generally in use in or about 
1900. (We most certainly should have made it quite clear 
that we used for the comparison the edition available 
in 1900, and for that omission we apologise.) The 
amendments which have since been sale by Professor 
Peabody in his tables tend to confirm what was said 
about Callendar’s work, for many of the new values at 
the lower temperatures come more closely into line 
with the values obtained by substitution in Callendar’s 
equations. To be perfectly frank, we assumed that such 
an authority on thermo-dynamics as Professor Peabod 
would be well acquainted with and fully appreciate Cal. 
lendar’s work. It is probable that the thermo-d ical 
equations in the paper to which we referred will influence 
the future editions of all steam tables. However, if we 
take the values quoted above by Professor Peabody from 
his own tables, we find a considerable difference between 


them and those obtained by substitution in Callendar’s | 


equations at the h ighor temperatures. Especially is that 
the case between deg. Fahr. and 400 deg. Fahr. A 
very small part of our articles was occupied with 
numerical comparisons, and if in our admiration for Pro- 





fessor Callendar’s work we unconsciously omitted to 
mention recent amendments in steam tables which have 
been made since that work was published, we can only 
express regret and assure our critic that in no way do 
we wish to minimise the valuable work done by others, 
But we, nevertheless, leave to attempt to justify 
our preference for tables prepared by the use of Caj. 
lendar’s equations to those obtained otherwise. 

This leads us to compare two sentences in the above 
letter. The opening reads: ‘‘It is, perhaps, not too 
much to say that the properties of steam are now a 
matter of fact, and not a matter of opinion, because they 
have been redetermined during the last decade by new 
and refined methods that are capable of great certainty 
and precision, so that computations based on them show 
a satisfactory concordance ” (the italics are ours). Contrast 
that with: ‘‘It may be carping criticism to call attention 
to the fact that their tables of specific heats of superheated 
steam differ radically from Knoblauch’s value.” Here it 
is surely a matter of opinion as to which of the values is 
correct. We may misunderstand Professor Peabody’s 
letter, but we cannot yet accept the values of the specific 
heat of superheated steam as obtained by experiments as 
definite facts. 

It is now proposed to deal with the criticism on the 
thermo-dynamics and the values for constants. Professor 
eevee perhaps quite justly, criticised the use of 
Regnault’s equation for the internal energy of water (this 
term may be somewhat inexact, but its extreme con- 
venience justifies its use ; further, most people who know 
anything about thermo-dynamics understand what it 
means). We were not unacquainted with the work of 
Barnes, but we will agree that it is possible that we have 
not given sufficient weight to his observations in making 
our own corrections. Anybody who attempts to translate 
research into figures and tables encounters this difficulty 
of the relative importance to be attached to the values 
obtained by different experimenters. It is always possible 
to criticise, but Professor Peabody has at the same time 
partially justified us by drawing attention to the small. 
ness of the error incurred. 

With one statement of Professor Peabody we must 
disagree. He says: ‘‘The probable error of the differential 
coefficient of an empirical equation is larger than that of 
the equation itself, and it 1s, therefore, a very unsatis- 
factory function.” In general this is quite correct, and 


Professor Peabody consequently prefers to use a instead 


of dp Empirical equations are often unsatisfactory. 
This has been one of our contentions. To use the mili- 
tary metaphor of Professor Peabody, we will turn our 
own guns upon ourselves. The logarithmic equation 
connecting the pressure and temperature of saturated 
steam can be made extremely exact, and by slightly 
varying the constants for different ranges can be made 
to fit Holborn and Henning’s results with a great 


degree of accuracy. It is snbmitted that oP for this 


oe , A — 
equation 1s quite as correct as , and is in a more con- 


Pp 
At 
venient form for analysis. 

In conclusion, we submit that our article should have 
been judged merely on what it contained. We should 
be the last to claim that in ten columns or so of a tech- 
nical journal full justice could be done to the work of all 
the recent investigators upon the properties of steam, 
and the suggestion of ignorance of recent research made 
by Professor Peabody seems somewhat out of place. We 
do suggest that empirical methods should give place to 
the on basis of calculation (as suggested by 
Callendar). Tables so calculated depend for their accu- 
racy on experimentally determined constants; and in 
allotting the values for these, we had recourse to all the 
work that has been done in recent years. The values 
that we have chosen are open to criticism; more exact 
work in the future will justify them, or suggest their 
modification. All steam tables suffer from the same 
disadvantage, but the one claim of consistency for tables 
calculated upon a thermo-dynamic basis remains un- 
attacked. 

Yours truly, 
C. A. M. Situ. 
A. G. WARREN. 





TAXATION OF MOTIVE POWER. 
To THE EpitTor OF ENGINEERING. 

Sir,—I notice in your issue of the 2nd inst. an article 
upon the ‘ Rating of Petrol-Engines for Taxation,” 
stating that a commission has been appointed again to 
consider this question. I would suggest that the time has 
arrived when, especially in the mechanical engineering 
industry, the motive power of all industry should not 
only not be further taxed, but that it should be freed 
from taxation. What with taxation of fixed motive 
power, taxation for owning motive power, taxation for 
using motive power, taxation for driving motive power, 
taxation of tools to _— motive power, taxation to 
keep the producers of motive power in health, and with 
no protection or assistance to the employer, if he breaks 
down financially through the taxation burden, surely it 
is time we called for a thorough reform in taxation. I 
would suggest that everyone attending our theatres, and 
amusements, football, cricket matches, public balls and 
all public entertainments, as well as all joining ~ 
combinations for self-interests, should pay a tax. 
venture to think such taxation would prove far more 
beneficial to the nation as a whole, than taxing out of 
existence the motive power that is to-day the producer 
of all that is good to humanity. : 

Hoping that some other of your readers will take up 
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this question, I leave it to them to deal with it, not only 
in the interests of mechanical engineers, who are the 
pioneers of all industry, but in the interests of all in- 
dustry. To tax the source of all industry is not a 
business policy. I contend it is far better to protect the 
producer of health and wealth, and to tax those things 
that are the destroyers of health and wealth. When, if 
ever, our nation is thus taxed, we shall, I contend, com- 
mence to progress much more rapidly towards perfection. 
Yours faithfully. 
W. H. Baxter. 
Knapping Mount, Harrogate, February 3, 1912. 





SHORT-STROKE WORK ON PLANING- 
MACHINES. 
To THE Eprtor OF ENGINEERING. 

Str,—You recently (December 1) described some tests 
making comparisons between an electro-magnetic clutch- 
drive and a reversing motor, with special reference to 
the requirements of short strokes. The point chiefly 
dealt with was the effect of kinetic energy on time 
efficiency, but no mention was made of the effect on 
power consumption: — 

A continuous-running motor of 50 horse-power, on a 
planing-machine drive, would have an electrical efficiency 
of about 87 per cent., and a reversing motor about 83 per 
cent., so if we calculate on 85 per cent. we are taking a 
fair average under all conditions. 

The efficiency of the “‘ Vulkan” clutch drive will be 85 
per cent. plus the power required for excitation of the 
clutch. The efficiency of the reversing motor will be 85 

er cent.; but it has been su ted in a letter by Mr. 

argreaves, on page 840 of your last volume (December 22), 
that a more efficient result could have been obtained by a 
reversing motor in conjunction with a motor generator, 
because of the efficient regenerative action. The efficiency 
of this combination, which involves three machines in 
tandem, would be about 61 per cent., since the loss is 15 
per cent., 12.75 per cent., and 10.83 per cent. in the 
machines themselves, and any regenerative power will 
have an efficiency of about 37 per cent., since the loss is in- 
creased by 9.21 per cent., 7.83 per cent., and 6.65 per cent. 

The power of the motor being given with a considera- 
tion as to time, and the kinetic energy in foot-pounds 
only, without consideration as to time, it is not possible 
to compare these values unless expressed in the same units; 
it is therefore necessary to work in terms of foot-pounds. 

Two identical planers should require the same driving 
power to remove the same weight of metal of a given 
quality. Taking, therefore, a tractive force of 21,880 foot- 
pounds per second (or just under 40 horse-power) for the 
cut, and one-fourth of this power for the return, the con- 
sumption of power om | be com For the “‘ Vulkan” 
drive the speeds ure 5.32 in. and 13.47 in. per second at 
164 and 415 revolutions per minute of the clutch shaft, 
and the kinetic energy at these revolutions is 104] and 
6632 foot-pounds. The power required for excitation of 
the clutch is 186 foot-pounds per second. 

For the reversing motor the speeds are 6.77 in. and 
10.9 in. per second at 588 and 960 revolutions per minute 
of the motor, and the kinetic energy at these revolutions 
according to our calculations is 17,605 and 41,445 foot- 
pounds, whereas Mr. Hargreaves suggests that the motor 
1s too heavy, and that a lighter armature, having a kinetic 
energy of 8150 and 19,000 foot-pounds, would be better. 


E = Effective cutting work supplied from the plan- 
c ing-machine motor in foot-pounds per second. 
K, = The total energy received from the clutch in 
, foot-pounds per second. 
\. = The cutting speed in inches per second. 
V, = The return speed in inches per second. 
A = The total work in foot-pounds taken from the 
mains for one stroke inch (S). 
L = The sum of the kinetic energies at cutting and 


return speeds. 
In the case of the ‘* Vulkan ” drive— 
sr Ss 1 E 8 
A=(am*v; )+(4 * 0.85 xq) 


’ Ss Ss L 
+K ( ¥- +7 ) tom 
or 
_{ E . V+ +3V;. Vv; + V L 
08° V,x Vr * 8)+ Be OV, 10.85" 
When 
E = 21,880, E, = 188, Ve = 5.32, Vr = 13,47, 
4 = 1041 + 6632 = 7673, 
we obtain :— 
_ { 21,880 | 13.47 + } x 5.32 
A — Ss Anil _— > 
( 0.85 ~ 13.47 x 532 * 8) cia 
5.32 + 13.47 g | 7673 
——- 5.32 x 13.47 0.85 ” 
which gives :— 
I. . A=5369 x S$ + 9030 foot-pounds. 


In the same way the reversing motor in conjunction with 


& motor-generator :— 
21,880 ) 
he (3 Ve +3Ve 


V.61 


x of 
Vy 


- L 
* 061 


— 0.37 L, 





(ae Ss 
0.61 vV.. Vv, «S)+17L 


Oe * V, )+ (3 
When V, = 6.77, V- = 10.9, L = 17,605441,445 = 59,050 
sccording to our values, or L = 8150 + 19,000 = 27,150 





which gives :— 
according to Mr. Hargreaves’s value. 


We obtain :— 
_ (21,880, 10.9 + } 6.77 
A= ( 061 677x109 *% )+ ae 2 ee 
which gives :— 
Il. A = 6120S + 75,000 ft.-Ib. 


(according to our values of kinetic energy) ; and 


_ (21,880 10.94+3x677_« 
a= ( 0.61 677 x 10.9 ~* s) + ( La] x 97,188 ) 
which gives :— 
III. A = 6120S + 34,500 ft.-Ib. 


(according to Mr. Hargreaves’s value). 

_ The two latter values being calculated on the assump- 
tion that the whole of the energy stored in the motor arma- 
ture, less the conversion loss, is effectively regencrated, and 
that no portion is absorbed in resistances. 


CURVES SHOWING POWER REQUIRED FOR CUT ONLY IN 


PERCENTAGE OF TOTAL POWER TAKEN FROM THE MAINS 
AT VARIOUS STROKES. 





Length of Stroke. 
Carve I: Planer driven Contino ing Mot. 
ph pen bya ' us Running Motor 
- Z j with 
Gurve I: Planer driven ly a.Reversing Motor with a heavy 


Creer ennly a Reversing Motorwith a light 


It may be possible to obtain some effective regeneration 
when driving rack and geared planers, but we doubt if 
any effective regeneration is possible when driving screw- 
planers such as those under consideration. 

The effective cutting work required for a stroke inch 
(S) will be 


ys aco, 21,880 
Vulkan” drive 5.3y 8 = 4040 ft.-Ib. per inch 
. of stroke. 
s 21,880 
Reversing motor 6.77 S = 3230 ft.-lb. per inch 


of stroke. 


These latter values expressed in percentage of the 
total work would be as follows :— 


100 x 4040 





. * 5369 x 8 + voa0 * © 
100 x 3230 
iL: 6120 x S + 75,000 * © 
III. 100 x 3300 Sle 


* 6120 x 8 + 34,500 

Values found from these three expressions have been 
plotted in the three curves in the diagram herewith, 
which gives the percentage of the total power used in 
cutting—that is, in useful work. 

Yours truly, 
Crcin E. Luearp ann Co. 
Chester, February 10, 1912. 





“THE ELIMINATION OF RANGE-FINDING.” 
To THE Eprror oF ENGINEERING. 

Sir,—I am very interested in the Remington negative- 
angle system of sighting, and have been puzzled by the 
different, and generally indifferent, accounts of it given 
in the papers I have seen. I was hoping that Mr. 
Ommundsen’s reply to Professor Stroud’s letter in your 
issue of February 2 would supply sufficient informa- 
tion to explain away all my difficulties in realising the 
reputed excellence of the system, but it has in some ways 
increased those difficulties. 

I assume that none of Mr. Ommundsen’s figures in his 
letter of February 6 are merely hypothetical, but that they 
are all sufficiently ge and refer to the ballistics, 
trajectory, &c., of the present service rifle and service 
ammunition in the, up to the present, use of which, with 
a fixed sight of 500 —_ he hopes by his system to make 
improvements which include not only the elimination of 
the safety zone caused at certain ranges under 500 yards by 
an erect-man target (5 ft. 6in. high) assuming a prone posi- 
tion (1 ft. 6 in.) high) but also to extend the danger zone 
from 500 yards up to 700 or 800 yards. 

Mr. Ommundsen shows that using his system at an 
erect-man target (5 ft. 6 in.) at 800 yards the negative 
angle is 8 minutes, which automatically subtracted from 
the fixed angle of 40 minutes elevation on the rifle pro- 
ducing a resultant angle of projection of 32 minutes of 
elevation. 

With the same ge 4 at 800 yards, at a prone-man 
target (1 ft. 6 in. high), when presumably the ‘ point of 
elevation ” used would be that which gives the rifle a 
“ fixed elevation” of 20 minutes, the —— angle is 
24 minutes (approx.). This, subtracted from the fixed 
angle of 20 minutes, pans resultant angle of projection 
of 173 minutes of elevation. This gives an included 
angle of 14} minutes between the tangents to the trajec- 
tories at the muzzle for the two targets at the same range. 
An angle of 144 minutes is subtended by 9 ft. 6 in. 
(approx.) at 800 yards, giving a difference of height of , 





the points of impact of the two: bullets of 9 ft. 6 in., so 
that both these points of impact could not be included 
on the greater target of 5 ft. 6 in., which includes the 
lesser target of 1 ft. 6 in. 

Again, at 200 yards Mr. Ommundsen shows that the 
negative angle in the case of an erect-man target (5 ft. 6 in. 
high) is 33 minutes, giving a resultant angle of projec- 
tion of 7 minutes of elevation. By a similar calculation 
to that above the resultant angle of projection at a prone- 
man target (1 ft. 6 in. high) would be 11 minutes of eleva- 
tion. So it appears that, though the desired point of 
impact is lower in the case of the prone-man target, the 
elevation given to the rifle by this system of sighting 
would be greater than in the case of an erect-man target 
at the same range—200 yards. I should be very much 
obliged if you could correct my reasoning in the above, or 
give me information showing me which of my assump- 
tions is incorrect, as, like Professor Stroud, I hope that 
it is merely lack of information which leads me to deduc- 
tions which should make me believe that this system is 
in some very important points a most imperfect one. 

Yours truly, 
J. Q. Hearson, Lieut. Royal Engineers. 

Sports Club, St. James’s-square, February 12, 1912. 








“THE RATING OF PETROL-ENGINES.” 
To THE Eprtor OF ENGINEERING. 

Sir,—The interesting leader in your issue dated 
February 2 draws attention to the fact that a commission 
is at present considering the rating of petrol-engines, and 
through them, presumably, the vehicles that they propel. 
Motor-car design has made, and is making, wonderful 
strides, but one cannot help feeling that the improve- 
ments, especially towards standardisation, would have 
been even greater had designers been given a freer hand 
from a taxation standpoint. This is borne out by 
American practive, where the liberally - dimensioned, 
moderate-compression engine gives remarkable flexibility 
and smoothness of running, even when fitted to compara- 
tively light vehicles. Inder existing conditions in 
England, this type is distinctly overtaxed. 

It seems to me, and the idea, I believe, is not new, 
that a fairer method of rating road vehicles for annual 
taxation would be by a combination of weight and speed 
rather than by power of engine on formula. It is, 
after all, these two factors that affect the surface of roads 
in proportion to their combined magnitude, and if a simple 
method could be devised of measuring and rating them, 
the tax would fall fairly on the users of roads in propor- 
tion to the damage they inflict. Now the parts of a car 
that wear out proportionally to its speed and weight are 
the outer covers of its tyres, and it therefore seems to me 
that if outer covers were taxed in accordance to their 
width, the car itself need not be taxed at all, except, 
perhaps, as a carriage. With the amount of data avail- 
able on the life of tyres and average mileage per year of 
vehicles, this tax could fairly simply be adjusted to yield 
any results desired. The only probable complication 
would be a separate scale for solid and pneumatic tyres. 

I am, Sir, yours faithfully, 
P. T. STEINTHAL. 
23, Park-road, Richmond, Surrey. 








Tue Junior InstiTUTION OF ENGINEERS.—A handy- 
size booklet has just been issued by this progressive 
Institution dealing with ‘‘Its Origin and Aims.” It is 
interesting to note that the society came into being at 
the works of Messrs. Maudsley, Sons, and Field, London, 
in 1884. The list of Presidents and Vice-Presidents con- 
tains many notable names, as also does that of honorary 
members. The latter have contributed, we may add, many 
exceedingly valuable papers to the proceedings. We note 
that the rooms are kept open on Friday evenings during 
the months of October to May inclusive, in order that the 
weekly periodicals can be perused, and social intercourse 
promoted, and the opportunity is taken to have a 
‘topical discussion” on some matter of engineerin 
interest. Thus to-night a discussion on ‘ Centrifu i 
Pumps” will be opened by Mr. J. N. Boot ; and on the 
23rd inst. Mr. G. L. Morty will discuss ‘‘ Breakdown 
Experiences.” The subscription to the Institute is 1/. 1s. 
for town and 16s. for country members. A copy of 
the booklet may be obtained on application to the 
Secretary, 39, Victoria-street, Westminster, London, 8.W. 





Prrsonat.—Mr. L. Serraillier, manager, and Mr. R. W. 
Vawdrey, chief engineer, of the Indented Bar and Con- 
crete Engineering Company, Limited, have been appointed 
directors of that company.—Mr. Sherard Cowper-Coles 
has entirely severed his connection with the Cowper- 
Coles Engineering Company, Limited, and has removed 
to new offices and laboratories at 1 and 2, Old Pye-street, 
Westminster.—Owing to the death of Mr. Marius Satre, 
the engineering firm of Marius Satre and J. Lyonnet, 
Lyons, France, is dissolved. Mr. J. Lyonnet continues 
the same business alone, under his own name, at the same 
address, 10, Chemin de Gerland, Lyons.— Messrs. C. Isler 
and Co., Limited, Artesian Works, Bear-lane, Southwark- 
street, S.E., have established a branch of their business 
at 58, Summer-row, Birmingham.—Mr. Alfred Schwartz 


has resigned the Professorship of Electrical Engineering 
in the nchester University and the School of Tech- 
nology on his appointment by the President of the Board 


of ucation to a staff inspectorship in Engineerin 
under the Board. The resignation dates ey ms 3 


next.—Mr. T. H. Dryden has resigned his position with 
Messrs. 8. Fox and Co., Limited, Stockbridge Works, 
near Sheffield, to take up the commercial ma: ment of 


the Skefko Ball-Rearing Company, Limited, Luton, 
aj ee memery of the “* patent self-aligning double-row 
5. 
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NOTICES OF MEETINGS. 





Tue INSTITUTION OF MECHANICAL ENGINEERS, —Friday, February 16, 
at 8 p.m. The results of the ballot for the annual election of 
the President, Vice-Presidents, and Members of Council will be 
announced, The annual report of the Council and a Note by 
the President on the proposal for examinations will be read and 
discussed, 

Tus Roya Society or Arts.—Monday, February 19, at 8 p.m. 
Cantor Lecture. ‘‘The Meat Industry,” by Mr. Loudon M. 
Douglas, F.R.S.E. Lecture III.: ‘‘The Pig and its Products.” 
Wednesday, February 21, at 8 p.m. Eleventh ordinary meeting. 
“The British Silk Industry and its Development since 1903,” by 
Mr. Frank Warner, President of the Silk Association of Great 
Britain and Ireland. Sir George Birdwood, K.C.LE., C.8.L, 
M.D., LL.D., Vice-President of the Society, will preside. 

Tae Instirvrion or Civit Eneineers.—Tuesday, February 20, at 
8 p.m. Paper to be read :—‘‘Some Features of the West African 
Government Railways,” by Mr. Frederic Shelford, B.Sc., M Inst. 
C.E. Students’ meetings, Fridays, February 16 and 23, at 8 p.m. 
The Vernon-Harcourt lectures on :—‘‘ Works for the Prevention 
of Coast-Erosion,” by Mr. W. T. Douglass, M. Inst. C.E. Dr. W. C. 
Unwin, F.R.S., President, will occupy the chair on February 16, 
and Mr. A. Ross, M. Inst. C.E., on February 23. Members of all 
classes of the Institution are invited to attend these lectures. 
Students’ visit, Wednesday, February 21, to the Great Western 
Railway Reinforced-Concrete Warehouse, near Battersea Park 
Station. 

Tue ILLUMiNatTine ENGINERRING Society.—Tuesday, February 20, 
at the Royal Society of Arts, John-street, Adelphi, when a dis- 
cussion on ‘‘ Shoplighting” will be opened by short papers by 
Mr. N. W. Prangnell (Metropolitan Electric Supply Company) and 
Mr. A. E. Broadberry (Tottenham Gas Company). 

Tue RoyaL MrreoroLoeicaL Society.—Wednesday, February 21, 
at 7.30 p.m., at the Institution of Civil Engineers, Westminster, 
S.W. Papers to be read :—1. ‘The Thunderstorms of _ 31, 
1911,” by Mr. J. Fairgrieve. 2. ‘*The Thunderstorms of July 29, 
1911,” by Mr. R. G. K. Lempfert, M.A. 3. ‘‘The Drosometer, or 
Measurer of Dew,” by Mr. Sidney Skinner, M.A. 

Tar InsriroTion oF ExecrricaL Enotnsers —Thursday, Feb- 
ruary 22,at8p.m. ‘The Supply and Transmission of Power in 
Self-Contained Road Vehicles and Locomotives,” by Mr. J. C. 
Macfarlane, Member, and Mr. H. Burge, Associate Member. 

Tus Roya. Instirution or Great Brirain.—Friday, February 23, 
at 9 o’clock. Mr. George K. B. Elphinstone, M. Inst. E.E, on 
“The Gyrostatic Compass and Practical Applications of Gyro- 
stats.” Afternoon lectures next week at 3 o’clock. Tuesday, 
February 20. Professor William Bateson, M.A., F.R.S., Fullerian 
Professor of Physiology, R.I., on “‘ The Study of Genetics” (Lec- 
ture VL.). Thursday, February 22. Mr. M. H. Spielmann, F.S.A., 
M.R.L., on “The Portraiture of Shakespeare” (Lecture II.). 
Saturday, February 24. Professor Sir J. J. Thomson, M A., LL.D., 
D.Se., F.R.S., M.R.I., Professor of Natural Philosophy, R.L, on 
* Molecular Physics ” (Lecture I.). 

Tue Puysica, Society or Lonpon.—Friday, February 23, at 
5 p.m., at the Imperial College of Science, Imperial Institute- 
road, South Kensington. Agenda: 1. ‘‘A Method of Accurate 
ey of Quantities of Radium,” by Professor E. Rutherford, 
F.R.S., and Mr. Chadwick. 2. “ The Absorption of the y-Rays by 
Gases,” by Mr. Chadwick. 3. ‘‘On Wave-Form Sifters for Alter- 
nating Currents,” by Mr. Albert Campbell. 
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THE CASE FOR INCREASE IN 
CALIBRE OF NAVAL GUNS. 

WE gave on page 86 ante an abstract of a paper 
read by Count Giraldi before the First Italian 
Congress of Naval Architects and Mechanical 
Engineers, held in Rome in November last, in 
which the author stated a case against the in- 
crease in calibre of naval guns. By reference to 
this, our readers will have seen that, according to 
Count Giraldi, the increase in calibre of the main 
armament of battleships beyond 12 in. hardly 
seems to be justified. To this we may reply, 
in the first place, that several naval Powers have 
adopted 13.5-in. and 14-in. guns, and, if rumours 
may be trusted, some are even considering the 
adoption of still heavier guns. The author of 
the paper we refer to is aware of this, and 
he acknowledges that one of the advantages of 
having guns of a larger calibre than those of an 
enemy is that they give the crews able to fire them 
a greater self-reliance, and hence a greater moral 
strength. This view is quite correct, and the effect 
upon the crews alluded to has a great practical 
value; but we cannot believe that this point alone 
is sufficient to explain why the great naval Powers 
have decided to arm their battleships with larger 
guns than the 12-in. We are certainly of opinion 
that other and more weighty reasons have guided 
them, and these reasons have prevailed against 
arguments of the nature of those put forward by 
Count Giraldi. It will interest our readers if we 
review the more weighty reasons. 

If we admit with Count Giraldi that to a certain 
point the 12-in. 50-calibre gun fulfils the conditions 
of a naval engagement fought ata long range, we 
find that this is possible only if the gun be made to 
give the total, or almost the total, power which 
modern propellants can be made to yield. But the 
fact should not be lost sight of that when firing 
under such stringent conditions the wear of the 





tube and rifling would be so great that precision 
would fall so seriously that the number of accurate 
rounds would be very limited. Where would be the 
use of storing on board the total number of 120 
rounds per gun, stated by Count Giraldi, since this 
total number could not be fired with complete effect? 

In this connection we may recall an old artillery 
problem, one which experience, gained at different 

riods, has invariably solved in the same manner. 

his problem may he enunciated as follows :— 
A certain vis viva being required, how can it most 
satisfactorily be obtained ? Should it be demanded 
of a gun of a lower calibre firing a lighter pro- 
jectile at a higher muzzle velocity, or of a larger 
calibre gun firing a heavier projectile at a lower 
muzzle velocity? So long as the metal used for 
the gun, the system followed in the construction 
of the latter and the powders fired, have not varied 
to any very great extent, experience has invariably 
confirmed, up to the present time, the very great 
advantage to be derived, from every standpoint, by 
an increase in the gun calibre. The development 
of naval ordnance shows thisat a glance. It is also 
a well-known fact that the comparative superiority 
of the larger calibre gun asserts itself in increasing 
degree as the range at which a naval engagement 
takes place is augmented. 

The problem of the armament of battleships 
is not a problem for solution by artillerists alone ; 
it is one which has to be solved by both artillerists 
and naval architects ; both must have their say in 
the matter. Further, since the problem is also, and 
even primarily, of a military order, the views of the 
fighting officer should also be considered and given 
etfect to. From the point of view of the artilleriat 
the conclusions are quite clear. He is able, using 
a13.5in., 14-in., or 15-in. gun, to supply a residual 
energy equal, and even superior, to that given by a 
12-in. 50-calibre gun, while demanding from the 
metal forming the gun—and this is most important 
—an amount of work which decreases directly in 
proportion as the calibre increases. He is able, 
therefore, to build guns which not only gradually 
increase in power, but whose life will also increase. 
These guns will impart to their projectiles a per- 
forating power at long ranges which will gradually 
increase with the calibre, and the points of fall will 
be easier to note. In the second place, the per- 
forating power of the projectiles is decidedly better 
utilised with the increase in calibre, for the per- 
centage of efliciency of increased calibre is greater 
than that of increased thickness of plate—a 13.5-in. 
projectile will more easily perforate 13}-in. armour 
than will a 12-in. shot attacking a 12-in. plate. In 
other words, if it is practicable to improve the 
resisting power of armour by adding to the thick- 
ness beyond 12 in., projectiles fired by the higher 
calibre guns will be far less handicapped than those 
fired from the 12-in. gun. 

Further, in addition to greater perforating power 
in the projectiles of the higher calibres, they enable 
a higher proportional explosive charge to be used. 
The figures given under this head by Count Giraldi 
would appear to require some modification. In 
the opinion of several officers a 12-in. projectile, 
weighing about 1000 lb., can contain an explosive 
charge having approximately 3 per cent. ite weight, 
without losing any very great proportion of its 
perforating power. It is not unreasonable to sup- 
pose that a 14-in. shell, weighing, say, 1540 lb., 
can, under the same conditions, contain a charge 
of 3.5 per cent., and a 15-in. shell of 1765 lb. a 
charge of 4 per cent. This gives for the latter 
an explosive charge weighing 70 lb.—quite close 
to that of 75 lb. of non-armour - piercing shell, 
which Count Giraldi states caused an enormous 
amount of damage in the late Russo-Japanese 
War. It is absolutely certain, however, that 
a 15-in. projectile would be far more dangerous 
against a modern battleship than any 12-in. projec- 
tile containing the 7.5 per cent. of explosive charge 
alluded to by Count Giraldi. This latter might 
destroy the superstructure of an enemy's battleship, 
but no essential parts are now mounted in the rear 
of such superstructure. These remarks tend to show 
that it is not necessary to increase to any very 
great extent the calibre of the main armament in 
order to arrive at a uniform type of projectile, which 
forms the pet scheme of many artillerista. We 
have heard that the French navy has solved the 
question of the single type of projectile for even 
the 12-in. gun. If this be accurate, and since this 
latter projectile does not contain a 75-lb. explosive 
charge, it might sqonee that this weight of charge 
is not essential, if by other means the same destruc- 
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tion can be achieved, especially with an armour- 
piercing projectile. 

It seems to us, therefore, that, on the basis of 
the 12-in. 50-calibre gun, having a vis viva of 
53,200 foot-tons (16,500 metre-tons) an artillerist is 
able to propose the following theoretical guns :— 


| 
Weight Weight of 








* Muzzle Muzzle 

Guns. ts) Explosive A > " 

Projectile. Charge. Velocity. Energy. 
in. Ib kg. Ib kg. ft.-s. m-s | ft.-t. m.-t. 
13.56 | 1320 = 600' 40 = 18 2460 = 750 54,900 = 17,000 
14 1540 = 700 55 = 25 2330 = 710 55,500 = 17,500 
15 1760 = 800 70 = 31.5 2230 = 680 58,000 = 18,000 


In respect to these we may also call attention to 
the three following points :—1. A slight addition 
in muzzle energy of the above guns corresponds 
to a very great advantage in the shape of residual 
energy at long ranges. 2. The comparatively 
moderate muzzle velocities guarantee for each gun 
a life more than double, and probably as much as 
three times, that of the 12-in. 50-calibre gun con- 
sidered. 3. The 14-in. gun may, andthe 15-in. gun 
certainly will, facilitate the firing under most satis- 
factory conditions of a single type of projectile. 
As against these advantages, the artillerist has but 
one objection to make ; this is to the effect that 
the trajectory of these guns is less flat than that of 
the 12-in. 50-calibre gun. This disadvantage can 
be minimised by firing at muzzle velocities approach- 
ing 2500 ft.-sec., leading to a great increase in 
power, especially in the case of the 14-in. and 15-in. 
guns, whilst involving only 4 slight decrease in the 
life of the guns. 

In the table we have purposely selected what we 
have called ‘‘ theoretical guns,” simply with a view 
not to institute a comparison between the guns of 
different nations or of different makes. These 
guns are, nevertheless, quite feasible, and they 
could be built most easily with the machinery now 
used for the construction of 12-in. 50-calibre guns. 
A 15-in. gun firing with even the 2500 ft.-sec. 
muzzle velocity above referred to has a length of 
barely 40 calibres. 

As already stated, the naval architect’s views 
have also to be taken in the matter. His first con- 
sideration is to ascertain the weight of the new 
weapons, and this weight may lead him to request 
a decrease in the number of turrets, or in the 
number of guns forming the main armament. In 
regard to this, however, the fighting officer has to 
decide, and if, for example, he should stipulate as a 
principle that the number of ten guns has to be main- 
tained, the question of the triple-gun turret would 
then come to the fore. Its construction, even for con- 
taining 14-in. or 15-in. guns of the power above 
stated, is surrounded with but few complications. 
The principle of turrets with guns firing over 
turrets in front, when once started, soon made 
progress, and this may also apply to the triple-gun 
turret; these turrets, it should be added, are 
already being adopted on the Continent. As Count 
Giraldi’s remarks implied, a main armament con- 
tained in four turrets, in two groups fore and aft, 
has many advantages ; it cannot be viewed other- 
wise than favourably by the naval architect. Sup- 
posing the bow aul stern turrets to be triple-gun 
turrets, with a turret to the rear of each having 
two guns, the main armament would total ten guns, 
and it would appear probable that the displace- 
ment of the ship would hardly exceed 26,000 tons. 
So far, no peremptory reason has been put forward 

inst the construction of battleships having this 
displacement. 
e cannot here enter further into the details in 
design to be adopted for a battleship of this class, 
but it will be agreed that there are good reasons for 
adopting guns larger in calibre than the 12-in.; we 
do not, however, wish to imply that their adoption 
would not be surrounded with difficulties and pos- 
sibly with some disadvantages. Of one point, at all 
events, we are quite certain, and this is, that one 
of the greatest advantages would cease completely 
to obtain were the artillerist allowed to consider 
solely the possibilities of his own profession, and 
to take upon himself the construction of guns of 
a larger calibre, which would utilise to their very 
last limit both the qualities of the metal forming 
them and the properties of modern propellants. 
It is a comparatively easy matter for him to draw 
up schemes for extra — guns, veritable 
masterpieces of their kind, which would do honour 


to his science. But what would be, we may well 
ask, the real practical value of such weapons fired 





at such extreme limits? Since wear increases, all 
other terms remaining equal, as the square of the 
calibre, it is easy to see with what rapidity such 
guns would be placed hors de combot. No fighting 
officer in his senses would agree to undertake naval 
warfare with an armament designed and built and 
with ammunition stores made up for firing under 
such conditions. 





FAILURES IN BALI-BEARINGS. 
THE experience gained from the employment of 
ball-bearings in the motor-car industry has in no 
small degree influenced the adoption of this type in 
other branches of engineering where bearings are 
required to sustain heavy loads and high speeds. In 
the early days of their application, however, much 
trouble resulted from the employment of bearings 
of unsuitable design and faulty construction. The 
success of the bicycle ball-bearing led makers to 
adopt it in a strengthened form on motor-cars, but 
this pattern was soon proved to be unsuitable for 
the heavy duty im on it. 

The absence of any reliable data for designing 
ball-bearings, and the continual failures of bearings 
subjected to any but light loads, caused the 
German Arms and Ammunition Company, of 
Berlin, some eleven years ago, to arrange with 
Professor Stribeck to carry out a series of experi- 
ments* on the strength of various forms of bear- 
ings. As a result of his investigations, the 
superiority of suitably proportioned two - point- 
contact bearings was proved conclusively, and their 
manufacture taken up by the ee gma Later, the 
conclusions of Professor Stribeck were confirmed 
by the experiments of Dr. Heerwagen, which were 
detailed in these columns,t together with a descrip- 
tion of the bearings manufactured by the German 
Arms and Ammunition Company, which design is 
now practically universally followed. The general 
adoption of Professor Stribeck’s recommendations, 
and the continued use of the bearing he advised, 
should be sufficient evidence of the correctness 
of his theories; but it may be interesting to men- 
tion as a further proof that he was right, that a firm 
in this country originally strongly opposed to the 
two-point-contact bearing has for several years past 
manufactured this type exclusively. 

The general principles of this form of bearing 
are now generally understood, and it is realised that 
attempts at providing adjustment for wear are 
unnecessary, so long as sufficient care is bestowed 
upon the construction and the selection of suitable 
materials. Since, however, motor-car builders, 
with possibly few exceptions, obtain their bearings 
nowadays from the several firms specialising in 
their construction, failures due to faulty construc- 
tion or materials may be safely said to be excep- 
tional. 

Apart altogether from faulty design or construc- 
tion, however, a large number of failures result 
from the neglect of certain principles in mounting 
the bearings, which in themselves are well de- 
signed, and this subject of mounting ball-bearings 
formed by no means the least interesting portion 
of a paper entitled ‘*‘ The Causes of Failure in Ball- 
Bearings,” read by Mr. G. F. Barrett before the 
Institution of Automobile Engineers on the 14th 
inst. 

Referring to the ‘creeping ” of races, the author 
demonstrated, by the aid of a model, that the 
action was due to the slack fit of the revolving 
races. Thus, in the case of a race which was a 
loose fit upon the revolving shaft, the shaft would 
roll inside the race, the consequent creep being 
dependent upon the difference of their circum- 
ferences, and a similar action resulted where a 
race was a slack fit in the revolving housing. 
Several specimens exhibited clearly demonstrated 
the destructive effects on the shaft. 

In mounting rotating races upon shafts or in 
housings, the danger of using keys or grub-screws 
to prevent creeping was pointed out, since failure 
always takes place, due to the distortion of the 
races at the point of contact of the key or screw, 
as the case may be. In order to prevent creeping, 
the revolving race should be a good fit upon the 
shaft or in the housing, a difference of 0.0005 in. 
in the diameter being suggested as suitable to 
ensure good results. Further, this amount did 
not, in actual practice, cause distortion of the 
races, though a difference of 0.001 in. had been 





i‘. See ENGINEERING, vol. lxxi., page 463. 
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found to cause the race fitted to the shaft to 
expand about 0.005 in. Where bearings are fitted 
in split housings care should be taken to see that 
the races are not distorted by being nipped when 
the caps are put on. This can easily . avoided 
by placing the caps in position and gauging before 
inserting the bearings. 

In arranging a journal bearing the first and most 
important point is to eliminate all possibility of more 
than a very moderate amount of side, or axial, thrust. 
For this reason the outer race should have a certain 
amount of end-play in the housing of the bearing, 
so that it may ensure the load always being carried 
across the diameter of the ball at right angles to 
the axis of rotation of the journal. Where any 
considerable side-thrust is to be dealt with, a 
ball-thrust bearing should be fitted having a 
positive adjustment entirely independent of the 
arrangement for fixing the journal bearings in 
place. 

A common form of error in the arrangement of 
combined thrust and journal bearings would appear 
to be in clamping the two thrust-races, between 
the journal bearings, and thus making the adjust- 
ment of the thrust-bearing an unknown quantity, 
and introducing other causes of failure. In order 
to prevent the rotating races of the journal bear- 
ings creeping, and so working loose upon the shaft, 
they should be firmly fixed, preferably by being 
clamped against a collar formed on the shaft ; and 
where the clamping is effected through the medium 
of the thrust-bearing, as mentioned above, satis- 
factory results cannot be expected. The method 
described by Mr. Barrett for a two-row bearing, 
with a double thrust in the centre, however, pro- 
vides for the secure clamping of the journal races 
on the shaft by interposing a sleeve between the 
two bearings, and locking the whole together 
against a shoulder on the shaft by means of a nut 
upon the spindle. Upon the sleeve the thrust- 
bearing is mounted and fitted with a separate adjust- 
ment, by means of which it can be properly locked 
before placing in — on the shaft. The posi- 
tion of the thrust-bearing in the length of the shaft 
is maintained by flanged liners fitted in the hous- 
ing, which, when once adjusted, retain the thrust- 
washer in its correct position. Examples of bearings 
were dealt with by the author suitable for front 
wheels of heavy cars, differential gears, and worm- 
drives, all of which embodied the features described 
above. 

The exclusion of moisture and dirt for the suc- 
cessful working of ball-bearings is of the utmost 
importance, and many failures are directly trace- 
able to carelessness in handling of bearings, and 
allowing filings. &c., to get into them during 
erection. Further, a pure mineral grease should 
be employed for lubrication, entirely free from any 
substance that would absorb moisture. 

In assembling the bearings it is important that 
that they should not be driven or forced into posi- 
tion through the medium of the balls and races, as 
slight indentations would be caused which would 
lead to future trouble. Care should also be taken 
to see that no burrs, &c., exist on the abutments 
for the bearings upon the shaft, as the presence of 
these cause distortion of races, and lead to shortened 
life for the bearing. 





INFLUENCE OF PAINTING ON THE 
RUSTING OF IRON. 

Wuite the ultimate nature of the rusting of iron 
is strenuously being contested, the question of the 
protection of iron by the aid of suitable coatings 
has advanced little of late. Most scientists prob- 
ably incline to an electrolytic theory of rusting ; 
some dispute it. Nobody denies that there is 
danger of rusting wherever local potential differ- 
ences exist in or on the iron. ‘o insist or to 
deny that the ultimate cause of rusting must be 
electrolytic is perhaps going ultra vires. But we 
may assert that local potential differences are a 
very common, possibly an essential, symptom 
accompanying rusting processes. We galvanise 
iron with zinc, and not with copper, because we 
know that the zinc is more liable to corrosion in 
the combination of iron and zinc, and the iron 
more liable to corrode in the combination of iron 
and copper ; and we find that potential determina- 
tions would induce us to galvanise iron with some 
less noble metal if that process were unknown. 
But we are apt to overlook that local potential 
differences are also set up whenever the iron surface 
is not perfectly clean and free, and when any coating, 
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an oxide, graphite, a paint, or simply moisture, is 


resent. 
, Many le would probably say that good 
painting should afford an efficient protection against 


rusting, provided the paint be itself non-corrosive, 
uniform, impermeable to moisture, and non-porous. 
That was substantially the conclusion at which 
Messrs. William H. Walker and Warren K. Lewis 
—men well known in this field of research—arrived 
at the Massachusetts Institute of Technology when 
investigating, in 1909,* a peculiar case of failure of 
preserved-fruit tin cans which had been varnished 
inside. The remedy seemed to be: if one coat of 
varnish or paint is not sufficient because of the pores, 
apply two or several coats. But now come Messrs. 
Erik Liebreich and Fritz Spitzer, of Berlin, with the 
statementt that one coat of varnish or paint may 
protect the iron, but that the application of several 
coats will actually promote rusting. Liebreich and 
Spitzer had been experimenting with various iron 
varnishes, and they had painted numbers and 
symbols on the coatings. After removing the 
coating afterwards they could always read the 
characters on the iron surface, which was most 
corroded in those spots, and they found that this 
was so also with painted sign-boards which they 
examined. According to their experience, the rule 
should therefore be : use a good, non-corrosive iron 

int, but do not apply more than one coating. 

he research is not yet completed, but the subject 
is worth looking into. 

We will first refer to the experiments of Walker 
and Lewis. As some acid fruit-preserves attack 
tins, some tins were carefully varnished inside 
with a high-grade copal-linseed oil varnish ; but 
some of these tins were eaten through in six weeks, 
and they all corroded rapidly. e lacquer had 
been baked at 140 deg. or 150 deg. Cent., and had 
appeared to form a perfect coating of the sheet 
metal. In making the can, however, the film had 
probably been ruptured by the dye, the burning, 
&c., and ‘when the fruit was introduced the 
depolarising action of the lacquer, coupled with that 
of the little air left in the can, threw the protected 
areas into a cathodic state, concentrating the solu- 
tion of the metal at the exposed points, so that 
both tin and iron were dissolved.” The explana- 
tion is thus suggested that the corrosion was electro- 
lytic, and that the lacquer itself acted as hydrogen- 
depolariser (i.e., made the iron more liable to 
oxidation), because the lacquer contained unsatu- 


rated compounds which acted as depolarisers on | 8T 


nascent hydrogen. This explanation is not easy to 
follow ; but the fact remains that the unlacquered 
tins held out longer than the lacquered ones. 
Liebreich and Spitzer coated highly polished sheet 
iron with various paints, consisting of linseed oil 
and some oxide (lead, zinc, iron), sometimes further 
mixed with carbon ; the addition of carbon made 
no difference in their behaviour. These sheets were 
suspended over boiling water for four days and 
nights. Half the surface of the iron was then bared 
of its coating with the aid of toluene, and the bare 
surface covered with vaseline to prevent any further 
rusting. In all cases (except one presently to be 
mentioned) the iron had remained bright when one 
coat had been applied, but had rusted under two 
coats, and distinctly rusted still more under three 
and four coats of the same paint. Some commercial 
paints gave the same results. Potential differences 
were observed between iron wires coated with the 
paints in question and the bare iron wire, when 
both wires were dip into salt solution. In a 
paper read before the Schifthautechnische Gesell- 
schaft in 1905, had already demonstrated that 
all paints show a potential difference against iron. 
These potential’ aiiheenees would account for 
some corrosion, and the fact that linseed oil while 
being dried slowly oxidises, and continually liberates 
both water and carbon, would provide the favour 
able conditions for some electrolytic action. But 
one does not see why several coats of paint should 
afford a poorer protection against rusting than one 
coat. In fact, were it not that there was protection 
in the first instance with one coating, one might 
think that the method of testing was altogether 
unsuitable. The steam might creep in from the 
edges, between the iron and the film of paint, and 
cause corrosion in that way. Liebreich and Spitzer 
are not yet in a position to offer any explanations, 
though they throw out a few hints. We venture to 
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suggest that adhesion might enter into the problem. | 
One thin coat of varnish or paint may adhere better 
to the iron surface than several coats united to a/| 
thick skin ; the second film might tend to pull the 
first off the iron. That would depend upon the’ 
nature of the films. We mentioned that one paint. 
behaved exceptionally ; this paint always afforded | 
protection, whether applied in one or in several 
coatings. The article quoted does not explain the 
nature of this paint, merely designating it by refer- 
ence to a German patent specification. The paint 
in question is prepared by Liebreich by mixing white 
lead and linseed oil in the proportions 25 : 6, and 
by adding a small quantity of solid potassium sul- 
hide or cyanamide to the cold stirred solution. 
e preparation, it is said, liberates free alkali 
when in contact with water, and the alkali is to 
prevent the rusting. As a rule, only one coat of 
this paint would be applied, and a covering con- 
sisting of the same paint without the sulphide then 
put on. The subject remains obscure; but a 
warning against too liberal a use of paint on iron 
may be appropriate. 





THE PHENOMENA OF SPLASHES. 

Proressor A. M. Worruinoton, C.B., F.R.S., 
of the Royal Naval College at Devonport, gave two 
very lucid and instructive lectures on ‘‘The Phe- 
nomena of Splashes,” on the two Thursdays, 
February 1 and 8, at the Royal Institution. In 
introducing his subject he first demonstrated that 
a ball of rubber ora marble falling on smoked glass 
left a white mark, a circular patch, on the surface, 
showing to what extent the ball had flattened out ; 
while a drop of water produced a circular patch 
from which rays of scattered water and soot par- 
ticles issued in all directions, though not quite 
symmetrically ; and a drop of mercury produced a 
ring-shaped patch with rays, some black being left 
in the centre of the mark. 

Professor Worthington then stated that he had 
taken up the ey study of liquids splash- 
ing into liquids. It might be thought that the 
modern kinematograph would render splash photo- 
graphy easy. But the kinematograph yielding 
about fifteen pictures per second was far too slow 
for this purpose. He had succeeded by the follow- 
ing method. All the drops of a series fell from the 
same height and passed through the same perform- 
ance in a dark room. The first drop was photo- 
phed by a camera at the moment when it 
touched the liquid surface below, the drop being 
illuminated by an electric spark in that ve 
moment. The second photograph was taken wit: 
a second drop, one or a few thousandths of a second 
later than the first, at the moment when the drop 
entered the liquid ; a third drop was then photo- 
graphed, again a little later. Thus a series of 
photographs was secured with different drops, the 
time intervals increasing by a definite amount, so 
that the resulting sequence of pictures corresponded 
to the successive changes through which a single 
drop would have ; 

Coming to details, Professor Worthington demon- 
strated how he collected several small drops of 
water (generally three) from a syringe in a watch 
glass, on the smoked inside of which the drop rolled 
ike mercury ; the glass was mounted on a pivoted 
lever, which was held down until released by an 
electro-magnet, when the drop fell. The illumina- 
tion by an ordinary electric flash, produced by 
withdrawing a wire terminal from its mercury cup, 
was not sufficiently instantaneous ; the black and 
white fields near the circumference of a rotating 
disc could not be distinguished by this light. But 
with the aid of Leyden jars instantaneous sparks 
were obtained. The inner “ ° of two jars were 
joined to the terminals of a Wimshurst — 
and the spark- was meee made too wide ; 
when a + sa ball (the ood -ball) was allowed to 
fall through the space between the two knobs from 
a certain height, however, the spark flashed up. 
As this part of the apparatus could not be brought 
into the dark room, a secondary spark-gap was 
branched off from the outer coatings, and this gap, 
with its mirror behind, was mounted on the one 
side of the water-basin, into which the water-drop 
fell, the camera being on the other side, inclined or 
horizontal, according to the part of the water that 
was to be photographed. These sparks lasted 
three-millionths of a second, and showed the 
rotating disc quite stationary, without any blur 
on its ag ge image. adjusting the 





bal 
height from which the spark- was dropped, 


the time interval could be increased by ; jy th of a 
second, as indicated. 

Professor Worthington then showed his beautiful 
series of photographs obtained with water or milk 
dropping into water or milk. A little soot would 
adhere to the drop, and these soot particles some- 
times appeared in characteristic places on the 
rr The drop would enter the surface 
smoothly, hardly disturbing it, and could plainly 
be distinguishable still when half immersed. Then 
a crater formed, and grew in height, a ring-wall 
of water, from which tine lobes radiated outward, 
very much like a coronet ; the rays would thin out 
and dissolve into fine drops, while the remnants 
would swell to thicker lobes or knobs. The crater 
would subside into a thick ring studded with 
knobs ; then the rebound would begin to appear. 
A rod or column would rise from the crater, which 
itself flattened out ; the column became higher and 
thicker at its top, and this thick head consisted of 
the original drop ; this was proved by letting milk 
drop into water, because the white milk was much 
brighter on the photographs than the water. The 
maximum height of the column would, e.g., be 
reached in 0.153 second ; the summit of the column 
then would break, or the column subside as such 
and disappear into the hollow which had surrounded 
its base, and a secondary, much thinner column 
would suddenly be thrown up to a considerable 
height, to disappear again. The whole phenomenon 
would take perhaps 0.3 second. Apart from the 
crater and the ring-wall formation, the water sur- 
face would remain undisturbed, and ripples would 
only be observed, within the wall and without it, 
during the later stages of the phenomena. In water 
these ripples were much more numerous than in 
milk, partly because the illumination had to be from 
behind (to obtain a photograph with water), and 
also because milk had smaller surface tension, and 
greater viscosity. When the camera was so adjusted 
that the phenomena occurring beneath the surface 
of the water (contained in a clock-shade, a flattened 
globe) could be photographed, it was seen that the 
drop dug for itself a hollow hundreds of times 
greater than the drop, which was filled with air, 
but lined with a very thin film consisting of the 
water of the original drop. This hollow was at 
first perfectly spherical, and it was striking that the 
drop of water falling into water should produce 
such a spherical hollow. This hollow would after- 
wards contract upward, and the film would rise and 
join the crater. 

Passing to the explanation, the lecturer stated 
that gravity influenced the phenomena less than 
surface tension did. A liquid behaved as if its sur- 
face were a stretched elastic membrane, and a drop 
of water hanging from a tube could be pushed 
about and behaved as if it were contained in an 
elastic bag. By surface tension a convexity in 
the surface was flattened out by a downward pull, 
and a concavity was pulled upward. It was owing 
to surface tension, as Plateau,* then blind, dis- 
covered, in 1873, that an isolated cylindrical rod of 
liquid, if of greater length than its circumference 
(34 times the diameter), was not in stable equili- 
brium. Left to itself such a cylinder would be- 
come wavy on its surface and then topple into 
a series of equal equidistant drops, there being 
one drop for every 3} times the diameter, so that the 
distance between the drops was equal to the circum- 
ference of the cylinder. This applied also to a 
cylinder bent to a ring, as in the crater mentioned. 
If lobes were formed on the crater at nearer dis- 
tance apart than 3} times the diameter, then surface 
tension would —_ the protuberances back, and the 
wavy rod would become uniformly cylindrical again ; 
but if at greater distance apart n the circum- 
ference, then the sharper curvature of these narrow 
knobs would drive the liquid into already wider, 
and the whole would topple into drops. Sales this 
actually occurred, the narrow necks in the wavy 
rod would split into secondary droplets. When 
a sea-wave rolling up a shallow shore had impetus 
enough to curl over, it would form a long, smooth 
cylindrical edge, from which little jets shot out, 
which broke into foam, and at the same instant 
the edge of the wave (so far smooth and entire) was 
seen to be furrowed or combed. The same would 
happen in the wall of the crater and in the lobes 
and arms extending from it. 

In order to study these phenomena, Professor 





* Jos. Ant. Ferdin. Plateau, 1801 to 1883, at Brussels 
and Ghent; Statique Experimental et Théorique des 
Liquides. 
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Worthington increased the height of fall—so far 
about 7 in.—to 2 ft. and 3 ft., and more. The 
crater became higher, the column did not directly 
rise higher, however. But the crater closed up like 
a very fine furrowed envelope, or like the calyx 
surrounding and crowning a bud; then a column 
rose inside this closed bubble, the bubble vanished 
or opened, and the column subsided again. 

In his further study and demonstrations Professor 
Worthington made use of solid spheres, marbles or 
steel, highly polished or rough on the surface. When 
a rough sphere was dropped into water, there was a 
noisy splash, and a column rose in addition to air- 
bubbles ; when the sphere was polished there was 
no noise and no column. When the height of fall 
was increased, or the velocity of fall increased by 
hurling the ball into the water, the phenomena 
of the rough and polished balls became more 
similar, and there was a critical height or velocity 
for a rough sphere, above which it would not 
produce a splash nor column when falling into the 
water. When a polished steel ball was varnished, 
however, or dusted over with lycopodium, it 
gave quite a big splash ; but when a large Bunsen 
burner was held horizontally over the water, so 
that the polished ball fell through it, there would 
not even be air-bubbles seen when the height 
of fall was sufficiently great—1 ft. or more. The 
photographs thrown on the screen also showed 
these peculiar differences between rough and 
pao spheres. A polished ball, falling from 
a height of about 7 in., entered the water almost 
without ruffling the surface ; but the whole surface 
of the water was raised, as could be proved by 
measurement. The liquid would spread rapidly 
over the sphere in an exceedingly thin film, which, 
when the ball was half immersed, showed a kind of 
frill at its upper edge ; finally a kind of crater, 
with filiform rays and beaded edge, would appear 
on the top of the sphere. This would also hold for 
the rough sphere when thrown from a sufticient 
height. Falling from a small height, the rough 
sphere would behave differently. Partially im- 
mersed, the ball would appear closely surrounded 
by a basket, resembling the crater produced by the 
drop of falling liquid; this would develop into a 
symmetrical ring-wall with thick lobes, from which 
drops would fly off; there was also a column of 
liquid, very thin, however, shooting up very rapidly 
and separating into drops in its upper portion. Below 
the water surface the sphere would appear at the 
bottom of a cylindrical bag of air (at rst crowned 
by the basket-shaped crater). The bag would be- 
come longer as the sphere descended further, and 
assume a slender waist, finally separating into two 
tapering bags ; the lower one descending, the upper 
one (after first sinking below the level of the sur- 
face, while the bag was still entire) rising to the 
top ; there it would flatten out and send a jet of 
liquid up into the air. This whole process would 
take about 0.1 second. 

In one experiment with a sphere, Professor 
Worthington continued, he obtained on the left 
side of the photograph the phenomena of a polished 
sphere, and on the right side those of a rough 
sphere, and this had given him the key to the 
problem. He had first increased the height of 
fall to 3 ft., 7 ft., 9ft. Tine crater of the rough 
ball was then seen to close up slowly at the top, 
until resembling the folded calyx-like envelope of 
the smooth ball, and the bag below the surface 
changed in appearance. It formed a vortex, in 
which the liquid rose at the sides and descended 
down the axis. In the bag the sinking ball seemed 
to act like a piston, producing a ial vacuum, 
so that the roof of the bag was crushed in by the 
atmospheric pressure and the liquid sucked in. 
This liquid jet running after the ball actually 
struck the ball on its upper surface. The critical 
height had to be exceeded to produce these pheno- 
mena, and this height also depended upon the size 
of the ball. A wooden ball, (lin. in diameter, 
falling from a height of 22 ft., snot up a thin water 
column toa height of 24 ft., so that the critical 
height was not yet reached in that case. 

As regards the explanation, he had first thought 
of frictional electrification (hence the flame experi- 
ment) and of air rushes ; but the experiments were 
substantially the same in a vacuum containing only 
vapours. The explanation seemed to be this :— 
When a sphere struck the water, the water was 
compressed, and hehaved like a solid rod for rapid 
dis ments. The rod would be flattened at the 


end, and a compression-wave would travel down it. 


This flattening provided the radial outward velocity 





of the liquid, transverse to the surface. The sphere 
now descended into this outward-flowing sheath of 
liquid, and each successive zone of the sphere 
entering was more nearly parallel to the direction 
of motion, so that the displacement of the liquid 
was most rapid at the lowest point, from the 
neighbourhood of which fresh liquid was supplied 
to spread over the surface of the sphere. Whether 
this sheath of liquid would altogether adhere to 
the sphere or leave it, would depend upon the 
adhesion, on the condition of the surface of the 
sphere, and on the molecular forces of cohesion in 
the liquid. When the sphere was perfectly smooth, 
the cohesion forces would cause the liquid to spread 
almost instantaneously in a film of molecular thick- 
ness. If the advancing edge of the film met loosely- 
attached particles (dust), these would constitute 
places of departure from the sphere, and would be 
swept away by the momentum of the liquid, which, 
being no longer in contact with the sphere, would 
persevere in its rectilinear path and splash off, at 
any rate when there was a sufficient number of 
dust particles. The greater the height of fall the 
greater the momentum, and the less likely would 
cohesion be to prevail. When the sphere was 
rough, the momentum might be great enough to 
carry the liquid past the mouth of a small cavity ; 
but the cohesion might be broken, because the film 
was then outside the range of the molecular forces. 
But even when the film had left the sphere, the 
surface tension would tend to make the film close 
up again. The influence of the flame consisted in 
burning the dust particles, and in preventing other 
dust from settling on the descending sphere. The 
varnished sphere resembled a rough sphere, because 
it did not attract water. These points had been 
tested by dusting and varnishing spheres in parts. 

The lecturer finally showed the photograph of a 
projectile which had penetrated into an armour- 
plate. The steel had protruded from the hole in 
a kind of calyx with outward-bent leaves. The 
appearance suggested a phenomenon produced in a 
fluid ; but the late Sir Roberts Austen had not 
found any evidence of re-melting, and there was, 
indeed, not sufficient heat at disposal. 

At the conclusion of the lecture the audience 
were enabled to watch a succession of fall experi- 
ments, in which spheres were illuminated at diffe- 
rent moments after entering the liquid ; the sparks 
lasted long enough to make the development of the 
air-bags visible. 








COTTON-MILLS IN INDIA AND JAPAN. 


Ir would be well that those who are responsible 
for the present crisis in the cotton industry in this 
country were directing their attention Eastward 
and noting the a gore which is being made in India 
and Japan. They would then see the necessity 
for common sense and prudence in the management 
of their affairs, as it is evident that unless these are 
allowed to prevail there is a great danger, not only 
that they will find the foreign market for their 
industry gone, but also that they will have to 
struggle even for the home market. It is about 
time that people in this country were recog- 
nising more clearly than they do that Britain is no 
longer the workshop and the factory of the world, 
and that competitors are springing up in almost 
every country, who are anxious to develop their 
own resources and become manufacturers, not only 
for their own use, but also for the markets of the 
world. We would especially commend to the 
attention of all concerned the reports of the Bombay 
Millowners’ Association and the review of the his- 
tory of the Japanese industry lately published by 
the secretary of the Japan Cotton-Spinners’ Associa- 
tion. 

We cannot go into the details of history, but 
a few dates will be interesting. The first spin- 
mill in India was erected in 1817, on the 


nin 
banks of the Hoogly, but it was not till nearly 
forty years later that much progress was made. 


In 1851 a mill was built at Broach, and in 
1854 another at Bombay. From that time onwards 
the Indian cotton industry made steady, if not 
rapid, progress, and by 1880 British India contained 
58 mills, with 1,461,598 spindles and 13,502 looms. 
In Japan the first spinning-mill was erected in 1863 
near Kagoshima, by the Prince of Satsuma, but 
during the troubles of the revolution no progress 
was made with the industry. In 1870 a second 
mill was erected at Sakai, and in 1875 that at 
Kashima. In 1878 the Government started several 
model mills of 2000 spindles each, but it was not 





till 1890 that the Japanese industry was. fairly 
started, and from that date it is interesting to 
compare the progress made in India and Japan. 

In 1890 there were 137 mills in India, and in 
1908 there were 241. In Japan at the same dates 
there were 30 and 89 mills respectively, but it is 
impossible to make a comparison simply from the 
number of mills. More may be learned from 
the increase in the number of spindles. In 
1890 India had 3,274,196 spindles, and in 1908 
5,756,020—an increase of 2,481,824. In Japan 
the spindles increased from 277,895 to 1,611,168 
—an increase of 1,333,273. Cotton power- 
looms increased in India from 23,412 to 67,920 
—an increase more than in proportion to the 
number of spindles, in spite of the imposition 
of an excise duty on the products of power- 
looms. In Japan, up to the latest date, the 
number of looms has not increased to more than 
14,000, so that in the number of mills, spindles, 
and looms progress in India has been consider- 
ably more rapid than in Japan. In the matter 
of wages there is probably not much difference. 
The fact that the output per spindle in Japan is 
roughly double that in India is accounted for by the 
longer time worked in the Japanese mills. The 
average counts are slightly higher in Japan than 
in India, but, roughly speaking, the efficiency of the 
machinery appears in both countries to be equal. 
Not so the efficiency of the workpeople, as from 
careful statistics which have been prepared the 
efficiency of the operatives in Japan appears to be 
considerably greater than in Bombay. In 1908, 
out of a total output of 506 million pounds of yarn, 
Japan exported just over 66 million pounds, or 
roughly 13 per cert., and from 1900 to 1908 her 
imports and exports have both decreased, and 
there has been considerable depression in the indus- 
try. In 1908-9 the imports of yarn into India were 
about 6 per cent. of India’s total production. On 
the other hand, she exported 235,000,000 lb., or 
more than one-third of her tota) production, and 
this amount competed directly with British yarn in 
the open markets of the world. The Japanese are 
now producing piece goods to the extent of a half 
more than the quantity imported, and they will 
not rest content till they reduce the amount of 
imports to a very small figure, as, indeed, they have 
already done in the case of yarn. India still 
imports more than twice the total yardage produced 
by her own looms, and she exported rather less 
than one-tenth of her total production. The 
amount of exports, however, is certain to increase, 
and when we consider the possibilities of China, 
even under ordinary circumstances, we fear for the 
future of the trade of Lancashire. If labour 
troubles intervene, our Eastern competitors are 
certain to take advantage of them, and some of our 
markets may be lost for ever. We do not wish to 
be unnecessarily alarmist, but we cannot shut our 
eyes to the inevitable tendency of events. 





THE SALVING OF THE SUBMARINE 
BOAT A 3. 

THE damage caused by the collision of the sub- 
marine-boat A 3 and the gunboat Hazard has been 
proved to be very serious. One of the rudders of 
the Hazard has been found jammed into the 
conning-tower of the submarine-boat, and the injury 
to the propeller disclosed when the gunboat was 
docked gives rise to the belief that it acted asa knife 
to rip the upper shell-plates of the submarine-boat. 
These facts, which are supported by divers’ observa- 
tions, make it quite certain that no air-helmets or 
other appliances on board could have obviated the 
loss of life. Moreover, they raise doubt as to the 
advantage of attempting to salve the vessel. Apart 
from sentiment, which is ever a strong influence 
in such a case, the only reason favourable to salvage 
is the possible light which might be thrown upon 

ible improvements in the design of future 

ts. But there is the fact that the later boats 
are immensely superior to the original boats of the 
A class, particularly in the elements of design 
tending to minimise disaster. 

The Admiralty have been criticised, somewhat 
unfairly as facts show, because their salvage 
appliances were regarded as inadequate. The 
question as to what is the best policy to pursue 
in such case has, time and again, had the serious 
consideration of the authorities. Experience has 
shown that the probabilities are very considerably 
against the salvage, in time to save life, of a 
submarine-boat after collision, and that the better 
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course to adopt is to fit life-saving helmets and | frames fitted with the necessary valves. These air- 


other similar appliances at the station of each | vessels will be sunk by being filled with water ; 


member of the crew, so that each can esca 


; | they will be secured to the ropes now lashed around 


such appliances have proved satisfactory when the hull of the sunken boat, and then air will be 


the damage to the hull was moderate. When, how- 
ever, the destruction is great, as was the case 
with A 3, these helmets are of little use. When 
all is lost, the time occupied in subsequently raising 





forced through the top valves in order to drive the 
water from the tubes. In this way it is hoped that 
the air-vessels will serve to provide the necessary 
buoyancy to raise the submarine in the water 











Groups or *‘ Exevators” on SaLvaGE STEAMER, 


the wreck is of little importance. The Admiralty 
have preferred therefore to spend capital in adding 
to the appliances for the saving of life, when such 
is possible, rather than in building a large salvage 
ship. It should be remembered that whereas an 
Admiralty salvage ship can never be used except 
on naval work, there are in existence, belonging 
to various British and foreign associations, well- 
equipped and powerful salvage steamers which are 
readily available at little expense for naval and 
mercantile use. Thus, when the A3 was sunk, 
various proposals were at once put before the 
Admiralty by such salvage associations, and were 
carefully considered. There were, however, at the 
dockyards a number of lighters equipped for rais- 
ing sunken ships, and these were at once sent 
to raise A 3. But she lies in a very —— 
position, and it was found that owing to the heavy 
weather, which has prevailed since the accident, the 
lighters were unable to carry out their work. Had 
the weather been moderate, the dockyard lighters 
might have achieved a success, but it was later 
decided to accept the tender of the Anglo-Italian 
Salvage Company for the raising of the vessel. 
There is a difference of opinion as to the best 
method of procedure under such conditions. When 
one of the same class of submarine boats was lost 
in the North Sea, a German association proposed 
to lift the boat by means of a heavy boom ; but 
many consider this procedure suitable only when 
the vessel is lying at a very moderate depth, and 
the idea of recovering the ship was abandoned. 
In the case of A 3 the procedure now being 
adopted is that of supplying externally the buoy- 
ance which the ship has lost by most, or all, of 
the compartments being flooded. We publish a 
photograph (by Mr. Stephen Cribb, Southsea) 
showing the india-rubber air vessels to be used. The 
idea of utilising air pressure to restore buoyancy is 
very old. It is a common procedure first to repair 
the compartment of a ship and then to force air into 
it at sufficient pressure to drive out the water enter- 
ing by any leaks that continue. Large india-rubber 
vessels have been lodged by divers in the interior 
of ships for the same purpose. The Italian autho- 
rities, as shown in our illustration, are adopting 
similar air vessels, differing only in form. us 
they have a number of groups of air vessels of 
the tubular type, each series consisting of nine 
rubber tubes secured at top and bottom to wooden 








sufficiently far to enable it to be conveyed into 
shallow water, if not all the way to Portsmouth 
Dockyard. We hope that complete success will 
attend the scheme. 








VERY HIGH TEMPERATURES. 

Dr. J. A. Harker, F.R.S., of the National 
Physical Laboratory, Teddington, introduced his 
Royal Institution discourse of last Friday, Feb- 
ruary 9, by some interesting references to Sir 
Humphry Davy and Michael Faraday. Just a 
century ago this month, he stated, Faraday, then 
a youth of twenty, apprenticed to a book-binder, 
was enabled to hear the lectures on the action of 
electric sparks on gases, which Davy gave in that 
Institution ; Faraday took very full notes, bound 
them neatly to a volume of 300 pages (shown) and 
presented the book to Davy. As a consequence 
he was, in 1813, engaged as laboratory assistant at 
a salary of 25s. per week, with two rooms at the 
top of the building. In 1812 Davy produced, 
with the aid of his battery of 200 cells, for 
which a subscription fund of 5001. had been raised, 
an arc of 4 in. between charcoal terminals, in which 
he melted platinum, magnesia, and lime. ‘In 
1912,” Dr. Harker said, ‘‘ we can, comparatively 
speaking, do little more than that.” 

Throwing comparative temperature scales (Fah- 
renheitand Celsius) on the screen, Dr. Harker said 
that one might distinguish low temperatures (below 
0 deg. Cent.), ordinary (0 deg. to 100 deg.), high 
(100 deg. to 1200 deg.), and very high tempera- 
tures (above 1200 deg. Cent.). The interval 
between the highest and lowest atmospheric tem- 
peratures was rather small, and the interval down 
to absolute zero was again small. A few weeks 
ago he (the lecturer) had been told by Professor 
Kamerlingh Onnes, at Leiden, that, recalculating 
his values, he had reason to believe that he had 
attained the extremely low temperature of 
1.15 deg. Cent. absolute by evaporating 1.5 litres 
of liquefied helium under a pressure of 0.2 mm. 
The upper limits of temperature were far wider. 
Working with arcs under pressure, Petavel had 
obtained a temperature of 3600 deg. Cent. Touch- 
ing briefly upon methods of measurements, Dr. 
Harker mentioned that mercurial thermometers 
were now made in Kngland of fused silica by 
the Silica Syndicate. These thermometers were 





remarkably steady as to zero, and would no 
doubt replace the ‘‘verre dur.” The extreme 
ranges of the different thermometers were the 
following, all on the Centigrade scale : — Gas 
thermometers, — 272 deg. to 1550 deg. ; mercury in 
glass, — 4.4 deg. to 575 deg. ; in silica, — 34 deg. to 
700 deg.; platinum resistance, — 256 deg. to 1100 
deg.; thermo-couples, platinum alloys, up te 1750 
deg. ; base metals, — 250 deg. to 1200 deg. ; total 
radiation pyrometers and optical pyrometers, no 
limits. As regards glowing bodies and _ fires, 
the following colour scale was useful :—Grey 
glow, about 450 deg. Cent. (the lower limit 
varied very much with the individual) ; very dull 
red, 500 deg.; dull red, 700 deg.; cherry red, 
900 deg.; orange, 1100 deg.; white, 1300 deg.; 
dazzling white, 1500 deg. Cent. The temperatures 
attainable were :—In Bunsen burner, 1150 deg. to 
1300 deg. Cent.; in Méker burner, 1450 deg. to 
1500 deg.; petrol blow-lamps, 1500 deg. to 1600 
deg.; oxy-hydrogen flame, about 2000 deg.; oxy- 
acetylene flame, about 2400 deg.; electric are, 
3500 deg., under pressure, 3600 deg.; sun tem- 
perature, 5500 deg. Cent. 

Dr. Harker showed how a strip of carbon held 
by cooled terminals could be heated to highest 
incandescence, when it would finally crack and 
arc. When optical pyrometers were sighted on 
such a strip or on a furnace, the temperature 
could be deduced from photometer observations, as 
it was known how the radiation varied with the 
temperature. Electric furnaces were much more 
convenient for high temperature work than 
furnaces, which could not be heated above 1600 deg. 
Cent. ; but arc-furnaces were not to be recommended 
because the heat was too local; there might be 
gradients of 2000 deg. Cent. within a single inch. 
Carbon-tube furnaces were directly heated by the 
current, or wound with coils ; the nichrome (nickel- 
chromium) coils of Mr. Cook were one of the novel 
exhibits of the lecture. The carbon tubes might be 
straight, or tubular spirals cut on the lathe out of 
the soft-graphite tubes of Acheson, which contained 
only 0.1 per cent. of impurity. We have described 
such furnaces on other occasions. Dr. Harker also 
showed how refractory metals like tungsten could 
be volatilised with the aid of a Wehnelt interrupter 
and an induction apparatus, when all contamination 
with other materials had to be avoided; the ter- 
minals were made of the substance itself, and the 
specimen was placed on a bed of the same sub- 
stance. At the end of the lecture, Dr. Harker 
also demonstrated how tin was boiled in a vertical 
furnace of the Greenwood type, which we described 
last week.* To render the boiling visible to the 
whole audience a glass lens was placed horizontally 
above the furnace; this lens was first roughly 
wrapped with asbestos-cloth. When the cloth was 
withdrawn, the — of the tin and spurting up 
of drops of the metal could distinctly be seen on 
the image of the crucible, which was thrown on the 
ceiling of the lecture-hall by the lens. 

Having briefly explained some types of laboratory 
and steel furnaces, and shown that a carborundum 
crystal conducted sufficiently when — between 
the electrodes to let the current flow when cold, 
and that it would finally burn with the eyolu- 
tion of brown vapours (silicon monoxide), Dr. 
Harker passed to an account of his own efforts 
to prepare furnaces free of carbon from the rare 
earths. The tubular furnaces he had obtained 
were run on the cascade principle; that is to 
say, the tube was wound with a coil and placed 
within another tube (a packing intervening), 
also wound with a coil. When the outer tube was 
heated, a comparatively small current through the 
inner coil sufficed to raise the temperature of the 
refractory furnace still higher, and thus tempera- 
tures of 1800 deg. Cent. could be obtained with 
currents of 2 amperes. After several months’ use 
the tubes of the rare earths (85 per cent. of zir- 
conia with 15 per cent. of yttria) would become 
translucent. The difficulty in making these refrac- 
tory tubes was that, while the potter had to 
reckon with a shrinkage of 5 per cent. in baking 
his wares at 1300 deg. Cent., the lecturer had to 
meet shrinkages of 37 per cent. when baking at 
2000 deg. Cent. within carbon tubes, and certain 
peculiarities had quite recently been observed in 
this connection. 

Dr. Harker had found that the outer surface of 
the refractory tube became carburised and crumbly 
to a certain depth, while the inner surface, though 





* See ENGINEERING, page 188 ante, 
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exposed to gases, remained little affected. The 
blackening did not occur, moreover, when the tube 
was shielded. Particles, possibly electrified, seemed 
to be shot off from the carbon walls of the furnace 
and across the space of 5 mm. or more into the 
refractory tubes. These icles were not the 
negative particles emitted by metals and carbon 
at low pressures, investigated by O. W. Richardson 
(1903) and others, because these experiments of 
his (Dr. Harker’s) were made at atmospheric pres- 
sure. Hot metals and carbon also emitted positive 
corpuscles and material particles at certain tempe- 
ratures and pressures, and he had studied these 
phenomena first in the furnace illustrated in Figs. 1 
and 2, in which the reader will see the liner tube 
of hard carbon inside the graphite spiral, on the 
thick ends of which the terminals (cooled copper 
tubes) ride, to which the cables are bolted ; the 
insulation between the tube and spiral is air. These 
furnaces were fed at the National Physical Labora- 
tory from a 100-volt direct-current supply (up to 
600 amperes) and from a motor generator of 15 kilo- 
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watts for frequencies from 80 to 200, lower fre- 
quencies being obtained by means of slip-rings ; a 
transformer yielded currents of low voltage and 
intensities up to 3000 amperes. For the further 
research the small furnace of Fig. 3 was used. 
The furnace was cubical, and the straight carbon 
tube which was directly heated (generally by 
alternating currents) was packed in lampblack. 
Within this tube were two insulated carbon 
electrodes, one hollow, in order that a Siemens 
optical pyrometer could be sighted through it, 
the other a rod, and these two electrodes were 
joined to a small battery. When the tempera- 
ture in the furnace tube was about 1400 deg. 
Cent., and the battery potential raised to 8 volts, 
no appreciable current could be detected to flow 
from the solid carbon rod to the other hollow 
carbon electrode ; but when the temperature was 
raised to 2000 deg. Cent. currents of 10 amperes 
maximum were observed. The linear relation 
between these ionisation currents, the applied 

tential, and the furnace temperature is shown 
in Fig. 4, when the electrode gap had a length of 
lem. As the length of the gap increased (up to 
6 cm.), the ionisation current was diminished at a 
regular rate ; but the decreasw was small. Fig. 5 
further exemplifies the relation between ionisation 
current and temperature for an applied potential 
difference of 2 volts and a lcm. gap; the dotted 
straight line and the scale on the right-hand side 
of the diagram were plotted from the logarithms 
of current and temperature. When the carbon 


tube was heated by direct currents, the direction of 
the heating current affected the intensity of the 
ionisation currents. 

In a further series of experiments, which Dr. 
Harker finally mentioned, the battery was cut 
out, in order to investigate the effects of tem- 
perature alone. 


The solid-carbon rod, of Fig. 3, 








was in the demonstration attached to a crank 
(mounted outside the furnace) which was turned 
at the rate of 2} revolutions per minute ; this rod 
hence travelled in and out of the furnace, away from 
the fixed electrode, and back to it ; the travel of the 
movable electrode was about 6in. This movable 
electrode would thus be temporarily cooler than 
the fixed electrode, which remained steadily in the 
furnace, and an amperemeter in the circuit indi- 
cated a current of 2 milliamperes at 1400 deg. Cent. 


|and of 2 amperes at 2500 deg. Cent. ; the cooler 


electrode was the positive one. In order to demon- 
strate these currents a bank of small glow-lamps was 
mounted on the front of the furnace-box, and the 
lamps lighted up and went out again alternately as 
the movable rod moved out and in. 

Dr. Harker added that in other experiments he 
had made the movable electrode pass in and out 
of an insulated brass tube, which a rapid current of 
water kept efficiently cooled. When outside the 
water-jacket, the rod would lie within the fixed 
tubular electrode, the annuiar distance between 
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the electrodes being 5 millimetres ; hydrogen was 
— through the annular space, because hydrogen 
acilitated the passage of ions; nitrogen was also 
used sometimes. The current then obtained with 
steadily rising temperature and a new solid-carbon 
electrode is shown in Fig. 6. It will be seen that 
there was first a small positive current (positive ions 
crossing from the hot to the cold carbon), which 
soon changed into a much stronger negative cur- 
rent ; the intensity of the latter dropped and rose 
again. The brass tube was afterwards found coated 
with carbon. In another arrangement of the fur- 
nace the brass tube was sheathed with the carbon 
tube of the furnace, which served now also as a 
tubular electrode. Fig. 7 illustrates the results 
then obtained ; as the temperature of the furnace 
rose the ionisation current intensity increased, and 
when the temperature became steady the current 
also kept steady. It will be understood that the 
electrodes in the experiments of Figs. 6 and 7 were 
not joined to any source of current. 

These researches, Dr. Harker remarked in con- 
clusion, suggested the possibility of a novel kind of 
generator of electricity. He expressed his indebted- 
ness to Dr. G. W. C. Kaye and to Mr. C. G. Eden, 
both of the National Physical Laboratory, who had 
collaborated with him, and who took charge of the 
demonstrations. 





NOTES. 
THe Ru#enisH-WeEstTPHALIAN CoaL SyNnpDICATE. 

Tue fact that this Coal Syndicate has decided upon 
a considerably higher rise in prices than had been 
foreshadowed and anticipated has naturally called 
forth somewhat unfavourable comment in many 
circles. The fixing of what is called the leading or 
governing prices has taken place later than usual, 
no doubt owing to the negotiations pending with 
outsiders and the iron works, and the more favour- 
able a turn these negotiations took, the firmer 
became the position taken up by the syndicate. The 
result has been this : that the rise of 25 pfennig (3d.) 
foreshadowed during the latter portion of 1911 was 
very materially increased by the syndicate at a 
meeting held towards the end of January, as a 





result of which the following communication was 


published :—The Coal Syndicate’s committee has 
decided upon a rise of prices for coal within a 
range of from 25 pfennig and 1 mark per ton, but it 
should be pointed out that the rise for the smaller 
sorts of coal will somewhat exceed this. For steam 
coal, coking coal, and briquettes the price will be 
raised 1 mark per ton. This rise, as far as the ordi- 
nary kinds of coal are concerned, will be in force for 
a whole year, ending March 31, 1913. For coking 
coal and coal for rae Benes) purposes the position is 
somewhat different, inasmuch as the governing prices 
only are fixed for six months ata time, until the 
end of September. No justification for the rise has 
been given by the syndicate, but it is generally 
attributed to the present favourable conditions 
prevailing within the iron and steel industry, which 
state of affairs enables the manufacturers to put up 
with higher prices for coal. An additional reason 
may be found in the upward movement of wages 
within the coal-mining industry. 


Marine Gas anv O1L-ENGIngs. 


There is peculiar appropriateness in the election 
as President of the Institute of Marine Engineers 
of the Marquis of Graham, who has shown a keen 
interest, not only in naval matters, but in all 

uestions affecting marine engineering. He is a 
irector of Messrs. William dmore and Co., 
Limited, and by arrangement with the chairman 
of that company, and as chief officer of the Clyde 
Naval Volunteers, he incurred the expense of 
fitting an old gunboat, H.M.S. Rattler, with a 
-engine installation, which yielded very inform- 
ing data ; while quite recently he had built for 
himself a yacht of considerable size fitted with 
the Beardmore semi-Diesel engine of the two- 
cycle type, and capable of developing 130 brake 
horse-power. Naturally the results obtained in both 
of these vessels formed the principal theme of the 
Marquis s presidential address, which was delivered 
on Monday of this week. His deductions from his 
experience with the gas-engine in the Rattler, 
which made a non-stop run from Liverpool to 
Glasgow (220 miles) in very rough weather, were 
hopeful so far as the mechanical features are con- 
cerned. It has not been possible to use bituminous 
coal. He looked forward, however, to the time 
when ‘‘coalite” might be produced at the pits 
and sold at a very low rate, because of the revenue 
obtainable from residual products. This material, 
he considered, would prove quite satisfactory for 
the production of gas for marine purposes, with 
considerably modified scrubbers. The gas madefrom 
it, according to his experience, was rather hot, but 
the engine ran well on it, and probably this difficulty 
of high temperature could be overcome. There were 
no mechanical difficulties in the gas-engine, the 
means for reversing the engine direct having been 
evolved. He felt, however, that in the immediate 
future oil would be preferred, and in view of the 
gradual using up of our coal supplies, with prob- 
able developments in oil production, the cost would 
be more in favour of the oil-engine in the future 
than in the present. In the oil-engine in his yacht 
he used crude Texas oil of a specific gravity of 0.93, 
which cost at Glasgow 52s. per ton. elsh coal 
is purchasable at 20s. per ton, and Scotch coal at 
14s. per ton. Yet the comparative cost for a 
24-hours’ run is 8l. 6s. for oil, 121. 8s. for Welsh 
coal, and 81. 19s. for Scotch coal. In addition to 
this, of course, there are the economies consequent 
on less labour bein uired with oil-engines, on 
there being no danke losses, and on a reduction 
in space occupied by machinery and fuel. 


Recent AERONAUTICAL RESEARCH AT THE 
NationaL Puysicat LABorRaTORY. 


On February 12 Dr. Stanton delivered before the 
Graduates of the Institution of Mechanical Engi- 
neers a lecture dealing with the recent research- 
work done at the National Physical Laboratory in 
connection with aeronautics, and its influence on 
design, principally with regard to aeroplanes. Dr. 
Stanton first referred to the distribution of pres- 
sure on a flat plate normal to a current of air, and 
showed that owing to the fact that the pressures 
on the windward and leeward side followed different 
laws, the prediction of the resistance of full-sized 
aeroplanes and dirigibles from experiments on scale 
models of them was extremely difficult. The distri- 
bution of pressure on plates inclined at small angles 
in the current was then examined, and the method 
used at the National Physical Laboratory for deter- 
mining the vertical component (lift), and the hori- 





zontal component (drift) was explained. Curves of 
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lift and drift so obtained were shown for the case 
of flat plates and curved surfaces (aerofoils), and 
the advantage of aerofoils over flat plates was 
explained, and shown to be due to the peculiar 
distribution of pressure on the surface, which had 
the effect in the case of the aerofoil of intro- 
ducing a component of the resultant pressure 
acting along the chord from back to front. A 
simple calculation was then made of the wing 
surface required for an aeroplane of given weight 
and speed. The lecturer next showed that pre- 
cisely the same experimental determinations of the 
best form of aerofoil and its most efficient angle of 
attack could be used for the design of the propeller 
by the method of Mr. Drzewiecki. Using the same 
data as that applied to the design of the wings, a 
simple case of propeller design by Drzewiecki’s 
method was worked out, and the blade area and 
brake horse-power of the motor were determined. 
A few points were then dealt with in connection 
with the design of the motor, in particular with the 
liability of the light petrol motors used for aero- 
nautical purposes to break down through ‘‘fatigue.” 
It was suggested that the greater use of fatigue- 
testing was important from this point of view. 
With reference to recent criticisms on the failure 
of fatigue-testing machines to detect dangerous 
brittleness in the materials of which the specimens 
were made, Dr. Stanton pointed out that it was not 
the function of these machines to detect want of duc- 
tility. That could be done by much simpler methods. 
It was possible to have two kinds of steel, both of 
which were unimpeachable as regards ductility, 
but whose fatigue strengths were very different, 
and it was the province of the engineer to deter- 
mine these resistances. A comparison was made 
by Dr. Stanton of the various researches made dur- 
ing the last three years on the supposed weakening 
effect of the rapidity of loading under alternating 
stress, and he pointed out that the weight of 
evidence was now against the existence of any 
such reduction in strength (due merely to speed) as 
had been found by Messrs Reynolds and Smith in 
1902. That, however, did not impair the value of the 
results obtained by Reynolds and Smith, as, what- 
ever the cause, there was a distinct probability that 
the effect would appear in high-speed reciprocating 
motors, since the two mechanisms, that of the test- 
ing machine and that of the motor, were of a 
similar character, and a careful designer would be on 
the look-out for such a reduction in fatigue strength 
as was actually noted in the Manchester experi- 
ments. 


Tue GROWTH OF THE BritisH Mercuant FLEET. 


The unprecedented activity in the production of 
new shipping during 1911 invests with special inte- 
rest Lloyd’s return, just issued, showing the balance- 
sheet of shipping, having on one side the additions 
from shipyards and purchases from foreign coun- 
tries, and on the other side the wastage by misad- 
venture and decay and sales to foreigners. When 
regard is had to the fact that there were added to the 
register of the United Kingdom 791 vessels, of 
1,257,569 tone of new shipping, it is in a measure sur- 
prising to find that the net increase in the British 
fleet is only 338,217 tons, and further that the 
number of ships on the list is ten less than a year 
ago. The fleet now includes 21,080 vessels, of 
18,807,112 tons, of which only one million tons is 
sailing craft, the to e of the 12,244 steamers 
included in the British fleet being 17,743,737 
tons. The explanation of the small net addition 
is the large number of vessels sold to foreigners, the 
great majority being for breaking up, so that they 
cease to be effective in the carrying trade. This 
feature is important, as it indicates that the 
average ageof the British ships has greatly decreased. 
and there is reason for the assumption that the 
efficiency is consequently greater, so that we are 
the better able to maintain our place in the face of 
keener foreignrivalry. Dealing first with the gross 
additions to the fleet, we find that these included 
810 steamers, of 1,334,387 tons, which, with the 
exception of 1906, is the largest gross addition 
of steamers in any one year, at least since the 
beginning of the century. Of sailing tonnage, 
however, the gross additions were only 195 vessels, 
of 21,864 tons. We have already indicated the 
number of new vessels, which make up 92} per 
cent. of the gross additions. From foreign coun- 
tries, however, there were bought 51 vessels, of a 
total of 83,757 tons. As to the removals from the 


numbered 449, and measured 163,551 tons. Of the 
steam tonnage, nearly 24 per cent., and of the 
sailing nearly 264 per cent. have been removed on 
account of loss, breaking up, dismantling, &c. The 
greater portion however—namely, 72 per cent. of 
the steam tonnage and about 694 per cent. of the 
sailing tonnage—was sold to foreigners. In this way 
there is accounted for 616,546 tons of steamships 
and 113,939 tons of sailing ships. These are much 
higher totals than in the previous year, and of the 
nations which bought the ships Norway comes first 
with 155,393 tons, Greece is second with 108,385 
tons, followed by Japan, Italy, Germany, Turkey, 
Holland, Sweden, and France in the order named. 
A considerable amount of this tonnage, Lloyd’s 
Register states, was intended for breaking-up pur- 
poses, and the vessels generally were not of very 
recent construction. Indeed, 14 per cent. of the ton- 
nage removed from the Register, owing to foreign 
transfer, was over 27 years old; 295 per cent. 
was 22 years old; over 59 per cent. 17 years 
old ; and over 81 per cent. 12 years old. Thus 
only 19 per cent. of the tonnage transferred was 
built before the beginning of the century. The 
Colonies have taken less of our tonnage than in 
previous years, the total being 37,374 tons, as 
compared with 65,120 tons in 1910. Of course, 
the vessels built for foreign or colonial owners are 
not included in the figures we have given, which 
only deal with the growth of the British merchant 
fleet. 








THE LATE MR. GEORGE ATTWOOD. 

WE regret to have to report the death of Mr. 
George Attwood, M.Inst.C.E. Mr. Attwood was 
born in February, 1845, and received his scientific 
training at King Edward VI. School, Lichfield, and 
then served a term of pupilage, from 1860 to 1864, 
under his father, Mr. Melville Attwood, F.G.8., civil 
and mining engineer. From 1864 to 1866 he acted as 
assistant to Mr. W. W. Palmer, C.E. He then led 
a most active life in surveying, inspecting, construct- 
ing, and reconstructing work in almost all parts of 
the world. In 1878 he was engaged as engineer to 
the Potosi Company, Venezuela, a reconstructed for 
them a short line of railway and built gold-reduction 
works. He surveyed the country south of the Orinoco 
River in 1879. e was in Utah, U.S.A., in 1880, 
inspecting water supplies, canals, smelting works, and 
so forth. He then returned to Central and South 
America, where he was busy from 1880 to 1885, in- 
specting work on the Panama Canal, and constructing 
mining installations. He opened a consulting engi- 
neer’s office in London, 3 Clement’s-lane, Lom 
street, E.C., in 1885, where he practised until 1887, 
visiting India during the same period for inspection 
work. From 1887 to 1890 he acted as consulting 
engineer for the Dominion Mineral Company, Mon- 
treal, removing his London office to 18, St. Swithin’s- 
lane, E.C. He designed and built during this same 
period nickel and copper -smelting plant, winding- 
engines, and other mining installations. From 1890 
to 1894 he was busy inspecting in British Columbia, 
where he built a number of works. He spent the 
period from 1895 to 1899 in carrying out mining 
works in South Africa and surveys in Mexico. In 
1897 he had removed his London office to 13, Sise-lane, 
F.C., and from that year to 1905 he travelled in 
Spain, Algeria, Greece, designing aerial tramways, 
water works, electric transmission plant, ore concen- 
tration and reduction works, &c. Of late years he 
acted as consulting engineer at 56, Moorgate-street, 
E.C., and contianel in active business up to the time 
of his death. This occurred suddenly, from heart 
failure, on Friday, the 9th inst., at his residence, 
Steyning Manor, Stogursey, Bridgwater. Mr. Attwood 
was a nephew of the late Professor Edward Forbes, 
F.R.S., Edinburgh. 





METROPOLITAN ENGINEERING ScHEMES.—Mr. Edward 
Stanford, of Long Acre, W.C., has just issued his annual 
map showing the nature of the new railways, tramways, 
and other public works for which powers are to be sought 
during the ensuing session of Parliament. The map mea- 
sures about 174 in. square, and is drawn to a scale of 1 in. 
to the mile. It is, as usual, excellently printed, and is 
published at the price of 2s. 





Tur Society or Enoinrers: Stratus Prize.—The 
Council of the Society of Engineers (Incorporated) may 
award in 1912 two premiums of books or instruments to 
the value of 8/. 8s. and 4/. 4s., as first and second prizes 
ene, for approved essays on the subject of ‘‘ How 
to Improve the Status of Engineers and Engineering, 
with jal Reference to Consulting Engineers.” The 
Council reserve the right to withhold either or both of 
the premiums if the essays received are not of the re- 


quired standard of merit. The competition is open to 





register, the total deduction of steamers was 566 
vessels, of 854,483 tons. The sailing ships removed 


all, but application for detailed particulars should be 
made to the secretary before entering. 
receiving essays is Friday, May 31, 1912. 


The last date for 


THE LATE MR. EDWARD SARGINT 
LINDSEY. 

THE announcement of the death of Mr. Edward 
Sargint Lindsey, M. Inst. C.E., which occurred at 
Grindelwald on the 8th inst., will be received with 
regret. Mr. Lindsey was born in India in Feb- 
ruary, 1869, and was educated at Tiverton and 
London. He served as a pupil in the London 
office of Messrs. Galbraith and Church, civil engi- 
neers, and was then employed (in 1889-90) on the 
Plymouth, Devonport, and South-Western Junction 
Railway. In the latter year (1890) he undertook 
taking-out work on the North Cornwall Railway, on 
which railway he remained for some months, carrying 
on at the same time Parliamentary work. rom 
January to October, 1892, he was assistant-engineer 
to the Rio Tinto Mines, Spain, and from 1892 to 1897 
he acted as assistant-engineer to the Assam-Bengal 
Railway. In April, 1897, Mr. Lindsey was promoted 
executive engineer of the Nambhur Forest Division, a 
post which he resigned almost immediately afterwards 
to take up contracting work in India, From 1897 to 
1906 he was in charge of heavy contracts on the Tapti 
Valley Railway and other Indian railways, and carried 
out the construction of a number of tunnels, viaducts, 
and other civil engineering work. In 1906 he was acting- 
engineer of the South Indian Railways, and at the time 
of his death was on the Canton-Kowloon Railway. 





THE LATE MR. LOUIS DELAUNAY- 
BELLEVILLE. 

On the 10th inst., there died, at Cannes, France, 
Mr. Louis Delaunay-Belleville, the celebrated French 
engineer, whose name is well known in this country 
as the inventor and manufacturer of the Belleville 
boilers. Mr. Delaunay-Belleville wae born in 1843, and 
after studying at the Ecole Polytechnique and the Ecole 
Navale, he entered, in 1867, the Belleville engineer- 
ing works, with which he had always been connected, 
apart from a brief period during the Franco-German 
war of 1870, when he served as an officer in the Corps 
of Engineers. When Mr. Delaunay-Belleville entered 
the Belleville works, in 1867, these had already estab- 
lished a reputation for the excellence of their boilers. 
The deceased, however, by his talent and energy, soon 
gave a great impetus to the business, and after a few 
years became the head of the firm. He added to the 
specialities of his works at a comparatively recent 
date the manufacture of Belleville automobiles. His 
genuine qualities had won for him universal respect 
and esteem. Mr. Delaunay-Belleville was an associate 
of the Institution of Naval Architects. 





Tuk BrRockLEBANK Dock IMPROVEMENTS ON THE 
Merszy Dock Estatr.—On Wednesday, the 7th inst., 
Mr. W. Hemming Jones, M. Inst. O.K., read a paper 
before the Liverpool Engineering Society, in which he 
gave a full description of these works. The were com- 
pleted in 1908, and form the final portion of the altera- 
tions and improvements carried out by the Mersey Docks 
and Harbour Board on the part of the estate which lies 
between the Bramley-More k on the south, and the 
Langton Dock on the north. 





Crry or Lonpon Fire Inquests.—In a very interest- 
ing address last Wednesday evening, Dr. F. J. Waldo 
laid before the members of the Farringdon Ward Club, 
at Anderton’s Hotel, a history of the City of London fire 
inquests. The office of coroner is one of t antiquity, 
dating back to the Norman Conquest, and for rather over 
a century the coroner sat with the sheriff, and inquired 
into and tried all kinds of felonies. His powers of trial 
were, however, abolished by Magna Charta in 1215. His 
main function, that of inquiring into the cause of death 
in view of the y, was exercised chiefly in the interests 
of the King’s revenue by confiscation of the property of 
those convicted of crime. Dr. Waldo pointed out that 
among the coroner’s many duties was that of inquiry into 
non-fatal fires, but this fell into abeyance in the reign of 
King Henry III., or, according tosome authorities, in that 
of Edward I. It was, however, revived in 1845 by the then 
City Coroner, Mr. Serjeant Payne. For six years after 
this 71 fire mquests were held without any fees. Of 
these, 9 were found to be wilful, 34 accidental, and 28 
arose from causes unknown. Transportation followed one 
case of arson. Mr. Serjeant Payne’s inquests ceased in 
1853. In 1851 the Coroners’ Society circularised the king- 
dom, and similar inquiries were held in various parts of 
the ier, After 1860 no more fire inquests were held 
until the City of London Fire Inquests Act was 
in 1888. The method now in force is for the coroner and 
his jury, together with any officials the jury may wish to 
consult, to inspect the burnt premises. The result of the 
investigation is laid before the Court of Common Council 
by the Lord Mayor. The result of these fire inquests, 
Dr. Waldo thinks, may be fairly inferred from the steady 
decrease of fires. During the past five years there has 
been an average annual decrease of 38 fires as against 
that of the five _ immediately preceding the ing 
of the Act of 1888. The proportion of serious fires has 
also dec , and on the whole the ce of testimony 
ap to be strongly in favour of the extension of the 





rinciple of fire inquests to the whole of the United 
| Kingdom. 
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INDUSTRIAL NOTES. 


In view of the week’s developments, the feeling 
regarding the coal dispute is not hopeful. On Friday, 
the 9th inst., it was announ that the South 
Wales coalowners, contrary to expectation, had refused 
to uy with the miners’ application for a 1} per 
cent. advance in the general wage-rate. The owners 
declared that the average selling price for the past 
quarter, according to the South Wales Conciliation 

ard, did not justify the application. An adjourned 
meeting of the Board is to held to-day, in order 
that the matter may be placed before Lord St. 
Aldwyn for his casting vote as independent chair- 
man. At the meeting on Friday last there was no 
discussion on the general dispute, though, informally, 
the matter was talked over. A suggestion was made 
by Mr. D. A. Thomas that in future arrangements 
between the coalowners and the men each party should 
place itself under a penalty of 100,000/., payable to 
the other side, in case an agreement was broken before 
the expiry of the term arranged. The miners’ leaders, 
however, appear to regard this proposition as imprac- 
ticable, though they gave no reason for this view. 
The condition of their finances is, however, known to 
be anything but flourishing after the long-continued 
Cambrian Trust strike last year, and they would find 
a difficulty in — any such penalty clause. 

At the beginning of the week there was a slightly 
more hopeful view of the situation in some dis- 
tricts, but, on the whole, it was regarded as ex- 
tremely unlikely that a strike would be averted unless 
one of the parties concerned gives way on the question 
of the minimum wage. Unfortunately the influence 
of the men’s leaders is becoming little more than a 
name. In South Yorkshire there was a hopeful tone, 
though on what ground is not stated. In Derbyshire 
also the feeling that a strike may be averted seemed 
to be growing. 

The adjourned miners’ conference, which met again 
on Tuesday last at the Westminster Palace Hotel, 
led to nothing definite, but merely confirmed the 
resolution presented to the owners last week. About 
135 delegates were present, and the meeting was ad- 
journed till the following day. Reports from Derby- 
shire indicate that the miners in that district are not 
at all keen to have a strike ; many of them have not 
given notice, and those, who have, have done so 
reluctantly. In that county the miners have special 
machinery for securing a fair day’s wage, and the men 
appear to be satisfied. It is reported also that there 
is a strong feeling of resentment among them against 
the South ‘Wales men. In Northumberland the leaders 
have given instructions that workmen doing light work 
and receiving part compensation must not strike. 

On Wednesday, the 14th inst., the Miners’ Federa- 
tion met for a short time, and adjourned sine die, 
while the Industrial Council of the Board of Trade, 
which met for other business, took the view that the 
time has not yet arrived for useful intervention. Thus 
the situation is not favourable to settlement, and 
both sides are, it is understood, preparing for a strike. 





The dockers’ strike in Glasgow, after having run for 
two weeks, came to an end on Saturday last, the men 
returning to work on Monday, but further trouble is 
threatened owing to disagreement as to the terms of 
settlement arranged by Sir George Askwith at a 
meeting of the Dockers’ Strike Committee and repre- 
sentatives of the Shipowners’ Committee on Friday 
last. The dockers held a meeting on Saturday and 
accepted the agreement. The right to employ non- 
union dockers was not altered, but concessions were 
made regarding the number of men in gangs dealing 
with certain cargoes. 





The bewildering rapidity with which strikes now 
follow one another is becoming almost farcical. It is 
really far too serious, however, to be regarded with 
levity. The epidemic seems to have got a thorough 
hold on the country. When the crisis is likely to 
come no one seems to know. We can hardly open a 
morning paper without seeing that some fresh labour 
trouble has broken out somewhere, either owing to 
a harmless non-unionist having been discove at 
work without having bowed the knee before the 
unionists and obtained their permission to be allowed 
to earn his daily bread, or brother so-and-so has been 
discharged owing to incompetence or breach of dis- 
cipline, and must therefore be sympathised with by all 
the other brethren in his unien to the extent of a 
general strike being declared. Nor is there any cer- 
tainty that a strike ended one day by the signing of 
a solemn agreement will not break out the next day, 
and the agreement of the previous day be made so 
much waste-paper. 

The case of the Glasgow dockers is only another 
instance of the utter disregard for ments now so 


common. Everyone understood that their strike, which 
had continued for a fortnight, had, with the aid of 
Sir George Askwith, been satisfactorily settled last 
Saturday. Nothing of the kind. The men had not 
been at work many hours on Monday when they 





in, first at one berth and then at 
another, until before half the day was gone nearly 
every deep-sea vessel was deserted and work at a 
standstill. At one works the reason for the stoppage 
was because a foreman chose to do a little work him- 
self, instead of merely superintending, at another 
because the number of men in gangs had been reduced, 
at another because some non-union men were employed, 
and at another because more boys were employed than 
formerly. The changed conditions had in every case 
been provided for in the new agreement. 

Both parties met during the afternoon, and the 
dockers’ representatives agreed to use their influence 
to try and get the men to go back to work. It was 
“opamp out to them by the shipowners that there must 

no stoppage of work under the agreement, and it 
w — that the disputed points should be 
referred to a joint committee. The men afterwards 
returned to work. 

Another hitch soon occurred, however, and it looked 
on Wednesday as though all work at Glasgow Harbour 
would be brought to a standstill. The reason for this 
was that on that day labourers employed by the City 
and Clan Lines refused to work under the conditions 
agreed on at the conference held last Saturday. As a 
result of this the shipowners’ committee informed the 
dockers’ executive that, unless work was resumed at 
6 o’clock on Thursday morning they would lock-out 
all the men three hours later. The final result was 
not known at the time of going to press. 


struck work 





On Friday night last a large number of dockers left 
work in Manchester owing to a dispute on the non- 
union question, and it was thought that a general 
transport strike would take place if the non-union 
question were not settled; but on Sunday the dockers 
held a meeting, at which they decided to return to work 
in order that further negotiations might be carried on 
with the directors of the Manchester Ship Canal. 





The monthly report of the United Patternmakers’ 
Association for January shows that the general con- 
dition of the trade has greatly improved since the 
last report, and at the end of the month there were 
only 180 members involuntarily unemployed, as com- 

red with 265 at the end of December last. On the 

lyde the trade is very good, and although there are 
more members signing the vacant-books throughout 
that district than on the North-East Coast, their 
numbers are comparatively insignificant, and are said 
to be due to temporary suspensions, and not to any 
general falling off in trade. At Barrow also trade is 
good, and on the Mersey quite up to the average. 

avourable reports come also from inland centres. 
In the Manchester district business is brisk, but any 
demand there is for men can be met locally. In Bolton 
and Bury, however, quite a different condition of 
affairs exists, and, to quote the report, ‘‘ it looks as if 
an industrial ‘dry rot’ had set in in both towns.” It 
is suggested that this is a favourable time for the 
young members at both places to decide that their 
interests will be much better served by shifting from 
an overcrowded district to one where work is more 
plentiful and less intermittent. Trade is good in Leeds, 
and also in Sheffield. Favourable reports also come from 
other centres. The quarterly report of the last three 
months of 1911 shows that the gain is almost exactly 
equal to that of the previous quarter, and amounted 
to the substantial sum of 2986/. 1s. 04d., which is 28/. 
more than the gain for the September quarter. Durin 
last quarter the total income amounted to 7062J. 
18s. 114d., as compared with 6505/. for the previous 
quarter. All the revenue, except levies, amounted to 
5405/. 9s. 64d., against 4862/. derived from the same 
sources during the September quarter. The total 
expenditure during the quarter amounted to 4076/. 
17s. 1ld., as compared with an outlay of 3546/. during 
the September quarter, but about 350/. was spent during 
the last quarter owing to the Oldham strike. Altogether 
the year that has gone was a very favourable one. The 
total membership at the end of January was 7629. 


We are glad to note from the monthly report of the 
Steam - Engine Makers’ Society for Waveny that 
trade still continued to improve during January, as 
shown by the returns for unemployment. Indeed, it 
seems as 44 there were now no need for any eligible 
workmen to be out of work, particularly if they are 
willing, as the report puts it, ‘‘to get off their own 
doorstep” and accept employment in centres where work 
is at present specially obtainable, which is notably the 
case in Barrow, Birkenhead, and the North-East Coast. 





Efforts are still being made to start a ‘‘ Labour 
Daily” newspaper, and the matter now seems to 
depend on finance. The members of the Amalgamated 
Society of Engineers have instructed their executive 
council to invest 5000/. out of the society’s general 
fund in shares of Labour Newspapers, Limited. This 
was the result of a ballot in which 15,148 members 
voted for this move, and 11,462 members against it. 
Several trade unions are taking the votes of their 





members on similar propositions. The sum of 6000/. 
has already been invested in the project by the 
Labour Party. The minimum sum, 50,000/., decided 
upon for allotment must be applied for before 

arch 14. Should applications for this sum not be 
forthcoming, nothing further will be done with the 
project. A total capital of 150,000/. is required by 
the company, and it is proposed to name the new 
halfpenny paper the Daily Citizen. 





It will be remembered that some little time ago 
the members of the Boilermakers’ Society were asked 
to vote on the following questions :—1. Shall we con- 
tinue the national shipyard agreement as it is at 

resent? 2. Shall we Be the employers to meet us 
in conference with the joint trades, to have the pre- 
sent agreement amended? 3. Shall we, as a society, 
have an ment ourselves with the employers? and 
4. Shall we notify the employers that we desire no 
agreement ? The voting on these questions has been as 
follows.—No. 1: for, 264; against, 3861 ; majority 
against, 3597. No. 2: for, 2000; against, 2748; 
majority against, 748. No. 3: for, 1769; against, 
2222 ; majority against, 453. No. 4: for, 2927 ; against, 
1518 ; majority for, 1409. The number of members 
voting was not large, but it was considered sufii- 
cient to make the result decisive. The existing 
agreement formally terminates on March 9 of this 

ear, but it continues in force at least six months 
onger, as a six months’ notice of termination can be 
given only at the close of the period for which it was 
arranged. It has been in operation three years. 


In reply to a deputation which waited on him on 
Tuesday last with regard to boy-labour in the Post 
Office, the Postmaster-General said that he had the 
matter much at heart, and, among other things, he pro- 

to adopta ni which would, he hoped, be help- 
ul in finding employment for messenger-boys after they 
left that service, and they would be something related 
to the class of assistant-postman. It would be intro- 
duced first in London, but would be extended later, in 
all probability, to the provinces. Assistant-postmen 
were, he said, of the ages of eighteen to twenty, and 
were employed chiefly for a few hours in the morning to 
cope with the heavy morning mails. Many of them 
were ex-messengers, and they were expected to get 
outside employment during the remainder of the day 
to make up their earnings to a living wage. The time 
when most work was required in the delivery of tele- 
graph messages was later in the day, and he proposed 
to give these men the option of doing boy messengers’ 
work at messengers’ rate of pay. At twenty to twenty- 
one years of age they would be appointed to the 
establishment in the postman’s class. 








According to the report of the Chief Registrar of 
Friendly Societies on the statements furnished to him 
as Registrar of Trade Unions by every trade union 
availing itself of the advantages conferred by regis- 
tration under the Trade Union Act, it appears that at 
the end of 1910 there remained upon the register 669 
trade unions, and of these, 638 furnished returns. 
The total membership for Great Britain and Ireland 
of the 638 unions was 2,017,656; their income 
amounted to 3,187,415/. ; their expenditure was 
3,137,085/. ; and the balance of funds at the end of 
the year amounted to 5,925,358/. The trade unions 
were divided as follows :—England and Wales, 553 ; 
Scotland, 36; fTreland, 49. fn the same order the 
number of members was distributed as follows : 
1,941,775 ; 56,048 ; and 19,833. Of the total balance 
of funds, the share of England and Wales was 
5,709,296/. ; that of Scotland, 191,489/. ; and that of 
Ireland, 24,573/. If these figures are compared 
with those of 1909, they show an increase in member- 
ship of 59,752, or 3.05 per cent. ; an increase in income 
of 144,994/. ; and a decrease in expenditure of 21,613/. 
Going further back still, and comparing the figures 
for 1910 with those of 1900, we find that for the 
latter year there were 661 returns, 1,572,861 mem- 
bers; 2,256,291/. income; 1,646,995/. expenditure ; 
and a balance of funds of 4,137,660/. The average 
gross income per member was l/. lls. 7d., and the 
amount of funds per member 2/. 18s. 9d. Twenty- 
eight trade unions were registered, and twenty-five 
dissolved or gave notice of termination during the year. 





A Board of Trade report, issued at the beginning of 
this week, shows that the growth of co-operative 
enterprise was great during the ten years from 
1899 to 1909. In membership there was an increase 
of 55 per cent., and in the volume of trade 75 per 
cent. In reckoning the volume of trade, banking, 
credit, insurance, and building society transactions 
are not included. A noticeable feature is that agri- 
cultural co-operation made rapid strides. Sales have 
increased from 354,379/. in 1895 to 3,609,172/. in 1909. 
Out of 653 agricultural societies, 454 are in Ireland, 
where the movement began, and the Irish sales totalled 
2,392, 525i. 
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BRAKE-PRESSURE REGULATOR FOR RAILWAY GOODS 


WAGONS. 


DESIGNED BY MR. E. E. LUCY, CHIEF MECHANICAL ENGINEER, NEW SOUTH WALES GOVERNMENT RAILWAYS. 


Fig. Be, Yy 









of Agle 


es. 





| 

(2659 — 

THE automatic adjustment of brake pressure to the 
gross weight of a goods wagon has frequently engaged 
attention, but no device has fulfilled the requirements 
sutliciently well to attain to very extensive use. 
Devices designed for this purpose are, however, well 
worthy of attention, ard we therefore take this oppor- 
tunity of illustrating an arrangement designed by 
Mr. K. E. Lucy, Chief Mechanical Engineer of the 
New South Wales Government Railways, and largely 
adopted on bogie stock on that system. 

From Figs. 1 to 4 herewith the device will be seen 
to be dependent upon the movement of the bolster 
relative to the spring plank of a bogie. An arm A is 
attached to the bolster, and is connected by a pin at its 
lower extremity to the lever C, carried by a fulcrum 
bracket B underneath the spring plank. At the other 
end of C is a link D provided with a pin G, to which 
is attached the combined brake ee Pad H for the hand 
and Westinghouse brake. The pin G also travels in 
aslot in the main brake-lever EK, and the raising or 
lowering of this pin consequently alters the leverage 
of the brake-gear. 

Figs. 1, 2, and 3 show the gear in the positions 
occupied when the wagon is unloaded and the bolster 
is in its highest position. When the bolster is de- 
pressed by the added paying load, asin Fig. 4, the pin 
G is pushed to the upper end of the slot in the brake- 
lever, and the leverage is increased. Unloaded the 
leverage is 13 to 6; loaded it is increased to 17 to 6. 
This gear has been largely fitted to the New South 
Wales bogie goods stock, especially to the 24-ton 
capacity wagons of a gross weight of 35 tons 8 ewt., 
and to the 40-ton capacity wagons of a gross weight of 
57 tons4 ewt. Experiments extending over 1? years 
have, we understand, proved the device to be effective 
in automatically adjusting the brake pressure to the 
gross weight, and not a case of skidded wheels has 
been reported up to the present. Where long grades 
of | in 30 occur, some such adjustment is valuable. 








“Tue Kine’s Voyack anp Nava Honours.”—Our 
correspondent, ‘* Anti-Ishmaelite,” in a letter published 
on page 181 of last week’s issue, refe' to the 
absence of engineer officers in the list of honours con- 
ferred in connection with the King’s voyage. It now 
appears that the list published was unofficial and incom- 
plete, and that Engineer-Captain Onyon, who was the 

Sir Colin Keppel, 


engineer-captain on the staff of Admi 
and the chief ineer of the Medina, Mr. T. Thorburn, 


had the honour of receiving the M. V.O. from His Majest: 
at the Investiture held on board the Medina on the 4th 
inst. This announcement will give pleasure to many asso- 
ciated with warship machinery construction as 

all engineer officers in the naval and merchant fleets. 


as to 


Position of Levers when Wagon is Empty 
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PROGRESS OF NAVAL CONSTRUCTION IN 
JAPAN. 


AN estimate of the progress of naval construction in 
Japan was given by Rear-Admiral (Constructor) Kondo 
on the occasion of the James Watt dinner in Tokio, on 
January 19, the anniversary of the birth of James Watt. 
There were sixty guests present, of whom forty-four were 
Japanese and sixteen foreigners. 

Admiral Kondo said: It is a singular coincidence 
that the first warship built in Japan after the Western 
model was launched just fifty years ago, so that this 
is the jubilee of modern naval construction in this 
country. She was a small gunboat of some 140 tons dis- 
7! and 60 horse-power, giving a speed of about 

knots. It is also worthy of notice that she was entirely 
designed and portman | by Japanese. The hull was 
built at Ishikawajima, and the ene N ki. 
Two years after that date the dockyard in Yokosuka was 
started under the auspices of the een Shogunate, 
but the progress for some years was ex ingly slow, 
owing to the war of restoration, in which the whole 
country was involved ; in 1872 the place passed into the 
hands of the Imperial Navy, and the dockyard was 
gradually develo and extended until the site, which 
was ey See 18 acres, became 116 acres in 1891, 
and the number of workmen, which was less than 1000 in 
1869, has increased more than eight-fold. The three other 
dockyards, Kure, Sasebo, and Maidzuru, are of more 
recent date, but they are all in full working order now, 
and have been for some years. Passing now to the ships 
built in the home dockyards, the following figures will 
give some idea of the extent of the work performed. The 
aggregate displacement tonnage, including torpedo craft, 
amounts to about 206,000 tons, and the aggregate horse- 

wer to over 570,000. Machinery for these vessels 
all been built at home, some of the turbines for the 
latest ships being ordered of private builders. I might 
mention in pene See the application of turbines for 
marine purposes rende! the condensers of very 
much greater importance than hitherto, and thisis another 
good reminder of what-we owe to Watt. The four private 
yards at Nagasaki, Kobe, Osaka, and Uraga have turned 
out important work for the Navy, and the two former are 
building large cruisers at the present moment. The 
armour-plates, as well as guns and torpedoes, are also 
made in this country, and although there is plenty of 
room for improvement in every branch, we can fairly 
claim that we can supply most of our immediate wants 
without having recourse to foreign sources. One must 


not, however, forget the valuable assistance given us by | 


the Western people at the outset, and the help we are con- 
stantly receiving from them even now by advice and ex- 
ample, for without them we could never have attained even 
the position we now hold. It must be the aim of all of us 
to repay them in the future at least some portion of the 
favour we have received in the past, and although I fear 
that the liability will exceed the asset for some time to 








Position of Levers when Wagon is Loaded. 


come, it must always be our endeavour to be ranked 
among the worthy successors of James Watt. 

Messages of mutual recognition and greeting were 
exchan with the meeting held in Glasgow on the 
same night for the same purpose. 








INDIAN IRRIGATION Prorits.—The net revenue derived 
by the Anglo-Indian Government from its irrigation 
works in the ten years ended with 1909-10, inclusive, 
came out as follow :— 


Year. Profit. Year. Profit. 
£ £ 
1900-1... 233,013 7 “ 125,995 
1901-2.. 169,330 1806-7 .. 796,156 
1902-3... 193,394 1907-8 .. 646,474 
1903-4. . 230,663 1908-9 .. 608,823 
1904-5... 283,344 1909-10... 606,300 


It will be observed that the total net revenue for the 
first five years was 1,109,744/., while in the second half 
decade it increased to 2,783,748/.; the return obtained 
by the Anglo-Indian Treasury upon its irrigation invest- 
ments is, accordingly, improving, The indirect benefit 
to the inhabitants of the irrigated districts is also very 
t, and is a consideration which must always be borne 
in mind. The increased well-being of the Indian popu- 
lation assists, of course, the collection of taxes and gives 
generally more stability to British Indian interests. 


Tue We.sH Tin-PLtate Market.—According to the 
report of Messrs. Sim and Coventry, 110, Cannon-street, 
London, E.C., the tin-plate trade in 1911 showed 
reserve or ge which was not expected. The ex- 
pansion in the world’s consumption of tin-plates was so 
great that our exports for 1911 constituted a record, in 
spite of very keen competition from American makers. 
It is pointed out that the number of tin-plate works 
is being added to in Belgium and Italy, and that 
it is also proposed to erect four mills in Roumania, 
where the consumption of tin-plates is very large ; 
therefore more competition must be looked for in 
future. The tin market was abnormally high through- 
out the year, never having fallen below 170i., the 
highest recorded price being 230/. on June 13 and 14. 
The total export of tin-plates and tinned sheets and 
their value, and the exports of black plates for tinning, 
for the last five years were as follow :— 














. Value of 

Exports of M Exports of | Value of 

a Tin-Plates | Tin-Plates, Biack Black 

a Sheets nee for | Plate 

i . | E 
Sheets. ported. Tinning. xports. 
tons £ tons & 

1907 405,328 4,936,868 71,531 754,308 
1908 402,867 5,480,075 61,098 618,542 
1909 439,747 5,767,951 60,064 589,088 
1910 483,000 6,545,329 55,854 567,012 
1911 484,355 6,843,454 67,061 | 713,006 
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YEAR-BOOKS AND ANNODALS. 

Who’s Who in Science (International), Edited by 
H. H. SreruHenson. London: Messrs. J. and A. 
Churchill, 7, Great Marlborough-street. [Price 6s. 
net.|—This book, which has recently appeared, will 
no doubt prove a useful work of reference to those 
who require ge ee concerning people in the 
scientific world. ‘The sciences referred to do not, 
however, as is pointed out in the preface, include 
those branches of knowledge which lie on the border- 
land between science and the humanities, between 
objective and subjective. Among these are included 
economics, sociology, peyohology, education, and ex- 
ploration. In addition to short biographies arranged 
alphabetically, there is a list of the world’s univer- 
sities and a classified index. 





Laxton’s Price-Book for Architects, Builders, Engi- 
neers, and Contractors, 1912. T.ondon: Messrs. Kelly’s 
Directories, Limited, 182, 183, and 184, High Holborn, 
W.C. [Price 7s. 6d.J—The annual appearance of 
this excellent and well-known ueateds tes now 
become such a regular thing that those for whom it is 
intended have almost grown to regard it as an inherit- 
ance which cannot be taken from them, and this is 
sure proof of the value of the book. The present and 
ninety-fifth edition, which has just been published, 
does not indicate any great change in the building 
industry, though there may be said to have been a 
slight improvement during the past year, and ho 
are entertained that this will continue. There has 
been some unemployment due to a certain amount of 
displacement in labour caused by the new mode of 
concrete and steel construction. The various prices 
in the present edition of the book have been carefully 
revised. The latest corrected list of brand-marks 
denoting the qualities and shipping ports of timber 
is also included. 

The Advertisers’ A.B.C.: The Standard Advertise- 
ment Directory, 1912. London: Compiled and edited 
by T. B. Browne, Limrrep, 136, Queen Victoria-street, 
E.C. [Price 10s. 6d.]|—This useful directory for the 
current year has recently appeared. It is divided 
into ten sections, these being: I., Advertisement 
picture gallery; II., Articles on advertising ; III., 
Trade of the United Kingdom with the British 

sions over seas ; 1V., Facts and statistics of the 
Prose of the United Kingdom ; V., Brief alphabetical 
United Kingdom and 


index to publications of the 
of London 


classified lists; VI., Detailed director 
newspapers, periodicals, magazines, and billposters ; 
VII., Detailed directory of provincial newspapers, 
periodicals, magazines, and billposters; VIII., De- 
tailed directory of Colonial, Indian, American, and 
oreign newspapers, periodicals, and magazines ; IX., 
Advertisements ; and X., Billposters’ announcements, 
alphabetically arranged. ‘The directory is well 
printed on art paper, and contains numerous illus- 
trations. 





Spon’s Architects’ and Builders’ Pocket Price-Book 
and Diary, 1912. Edited byCLypr Youna, F.R.1L.B.A., 
and Sranrorp M. Brooks, L.R.I.B.A. London: 
Messrs. E. and F, N. Spon, Limited, 57, Haymarket. 
[Price 2s. 6d. net.]|—This price-book, before the be- 
ginning of last year, was combined with a great 
amount of memoranda and a number of tables, but 
owing to the increasing size of the combined book, 
the two parts were then published separately, in order 
that each could be made a more convenient size, and 
the alteration was a distinct improvement, for pur- 
chasers may not always require matter contained in 
both parts. The price-list and diary contains, as 
its name implies, the cost of all kinds of builders’ 
work and materials, arranged in a very convenient 
way. The book has been revised since the last edition 


appeared. 


Spon’s Architects’ and Builders’ Pocket- Book, 1912: 
Memoranda Section. Edited by Crype Yovuna, 
F.R.1.B,A., and Stanrorpv M. Brooks, L.R.I.B.A. 
London: Messrs. E. and F. N. Spon, Limited, 57, 
Haymarket. [Price 2s. 6d.|—This little book, which 
has just been published, is uniform with ‘‘ Spon’s 
Architects’ and Builders’ Pocket Price - Book,” of 
which, till the beginning of 1911, it, as stated above, 
furmed a part. As before, the meioranda are arranged 
in alphabetical order, with extensive cross referenves. 
Some useful notes on levelling and other matters are 
also given. The book is very handy, and can be carried 
quite comfortably in the ket, as it measures only 
64 in. by 33 in. by about 4 in. in thickness, a decided 
—— to practical men engaged on outside 
work, 








Les Flottes de Combat en 1912. Edited by Caprarn 
pE BaLincourt. Paris: Messrs. Berger-Levrault, 5-7, 
Rue des Beaux-Arts. [Price 5 francs. }—This directory 
of warships gives 390 diagrams of the representative 


classes of ships belonging to all the navies of the world. 





The vessels are also briefly described according to their 
class, the particulars given including the principal 
dimensions, the horse-power, radius of action, defence, 
and protection. General data are also included, as far 
as these can be gathered, concerning the intentions of 
the different Admiralties with reference to new work. 
The naval strength of each country is recapitulated in 
tabular form, and reference to the book is facilitated 
by an alphabetical index of all ships’ names. 





Rhodes’s Directory of Passenger Steamers, 1912. 
London: Messrs. George Philip and Son, Limited, 
32, Fleet-street, E.C. [Price 2s. 6d. net. }—This well- 
known list covers practically all passenger services in 
the world, and has been brought up to date by the 
inclusion, as far as possible, of passenger steamers put 
into service during the past year, and even of short 
references to some known to be under construction. 
The list is arranged alphabetically under the steamers’ 
names, and a separate list is given of the companies’ 
fleets. The amount of information given varies for 
different vessels, but it often includes, in addition to 
general dimensions of the ship, particulars as to 
engines, constructors, internal fittings, such as electric 
light, amount of passenger accommodation, &c. 





The China Year-Book, 1912 Edited by Messrs. 
H. T. Montague Bexu and H. G. W. WoopHEap. 
London : Messrs. George Routledge and Sons, Limited. 
[Price 10s. net.]—This book constitutes the first 
attempt at a comprehensive annual summary of the 
affairs of the great Eastern nation of China, and we 
find it quite impossible to deal at all adequately with 
so vast a theme in a single paragraph. It must suffice, 
therefore, to state that this volume is one of very wide 
interest. A glance at the ground covered cannot but 
result in the conviction that the editors have gone to 
@ great deal of trouble in collecting all the statistical 
and other interesting matter contained in its 450 odd 
paces. When it is realised that this material has 

m derived largely from sources where the value of 
statistics of this kind has only been dimly recognised, 
it will be understood that this initial volume represents 
@ very considerable amount of perseverance and well- 
sustained labour. 





Taschenbuch der Kriegsflotten, 1912. Edited by 
Captain B, Weyer. Munich: Messrs. J. F. Leh- 
mann’s Verlag. [Price 5 marks.]|—We have received 
a copy of this pocket-book, which now enters upon its 
thirteenth year. In it general data are given on all 
the ships forming the navies of the world, as well as 
data on ordnance. The ships of the different classes 
are illustrated by coloured blocks and by diagrams. 
Great care has been exercised in the production of the 
book, and, like the former editions, it will prove of 

reat assistance for reference purposes. We should 
ike—and all naval officers and architects throughout 
the world would also no doubt like—to have found 
in it more data concerning the new work in hand, 
and, since the publication is a German one, par- 
ticulars with regard to the ships of the later German 
programmes. No data whatsoever have been vouch- 
safed as to the German battleships in the recent pro- 
grammes, although one of these ships—the Kaiser— 
was launched as far back as June 10, 1911, and is 
expected to be ready by next autumn. We may also 
point out that a few other British merchant ships 
—e have been added to the list given on pages 1 
and 131; also that the Ortona, Omrah, and Ophir do 
not belong to the Peninsular and Oriental Company. 


The ‘* Colliery Guardian” Review of the Coal Trade 
in 1911. Edited by H. Greenweii. London: The 
Colliery Guardian Company, Limited, 30 and 31, 
Furnival-street, Holborn, E.C. [Price ls. net.]— 
This review consists of a reprint of articles which 
appeared in the Colliery G'uardian at the commence- 
ment of the present year. Articles of this class have 
formed a regular feature in the January issues of our 
contemporary, and they review generally the course 
of the coal trade, with the fluctuations in prices, 
shipments, &c. The year under review was a rather 
exceptional one in the coal trade in many ways. The 
mild spring and hot summer pcm | in smaller 
demands than usual for domestic coal, while the rail- 
way and other labour troubles, which disorganised 
work at other seasons, interfered considerably with 
what business was doing. In this review the various 
fields are dealt with separately, while a summary of 
the general trade is also given. The work suffers from 
having neither an index nor a table of contents, so 
that reference to any particular coal-field is a little 
difficult. 








The‘ Automobile Engineer” Year- Book, 1912. London: 
The A utomohile Engineer Publishing Company, Limited, 
20, Tudor-street, E.C. [Price ls. net.]—This year- 
book is divided into a number of sections, in which the 
developments of the past year are reviewed in connec- 
tion with the various main component parts of the 
motor-car. For instance, the first section is devoted 





to progress in engine design, the second to lubrication, 
the third to carburettor des; , and so on ; other parts 
deal with clutches, gears, shafts, rear axles, brakes, 
and frames. At the back of the book a number of 
tables are given. Several pages of tabular matter are 
concerned with particulars of 260 touring-car chassis 
of 1912 pattern. In addition to these, there are con- 
version tables, specifications of materials, numerous 
rating formule, &c. - 





Almanacks, Calendars, &c. — We have received 
calendars, &c., from the Brush Electrical Engineering 
Company, Limited, Loughborough ; the North-Eastern 
Railway Company; the Hoyt Metal Company of 
Great Britain, Limited, 26, Billiter - street, E.C. : 
Messrs. Buck and Hickman, 2 and 4, Whitechapel- 

, E.; the Canadian Government Emigration 
Agent, 11 and 12, Charing Cross, London, 8.W. ; 
Indian Engineering ; and Messrs. Richard Johnson, 
ee and Morris, Limited, Newton Heath, Man- 
chester. 





Tue Russian Navy.—A naval programme which has 
just been submitted by the Russian Minister of Marine 
(Admiral Setauadiedl to the Duma proposes that the 
Russian Baltic fleet shall have two squadrons, each com- 
prising eight ironclads, four armoured cruisers, eight 
protected cruisers, thirty-six ay any destroyers, and 
twenty-four submarines. The Russian Black Sea fleet, 
which is of secondary importance, is to be, at any rate, 
stronger than any two of the most powerful navies main- 
tained in that sea; and the construction of the following 
new ships has nm pro :—Three ironclads, with a 
displacement of 22,000 tons each (two of these ships are 
to be built at Sebastopol and one at Nicolaiff, in Vickers’ 
yards; the cost of these ironclads will be something over 
2,000,000/. each; one ship is already in course of con- 
struction at Sebastopol and the other at Nicolaiff); nine 
torpedo-boat destroyers of an improved Novick type, 
with a displacement of 1050 tons, and a speed of 35 knots 
(the estimated cost of each of these destroyers is 212,000/.; 
four are to be built in the Nicolaiff Arsenal); and six 
submarines, three of which are to be of the Hoiland type. 
Al ther, the programme of Admiral Grigorovitch con- 
templates an outlay of 50,000,000/. sterling; the admiral 
insists that it is necessary that Russia should have a 
powerful fleet as an essential condition of the integrity 
and independence of the country, and as a means of 
maintaining the peace of Europe. 





THE INTERNATIONAL NAVIGATION CONGRESS AND THE 
Sizx or Suips.—Probable developments in the increase in 
size of ships will form the subject-matter of several papers 
to be communicated to the Twelfth International Naviga- 
tion Congress, beginning in Philadelphia on May 23 next. 
Mr. C. Leemans, of Amsterdam, in his paper will predict 
that a tew years will see vessels of 70,000 and 75,000 tons 
traversing the ship-lanes of the North Atlantic. In a 
generation he believes there will be ocean leviathans of 
100,000 tons plying between Europe and North America. 
This size vessel, he says, will have a length of 1500 ft., 
a width of 160 ft., and a draught of more than 50 ft. Mr. 
E. L. Corthell, New York, will also discuss this subject 
at the Congress. His predictions are on tables 
worked out from past increases and from the economic 
advantages of larger ships. He believes that vessels 
of 1100 ft. in length for 1948 is a modest prediction. 
The future size of both merchant and war vessels has an 
important bearing on the size necessary for canals. Mr. 
Corthell points out that important ship canals should be 
large enough to accommodate the largest vessels afloat, 

use even the merchant vessels are liable to be im- 
ressed into service by their governments in time of war. 
en it is completed, two years hence, the Panama Canal 
will be the oy ship canal with capacity to the 
greatest vessels afloat. Its locks will take vessels nearly 
110 ft. wide, more than 40 ft. deep and 1000 ft. long. 
These dimensions were insisted on by the General Naval 
Board of the United States after the Consulting Board 
and Canal Commission had suggested a size that has 
already been proved inadequate. The German Govern- 
ment are now paying dearly for constructing its Kaiser 
Wilhelm Canal too small. This canal was built in 
the years 1887-95, requiring eight years to complete. 
In less than fifteen years it became inadequate, so 
that the largest vessels were compelled to go around the 
Cape Skagen route. Now the canal is being enlarged at 
enormous cost in order to accommodate Germany’s mer- 
chant and war fleets. The Suez Canal is also being 
deepened, the Canal Company recently being compelled 
to borrow 150 million francs for this purpose. Herr von 
Thierry, of Berlin, a noted expert on this subject, and a 
member of the International Technical Commission of 
the Suez Canal, will discuss this _ of the question at 
the Congress in Philadelphia. He agrees with Messrs. 
Leemans and Corthell that the size of vessels is likely to 
increase, and that canals must be enlarged to accommo- 
date them. Among others who will present papers on 
probable dimensions of sea-going vessels of the future, 
and required dimensions for maritime canals, are M. 
Quellenec, of France, chief engineer of the Ponts et 
Chaussées, and consulting engineer of the Suez Canal 
Company ; Mr. Vandervin, of Antwerp; Mr. J. Foster 
King, of Glasgow, Scotland ; and M. Zamiatine, a naval 
engineer, of St. Petersburg. The enrolment of members 
of the Twelfth Congress continues to increase. Lieut.- 
Colonel J. C. Sanford, U.S.A., the general secretary of 
the Congress, 344, Bourse, Philadelphia, reports that the 
attendance of both foreign and American members pro- 
mises to surpass all expectations. 
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THE PHYSICAL SOCIETY OF LONDON. 


Ar the meeting held on Jan 26, at the Imperial 
College of Science, Professor iH. L Callendar, F.R.S., 
President, in the chair, an exhibition of a direct-reading 
instrument for submarine cable and other calculations was 
given by Mr. R. Appleyard. 

The logarithmic spiral has frequently been used for 
determining by a graphic method the logarithm of the 
ratio of two quantities. In acoustics, for example, it 
been of service as a convenient means of demonstratin 
the way in which ‘‘ frequency” is associated wit 
“interval.” If an attempt is made to apply the spiral to 
the solution of practical engineering problems, such as 
arise in the design of submarine cables, there is difficulty 
in obtaining sufficient accuracy, especially for readings 
near the pole of the spiral. The author has removed this 
defect by introducing a secondary spiral, similar in all 
respects to the primary spiral, and having the same pole, 
but displaced round the pole through a certain constant 
angle. In this instrument a pair of radial scales, each 
having its zero at the pole, and each divided into the 
same number of equal divisions, can be rotated about the 


le. At all angular itions a scale of this kind will 
cut by the two spirals if they are sufficiently extended. 
It has been proved by the author that in all angular posi- 


tions of such a radial scale the distance between the pole 
and the point where that radial scale is cut by the secon- 
dary spiral is always the same multiple of the distance 
between the pole and the point where the radial scale is 
cut by the primary spiral. In effect, therefore, the 
secondary spiral magnifies the radial-scale readings of the 
primary spiral to any desired extent, depending only upon 
the angle through which the template of the primary 
spiral is rotated to form the secondary spiral. In the 
instrument exhibited the spirals are drawn in a manner 
that avoids ambiguous readings, and that gives maximum 
precision within the range of diameters of conductors 
and dielectric coverings required for submarine cable 
work. The instrument is provided with two similarly 
divided radial scales, one corresponding to d, the 
diameter of the conductor, and the other corresponding 
to D, the diameter of the dielectric. The angle between 
the two scales, corresponding to any pair of values of 


d and D, is then a measure of log 2. The scales can be 


marked to indicate weights of conductor and dielectric, 
and the circle of degrees to which the spiral is drawn can 


be marked to indicate log capacity, dielectric resist- 


ance, and other functions of D and d, if required, for any 
definite dielectric, the specific constants of which are 
known. 
The general equation to the spiral may be written 
6=Alogd +B, 

where A and B are constants. Hence, when dmin. and 
Diax. are both on the 0 deg. radius vector, any two 
points d, D on the spiral are associated with their 
corresponding angles @a @> in degrees by the three equa- 
tions 


d 
6a = Al 1 
‘ = dmin. ( 
a D . 
=A log + 360, 
Dax. 
Se 
] . max. 
™ din. 


To draw the secondary spiral, the primary spiral is 
rotated backwards about its pole through an angle ¢. 
This is equivalent to rotating both the radial scales 
through ¢ The intercepts are now d, and D,—+.¢., the 
radial scale readings are now greater in the ratio 

a= 


d, _ D, 
2 


Kquation (1) then becomes 


Oa + 9 =A log —% (2) 
Subtracting (1) from (2), me 
¢= A log @ = A log n. 


which gives @ for any required magnification n. 

Professor 8. P. Thompeen vomased on the useful 
applications of the instrument, and asked if it would be 
poaaiae to make it up in a cylindrical form instead of on 
a plane. 

Dr. A, Russell pointed out the large number of calcu- 
lations in which the logarithm of the ratio of two quan- 
tities occur. 

The author, in reply, thought it would be rather diffi- 
cult to apply the instrument to a cylinder. In cable 
calculations he used it for finding the capacity and 
dielectric resistance per mile. By clamping the radial 
arms and rotating them, an.infinite number of values for 
the diameter of the conductor, and the insulation could 
be picked out that would give the same capacity and 
dielectric resistance per salle, and therefore the same 
speed of signalling. 

A paper on “ The Vibration Galvanometer and its 
A ppltcat to Induct Bridges,” was read by Mr. 8. 
Butterworth. 

Vibration galvanometers are divided into two types, 
according as their moving parts possess only one or an 
infinite number of degrees of freedom. A theory of the 
former type of galvanometer when used in circuits con- 
taining inductance and capacity is completely worked 
out, and the conditions of maximum sensibility are 
determined, : 








The same Pym = A is shown tA y+ the 
string type o' vanometer, provi that jamping 
is small. The effects of harmonics is also considered in 
this case. 

The results are applied in the case of a general induct- 
ance bridge, which includes :—(a) Anderson’s bridge; (0) 
a modified Rimington’s bridge ; (c) Heydweiller’s modi- 
fication of the Carey-Foster bridge ; and (d) a bridge for 
measuring frequency. 

The best conditions for working Anderson’s me 
with the vibration galvanometer as detector are obtained. 

Experimental results for methods (6) and (d) are quoted, 
the latter method being used to calibrate a Duddell vibra- 
tion galvanometer for frequency. 

Mr. A. Campbell pointed out that though the current 
sensitivity could be increased by decreasing the damping, 
the voltage sensitivity was not affected as the effective 
resistance was thereby in The voltage sensitivity 
was also independent of the control couple and the inertia 
of the moving —- 

Mr. W. Duddell said that vibration galvanometers 
might be looked upon as alternate-current motors, and to 
be efficient must be capable of producing a strong back 
electromotive force. 

Dr. A. Russell pointed out that for high frequencies 
the assumption that the damping was proportional to the 
velocity might introduce errors into the calculation. 
a paper on ‘‘ Sealing Metals” was read by Dr. P. E. 

aw. 
The established method of fixing quartz fibres for accu- 
rate torsion experiments is due to Professor C. V. Boys. 
It involves careful cleaning, silvering, electrolytic deposit 
of copper, tinning, and finally soldering. This consider- 
able trouble can be avoided by the simple means given 
below, while the pow ae is in some cases stronger. 
Professor Threlfall used Margot’s solder (92 per cent. Sn, 
8 per cent. Zn) to fasten glass, aluminium or quartz sur- 
faces to any other. The writer finds this material acts 
perfectly and is very simple, the bit being of aluminium 
and there being no flux. Further investigation shows 
that there is no special merit in Margot’s formula. In 
place of Margot’s solder the following will be found to 
act very well :—(a) Tin, (b) zinc, (c) various alloys of tin 
and zinc, (d) tinman’s solder, (e) aluminium. does 
not stick well, —~ @ it might be made to do so if oxida- 
tion were prevented. Then there isa variety of materials 
with melting-point ranging from 180 deg. to 660 deg. For 
all these an e materials which act in the same manner 
as sealing-wax the writer suggests the term sealing-metals. 
They have the advantages over any wax in (a) high melt- 
ing-point, (b) non-emission of vapour when temperature 
is raised. 

There are obvious applications other than for tension 
fibres where joints to withstand temperature are ees. 

The President stated that the method would ex 
tremely useful to physicists if it could be used for making 
vacuum-tight joints that would stand a high temperature. 

Mr. A. Campbell mentioned that metals could be 
soldered to glass by first platinising the glass. 

Mr. W. Duddell stated that he had successfully fixed 
quartz fibres with ordinary solder. 

Mr. R. Appleyard thought that condensers could be 
made to keep more constant in capacity if the tinfoil 
could be adhered to the mica. 

Mr. A. Campbell stated that silvered-mica condensers 

m made, but were not so reliable as the ordinary 
tinfoil ones. This was probably due to the very sharp 
edge of the silver. Perhaps platinised mica would give 
better results. 

The author, in reply, stated that metals were very 
much more porous than glass, so too much must not be 
expected from joints made with fusible metals. He said 
it was desirable to find a sealing-metal having a small co- 
efficient of expansion, for this would have a better chance 
of adhering strongly after solidification. He thought 
Mr. Appleyard’s suggestion valuable. There should be 
difficulty in building up a condenser made on those 
ines. 

A paper on “ A Negative Result Connected with Radio- 
activity,” by Dr. J. H. Vincent and Mr. A. Bursill, was 
taken as read. 

Specimens of iron, antimony, and bismuth were sub- 
jected to a high-frequency alternating magnetic field. 

he air in the neighbourhood was tested for any ionisa- 
tion that might have been thus produced. The results 
were negative. 

A paper on ‘“‘ A Copper-Zine Uraniwm Oxide Cell and 
the ory of Contact Electromotive Forces,” by Professor 
A. Anderson, was also taken as read. ; 

A uranium oxide cell with copper and zinc plates is 
described, and reference is made to the temperature co- 
efficient of its electromotive force. A difficulty connected 
with the energetics of the cell is pointed out and a pos- 
sible explanation put forward tentatively. 








Oxy-ACETYLENE WeELpDING.—A revised edition of a 
hand-book on this subject has recently been issued by 
the British Oxygen Company, Limited, Elveston-street, 
S.W., and should prove of assistance to those in- 
terested in fusion-welding. Very complete iustructions 
are given as to the methods of operation and the pre- 
cautions to be taken to ensure satisfactory results. 
Special attention is drawn to the importance of pre- 
heating and annealing, in order to minimise the internal 
stresses set up by local heating of the welding process. 
The necessity of pure gases and experienced operators 
for the production of reliable work is also pointed out. 
Various classes of repair-work are dealt with in detail, 

ther with the welding of copper and aluminium. 

etal-cutting by oxygen is also treated in a separate 

chapter. e note can be obtained on application 
to the company. 


~| of the larger vessels now using the dock, it is sug; 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a number of colonial and foreign engi- 
neering projects, further data concerning which can 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, E.C. 

Australia :—The Age (Melbourne) states that a Bill 
was introduced into the Western Australian Parliament 
on December 21 to provide for the raising of a loan of 
2,142,000/., to be expended in part on the following 
works :—railway works, 1,242,000/.,; barbour works, 


133,450/. ; metropolitan sewerage works, 105,000/. ; agri- 
cultural development, 275,0002. ; public buildings, 54,0002. 
The Bulletin of the South Australian Intelligence Bureau 


of January 1 states that the execution is to be begun 
of a scheme for reclaiming large areas of land in the 
south-east of the State which are flooded more or 
less nearly every year. The land to be drained con- 
sists of a series of long flats, rising in terraces to the 
eastward and running parallel to the coast in a north- 
westerly direction, separated from one another by 
moderately high and continuous ranges. The highest point, 
about 60 miles back from the coast, where the tableland 
country is met with, is about 200 ft. above sea-level, and 
from the shore to that point there is a gradual rise. By 
making large cuttings for the drains through the ranges 
the flood-waters will be cau to gravitate to the sea. 
The total cost of the work is estimated at 330,000/. 
Tenders have recently been invited for the construction 
of three drains of an te length of nearly 30 miles. 
The contractors for this portion will have, among other 
things, to excavate about 1,420,000 cubic yards of material 
and erect fifteen brid The report was presented to 
the South Australian Parliament at the end of December 
of a Royal Commission appointed in 1910 to inquire as to 
the best means of providing a water supply for the dis- 
tricts at higher levels south and east of Adelaide, at the 
foot of the Mount Lofty ranges. The Commission recom- 
mend for this purpose, also with a view to augment 
the supply of the Adelaide water district, that a re- 
servoir be constructed at Millbrook, on the Torrens 
River, some 17 miles north-east of the city. The reser- 
voir would hold about 2,550,000,000 gallons, and this 
would meet every immediate need. The estimated cost 
of the work, which includes the construction of a reservoir 
and a concrete weir across the Torrens River, an intake 
channel and tunnel, a 90-ft. weir, &c., is 369,000/. 
Sy the Argus, ge sy plans have been 
prepared for two new jetties, which it is ~¢- to 
construct in the Victoria Dock at Melbourne, roa 1200 ft. 
long and 170 ft. wide. Each structure would have on it 
two sheds, 450 ft. in Jength, and would carry three lines 
of rails on either side. In order to meet the requirements 

ted 
that the level of the new jetties should be 12 ft. how 
low water, instead of 10 ft., the height of the existing 
wharves. The estimated cost of aoab jetty is 166,000/., 
including sheds; a further expenditure of some 14,500/. 
would be as ge for electric portable cranes, hauling 
capstans, and fairleads. 

Roumania ; The British Acting Consul at Bucharest 
reports that the Roumanian Minister of Finance has 
applied for a credit of 60,000,000 lei (2,400,000/.) from last 

ear’s budget surplus for the following purposes :— 

en | of War — armaments, ammunition, sanitary 
material, &c., 25,000,000 lei. Ministry of Public Works 
—State Railway Department—35,000,000 lei, of which, 
bridges and roads, 7,000,000 lei ; construction of shallow 
boats for Danube, 1,000,000 lei ; buildings and comple- 
tion of new workshops, 7,300,000 lei ; new locomotives, 
6,200,000 lei; Buhaesti - Romon railway, 2,000,000 lei; 
Medgidia - Tulcea Railway, 1,000,000 lei; Faurei - 
Tecuci Railway, 3,000,000 lei; Moroeni-Sinaia Railway, 
3,000,000 lei; transformation of the narrow-gauge Crasna- 
Husi line, 1,500,000 lei ; various requirements 2,000,000 
lei. (25 lei = 1.) 

Spain: The Gaceta de Madrid notifies that the Com- 
= de los Ferrocarriles Secundarios y Estratégicos de 

jn have applied to the Ministry of Fomento for a con- 
cession for the construction and working of a railway 
from Leén to Benavente. The Gaceta also states that the 
Sociedad Estudios del Ferrocarril de Jerez 4 Villamartin 
y Setenil have applied to the Ministry of Fomento for a 
concession for the construction and working of a railway 
from Jerez to Setenil. 

Morocco: H.M. Consul at Casablanca reports that no 
progress was made on the Casablanca port works during 
the year 1911. During the winter 1909-10 the storms 
washed away from 50 to 60 metres of the new mole, and 
at the end of last summer a buttress of large square 
cemented blocks was placed on the end of the mole with 
a view to protecting the extremity of the structure. The 
whole of this buttress has now disappeared owing to the 
late heavy seas, and the mole has further suffered. Much 
of the cemented material w: away from the end of 
the mole has been driven by the currents towards the 
waterport creek entrance, tending to increase the turmoil 
of the sea at the entrance of the creek in bad weather. 
A very, Sue titan crane, brought from the port of 
Djidjelli, in Algeria, is in course of erection on the new 
mole. As there are no new blocks of stone in prepara- 
tion at present, it seems unlikely that much progress can 
be made on the works next summer. Thesecretary of the 
Comité du Maroc stated that it is ised that the con- 
struction of the port of Casablanca will require an expen- 
diture of two million sterling, the depths to be reached 
being as much as 13 m. (42 ft. 8 in.). 





Tue Institution or Exvecrricat Enoinerrs.—The 
annual dinner of the Students’ Section will be held at . 





the Trocadero on Saturday, March 16. 
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SOME GENERAL PRINCIPLES INVOLVED 
IN THE ELECTRICAL DRIVING OF 
ROLLING-MILLS.* 

By C. Antony ABuett, B.Sc. 
(Concluded from page 203.) 

Arrangement of Motor and Fly-Wheel to Suit Power- 
Supply.—The choice of the power of a rolling-mill motor 
and of the weight of the fly-wheel used in conjunction 
with it, so as to obtain that relation between motor power 
and weight of fly-wheel that will reduce the cost of power 
to a minimum, depends on whether power is being gene- 
rated in a power-house in the works, or whether power is 
being pure from outside; and in the latter case 
there are various systems of charging for power which 
materially affect the most favourable proportions between 
motor and fly-wheel to be adopted. Some typical cases 
showing how the system of payment affects these propor- 
tions will be considered. 

Attention must also be called to the case where there 
are a number of rolling-mills in one works, all of which 
are doing somewhat similar work, and which will usually 
all be working together. Here the probability is tly 
in favour of the variations in the power taken by the 
various rolling-mill motors balancing one another, so that 
the total power required remains at a fairly constant 
value, even although fly-wheels of quite moderate weight 
are used with the mill-motors. Fig. 15 illustrates this. 
This fact of natural balancing is fully borne out by prac- 
tical experience, and such a case is an ideal one for cheap 
electrical driving. 

1. Power Generated within Works.—In this case the 
power to be supplied by the power-station should be kept 
as constant as possible. If there are only one or two 
rolling-mill motors and a considerable amount of small 
machinery of which the power demand will keep fairly 
constant, the rolling-mill motors will tend to cause con- 
siderable fluctuations of power, and te ensure that power 
is being generated cheaply in the power-station these 
fluctuations mus. be reduced as far as possible by using 
heavy fly-wheels with the mill motors, and by arranging 
the slip-regulators so as to allow as much fall in speed as 
is consistent with obtaining the output from the mills, so 
that as much of the stored energy of the fly-wheels as 
possible may be available for reducing fluctuations in the 
power. 

Thare is a definite economic limit to the weight which 
may be adopted for the fly-wheels because increase in the 
weight increases both the frictional losses and the capital 
charges on the plant, and a point will be reached where 
the increase in running costs due to these frictional losses 
and increased capital charges will balance the savin 
effected by running the generating plant at constant load. 

If, on the other hand, there are a large number of roll- 
ing-mills, all of which are likely to be working simulta- 
neously, it would be advantageous under certain condi- 
tions to proceed to the other extreme and to reduce the 
fly-wheei weight, relying on the natural balancing effect 
to keep the load constant. Theoretically, it would be 
possible to ap ary with fly-wheels altogether, but this 
would require that the size of the driving motors should 
be considerably increased, and it would be found cheaper 
to install a moderate size motor with a moderate weight 
of ~ eae rather than a large motor and no fly-wheel 
at all. 


This reduction in the weight of the flywheels would 
reduce the capital charges on the plant, and by reducing 
the — losses would reduce the total power re- 
quired. 

In some special cases, where there is large number of 
mills working simultaneously, natural balancing is very 
difficult to obtain, as in the case of hot-mills for rolli 
tin-plates, where the motors are only giving their maxi- 
mum power for a very small fraction of the total time, and 
in such cases it is necessary to use heavy fly-whee 

2. Power purchased from a supply authority on the 
maximum-demand system where instantaneous peaks are 
registered : This case is similar to the above, as means 
must be adopted for keeping the power as near to the 
average value as practicable. The following example will 
show the saving to be effected by keeping the power to 
the average value :— is 

At a certain works where a small mill is being driven, 
the maximum instantaneous demand is about 260 kw., 
while the average number of units taken per month is 
about 25,600. Payment is made reckoning the maximum 
demand over 75 hours per month at 1d. per unit, and the 
remainder of the power at ;,d. per unit. The total cost 
of power therefore works out at 911. 3s. 4d. per month. 

tt however, the power during the working hours was 
reduced to the average—that is to say, to 53 kw.—pay- 
ment would be made for 53 x 75 units at 1d. per unit, 
and for 21,600 unit, at ,4d. per unit, so that the cost of 
power per month would be 52/, 12s. If, therefore, it were 
possible to keep the power at the average value, a saving 
of 38. 11s. 4d. per month would be made, or 462/. 16s, 
perannum. While this case is rather an extreme case, it 
shows that if a suitably a fly-wheel and a slip- 
regulator were installed to uce the power to the 
average, a very large ant would be made after paying 
the capital charges on this fly-wheel, &c. 

3. Power purchased from a supply authority at a flat 
rate for the number of units consumed: In this case all 
friction losses should be kept as low as possible in order 
to reduce the total number of units consumed, while there 
is no object in attempting to prevent variations in the 
power. 

If motors large enough to deal with the largest power 
required by the rolling-mill should be installed without 


* Paper read before the Institution of Electrical Engi- 
neers on January 11, 1912. 


any fiy-wheel at all, the friction losses would be reduced 
to a minimum, giving the cheapest possible power costs, 
while the maximum possible output could obtained 
from the mill on account of the steady speed at which it 
would run. Such large motors, however, would prove 
more expensive in capital cost than a more moderate size 
motor used in conjunction with a fly-wheel of moderate 
weight, and it could not be generally stated that the 
saving in power costs due to the reduction of friction by 
doing without a fly-wheel altogether would justify the 
additional capital outlay, although, if a large tonnage 
from the mill were considered essential, the extra capital 
outlay might then easily be justified. It may be said, 
however, that in such a case the prone tendency would 
be to reduce the fly-wheel weight and to increase the 
motor power. 
4. Power purchased from a supply authority on the 
maximum-demand system where peaks of several minutes 
duration only are taken account of: This system of 
charging is much in favour with the various supply 
authorities, and the remarks made with regard to case 3 
apply to this case also. ‘ 
he variations in power required by most rolling-mill 
motors are very rapid and the peaks last for a matter of 
TEST RESULTS SHOWING THE NATURAL BALANCING OF THE LOAD 


.15. ON A GENERATING PLANT SUPPLYING A NUMBER OF ROLL- 
ING MILL MOTORS WHOSE POWER VARIES CONSIDERABLY. 
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Fig. 16. TEST RESULTS ON A 30NCH THREE HIGH MILL PROVIDED 
WITH A DIRECT COUPLED FLYWHEEL & ROLLING TRAM RAILS 
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a few moments only, so that they will not be registered by 
the maximum-demand indicator. 

Care should be taken that the hourly output of the 
mill is kept as steady as possible, for if the mill were 
worked a, for an hour or two and then there was a 
long wait for billets to heat in the furnace, or for some 
other cause, this period of rapid rolling would be found 
to affect the cost of power very adversely. This, how- 
ever, is a matter for the mill manager, and does not affect 
the arrangement of the driving plant. 

The Ilgner System for Driving Large Three-High Mills,— 
In the preceding sections of this paper reference has been 
made to the necessity for a mill motor, when used in con- 
junction with a fly-wheel, to fall in speed when the power 
demand is large, so as to enable the fly-wheel to give up 
some of its stored energy, and attention has been drawn 
to the fact that this causes a diminution im the tonnage 
= the mill om ee. - ait ta te 

e speed of a rolling-mill is settled by the first 

in the roughing rolls, because in these passes the billet is 
very short, and if it is thrown out at a high — it 
becomes very difficult for the men to catch it. During 
these passes, while the actual power taken may be large, 
the time of the pass is short, so that the amount of energy 
consumed is comparatively small and the fly-wheel does 
not have to give up much stored energy, and so the speed 
of the mill is maintained practically at full speed. 


In the latter where the bar has become elongated 
to a considerable length, the time taken by the pass is 
considerable—half a minute or so—and while the power 


may not be very t the amount of energy consumed is 
considerable, and the fly-wheel will have to vary con- 
siderably in speed to give up the necessary amount of 





stored energy. 





In these last where high speed is most desirable 
to get the bar F sean | the rolls quickly on account of its 
great length, the speed of the motor has fallen to th: 
lowest limit, and this causes the reduction of the tonnage 
which it is possible to roll. The reduction of tonnage due 
to this cause is more marked where the mill is engine- 
driven than where itis motor-driven. The diagram, 
i} 16, shows the effect on the mill of the Ilgner system 
fe) ving. 

To overcome this difficulty several steel works have 
me ge the Ilgner system for driving large three-high 
mills—that is to say, the same type of electrical plant is 
used which is erally employed for driving reversing 
rolling-mills. In this system the fily-wheel is not coupled 
to the mill, but is coupled to a motor-generator set which 
supplies current to the mill motor. As the mill motor 
runs at a constant speed whatever power it is required 
to give, there is no reduction in tonnage owing to 
reduction in — in the mill, but the motor-generator 
set, instead of the rolling-mill motor, varies in speed so 
that the fly-wheel can give up its stored energy when 
the power demand is great, and absorb energy when the 
demand is small, so as to reduce the variation in power 
taken from the supply system to a reasonable value. 

In such a case the motor driving. the motor-generator 
set and the fly-wheel show variations of speed and power 
similar to those described in the earlier part of this paper 
for a mill-motor and fly-wheel, except that in this case 
the variations in power are very much reduced, partly 
because the motor-generator set runs at a comparatively 
high speed, so that the stored energy of the fly-wheel is 
very much increased, although its weight and cost may 
be much reduced, and partly use # much larger varia- 
tion in speed is permissible, as there is no fear of reducing 
the tonnage of the mill by allowing the variations in 
8 to be too great, so that a much greater proportion 
of the stored energy of the fly-wheel can be utilised to 
reduce power variations. 

It is obvious that by regulating the field-current of the 
generator of the motor-generator set, the voltage of this 
machine may be varied, causing the speed of the mill- 
motor to increase or decrease correspondingly, and as 
there is no fly-wheel coupled to the mill-motor, the speed 
of the mill-motor may be increased or decreased very 
rapidly. In rolling down a billet or bloom, therefore, it 
is possible to drive the mill at such a speed that while the 
first passes are being made the billet can easily be caught, 
and then to increase the speed considerably for later 
passes where the billet has been rolled into a long bar, 
and where each pass takes a considerable time, so that 
the times of these long passes can be reduced. 

In this way the total time for rolling down each billet 
can be reduced, and the tonnage can be increased. The 
time taken by these later passes can still further be 
reduced by increasing the speed after the bar has entered 
the rolls and then decreasing the speed again before the 
bar leaves the rolls, so that it is not thrown out at too 
high a speed. 

y using the Ilgner system, therefore, the possible out- 
put from the mill can increased beyond that which 
may be obtained if the mill motor were driven at a con- 
stant speed. 

The capital cost of the electrical plant for the Ilgner 
system of driving is considerably more than that of a 
plain motor and fly-wheel, but as the cost of the electrical 
plant is small in comparison with that of the mill and its 
various accessories, the use of the Ilgner system for driv- 
ing such a three-high mill may not increase the total 
capital cost of the plant much. As this increase in capital 
cost enables a much larger output to be obtained, the 
use of the Ilgner system in such a case cheapens the cost 
eee by reducing the capital charges per ton 
rolled. 

The use of the Ilgner system increases the losses of 
power taking place in the electrical machines per day, 
because there are the electrical losses in the motor and 
the generator of the motor-generator set to be considered, 
as well as those in the mill motor itself; but as a larger 
ton is being rolled in the day, and the bars are rolled 
so rapidly that they have not time to cool much, the units 
of electricity A ton rolled may be actually decreased in 
spite of this additional loss of power which is introduced. 

Where the Ilgner system is adopted it is always 
possible to use the mill as a reversing mill if a section has 
to be rolled which is difficult to manage in a nary 
mill. The Ilgner system has been adopted up to the 
present for driving :— 

1, 344-in. three-high mill, having three stands of rolls 
and rolling heavy pony driven by a direct-coupled 
motor of 12,600 horse-power normal output. The maxi- 
mum speed of the motors is 180 revolutions per minute, 
and the speed at which the maximum turning moment 1s 
given is 70 revolutions per minute. The fly-wheel motor- 
generator set, which is providediwith a 55-ton fly-wheel, 
runs at @ maximum s§ af 428 revolutions per minute, 
and is driven by a horse-power motor. } 

2. 294-in. mill, having three stands of rolls and rolling 
beams and light rails, driven by a direct-coupled motor of 
8400 horse-power normal output. The maximum speed 
of the motor is 180 revolutions per minute, and the speed 
at which maximum turning moment is given is 62 revo- 
lutions per minute. The fly-wheel motor-generator set, 
which is provided with a 55-ton fly-wheel, runs at a 
maximum speed of 428 revolutions per minute, and is 
driven by a 1500-horse-power motor. : 

. 29}-in. mill having five stands of rolls and rolling 
beams and rails, driven by adirect-coupled motor of 7300 
horse-power normal output. The maximum speed of the 
motor is 180 revolutions per minute, and the speed at 
which maximum turning moment is given is 52 revolutions 
per minute. The fly-wheel motor-generator set, which is 
provided with a 7b-ton fly-wheel, runs at a maximum 
speed of 428 revolutions per minute. This three-high 
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mill-motor is supplied from a generator attached to a fly- 
wheel motor-generator set, which is supplying an elec- 
trically-driven reversing rolling-mill at the same works. 

4, 23}-in. mill having three stands of rolls and — 
rails, beams, and sections, driven by a direct-coupl 
motor of 6000 horse-power normal output. The maximum 
speed of the motor is 180 revolutions per minute, and the 
speed at which maximum turning moment is given is 140 
revolutions per minute. The fly-wheel motor-generator 
set, which is provided with a 50-ton fly-wheel, runs at a 
maximum 8 of 500 revolutions per minute, and is 
driven by a motor of about 1200 horse-power. 

5. 22-in. three-high mill having three stands of rolls 
and rolling rails, sections, and rounds, driven by a direct- 
coupled motor of 2400 horse-power normal output. | The 
8 at which maximum turning moment is given is 120 
revolutions per minute, and the motor is arranged to run 
at very considerably higher speeds with a correspondingly 
less turning moment. This three-high mill-motor is 
supplied with power from a generator attached to a fly- 
wheel motor-generator set which supplied.a large reversing 
mill in the same works. . . ; é 

6. 20}-in. three-high roughing mill, rolling billets, 
driven by a direct coupled motor of 3800 horse-power. 
The maximum speed of the motor is 180 revolutions per 
minute, and the speed at which maximum turning moment 
is given is 100 revolutions per minute. This three-high 
mill motor is supplied with current from a generator 
coupled to a fly- heel motor-generator set, which supplies 
a large reversing rolling mill in the same works. | $ 

There is also a seventh three-high mill which is driven 
on the Ilgner system, of which no particulars are available. 

Three-Phase Current for Merchant-Mill Driving.—The 
roughing-rolls of a merchant mill should be run at the 
highest speed at which it is found practicable for the men 
to catch the comparatively short billet, and as in most 
cases about the same size of billet is being rolled, the 
speed should remain constant. 

The finishing-rolls, on the contrary, should be capable 
of running at a large number of different speeds, accord- 
ing to the shape and weight of section being rolled. 
Light sections which cool rapidly must be rolled at a 
high speed, so as to finish them while hot, but with 
heavier sections the rate of cooling is slower, so that there 
is not the necessity for rolling at a high speed, while 
there is the advantage that better material is obtained if 
the speed of rolling is lower. 

The slowest speed is required for ‘hand rounds,” 
where the roller has to guide a bar of oval section with 
his tongs through a round hole, so that the biggest 
diameter of the oval stands upright ; and unless the speed 
is low the roller cannot follow up the bar. 

If the roughing and finishing-mills are coupled together 
and driven by one motor, it will not be possible to run 
at a sufficiently high speed for the light sections on 
account of the roughing-mill, so that the os 
will restrict the output of light sections, while, on the 
other hand, when rolling ‘“*hand rounds” the low speed 
of the finishing-mill will uire that the roughing-mill 
also go at a low speed, and the output be also restricted. 
With such a mill the proper outputs can only be obtained 
at the medium speeds. 

The ideal drive, therefore, is to 
speed motor for the souenineent 
variable-s: motor for the finishing-mill, and when this 
is done the roughirig-mill is usually placed in tandem 
with the finishing-mill. Where the power available is 
direct current this arrangement presents no difficulty, but 
where three-phase current must be used the means of pro- 
viding a variable-speed drive for the finishing-mill needs 
some consideration. 

The simplest arrangement would be to provide an 
ordinary three-phase motor, and to reduce its speed when 
required by inserting resistances in the rotor circuit. This 
entails such a large waste of power in the resistances 
when the lower speeds are required that the arrangement 
is not practicable cunpaselall. In addition, when the 
pewer diminishes in the interval between passes or in the 
interval between the finishing of one billet and entering 
the next, the speed tends to increase up to the maximum 
speed, so that when the next billet is entered it is very 
difficult to handle the material. 

Another arrangement which can only be used where a 

rope drive can be employed is to provide an ordinary 
three-phase motor having three rope pulleys of different 
sizes on its shaft, and to change the ropes from one pulle 
to another when different speeds are required for the mill. 
To enable this to be done the motor bed-plate has to be 
made to slide in two directions, so that any one of the 
three — can be brought opposite the main rope 
pulley which is coupled to the mill, and so that the motor 
can be slid away from this pulley in order to tighten the 
ropes. This arrangement only enables three possible 
speeds to be obtained, which is insufficient to meet most 
requirements, and it has also proved itself to be very 
wasteful in power, and on this account it cannot be con- 
sidered where economy is any object. 
_ Another arrangement which is much more satisfactory 
is to convert the ay es current to direct current, 
and then to provide a direct-current rolling-mill motor, 
so that the speed can be varied to any required speed in 
order to suit all conditions without wasting any power, 
and with the exception of that variation in speed which 
is necessary to enable the fly-wheel to give up and regain 
part of its stored energy, the s remains constant at 
the required value. As the three-phase current must be 
converted to direct current, a transformer and a rotary 
¢onverter would be needed for this purpose, so that the 
capital cost of the plant is increased, and there is a certain 
loss of power in converting from three-phase current to 
direct current. 

This loss of power in conversion, however, is very small 


compared with the losses of power in the two arrange- 


rovide a constant- 
, and a se te 





ments mentioned above, while the extra capital cost is 
fully justified by this saving in power. 

A still more economi arrangement for obtaining 
variable speed has been adopted for three merchant mills 
in this country (Fig. 17). This consists of employing a 
three-p! motor direct-coupled toa direct-current motor 
for driving the mill. A rotary converter is connected to 
the rotor circuit of the three-phase motor, so that when the 
set is run at redu the power which would other- 
wise be wasted in resistances in the rotor circuit is con- 
verted by the rotary converter from three-phase to direct 
current, and then used usefully to supply the direct- 
current motor. 

Comparing this scheme with that of converting all the 
three-p power to direct current and installing a direct- 
current rolling-mill motor, it should be pointed out that 
in this latter scheme the rotary converter and the direct- 
current motor do not have to deal with the entire power, 
but with a power proportional to the amount that the main 
three-phase motor is running below synchronous speed. 
The conversioi: losses are therefore reckoned on a frac- 
tion of the power, and not of the entire power, so that the 
arrangement is much more efficient. Further. the rotary 
converter and the direct-current motor are proportioned 
for a fraction of the power instead of the whole power, so 
that they can be smal} machines. The arrangement, 
therefore, is cheaper in capital cost. 

With this arrangement the direct-current motor is 
provided with a compound winding to act asa continuous- 
slip regulator, and the combination behaves like an 
ordinary compound-wound direct-current motor, thes 
being varied by altering the resistance of the shunt field- 
circuit of the direct-current motor, while with the excep- 
tion of that variation in speed necessary to enable the fly- 
wheel to give up and regain part of its stored energy, 
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the mill-motor set runs at the required and does 
not give trouble by attempting to increase in speed up to 
the maximum speed between the 

Generally speaking, where there is a choice between 
direct-current or three-phase for driving a mill for which 
variable speed is desirable and there is little or no differ- 
ence in the cost of current, the adoption of direct-current 
will be found the more economical. 

Friction Losses.—Particular care should be taken to 
reduce as much as possible the friction losses, or other 
such losses which have a constant one value indepen- 
dent of the power which the rolling-mill may be giving, 
because, generally speaking, the power taken by a motor 
driving a rolling-mill varies between wide limits, so that 
the average power taken is very much less than the rated 
output of the motor, and any losses such as those due to 
friction which on continuously very considerably 
increase the number of units of electricity used in a given 
time. 

This is a point which is very liable to be overlooked, 
because such losses are usually stated as a percentage of 
the rated output of the motor, and so appear small ; but if 
the average power of a rolling-mill motor is one-third of 
its rated output, as is often the case, a friction loss which 
may be only 10 per cent. of the rated output will increase 
the total units consumed in a given time by 30 per cent. 
Such friction losses may be caused by the friction in the 
fly-wheel bearings, or by the windage of the fly-wheel 
itself, or in the drive to transmit the power of the 
motor to the mill in those cases where the mill-motor is 
not direct coupled. These remarks apply particularly to 
rope-drives when used for rolling-mille, as it is usually 
stated that a rope-drive involves 10 per cent. loss of power, 
but this only applies to the case of a motor which is con- 
stantly transmitting its full power through the rope-drive. 

It would be nes more exact if the statement were 
made that the use of a rope-drive involves a loss of 10 per 
cent. of the power which the ropes are capable of trans- 
mitting normally, and that this loss remains constant 
whether the motor is giving its full normal output or not. 
To take a practical exam ‘the case of some tin-plate 
mills may be considered which require a 450-horse-power 
motor, where the power varies between very considerable 
limits, and where there is a choice between installing a 
high-speed motor driving the mills through a rope-drive, 
or installing a slow-speed motor direct coupled to the 
mill. 

It may be assumed that the loss in the rope-drive is 
10 per cent. of the full-load power of the motor, that the 
efficiency of the slow-speed motor is 2 per cent. less than 

of a high-speed motor, and that the actual power 
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consumption required by the mill, apart from the drive, is 
15,000 units per week. If a slow-speed motor be installed, 
2 per cent. must be added to the 15,000 units on account 
of the low efficiency, so that the units consumed in the 
week will be 15,300. 

If the 450-brake-horse-power motor ran steadily at its 
full power, making due allowance for a 5 per cent. loss in 
slip resistance, &c., the steady input would be 385 kw.; 
therefore, if the motor ran steadily at its full power for a 
week of 120 working hours, it would consume 45,000 units. 
Ten per cent. of this, or 4500 units, are wasted in the 
rope-drive, so that if the high-speed motor with the rope- 
drive be installed, the total units consumed per week 
will be 19,500, or 4200 more than if a slow-speed motor be 
used. Supposing that the cost of ee is 0.5d. per unit, 
the extra 4200 units used per week will cost 8J/. 15s., or 
4371. 10s. per annum. This saving would justify a very 
considerable extra capital expenditure on a slow-speed 
motor. 

While any discussion of the details of construction of 
rolling-mills is outside the scope of this paper, the author 
holds the opinion that insufficient attention is paid to 
the question of friction in the pinion housings and on the 
roll-necks, and thinks that improvements, might be 
effected which would reduce this friction, and that any such 
improvements would materially reduce the cost of rolling. 
In many mills the power consumed by the friction of 
the mill itself is about one-fifth or one-sixth of the normal 
rated —e of the motor which is installed to drive the 
mill, so that nearly 50 per cent. of the units of electricity 
used per ton rolled are wasted in friction. This shows 
how great an opportunity there is for improvements for 
effecting economies in the cost of rolling. 

The foregoing observations regarding the large waste 
of power caused by rope-drives where the friction is 
independent of the power transmitted does not apply to 
the same extent to the gear drive, because the pressure 
between the teeth, and hence a greater part of the fric- 
tion, is dependent on the amount of power transmitted. 
When a small power is transmitted the friction loss is 
reduced, so that with a gear drive the units of electricity 
consumed on the overcoming friction do not form so large 
a proportion of the total number of units consumed as 
with a rope-drive. 

Tn certain mills, particularly in brass and copper-sheet 
mills, long trains of gearing are usually used for trans- 
mitting the power of the motor to the rol's, and are so 
arranged that the power for the more distant mills is, 
perhaps, transmitted through ten different pairs of gear- 
wheels. A more wasteful way of applying power could 
hardly be imagined. 

Economy.—The question of electrical driving is seldom 
raised without comparisons being made between the cost 
of driving rolling-mills by steam or by electricity ; but it 
is outside the scope of this paper te revive this well-worn 
subject. Various economies can be effected by the elec- 
trical driving when properly applied, but one of the 
principal economies is that of the cost of power. The 
electrical drive often enables cheap power to be used 
when it could not be transmit or applied in any 
other way, and also in many cases it affords a means of 
enabling power to be generated cheaply, so that in plan- 
ning an electrical drive every care should be taken to 
make use of its natural advantages as far as possible. 

In a large city where land is expensive, and where 
facilities for generating power in each individual works 
are far from the best, it is generally found to be most 
economical to buy power from the supply authority where 
the amount required is not very large, use power can 
be wm in bulk in a power-station and distributed 
to the various works more cheaply than the works can 
generate it themselves. Where works are not situated in 
a city, and where the cost of ground, &c., is much less, 
it is generally found that the works themselves can 
generate more economically unless the amount of power 
a is very small. 

here cheap power is available it must be applied as 
economically as possible, and it will be seen from what 
has been said in the foregoing that considerable care 
must be exercised in applying a motor and fly-wheel to a 
rolling-mill in order to ensure that the power is utilised 
as cheaply as possible if it is desired to obtain economy 
in working. 

There is much reliable information at present available 
about the units per ton taken to roll various sections, 
some of which has been given by the author in other 
places, so that there is no need to repeat these figures 
here. Attention should, however, be particularly drawn 
to the inaccurate results which will be obtained if any 
attempt is made to arrive at the puget size of the motor 
by multiplying the units per ton by the tonnage which it 
is ean to obtain from the mill on the —e Any 
such figure which is obtained in this way would be far 
too small, because a rolling-mill always works more or 
less intermittently, as either it is a physical impossibility 
for the men to stand up to the work continuously—that is, 
say, to keep up the maximum rate of rolling at which 
they could roll one bar—or else the mill has to wait for 
hot billets from the furnace, for the finished material to 
be cleared away, for roll-changing, or for other reasons. 








Frencn Coat-Mininc.—The production of coal in the 
departments of the Nord and the Pas-de-Calais last year 
was 28,109,662 tons, as compared with 27,194,076 tons in 
1910, showing an increase of 915,586 tons. The production 
of coke was 2,329,215 tons, as compared with 2,109,892 
tons, showing an increase of 219,323 tons. he produc- 
tion of briquettes was 1,729,583 tons, as compared with 
1,630,292 tons, me A yy = of ny van tons. = 
aggregate production of fuel in the two departments last 

ear was, accordingly, 32,168,462 tons, as conipared with 

, 934, 260 tons, 
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LIQUID FUEL.* 


outlet ports. Thetubes, however, were found to become 
rapidly obstructed with carbon deposits. 


| delivered at a pressure of from 2 to 3 atmospheres (29 Ib. to 
| 42 Ib. per square inch), require no steam, but they require 


and wit 


By Captain Epoarpo GIANELLI, of the Italian Corps of 
Naval Architects. 


In this paper the author deals with the various sources 

of supply of petroleum, with its characteristic features, 

4 the methods used for its carriage and storage. 

He then reviews the different systems followed for firing 
boilers with liquid fuel, as follows :— 

The first attempts were made in 1862, when the residues 
resulting from the distillation of petroleum were mixed 
with absorbent substances and burnt under the boiler on 
pans or on grooved grates ; the results, however, were not 
satisfactory owing to the excessive tera of smoke pro- 
duced and the irregularity of combustion. The system 
of grooved grate, which had the advantage of great sim- 
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licity and made it possible to revert easily to coal-firing, 
jo recently been taken up and improved by Major- 
Engineer Gervlamo Conti, of the Italian Navy, who has 
lately carried out a series of op ey on a torpedo- 
boat. In this system, the liquid fuel is fed into a series 
of narrow trough-shaped bars forming the grate; the air 
for combustion is forced upwards through the grate, and 
is deflected downwards on to the surface of the fuel by 
T-section bars spaced alternate.y with the troughs. The 
results have been satisfactory from the point of view 
of regularity of consumption, put the quantity of fuel 
burnt is too high. When this system has been further 
improved and fitted to a more suitable boiler than the 
locomotive boiler used in the above trials, it is expected 
to give more favourable results. Another method of 
burning liquid fuel, which was tried in the earlier days, 
consisted in vaporising it, by causing it to flow through 
a series of heated pipes previous to its issuing from the 








* Abbreviated translation of a paper read in Italian 
before the meeting of the 1° Congresso Nazionale de 
ria Navale e Meccanica, held in Rome, on Nov- 

ember 12, 1911. 





which may be divided into three classes: those 
steam jet, those using compressed air, and those in which | atomisers, the oil fuel is forced through the apparatus 


ost of the modern liquid-fuel systems employ atomisers, an air-compressor, which simply means that one difficulty 
using a is substituted for another. In the third class of 
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the liquid fuel is under pressure. Among the steam-jet| under a high pressure, and is given a revolving motion 
atomisers, the author mentions the Cuniberti system, | close to the point of exit. e best known types of 
which is fitted to a large number of Italian warships, and | this class are as follow: The Kérting burner, which is 
the Frugoni atomiser (see Figs. 1 to3), which is similar to | used on a 1 number of American and German 
it, and is used on the American —eer Delaware. | destroyers ; the Thornycroft burner (Fig. 4), used in the 
Atomisers, in which the steam jet is replaced by an air jet, | Italian destroyers of the ‘‘Fuciliere” type ; the Peabody 
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burner of Messrs. Babcock and Wilcox ; the Kermode, used 
in several British ships ; the Wallsend burner, and other 
similar ones.* The Paolo Mejani pressure burner has 
recently been tested at Spezia kyard, has given 
excellent results; in this the oil is vaporised, on its way to 
the orifice, in traversing spiral formed in a steel 
disc. Fig. 6 shows a burner with a single jet, whilst 
Fig. 5 is one with three jets. : 

Pressure burners, in the author’s opinion, at the present 
time meet with the greatest favour, since, besides doing 
away with the water consumption which forms a necessary 
feature of those using a steam jet, they work perfectly, 
and are most me | operated. ; . 

In the portion of the paper which deals with the fitting 
of the burners to the boilers, the author states that an 
advantage of 10 per cent. greater efficiency has been 
found by using independent atomisers instead of atomisers 
having one common air-receiver. In Fig. 7 is illustrated 
the method of fitting the Thornycroft, burner to a boiler, 
In this section he calls special attention to the Cuniberti 
arrangement of steam-jet atomiser. Major-General 
Cuniberti, of the Italian Corps of Naval Architects, 
starts from the principle that in order to secure a high 
efficiency, the combustion chamber should be at a distance 
from the boiler proper, and he locates the atomisers in 
firebrick chambers, as shown in Figs. 8 and 9, thus carry- 
ing the point of formation of the flame at a distance from 
the heating surface. ‘ rye 

Any type of boiler can be adapted for. burning liquid 
fuel; but those boilers are preferable which have an 
ample furnace, a long flame-path, and in which the 
heating surface in direct contact with the flames is not 
too great. An ample combustion chamber is of special 
importance, for upon its capacity depends the quantity 
of fuel that can be burnt—as applies to the grate in coal- 
fired boilers. The length of the furnace is not limited as 
in the case of coal-fired boilers, 4 m. (13 ft.) being con- 
sidered a favourable length limit. Tests have shown that 
8 horse-power can be obtained per sq. m. (about 0.8 horse- 

ywer per sq. ft.) of heating surface. With water-tube 
foilers aving an ample combustion chamber, a rational 
flame-path and good atomising, 6 horse-power per sq. m. 
(about 0.6 horse-power per sq. ft.) of heating surface can 
be reckoned upon. Calculations can be based upon this 
latter figure. . 

In order that the liquid fuel shall burn completely, it 
is necessary for atomising to take place in a strong air- 
current, and forced draught is resorted to. One of the 
main difficulties in liquid-fuel firing is the accurate 
regulation of the fans to give the exact amount of air 
required ; an excess of air cools the furnace, whilst in- 
sufficiency of air causes a part of the oil fuel to remain 
unburnt, giving rise to smoke. In order to facilitate 
regulation and to force combustion without any excessive 
production of smoke it is essential to use powerful fans, 
giving at least a pressure of from 80 mm. to 100 mm. 
(3in. to 4in.) of water column. With steam-jet atomisers 
firing can take place at low rates of steaming without 
fans and without smoke production, but this is quite 
impossible with the pressure burners. 7 

Japtain Gianelli states that the only serious objections 

which militate against the adoption of oil fuel is its high 
cost coupled with the difficulty of arranging for fuel 
supplies. In Italy oil fuel costs about 55 lire (about 
21. 3s.) per ton, or about double the cost of coal. Owing, 
however, to the greater calorific value of the oil fuel, this 
latter costs really only about 30 per cent. more than coal, 
a proportion which is further reduced when taking into 
account the decreased cost of handling the fuel and in 
working the boilers. It is hoped that the price of oil fuel 
will be reduced by the discovery of other sources, and by 
improvements in its extraction and transport ; but even 
now the increased cost is largely compensated for by the 
advantages it confers. As to the difficulty of taking on 
supplies, this will gradually disappear, as the use of oil 
fuel becomes more general. 
_ Boilers fired with oil fuel and steam-turbines form the 
ideal machinery for a warship; internal - combustion 
motors are the only ones that will prevail over this ma- 
chinery when the motors in question have undergone the 
necessary improvements toensure their satisfactory work- 
Hed * ~~ powers. In both cases the future lies with 
iquid fuel. 








ENcineerinc Works IN THE East.—Negotiations 
relating to the sale of the property and undertaking of 
the Imperial Chinese Merchant Machine Company to the 
Nippon Yusen Kaisha and the transfer of the Henyang 
Works, the Tayels iron mines, and the Ping-Hsiang 
collieries to a Chino-Japanese Company, have been com- 
pleted. The firms of Hitsui and Busson have undertaken 
to advance 5,000,000 taels, or 625,000/. Part of this 
amount will be loaned to the Chinese Republic, which 
guarantees full protection to the enterprises taken over. 





Memoria To THE LaTE Prorgsson AsHoRrort.—The 
Old Students’ Association of the Central Technical Col- 
lege has decided to unite with a view to found a memorial 
to the name and work of the late Professor Ashcroft, who 
died suddenly on December-14 last. After careful inves- 
tigation, it is considered that the most suitable plan to 
adopt is to place a tablet to his memory in the Goll \ 
and to collect funds for the pur of aiding his son, who 
1s now about fourteen years old, to follow and complete 
the course of training which the late professor had planned 
forhim. Donations should be addressed to Mr. E. F. Arm- 
strong, 98, London-road, Reading, if possible before the 
end of February, so that immediate action may be taken. 





* In two of our former issues (see ENGINEERING, vol. 
Ixxxv., page 805, and vol. Ixxvix., page 510), we illustrated 
several of these atomisers, and showed their application 
to different types of boilers, 





CATALOGUES. 


Drilling-Machines.—We have received from Messrs. 
Perkin and Limited, of Leeds, a small illustrated 
a of high-speed drilling-machines for engineering 
workshops. motor-repair shops, &c. The catalogue in- 
cludes a full range of sensitive drills, and other vertical 
drills with ratchet-lever and worm- feeds. It also 
gives particulars of radial drills and of pillar drilling- 
machines. The latter may be fitted with compound tables 
movable both longitudinally and transversely, and when 
so fitted they are suitable for cutting keyways and 
other similar work. Dimensions, weights, prices, and other 
particulars are given of all the machines dealt with. 


Oil-Separators.—The Baker Oil-Se tor Oompany, 
Limited, Union Works, Hunslet, s, have sent us a 
catalogue of Baker separators for removing oil from 
exhaust steam. The catalogue, after pointing out the 
advantages of these appliances, gives a number of dia- 
grams showing different arrangements of inlet and outlet 
connections, and various methods of drawing off the 
separated oil; illustrations of pumps for the latter pur- 
pose are also included. Dimensions, weights, and other 
particulars are given of separators suitable for use on 
a ranging from 14 in. to 40 in. in diameter. 
The catalogue also illustrates a combined separator and 
feed- water heater, oil-recovery and purifying plant, 
steam-driers, and exhaust-heads. 


Mechanical Stokers. — Messrs. Ed. Bennis and Co., 
Limited, of Little Hulton, Bolton, have sent us a cop 
of a pamphlet containing a number of illustrations, with 
brief particulars, of the boiler-houses of various industrial 
concerns where their stokers and furnaces have been 
installed. Messrs. Bennis make stokers of the sprinkler, 
coking, and chain-grate types, and also self-cleaning 
furnaces for burning colliery refuse. Some particulars of 
each type are given, and its chief characteristics are 
poin out. he illustrations show installations at 
electric light and power stations, pumping stations, col- 
liery power stations, steel works, docks, shipbuilding 
works, soap works, textile mills, &. In many of these 

lants coal-handling appliances have also been supplied 
- Messrs. Bennis. 


Pile-Driving Plant.—From Messrs. Whitaker Brothers, 
Limited, of Horsforth, near Leeds, we have received an 
illustrated sectional catalogue of pile-driving machinery 
and accessories manufactured by them. Steam-driven 
pile hammers are first dealt with, their construction and 
method of operation being illustrated and described ; 
these hammers are made in standard sizes, ranging from 
1 to 3 tons in weight. Illustrations are also given of com- 
plete pile-driving plants with these steam-driven hammers, 
and others with monkeys raised by winches operated by 
steam or hand power. A few special plants are also 
illustrated. One of these is fitted with a large steel chisel 
for cutting rock. The catalogue also illustrates steam- 
driven friction-winches, fitted with special throttle-valves 
connected to the clutch-lever, so as to prevent the engine 
from racing when the clutch is disengaged to allow the 
monkey to fall. 


Heating and Ventilating Buildings.—A booklet illus- 
trating and describing the Sturtevant system of heating 
and ventilating buildings has been issued by the Sturtevant 
Engineering mpany, Limited, 147, Queen Victoria- 
street, E.C. The booklet briefly describes the system, and 
illustrates its ap lication to engineering works, factories, 
educational buildings, commercial establishments, ~~ 
tals, theatres, and other public and private buildings, by 
numerous half-tone engravings and plans. The arrange- 
ment usually adopted comprises a fan, an air-heater— 
consisting of a battery of steam-pipes enclosed in a sheet- 
metal casing—and a system of ducts for distributing the 
warm air. Various types of fans, engines, air-heaters, 
ducts, dampers, air-filters, and other accessory apparatus, 
are illustrated and descri The Sturtevant system of 
regulating the humidity of the atmosphere in textile 
factories is also dealt with. 


Electrical Supplies.—We have received from Messrs. 
Siemens Brothers Dynamo Works, Limited, Caxton 
House, Westminster, 8S.W., a copy of their illustrated 
price-list of supplies for electrical contractors. The list, 
which contains nearly 300 pages bound in cloth covers, is 
divided into seventeen sections, any one of which can 
easily be found by means of a thumb index ; a complete 
index is also provided. Full particulars are given of 
“Tantalum” and ‘“‘Onewatt” lamps, carbon-filament 
lam arc-lamps and accessories, bells and ~~ all 
kinds of fittings and materials for wiring work, primary 
batteries, knife-switches, circuit-breakers, instruments, 
heating and cooking appliances, and other goods. At 
the end of the list the Wiring Rules of the Institution of 
Electrical Engineers are reprinted in extract, and a table 
is given showing the current-ca: ————— of various 
wires and cables. The same table shows the number 
of * Tantalum” lamps, and the horse-power of motors 
that can be supplied through these cables. 


Water-Softening Plant.—A large sheet giving a classified 
list of users of their water-softening apparatus, and illus- 
trating several installations, has reached us from Messrs. 
Lassen and Hiort, 52, Queen Victoria-street, E.C. A 
pamphlet illustrating dler’s patent automatic water- 
sampler for checking the working of water-softening plants, 
has also come to hand from thesamefirm, This apparatus 
consists of a circular pan divided by radial partitions into 
twelve compartments, into which the water is delivered 
from a funnel rotated by clockwork mechanism. The 
funnel, which is continuously supplied with a small stream 
of the softened water, makes a a revolution in 24 
hours, so that the water runs into a different compartment 
after each period of two hours, The twelve samples col- 





lected in this way can each be drawn off separately and 
examined, so that a complete check on the working of 
the softener is obtained. The apparatus is enclosed in a 
metal case, which is provided with a lock and key, so that 
it cannot be tampered with by any unauthorised person. 


Turbine Pwmps.—The Rees Roturbo Manufacturing 
are gm Limited, of Wolverhampton, have sent us a 
batch of pamphlets, circulars, and other advertising 
literature relating to their well-known high-lift centri- 
fugal pumps. ese pumps, a description of which will 
be found in our issue of April 21 last, on 528, are 
claimed to have a high efficiency and to be self-balancing 
and self-regulating, the latter property enabling them 
to work in circumstances where other types of centri- 
fugal pumps could not be employed. They are suitable 
for mine-pumping, boiler-feeding, fire-protection, water- 
supply, sewage-pumping, &c., and ticulars of each of 
these types are given in the pamphlets. That relatin 
to mine-pumps gives capacities, dimensions, weights, an 
other particulars of pumps with outlets ranging from 
24 in. to 10in. in diameter, for heads up to 1100 ft. 
Several illustrated accounts of installations, mostly 
reprinted from the columns of the technical press, are 
included among the pamphlets received. One of these 
pamphlets illustrates and describes the Rees Roturbo air- 
pumps and condensers. 


Mechanical Stokers.—We have received from the Under- 
feed Stoker Company, Limited, Coventry House, South- 

lace, E.C., a copy of a publication relating to their well- 

nown underfeed stokers for boiler and other furnaces. 
These stokers are made in three types—one for internally- 
fired boilers, one for small water-tube boilers, and another 
for large water-tube boilers, having grates up to 12 ft. 
wide ; the two latter types are also suitable for metal- 
lurgical furnaces. e construction and working of each 
of these three types is illustrated and fully described, and 
the many yy claimed for the system are then 
pointed out, each being dealt with separately. Amon 
the more important of these advantages, it is mention 
that cheap and inferior coal can be burnt efficiently and 
smokelessly, and that a great saving of labour is effected 
over hand firing ; reports of several boiler trials are given 
in support of these statements, Throughout the book a 
large number of boiler-houses in which these stokers 
have been installed, are illustrated. In conclusion several 
pages of information relating to the classification and 
analysis of coal, and the determination of its calorific 
value are given. A table giving the factors for ascertain- 
ing the equivalent rate of evaporation from and at 
212 deg. Fahr., with various feed temperatures and boiler 
pressures, is also included. Another table shows the 
water evaporated per pound of coal at various boiler 
efficiencies. 

Pressure-Indicator for Internal-Combustion Engines.— 
This instrument, which is known as the Okill pressure- 
indicator, is illustrated and fully described in a booklet 
we have recently received from the makers—Messrs. 
Taylors, All Saints’ Street Works, Bolton. Although 
primarily intended to be used for determining the — 
sion and compression pressures in the cylinders of gas 
and oil-engines, pean, &c., it can also be used 
for measuring the maximum pressures in steam-engine 
cylinders, air-compressors, pum &c., and for the 
calibration of ordinary engine-indicators under ag = | 
conditions. The instrument consists of a cylinder wit 
an acourately ae piston, the downward movement of 
which is prevented by a flange abutting against the upper 
end of the cylinder-walls. The upward movement of the 

iston is resisted by a helical spring coiled round a 
Ellow piston-rod, the lower end of which is spherical 
and rests in a recess on the top of the piston. e pres- 
sure of the spring can be varied, and also measured, by a 
micrometer sleeve, which screws into a barrel containing 
the spring and forming the upper part of the instrument. 
To use the indicator it is screwed into a spare plug-hole, 
or otherwise connected to the engine cylinder, and 
adjusted until the movement of the piston just ceases, 
when the reading of the micrometer sleeve gives the 
maximum pressure of explosion or compression, as the 
case raay be. A spring-controlled bell-crank lever, the 
short end of which rests on the piston, is provided to 
magnify the movements of the latter, so that the adjust- 
ment of the micrometor-sleeve can made more accu- 
rately. It is pointed out that as the piston is stationary 
when the reading is taken the effects of inertia are 
eliminated ; it is also stated that, for the same reason, 
the instrument may be connected to the cylinder by a 
long pipe, if necessary, without appreciably affecting its 
accuracy. The instrument is made in two patterns—one 
reading up to 600 lb. per sq. in., intended principally for 
use on gas-engines, and the other, reading up to 400 Ib. 

r sq. in., for motor-car engines. Prices are stated, and 
ull instructions for use are given in the booklet. 





Tue TEMPERATURE OF THE SuN.—In a paper presented 
to the Berlin Academy of Sciences last year F. Kurl- 
baum describes a determination of the temperature of 
the sun, based on observations which he had made in 
Egypt, near Assuan, in February and March of that 
year. The brilliancy of the sun’s light was compared 
with the brilliancy of a black body for the wave-lengths 
0.651, 0.588, 0.521, and 0.486 « with the aid of a spectro- 
pyrometer consisting of a Holborn-Kurlbaum pyrometer 
and a spectrum Fama similar to that which Benning 
used in 1910. rays were reflected into the photo- 
meter by a plate of esia which had a reflecting 

wer of 0.870. The resulting sun temperature would be 
scale, or 
alentiner 


730 deg. Cent. absolute on the Holborn-Da 
pod deg. Cent. absolute on the Holborn - 
scale. 
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acne” — PATENT 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
iliustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C. at 
the uniform price of 8d, 

The date of the adverti. t of the t of a Complete 
———- is, in each case, given after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 

the advertisement of the ~ptance of a Complete Specification, 
ive notice at the Patent O, of opposition to the grant of a 
‘atent on any of the grounds mentioned in the Act. 


MOTOR ROAD VEHICLES. 


28,879/10. Daimler Motoren Gesellschaft, Unter- 
turkheim, Germany. Power Transmission. [5 /igs.) 
April 26, 1910.—According to Specification No. 11,337, of 1910, the 
hub of one pair of a pair of oppositely disposed friction cones is 
passed through the hub of the other cone, and the operating 
mechanism is connected with the hubs exteriorly of the cones, 
The operating mechanism comprises toggle-lever mechanism ope- 
rated by means of a short rod or push-bolt connected with the 
foot-lever, and such rod or bolt is movable in a stationary guide. 
According to this invention, the rod or push-holt is not movable in 
a fixed guide, but the toggle-lever mechanism is supported or 
guided by a member or part which is immovable in the direction 
of the axis of the power-shaft. One arrangement, jn sata, og 
the present improvements is illustrated in the drawings. e 
friction cones, which are movable in the fly-wheel are not illus- 
trated. The ring k is connected to one of these cones and the ring 
m to the other, and when these rings are moved apart by the 
toggle-levers the cones are caused to approach one another and 
are remov-d from engagement with the hollow or female cone 
elutch-parts with which they respectively co-operate. The arms 
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o and p forming the toggle-lever mechanism en the rings 
k, m and the knee joints are pivotally connected with the arms p 
of the foot-lever shaft’ by the vertically movable rods or push-bolts 
r. Now, according to the present improvements, the knee joints 
of the levers o, p, besides being connected with the push-bolts r, 
are also connected with guide-levers w which are pivotally con- 
nected to the change-s gear-casing x. The levers w being 
of comparatively great length, and being so arranged that they 
move but little to one side or the other of the horizontal, it 
follows that the pivotal connection 6 between the le-levers 
and the lever w will move down and up over approximately a 
straight line. Therefore, although the push-bolts r, when 
pressed down, swing a little owing to the short radius of the 
arms v, the knee-lever mechanism is guided in its movements by 
the guides w. The movements of the rings m and k, and con- 
sequently also of the cones belonging thereto, thus have a 
certain interdependent relationship, and approximately equal 
movement of the rings m and k, and therefore of the correspond- 
ing cones, issecured. (‘4 ccepted December 18, 1911.) 


634/11, The Wolseley Tool and Motor-Car Com- 
pany, Limited, and A. A. Remington, Birmingham. 
haust-Silencer. (3 Figs.) January 10, 1911.—According 
to this invention, an exhaust-silencer is provided, of a very simple 
construction, in which the exhaust may, at will, be 
effectively thro the silencing chamber, or passed direct through 
a by-pass, which is entirely distinct from any portion of the 
way within which the exhaust is silenced in passing 
Rersibwoush. the gas discharging, in either case, through a 
common opening. A is the silencer chamber, B a perforated pipe 
through which the exhaust gas when the silencer is being 
utilised, and C a by- pipe. passing axially through the chamber 
A. The by-pass C is in a direct line with the exhaust piping D. 





o 


At the entrance of the silencer is a box E, which has a direct 
passage ¢ therethrough from the exhaust-pipe D to the by- C, 
and a branch e! in direct communication with the inlet end of the 
pipe B. At the exit end of the silencer is a box E}, which has a 

irect communication ¢? through it between the by-pass © and 
the exhaust-pipe D which leads therefrom, and a downward 
opening ¢* which communicates between the exit end of the pipe 
B and the pg ae Within a portion of the passage e is a 
butterfly valve /, by which the through the by-pass C can 
be closed or opened as desired. When the valve is open, the 
exhaust ge passes straight through the by-pass ©, is dis- 
se through the outlet. When the valve is closed, the com- 
munication through the by-pass C is cut off, and the gas is passed 





then through the pipe B, and esca’ at the common outlet. 
Accepted cember 2, 1911.) ” 


29,554/10. H.S. Hele-Shaw and F. L. Martineau, 
Rotary Radial Pumps. [3 Figs.) 
December 20, 1910.—In rotary pumps having radial cylinders 
rotatable about a fixed valve, the strain upon the working parts 
is reduced by setting up a pressure in the app in oppositi 
to the centri force. ¢ cylinders are open ended, and the 
valve 2 is provided with delivery ports 7 and two suction ports 8. 
The walls 9 form partitions in the cylinder body, and when the 
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pistons are operating to discharge liquid from the cylinders at 
one end through one of the ports, liquid is being drawn into the 
other end of the cylinder, the passages 10 making connection 
between the outer end of the pistons and the associated ports. 
By this construction, a — of greater capacity is provided, 
there is absolute balance on the central valve, and, moreover, the 
centrifugal force is balanced or opposed by liquid pressure, and 
the apparatus can be run at a higher speed. (Accepted December 
29, 1911.) 


7/10. E. S. G. Rees, Wolverhampton. Rotary 
= [4 Figs.) December 17, 1910.—This invention is based 
upon the ‘eclnaigte of the trompe or hydrostatic blowing-engine, 
in which the air is drawn into a downtake leading from a high- 
level water reservoir by the velocity of water within the pipe is 
entrained in the water which is divided or sprayed for this purpose 
near the upper end of the pipe, the water and entrained air being 
delivered at a high pressure to a low-level collector, in which they 
are separated and the compressed air led through a delivery pipe 
leading from the upper part of the reservoir to the place of storage 
or use, while the water is discharged at the level of the collector 
or at a higher level. The present invention may be broadly 
described as the adaptation of this principle to a rotary apparatus 
in which centri force is substituted for gravitational 

tential, the requisite pressures and velocities being obtained 
by means of a rotary apparatus which comprises a rotary- 














f 
i 
fal ht vee ata 
Lae is 
is | I a g Dirmres é 
SZ 
a _—— a -: 

















pump, which on its delivery side is designed to discharge a stream 
or streams of water py are to entrain air and to discharge the 
water and entrained air into one or more ducts which corresponds 
with the downtake of the trompe and lead to a rotating water- 
sealed tank which corresponds with the collector or separator of 
the trompe. Leading inwardly from this tank towards the shaft 
is a duct or ducts corresponding with the uptake of the trompe 
and delivering the water to a fixed casing, whence it is discharged 
tothe atm ere or to a second pump mounted on the same shaft 
and disc! ng through suitable nozzles into a fixed casing. The 
entrained air is separated under ure from the water within 
the rotating co'lecting-tank by the action of centrifugal force, 
and is collected in an internal air-space within the tank from 
which it is led to the place of use or storage. The impeller or 
rotary part a of the pump is of the kind described in the Specifi- 
gation of Letters Patent No. 4810, of 1906, receiving water through 





the inlet 5 from the suction-pipe ¢, and discharging it through a 
number of constricted nozzles d into a series of ducts e leading 
to a water sealed collecting-tank f contained within a rotatinc 
casing g. Air is drawn or forced into the streams of water 
within the ducts e by suitable means, for example, the con- 
stricted nozz'esd may be formed by introducing into the passages 
between each pair of atjacent vanes h of the pump impeller a 
transverse pipe ¢ which is open at one end to the atmosphere or 
to a space j connected with the chamber to be exhausted, and has 
one or more lateral openi as, for ple. saw cuts upon the 
farther side of the pipe in the direction of flow of the water from 
the pump impeller. The air transpired through these orifices 
in the pipes 2 mingles, and is entrained with the streams of 
water and carried with thei into the collector-tank f. The 
pressure of the air entering the pipes i may be increased by 
means of a fan rotating with the trompe, as indicated in dotted 
lines at, Fig. 1, or the air may be delivered to the space j within 
the fixed casing by an independent blower mounted upon the 
trompe shaft, or otherwise driven. The entrained air is separated 
from the water within the collecting-tank by the action of centri- 
fugal force, and is collected in an internal gas space jo within 
the rotating tank g, which space is preferably arranged to com- 
municate with a compressed air delivery pipe / through a hollow 
shaft k, Leading inwardly towards the shaft from the collecting- 
tank f is a series of ducts m which correspond with the uptake of 
the trompe, and deliver the water to the water passages n within 
the fixed casing 0, whence it passes through the discharge pipe » 
to the source of supply. (Accepted December 20, 1911.) 








SHIPS AND NAUTICAL APPLIANCES. 


10,440/11. Firm Anschutz and Co., Neumuhlen, 

. Gyroscopic Compass. [4 Fiys.) June 21, 

1910.—In a gyroscopic ap tus having a device for avoiding or 
reducing the errors uced in Dat eae apparatus by the 
rythmic vibrations, the time of oscillation of the movable systen, 
about the axis of rotation of the gyroscope used for measuring the 
angular deflection or indicating the direction, is increased by 
auxiliary gyroscopes, the axes of which are inclined relativel) 
tothe axis of the main gyroscope, and not rigidly connected to 
the movable system, but fixed in their normal position by springs, 
gravity, or other forces. The invention is illustrated as applied 
to gyroscopic compasses. a@ is the compass casing, b the gimbal 
ring, on which rests, by means of knife-edges ¢ and d, the bow! e. 
This bowl is covered by a glass disc f, and filled with liquid. In 
the bowl is secured the pin A, playing in the socket i of the 
cylindrical float k. To the float are secured the weights 1 and m, 
calculated in such manner that, in the horizontal position illus- 
trated, the centre of gravity of the movable system is below its 
point of buoyancy, and that only a small portion of the weight of 
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the float rests on the pin h, whilst the main portion is supported 
by its buoyar cy in the liquid. In the interior of the float, which 
carries at the top the card n, are arranged two gyroscopes 0 
and p, the axes of which are at a given angle a, which is assumed 
to be 90 deg. The spindles of the gyroscopes are rotatably 
mounted in rings g and r, which rings, in their turn, are rotatably 
mounted at 1 and 2, as well asat 3 and 4. The position of the 
rings q and r is determined by tension springs w and x, each con- 
nected with one end to the rod y, and with the other end to the 
rings g and r. The position of the rings q and r within the 
movable system can also be determined by other forces—for 
instance, by the action of gravity. The essence of the invention 
consists in the two gyroscopes being able to make small precession 
movements in case of an inclination of the movable system about 
the main axis, whereby the time of oscillation is increased. It 
must be pointed out that in case of a rigid connection of the bear 
ings of the gyrosco to the float. the desired gyroscopic pen- 
dulum effect would not be obtained. The two gyroscopes would, 
in such case, on the contrary, behave as a single gyroscope. 
(Accepted December 29, 1911. 


STEAM ENGINES, BOILERS, EVAPORATOBS, &c. 


5210/11. G. and J. Weir, Limited, and J. Peter- 
moller, Glasgow. Vacuum Augmentors. March 2, 
1911. {1 Fig.}—This invention is characterised by the employ- 
ment of air at atmospheric pressure in place of steam or water In 
the augmentor nozzle. By placing a suitable nozzle in the air- 
pump suction-pipe, and allowing air at atmospheric pressure to 
enter this nozzle, a substantial difference in pressure between the 
condenser and the air-pump suction is obtained. The air and 
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vapour come from the condenser a through the passage b, c into 
the nozzle apparatus. The admission of atmospheric air is at d, 
and in the nozzle e, f this air expands and oy high velocity, 
its available heat energy being transformed into kinetic energy. 
This air mixes at g with the air and ae coming from the con- 
denser, in sucking a as wh m4 ry: up its — 
kinetic energy, an e mixture e air-pump by way 
jo1L) pms Dry nozzle h and pipe k. (Accepted December 29, 
191L. = 
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THE LONDON, BRIGHTON, AND SOUTH 
COAST RAILWAY ELECTRIFICA- 
TION .—No. TII. 
OVERHEAD WorK. 
In some ways, the overhead conductors and their 


suspending gear form the most interesting part of 
a high-tension single-phase railway equipment, as 
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not continuous, as has frequently been the practice on the line is a matter of much interest, as it 
in this class of work, but each is independent from departs radically from the form usually adopted 
the next ; they are provided with turn-buckles at | for this class of work. This departure has been 
each end, so that their lengths may be adjusted. | made only after experiments and tests extending 
The sag of each catenary is calculated so that its over more than a year, which have established 
end pull is just balanced by that of each of its two the greater suitability of the spool insulator, as 
neighbours, the effect, of course, being that there is| used, over the more commonly adopted pin type 
no overturning moment on the girder towers, which | petticoat insulator. In passing it may ” noted 
have to take the dead weight only. The contact-| that the supersession of the pin-type insulator in 
wires are continuous throughout, and no tension | this case is but an example of the general set-back 


they constitute the feature of greatest difference 
from the more common continuous-current third-| gear to take up slack due to variations in tempera- | 
rail system. This is particularly the case in this|ture has been fitted, as is sometimes considered | 
country, where such overhead work isa matter of | necessary. Experience with the gear since its) 
creat novelty, and the installation which has been | erection proves that such tension gear is not 
carried out on the Brighton line, frequently under | required, at any rate for English conditions. The 
conditions imposing much difficulty, is of special | details of the suspension and catenary ends will be 
interest as showing the possibility of such work on an | clearly seen from Figs. 18 and 19, subjoined. 

ordinary English steam road entering great termini! Two of the essential conditions for the smooth 
and dealing with a large variety of tratiic. On and satisfactory running of a bow along overhead 


some of the first important single-phase electri-| contact-wires are that the wires should, as far as 
fications in other countries difficulty was experi-| possible, be carried at a constant height above the 
enced at the outset owing to the type of overhead track, and without abrupt changes of level, and 





gear adopted, and in some instances considerable 
modifications in the construction were necessary 


that rigid and unyielding points in them should be 
These conditions appear to be fairly 


avoided. 























it has received in recent years on high-tension over- 
head work of all classes. The tests which were 
made covered insulators of all types, and they 
included the suspension of the insulators over the 
exhaust-pipe of a steam-engine and over the funnel 
of a portable steam-boiler, which was stoked in 
order to produce dense clouds of smoke or red-hot 
gases in turn. Flash-over tests up to 20,000 volts 
were made under these and other conditions, such 
as in foggy and wet weather. As a result, it was 
decided that a spool type of insulater would give 
the best results under the conditions it would have 
to meet, although for all insulators it was estab- 
lished that it was very desirable they should be 
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before satisfactory running was attained. In these 
circumstances it is interesting to note that the 
system adopted on the Brighton line differs mate- 
rially from others which had been used up to the 
time of its installation, and that it has given great 
satisfaction in practice, the arrangements used on 
the South London line having been adopted on the 
extension without substantial modification. 

In its general features the Brighton overhead 
work consists of lattice, or joist, girders or canti- 
levers mounted at the top of steel towers and carry- 
ing pairs of insulators on their upper or lower sides. 
From each pair of insulators a pair of catenary 
wires is carried to the corresponding insulators on 
the next girder or cantilever, and the contact wires 
are hung from these catenaries by means of short 
droppers pitched about 10 ft. apart. The cate- 
naries are fastened together at the points where 
the droppers leave them, by means of horizontal | 
ties made of the same material as the droppers and 
of the same length as those above which they are | 
fixed, so that two droppers together and their tie | 
make an equilateral triangle. The catenaries are 
made from twelve stranded galvanised-steel wires, 
each 0.088 in. in diameter, while the contact-wires 
are of copper 0.5 in. in diameter, and have a 
breaking stress of not less than 22 tons per sq. in. 

he droppers are looped over the catenaries, 
and are attached to them by clips, which allow the 
croppers to be removed without the catenaries 
being disturbed, while the contact-wires are made 
with grooves on each side, into which clips carried 
by the droppers are secured, The catenaries are 








obvious ones, but much trouble, owing to their 
non-observance, has been experienced in the past 
with some of the early single-phase installations, and 
it is interesting to note that in spite of the novelty 
and, in some ways, untried nature of the construc- 
tion adopted on the Brighton line, there has been 
no appearance of trouble due to these causes. The 
achievement of constancy of height and easy change 
of level in the wires are, of course, matters of 
careful erection, but the avoidance of rigid points 
is one that must receive attention in the drawing- 
office. It will be clear that the type of construc- 
tion illustrated in Figs. 18 and 19, and described 
above, will in itself allow a reasonable flexibility 
in a vertical plane, and that if an advancing 
bow is causing a slight lift on one of the wires, 
that lift will not receive a serious check when 
the bow reaches a suspension point, since the 
inclined position of the droppers will easily allow 
of them being slightly deformed by the lift of the 
wires. In order, however, to ensure even greater 
flexibility at the suspension points than the con- 
struction essentially ieee. all droppers of a greater 
length than 2 ft. 6in.—that is, the great majority 
—are made in two parts, with 2-in. links connect- 
ing them, so that there is almost 4 in. of un- 
restricted vertical play in the contact-wire at the 
droppers. The arrangement will be seen in Figs. 18 
and 19. At the termini, and in order to deal with 
the jar caused by changing the bows, an even more 
flexible arrangement is adopted, and, instead of 
linked droppers, chains are used. 

The type of insulator which has been employed 



































kept out of the direct line of hot gases coming 
from locomotive funnels. The form of insulator 
actually adopted will be seen in Figs. 18 and 19, and 
many of the illustrations to be referred tolater. It 
will be gathered that it consists of a simple corru- 
gated spool, and it will be clear that as in all cases 
it connects the live and earthed parts by means of 
a steel tube through its centre, and clips round its 
outer circumference, it is subjected entirely to 
compression stresses, which the porcelain of which 
it is made is well able to stand. Three sizes of insu- 
lator only, all of the same type, are used through- 
out the railway. 

With any form of construction the insulators 
may be looked upon as the weakest point of the 
overhead gear, and in order to cut down the weak 
points to the possible minimum an ingenious form 
of push-off or pull-off has been adopted for control- 
ling the staggering of the overhead conductors, and 
also their position on curves. This device is sus- 
pended from the main insulators which carry the 
catenaries, and has no insulators uliar to itself, 
so that no extra weak points are introduced by its 
use. The arrangement consists merely of an angle 
frame suspended from above the turn-buckles on 
the catenaries, and will be easily understood from 
Fig. 18. It is also shown in several of the other 
illustrations, particularly Figs. 32 and 35, on Plate 
XXV., and Fig. 36, on Plate XX VI. Double insu- 
lation is used throughout the line, as will be seen 
from Fig. 19, and some of the other illustrations. 

The type of tower and girder or cantilever which 
has been adopted varies extensively throughout the 
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line in accordance with local circumstances, and 
examples of various types are given in Figs. 18 to 23, 
on the present and previous page, while illustrations 
from photographs showing various parts of the line 
are given in Pigs. 24 to 40, on Plates XXIII. to 
XXVI. The girder structures are normally placed 50 
yards apart, although in special cases they are set 
closer than this. e towers are in practically all 
cases built up of angle-steel principals, with lattice 
bracing, and are secured by means of lewis bolts to 
concrete foundation-blocks, as shown in Figs. 18 
and 19. The overhead girders or cantilevers are made 
up as lattice structures throughout the whole of the 
South London line, but on the extension, where a 
short span over two tracks only is required, simple 
joists have been used, as in Fig. 33, which shows 
a view taken on the line close to Streatham Hill 
Station. The simple joists, although resulting in 
little or no saving in material, will, of course, be 
more easily repainted than the lattice girders. 
Two-track spans of this class are, however, the 
exception rather than the rule, and in general 
lattice structures are common throughout the 
whole of the work. It will be noticed from the 








Fig. 20, subjoined. It should be said that the two 
outer roads, with which these structures are intended 
to deal, are now being equipped. It may be men- 
tioned that specially deep foundations were neces- 
sary with these large structures, as they stand on 
made ground. Various special types of construction 
are shown in Figs. 36 to 40, on Plate XX VI., these 
in most cases having reference to over-bridge or 
tunnel work. Fig. 36 shows an entrance to the 
Crystal Palace Tunnel and calls for no special 
comment, except that attention may be drawn to 
the extensive use of the special pull-off which has 
been adopted. Fig. 39 is a view looking into the 
Streatham Hill Tunnel, and shows the construction 
adopted for what was a somewhat difficult part of the 
ouk. The insulators are carried on steel joists 
covered with concrete and bolted to cast-iron side 
brackets, which were built into the walls, and were 
covered with concrete after-the cross-joists were in 
position. Fig. 39 shows the arrangement before this 
concrete covering had been put on the brackets. A 
similar type of construction on been adopted in the 
Crystal Palace Tunnel. Figs. 37 and 38 show views 
of the special form of suspension which has been 
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illustrations given on the Plates that two classes 
of bracing are used for the lattice structures, and 
that while cross-bracing is used in some cases, a 
simple N form has been employed in others. 
These two types are used respectively on the 
South London line and the extension, it having 
been thought, after the completion of the first part 
of the work, that the N type of girder might 
offer less possibility of confusion with the signals. 
The N girders are in all cases fixed so that the 
inclined members lie in the opposite direction from 
the signals behind them, an the latter are in 
their lower positions. 

It is not necessary to refer in detail to the various 
types of girder structure shown on the Plates, as 
they will in general be understood from the figures, 
and their place on the line is stated in the titles 
accompanying them. The special structures illus- 
trated in Fig. 29 may, however, be mentioned, as 
their novelty is likely to attract attention. They 
are used at Pourparts Junction, on the Waterloo side 
of Clapham Junction, ata place where the line runs 

rallel and close to that of the London and South- 

Vestern Railway. Owing to this fact it was im- 
possible to erect a —— tower for the inner 
end of the girders, and the somewhat heavy and 


expensive erection shown became a necessity. The 
structures at present carry the conductors for 
two roads only, but are sufficiently long to carry 
those for four, while, in addition, the space between 
the two legs is large enough for the addition of 
another track, should this prove necessary later. 
The position of this extra track is indicated in 


necessary to carry the conductor wires below the 
over-bridges at Streatham Hill and Crystal Palace 
Stations. This construction has been adopted in 
each case owing to the limited head-room available, 
and it will be seen that the method of carrying the 
four insulators, which together make up the double 
insulation, in a horizontal row, and connected by 
angle and channel-irons, has resulted in a very small 
over-all vertical dimension. In Fig. 38 a beam 
support similar to those used in the tunnels will 
be seen in the centre of the bridge. Fig. 40 shows 
the construction used in London Bridge Station, 
and the method of running the catenaries below 
the smoke-screens. The corresponding arrange- 
ment in Victoria Station will be seen in Fig. 24. 
The loading gauge of the line is 13 ft. 6 in., and 
as an electrical clearance of at least 5 in. is neces- 
sary, it was found impossible to run the live wires 
below the three bridges which cross the track out- 








to be fixed 6 ft. 6 in. above the highest por- 
tion of any existing coach, which gave a height 
of 19 ft. 9 in. above rail-level. These two dimen. 
sions give a total variation of 6 ft. in the height of 
the wires, which was a somewhat difficult condition 
to comply with in the design of the bow ; this will 
be dealt with later. The normal height of the con- 
ductors has been fixed at 16 ft. above rail-level. 

In connection with the matter of this height of 
the conductor wires, it should be said that the 
Board of Trade demanded the 6-ft. 6-in. clearance 
above any part of a coach, not only in the termini, 
but also on all sidings on which unloading took 
place. This explains the fact that on certain parts 
of the line, as shown, for instance, in Figs. 30 and 34, 
the insulators supporting the catenaries are fixed 
below the cross-girders, instead of above, as is 
shown in the other illustrations, and as is the 
general system throughout the lines. In the cases 
shown in both Figs. 30 and 34 there is a siding to 
the left-hand side, which is at present unequipped, 
but which will be dealt with later, and the towers 
have accordingly been made of such height that 
when the insulators for the overhead conductors 
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for these sidings are fixed on top of the girders, the 
wires will have the necessary height of 19 ft. 9 in. 
above rail-level. The effect of this arrangement is 
that the girders are too high to allow of the fixing 
of the insulators above them for the ordinary 
running rails, and these insulators are accordingly 
fixed below them, as shown. ; 
The subdivision of the lines into separate live 
sections was at first carried out by fitting insulated 
neutral sections to form part of them, but this 
arrangement has now been abandoned in favouf of 
air-space insulators, the contact wires at any 
section merely overlapping each other in a hori- 
zontal plane, and having an air-space between them. 
Air-space insulators of this class are shown in Figs. 
28 and 31. The wires are staggered 9 in. on each 
side of the centre line, passing over from one side 
to the other, so as to form a zig-zag. The object of 
this is, of course, to prevent them wearing grooves 


side Victoria Station, as their construction gauge is | into the aluminium slider of the bow. 


only 14 ft. Accordingly in these cases a neutral 


It will be realised that the erection of the over- 








section has been introduced into each of the con-| head gear presented many difficulties when it is 
ductor wires, and over this the trains have to | stated that the whole of the work had to be carried 
coast. It is believed that the Brighton installation | out with no curtailment of, or interference with, 
is the first in which such an arrangement has been ordinary traffic. For the erection of the cross- 
successfully adopted. This type of construction, | girders, catenaries and contact wires, the only time 
as used under the Elizabeth Bridge outside Victoria | available was between the hours of one o’clock and 
Station, is shown in Fig. 26. These Victoria | four o’clock in the mornings, when there was in 
bridges determined the lowest ition of the | general little or no traffic over the lines. The 
conductor wires, which was fixed at 13 ft. 9 in., | fixing of the pull-offs, and the securing and align- 
while their highest positions were determined by | ment of the overhead lines, was, however, carried 
the fact that in Victoria and London Bridge out during the day time, as it was impossible Ne 
Stations the Board of Trade required the wires | proceed with this work satisfactorily by artificia 
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light. The contact wires were brought to the site 
in half-mile lengths, coiled on drums, and carried in 
trucks running on the working rails. As the trucks 
were run forward the wire was paid out and tem- 
porarily fastened to the catenaries, the final setting 
and alignment, as stated above, being afterwards 
attended to in the day time. Access was had to the 
overhead work at night by a travelling platform 
mounted on a truck, but in the day time ladders 
had to be used, so that they could quickly be 
removed on the approach of trains. All overhead 
steel wires were covered with two coats of hot tar 
after erection. The whole of the overhead gear 
was supplied and fixed by Messrs. Robert W. Black- 
well and Co., Limited, of Parliament Chambers, 
Great Smith-street, S.W. This firm acted as direct 
contractors on the Crystal Palace extension, but on 
the South London line occupied the position of 
sub-contractors to the Allgemeine Elektricitiats 
Gesellschaft, of Berlin. The whole of the work 
was carried out to the design, and under the super- 
vision of, Mr. Philip Dawson, M. Inst. C.E., the 
electrical adviser to the railway company. 








THE HYDRAULIC AND MECHANICAL 
LABORATORIES OF THE UNIVERSITY 
OF TORONTO, TORONTO, CANADA. 


By Rosert W. Aneus, B.A.Sc., Professor of 
Mechanical Engineering, University of Toronto. 


Tue faculty of applied science and engineering of 
the University of Toronto has grown out of the 
School of Practical Science, which was organised in 
1877, the first building for the purpose of giving 
instruction in engineering having been erected 
duting the following year. The attendance at this 
institution steadily increased from its inception, 
until a large addition to the original building had to 
be made, which part contained the newly-established 
engineering laboratories. These laboratories were 
opened in February, 1892, and contained apparatus 
for instruction in hydraulics, thermodynamics, in- 
cluding steam-engines and boilers, strength and 
properties of materials, electricity, astronomy and 
geodesy, and chemistry. 

For some years this building, with its equipment, 
served the needs of the engineering branches very 
well, especially after provision had been made for 
instruction in mining; but the attendance continued 
to increase with such rapidity that an additional 
building became a necessity. Hence it was decided 
in 1901 to erect the chemistry and mining building, 
which, as the name indicates, is largely used for the 
accommodation of the chemistry and the mining 
and other kindred laboratories and departments. 
The cost of the building was about 400,000 dols., 
and it, togetherwith the previously mentioned build- 
ing, provided a total floor space of 130,000 sq. ft. 

As the attendance still continued to increase very 
rapidly, by the time this new building was ready 
for occupation the whole additional space made 
available by its erection was occupied, and crowding, 
more especially in the engineering laboratories, 
began to be again felt. Great hydraulic develop- 
ments on the Canadian side at Niagara and 
throughout other parts of Ontario, and the greatly 
increased demand in the province for power of 
other kinds for manufacturing, have caused students 
of late years to pay special attention to the 
development of power from water and fuel. 

he hydraulic and steam and gas-engine labora- 
tories could not be expanded to any extent, and 
hence for the past few years have been utterly 
inadequate to meet the increased demands for 
training along these lines. In 1908 the Board 
of Governors of the University of Toronto, under 
Whose control the Faculty of Applied Science 
and Engineering had come by the University Act 
of 1906, decided upon the erection of a new build- 
ig to accommodate these very important branches 
of work. The building was begun in July, 1908, 
and it was first opened for instruction in October, 
1909, about 250 students having done work therein 
during the session. It is with this latter building 
that the present article deals under the name of 
Mechanical Laboratories. 

Che Mechanical Laboratories.—The building may 
be described under three headings :—{a) The 
Hydraulic Laboratory ; (b) the Thermodynamic 
I saboratory ; and (c) the Study-Rooms and Offices ; 
it has an extreme length of 201 ft. and a width 
ba 100 ft., which dimensions will be augmented at 
4 later date by the erection of a westerly front con- 
vaining class-rooms. The building is of white brick 


with white-stone trimmings, and almost all of it 
has been made fire-proof. The cost of the building 
alone was about 85,000 dols., while the money 
spent on new equipment and on the installation of 
—— was 22,000 dols., which together, with 
about 10,000 dols. worth of apparatus moved in 
from the old laboratory, would bring the total 
value of the building and its equipment up to 
117,000 dols. 

Before beginning the detailed description the 
writer desires to point out that all of the machines 
are of comparatively small size, even the boilers 
being in small units. The use of large machines 
does not appear to him to be a good plan, because, 
in the first place, the student is inexperienced and 
does not grasp the complete machine in his mind 
at one instant, the several parts being too much 
separated. Further, the expense of operation is 
great, and also a fairly large number of students is 
required for a given experiment. 

Small units thus conduce to cheapness of opera- 
tion and of first cost, thus permitting greater 
variety of apparatus for a given expenditure, and 
they also permit the minimum number of students 
to work together. They do not give so good 
economical results as the larger machines would, 
but, after all, the main object of an engineering 
college should be to give ideas and methods rather 
than to obtain the very best possible figures for 
economy. The two floor plans, Figs. 1 and 2, 
indicate the general distribution of the apparatus 
and the arrangement of the building. 

The Hydraulic Laboratory.—The north half of 
the building is three storeys high, and contains 
the offices, lecture-rooms, study-rooms, library, and 
hydraulic laboratory. The latter laboratory occu- 
pies the basement and lower floors of the easterly 
end, each of these floors being 40 ft. wide by 113 ft. 
long, the lower storey being 18 ft. high, the upper 
one 15 ft. high. Three-quarters of the entire north 
side of these rooms consists of large windows run- 
ning through the two storeys, and affording, along 
with a similar large window on the east end, very 
good light. The floors are of concrete, which is 
particularly suited to the needs of an hydraulic 
laboratory, and is at the same time fire-proof. 

Considerable difficulty was experienced in making 
a sufficiently flexible arrangement of this labora- 
tory—i.e., one which will permit as many different 
parties of students as possible to work at the one 
time on independent experiments. As a large 
quantity of water is used daily in the work, and as 
the pressure must be maintained quite uniform 
during most of the experiments, it has been found 
necessary to pump the water in the laboratory from 
a well under the floor, and to use the same water 
over and over again, returning it to the well after 
it has passed through the experimental apparatus. 
Turbine pumps have been found especially useful 
in this connection, because they may be readily 
adapted to different conditions of operation. For 
example, at high heads, such as those used in 
impulse turbines, the delivery is not large, whereas 
for the low heads used in reaction turbines the 
discharge is very much increased, a characteristic 
of the pump which has been found especially valu- 
able in laboratory work. 

A schematic representation of the piping and 
pumps is shown in Fig. 3, page 241. There are two 
pumping units, each consisting of two two-stage 
ae mounted on a single base-plate, each unit 

eing driven by one pulley through a belt. The first 
unit, made by Messrs. Gwynnes, Limited, London, 
has a capacity of 1 cub. ft. per sec. at 125 ft. head 
for each two-stage pump, and the separate pum 
are piped up, as shown in the drawing, so that by 
closing valves 1 and 3, and opening valve 2 (the 
valve in A being also closed), the two pumps may 
be placed in series, giving the rated discharge at 
250-ft. head, whereas by opening valves 1 and 3, 
and closing valve 2 (the valve in A being closed), a 
parallel arrangement is made, giving 2 cub. ft. per 
second at 125-ft. head ; or, again, by closing 1 and 
2 and opening 3, the two pumps may be made to 
discharge separately through the — A and B. 
Tn the laboratory the pressure is really maintained 
by throttling, and if this pressure be decreased by 
opening the valves, the discharge will be much 
increased above the quantities given. Thus, with 
a head of 40 ft. on each pump the discharge will be 
about 50 per cent. above the rated discharge at 
the designed head. This particular make of pump 
was chosen because it is of the double-suction type, 
and therefore perfectly balanced against end-thrust 





at all heads. 


The second unit, made by Messrs. Escher Wyss 
and Co., Zurich, Switzerland, also consists of two 
pumps mounted and piped similarly to those of 
Gwynne’s, just dane’. each of these pumps 
delivering 1 cub. ft. per second at 150-ft head, the 
series arrangement giving the above discharge at 
300-ft. head, and the parallel arrangement giving 
2 cub. ft. per second at 150-ft. head, the discharges 
at lower heads being correspondingly increased. 
These pumps are balanced against end-thrust by a 
leakage method, and consequently will not work 
satisfactorily if the head is reduced below about 
80 ft. on each pump ; but as they give high effici- 
ency, they have been found very satisfactory. An 
arrangement of piping is also available by which, by 
opening valve 4 and closing valve 5 and the valve 
in B, the two units may be operated in series, thus 
giving 1 cub. ft. per second at about 550-ft. head, 
and when they have all been run in parallel, 
discharges of over 5 cub. ft. per second have been 
obtained. Either pump in a given unit may be run 
independently if desired, and the valve 4 is always 
closed except for the total series arrangement of 
pumps. A few minutes’ thought will convince the 
reader of the suitability of such an arrangement 
for laboratory work. It is compact and economical 
in operation and first cost, and, above all, provides 
a remarkable degree of flexibility. 

In addition to the above apparatus the laboratory 
also contains various small pieces of apparatus, such 
as an hydraulic ram, water-meters, pipes and hose 
for friction experiments, &c., all of which are 
arranged for experimental work. The frictional 
loss in the pipes and hose is measured by differ- 
ential gauges, and a special device is made for 
attaching the gauges to the pipe, a drawing of 
which is shown in Fig. 4. 

Referring again to the piping diagram, Fig. 3, it 
will be noticed that it is connected to the pumps 
by four pipes A, B, C, D, one from each two-stage 
pump, the connecting pipes, as well as most of 
the pipes in the distribution system, being 6 in. 
in diameter. A few of the pipes are smaller, while 
those delivering water to the larger reservoir for 
turbines are 8 in. 

Almost all of the piping is placed near the 
ceiling of the basement storey, the pumps deliver- 
ing water into the pipes s and f’, which are looped 
together, valves being placed in the pipes as in- 
dicated. There are also two other connections to 
the pipe B from the Gwynne pumps—an 8-in. one r 
running to the turbine reservoir q, the other » 
running to the reservoir p, the object of which is 
to be described later. From the pipe D of the 
Escher Wyss pumps an 8 in. pipe s also discharges 
to the reservoir g. The pipe e running along the 
north side of the laboratory from end to end of it 
has connections to /, i, j, pipes running up through 
the first floor, which are intended to be used for 
experiments on friction in fire-hose and iron pipes, 
and also for Pitot-tube work on smaller pipes. ‘The 
distance of nearly 110 ft. from h to i permits pipes 
of considerable length to be used on this work. 
From the same pipe e a connection is also run up 
through the main floor for the attachment of 
Venturi and other meters. The pipe g runs along a 
considerable part of the south side of the laboratory, 
having direct connection to the impulse wheels 
through a pipe /, a connection being also left for the 
attachment of any special device. It will also be 
noted that the pipes e and g are connected at both 
ends, suitable valves being arranged to allow the 
water to pass in any desired way from one pipe to 
the other. 

All of the pipes have flanged joints with copper 
gaskets, in order to facilitate the making of any 
possible alterations at a later date. As new experi- 
ments are continually suggesting themselves, a 
number of flanged tees, k, have been distributed 
throughout the system, and these are closed with 
blank flanges, so that it-is a matter of comparative 
ease to attach a pipe to any of these at any time. 
In order further to facilitate these arrangements, 
castings as shown in Figs. 5 and 6, with a lid, have 
been placed in the main floor above these tees, the 
openings in these castings being 12 in. in diameter, 
so that a pipe with flange attached may readily 
be put through them. Thus any new apparatus 
which it is desired to connect may be put together 
in a convenient place and then attached in a very 
few minutes to the piping system. 

The reservoir p, which has an overflow, as shown 
in Fig. 10, page 242, is used to supply water for prac- 
tice in the calibration of orifices and weirs, the object 





of the experiment being to determine the various 








; 
{ 
| 
| 








240 


ENGINEERING. (FEB. 23, 1912. 





coefficients. Three pipes, in which are gate-valves, 
carry the water from the reservoir p down to the 
two orifice tanks, and the one weir-tank shown in| 
the figure, which are used for this purpose, and | 
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the water from the weir to a spout h pivoted to j, | or the valve g; the movement of the lever is then 
and swinging inside the inverted Y-shaped casting k | continued to the position 3, the pin on d engag- 
which delivers the water to the calibrated measur-| ing with the lever and shifting h by means of the 
ing-tanks n and 0, the volume of water being! rod 6 and the lever p, the adjustable weight 1 
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after passing through the orifices or the weir the 
water must be carefully weighed or measured to 
get the desired calibration. 

The arrangement of apparatus for doing this is 
original and of some interest, and is shown applied to 
the weir-tank in Figs. 7 and 8, A6-in. pipe j carries 
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read off on the gauge-glasses shown. The figure holding h in whichever extreme position it is placed. 
shows the tank o filling, the discharge valve q The lever is now in position 3, r is closed, as is 
being closed while the tank n is emptying through | also the valve g, which has not yet been disturbed, 
the open valve r. When o is nearly full the lever | the tank n is filling, and the water in 0 comes to 
is shifted to 2, turning the disc d and closing the perfect rest, when the exact level is read off in 
valve r, but producing no effect upon the rod b the water glass and the volume thus known. The 








ef 


naoe-7=s > 


= omg 





FEB. 23, 1912.] 


ENGINEERING. 


241 





lever is then pushed to the position 4, allowing o | It is mounted on a weir-tank, so that the discharge | which has a runner 350 mm. in diameter. This latter 


to empty. In actual operation the sequence of 
stops of the lever is 1, 3, 4, 2, 1, 3, &e. This 
arrangement has proved of great value, inasmuch 
as results may be obtained accurately and quickly 
by men who handle the apparatus for the first time, 
as the whole operation is performed by the move- 
ment of the one lever. The scheme is simple and | 
inexpensive, and might be applied with advan- 
tage insuch cases as the measurement of condensed 
steam, &c., in engine trials. 

In making experiments on the impulse turbines, 
pipe-friction, and other apparatus, the water used 
is measured by weir and orifice tanks, the coeffi- 
cients obtained in the above calibration being used. 





PIPING SCHEME, H 
Fi tg.3. 


may be readily measured, and is driven by a variable- | 
speed motor, so that experiments may be made 
under varying conditions of speed, head, and dis- | 
charge This pump and motor may be seen in 
Fig. 10. 

For the work on turbines a number of machines | 
are available. There are two impulse wheels, one | 


,made by the Pelton Water Wheel Company, and 
| the other a 12-in. Doble wheel of special construc- | 


tion, placed in a casing with glass sides, so that | 
the action of the water may be readily observed. 
Brakes have been placed on these wheels and the 
discharge is measured by a weir-tank, the weir being | 
similar to the one mentioned earlier in this article. 


VORAULIC LABORATORY. 


wheel is of the most modern type, having a conical 
draught tube about 7 ft. long, the governing being 
done by rotating the guides by means of an external 
hand-wheel. Fig. 11 shows the Escher Wyss and 
6-in. turbines set up in position for testing, the 
former, which is on the left, being connected to the 
large reservoir at present, but pipes are provided 
for the attachment of the other turbine when 
desired. As already stated, the capacity of the 
pumping plant for the purpose of han reaction 
turbines is over 5 cub. ft. per second, a volume suf- 
ficientiy large to give a head of 20 ft. on the Escher 
Wyss turbine, and considerably greater heads on 
the other wheels mentioned. 
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Several weir-tanks are in use, all of which have 
weirs of the exact size of the one calibrated. 
These weirs are also placed in tanks of similar size, 
so that the coefficients must be the same. The head 
on the weir or orifice is measured by a hook gauge 
reading to hundredths of an inch. 

The two turbine pumps already mentioned are 
arranged for research work, and are set up as shown 
at Fig. 9, being driven by a 130-horse-power Belliss 
and Morcom engine running at 525 revolutions per 
minute, through a countershaft running at about 
900 revolutions per minute. On this countershaft 
a dynamometer had been arranged, so that the power 
transmitted to the pump may be measured while 
observations are being made on the head and dis- 
charge. In this way a number of experiments have 
already been made, and details as to these will be 
given out later. In addition to these two pumps a 
special pump has been designed for research work. 


University of Toronto. 





In connection with the reaction turbines special 
arrangements have had to be made. A large reser- 
voir, shown at gq. Fig. 3, and also in Fig. 11, which 
is 54 ft. in. diameter and 32 ft. high, has been 
placed on a stand, so that its base is about 14 ft. 
from the basement floor. The water to this reser- 
voir is supplied through two 8-in. pipes r and s, 
Fig. 3, baffle-plates being placed in the reservoir 
near the pipes to prevent surging of the water. 
This reservoir has a 14-in. outlet on each side for 
the attachment of turbines, while in the front is a 
large 30-in. opening with a special plate, in which 
nozzles or orifices or any other special devices may 
be placed. As the top of the reservoir is closed, 
the pressure in it may be as high as desired. 

There are three reaction turbines: a 9-in. 
McCormick turbine ; a 6-in. New American tur- 
bine ; and a Francis turbine in a spiral casing made 
by Escher Wyss and Co., Zurich, Switzerland, 

















The discharge from these turbines is measured 
over a contracted weir, 4 ft. 6 in. long, placed in a 
'tank, 20 ft. long, 6 ft. wide, and nearly 4 ft. deep, 
the top of the tank being flush with the upper floor. 
Arrangements have been made for making the crest 
of the weir perfectly level, and the design is such 
that weirs of different lengths may be placed in the 
| tank. for the measurement of smaller or larger dis- 
charges than the above weir is suited to. 

The weir is first of all calibrated, and the co- 
efficients determined by means of two large measur- 
ing-tanks in the basement, the design for the 
operation of these tanks being similar to that for 
the smaller tanks already described, in that a single 
lever is used for the entire process ; but as the 
discharge-valves from the tanks are much larger 
than in the preceding case, these valves are ope- 
rated by h ulic cylinders—a process requiring 
some modification in the design of the operating 
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mechanism. These measuring-tanks may also be 
used for the direct determination of the flow through 
smaller orifices and nozzles, which may be placed in 
the reservoir. 

In the basement are a number of ducts of concrete 
designed mainly to return the water to the well 
which is below the floor. There is, however, in 
addition to these a long open trough running along 
the entire north wall of the basement, having a 
length of about 110 ft., and a width and depth of 
6 ft. and 4 ft. respectively. Near the end of this 
trough is a weir 4 ft. 6 in. wide, exactly similar 
to the one in the large weir tank under the tur- 
bines, so that the same coefficients may be used for 
both weirs. 

This trough has been designed for several pur- 
poses, as, for example, the measurement of water, 
but the main object was to provide a channel for 
the rating of current-meters, Pitot tubes, and other 
similar devices, instruments which are of great 
value in estimating the value of water powers, &c. 
Apparatus is now being installed for running the 
instruments down the trough at a uniform rate. 
The trough may also be used for some small experi- 
ments on towing of models, and although it is too 
small to expect very much along this line, some com- 
parative results may be obtained. 

(To be continued.) 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

THE annual general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
16th inst., at Storey’s Gate, Westminster, the chair 
being taken by Sir H. F. Donaldson, K.C.B., Vice- 
President, in the unavoidable absence of the Presi- 
dent, Mr. E. B. Ellington, through indisposition. 
After the conclusion of some formal business, the 
Chairman presented the prizes which had been 
awarded by the Council to the graduates who had 
written the best papers read at the graduates’ 
monthly meetings. One prize was awarded to 
Mr. A. J. Bremner for his paper on ‘‘ The 
Balancing of Engines,” and another to Mr. C, A. 
Collins for his paper on ‘*The Manufacture of 
Interchangeable Parts.” 


ELEctTIion oF OFFICERS. 

The announcement of the result of the ballot-list 
for the election of officers was next made, the 
following gentlemen having been duly elected to 
fill the vacancies caused by retirements under the 
rules :—As President, Mr. E. B. Ellington; as 
Vice-Presidents, Lord Merthyr and Dr. Cawthorne 
Unwin ; as Members of Council, Dr. Archibald 
Barr, Mr. George Churchward, the Right Hon. 
Lord Pirrie, Mr. Walter Pitt, Mr. Mark Robinson, 
and Mr. E. W. Worsdell. 

APPOINTMENT OF AUDITOR. 

A resolution was next moved by Mr. J. W. 
Sutton, who proposed that Mr. Robert A. McLean, 
F.C.A., of 1, Queen Victoria-street, London, be 
reappvinted to audit the accounts of the Institution 
for the present year. Mr. G, W. Thompson seconded 
this motion, which was duly carried. 

The Secretary was next called upon to read the 
report of the Council, of which the following is a 
summary :— 

During the year 1911 His Majesty the King had 
been pleased to confer the following honours upon 
members of the Institution :—Sir W. T. Lewis,” 
Bart., K.C.V.O., had been created a Baron (Lord 
Merthyr) ; Mr. H. F. Donaldson, C.B., and Dr. 
J. A. Ewing, C.B., had been created Knight Com- 
manders of the Order of the Bath; the Hon. 
F. J. E. Spring, C.I.E., had been created a Knight 
Commander of the Most Eminent Order of the 
Indian Empire ; a knighthood had been conferred 
upon Mr. G. Croydon Marks, M.P.; Mr. J. Scott 
Pitkeathly had been made a Companion of the 
Royal Victorian Order, and Mr. F. Dudley Docker 
a Companion of the Order of\the Bath, while Rai 
Bahadur Ganga Ram, C.I.E., had had conferred 
upon him the Membership of the Royal Victorian 
Order. 

The Council had presented an Illuminated Address 
of Congratulation to His Majesty King George V., 
Honorary Life Member, on the occasion of his 
Coronation. The Institution had been presented 
by the American Society of Mechanical Kngineers 
with an illuminated address, referring in a very 
gratifying way to the successful joint meeting held 
m Birmingham and London in 1910, and thé 
American Society had also elected as an Honorary 
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Member Mr. J. A. F. Aspinall, who was President 
of the Institution during the joint meeting. 

At the close of 1911 there were 5828 names on 
the roll of the Institution, of which 7 were hon. 
members, 2550 members, 2533 associate members, 
56 associates, and 682 grad:.ates. The total addi- 
tions during the year were 542, against which had 
to be set 414 deductions due to death, resignation, 
or other causes. The net increase of the roll during 
1911 was thus 128. The admissions to the class of 
Member during the year numbered 133, and to that 
of Associate Member 276. The losses by death 
during the year numbered 74, and included the 
names of Mr. T. Hurry Riches, Past-President, 
the Right Hon. Lord Airedale, and Sir W. J. 
Crossley, Bart. 

The Institution’s revenue for 1911 amounted to 
15,922I., and as the expenditure had been 12,29951., 
a balance of 3123/. resulted, exclusive of 504l. 
carried direct to the capital account. During the 
year the Council had arranged for a new issue of 
4 per cent. debentures in connection with the 
extension of the Institution building. Of this issue, 
34,0251. had been allotted, made up of 20,6251. new 
subscriptions, and 13,4001. exchanged for a similar 
amount of the 1897 issue. The 6600. of the 1897 





debentures outstanding were paid off on January 1 
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of the present year. The total assets of the Insti- 
tution amounted to 108,896/., and deducting de- 
bentures and other liabilities the capital account 
showed a balance of 60,6311. 


EXTENSION OF THE INSTITUTION BUILDING. 


During 1911 considerable progress had been 
made with the scheme for extending the Institution 
building. From four competitive designs that by 
Mr. James Millar, F.R.1.B.A., had been selected. 
The site at the corner of Princes-street had become 
available at Christmas, and the contract for the 
work had been let to Messrs. John Mowlem and 
Co., Limited. It is expected that the extension 
will be ready early in 1913. 


BENEVOLENT FunD. 


A benevolent fund had been founded through 
the generosity of Mr. W. H. Allen, who had 
offered the Institution one thousand 1/. shares in 
Messrs. William H. Allen, Sons, and Co., Limited, 
for this purpose. Steps are being taken to establish 
this fund as a company limited by guarantee. 


ResearcH WorRK. 


The work on aluminium-zinc alloys at the 
National Physical Laboratory had been completed, 
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Fig, 11. 


and a report on it would shortly be presented to 
the Institution. The results of a new series of gas- 
engine tests on variations of the ratio of gas to air, 
and the composition of the charge during expan- 
sion, had been embodied in a report, by Professor 
F, W. Burstall, and would be ready shortly. Papers 
were being prepared on ‘“‘ Refrigeration,” and on 
the ‘‘ Action of Steam Passing through Nozzles 
and Steam-Turbines,” subjects which had been 
suggested as suitable for research. 


Tue LisRaARY AND THE INSTITUTION’S PROCEEDINGS. 


Members had made increased use of the Library, 
516 books having been loaned during the year. 
108 searches for special information had been made 
by the staff on behalf of members. A new card- 
index was in progress. A list of the additions made 
to the Library during the year was appended to the 
report. In connection with the suggestion that the 
Institution should undertake the publication of 
abstracts of interest to members, from the technical 
periodical literature of the world, the Council had 
issued a circular to members, and had up till the 
date of the meeting received 761 replies in favour 
of the scheme, and 328 against. The matter was 
still under consideration. 


Meetincs Hetp Dorine 1911. 


The summer meeting of 1911 was held in Switzer- 
land, 153 members and graduates attending, as well 
as 45 visitors, 65 ladies, and Swiss friends. A full 
report of this meeting was given in our columns at 
the time. The Council desired to express their 
thanks to Colonel P. E. Huber, Colonel G. L. 
Naville, Professor A. Stodola, Mr. E. Sulzer- 
Ziegler, Mr. J. Sulzer-Imhof, Professor W. 
Wyssling, and others for assistance in connection 
with this visit. Eight monthly meetings of the 
Institution in London had been held during the 
year, and in addition to the regular meetings two 
lectures had been delivered before the Institution 
by Dr. W. Rosenhain on “ Iron-Carbon Alloys.” 
These have been published in the Proceedings. The 
Calcutta and District Section of the Institution 
had continued to meet, and had joined in the discus- 
sion of papers read before the Institution in London, 
in addition to which four papers had been contri- 
buted by local members. The branch now numbered 
sixty-four members, and the Institution had made 
& grant of 251. towards the expenses of the section. 
A number of graduates’ meetings had been held in 
ondon and nine visits to works had been made. 
Seven graduates had read papers before their sec- 
tion, and, as already recorded, prizes had been pre- 
sented hy the Council to Mr. A. J. Bremner for his 
ree on “‘ the Balancing of Engines,” and to Mr. 

- A. Collins for a paper on ‘“‘ The Manufacture 
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of Interchangeable Parts.” A lecture had been 
delivered before the graduates by Captain H. Riall 
Sankey on ‘‘ Wireless Telegraphy.” Graduates 
residing out of London had, in many cases, been 
invited to attend meetings and debates of local 
engineering societies, as in former years. In con- 
clusion the report announced that the next summer 
meeting would be held in Belfast. 

The Chairman, commenting upon the report just 
read, remarked that a statement had been made in 
it referring to the question of qualifications for 
Associate Membership. The Council desired that 
this question should be thoroughly ventilated, in 
order that they might ascertain the views of members 
concerning their proposals. He therefore invited 
the meeting to adopt the annual report, leaving the 
question of examinations for subsequent discussion. 

Mr. Daniel Adamson spoke on the report, saying 
that though perhaps all was well with the London 
members, he wanted to urge the Council to give 
more consideration to their ‘‘ country cousins” who 
could not attend the London meetings regularly 
or avail themselves of visits tothe library. He 
wished to direct the attention of the Council to the 
need of more practical research work. In recent 
years no results of practical value had been given 
to the members ; everything seemed to be stagnant. 
Important subjects suggested to the Council were 
in abeyance, as, for instance, steam-jacketing, 
friction of gearing, and heat transmission... He 
could not see why these should not receive greater 
attention. He had only come on this Quixotic 
mission after consultation with some of his fellow- 
members. He would read an extract from a 
typical letter he had received on this subject. 
This correspondent said, in substance :—‘‘ I have 
been round to numerous people with your letter, 
and all are agreed that, compared with what might 
be done, very little notice is taken of those of us 
who do not live in London. I believe it is sixteen 
years since the Committee commenced to investi- 
gate the effects of steam-jacketing. During the 
whole of that time they have scarcely contri- 
buted anything at all to our knowledge on 
that subject. If they had really wanted to 
find out anything about jackets, they would 
have seen that Senchetiee had an experimental 
engine admirably fitted for work of this special 
type, and have asked someone there to join the 
Committee. But Manchester is not London, and 
the staff of the School of Technology had the 
misfortune to be interested in engineering know. 
ledge rather than in the academic nonsense pre- 
valent in other places.” 

Abstracting technical literature, Mr. Adamson 
continued, was another subject which he would 
urge upon the Council. Seven hundred members 


had voted in favour of it. It was true that objec- 
tions had been raised to the proposal, the first 
being the question of cost. For the Institution 
this cost had been estimated at from 2400I. to 
40001. per annum. The Institution of Electrical 
Engineers, however, issued ‘‘Science Abstracts” 
ata cost to the individual member of 7s. 6d. per 
annum, including binding, the cost to the Institu- 
tion of Electrical Engineers being between 3001. 
and 4001. per annum—not thousands. The inclu- 
sion of similar abstracts in the journal of the 
Iron and Steel Institute cost that body between 
4001. and 5001. per annum, no charge being made 
to members beyond their annual subscription, 
which was about two-thirds that of the Institution 
of Mechanical Engineers. He had been told that 
there were publications already issued which 
covered the ground. They did not, however, 
adequately cover the ground from the point of view 
of mechanical engineering. They covered too much 
ground, with the result that they were of little 
value to a member of the Institution of Mecha- 
nical Engineers. Even at the cost of a guinea 
the abstracts would be a saving to members, 
but he thought that expense was not necessary. 
He had — to the Secretary of the American 
Society of Mechanical Engineers, on the occasion 
of the Birmingham meeting, on this subject, and 
that gentleman had stated that his Society would 
co-operate. This year the American Society had 
taken up the matter. They now issued, in their 
monthly journal, what was called a ‘‘ Foreign 
Review,” the European papers being first dealt 
with as being, doubtless, of more importance to 
their members. Mr. Alex. Siemens had once said 
to him: ‘‘ If you show a new thing to an American, 
he says ‘Try it ;’ if you suggest something new to 
an Englishman, he says ‘Damn it!’” Members 
had been in hopes of obtaining a monthly journal 
for over three years. The American Society had 
such a journal, and, coming out monthly, it was a 
tangible reminder of the activities of the Institu- 
tion. The advertisements paid for it. 

Other institutions had benefited largely by the 
adoption of local sections. He would also ask the 
Council to consider whether Friday evening was 
the most convenient for the country member. It had 
been suggested that his criticisms were answered 
beforehand by the increase in membership ; but he 
was inclined to think the Institution was putting on 
fat rather than muscle. In proof of that, he would 
point out that only two papers had been read last 
year by ordinary members out of a number of 2500. 
The Institution wanted stirring up. More frequent 
changes in the Council would be an advantage. 
A new member of Council attracted a certain 
amount of new support; his advent aroused new 
interests. He further considered that it would be 
in the interests of the Institution if the president 
held office only for one year. This procedure had 
several advantages. 

Mr. E. C. Marks desired to give general support 
to the last speaker in his advocacy of the interests of 
the ‘‘country cousin.” He also was a country 
cousin, coming from Birmingham, which originally 
was the home of the Institution. He desired to 
support Mr. Adamson’s cause generally, without 
committing himself to all the details; but he wished 
to emphasise the matter of local sections. In Bir- 
mingham, Manchester and other places there were 
local sections of other institutions. He thought the 
Institution of Mechanical Engineersshould give simi- 
lar support to its members who had the misfortune 
to be in the country. The country members, who, 
after all, were the mainstay of the Institution, 
wanted local sections. In the case of the Civil 
Engineers, the President, the Secretary, and one 
or two other officers accepted invitations to the 
dinner of the local body, and questions at issue 
were discussed. Such an arrangement was, he 
thought, a benefit to the whole Institution. It 
would be a great advantage to country members if 
they could meet together from time to time. 

Mr. Andrew Brown spoke next. He felt, with 
regard to abstracts, that as only about one-eighth 
of the members desired to have these, the ex- 
pense involved should certainly not be incurred. In 
regard to advantages the Institution might offer, he 
would suggest having some really good free lectures, 
after the style of the Gresham lectures, on matters 
of engineering interest, to show the world in general 
that the Institution was prepared to do something 
for the young engineer. Some two or three years 
ago there had been a sum of money which was 








supposed to be devoted to benevolent purposes, 
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but no machinery being available, the money had 
been handed over to another body, and the matter 
was dropped. Now a substantial start had been 
made with the benevolent fund in the form of the 
gift of 10U0/. in shares in the business of Messrs. W. 
H. Allen and Co. He would urge that a committee 
should be formed, which, on hearing of cases of 
distress eVen of members of the Institution, who 
had, under circumstances that could be explained 
privately, fallen upon bad times, should make 
small donations. The applicant should not be 
made to feel that he must necessarily be pauperised 
by giving a list of friends, &c. 

The Chairman, in reply to the discussion of the 
report, said that papers dealing with two subjects 
for research were mentioned in the report as being 
in course of preparation. He did not know whether 
the work on steam-jacketing was ever to come out 
of the ‘‘ nonsensical” stage which Mr. Adamson 
had mentioned. Two diametrically opposed 
— had been expressed as to the value of 
abstracts. On this matter the Council would be 
doubtful as to the right course, had not so few 
members thought it worth while to reply to the 
circular of inquiry lately issued. The interest taken 
inthis matter was evidently by no means universal. 
He rather regretted that attitude. The amount of 
support so far indicated was quite inadequate to 
warrant the Institution in undertaking this work. 
That conclusion was enforced when only about 
one-fifth of the members answered at all, and only 
70 per cent. of those replies were favourable. 
There were other directions from which the data 
could be got, and it might be possible to make these 
available to meibers ata price less than that charged 
to the general public. The Council would consider 
the suggestion as to the day of meeting, but this 
was a matter which had already received their 
attention. The general shuffle up of the Council 
suggested would also doubtless receive their careful 
attention. With regard to the one-year presi- 
dency, he agreed. The Institution had reached such 
a size that, excepting the case of a particularly 
important piece of business being left unfinished, 
more advantage would probably be derived from 
one-year presidencies than two. The creation 
of sectional meetings had recently been under 
discussion. It was not at present clear, however, 
how any useful end could be served by their institu- 
tion, but the Council would take proper cognisance 
of the suggestion. To make the Benevolent Fund 
effective, the Council had been advised that it would 
have to be in the form of a private company, under 
the Companies Act ; but the working of it would, 
he was sure, be managed with all secrecy, and the 
beneficiaries would be known only to the members 
of the Committee He was sure it would be the 
desire both of the Council and members that any 
assistance thus rendered to those who were tem- 
porarily ill off should be carried out with every 
regard to courtesy and kindness. 

The Chairman having moved the adoption of the 
report, the motion was seconded by Dr. W. H. 
Maw, and carried. 


ENTRANCE EXxaMtNaTIONS FOR MEMBERSHIP. 


The Chairman then referred to the remarks on 
the subject of entrance examinations for associate 
membership in the report. The Council invited the 
consideration by members of the scheme outlined in 
the appendix to the report, or of some other scheme. 
He was afraid that some members had read the 
particulars of the scheme somewhat perfunctorily. 
Some had overlooked the fact that it was not pro- 
posed to examine candidates of over thirty years of 
age. The draft Xe gee was divided into heads, 
and in print looked rather serious, but closer 
investigation would show that only two papers 
were required in each subject in addition to the 
thesis. 

Sir H. F. Donaldson then read the note, by the 
President, which followec. the appendix, remarking 
that Mr. Ellington had taken the keenest interest 
in the matter. He desired to obtain from the meet- 
ing a definite approval of the general lines upon 
which the Committee had moved in dealing with 
this proposal and bringing it forward. We give Mr. 
Ellington’s note in full on page 264 of the present 
issue. 

Mr. E. G. Constantine opened the discussion. 
It was quite necessary, he said, to raise the status 
of the Institution to the highest point possible. 
The syllabus put forward by the Council was a right 
and proper one if an examination had to be , 
Unless the examination system were very carefully 





worked it might have a very undesirable effect. 
Instead of raising the qualifications of members as 
engineers, it might lead to the influx of a consider- 
able number of men of high academic attainments, 
who, as engineers, in the professional under- 
standing of the word, were lacking. He knew a 
man who was highly educated, who had gone 
through a course of theoretical and scientific train- 
ing, and another of workshop practice. Examina- 
tions presented no difticulty to him, but he could 
not hold any position of responsibility which he 
obtained. He was a slave to duty, so painfully 
anxious to do the right thing that he never suc- 
ceeded, and the last he had heard of him was 
that he was working as a fitter. That man 
would have passed the examination then under dis- 
cussion without difficulty, and would have been 
entitled, as far as general and scientific train- 
ing was concerned, to be a member of the In- 
stitution, yet he was no engineer. The other 
he would refer to was one of the finest engineers 
of the day. At thirty years of age that man would 
have found it impossible, without very hard cram- 
ming, to pass the proposed examination. He was 
an engineer in every sense of the word, who could 
design and construct anything. Unless the Council 
were in a position to exercise their discretion—and 
that was the saving grace of the proposed innova- 
tion—and could see the engineer in the man, the 
latter could not have been elected until after thirty 
years of age. 

Mr. B, A. Raworth, who spoke next, observed 
that all must feel most sympathetic with any 
attempt which the Council might make to raise 
the status of engineers. If examinations would do 
this, then they should certainly be adopted. Let 
the young men ‘‘face the music” and prepare 
themselves for the ordeal. But it was undesirable 
to sail under false colours. Ifthe new members to 
be elected by examination were going to be worse, 
and not better, engineers than the men who were 
obtained by selection, then there would be no 
advantage either to the profession or to the Insti- 
tution. According to the new scheme there were 
to be two methods of entering the Institution. 
The President had said, in his note on the pro- 
posal for examination [reproduced on page 264), 
that associate members might enter in two ways. 
Between the ages of 25 and 30 they might enter by 
having served an apprenticeship, or the modern 
equivalent for apprenticeship, and by passing an 
examination. After the age of thirty they might 
enter by serving an apprenticeship and by sub- 
mitting to a scrutiny on the part of the Council. 
It appeared then that the Council would have no 
= to scrutinise the career of a young man who 

d passed his examinations and had been through 
his apprenticeship. [Several Members of Council 
here interposed that there were by-laws, and that 
the by-laws were not repealed.]| Mr. Raworth, in 
support of his contention, quoted from the note :— 
‘*A great practical advantage of the examination 
to the younger men would be that any candidate 
who had passed satisfactorily through both his 
practical training and the examination would, if he 
were engaged in engineering work, be passed for 
ballot, even though his position did not indicate 
much independent responsibility.” Surely that 
showed that the Council could not effectually 
scrutinise the work that the candidate had done 
after he had passed the examination. If, however, 
the by-laws had to be read into the note laid before 
the meeting, the conditions were altered, and it 
was difficult to say off-hand if it would be still pos- 
sible for the Council to determine, from a scrutiny 
of a candidate’s career, whether or not he was a 
capable engineer in the exact way they could do 
now. 

Continuing, Mr. Raworth said that he understood 
that the proposed examinations were of a very 
liberal kind, and that the Council would select the 
examiners and edit the questions, if necessary, and 
so forth. It was, however, very difficult to get an 
examination for which a student could not be 
crammed. The Admiralty had tried to do that. 
The Admiralty, when it entered upon its new 
scheme for boys of twelve years of age, had stated 
that they would have no more examinations. 
When the boys presented themselves they were 
interviewed by admirals and captains, and were 
asked questions about things in daily life. They 
were told, for instance, to shut their eyes, and say 
what they had seen in the room, andso on. For a 


time that was very effectual, but now all masters in 
preparatory schools prepared boys specially for this 











questioning. They knew nearly every question 
that could be asked, for there was, of course, a 
limit to the number of tricks that could be played 
upon boys of 12 years of age, with the consequence 
that boys were crammed for these Admiralty exami- 
nations just as they were for all others. He trusted 
that the examinations which were to be carried on by 
the Institution, if the proposals were adopted, would 
not be susceptible to the kind of treatment to which 
he had referred. 

The Chairman at this point read in part the reso- 
lution he would put later to the meeting, his object 
being to make the actual position clear to Mr. 
Raworth. The proposal, as will be seen, embodied 
the clause, ‘‘in addition to the requirements em- 
bodied in the present by-laws,” which, he said, he 
thought covered the point taken up by Mr. 
Raworth. 

Mr. Andrew Brown was the next speaker. He 
heartily agreed with the Council in suggesting and 
making proposals for carrying out examinations, 
There were, however, thousands of young men 
who entered early on their apprenticeship and 
had no prospect during their whole career of 
being able to attend a technical college. Many of 
these young men spent the whole of their evenings 
for several years in working up for science exami- 
nations, and succeeded in passing the South Ken- 
sington Science or Board of Education standards. 
The Committee should take such achievement into 
consideration, and should not require a candidate 
to go through a second process of examination. In 
1887 he (the speaker) was sent out to Bombay, but 
after a year the firm by whom he was engaged had 
come to grief, and he was thrown out of employ- 
ment. He was soon chosen to act as engineer and 
general manager in a mill, and after being practically 
engaged at a salary of 45/. a month, he had been 
asked for his certificate. There were then no certifi- 
cates in mechanical engineering, but in India no 
engineer was allowed to take charge of an engine or 
boiler of 25 or 50 horse-power unless he possessed a 
certificate. The jobs therefore were almost all 
obtained by retired marine engineers. As a result 
he lost hisappointment. In the Government regu- 
lations, however, there was a clause to the effect 
that, on showing proof of a first-class examination 
of any kind, applicants were entitled to a first-class 
certificate. nder this clause he was presented, 
without any examination, with a first-class certifi- 
cate entitling him to take charge of engines and 
boilers up to and over 500 horse-power. He 
mentioned the foregoing circumstances to show that 
no fear should be entertained in relation to these 
examinations. 

Mr. Hunter referred to Section A (General 
Knowledge) set out in the appendix, suggesting 
that the syllabus in general knowledge might be 
expanded. The writing of a general essay would 
not by any means stamp a man as possessed of 
good general knowledge. He thougit it might be 

ible to combine Section B (Scientific Know- 
edge) with Section C (Technical Knowledge), 
reducing the sections to A and B. Further, 
applied mathematics might be made an obliga- 
tory subject. Again, the subjects (b), steam 
and steam-engines, and (c), internal-combustion 
engines, given under Section C, might be combined 
under the title of ‘‘ Heat Engines.” It would be 
possible for a candidate to offer b and c only, but 
a candidate who offered these subjects, and was 
unable to answer questions in other branches, 
could not be regarded as a mechanical engineer. 
He thought that in place of two subjects three 
should be offered. 

Mr. J. R. Aykroyd, Chairman of the Graduates’ 
Association, was the next speaker. He ventured to 
propose that the graduates now overtwenty-five years 
of age should be exempt, and that graduates should 
be allowed to take the examination as early as they 
could, and to take it in sections. Men who were 
serving their apprenticeship and attending evening 
classes could work up for two sections, but he 
doubted their ability to work up for the three 
together. He felt that twenty-five was an early age 
for graduates to go up for associate membership. 
When the Council lately increased the age-limit for 
graduates to twenty-eight, he had concluded that 
they desired to secure as associate members men 
with better qualifications as to responsibility and 
training. Moreover, among the graduates a man 
did not benefit much by his membership until he 
reached 23 to 25 years of age. Earlier than that 
they did not get on Committees. He thought the 
subjects of the syllabus might be extended so as 
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to embrace more of the specialised subjects, such 
as aero-dynamics, &c. 

Mr. J. W. Wainwright entirely agreed with the 
principle of examination, but it was the application 
of the principle which counted. The papers should 
be set by men of experience, and the answers 
should show common-sense and that the candidate 
had an engineering instinct, and could apply his 
knowledge to design and manufacture. Questions 
of output, the suitable use of materials, cost of 
production, &c., should not be neglected. Quan- 
tities and cost-estimating might later on take a 
place in the curriculum. Certain classes of pro- 
fessors set quite unsuitable questions, while others 
could be thoroughly trusted in this connection. 

Mr. H. W. Richards said that an engineer’s 
college course in Germany occupied five years, 
while the examination took six months. This 
examination could be done at home and in college, 
and books, &c., could be used; it was not ex- 
pected that the candidate would carry every- 
thing in his memory, any more than people did 
in actual service. Entrance to the college re- 
quired a thorough knowledge of algebra, geometry, 
and trigonometry, as well as the commencement of 
the differential calculus. The first year took the 
ditferential calculus and conic sections ; the second 
year involved the integral calculus, experimental 
physics, astronomical reckonings, and various other 
geometrical matters. He thought examinations 
should be adopted by the Institution, beginning 
early with the graduates as they came in. Before 
admission to the class of Associate Member there 
should be another theoretical examination. If 
English engineers had the same acquaintance with 
theoretical technical knowledge as Germans had, 
combined with British intuition, they might sweep 
the world. 

Mr. Sydney A. Smith, the Secretary of the 
Graduates’ Committee, said he would first briefly 
summarise the views of the graduates on this ques- 
tion. The graduates wanted an examination for asso- 
ciatemembership. They did not agree with the age 
and conditionsfortaking examinations. They didnot 
agree with the age of admission to associate member- 
ship. They did not regard the list of colleges whose 
diplomas conferred exemption as being a complete 
list. They did not altogether agree with the examina- 
tions as drafted. They did agree with admission to 
associate membership without examination as pro- 
vided—namely, after thirty years of age. The majority 
did not agree with examinations for graduateship. 
He would suggest that graduates should be allowed 
to sit for the examination as soon as they became 
graduates, and that the examination might be taken 
in stages. On the question of age of associate mem- 
bership, the graduates did not regard favourably 
the proposition that they should become associate 
members at the age of twenty-five ; they preferred 
twenty-seven. They would also like to be allowed 
to remain graduates up till the age of thirty years. 
The average graduate did not ordinarily take an 
active part in the graduates’ meetings until the age 
of twenty-four. From that age until he left the 
graduates he was helping himself and the others, 
and breaking the ice, as it were, at the Graduates’ 
Association meetings, thus rendering himself better 
qualified for speaking, &c., at the Institution 
meetings. He submitted, therefore, that the age 
should be raised. If this were not done, it would 
practically mean shutting down of the Graduates’ 
Association, as there would be no object in 
becoming a graduate. A man might wait until he 
was twenty-five, and then take the examination. 

Young men would prefer to take the examination 
during their college training. They would wish to 
avoid having to work up again. Once in works, 
and possibly doing night-work, it would be prac- 
tically impossible for a young man who had reached 
the age of twenty-five to take the examination. 
Existing graduates who were twenty-five years of 
age and over should not be asked to take the 
examination ; the work involved was too serious. 
He did not consider the list of colleges holding 
exempting examinations to be at all complete. 
There were a number of other colleges of equal 
merit, from the point of view of mechanical train- 
ng, to those indicated in the draft proposals. 
Finsbury College, which had provided many of the 
promineot members of the Graduates’ Section, was 
not included in the list. 

The Chairman pointed out that the list referred 
to was clearly given in the appendix asa provisional 
one. It would in all probability be added to. 
Mr. Smith, proceeding, then called attention to 





the fact that no entrance-fee was referred to in 
connection with the examinations. He inquired 
if he were justified, therefore, in inferring that it 
was not the purpose of the Council to hold actual 
examinations, and that their object was to induce 
men to qualify in college examinations. 

Dr. Hele-Shaw here interposed to the effect that 
it was the desire of the Council to get a general 
expression of opinion, and that detail might be left 
to be considered later. Mr. Smith, however, con- 
tended that the graduates should be allowed to 
submit their opinion on details, but on further 
representations concluded by stating that he hoped 
that before the tinal scheme was adopted the views 
of the Graduates’ Association would receive con- 
sideration. 

Mr. J. E. G. Fryer favoured an examination, but 
would ask the Council to reserve discretionary 
power to exempt any applicant, of whatever grade, 
if they saw fit. He felt sure that examinations 
would, under present arrangements, exclude useful 
men, merely because they were engaged on work 
which left them no time for preparation. 

Mr. Daniel Adamson considered that the ques- 
tion was too important to be settled by the com- 
paratively small percentage of members present. 
He would like a ballot of the whole membership to 
be taken. 

Mr. Alfred Gardner agreed with this suggestion. 
He congratulated members on not having to face 
the ordeal, and was pleased that he was himself 
inside. Details might safely be left to a Committee 
of the Council, provided that the results were 
submitted to the whole of the members. He 
believed the majority favoured an examination. 
It was the first serious attempt to raise the status 
of the Institution. 

Mr. N. Davey spoke on the object of the exami- 
nation. An engineer was not a business man only, 
nor a scientist only ; he was both. He thought 
the economic side had been neglected in the 
syllabus. He ventured to suggest the addition of 
some sort of paper dealing with such matters as 
balance-sheets, &c., first cost, &c. 

The Chairman then commented on the discus- 
sion. It should be made perfectly clear, he said, 
that although the draft referred to an ‘‘examination 
for associate membership,” it did not follow that 
examination might not Seste with the graduates. 
In that case the general knowledge part would 
naturally be expanded, but he thought that prob- 
ably it would have to include scientific knowledge. 
It should be possible to take these two at the 
same time. The third part, technical knowledge, 
had perhaps greater importance, as it was intended 
for the man who had slightly more experience. 
Neither the Council nor the Institution had any 
other means of acting properly than by including 
a matter of this kind, with due notice, for con- 
sideration at the annual general meeting. The 
Council would be pleased if all the members—who 
had received notification, because each had received 
the report—would take the trouble to give them 
the benefit of their opinion, and any useful re- 
marks which members could offer could scarcely 
fail to strengthen the hands of the Council and the 
Institution. He would therefore ask permission to 
submit the resolution, and hoped, for the well-being 
of the Institution, that it would be It was 
a necessary step before the Council could make any 
further advance. 

The resolution was to the effect that the pro- 
posal that each candidate (up to thirty years of age) 
in every class up to Associate membership should 
(in addition to requirements embodied in the present 
by-laws) afford satisfactory evidence of education by 
undergoing suitable educational tests, or pass an 
examination initiated by the Council on behalf of 
the Institution, is approved generally, and that the 
Council be requested to draw up the necessary 
alterations to the by-laws, for submission to the 
members at a future meeting. In connection with 
the last sentence the Chairman pointed out that 
when the by-laws, which would have to be 
at a general meeting, came up for consideration, the 
subject would again be open for discussion, and 
anybody would be free to raise points. 

r. Marks had pleasure in seconding the resolu- 
tion. He felt that something should be done with 
this subject now. He saw no better way of raising 
the status of the Institution to that of other bodies 
than that now proposed. He felt that the door of 
the Institution not been so carefully guarded as 
it might have been, and it was in that direction that 
the scheme of examinations would be of service. 


The Chairman then put the resolution to the 
meeting, and it was carried with one dissentient. 

In bringing the proceedings to a close, the Chair- 
man then announced that the next meeting would 
take place on Friday, March 17 next, when a paper 
on the Diesel engine would be read by Dr. R. 
Diesel, of Munich. 








EXPERIMENTS WITH A GIROD 
STEEL FURNACE. 

Tue advance of electric steel furnaces is in no 
small measure due to the disinterested, scientific 
spirit of some of the inventors, who allow 
detailed accounts of their difficulties and suc- 
cesses to appear in print. In the usual indus- 
trial practice such details are not published 
until the difficulties in question have been quite 
overcome, snd until the publication has ceased 
to be instructive to any but the uninitiated. In 
our issues of June 16 last and of the two following 
weeks we published an abstract of the first report 
which Messrs. J. A. Leffler and E. Odelberg, the 
engineers in charge, presented last May to the 
Jernkontoret, at Stockholm, on the electric iron 
reduction plant at Trollhittan, Sweden, and on the 
experience gained during the first six months with 
the furnaces of the Aktiebolaget Elektrometall. 
Since then there has been given to the world a 
noteworthy account, of the working of a 3-ton Girod 
furnace installed in the Gute Hoffnungshiitte at 
Oberhausen, as published by Dr.-Ing. A. Miiller 
in Stahl und Eisen, to which we acknowledge our 
indebtedness. Some of the features which Miiller 
discusses, apparently without reserve, have hardly 
ever been dealt with in the technical Press. 
Prominent among these is the disposition of the 
leads from the bus-bars to the furnace. It has 
been found that, unless full symmetry is observed 
in effecting the connections, the furnace roof and 
walls will be attacked locally by the deflected arcs ; 
but this difficulty can be overcome, and additional 
advantages can be realised by a suitable arrange- 
ment of the conductors. Dr. Miiller also gives 
some interesting data concerning the heat losses 
due to the cooling of the carbon and steel electrodes 
and the arched roof. 

The Girod furnace was erected near the Martin 
furnaces, which supply 25 tons of liquid metal 
each. The electric currents are furnished by a 
three-phase rotatory transformer unit, comprising 
an asynchronous motor and an alternating-current 
generator yielding 500 kw. at 75 volts 6700 amperes 
and 25 periods, with a cos ¢ of 0.8; the switch- 
board is close to the electric furnace, the electric 
generator being in an adjoining part of the build- 
ing. The Girod furnace is provided with one carbon 
electrode, suspended through the roof, and six steel 
electrodes, embedded in the furnace bottom. Since 
Girod furnaces are fed with low-tension currents of 
great quantity, it is customary to make the connect- 
ing cables as short as ible, in order to reduce 
ohmic losses and induction effects ; and the simple 
mode of connection indicated in the diagram, 
Fig. 1, page 246, has frequently been adopted. The 
circuit is asymmetrical, however, and the arc is 
apt to be thrown over to the side opposite to 
the conductors. In order to avoid this trouble, 
the conductors to the top electrode were split into 
two and led to the carbon on opposite sides, while 
a single conductor (or system of conductors) was 
used for the bottom electrode. With this disposi- 
tion, however, the arc was blown toward the side, 
as indicated in Fig. 2, and the frequent blowing out 
of the arc was not prevented. A radical change was 
hence effected. ‘he arrangement was made as 
symmetrical as possible (Fig. 3), the furnace body 
was provided with a shell of low-permeability steel, 
and this shell was joined to the circuit so as to 
minimise the local magnetic fields which deflected 
the arc. The advantages secured by these means 
are remarkable. The arc is not deflected in any 
particular direction, but circulates about the carbon 
electrode, setting up a good circulation in the slag 
and in the metal, and reducing the length of a heat; 
the resulting metal is more uniform and the current 
fluctuations are less violent. The arched roof and 
the walls are more uniformly radiated upon, local 
corrosion is reduced, and the parts last much 
longer. The current consumption is reduced by 
10 per cent. The cable connections are simplified, 
and the carbons burn more regularly and econo- 
mically. 

How this was attained will be understood from 





the diagrams. Originally the connections were 
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as shown in Fig. 4. 
7 m. 


Eight copper bars, placed 
in a conduit 7 in length, Thought the cur- 
rent up to the furnace. From four of these bars 
branched off twelve copper-wire cables for the 
steel electrodes ; from the other four bars cables 
went up to the carbon electrode, two cables on each 
side ; the cable connections to the bottom elec- 
trodes were sufficiently long and flexible to allow 
of the tilting of the furnace through angles of 
40 deg. and 10 deg. The arrangement appeared well 
designed. Yet the silica roof, although air-cooled, 
did not stand more than twenty heats, and the 
walls were severely corroded. The new arrange- 
ment is illustrated in Figs. 5 and 6. The steel 
shell is shown black in these diagrams. The six 
bottom electrodes are connected with one another 
and with the shell through a copper plate and copper 
rings (Fig. 6). The eight bus-bars come up close to 
the furnace up to the point US. Thence alternating 
bars extend up the furnace sides to the trunnions, 
and each bar is then joined by three conductors 
(flexible copper bars) to the shell, and by three to 
the carbon electrode. There has been no trouble 
whatever with the insulation, thanks, no doubt, to 
the low voltage employed. After the conductors had 
been re-arranged as stated, the roof stood 60, and 
even 70, heats, instead of 20, as formerly. The roof 
is built up of silica and iron; magnesite has been 
tried as a material. The roof is slightly arched, and 
rests with a layer of asbestos on the hearth. These 
parts do not become sufficiently hot to make them 
conductors. Insulation is required because the 
furnace-shell forms part of the circuit, but the 
carbon electrode does not really touch the roof. 
The roof can be replaced by another in 20 minutes. 
The hearth-lining originally consisted of magnesia 
and tar, the mixture being rammed down by means 
of compressed air between the steel electrodes, which 
resemble truncated pyramids. When the conductors 
were rearranged a dolomite lining was tried, and 
this has given complete satisfaction. A new dolo- 
mite lining costs 17.51.—just half as much as a 
magnesite lining—and the walls only require repair 
after 120 heats. When the repair is effected the 
bottom is smoothed ; a new bottom had not been 
required at the date of the article, after more than 
1000 heats, and the cost of maintaining the furnace- 
lining averages 15d. per ton of steel. 

The steel electrodes (see Fig. 6) project 100 mm. 
(4 in.) above the furnace bottom, and have at 
the top a cross-section of 4 in. by 4 in.; their 


area aggregates ;, of the whole bottom area. The 


cooling-pipe connections can be seen in the diagram. 
Only the part of the electrode which projects below 
is cooled ; thus the objections of metallurgists have 
been met; terrible explosions might, of course, 
follow if molten steel were to come in contact with 
water. With this arrangement the amount of heat 
carried away by the cooling water is much smaller 
than is often assumed. Dr. Miiller made careful 
experiments upon the various heat losses. It was 
found that the cooling water from the electrodes 
carried away 1.01 per cent. of the total energy 
supplied to the furnace during 130 minutes ; cur- 
rents of 8400 amperes at 55 volts were then being 
used for charges of 34 tons and 2.9 kilowatt-hours 
were lost per ton of steel produced. The water- 
cooling of the carbon electrode caused greater 
losses ; 36.7 kilowatt-hours, equivalent to 3.65 per 
cent. of the total energy, or 10.5 kilowatt-hours per 
ton of steel were being lost in this way. In any case, 
however, the losses cannot be regarded as serious, 
considering that heat cannot be economised during 
the charging and refining operations, and the cooling 
water of the steel electrodes only carries away about 
a fourth of the heat that is consumed in keeping 
the carbon electrode cool. With a certain flow of 
cooling water, which amounted to 5 litres per 
minute in the particular case, a steady temperature 
was maintained when the top of the steel electrode 
had melted down to 20 mm. (0.8 in.) below the 
level of the hearth. This fused electrode steel 
mixes with the bath ; but on renewing the charge 
the pits in the electrodes are refilled with the new 
materials, so that there is no contamination of the 





product. 

Dr. Miiller further inquired into the much more 
serious heat losses direct from the furnace, which | 
depend upon the charges and the intervals between | 
the heats. The Martin furnace could only be dis- | 
charged every four hours, and it had not been 
possible to make convenient arrangements for trans- 
ferring the charge to the electric furnace. 
current consumption sank from 580 kilowatt-hours 


The | the intervals as short as 


per ton of steel when the charge consisted of 
2 tons, to 360 kilowatt-hours when the charge con- 
sisted of 3.6 tons; these figures, means of hundreds 
of observations, concern the best steel, which re- 
quired a thorough refining. With a medium quality 
steel the current consumption was 450 kilowatt- 
hours for charges of 2.1 tons, 300 kilowatt-hours for 
charges of 3 tons, and 225 kilowatt-hours for charges 
of 3.9 tons. The saving in power realised by 
increasing the charge is thus very marked. The 
furnace was quite able to take charges of 4 tons, 
which formed a bath of 2 sq. m. (21 sq. ft.) sur- 
face, 600 mm. (24 in.) in depth. A fair degree of 
economy could be obtained with charges ranging 
from 2.8 tons to 3.3tons. As regards the heat losses 
by radiation and conduction from the furnaces, Dr. 





which Dr. Miiller gives, although they do not by 
any means form the least interesting part of his 
report. In an electric furnace the working can, of 
course, be very closely watched and controlled. 
There was, as a rule, a fusion period before the 
oxidation period, because part of the fresh charge 
solidified in the furnace which had become cold in 
the interval. Dr. Miiller found that during the 
oxidation period carbon was slowly being removed. 
The manganese disappeared more rapidly, the 
phosphorus very rapidly ; of the sulphur present, 
from 20 to 35 per cent. were removed during 
this period, with the evolution of sulphur dioxide, 
through the interaction of the iron protoxide in 
the slag. During the deoxidation period the 
now white slag took up more sulphur with the 
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Miiller ascertained, with the aid of Le Chatelier 
pyrometers, that a 12-ton Martin furnace still had 
a temperature of 1000 deg. Cent. 25 hours after 
cutting the furnace out, and that it lost 20 deg. 
Cent. per hour afterwards. The Girod furnace 
indicated a temperature of 1600 deg. Cent. imme- 
diately after teeming. Twenty minutes later its 
temperature had fallen to 1300 deg. Cent. ; in less 
than 2 hours it had fallen to 1000 deg. Cent. 
After 4 hours the temperature was 750 deg. Cent. ; 
after 10 hours, 400 deg. Cent. ; and after 27 hours, 
only 100 deg. Cent. Thus the furnace should, if 
ible, be recharged within 20 minutes of teem- 
ing. Working under these conditions Dr. Miiller 
reduced the current consumption for high-grade 
steel to 270 kilowatt-hours, and for ordinary steel 
to 188 kilowatt-hours. The figures are not surpris- 
ing, but they emphasise the importance of making 
possible. 
We will not enter into the metallurgical details 




























































formation of calcium sulphide ; some sulphur also 
combined with the silicon and escaped as silicon 
sulphide. As regards the mechanical properties of 
the finished metal, the experiments confirm the 
view that the small amount of phosphorus and 
sulphur left in the steel are of less importance than 
the oxides, slag emulsions, and gases. That calcium 
carbide was formed, especially when the voltage of 
the arc was raised, from the slag and the carbon 
strewn on the slag, was concluded from explosions 
observed when the slag was cooling in the ladle. 
A very large number of samples were taken and 
analysed during the refining process, as can be seen 
in the original, The furnace is not only used fo1 
making ordinary steel ; compound nickel, chromium, 
vanadium, and tungsten steels are also produced. 








THe ExLectrIcAL TRADES’ BENEVOLENT INSTITUTION.— 
It has been decided that the annual festival dinner of 
this Institution shall be held on Friday, April 26th, at the 
Whitehall Rooms, Hotel Metropole. he Institution 
states that last year’s festival dinner was a great success, 
and hopes that by giving a somewhat long notice of this 
year’s function still better results may be achieved. The 
necessity of building up a large invested fund, out of the 
dividends on which pensions may be paid, is of vital 
importance, 





CANADIAN MINERALS.—The value of the mineral pro- 
duction of Canada in the decade ended with 1910, in- 
clusive, was :— 


Year. Value. Year. Value. 
dols. dols. 
1901 65,707,911 1906 79,286,697 
1902 63,231,836 1907 86,865,202 
1903 61,740,513 1908 85,557,101 
1904 60,082,771 1909 91,831,441 
1905 69,078,999 1910 106,823,623 


The various provinces contributed as follow to the value 
for 1910:—Nova Scotia, 14,195,731 dols.; New Bruns- 
wick, 581,042 dols.; Quebec, 8,270,136 dols.; Ontario, 
43,538,078 dols.; Alberta, 8,896,210 dols.; Saskatchewan, 
496,122 dols.; Yukon, 4,764,474 dols.; and British Colum- 
bia, 24,478,572 dols. 
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AN unusual example of constructive work is repre- 
sented by the building and sinking of a large ferro- 
concrete caisson at the Portland cement works of 
Messrs. Casebourne and Co., Haverton Hill-on-Tees. 

The caisson, of which we illustrate many of the 
details in Figs. 1 to 9, above, measures 18 ft. 6 in. 
in diameter by 22 ft. deep. It was intended to fulfil 
two purposes—viz., in the first place to provide a 
water-tight underground chamber for machinery ; and, 
secondly, to constitute a foundation well for an addi- 
tional building to be erected on the site. The soil in 
which the sinking was effected is saturated with water 
up to within about 18 in. below ground-level, and in 
times of heavy rain the water frequently rises even to 
the surface. Consequently, ordinary methods of con- 
struction would have been impracticable. The pro- 
cedure recommended by Messrs. L. G. Mouchel and 
Partners was to mould in Hennebique ferro-concrete a 
number of cylinder-rings, each 12 in. deep, to sink 
these by excavation, adding ring after ring as the 
work progressed, making water-tight joints between 
the different sections, and finally to construct a mono- 
lithic ferro-conerete floor closing the bottom of the 
caisson. 

_The plan and section (Figs. 1 and 2) show the main 
dimensions of the completed work, A and B being 
horizontal beams for the support of standard-gauge 
railway lines passing across the top of the under- | 
ground chamber. As indicated in Fig. 3, the bottom 
ring was moulded with a cutting edge, to facilitate 
penetration, and the upper surface was formed with a | 
trough-shaped groove for receiving a projecting tongue, | 
of corresponding form, moulded on the lower surface 
of the ring nextabove. A water-tight joint between 
each ring and its successor was secured (as best shown 
in Fig. 4) by the insertion of cement mortar between 
this tongue and the groove into which it is fitted. For 
additional security, the rings were tied together at 
frequent intervals, as at a, a, Fig. 3, by steel bars bent 
into the form of clamps, and inserted in recesses, 
moulded for the purpose on the inner surface of the 
rings. These clamps were securely grouted in with 
cement mortar, and are shown to a larger scale in 
Figs. 5 and 6. The cylinder walls are 6 in. thick, | 
each ring being reinforced by four circular bars, two | 
near the inner surface and two near the outside surface | 
of the conerete, and all four bars were tied together | 
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Fig.9. 
SECTION ON LINE G H. 
(View from beneath) 
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by steel links, similar to those employed in Hennebique 
columns. 

Fig. 7 is a section on the line E F, Fig. 2, and shows 
details of beam A, the longitudinal bars of which were 
securely anchored into the concrete of the top ring, as 
represented in Fig. 9. The upper corners of this beam 
were protected by two round-backed angle-bars (see 


Fig. 8), and their connections with the top ring of the | ; 


caisson were stiffened by knee-brackets monolithic with 
the other parts of the construction. Fig. 8 is a cross- 
section of beam A illustrating the method adopted 
for securing the sleeper on which one rail of the track 
was laid. 

Excavation inside the caisson was performed by 
means of grabs. When the bottom ring had been 
sunk to the depth of 22 ft., the caisson formed a water- 
tight cylinder with an open bottom. The final — 
tion was to close the cylinder by constructing a ferro- 
concrete floor, 10 in. thick, reinforced by a network of 
steel bars placed near the upper surface, for the pur- 
pose of affording resistance to bending moments due to 
hydrostatic pressure exerted in an upward direction. 

is floor is represented in Fig. 3, and it will be seen 
that, in addition to a monolithic connection between 
the floor and the surrounding caisson-ring, anchor- 
ties are inserted at frequent intervals. 

Experiments conducted during the execution of the 
work demonstrated clearly the great load-bearing 


capacity of the caisson, and the satisfactory fact that 
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the pressure exerted on the soil was very small, thereby 
giving absolute security against settlement. In fact, 
owing to the upward hydrostatic pressure, it would 
hove teen easy to make the downward force exerted 
by the caisson less than the upward reaction. In the 
construction of ordinary foundations, the reverse con- 
dition obtains, and engineers are usually confronted 
with the serious a of avoiding the undue com- 
pression of unstable soils by the t and unnecessary 
weight of massive footings and foundation-blocks. The 
relative lightness of ferro-concrete construction is one 
among the various merits of that material in foundation 
work, 

The work was designed by Mr. H. A. Anderson, 
engineer to Messrs. Casebourne and Co., Limited, for 
whom details of the ferro-concrete construction were 
— by Messrs. L. G. Mouchel and Partners, of 

estminster. The contractors were Messrs. Joseph 
Howe and Co., of Hartlepool. 








Raitway WorkKsIN Hunoary.—The Hungarian Govern- 
ment has recently granted to Mr. H. St. John Dix, of the 
firm of Pethick, Dix, and Co., railway and public works 
contractors, of 121, Victoria Street, Westminster, S.W., 
the a ae concession for an important railway scheme 
in Budapest. The line, which is of standard gauge, is 
named the Szechenyi Railway. It has a total length of 
about 40 miles, with a route length of 30 miles, and 
traverses the mountainous district on the Buda side of 
the Danube, forming the principal summer resort for the 
inhabitants of Budapest. By a branch line the railway 
will connect with the Hungarian State Railways at 
Kelenfold, and by linking up with the existing Budapest- 
Estergom Railway will form a belt round the entire city. 
ping Ge route some of the finest scenery in the country 
is to be found. The portion of the line within the city 
serves a populous district, with many important factories 
and works, and there are located at different points on the 
line limestone quarries, coal-mines, and industrial works. 
It is proposed to operate the railway by electric traction, 
and in this connection advantage will be taken of the 
opportunity to supply with electric power the villages 
served by the new line. On the engineering side, while 
there are some very heavy cuttings and viaducts, the line 
presents but few difficulties, and construction work will 
a 4 a period of about thirty months. The total cost 
of the work, including rolling-stock and equipment, is 
estimated at nearly 1,000,000/., and active operations are 
expected to commence in the summer of this year. 
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INDUSTRIAL NOTES. 


Tue thought that is for the present uppermost in 
the public mind, and casts its dark shadow every- 
where, relates to the probability or otherwise of the 
long-threatened coal strike, and there is no question 
that, until some definite and satisfactory conclusion 
of the matter is come to, deep anxiety must pos- 
sess the minds of all thinking people. At present, 
when everything is in suspense, as is always the case 
under like conditions, the very vagueness of the future 
tends to increase this anxiety, for it is always open to 
the imagination to draw pictures of what is to come 
that may be much worse than the reality, bad though 
that is sure to be if a general national coal strike ever 
takes place. On the other hand, it is easy to hope 
light-heartedly that something will happen even at 
the last moment to ward off, at any rate for a time, 
the dreaded evil. This hope undoubtedly became in 
&@ measure justified when the Government showed 
signs that it realised the need for independent 
effort to narrow, if not to abolish, the differences 
between the claims of mine-owners and workers, and 
to ensure the maintenance of peace, and the protec- 
tion of men willing to continue work, and of the 

roperty at the mines. Sir Edward Grey’s speech at 

anchester on Saturday offered guarantee of the 
full realisation of these duties by the Government. 
On Tuesday the Prime Minister intimated the inten- 
tion of the Government to take decisive action towards 
bringing about a settlement. 

The Cabinet spent some considerable time on Tues- 
day in consideration of the subject, after which a 
letter was addressed by the Prime Minister to the 
representatives of the coalowners and of the miners, 
in which he stated that owing to the advice of the 
Industrial Council the Government would take im- 
mediate steps to convene a meeting of representatives 
of the coal industry in the hope of arriving at a solu- 
tion of the difficulty and of averting a national stop- 
page. The failure of the English Conciliation Board 
to come to any satisfactory agreement on Tuesday put 
a most serious aspect on the whole thing, because of the 
size and importance of the Board. Had the Board found 
some solution of the difficulty it is probable that other 
Conciliation Boards would have followed their example. 
That hope has gone. The Conference did, however, brin 
out this point, that the coalowners again intimate 
their wiilaguee to accept the principle of an indi- 
vidual minimum waye for underground workers, sub- 
ject, of course, to certain stipulations. These condi- 
tions the miners, however, decline to accept, and the 
Conference fell through. It will be remembered 
that as far back as last autumn the representa- 
tives of the coalowners stated that they were willing 
to recommend the principle of the minimum wage to 
their members, and negotiations continued. The last 
proposals of the masters are much too long to publish 
in full, but, put briefly, they are:—The amount of the 
individual wage to 4 ls. per day less than the 
abnormal-places wage rate at the particular mine or 
seam. Where a coal-getter in any case fails, during two 
consecutive pays, to send out such a quantity of coal 
as shall entitle him to the minimum wage, the mini- 
muni-wage rate shall be paid at the end of eachsuch pay; 
but if he is unable before the end of the third pay to show 
that such failure is due to no fault of his own, the 
employer shall have the option either to retain his 
services, paying him at the price-list rates only, or to 
terminate his employment. Where age or infirmity 
incapacitates any workman, or where any man does not 
attend 80 per cent. of the time the pit is at work each 
week, unless prevented by illness or accident or other 
justifiable cause, he shall not be entitled to be paid 
the minimum wage nor the rate for abnormal] places. 
The owners are prep to recommend to their 
several districts that the Conciliation Board shall be 
continued for three years from July 1, 1912, under 
the existing rules of procedure, excepting that the 
minimum rate of 37} per cent. above the 1888 rate 
shall be increased to 50 per cent. At those mines where 
no definite agreement, arrangement, or practice 
already exists for payment of wages in abnormal 
places, and at all new winnings, the abnormal-places 
wage rate shall be 4s. 6d. plus the current percentages 
—1.e., 78. 14d. a day at the present time ; but some 
other figure shall be substituted for the above where 
special circumstances render it necessary, as may be 

reed locally ; or, in case of difference, may be de- 
deed by some third person to be agreed upon by the 

rties ; or, failing agreement, be nominated by the 
resident of the Board of Trade. The preceding are 
not to interfere with existing abnormal-places rates. 

It was known on Wednesday that the coalowners 
and the miners had accepted the invitation of the 
Prime Minister, and the first meetings resulting there- 
from were held yesterday at the Foreign Office, four 
representatives of the men meeting several members 
of the Cabinet in the forenoon, and a representation 
of the owners in the afternoon, but at the time of going 
to press the result was not known. 


According to the Board of Trade Labour Gazette, 








which appeared on Friday last, the state of the labour 
market in January was as follows :— 

Employment in January continued good on the 
whole. It was adversely affected by the important 
dispute in the cotton trade, and by disputes in the 
hosiery and lace-curtain trades. 

In the coal-mining, engineering, and shipbuildin 
trades, employment, which was already good, continu 
to improve in January. There was some decline in 
the boot and shoe, pottery, glass, and brick trades. 

As compared with a year ago, most of the principal 
industries showed an improvement, which was con- 
siderable in the iron and steel, engineering, shipbuild- 
ing, tinplate, and boot and shoe trades. Phere was & 
decline in the pig iron, linen, and brick trades. 

In the 394 trade unions, with a net membership of 
820,874, making returns 22,485 (or 2.7 per cent.) were 
returned as unemployed at the end of January, 1912, 
compared with 3.1 per cent. at the end of December, 
1911, and 3.9 per cent. at the end of January, 1911. 

Returns from firms employing 436,187 workpeople 
in the week ended January 27, 1912, showed a decrease 
of 8.5 per cent. in the amount of wages paid compared 
with a month ago, and of 3.1 per cent. compared with 
@ year ago. 

The changes in rates of wages taking effect in 
January affected 88,600 workpeople, and resulted in a 
net increase of 2600/. per week. Amongst those whose 
wages were increased were 50,500 coal-miners in 
Northumberland and the Forest of Dean, 6250 blast- 
furnacemen and iron and steel workers in South Wales 
and Monmouthshire, and 10,200 workpeople in engi- 
neering works on theClyde. In Cleveland and Durham 
5500 letiseacne sustained a slight decrease. 

The dispute in the cotton-weaving industry, which 
began in mber, 1911, and involved about 150,000 
workpeople, came to an end on January 20. Other 
large disputes in January were those involving about 
8000 dock-workers, &c., at Glasgow and district; 
2000 jute weavers, &c., at Dundee ; 1600 hosiery-dyers, 
scourers, and trimmers at Leicester ; 1100 lace-weavers, 
&c., at Newmilns ; and 1100 coal-miners near Wake- 
field. The number of new disputes beginning in 
January was 60, and the total number of workpeople 
involved in all disputes in progress during the month 
was 190,374, or 9173 more than in December, 1911, 
and 154,140 more than in January, 1911. The total 
number of working days lost by these workpeople was 
2,711,200, or 2,010,100 more than in December, 1911, 
and 2,151,200 more than in January, 1911. 

Cases dealt with under the Conciliation Act include 
those a cotton operatives in North and North- 
East Lancashire, dock-workers at Glasgow, iron- 
moulders in Scotland, dyers, &c., in the Vale of Leven, 
flax-workers at Manchester, shipwrights and joiners 
at Belfast, Tyne steamboat men, and painters at Harro- 
gate. 





The monthly report of the Society of Amalgamated 
Tool-Makers for Sebeuner indicates a continued im- 
provement in trade, and there has been, early in the 
year as it is, an addition of 420 to the membershi 
since the close of 1911. The percentage of unemploy 
also is very small, and the funds are consequently 
going up. The total number of members at the end 
of January last was 6136, against 4676 at the end of 
January, 1911—an increase of 1460. Only 75 members 
were out of employment at the end of January, 
against 85 at the same date a year ago, and the 
reserve funds stood at 25,500/. at the end of last 
month, against 19,250/. at the end of January, 1911. 
Since its establishment twenty years ago, the Society 
has not only paid 110,000/. in benevolent benefits, but 
also 12,000/. in propaganda and educational work, 
including the maintenance of a student at Ruskin 
College. 





The monthly report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders for February 
shows that the boom in trade still continues. The 
number of members admitted during January was 375, 
while 221 are booked as having run out or died, leaving 
an increase of 154. The number of members signi 
the book at the end of January was 1515 compa 
with 1895 at the end of December, while the members 
on superannuation numbered 2447 at the end of 
toi and 2465 at the end of December, a very 
small di 
sick fund at the end of January, and 1263 at the end 
of December. The total membership at the end of 
January was 55,310. 





It is estimated from information issued by the 
Miners’ Federation that 445,800 miners voted in 
favour of the minimum wage and 115,700 voted against 
it. The number of men and boys employed in 1910 
was 830,000 underground and 190,000 on the surface. 





Two thousand workers of the Salford Town Council 
struck work on Monday morning last, the reason 
given by the men being that their application for 
resented last October had not 
ork was rather disorganised in 


an advance of w 
been attended to, 


fference. There were 1307 members on the ea 





consequence. The demands of the men were for a 
minimum rate of 26s. a week in some grades 
and 27s. in others. Om Tuesday, however, the 
strike came to an end, the men consenting to return 
to work on condition that their grievances would be 
reviewed at once by the committee concerned, and 
that the council would meet before the end of the 
month to consider the decision of the committee. 


The Office of Trade Boards, on Tuesday last, 
issued a notice under the Trade Boards Act, 1909 
setting forth the minimum rates of wages fixed to 
come into force on March 11. The rates apply to female 
workers an gee in the trade of making boxes or 
parts thereof, wholly or partially of paper, cardboard, 
chip, and similar material. The time rate of wages 
for such workers, both in a factory or workshop, or 
for home workers, is fixed at 3d. per hour. There is 
also a list of rates applicable to learners, in which 
children fourteen years of age receive 4s. a week, 
and then rise to 4s. 6d., and by stages to 10s. 6d. a 
week. Learners of fifteen and under seventeen begin 
at 4s. 6d. a week, and those of seventeen and under 
twenty at 5s. The rates for learners over twenty 
years of age are :—The first three months, 6s. ; second, 
7s. 6d.; third, 9s.; and the fourth three months, 
10s. 6d. a week. The rates are based on a week of 
fifty-two hours. 





The Labour Department of the Board of Trade 
issued on Monday last a report on standard time 
rates of wages and hours of labour in the United 
Kingdom. It is the sixth that has been issued by the 
department, and the information it contains has been 
collated from statements issued by employers’ and 
workmen’s associations, or collected by the depart- 
ment from the officials of the Associations. The 
rates given in the report are, it is stated, not neces- 
sarily the rates actually predominant in each trade 
and district covered, several factors being needful 
before these can be determined. In the building 
trades there are over 800 local agreements in opera- 
tion regulating wages and hours and other conditions 
of labour. Generally, it is shown that longer hours 
are worked where the lowest rates are paid. A great 
range in the rates paid in the furnishing and wood- 
wor ing trades is made necessary by the variety of 
work. It is found that higher rates are paid for shorter 
hours in shops where the best class of goods is made. 

In the building trades in the London district the 
wage paid to bricklayers, masons, carpenters, and 
joiners was 103d. per hour ; plumbers and plasterers, 
1ld.; —— 84d. and 9d. ; and bricklayers’, masons’, 
and plasterers’ labourers, 7d. Amongst the districts 
where the lowest rates are paid in these trades are 
Driffield, Boston, Ledbury, Market Drayton, Strat- 
ford-on-Avon, East Dereham, and Lynn. In these 
the rate for bricklayers is 7d. per hour, with the 
exception of East Dereham, where it is 6d. The rates 
for the other branches of the building trades in these 
towns are not ay stated, but show small variations 
where given. In the engineering trades the rates were 
fairly constant over general areas, though slightly 
lower rates were usually to be found in the less im- 
portant centres. 

The rates given in the case of seamen are the 
‘* predominant ” rates compiled from monthly returns 
giving the number of engagements at each rate fur- 
nished by the superintendents of mercantile marine 
offices, and enabling a fair comparison to be made. 





On Tuesday last the Glasgow Ship-Owners’ Com- 
mittee received a communication from Sir George 
Askwith, which stated that the executive of the 
Transport Workers’ Federation wished to know 
whether the ship-owners would be willing to refer the 
three documents signed on February 10 to arbitration, 
in view of the different interpretations put by the 
parties on the agreement. he Shipowners’ Com- 
mittee agreed to this course, and Lord Mersey, who 
was selected by Sir George Askwith as arbitrator, 
— against the men, who are now returning to 
work. 





Tue WorLp’s Press, 1912. London: Sell’s Advertising 
Agency, Limited, 167 and 168, Fleet-street, E.C.—The 
thirty-first issue of this directory to the world’s Press 

ia reached us from the publishers. It follows 
the lines adopted in previous editions, having first a 
section devoted to general articles, which is followed by 
an alphabetical list of papers of the United Kingdom, 
a general list arranged under towns, a magazine list, 
——-. list, a list of class, trade, and religious papers, 
&c. There then succeeds a list of papers published in 
British dominions beyond the seas, followed by lists of 
foreign papers. The articles occupy some 130 pages, and 
embrace a survey of the world’s Press by Mr. E. Porritt, 
Newspaper Happenings, Obituary of the Last Year, 
Memoirs of Journalists of Great Britain, Journalism as 
a Career (three articles by Sir H. Lucy, Dr. C. G. 
Russell, and Mr. Alexander Mackintosh respectively), 
Anecdotal History of British Journalism, Indian Govern- 
ment and the Press, and an article concerning ladies 


papers, 
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“THE TESTING OF MATERIALS.” 
To THE EprToR OF ENGINEERING. 

Srr,—In your leading article of January 26, on that 
most lucid and interesting lecture to the members of the 
Greenock Philosophical Society, delivered by Mr. J. 
Milton, the chief engineer surveyor to Lloyd’s Register 
of Shipping, there supose to be an omission, or printer’s 
error, of some significance. : 

As your valuable paper circulates over the habitable 

lobe, to foreigners wrestling with the idioms and com- 
plexities of the English language, the omission may 
occasion some trouble. 

At the twenty-sixth line from the end you say : “‘ We 
are inclined to believe that no structure of any complica- 
tion is ever erected in which, in some place or other— 
probably, indeed, in numerous places—the yield-point of 
the material is ex ed.” 

Should not this read ‘not exceeded”? . 

The context would appear to indicate this to be the 


correct reading. 
Yours faithfully, 
Belfast, February 20, 1912. R. J. BEVERIDGE. 


(Our quran is perfectly right ; we much regret 
the accidental error.—Ep. E.] 








“TRANSMISSION OF HEAT FROM STEAM 
THROUGH SURFACES.” 
To THE EpiTor oF ENGINEERING. 

Sir,—I have read with interest your article in the 
issue of ENGINEERING of February 9 upon the subject of 
“Transmission of Heat from Steam through Surfaces,” 
the article referring to a paper given by Mr. O. M. Row 
before the Institution of Heating and Ventilating 
Engineers. ; ; 

I believe that a considerable number of engineers will 
learn for the first time that there is a distinct relation in 
the rate of transmission of heat from steam to water, to 
the pressure of the water. I have made a large number 
of tests upon the subject of heat transmission at different 
times, and I know the actual conditions under which the 
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test was made, which forms the subject of Mr. Row’s 
paper. I formed my own opinion as to what constituted 
the cause of the varying rate of heat transmission, and 
this opinion was arrived at after some years’ experience 
with live-steam feed-water heating for boilers. In my 
opinion, this variation of transmission under different 
pressures throws a direct light on the vexed question of 
the efficiency of live-steam feed-water heating. It is 
some time ago since I came to the conclusion that the 
increased efficiency of a boiler, due to the use of a live- 
steam feed-water heater, was accounted for on the 
assumption that heat passes through plates more rapidly 
when producing steam than when Gatien water. In 
other words, that when steam is being formed on the 
water side of the heating surface of an ordinary fired 
boiler, the water side of the plate is cooler than when the 
water is in direct contact with the plate, and therefore the 
flow of heat is more rapid. The results shown on the 
diagram marked Fig. 1 in your article confirm this 
theory in a simple way. I may explain my solution in 
the following way :— 

Assuming that there is steam at 100 lb. pressure 
within the tube, and that the water surrounding the tube 
1s also under 100 Ib. pressure or head, under these cir- 
cumstances, it is absolutely impossible for the steam 
Within the tube to produce any 
water side of the tube. Imagine now that the pressure 
on the water side is gradually reduced. The result of 
this reduction in pressure would be that an increasingly 
large proportion of the length of the tube would be 
capable of producing on the water side minute bubbles of 
steam, and with the further increased fall of pressure, 
eventually the whole of the tube surface would be capable 
of producing these steam-bubbles. The correctness of 
this theory is borne out by the result of the test in a very 
Consistent manner. I send you a diagram to illustrate 
what I have said, and you will see that it shows steam 
— a. my | at 100 Ib. pressure, and water on the 

© under i .€., 5 Ib. . 
aad 100 fe three different pressures, i.¢., 5 lb., 50 Ib., 

I have read 


Seta our remarks upon the leakage theory, but 


ere was absolutely no possibility whatever 


of any leakage taking place ; and even if there had been 





| Hot Water Outlet 180°F 


ubbles of steam on the | 


leakage, it would immediately have been detected by the 
amount of condensation water that was measured. 

I only write you at this length because I feel sure the 
subject is worthy of very serious consideration, and ought 
to form the basis for a very interesting discussion. 

I remain, yours faithfully, 
Artuur H. Tweets. 
2, Roseneath-road, Urmston, near Manchester, 
February 16, 1912. 





‘*AN INTERESTING RELIC.” 
To THE Epiror oF ENGINEERING. 
Srr,—Under the above title you published (May 7, 
1909) in ENGINEERING some photographs and iculars 
of an ancient ‘“‘high-pressure” steam-engine which I had 
come across half-buried in vegetation at an abandoned 
= works on Lord Shrewsbury’s Staffordshire estate at 
tre. 

8 an engineering relic, its chief interest lay in the 
fact that, in details and general design, it strongly 
resembled the earliest type built by Richard Trevithick, 
and in any case, with its pipe-like cylinder (7 in. by 24in.), 
four-way cock valve-gear, ‘‘spanner” and tappet-rod, 
cast-iron steam-piping, and the rest, it formed a really 
instructive object lesson on the infancy of oe 
steam. One of your correspondents (Mr. J. Watt 
Boulton, I think) suggested that this old relic ought to 
be preserved in a museum. 

our readers may be interested to learn that this latter 
suggestion ‘has now been carried out. As a result of a 
communication from me, the Science Museum authorities 
at South Kensington obtained permission from the 
owner (Lord anemia to remove the old engine to 
the National Museum. This was done towards the end 
of last year, and the engine has now erected in the 
museum galleries, where it forms a rather conspicuous 
exhibit amongst the other instructive relics of steam 
evolution. : 

So far, inquiries as to its origin have resulted in little 
but a confirmation of its t age. It was working at 
Ingestre in the ’forties, and was then regarded as a *‘ very 





7} Hot Water Outlet 180°F. 


Steam 100Lbs. 
L Press. per Sq. ln. 



























a aa —Y AT THIS PRESSURE OF 
STEAM BUBBLES E | |= —Y WATER THE STEAM BUBB- 
FORMED ON PART ==] |= =] ces gust CEASE To BE 
TUBE ONLY. - —| |= prooucen. 
Water 50 Lbs. - =| |——Y Water 100 Lbs. 
APress. per Sgn. E =| |= —4 Press. per Sqdn. 
A MEDIUM RATE OF HEAT — | |=}, cowesr rare oF HEAT 
TRANSMISSION + —||—-A  TRansmission 
—~-| |— —(NOREDUCTION WITH 
= —Y FURTHER INCREASE 
_——| |_ =r warer pressure) 
Wa =| j- = Cold. Water 
het 80°F = Inlet 80°F 
F a 
Condensation to Trap. 


|old one.” An aged workman, who was familiar with it 

when a boy, says the old engineman in charge of it in 
those days, told him ‘‘ it was the first engine to draw coal 

out of Brereton Pit.” The Brereton Colliery (Cannock 

Chase) is about 14 miles distant from Ingestre. The 
its commenced work about 1770, but probably used 
orse-gins for drawing the coal at first. 

From several features in its design I am inclined to 
think this engine was constructed not later than 1820, 
and was probably the work of some Black Country mill- 
wright familiar with Trevithick’s engines. At the same 
time it is worthy of note that Trevithick was engaged in 
constructing a ‘‘canal-boat boiler” in the neighbouring 
Shropshire coal district about 1815. If it was used as a 
winding-engine, it would be interesting to know how the 
reversing was done. © engine transmitted its power 
entirely by toothed Gearing, there being spur-wheels 
— on both extremities of the square cast-iron crank- 
| shaft. 
| One fact of interest has been elicited—namely, that the 
| motions of the ‘‘ spanner ” (actuating the four-way cock) 
were limited by a leather thong. is primitive device 
| has been restored to the valve motion as it now stands in 
the museum. 


Stafford, February 20, 1912. 





Yours, &c., 
C. 8. Atuison, LL.B. 





THE EXAMINATIONS OF THE INSTITUTION 

OF CIVIL ENGINEERS. 

To THE Epitor oF ENGINEERING. 

Srr,—May I bring to your notice a question in the 
recent A.M.I.C.E. examination which ea to me 
to be somewhat ambiguous. Applied Mechanics, No. 7: 
—In a wind-mill the wind is blowing at 20 miles per 
hour, the plane of the vanes is perpendicular to the 
direction of the wind, the vane circle is 6 ft. diameter. 
|If the efficiency is 30 per cent., find the useful horse- 

power? Weight of air, 0.086 Ib. per cub. ft. 
| Surely it is quite impossible to determine the horse- 
power of the wind-mill unless some additional data 
‘ regarding the size of the vanes is given. As the question 
cue, ae size of the vanes is to be determined by the 





fancy of the candidate, and the horse-power will vary 
accordingly. . 

A — of this type may cause serious difficulty to 
a candidate who does not at once realise the impossibility 
of solution, 

Yours faithfully, 
A. Kiemin Scumipt, 
A.C.G.I., B.Sc. (Honours), Lond. 
20, West Cromwell-road, Earl’s Court, 8. W., 
February 19, 1912. 

[The question seems to us reasonably intelligible. It 
is obviously assumed that a cylinder of air 6 ft. in 
diameter and 20 miles long passes through the wheel 
per hour, and that 30 per cent. of the kinetic energy of 
this mass is turned into useful work per hour. On this 
basis the useful horse - power of the mill is nearly 1} 
horse-power. —Ep. E.]} 








THE CRITICAL POINTS OF STEEL. 
To THE Eprtor oF ENGINEERING. 

Str,—May I very briefly reply to the remarks made in 
Dr. Rosenhain’s letter on page 181 of your issue of the 
9th inst. ? 

Dr. Rosenhain’s statement that I ignored the work of 
Osmond in my British Association lecture is incorrect. In 
the historical introduction Osmond’s work received more 
recognition than that of any other experimenter. I 
pointed out then, as I do now, that Osmond provisionally 
thought that Ar, was not a separate point, but merely 
the retarded end of Ar,; and in the first report to the 
Alloys Research Committee this erroneous view was con- 
firmed by the late Sir William Roberts-Austen. I may 
say that I have never attacked the sensitiveness of Dr. 
Rosenhain’s apparatus, but its accuracy. With an appa- 
— not quite accurate, extreme sensitiveness becomes a 

ault. 

There is no question of the occasional doubling of Arg 
with the apparatus at Sheffield University. This doubling 
is constant, and has been for a and not only so, but 
in the new recalescence installation Ac, is also doubled 
with equal constancy. With a sufficiently accurate 
apparatus the phenomenon is not elusive, as stated by 
Dr. Rosenhain. The minor irregularities in my curve, to 
which Dr. Rosenhain refers, I fully dealt with and ex- 
plained in my lecture, being due to two causes—an occa- 
sional cumulative error of one second on the chron phic 
recorder, and rhythmic variation, due to the fact that the 
recorder reads to 1 second. Thus, with a rate, say, of 
54 seconds per unit fall, the recorder reads alternately 
5 and 6 seconds. 

I again repeat that, contrary to what was stated in 
Dr. Rosenhain’s lecture, the fourth recalescence of steel 
has nothing whatever to do with the A, points. It was 
never even suspected by Osmond, and T tev clearly 
proved it to be due to constitutional segregation, causing 
a prolo evolution of heat, which causes the reca- 
lescence line to fall distinctly to the right of the radiation 
line, over the range of temperature between Ar, and Ar. 

I remain, dear Sir, yours ity ¢ 
. O. ARNOLD. 


Department of Applied Science, St. George’s-square, 
Sheffield, February 20, 1912. 








ABERDEEN Water Works.—The Water Committee of 
the Aberdeen Town Council have appointed as their 
consulting engineer Mr. C. P. Hogg, M. Inst. C.E., of 
Messrs. Crouch, Hogg, and Sistem Ghenew. Ten years 

Mr. Charles Hawksley, Past-President of the Institu- 
tion of Civil Engineers, was commissioned to report on 
the best means of augmenting the water supply, which 
is taken from the River Dee, 20 miles above Aberdeen. 
Subsequently a report was obtained from Sir Alexander 
Binnie and the late Mr. George F. Deacon, LL.D., and 
two years ago a Bill was promoted in Parliament to take a 
new supply from the River Avon; but the Bill was 
thrown out by the Committee, of which Lord Camper- 
down was chairman. Immediately afterwards Mr. 
William Fox and Mr. G. N. Yourdi, of Westminster, 
were employed to advise on the possible improvement 
and enlargement of the culating water works, and follow- 
ing on their report the Town Council resolved to set up a 
water engineering department, and soo Mr. Cecil 
Henry Roberts, Assoc. M. Inst. C.E., of Southampton, 
water engineer, and now Mr. Hogg has been appointed 
consulting engineer. 





Tue GeRMAN BaTriesHir ‘* FRIEDRICH DER GROSSE.” 
—In its last issue, the French journal Le Moniteur de 
la Flotte reproduces the particulars given in the Marine- 
Rundschau concerning the new German battleship Fried- 
rich der Grosse. These particulars are as follow :— 


Displacement 24,500 tons 
Length ha 172 m. (564 ft.) 
Breadth... aa 29 ,, ( 95 ,, ) 
Draught ... 8.30 m. (27 ft. 2 in.) 
Power ; ad 25,000 h.-p. 
Speed ne me 21 knots 
Coal capacity, total 3600 tons 


The armament is to consist of ten 305-mm. (12 in.) guns ; 
fourteen 150-mm. (5.9 in.) guns, and twelve 88-mm. 
(3.4 in.) guns. The ten large-calibre, 12-in., guns are 
mounted in pairs in five turrets—one forward, two on 
the sides in échelon in the middle of the ship, and two 
aft, the fourth firing above the fifth, right aft, turret. 
Our French voy om eo Ay. to understand exactly 
why two turrets have not been mounted forward instead 
of aft. The ship was commenced in September, 1909, 
was launched on June 10, 1911, and is expected to be 
completed next autumn. The Kaiser, rin, Prinz 
Regent Luitpold, and the Friedrich der Grosse form the 





first turbine-battleship division of the German Navy. 
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SEMI-DIESEL ENGINE ON THE YACHT 


CONSTRUCTED BY MESSRS. WM. BEARDMORE AND ©CO., LIMITED, 


“MAIRI.” 


ENGINEERS, DALMUIR. 
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IN referring to the presidential address delivered by 
the Marquis of Graham to the Institution of Marine 
Engineers, on page 226 of our last issue, we alluded to 
the pioneer work done by his Lordship in conjunction 
with the chairman of the company, of which he is a 
director—Mr. William Beardmore—and we have now 
es in reproducing drawings of the yacht specially 
suilt for Lord Graham with a view of carrying out 
extensive experiments at sea with the semi-Diesel 
engine designed and manufactured by Messrs. William 
Beardmore and Co., Limited, at their naval construc- 
tion works at Dalmuir. In this, as in the fitting of 
the old gunboat, H.M.S. Rattler, with a marine 
gas-engine installation, the Marquis of Graham and 
Mr. Beardmore have shown characteristic enterprise, 
and there can be no doubt that their thoroughly prac- 
tical method of tackling the problems associated with 
the application of the internal-combustion engine for 
ship propulsion must yield valuable guidance in con- 
nection with the design and construction of details of 
such prime movers. It is the general experience that 
clients wish their installation fitted at the earliest 
possible moment—a Gesire which precludes experi- 
mental trials in the workshop. Even if builders are 
willing to send members of their staff to take compre- 
hensive data for analysis when the vessel is in service, 
experimental work has to be subservient to the com- 
mercial requirements, and changes in speed or other 
interruptions due to trading exigencies tend to intro- 
duce variants which largely nullify the value of the 
data. With such a yacht as Lord Graham has con- 
structed it is possible t» make the collation of 
information the primary aim of any cruise, and 
when, as in this case, the owner is intensely in- 
terested in the solution of the problems set, the 
utility of the yacht for cruising need not in any way 
be affected. 

A perspective view of the engine is 
page, while an elevation and detail drawings are 
reproduced on the opposite page. The location of 
the engine in the ship is shown on page 254. The 
engine is the nearest approach to the Diesel type that 
has yet been attemp without resorting to high 
compression within the cylinder. The compression 
is limited to 150 lb. per “4. in., and the explosion 
pressure is never greater than 300 Ib. per aq. in. 


iven on this 





Fig. 1. 


with the lighter oils, such as paraffin, and is generally 
in the neighbourhood of 200 Ib. when using heavy 
oils, such as Texas or Solar. As a consequence, a 
combustion-chamber, G on Fig. 4, is fitted to effect the 
starting of the engine. This combustion-chamber is 
heated with a blow-lamp, a process occupying only 
five minutes—equal to the time required for weighing 
anchor or casting off from moorings. But, as in all 
semi- Diesel engines, the heat of the explosion and com- 
pression when the engine is well under way is sufficient 
to keep the combustion-chamber hot enough to make 
the engine self-igniting. This is practically the only 
difference from the ordinary Diesel system of working. 
It will be understood that since the maximum pressure 
in the cylinder is so low, it is found sufficient to use 
air at a pressure of 400 to 450 lb. per sq. in. to inject 
the fuel, which is done in exactly the same way as in 
the Diesel engine. The engine works on the two- 
cycle principle, the scavenging charge being drawn 
into be crank-case by the up-stroke of the piston, 
and compressed on the down-stroke. It is admitted 
to the cylinder when the piston uncovers the port on 
the left side of Fig. 4. 

In the engine illustrated, which was constructed 
within four months of the order being placed, there are 
four working cylinders 9 in. in diameter, the stroke 
being 13 in.; the two-stage compressor (Fig. 5) is driven 
by a fifth crank placed forward—to the right of 

igs. 1 and 2, while the small pumping set and thrust- 
block are seen to the left. The compressor-crank is 
so placed that the primary balance of the engine is 
complete, and this was proved by the absence of 
vibration when the engine was s ed up to 400 revo- 
lutions per minute, although the designed speed is 
350 revolutions per minute. The starting and re- 
versing gear fy the oil and air controls are all 
grouped on the forward end of the engine, so that 
everything necessary for working the engine is at 
the engineer’s hand. The manceuvring of the engine 
is done by means of one hand-wheel with a pointer 
moving over a dial (E on Fig. 2). In the middle 
position the engine is stopped ; to go ahead or astern 
the wheel is simply moved to the right or to the left. 
The whole of this gear is so compact and convenient 
that the engine answers the engineer’s wishes as 
quickly as a steam-engine. 





There are four oil-fuel pumps, one to each working 
cylinder, driven by two eccentrics, and the discharge 
from these is regulated by the hand-wheel acting on 
the suction valves, so that any speed from 0 to full 
ahead and from 0 to full astern may be obtained by 
the same movement that admits the fuel injection 
air to the Diesel valves, and the starting air to the 
working cylinders. Each oil-fuel pump is also 
fitted with a separate adjustment, so that any one 
cylinder can be given more oil quite independently 
of the hand-wheel control. The pump-plungers have 
a device for hand-pumping in order to force the fuel- 
oil up to the Diesel valve before starting, so that, on 
the first revolution of the engine, the oil is sure to be 
injected into the cylinder, and thus the minimum 
amount of starting air is reyuired. The fuel-oil is also 
under the control of the governor, which can cut off 
the oil supply, no matter what the position of the 
hand-wheel may be. 

Two cams have been adopted for reversing the 
Diesel valve, on account of the greater flexibility ob- 
tained in manufacture ; and these are operated by the 
cam-shaft H in Figs. 2to 4. Above the cams, and on 
the end of the push-rod operating the valve, are two 
rollers mounted eccentrically on a spindle, as shown 
in Figs. 3 and 4. The spindle is connected to a lay- 
shaft (Figs. 2 and 4) running along the engine, and 
this lay-shaft A, in Fig. 2, is rocked by a small air- 
cylinder B in Fig. 2, so that either one or the other 
roller is drop into gear. This cylinder is shown 
between the two aft working cylinders. The arrange- 
ment of levers between the cam and lay-shaft is 
shown in Figs. 2 and 4. ) ; 

The air starting gear consists of a rotating plate with 
one hole in it, a this passes over a face-plate con- 
taining four apertures, one for each cylinder, equally 
bmn The rotating plate is driven from the cam- 
shaft by means of skew-wheels, and is consequently 
at right angles to the cam-shaft. To reverse, it 1s 
only necessary to turn the rotating plate through a 
certain angle, and this is done by sliding one of the 
skew-wheels by means of another air-cylinder. This 
gear is shown between the two centre cylinders, being C 
in Fig. 2. The air-cylinder is located just above the 
cam-shafts, and slides the skew-wheel on the cam- 
shaft by means of a simple lever arrangement D. 
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CONSTRUCTED BY MESSRS. WM. BEARDMORE AND CO., LIMITED, ENGINEERS, DALMUIR. 
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_The air cylinders for reversing the Diesel valve and | position. 
alr-starting arrangement are fitted with pistons having | tion, it is only n 
 optgen of large diameter, so that the area on the | to exhaust, 8 the | 

ck of the piston is twice the area on the front. The | small area instantly asserts itself. These operations| ‘ i 
are accomplished by the hand-wheel E opening and | suit continuous running, and all the parts are made 
closing two small air-valves by means of cams keyed on easily accessible. Thus, to take off the cylinder cover 
Other two cams are similarly used for | it is only necessary to undo two small pipes, and it 
and a special | can then be lifte 
| erank-pin bushes can also be removed in a few minutes, 
and all adjustments can be made whilst the engine 


lesser area is ay connected to the ship’s 
. 8, so that the pressure pushes these 
pistons hard back in the cylinders. The gear is then | the spindle. r 
in the ahead position. When pressure is admitted to the | controlling the starting and injection air, 
Tge area, it overcomes the constant pressure on the |one is used for acting on the suction of the fuel- 
tmall area, and the gear is pushed into the astern | pumps, so as to give all the gradations from stop to full 


air-storage tan 
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8 . These latter 

three cams have -Y 
double raised portions on them, so 
that they open no’/matter in which 
direetion the hand-wheel may be 
turned. The cam for opening the 
starting air-valve is mounted on a 
spindle which ses through the 
centre of the hand-wheel, and a 
knob is fitted to the spindle. If 
this knob is pushed in, the cam 
is moved along with it against 
a spring, and the starting air is 
shut off. 

The method of operating the 
gear is as follows:—The hand- 
wheel is moved over, thus drop- 
ping the oil-pumps into gear and 
turning on the injection and 
starting air. As soon as the 
engine is under way the knob is 
pressed in, and this cuts off the 
starting air. It is held in by 
means of a little plunger operated 
by a spring. To stop, the hand- 
wheel is brought back to the 
centre, and when in this position 
the air starting-cam springs back 
into gear, so that it is then able 
to admit starting air, no matter 
in which direction the hand-wheel 
be turned. The rod F is pulled 
up by means of the hand-wheel E, 
in order to shut oft the oil. It 
is brought back by a spring when 
the handwheel is returned to its 
original position. 

At the after end of the engine, 
close to the thrust-block, a small 
pumping set is arranged. This 
consists of a circulating and bilge- 

ump and a small air-compressor 
he keeping up the supply for 
manceuvring and whistle-blowing. 
There is also provision for taking 
air from the main engine com- 
pressor for charging up the reser- 
voirs. The engine is fitted with a 
very ro a system of forced 
sight - f lubrication, and the 


To bring the gear back into the ahead posi-| quantity to any pin bearing or cylinder is under 
ecessary to open the large area | control, and an arrangement for flooding all the parts 
when the constant pressure on the | before starting up is added. 

The engine has been designed on liberal lines to 


away. The main bearings and 
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is running. The arrangement of ports and crank- 
chamber valves can be clearly seen from Fig. 4. 

Two large air-bottles are installed for providing 
mancuvring air, and are equal to about forty starts. 
In entering and leaving the dock at Liverpool recently, 
as many as thirty stops and starts were necessary, and 
these severe conditions were easily met, the engine 
never once refusing to reverse. It was also noticed 
that the engine was slightly quicker than the Diesel 
engine at starting, and that a drop of about 5 lb. in 
one bottle was quite sufficient to give a start. 

The fuel-oil consumption is 56 pints of crude Texas 
oil of 0.875 specific gravity per brake horse-power 
per hour, about the same as in Diesel engines of 
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the same power. The indicator-card, Fig. 6, shows 
the low maximum pressure obtained. The twisting- 
moment diagram constructed from such a card is of a 
particularly uniform diameter. 

An auxiliary oil-engine of 7 brake horse-power is 
carried, and can be coupled direct to the dynamo, air- 
compressor, and fire and bilge-pump. The dynamo 
= current for working the windlass, as well as 
or the electric-light installation and electric radiators. 
— and bilge-pumps are also driven off the 
shaft. 

The motor-yacht illustrated on page 254, Figs. 7 to 
10, which is named Mairi, is the sh full-powered 
crude-oil motor-yacht so far constructed in this 
country. The Mairi is 80 ft. long between perpen- 
diculars, 85 ft. over all, 13 ft. 6 in. beam, and 8 ft. 1 in. 
moulded depth amidships. Her steel hull takes the 
highest class in Lloyd’s Vacht Register, and practical 
experience in a seaway has already proved her to be 
steady, dry, and seaworthy craft. The accommodation 
for the owner and his guests, as shown on Fig. 10, is 
forward of the engine-room ; the crew is comfortably 
berthed aft, and the pantry and galley are unusually 
good for a vessel of this size. Much has been gained 
in this way by the shortness of the machinery space, 
although no attempt has been made to cramp it; in 
fact, the engine-room is unusually clear and comfort- 
able. The Mairi has been designed for making ex- 
tended cruises, and is quite capable of going to 
Norway or the Mediterranean without involving undue 
endurance on the part of her crew. 

On trial the Mairi has obtained a speed of 10.3 knots 
as a mean of six consecutive runs on the measured 
mile, and accomplished a very satisfactory 24-hours 
non-stop run at full speed in tae Firth of Clyde, the 
engines developing 130 brake horse- power when 
running at normal revolufions. At this speed the oil- 
fuel tanks have sufficient capacity to give a radius of 
1000 sea-miles. 

The following log of her first voyage will be studied 
with interest :— 

Left Greenock December 28, 1911, for Dublin, at 
2.45 p.m., arriving Alexandra Basin, Dublin, 9.45 a.m. 
on 29th; an average s of 11.57 knots. Experi- 
enced moderate W.S.W. breeze and S. W. sea. 

Remained in Dublin till January 10, 1912, carry- 
ing out demonstrations, all of which proved very 
successful. 

January 10, 3.45 a.m., left Kingstown for Liverpool 
against a strong S.K. breeze, which towards noon in- 
creased toa gale with a high head sea. Arrived at 
Carrier’s Dock at 3.45 p.m. Average speed, 10 knots. 

Remained in Liverpool till January 25, during 
which time the ship was continually in and out of the 
docks, where much manwuvring was necessary. The 
reliability of the engine was fully tested by arriving 
and leaving the landing stage at all stages of the tide, 
which at times runs between 7 and 8 knots. 

January 25, 1.10 p.m., left for Southampton. Met 
with fine weather to the Smalls where, at opening of the 
Bristol Channel, we experienced a fresh easterly breeze 
with high beam sea, which moderated as we approached 
the lee of the Cornish coast. 

Passed Longships 4.15 p.m. on the 26th, and stood 
up Channel against a fresh easterly breeze, which con- 
siderably increased in force; so much so that at 
9.30 p.m., when off the Eddystones, found it neces- 
sary to heave to, as the yacht was shipping heavy 
quantities of water, flooding the saloon and cabins. 

Towards 8.15 a.m. the weather had sufficiently 
moderated for us to bring the ship broadside to the 
sea, thus enabling us to turn and run to Plymouth for 
shelter, where we arrived at 11.15 a.m., having been 
running for 47 hours, during which time we made 


434 miles. 
January 31.—Left Plymouth for Southampton at 
2.45a.m. Arrived 4 p.m. same day. 





NOTES FROM THE UNITED STATES. 

PHILADELPHIA, February 13. 
One large steel-rail company has on its books over 
100,000 tons of steel rails fur export of the open-hearth 
make. It has withdrawn from the Eastern market on 
billets and steel bars on account of these heavy con- 
tracts. The steel-car makers are very busy on struc- 
tural material, orders and shipbuilding contracts. All 
of the larger steel-makers are quite well sold up, and 
this fact is affording the independent manufacturers 
an opportunity to secure much of the incoming busi- 
ness, especially that portion of it calling for wd 
delivery, and incidentally to obtain fractional ad- 
vances in prices. Much heavy work, involving struc- 
tural material and steel plate, is in sight, but whether 
this work really arrives depends on finance. There are 
quite a number of very large enterprises shaping, which 
will make demands upon the steel industry for large 
quantities of material. One very encouraging branch 
of the industry is the sheet and tinplate mill branch. 
The requirements for these supplies have broadened 
out materially within a week or two. Notwithstand- 
ing the fair degree of activity prevailing, there is a 
struggle for business, which is keeping prices on many 
ucts at the lowest level where the contracts call 
or large quantities. Good margins are obtained only 
on small lots. The coke output for the last week 
reported shows a falling off of 40,000 tons for a week’s 
production. The merchant ovens have increased out- 
ut, and are selling coke at 1.80 dols. at the ovens. 
t is the opinion of the large steel interests that the 
smaller concerns can obtain prices if they had the 
courage toask them. The past few weeks have been 
unfavourable on account of the severe winter weather, 

which has interfered with contemplated operations. 








Factory AND WorksHop AcT—SHIPBUILDING YARDS. 
—We have received from the Home Office the draft of an 
Order which the Secretary of State proposes to make 
under Section 116 of the Act of 1901, in substitution for 
the provisions relating to shipbuilding yards in the Order 
of December 30, 1909. The Order re-enacts the previous 
Order of December 30, 1909 (which applied to shipbuild- 
ing yards so far as concerned the work of oe, riveters, 
and caulkers), and extends it to the work of all persons 
employed in shipbuildlng yards on the building or repair- 
ing of a ship. 





PrrsonaL.—The Sandycroft Foundry Company, Li- 
mited, Sandycroft, inform us that the General Electric 
Company of New York have acquired from them the sole 
right to manufacture and sell in the United States of 
America and its colonies and dependencies cascade motors 


NOTES FROM THE NORTH. 
G.iascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a dull tone, and 2000 
tons of Cleveland warrants were done at 48s. 114d. four 
days and 49s. 24d. one month. Closing sellers quoted 
48s. 114d. cash, 49s. 3d. one month, and 49s. 9d. three 
months. In the afternoon the market was very quiet, 
but Cleveland warrants were steady. The only trans- 
action was one lot at 493. 24d. one month, and at 
the close the quotations were 49s. cash, 49s. 3d. one 
month, and 493. 9d. three months sellers. On Tuesday 
morning a fairly strong tone prevailed, and Cleveland 
warrants, after being done at 49s. cash and 4s. 34d. 
and 49s. 4d. one month, closed with sellers at 4s. 2d, 
cash, 493. 5d. one month, and 49s. 11d. three months, 
The turnover was limited to 1500 tons. Cash hematite 
was quoted at 63s. 6d. buyers and 63s. 9d. sellers. The 
afternoon session was also quiet, but Cleveland warrants 
were stronger, and 2000 tons changed hands at 49s. 3d. cash 
and at 49s. 5d. and 49s. 54d. one month. Closing sellers 
quoted 49s. 3d. cash, 49s. 6d. one month, and 49s. 114d. 
three months. Oa Monday morning a firm tone prevailed, 
and 2000 tons of Cleveland warrants were dealt in at 
49s. 4d. cash, 49s. 5d. four days, and 49s. 74d. one month. 
The close was strong, with sellers at 49s. 54d. cash, 
49s. 84d. one month, and 50s. 2d. three months. In the 
afternoon Cleveland warrants became easier, and 1500 
tons changed hands at 49s. 44d. seven days, 49s. 7d. one 
month, and 50s. 1d. three months, with sellers over at 
each of the two latter prices, and at 49s. 4d. cash. 
Buyers of hematite quoted 63s. 9d. cash and 64s. 74d. 
three months, and there were sellers at 65s. three months 
On Tuesday morning the market was firm, but deal- 
ing was still on the small side, and consisted of 3500 
tons of Cleveland warrants at 49s. 4d. ten days, 49s. 6d. 
one month, and from 50s. to 50s. 14d. three months. 
Closing sellers quoted 49s. 44d. cash, 49s. 74d. one month, 
and 50s. 14d. three months. In the afternoon no busi- 
ness was put through, and Cleveland warrants quoted 
easier at 49s. 34d. cash, 49s. 64d. one month, and 5vs. 1d, 
three months sellers. When the market opened to-day 
(Wednesday) a somewhat dull tone prevailed, and the 
turnover consisted of 2500 tons of Cleveland warrants 
at 49s. 34d. cash and 50s. 04d. and 50s. three months. At 
the close there were sellers over at 49s. 34d. cash and at 
49s. 64d. one month, and 50s. 04d. three months. In the 
afternoon the market was quite idle, but the tone was 
fairly firm. The session closed with sellers of Cleveland 
warrants quoting 49s. 4d. cash, 49s. 7d. one month, and 
50s. 1d. three months. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde, Calder, 
and Summerlee, 64s. ; Gartsherrie, 64s. 6d. ; Langloan, 
65s.; and Coltness, 82s. 6d. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 65s. ; Shotts (at Leith), 65s. ; 
and Carron (at Grangemouth), 65s. 6d. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is quiet, but the tone of the market remains 


of the Sandycroft-Hunt patent type.—Messrs. W. J.| steady. The current price is still 14/. 10s. per ton for 
Fraser and Co. Limited, engineers, state that, owing to| prompt lots, Glasgow or Leith. The amount shipped 
the termination of their lease at 98, Commercial-road, they | from Leith Harbour last week was 2401 tons. 


are moving their offices to their works at Dagenham, 
Essex. They have made arrangements for undertaking 
rapidly in Leston both boiler-work and sage | 
repair work at the same rates as heretofore.—The boar 

of directors of the Globe Pneumatic Engineering Com- 
pany, Limited, state that they have elected, as chair- 
man, Mr. F. W. F. Clark, of Glen Caladh Castle, Argyll- 
shire, and Caxton House, Westminster, in place of Mr. 
S. N. Griffiths, who has retired in Mr. Clark’s favour. 
Mr. Clark’s father, the late Mr. Robert Ingham Clark, 
was founder and first chairman of this company. Mr. 
Griffiths retains his seat on the board as vice-chairman. — 
Mr. C. T. Henderson, manufacturer of a combined tube- 
scraper and brush, states that his address is now 11, 
Hillington-gardens, Cardonald, Glasgow. 





Dinner In Honour or Proressor Unwin. F-R.S.— 
On Saturday, the 10th inst., Professor W. Cawthorne 
Unwin, LL.D., F.R.S., was entertained by about two 
hundred of his past students at the Criterion Restaurant, 
Piccadilly. The dinner was organised by the Old 
Students’ Association of the City and Guilds Central 
Technical College, with the intention of celebrating their 
late professor’s year of office as President of the Institu- 
tion of Civil Engineers, a position which has never before 
been held by an engineer who has devoted practically all 
his life to the teaching side of the profession. The chair 
was taken by the President of the Association, Mr. W. 
Duddell, F.R.S., who proposed the toast of the evening, 
stating that in 1885, when the college was opened, there 
were only 35 students, whereas in 1904, the year in which 
Professor Unwin retired from actual teaching, the roll 
of students was 349. Mr. H. A. Humphrey, one of 
Professor Unwin’s original students, warmly seconded 
the chairman’s proposal. Professor Unwin said that 
he was very much touched by the expression of his 
old students’ respect for their professor, and having 
given a short, but very interesting, autobiography, he 
gave particulars as to the distinguished careers of several 
of bis ays students, now scattered all over the globe. 
Since the opening of the college 175 students had become 
Associate Members of the Institution of Civil Engineers, 
while 16 had been elected to full membership, and 157 
had taken the new degree in engineering of the London 
University. Professor Unwin hoped that soon his old 
college would have three distinct departments for civil, 
mechanical, and electrical engineering respectively. The 
meeting was a great success, and the association pre- 
sented Professor Unwin with a cigar cabinet as a 
tangible souvenir of the evening. 





Scotch Steel Trade.—There has been little or no change 
in the condition of things in the Scotch steel trade during 
the past week, and full employment is general. Heavy 
deliveries are being made to consumers, and, indeed, the 
latter are pressing in their demand for supplies of plates, 
&c. There is little new business being fixed up with 
local buyers, but this is partly accounted for by the recent 
advance in prices and the heavy bookings which previously 
took place. Export inquiries for all kinds of material 
amount to a pon the tonnage, and if delivery could 
only be guaranteed, the prospects of large shipment orders 
being secured are exceedingly good. Makers of sheets 
and structural sections are busy, and prices continue firm. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron makers are still well employed and a good output is 
general. The price for crown bars is firm at 6/. 15s. per 
ton, less 5 per cent. discount delivered at local works, 
which is a considerable improvement on quite recent 
= although the high price of fuel is being severely 
elt. 

Scotch Pig-Iron Trade.—Some difference arose over the 
interpretation of one or two clauses of the agreement 
ending the strike of the Clyde dockers, with the result 
that some of the men refused to start work, and now the 
masters have locked out all the members of the union. 
This has brought about a standstill again, and the shipping 
of pig iron, &c., has been checked. Deliveries to local 
consumers, however, are keeping up well, and inquiries 
are satisfactory. Hematite is quiet, and although fair 
— are being sent out locally, the demand is poor. 

e price is called 69s. per ton. 


The Coal Crisis—Employers in the iron and steel 
trades are viewing with much concern the prospects of a 
strike in the trade, and if such a calamity takes 
place, only a few days will suffice to close down most of 
the works. Already the high price of fuel is telling its 
tale, and unless the rates are sensibly reduced in the near 
future, to continue working means a steady loss. 





NUrnserc O1L-Enetne.—We are informed that in the 
fortnight between January 28 and February 10 orders 
were received for twenty Niirnberg-Diesel oil-engines, 
totalling 10,570 brake horse-power, including two hori- 
zontal single-acting two-cycle engines, each of 2000 brake 
horse-power, ordered by a German firm ; and two hori- 
zontal double-acting four-cycle engines, each of 1600 
brake horse-power, ordered by the municipal electricity 
works at Halle, where one engine of this size has been 
running for some time. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. Bessemer’s Profits.—The report of Messrs. 
Henry Bessemer and Co., Limited, which will be pre- 
sented at the annual meeting in Sheffield on Monday 
next, is of particular interest, in that it is the first of the 
local firms to be issued, — the results of the past 
year’s working. It states that the year was a very busy 
one, although there were adverse influences affecting 
trade. In spite of these, however, the company earned 
larger profits, and are able to increase their dividend to 
74 per cent., as compared with 5 per cent. for 1910, and 
included in the balance is a sum of 20,000/. to be pl 
to reserve. The directors state that trade prospects are 
good, and, provided there is no prolonged coal war, the 
present year should be even more remunerative than 
the last. 


South Yorkshire Coal Trade.—An unsettled atmosphere 
has prevailed all the week in the coal trade. Little 
business was done on the Sheffield Exchange on Friday, 
and the market was distinctly “‘nervy.” Eaieage and 
gas companies have been pas on pressure for deli- 
veries, but a great deal of inconvenience has m occa- 
sioned by the continuance of railway delays, and any 
amount of coal has been held up at colliery sidings. 
Better deliveries at the week end enabled merchants to 
face the rush better on Monday and Tuesday, when there 
was a public clamour for house coal, almost amounting to 
a panic. However, to-day the outlook is decidedly 
calmer. Hopefulness has been aroused by the accept- 
ance of Government intervention, and although prices 
yesterday had jumped up from 2s. to 3s. since the 
week end, to-day they seem likely to be stationary 
for a few days. At present the lowest pit quota- 
tion for both house and hard coal is 15s. e follow- 
ing are, as mye fer can be = the figures asked at 
the collieries :—Best branch hand-picked, 19s. to 20s.; 
Barnsley best silkstone, 16s. 6d. to 19s.; silkstone, 17s. 
to 18s. 6d. ; Derbyshire best brights, 16s. to 18s.; Derby- 
shire house, 15s. to 16s.; large nuts, 15s. to 16s.; York. 
shire hards, 15s. to 16s.; Derbyshire hards, 15s. to 16s.; 
rough slacks, 10s. to 11s.; seconds, 9s. to 10s. ; smalls, 7s. 
to 8s. 


Tron and Steel.—The iron market has been exceedingly 
quiet during the week. Buyers are disinclined to come 
to terms at the high = ruling, and producers will 
make no concessions—that is, s ing generally. A few 
instances are recorded of small reductions in hematites. 
In Lincolnshire and Derbyshire common-iron makers are 
sold well on to the middle of the year. The slump in 
buying is probably not a little due to the coal crisis, 
manufacturers naturally having to keep a careful eye 
upon what contracts they enter into for the immediate 
future. It is certain that many departments of local 
works would have s ily to close down if the strike 
became an accomplished fact. In certain well-informed 
quarters it is stated that the general industries of the city 
could not be carried on for much longer than a week 
if the coal supply were cut off, as the works have 
practically no facilities for storage. Those manufac- 
turers who are not seriously handicap in obtaining 
fuel and raw materials by railway delays are pressin 
forward work as quickly as possible, in order to fulfi 
contracts. In the meantime the expansion of trade 
progresses ——— and in armaments, engineering, 
and railway steel, orders in hand are of very big 
dimensions. Returns show that in the steel trades 
of Sheffield and Rotherham during the last week of 
January the increase of men employed, ascompared with 
a twelvemonth previous, was over 2000. All the file- 
makers and the tool-steel manufacturers are exceedingly 
busy. High-speed steel and twist-drill-makers are work- 
ing a pressure, and all the lighter trades are actively 
engaged. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is only a ver 
moderate business passing in pig iron. Traders are hold- 
ing off in dread of a coal strike. A general suspension of 
operations at the collieries will close all the works in the 
iron and steel trade in a very few days. There are those 
who are emphatic in their expression of opinion that an 
actual strike will not eccur, but all are bound to admit 
that the situation is very grave, for the possibility of the 
miners ceasing work is having a most disturbing influence 
on trade generally. No.3g.m.b. Cleveland pig is 49s. 6d. 
f.o.b., at which figure both merchants and makers are 
prepared to sell, though some of the latter hold out 
for a higher price. No. 1, which continues scarce, is 
quoted 53s. 6d. and upward. Foundry 4, and forge 4, 
are each 49s. 14d., and the latter is reported scarce. 
Mottled and white iren each stand at 48s. 104d. All the 
foregoing rates are for early delivery, and sellers would 
not commit themselves forward except at higher prices. 
his week a few lots of East Coast hematite pig have 
een sold to Sheffield consumers at current rates, and had 
makers been prepared to contract forward a fairly heavy 
‘usiness might have been done, but under present condi- 
Sone producers will not commit themselves ahead. Nos. 
1, 2, and 3 stand at 66s. for early delivery. Imports of 
foreign ore are on a very heavy scale, but there is little 
te business doing. rket rates of foreign ore are 
mased on fully 21s. 6d. ex-ship Tees for best Rubio, which, 
—_ freights Bilbao-Middlesbrough at 6s. to 6s. 14d., and 
t * price of Rubio 15s. to 15s.6d. ai Udhanleoess no margin 
oO profit. Coke has at length made an upward movement. 
-uere 1s practically none obtainable for immediate deli- 
very, and all kinds of prices are named. Nominally the 











quotation for average quality of blast-furnace coke deli- 
vered at Teesside works may be put at 18s. per ton. 


Stocks and Shipments of Pig Iron.—The quantity of 
Cleveland pig iron in the public warrant stores to-night 
stands at 523,178 tons, 5989 tons having been withdrawn 
since the beginning of the month. Shipments of pig iron 
from the Tees to date this month ave 3429 tons per 
working-day, the total despatches reaching 61,927 tons. 
To the same date last month the total loadings of pig 
were returned at 50,722 tons, or a daily average of 2812 
tons, and for the corresponding part of February last 
year the clearances reached 51,577 tons, or an average of 


aced | 2865 tons per working-day. 


Manufactured Iron and Steel.— Producers of all de- 
scriptions of manufactured iron and steel are very well 
situated so far as orders are concerned, many firms havi 
contracts made which will keep them in fullswing beyon: 
the end of the year. Just now, lhowever, new work is 
coming forward very slowly. ‘The dearth of orders is 
attributed to the state of affairs in the coal trade. Quota- 
tations all round are well maintained. Common iron bars 
are 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; iron 
ship-plates, 6/. 12s. 6d.; iron ship-angles, 7/.; iron ship- 
rivets, 7/. 12s. 6d. to 7/. 15s.; iron girder-plates, 6/. 17s. 6d. ; 
iron boiler-plates, 7/. 12s. 6d.; steel bars, 6/. 10s.; steel 
ship-plates, 7/. 5s.; steel ship-angles, 6/. 17s. 6d.; steel 
boiler-plates, 77. 15s.; steel strip, 6/. 12s. 6d.; steel hoo 
61. 15s.; and steel joists, 6/. 12s. 6d. to 62. 15s.—all less the 
customary 24 per cent. discount. Cast-iron columns are 
61. 10s.; cast-iron railway chairs, 3/. 12s. 6d.; light iron 
rails, 6/. 10s.; heavy steel rails, 5/. 12s. 6d. ; and steel 
railway sleepers, 6/. 10s.—all net at works. Iron and 
steel galvanised corrugated sheets, 24-gauge, in bundles, 
111, 10s. f.0.b., less the usual 4 per cent. discount. 








THE Junior INSTITUTION OF ENGINEERS.—The twenty- 
eighth annual dinner was held on the 17th inst. at the 
Hotel Cecil, when the President, Commendatore G. 

reoni, D.Sec., LL.D., took the chair. Among those 

resent were Vice-Admiral Sir H. B. Jackson, K.C.B., 

.C.V.O.; Engineer Vice-Admiral Sir Henry Oram, 
K.C.B. ; Sir George Greenhill ; Count Albiz; and Mr. 
W. B. Bryan. In proposing “‘ Electrical Intercommuni- 
cation,” Dr. John Perry, F.R.S., referred to the great 
advances in cable-work, which enabled higher s s and 
greater distances to be successfully worked. rding 
wireless telegraphy, he pointed out that in spite of the 
great progress made, much remained to be done, instancing 
the effects of darkness and light on waves, of which little 
was known at present. He further s ted how little 
was known about acoustics. In replying to this toast, 
the President suggested that many of the improvements 
in cable-work were applicable to wireles3 telegraphy. 
Mutual interference was bound to be a problem, since we 
only had one ether, but the effects had been minimised 
by the use of group tuning and the directive system. In 
recent years there had m a large increase in the 
number of ship installations, which indicated that the 
interference had not been correspondingly increased. 
‘The Junior Institution of Engineers ” was yropreet Wy 
Mr. G. C. Horsley, and responded to by Mr. W. T. 
Dunn. During the evening a testimonial was presented 
to Mr. Dunn, the late secretary, in recognition of his 
twenty-seven years’ services to the Institution. An 
excellent musical programme was given, which was con- 
tributed to by Mr. T. E. Gatehouse. 





Tur Copper Market.—Messrs. James Lewis and Son, 
in their mid-monthly report, state that under the influence 
of a fall in the value of securities on the New York Stock 
Exchange standard copper declined from 61l. 17s. 6d. 
for cash on the 1st inst. to 61/. on the 6th inst. The very 
favourable American statistics showing a reduction of 
10,346 tons in the stocks at the end of January, and an 
inorease of 9047 tons in the home consumption, as com- 
nared with the same month last year, induced active 

uying, with considerable realisation of Pg and 
standard advanced on the 9th inst. to 63/. cash and 
631. 15s. three months. This was followed by a fall to 
62/. 7s. 6d. on the 14th inst., but the very material reduc- 
tion in European stocks and in the visible supply 
announced on the 15th inst. caused a sharp reaction to 
621. 17s. 6d. cash and 63/. 11s. 3d. three months. Refined 
copper sold to only a moderate extent, manufacturers 
showing little desire to replenish their stocks, which must 
now be considerably depleted. American electrolytic was 
offered at 65/. per ton c.i.f. for March, and 65/. 5s. for 
April delivery, but the quotation had since been raised 
25s. per ton. In sulphate of copper more business had 
been transacted, how with the sale of the second-hand 
parcels pressed on the market, down to 21/. 15s. per ton 
for February delivery was accepted. There since 
been a recovery, the closing value on the 15th being 
22/. 15s., with buyers eager to acquire sulphate for 
delivery this month, as, should a strike of the colliers take 

lace on March 1, its manufacture will be considerably 

iminiehed, if not altogether stopped. Stocks in England 
and France had decreased 982 tons, and in Germany and 
Holland 400 tons, during the fortnight. American 
refiners’ returns for the month of January showed a 
reduction of 10,346 tons in the stocks, the production 
being 1590 tons less than for the previous month, and 
exports 414 tons more. The consumption was 1627 tons 
less than during December, but 9047 tons more than for 
January last year. The total reduction in American and 
Euro; stocks was therefore 12,334 tons, or 65,598 tons 
less than on February 1, 1911, a 88,359 tons inst 
153,957 tons twelve months ago. nglish and French 
consumption had increased 76 tons, and the exports of 
sulphate of copper were 31 per cent. more than the large 
exports of January, 1911. 





| Line is re; 
| steam 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—The conditions prevailing in the steam-coal 
trade have become much harder, merchants standing out 
for higher prices ; colliery owners, being also certain of a 
ready market for anything left over at the close of the 
month, have shown more disposition to hold on than to 
close business at current prices. It is practically useless 
to attempt quotations, as they are subject at any moment 
to a sensational advance or a rapid decline. The Cunard 
rted to have drawn considerable supplies of 
from Yorkshire. 


Barry Railway.—Mr. T. H. Rendell has been ap- 

in general manager of the Barry Railway. Mr. 

ndell is an old Great Western man, and he worked his 
way up in the Great Western service after joining it as 
a lad from school. He held responsible a ary under 
three Great Western managers—Mr. H. Lambert, Sir J. 
Wilkinson, and Sir J. Inglis. In March, 1904, Mr. 
Rendell was appointed assistant to the general manager, 
and a few months later on he became chief goods 
manager. 

Ilanelly.—The threatened coal strike is having a dis- 
turbing effect upon local trade, which will be virtually 
paralysed if the colliers come out. Theordinary supplies 
of the works are sufficient for only a few days, so that rn 
strike would practically involve a suspension of the 
industries of the town. The tin-plate trade has ruled 
quiet ; orders recently booked have been taken at lower 
prices, the demand having fallen off during the last few 
weeks. Thesteel works are, however, active, the demand 
for bars being well maintained. 


Milford Docks.—The report of the directors of the 
Milford Docks Company states that the company has 
made arrangements for the purchase of additional  e~ 
adjoining Priory Hill. With a view to assist the working 
of important coalfields in West Pembrokeshire, an appli- 
cation has been lodged with the Commissioners of Light 
Railways for an order authorising the construction of a 
railway which will enable the docks to me the port 
of shipment of the coal. The aggregate ton of the 
vessels entering the docks during the past f-year 
amounted to 338,527 tons, as against 335,331 tons in the 
corresponding period of 1910. 


Bristol, &c., Wagon Company.—Colonel Batten _pre- 
sided at the annual meeting of the Bristol and South Wales 
Railway Wagon Company, Limited. In moving the adop- 
tion of the report, he said the operations of the et ear 
had been satisfactory. They were not affected by labour 
troubles, like companies which had large works to main- 
tain, and he sincerely ho that the strike which was 
threatened in the coal trade would be avoided. The report 
was considered the best which had ever been presented. 
The reserve fund, which stood at 35,000/. in 1902, had 
now been carried to 53,0001. The report was adopted, 
and a dividend was declared at the rate of 10 per cent. per 
annum. 


Port Talbot.—Mr. T. E. Watson presided at the half- 
early meeting of the Port Talbot Railway and Docks 
mpany, in the absence, through ill-health, of the chair- 
man, Colonel J. R. Wright. The report showed a gross 
revenue from all sources of 71,496/. The capital expen 
diture for the half-year amounted to 27,937/. The chair- 
man said, notwithstanding the serious labour troubles 
which the company experienced last year, its shipping 
traffic showed an increase of, roughly, 60,000. tons, 
the total imports and exports last year being 2,342,000 
tons. The net revenue showed that, after providing for 
rior charges and interest, the company had a balance of 
,1741. This would allow the directors to recommend 
the usual preference dividend and an ordinary dividend 
for the half-year at the rate of 6 per cent. per annum, 
carrying forward 3274/. 





MASCHINENTECHNISCHES LEXIKON.—We have received 
from the publishers, Verlag der Druckerei- und Verlags 
A.-G., vorm. R. v. Waldheim Jos. Eberle and Co., 
Vienna, thirteen parts of this illustrated German 
en: jacering ———. which is edited by a= 
Felix rer. e thirteen parts comprise L 
down to the commencement of the chapter on Gal. 
vanism.” Each part costs 70 pfennige (about 8d.), and 
the work is to be completed in about thirty parts. It 
will form, as we stated in our review of the first part 
(vol. xci., 783), an interesting engineering encyclo- 
pedia in the German language. 





Tue British AssociaTion.—The following presidents 
of sections have been appointed for the meeting of the 
British Association for the Advancement of | 
— is - take my by an | or ¢ — 
following days, under the idency of Professor FE. A. 
Schiifer, LL.D., D.Sc., MD. ERS. :—Mathematical 
and Physical Science—Professor H. L. Callendar, LL.D., 
F.R.S. ; Chemistry—Professor A. Senier, M.D., Ph.D. ; 
Geology—Mr. B. N. Peach, LL.D., F.R.S. ; a 
Mr. P. Chalmers Mitchell, D.Sc., F.K.S. ; phy— 
Sir Charles M. Watson, K.C.M.G.,C.B., R.E.; nomic 
Science and Statistics—Sir Henry H. Ounynghame, 
K.C.B.; Engineering—Professor A. Barr, D.Sc.; Anthro- 

logy — Professor Elliot Smith, M.D., F.R.S. ; 
Phyntology— Mr. Leonard Hill, M.B., F.R.S. ; Botany— 
Professor F. Keeble, Sc.D. ; ucational Science—Pro- 
fessor J. Adams, M.A. ; Agriculture—Mr. T. H. Middle- 
ton, M.A. For the first time, agriculture is to form the 
subject of a section. Professor W. H. Bragg, F.R.S., 
and Professor A. Keith, M.D., have been appointed to 
deliver the evening discourses, 
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THE YACHT “MAIRI” WITH SEMI-DIESEL ENGINES. 
CONSTRUCTED BY MESSRS. RITCHIE, GRAHAM, AND MILNE, SHIPBUILDERS, WHITEINCH. 
(For Description, see Page 250.) 

















Fic. 7. Maxine 10.3 Knots on TRIAL. 
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THE RAILWAY SITUATION. 

Prruars the most noteworthy feature about 
the railway returns for the past half-year is that, in 
most cases, the companies have suffered very much 
less from the strike of last August than might have 
been anticipated. Trade was on the whole so good 
that the few days’ interruption of traffic were insuf- 
ficient to prevent the half-year yielding quite satis- 
factory results. 

The most serious effect of the railway unrest lies 
in the fact that it renders difficult the raising of 
capital for new developments. Thus the London 
and North-Western Railway Company is paying 
the same dividend as in 1899, but the stock now 
stands at 138/. 10s., instead of some 401. to 501. 
higher. Under these conditions it is not remark- 
able that the capital expenditure of the company 
was last year the lowest on record. Again, 
addressing the Great Eastern Railway Company, 
Lord Claude Hamilton remarked that for some 
years past the company had had to limit its capital 
expenditure to a minimum. As a consequence, it 
had been impracticable to make many highly 
desirable improvements in the equipment of the 
line. These would have stimulated traffic and led 
to greater emplo t. A well-known publicist, 
who is claimed by the labour representatives to 
be their authority on finance, declared some time 
since that so long as the total amount received by 
capital per annum was equal to that received by 
labour, the latter had a clear case for higher wages. 
The ridiculous character of such a plea is well 
exemplified by considering such an undertaking as 
the Simplon Tunnel. ere, owing to the huge 
cost of construction, the proportion of the receipts 
received by capital is rightly and justly vastly in 





excess of that paid out in the wages of the staff 
handling the traffic through the tunnel. Obviously, 
the real criterion as to whether or no capital is or 
is not receiving an undue share of the profits 
depends not upon the total amount it receives, 
but upon the rate of interest realised. At present 
the average return on money invested in British 
railways is about 3$ per cent., or, allowing for the 
splitting of stock and similar operations, 4 per cent., 
which is not greater than is obtainable by invest- 
ments in certain Government and municipal stocks. 

It has been suggested in Parliament that instead 
of nationalising the present railways, new ones 
should be built by the State, the idea being appa- 
rently that a large proportion of the railway capital 
is water. In his address to the Engineering Sec- 
tion of the British Association in 1910, however, 
Professor Dalby showed that this view was wholly 
erroneous, and that the proportion of ‘‘ water” is 
really small. The experience gained in the exten- 
sion of the Great Central Railway to London 
showed pretty conclusively that the present system 
of railways could not be duplicated for much, if any, 
less than their present capital. 

The chairmen of the different railways in dis- 
cussing the strike were uniformly moderate in their 
comments, although the men had in every instance 
shown a most immoral disregard of their pledged 
word. When John Stuart Mill, in years gone by, 
was standing for Parliament, he was accused of 
having asserted that a regard for truth was not 
a characteristic of the working classes as a body, 
and whether this charge be well based or the re- 
verse, no one, in view of recent history, can claim 
for many of them an honest desire to stand by their 
pledges. Many of the men who went out had pre- 
viously admitted that they had no complaints to 
make, but they preferred to obey the behests of fluent 
demagogues than to do their duty towards those 
who provided them with the means of livelihood. 

The congestion of traffic due to the strike lasted 
well into December, and in some instances had not 
been entirely cleared off by the end of the year. 
One of the principal difficulties met with in improv- 
ing conditions of service lies in the fact that though 
the men demand higher wages, they resent every 
step taken by the companies towards a more 
efficient handling of the traffic. This has been 
notably the case on the North-Eastern Railway, 
where, for example, demands have been put forward 
for promotion by seniority instead of by merit. We 
believe that every railway director would be glad 
to see the wages rate raised, but to make this 
possible the labour cost per ton handled must be 
reduced, and to this the men object. Hence, in 
the ultimate, it is often the men themselves who 
insist on keeping down the level of their own 
wages. That the general conditions of service cannot, 
however, be seriously unfavourable is proved by the 
frequency with which the,sons of employees also 
enter the service. 

The London and North-Western Railway Com- 
pany earned 221,102/. more than in the correspond- 
ing period of 1910, and this involved the running 
of 430,000 more train-miles. The gross receipts 
were the highest in the history of the com- 
pany. The expenditure increased by 226,3711., of 
which 160,000/. was due to increased wages and 
salaries. This advance has been made by the 
directors without waiting for action by the Con- 
ciliation Board. A noteworthy feature of the 
returns lies in the fact that the number of - 
sengers diminished both in the first and the third 
class, yet the actual receipts were increased. Nearly 
20,000 fewer passengers were carried in the first 
class, but the fares were up by 18,3491. Of third- 
class passengers, 888,000 less were carried, but the 
receipts rose by 65,8921. Evidently the average 
length of journey is being increased, whilst the 
short-distance passenger is being diverted to other 
means of transport. The second class has been 
abolished everywhere save in the London area. 

As already announced, the company have made 
some very important modifications in their pro- 
— for electrifying a portion of their line. 

riginally it was merely intended to widen the 
line from Watford to Kilburn, and from the latter 
ope to construct a deep-tunnel line into Euston. 

t appears, however, that nine-tenths of the pas- 
sengers to be transported want to go elsewhere 
than to Euston. It has accordingly been decided 
to construct a tube extension from Queen’s Park 
to join the Baker-street and Waterloo Railway at 
Paddington ; whilst by electrifying the North 
London line from Chalk Farm to Euston other of 
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these trains can be run direct into the City. Pas- 
sengers from Watford will thus have the choice of 
proceeding direct to the West End, to the City, or 
to Euston. The widening beyond Kilburn will 
make it possible to develop an efficient outer sub- 
urban service. 

The electrification of the North London Railway 
should be effective in checking continuous reduc- 
tion in the passenger traffic, which is still strongly 
accentuated. In spite of this loss, however, this 
company has had a successful half-year, the goods 
traffic being the highest on record. 

The Great Western Railway also shows a marked 
reduction in the number of passengers carried ; 
but, less fortunate than its great rival, the reduction 
in numbers has been directly reflected in the 
receipts. In all, the number carried was down by 
2,068,499, the corresponding decrease in the earn- 
ings being 27,3121. This company was somewhat 
seriously affected by the strike, 40 per cent. of their 
employees breaking their contracts. In spite of 
this the service was being partially maintained, 
and, had the trouble heel few days longer, 
would doubtless have been made reasonably efticient. 
The loss directly due to the strike was 100,0001. 
Increases of wages and the like have amounted to 
53,0001. on the half-year. The National Insurance 
Bill will, it was stated, involve a burden of 50,0001. 
per annum, and this is, of course, a wages charge. 

The reluctance of the companies to incur further 
capital expenditure under present conditions is well 
exemplified in the policy of the Midland Railway, on 
which for the fifth half-year in succession the capital 
expenditure has been less than 200,000. It is notice- 
able that the Midland Company ran 102,000 fewer 

oods train-miles, yet carried 200,000 tons more than 
in the corresponding period of 1910, The chairman 
stated, at the Midland meeting, that 30 engines with 
superheaters were now in use on the line. 

The Great Northern Railway established a record 
in gross receipts, which amounted to 3,422,7701. 
Here, again, passengers showed a tendency to take 
longer journeys, so that the average return per head 
was increased, but there was at the same time an aug- 
mentation of 28,000 in the passenger train-mileage. 
The net revenue was up by 94,0001., and the return 
on the capital the best since 1891. The chairman ex- 
pressed the opinion that, in view of the practicability 
of getting coal from abroad, a national coal strike 
was likely to hit hardest the miners and their de- 
pendants rather than the railway companies. Like 
other companies, their reserve of coal is consider- 
able, so that they would not be greatly affected by 
a short strike. This company has also found it 
advisable to keep down capital expenditure for some 
time past, but further widening work cannot be 
longer postponed. The Insurance Act will cost 
this company 30,0001. to 35,000/. per annum. 

The a A oread Railway Company, in spite 
of labour troubles and a reduced mineral traffic, 
has had a record year, the receipts being 16,4001. 
more than in 1907, the previous best. The strike 
against this company was particularly baseless, as 
the directors, rightly or wrongly, decided to recog- 
nise the union years ago. In spite of this many men 
went out, and the loyalty of those who were honest 
enough to respect their pledges has been recognised 
by a donation of 20,0001. At the meeting the chair- 
man expressed the hope that Parliament would not 
stereotype passenger fares in the way it has seen fit 
to do in the case of freight charges. What amounts, 
in practice, to an absolute bar has been erected 
against experimental reductions in the latter, 
but the companies have still a free hand to lower 
passenger fares. There is a common belief amongst 
advocates of railway nationalisation, that pas- 
senger fares are extremely high in Great Britain. 
In making this contention two important points are 
yo sagen , the character of the service rendered, 
and the enormous number of special cheap fares. 
The North-Eastern Railway Company have recently 
determined the actual average fare paid by each 
passenger on their system, and this amounts to 
only 4d. per mile. 

For the first time since 1894 the Great Central is 
able to pay a dividend on its preference stock. 
The total tonnage carried was 10,647,569, which is 
the highest on record, and 395,426 tons more than in 
the er half of 1910. The gross revenue 
increased by 10,900/., but the expenses increased 
by 27,3671., mainly due to increased wages. To a 
certain extent this is being met by increases in 
certain passenger fares, but little relief can be ex- 
pected in this direction, since the passenger receipts 
are only one-fourth the total. 
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The London and South-Western Railway had the 
distinction of being almost wholly unaffected by the 
strike. Out of some 25,000 men employed only 
25 were dishonourable enough to break their agree- 
ments. Asa consequence the union leaders have 
since been making a dead set at this company. The 
passenger traffic showed a decrease of 160,640, the 
decrease being mainly in the short-distance traffic. 
In view of this fact, the chairman indicated that 
the question of electrifying the suburban lines was 
receiving consideration. It was on this company 
that the onus of transporting troops to London at 
the time of the strike fell. Between 12 o’clock one 
night and 6.30 the next morning they brought into 
Waterloo 16,000 men and their baggage, and there 
were also eight trains which carried cavalry to Nine 
Elms. 

The general passenger traffic on the Great 
Eastern Railway was the best on record, but the 
average fare remains low, being but 6.16d. per 
head. A large return has been reaped from the 
traftic to Germany in cavalry remounts. The total 
increase in the revenue has been 77,770l., and 
in the expenses 77,926/., of which amount about 
40,0001. is due to increased wages. The company 
are setting aside annually 10,000/. to provide hous- 
ing accommodation for their staff. The chairman 
announced that some further capital expenditure 
must shortly be incurred in order to increase facili- 
ties for handling traffic, which is already to hand. 
Last year the total amount expended under this 
head was 45,866/., which is the lowest since 1862. 
This company is to provide the capital necessary 
for the electrification of the East London line. 

At the meeting of the ‘London, Brighton, and 
South Coast Railway the Chairman announced that 
the 10,000,000 passengers lost to the trams had now 
been recovered. Recent returns from the London 
County Council trams would seem to show that some 
proportion of this ten million is being taken from the 
tramways. The latter, even though they habitually 
violate their own by-laws, are unable to maintain a 
schedule speed of more than some 8 miles per hour 
between termini. The abolition of the second 
class has been decided upon, and will afford facilities 
for accelerating the trains. The widening by the 
Western Railway of France of the Dieppe-Paris line 
at Pontoise is now nearly complete, and will 
enable the London and Brighton company to 
greatly accelerate their services to Paris. In view 
of this a new turbine steamer, intended to be the 
fastest cross-Channel boat afloat, has been ordered 
from Messrs. Denny, of Dumbarton. 

The receipts of the South-Eastern and Chatham 
Railway Companies for the year 1911 were the highest 
on record. Gross receipts were 83,0001. more, whilst 
expenses went up by 42,000/. Fewer passengers 
were carried, the number being now 16,000,000 
less than before the electrification of the tramways. 
During the strike the company made arrangements 
to obtain coal from Belgium, France, and Germany. 

Coming to the Metropolitan railways, the Cen- 
tral London Railway shows a decrease of 1,900,000 
in the number of passengers carried, and of 18,3131. 
in the receipts. There was, however, a diminu- 
tion of 14,8331. in working expenses, in spite of a 
charge due to the strike amounting to 1755/. With 
the exception of the motor-drivers, the men as a 
whole stood by the company, and it was found 
possible to run the trains with the assistance of 
those of the staff who had had some experience 
in driving, and thus the service was maintained. 
The City and South London Railway was less 
fortunate, although a year previously the men 
had entered into a voluntary agreement for a 
fixed term of years, and preferred no charge 
against the company of disloyalty in carrying 
out the terms of this undertaking. It is only 
right to say that the men met, and, by a large 
majority, decided to continue at work. Unfortu- 
nately, however, the line traverses some of the 
rowdiest quarters of the Metropolis, and the roughs 
there residing were so violent that the men were 
compelled to cease work. Our rulers, of course, 
with their usual supineness where the liberty of 
the subject is concerned, did little or nothing to 
protect the unfortunate employees of the com- 

ny. The train- mileage increased by 52,000 

uring the year, but the gross receipts fell by 
5081., the effects of the strike costing 6201. The 
working expenses are now 5.38d. per train-mile. 
An attempt to reduce this was made during the 
half-year by substituting four-car trains for the 
five cars previously used. Four cars are more 
than ample during the quiet hours of the day, 





but proved quite inadequate to cope with the 
traffic during the rush hours, and the company 
has no facilities for varying the number of cars 
from hour to hour. Hence a reversion to the five- 
car trains has been necessary, it spite of the waste 
of power involved during the hours of light traftic. 
This tube has the lowest running speed in London. 
An attempt is being made to raise this by modify- 
ing the engines, and it is hoped in this way to com- 
pete more effectually with the trams and buses. 

All the underground companies suffered from the 
fine weather, which made passengers prefer to 
travel in the open where possible. Largely to this 
cause the Metropolitan Railway receipts were down 
by 9000/7. This company is now spending a large 
sum in widening their line, so as to have four tracks 
for the 3} miles from Finchley-road to Wembley 
Park. Non-stop services will then be run from 
Harrow to Baker-street, and then on to the City. 
The land for these widenings is for the most part 
already in the possession of the company, so the 
cost will be relatively low. When the strike broke 
out 924 out of 3300 employees left work. Those 
that broke their agreements were mainly train- 
men, who admitted that they had themselves no 
grievances. 

The growth of traffic on the District Railway has 
made the purchase of additional rolling-stock im- 
perative. There are now forty trains per hour at 
one period of the day. A fly-over crossing to be con- 
structed at Earl’s Court will permit of still smarter 
working. The gross earnings have increased by 
14,800/., but the average fare has fallen from 1.84d. 
per passenger to 1.80d. The car-mileage has in- 
creased by 498,151, which is about 7} per cent., 
and this large increase has only caused the takings 
per car-mile to fall from 9.584d. to 9.409d. The 
ratio of expenses to gross receipts is now 41.87 per 
cent., after making due allowance for the interest 
on the Lot’s-road establishment, of which the com- 
pany is now t-owner. Powers are now being 
sought to supply current to the North Metropolitan 
and Richmond electric light and power under- 
takings. For the first time on record there is a 
distribution on the second preference stock. 

The Great Northern and City Railway are 
making gradual progress, in spite of severe com- 
petition from trams and ’buses. The deficiency of 
receipts, as compared with fixed charges, is now 
4300/., as against 89001. two years ago. The 
London Electric Railway Company has several 
improvements under way. Extensions are being 
made to the Hampstead tube at Charing Cross, and 
the extension to Paddington is being pushed for- 
ward. The gross receipts are 13,2951. more than 
a year ago, and the ordinary shareholders are 
getting a dividend of 1 per cent. Nearly 50,000,000 
passengers were carried during the half-year. The 
proposed extension of the line from Paddington to 
Queen’s Park has already been mentioned. This 
will be financed by the London and North-Western 
Company. Another extension in view is from 
Golder’s Green to Edgeware. As to minor improve- 
ments, escalators are to be put in at the Elephant 
and Castle and at Oxford-circus. 








CONDITIONS OF LEAST WEIGHT FOR 
PETROL-ENGINES. 

In all self-moving machines the question of 
weight is naturally of very great importance, and 
it is so especially in the case of petrol-engines. 
These are used principally for motor-cars, where 
unnecessary weight causes great wear on the tyres ; 
for aeroplanes, where extreme lightness is abso- 
lutely necessary if the machine is to fly at all ; and 
also in motor-boats, where speed is almost entirely 
a matter of weight per horse-power. Hence the 
first object of all designers of petrol-engines should 
be to keep the weight per horse-power as small 
as is consistent with the requisite durability, {c. 
Nevertheless petrol-engines vary enormously in 
their proportions, the speed they run at, &c. ; and 
it is therefore of interest to consider what propor- 
tions are likely to give the best results. : 

In comparing engines of different proportions 
the comparison must necessarily be between those 
with the same factor of safety and margin of wear. 
It is obvious that the weight of any machine can 
be reduced by reducing the factor of ny | in the 
various parts, and the margin for wear in the bear- 
ings, and therefore a comparison of the weights of 
engines of different proportions, is of no value unless 
they are equal in this respect. Assuming that a 
certain standard of safety and durability is main- 
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tained, the principal variations in petrol-engines 
are :— 

1. The speed at which they run. 

2. The compression used. 

3. The proportion of diameter of cylinder to 
stroke. 

To a certain extent these are interdependent, 
and petrol-enginesare divided largely into two types: 
—The small-bore long-stroke engine running at a 
very high speed, fostered by competitions under 
a piston-area rating rule, and the moderate-speed 
engine used where this rule has no effect. 

It is obvious that with a given mean pressure 
and horse-power the cylinder capacity is inversely 
as the revolutions. From this it might be inferred 
that the faster an engine is run the lighter it can be 
built, and up to a certain point this is, no doubt, 
correct, though the reduction in weight is not as 
the increase in revolutions, as might at first sight 
appear. ‘This is because the size of many of the 
parts is not in proportion to that of the cylinders, 
hut depends also on the speed at which the engine 
runs. Thus while the size of the cylinders is reduced 
in proportion to the increase in the revolutions, the 
size and lift of the valves is constant for a given 
power, regardless of the revolutions. Hence the 
weight of the valves, pipes, passages, valve-pockets, 
&c., will be constant, and the reduction in weight 
of the cylinder castings, &c., will not be anything like 
in proportion to the reduction in cylinder capacity. 

The same thing applies to the working parts, 
crank-case, &c. Ignoring for a moment the stresses 
due to inertia, the stresses on the crank-shaft, and 
on the various parts which carry it, will be as the 
cylinder capacity, assuming constant proportions of 
the parts. In practice, however, constant propor- 
tions cannot be maintained, because this would 
mean that the bearing pressures were as high in 
the high-speed engine as in the low, while, if the 
durability is to be equal, the high-speed engine 
must have larger bearings in proportion to the size 
of the cylinders than the low. 

Hence the weight of the crank-shaft, big ends, 
main bearings, crank-case, &c., will not be inversely 
as the revolutions, but will diminish much more 
slowly. The cams, cam-shafts, timing-wheels, &c., 
will actually increase in weight as the revolutions 
are increased, for the valves are not diminished in 
diameter or lift, while they have to be moved 
faster, and therefore require the above-named 
parts to be larger for equal wear. 

In the above comparison, it has been assumed 
that the compression and explosion pressures are the 
same at whatever speed the engine runs, and the 
effect of the inertia of the reciprocating parts has 
been neglected. At all moderate speeds this is a 
sound basis of comparison. There is no difficulty in 
getting the mixture to burn in the time available, 
and therefore the compression pressure is fixed by 
practical considerations, the effective mean pressure 
and economy being slightly greater with the higher 
compression, while the smoothness of running is 
best with a lower one. Ina moderate-speed engine, 
however, a satisfactory combination of mean-pres- 
sure economy and smoothness of running can be 
got with very moderate compression. The effect 
of inertia is also negligible. 

After a certain limit of speed has been passed, 
however, the conditions change. The time for com- 
bustion becomes so short that the compression pres- 
sure has to be raised in order to get the charge to burn 
in the time available. This increase in compression 
pressure entails an increase in the explosion pres- 
sure, and therefore the pressure on the parts, due to 
the explosion, is not reduced in proportion to the 
reduction in the size of the pistons, and may, in 
fact, actually be increased if the speed is raised 
beyond a certain limit. At extremely high speeds 
also the pressures due to the inertia of the parts 
become considerable, and the diameter of the crank- 
shaft and length of the bearings have to be increased 
materially beyond those necessary for the explo- 
sion pressures, 

The pressures on the crank-pin due to the inertia 
of the moving parts consist of :— 

l. The pressure due to the centrifugal force of 
the big end and rotating part of the connecting-rod. 

*. The pressure due to the piston and other 
reciprocating 





The former can be calculated from the formula :— 
Pa Ss 
5800 ° 


The latter reaches a maximum at the top of the 
exhaust stroke, and can be calculated from the 








formula :— 
on ‘ 8 
P= , mnts(1+4 2), 


where P = pressure on crank-pin in pounds ; 
m, mass of parts in pounds; n, revolutions per 
minute ; s, stroke in feet ; y, length of connecting- 
rod in feet. 

The main bearings will generally be subjected to 
these pressures, in addition to the explosion pres- 
sure. In many cases the main bearings will also be 
subject to pressures due to the centrifugal force of 
the crank-pins and crank-webs. These pressures 
can be avoided either by balancing each pin and 
web by a balance-weight or by making the crank- 
shafts so stiff as not to spring in the least under 
them ; but both these plans involve additional 
weight. In considering the effects of these pressures 
it must be remembered that while the pressure due 
to the explosion only comes once momentarily 
every other revolution, that due to centrifugal 
force is continuous ; while that due to the recipro- 
cating parts comes at the top of the exhaust stroke 
and with less force at the bottom of each working 
and suction stroke. It will be seen, therefore, that 
for equal durability the pressure on the bearings 
due to inertia must be kept much less than those 
from the explosion. 

Considerations of these facts will show that as 
the revolutions are increased and cylinder capacity 
reduced there will come a point when the increase 
in the size of parts necessary to take the inertia 
pressures is greater than their reduction due to the 
decreased explosion pressures. Any further increase 
in speed will therefore not make the engine lighter, 
but heavier. What will be the exact speed which will 
give the lightest engine will depend on the margin 
for durability required and many other points, and 
can therefore only be definitely settled by trial 
and error. In actually getting out designs it is, 
however, possible to calculate out the pressures 
pretty accurately, and a few trial sketches will 
therefore indicate pretty closely the best speed. 

In the above no account has been taken of the 
fly-wheel, which is often a serious part of the 
weight of the engine. The weight of this will 
depend largely on circumstances. Thus in the case 
of aeroplane engines, a very small fly-wheel can be 
used, as the engine is always run at approximately 
full speed, and the propeller is frequently placed 
directly on the crank-shaft, and therefore acts as a 
fly-wheel. Marine engines, again, never run at 
low speeds, except when the throttle is partly 
closed, and the compression therefore reduced. 
The engine on a touring motor-car, however, must 
be capable of running comparatively slowly with 
the throttle full open, and therefore must have a 
much heavier fly-wheel in proportion to the engine 
weight. Again, in a single-cylindered engine, such 
as a motor-cycle engine, the fly-wheel is a very 
large proportion of the engine weight. As long as 
the compression pressure is constant, the weight of 
the fly-wheel can be reduced as the speed increases. 
If, however, the compression pressure be raised 
with the revolutions, this may no longer be the 
case. 

From theoretical considerations we should expect 
therefore that with a multi-cylinder engine the 
lowest weight per horse-power would be got with a 
moderate speed and compression, and fairly large 
cylinders for the power developed, as in this way 
the pressure to be taken by the working parts can 
be kept lower than by running at an excessively 
high speed with very small cylinders. 

This seems to be well borne out in practice. 
For instance, in aeroplane engines, lightness is of 
the utmost importance, while the designers are in 
no way hampered by artificial rating rules, and it is 
noticeable that the majority of aeroplane engines 
run at quite moderate speeds, usually under 1500 
revolutions, and have comparatively large cylinders 
per horse-power. Similarly, the American car- 
makers use engines running at moderate s 
and with large cylinders, with the result that their 
cars are usually lighter than European cars with 
high-speed engines having smaller cylinders. 

The only other important feature is the propor- 
tion of diameter to stroke. Assuming that the 
horse-power of an engine is proportionate to the 
cylinder capacity, it should make little difference 
to the weight per horse-power what the proportion 
of stroke to diameter is within reasonable limits. 

In practice, however, it appears likely that a 
very moderate stroke in proportion to diameter 
will give the lightest engine per horse-power, for 





the reason that the thickness of cylinder walls, &c., 
is usually not determined by the stresses on them, 
but by difficulties in casting; hence cylinders of 
small diameter have walls as thick as larger ones. 
The opinion of the vast majority of makers appears 
to be that the lightest engine is that with a stroke 
not much greater than the diameter. Thus the 
large majority of builders of aeroplane engines use 
a stroke not greater than 1.2 diameters. Motor- 
cycles usually have engines with the stroke equal 
to the diameter, or only slightly exceeding it. In 
the days when cars were raced under a weight limit, 
the majority of makers used a stroke actually less 
than the diameter, while in racing motor-boats a 
stroke and diameter about equal are used. Where 
lightness per horse-power is the only consideration 
and the proportions are not disturbed by any arti- 
ficial rating rule, the large majority of carsare now 
also built with the stroke from 1 to 1.2 diameters, 
longer strokes being little used except for cars built 
to * cheat” the R.A.C. rating rule. The best pro- 
portion of stroke to diameter will, however, depend 
largely on the arrangement of the crank-shaft and 
valves, a matter dealt with in an article on page 
105 of our issue of January 22, 1909. 








THE RAPIDITY OF FIRE OF NAVAL 
GUNS. 

Tue Admiralty have just issued the record of 
results of the gun practice in the Navy in 1911, 
and these must be pronounced as most satisfactory, 
indicating a high efficiency not only of ‘‘the man 
behind the gun,” but also of the ordnance machi- 
nery on board, Last year there were a greater 
number of ships participating in the gunnery tests 
than for seven or eight years past, the total being 
127, as compared with 117 in the three preceding 
years, consequently a larger number of guns were 
fired, the total being 1496, as compared with 
1318 in the previous year. This number of guns, 
indeed, is the highest used in the gun tests for 
the years embraced in the official returns. With 
these guns 8228 rounds were fired in the tests, and 
fully half of these were hits. The conditions this 
year were again altered; ricochets were only 
counted as three-tenths of a hit, and under these 
conditions the percentage of hits to rounds fired 
was 50.01. If the ricochets made last year had 
been reckoned as whole hits, as was the case in the 
previous years, the rate would have been 54.86 per 
cent., which compares with 51.85 per cent. in the 
previous year, 54.12 per cent. in 1909, 53.57 per 
cent. in 1908, and 42.70 per cent. in 1907. This 
last was the year when the targets were reduced 
in size, and the ship’s speed, when firing, was 
increased. Butsince then the conditions have been 
made more onerous, because there is now no choice 
given to the various fleets as to when the battle- 
practice is to take place, so that in some cases the 
trials have been carried out in unfavourable weather. 

The average rate of hits per gun per minute 
for the 12-in. and 10-in. guns, including all 
ships of the fleet, is 0.58. The best performance 
of any ship for the 12-in. gun was 2.31 hits per 
minute, by the battleship Russell, in the Medi- 
terranean fleet. The next ship is the Queen, 
with 2.07 hits per minute ; the Britannia coming 
third with 2.04; then follow the Venerable and 
Implacable. The first Dreadnought on the list is 
sixth, the Superb, with a recerd of 1.76 hits. This 
must be reckoned as a good result. In other 
words, within the given time 17 direct hits were 
recorded, in addition to four ricochets ; whereas 
the first two ships on the list, the Russell and the 
Queen, fired together 31 shots, resulting in 16 hits 
and two ricochets. The seventh on the list is the 
Neptune, also a Dreadnought, which has 1.71 hits 
per minute. 

The best performance for the 10-in. breech-loading 
gun was 1.67 hits per minute, while in the case of 
the various types of 9.2-in. guns the hits per 
minute were 3.34, 4.19, and 2.53, while the average 
for the whole fleet was 1.90. It would appear, 
therefore, that, on an average performance, the 
rate of fire of the 9.2-in. gun on last year’s show- 
ing is three times greater than that of the 12-in, 
gun; but this is probably accounted for by the 
rule that the larger number of 12-in. guns fired, 
as compared with 9.2-in. guns, tends to bring 
down the average. The best performances of the 
guns of the two calibres indicate that the 12-in. 
gun may be equal to something like 60 or 70 

cent. of the rapidity of fire of the 9.2-in. gun. 
The 7.5-in. gun achieved a rapidity of hits per 
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minute of 5.53 in the best ship, and of 2.78 on an 
average. 

There are various marks of 6-in. gun in use; 
the average performance for all of these marks 
in all ships is 3.89 hits per minute. In the latest 
gun, of the breech-loading type, the best attained 
was 6.33, in one of the new ‘‘ Town”’ class of 
cruisers, the Glasgow. The earlier mark was 
equally satisfactory, and showed a greater uni- 
formity. With a6-in. quick-firer, one of the China 
ships—the Flora—achieved 6.82 hits per minute. 
The results in other ships range down to 1.50 ; no 
doubt there is some explanation why one ship 
should only attain 20 per cent. of the hits achieved 
by another ship of practically the same class. The 
Flora also pe Po first place with her 4.7-in. 
guns, the rate of hits being 5.88 per minute. In 
the case of the 4-in. gun the best performance is 
7.43 hits. It is notable, too, that the battle- 
cruisers that were fitted with this gun as a torpedo- 
boat repeller have all come out well, the Inflexible 
having got 7.30, the Invincible 6.75, and the 
Indomitable 5.35 hits per minute. In view of the 
discussion as to the relative rapidity of fire of 
the 4-in., 4.7-in., and 6-in. rapid-firing guns for 
repelling torpedo-boat attack, the best results are 
worth quoting in juxtaposition:—The 4-in. gave 
7.43 hite, the 4.7-in. 5.88 hits, and the 6-in. 6.82 hits. 
It would therefore seem that, from the point of view 
of rapidity of hitting, there is no disability so far as 
the larger-calibre gun is concerned. 

A separate return gives the results of the tests 
of light quick-firing guns in the various fleets. The 
number of ships participating in the tests shows an 
ncrease on previous years, but the number of guns 
of this small class have been considerably reduced. 
In all 6126 rounds were fired, and the percentage 
of hits was 42.84, a ricochet only counting as three- 
tenths of a hit, In the case of the 12-pounder gun 
the hits per gun per minute averaged 5.253; in 
the case of the 6-pounder and 3-pounder guns, 
excepting the Vickers gun, the average was 3.820, 
while the Vickers 3-pounder gun is returned as 
having an average of 5.642. The best performance, 
however, of these respective guns was enormously 
greater, being respectively 20.45, 18.71, and 20. 
The disparity between the average and the best 
shows the enormous scope for improvement, 
although it must always be remembered that as 
the ships have to go out in whatever weather pre- 
vails on the appointed day, weather conditions must 
have affected the performance of some ships. As 
regards the torpedo-boat destroyers, the returnshows 
that 190 of these craft participated in the year’s tests, 
the number of guns being 823 ; and of 4428 rounds 
fired, 42.09 per cent. were hits. The average hits 
per gun per minute for the whole fleet was 2.56 in 
the case of the 4-in. breech-loader, 3.51 in the 
case of the 12-pounder 12-cwt. guns, 3.64 for 
the 12-pounder 8-cwt. guns, and 6.48 for the 
6-pounder breech-loader. The best performance, 
however, is enormously better than the average ; 
in some cases the gunners failed to make a hit 
in the test. Thus the highest achieved for the 
4-in. breech-loader was 7.37 ; for the 12-pounder 
12-cwt., on one type of mounting, 9.68, and on 
another 10.07 ; for the 12-pounder 8-cwt., 12; for 
the 6-pounder, with telescopic sights, 20.57 ; and 
without the telescopic sights, 6 hits were achieved. 





VITAL EFFECTS OF RAYS. 

TuovucH physiology lies outside our province, 
the discourse on ‘‘ Vital Effects of ium and 
other Rays,” which Sir James Mackenzie David- 
son, M.B., C.M., delivered at the Royal Institution 
on February 2, offered many points of interest 
beyond those which appeal solely to experts in 

iations. We all know that such work is fraught 
with danger, and that several lives have been 
sacrificed in the cause of science, though remark- 
able cures have been effected with the same rays. 
Much yet remains to be discovered ; if certain 
effects lie entirely dormant for weeks, as was acknow- 
ledged, there may be others remaining latent for 
much longer periods, of which the lecturer could 
say nothing. 

e rays which affected livin 
turer pointed out, were heat and Tight rays, X rays, 
and some of the radium radiations. A constant 
magnetic field had no effect apparently, though Dr. 
Silvanus P. Thompson had quite recently observed 
certain physiological effects when the head was 
aap within a powerful alternating field. The 
ong waves of radiotelegraphy were also physiolo- 


tissues, the lec- 





gically ineffective.* Of the light rays the violet and 
ultra-violet rays were most active, and it was interest- 
ing that in cases of gradually developing blindness, 
as well as in cases of excessive smoking, the eye lost 
its sensitiveness to these rays last. For the Finsen 
light treatment the quartz-mercury arcs were now 
most convenient ; but the ultra-violet rays were 
only useful in superficial diseases, because they 
were so easily absorbed. 
The nature of the much more _penetrative 
Réntgen or X rays was still unknown ; they were 
robably ether-pulses of extremely short wave- 
ength, which could neither be refracted nor dif- 
fracted. The burns which they caused showed 
only on the bare parts of the body, and the 
lecturer, who had himself been a victim, had 
noticed that the area of trouble on his hand ended 
sharply with the cuff of his coat. As the cloth was 
quite transparent to X rays, he suggested that the 
injury was really, or chiefly, done by some secondary 
rays of low penetrative power, thrown off by the 
surface of the glass. The existence of such rays had 
been detected by Mr. Campbell Swinton in 1898, 
who described them as secondary radiations from the 
pm -phosphorescent glass, and had taken pin- 
ole photographs of them. The lecturer showed 
that when a lead disc, thick enough to stop the 
X rays, was suspended outside the tube opposite a 
point anode, shadows could be distinguished within 
the eclipsed area (on the screen) which were 
evidently caused by other rays. The secondary 
rays were particularly produced in very ‘‘ hard” 
(or high) tubes, and Freund had found that tubes 
so high as to give no fluorescence at all caused the 
hair to fall out rapidly. Sir J. M. Davidson had 
made comparative measurements of the primary and 
secondary rays with the aid of the gold-leaf electro- 
scope, and ascertained that if the action of the 
primary rays were taken as 1, that of the secondary 
would be $ in a hard tube and } in a low tube, giving 
rays of low penetrability. Messrs. Barkla and Sadler 
had shown that X rays, impinging upon solid matter 
outside the tube, gave rise to secondary rays; and 
Dr. Silvanus Thompson had demonstrated several 
years ago that the cathode stream, after impinging 
upon the target and thus giving rise to primary X 
rays, was reflected and caused the glass to fluoresce. 
Thus the greenly-fluorescent glass might emit two 
sets of X rays, and the secondary rays seemed to 
have considerable action on the skin, as they were 
much more readily absorbed than the primary rays. 
As regards the protection against these X rays, the 
lecturer stated that he had first buried the bulbs in 
red-lead, and later put them in boxes lined with 
white and red lead, and provided with a hole. The 
fluorescent screen should be lined with thick lead- 
glass to protect the face of the observer ; working 
was safe then. As the bulbs changed in character 
(hardness) while being worked, i caneatip pas- 
tilles of barium platino-cyanide, which turned from 
pale yellow to deep orange, according to the amount 
of X radiation received, were a great help to the ex- 
perimenter. The penetration of the rays increased 
as the atomic weight of the medium decreased, 
and the windows for bulbs, which Lindemann, of 
Berlin, now made of a very light alkali glass (lithium 
silicate, we believe) were shown to be remarkably 
transparent to the rays. Physiologically the X rays 
attacked chiefly young growing cells ; hence they 
killed young guinea-pigs, while burning the skins 
of old ones, and injured the hair follicles, so that 
the hair fell out. The skin effects might remain 
latent for three weeks. Plant seeds could stand 
pretty strong doses of X rays ; bacteria, so sensitive 
to ultra-violet rays, did not appear to suffer at all. 
Some skin diseases could be cured by X-rays, but 
they were not a real cure for malignant tumours. 
As regards radium, the lecturer likened the a rays 
(helium) and the p rays (negative corpuscles) to the 
sparks thrown off by a stick of some metallic com- 
pound (apparently powdered magnesium or alu- 
minium) which he lighted in a Bunsen burner, 
while the y rays corresponded to the light emitted. 
The radium radiations burned the skin like X rays, 
but it. was advan us that they were emitted at 
a constant rate ; they had likewise a latent period. 
They retarded the growth of seedlings or destroyed 
it ; they affected the chlorophyll of green leaves so 
that they assumed autumn tints; they destroyed 
anthrax microbes, deprived certain toxins of their 





* Rosenthal demonstrated, in 1908, that fluctuating 
electro-magnetic fields decom oO ic compounds, 
like starch, proteins, &c., of which were optically 
active ; compare ENGINEERING, vol. lxxxvi., page 283. 





virulence, rendered the rabies virus innocuous, 
destroyed cobra poison which withstood heat ; the 
radium emanation was fatal to young fish and 
spawn. Young animals suffered particularly, and 
paralysis and death followed with internal hzmor- 
rhage; the nerve cells were not appreciably 
attacked. 

Small cancers and rapidly-growing sarcomas could 
be cured by radium rays, but not large cancerous 
growths. Excellent cures had, however, been made 
of rodent ulcers, of the so-called spring-catarrh of 
the eye, and also of X-ray dermatitis. The lecturer 
showed photographs of his own hand on which 
burnt patches had begun to ulcerate some years 
ago. He had fixed a small glass tube containing 
20 milligrammes of radium over the ulcer by means 
of plaster, and left it in position for twenty-five 
minutes ; nothing had happened for twelve days, 
when swelling and redness set in, and the normal 
skin had finally reappeared. Radium emanation had 
also successfully been applied as inhalation, injec- 
tion, or internally, and Wilhelm His had recently 
cured rheumatism and gout by the emanation which 
removed the uric acid from the blood in a few 
weeks. The radium rays were extraordinarily 
selective, and they a destroy abnormal cells 
without affecting the normal. Similar therapeutic 
properties had been found in the radiations of 
thorium, which was much more common than 
radium. 








CLAUSES AS TO CONCRETE AND 
FERRO-CONCRETE. 

So many of the engineering contracts entered 
into at the present time involve the use of concrete 
in some form or another, that it is important, from 
the point of view of all parties, to pay special 
attention to what may be termed the ‘‘ Concrete 
and Cement Clauses.” If concrete and ferro-con- 
crete are left to what may be called the general 
or common form provisions of an agreement, difti- 
culties are sure to arise. Further, the contractor 
has to procure his cement from a specialist, and in 
so far as the work in hand consists of ferro-concrete, 
a sub-contractor must inevitably be employed. In 
these circumstances, unless everything is set down 
in black and white beforehand, it is obvious that 
questions requiring nice adjustment may easily 
come up for discussion either before or after the 
conclusion of the work. 

Where nothing is said about the source from 
which the concrete is to be obtained, it seems that 
the whole liability with regard to it will fall on the 
contractor. Let us assume, for instance, that the 
following clause appears in the contract: ‘‘ The plant 
is to be manufactured, constructed, provided, erected 
in position, and maintained in accordance with the 
contract, in the best and most substantial and work- 
manlike manner, and rules otherwise specified, 
with materials of the best and most approved 
qualities for their respective uses.” 

This would clearly impose upon the contractor 
all liability for any defect in quality and for any 
injury sustained by the employer before the expira- 
tion of the period of maintenance. Nor do the 
other clauses which are usually inserted in well- 
known forms of contract cut down or limit this 
liability. Thus, in the form approved by the Insti- 
tute of Electrical Engineers it is provided that :— 

‘*The engineer and his duly authorised repre- 
sentative shall have at all reasonable times access 
to the contractor’s work, and shall have the power 
at all reasonable times to inspect, examine, and 
test the materials and workmanship of the plant 
during its manufacture there ; and if part of the 
plant is being manufactured on other premises, the 
contractor shall obtain for the engineer and for his 
duly authorised representative permission to in- 
spect as if the plant were manufactured on his own 
premises. 

‘‘The engineer shall, on giving fourteen days’ 
notice in writing of his grounds of ——. have 
liberty to reject all or any materials, plant, or 
workmanship which, in his opinion, are not in 
accordance with the cont~act, or are defective for 
any reason whatever, and such rejection shall be 
operative at the expiration «1 such notice, provided 
that, if notice of any such rejection, setting forth 
the reasons for such rejection, be not sent to the 
contractor within fourteen days after the grounds 
upon which such rejection is based have come to 
the knowledge of the engineer, he shall not be 
entitled to reject the said materials, plant, or work- 
manship on > sa grounds.” 
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If it stood alone, the approval of the engineer 
under this clause might es ee the contractor from 
further liability; but a further clause enacts that : 
‘* All the works are to be carried out under the 
direction, control, and to the entire satisfaction of 
the engineer ; but the contractor shall be respon- 
sible for the accuracy of his work, and no plea as 
to the acts or general supervision of the engineer, 
otherwise than instructions given by him in writ- 
ing, will be admitted in justification of any errors 
of construction or fixing.” 

Inasmuch as the final certificate may be held 
over for a time, the engineer usually has a con- 
siderable power of control. Thus, by a further 
clause in the form above mentioned, ‘‘ Until the 
final certificate shall have been issued, the con- 
tractor shall be responsible for any defects that 
may develop under normal and proper use arising 
from bad materials, design or workmanship in the 
works. When called upon in writing by the engi- 
neer to remedy such defects, the contractor shall 
do so with due diligence; and unless such defects 
be remedied by the contractor within a reasonable 
time, the contractor shall be responsible for all 
losses and damages sustained by the purchasers 
through such defects. If the defects be not 
remedied within a reasonable time, the purchasers 
may proceed to do the work at the contractor’s risk 
and expense.” 

Finally, by a general clause which, to their cost, 
contractors generally allow to be inserted in their 
agreements, the sufficiency and suitability of con- 
crete or ferro-concrete for the purpose in hand is 
guaranteed. 

Thus: ‘‘The contractor, by signing these con- 
ditions and the relative drawings, specifications, 
and schedule (if any), shall be held to have care- 
fully examined the same, and shall, in the absence 
of any previous written intimation by him to the 
contrary, be held to concur as a practical trades- 
man in the method and styles of construction to 
be adopted, and the sufficiency of the materials 
proposed to be used in the execution of the work.” 

Only one case need be cited to show the extent 
of the liability which a general clause of this kind 
imposes upon the contractor. 

In Thorn v. Mayor of London, 1876, L.R., 
I.A.C., 120, the Corporation of London invited the 
contractors to tender for the execution of certain 
works for the building of Blackfriars Bridge, 
according to plans and specifications prepared by 
the engineer to the Corporation. The specification 
provided that the contractors were to take out their 
own quantities, and that the accuracy of the plans 
was not guaranteed by the Corporation. The 
contractors were warned particularly that they 
must satisfy themselves as to the nature of the 
ground through which the foundations had to be 
carried. Iron caissons were specified to be used in 
the construction of the works, but when the con- 
tractors whose tender was accepted proceeded to 
use the caissons as designed, it was found that they 
would not resist the pressure of the water, and 
the plan of the work had to be altered and the use 
of the caissons abandoned. The contractors claimed 
for the loss occasioned to them in attempting to use 
caissons, and contended that the Corporation 
had warranted, although not expressly, that the 
work could be done inexpensively by the use 
of caissons, according to the specification. The 
contractor failed to make the Corporation respon- 
sible for the loss, and in the House of Lords 
Lord Chelmsford said : — ‘‘There can be no 
doubt that the plaintiff, in the exercise of common 
prudence, before he made his tender, ought to have 
informed himself of all the particulars connected 
with the work, and especially as to the practicability 
of executing every part of the work contained in 
the specification according to the specified terms 
and conditions. It is said that it would be very 
inconvenient to require an intended contractor to 
make himself thoroughly acquainted with the speci- 
fication, as it would be necessary upon each occasion 
for him to have an engineer by his side. . . . But 
if the contractor ought prudently and properly to 
have full information of the nature of the work he 
is preparing to undertake, and the advice of a 
skilful person is necessary to enable him to under- 
stand the specification, is it any reason for not 
employing such a person that it would add to the 
expense of the contractor before making his tender ? 
It is also said that it is the usage of contractors to 
rely on the specification, and not to examine it parti- 
cularly for themselves ; if so, it is a usage of blind 
confidence of the most unreasonable description.” 





Arguing by analogy, the contractor who was 
unprotected by special provisions would probably 
be taken to guarantee the quality of cement 
supplied. 

e now pass on to consider the class of case in 
which it is in the contemplation of the parties, when 
the agreement is signed, that a known person shall 
do the concreting, or supply the ferro-concrete. 
Who, in that case, is liable for default or mistake, 
or the supply or use of improper materials ? While 
the contractor is sometimes bound to employ a 
particular person who is named in the agreement 
or specification, he is frequently allowed to make 
his own selection from a list which is appended to 
that document. If such a term were inserted 
without more, in the contract above referred to, it 
is probable that the contractor would be taken to 
guarantee the work of the specialist. To the argu- 
ment that he was bound to employ this specialist, 
and no other, the reply would be: ‘‘ You should 
have inquired as to his capacity, and have examined 
the quality of his work before signing the contract.” 
In such a case the best plan for the contractor to 
adopt is to secure that, by suitable clauses in his 
agreement with the sub-contractor, the latter shall 
indemnify him against any possible claim by the 
employer. In so far as mere delay by the sub- 
contractor is concerned, the contractor will be 
sufficiently protected by the following clause :— 

‘* The sub-contractor shall pay to the contractor 
the sum of l. as liquidated damages, and not 
by way of penalty, per day for each day after the 
day of that the work shall not be 
finished or complete, and it shall be lawful for the 
said contractor to retain the said sums of any money 
payable to the sub-contractor.” 

Even where the employer reserves to himself 
the right to employ a sub-contractor, he does 
not thereby become responsible to the contractor 
for the damage sustained by him because of the 
delay or default of the sub-contractor. 

In the case of Mitchell v. Guildford Union, 1903, 
68 J.P. 54, a builder undertook to do the whole of 
a certain piece of work for a certain sum, but part 
of it was to be done by specialists. The builder 
undertook to finish the work by a certain date 
unless he was hindered by (inter alia) delay on the 

rt of the engineers or other specialists. The 

uilder was not to be liable for any defects in works 
provided by the specialists, unless by reason of 
contributory negligence on his part, or his having 
paid any final balance to the specialists without 
first having the architect's written authority to do 
so. In the course of the work there was delay on 
the part of the specialists, whereby the builder 
suffered damage. The builder brought an action 
for breach of contract against the building owners, 
alleging that under the contract and specification 
there was an implied promise on the part of the 
building owners that the delivering and pricing 
should be done at such reasonable times as to 
enable the builder to complete his work within a 
reasonable time thereafter, and that the building 
owners had broken one or both of these implied pro- 
mises. It was held, on the proper construction of 
the contract and specification, there was no such 
implied promise, and that there was no breach of 
contract on the part of the building owners afford- 
ing the builder a right to damages. 

here, however, the employer expressly employs 
‘**A” to do theconstruction of a building, and ‘‘B”’ to 
supply the ferro-concrete with which that building 
is to be constructed, it is conceived that (in the 
absence of a species of general insurance clause) ‘‘A” 
could not be held responsible for an inherent defect 
in the materials supplied by ‘‘ B.” 

There is only one reported case in which the lia- 
bility of a contractor for the actual default of a 
specialist was considered. In Bowers v. Chapel-en- 
le-Frith Urban District Council (1910), 74 J.P. 
122, the plaintiffs, a firm of engineers, contracted 
to instal a water works for the defendants in accord- 
ance with specifications and bills of quantities. The 
water was to be raised by a windmill which, accord- 
ing to the contract, was to be of a particular type 
and was to be supplied by a particular firm. It was 
alleged that because of the existence of defects in 
the windmill the plaintiffs had failed to complete 
their contract, and therefore the defendants, in 
purported exercise of their forfeiture clause in the 
contract, called upon the plaintiffs to provide an 
efficient windmill. Thereupon the plaintiffs, treat- 
ing the contract as at an end, and wrongfully 
forfeited by the defendants, sued on a quantum 














meruit for work and labour done. It was held that, 


inasmuch as the defendants had insisted on a par- 
ticular windmill being supplied by a particular 
contractor, the plainti oval not be held respon- 
sible for any defects which had made themselves 
aa in the mill, and that, therefore, the 
plaintiffs were entitled to recover such amount as 
might be found due by an official referee. 

f this were a reliable authority, it would do 
much to help the contractor who is tied down to 
the employment of a particular specialist ; but, 
unfortunately, a new trial was ordered by the 
Court of Appeal, and before the new trial was 
heard the case was settled. 

Hitherto stress has been laid on the relative 
rights of employer, contractor, and sub-contractor. 
It must not forgotten that the use of concrete 
or ferro-concrete may impose special responsibili- 
ties on the engineer. As supervisor of the work, 
he owes a duty to the employer to see that proper 
materials are used, and that concrete is properly 
laid. A contract drawn in the usual form would 
enable and compel the engineer to watch the pro- 
gress of the works on behalf of the employers, and 
to point out such work and materials which he 
thought were not in accordance with the contract. 
In this duty of supervision he is the servant of the 
employer, and if he fail in the discharge of it he 
may be liable to damages. Many cases could be 
cited in illustration of this principle, which has 
frequently been discussed in the Courts in connec- 
tion with the duties of an architect. In two well- 
known cases architects have been held personally 
liable for permitting the laying of concrete in such 
negligent fashion that dry rot set in beneath it. 
A Scotch judge said that while an engineer need 
not ‘tbe on the job” de die in diem, ‘‘he, or 
someone representing him, should undoubtedly see 
to the principal parts of the work before they are 
hid from view, and, if need be, I think he should 
require a contractor to give notice before an opera- 
tion is to be done which will prevent his so inspect- 
ing an important part of the work, as to be able to 
give his certificate upon knowledge, and not on 
assumption, as to how work hidden from view had 
been done.” 

If engineers discharged their duty in relation to 
concrete or cement, there would not be so many 
disputes concerning these substances between em- 
ployers and contractors. 








NOTES. 
Roap-Makine, 

At the Royal Institution, on Friday last, Sir 
John H. A. Macdonald, F.R.S., Member of the 
Road Board, gave a most interesting address 
on the past, present, and future of our roads. It 
is, of course, a commonplace with those who have 
taken the trouble to ascertain the facts that the 
dust nuisance is no new development. Bob Acres 
travelled to Bath ‘‘ with a tail of dust as long as 
the Mall.” On the Bath Road, over which 140 
mail-coaches passed per day, pumps were provided 
every two miles to provide water for laying this 
dust. Then, as now, there were those who objected 
to speed as an evil in itself. Sir H. Parnell, the 
well-known authority on roads, writing in 1838, 
said that speeds of 25 to 30 miles an hour could 
not be justified, and that as there was no ad- 
vantage in exceeding 10 miles an hour, railway 
transit could not possibly pay, and thus ‘the 
cheaper method of using horse-power will be 
adopted.” In the eighteenth century ruts were 
sometimes 4 ft. deep, and, indeed, it was not con- 
sidered necessary to fili them in till the axles 
grounded. In 1737 it took two hours to drive from 
Kensington to Westminster. The lecturer pointed 
out that the so-called macadam road as now made 
was a misnomer. Macadam’s ruling idea was to 
keep water out of the road crust. He broke 
his stones to 1} in. gauge, and required that they 
should be consolidated by the traffic. With the 
advent of the steam roller the use of water- 
binding became general, greatly to the disadvan- 
tage of the road. So long as a road thus made was 
merely damp, the lecturer said, it was fairly satis- 
factory, but in wet weather water could get in 
where it had come out, and the mud soup originally 
used in binding the road was reproduced. In dry 
weather the binding was reduced in bulk and loosened 
by the loss of the water. The stones could therefore 
move, and were picked out of the surface, leaving 
holes for the entry of water. Roads being thus 
defective ab initio, were incapable of withstanding 
the return of traffic to the highways, and a new 
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method of construction had become imperative, but, 
fortunately, this promised to be cheaper in the end 
than the old. The Thames Embankment, the 
speaker stated, was once one of the worst roads in 
the country. Last year, however, it never required 
watering during the whole of the long drought, al- 
though as many as 1600 vehicles per hour over 
it. Any water falling on it dried off quickly without 
forming mud, and in fine weather there was prac- 
tically no dust. In another ten years, the speaker 
claimed, the main roads would be practically mudless 
and smooth. Their crust would be waterproof owing 
to the plastic binding used, and stones could not be 
picked out of their matrix. Experience, the speaker 
stated, showed that such roads would last twice as 
long as a water-bound road, which had no cohesion. 
There was, Sir John continued, reason to believe 
that still better results would be obtained by 
using, in conjunction with such plastic binders, 
stones much smaller than usual — much smaller, 
indeed, than Macadam’s limit. Briquettes made 
up with small stone bound with a suitable 
material had proved to be of great strength. A 
question now engaging attention was, the lecturer 
continued, that of providing an elastic skin or 
carpet to lie on top of the crust, and take the 
shocks of the traffic. Laboratory experiments, he 
stated, gave reason to believe that this would be 
accomplished. A layer of bitumen placed over the 
road-crust would protect the latter from injury, and 
could itself easily be repaired as occasion required. 
This system of road construction was, he said, now 
about to be tested in actual service. 


Tue ExvectricaL TREATMENT OF CROPs, 


During 1911 experiments were carried out, on a 
farm near Dumfries, on the growth of potatoes 
with electric treatment by means of the Lodge- 
Newman high-tension electric discharge apparatus. 
An area of 8 acres was reserved for the experi- 
ment. According to the report of the experiments 
in the Board of Agriculture Journal, a considerable 
increase in the crop resulted from the electrical 
treatment. The field was ploughed in February, 
after which it was dressed with 6 cwt. to the acre 
of special potato manure, and when the seed-tubers 
were put in about twenty-five loads of farmyard 
manure were spread between the drills. Planting 


was commenced in the third week of April. The. 
his researches easily intelligible to practical men. We 


electrical discharge was applied daily from May 1 
to August 18 for an average time of four hours each 
day. The hours were regulated by weather con- 
ditions. On dull days it was applied both in the 
morning and afternoon, and when warm, with 
bright sunshine, for two, three, or four hours in 
the evening. Altogether the discharge was applied 
for 413 hours. Four varieties of potatoes were 
planted. The area was divided into two plots, 
with as nearly as possible similar conditions as to 
soil, &c., and the treatment was applied to one 
plot, the other not being subjected to the elec- 
trical discharge. From the commencement of the 
application of the discharge a distinct difference 
was observed between the two plots, the crops 
under the influence of the charged wires being in 
advance of those in the other plot from the begin- 
ning of growth to the time of ripening. The cost 
of applying the discharge was 51. 19s. 6d., com- 
prising petrol, 1l. 6s.; lubricating-oil, 6s.; and 
depreciation at 10 per cent. on apparatus (costing 
1751.), for three months, 41. 7s. 6d. It is said that 
the same expenses would have covered the cost of 
electrifying an area of 15 acres. Of the four 
samples planted, the increased weights in the areas 
subjected to the discharge were, per acre :—Ring- 
leader, 2 tons 4 cwt.; Windsor Castle, 1 ton 
17 cwt.; Golden Wonder, 13 cwt.; and Great 
Scot, 1 ton 10 cwt. 





Tue Union or Bavarian INpvustrigs. — Industrial 
unions, entirely apart from commecial industrial kartels, 
combines, and syndicates, flourish in Germany, and they 
seem to grow more and more in magnitude and import- 
ance. Thus the Union of Bavarian Industries duri 
the last ten years has from a modest bq ee develo 
into a powerful representation for the Bavarian industry, 
which, with the affiliated unions, embraces more than 
3000 industrial concerns, The union has recently placed 
a communication before the Minister of State, in which 
all the wishes of the industry were thoroughly gone 
into. The export centre has extended its work in a 
satisfactory manner, and, amongst other measures, the 
union intends to impress upon the Government the 
need of adequate protection for those who are willing 
to work. e medal of merit had in the past year 


been given to 951 officials and hands, in recognition of 
faithful service. 
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THE LATE SIR JOHN GAY NEWTON 
ALLEYNE, BART. 


WE regret to have to record the death, which 
occurred on the 2lst inst., at Falmouth, of Sir John 
G. N. Alleyne, Bart. Sir John was born in 1820 at 
Barbadoes, where his father was a generalin the army 
and President of the Administrative Council, and was 
educated at Harrow and at the Bonn University. He 
succeeded his father in the baronetcy in 1870. He 
was one of the few remaining original members of the 
Iron and Steel Institute, of which Institute he was 
one of the vice - presidents; he had, further, the 
distinction of being the sole surviving member of 
the first council, which was formed in 1869, under the 
chairmanship of the founder of the Institute, the seventh 
Duke of Devonshire. In 1875 he contributed a paper 
on ‘* The Estimation of Small Quantities of Phosphorus 
in Iron and Steel by Spectrum Analysis ;” this was 
his sole contribution, Bat until the late ‘nineties 
he frequently took part in the discussions on 
technical subjects connected with the manufacture of 
iron and steel. Sir John was also a member of the 
Institution of Civil Engineers and of the Institution 
of Mechanical Engineers. After he had completed 
his education, the deceased spent a short time in 
Barbadoes, during which he was actively engaged in 
the sugar industry. He then entered the Butterley 
Iron Works, Derbyshire, in which he remained for 
about thirty years, down to the year 1880, as manager 
and chief engineer. In that capacity and during his 
association with the Butterley se he under- 
took a large number of contracts for railway and 
colliery plant, and his name is well known in connection 
with the construction of the St. Pancras terminus of 
the Midland Railway, a fine arch, 240 ft.in span. Sir 
John Alleyne was a warden of Dulwich College from 
1843 to 1851. He had the misfortune to lose his son 
in 1908, and is succeeded in the baronetcy by his 
grandson, Mr. John Meynell Alleyne, who was born 
in 1889, and is a lieutenant in the Royal Navy. 








THE LATE DR. OSBORNE REYNOLDS. 

WE regret to announce the death of Professor 
Osborne Reynolds, which took place at Watchet, 
Somerset, on February 21. Dr. Reynolds was born in 
Belfast in 1842, and was twelfth wrangler at Cam- 
bridge in 1867. His position in the scientific world 
is, however, by no means adequately represented by his 
position in the class list. On the scientific side of 
engineering he occupied a very high position, and, 
like Rankine, he suffered from an indisposition to make 


—_ to deal at greater length with his many valu- 
able investigations in our next issue, but in the 
meantime may note that he occupied the chair of 
engineering at Owens College for nearly forty years. 
He was elected a Fellow of the Royal Society in 
1877, and was for some time on the council of that 
ye In 1887 he was president of one of the sections 
of the British Association. 








OIL-ENGINED SHIPS ‘‘SELANDIA” AND 
** JUTLANDIA.” 

CONSIDERABLE interest attached to the trials of the 
Selandia, built by Messrs. Burmeister and Wain, 
Copenhagen, for the East Asiatic Company, since she 
is the largest ship so far completed with oil-engines 
for propulsion, her gross registered tonnage bein 
4964 tons, while the propelling engines are of 2500 
indicated horse-power at 140 revolutions per minute. 
The type of engine adopted is that evolved by this 
well-known Copenhagen firm, and is similar in its 
details to that constructed by Messrs. Barclay, Curle, 
and Co., Limited, of Glasgow, for the Jutlandia, a 
sister-ship, for the same owners. These vessels are 
370 ft. long between perpendiculars and 53 ft. beam, 
with a depth moulded of 30 ft. They have been 
designed to carry a dead-weight cargo of about 
7400 tons on a service speed of 12 knots. Extensive 
accommodation is provided for a large number of 
passengers in a deck - house amidships. This Ee 
senger accommodation is of a high class, with cabins 
and bath-rooms en suite, and the ships will be re- 
garded with special interest, since they are the first 
oil-driven ships built for regular passenger service. 

The feature, of course, is the machinery. The engines 
are designed to work on the four-cycle principle, and 
each of the two shafts is driven by an eight-cylinder 
engine, the diameter of the cylinders being 20.87 in., 
with a stroke of 28.74in. These pont ten So cross- 
heads as in ordinary marine steam practice, but the 
crank-pit is completely closed in. Preparatory to the 
building of the machinery for the Jutlandia, Messrs. 
Barclay, Curle, and Co. constructed a cylinder of the 
same diameter and stroke with gudgeon-pin connec- 
tion instead of cross-head, and made exhaustive trials 
with the cylinder driving a dynamo as the means of 
resistance. The results of these trials were satisfac- 
tory, the longest continuous non-stop run being thirty 
days at 140 revolutions, without a variation in speed 





exceeding one revolution. It was, however, decided 
to conform to marine practice in the marine engines 
for the ships by substituting a piston-rod and a cross- 
head for the gudgeon-pin connection to the piston. 
In this latter system, of course, the cylinder acts 
as the slipper-guide, whereas with the piston-rod 
ae only the piston-rings rub against the 
cylinder walls, the usual slipper-guides on the frame 
taking up the rubbing action due to the angle of the 
connecting-rod. Experience has shown that whereas 
larger trunk-pistons may be without oil-cooling, because 
they are always in contact with the cooled cylinders, 
pistons running with crosshead connection must be 
oil-cooled. It has been recognised, however, that an 
open crank-pit confers very considerable advantage in 
respect of accessibility and facility in opening out the 
bearings, &c., and this will probably Be adopted in 
subsequent marine oil-engines. 

In both the Selandia and the Jutlandia the engines 
are started and reversed by means of compressed air 
of 300 lb. pressure. In connection with the compres- 
sors, both Messrs. Burmeister and Wain, and Messrs. 
Barclay, Curle, and Co., make a departure from general 
practice. They have two sets of auxiliar oil-engines, 
each with four cylinders, developing 250 indicated horse- 
power at 230 revolutions. Each set includes an elec- 
tric generator for providing current for working the 
other auxiliaries, and a two-stage air-compressor de- 
signed to compress air up to 300 lb. per sq. in., which 
is stored in four very large reservoirs. This air is 
used at this pressure "Tor the starting and reversing of 
the main engines and other purposes. From the 
reservoirs, charged with the 300 lb. air, there is taken 
the air for the high-pressure compressors, operated 
from the forward end of each of the main engine crank- 
shafts and producing air at 700 lb. to 1000 lb. pressure, 
required for the injection of the fuel oil. This arrange- 
ment differs from the usually adopted practice, which 
is to fit a three-stage compressor driven from the main- 
engine crank-shaft. The main engine being on the 
four-cycle principle, no scavenging air is needed. 

The arrangement of the starting and reversing gear is 
the same in both ships. The air-admission, exhaust, 
fuel-oil, and starting valves are placed, as is usual, 
on the top of the cylinder, and are operated by eight 
cams—four for going ahead and four for going astern, 
the distance between the ahead and astern cams in 
each case being about 2in. The cam-shaft is operated 
from the main crank-shaft. On this latter there 
is a small spur-wheel working into a large spur-wheel on 
a crank-shaft mounted on the base-plate of the engine, 
the ratio of the gearing being about 2 to 3. Ata 
higher level there is another small crank-shaft, with 
connecting-rods between it and the lower shaft corre- 
sponding generally to the side-rods of a locomotive, 
and thus the revolutions of the upper crank-shaft 
— with those of the lower. This second 
shaft has a gear-wheel connection to the cam-shaft, 
the ratio here being such that the final ratio of the 
speed of the cam-shaft to the main crank-shaft is 1 to 2. 
To ensure reversal it is only necessary to move the 
cam-shaft longitudinally to the extent of about 2in., 
after the cam-rollers have been raised, and this change 
over from full-speed ahead to astern was executed on 
last week’s trials in 10 seconds. 

There is one main starting-lever, which has to be 
drawn to one extremity of its motion, called the 
‘*neutral” position, before the reversing-engine can 
be started. In this position both the compressed air 
and the fuel are shut off from the main engines, and to 
this extent the arrangement is ‘‘fool-proof.” The 
small reversing-engine, of the reciprocating type, 
driven by 300 lb. compressed air, is then started, 
and the action of the engine through its crank- 
shaft, by means of an ingenious horizontal cam, 
lifts the fulcrums of all the valve-levers through 
several inches, then shifts the cam - shaft end- 
ways into the required position, ahead or astern, 
as the case may be, and finally lowers the cam-levers 
back into the workimg positions. These are successive 
mechanical actions, controlled by the horizontal cam. 
The details of this arrangement are such that they 
prevent the main lever from being shifted from the 
‘‘neutral” position until the cam-levers have been 
replaced on the cams. Only when this has been done 
can the main lever be put into a central position, 
in which it enables the 300 lb. pressure air-supply to 
pass into the cylinder ; this supply, being carried six- 
tenths of the stroke, gives facility for starting the 
engine irrespective of the position of the cranks. 
When the engine has got under way with compressed 
air, the main lever is pushed still further over into the 
oil-fuel supply position. The lever ‘‘ gate” is provided 
with a notch at the front for the neutral position, 
another, a third of the way along, for the compressed 
air for starting and reversing, while on the last third 
of the ‘“‘gate” length there are numerous evenly-divided 
notches for varying the volume of oil fuel supplied to 
the engine so as to vary the power develo The 
operating lever is centrall mounted in the front of 
each engine, conforming closely to the handling appli- 
ance of the ordinary steam-engine. " 

Aspinall’s governor is fitted to prevent racing ; it 








FEB. 23, 1912.] 


ENGINEERING. 





261 








regulates the supply of fuel-oil. A small fiy-wheel, 
2 m. (6 ft. 6.7 in.) in diameter, is utilised also for 
turning the engine by electric motor. Forced lubri- 
cation is adopted, the pumps for this purpose being 
electrically driven. They draw from a tank, forcing 
the oil through the main bearings, crank-shaft, and con- 
necting-rod brasses into the hollow-bored connecting- 
rod, thence to the crosshead brasses, and on through 
the piston-rod into the piston, back through the 
piston-rod, and from there over the guides. he oil 
then flows over the guide-faces, which are water- 
jacketed, and thus the oil is partially cooled. The oil- 
tank is fitted, in addition, with an oil-cooler and a 
strainer, and thus the oil can be used over and over 
again. Although the crank-chamber is closed in, the 
action of the forced lubrication is indicated by a pres- 
sure-gauge showing the pressure of the oil as it leaves 
the pump, and there is further a tell-tale showing a 
small stream of oil on its e from each of the 
pistons. The engineer can, therefore, always see 
whether there is satisfactory circulation of the lubri- 
cating oil. 

The high-stage compressors of each main engine, 
taking their supply from the 300-lb. storage-tanks, 
deliver into three bottles for each engine—one work- 
ing and two spares, and these latter are connected by 
means of piping, so that they can supply either main 
engine or either auxiliary engine. Each compressor is 
sufficient for both sets of machinery, and arrangements 
are made so that one really may serve as a stand-by. 
Arrangements are also made so that the exhaust-valve 
of one of the main cylinders may be removed and 
replaced by a delivery-valve ; thus, by cutting off oil- 
fuel, the cylinder may be utilised for compressing the 
air to refill the reservoirs, should the auxiliary com- 
pressor be out of action. In this case, of course, the 
driving power on the shaft would be that from seven 
cylinders, but even then the turning moment of the 
cylinder would be quite satisfactory. 

The auxiliary machinery on board is very largely 
operated by the electric current produced from the 
two large four-cylinder oil-engine sets, each of 250 
indicated horse-power, and the two generators of 650 
amperes and 220 volts. The current is used for driving 
the lubricating oil-pumps, which are placed in front of 
the engines, for operating the ballast, sanitary, and 
bilge-pumps and refrigerating machinery at the back 
of the engines, for running motor generators, for 
lighting the ship, and for actuating the motors of 
the winches, windlasses, and steering-gear, the latter 
being of the Hele-Shaw construction. In both the 
Selandia and Jutlandia there is a donkey boiler, 
using as fuel the same oil as that operating the main 
engines. The steam generated by this donkey boiler 
is used entirely for heating the ship, but in emer- 
gency works a small Reavell compressor, sufficient 
in power to serve as a stand-by for refilling the 
reservoirs. All the auxiliaries in the Selandia are 
thus operated by electric power, provided by the two 
250-horse-power oil-engines, which also drive the 
300-lb. compressors; but these latter may be uncoupled 
when in port, and therefore when air is not required 
for working the main engines. The whistle is 
operated by air pressure from the separately-driven 
two-stage compressor, the pressure used being about 
300 lb. The whistle is fitted to the mast. The mizzen- 
masts serve in both ships to carry away the exhaust 
from all the oil-engines. 

There are two daily-supply tanks at the top of the 
engine-casing, into which the oil fuel is raised by 
compressed-air pumps. From these it flows by gravity 
to the fuel-force pumps. These tanks have a capacity 
for twelve hours’ normal working, and they serve the 
further purpose of separating water from the oil. 

There were several trials of the Selandia in the 
Sound, the vessel leaving Copenhagen on Wednesday, 
Thursday, and Friday of last week. Invitations had 
been freely given to shipowners, engineers, and others 
interested, while on Thursday the members of the 
Danish Parliament and the Diplomatic Corps were 
present. Prior to these trials there had been official 
tests when, the vessel being light, a speed of 124 knots 
was realised with the engines running at their designed 
rate ot 140 revolutions and with the designed power 
of 2500 indicated horse-power. The fuel-consump- 
tion test proved that the economy was equal to the 
highest expectations formed from experience with 
Diesel engines for land urpcses manufactured by 
Messrs. Burmeister and Wain. The vessel will be 
engaged between Copenhagen and Bangkok ; and as 
the return cargo is of light description, the vessel, 
without displacing cargo, will be able to carry sufficient 
oil on the homeward voyage to obviate the purchase of 
any oil in Europe, where the price is necessarily higher 
than at Singapore. Indeed, it is expected that the 
Capacity of the double-bottom tanks will suffice for the 
double voyage without resorting to the bunkers which 
have been fitted. On the trials at which guests were 
present the engines proved remarkably handy. The 
Selandia, it is expected, will be in the Thames on the 
29th inst., and will probably be open for inspection. 


She is classed at Lloyd’s, and the chief en neering 
Surveyor, Mr. J. T. Mi 


lton, attended the trials. 





We may add that Messrs. Burmeister and Wain 
have on order five other vessels to be fitted with oil 
aan of the four-cycle type. One is a sister ship 
to the Selandia, and is nearing completion ; two others, 
but slightly larger, are for the same owners ; and the 
two other ships are of 3380 tons gross register, for 
cargo work. In the case of the last-mentioned two 
ships there are eight cylinders in both engines, the 
diameter of the cylinders being 19.69 in. and the stroke 
25.98 in. All of these engines will have cross-heads 
between the connecting and the piston-rods. The 
valve gear will be the same, and the first two stages 
of compression will be effected in separate engines, as 
in the Selandia. 








THE CIVIL ENGINEERS’ APPOINTMENTS 
BOARD. 

ALTHOUGH the Institution of Civil Engineers has 
always carefully avoided any action which could be 
construed as constituting it in any sense an employ- 
ment agency, it has nevertheless feos possible, from 
time to time, for the seeretary, acting in his private 
capacity as an ordinary member, to aid young 
members of the profession in want of engagements by 
informing them of suitable vacancies. ove — 
to recent public regulations, however, it has n 
deemed advisable that even this assistance should be 
discontinued, and we therefore heartily welcome the 
scheme which has just been matured with the view of 
carrying on this very useful work in a properlyorganised 
form. This scheme consists in the establishment of a 
‘* Civil Engineers’ Appointments Board,” having suit- 
able offices and staff. The Board is at present composed 
of Sir Alexander Binnie, Lord Cowdray, Sir Alexander 
B. W. Kennedy, and Dr. J. H. T. Tudsbery, whose 
names are a guarantee for the manner in which the 
organisation will be conducted. 

A circular issued by the Board during the last few 
days sufficiently explains the lines upon which it pro- 
poses towork. ‘This circular we are pleased to be able 
to reproduce herewith, in the hope that the enter- 
prise may meet with the success it deserves :— 


Srr,—In view of existing difficulties in the way of 
many engineers, especially of junior rank, securing pro- 
fessional appointments, we have undertaken, at the 
request of the Council of the Institution of Civil Engi- 
neers, to form an organisation to assist such men to enter 
into communication with employers who are in need of 
the services of qualified engineering assistants. 

The Board formed with this object will be prepared 
to receive applications for engineering employment, and 
also applications from employers for engineering assis- 
tants, and will endeavour to further the interests of both 
parties by placing them in communication in circum- 
stances which ry 
results. Beyond this action the Board cannot undertake 
any responsibilities. At the outset its operations must 
necessarily be limited in extent ; but it is hoped that 
these may develop ina manner that may be serviceable 
to the engineering profession. 

It appears to be impracticable for this business to be 
dealt with otherwise than by letter. ‘. lications so 
made will receive prompt attention ; and although corre- 
spondence on the subject must be strictly limited, those 
who apply may be assured that their wishes and require- 
ments will at all times have careful consideration and 
attention. 

To facilitate the business, those who seek employment 
will be furnished with forms in which to state the parti- 
culars necessary to enable a judgment to be formed as to 
suitable quarters in which they may be advised to make 
inquiry. It is not intended to deal with testimonials, 
which should not be sent to the Board unless asked for, 
but to leave such details of special qualifications to be 
stated by the applicants individually to those with whom 
they may be put into communication. 

As the undertaking must be self-supporting, it will be 
necessary to charge some small fees to those who make 
use of it, and these will be indicated on the forms. 

We appeal especially to members of the Institution of 
Civil Engineers to assist our endeavour by communi- 
cating with the Board at the address given when they 
are in need of assistants, and shall be grateful for the 
support they = accord. 

oO 


urs frog 
LEX. R. Bryntr, 
CowprRay, ry 
Avex. B. W. Kennepy, Sased. 


J. H. T. Tunssery, 
The Civil Engineers’ Appointments Board, 
3, Little George-street, Westminster, 8S. W., 
February, 1912. 





Mar or THE Lonvon Execrric Rartways. — We 
have received from Messrs. R. J. Cook and Hammond, 
of Tothill-street, S.W., a most excellent — of the elec- 
tric railways of London, showing not only the lines open, 
but those under construction and authorised. The pro- 
posals to be brought before the ensuing Session of Parlia- 
ment have also been inserted, and as the map is to a 
large scale, the character of each is readily followed. 
The area covered extends from a little north of Finchley 
to a little south of the Crystal Palace. The western 
limit is Hammersmith, and the eastern Millwall. The 
map measures 5 ft. by 3 ft. 4 in., and is issued at the 





price of 10s. 6d. 


seem likely to lead to satisfactory | 1910 





MANCHESTER SHIP CANAL. 


THE report submitted to the shareholders’ meeting on 
the 22nd inst. showed that the expansion of traffic on the 
Manchester Ship Canal still continues. e@ sea-borne 
traffic in 1911 made up 4,894,670 tons. With the exception 
of 1907, this is the highest total yet recorded, but in that 
ony the sea-borne traffic made up 4,927,784 tons. There 

as, however, been an addition of nearly one million tons 
since 1905. The barge traffic has also increased, although 
not to the same extent. The total traffic for 1911 made 
up 5,217,812 tons, which is 7000 tons ter than in any 
previous year, the nearest approach being in 1907. The 
receipts for toll-paying merchandise traffic made up 
580,8417. last year; this is 25,000/. more than in the 
previous year. With the exception of 1907, which 
was a heavy year, there has been a steady advance, 
the total first exceeding 200,0002. in 1897, 300,000/. in 
1901, 400,0007. in 1904, and 500,000/. in 1907. So far as 
the accounts are concerned, the net revenue for the past 
half-year was 161,3111., which was distributed on the pay- 
ment of interest on the first and second mortgage deben- 
tures, interest on the 34 per cent. and 4 per cent. deben- 
ture stock, interest on the mortgage of surplus lands, and 
interest on the debentures held by the Corporation of 
Manchester, the Corporation having in 1911 received the 
full amount of the interest ‘‘accrued due.” The work 
ee for the widening of the Ship Canal at the bend 
at Runcorn is well advanced. 

The half-year’s working of the canal was seriously pre- 
judiced by bour troubles. At the beginning of July 
the casual workers at Manchester docks stopped work 
for nearly a fortnight. The strike was in sympathy with 
a similar movement on the part of seamen and firemen, 
but demands for increased wages were made and advances 
were conceded. The railway labour troubles which 
followed, and which were not settled until August 21, 
were also a source of loss and inconvenience. large 

roportion of the imported traffic is forwarded from 

anchester docks by railway, and fora long period after 
their labour troubles were over the railway companies 
were unable to supply a sufficient number of wagons for 
the traffic. Throughout the half-year, indeed, the supply 
of railway wagons was quite inadequate, and the transit 
sheds and quays have consequently been so congested 
as to make it impossible to work either efficiently 
or economically. As the labour services are performed 
by the company, the enhanced cost of working caused by 
the congestion, as well as by the higher rates of wages 
paid, had practically to be borne by the Ship Canal Com- 
pany, ause the raising of all the rates for handling 
cargo at the docks could not be carried out at once. The 
Manchester carters stopped work in July, when a general 
carters’ strike occurred. With that exception there was 
no strike among the Bridgwater workmen; but traffic 
was interfered with by general labour troubles, which 
lasted until well on in August. The loss caused by the 
suspension of traffic was, however, subsequently re- 
covered, and the final result was an increase of 1506/. in 
the working profit as compared with the second half of 








**Paris-PartTout.”—We have received a copy of this 
railway time-table, which is published monthly at 
the price of 60 centimes (6d.) by the editors, whose offices 
are 14, Rue Vignon, Paris. It is compiled upon the 
same lines as the London A.B.C. Railway Guide, and 
should prove of great service to travellers and tourists 
who journey on the Continent via the French metropolis. 





Tuer New Ririe anp Artii.tery Siaut.—The lecture 
on “‘ Negative Angle Sighting in Small Arms and Artil- 
lery,” by Sir George Greenhill, delivered before a meeting 
arra by the Junior Institution of Engineers, together 
with the remarks then made by a number of speakers, 
has been published by the Institution, being obtainable 
from Messrs. Percival Marshall and Co., 26, Poppins- 
ot Fleet-street, London, E.C. [Price 1s. ld. post 
ree. 





Port or Liverroot.—The Mersey Dock and Harbour 
Board are issuing, through Messrs. Littlebury Brothers, 
3, Cross Hall-street, Liverpool, an official sailing list and 
shipping guide, which gives a monthly sailing list em- 
bracing in alphabetical order all the world’s ports, 
and opposite them the name of the ship, line, closing day 
for cargo, loading dock, and the owners or loading 
brokers. Merchants thus desirous of exporting goods 
from Liverpool can, by this means, ascertain easily the 
ship and her date of sailing for any part of the world. 
The book contains upwards of 2000 references to sailings 
for Liverpool in January. 





Messrs. Davip Brown anp Sons (HupDERSFIELD), 
Limitep.—The company, originally established by the 
late Mr. David Brown, at t Parade, Huddersfield, 
and afterwards carried on by him with the assistance of 
his three sons, for the manufacture of gaar-cutters, con- 
tractors’ and motor components, is now being turned into 
a limited company, under the name of Messrs. David 
Brown and Sons (Huddersfield), Limited, with a share 
capital of 150,000/., divided into 50,000 6 per cent. cumu- 
lative preference shares of 1/. each and 100,000 ordinary 
shares of 1/. each, and wi re cent. first mortgage deben- 
ture stock of 25,0007. the ordinary shares and 15,000 
of the preference shares will be taken in part payment 
of the purchase prices, and the following are offered for 
subscription :—Namely, 25,000 44 per cent. first mort- 
gage debenture stock and 35, 6 per cent. cumula- 
tive preference shares, amounting to 60,000/. in all. 
The subscription list will be opened on Monday next, 
February 26, and will close on or before Wednesday, 
February 28. 
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FLOATING DOCK FOR TESTING SUBMARINE BOATS. 


CONSTRUCTED BY 
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A FLOATING dock of novel construction has recently 
been completed by the Fiat San Giorgio Co., Spezia, the 
chief object of which is to enable external-pressure tests 
to be applied to the hulls of submarine-boats without 
having recourse to deep-sea hydrostatic diving tests. 
We reproduce above several diagrams illustrating the 
method of utilising the dock, whilst the —— of a 
model, caneiael in Fig. 9, shows the general design. 

In Figs. 1 to 3 the general construction of the dock 
is shown. As will be seen, the main portion consists | 
of a cylindrical tube A, having one end permanently 
closed, and the other fitted with a hollow circular 
door P. Around the inner circumference of the 
entrance framing is a sill of the section shown at R in 
Fig. 4, and the door, which is floated into position, can 
be placed either against the inside or outside face of 
this sill. Thus when the dock is filled with water 
and the submarine-boat floated in and shored, the 
door is put against the outer face if the dock is to be 
emptied for the repair of the submarine-boats, as the 
pressure is greater from without. On the other hand, 
the door is put on against the inner face when pres- 
sure water is to be pumped into the interior in order 
to equal the hydrostatic pressure corresponding to that 
experienced by the submarine-boat when it is immersed 
in the sea at the specified depth from the surface. 

The position of the dock when receiving a vessel is 
shown in Figs. 1 and2. It will be seen from the plan, 
Fig. 3, that an opening Z is left in the top of the cylinder 
for more than half its length to allow clearance for 
the conning-tower when the boat is entering the 
dock, and also to enable the door to be floated into 


the inside when required, as indicated in Fig. 1. 
When arranged for applying pressure tests to the boat, 





the opening Z is closed with @ set of covers ; and 4 





‘Fie. 9. Mopet or THE Dock. 


special dome is provided for enclosing the conning- 
tower, as indicated in Figs. 5 and 6, which show the 
dock, containing the vessel, placed on a slipway or in 
dock. Figs. 7 and 8 show the floating-dock with a 
submarine dry-docked for repair-work, and in this case 
the end door is shown placed in position from the out- 
side. As will be seen, a set of longitudinal rails S is 
= for supporting the bilge-blocks carrying the 
vessel, 

The dock is equipped with two centrifugal pumps for 
emptying and filling a series of ballast-tanks B, fit 
externally to the cylindrical tube A. There is also a 

ump for maintaining the pressure within the tube 
or testing the vessel. 

The dock constructed has a displacement of 500 tone 
with a draught of 7 ft. when floating light. With a 
vessel dry-docked on board the draught is 10 ft. and 
the displacement about 925 tons. When in the position 
for receiving a vessel the draught is 17 ft. 9in. The 
Fiat San Giorgio Co. propose to use this dock for test- 
ing the vessels built by them, and we understand 
that arrangements have been made for periodically 
testing the submersibles of the Italian navy. We 
also understand that a similar dock, fitted with pro- 
pelling machinery and intended for sea-going service, 
is shortly to be put in hand by the company. 

The agent for the Fiat San Giorgio Co. for the 
United Kingdom and Colonies is Mr. A. G. Graziani, 
22, Billiter-street, E.C. 








ROYAL METEOROLOGICAL SOCIETY. 
THe monthly meeting of this Society was held on 
Wednesday evening, the 21st inst., at the Institution 
of Civil Engineers, Great George-street, Westminster, 
Dr. H, N. Dickson, President, occupying the chair, 








Mr. J. Fairgrieve read a paper on “ The Thunderstorms 
of May 31, 1911.”. He dealt with the thundcrstorm which 
visited the London district on the Derby day, and espe- 
cially with the movement of the rain which accompanied 
the storm. Having obtained information from nearly 
700 observers as to the time of rainfall or absence of rain, 
he has been able to prepare an interesting series of maps 
for each quarter A an hour from 12.30 to 8.45 p.m., 
showing the areas over which rain was actually falling. 

Mr. R. G. K. Lempfert read a paper on ‘‘ The Thunder- 
storms of July 29, 1911.” This storm was of the line- 


ted | squall type. The author has been able to trace the 


spread of the phenomenon across the British Isles, and 
he showed by a map of isochronous lines that it first 
struck the extreme end of Cornwall about 2 p.m. on 
July 29, and across Shetland at 3 p.m. the next 
day. He pointed out that the disturbance may be 
regarded as the displacement of an easterly by a southerly 
current, but the process of displacement was an unusually 
complicated one. The general sequence of events seems 
to have been somewhat as follows :—A moderate east 
wind is interrupted suddenly by a squall from the south. 
After the squall has passed, the oc | returns temporarily 
to an easterly direction, to be again interrup by 
another squall from the south. This process may 
repeat itself several times. A period of several hours of 
light and variable wind, during which easterly directions 
predominate, supervenes, and, finally, the wind settles 
down to a steady southerly or south-westerly wind of 
moderate force. In many cases the squalls were not 
accompanied by rainfall. ) 
What appears to have struck observers most forcibly 
was the way in which huge quantities of dust were 
whirled up by the wind. Accounts from Cardiff state 
that dust was brought from the south side of the Bristo} 
Channel by the squall winds, which did much structural 


damage. . 
Mr. S. Skinner read a paper on “‘ The Drosometer,” an 
instryment for measuring the amount of dew, 
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DOVETAILING AND GLUING-MACHINE. 


CONSTRUCTED BY 


MESSRS. A. RANSOME AND CO., 


LIMITED, ENGINEERS, NEWARK-ON-TRENT. 
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Ir is well known that owing to the increasing con- 
sumption of wood for all purposes, especially for 
wood-pulp, there has during the last ten years been a 
steady advance in the price of every class of package 
made of wood, in addition to which the quality of the 
material has in almost all cases deteriorated. This 
state of things was not unforeseen, and Mr. Sérensen, 
the proprietor of the Siifveans Aktiebolag, Gothenburg, 
Sweden, devoted many years to the study of the sub- 
ject, with the result that he at length succeeded in 
finding a method of joining wood to wood so as to 
produce the strongest soualille board with the greatest 
economy of labour and material, the result being the 
production of boxes having the tops, bottoms, ends, and 
sides in what are equivalent to single boards, the 
price at the same time being reasonable. These boxes, 
which are now made in large quantities, are known as 
‘Torroba” boxes, the sole agents for their sale in Great 
Britain and the Colonies being Messrs. W. and C. 
Pantin, 147, Upper Thames-street, London, E.C. 

The process by which these wide boards are made 
up out of narrow stuff cut from small trees is very 
interesting, and has necessitated the construction of 
Some very complicated machinery. Although the 
resultant material is likely to find its chief use in the 
manufacture of boxes for packing, it can, of course, be 
employed for many other purposes. 

The machine on which the work is done is manu- 
factured by Messrs. A. Kansome and Co., Limited, of 
Newark-on-Trent, and is shown in perspective in 
rid 1, above, our illustration being a reproduction 
rom a photograph. It is really a very ingenious 
Sutomatic dovetail glue jointer, and is provided with 


two endless beds travelling in Y-way tracks from each 
end of the machine towards the centre, where they pass 
each other. The stock is automatically fed into each 
end of the machine, and in its transit towards the 


centre is dovetailed and glued. As the pieces reach the 





Fig. 4, 


centre of the machine they unite, and are automatically 
discharged, a complete joint having been made. As the 
feed of the machine is continuous, the pieces of stock 
follow one another continuously. At the centre of the 
machine is an operator who receives the jointed stock, 
and, if the pieces are not as wide as are required they are 
fed through again, the operation continuing until 
sufficient width has been obtained. When the com- 
site board is wide enough, the operator at the centre 
finishes it by placing it in an edging-machine, and the 
work is completed. The stock may be 2 in. or 3 in 
thick, and when finished presents the appearance 
shown in Fig. 2. It may afterwards be cut down to 
almost any desired thickness. A feature of the pro- 
cess is that the trees from which the stock is cut need 
not be made parallel first, several planks being sawn 
out which have a side taper corresponding to the 
taper of the trunk when felled. It will be understood 
from this that the panels when finished are made up 
of a number of tapering pieces of varying widths, 
according to the size of the trees from which they are 
cut, as shown in Fig. 3. When the panel leaves the 
machine it is of the required width and only needs 
planing. Rough lumber is usually cut to any required 
width and the defects taken out, which is all the pre- 
paration needed, unless winding has to be taken out. 
The cutters,by which the dovetails are formed are 
shown in Fig. 4, which illustration also shows the 
cross-section of the frame and chain track. A _per- 
spective view of the endless bed and the double Y 
track is shown in Fig. 5. The panels constructed by 
this machine are of great strength, due to the particular 
nature of the joints, the tongues being made slightly 
smaller at one end longitudinally than at the other, 
which allows the two parts to slide in with great ease 
without pushing out the glue, which was the case 
before this method was adopted. Great power is, 


however, required to drive the joint home during the | 








Fie, 5. 


last few inches, when the glue is driven right into 
the pores of the wood. his longitudinal taper 
is given by means of a cam-plate, which raises the 
cutter slightly as it travels along, in a direction 
at right angles to the direction of travel. The 
capacity of the machine on short stock varies, of 
course, according to the ability of the operator ; 
but the endless bed travels about 35 ft. per minute 
for fine work on the hardest woods, and from 50 ft. 
to 70 ft. on coarser work and soft woods, and three 
changes of speed are provided on all machines. If 
necessary, cleating can be carried out by feeding the 
cleat into one end of the machine, and the panel with 
the end grain presented to the cutters into the other 
end of the machine. Among the advantages claimed 
for the pus may be mentioned that the need for 
standard width of boards is eliminated, that narrow 
and odd widths of lumber can be used, and a saving 
of from 5 to 10 per cent. of lumber effected. There is 
also said to be a saving of 50 to 100 per cent. of glue, 
and 50 per cent. of labour. Moreover, a better joint 
is produced. 

he “‘ Torroba” boxes made from panels produced 
as described, when compared with the battened boxes 
of the old style, are remarkably strong. When 
the ‘‘ Torroba ” boxes have the sides lock-cornered or 
dovetailed together instead of being nailed, their 
strength is still more increased. Some tests carried out 
at the Testing Department of the Chalmers Institute of 
Gothenburg gave the following results, with each box 
stood up on a corner and crushed by a weight applied 
at the opposite diagonal corner :—The old style of 
battened boxes, with ends # in. thick, and § in. sides, 
top, and bottom, broke down under loads of from 910 lb. 
to 10561b. Nailed ‘‘ Torroba” boxes, with §-in. ends 
and }-in. sides, top, and bottom, broke with from 
1707 lb. to 1868 lb. ; while the lock-cornered ‘‘ Torroba” 
boxes crushed under loads of from 2071 Ib. to 2305 Ib. 
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THE SWEDISH IRON INDUSTRY, 1911. 


Tue report read at the last meeting of the Union of 
Swedish Iron-Masters states that the export trade of 
last year, with the exception of export pig iron, was 
less favourable for the Swedish iron industry than 
that of 1910. The export of rolled and hammered iron 
and steel showed a decrease of 12,000 tons, and that 
of blooms and ingots also showed a small decrease; 
this reduction is to some extent attributable to the 
lack of water, especially during the latter part of the 
summer, which necessitated a reduction of the output 
at some works. The production of pig iron, on the 
other hand, was very considerable, and far exceeded 
that of any previous year, the aggregate output amount- 
ing to 633,800 tons, or 29,500 tons more than the pre- 
ceding year’s production, and 18,000 tons in excess of 
the previous record figure—that of 1907. The export 
of pig iron was also the largest on record —viz., 150,500 
tons, or 16,400 tons more than during 1910. In the 
course of the last ten years the Swedish export of pig 
iron has more than doubled. 

The prices during 1911 varied somewhat for the 
different articles, but as production and consumption 
have fairly balanced, there have been no great fluc- 
tuations. 

Biliets and other rolled steel of high quality enjoyed 
undiminished demand from abroad, and commanded 
fairly good prices. Of Lancashire iron large sales were 
effected. The sale within the country of iron and steel 
was fairly even, but attention is drawn to the small con- 
sumption of Swedish iron by the shipbuilding industry. 

The present state of the market may be looked 
upon as firm, and the different works have generally 
sold their production three or four months or more 
forward. The supply of charcoal is abundant; the 
supply of coal, on the other hand, is scarce at several 
works, and this should result in some caution as regards 
further sales of rolling-mill =. it being very uncer- 
tain whether adequate supplies may be reckoned with 
during the first few months. 

The exports of some of the leading manufactures 
during last year were as under, the corresponding 
figures for 1910 being added for comparison’s sake :— 


1911. 1910. 

Tons. Tons. 
Pig iron 150,500 134,100 
Scrap iron 7,900 10,400 
Ingots os 11,200 13,500 
Blooms, &e. ... 27,600 31,400 
Billets, &c. ... = 28,600 25,500 
Bar iron Sod ead 129, 200 141,200 
Cuts of bar iron 6,400 6,100 
Rolled wire ... 33,700 33,400 
Plate ... ae 2,200 2,400 
Tubes and parts 10,700 14,300 
Drawn wire ... eo 3, 2,900 
Nails, &c. 7,300 7,100 


The aggregate export was about the same as during 
1910. 

The production during 191] of the following materials 
was as under :— 


Tons. 
Pig iron 633,800 
Blooms _... ate 146,700 
Bessemer ingots ... 93,800 
Martin ingots... oF 364,400 


No alterations were made in the official quotations. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
Note by the President on the Proposal for Examinations.* 


Ir has long been 
regulations, very t oe is experienced in deter- 
— with anything approaching precision what is the 
** Bi general and scientific education” which candi- 
dates for admission into the Institution are assumed to 
possess when approved by the Council for ballot. Cer- 
tificates of proficiency in certain engineering subjects 
obtained after study at evening classes at some technical 
institute, or from the Board of Education, are at the 
present time all that can be shown by perhaps the 
majority of candidates ; and in such cases practically the 
only test of qualification that can be relied upon is the 
nature of the apprenticeship served and the subsequent 
experience. 

here is, however, a general consensus of opinion that 
a mechanical engineer’s training in the present day should 
embrace a wider field of study and of knowledge than 
can be obtained in the workshops alone. It is conceded 
that this does not in the least diminish the great import- 
ance of training in and on works, but young men cannot 
be properly trained to take control of works in mecha- 
nical engineering at the present day who have not effec- 
tively studied and mastered those scientific and technical 
principles which are the very foundation of all engineer- 
ing The argument that is sometimes heard, 


ised that, under the existing 


when such men were learning their business. It is quite 
evident that the successful control of engineering works 
is becoming more and more dependent upon scientific 
methods, and men who are lacking on the scientific side 
of their profession will find themselves more and more 
handicapped in the struggles of their careers. _ 

So far there is not probably any very acute difference 
of — Controversy arises on the question as to 
whether an examination is of any great value as a test of 
real knowledge. It may be admitted that too great an 
importance is frequently, if not generally, attached to the 
results of examinations, and that it is, after all, the pro- 
longed and consistent study with a view to the academic 
training of the candidate which is of the greatest conse- 
quence. Nevertheless, the examination is, in fact, the 
only test that is available. : 

It is considered that an examination test is imperative 
in order to secure the minimum of study desirable, but the 
results of the examination should be subject toa common- 
sense review by the Examination Committee, who would 
control not only the appointment of examiners, but 
even, tosome extent, the examination questions set. The 
Committee could take into account the opportunities for 
study available for the candidates, and have before them 
the general reports of the tutors under whom the candi- 
dates were studying. There are pitfalls in any examina- 
tion system, but it has become essential that examina- 
tions should be required from all the younger candidates 
in order to secure the desired status of membership of 
the Institution of Mechanical Engineers. Examinations 
have been in force in the Institution of Civil Engineers 
for many years. The Institution of Electrical Engineers 
have determined to adopt the system, and it is clearly 
desirable that the Institution of Mechanical Engineers 
should require for admission an equivalent qualification. 
From a national point of view, English engineers should 
not be satisfied with less than has been recognised 
as necessary for superintending engineers in foreign 
countries. 

The examination period in an engineer’s life should 
not extend beyond the age at which full membership 
is possible, but all candidates under that age (at pre- 
sent fixed at thirty years) should be uired to pass 
this test without in any way lessening the importance 
of thorough practical training in works and drawing- 
office. The present age-limit for admission to Associate 
membership is twenty-five years, and a great practical 
advantage of the examination to the younger men would 
be that any candidate who had passed satisfactorily 
through both his practical training and the examination 
would, if he were engaged in engineering work, be 
for ballot, even though his position did not indicate much 
independent ay. A young man thus admitted 
as an Associate Member of the Institution would, if the 
suggestions of the Council are realised, be better fitted to 
obtain a really responsible position than others who could 
not show such a qualification. It is quite reasonable that 
those who have not gone through a similar course of study 
and training, or have shirked the ordeal of examination, 
should have to wait until they have obtained a - 
nised position of responsibility before becoming eli ible 
for admission as iate Members or Members. an- 
didates at the age of twenty-five, if fully trained 
in theory and practice, and if doing engineering 
work, should be eligible for Associate membership. 
If they are graduates, it is not asking too much to 
require them to pass such an examination as has been 
outlined, or some other equivalent examination, after a 
recognised course of study in some engineering college or 
technical institute. There should, however, be an in- 
terval of time before the full scheme comes into opera- 
tion, and it is with this object that it has been suggested 
that for the first year the age-limit for admission without 
examination should be twenty-eight years—the maximum 
age for graduates to remain in the Institution as such. 
In the second and third years after the examination 
system had been started, it is recommended that the age- 
limit would be twenty-nine and thirty years respectively ; 
and it is meee that any extension of age-limit in the 
future should be limited by the age at which full member- 
ship is allowed by the by-laws. 

he success of the scheme as a whole must depend 
on mutual confidence and understanding between the 
Council and the members generally, and it is essential 
fur the prosperity of the Institution at this critical stage 
in its history that members should have the opportunity 
of freely expressing their views upon the proposals made. 





THE PHYSICAL SOCIETY OF LONDON. 

AT the annual general meeting held on February 9, 
at the Imperial College of Science, Professor H. L. 
Callendar, F.R.S., President, in the chair, the report 
of the Council, read by the Secretary, and the report of 
the Treasurer, were adopted by the meeting. 

The officers elected for the ensuing year were as follow : 
—President: Professor A. Schuster, Ph.D., F.R.S. Vice- 
Presidents: those who have filled the office of president, 
together with Mr. A. Campbell, B.A., Professor C. H. 
Lees, D.Sc., F.R.S., Professor T. Mather, F.R.S., and Mr. 
A. Russell, M.A., D.Sc. Secretaries: Mr.W. R. Cooper, 
M.A., 82, Victoria-street, 8.W.; Mr. S. W. J. Smith, 
M.A., D.Se., Imperial College of Science and Technology, 
South Kensington. Foreign secretary: Professor S. is 
Thompson, D.Sc., F.R.S. Treasurer: Mr. W. Duddell, 


that many of the best engineers now living have not hid | FR 


the kind of training referred to, and that their success 
proves that theoretical studies are of but comparatively 
slight importance, is invalid, use the conditions 
governing the question are no longer what they were 





* See re 


rt of general meeting held on Friday, 
February 1 


1912, on page 242 ante. 


. 





-R.S., 56, Victoria-street,S.W. Librarian: Mr. S. W. J. 
Smith, M.A., DSc. Other Members of Council: Pro- 
fessor C. G. Barkla, D.Sc., Professor P. V. Bevan, M.A., 
Major W. A. J. O’Meara, O.M.G., S. Skinner, M.A., 
Mr. F. E. Smith, Professor the Hon. R. J. Strutt, F.R.S., 
Mr. W. E. Sumpner, D.Sc., Mr. F. Twyman, Mr. R. 8. 
bam and Mr. R. 8S. Willows, M.A., D.Sc. 

Professor A. Schuster, Ph.D., D.Sc., LL.D., F.R.S., 





then took the chair and delivered the presidential address 
on ‘‘A Critical Examination of the Possible Causes of 
Terrestrial Magnetism.” 

In forming any theory of the cause of terrestrial 
magnetism, the first question that arises is, whether we 
are to consider the near coincidence of the geographical 
with the magnetic axis as accidental or significant. The 
secular variation argues for the second alternative, and 
scientific opinion has always favoured the view that there 
is a definite reason for the close approach of the magnetic 
to the geographical pole. 

The view that iron is responsible for the observed mag- 
netic field has generally been put aside, cause iron 
loses its magnetisation at temperatures lower than those 
which all are agreed must hold at moderate depths below 
the surface. But the objection raised on this ground 
disregards the possibility that the critical temperature of 
iron may be raised by pressure. It may shown that 
if that temperature depends on molecular distance, and 
the ratio of compressibility to thermal dilatation js 
assumed to be independent of pressure, the rate of 
increase of temperature with the depth is less than the 
rate of increase of the critical temperature, so that iron 
would retain its magnetic properties. Experiments on 
the effects of pressure on the critical temperature of iron 
have been in progress during the last four years, but have 
not hitherto led to a decisive result. For the present we 
must, therefore, keep our minds open to the possibility 
that the iron contained in the earth is magnetisable. 

The alternative opinion that electric currents circulat- 
ing inside the earth are the cause of terrestrial magnetism 
is next examined. Though this view seems to be favoured 
by scientific opinion, it has to overcome formidable diffi- 
culties before it can be accepted. Are the electric currents 
permanent, or are they only survivals of a former state of 
things which is dying out? If permanent, we must 
account for the electromotive forces, and we know of no 
such forces which could act in the manner required. [f 
the electric currents are survivals, their intensity when 
the earth crust first formed must have been at least 102 
times as strong as it is now, and the difficulty of account- 
ing for their original production would be correspondingly 
inc In the opinion of the author, the difficulties 
which stand in the way of basing terrestrial magnetism 
on electric currents inside the earth are insurmountable. 

The question whether the rotation of the earth may be 
responsible for its magnetic field is next examined, and 
different possibilities are considered. If the rotation of 
a sphere, independently of the chemical nature of the 
substance, were to produce a magnetic field, it is shown 
by the theory of dimensions that the field at the surface 
of the sphere would proportional to the angular 
velocity and independent of its size. The effect of rotat- 
ing bodies set into rotation in our laboratories would 
give, therefore, etic forces equal to those of the 
earth with one rotation per day, and with angular velo- 
cities of the order of one per second the effects would be 
so large that they could not have escaped detection. 

A second supposition, that a neutral molecule in its 
motion behaves as if it carried a charge, leads to the result 
that if terrestrial magnetism be due to such a cause, the 
effects to be expected in any laboratory experiment that we 
could propose are far too small to be detected. But the 
theory is finally negatived by the additional conditions 
which must be imposed to destroy the effects of translation 
independently of rotation. A distinction must here be 
made between possible magnetic effects of a rotatory 
body on a magnet which is at rest, and on one the sup- 
ports of which are fixed to the rotating body. Return- 
ing to the effects of rotation, the possibility is considered 
that rotation, instead of directly determining magnetic 
intensity, determines magnetic force which may or may 
not cause magnetisation according to the nature of the 
body. This view deserves attention, because there is 
some theoretical foundation for it, inasmuch as mole- 
cules may be considered to behave in a manner analogous 
to that of a gyrostatic compass. The theory would also 
explain in a natural manner the secular variation by a 
precessional motion of a magnetic molecule. On the 
other hand, the theory would have to explain why the 
iron inside the earth becomes, by rotation, more strongly 
magnetised than the iron in our laboratories. There is, 
of course, always the possibility of some substance being 
subject to the effects of rotation in a much higher degree 
than iron. Such questions can only be settled by experi- 
ments which are now in progress. Other theories of the 
secular variation are considered. 

In conclusion, the question is raised whether the 
negative electron is subject to gravitation, and if 80, 
whether in comparing the weight of a negative electron 
with that of the unit positive charge, we must consider 
the proportionality between gravitation and mass to hold. 
In Lorentz’s theory of gravitation this is abandoned. It 
is pointed out how fundamental questions bave a bearing 
on the problem of terrestrial magnetism. ; f 

A vote of thanks to Professor Schuster for his presi- 
dential address, moved by Professor Callendar, and 
seconded by Dr. W. N. Shaw, was carried unanimously. 








Tue First Pusuic Raway.—It is common know- 
ledge that the Stockton and Darlington line was the first 
line to be opened to general traffic, which took place on 
Monday, September 27, 1825. The jubilee of this event 
was celebrated in 1875, on which occasion Messrs. E. D. 
Walker and Wilson, Darlington, published an interesting 
series of illustrations showing some of the works and 
rolling-stock. Portraits of those responsible for the 
undertaking—viz., George Stephenson, Messrs. J. and . 
Pease, and of Mr. F. Newburn—were included, as well as 
a copy of the first time-table. The publishers aforenamed 
have now issued a new edition of this interecting souven!r 
at the price of 2s. 6d, 
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FURTHER EXPERIMENTS ON THE CRITI- 
CAL POINT AT 470 DEG. CENT. IN 
COPPER-ZINC ALLOYS.* 


By Professor H. C. H. Carpenter, M.A., Ph.D. (the 
University, Manchester). 


A YEAR ago a research was published by Mr. C. A. 
Edwards and the writer, entitled ‘‘A New Critical 
Point in Copper-Zinc Alloys: Its Interpretation and 
Influence on their Properties.”+ This critical point was 
found to occur at 470 deg. Cent. in all alloys containin 
the so-called ‘‘8” constituent as a separate structu 
entity—i.e., from about 63 to 40 per cent. of copper. 
The interpretation advanced by the authors was that 
‘* at 470 deg. Cent., on cooling, 8 splits up into an inti- 
mate mixture of a and 7; on cooling the reverse change 
takes place.” Thisresolution of 8 into a + y theauthors 
considered they had detected ey in an alloy 
containing pure §, just above 470 deg. Cent. It a 
however, to be only visible at very high magnifications. 
Photographic evidence in support of this view was given 
in the paper, and also of the homogeneity of 8 above 
470 deg. Cent. , Y 

The experimental data which constituted the evidence 
for this interpretation were not questioned by anybody 
either in the lengthy discussion or voluminous corre- 
spondence which followed. The interpretation, how- 
ever, was challenged. It was alleged by Messrs. Rosen- 
hain, Huntington, Desch, Hudson, and Johnson that the 
photographic evidence, for the duplex structure demanded 
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by the theory given in the paper, was inconclusive. The 
grounds for this criticism were perfectly valid. What is 
required is a careful visual examination at a magnifica- 
tion of at least 1000 diameters. It was only after 
numerous tests of this kind that Mr. Edwards and the 
writer concluded that below 470 deg. Cent. the alloy is 
inhomogeneous. 

Another objection was raised by Messrs. Desch, Guert- 
ler, and Rosenhain, who drew attention to the non- 
coalescence of the so-called a + y complex, even after the 
three weeks’ annealing experiment at 350 deg. to 400 deg. 
Cent. carried out by the authors, and asserted that if the 
theory was correct this coalescence should take place to 
such an extent as to render the a and y ticles visible 
at much lower magnifications than 1000 diameters. This 
criticism is very important, and it must be satisfactorily 
met before the above theory can be regarded as estab- 
lished. Accordingly, as explained in a footnote by the 
writer at the conclusion of the joint paper, fresh experi- 
ments were set in hand by him in order to obtain decisive 
microscopical evidence of the interpretation of the critical 
point. fore describing these, however, it is worth 
while to consider, in as general terms as possible, the way 
in which a one-phase system may be resolved at a 
eutectoid point into two p because such an exami- 
nation should indicate exactly how much weight ought to 
be attached to the foregoing objections. 

The case has actually been considered by Guertler,t 
and the accompanying diagram (Fig. 1) has been modified 
from his Fig. 129. d is the eutectoid point at which, on 
cooling, phase ILI. is resolved into the double phase I. + 
Il. There is no need to consider supercooling, because 


* Paper read before the Institute of Metals on Wed- 
nesday, January 17, 1912. 

+ Journal of the Institute of Metals, No. I., 1911, 
vol. v., pages 127 to 193. See also ENGINEERING, vol. xci., 
page 200. 

+ Metallographie, pages 309 to 313. 





Fig. 2. “ 


the cooling curves given in the previous paper show that 
this does not occur to more than a very slight extent. 
Consider the case of an alloy of the composition d@ cool- 
gion the solidus line, 
he instant it passes below c de, nuclei of I. and II. 
are formed. If this resolution takes place at all points 
throughout the mass at the same time, the result will be 
a ectly uniform mixture of nuclei of the two types, 
which may or may not be crystalline, and the newly- 
formed molecules will be in a state of such intimate mix- 
ture that it will be visually impossible to detect an 
change whatever. On the other hand, if the nuclei of I. 
and IT. are formed haphazard in certain places separated 
from one another to an appreciable extent, these will 
exert a decided influence on the mode of separation of 
the remaining undecomposed molecules of III. if the 
temperature is high enough for diffusion to take re 
In this event, with the - - decomposition of ITI., 
the resulting molecules of I. and II. will tend to be 
drawn to the existing nuclei of I. and II., and in due time 
the aggregations will become so considerable that visible 
ro = will result. Therefore, in Guertler’s words,* 
‘** Whereas, on ing the eutectoid point on cooling, the 
resolution of III. into I. + II. depends on the velocity of 
reaction only, and not on diffusion and other secondary 
influences ; yet if the resolved products are to result in 
a visible form, diffusion phenomena must become active 
in order that the newly-formed or forming particles may be 
attracted to those that are already present.” Accordingly, 
if in the particular case of the copper-zinc alloys the 8 
constituent is resolved at 470 deg. Cent. into a very 


Fig4. 








thermostat finally chosen wasa sulphur vapour bath. This 
gives a constant temperature of 444.7 deg. Cent., with a 
variation of about 0.09 deg. Cent. per edllinstes of mer- 
cury change in pressure. It will be seen, therefore, that 
this allowed for temperature variations caused by baro- 
metric fluctuations, and still left a margin of at least 
10 deg. Cent. below the inversion temperature. Messrs. 
Waidner and Bu * say, ‘‘ In spite of the complexity 
of sulphur in its p see behaviour, such as possessing 
several valencies and isomeric forms in the solid and 
liquid states, the fixity of temperature of its vapour 
during boiling appears to be all that could be desired.” 
Preliminary experiments showed that the liquid can be 
boiled for weeks together without any bumping, and the 
author has found it a most convenient thermostat for the 
experiments about to be described. 

A specimen of so-called pure 8 was cast as nearly as 
possible in the middle of the 8 area in the Shepherd dia- 
. This area extends, according to him, from 53.5 to 
1 per cent. of copper, giving 52.25 as the mean. 


The 
analysis showed :— 
Per Cent. 
Copper ... 52.12 
Zine 47.85 


A microscopic examination was made, and the alloy, as 
expected, was found to consist of the ye large areas 
of apparent 8. Owing to the volatility of zinc in 8 alloys 
at 445 deg. Cent., it would in any case have been neces- 
sary, whatever the thermostat, to heat it in a closed 
vessel to prevent changes of composition occurring. Still 
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uniform and intimate mixture of a + yy simultaneously 
throughout the mass, and if diffusion takes place 
very eos at temperatures below this, then the fact that 
even after a three weeks’ annealing at 400 deg. Cent. 
crystals of a + y, visible at low magnifications, do not 
appear, is not in itself decisive evidence that it is not a 
two-phase system. Especially will this reasoning hold if 
the particles of a and y are amorphous, as they may quite 
well be in a system where the molecular inversion 
appears to have taken place uniformly throughout the 
mass. In fact, the system may come into the category of 
what Benedicks has aptly called ‘‘ Feste Kolloide Systeme 
in der Metallographie.”+ The fact remains, however, 
that if the inversion of 8 at 470 deg. Cent. is a euteotoid 
change into a + ¥, it is the only known instance of which 
the writer is aware in which it has thus far .been impos- 
sible to demonstrate the existence of the inversion pro- 
ducts at such a magnification as 200 or 300 diameters. It 
appeared therefore in the highest degree desirable to 
initiate fresh experiments with a view to testing the 
theory more rigorously than it had done in the joint 
paper, and to seeing whether the inversion products 
could not be rendered visible at a magnification of 150 
diameters. , 

The annealing experiments recorded in the joint paper 
were carried out at temperatures between 350 deg. and 
400 deg. Cent. At —_ temperatures the molecular 
mobility in the solid may be very slight and diffusion 
slow. If the mean of the inversion temperature on 
heating (470 deg.) and cooling (457 deg.) be taken—viz., 
463 deg. as the most probable figure—it will be seen tha 
this is about 60 deg. Gent. above the highest temperature 
used. As the rate of diffusion tends to rise with rise of 
temperature, it appeared desirable in the first instance to 
anneal § at a temperature as little removed as possible 
below 460 deg. Cent. Even at this temperature mole- 
cular mobility may only be slight. Curry} found that in 
the case of the copper-aluminium S——>a + +y inversion 
which occurs at about 566 deg. Cent., thirty days’ anneal- 
ing at 500 deg. were necessary before the constituents 
were completely aggregated. Time, therefore, is an 
important factor to consider in devising experiments on 
these lines. After some preliminary experiments, the 





* Metallographie, page 320. ; 
+ Zeitschrift fiir Chemie wnd Industrie der Kolloide, 


1910, pages 290 to 299. . 
t Journal of Physical Chemistry, 1907, pages 432-433. 








more is this, of course, necessary in a ‘sulphur vapour 
bath. Accordingly, two specimens of the alloy were 
sealed up in a small glass cylinder under somewhat 
diminished pressure, and this was suspended in the 
vapour of sulphur in the apparatus shown in the accom- 
nying Fig. 2. This test was continued for six weeks. 
he sulphur only burns away slowly, and the addition of 
a small quantity from time to time is the chief attention 
required. There is a decided sublimation and con- 
densation on the cooler parts of the ageaceien, which can 
= be remedied by poking the condensed product into 
the liquid. A microscopic examination at 150 diameters 
of the alloys, after this test, showed that in most parts 
the ap nt § crystals had grown sqevensty. there 
were places, however, where signs of breaking up of the 
original crystals were evident, but with this was not 
associated anything that could be called the separation 
of crystals of either a or y in a coarse crystalline form, 
visible at low magnifications. Broadly speaking, no 
resolution of the original apparent § areas had occurred. 
The above test, of course, is as severe as could have 
been devised, since, if the critical point is a eutectoid 
inversion, this particular alloy consists entirely of the 
eutectoid mixture, and in the absence of comparatively 
coarse crystals either of a or y, there may be, in spite 
of a certain molecular mobility and consequent diffusion, 
no particular tendency to coarse aggregation in such a 
mixture. og the following test was planned :— 
Two alloys should be prepared. The one should be 
of such a composition that it is just outside the 8 
area on the a side—t.¢., it must contain a little more 
than 53.5 per cent. of ee it will consist of 
a certain number of a crystallites, distributed through a 
mass which is in other respects apparent 8. If this appa- 
rent § is really a + y, then, on annealing this alloy suffi- 
ciently long, provided diffusion is operative, the a 
crystallites should draw a out of the u ++ eutectoid, 
forming coarse a crystals, visible at low magnifications, 
and leave a residuum of y. The final result should be 
coarse a + coarse y, with a slight preponderance of a over 
the eutectoid composition. @ other alloy should be 
just outside the § area on the 7 side—+.e., it should contain 
rather less than 51 per cent. of copper. This will consist 
of + crystallites in a matrix of apparent 8. If the latter 
isa + , the y crystallites will, on annealing, constitute 
centres for the deposition of yy from the eutectoid, and the 
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final result will be coarse + crystals with a residuum of 
coarse a crystals, in which there is a slight preponder- 
ance of y over the eutectic composition, he net result, 
however, should be the same in both cases—viz., coarse 
a + coarse y, with this difference only: that in the one 
a, and in the other 7, slightly preponderates. 

The actual compositions of the alloys came out as 
follows :— 


No. 1. Copper, 54.20 per cent.; zinc, 45.77 per cent. 
No. 2. Copper, 50.35 per cent.; zinc, 49.61 per cent. 


These fulfil the required conditions. The former is 0.7 


Fie, 5.—Alloy No. 1 as cast and slowly cooled. 
Large areas represent apparent 8, Thin 
white border of a visible chiefly in the upper 
part of the field, 


to 430 deg. 
into lamellae 


areas. 


Fic, 6.—Same alloy after three days at 420 deg. 


eutectoid composition undergoing inversion 


meters). The structure of this alloy as cast and slowly 
cooled is shown in Fig. 5, annexed. At this magnifica- 
tion it appears a typical f alloy with large darkly-etching 
and apparently homogeneous crystals. Round the upper 
part of the large almost central crystal will be observed a 
thin white border, in one part continuous and smooth, 
in others discontinuous and jagged; this is free a. In 
the first instance this alloy was heated for three days in 
a small electrically-heated annealing mutftle, fitted with 
an adjustable resistance, which enabled the temperature 
to be kept between 420 deg. and 430 deg. Cent. The 
microscopical examination of this specimen gave some 








Cent., showing large area of 
cally pearlitic. 
of a+y. White specks repre- 


sent a coming out of original apparent 8 





Fic. 7.—Part of area shown in Fig. 6 atia 
higher magnification. The structure is typi- 


Fie. 11.—Shows coalescence of a into coarse 


crystals of exactly the eutectoid composition. It is well 
known, however, that the lamellar type of eutectoid struc- 
ture is not stable on prolonged heating. It tends to pass 
into a granular or even globular variety. The seseention 
photograph, Fig. 8, is shown because it illustrates this 
transformation. A careful scrutiny of this photo-micro- 
graph shows not only some comparatively coarse lamellar 
eutectoid about the centre of the field, just disappearing, 
but also much finer lamellz, mixed up with the granular 
type, into which they are passing. By far the greater 
number of originally apparent 8 crystals, however, had 
been resolved into the type of structure shown in Fig. 9. 





Fia 8.-—Illustrating vanishing pearlitic struc- 
ture and its replacement by granular decom- 
position products. 





Fie. 12.—Further coalescence of a (white) after 


Fie, 9.—Typical of most of the field after three Fie. 10,—Structure of another specimen of the 
days at 420 deg. to 430 deg. Cent. Traces of same alloy after ten days at 445 deg. Cent. crystals after three weeks’ annealing at five weeks at 445 deg. Cent. 
vanishing pearlitic structure evident. This shows a (white) crystallising out of 445 deg. Cent. 


apparent 8 areas. 


Fie. 13,— Condition after eight weeks at Fie, 14.--Shows complete destruction of the 


445 deg. Cent., showing approximate struc- structure in 
tural completion of the inversion. a = white ; 


y = dark. 





Fig. 13 and its replacement by 


four hours at 700 deg. Cent., 


followed by slow cooling. 





Fig, 15.—Alloy No. 2 as cast and slowly cooled. 
Large areas represent ,apparent 8; light 
apparent 8 areas (with a few white spots of a) spots y. 

| after twenty- 





Fig. 16.—Structure after ten days at 445 deg. 
Cent. ; y (white spots) crystallising out of 
apparent B. 


THE ABOVE FIGURES, WITH THE EXCEPTION OF Fic. 7, ARE RePRopUCED FROM PHoTO-MicroGcRAPHs OF 150 DiaMEeT#RS REDUCED TO 100 DIAMETERS 
in Repropuction. Fic. 7 1s REDUCED To 270 DiaMETERS FROM A PHoTo-MicrocraPH oF 400 DIAMETERS. 


per cent. to the left of the 8 boundary, and contains this 
slight excess of a; the latter is 0.65 per cent. to the right, 
and contains this excess of y. In all the experiments to 
be described these alloys were heated in small sealed glass 
cylinders in order to avoid any changes in composition. 
Experiments with Alloy 1 Containing a Small Quantity 
of Free a.—The etching reagents found most suitable in 
all the succeeding experiments are either a moderately 
concentrated solution of ferric chloride in aqueous hydro- 
chloric acid, or a 25 per cent. solution of ammonia (0.88 
specific gravity) in water, to which a few drops of hydro- 
gen peroxide are added immediately before use. The 
magnification of the photo-micrographs is, with one excep- 
tion, 150 diameters (reduced in reproduction to 100 dia- 


nular structure in which a very 





most interesting information. Certain 8 crystalsappeared ; They showed a 
entirely unaltered. A very few—not more than about | large number of white specks appeared on a dark ground. 
twelve in the entire field, 3 in. by § in.—were found to have | Even here, however, it will be observed that the 
undergone the typical eutectoid inversion into alternate | lamellar type of structure has not entirely disappeared. 
light and dark somewhat curved lamella. One of these | These white specks are the a crystals coming out of the 
is shown in Fig. 6, surrounded by darkly-etching crystals, | approximately a + ‘y eutectoid, and there is no doubt 
in which a number of white specks (of a) are manifest. that this crystallisation is due to the presence of the 
This ane by itself is sufficient evidence that the | comparatively small number of free a crystals origi- 
so-called homogeneous f is in reality a two-phase system. | nally present, which are able to exert their crystal- 
Part of this particular crystal is shown in Fig. 7 at aj lising influence at the temperature of the experiment 
magnification of 400 diameters (reduced in reproduction lon the remainder of the alloy. The _next photo- 
to 270 diameters). Its similarity to the well-known | micrograph (Fig. 10) shows the crystallisation of a from 
iron-carbon eutectoid “‘pearlite” is very striking. Evi-| another specimen heated for ten days in sulphur- 
dently, then, in this specimen there were a number of | vapour. is also is of great interest, because_it shows 
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two types of crystallation on one large crystal in the 
centre. In the upper half the a appears asa series of 
approximately parallel needles of varying thickness, 
whereas in the lower half it has come out almost entireiy 
in the form of specks. It will not escape observation 
that the main band of a on the top of the large crystal is 
jagged, and that the direction of the j edges is the 
same as that of the needles in the interior. It certainly 
looks as though the latter type of crystallisation has heen 
induced by the particular direction of the jagged edges. 
On the other hand, the a band at the bottom of the large 
crystal is smooth, and it does not appear to have exerted 
formative influences on the crystallisation of a in its 
sphere of influence. 

Photo-micrograph Fig. 11 shows the coalescence of a 
into coarse crystals after three weeks’ annealing in 
sulphur vapour. This is accompanied by a rounding of 
the sharp edges. A further stage is seen in Fig. 12, after 
five weeks at 445 deg. Cent. This shows the coarse 
crystals coalescing to large irregularly-shaped masses. 
Finally, Fig. 13 shows the enormous a crystals (white), 
on a dark ground of y, after eight weeks at this tempera- 
fure. On this specimen the a crystals can be seen per- 
tectly well with the naked eye. Thus the final result is 


a (light) + y (dark) in an extremely coarse state of aggre- 
gation such as the theory demands. 





dark in the photo-micrograph, while three small areas of 
the former, approximately equidistant from one another, 
oe light. The development of + is slower than that 
of a, and in no case were any crystals observed under- 
going the lamellar eutectoid inversion such as is seen on 
the a side (see Figs. 6 and 7). 

Fig. 17, representing the structure after heating three 
weeks in sulphur vapour, is of particular importance. It 
represents the junction of three large areas and one small 
area of apparent 8, with a considerable development of , 
which, however, does not etch uniformly. In the top 
left-hand area yy appears light on a medium ground. In 
the top right-hand area it appears dark on a light ground. 
At the junction of these two areas it will be seen that a 
given 7 crystal appears both light in one part and dark 
in another, according to its position on the apparent 8 
areas. In the large area at the bottom the y crystals are 
some of them light, others dark, and others again 
mottled. But in spite of these differences of etching, 
there is never any difficulty in deciding which is y and 
which apparent 8. The explanation of these differences 
will be given shortly. 

Fig. 18 shows the structure after five weeks in sulphur 
vapour. In this, and in all subsequent specimens tested, 
7 etches dark. 

Fig. 19 shows the development of after seven weeks. 


|change-over is completed, y always etches dark with 
= to a. 

he characteristic colours of a and y appear, though 
| not equally well for photographic purposes, in the speci- 
}men of No. 1—viz., photo-micrograph Fig. 13, containing 
|a slight excess of a. Here the 7 isthe matrix from which 
|a has crystallised, and owing no doubt to the fact that 
|even after eight weeks’ annealing the separation of a is 
still incomplete, the form of the y areas is rather indis- 
tinct, though the characteristic colour can be seen. 

Thus the final result of the annealing experiments on 
No. 2, containing a slight excess of free y, is the same as 
that in No. 1 in the sense that the products are a and y. 
In order to complete the proof, the specimen, annealed 
for nine weeks, was heated for twenty-four hours at 
700 deg. Cent. so as to destroy the a and ¥ crystals and 
reform 8. After cooling, it was photographed, and the 
result is shown in Fig. 22. It will be seen that the 
typical structure of apparent 8 has been restored, show- 
ing that the composition has not been changed. 

It appears to the author that the explanation of the 
| critical point at 470 deg. Cent. in the § constituent of 
| copper-zine alloys advanced by Mr. Edwards and himself 
|a year ago—viz., that on cooling it is resolved into an 
intimate mixture of a and y—has now been proved in an 
overwhelmingly conclusive manner. Every requirement 





Fig. 17.—Structure after three weeks in sulphur- 
vapour bath ; y appears light, mottled, and 
dark in a matrix of apparent £. 





Fis. 20, —Structure after nine weeks at 445 deg. 
Cent. ; polished, but not etched. y= in 
relief ; a = remainder. 


Fig. 18.—Structure after five weeks in sulphur- 
vapour bath. y = dark. 


Fie. 21.—Same area as Fig. 20, but etched. 
y= 


Fig. 23. 


Alloy No. 3, showing 
sion of apparent § alloy, after two days’ 
annealing at 445 deg. Cent. 


rk ; a = light. 


Fic. 19.—Development of y (dark) after seven 
weeks at 445 deg. Cent. 


Fic. 22.—Shows destruction of a+ y areas shown 
in Figs. 20 and 21; replacement by apparent 
8 after twenty-four hours at 700 deg. Oent. | 





Fig, 24. 


Alloy No, 4, showing development ot 
y after seven days at 445 deg. Cent. 


lamellar inver- 


THe above Figures aRE Repropucep rroM Psoro-MicroGRaPus or 150 Diamerers REDUCED TO 100 Diameters In Repropuction. 


One more step, however, had to be taken to make the 
proof complete. It might be objected that in spite of 


the precautions taken the composition of the alloy had | 


changed during the above experiments, and that the 
structural changes shown had been caused by this, and 
not by the coalescence of the products of a eutectoid 
inversion. To meet this possible objection, the specimen, 
whose structure is shown in Fig. 13, was heated for 
twenty-four hours at 700 deg. Cent. in order to destroy 
the large crystals and bring about the reaction 
a+y—=— >. 

After this it was allowed to cool in the ordinary way, and 
ohotographed. The result is shown in Fig. i4. ti will 
98 observed that the structure in Fig. 13 has been re- 
placed by typical eg B areas, and that a few 
_ ks of a are distributed here and there. This proves 
that the composition of the alloy has not chan 

that the apparently homogeneous § has really 
solved into the two constituents a + y. 


, and 





| 


m re- | origina’ 


| of pale gold a. 


Owing to its brittleness it is apt to break up and fall out 
to some extent in polishing. In this particular instance 
the three large crystals placed almost horizontally in the 
centre of the field are parts of one originally very large 
crystal. For this reason the proportion of yy in any field 
is generally less than would be anticipated. The con- 
dition after nine weeks’ annealing is shown in Figs. 20 
and 21, which represent the same field. The former is 
polished but unetched. The large central crystal appear- 
ing in relief isy. It appears light bluish-grey in a field 
On etching, the colour of a does not 
change, whereas 7y is covered with a deep purple film, 
which is well seen in Fig. 21. Other characteristic small 
y areas can also located. The reason for the some- 
what varying behaviour of yy towards etching reagents 
during its crystalline development from apparent f is as 
follows :—The colour of what may be called massive a 
is pale gold, that of massive y pale bluish-grey. In the 

lly cast specimen of apparent 8 with a few + 
crystals, the former is colou by etching reagents a 


Experiments with Alloy 2 Containing a Small Quantity | deep reddish-brown ; the latter is unaltered and so keeps 


of Free y.—The structure of this alloy, as cast and slowly | its colour. 
cooled, is shown in Fig. 15. When lightly etched it is| withdrawn from the apparent 8, 
Seen to consist of large areas of apparent f, while along | higher proportion of a, the 


their original boundaries and, to some extent, in their 
interiors are dotted crystallites of free yy, which appears 
as a greyish light-blue constituent (appearing light on 
the dark 8 background). Fig. 16 is typical of the struc- 
ture obtained after ten days in sulphur vapour. appears 
as a large number of light bluish-grey spots on a ground 
of apparent 8, whose colour may vary from a golden- 


yellow to a deep brownish-black. The latter appears | 


pas and y is 
saving a relatively 
re comes a moment when the 
etching properties are reversed ; the enriched a areas no 
longer etch, whereas the areas do, and they are covered 
with the characteristic purplish film. The special interest 
of photo-micrograph (Fig. 17) is now obvious. It repre- 
sents the moment when this ‘‘change-over” has begun in 
some parts, but not in all. It has taken place in the 
right-hand, but not in the left-hand area, and the 
bottom area is just in the transition stage. After the 


But as the annealing 


of the theory has been satisfied, and it possesses all the 
certitude of verified prediction. The theory demanded 
that with sufficiently long annealing under the right 
conditions, the two alloys—No. 1 consisting of apparent 
8 with a small quantity of a, No. 2 consisting of apparent 
8 with a small quantity of y—should be saved into a 
mixture of coarse a and coarse 7; further, that though 
the type of crystallisation would be different in the two 
cases, because in one case a crystallites and the other y 
crystallites were employed to upset the persistent 
structural equilibrium of the eutectoid mixture, yet the 
a and y should etch in the same way in the annealed 
alloys, and, finally, that by annealing under the proper 
conditions it should be possible to destroy the coarse a 
and y, and reproduce the original apparent 8. Kach of 
these requirements has been satisfied, and it appears to 
the author that all reasonable grounds for scepticism 
have now been removed, and that this theory is firmly 
established. 

The proof that below 470 deg. Cent. the so-called 8 con- 
stituent in copper-zine alloys really consists of a very 
intimate mixture of a and y particles is important, 
because it explains what the author has always regarded 
as an anomaly in the etching properties of this substance. 
It has always appeared oaerent why f§ should be 
coloured so deeply and so rapidly by etching reagents, 
and, further, why, although 8 etched more easily than a, 
it also etched more easily than y. The last-named con- 
tained more zinc, and might be expected to etch more 
readily than 8. Both these anomalies are now explained. 
Apparent 8 colours deeply and rapidly, because it really 
consists of an intimate mixture of minute particles of q 
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and , which dissolve very readily in etching reagents. 
In this respect it closely resembles the so-called ‘‘troos- 
tite ’of the iron-carbon system, which is now known to be 
a similarly intimate mixture of iron carbide and iron. 
Thus all the conditions for rapid etching are present, and 
this explains why apparent 5 etches more readily than 
well segregated +. The latter is, no doubt, electro- 
positive to the real 8—i.e., above 470 deg. Cent. ; but it 
does not dissolve as readily as the extremely fine particles 
of y inthea + y eutectoid mixture. en, however, 
such as under the conditions that have been described, 7 
is withdrawn from this mixture, resulting in an enrich- 
ment of a, then the apparent f no longer etches so readily, 
and it has been shown that it is the y that then colours 
so deeply. 

It would, perha be somewhat unnatural not to 
indulge in any speculations as to the physical condition of 
the a and + particles in the apparent f constituent, in the 
light of the facts that the foregoing investigation has dis- 
closed. The fact that the pure eutectoid mixture does 
not show the least sign of coarsening or crystal growth 
even after six weeks at a temperature not more than 
15 deg. Cent. below the inversion temperature, even 
though diffusion occurs at this temperature, proves how 
intimate is the molecular mixture of the a and y con- 
stituents, and it can best be explained by supposing that 
the resolution takes place at all points throughout the 
mass at about the same time, resulting in an almost, if 
not quite, uniform mixture of nuclei of the two types. 
Strictly speaking, these nuclei do not appear to be ultra- 
microscopic in a slowly-cooled specimen. At any rate, 
Mr. Edwards and the author concluded in their joint 
paper that the nuclei were visible at magnifications 
of 1000 and upwards, and this view has been borne out 
by the results of the present investigation. The ques- 
tion arises, however, are these nuclei crystalline, or even 
microcrystalline? There is an interesting piece of evi- 
dence which bears on this question. A specimen con- 
taining apparent f is extremely difficult to polish in 
such a way as to obtain a surface free from scratches. 
This is a very curious fact when it is remembered 
that from the point of view of tenacity apparent £ is 
harder than a, which is by no means difficult to 
polish. But when, as in the experiments described 
with alloys 1 and 2, the crystals of a and + visible at 
low magnifications begin to make their appearance, the 
specimen becomes notably easier to polish, and this keeps 
pace with the growth of the crystals to such an extent 
that after eight or nine weeks’ annealing, leading to 
extremely coarse crystalline development, the alloys 
are quite easy to polish. This suggests that in the 
original apparent § the a and ¥ nuclei are not crystalline, 
but amorphous and somewhat softer. And this view fits 
in well with the way in which the eutectoid mixture 
appears to have been formed—viz., by an almost simul- 
taneous resolution of the 8 molecules throughout the mass. 
This constitutes a favourable condition for the produc- 
tion of the inversion product in an amorphous form, 
because the forces operative in crystal production which 
have for their result a particular molecular aggregation 
arran in a particular way will not have time to come 
into play. In fact, the eutectoid ao to come exactly 
under the head of what Benedicks regards asa ‘‘ solid 
colloid system.” In view of the uncertainty attaching to 
the exact meaning of the term ‘‘colloid,” the author, 
however, prefers not to apply it, particularly as the 
nuclei have never appeared to him to be, strictly speaking, 
ultra-microscopic. The view, however, that the inverted 
eutectoid is a fine amorphous complex of a and y appears 
to fit all the facts, and to explain the impossibility (as 
yet) of obtaining crystals of a and ¥ visible at low mag- 
nification from a specimen containing only the pure 
eutectoid, and the fact that these can be obtained under 
the proper conditions if a few crystals either of a or 
of y are pur ly introduced into the ye 4 

Although the proof that the 8 eutectoid below 470 deg. 
Cent. consists ry a and ¥ is complete as it stands, it has 
been confirmed by other experiments devised by the 
author, based on different reasoning, which it seems 
desirable to add for the sake of completeness. Curry* 
found that in order to complete the structural separation 
of a and y from the pure copper-aluminium § eutectoid, 
thirty days’ annealing at 500 deg. Cent. were necessary. 
Against this Edwards and Andrew showed} that the 
introduction of tin accelerated this to such an extent that 
the separation was complete in about five hours. Mr. 
Edwards and the author have recently concluded an 
investigation of a part of the equilibrium diagram of the 
ternary system—copper, zinc, aluminium—one aspect of 
which bears on the Faye we under discussion. In the 
diagram, Fig. 3, page 265, the corners of the triangle repre- 
sent the pure metals. The sides represent binary mix- 
tures. On the left hand, pg ; on the right hand, 
copper-aluminium ; at the » aluminium-zinc. The 
pure copper-aluminium § corresponds to 12.4 per cent. of 
aluminium ; the pure copper-zinc 8—1.e., corresponding 
to the pure eutectoid—occurs at 47.8 i cent. of zinc, as 
nearly as can be estimated. A straight line joining these 
two points represents mixturss of copper, zinc, and 
aluminium at any given point, any one of which corre- 
sponds to the pure eutectoid, Attention is directed to 
two alloys on this line near to the zinc end. 

No. 3 had the following composition :—Copper, 61.72 
per cent.; zinc, 34.15 per cent.; aluminium, 4.01 per cent. 

This alloy as prepared had the well-known reddish 
colour characteristic of copper-zinc § alloys, and, on 
microscopical examination, was found to consist of 
typical apparent § areas of large size. 

t was annealed for two days at 445 deg. Cent., and 


then examined. The result is seen in Fig. 23, page 267, 
and it will be observed that the entire area consists of 
lamellar a and y so highly developed that it appears 
coarse even at 150 diameters. At the same time it was 
found that the boundaries of the original § areas were 
unaltered. 

No. 4 had the following composition :—Copper, 52.92 
oy cent.; zinc, 46.18 per cent.; aluminium (by difference), 

.90 per cent. 
This alloy was not quite on the pure é line, but very 
slightly on the y side of it. It Pad the characteristic 

dish colour of 8 alloys, but it was perfectly brittle. 
It fractured easily with a golden-red fracture. Under 
the turning tool no shavings came off, but instead 
a granular gritty powder. The author interprets this 
brittleness to indicate that in this alloy the crystalline 
development of a and y particles has already taken 
place to some extent. Wien polished and etched it 
showed typical apparent § areas except that they were 
smaller on usual. Traces of yy were evident here and 
there. After being annealed for a week at 445 deg. Cent., 
a very pronounced crystallisation of y took place, as 
shown in Fig. 24. On further annealing these crystals 
developed in an exactly similar manner to those in alloy 2 
(cf. Figs. 18 to 21 inclusive). 

Thus the experiments with these two alloys entirely 
confirm those recorded with Nos, 1 and 2, and Fig. 4 must 
now be regarded as representing the most probable equili- 
brium diagram of the copper-zinc system from 63 to 40 
per cent. of — 

Summary.—The so-called 8 constituent in copper-zinc 
alloys is to be regarded, below 470 deg. Cent., as an ex- 
tremely minuteand uniform complex of a and y particles. 
Its structural stability is so remarkable that even after 
six weeks’ annealing at 445 deg. Cent. no appreciable 
coalescence of these particles has been observed in an 
alloy of exactly the eutectoid composition. When, how- 
ever, a few crystallites either of a and ¥ are initially pre- 
sent in an otherwise pure eutectoid alloy, then, on 
annealing at 445 deg. Cent., this stability is compara- 


tively easily destroyed. These crystallites constitutes| Th 


nuclei for the deposition of a and 7, as the case may be, 
from the mixture, and eventually in both cases the final 
result is the same—viz., coarse a and coarse 7, which can 
be seen with the naked eye, which have characteristic 
colours—viz., a pale gold, and 7 pale bluish-grey, and 
which have the same etching properties. The peculiarly 
persistent structural stability of the pure eutectoid 
alloy can be explained by supposing that at the inversion 
temperature on cooling, the resolution S——> a+ + takes 
place throughout the entire alloy, almost, if not quite, 
simultaneously. This constitutes a favourable condition 
for the production of the inversion products in an amor- 
phous form, because the forces operative in crystal pro- 
duction do not have time to come into play. This view 
is in harmony with certain peculiarities which the freshly 
prepared alloy exhibits both in polishing and etching, 
which disappear when it has passed into a visibly crystal- 
line condition. Further, the structural stability of the 
eutectoid alloy can be so much diminished by the pre- 
sence of 4 per cent. of aluminium that after two days’ 
annealing at 445 deg. Cent. it was found to have under- 
gone the typical lamellar inversion such as is shown by 
the iron, iron-carbide eutectoid pearlite. These facts 
constitute overwhelming evidence that below 470 deg. 
Cent. the 8 constituent in copper-zinc alloys consists of 
the two-phase system a + +. 





SOME FEATURES OF THE WEST AFRICAN 
GOVEKNMENT RAILWAYS.* 
By Freperic SHELForD, B.Sc., M. Inst. C.E. 


A BRIEF history of railway construction in the West 
African Colonies of Sierra ne, Gold Coast, Southern 
Nigeria, and Northern Nigeria is first given, and its 
effect upon the pacification of these countries and upon 
their revenues is described. The methods of surveyin 
are then dealt with in detail, and the difficulties met wit 
in the clearing of forests are referred to, some description 
being given of the more important trees found and their 


uses. 

The method of constructing earthworks is dealt with, 
and the forms of pipes and culverts found most suitable 
for these tropical railways are referred to. Particulars of 
about forty of the more important bridges are given in 
tabular form, with general remarks upon the methods of 
erection employed ; and the Carter and Denton bridges 
at aggregating 3000 ft. in length, are described in 
some detail. 

_ The types of structures adopted for terminal and way- 
side stations, workshops, engine-sheds, coal-stores, cur- 
riage-sheds, wagon - +“ shops, stores, bungalows, 
quarters, water-tanks, &c., are mentioned, and the per- 
manent way and system of signalling are described. 

Details are given of the various classes of locomotives 
supplied to each railway, with their principal dimensions. 
The rolling-stock for both passengers and goods, and its 
equipment, is also noticed briefly. 

@ paper concludes with particulars of the costs of 
construction and the results of working in the case 
of each colony. A brief reference is also made to the 
railway work carried out by France in her West African 
colonies. 

The author naturally does not attempt to deal ex- 
haustively with the subject of railway construction within 
the limits of a paper, his object being to call attention to 
some features a weak work in tropical countries which 
might usefully form the subject of discussion. 





* Loc. ctt, 
+ Journal of the Institute of Metals, No. 2, 1909, vol. ii., 
page 42; see also ENGINEERING, vol. Ixxxviii., page 664. 





* Abstract of a pa er read at the ordinary meeting 
of the Institution of Civil Engineers on Tuesday, 
February 20, 1912. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a number of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning these projects can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. 

Canada: With reference to the proposed construction 
of a dry dock at Owen Sound, Ontario, the Imperial 
Trade Correspondent at Toronto reports that a revised 

roposal, involving the expenditure of 1,500,000 dols. 
Pboat 308,000/.), has been submitted to the municipal 
authorities. It is now proposed to construct a 600-ft. 
dry dock, and a floating dock capable of accommodating 
vessels up to 400 ft. in length. The Commercial Inte!- 
ligence Branch of the Board of Trade is in receipt, 
from the city engineer at Winnipeg, of copies of the 
plans and specifications, together with form of tender, 
in connection with a call for tenders for the supply and 
erection of turbine B an som-4 machinery for the main 

umping-station at Winnipeg. The pump must be of the 

t type of horizontal turbine pump driven by an 
induction motor, directly connected. Genders will be 
received, up to 1l am. on March 1, by the Mayor and 
Board of Control, Winnipeg, Manitoba. A deposit of 
1200 dols. (about mig Ae required with each tender. 
Further reports have m received from the office of 
H.M. Trade Commissioner for Canada notifying the 
inception of enterprises, &c., which may afford oppor- 
tunities to British traders, as follows :—Recommenda- 
tions have been made for the following additions to the 
power plant of a British Columbian municipality :—Pump 
with a daily capacity of 2,000,000 gallons; motor-driven 
turbine pump of 200 horse-power ; steam-turbine gene- 
rator of 500 kw. The installation was also recommended 
of a 2,000,000-gallon reservoir with 14-in. supply pipe. 
The total cost is estimated at 108,227 dols. (about 22,000/.). 
It _is also stated that a by-law will be submitted pro- 
viding for an extension of the water-supply system. 

e Fire Department of another British Columbian 
municipality recommend the expenditure of 400,500 dols. 
(about 82,000/.) for the following purposes :—Pump- 
ing station with line of fire-pipe; fire-boat; two city 
service trucks; four hose wagons; water-tower ; salvage 
wagon with equipment; three pumping-engines ; three 
motor-cars for district chiefs. In addition, the construc- 
tion of three new fire-stations is reeommended. A com- 
pany has been formed, with a capital stock of 1,000,000 
dols. (about 205,000/.), to manufacture Portland cement, 
builders’ and potters’ clays, bricks, tiles, drains, &c. 
A recently incorporated canning company, which has 
secured sites for five factories in Ontario, proposes to 
erect establishments this year. It is reported that 
tenders for construction and for the supply of machinery 
will be called for at an early date. The Imperial Trade 
Correspondent at Toronto reports that a Canadian steam- 
ship company contemplate the addition to their fleet of a 
new mger boat for serviceon Lake Ontario. The Im- 
perial Trade Correspondent at Vancouver reports that, 
in view of the probable increase in importance of Van- 
couver with the opening of the Panama Canal, various 
improvement schemes are under consideration in the 
district, including :—(1) Improvements to property pre- 
paratory to the construction of wharves and of a bridge, 
to be begun early this year ; (2) harbour and river im 
provement works ; (3) railway construction ; (4) sewerage 
works. 

Nors.—It will be observed that the time for the receipt 
of severa) of the tenders above referred to is limited, and 
this intimitation will therefore only be of use to firms 
having agents in Canada. 

Spain: The Gaceta of February 9 announces that the 
Compaiiia de los Ferrocarriles Suburbanos de Malaga 
have applied for a concession for the construction and 
working of a railway from Alhama to Lachar. 

Portugal: The Diario do Governo contains a notice, 
issued by the Ministry of the Interior, authorising the 
municipal authorities of Reguengos to contract a loan of 
500,000 milreis (about 100,000/.), for the purpose of con- 
structing the first section of the Guadiana Railway— 
viz., between Evora and engos. 

Russia : The Commerocial Intelligence Branch of the 
Board of Trade has received from the Financial Agent in 
London of the Imperial Russian Government a copy of 
the Russian Budget Bill for 1912, from which are ex- 
tracted the following items of expenditure, most of which, 
except in the case of the Ministry of War, show a con- 
siderable increase as compared with last year :—Ministry 
of the Interior—Postal and Telegraph Services : Con- 
struction and repair of telegraph and telephone lines, 
9,800,000 roubles. Minister of Ways of Communication 
—Inland Waterways and Highways: New works on 
existing waterways, 7,033,500 roubles. Railway Depart- 
ment: Construction of railways and feeding - lines, 
113,336,795 roubles; extension and improvement of 
State railways, 52,336,182 roubles ; purchase of rolling- 
stock and appurtenances for State railways, 18,871,454 
roubles. Ministry of Commerce and Industries—Mer- 
cantile Marine and Ports: New works in harbours, 
4,688,200 roubles. Ministry of Agriculture—Section of 
Agricultural Improvements: Drainage and irrigation 
works, 5,620,515 roubles. Ministry of War— General 
Commissariat Department: Clothing and — ment, 
46,411,941 roubles. Artillery department: Ordnance, 
arms, and equipment, 26,229,139 roubles ; small arms and 
ammunition, 10,106,000 roubles ; equipment for machine- 
gun batteries, 2,799,000 roubles ; field artillery and ammu- 
nition, 5,050,000 roubles; garrison artillery, 17,628,000 
roubles. Engineering Department: Engineering plant 
and field and garrison engineering material, 15, 123,025 
roubles. Ministry of Tete: Clothing, 3,085,531 
roubles ; construction of four battleships, 2),(09,00U 
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roubles; construction of vessels for Black Sea fleet, 
93,900,000 roubles; thorough repair and re-arming of 
vessels, 5,661,193 roubles ; re-arming of Black Sea fleet, 
2,690,456 roubles; manufacture of artillery, 25,596,773 
roubles; manufacture of torpedoes, wireless telegraphic 
apparatus, &c., 4,496,334 roubles ; construction of ports, 
9 393,530 roubles. (Rouble = 2s. 14d.) __ 
Turkey : The following items of expenditure sre taken 
from the Turkish Budget Bill for 1912:—Ministry of 
Finance—Navigation of Tigris and Euphrates : Three tug- 
boats, £127,702. Constructions: Construction, extension, 
&c., of administration buildings, £152,500; of prisons, 
£748,000. Customs administration : Construction works, 
£T 40,000 ; a for coastguard vessels, £T 16,666. 
Ministry of the Interior—Vilayets: Furniture, £15250; 
office supplies, £110,152. Prisons: Medical supplies, 
£75000. Medical service of vilayets: Sulphate of ——- 
£75325. Departmentof PublicSafety : Clothing, £T34, 158 ; 
swords and firearms, £15637. Ministry of Justice— 
Office supplies, &c., £111,000. Ministry of Public Works 
—Railways: Extension of Oriental Railway, £T20,000 ; 
Military landing quays, £T15,000. Roads: Construction 
works, £1'491,736 ; construction works at Scutari (Alba- 
nia), &c., £142,100. Ministry of Agriculture—Agro- 
nomical instruments, £17250. Ministry of Posts and 
Telegraphs—Safes, £13000; clothing, £17500; postal 
bags, c., £13340. Ministry of Marine: Clothing, 
£157,136 ; coal, oil, &c., £168,077 ; lighthouse construc- 
tion and maintenance, £134,654; medicines, surgical 
instruments, and beds for hospitals, £T4170 ; equipment 
for manceuvres, cartridges, electric light, £T27,000 ; gun- 
boats, £120,760. Ministry of War: Medical supplies, 
£T 35,000; clothing, &c , £1794,800 ; tents, bedding, and 
equipment, £1144, 406 ; harness, £T78, 135 ; military con- 
structions, £T123,000. Military Arsenals Administra- 
tion: Clothing, £17506 ; production of munitions of war, 
£T 208,544. 
Brazil; The Diario Official publishes the following 
decrees :—Nos. 9324 and 9325, opening at the Ministry 
of Communications and Public Works: (1) a credit of 
50,000 milreis (about 3300/.) for wharf construction and 
other harbour improvements at Parnahyba, and (2) a 
credit of 80,000 milreis (about 5300/.) for harbour im- 
provements, including the purchase of dredging material, 
at the port of Amarragio. No. 9326, approving the plans 
submitted for the construction of the Abaeté section of 
the line on the West of Minas Railway ; the cost of the 
work is estimated at 1,327,675 milreis (about 89,000/.). 


No. 9126, approving the plans submitted for the building | p 


of another section of the West of Minas Railway—viz., 
from the 86th kilometre to the station at Lavras, a dis- 
tance of about 4 miles ; the cost is estimated at 325,000 
milreis (about 22,000/.). 

Uruguay: With reference to the national scheme for 
carrying out water and drainage works in the larger 
towns of Uruguay, the Diario Oficial publishes the text 
of the Message and Bill submitted by the executive 
authorities to Parliament on this question. Under the 
terms of the Bill work is to be commenced immediately 
at Salto, Paysandu, Mercedes, San José, and Melo, and 
in respect of each of these towns a grant of 30,000 
(about 6370/.) annually for five years will be made by the 
Government authorities. Works in other towns will then 
be carried out in the order of their importance. Provision 
must be made for water and sewage plants adequate to 
meet double the requirements of the existing populations. 
The works are to be carried out either departmentally or 
by public contract, and payments are to be made either 
by means of Treasury certificates. bearing interest at the 
rate of 5 per cent. per annum, or by means of 5 per cent. 
‘Sanitation Bonds.” 

Cnili: The Commercial Intelligence Branch of the 
Board of Trade has received from the Chilian Legation in 
London a copy of the specification and plans in connec- 
tion with the further call by the Chilian Government for 
tenders for harbour works at Valparaiso. Sealed tenders, 
in Spanish, will received at the Ministerio de 
Hacienda, Santiago, up to April 20. A deposit of 
200,000 pesos gold (22,500/.) is required with each tender, 
to be increased by the successful tenderer to 1,000,000 
pesos (75,000/.). Local representation is necessary. 








Frencu Coat Exports.—French coal poodintion being 
only upon a small scale, the exports of coal from 
France are relatively moderate. hey amounted last 
year to 1,335,000 tons, as compared with 1,279,000 tons in 
1910. The great bulk of the coal which France sends 
abroad goes to Belgium, the deliveries to that country 
last year having been 856,000 tons. The movement of 
bunker coal from France last year was 630,000 tons. 





French Harsour 1n Icknanp.—A French syndicate, 
with the former French Consul in Iceland at its head, has 
purchased the property of Thorlakshavn for the purpose 
of constructing a harbour there. Some waterfalls situated 
some distance up country are included in the scheme. 
These falls have been examined within the last year 
by French engineers, and, duly exploited, are expected to 
yield a large amount of power, as much as 200,000 horse- 
power having been mentioned, although this figure seems 
somewhat excessive. The plans comprise the erection of 
large nitrate factories after the Birkeland-Eyde system. 
The position of Thorlakshavn is much more convenient 
for export of certain Icelandish produce than is that of 
Reykjavik, especially with a view to the development of 
Iceland’s mining industry. The French port will also 
prove of value to the trawling fleet which operates off the 
south coast of Iceland for coaling and provisioning pur- 
— This new undertaking is being financed by the 

rench Bank for Commerce and Industry in Paris, and 
— to have very fair prospects of proving a remunera- 
ive venture. 








CATALOGUES. 


Boiler Furnaces.—We have received from Messrs. 
James Neil and Sons, Limited, Grange Iron Works, 
Shettleston, Glasgow, a booklet relating to their rocking 
fire-bars and forced-draught boiler furnaces. 


Telegraph Apparatus.— The British Insulated and 
Helsby Cables, Limited, of Prescot, Lancashire, have 
issued a pamphlet relating to their fast-speed pole- 
changer for telegraphic work, and describing some of its 
applications. 


Ball-Bearings.—From the Hoffmann Manufacturin 
Company, Limited, of Chelmsford, Essex, we have receive 
two pamphlets, dealing respectively with the application 
of Hoffmann ball-bearings to textile machinery and wood- 
working machinery. 


Steam-Engines.—From Messrs. W. Sisson, and Co., 
Limited, of Gloucester, we have received a booklet illus- 
trating and giving some particulars of their productions. 
Among these are included high-speed vertical enclosed 
engines, which are made in standard sizes up to 1800 horse- 
power; sizes up to 300 horse-power are kept in stock or in 
progress. Illustrations are also given of vertical open-type 
engines, jet and surface condensing plants, and of marine 
engines for launches, yachts, tugs, paddle-steamers, and 
stern-wheel steamers. Numerous testimonials from users 
of the firm’s engines are included. 

Wood-Planing Machi 
Co., Limited, Canal Works, Halifax, a booklet illustrating 
and describing fully their ‘‘ Premier ” machines for plan- 
ing, thicknessing, moulding, &c., has come to hand. 
These machines are particularly suitable for small esta- 
blishments having to deal with a variety of work in in- 
sufficient quantities to warrant the installation of a special 
machine for each operation. Four sizes are made to take 
work 15 in., 20 in., 24 in., and 30in. wide respectively. 
The two intermediate sizes can also be supplied with two 
vertical spindles, so that both edges of a beard can be 
worked at the same time as the face. 


Railway Motor-Cars.—Messrs. Charles Price and Son, 
of Broadheath, near Manchester, have sent us a copy of 
a catalogue of railway motor-cars propelled by petrol or 
paraftin-engines. The vehicles are intended for inspec- 
tion work, and also for light passenger and mail service, 
especially in the Colonies and foreign countries. Par- 
ticulars are given of cars with engines ranging from 5 to 25 
rake horse-power, capable of carrying from two to fourteen 
emccage | several of these cars are illustrated. The cata- 
ogue also illustrates petrol and paraffin-engines with one, 
two, and four cylinders, as well as electric-lighting plants, 
centrifugal pumping plants, &c. 


Accumulators.—From the Hart Accumulator Company, 
Limited, of Marshgate-lane, Stratford, E., we have 
received a copy of the latest edition of their illustrated 
catalogue of storage-batteries. The catalogue contains 
some forty pages, bound in cloth covers, giving prices and 
all necessary particulars of cells and batteries for central 
stations, private electric-lighting plants, and general use, 
together with full instructions for erecting and working 
them. Various ty of portable cells, including cells 
for motor-car lighting and ignition, and also cells and 
batteries for experimental work and testing, are also 
listed. The catalogue also gives particulars of switch- 
boards and various accessories. 





Telephone Apparatus.—Messrs. Siemens Brothers and 
Co., Limited, of Caxton House, Westminster, S.W., 
have sent us acopy of their latest telephone catalogue. 
Although Messrs. ene manufacture telephone appa- 
ratus of every description, this catalogue, which contains 
some seventy pages, deals only with those types of instru- 
ments and accessories in more general use. Battery 
telephones, intercommunication sets, long-distance mag- 
neto instruments, central-battery telephones, loud-speak- 
ing telephones, high-tension instruments, water-tight 
instruments, switchboards, and various protective devices, 
are listed. In conclusion, a conveniently arranged tele- 
graphic code and a general index to the contents are given. 


Lettering Drawings, &c.—A circular dealing with Bahr’s 
Normograph—a device for lettering drawings, writing 
tickets, &c.—has reached us from Mr. C. E. Shann, of 
17, George-street, Tamworth. This device consists of a 
template in which are cut a number of slots and holes 
each forming a part of one or more letters or numerals. 
This template, which slides in a celluloid holder resting 
against a tee-square or straight-edge, is used as a guide 
for a special pen, which makes a line of suitable thick- 
ness. By moving the template to bring the required part 
into position, any of the characters can be neatly formed 
by a few simple strokes of the pen. The templates are 
made in various sizes for lettering, ranging from about 
js in. to 23 in. in height ; prices are stated for the tem- 
plates, holders, and pens. 


Suction Cleaner.—A booklet illustrating the ‘* Magic” 
suction cleaner for domestic use has come to ‘a. ; =a 

ic Appliances, Limited, 6, Farringdon-avenue, E.C. 
The apparatus consists of a small electricaliy-driven fan 
mounted on rubber-tyred wheels and saeetied with a long 
inclined handle, so that it can be moved about con- 
veniently. A nozzle, connected by a short pipe to the 
fan inlet, passes over the carpet, or other floor surface, 
when the machine is moved, so that the dust and dirt 
are drawn up with the air entering the nozzle. The 
mixed dust and air are delivered into a large closed 
bag, made of a special dust-proof fabric, which retains 
the dust and allows the air to filter through. Various 
attachments can be supplied, by the aid of which the 
machine can be u for cleaning walls, wall hangings, 
upholstered furniture, &c. The machine, which is stated 
to weigh less than 10 1b., can be supplicd with current 


—From Messrs. J. Sagar and | &. 





from an ordinary lampholder or plug-socket. Prices are 
quoted for the machine and for a complete set of attach- 
ments, 


Smiths’ Hearths, Heating Furnaces, &c.—We have re- 
ceived from the Alldays and Onions Pneumatic Engineer- 
ing Company, Limited, of Great Western Works, Bir- 
mingham, a copy of their catalogue, Section H, dealing 
with smiths’ hearths, heating furnaces, and various other 
accessories for the equipment of smiths’ shops. This 
catalogue illustrates and gives full particulars, including 
prices, of a complete range of py firm’s ‘‘Climax” 
smiths’ hearths, supplied with blast from blast-mains, 
or blown separately yf means of hand or electrically- 
driven fans and Roots’ blowers. It also deals with down- 
draught hearths, annular hearths, enclosed hearths, oil- 
fired hearths, and other special forms, as well as with 
various accessories, such as cranes, blast - standards, 
valves, smoke-pipes, troughs, &c. Full particulars are 
also given of “‘ Climax ” hollow-fire furnaces for heating 
bars in quick succession, for supplying forging-hammers, 
stamps, and olivers. The firm undertake the complete 
equipment of smithies of all sizes, and the catalogue in- 
cludes, as —- of this class of work, some plans and 
interior views of shops fitted out by them. 


Oil-Pump.—We have received from Messrs. Schiiffer 
and Budenberg, Limited, of Whitworth-street, Man- 
chester, a circular illustrating and describing the ‘‘Con- 
centra ” oil-pump for lubricating steam-engine cylinders, 

The oil-container consists of a cplindrisal glass 
vessel mounted on a cast-ironstand. The plunger, which 
works in a vertical cylinder in the base of the glass con- 
tainer, is moved in one direction by a connection from a 
convenient reciprocating or rotating part of the engine, and 
in the opposite direction by means of a spring. The oil 
is delivered upwards through an extension of the pump- 
cylinder to a sight-feed tube placed above the lid of the 
oil-container, and thence into the steam-pipe. The suc- 
tion and delivery valves of the pump are of the ball type, 
and ball back-pressure valves are fitted at each end of 
the sight-feed tube ; another back-pressure valve, to be 
screwed into the steam-pipe, is also supplied with each 
pump. The stroke of the pump can be easily and exactly 
adjusted to suit the requirements of the engine by varying 
the length of the connecting-rod by means of a screwed 
sleeve. It is claimed that this oil-pump is compact and 
self-contained, of good appearance, easily fixed and 
adjusted, and that it is suitable for speeds varying from 
30 to 400 revolutions per minute. Prices are stated, and 
several alternative methods of driving are illustrated. 


Safety-Valves and Relief-Vaives.—Messrs. Schiitfer and 
Budenberg, Limited, Whitworth-street, Manchester, have 
issued a catalogue section illustrating and giving dimen- 
sions and — of safety-valves of the weighted-lever, 
dead-weight, and spring-loaded types. The catalogue 
also includes particulars of several types of cylinder 
relief-valves, among which Ashworth’s combined relief- 
valve, drain-valve, and indicator connection is illustrated 
and briefly described. In this fitting the valve is formed 
on the end of a hollow plunger, which extends through 
the top of the casing, and is fitted with a hand-wheel. 
An inclined surface is formed on the boss of the hand- 
wheel, this surface bearing on another similarly-inclined 
surface on the top of the casing, so that when the hand- 
wheel is rotated the valve is lifted against the pressure 
of the loading-spring ; any water present can thus escape. 
The upper part of the hollow plunger is screwed internally 
to form a connection for the indicator cock, which, when 
screwed in, presses down a spindle attached to a small 
auxiliary valve having a seating in the centre of the 
main valve, and opening inwardly. Thus steam is enabled 
to pass up the hollow plunger to the indicator. When 
the indicator cock is removed, the small valve is closed 
by a spring and by the steam pressure. The main valve 
is, of course, quite free to lift at any time to relieve the 
cylinder of water or excessive steam pressure. 


Horizontal Band-Saw for Logs.—From Messrs. A. 
Ransome and Co., Limited, Stanley Works, Newark-on- 
Trent, a copy of their latest pamphlet on horizontal 
band-saws for converting logs into boards has reached 
us. The pamphlet points out the many advantages of 
these machines and deals fully with the objections which 
may be raised to their use. Among the advantages 
claimed for horizontal band-saws over vertical log frames, 
rack circular saw-benches, and horizontal single-blade 
frames, it is mentioned that the former require less foun- 
dations, and produce more and better work with less 
wastage of timber. The pamphlet fully describes the 
machines and gives particulars of four standard sizes for 
dealing with logs up to 36in., 48in., 60 in., and 72in. square 
respectively. The machines are driven either by belt or 
by an electric motor directly connected to the shaft of the 
band-saw pulley. This latter arrangement forms an ex- 
pe meer ! compact and efficient drive. One of these 
electrically-driven machines was illustrated on page $49 
of our en tp volume. Full particulars of capa- 
cities and power required by these machines are included, 
and illustrations of various arrangements of driving-belts 
are given. The qu2stion of keeping the saw-blades in 
order is also dealt with, and particulars are given of 
sharpening-machines, brazing apparatus, and other 
appliances for this purpose. The pamphlet concludes 
— a pee of testimonials from users in all parts of 
the world. 








Tue Roya InstrrvT1Ion.—On Tuesday, the 27th inst., 
at 3 o'clock, Professor E. G. Coker will in a course of 
two lectures at the Royal Institution on ‘‘ Optical Deter- 
mination of Stress, and Some Applications to Engineering 

blems ;” and on Thursday, the 29th inst., Professor 
Charles Oman will commence a course of three lectures on 
** Wellington’s Army.” 
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On December 16, 1910, we illustrated and gave 
particulars of the Jackson patent sieve grinding- 
machine, which is being largely used for grinding fine 
powders. We now illustrate on this page a new 
36-in. composition-dise grinding-mill, made under the 
Jackson patents, and designed in conjunction with 
Messrs. Wm. Gardner and Sons (Gloucester), Limited, 
milling engineers, of Gloucester, and Messrs. J. G. 
Jackson, Limited, of Glasgow. A sectional elevation 
is shown in Fig. 1, and an end view in Fig. 2. The 
machine has been designed to meet the demand for a 
really high-class vertical mill, to take the place of the 
old type of millstone hursting, and at the same time to 
give a machine that will have the following necessary 
points :—1. Accessibility (by means of open door). 2. 
Simplicity. 3. Ease of renewals. 4. Minimum risk of 
fire. 5. High mechanical efficiency. 6. Large grinding 
area. 7. Keen cutting and great strength of stones. 
8. Fine adjustment. 

The principle is exactly the same as that of the old 
millstones ; the material to be ground is fed into the 
eye of the fixed stone, and is conveyed by centrifugal 
action to the outside edge of the stones, during which 
operation the particles are reduced to the size required 
according to the grinding of the discs, which is under 
control of the operator. The ground or broken material, 
when in the casing, is caught by paddles on the 
periphery of the rotating stone, and thrown out at 
the bottom left-hand side of the machine, to a con- 
veyor or other suitable means of taking material 
away. 

The fixed stone being bolted to the door, it is only 
necessary to slacken four bolts, and the whole face 
swings open for inspection and cleaning. When the 
bolts are tightened up, the hinge-pin has no strain on 
it, and may be lifted out if jane As the faces (or 
stones) are bolted, one on to the door and the other 
on to the rotor, and require only about five to ten 
minutes for replacement, when a new stone is required, 
no part of the machine needs to be sent back to the 
makers, and perfect alignment of the machine can 
always be secured. 

The machine when running is closed air-tight, and 
is fitted with magnets (a: may be seen in 
for preventing steel or iron entering the stones. 
Further, by an ingenious method of introducing cold 
air at the back a the machine, the air becomes inti- 
mately mixed with the ground material leaving the 
periphery of the faces, making the outgoing material 
quite cool. The drive is direct; ball-thrust bearings 
are used ; long self-oiling gun-metal sleeves are pro- 
vided, and the frame of the machine, being in one 
piece, is always true. 

Stones 3 ft. in diameter are used, giving a large 


surface for the material to travel over a the faces, 
therefore, do not require to be so close together, as 
would otherwise be the case for a given grist. The 
stones are reinforced on the makers’ patented system, 


ig. 1), 





which, it is claimed, increases their natural strength 
70 per cent., and are made of a very tough mineral 
compound, which never loses its cutting action until 
worn quite through. 

By moving a large handle directly at the back of 
the machine, a very fine micrometer adjustment of the 
faces can be made. Further, when the stone is set at 
the desired place, a pointer automatically shows this 
position. The machine may be stopped, opened up, and 
started again, and, by bringing the pointer to the same 
position, the same oe can always be obtained with- 
out feeling the outlet of the machine; hence a great 
saving of time is the result. There is an extra locking- 
pin to prevent movement of the grist by rotation. 

This machine is designed for use by large flour- 
millers, grist-millers, | anywhere where a uniform 
and large output is desired, and may be obtained from 
Messrs. J. G. Jackson, Limited, and Messrs. Wm. 
Gardner and Sons (Gloucester), Limited. 








ENGINEERING IN JAva.—-We are informed by Mr. H. 
Van Meerten, naval architect, Buitenzorg, Java, that the 
bamboo bridge of which he sent us an illustration, repro- 
duced in one of our former issues (ENGINEERING, vol. 
Ixxxviii., page 131), has been destroyed by a flood of the 
Tji-Sadane ; the flood also destroyed other works, in- 
cluding a masonry bridge. An earthquake destroyed a 
part of the railway, 4 miles in length, close to Buiten- 
zorg ; it produced immense gaps in the embankment, 
which had to be filled in again. The flange-rails, weigh- 
ing 52 lb. per yard, were twisted as though they had 
been wires. 





INTERNATIONAL ELECTROTECHNICAL COMMISSION.—At 
the meeting of the International Electrotechnical Com- 
mission, held at Turin in September last, three special 
committees were nominated to continue the study of 
nomenclature, symbols, and the rating of electrical 
machinery, and to draw up preliminary propositions 
which will be laid before the various local committees, 
with a view to subsequent international agreement. 
Arrangements are being made for a oe of these 
three special committees, to be held towards the end of 
March, and, at the invitation of the French committee 
(President, Mr. R. V. Picou) they will take place in 
neato The following is a list of the delegates who will 
attend :— 











Country. | Nomenclature. Symbols. Rating. 
Belgium : = Prof. E. Gerard | Prof. E. Gerard 
France .|M. E. Brunswick M. Paul Janet |M. P. Boucherot 
Germany . Dr. E. Budde Dr. K. Strecker | Herr L. Schiiler 
Great Britain} Dr. Thompson Mr. L. A. LeGros; Mr. A. Siemens 
Holland... a | Dr. M. de Haas | — 

Italy . 'To be ppointed |To be ppointed 
Spain \Senor de la Pena) “= 
Sweden } oe |To be appointed 
Switzerland \To be —— Dr. Wyssli 
United States Prof. C. A. Adams and Mr. ©. 0. 

| Mailloux 











Sanitary Buitpine Constkuction.—Professor Henry 
Adams, M. Inst. C.E., M.I. Mech. E., will deliver a 
lecture on this subject at a sessional meeting of the 
Institute of Sanitary Engineers, to be held at Caxton 
Hall, Westminster, S.W., on Monday, February 26. 
Mr. Edwin T. Hall, F.R.1I.B.A., F.R. San. L., will take 
the chair at 8 p.m. A discussion will follow the lecture. 
Admission free, by invitation, to be obtained from the 
secretary, Institute of Sanitary Engineers, 120-122, 
Victoria-street, Westminster, 8. W. 





EXPLosion IN A_ Buast-Furnace.—The disastrous 
accident which occurred in a comparatively new blast- 
furnace of the A.G. Phénix, at Ruhrort, Rhenish Prussia, 
on the night of January 15 and 16, remains so far unex- 
plained. The furnace is 25 metres in height ; the diameter 
of the hearth is 4 metres, of the belly 6.7 metres ; and the 
furnace was fitted with an inclined elevator of the 
Stihler-Benrath type. The furnace had been started in 
October last, and had been running very smoothly, when, 
on January 15, a slightchange of inclination was observed. 
When the blast was cut off, however, the throat seemed to 
be all right. The inclination was noticed again in the night, 
without causing trouble, however, when at 1.40 a.m. a 
dull report was heard, not like that of a violent explo- 
sion. Te is believed, however, that an explosion took 
place a little above the belly. Each layer of stone of the 
shaft was held by a separate iron hoop of 180 mm. by 
20 mm.; these irons were burst, and the shaft was 
destroyed ; but the hearth, the air and gas-pipes, and the 
elevator, &c., remained intact. As a rule only three 
men are at the furnace. The accident happened, how- 
ever, just when a tap-hole was being opened with the aid 
of an oxygen flame ; more men were present to clean the 
tuyeres, moreover, and thus ten men were killed—eight 
instantaneously—and some badly injured. 


Tuk Tynz.—At a meeting of the Tyne Improvement 
Commissioners at Newcastle on Friday, the 9th inst., Mr. 
Arthur Scholefield, Chairman of the Finance Committee, 
made his annual statement. He said the ony ir of the 
Commission had been 483,005/., an increase of 46,000/., 
which, while largely due to increased coal shipments, was 
well distributed among various classes of merchandise. The 
exports of general merchandise amounted to 648,000 tons, 
and the imports to 2,296,000 tons, both being satisfactory 
increases. The vessels using the port numbered 14,71', 
of 12,659,000 tons. The expenditure on revenue account 
was 321,000/., an increase of 8487/., due to the Commis- 
sion being , for the first time, on the swing 
bridge, and to over 3000/. having been provided for new 
ferry-boats. The surplus revenue amounted to 161,965/., 
an increase of 37,845/. It had been suggested, in con- 
sequence of continued surpluses, that the time had 
arrived for a revision of the dues; but the Committee 
considered that it should not vet take place in view of 
capital repayments, the possibility of strikes, the poss!- 
bility of large capital expenditure to straighten bends, in 
view of the increasing size of vessels, and also in view of 
the fact that the present times were what might be 
called good. Remissions granted in the last five years 
amounted to 12,6652. per annum, and the Commissioners 
would be prepared to consider any grievances which 
might be brought forward. 
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” 
‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, cc., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

Branch, 25, Southampton Buildings, Chancery-lane, W.C. at 
the uniform price of 84, 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the pt of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


9523/11. C. J. Beaver, Hale, and E. A. Claremont, 
High Legh. Electric Gables. (7 Figs.) April 19, 1911 
—This invention is applicable to twin or multicore electric cables 
in which the conductors are severally insulated with dielectrics, 
the physical properties of which are such that in the twisting or 
laying-up of the conductors thus. lated the mech 1 pres- 
sure upon the insulation causes risk of deformation of the original 
or desired shape of the insulation. According to this invention, a 
strip of flexible material, preferably harder and (or) more resilient 
than the dielectric substance, and also preferably having water- 
proof and insulating properties, is provided and shaped to the 
respective circumferences of the outer surfaces of the insulation 
of the conductors, and in such form that when laid up and inter- 

1 between the thus insulated conductors it corresponds with 
the natural and desired relative positions of such surfaces. a is 











the strip of material, b are the conductors, ¢ are dielectrics sur- 
rounding each conductor, d are tapes or other fibrous coverings 
as heretofore used, and e are internally ribbed sheaths applied 
over the laid-up insulated conductors. e surfaces of the strip 
of material a, presented to the ribbed sheath e on either side, are 
shown with alternative shapes in Fig. 1. According to this in- 
vention, the dielectrics c may be smaller radially, the coverings d 
may be dispensed with, and the internally ribbed sheath e may be 
smaller radially. The solid black lines, excepting those showing 
the position and size of the strip of material a, show the relative 
position and sizes of, respectively, the conductors b, the di- 
electrics c, the coverings d, and the internally-ribbed sheath e in 
cables as heretofore made. The dotted lines show the relative 
position and sizes of the same parts in cables containing similar 
conductors made according to this invention. (Accepted Decem- 
ber 6, 1911.) 


612/10. A. E. R. Bottone, Wallington. Dynamos. 
(2 Figs.) December 8, 1910.—For automatically governing the 
voltage of adynamo subject to variation of speed, a supplementary 
armature is mounted axially between the poles or between the 
poles and the armature, and is adapted to be rotated on its axis 
against the resistance of a spring, an amount depending on the 
intensity of the field. This movement is utilised to control the 
voltage. In Fig. 1 a soft-iron shuttle g is mounted between two 
extensions h, i, and held diagonally across the lines of force by 
means of a spring. In this form any increase in magnetic flux 


Fig. 


Fig.2. 








(28612) 











turns the shuttle parallel to the lines of force, and thus the extra 
flux is passed through the shuttle. In Fig. 2 two curved iron 
cheeks p, g are interposed between the pob- ieces c, d and the 
armature, and normally held in the position pf men by a spring. 
When the dynamo is working the cheeks tend to rotate in the 
direction of the motion of the armature. Thus any increase in 
magnetic flux turns the cheeks into such a position that the sur- 
plus lines of force pass through them, and the voltage is thus kept 
constant. The supplementary armature in either of the above 
cases may be connected to the brush-rocking gear. (Accepted 


December 13, 1911.) 
18,868/11. Siemens Schuckertwerke, G.m.b.H., 
Berlin, Germany. Boosting Transformers. [1 Fig.) 


August 22, 1910.—Boosting transformers and voltage regulators 
consist, as is known, essentially of two windings, of which 
the exciting winding takes the full voltage, whilst the boost- 
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ing winding gives rise to a fixed or variable fraction of this 
Voltage. Between these two windings there is a transformation 
relation, such that, if the one is energised by a given voltage, the 
other must give rise to a voltage proportional to this relation. 

is simple reciprocal relation, however, only exists so long as the 


value. In general, however, modern alternating-current apparatus 
are very strongly magnetised for commercial reasons, so that the 
relation between the boosting voltage and the exciting voltage no 
longer corresponds under all conditions to the relative numer of 
the windings of the coils on account of the magnetic leakage. On 
account of the magnetic saturation a certain amount of protection 
for the transformer exists, since there would be no very high 
voltage at the exciting winding should this winding, for instance, 
be se ted from the supply mains, whilst the boosting winding 
is still energised. The conditions are, however, quite different if 
the boosting winding is traversed by currents of higher frequency, 
owing to harmonics of the frequency of the supply mains voltage 
or to any other reason. At the higher frequency the value of the 
magnetisation is lower, so that the relation between the voltages 
approximates to that of the relative number of the windings. It 
is easily seen that under these conditions very high voltages may 
occur at the exciting winding ; for this to occur it is not necessary 
that the exciting winding should be separated from the supply 
mains. This dangerous effect can, according to this invention, be 
siniply removed by cx ting a ¢ of suitable capacity 
in parallel with the boosting winding z, which reacts on the excit- 
ing winding e. By this arrangement the condenser c and boosting 
winding z form a parallel circuit, in which the strength of the high- 
frequency currents in the boosting winding, owing to the self- 
induction, is smaller the higher the frequency, and by which at 
the same time the total impedance decreases as the frequency rises. 
(Accepted December 29, 1911.) 


3794/11. J. H. in, King’s Norton, and Walker, 
Ho: an 0., ted, Birmingham. Electri- 
cal Connector. [5 Figs.) February 15, 1911.—This invention 
provides a construction of electrical connector of the kind consist- 
ing of a resilient conductive socket, into which a cable is inserted. 
The connector is formed of a coiled-spring length, from which 
extends an all-in-one piece conductive connecting-up length for 
fastening to a terminal. According to this invention, the wire 
from which the connector is formed is of flat section at that part 
of it formed into the coiled-spring length. The connecting length 
is of circular section, the wire being of this section previous to the 
formation of the flattened bore. The conductive socket a to grip 
frictionally around the conductive tube 2 of the concentric cable 
is formed of a short length of coiled spring. A straight wire 








length c is left from one piece of the wire, from which the socket 
is made, to connect conductively the socket up to the terminal. 
The wire from which the socket and straight portion c are made is 
of circular section flattened at that part where it is formed into 
the coiled-spring length. The bore of the socket is slightly taper, 
and largest at the end a, where the termination of the coiling 
may be curved with a slight head. Instead of the bore of the 
socket being taper it may be parallel, with a mouth at either one 
or both ends flared slightly. Instead of a single straight portion c, 
there may be an additional portion extending from the other end 
of the socket. When putting the t ding to this 
invention upon a rod or tube end, it is forced into ition by a 
screw action, at the same time expanding the convolutions of the 
socket diametrically. (Accepted December 20, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


3468/11. C. Binks, Limited, and H. Binks, Eccles. 
Carburettors. (3 Figs.) February 11, 1911.—A carburettor, 
according to this invention, is of the float-feed type, and is 
characterised by a removable coteny plug or plugs forming a choke- 
tube or tubes, the passage through such plug being bell-mouthed 
or widened at one end. In the case of a two-jet carburettor, the 
ports leading to the induction tube from the choke-tubes are 
arranged at different levels, so that the sliding tube, throttle- 
valve, or hollow piston in the induction tube, which has - 
viously, in a single-jet carburettor, been employed to open first 
the port from the choke-tube and then an additional air-port, is, 
in the improved carburettor, caused to open first the inlet from 
one choke-tube, then the inlet from the second choke-tube, then 
the additional air-port. 3 is the induction tube in which is a 
rod 10 adapted to be pulled up by means of a Bowden wire. The 
rod 10 is connected to a cross-bar 11, which cross-bar is, in turn, 
connected to the hollow piston 12. The descent of the piston 
is limited by an adjustable screw-stop 18 engaging a projection 
on the cross-bar 11. 30, 31 are the petrol jets or ~ 
The openings 32, 33 in the induction pipe are situate 





one 








on each side of the pipe, and at different levels. In each 
of the air-inlets 34, 35 is a recess, in which fits a plug 36, 
37, and in each plug is a duct bored crosswise, and another 
duct bored axially from the bottom joining the cross-duct, 
the petrol nipple passing through the axial duct and project- 
ing into the cross-duct, which latter acts as a choke-tube. 
When either plug is turned ially round, say, to the extent of 
one-twentieth part of a revolution, the air-passage is thereby 
constricted, the effect being the same in some respect as if 
smaller choke-tubes had been fitted to the jets; but owing to the 
inner end of the plug being bell-mouthed, as shown, the passage 
leading to the induction tube is not so constricted, and the 
effect is therefore to cause a stronger or more concentrated 
draught of air across the petrol-jet. The plugs are retained in 
position by springs or screws. By means of the screw 18 the 
iston 12 can be raised into the position shown, when the port 32 
s open, and the port 33 is closed by the piston, the air-port 41 
being then cl On the further ascent of the piston being 
effected by the rod 10, the ports 33 and 41 will be opened suc- 
cessively. (Accepted December 20, 1911.) 


28,046/10. F. Lamplough, London. Internal-Com- 
bustion Engines. (2 Figs.) December 2, 1910.—This inven- 





magnetisation of the iron in the windings does not exceed a small 





internal-combustion engines. According thereto, two chambers 
and a condensing outfit are employed. One chamber contains 
solidified petrol, and is heated by part of the exhaust from the 
engine. At a certain temperature the spirit distils over, and 
passes through the condensing apparatus, which is preferably air- 
cooled, into the second chamber, ready for use as ordinary petro- 
leum spirit. ais the chamber to receive solidified hydrocarbon. 
It has a double top, which is connected by a series of cooling- 
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tubes b with a second chamber c, provided with automatic means 
for governing a heat-regulating valve. The chamber a is sur- 
rounded by a casing /, having a number of exit apertures /! 
around its top, and an inlet f2 at its bottom. To the bottom of 
the casing f is fitted a valve-chamberg provided with a screw- 
threaded inlet g!, to which is connected a branch pipe from the 
exhaust. Within the valve-chamber g is a heat-regulating valve 
dl fixed tothe stemd. (Accepted December 6, 1911.) 


708/10. Daimler Motoren_ Geselischa Unter- 
turkheim, Germany. Piston- (2 Figs.] July 28, 
he vee oe gn invention, —_——s piston-ring having 
overlapping ends, and adapted to lie within a groove in the 
piston, is provided with an inwardly-extending projection or lug 
at a point between the overlapping ends ; the lug, when the ring 
is in position on the piston, taking into a recess in the body of 
the piston. a@ are the piston-rings seated in the usual annular 
groovesb in the piston ¢ and formed with overlapping ends ¢. 














Each ring is provided about midway between the overlapping 
ends with an inwardly-projecting lug e, which takes into a recess f 
in the piston. The projections e are shown as elliptical in plan, 
and the recesses / have a corresponding shape, and, in the circum- 
ferential direction, are situated about 180 deg. apart in order that 
the overlapping ends of one ring shall be situated as far as 
possible from those of the other ring. In Fig. 2, the projection ¢ 
and recess f are seen in full lines, while those of the ring lyin 
farther to the rear are indicated by dotted lines, (deagted 
December 13, 1911.) 


GUNS AND EXPLOSIVES. 


29,666/10. Sir A. T. Dawson and G. T. Buckham, 
London. Automatic Rifles. (6 Figs.) December 21, 1910. 
This invention has particular reference to automatic rifles of 
the barrel-recoil type, in which the recoil spring is inte 

between the barrel and a stationary part, and is guided during 
its compression by means of a rod, around which the spring is 
disposed. According to this invention, the rod is provided with 
a retaining member so constructed and arranged that these parts 
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constitute an integral unit which can be assembled in the rifle 
and removed therefrom without necessitating the dismantling 
of any of the other important parts of the rifle. A* is a of 
the stock of the rifle. B is the barrel, B! the recoil spring, and 
B2 the rod around which the spring is disposed. © is the retain- 
ing member. The retaining member C is in the form of a collar 
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tion relates to the utilisation of solidified hydrocarbons for 





detachably mounted in a lug b on the barrel B by means of keys 
¢ on the collar, which engage in corresponding keyways formed 
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in the lug b. One end of the spring rod B? engages in the 
collar, and the other end is formed with a fixed collar, against 
which the spring B! bears, and with a spigot that fits in a seating 
A provided in the stock A* of the rifle. The aperture in the 
collar C for the reception of the rod is of keyhole formation. 
The rod is formed with flat surfaces on either side near the for- 
ward end thereof, to correspond with the collar C, and the recoil 
spring B! bears against the rear surface of the collar. In placing 
the assembled rod and a in position in the rifle, the spigot 
on the rear end of the rod B® is inserted into its seating A in the 
stock A* of the rifle. The detachable collar C is then moved 
rearwardly — the a B! by the rim of a cartridge engag- 
ing ina notch in the front face of the collar, and the rod B? and 
spring B! are moved into a position parallel with the axis of the 
gun, so that the spring can cause the keys ¢ on the collar to 
engage in the keyways in the lug } on the barre). The spring B! 
is then in position in its initially compressed condition. When itis 
desired to remove the spring and its rod, the collar C is displaced 
rearwardly until the keys c formed thereon move out of engage- 
ment with the keyways in the lug b. The front portions of the 
spring B! and rod B2 are then moved in a downward direction 
until the collar C is clear of the lug b, thus rendering the spring 
and rod free to be moved in a forward direction to withdraw the 
spigot from its seating. (Accepted December 29, 1911.) 


RAILWAYS AND TRAMWAYS. 


23,911/11. Siemens Brothers and Co., Limited, 
London. (Siemens and Halske Aktiengesellschaft, Berlin, 
Germany.) Automatic Railway Signals. (|| Fig.) 
October 28, 1911.—In the method of automatically actuating a 
signal upon a railway vehicle by means of an alternating-current 
electro-magnet fixed thereto, the exciting current of which is 
altered when passing a stationary iron rail, a differentially-wound 
electrical relay is used according to this invention, one or both 
windings of the relay being excited in series with an alternating- 
current electro-magnet in opposite sense to the other winding by 
a branch current from the same source. The source of current, 
the secondary of a transformer for instance, is shown at a, b is 
the alternating electro-magnet with its windings c, d. This 
magnet is connected to an axle-box of a locomotive in such a 
manner that its poles are as far as possible from the iron parts of 
the locomotive, as well as from the track rails. The differential 
relay is at e, with its windings f and g in opposition. h is the 
moving armature. Anarm i is attached to the spindle of this 
armature, which arm carries an insulated contact bridging-piece 
k for closing the contacts /, m. A pawl n keeps the arm 7 in the 
raised position when the same is actuated by the movement of the 
armature h, The valve o is electrically controlled and is kept closed 
by current in the closed circuits connected across the terminals p 
andq. The valve o is inserted between a compressed-air reservoir 
and a whistle. The iron rail r is placed upon the permanent-way 
80 as to be near to and in the path of the electro-m et b. The 
windings c, d of the electro-magnet ) are connected in series with 
one of the windings g of the relay magnet ¢, one end to terminal 
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q of the transformer a, and the other end to terminal p, The 
other winding / of the relay magnet e is connected also across the 
terminals » and q, but is wound on the magnet limb in the op) 
site direction. the windings f and g are so adjusted that when 
the magnetic circuit of magnet } is not influenced by rail r, they 
counteract one another in respect to their action on the armature 
h, which therefore remains stationary. The action is as follows: 
—During the time the electro-magnet is uninfluenced by the rail 
r, the windings f and g of the relay magnet e neutralise one 
another, and the spring s keeps the armature A in the position 
shown, with the contacts /, m bridged by the contact k&. An 
pmemerspes | current flows from the transformer a through the 
magnet windings of the valve o, and keeps this closed. When the 
electro-magnet b is influenced by passing the bridging rail r, its 
magnetic resistance diminishes, and therefore the current for its 
excitation also diminishes. Since the winding g of the relay 
magnet ¢ is in series with the windings of electro-magnet b, 
the current through this winding also diminishes to the same 
extent, and therefore the winding / preponderates, and the lines 
of force passing through vhe armature A turn it in the opposite 
direction to the = of the spring s. The circuit of the magnet 
of the valve o is therefore opened by the interruption of the 
contact across 1, m, compre: air from the reservoir to 
the whistle. This signal continues to sound until the pawl n is 
disengaged from the arm i, when the apparatus will again be in 
the original position. Should the current fail, and therefore the 
relay be put out of action, the current would also cease to flow 
through the valve-magnet ov, and the whistle would sound. 
(Accepted December 29, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


4203/11. T. L Macaulay Birkenhead. Boat- 
Lowering Gear. [4 Figs.) ebruary 20, 1911.—This inven- 
tion relates to holding, lowering, and disengaging gear for ships’ 
boats. 1 represents the outline of the boat, 2 is the handle ad 
which the releasing is effected. The handle lies beneath one of 
the thwarts of the boat. A spring presses on the handle, and 
tends to turn it in a counter-clockwise direction, to maintain 
the hooks hereafter mentioned in engagement. At equal dis- 
tances from the pivot of the handle, and at opposite sides thereof, 
rods 8 are pivotally connected to the handle 2. These rods are 
connected at their ends to bell-crank levers 7, pivoted on the 
frame of the boat. The outer arms of the bell-crank levers 7 are 
connected by links to hook-shaped members 5. These members 
lie with their heads just beneath sockets 3, fitted at the ends of 
the boat to receive the eye-pieces 4, connected to the falls or 
tackle by which the boat is and lowered. At the under 


side of each socket 3 a catch 10 is pivoted, and is pressed upwards 


together make certain that the catches 10 will always tend 


effectively for any reason, the counterweights will ensure the 
action required. Each hook 5 is pivotally supported in a manner 
designed to enable the hook to adjusted. with regard to its 
pivoting centre. For this purpose the end of the hook is screw- 
threaded and is passed through a broad and rounded aperture 
formed in a bridge-piece 1] attached to the keel of the boat. 
Nuts 13 above ond below the bridge-piece 11 limit the movement 
of the hook in the bridge-piece and determine the height to which 
the hook will rise when pulled upward and the amount by which 
it can fall when free to drop. e head of each hook 5 works 
through a slot 17 in the walls of the socket 3, by which the hook 
is prevented from moving laterally. A right and left hand 
threaded coupling is in the rod 8, ee together the two 
parts thereof and serving to enable the len of the rod to be 
adjusted when required so as to bring both hooks 5 into similar 





positions, so that they will be operated exactly simultaneously by 
the movement of the handle 2. This adjustment is yy in 
enabling the boat to be released simultaneously at both ends 
without any risk of failure. Assuming that the boat is on the 
chocks and it is required to lower the boat, the eye-pieces 4 on 
the falls or blocks are already in engagement with the hooks 5. 
The boat is then raised and lowered into the water in the usual 
way. When the boat is water-borne, the handle 2 is pulled out- 
ward from beneath the thwart, thus pulling inwards both of the 
rods 8 and pulling backwards the links connected to the hooks 5. 
Both of these hooks will therefore be pulled backwards until the 
eyes 4 are free to move upwards, when the said eyes will be 
thrown upwards by the catches 10 under the action of their 
springs and counterweights. The catches 10 then hold back the 
hooks 5 and prevent the unintentional re-engagement of the eye- 
pieces with the hooks. The eye-pieces must be forced into the 
sockets by intentional pressure if they are to be re-engaged by 
the hooks. (Accepted December 29, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


26,495/10. D. B. Morison, Hartlepool. Steam- 
Supply Systems. [3 Figs.) November 15, 1910.—In systems 
wherein exhaust steam from auxiliary engines and steam gene- 
rated in an evaporator are beneficially utilised conjointly for 
feed-water heating or steam driving, the generation of steam by 
the evaporator is, according to this invention, automatically con- 
trolled in accordance with the variations in the quantity of 
exhaust steam from the auxiliary engines. The auxiliary engines 

ted, b 


that of the hooks 5. The counterweights 23 and the springs 15 | 


13,104/11. The Stirling Boiler Company, Limit 
and E. G. Constantine, London. Gteatm - Supae’ 


to rise when free to Go so, and if the springs fail to act | heaters. [1 Fig.) May 31, 1911.—According to this invention, 


the headers of a superheater, comprising tubes expanded into 
headers connected one to the boiler and the other to the steam. 
supply pipe, are located in a chamber having a cover and disposed 
between adjacent steam-drums of the boiler, the headers being 
carried on oe above the drums, and the circulating tubes 
connecting the latter. The superheater comprises a number of 
U-shaped tubes a arranged in groups between two adjacent 
upper drums a1 of the boiler. The superheater chamber js 
extended upwardly beyond the drums a@!! and the upper circulat- 
ing tubes a!11, The ends of the tubes a enter the extension, 
and are expanded into the sides of horizontal headers b, }! of 
rectangular formation in cross-section, which headers are sup- 
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ported by bearers b!! bridging the drums a1], Hand-holes are 
provided in the walls of the headers opposite the ends of the 
tubes of each group. The headers }, b! are protected by a 
covering c* of material, which serves as an insulator, and is 
capable of being readily removed when access is to be had to the 
ends of the tu The superheater chamber is provided with a 
removable cover-plate e, whereby the superheater is accessible 
from the top of the boiler for the purpose of permitting ready 
removal and replacement of the tubes, the tubes being so arranged 
that they may be withdrawn and replaced without disturbing the 
adjoining section or group of tubes. The steam passes from the 
boiler through the inlet pipe f into the rear header }!, thence 
through the U-shaped tubes to the front header b, and through 
as many passes therein as may be required, and finally passes 
through the outlet to the main steam-supply pipe. (Accepted 
December 29, 1911.) 


MISCELLANEOUS. 


8076/11. Heenan and Froude, Limited, and F. 
n, chester. Dynamometer. (2 Figs.) 
March 31, 1911.—This invention relates to the valve-gear for rotary 
absorption dynamometers, such as the ‘‘ Froude water type,” and 
is designed to provide a valve gear whereby the dynaniometer 
may be employed for indicating horse-powers considerably above 
or below its normal range on occasions when the prime mover is 
subjected suddenly to large overloads or underloads. The inven- 
tion consists in the arrangement of links and levers by which the 
inlet and outlet valves are operated by a single lever, which can 
be quickly moved a considerable distance, the movement of the 
lever in one direction causing the inlet valve to be further opened 
and the outlet valve closed and its movement in the reverse direc- 
tion causing the inlet valve to be closed and the outlet valve 
further opened. A lever a is mounted on the inlet valve A and a 
quadrant-shaped lever ) on the outlet valve B; these two levers 
a,b are pivotally connected to a connecting link C. A spindle d 
ext i 





exhaust » | the pipe a into the receiver r, which is , by 
the pipe 6, with the steam space of the evaporator ¢, so that 
steam from both the auxiliary engines and the evaporator may 
— from the receiver by the pipe cand be used for feed-water 

eating purposes, or other beneficial use, as, for example, in the 
low-pressure section of a steam-turbine. The receiver 7 has con- 
nected to it the device d containing a diaphragm, the pressure on 
one side of which corresponds with the pressure in the receiver 7, 
the pressure on the other side being controlled by a spring. The 
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diaph is connected to a valve which controls the supply of 


steam through the valve m to the heating coils of the evaporator. 
The supply of steam to the heating coils of the evaporator, and 
hence the generation of steam therein, depends on the movement 
of the diaphragm which is controlled by the pressure in the 
receiver 7. Thus, when the supply of exhaust steam from the 
auxiliary engines increases, and the pressure in the receiver r 
rises, the supply of steam to the heating coils of the evaporator 
is lessened, and the generation of steam in the evaporator is 
reduced by an amount approximately equal to the surplus supply 
from the other auxiliaries ; or when the supply of steam from the 
auxiliaries is below the average, and the pressure in the receiver 
falls, then the generation of steam in the evaporator is increased, 
so that the amount of steam available for beneficial use is main- 
tained a: ximately constant, and when utilised for feed-water 
heating it can be ntained approximately equal in quantity to 
that required to raise the temperature of the feed-water up to the 





tly by a bent spring 15 and paey by a heavy tail-piece 23, 
¢ catches 10 are pivoted to wor vs 


in a plane at right angles to 


g across the dynamometer is carried by brackets D. An 
operating lever E is affixed to the spindle d and moves over a 
quadrant bracket F provided with a slot, in which a spring clip on 
the lever E slides, so that when the lever is moved to the desired 

ition it will be held there. The lever b is connected by the 
ink C! to the lever C2 on the spindle d. The link C! and the lever 
C2 are pivotally connected, and the end of the link C! attached to 
the lever b is pivotally mounted on a screwed rod carried by this 
lever b, so that its distance from the spindle of the outlet valve B 








(ore) 


can be varied. A weight H is attached byarms/ and i! to the 
stator on the opposite side of the dynamometer to that on which 
the balance-arm G is placed, and the weight is arranged to 
balance the spring-balances K and K! for measuring underload 
and overload, and the sliding weight G2 when the latter is in the 
zero position on the arm G%, When the operating lever E is 
held in its central position on the quadrant F, the valves A and B 
are arranged to open and close normally, so that if the machine 
is being used for a test, it indicates in the usual way the power 
absorbed thereby. When it is desired to put on an overload, the 
operating lever E is moved upwards. This movement rotates 
the spindle d and also causes the link C1, lever }, link C, and 
lever a to be moved. The movement of lever } causes the outlet 
valve B to be closed, and that of the lever @ causes the inlet 
valve A to be opened, the amount of their respective closing and 
opening depending upon the extent of the movement of the 
lever E. When, on the other hand, it is desired to reduce the 
load—i.e., put on an underload—the lever E is moved downwards. 
This causes the shaft d to be rotated in the opposite, direction, so 
that the lever } and lever a are also moved in the opposite direc- 
tion, and consequently the inlet valve A is closed and the a 
valve B is opened. The amount of their respective closing anc 
opening depends upon the extent of the movement of the operat- 
ing lever The amount of the overload is measured on thé 
overload spring-balance K, and of the underload on the under 
load spring- ce K! operated by the arm G, (Accepted De- 





desired limit. (Accepted December 29, 1911.) 
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PRECISE LEVELLING IN WORKSHOP 
PRACTICE. 
By G. H. Mirtar, B.A. 


In erecting machinery in a workshop or labora- 
tory, it frequently happens that a certain length of 
foundation or ruaning rail requires to be accurately 
levelled. The usual method adopted in such a case 
is to use a spirit-level on a long straight-edge. This 
method is, however, tedious and unsatisfactory, 
even when applied by a good man, and is unsuitable 
except for quite short lengths. Two methods are 
here given which in certain cases will be found very 
useful. 

The first method is by means of the surveyor’s 
dumpy level. It is often not realised that this 
instrument, if in good adjustment, is capable of 
reading very minute differences of level at mode- 
rate ranges. For such work as we are considering 
the ordinary surveyor’s staff is, of course, useless, 
and a steel rule set in a square—usually called a 
‘sliding blade square” (Fig. 1)—should be em- 
ployed, when it will be found that at a range of 
90 ft. an error of ;1, in., or less, can be detected. 
If the work to be levelled is not more than 40 ft. 
or 50 ft. long, the level should, if possible, be set 
up opposite the middle of the work, so as to com- 
mand all the points at which levels are required ; 
but if the length is not more than 20 ft. or 30 ft., 
it may be desirable to set up near one end, so as to 


Fig.2. 


Fig. 7. 
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reduce the angle through which the level must be 
turned. It is almost unnecessary to add that great 
care must be taken to see that the bubble is exactly 
at the centre of its run just before each reading 
is taken. 

First, suppose it is required to determine the 
relative levels of various points at present approxi- 
mately level. Instead of adopting the usual process 
of reading the level directly on the rule, the rule 
must be moved to bring a fixed mark on it into 
coincidence with the pointer or cross-wire in the 
field of the instrument. For this purpose the rule 
should be fitted with a vernier and tangent screw. 
Thus, suppose the rule is divided into twentieths of 
an inch, and the vernier to tenths of a division ; a 
reading can then be taken to 5}, in. 

A convenient point being taken as a bench-mark, 
and the level set up with its collimation-line, say 
6in. above the required level line, the rule is 
placed on the bench-mark and tapped up and down 
in its supporting square until one division on the 
scale (preferably 1 in. or } in.) is brought exactly 
on to the int of the instrument; it is then 
clamped. For any other point the vernier is 
screwed up or down till the zero mark on the 
vernier is brought exactly on to the pointer. If 
the vernier reading be now taken, and the bench- 
mark reading subtracted from this, we have the 
distance of this point below the bench-mark. This 
method is useful if it is required to make packing- 
pieces for the various points. Usually, however, 
it will be found more convenient to support the 
rail to be levelled on folding steel wedges close to 
the holding-down bolts. In this case by knocking 
the wedges in or out and tightening or slackening 
the corresponding bolts, each point may be brought 
up or down till the ‘*bench-mark” division on 
the scale is brought into coincidence with the 
pointer of the instrument, and no vernier is 
required. Care must be taken, however, that 


in adjusting one point, other points, previousl 
levelled, are not disturbed ; pt B « should 
Proceed continuously from one end to the other, so 
4s to avoid imprisoning a 
which would only travel 
Tom one point to another, 


“hump” or ‘‘hollow” 
backwards and forwards 





Another method of obtaining the same result is 
by means of the water-level described below, which 
has been successfully used over lengths of more 
than 500 ft. This method has several advantages 
over the dumpy level method. It is more suitable 
for long lengths, which would involve setting up 
the dumpy level at a number of points in succession, 
and it is more convenient for levelling a rail, or 
other object set on the ground. In the latter case 
it is necessary to crouch down to read the water- 
level, but this is not so uncomfortable as applying 
the eye to a telescope set up 9 in. above the floor. 

The water-level consists essentially of two tripods, 
standing on the two points whose difference of level 
is required, carrying micrometer hook-gauges, which 
are brought to the level of still water in two pots 
connected by a pipe. The form of the tripods or 
stands must be varied to suit different cases, but 
two useful forms are shown in Figs. 2and 3. In 
each case the micrometer screw carrying the hook- 
gauge must be made accurately perpendicular to 
the base of the instrument. A convenient method 
of division is to make the screw of twenty-five 
threads to the inch, the vertical scale against the 
head being divided into twenty-fifths of an inch, 
and the circumference of the head into forty parts, 
thus allowing readings to be taken to the one- 
thousandth of an inch. One of the gauges should 
have its head double, the upper part containing 





the divisions being able to rotate on the lower 











Fig.4. 














part, and being fixed in position by small screws 
working in slots (Fig. 4). This allows one instru- 
ment to be accurately adjusted to give the same 
reading as the other. 

The pots containing the water should not be too 
small, and should be connected by a rubber pipe 
about 1 in. in diameter. (For short distances the 
two pots and the hose may be replaced by an open 
trough divided up by diaphragms pierced with 
holes to prevent undue circulation of the water.) 
To ensure accuracy in using the instrument the 
following precautions must be observed :— . 

It is essential to exclude all air from the pipe 
connecting the pots. By squeezing the pipe any 
contained air may be driven out at one ale the 
other. While moving the pots the water is liable 
to be shaken up and spilled, and therefore the ends 
of the pipe should always be plugged with corks, 
or stop-cocks fitted for this purpose ; otherwise air 
will often get into the pipe. Care must also be 
taken to avoid ‘‘ kinking ” the pipe. 

A draught of air blowing on the surface of either 
pot will entirely vitiate a reading. Both readings 
should be taken by the same observer, and neither 
must be considered as correct until the other hook- 
gauge is very nearly right, as by screwing the gauge 
up or down the level of the water is slightly 
affected. The gauges should be read alternately as 
rapidly as possible until two successive readings 
of each are the same. These readings give the 
difference of Jevel at the two points. In reading a 
gauge, get the hook just below the surface of the 
water (which must, of course, be perfectly still), 
and place the eye in such a position that the reflected 
light hides the point from view. Screw the hook 
up very slowly till the first sign of an elevation is 
seen on the surface of the water, then take the 
reading. Dust on the surface of the water wil! 





render it difficult to see when the point begins to 





break. To remove it, fill the pots up to the brim, 
and blow off the top of the water ; the dust will be 
carried off, and the water may be lowered again to 
its proper level. It is preferable to keep the level 
of the water adjusted so that the reading is always 
taken on about the same part of the screw—i.e,, 
at the same point of the vertical scale. 

For levelling over a long distance use a pipe 
about 30 ft. long, and mark off points 30 ft. 
apart over the whole length. Call these ‘‘ station- 
points 1, 2,3....” Take the difference of level 
of successive pairs of points 12, 23, 34....in 
order, and repeat this three times. You then have 
three values of the difference of level between each 
pair of consecutive points, and the mean of these 
three readings being taken in each case, the values 
of the levels at the various station- points are 
worked out. If the three values for one pair of 
points are not within two-thoucandths of an inch, 
the reading for this pair should be repeated. All 
intermediate points are now taken off the station- 

ints. 

If the levels of the points are being adjusted, it 
will be found advisable to support the pots on 
bridges independent of the surface to be levelled. 

It should be noticed that a level surface so 
obtained has the curvature of the earth. Thus, 
on a length of 500 ft. the middle point is elevated 
about 18-thousandths of an inch above the straight 
line joining the ends. 








ENGINEERING WORKS AT THE 
ROSYTH NAVAL DOCKYARD. 
(Concluded from page 206.) 

Dry Docks. 

THERE are two dry docks now in course of con- 
struction, with their entrance through the north 
wall of the basin, as shown in the plan in our first 
article, page 69 ante. The only difference in the 
design of the two docks is that one can be sub- 
divided into two compartments, by the interposition 
of a floating caisson, as shown in the plan, Figs. 95 
and 96, which form two of the series of drawings 
reproduced on Plate XX VII. accompanying this 
issue, and are fully illustrative of the design of 
the dock. The profile of the entrance is exactly 
the same as that of the inner entrance to the lock 
described in our preceding article. The walls are 
battered to lin 12, and are finished with a 6-ft. 
radius curve at the sides, the sill being perfectly 
level. 

The two docks are now being built side by side in 
the dry. The substratum is sandstone, but this is 
very much laminated. It was hoped, as a result of 
the borings, that only a thin facing of concrete on 
the rock surface would have been sufficient for the 
side walls of the dock ; but now that the material 
has been opened up, and the extent of lamination 
disclosed, it has been considered desirable to thicken 
up the side walls in order the more effectually to 
resist water pressure. To what extent this will 
have to be done throughout the whole of the works 
will depend, of course, on how the material opens 
up as the work proceeds. Should the rock, how- 
ever, prove fairly tight, the design will be carried 
out generally on the lines indicated on the sectional 
drawings reproduced on Plate XX VII. The walls, 
&c., will be built in mass concrete in situ. The 
bottom of the dock will be drained by perforated 
pipes ; the camber will, as in the lock, be 6 in. ; 
but here the floor of the dock and gutters 
are at a different gradient—namely, 1 in 650. 
The floors, as shown in the plan and sections, are 
provided with keel-blocks for their entire length, 
with additional lines of bilge keel-blocks on each 
side of the centre-line. These coincide with the 
flat bilge-keels worked into the double-bottoms of 
all large warships now built, because of their great 
beam, and in order to take up the stress due to the 
vessel resting on such bilge-keels. 

The dock has three sets of timber slides on each 
side, and four sets of steps for access to the altars 
(Fig. 98). The altar steps are in granite, the 
vertical faces between them being of granolithic 
concrete, except for a course of granite to take the 
shores. An interesting feature is the provision 
made to the rear of the side walls for taking the 
electric-crane track (Fig. 96). There will a 
30-ton electric travelling crane on each side of 
the dock, working on a 21-ft. gauge crane-road. 
While one rail is set on the dock walls, special 





—_ had to be made for the outer rail. 
is will consist of a reinforced-concrete roadway, 
forming practically a viaduct, as shown in the cross- 
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section, Fig. 99. The outer entrance in the case of 
both docks is to be closed by means of sliding- 


caissons pulled back into cambers by electrical | crete, under the capstans. 
machinery. The general construction of the cambers 


will be the same as in the case of the lock. In the 
case of the Dock No. 1 the intermediate stop for ; } : 
dividing the dock into two compartments is to be | docks will lead from the pumping stations to their 
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WITH DOOR SHOWN DOWN, 


THe Dock Pumpine Pant. 
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GUIDES FOR LIFTING RODS 


Fig. 104. 
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the standard type, of 15 tons power, and operated | pumping-engine. 
by electric motors, housed in pits, formed of con-| main wells are located in a central shaft, an 


SECTION ON CENTRE 
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| the manipulation of these penstocks any pum 
| 


The culverts for draining the lock and the two | where a for cutting off the water are 
also located. 
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Fig .106. 
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closed by means of a ship-shape floating caisson, 
which, when not in use, will a berthed in the 
basin. The sill for taking this caisson is to be 
entirely faced with granite, as are also the rubbing 
faces. 

The bollards to be used throughout the works 
will be of the usual Admiralty type, bedded in 





blocks of concrete, The capstans will also be of 


Fies. 102 tro 116. Prnstock ror Gravine Dock. 


respective Fpositions on the works. The main 
emptying culvert from[the lock will be, 9 ft. 3 in. 
in diameter, and those from the docks 8 ft. 9 in. 
in diameter. These will be constructed of concrete 
with brickwork linings, and will be governed at 
the various points by means of penstocks. In the 
station there are two main pumping-wells and two 
drainage pump-wells, each operated by a separate 





station and simplifies the arrangement of the 
machinery. 
PENSTOCKS. ; 

Throughout the works there will be thirty pen- 
stocks in all, and these vary in size from 4 ft. by 
2 ft. up to 7 ft. 6 in. in diameter. Above, in Figs. 
102 to 116, we illustrate a typical penstock, 7 ft. 6 in. 
in diameter, designed for governing the emptying 


The penstocks for these four 
d by 


oa 
be utilised for any well. The diecharge-pipss re 
all wells are carried outside of the pumping-station, 


This reduces the size of the pumping. 


a ee a ee ee a ae ee ee ee ee en ee n,n en es a ee 


ee a -— as ae = es 





MARCH I, 1912.] 


ENGINEERING. 


275 





culverts near to the pumping station. The pen- 
stocks generally consist of cast-iron doors working 
in guides. They are to be of the double-acting 
type ; that is to say, they have been designed to 
take pressure in either direction. The frames or 
guides will be securely bolted to the wall of the 
shafts, and the mouth of the penstock itself is to 
be let into the granite mouth of the opening, the 
whole being grouted after the frame has been put 
in position. Electricity is to be the motive power, 
and a long steel lifting-rod will be provided to each 
enstock door, and this will be connected to the 
fitting machinery as nearly as possible at ground 
level, so that the lifting gear actuating it may be 
kept out of the water. The meeting faces of the 
penstock-frame and the door are to be finished with 
gun-metal tapped to the cast-iron doors and frames, 
the whole being machined on completion. The 
door is capable of being adjusted against back pres- 
sure by means of adjustable wedge-blocks, and, as 
will be seen from the drawings, it will be possible to 
regulate these to a nicety. ere will be eight of 
these wedge-blocks to take up the back pressure 
distributed equally around the penstock-door. The 
penstocks are being constructed by Sir W. G. 
Armstrong, Whitworth, and Co., Limited, New- 
castle-on-Tyne. 


MacHIneErRY IN THE PumpINnG-StaTIOn. 


The machinery in connection with the dock 
pumping plant in the pumping-station, now being 
constructed by Messrs. Fullerton, Hodgart, and 
Barclay, Limited, Paisley, consists of the main 
pumping-engines, drainage pumping-engine, pen- 
stock engines, condensing plant, &c., all in dupli- 
cate. The two main pumping-engines are each of 
the compound surface condensing type, with the 
cylinders set at right angles, both working on to one 
crank-pin. The high-pressure cylinder is 26 in. in 
diameter and the low-pressure cylinder 50 in. in 
diameter, by 2 ft. 3 in. stroke, the revolutions 
being 140 per minute. The crank-shaft is placed 
vertically and coupled direct to the impeller-shaft. 
The impeller, which is of the balanced type, is 
10 ft. in diameter and is placed at the bottom of 
the well. The impeller-shaft thrust-block and 
pedestal bearings are all supported by heavy cast- 
steel beams; these, in turn, are bolted to cast- 
iron corbels built into the masonry in the well. 
The arrangement is a very convenient one and 
allows of the pumps being removed if necessary. 
The shaft pedestals are fitted with gun-metal 
bushes lined with lignum vitee, and the shaft itself 
is gun-metal lined at the bearings. The thrust- 
block is fitted with removable cast-iron rings, 
lined with white-metal on the working surface. The 
block itself is so designed that the shaft runs in an 
oil-bath. The outer casing forms a water-jacket. 
Ladders are fitted into the wells, with a platform at 
each bearing. The specification requires that the 
two main pumps together should be capable of 
discharging 155,200 tons of water at a height of 
58 ft. in five hours. 

The two sets of drainage pumps are to be used 
for dealing with any leakage while the dock is 
empty. These pumps are of the three-throw single- 
acting type, the gun-metal barrels being 25} in. in 
diameter by 4 ft. stroke. These are connected at 
the top and bottom by cast-iron chambers, a single 
cast-iron discharge-pipe being led from the top 
chamber to the top of the well and discharging into 
a culvert. The bottom pump-rods are of Naval 
brass, the others are of mild steel and are guided 
in gun-metal adjustable bearings. These pumps 
are operated through gearing, one set of drainage 
pumps being driven by a vertical engine of the com- 
pound type, having cylinders 16 in. and 31 in. in 
Saucier te 2 ft. stroke ; the other set by variable- 
speed motor with reduction gearing. The two sets 
of drainage pumps are to be each capable of deliver- 
ing 2000 tons of water per hour at a lift of 58 ft. 

The a also in duplicate, 
each condenser having sq. ft. of cooling sur- 
face, and being capable of dealing with all steam 
exhausted fromthe engines. The circulating water 
is delivered by steam-driven pumps. The air- 
pumps are of the single-acting type, also steam- 
driven, and discharge the conde water into the 
ek tain, which te feed-water heaters inside 

em. 

The boilers are of the water-tube type on the 
Woodeson patent. There are six boilers arranged 
to be set in three batteries ; the working pressure 
is 130 lb. per sq. in. The boilers are supplied 
with coal-conveyors and elevators, and a very con- 





venient and handy arrangement has been installed 
for the reception of the coal in the stokehold, and 
the conveying of it to the boilers, the method in 
which this is done being arranged with a view to 
reducing the labour in the stokehold to a minimum. 
The arrangement of steam-pipes, valves, &c., is so 
duplicated that in case of any part of the main 
pipe failing, the steam supply will always be at com- 
mand. The sub-contract for the boilers, &c., has 
been placed with Messrs. Clarke, Chapman, and 
Co., Limited, Gateshead-on-Tyne. 
Water Suppiy FoR THE DocKYARD. 

In our introductory article we referred to the 
importance of water supply and drainage, and 
promised to refer to the provision made by the 
public authorities. When the Admiralty purchased 
the Rosyth property the county of Fife had under 
consideration a scheme for forming a reservoir in a 
distant valley, and it was decided to have a joint 
scheme—the county of Fife to purchase the neces- 
sary land, to pre a design, and to make a con- 
tract for the work, the Admiralty to bear one-third 
of the cost, and to be entitled to one-third of the 
water. The reservoir has since been finished. It 
has a capacity of 205 million gallons, which, after 
allowance for compensation water and 120 days’ 
storage, gives an available daily supply of 14 million 
gallons, of which the Admiralty are entitled to 
$ million gallons daily, The level of water in the 
reservoir is 900 ft. above sea-level. 

The construction of the reservoir led to excep- 
tional difficulties and to a large unforeseen extra 
expense. From borings made by the engineers 
employed by the County Council it was anticipated 
that the rock level across the valley was in no case 
more than 50 ft. below the then surface of the 
ground, and the contract provided for carrying the 

uddle-trench across the valley down to rock-level. 

t was discovered, however, that there had been an 
old river channel cut out of the rock, and instead of 
the rock-level being about 50 ft. below surface, as 
was anticipated, it proved to be over 190 ft. deep. 
As the material with which the old channel was 
filled up proved to be shingle, sand, &c., all water- 
bearing, it was deemed almost impossible to carry 
down an open trench until the channel was drained, 
and therefore a shaft was sunk in the solid rock at 
the side of the channel, and a heading driven from 
the bottom of the shaft until the centre of the 
channel was reached. Then a hole was blasted so 
as to allow the water in the old river channel to 
drain into the heading, and the water was then 
lifted to the surface by pumps throwing about 
30,000 gallons per hour. By this means the water 
in the whole valley was practically pumped out 
and an open trench was then carried down 200 ft. 
The timbering was excellent and there was no 
mishap. 

The water is conveyed from the reservoir by 
18-in. o- to the Admiralty’s reinforced-concrete 
tank with a — gallons capacity, and so built 
that it can easily extended. The water from 
this tank is conveyed to the dockyard site bya 9 in. 


pipe. 
DRAINAGE. 


By the Dunfermline Burgh Extension and 
Drainage Act of 1911 the area of the Royal Burgh 
of Dunfermline was increased by over 4000 acres. 
Authority was also given for the construction of a 
main outfall sewer, which should be capable of 
dealing with the sewage from Dunfermline, and 
with that from the dockyard. The sewer will pass 
through the town of Inverkeithing, and near to the 
eastern boundary of the Admiralty property, and 
thence to below low-water mark on Long Craig 
Island, near North Queensferry. Its total length is 
over 6 miles. In consideration of the right to use 
this sewer, the Admiralty have agreed to give a 
contribution of 10,0001. to the cost. There will be 
some heavy tunnelling, but it is expected that the 
works will be completed in less than three years. 
The engineers for the sewer are Messrs. Crouch, 
Hogg, and Easton, MM. Inst. C.E., Glasgow. 


ConcLusIoNn. 
In conclusion, we thank the Admiralty, and 
rticularly the Controller (Rear-Admiral C. J. 
riggs), the Director of Works (Colonel Sir E. 
Raban, K.C.B., R.E.), and the Director of Dock- 
yards (Sir James B. Marshall, K.C.B.), for per- 
mission to reproduce drawings, &c., and for 
the revision of the articles. We are further 
indebted to Mr. F. W. Kite, M. Inst. C.E. 
(Assistant Director of Works), Colonel S.H. Exham, 


+ 





C.B., R.E. (Superintending Engineer at Rosyth 
until December last), and Mr. H. Cartwright 
Reed, M. Inst. C.E., his successor, as well as to 
Mr. T. C. Hunter, M. Inst. C.E, (Superintending 
Civil Engineer), Mr. T. B. Hunter (Civil Engineer), 
and Mr. T. Shirley Hawkins, A.M. Inst. C.E.—all of 
the Director of Works’ staff—for assistance rendered 
in the preparation of our articles; and to Mr. 
Alexander Gibb, managing director of the con- 
tracting firm—Messrs. Easton Gibb and Son, 
Limited—for the photographs illustrating the tem- 
porary plant at Rosyth. 








THE HYDRAULIC AND MECHANICAL 
LABORATORIES OF THE UNIVERSITY 
OF TORONTO, TORONTO, CANADA. 


By Rosert W. Anous, B.A.Sc., Professor of 
Mechanical Engineering, University of Toronto. 
(Concluded from page 242.) 

The Thermodynamic Laboratory.—It is very 
desirable, in designing a room for this purpose, to 
have good light and good ventilation, and in order 
to obtain these it was decided to make a single- 
storey room and to obtain the light and ventilation 
through the roof, there being no windows whatever 
in the walls. Further, as the mechanical labora- 
tory apparatus is included under the above heading, 
the room has been divided into two parts, one 
156 ft. long and 40 ft. wide, the other of the same 
length and 20 ft. wide, the latter being divided into 
small rooms, each about 15 ft. by 20 ft., separated 
only from the larger room by clear-glass partitions. 
This arrangement has the advantage of allowing 
small groups of students to conduct experiments on 
smaller apparatus in quiet places, and at the same 
time the clear-glass partitions permit instructors 
to keep a general oversight of the work going on all 
over the laboratories, without having to spend 
unnecessary time in the smaller rooms. 

Beginning with the larger room, which has a 
clear height of 23 ft. at the eaves, it is evident 
from the photograph (Fig. 12, page 276) that 
the roof is supported by steel trusses, which are 
of 40 ft. span, and the room is free of all 
columns, so that it has been possible to serve it 
throughout by a 3-ton hand-operated travelling- 
crane, which has already proved an invaluable aid. 
The west end of the room (Fig. 13) has been 
reserved for the gas-engine work, and a number of 
these machines have been placed across the end, 
while the one side has been devoted to the steam- 
engines. An aisle has been left on the side adjacent 
to the small rooms, and tables have been placed 
along this for gauge and indicator-testing, and for 
the calibration of thermometers. 

The Steam-Engines.—Proceeding westward from 
the, east end, after passing the testing-floor, we 
notice first the Brown automatic cut-off engine of 
50 horse-power, having a 12-in. by 30-in. cylinder, 
with separate jackets on body and heads, steam 
being supplied from the boilers shown in Fig. 14. 
Adjacent to this is a cross-compound steam-driven 
two-stage air-compressor, the steam-cylinders being 
respectively 9 in. and 16 in. in diameter, while the 
air-cylinders are 9 in. and 14 in. in diameter ; the 
stroke of all the pistons is 12in., and the capacity is 
340 cub. ft. of free air per minute. The te, < m has 
Meyer steam-valves on both cylinders, and Corliss 
inlet gear on the low-pressure air-cylinder. 

Passing this we see the 30-horse-power tandem 
high-speed engine with fly-wheel governor, built by 
Messrs. E. Leonard and Sons, London, Canada, and 
an 18-horse-power simple McEwen engine with 
shaft governors, both of these engines being of a 
very common type in Canada. A 75-horse-power 
two-line Willans engine and a 15 horse-power De 
Laval steam -turbine, built by Greenwood and 
Batley, of Leeds, also form very useful pieces of 
oe 

wo machines which have been of great instruc- 
tive value, especially for third-year students, are 
the two engines presented by the builders, Messrs. 
E. Leonard and Sons, London, Canada. These 
engines are largely used for valve setting and indi- 
cator practice, and have different types of valves, 
the one with inside admission being capable of 
running under steam with the steam-chest cover off, 
thus showing the relation of the valve to the steam 
distribution. Special eccentrics, shown in Figs. 15, 
16, and 17, have been placed on the engines, and 
permit the angle of advance and the travel of the 
valye to be independently changed through wide 
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limits. Fig. 12 gives a general idea of the arrange- 
ment of the steam-engines. 

The arrangement of exhaust piping and con- 
densers for the plant is diagrammatically illustrated 
in Fig. 18, a detail of part of the arrangement 
being shown in Fig. 19. It is found that a con- 
siderable amount of valuable instruction may be 
given on the engines without measuring the steam 
consumption, but when the latter work is to be 
done the result must be obtained through a surface 
condenser or else by feed-water measurement. As 
both methods are in common use in this country, 
arrangements are made for the use of either plan, 
the arrangement for operating in connection with 
the condensers being as follows :—On the ground 
of expense, it was decided to put in only two con- 
densers, but the piping is such that these condensers 
may be connected to almost any two engines at the 
same time, and, without the use of a single valve, 
one may run any two engines condensing. and all 
of the others non-condensing, at the same time. 

The arrangement, Figs. 18 and 19, is as follows : 
—There are two exhaust-lines a and b, the one, 
a, open to the atmosphere, and the other, b, 
connected to the condensers, both lines being 
placed in a trench behind the engines and arranged 
with tees c and k for each engine exhaust. The 
exhaust-pipe d from each engine passes under the 
pipe b and turns upward by means of the elbow e, 
on top of which is a second elbow f connecting 
with the tees c and k on the exhaust-lines. The 
process of changing from one exhaust to the other 
is simple ; thus the Willans engine is shown rup- 
ning condensing in the drawing, but if it were 
desired to run it non-condensing, the bolts in the 
flanges g and h would be removed, the blank flange 
| would also be taken off, and the elbow f revolved 
so as to connect with the tee k, the tee c being blank 
flanged. A blank flange is also placed at m in the 
line } so as to separate the two condensers n and p; 
this flange may, of course, be placed wherever 
desired along the condenser exhaust-line b. All 
openings are closed by blank flanges. The exhaust- 
pipes are well drained by pipes as shown, and the 
arrangement worked admirably during the past 
session. The drawing shows all engines running 
non-condensing, except the Willans. 

In order to give training in the feed-water 
method of measuring the steam consumption, a 
special 3}-in. pipe is run from the northerly 50- 
horse-power boiler to the Brown engine. This Pipe 
is arranged in a somewhat similar way to the 
exhaust-pipes, so that by the turning of a single 
elbow it may be connected to or disconnected from 
the engine supply. Thus the northerly boiler may 
be connected direct to the Brown engine, and, of 
course, disconnected from the steam-supply main, 
this connection facilitating the feed-water method 
of testing, and also allowing for the making of com- 
bined engine and boiler tests. On the other hand, 
for general work, the northerly boiler is connected 
to the main steam supply, the steam-pipe for the 
Brown engine being also connected to this main. 
The general arrangement of this piping is shown on 
the photographic view, Fig. 12. 

The steam supply for the engines passes through 
a 5 in. pipe, which is connected to all of the boilers 
and engines, the total length being nearly 150 ft. 
There are two large expansion bends in this pipe, 
one of which is shown in Fig. 12, and the fittings 
throughout are extra heavy, having raised faces on 
all flanges. The bolt-holes are ‘‘spot” faced, and 
all gaskets are of corrugated copper ; and it may be 
stated that there was not any sign of a leak the first 
time the steam was put on. The connections for 
the engines are taken from the top of the pipe, to 
prevent water passing to the engines. 

Tnternal-Combustion Engines.—At the west end 
of the laboratory there are four gas-engines (Fig. 13) 
—viz., one of 22 horse-power, built by the National 
Gas-Engine Company, Ashton-under-Lyne, Eng- 
land, arranged for variabl> compression and igni- 
tion, and constructed for the use of city or suction- 
gas. The second is of 10 horse-power, built by 
Messrs. Fielding and Platt, Gloucester, England, 
also specially arranged for experiments with various 
compressions, forms of igniter, kinds of fuel, &c. 
The third engine is of an old type, and is not 
much used; while the fourth is a 6-in. by 6-in. 
Fairbanks marine gasoline engine, illustrating this 
type of motor very well. It was virtually a gift 
from the builders. 

The gas-producer for these engines is of the 
suction type, built by the Canada Foundry Company, 
Toronto. There are no special features about it or 











THE UNIVERSITY OF TORONTO. 


























Fig. 13. THermMopynamic Lasoratory ; West Enp. 


the gas-piping, the latter being provided for by a that there are no columns or supports of any kind 


trench covered by plates. The gas-producer is 
arranged in one of the small rooms, Fig. 2, 
page 240 ante. 

he remaining small rooms contain the repair- 
shop, the belt and friction testing machines, a 
3-ton steam-driven refrigerating machine, oil and 
fuel-testing apparatus, and the various small in- 
struments, such as gauges, &c., used by the students. 
Space will not be taken here to deal with any of 
these apparatus in particular, but it may be stated 


that the belt-testing machine will be driven through 
a torsion dynamometer, so that the efficiency and 
slip of the belt or rope at various powers may be 


readily measured. 

Apparatus has been arranged for the testing of 
injectors and various other appliances. 

The Boiler-Room.—To the east of the large 
Thermodynamic Laboratory, and separated from it 
by a single wall, is the boiler-room, Fig. 14, which 
is 45 ft. wide, 70 ft. long, and 26 ft. high, the roof 
being of concrete and supported by aeat trusses, 80 





through it. Light is obtained from the roof. 

The plant consists of Babcock and Wilcox boilers, 
which supply all steam used for the heating and the 
experiments. For the sake of experimental work 
it was decided to adopt small units, so that there 
are two 50-horse-power boilers and one 100-horse- 
power, the latter with internal superheater, and 
space has been left for a second 100-horse-power 
unit. All the boilers were set up independently, 
the setting of the twosmaller boilers being different, 
and each boiler has its own feed-pump. 

The most interesting part of this section of the 
laboratory consists in the arrangement of the 
chimneys. The writer has found considerable 
difficulty in getting data as to the proper size of 
chimney for given conditions, and hence decided to 
build two stacks, each 3 ft. internal diameter and 
100 ft. high. These two are necessarily exposed to 
the same atmospheric conditions, and by a suitable 
arrangement of flues and dampers may be run at 
different powers on the same day, thus affording 
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PIPING. 


exact sciences, and certain empirical rules must be 
introduced, derived from the observed repetition of 
phenomena that do not rest on rigorous experiment 
| or logical deduction, there is room for the exercise 
| of individual judgment, and the public may natur- 
|ally want to know on what lines that judgment is 
| formed, and to what extent it is trustworthy as the 
|expression of scientific rule. Have the processes 
| followed escaped from the tentative experimental 
| stage? Has the domain of empiricism been curtailed, 
and is the basis of physical fact underlying the 
process sufticiently secure to warrant the public in 
ordering their life, whether for business or pleasure, 
on the published assertions? For it is evident that 
the usefulness of the office is not to be judged by 
its percentage of successful forecasts estimated by 
otticials or experts, but on the degree of confidence 
that the public is inclined to place upon the intima- 
tions Do the public regard these forecasts as 
something provided for their amusement by the 
officials at South Kensington, or do they regard 
them as a serious and valuable means for the 
conduct of life? 

We are fortunate in learning what an eminent 
physicist has to say on these points, and also in 
the manner in which it issaid. The author reminds 
us that for twenty years he had taught in the 
Cavendish Laboratory at Cambridge, and that his 
ambition on taking charge of the Meteorological 
Office was to bring into closer relation the work of 
the physicist and that of the practical meteoro- 
logist : to make the fundamental, dynamical, and 
thermal principles recognised by the one available 
and more frequently used by the other. His 
teaching practice, too, stands us in good stead. 
He treats the public as he would his class, and 
while making the subject both intelligible and 
interesting, he flinches from none of the difficulties. 

Needless to say that the author treats the reader 
with theutmostfrankness. The latter is taken behind 
the scenes and shown the machinery available ; its 
capacity and its deficiencies are alike demonstrated. 
The machinery consists mainly in the information 
supplied by the synoptic chart—that is, a map of 
the geographical region under consideration—in 
which is shown the simultaneous condition of the 
several meteorological elements at a selected 
moment; and since this information is prepared 
for regular and frequent epochs, the alterations 
that have taken place in these elements within a 
known interval are implicitly given. The fore- 
caster may be in possession of sufficient, but not 
of the whole of the, information necessary for his 
purpose. For instance, of the extent of local 
effects he knows nothing. He can with more or 
less accuracy determine what the barometric read- 
ing would be for a particular temperature, at sea- 
level ; but of many disturbing factors connected 
with local topographic or orographical conditions, 
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valuable comparisons. Arrangements are made for 
taking temperatures at various heights. As the 
chimneys have been united by brickwork at the 
top, the architectural effect is quite pleasing. 

Study and Class-Rooms and Offices.—The entire 
floor above the hydraulic laboratory, which has an 
area of 113 ft. by 40 ft., is given up to study-rooms 
for students, demonstrators’ rooms, a lecture-room, 
and a library. These rooms are all in units 15 ft. 
wide, five of them being 20 ft. long, the remainder 
about 14 ft. 

In addition to these rooms there is a second 
lecture-room, also the professors’ room, the lec- 
turers’ room, and a students’ waiting and cloak- 
room, the latter containing steel lockers. These 
rooms, along with the main entrance and the stair- 
cases, are located in the part of the building shown 
to the west of the hydraulic section. Shower- 
baths and lavatories have been provided in the 
basement and on the top floor. 





Shops.—There are no students’ workshops in con- ; 

















nection with the University of Toronto, it being the | 


policy of the institution to compel the student to 
substitute for these at least eight months’ actual 
work at a trade in some of the manufacturing shops 
of the country under actual workmen’s conditions. 
In our opinion this is better than the training 
given in university shops. 
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Forecasting Weather. By W.N. Suaw, F.R.S., Sc.D. 
Fully illustrated, with maps, charts, and diagrams. 
London : Constable and Co., Limited. [Price 12s. 6d. 


net. 
By tive publication of this book the public is put in 
possession of an authoritative statement describing 
the methods that experience has suggested as best 
adapted for determining weather in advance, and 
the principles on which those methods are based. 
Since forecasting can hardly be classed among the 








of minute alterations between neighbouring stations, 
or of existing irregularities in the atmosphere at 
some height above the surface, he is totally un- 
informed. But being given a sufficient number of 
points in the district under investigation, he is 
able to construct, with very considerable precision, 
curves showing the positions at which pressure, 
temperature, humidity, &c., have a specified value. 
This part of the machine is exact and definite, and 
to this information may be added certain known 
poe of thermo-dynamics which determine the 
»ehaviour of a gas under ascertained conditions of 
temperature and pressure. The use that is made 
of these facts, or the interpretation that is put 
upon them for the purposes of practical forecast- 
ing, depends upon ‘‘ the subconscious induction of 
prolonged experience.” This demonstrates the 
weakness of the machine, and it is here that the 
element of private judgment, or prejudice, enters. 





The general principle underlying forecasting is 
that weather travels according to certain rules, 
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which have to be discovered by observing the effects. actual observation, it is marked with an A; if more 
The synoptic chart shows the weather at a certain ' than half are correct, bya B; and as the number of 


time and place, and if we know the rate and direc- 
tion in which that weather is travelling, we can warn 
some other district of its approach. The only forces, 
so far as we know, which are capable of producing 
a horizontal motion in the air are the forces due to 
the distribution of pressure. Hence the isobaric 
lines are the feature of greatest importance on the 
chart. In modern practice it is usual to refer all 
the other phenomena which make up weather to 
the ascertained distribution of pressure. The pro- 
cess of forecasting, says Dr. Shaw, ‘‘ practically 
begins with anticipating the changes of pressure 
which will take place within the interval for which 
the forecasts are made . . . and it iscompleted, by 
assigning to the successive distributions of pressure 
thus anticipated, the various conditions as regards 
wind, temperature, cloud or fog, rainfall or snow- 
fall, known to be generally associated with distribu- 
tions of recognised type.” There is the whole duty 
of the forecaster expressed in a single sentence, 
and it is Dr. Shaw’s object to point out the 
nature and amount of assistance that can be 
drawn from experience, guided by a knowledge 
of the physical processes which must be in- 
volved in the sequence of phenomena, known as 
weather. All the weather factors cannot be deter- 
mined with the same precision ; wind, for example, 
is nearly independent of the type of pressure distri- 
bution, and its relation to the isobar is the most 
regular. The famous law of Buys Ballot, the theory 
of cyclones and anti-cyclones, of V depressions of 
barometric gradients, have been studied with fair 
success. Regarded as the outcome of empirical 
methods, the relation between pressure and wind 
may be considered as a conspicuous achievement in 
meteorology. Unfortunately, this regularity of 
relationship has no counterpart in the case of any 
other of the meteorological elements. Rain, for 
example, is due to certain physical conditions often 
found in a cyclone, but not exclusively there. 
Whether precipitation will take the form of rain or 
snow may — upon temperature, but, again, 
not exclusively. To say what are the conditions 
that separate snow from rain baffles alike the theory 
of the meteorologist and the skill of the experi- 
menter. Dr. Shaw states that no one has suc- 
ceeded in demonstrating the formation of snow in 
the laboratory. His predecessor in office quoted a 
case in which, during a ball in St. Petersburg, the 
atmosphere became so oppressive from inadequate 
ventilation, that gentlemen climbed up and broke 
the windows to let in air, with the result that snow 
began to fallin the room. Moisture within the build- 
ing passed at once into the solid form under the influ- 
ence of the cold air from outside. We do not know 
whether this has been confirmed. Snow has many 
puzzles for the meteorologist; it is uncertain whether 
a large snowflake is formed by the aggregation of 
smaller crystals or the extension of a crystalline 
nucleus by condensation. ‘‘ Sleet” has its own 
problems. We have yet to learn whether sleet was 
originally all snow that has been partly melted, or 
was rain and partly frozen. Some instability in 
the atmospheric layers is probably evidenced by 
these abnormal phenomena, of which temperature 
may be the most exciting, but not the only cause. 
We are only concerned with it here so far as it 
affects the forecaster, who has to grope his way 
under uncertain conditions. If his forecast of snow 
is happy, it is evidently of the nature of a guess. 
Similarly with the formation of fog and cloud. 
We may say that meteorologically there is no differ- 
ence between the two; that a fog is a cloud seen 
from within, and a cloud is a fog seen from with- 
out ; but however fine the line between the two 
may be, the effect on human comfort and the 
conduct of business is very different. Yet from 
the forecasting point of view, though a most impor- 
tant element, we do not know when the conditions 
are exactly fulfilled that wil cause one or the other. 
The forecaster is not in possession of sufficient data; 
there are too many unknowns in his equations ; 
there is no unique solution to his problem. Looked 
at from this standpoint, the forecaster is not only 
entitled to our sympathy, but to our congratulation. 
For considering the caprice of our climate, its 
variability both in time and place, the relative 


degree of success is very satisfactory. A forecast 
contains six factors: the force and direction of the 
wind, the state of the sky, and the character of 
the precipitation, the temperature, and such occur- 
rences as thunderstorms, fog, or night frosts. If 
all the statements in the forecasts are verified by 


errors increase, the letters C and D are utilised. 
A and Bare the complete and partial successes ; 
Cand D the partial and total failures. The returns 
of percentages made to Parliament in the anuual 
reports show that A + B = 87, and, consequently, 
C + D only 13. 

As already hinted, successand utility are not the 
same thing. Dr. Shaw seems to doubt whether 
even those who have indulged in the luxury of an 
eighteenpenny telegram, to obtain a special forecast, 
have made any use of it. Numerous harvest fore- 
casts are issued to agricultural districts, and corre- 
spondents are invited to supply notes of the 
weather ; but though the office may receive the 
gratifying intelligence that the forecasts were 
remarkably accurate, the reports seldom go so 
far as to say that the information was used with 
advantage. There is evident distrust of the infer- 
ences drawn from premises whose importance and 
bearing are incomprehensible to the applicant, 
but who is fully alive to the signs of the 
weather that tell so much to the local expert. Dr. 
Shaw’s book should go far in overcoming this 
attitude of hostility or indifference by making clear 
to those who are sufficiently educated to be recep- 
tive what forecasts can do, and what are their limita- 
tions. The greater the interest taken, the greater 
will be the utility, and for this reason we would 
have liked to have followed the author in his dis- 
cussion of storm warnings, colliery warnings, fore- 
casts for aeronauts, &c., embracing as this last does 
much information recently acquired concerning the 
behaviour of the upper air. The activity of the 
office displayed in many directions may be taken as 
evidence that the public is aware of its usefulness, 
and in proportion to the removal of mystery 
attaching to the several processes employed, will 
be the gain to the public from the use in this 
department of scientific method or properly trained 
intelligence. 





Par R. Letone, Ingenieur 


Turbines a Vapeur Marines. 
Paris: A. Challame. 1911. 


en Chef de la Marine. 

[Price 7.50 francs. | 
M. Letone’s treatise on ‘‘The Marine Steam-Tur- 
bine” is, we learn, a development of a series of 
lectures delivered by the author at 1’Ecole Supé- 
rieure de la Marine. It will be found a useful and 
valuable work, particularly on the descriptive and 
practical side. After a short theoretical sketch 
the author describes generally a number of repre- 
sentative types, using examples taken from land 





practice. Following this he considers the ques- 
tions which arise when it is attempted to use a 


was fifty times the centrifugal force developed at 
top speed. 

In a later section some valuable further data on 
the construction of Parsons turbines are given. 
Thus the author notes that the French Admiralty 
require high-pressure turbine casings to stand a test 
load of p + 90 lb., where p denotes the working 
pressure ; but where p is less than 901b. then the 
turbine must be capable of carrying a test load of 
2p. Under the test load stated the cast iron of 
the high-pressure turbines of a battleship was, he 
says, stressed to 2 tons per sy. in., whilst in the 
low-pressure casings the maximum stress under 
test was 0.90 es sq.in. He gives the blading 
particulars reproduced in the Table below, which, 
we believe, have not previously been published. 

The section numbers are arranged on the follow- 
ing plan :—The last digit in each case represents 
the class of blade, whether normal, semi-wing, or 
wing, each being denoted respectively by 0, 1, or 2. 
The semi-wing blades are normal blades with special 
spacers, as shown in the table. The second digit 
gives the width of the blade in eighths of an inch, 
measured parallel to the turbine axis. Thus 130 B 
means a normal blade # in. wide, for which the 
casing spacer is 130 C, and the drum or spindle 
spacer 130 S. If used as a semi-wing blade, the 
spacers would be 131 C and 131 S respectively. 

On the French ships M. Lelong states the shaft 
diameter is given by a formula, which, in English 


units, is 
oe 3 /T.H.-P. 
D = 4.32 / <> 


where D = diameter in inches, and N the revolu- 
tions per minute. 

On the subject of condensers, M. Lelong remarks 
that with Parsons turbines the exhaust-pipe area 
allowed is 3sq. ft. per 1000 horse-power developed, 
and that the cooling surface allowed in the con- 
densers ranges from 156 sq. ft. to 172 sq. ft. per 
ton of steam passed per hour at the maximum 
speed, the supply of cooling water being from fifty- 
five to sixty-five times the weight of steam con- 
densed. The latter in passing through the condenser 
has its temperature raised 144 deg. to 18 deg. 
Fahr. 

For estimating the heat produced in a turbine 
bearing per hour the author states that the Parsons 
Company employ a formula which, translated into 
English units, is as follows :— 


Heat generated per hour, B.Th.U. 
= 104 x Dx L x Vi, 


where D denotes the diameter, and L the length of 
the bearing, taken in inches, and V the circum- 


Data RELATING TO BLADES AND CAULKING Pieces IN STEAM-TURBINES. 




















BLADES. CAULKING-PIsces, 
| Casing. Drum. 
| a a — — = ee — — 
P Weight ,, tent | | , | . | | | . 
Beene” |per Foot, US neth. | Number |Weight/ Grooves | | Number | weight, "°"** 
. Run. 8 | Section | Required | t Section | Required per Foot 
No. per Inch | Foot ss o. | per Inch |* Run , | 
Run. | Run. Width. Depth. Run. aa Width. | Depth. 
— | | | 
| | in, in. | in. | im 
120 B 0.041 Up to j in. 120 C 5.8 0.106 | «(0.243 ; 120C 5.8 0.106 | 0.243 } 
130B | 0.089 jin. to 4,, | 1300 3.7 0.264 | 0 364 1300S | 52 | 0.169 a3 } 
130 B 0.089 Sor ve So | 1880 3.3 |} 0.315 | 0,415 1321S | 3.7 | 0.300) 8 | | 
132 B 0.077 Zu So 132 © 3.2 0.400 | 0,406 4 1328 36 | 0.320 | 0.400 } 
20B | 0180/4 ,,,, 8, | 200 2.75 | 0.450 | 0.510 a 20s | 3.4 0.400 | 0.510 ; 
240 B 0.190 | 4 wp » 8» | 2410 2.54 | 0.643 | 0.540 2 241s | 3.2 0.450 | 0.540 r) 
20B | 0.246 8 ,,,, 12, | 2500 2.2 | 0.783 | 0.610 3 20S | 27 0.600 | 0.610 } 
20BR | 0246/8 ,,,, 12,, | 251 © 21 | 0917 0.661 Fs 2518 2.6 0.670 | 0.661 } 
252 B 0.237 | Sawn Me 252 C 1.96 | 1.080 | 0.716 $ 2528 2.44 0.79 | 0.716 4 


turbine to drive a propeller. 
proportions adopted in ordinary practice must 


As the propeller ferential speed of the journal in feet per minute. The 
be | same formula is used for thrust-blocks, substituting 


modified when a turbine is fitted, the author deals| the area of the collars for the product of D and L, 


first with the design of a propeller. The efticiency 
of the latter, he remarks, falls off if the pitch is 
made much less than the diameter, and in marine 
turbine practice the pitch ratio, accordingly, gene- 
rally lies between 0.9 and 1.0. In two examples 
given, for a warship and a destroyer respectively, 
the ratio in question is, he states, 0.922 and 0.95. 
The general arrangement of the turbines aboard 
ship is then discussed, and the advantages of the 
multi-shaft system described. 

The Parsons marine turbine is next described in 
some detail, and pretty full general particulars 
are given of some installations. As illustrating the 
efficiency of the ‘‘rosary” system of blade mount- 
ing, the author states that at La Seyne a test 








showed that the pull required to tear out a blade 


and for the circumferential speed the mean speed 
of the rubbing surfaces. The oil-pumps are then, 
he states, designed to supply every hour a weighit 
of oil equal to 
B.Th.U. generated Ib., 
3.9. 


whilst the cooling surface provided is equal to 


B.Th.U. generated per hour 
480 


The oil-tanks contain a six -minutes’ supply 
of oil. 

M. Lelong also describes marine turbines by 
Rateau, Brequet, and Zoelly, but the foregoing 
examples of the kind of information given sutt:- 


sq. ft. 








a aaah oe oh oe ak oe a ee eee ee Oe Coe ee 6 oe oe 


whe iaowiiwich:- i... , -f. — = fe ae a ae oe ae ae 
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ciently indicate the great practical value of the 
treatise. 





Petrol-Air Gas; The New Form of Illuminant. By 
Professor C. A. M. Smiru, M.Sc. London: P. A. 
Gilbert Wood, The Architect Offices, Imperial Buildings, 
Ludgate Circus. [Price 2s.] 

Tue development of petrol-air gas as a means of 
lighting and heating, particularly the former, is a 
marked feature of the last few years, a great 
number of installations having now been fitted. 
Some of these give excellent results, while others 
are not free from drawbacks that could, with a little 
more knowledge of the subject, have been avoided. 
This is, perhaps, to be expected in a comparatively 
new industry, where many ambitious makers rush 
in with insufficient information to support them. 
This manufacture of apparatus, the details of which 
are not always as carefully thought out as might 
be, is, of course, to be regretted, but it seems 
inevitable in all such cases, and the public have 
gradually to learn by a system of trial and error 
which are the plants most likely to satisfy their 
requirements. It is unfortunate that the public 
often has scant means for obtaining really reliable 
information to help them, and this has been par- 
ticularly the case with regard to the use of petrol- 
air gas. It is true that of statements published in 
makers’ catalogues there is no lack, but many of 
these statements are misleading, while some are 
absolutely wrong, for manufacturers, in their en- 
thusiasm for their own products, are not always 
sufficiently careful with regard to the statements 
they make, and the public may well find it difficult 
to decide what points they should be particularly 
on the look-out for when purchasing a plant. 

For this reason, the little booklet written by Pro- 
fessor C. A. M. Smith, M.Sc., now under notice, 
should prove a valuable help to intending pur- 
chasers, for the author has, without particularly 
recommending any special apparatus, laid down 
very clearly, with the aid of a number of illustra- 
tions, the chief features of the leading air-gas 
plants, and has called attention to the most im- 
portant points to be borne in mind, so that no 
purchaser should now have any difliculty in 
obtaining a reliable apparatus. The author com- 
pares the lighting and heating value of petrol-air 
gas as compared with ordinary coal-gas, and shows 
how the cost of each may be obtained. He also 
refers to the fact (not always borne in mind) that 
all air-gas systems using the same grade of petrol 
cost the same per 1000 B.T.U., although when 
the gas is used for lighting or even for heating 
purposes, it is essential that the mixture shall 
remain constant, otherwise trouble will arise with 
the burners. It is not so much the amount of light 
or heat given out per gallon of petrol from different 
plants that is to be considered, as their safety, sim- 
plicity, and durability. The simplest form of petrol- 
alr-gas apparatus for illumination is, of course, the 
petrolite lamp, which is now made very reliable, 
and IS exceedingly economical, and it is really 
Surprising that it is not more used. It is, however, 
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Tue Tasor Manuracrurinc Company, PHILa- 
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only suitable for portable and table use. The little 
booklet under review, by giving confidence to 
would-be purchasers, should, we think, tend to 
encourage the use of petrol-air gas, which is ad- 
mirably suited as an illuminant in many situations, 
particularly in country houses. 
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FOUNDRY PLANT AND MACHINERY. 
No. XL. 


By JoszrrnH Horner. 


WE propose now to give some consideration to 
the rock-over and other types of American machines. 
Though some of these appear to be suggestive of 
something lacking in the stability which we are 
accustomed to look for in moulding-machines, yet 
they fulfil their own particular functions satis- 
factorily. The Americans are very partial to these 
light types, mostly hand-operated, and either fixed 
or portable. Many firms manufacture these in 
numerous designs. Some are mould-presses only, 
some embody mechanical lift, others the use of 
stripper-plates ; but the type is that of light hand- 
machines adapted to the general run of work done 
in the majority of American foundries, such as 
agricultural parts, machine details, stove fittings, 
malleable cast-iron work, brass foundries’ work, 
automobile parts, and similar articles. They are 
as distinctly American as the heavy hydraulic 
machines are characteristically predominant German 


types. 

"The rock-over or hinged moulding-machine is a 
favourite type in American foundries. As usually 
built, it is a hand-ramming machine of light con- 
struction, suitable for patterns seldom exceeding 
about 3 ft. across, and mostly less, without strip- 
ping-plates, and usually portable. The utility of 
the design lies more especially in a class of work 
where there are deep portions of hanging sand. 
When a pattern is withdrawn downwards from such 
@ mass, as is usual in machine moulding, there is 
risk of a partial drop out of the sand above. In 
the rock-over machine the pattern is lifted upwards, 
and the sand, standing up, retains its outlines 
undamaged. And in these machines the table, or 
rather frame, is turned over, but not in the same 
same way as are the trunnion-fitted tables of the 
ordinary machines, such as have been already 
illustrated. It is rocked over by its hinges from 
one side to the other after the pattern attached to 
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Fig. 635. 








Fig. 634. 
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its board has been rammed. The pattern then is 
withdrawn upwards, leaving the mould on its 
cradle or frame. If parted patterns are used, each 
half or portion must be put on a separate plate. 
These machines, though designed primarily for 
deep patterns, are also used extensively for shallow 
ones. Though the idea of rocking over a heavy 
frame, with its moulding-box, pattern, and weight 
of sand, seems on the face of it objectionable, it is 
not so in machines which are suitably designed. 
The weight is counterbalanced with adjustable 
springs, and when the dimensions are too great for 
a hand-operated lever to m:nage, a compressed-air 
apparatus is fitted both for turning over and for 
lifting. Such machines do not, of course, compete 
with the largest sizes of moulding-machines. Whe 
limit seems to be reached with boxes of about 30 in. 
square. 

The Tabor rock-over or hinged moulding-machines 
are built in two styles: the hand and the power- 
operated ; the first for small sizes only, the second 
for larger. All machines are made portable. In the 
hand machine, Fig. 650, page 279, A is the hinged 
frame which receives the pattern-board or plate. The 
section, Fig. 631, shows the method of setting the 





pattern-board on the frame. Holes are drilled in 
the flanges of the frame to receive bolts. Escut- 
cheon-plates are fitted to the pattern-boards, 
having holes to the bolt-heads, and slots 
adjacent to pass he dean, The boards are thus 
set and locked and pressed against a shoulder on 
the frame, ensuring the same location each time of 


fixing. The flask is now placed on the board by its | 


pins, filled with sand and hand-rammed, and 
strickled offlevel. The bottom board is put on the 
strickled face, and it, with the mould, is clamped 
to the pattern-board. Then the hinged frame is 
turned over until the moulding-box rests on the 
equalising cradle B, Fig. 630. The object of pro- 
viding an equalising device is to get a perfectly 
level bearing to compensate for inequalities in the 
bottom board and flask. It comprises two Y- 
shaped pieces (see Fig. 634). The bottom of the flask 
rests on the upper piece on three points, which piece 
is connected to the lower one by a central spring, 
When spherical surfaces on the three points come 


|into contact under pressure, the cradle is automati- 


cally locked, and held in position until the pattern 
has been drawn. After the removal of the flask, the 


adjustable portion of the cradle is raised from con- 





tact with the lower by means of the spring, and is 
ready to receive the next flask. In the hand- 
machines the pattern is drawn by the movement of 
a lever C, Fig. 630, which lifts a sliding frame D, 
the lift of which, a, is variable in amount, and of 
different maximum ranges in different machines, 
from 5-in. range of lift in the 18-in. size of machine 
to 12 in. in the 24-in. size. A vibrator is used to 
loosen the sand from the pattern during the lift. 
Afterwards the pattern is rocked back and the mould 
removed, completing the cycle. Fig. 633 repro- 
duces a photograph of the machine illustrating the 
stage in which a pattern has been withdrawn from 
its mould, and rocked back, leaving the mould 
clear for removal. 

The springs are important elements in these 
machines. One, E, Fig. 630, located diagonally, acts 
as a counterbalance to relieve the operator of must 
of the weight of the mould and table. Its tension 
has to be adjusted for different moulds by the 
rack F until the weight is nearly, but not quite, 
counterbalanced. The spring G counterbalances 
the weight of the hinged frame, sliding-frame, 
pattern-board, and pattern. This has to be adjusted 
to the weight of each separate pattern by means 
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Fig. 639. 





Fig. 640. 


Fics. 637 to 640. Rockx-Over Movutpine-Macuine ; INTERNATIONAL Moutpine-Macuine Company, Cuicaco, U.S.A. 


of a screw-nut on the main frame. It fulfils the 
double function of counterbalancing the principal 
weight of the moving mass, and of taking up the 
lost motion in the parts before the pattern is lifted. 

The essential difference between the hand, Fig. 
630, and the power machines, Fig. 632, lies only 
in the methods of operation, with the constructional 
differences entailed. The opening and closing of a 
valve ( in the latter takes the place of the lever C 
in the former. To turn the box over after it has 
been rammed, the valve is opened, when the links 
D, seen better in Figs. 634 and 635, come into a 
vertical position, bringing the hinged frame A and 
its flask slightly over the centre. The valve is 
then closed, and the flask sinks gradually down to 
its rest on the equalising cradle B, supported by B', 
as the air-cylinder E becomes exhausted. Opening 
the operating valve again gradually, and the vibrator 
valve F, the pattern is lifted slowly until it has 
cleared the mould. Afterwards the valve is opened 
widely, swinging the hinged frame back to the 
vertical position. Then on closing the valve, the 
exhaustion of the air-cylinder lowers the hinged 
frame into the horizontal position ready to receive 
the ncxt flask, 





The illustrations, Figs. 634, 635, and 636, show 
three stages only in’ making a mould on these 
machines. In Fig. 634 the half flask has been 
rammed, and the bottom board clamped on it ready 
to be turned over. In Fig. 635 it is shown as 
being turned over just beyond the centre. The 
continuance of the movement will lower it on the 
equalising cradle below, Fig. 636. Then the 
pattern will. be drawn and thrown back, being 
then in the position of. Fig. 633, leaving the mould 
clear. 

A good illustration of the adaptability of rock- 
over machines to deep patterns is shown by 
Figs. 637 to 640. These represent the stages in 
the moulding of a cone pulley on one of the rock- 
over machines built by the International Moulding- 
Machine Company, of Chicago. In Fig. 637 the 
pattern is seen attached with its board to the turn- 
over frame located on the ramming-bed, ready to 
receive the flask. In Fig. 638 the flask is seen 
when set over the pattern, rammed, and clamped to 
the pattern-frame. Fig. 639 shows the mould 
turned over on the receiving-bed and the pattern 
withdrawn, which is accomplished by pressing the 
foot-lever, conveniently located in front of the 





machine, where the operator can press it without 
changing his position. In Fig. 640 the finished 
mould is seen. The pattern has been thrown back, 
the turn-over frame springs have taken the strain 
due to the weight of the frame itself, the pattern- 
board and pattern, the weight of the mould and 
flask being sustained by the operator. A feature 
embodied in this machine is the self - adjusting 
arrangement embodied in the flask-receiving bed, 
produced by four independent points of contact 
which accommodate themselves to unevenness in 
flasks or bottom boards. The clamping-rod can 
be readily adjusted to flasks of different depths. 
In one of the machines of this design a draw of 
14 in. can be obtained. 








University oF Pirrspurc.—We are informed by the 
University of Pittsburg that they are entering upon a 
study of the smoke problem, taking as their chief lines 
of investigation the effect of smoke on health, plant life, 
and buildings. They are also considering the increased 
cost of living, due to damage and dirt caused by smoke, 
and both the legal and the engineering side of the ques- 
tion. Each of these investigations is to be carried out 
by one or more specialists in the particular line, 
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INDUSTRIAL NOTES. 


Tue general hope throughout the country that the 
threatened coal strike might by some means be averted 
by the various conferences held last Tuesday was 
doomed to disappointment, for it was known on the 
evening of that day that no decision had been come 
to, and the only hope that remained was the fact that 
the negotiations had not been entirely broken off, 
the discussion of the subject being postponed till the 
following day. It was generally understood that some 
new proposals had been laid before both sides by Mr. 
Asquith, but nothing definite was at the time known, 
for the negotiations were carried on in secret. It was 
felt on Tuesday evening that everything depended on 
Wednesday’s decision. The negotiations of Tuesday 
were the most important that had taken place after the 
proposals for intervention made by Mr. Asquith last 
week; and the first meeting of the day was with the 
National Conference of Miners. Atit the men’s reasons 
for pressing for the concession of an individual mini- 
mum wage in each district were given, and it was stated 
that wales the coalowners throughout the country 
were prepared to concede the principle of the minimum 
wage, no hope of a settlement could be held out. The 
miners were, however, ready to consider the details 
afterwards in case this concession were madg. Upon the 
proposal of Mr. Asquith, a committee to consider the 
matter further was appointed. When the committee 
subsequently met the Ministry the sitting was along one. 
It was rumoured in political circles that the Govern- 
ment intendedsome immediate legislation regarding the 
crisis, but the miners and the owners received no intima- 
tion of such an intention. The Prime Minister had 
several meetings with the coalowners on the same day, 
but these were alsoadjourned. The Welsh miners held 
a meeting of their own, which was looked upon as 
significant. Altogether the meetings continued from 
10 a.m. to 7.45 p.m., and were attended by eighty 
coalowners and 160 miners’ delegates. It was under- 
stood that the owners exp’ their willingness to 
meet the men, but they desired to be detinitely 
assured that in the event of the negotiations with the 
delegates ending successfully, the strike should at least 
be postponed, and they had the Government with 
them in the desire that the consideration of guaran- 
tees should be a preliminary to any joint discussion. 
All attempts, however, to induce the men to have 
a joint meeting failed. Although the general strike 
was not supposed to begin till to-day, many 
thousands of miners left work early in the week, the 
number amounting by Tuesday to about 36,000, while 
100,000 additional strike notices expired on Wednes- 


y: 

Wednesday’s negotiations proved futile, at any rate 
so far as any definite settlement was concerned, and 
at the time of going to press the only thing that 
appeared certain was that the strike would occur to 
the full extent that was originally intended by the 
miners. The official announcement made by the 
Government on Wednesday night was that while both 
sides were prepared to make concessions the irrecon- 
cilables were still causing a deadlock. It was stated 
that 60 per cent. of the coalowners had accepted the 
Government proposals, but the miners only agreed to 
accept them on conditions presenting very great diffi- 
culties. The proposals made by the Government 
were :—(1) That in certain cases the miners do not 
earn a reasonable wage ; (2) that the power to earn 
such a wage should be secured, with safeguards for 
the employers ; (3) that there should be district con- 
ferences with the parties, a Government representative 
being present ; and (4) that in the event of a district 
— to agree, the Government representatives 
should jointly decide the outstanding points. In the 
English aren these pro ls were accepted by the 
owners of Lancashire, Yorkshire, the Midlands, North 
Wales, Durham, and Cumberland ; while those of 
Northumberland, Scotland, South Wales, the Forest 
of Dean, Somerset, and Bristol were against them. As 
far as the men were concerned, the first and second 
clauses were agreed to, and the third clause was 
accepted on condition that the rates to be fixed should 
be those adopted by the Miners’ Federation on 
February 2. The fourth clause of the Government 
was rejected by the men. It may be thought that 
thus, in the case of 60 per cent. of the mines, a settle- 
ment might easily be reached with the men in the 
districts where owners accept the Government’s terms, 
since the points of difference have been so greatly 
reduced ; but the Federation take the view that all 
owners must accept the principle of the minimum 
wage, and that no sectional agreement can be accepted 
by the men. If no further developments occurred, it 
was expected that by Thursday night 600,000 men 
would be on strike. 

There appears to be a feeling in some quarters that the 
40 per cent. of the coalowners will be much to blame 
if they do not come into line with the 60 per cent. 
who are willing to accept the above proposals. 
This view of the matter ought not, however, to be 
taken too hastily, because, Teloss any fair decision 


can be come to on this point, it is important to con- 





sider the different economic conditions existing in 
different coalfields, as well as the circumstances that 
have brought about the present situation. In the 
first place, there is little wonder that the owners (those 
of South Wales particularly) hesitate about making 
any agreement, because they know from bitter experi- 
ence that any such agreement will probably be re- 
garded as co much waste-paper by the miners so soon 
as it suits the convenience of the men to disregard it. 
Moreover, the owners know that there is far more 
behind this demand for a minimum wage than appears 
at first sight. We can therefore hardly blame them 
for the view they take. Then there is the danger in 
some districts ot losing the foreign export trade if a 
minimum wage is granted, for competition is so keen 
that any increase in the cost of production cannot 
but affect seriously this foreign trade. This applies 
largely to Scotland and Northumberland, the English 
area being chiefly concerned with the home market. 
In spite of the owners of Scotland and South Wales 
declining to accept the minimum wage, they are 
willing to agree to special payments for abnormal 
places, which really appears a much more equitable 
method than the principle of aminimum wage, hedged 
round as it is by great difficulties on account of 
the peculiarities of the miners’ work. The men will 
not now, however, accept the ‘‘ abnormal place” pro- 
posals per se, and so the matter stands. There is much 
sentimental nonsense now talked and written regarding 
the “living wage,” which it will be well to receive 
with due caution. It is all done in the hope of 
affecting soft-hearted people in favour of the men, 
who will not keep solemn agreements. It is no use to 
speculate about the future ; no one can possibly know, 
though some people profess to have such knowledge. 
In case the strike really breaks out to the full extent 
intended by the men, it can only be hoped that the 
innocent public may be made to suffer as little as 
possible. Much wild and foolish language has been 
poured forth by Socialist agitators inciting to outrage 
and riot, which, if not checked, will doubtless bear fruit 
among the more excitable elements among the men. 





The Shipyard Standing Committee has sent out a 
joint circular to the members of the unions respecting 
the continuance or amendment of the National Ship- 

ard Agreement between the Shipbuilding Employers’ 

ederation and the Shipyard Standing Committee. 
The abolition of this agreement has already been 
strongly voted for by the Bollermahens’ Society. The 
circular states that the Shipyard Agreement, decided 
by a pooled vote of seventeen trade unions, and signed 
for a period of three years, terminates on March 9. 
It also adds that the Shipyard Standing Committee 
have had the whole question under careful con- 
sideration, and in view of the fact that the agree- 
ment was entered into jointly, they have decided to 
issue a joint circular to members of the respective 
societies, asking them to vote for or against an 
amended agreement. It is pointed out that by the 
original and supplementary agreements, representa- 
tives of the different societies have secured a better /ocus 
standi, and are enabled by right, through such agree- 
ments, to meet the representatives of the firms in the 
respective yards or districts, and are thereby enabled 
to deal more effectually with questions which have 
arisen from time to time. The principle of indepen- 
dent reference has been agreed to by the employers 
in the eT agreement in so far as the ques- 
tion of stoppages of work in breach of agreement is 
concerned. It is contended by the committee that the 
same principle should be extended, so as to include all 
questions covered by the agreements. It must be 
understood in the voting that if the decision is in 
favour of a joint amended agreement, the whole of the 
trades voting will be bound to joint action thereafter 
during the continuance of any such amended agree- 
ment. If an amended agreement be voted for, such 
agreement, before being finally accepted, will be 
submitted to the respective societies for a pooled vote. 








According to the 7imes the crisis in the coal trade 
here is being carefully watched by the men of the) 
Pennsylvania coal-field, and is adding to the appre- | 
hensions that have for some time been felt in America | 
on the general labour situation, and the public in the | 
States are confronted with the possibility of a coal | 
strike of their ownin the coming spring. The trouble | 
is in connection with the anthracite mines of Penn- 
sylvania, where, ten years ago, serious disturbances 
took place, peace being then restored largely through 
the intervention of Mr. Roosevelt, and the dis- 
— was settled by a commission. The settlement 

as lasted for three successive terms of three 
years, and has been regularly renewed, but it 
expires again at the end of next month. It is 
expected that additional demands will then be made, 
among which will be an eight-hour day, an advance 
of 20 per cent. in wages, and the recognition of 
district unions. There was to be a conference on the 
subject yesterday. The outcome of this conference is 
awaited with some apprehension, but it is hoped that 
there will be no strike. The owners are said to be in 





—. 





a strong position, while, on the other hand, the 
Macnamara revelations have made it probable that the 
public will have little patience with the unions. It js 
not thought, however, that the American situation 
will react upon the British situation. The American 
coal supply is not such as to be susceptible of use for 
the replenishment of our supply at home, and it is 
stated that the United States themselves consume the 
whole of the output of anthracite and bituminous coal, 





The return for the six weeks ending January 29 
last, just issued by the Associated Blacksmiths’ and 
Ironworkers’ Society, shows that the income of the 
Society amounted to 864/. 6s. 1d., and the expenditure 
to 827/. 16s. 64d., making a net increase to the funds of 
36/. 9s. 64d. The total membership amounted to 3260, 
against 3265 at the end of the previous month—a 
decrease of 5. The reports for the last quarter, which 
are included in the returns issued, show that work 
during the three months under consideration was 
satisfactory. Over the whole of the federated area 
wages were increased, and in some cases the conditions 
of labour were improved. The net gain in the 
membership was, however, only 13, this small gain 
being accounted for, however, by the fact that 72 
members were excluded. This number of exclusions 
is rather large, and the secretary gives it as his 
opinion that they might be reduced if the Vigilance 

mmittee were more alive to the importance of 
maintaining and increasing the membership. The 
income during the last quarter was 2461/. 3s. 94d., 
and the net expenditure amounted to 1734/. 13s. 2d., 
giving a net increase of 726/. 10s. 74d. to the capital 
account, which now stands at 20,656/. 5s. 94d., giving 
an average value of 6/. 6s. 113d. per member. 





The quarterly report of the Ship Constructive and 
Shipwrights’ Association for October, November, and 
December of last year is very satisfactory. Lloyd’s 
figures of shipbuilding work on hand are quoted 
(see page 20 ante). The income for the quarter 
amounted to 20,024/. 14s. 1d., and the expendi- 
ture to 12,753/. 16s. 8d., leaving a net gain on the 
quarter of 7270/. 17s. 5d. to be added to the reserve 
fund, which at the end of December, 1911, stood at 
102,551. 14s. 24d. The amountspent in the principal 
benefits during the quarter were :—Trade and dispute, 
433/. Os. 1ld.; superannuation, 872/. 4s.; sick and 
accident, 4184/. 7s. 9d.; funeral, 605/. 5s. A new 
branch was opened during the quarter at Birmingham 
for the convenience of men working on the canals around 
that district. The total number of members admitted 
during the quarter was 643, whilst 599 drew transfers, 
and 587 replaced them, 68 members died, and 388 
lapsed, leaving the present membership at 22,90). 
This is an addition of fully 20 per cent. on the numbers 
as returned in 1906. 





Grave discontent has broken out among the textile 
workers at Lawrence, in the State of Massachusetts— 
a discontent that promises to become a very serious 
labour trouble. The cause was a reduction of wages, 
which, it is said, the employers adopted on account of 
certain hasty and seemingly ill-advised social legisla- 
tion, as well as some political and industrial factors, 
which bore hardly upon them. Socialist agitators appear 
to have obtain the leadership of the trade unions, 
and they are, it is thought, trying to bring about a 
universal strike in all the industries concerned. The 
town of Lawrence has grown very rapidly during the 
last six years, and is now the largest centre of the 
textile trades in the country. With this rapid 

rowth the character of the labour it employs has, 
it is said, deteriorated. The town has recently been 
the scene of bloodshed in connection with industrial 
disputes, and there is much discontent abroad. The 
strike now in progress was due to a State law limiting 
hours of work, and this, backed by the Labour 
unions, reduced the working hours of women and 
children from 56 to 54 per week. This followed a 
reduction from 58 to 56 hours per week, which took 
place a year earlier. The law referred to came into 
force on January 1 last, and affected more than 50 per 
cent. of the hands; it was a serious matter for the 
mill-owners, who consequently cut down the wages 
without warning. This was the real cause of the 
present strike, though other influences, according to 
the Times, were at work. It is also said that there 


|are as many as forty-five different languages spoken 


at these mills, which has caused far more trouble than 
would at first be expected. Consequent on the State 
prohibition of the employment of young children, adult 
male immigrants were employed at absurdly low wages. 
The nature of the agitation has now become akin to Syn- 
dicalism, such as has taken hold of the miners in South 
Wales, to judgefrom the words of the Constitution of the 
Industrial Wasa of the World, which are as follow : 
—*‘* Between the two classes a struggle must go on 
until the workers of the world organise as a class, 
take possession of the earth and the machinery of 
production, and abolish the wage system.” The strike 
has now continued for about seven weeks, and on 
Monday last there was serious rioting, the police 
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being fired at from some tenement houses. The police 
naturally returned the fire, and very soon thousands 
of people were collected; they were repeatedly charged 
by the police, and many arrests were made. 





An official Norwegian report dealing with concerns 
and employees subject to compulsory insurance against 
accidents has just been published. Commenting upon 
the movement within the Norwegian industry, it states 
that the upward movement from the beginning of the 
‘nineties culminated in 1899. The downward move 
continued until 1904, when things slowly began to 
improve. Of late years, however, development has been 
very rapid, and 1909, the year specially under notice, 
shows an uninterrupted onward movement in almost 
every branch. The number of concerns, the number 
of hands employed, the amount of wages paid, and 
the extent of the employment of mechanical power, 
were higher in 1909 than during any previous year. 
The number of industrial concerns and kindred under- 
takings coming under notice increased by about 350 
from 1907 to 1908, and by 550 from 1908 to 1909, the 
aggregate number at the end of the latter year being 
12,205. 

The average rate of wages paid for a year’s work 
was 785.21 kr. (437. 10s.) in 1897; 893.77 kr. (50/.) in 
1904 ; 987.24 kr. (547. 10s.) in 1908; and 1005.77 kr. 
(56/.) in 1909. This means an increase of about 28 per 
cent. since 1897, and comprises both officials, men, 
youths, women, and children. 

The average daily pay has been continuously in- 
creasing for the whole country, with the exception of a 
slight relapse in 1905. The wages for 1909 exceeding 
4.50 kr. (5s.) per day averaged as under :— 


Kr. (s. d.) 
Railway work (private lines) 5.20 (59 ) 
Tunnel construction as - 89 66) 
Manufacture of insulating mate- 
rial and floor cover .. 499 (5 6$) 
Road construction ... Pe 4.96 (5 6) 
Plaster and stucco work ... 4.82 (5 44) 
Loading and discharging ... 4.79 (5 32) 
Electro-chemical industry 4.70 (5 22) 
Cement and concrete wor' 4.69 (5 22) 
Bricklaying ... oa tea 4.68 (5 24) 
Mortar work de as 4.64 (5 2) 
State Railway construction 4.60 (5 18) 
Sundry State work... on 4.59 (5 14) 
Joiners (buildings) ... 4.57 (51) 
Diving work sate ae .. 453 (5 04) 
In these are included the same persons as in the 


above table. 





INTERNATIONAL CONGRESS FOR THE PREVENTION OF 
AccipenTs.—The French, Belgian, and Italian associa- 
tions for the prevention of accidents in industrial estab- 
lishments, acting in conjunction with the permanent 
Committee for Social Insurance, have decided to hold in 
Milan, from May 27 to 31, a number of meetings dealing 
with the prevention of accidents and with industrial hy- 
gienic measures. The object of the meetings is to make 
known the best methods followed with satisfactory results 
in the different countries for insuring safety and hygienic 
conditions in works and factories, and to investigate the 
problems not yet solved, and those whose solution is still 
an imperfect one. Applications should be sent to the 
general secretary, Mr. Francesco Massarelli, Foro Bona- 
parte, 61, Milan. 





CanapiAN Coxe.—Coke is made in Nova Scotia, 
Pncigally at Sydney and Sydney mines, but also at 
Westville, Stellarton, and Londonderry. This province 
in 1910 produced about 56 per cent. of the whole coke 
production of Canada, and the output is used almost 
entirely in the manufacture of iron. In Ontario coke is 
made by the Atikokan Iron Company at Port Arthur for 
use in the company’s blast-furnace. By-product ovens 
are also being erected by the Algoma Steel Company at 
Sault Ste. Marie to supply fuel for the company’s blast- 
furnaces. For both these plants coal is imported from 
the United States. In Alberta coke-ovens are operated 
at Coleman and Lille, near Blairmore, and in British 
Columbia at Fernie, Michel, Caubovado, and Hosmer, 
in the Crow’s Nest Pass, and at Union Bay, Vancouver 
Island. The coke output of these provinces is 
chiefly by copper and lead smelters, finding a market in 
the United States as well as in British Columbia. 





Ciypk SHipyaRD AMALGAMATIONS.—Messrs. Harland 
and Wolff have purchased the London and Glasgow 
neering and Iron Shipbuilding Company, Limited, 

an old-established company having engineering works in 
the city and a shipbuilding oom | at Govan, where, in 
dition tomerchant ships, many cruisers of the armoured 
and protected type, as well as torpedo-boat destroyers, 
have been constructed. The company have recently made 
considerable additions to their works, including a tidal 
basin for the fitting out of ships.—Messrs. Barclay, Curle, 
and Co., Limited, of Glasgow, have purchased the yard 
and graving-dock of Messrs. John Shearer and Sons, 
Limited. This yard is 2 miles further down the Clyde 
than Messrs. Barclay, Curle, and Co.’s existing yard, and 
although it was not successful under Messrs. John Shearer 
and Sons’ régime, the dock affords considerable advantages, 
especially for repair -work, to which alone Messrs. 
aa liquidators have devoted attention for a long 





THE RHENISH-WESTPHALIAN COAL 
SYNDICATE. 


Ata recent meeting of German colliery owners the 
announcement was made that the ment between 
the Coal Syndicate on the one side and the Royal 
Westphalian Mining Fiscus, governing the Crown 
mines, and the Trier, the Hermann, the Auguste 
Victoria, the Brassert, the Teutoburgia, the Victoria- 
Liinen, and the Emscher-Lippe concern on the other, 
with regard to the sale of their production, had been 
concluded, and the latter mines were represented at 
the meeting. The allotments for March (as for Feb- 
ruary) were fixed at 95 per cent. for coal, at 80 per 
cent. for coke, and at 85 per cent. fur briquettes, which 
means an increase of 5 per cent. all round. 

The following table illustrates the working of the 
Coal Syndicate during the years 1910 and 1911] :— 


1910. 1911. 
Working days si we 299 
Average output per da 
tons 278,878 290,651 
Total average sale per 
da tons 280,240 291,036 


The year’s total output ,, 83,629,000 86,905,000 
Total quantities of coke 

despatched ... tons 16,869,325 17,232,286 

And of briquettes » 93,365,113 3,911,559 
The report states that the improvement in the de- 
mand continued in the autumn, and further increased 
towards the end of the year; the increased demand 
brought about a corresponding increase in the output, 
excepting in the Christmas week, as is always the case. 
The report draws attention to the dearth of rail- 
way wagons, which has never before made itself so 
keenly felt as during the autumn months of 1911, 
the deficiency reaching 15.9 per cent. of the require- 
ments. The matter mes still more serious as the 
available wagons are not evenly distributed, and the 
Coal Syndicate, in conclusion, urges the State ——- 
to increase materially the rolling stock, the insuffi- 

ciency of which has been so palpably demonstrated. 
The fact that the Coal Syndicate has arrived at an 
understanding with the mines in the Ruhr district 


has given apparent satisfaction, although the negotia- | pee: 


tions retarded the fixing of the ruling prices beyond 
the customary time. With reference to the Saar dis- 
trict, a possible arrangement with the Coal Syndicate 
will influence the latter’s position towards the Crown 
mines, for unless an agreement is concluded before 
September 30, 1912, the arrangement between the 
Crown mines and the Coal Syndicate terminates on 
October 1, 1912; if, however, an agreement has been 
arrived at by that date, the Crown mines are tied 
until 1915. The difficulties between the Coal Syndi- 
cate and the Saar mines at present seem to be princi- 
lly with the De Wendel firm, owning the Klein- 
oe Be mine, which firm will only agree to an under- 
standing about coal if its demands with regard to 
the Steel Syndicate are complied with. As the Crown 
mines have already effected coal sales for the present 
smn the arrangement with the Coal Syndicate 
mes of special importance in connection with 
coke ; the Crown mines have only sold coke sub- 
ject to syndicate quotations, so that should the Coal 
Syndicate raise the price of this commodity, the Crown 
mines will likewise raise the price. The latter mines 
retain their trading organisation, and their allotment 
is looked upon as normal. 

With regard to the rise in the Coal Syndicate’s 

uotations, that is stated to be principally owing to 
the improved condition which, since last summer, has 
prevailed in all industrial branches, except the cotton 
industry. As faras the iron industry is concerned, the 
improvement already set in during 1910, and the posi- 
tion of last year, left nothing to be desired—with the 
exception that higher prices would have been prefer- 
able. As, however, good progress has been made in 
this direction since the new formation of the Pig-Iron 
Syndicate, matters appear to be clear in this sphere, 
save for one circumstance—whether or not the renewal 
of the steel union will be consummated. The decision 
may be looked for within a few months ; and provided 
a renewal is brought about, which there is_reason to 
expect will be the case, the prospects within the Ger- 
man iron industry for the current year are pronounced 
as fairly favourable. 

It can therefore be no matter of surprise that the 
coal-mining industry, considering the satisfactory and 
encouraging conditions prevailing within almost every 
industrial branch, is desirous of somewhat improving 
the price level, the more so as the reductions in price 
adopted in the year 1909-10, with exception of the 
quotations for coke, had remained in force. Whilst 
the fiscal Saar mines only reduced their prices for indus- 
trial coal from 20 to 60 pfennig (2.4d. to 6.6d.), the 
Coal Syndicate for the year 1909-10 adopted reduc- 
tions for certain sorts of as much as 1.25 marks 
(1s. 3d.), and for blast-furnace coke and foundry coke 
even of 2 marks (2s.) per ton. The spirit in which the 
Coal Syndicate then met the wishes of the indust 
was favourably commented upon, and there was all 
the more reason for this, as the margin for the owners 





of coal mines had by degrees become more and more 
curtailed. The prices remained unaltered during the 
next financial year of the syndicate for all sorts of 
coal. The ruling price for briquettes was even reduced 


' 50 pfennig (6d.), whilst that for coke was raised, for the 


first time for a period of six monthe, at the lapse of 
which the, quotations for coke were again raised, the 
production of pig iron having increased materially 
during the summer. Towards the end of 1910 the 
coal trade was exceedingly slack, and reductions of 
25 to 50 pfennig to 1 mark (3d. to 6d. to Is.) for 
sundry sorts of coal were decided upon, coke remaining 
unaltered. 

The increase in wa; has materially swelled the 
cost of production. The following table refers to the 
Dortmund district, and is taken from the official 
report :— 
Mining Hands Proper 

(Hewers). 


Shift | Quarterly Shift Quarterly 
Earnings. | Earnings. Earnings. Karnings. 


For all Hands. 




















marks (marks(£s.)) marks |marks(é s.) 
1st quarter, 1910..| 4.48 824 (16 4) .29 | $71 (1811) 
2nd ” 1910.. 4.51 387 (16 17) 5.33 | 387 {i 7) 
ard » 1910 4.57 361 (8 1) 5.40 416 (20 16) 
4th 98 1910. 4.61 360 (18 0) 5.45 416 (20 16) 
Ist ” 111.. 4.64 356 (17 16) 5.49 410 (20 10) 
2nd 1911 4.66 | 860 (17 10) 5.51 402 (20 2) 
3rd oe» 1911 4.72 | 884 (19 4) 5.58 435 (21 15) 


The aggregate wages paid to the hands in the Ruhr 
district rose from 119,050,918 marks (5,952,500/.) for 
the third quarter of 1910 to 126,764,170 marks 
(6,338,200/.) for the third quarter of 1911. 





Coat aT SprrzBercEn.—The winning of coal in Spitz- 
bergen will proceed on an extended scale during the 
resent year. The leading men of the Arctic Coal 
mpany have already arrived at Tromsé to engage men, 
&c., and there are plenty of applicants. According to a 
telegram received from Advent City, more coal had been 
broken during the present than during the previous 
winter. The main drift, in two parallel shafts, has now 
m carried considerably more than 2000 ft. into the 
rock. Owing to the favourable ice and weather condi- 
tions which have prevailed at Spitzbergen during the 
last seven years, the company has applied for the insur- 
ance being extended to October 1, which would mean 
four months’ sailing and three months’ shipping. Some 
250 men will this summer be working in the American 
Coal Company’s mines at Spitzbergen. 





Tue Swepisx Strate Rar.ways.—Some of the Conti- 
nental State railways have had an exceptionally good year 
during 1911, none more so than the German. Still the 
Swedish railways have also a very satisfactory record, 
the gross revenue amounting to 76,616,898 kr., and the 
expenditure to 58,109,875 kr., the net profits thus being 
18,507,023 kr. From this surplus a sum of 500,000 kr. 
goes to the pension fund of the State railways. The 
figures for the previous year were respectively 72,131,021 kr. 
and 55,549,867 kr., the profits thus amounting to 
16,581,154 kr., from which. however, 350,000 kr. went to 
the pension fund. The increase in the profits of last year 
is further enhanced by the fact that during 1911 
1,280,000 kr. more than during the previous year were 
appropriated for pension expenses, and 1,850,000 kr. 
were written-off on the material of the State railway. 





ENGINEERING FEATURES OF THE ARMY EsTIMATES.— 
Lord Haldane has issued his memorandum explanatory 
of the Army Estimates, and in it there are certain engi- 
neering features. Considerable interest attaches to the 
in provision made in connection with aviation, 
the vote for the forthcoming year being 308,000/., which 
is 177,000/. more than in the current year. It has been 
decided t establish at once a joint Army and Navy 
School of Aviation, where officers will be exercised in 
the more specialised requirements of their respective 
services, This school is to be on Salisbury Plain, and 
will, it is hoped, be ready, and aeroplanes purchased for 
instructional purposes *‘ ata very early date.” The expense 
is to be shared between the Army and Navy votes. The 
officers will re from this school to the separate Army and 
Navy establishments already provided for. At the same 
time the Estimates provide for continuing theexperimental 
and other work of the army air-craft factory and for 
further buildings for sirships, and for a considerable 
number of aeroplanes as a first instalment of the equip- 
ment of the field army. As regards mechanical trans- 
port, considerable progress has been made in the conver- 
sion of the third or fourth lines of transport from horse 
to mechanical transport. One dép6t company, with 
fourteen service companies of mechanical transport, have 
already been formed, with a nucleus of vehicles, leaving 
four yet required for the expeditionary forces. Con- 
siderable progress has also been made with registration 
of lorries for war requirements, and a scheme of subsidies 
for vehicles complying with the War Department’s speci- 
fications will shortly come into force. As to armaments, 
no automatic rifle has yet been approved, and a new 
pattern of magazine rifle has therefore been worked 
out, and a number, for extended tests by the troops, 

ill be put in hand shortly. The trials of a lighter 
pattern Maxim gun are in and a new pattern 
mounting for: this gun, for use with cavalry, is under 
consideration. 
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WATER-TANK MOTOR-VAN. 


WE illustrate on this page a motor-driven and motor- 
worked water-tank van, recentlyconstructed by Messrs. 
Merryweather and Sons, of Greenwich, Figs. 1 and 2 
being respectively side and end views. A four-cylinder 
42-horse-power (R.A.C.) petrol - engine is employed, 
which drives the vehicle through a multiple disc-clutch 
and side chains to the rear wheels. There are three 
forward speeds and one reverse, the top speed giving 
74 miles an hour, and the bottom speed 24 miles an 
hour, the latter being about the usual pace of an ordi- 
nary horse-drawn water-cart when at work. Duplicate 
ignition is provided—viz., magneto, and battery and 
coil, and the radiator is of the tube and fin types as 
used on the makers’ motor fire-engines. The brakes 
are in duplicate—viz., a pedal-brake working on the 
drum on the second motion shaft, and a screw- brake 
with blocks acting on the tyres of the hind wheels. 
The wheels are each 3 ft. in diameter, and ore of 
the artillery type. Wrought-iron tyres, 5 in. wide in 
front and 7 in. wide in rear, are fitted. 

The tank is constructed of steel plates securely 
riveted at the joints, and hasa capacity ef 550 gallons. 
The motor-engine, in addition to being used for pro- 
pulsion, is employed to drive a double-barrel oo 
pump placed under the rear end of the tank. ‘This 
pump can be employed either for filling the tank or for 
forcing the water through the fan-spreaders at the 
ends of the distributing-pipe. The pump is coupled 
up by means of a clutch from the first motion shaft in 
the change-speed gear-box, and is controlled by means 
of a friction-clutch operated by a pedal in front 
of the driver’s seat. ‘he pump is capable of filling 
the tank in less than ten minutes. A valve is fitted 
in the tank and is actuated by a pedal in front of the 
driver’s seat, by means of which the supply of water 
to the pump can becontrolled. With the pump in action 
water can be forced through the spreaders under pres- 
sure, as shown in Fig. 3, for dealing with roads of 40 ft. 
and upwards in width. The speed of the pumpcan be 
regulated, and there is also fitted a relief-valve which 
can be set to pass the water back to the tank at any 
desired pressure. The width over which the water is 
distributed can therefore be adjusted according to the 
size of the road on which the machine is operating. 
At an actual test at the makers’ works it was found 
that, when going at full pressure, a width of 60 ft. 
was covered by the water. Of course, watering can 
also be carried on without the intervention of the 
pump, in which case the water is merely delivered 
through the spreaders in the ordinary way by means 
of gravitation. 








Tur Sour ArricaNn Mines.—The monthly statistics 
for December last, issued by the Mines Department of 
the Union of South Africa, give the following particulars 
relating to the output of minerals for the last month of 
1911. ‘The output of gold from the Witwatersrand and 
other districts of the Transvaal was 709,148.759 fine 
ounces, valued at 3,012,273/., and from other provinces 
101.7 fine ounces, valned at 432/., making a total ot 
709, 250.459 fine ounces, the total value of which was 
3,012,707. The output of silver was 74,911.774 fine ounces, 
valued at 8217/., and of coal, 600,453 tons, valued at 
150,5551., while base minerals other than coal amounted 
in value to 99,829/., the total value of all the minerals 
being 3,271,306. The output of diamonds is not included, 
as this is reckoned half-yearly. The number of men 
employed in the gold industry amounted to 221,367, of 
which 25,205 were whites and 196,072 blacks. ‘I'he 
number of hands employed in the diamond mines, coal 
mines, base-mineral mines, lime works and flint works, 
amounted to 69,975, of which 6406 were whites and 
63,572 blacks; the total number omnes in the whole 
industry, therefore, being 291,345, of whom 31,701 were 
whites and 259,644 blacks. 





New Dona.pson Lingr.—Scotts’ Shipbuilding and 
Engineering Company, J.imited, Greenock, have launched 
the steel twin-screw steamer Letitia, for the Donaldson Line 
(Dona'dson Brothers, Glasgow) for their service between 
the Clyde and Canada. Her principal dimensions are :— 
Length between perpendiculars, 470 tt.; breadth, moulded, 
56 ft. 8in.; depth, moulded, 39 ft. 6 in. to the shelter- 
deck, above which are fitted poop-bridge, forecastle, and 
boat-decks. Accommodation for 300 second-class pas- 
sengers is fitted on the bridge, shelter, and upper decks, 
and for 600 third-class passengers on the shelter, upper, 
and main decks, principally in two and four- berth 
state-rooms. While primar‘ly intended for r 
trade, the vessel will carry a .arge cargo, there —— ve 
holds. Refrigerating-chambers are provided for ship’s 
provisions and cargo, the plant being on the CO, system. 
The machinery, which has been constructed by the 
builders, includes six single-ended boilers and two sets 
of three-cylinder triple-expansion engines, driving two 
screws. The high-pressure cylinder is 26 in. in diameter ; 
the intermediate, 434 in. in diameter ; and the low-pres- 
sure, 724 in. in diameter, all with a stroke of in. 
Piston-valves control the steam to the high-pressure 
cylinders, Andrews’ valves are fitted to the mean-pressure 
cvtinders, and double-ported slides to the low- ure 
cyliaders. The propellers are about 17 ft. in diameter, 
and of the built type, the being of cast iron, and 
the blades of bronze. 
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AGRICULTURAL EXHIBITION aT THE Hacus. — In 


Ange, 1913, an icultural exhibition will be held 
at The Hague. Full particulars may be obtained from 
the secretary of the Royal Netherlands Agricultural 


Only two 


Society, Buitenhof 42, The Hague, Holland. 0 
sections will be open to international exhibits—viz., 


cultural implements and agricultural buildings. The 


Fie. 3. 


section for implements will be divided into: (1) Exhibits 
of Dutch and foreign manufactured implements «nd 
| machinery; (2) exhibits of implements and machinery 
| made in rural districts ; (3) new or improved implements ; 
and (4) trials of implements. There will be two class 
| for materials ; (2) 


icultural buildings: (1) Build 
actual buildings, models, drawings, and photographs. 
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FREE-PISTON INTERNAL-COMBUSTION AIR-COMPRESSOR. 








Fie. 1. 
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Witntn the past few years there have been several 
proposals to construct internal-combustion air-com- 
pressors on the free-piston system, and through the 
courtesy of Signor Guiseppe Matricardi, of Pallanza, 
Lago Maggiore, Italy, we are now able to give illus- 
trations of a compressor of this type which he has 
actually built and tested. The cycle of operations 
in such a compressor is as follows:—A heavy piston 
is propelled from one end of a cylinder to another 
by the explosion of a charge of gas behind it. 
During its motion it expels the air in front of it 
through a port, and thence through a non-return valve 
into a reservoir. The piston near the end of its 
travel over-runs the port, and compresses into the 
end of the cylinder a Fresh charge, which is exploded 
in its turn, shooting back the piston to the other 
end. In its passage the piston compresses and dis- 
charges into a reservoir the air in front of it, as 
before. The piston is thus shot to and fro between 
the two ends of the cylinders, drawing in air on one 
side, and compressing and discharging it on the other. 
One of the compressors tried by Signor Matricardi is 
represented in Fig. 1, above. This a cylinder of 
80 mm. bore, the stroke being 100 mm. Its arrange- 
ment will be best understood by reference to the dia- 
grammatic view, Fig. 3. Each end of the cylinder is 
closed by a large valve, through which the air to be 
compressed enters the cylinder. A cap arranged over 
each cylinder end, as indicated, causes all this air to 
pass between studs cast on the outside of the cylinder, 
which is thereby cooled. The stem of each Of these air- 
admission valves is hollow, and terminates in an en- 
larged end as shown. Just beneath this enlargement a 
number of fine holes are drilled through the wall of the 
valve stem, which, when the main valve is closed, are 
in communication with the fuel-pipe a, If, however, 
the main valve opens, these small orifices are masked, 





so that no fuel can enter from the fuel-pipe during 
the process of drawing air into the cylinder. The 
supplementary openings shown at bb may be used 
to supply a charge of compressed air in starting up. 
The working of the device is as follows :—Supposing 
the piston at the left-hand end of the cylinder, with a 
charge between it and its cover. This charge is fired 
by the rise of temperature due to the previous com- 
pression, and expands along the line AB of the 
indicator diagram, Fig. 2. hen the piston reaches 
the point corresponding to B, it uncovers the port in 
the cylinder wall, and some of the gases behind it, 
being at a higher pressure than those in the reservoir, 
pass through this port into the latter, the pressure of | 
which is represented by the point C. As the piston 
moves forward the pressure falls down below that of the 
atmosphere, as represented by the point D, and a suction 
stroke is made, which terminatesat E. The piston then 
begins its return stroke. The inlet valve being closed, 
and the pressure inside the cylinder being less than that 
of the reservoir, a charge of petrol or oil is sprayed 
through the fuel-valve until the return of the piston has | 
compressed the entrapped air to F. The pressure then 
remains constant and air is discharged into the cylinder | 





until the piston masks the discharge port at a point 
corresponding to G on the diagram. Compression | 
the line G H 


then commences and continues — 
until the temperature rises sufficiently to ignite the 
charge, when a return stroke is made. The cycle of 
events and the indicator diagram is exactly the same 
for the right-hand side of the cylinder as for the left. 
The fuel charge is, it will be seen, not admitted until 
after the air-inlet valve has closed. It thus remains near 
the head of the cylinder, and is not wasted through the 
discharge-pipe to the reservoir. The whole of the pro- 
ducts of combustion pass into the latter, raising the 
temperature of the mixture there and increasing its 





| the courtesy of the 


available energy. In his preliminary experiments the 
constructor informs us that a good efficiency and large 
output have been secured, but, as a larger compressor 
is now under construction and is to be subjected to 
test by independent engineers, we reserve actual 
figures until these have been completed. 








ARTIFICIAL HORIZON AND BALLOON 
SEXTANT. 

THE artificial horizon, illustrated in the twoannexed 
figures, has been brought out by Messrs. Spindler and 
Hoyer, of Gittingen, as an attachment to sextants 
especially suitable for observations from balloons. The 
ordinary ship sextant is too heavy for balloon work, 
and the accuracy of which it permits has no advantages 
for aeronauts, who must content themselves with read- 
ing within two minutes of arc. That accuracy is 
obtained with the balloon sextant fitted with the arti- 
ficial horizon ; the whole instrument weighs 1 kilog. 
It was described by Herr K. Schwarzschild in the 
Zeitschrift fiir _Instrumentenkunde last December, and 
we reproduce the diagrams of the artificial horizon by 

ole of that journal. 

The interest of the novelty lies in the combination 
of a level and a small Galilean telescope for the pur- 
pose of determining the vertical. The little telescope 
is, as Fig. 1 shows, mounted in the inverted position, 
the concave eye-piece being turned downward, so as to 
be above the bubble of the level, which is not a straight 
tube, but forms an arc; the parts are rigidly connected. 
As long as the instrument is held vertical, the concave 
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lens will produce a reduced image of the bubble, and 
the eye looking through the object-glass will see this 
image in the centre of the field of view, which will be 
the direction of the vertical. When the instrument is 
inclined, however, the bubble will travel out of the 
field of view, and the direction in which it appears will 
no longer indicate the vertical, except under the special 
conditions of this design. When the instrument is in- 
clined to the left, the bubble will travel to the right, and 
the condition to be fulfilled is that the bubble, as seen 
in the telescope, shall be deflected by the same amount 
as the instrument, but in the opposite direction. That 
sondition is fulfilled when the image of the bubble 
is, by the concave lens of the telescope, reduced in size 
in the ratio in which the focal length of the object- 
glass of the telescope stands to the radius of curvature 
of the level. The focal length of the object-glass is 
50 mm., the radius of curvature of the lens is 750 mm., 
their ratio, therefore, 50/750 = y;. Now the focal 
length of the eye-piece is 5mm. To ensure that the 
reduction in size of the bubble image should be one- 
fifteenth, the bubble should be 80 mm. below the 
eye-piece. For the magnification (or reduction)— 
that is, the ratio of the size of the image i to the 
size of the object c—depends upon the focal length 
and the distance p of the object from the lens accord- 
ing to i/c = f/(f — p); therefore, i/o = 5/(-80 + 5) 
= 5/( . 75) ot rs: 

As it is more convenient to look through the object- 
glass in a horizontal than in a vertical direction, a 
totally-reflecting prism is fitted into the telescope, as 
Fig. 1 shows. The adjustment of the instrument is 
made by the optician with the aid of a horizon mark. 
The illumination of the level is, in day-time, effected 
by means of a white disc of celluloid, fixed underneath 
the bubble, and the observer centres the image of 
the sun, reflected by the mirrors of the sextant, in the 
bubble. At night-time some star is observed and 
centred, and the bubble is illuminated by a small 
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low-lamp, which also serves for taking readings. 
his lamp produces, with the aid of two small mirrors 
attached to the sides of the level, two light spots in 
the ends of the bubble, between which the star is 
centred ; a screen prevents the light from striking 
other parts of the field. This illumination device is 
due to Professor Prandtl, of Gittingen. A higher 
accuracy than the two minutes of arc mentioned is 
hardly realisable in a balloon, since the unsteady 
bubble will appear to dance about the object. 





REINFORCED-CONCRETE BRIDGE AT 
FARN WORTH. 

A REINFORCED-concrete over-bridge has been con- 
structed recently on the Cheshire Lines Committee’s 
main line between Liverpool and Manchester. The 
bridge is situated at a point about twelve miles from 
the Liverpool terminus, and about 300 yards east of 
Farnworth station. The Committee decided to remove 
an old tunnel at this point, and it became necessary to 
provide the bridge to carry an occupation road over 
the railway. 

The bridge was carried out to the design of Mr. 
Harry Blundell, M. Inst. C.E., chief engineer to the 
Committee, and the Kahn system of reinforced con- 
crete was employed. Details of its construction are 
given in Figs. 1, 2, and 3, page 288, whilst Fig. 4 
shows the structure after completion. As will be seen, 
the roadway is carried on three reinforced arched ribs 
with columns and deck beams, upon which rests the 
decking, also of reinforced concrete. The span of the 
arch is 57 ft., and rise 8 ft. 3 in.; the ribs are 24 in. 
deep at the centre, and 28 in. deep at the springing, 
the columns measuring 12in. by 9in., and the deckin 
being 10in. thick. The parapets are also of reinfor 
concrete, and have sunk panels, the thickness being 
44 in. at the panels and 7 in. at the pilasters. The struc- 
ture springs off mass-concrete abutments faced with red 
sandstone coursed ashlar, most of which was obtained 
from the tunnel at the site, which has now been re- 
moved. The concrete for the reinforced work was 
composed of #-in. Penmaenmawr granite chippings, 
clean sand, and British standard Portland cement, in 
the proportion 34: 14:1. The bridge was re rt 
by the specifications to carry a uniformly distributed 
load of 24 owt. per square foot. A test load of this 
amount was applied on August 3 last, and was applied 
in a novel manner. The Tebhes was, in fact, loaded 
with water, this being accomplished by erecting a 
clay dam, 3 ft. thick at the base and 1 ft. at the top, 
at each end of the parapet walls. The interspace 
was then filled with water conveyed from the main 
through a 2}-in. hose. The bridge took eight hours to 
fill to the required height, and under the test load the 
deflection was but ,'5 in. at the centre of the ribs, or 


less than vovoot part of the span. 


Where a uniformly distributed test load is con- 
sidered sufticient, the plan just described is much 
more convenient than that of loading with earth, 
rails, &c., being less costly and more expeditious. It 
can, of course, be applied only to monolithic struc- 
tures which will retain the water. Incidentally the 
method applies a severe test to the parapets. 

The total cost of the bridge was approximatel 
700/., the contract being carried out by Messrs. Mon 
and Newell, Limited. The reinforcing steel was sup- 
plied by the Trussed Concrete Steel Company, Limited, 
of Caxton House, Westminster, and consisted of Kahn 
trussed and Kahn rib bars. 








ASSOCIATION OF CHEMICAL TECHNOLOGISTS. — This 
Association, whose offices are at 30, Victoria-street, 
Westminster, S.W., wishes us to call the attention of 
our readers to the fact that its direct purpose is to carry 
out a radical change in the unsatisfactory state of affairs 
now existing in connection with the application of 
chemistry to the arts and the manufacturing industries in 
Great Britain, and thereby to improve the commercial 
prosperity of this country. Further data can be obtained 
a Mr. J. Wilberforce Green, secretary, at the above 

ress. 





LONGITUDINAL AND CIRCULAR GRADUATING ATTACHMENT 
ror MILiinc-Macuines.—The need for some handy port- 
able attachment, which can be easily fixed on to a machine- 
tool for g-gn certain pieces of work, has often been 
felt, and, in order to supply this need, Messrs. C W. 
Burton, Griffiths, and Co., Lucgate-square, Ludgate-hill, 
E.C., have recently bronght out an appliance of this kind. 
It can be readily fixed on a milling-machine that has a 
universal dividing head. It is possible to graduate straight 
or circular work with it. The attachment is fixed to a 
suitable arbor in the spindle of the machine, and can be 
used in any angular position, thus enabling graduations 
to be marked on sleeves, discs, or conical faces. When 
used for graduating work in a longitudinal direction the 
attachment can be set at right angles to the table by the 
aid of an auxiliary arbor snpplied. The attachment acts 
automatically in such a manner that after four ua- 
tions a longer or shorter mark may be engraved. The 
length of stroke is adjustable by means of stops. The 
machine includes one feed-roll suitable for either ,; or 4 
graduations, and special feed-rolls can be supplied for 
metric geaduation; if desired. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 21. 

THE net gain in blast-furnaces in operation during 
the past week amounts to four. The Carnegie Com- 
pany has 52 of its 59 furnaces in work. The Jones 
and Laughlin Steel Company will start another fur- 
nace in a few days. ‘The eight furnaces of the Gary 
plant are all running. Two more furnaces will blow 
in in a few days. More furnaces. will blow in, but 
the present margin is too narrow to make it safe. 
There are immense supplies at Lake ports which will 
be moved as soon as navigation opens. Nearly all the 
furnace companies have concluded their contracts for 
the first six months of the year. The general tone 
of the market is strong at the very low level, and 
there is no disposition to make an attempt to advance 

rices. Manufacturers are more anxious to secure 

usiness than to gain a fractional advance, and this 
anxiety will probably continue to work in favour 
of buyers. ‘The tin-plate mills have secured a 
large volume of business, and the output is estimated 
at 90 per cent. of capacity. Notwithstanding prices 
are very low, a good Neal of expansion is being talked 
about, especially among the independents. Among 
the mills that will increase capacity is the tin-plate 
installation at Follansbee, West Virginia. This mili 
will be doubled in its capacity. The Youngstown Sheet 
and Tube Company is building several open-hearth 
furnaces. The Brier Hill Steel Company, a new con- 
cern, will build seven or eight open-hearth furnaces, 
and will be ready for operation in early autumn. 
Very little business has been done in structural steel 
or in steel plate for the week ; in fact, no announce- 
ments of importance in transactions have been made. 
There has been enough work laid out to keep the 
mills all busy for some time to come. Some recent 
inquiries for rail mills for Canadian delivery are giving 
the rail-makers some encouragement. 





THe UniversaL ExvrcrricaL Drrectrory, 1912.— 


London: Messrs. H. Alabaster, Gatehouse, and Co., | 50s. 


4, Ludgate Hill, E.C. [Price 14s. 6d. post free. ]— 
Appearing in the form of its thirty-first annual edition, 
this directory has undergone one or two changes which 
may be expected to improve its value. It contains some 
34,500 names in the four sections, viz.:—British, Colonial, 
Continental, and United States. Each section, giving 
names in alphabetical order, is followed by a section 


giving the firms classified according to manufactures, &c._ 


Thumb index cut in the edges facilitates prompt reference 
to any particular section. In this edition the London 
and provincial names have been separated in the British 
section. The list of electrical undertakings gives par- 
ticulars as to supply. such as system of distribution, 
voltage, capacity of plant, &c. 





Enoaing-Room TriecrapHs.— Mr. J. M. Newall, 
M.I. Mech. E., read a paper at the Liverpool Engineer- 
ing Society on the 21st ult. on this subject, describing 
all recent improvements. He gave interesting particulars 
of the development of such appliances, stating that tele- 
graphs from the bridge to rt engine-room first came 
into use about 1850, and consis’ of a dial and lever 
handle on the bridge connected by rods and bell-cranks 
to a dial with a pointer and bell in the engine-room. 
These continued until about 1860, when the shafting tele- 
graph began to be u It was usually made with a 

estal dial and lever on the bridge, and connected 
with solid shafting and cast bevel-wheels (which were 
filed by hand) to an engine-room indicator having a dial, 
pointer, and bell. This telegraph was capable of work- 
ing through six pairs of wheels and about 50 ft. of shaft- 
ing, and was generally accompanied by a call-bell to act 
as a reply. In 1871 John 8S. Gisborne invented a tele- 
graph in which the communicating medium was a single 
wire. In the early ’seventies Chadburn put on the 
market a patent endless hand telegraph which consisted 
of a pedestal on the bridge with dial and lever, connected 
by wires and chains to an indicator with dial pointer and 
bell in the engine-room. Very soon this system was 
duplicated, being made to work from the engine-room to 
the bridge as a reply. The old shafting telegraph was 
superseded by this system of wire and chain, as it was 
found to work accurately at much longer distances, and 
the advantage of a reply. This is practically the 
telegraph of the present day as fitted in all merchant 
vessels, At later dates minor improvements were added, 
such as the duplex gong indicator, giving a deep-tone 
g for abead orders, and a shrill tone for astern orders. 
ouble dials were then used in bridge instruments and 
made to sit fore and aft, so that the lever was moved 
ahead for ahead orders and astern for astern orders. 
In about the year 1885 telegraphs with — and 
bevelled wheels were greatly improved by employing 
wheels with machine-cut teeth, and later on by the use 
of hollow steel shafting. In 1893 Chadburn patented 
a synchronising device which caused the pointer of the 
ine-room instrument to stand in the centre of the 
order. Thisconsisted of a star-wheel on a flexible spindle 
and a spring-controlled roller working into the teeth of 
the star-wheel. Automatic tell-tales were fitted from the 
weigh-shaft to the instrument on the bridge, and in other 
ways, as well as in the working of large bridges ; of lifts, 
as at Shanklin ; one was also used for controlling the Big 
Wheel at Earl’s Court; for motor railway-coaches, motor- 
cars, many large electric generating-stations, quarries, 
mills, submarines, airships, and floating-docks. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a dull tone, and 
Cleveland warrants amounting to 3500 tons were put 
through at 49s. 34d. and 49s. 3d. cash, 49s. 6d. one 
month, and 50s. t months. ae | sellers quoted 
49s. 34d. cash, 49s. 64d. one month, and 50s. 04d. three 
months. The afternoon market was quietly steady, 
and 2500 tons of Cleveland warrants were done at 49s, 3d. 
cash and 49s. 6d. one month, and at the close sellers quoted 
49s. 34d. cash, 49s. 64d. one month, and 50s. 1d. three 
months. On Friday morning no business of any kind was 
recorded, and quotations for Cleveland warrants were 
nominally firmer at 49s. 4d. cash, 49s. 7d. one month, 
and 50s. 1d. three months sellers. Cash hematite was 
called 63s. 9d. sellers. In the afternoon the market was 
the turn stronger, and some 3000 tons of Cleveland 
warrants changed hands at 49s. 4d. cash and 49s. 7d. one 
month, with sellers over at 493. 44d. cash, 49s. 74d. one 
month, and 50s. 1d. three months. One lot of hematite 
was done at 63s. 9d. cash. On Monday morning a firm tone 
again prevailed, and Cleveland warrants were done at 
49s. 5d. eighteen days, 49s. 8d. one month, with buyers over, 
and also at 50s. 1d. May 20. The turnover was 3000 tons, 
and closing sellers quoted 49s. 6d. cash, 493. 9d. one 
month, and 503. 3d. three months. Hematite was steady 
at 63s. 9d. cash buyers. The upward tendency continued 
in the afternoon, but the business was limited to 1500 
tons of Cleveland warrants at 50s. 44d. and 50s. 5d. three 
months. At the close sellers quoted 49s. 9d. cash, 50s, 
one month, and 50s. 6d. three months. On. Tuesda 
morning the market was flat, and Cleveland warrants fell 
away. The turnover was 3000 tons at from 49s. 64d. 
to 49s. 54d. cash and 4%s. 7d. ten days, and closin, 
sellers quoted 49s. 6d. cash, 493. 9d. one month, an 
50s. 3d. three months. Only two lots of Cleveland 
warrants were done in the afternoon at 49s. 64d. 
cash, and 49s. 10d. one month, but sellers’ quotations 
were the turn firmer from the morning at 49s. 64d. cash, 
49s. 94d. one month, and 50s. 34d. three months. When 
the market opened to-day £ ednesday) the tone was 
steady, but there was little doing, and only one Cleve- 
land warrant changed hands at 49s. 6d. cash. Closing 
sellers quoted 49s. 64d. cash, 49s. 94d. one month, and 
. three months. In the afternoon Cleveland 
warrants were firmer, and 2000 tons were done at 
49s. 64d. cash and 49s. 84d. fourteen days. At the 
close of the session there were sellers at 49s. 74d. cash, 
49s. 10}d. one month, and 50s. 84d. three months. The 
following are the market quotations for makers’ (No. 1) 
iron aw, ng Calder, and Summerlee, 64s. ; Gartsherrie, 
64s. 6d. ; Langloan, 65s.; and Coltness, 82s. 6d. (all 
shipped at Glasgow); Glengarnock (at Ardrossan), 65s. ; 
age (at Leith), 65s.; and Carron (at Grangemouth), 


Sulphate of Ammonia.—There has been no change in the 
sulphate of ammonia market since last report, and busi- 
ness is somewhat quiet. The price is called 14/. 10s. per 
ton for prompt lots, Glasgow or Leith. 


Scotch Steel Trade.—The feature of the Scotch steel 
trade at present is the continued activity in demand for 
almost all kinds of material. Pressure for delivery is 
very general, and plant is being worked to its fullest 
capacity, but an early falling off is certain if the indus- 
trial trouble is not speedily settled. Already notices 
have been posted at some of the works, stating that 
workers’ services will be dispensed with almost imme- 
diately if a national coal strike takes place. The labour 
unrest is largely responsible for the very small amount of 
new business which has lately been booked for the home 
market, but for shipment lots there is a fair inquiry. 
Activity is general in the galvanised and black-sheet 
trade, and makers are in receipt of ae for some 
respectable lines for abroad, but their inability to promise 
early delivery may be against them securing the business. 
In ional: sections quite a healthy demand exists, and 
there isan increasing inquiry for lots for spring shipment. 


Malleable-Iron Trade. — The Scotch malleable-iron 
makers are exceedingly busy at the moment and have 
more orders on hand than they have had for a long time. 
With prices remaining firm, and buyers inquiring about 
forward deliveries, the outlook is indeed bright. The 
current quotation is unchanged at 6/. 15s. per ton, less 
5 per cent., for crown bars, delivered at local works, 
while for best bars the figure is 7/. 2s. 6d. per ton, less 
5 per cent. delivered. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade has 
shown no change of late, and little or no new business on 
home account has been done in the ordinary qualities 
during the past week. Deliveries have been good, and 
consumers are pressing for supplies in case of a coal strike. 
The settlement of the weuhie at Glasgow Harbour has 
opened up shipping, and even if the miners do stop work, 
ra the exporting will be continued out of stocks, so 
long as these last. Hematite is unchanged, and almost 
no demand is in evidence. 


Shipbutlding.—Messrs. Ferguson Brothers, Port Glas- 
gow, have contracted to build a powerful bucket-dredger 
of large dimensions for English owners. They have also 
received an order for a tugboat for London owners. 








Bexetan Coat Propuction.—The output of coal in 
Belgium last year was 23,125,200 tons. This figure shows 
little change on the outputs for many previous years. 
Belgium does not fully provide for its own coal consump- 
tion, having to import between 3,000,000 and 4,000,000 
tons annually. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
A Coal-Strike Effect.—A concrete instance of the effect 
upon the Sheffield industries for lack of their daily coal 
supplies is furnished to-day by the stoppage of the Shef- 
field Forge and Rolling-Mills. Some 600 or 700 men are 
thrown idle in consequence. 


South Yorkshire Coal Trade.—The most interestin 
feature of the coal crisis locally is the calmness wit 
which the situation is viewed by the general public. 
Some weeks ago, when the strike was only a threat, 
instead of, as now, on the eve of accomplishment, by 
some spirit of contrariness, the public lost their heads, 
and began uying in a panic-striken manner. Yet 
during the past few days the merchants have had 
comparatively little demand for house coal. Of course, 
in any case there would not be very much available. 
The manufacturers, on the other hand, have been buying 
as rapidly as possible, so that they may vay d their 
works going as long as possible, and merchants have in 
many cases had to refuse orders, as it has been + 
sible to get supplies from ‘the pits. Several of these 
have been holding back supplies, not only to keep the 
pit machinery going, but in the cases of some large com- 
panies to supply their subsidiary undertakings, such as 
jron-works, coke ovens, &c. In this direction one of the 
big colliery companies uses as much as 500 or 600 tons 
of coal per day. At some of the collieries in the district 
notices expired yesterday, and the men came out. Prices 
advanced slightly at the week end, but since have been 
fairly stationary. Pit quotations have varied during the 
last few days, but merchants have not made any altera- 
As much as 20s. a ton has been paid for best 


tions. 
house coal at pits, and the lowest colliery quotation for 
hards is 15s. anufacturers have had to pay anything 


from 10s. upwards for slack. The Sheffield Gas-Light 
Company have experienced such a demand for domestic 
coke that they have had to hold over more than 6000 
orders, The principal quotations given on the Sheffield 
Exchange on Friday last were :—Best branch hand- 
picked, 19s. to 20s.; Barnsley best silkstone, 16s. 6d. to 
19s.; silkstone, 17s. to 18s. 6d. ; Derbyshire best brights, 
16s. to 18s.; Derbyshire house, 15s. to 16s.; laxge nuts, 
lds. to 16s.; Yorkshire hards, 15s. to 16s.; Derbyshire 
hards, 15s. to 16s. 


Iron and Steel.—Again the pig-iron market has been 
marked by excessive quietness, due in some measure to 
the overshadowing effect of the coal crisis. Nor is there 
much real necessity, so far as the majority of the con- 
sumers are concerned, to come into the market for fresh 
supplies, as they are well covered forward. The steel 
trades are already showing the effects of the unsettled 
state of the mining industry. Messrs. Vickers are 
amongst the large firms that have posted notices inform- 
ing their men of the uncertainty of future work, and the 
most conservative estimates do not give the Sheffield 
works more than a fortnight in which to be able to 
carry on should the strike actually take place. <A 
certain number of orders has been cancelled, and the 
placing of new work is hindered. Just at present the 
whole of the departments of local firms are fully occupied, 
and the loss which a strike would inflict upon trade in its 
present flourishing condition can scarcely be realised. 
Certain firms have increased the prices of billets, and 
Bessemer and Siemens qualities cannot be obtained in 
some instances at under 7/. 10s. The engineering and 
railway steel departments are extremely active, and the 
file-makers are working to their fullest capacity. High- 
speed tool steel is passing through a period of prosperity. 
Large contracts have come from the Continent, America, 
and the Far East, and have been secured in the face of 
very keen competition. It is reported that one of the 
contracts is worth 16,0002. Steels for mining and agricul- 
tural implements and machinery, as well as for motor-car 
parts, are in increasingly large demand. Manufacturers 
continue to complain of working costs, and it is now 
stated that the canal charges for certain iron and steel 
material are to be increased. A local firm of tool-makers 
im notifying their customers that an all-round permanent 
advance of 5 per cent. had been made in the price of saws, 
stated that the Workmen’s Compensation Act, the new 
grinding regulations, and the Insurance Act, would 
together add 2s, 9d. in the £ to their income-tax. 








AGRICULTURAL Macuings IN Russia.—The Russian 

vernment continues to show its interest in the deve- 
lopment of the home manufacture of agricultural ma- 
chines. Thus it is proposed to give a premium of 1.43 
rouble per pood on portable engines manufactured in 
Russia, and of 1 rouble per pood on thrashers, and factories 
making agricultural machinery are to be exempt from 
production-tax. Customs facilities will be mted on 
imported machine-tools for making agricultural machines. 





Frexcu . Nava Construction, — According to Le 
Monitcur Industriel, the Brest and Lorient naval yards 

ave been informed that they will have to commence, 
before May 1, the construction of two 23.500-ton battle- 
ships. The Chantiers et Ateliers de la Gironde, Bord- 
faux, are to receive the order for a battleship to 
replace the Liberté. The Ateliars de la Ciotat, belong- 
ing to the + neagaie des Messageries Maritimes, are to 
put in hand shortly a new mail-boat of the Paul Lecat 
_ to be named André Lebon. The Société des 
Forges et Chantiers de la Méditerranée are to receive, it 
is stated, the order for another battleship generally 
Similar to the super-Dreadnought Paris, now in course 
of construction at their La Seyne yard. The Toulon 
yard is also to be entrusted shcrtly with an order for new 
shipbuilding work. 





NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 
Mipp_LessrouGH, Wednesday. 

The Cleveland Iron Trade.—The market is lifeless 
owing to the situation in the coal trade. Coke supplies 
_are coming to hand irregularly, with the result that some 
blast-furnaces are already on slack blast. Under present 
conditions it is not surprising to find that no efforts are 
being made to do business. No. 3g.m.b. Cleveland pig is 
49s. 9d. f.o.b., whilst No. 1 is 53s. 9d.; No. 4 foundry and 
No. 4 forge, each 49s. 3d. ; and mottled and white iron 
each 493.—all for early delivery. East Coast hematite 
pig shows no change. This branch is quite featureless, 
and mixed numbers remain at 66s. for early delivery. 
Foreign ore is very strong. A contract is stated to have 
been made at 21s. 6d. ex-ship Tees for Rubio of 50 per 
cent. quality, and quotations for other kinds of foreign 
ore were in proportion. Up to to-night the imports of 
ore to the Tees amounted to 185,171 tons. It is difficult 
to fix prices of coke. Average blast-furnace kinds are 
anything from 18s. upward. 


Stocks and Shipments.—Stocks of pig iron are being 
steadily reduced. There is very little iron now lying at 
makers’ yards, and the quantity of Cleveland pig in the 
public warrant stores is returned to-night at 518,020 
tons, 10,167 tons having been withdrawn since the begin- 
ning of the month. Shipments of pig iron from the Tees 
up to to-night (February 28) amount to 79,592 tons, or 
an average of 3316 tons per working day, as compared 
with a total despatch of 63,060 tons, or a daily average 
of 2627 tons, to the same date in the first month of the 
year, and a total clearance of 78,408 tons, or an average 
of 3267 tons, for the corresponding part of February 
twelve months ago. 


Manufactured Iron and Steel.—The labour trouble in 
the fuel industry has stopped all new business in manu- 
factured iron and steel. But for the industrial unrest, 
some firms would establish record three months’ outputs 
for the first quarter of this year. Producers of all 
descriptions of finished iron and steel have excellent 
cepted, but a stoppage in supply of fuel will bring 
works to an immediate standstill. Values are well main- 
tained. Principal market quotations stand :—Common 
iron bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; 
iron ship-plates, 6/. 12s. 6d.; iron ship-angles, 7/. ; iron 
ship-rivets, 7/. 12s. 6d. to 7/. 15s.; iron geet meng 
6l. 17s. 6d. ; iron boiler-plates, 7/. 12s. 6d. ; steel bars, 
62. 10s.; steel ship-plates, 7/. 5s.; steel ship-angles, 
6l. 17s. 6d.; steel boiler-plates, 7/. 15s.; steel strip, 
61. 12s, 6d.; steel hoops, 6/. 15s.; steel joists, 6/. 128. 6d. 
to 6l. 15s. ; cast-iron railway chairs, 3/. 12s. 6d.; light 
iron rails, 6/. 10s.; heavy steel rails, 5/. 12s. 6d. ; steel 
railway am, 61. 10s.; and iron and steel galvanised 
corrugated sheets, 11/, 10s.—sheets less 4 per cent. f.o.b., 
railway material net, and all other descriptions less 24 per 
cent. discount. 








ENGINEERING QUANTITIES AND EstimatTses.—The Cit 
and Guilds of London Institute has decided to establis 
an examination in quantities and estimates for electrical 
engineers. A class for teaching the subject to mecha- 
nical engineers was started at the Northampton Institute, 
London, five years ago, and, in 1909, Dr. M. Walmsley, 
the principal, also decided to start a similar class for 
electrical students, Mr. E. Kilburn Scott, M.I.E.E., 
being — lecturer. Experience has conclusively 
shown that the subject is one that can be taught in class 
quite as well as the purely technical details of engineer- 
ing. The Battersea Polytechnic started a course last 
year, and no doubt other institutions will take it up now 
that an examination is to be held. 





Tsk Lonpon Exvecrric Ratways.—The London 
Electric Railways form a combination of the Baker- 
Street and Waterloo, the Piccadilly and Brompton, and 
the Great Northern and Strand tube systems. It is prac- 
tically entirely a passenger system, and the growth of the 
traffic during the six years ending with 1911 inclusive has 
been as follows :— 


Year. Passengers. Revenue. 
£ 
1906 10,612,291 75,162 
1907 56,771,282 419,428 
1908 862, 616,094 
1909 95,126,973 667,288 
1910 96,710,411 676,167 
1911 101,215,226 711,777 


It will be seen that the business of the undertaking has 
shown a constant progress year by year. The length 
of line now in working is 22} route miles, and the cost 
of working in the second half of 1911 was 68,113/., 
in which electric current figured for 39,192/. Of the 
mileage in operation nearly 22 miles were double 
track, and } mile single track. Repairs involved 
the following outlay in the second half of 1911 :— 
Permanent-way, 4040/.; signals, telephones, and tele- 
graphs, 2900/. ; stations and buildings, 4250/. ; tunnels 
and other works, 557/.; and ventilation, 1591/. The 
distance run by trains in the second f of last 
year was 2,741,309 miles, and the average cost per 
train-mile run was 7.06d. It should be observed that the 
7.06d. per train-mile run, representing the cost of elec- 
tric traction, included superintendence, electric current, 
wages of train-men, car-cleaning, dép6t expenses, run- 
ning stores, and repair and renewal of cars ter 
and materials), but did not, however, include the out 

incident to the maintenance of way and works, lift 
charges, and general traffic and other expenses. The 
amount expended on capital account to the close of 1911 





was 16,366,800/., or 743,945/. per mile, no allowance being 
made for fractions. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—Business in steam-coal has, of course, been 
much unsettled by recent labour difficulties and conse- 
quent manifold troubles. It is of little use to attempt to 
give quotations; it may, however, be noted that early in 
the week best Admiralty large steam-coal touched 23s. 

rton. It has been generally admitted that there has 

n little coal available for loading. House-coal and 
other bituminous qualities have been scarce. Coke has 
ruled firm. As regards iron ore, Rubio has made 20s. to 
2ls. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

A Sewerage Scheme.—The authorities of the Rhymney 
Valley are considering a costly sewerage scheme, with a 
sea outfall. On ee T. Williams, surveyor and 
engineer, Bargoed, explained to the Gelligaer Council 
his method of treatment by electrolytic tanks, and gave 
demonstrations with a working model The cost of dealing 
with the Rhymney Valley he estimated at 20,000/., but 
works for by- products, concrete plant, and refuse 
destructor would involve a further outlay of 30,000/. 


Powell - Duffryn Coal.—The profits realised by the 
Powell - Duffryn Steam - Coal Gomeean, Limited, last 
year, amounted to 266,929/., as compared with 328,388/. 
in 1910; 258,981/. in 1909 ; 407,526/. in 1908 ; and 441,065/. 
in 1907. The dividend devlared upon the ordinary 
shares for the past year is at the rate of 20 per cent. per 
annum, as compared with 20 per cent. per annum in 
1910, 15 per cent. per annum in 1909, and 20 per cent. 
perannum in 1908 and 1907. The pits at Penjam made 
satisfactory progress during the past year, notwithstand- 
ing water troubles ; the north pit oa now attained a 
depth of 234 yards, and the south pit a depth of 172 yards. 


Newport.—Mr. F. Mills presided at a meeting of the 
Newport Harbour Board, at which it was shown that 
the foreign export of coal for January was 401,691 tons, 
as compared with 375,431 tons in January, 1911. The 
Dredging Committee reported having appointed Sir 
William Matthews consulting engineer to the Board. 
He had examined the river at high and low water, and 
had considered the matter of the Alexandra Dock Com- 
pany’s scheme for dredging the deep channel to their 
new lock entrance, It was decided that Sir William 
should consult with Sir J. Wolfe Barry, the engineer to 
the Alexandra Dock scheme. 


Great Western Colliery.—The report of the Great 
Western Colliery Company, Limited, for 1911, states 
that after writing off 5000/. for depreciation, the profits 
for the year amounted to 53,522/., and adding the amount 
brought forward, 34,213/., there is87,735/. available. The 
directors recommend that the reserve fund account should 
be augmented by 6014/., and that a dividend be paid on 
the ordinary B shares at the rate of 10 per cent. per 
annum, poor ed 39,7211. to be carried forward. The 
output of coal for the sw year was 975,824 tons, and of 
coke 112,315 tons. he preliminary plant and works 
having been completed, sinking commenced at the com- 
pany’s new pits at Cwm in August, and has proceeded 
steadily since that time, the shafts having now reached 
a depth of 130 yards. 


Bristol Docks.—There has been a busy time at Bristol 
docks. The grain-laden vessels docked recently included 
three steamers from North America, a large barque from 
Australia, and a steamer each from Glenitchesk, Sulina, 
Bussorah, and Kurrachee. Other arrivals included two 
Bristol City Line steamers from New York, a barque 
from Nova Scotia with timber, and steamers from Sfax 
with phosphate, from Huelva with copper ore, and from 
Alexandria with cotton seed. 








Discovery OF HEMATITE IN FRANCK.—We read in La 
Métaliurgie that old researches made in the centre of 
France, at Anzat-le-Luguet, in the Puy-de-Dome district, 
had shown the existence there of hematite iron ore. The 
Commentry-Fourchambault Company had carried out 
comparatively recently other researches, but had been 
compelled to abandon them, especially in view of trans- 
port difficulties. More recent researches have revealed at 
that place the existence of a hematite iron-ore bed having 
an area of over 100 sq. ft. and a length of several miles. 





ENGINEERING IN GERMANY IN 1911.—We are informed 

the Commercial Intelligence Branch of the Board of 
rade that, according to the Frankfurter Zeitung, the 
position of the engineering and motor industries in Ger- 
many was not generally satisfactory during 1911, espe- 
cially in Saxony, where labour troubles had an adverse 
effect on trade. Owing to the prolonged differences in 
brass foundries, the machinery and iron-foundry trades 
found themselves compelled to associate with those inte- 
rests, and a lock-out was declared, which lasted about seven 
weeks. This caused very considerable losses. For example, 
as a result, poy at certain machinery works iu 
Chemnitz fell in value by approximately 3,000,000 marks 
(about 150,000/.), to say nothing of indirect losses. Prices 
of steam-engines were low, as the demand was not com- 
mensurate with the supply. As a matter of fact, this 
trade has been steadily declining for some years; it has 
to encounter keen competition from the steam-turbine 
and other branches of the engineering trades. The 
exports of petrol- motors have increased, especially 
to those countries where petrol is cheap. Agricultural 
machinery was fairly active at the beginning of 1911, but 
afterw: declined somewhat, owing to the drought. 
The machine-tool trade was, as previously, unsatisfac- 
tory. Towards the close of the year, however, the engi- 


b 





neering industry in Saxony was active, hut it remairs to 
be secn whether this will continue. 
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ENGINEERING WORKS AT THE ROSy 


COLONEL SIR E. RABAN, K.C.B., R.E., DIRECTOR OF WORKS AND cliyy, 
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SCIENTIFIC MANAGEMENT. 


Norte in the recent history of engineering is 
more illustrative of the changes which are taking 
place than the removal of practically the = 
of the design of the product to be manufactured 
from the shop—that is, from the men who are 
doing the actual physical work on the material 
—to special designing and drawing departments, 
whose duty it is to determine the form of the final 
product in every detail, so that all questions of 
design or determination of dimensions are removed 


rack) from among the duties carried out in the shops. 


The process by which designing work has been 

293| taken from the foreman and workmen and trans- 
ferred to designers and draughtsmen has been a 
gradual one, and in some particulars and in some 


ogg | trades is as yet incomplete. None the less the 


system has become so practically universal that on 


296 | first thought, and to most people, it would probably 


appear impossible that any other system would 
It is likuly, indeed, that under 
a great part of modern conditions no other 
system would be workable, and that the system is 
but a reflex of the conditions. Be this as it may, 
the system is established in a way that suggests it 


297|is not likely to be rapidly changed, and it is now 


almost impossible to conceive a manufacturing busi- 
ness of any magnitude carried on under a system in 
which the present common separation of designing 
and shop work should be done away with and in its 
place a system substituted in which the shop hands 
actually themselves designed the articles they were 
making. Any modifications which recent years 
have seen in the current system have tended rather 


sg | to a strengthening than a weakening of its methods. 
designin 


The removal of the g part of a manufac- 
turing business from the workpeople to special 
departments is, of course, an example of specialisa- 





tion and of the cutting down of the range of work 
which any particular individual in an organisation 
shall be engaged in. This specialisation is charac- 
teristic of modern life in many ways, and it is 
arguable that we are yet far from the limit to 
which it may ultimately reach. None the less it 
must be noted that in general this specialisation 
has come about by a process of natural develop- 
ment, and has not been imposed upon society as a 
cut-and-dried system or a worked-out thesis. This 
being so, one is quite justitied in examining with 
some care any attempt to introduce a further 
system of specialisation of an extreme nature, and 
covering ground as yet little affected by modern 
development in this direction. The fact that 
specialisation in a particular direction in manufac- 
turing work has grown to such an extent as to 
be almost universal is no a priori evidence that 
specialisation in other directions is either possible 
or desirable. 

The interconnection between this question of 
specialisation and the subject indicated by our 
title is a very close one. Scientific management 
is a movement, or, as many of its protagonists prefer 
to call it, a ‘* science,” of which much has been 
heard in the last few years in the United States. 
The movement, as we prefer to callit, is difficult to 
sum up and explain in a few words ; butit ap 
to us that essentially it stands for a tendency 
towards further specialisation in manufacturing 
methods than exists at present. The aim of scien- 
tific management is simple. It is to increase the 
workers’ output so that the cost of producing any 
particular article becomes lessthan nie rthe present 


si- | system, even though, as a concomitant of the intro- 


duction of the system, the workers’ wages are in- 
creased. Its methods are not so simple. They con- 
sist, briefly, in first studying the workers’ motions, 
by means of a stop-watch or in other ways, and 
eliminating all unnecessary ones, so that the rate 
of performing any particular action becomes the 
maximum possible. It is claimed that the present 
methods of the average workman are so inefficient 
that enormous increases in the speed of working 
may be achieved by this study of motions. The 
savings are in the main claimed as due to the 
elimination of wasteful motions, although they are 
partly achieved by the introduction of improved 
appliances whose design is suggested by the motion 
-|study. Afterwards, the methods of scientific 
management demand the individual and careful 
training of workpeople in the systems of working 
which are established as a result of the motion 
study, and continuous assistance to the work- 
people in carrying out the system, by the pro- 
vision of all necessary appliances to them, and the 
organisation of a shop system of such kind. that 
information and materials shall always be supplied 
to the workpeople in the right quantity and at 
the right moment to enable them to keep up to 
the standard of output established by the previous 
motion study. 

In the practice of scientific management by its 
originators, it has been the rule to set a definite 
task which workpeople are expected to complete in 
a definite time, a to arrange the system of pay- 
ment so that a workman capable of doing the task 
shall receive a considerably higher wage than the 
ruling one for the work he is engaged in. The 
tasks set call for outputs.two or three times as 
great as are usually made by workmen under ordi- 
nary conditions, and those who are incapable ulti- 
mately of working up to them are either dismissed 
or transferred to other classes of labour. It must, 
however, be borne in mind that although the tasks 
call for two or three times the ordinary amount of 
work, they are claimed to be relatively easier than 
this bald statement would appear to indicate, since 
they are carried out under the assistance of the 
data and information accumulated as a result of 
the preliminary motion study which is held to 

tly increase the rate of workmen’s output by 
eliminating the unnecessary and wasteful motions 
he previously made. A stimulus to work in 
accordance with the new system, and to endeavour 
to complete the set tasks, is, of course, provided by 
the —_ er wages which may be earned. 

The carrying out of the methods of scientific 
management in practice involves much expense in 
the first instance, and the organisation of a special 
and extensive planning department as a necessary 
and continuous feature of the system. The pre- 
liminary motion-study observations and experi- 
ments r4 demand years of labour if they are to be 


applied to a complicated manufacturing process, 
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while they may incidentally result in much ex- 
pense in the rearrangement of shops and the 
reconstruction of machines in order to render the 
results of the motion-study work properly effective 
in practice. When the system is put into operation 
the expense of the individual training of the work- 
people in the new methods has to be faced and a 
special planning department has to be organised 
whose duty it is to instruct each workman every 
day, in writing, as to what he is to do, and how he 
has to do it. This department determines the 
work to be carried out every day on every machine, 
arranges for the supply of raw or semi-finished 
material to the right man at the right time, and 
keeps a watch to see that each man is completing 
his set task. 

The above description is necessarily somewhat 
brief, but we think it fairly states the main features 
and methods of scientific management. It will be 
obvious from it that the subject may be looked at, 
criticised, or approved from various sides, and that 
while some may be specially struck by the motion 
study, on which, in a sense, it is based, others may 
be attracted by the task system and method of 

ying the men, andsoon. We think ourselves, 
Sooners that the essential and important feature 
of the matter is that it represents an attempt to 
apply specialisation to a brauch of work in which 
as yet it has made little progress. As we said inthe 
beginning of this article, specialisation has already 
and long been applied to the design of manufac- 
tured articles. Scientific management now suggests 
that it should also be applied to their production. 


Its contention is that the best way of carrying out |i 


any piece of work or any operation has not been, 
and cannot be, discovered by the workmen who are 
engaged on it, and that only by careful observa- 
tions and timing by independent observers is it 

ible to determine that best way. Its argument 
is that as this best way is so much superior to the 
way of ordinary practice, it will pay to introduce 
a complicated system, and a large new class of 
workers, in order to make the introduction and prac- 
tice of this better way possible. This new class of 
workers is to specialise in production, and by taking 
over the arrangement of the work and making 
itself responsible for the way of doing it, is to free 
the workmen from their present duty, of not only 
doing the necessary physical work on the product, 
but deciding themselves how they are to do it. 

It is obvious that any criticism directed against 
scientific management as, in essence, a system of 
specialisation must involve some assumptions or 
admissions as to the adequacy of the motion study 
on which it is stated to be founded. We are un- 
able, however, in the space at our disposal for the 
moment, tu discuss motion study in itself, but we 
have already given it some attention in a previous 
article,* and have no desire to modify the position 
we tonk up at the time that was written. It may 
be remembered that our article resulted in letters 
of protest and criticism from Mr. Gilbreth and 
others, but these letters did not appear to us to 
disprove our case. In any event, it is not necessary 
that we should now spend time on a discussion of 
motion study per se, since we do not admit the 
validity of the position which Mr. Taylor and 
others assign to it in the scheme of scientific man- 
agement. In saying this we are, of course, in a 
sense, guilty of a contradiction in terms. It is 
Mr. Taylor and his co-workers who are the 
originators and devisers of scientific management. 
We are but critics, and properly should accept or 
reject the system as it is presented to us, and not 
ro alternative schemes of ourown. We must, 

owever, do this, since we find so much that is 
suggestive and valuable in the system, and yet are 
unable to accept the whole of the proposals pre- 
sented to us. 

Scientific management then proposes that the 
work of manufacturing shall »e further specialised, 


and that instead of the system in which a job) 
is designed by one man in every detail and/ 


made by another, we shall substitute a system in 
which a job is —— by one man in every detail, 

ed over to another, who shall determine the way 
it is to be made in every detail—that is, the machines 
it is to be made on, the tools that are to be used, 
the rate the machine is to be run, the time the job 
is to take, &c.—and finally passed to a third, who 
shall do the actual physical work. As we have 
said, the leading feature of this proposal is that it 
represents a further specialisation of functions than 





* See vol. xcii., page 357. 





exists at present. In the old times a workman, in 
conjunction with his foreman, instructed in the 
roughest dimensions only, designed his own machine, 
decided how to make it, and made it. Now a work- 
man is instructed in every detail as to what he is to 
make, but in a large number of cases is left fairly 
free, in conjunction with his foreman. to decide how 
he shall make it, and to make it. The proposal is 
that the future workman shall be left with the last 
of these functions only. The scientific-management 
people argue, and certainly with scme show of 
reason, that as a workman is not as well able to 
design a product as a special man who does nothing 
else—i.e., a draughtsman—so is he not as well able 
to determine the best way of making a product as a 
special man who devotes his whole time to ques- 
tions of production, and that, as a consequence, 
such special men should be introduced. 

The argument from special designing men to 
special _poamergpees men is interesting, but does not 
in itself carry conviction. The conditions govern- 
ing design are very different as compared with those 
governing production. In the first case, the work- 
man is but little affected by what is done in the 
special department ; in the second, the workman 
is continually and always directly affected by what 
is done in connection with production. We do not, 
however, suggest that this fact is a fatal bar to the 
introduction of some measure of scientific manage- 
ment. It may probably be taken merely to indi- 
cate a difficulty in the introduction of a system of 
specialisation in production, which may partly 
— the comparatively small extent to which 
it has spread. That some measure of such special- 
isation is valuable we consider to be established, 
and that that establishment owes much to the work 
of Mr. Taylor and his associates. It is pretty 
certain that there are few things in this world 
done as well as they might be, and although we 
are much impressed with the limitations of human 
possibility, we are certainly not prepared to suggest 
that improvement in production, as in other things, 
is not possible. None the less, we suggest that 
scientific management in its entirety, as presented 
by Mr. Taylor, Mr. Gilbreth and Mr. Gantt, is an 
impossibility from the point of view of ordinary 
people and ordinary practice. We have no desire 
to be misunderstood in connection with this matter, 
and we find so much of worth in the work of 
scientific managers, that we hasten to add that it 
is rather the wholesale way in which it is preposed 
to apply scientific management, and the attempt to 
work it up to its logical conclusions, to which we 
object, rather than any of its methods. Few 
doctrines will stand pushing to their logical con- 
clusions in this world, and compromise lies at the 
root of most material success. 

There is no inconsistency in accepting the main 
ideas, or most of the main ideas, of scientific man- 
agement while rejecting the system in its extreme 
applications. Its methods all find some place in 
any well-organised manufacturing business, but 
they do not find themselves in the first place and 
last place and every intermediate place. Scientific 
management postulates a system in which every 
movement of every workman is the subject of 
written instruction supplied to him on cards, in 
which every tool to be used and the speed of every 
machine is regulated by a special department, 
which again deals with the workmen who are using 
the tools and running the machines, by means of 
written instructions. It postulates a system in which 
every workman is subject to instructions from five 
different foremen and three different sets of clerks, 
each dealing with one part of his work only and 
each acting independently from the others; and 
it postulates a system in which the route of 
every piece of work through the shops is the 
subject of daily written instructions from a special 
department, and in which bodies of men and gangs 
are similarly controlled in their movements by a 
special department, which in some cases works out 
its instructions by means of a sort of diagrammatic 
chessboard arrangement. 

We have no quarrel with any of the methods on 
which scientific management is based if they are used 
within reason, but we simply do not believe that 
such a system as is outlined above is a practicable 
one for every-day life. It introduces some seven 
new links into a chain which under ordinary 
methods contains about four, and with these seven 
new links must introduce seven new possibilities of 
inefficiency and failure. At each of the new stages 
there is always a chance of small delays and losses 


creeping in, and with ordinary men under ordinary , 





conditions these delays and losses will creep in. 
The whole organisation is of such complexity and 
delicacy that a little derangement of one of its parts 
will upset the whole working, while its expense 
must be such that savings over ordinary methods 
can only be shown if it works consistently at its 
best. The setting in motion of such a system of 
management shows a lack of appreciation of the 
capabilities of ordinary men for whom systems are 
made, and, in our opinion, any attempt at its 
general adoption can only end in disappointment. 
The underlying idea of the system is specialisation, 
and each man doing only what he can do better 
than anyone else ; but the extreme splitting up of 
work, and complication of organisation, which such 
specialisation involves, causes the possibilities of 
evil in the system to quite outbalance any gains 
due to its specialisation features. 

The reply of the scientific-management people 
to all this will be that the system is in operation 
in many cases, the existing and continued success 
of which is evidence that our view is unsound, and 
that the system is in every way a workable one. 
We cannot admit, however, that the available 
evidence of the successful operation of scientific 
management establishes its suitability for general 
adoption. It is claimed by Mr. Taylor that scien- 
tific management can replace individual manage- 
ment, and provide a system which can take the 
place of the pear aoe directing element which is at 
the back of all enterprises which are successful for 
any length of time. We hold this to be so far 
from the true fact of the case that we consider 
the existing successful examples of scientific 
management to illustrate not a form of non-personal 
management, but, on the contrary, extreme examples 
of personal management. Given a good enough 
man, any system will work, and the working of 


shops with scientific management, with all its com-.- 


plications of four or five foremen to every man, 
each dealing only with some particular phase of 
his work, its maze of written instructions, card 
forms, &c., is, to our mind, but an example of what 
an able manager can do under the most complex 
conditions. Scientific management can be made 
to work and pay. It has been made to work 
and pay. But we believe it has been made to 
work and pay in the main by the ability of the 
people who are running it, and by the fact that 
by paying high wages it has got together a picked 
set of workpeople. 

We are possibly in danger of conveying a wrong 
impression in this article. We have no wish to 
take up any position of hostility to the methods of 
scientific management, but the extreme develop- 
ments of it appear to us to be so unwise that we 
cannot refrain from expressing our disagreement 
from them very clearly. For a large part of these 
methods we have much admiration, and would 
plead for their careful consideration and moderate 
use by works managers in this country. A plea 
for moderate use may be illogical, but we contend 
that it is sane and practical. The methods of 
scientific management may be good, but that is no 
reason for pushing them to extremes. It is very 
easy to have too much of a good thing. We said in 
an earlier part of this article that we did not admit 
the validity of the position assigned to motion 
study in scientific management by Mr. Taylor and 
others, and would instance this as a case in which 
scientific management runs to extremes. Motion 
study appears to us to be rather the last link in 
the chain of scientific management than the first. 
Unless an article is made in very large quantities, 
we should doubt the value of motion study 
applied with the idea of directing the motions of 
the men making it. Motion study applied to it 
with the idea of evolving suitable tools and jigs is 
another matter. In general we should say the 
design of jigs is a more important matter than the 
method of using them. It is impossible, however, 
at the close of this article, which is already too 
long, to enlarge on what appear to us to be the 
more important features of scientific management. 
We may return to the subject later, although, 
before closing, as we have looked at the question 
from the point of view of specialisation in produc- 
tion, we would like to say that this aspect of 
scientific management appears to us a very valu- 
able one. The average works manager has his 
time fully occupied with his ordinary routine 
duties, and has little or no time to spare for 
the consideration of new methods of production ; 
while, even if he has time to spare, he is apt to 
postpone any thinking over new methods, which 
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he can avoid, to a very indefinite future, thinking 
being a much harder process than the carrying on 
of routine work. Considerations of this order 
make it clear that special men told off to deal with 
production work alone are likely to prove useful. 
We cannot, however, deal in detail with this 
matter at the present moment. 

Ia conclusion we can but again plead for modera- 
tion in the application of the methods of scientific 
management. In our previous article dealing with 
motion study we pleaded for moderation in the 
application of its methods and results ; and although 
our plea received little encouragement from Mr. 
Gilbreth, we cannot but repeat it, and ask formodera- 
tion in the methods of the larger subject. None 
of these methods is absolutely new, but Mr. Taylor 
and others, by enlarging their scope and intension, 
have suggested many useful developments in shop 
work. ‘hese developments are, we are sure, likely 
to come into less than their kingdom if they are to 
be coupled only to the extreme views and practices 
which are now associated with scientific manage- 
ment. As we have said, we have much admiration for 
the work which has been done in this new field, and 
would especially refer to the admirable researches 
of Mr. Taylor and the value and sound sense of 
much which he has written. But we cannot in any 
way agree that the extreme developments of this 
work will prove practicably sound in ordinary life, 
or even ultimately sound in the cases now in opera- 
tion. The extreme developments of the system 
seem to hypothesise perfection in the people who 
are to carry them out ; but perfection cannot be 
obtained even by increasing wages. The whole 
movement which has gathered round the name 
‘scientific management ” appears to us to stand in 
great part for a formless enthusiasm which, in its 
aspiration towards a better order of achievement 
than the world now shows, is likely to fail to realise 
that the story of the best of human labour makes 
but a pitiful and a halting tale. 





DANGERS OF MONOPLANES. 

We have several times during the last two years 
called attention to the fact that the trussing of the 
wings of monoplanes often seems to be of such a 
type as to give a very small margin of safety, 
especially as regards the horizontal stresses. As 
we went into the question of the stresses on mono- 
plane wings very fully in our issue of January 
12, we need not repeat the matter here. Briefly, 
however, there is a vertical stress due to the weight 
of the machine, and a horizontal one due to the 
resistance of the wings through the air. In per- 
forming evolutions in the air either of these may 
be very greatly increased beyond what they are 
when flying horizontally. To provide against the 
vertical stresses the wings have truss-wires to the 
chassis, but there is usually little to strengthen 
them horizontally. The fact that there have 
been quite a considerable number of fatal accidents 
through the wings failing appears to cast great 
doubt as to whether the margin for safety is any- 
thing like sufficient. The fatal accident to Mr. 
Graham Gilmour, which occurred the week before 
last, is a case in point. As usual, it is impossible to 
tell exactly what happened, for the machine was 
too much smashed and the pilot was killed. 

As far as can be judged from the accounts of 
eye-witnesses, however, the sequence of events is 
as follows :—At about 11 a.m. on February 17 Mr. 
Gilmour started from Brooklands for a cross- 
country flight. All went well till he was over the 
Old Deer Park at Richmond, when the machine fell 
from a height estimated at some 400 ft., and he 
was instantly killed. As to what actually hap- 
ae to cause the fall there is no definite evidence, 

ut the eye-witnesses agree that the wings failed, 
one apparently going before the other. It seems 
probable that the machine decreased its elevation 
somewhat just before the wings went, and also 
that there was a wobble and an apparent attempt at 
recovery. It is, however, stated that the truss- 
Wires of the wings were all found to be intact after 
the accident. 

There are several points of interest in this acci- 
dent. In the first place, a matter of great public 
interest is the fact that the machine fell in a populous 
suburb of London. As it happened, it fell on to an 
open space ; but had the accident happened a few 
Seconds later, it may be presumed that it would 
ave fallen among houses. This fact makes the 
safety of aeroplanes a matter of public importance, 
for the results of half-a-ton or so falling from a 


height of several hundred feet, either on to a house 
or into a crowded street, are too serious to con- 
template with equanimity. Aeroplane constructors 
must therefore satisfy not only the aviators, but 
also the general public, that the wings are strong 
enough for their work. 

As to the cause of the accident nothing definite 
can be said. The machine was, like the one on 
which Oxley was killed at Filey, generally of the 
Antoinette type. That is to say, it was a mono- 
plane with a considerable span to the wings. 
Assuming that none of the truss-wires were broken, 
we have the following possibilities :-— 

1. That the eye- witnesses were mistaken in 
thinking that the wings failed, and that the machine 
plunged from some mistake or failure on the part 
of the pilot. 

2. That the spars of the wings failed between 
the truss-wires. 

3. That the wings failed from horizontal, and 
not from vertical stress. 

The first seems unlikely, the second or third the 
more probable; which of the two is the more likely 
can only be ascertained by a careful consideration 
of detailed drawings ; but if the trussing of the 
wings of this machine was after the usual pattern 
in this type of machine, the provision for hori- 
zontal strength would not be very great, and 
failure would most likely be in this direction. 

The essential lesson of this and previous acci- 
dents appears, however, to be that it is high time 
that the question of the strength of monoplane 
wings was gone into in a public manner, and that 
it is due to the public that the makers should 
demonstrate that they have a reasonable factor of 
safety both vertically and horizontally, otherwise 
the monoplane in its present state will be put down 
as a machine in which safety has been so far 
sacrificed to the craze for ‘‘ records ” that it is not 
fit for practical flight. 





DEVELOPMENT OF TRANSPORT IN 
PARIS. 

For the past thirty years the means of transport 
in Paris have been undergoing improvement. 
French people who visited London in 1880 were 
astonished to see omnibuses following each other 
in something like an uninterrupted line, at all 
events in the more frequented streets. They were 
scarcely less surprised to find that the passengers 
had no occasion to take numbered tickets, or to 
wait for ten, fifteen, twenty, or more minutes in 
order to get a place. They saw light vehicles, 
which had nothing in common with the enormous 
three - horse omnibuses which the Compagnie 
Générale des Omnibus de Paris, who possessed a 
monopoly, had put on the streets. These vehicles 
were made as large as ssible, because each, 
whatever its earning capacity, had to pa the same 
impost to the Municipal Council o Paria. A 
further surprise for the French traveller was to see 
the small English omnibuses moving at a lively 
pace, accustomed as he was to the lumbering 
progress of the omnibuses and of certain trams 
which passed through the streets of Paris. Scarcely 
any other means of transport were available, as 
there was then no underground railway in the 
French Metropolis, and the few competitors estab- 
lished—in spite of the monopoly of the Compagnie 
Générale, and, it must be admitted, in violation of 
its concession—showed no marked superiority. The 
movement of passengers in Paris, important as it 
was, made no remarkable developments. In 1869 
the Compagnie des Omnibus transported 119 million 
passengers ; in 1878, an exceptional year, on account 
of the Exhibition, they had laboriously reached the 
figure of 161 millions; they attained nearly 200 
millions in 1882, but in 1885 the figure had fallen 
to 191 millions. In the same year two systems of 
tramways—the northern and the southern—carried 
51 millions of passengers. The passenger boats did 
excellent service, much in consequence of the 


absence of other rapid means of locomotion. Pas- 
senger traffic by water showed itself almost superior 
to the trams, owing to the bad working of the latter, 


and in 1885 the boats carried nearly 19 million 
people. Taking into account the Chemin de Fer de 
Ceinture—hardly to be regarded as a metropolitan 
system, seeing that it works only on the periphery 
of the great Parisian agglomeration—the figures 
for the transport of passengers in 1885 amounted 
to 289 million ns. 

Little by little the early violations of the mono- 








poly of the Compagnie des Omnibus were extended. 





Thanks to a sort of administrative artifice, the 
principle of the concession had been circumvented, 
and it thus happened that in 1900 Paris possessed 
a total means of transport representing in kilo- 
metres a considerable extent. Not only had the 
overhead electric tramways multiplied in all direc- 
tions—not, however, without some financial risk, 
inasmuch as the promoters had not sufficient know- 
ledge of the traffic routes requiring to be served— 
but the first metropolitan underground. lines were 
already constructed, and were offering severe com- 
petition both with the overhead electric tramways 
and with the tramways and omnibuses of the 
Compagnie Générale des Omnibus. Equally from 
the point of view of speed and of the fares charged 
to the public, the company with the monopoly was 
always in the same position. The whole trip, for 
the full length of the line, was uniformly charged 
at 30 centimes (3d.) for the first-class, and 15 
centimes (14d.) for the second-class, and the pas- 
senger paying 30 centimes was entitled to a corres- 
pondance, which enabled him to travel, without 
further payment, the entire length of a line cross- 
ing that which he had taken at first, and which 
happened to be in correspondance with that line. 
At the time of the creation of the new electric 
tramways (concessions to other companies) it was 
beginning to be understood that the system of pay- 
ment in sections, for a long while practised in 
London, might be of service. The authorities did 
not, however, venture to apply it to these new 
lines ; it was imagined that the system would be 
too complicated both for passengers and for the 
servants of the companies. They considered, with 
a certain degree of reason, that the cheaper the fare 
the greater the traflic, and they therefore concluded 
the tram way — would do better business if 
they were compelled to make a comparatively light 
charge only for the transport of the public. How- 
ever, they exaggerated the principle when they 
imposed on the electric tramway companies a tariff 
of 10 centimes (1d.), for instance, for a journey 
which occasionally extended the length of 17 km, 
(104 miles) within the city limits. The greater part 
of the companies who had accepted, under such 
conditions, certain concessions for electric tramways, 
thus found themselves in a bad pecuniary position. 
Numerous bankruptcies resulted, and in conse- 
quence of these failures, as well as in view of the 
fact that the concession to the Compagnie Générale 
des Omnibus was approaching expiration, it was 
decided completely to remodel the scheme of 
Parisian transport, or, more precisely, the con- 
ditions of concession and of solo the system. 

The modifications introduced into the type of 
vehicles, the timid efforts to inaugurate mechanical 
propulsion upon certain of the tram-lines of the 
Compagnie Générale, the employment of electrieity 
upon all the new tramways just referred to, and, 
above all, the installation of metropolitan under- 
ground electric railways, had given a remarkable 
impetus to traffic in Paris. This traffic was further 
augmented by the advent of the automobile, leading 
to the substitution of the rapidly-moving cab for 
the cab of the older type, which was distinguished 
by its slowness. 

It may be an advantage to quote briefly from 
certain statistics to indicate the revolution effected 
in the means for dealing with passenger traffic in 
Paris, at any rate from the point of view of the 
number of passengers and the number of journeys 
made. In 1903 the residents of Paris, travelling by 
railways, tramways, omnibuges, and boats, made 
692 million journeys; in 1906 the total rose to 
well beyond 785 millions ; and, finally, in 1908 the 
figure of 871 millions was reached, 487 millions of 
these being credited to the railways, a designation 
which embraced the metropolitan lines, the traftic 
in this case having developed by leaps and bounds. 
As far as the tramways were concerned, the number 
of ene was 253 millions, indicating a very 
moderate advance upon the 240 millions of the year 
1903. The movement by the omnibuses had fallen 
from 125 to 115 millions ; that by the boats from 22 
to some 18 millions. Exact numbers cannot be given 
for the last of the years considered, inasmuch as 
the figure which has been published has been influ- 
enced to a deplorable extent by the protracted 
strike of employees on the nger boats. In the 
short space of time between 1903 and 1908 the annual 
number of journeys per inhabitant, which had aver- 

ed 255, was raised to 308, representing an increase 
of 21 per cent. This is a material advance, even 
when compared with the still greater progression 
which can be established for London in respect to the 





292 





ENGINEERING. 





(Marcu 1, 1912. 














circulation and to the number of journeys for each 
inhabitant. Practically complete figures are avail- 
able as to the extent of the Parisian traffic at the 
present time. The total now attained is rather 
more than 1000 millions of passengers or journeys. 
This figure, it is true, includes 155 millions of pas- 
sengers by the great railways, passengers coming 
from or going to the outskirts, and also passengers 
bound for or coming from the provinces. If it is 
desired to disregard passengers not belonging to 
the urban circulation, it will be needful to reduce 
the figure of 1000 millions by wereonsony | like 100 
millions, leaving 900 million journeys throughout 
the year upon the various means of traffic in 
Paris. Of this total 240 million journeys must be 
allotted to the Metropolitan railway ; then about 
119 million for the omnibuses (horse or motor) of 
the Compagnie Générale ; less than 20 millions for 
the horse tramways (which are becoming fewer and 
fewer, and are less frequented by reason of their 
slow pace); and finally 118 millions for the 
mechanically-propelled trams. The Circular Railway 
and various steam-traction lines, which play approxi- 
mately the same part as the Metropolitan lines, 
have carried altogether 44 million passengers. This 
traftic has, however, diminished enormously in con- 
sequence of the competition of the Metropolitan 
railway and the motor-bus lines. Further, the boats 
at Paris did not carry more than 17 to 18 million 
passengers in their most favourable years. 

The figures given clearly show the intensity in 
the flow of traffic in Paris during the past few 
years. Certain computations may be referred to, 
which were made in the years 1908 and 1910 at 
particular points, between the hours of 3 o’clock 
and 7 o’clock p.m. At an open space near the 
Place de la Concorde, in the heart of Paris, 10,551 
vehicles were counted to have passed in 1908, 
while in 1910 the figure was 11,569. In 1908 
the count comprised 432 horse-omnibuses, 113 
motor-buses, 3287 automobiles, and 6719 horse- 
drawn vehicles of various kinds. In 1910 the 
number of horse omnibuses diminished to 360, 
while the motor-buses mounted up to 152. Further, 
the figures for the automobiles reached 5127, the 
total for the horse-drawn vehicles dropping to 5930 
At another open space, not far from that just 
referred to, there was an advance from a total of 
6381 vehicles in 1908 to 11,100 in 1910. We attach 
no special significance to these figures, because we 
are concerned with the entire vehicular traffic of 
Paris, as well as transport by omnibus, motor-bus, 
tramways, &c. The question, however, is very 
interesting, as the congestion in the streets of Paris 
is such as to call loudly for remedial measures. 

When regard is had to a closer investigation of 
the subject than can be contemplated here, it is 
significant that notwithstanding the very important 
augmentation in the number of passengers, the 
companies providing the means of transport, the 
tramway companies and the Compagnie Générale 
des Omnibus, are not doing well financially. In 
the case of the electric tramway companies the 
receipts were insufficient to meet expenses, the 
fares being too low for the distance required to be 
covered. The Compagnie Générale des Omnibus 
found the horse omnibus less able than ever to com- 
pete, and it was absolutely necessary to resort to 
the motor-omnibus and make general the practice 
of automobile traffic. 

For some years the reorganisation of the tram- 
way and omnibus services in Paris had been mooted. 
But the Government came into collision with the 
unwillingness, or perhaps the éxigencies, of the 
General Council of the Département de la Seine 
and the Municipal Council of Paris, these autho- 
rities desiring to impose on the future concession 
holders of the transport service conditions so 
absurd as to be quite unacceptable by such com- 
panies as were serious in their proposals. It was 
only after prolonged discussions and tergiversa- 
tions, and just at the period when the conces- 
sions in existence were about to terminate, that 
the councillors of Paris consented to enter into 
negotiations with the old companies without seek- 
ing to im upon them altogether too drastic 
clauses. he general features of the conces- 
sions thus accorded are as follow:—In the first 
place, existing concessions have been extended 
to 1950 ; the obligation on the companies to con- 
struct special works, which would have involved 
a gratuitous reversion to the Administration, has, 
very rightly, been abandoned; the practice of 
correspondance, always involving loss of time, has 
been completely suppressed ; and, finally, very low 








fares of 10 and 15 centimes (1d. and 14d.) have been 
established. These fares are for sections, no section 
exceeding 2 km. or 3 km. (1} to 1{ mile), and, conse- 
quently, when a passenger uses two sections, he will 
have to pay 15, 20, or 25 centimes. The privilege 
of standing, formerly charged at so much a vehicle, 
has also been suppressed ; it was this privilege which 
originally led the Compagnie Générale des Omnibus 
to put into use the enormous vehicles which were so 
ill-suited for urban traffic. The right of standing at 
the present time yields but a fraction—3 to 6 per 
cent.—of the gross receipts. Although the require- 
ments, differing from those which had first been 
considered, have been greatly moderated, there are 
yet to be found in the concessions excessive lean- 
~ in favour of the personnel of the companies 
holding them. The increased expenditure thus 
imposed on the companies by the town and the 
department amount to 473 francs (18/. 18s.) per man 
perannum. In the electoral interest, it has been 
proposed to confer still greater advantages (derived, 
naturally, from the money of the companies or their 
shareholders) upon these agents. Here, beyond 
doubt, is an ultimate source of dispute and strike. 
The Compagnie Générale retains, with its tramways, 
the working of its omnibus service, but it under- 
takes to replace the horse-carriages by motor-buses, 
maintaining at the same time the development of 
its system. A number of capitalists and manu- 
facturers had desired to obtain the concession in 
Ss with the Compagnie Générale. 

e latter, it may be stated, has engaged to 
operate by motor-buses the omnibus system as it 
now exists, and its concession contains a clause 
which allows a revision of the system as soon as it 
appears that it does not show a sufficient return to 
the company. It has been decided that whenever 
the receipts of one year prove lower than 1 franc 
6 centimes per car-kilometre (or about is. 4d. per 
car-mile) (the car having thirty places), the system 
shall be revised by an arbitration committee, which 
shall have authority to discard those lines which 
were the occasion of loss to the company. If the 
total number of car-kilometres falls below 30 
millions (18.6 million car-miles) as a result of the 
revision of the system and of the number of runs 
made on each line, the figure of mean receipts 
necessary for a new revision will be slightly raised ; 
on the other hand, if the total number of journeys 
exceed 45 millions (26 million car-miles), the figure 
will be reduced. Further, the revision will not 
take place at all if the entire services, both 
omnibuses and tramways, assure to the new 
capital engaged in the business of the company a 
remuneration of more than 5 per cent. It is certain 
that the Compagnie Générale des Omnibus, which 
for so many years has been content to possess 
the monopoly granted to it without making any 
great efforts to render good service to the Parisian 
population, is now devoting itself resolutely to a 
work of reorganisation which will afford valuable 
assistance to the traffic in Paris. Henceforth a series 
of lines of motor-buses is to be completely organ- 
ised, and the company is installing an underground 
conduit for propulsion by electricity of certain of 
its tramway cars. It has also undertaken to 
provide, within a period of three years, single-deck 
omnibuses, and within a period of five years all 
the tramway-lines are to be equipped with mecha- 
nical traction and single-deck cars. It is considered 
that roof seats have been a cause of much loss of 
time. The Municipal Council have deemed it 
necessary that the track in the centre of Paris 
shall be operated by mechanical propulsion by 
means of an underground conduit. When the 
reorganisation of the system is completed, the 
Com ie Générale will own 47 lines of omnibuses 
and ines of tramways. 

One of the large tramway companies, known as the 
Compagnie des Tramways de Paris et du Départe- 
ment de la Seine, has come to an agreement whereby 
it absorbs three minor companies. It is thus the 
grantee of 300 km. (186 miles) of tramway-lines, 
either in operation or to be constructed. These are 
to be entirely equipped with conduits, suppressing 
the trolley system where it now exists, and also the 
surface-contact system. This company will hence- 
forth possess the whole of the northern system of 
tramways, coming from outlying districts, and 
penetrating to the heart of Paris. There are also 
certain companies, having a gre hem like 
the Compagnie des Tramways de |’Est Parisien, the 
system of which comprises some twenty-two lines, 
some serving the outskirts alone. The Compagnie 
Générale Parisienne de Tramways exploits the 





southern system, amounting to fourteen lines, of 
which a certain number are suburban. Neglecting 
the other companies of the second rank, we may 
say that Paris and the Department of the Seine— 
the Parisian perme cocoa served by 167 lines 
of tramway and omnibuses, of which 150 have the 
whole or a part of their lines in the capital itself, 
within the fortifications. The six systems thus 
constituted by the remodelling present an interest- 
ing homogeneity. Unfortunately, there are certain 
lines which have been maintained, but which have 
no commercial or industrial interest. It should be 
noted that in 1950, when the concessions expire, the 
town of Paris, so far as concerns the system of the 
Compagnie des Omnibus, and the Department of the 
Seine, so far as the systems of other companies are 
concerned, will become the proprietors of all assets, 
tracks, matériel, depé6ts, repair shops, &c. It is to 
be ho that the forty years of concession will 
give the companies an opportunity fully to redeem 
their capital, and that when the systems are taken 
over by the town and the department respectively, 
these latter will not enter upon municipal working, 
but will concede the operation to new companies. 

It has been stated above that the fares will be 
charged by sections, and another modification claims 
attention. In future the vehicles will not stop at 
any point whatever at the will of the passenger, 
but halting places are to be arranged at certain 
fixed points, a plan which will materially accelerate 
the trattic. At the present time the putting into 
circulation of rapid vehicles, whether electric or 
automobiles, has stimulated traffic to an extra- 
ordinary degree, and the number of passengers 
augments unceasingly. For the first six months of 
the year 1911 the growth amounted to 7 per cent. 
for the lines of the Com ie Générale des Omni- 
bus. It is to be hoped that a fare of 10 centimes in 
the second-class, and 15 centimes in the first (1d. 
and 14d.), will sufficiently remunerate the operating 
companies for a journey of 3 km. (1{ mile), represent- 
ing a section. It should be mentioned, too, that 
morning services at reduced fares in favour of work- 
men and employees have been forced upon the com- 
panies holding concessions. Those who leave the 
point of departure before 7.30 a.m. will, for all seats, 
pay the ordinary second-class rates ; by paying an 
additional 5 centimes ($d.) only they will be entitled 
to a return ticket, which will allow them to return 
second-class in the afternoon of the same day. 
Moreover, the right is reserved to impose on the 
companies night services, the charges for which 
are not to exceed double the ordinary fares. 

Naturally the most interesting point in this 
reorganisation of the transport service of Paris is 
the systematic and complete substitution of the 
motor for the horse omnibus. For this system it 
has heen provided that if the mean gross receipts per 
car-kilometre, in any one year, exceed by more than 
5 centimes the minimum of 1.06 francs which has 
been fixed as above stated, the town of Paris shall 
have power to direct an increase in the number of 
trips, a redistribution of the number of places of each 
class, changes in the itineraries previously settled, 
or the creation of new lines, subject to limitation 
of the car-kilometres thus added. Or, in place of 
these modifications, the town shall be able to 
demand reduced fares or an extension of the work- 
men’s services. Should invention or industrial 
progress result in diminishing, for a period beyond 
two consecutive years, and by more than 2 centimes, 
the cost per car-kilometre, it shall be in the power 
of the town to call for a revision of the stipulated 
minimum, which may be reduced by a sum equiva- 
lent to one-half of the reduction. On the other 
hand, should alterations in the imposts and taxes, 
or legislative hampering of the conditions of work, 
have the direct influence of increasing expenses to 
an extent exceeding one centime per car-kilometre, 
the concessionnaires will have the right to a revision 
of the minimum. Other severe conditions have 
been imposed upon the holders of concessions. The 
latter are to set up in Paris itself dépéts, work- 
shops, and rar Os: Retin of any kind which will 
expedite service, and that notwithstanding that 
these establishments pay the town dues. In addi- 
tion, the vehicles are to be lighted in such a way 
that reading will be possible to any passenger 
occupying a seat. Not only are the cars to be well 
ventilated, but they must be suitably warmed when 
the temperature requires. Sitting accommodation 
is to be provided for one-half of the travellers of 
the second-class. The concession-holders under- 
take that all the matériel shall be of French origin, 
excepting under special authorisation. 
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comprises 250 kilometres (155 miles), regardless of 
the ultimate extensions which are already foreseen. 
These 250 kilometres are distributed among 43 
lines, the normal working of which will require the 
daily employment of 800 motor-buses. Moreover, 
a reserve of 240 vehicles is to be provided for 
supplementary services, and to meet the case of 
those omnibuses which are daily put out of use 
while undergoing repairs. The company will there- 
fore have to procure 1040 vehicles. When the 
service is completely installed, the public will have 
at its disposal 195 million places per annum. With 
the old service of horse-omnibuses the number of 
places which, in theory, were available was 126 
millions per annum ; but it must be borne in mind 
that the old omnibuses had outside seats, and in 
bad weather, cold or wet, a number of these outside 
places were unoccupied. In practice, therefore, 
the number of places offered by the horse-omnibus 
system would be scarcely 100 millions per annum, 
and the real augmentation of places will be equiva- 
lent to an advance of about 95 per cent.; a higher 
number will, however, be available if the needs of 
traffic demand it. 

From a technical standpoint the Compagnie des 
Omnibus is now considering some very interesting 
installations of workshops for the maintenance of 
both chassis and cars. It is centralising all its 
services, and its repair-shops will be grouped in a 
dépét occupying a very large area. The buildings 
in which the vehicles are to be housed at the end 
of each day will be distributed according to the 
mean distance (not « xceeding 500 metres) trom the 
terminus of each of the lines they serve ; they will 
thus avoid long journeys when empty. Each of the 
dépdts will require about 8000 sq. m. (86,114 sq. ft.), 
eich car in service needing 84 sq. m. (904 sq. ft.). 
The company has decided upon the establishment 
of ten of these dépéts. At the same time it has in 
train some very interesting installations for storing 
the liquid fuel used by the motors in such a way as 
practically to eliminate the dangers of explosion ; 
in each dépé6t provision will have to be made for 
some 10,000 litres (353 cub. ft.) of liquid fuel. For 
economical operation it is essential to adopt a type 
of omnibus of large capacity, having 30 or 40 
places. Very many of the expenses would be iden- 
tical whatever ‘the variations in seating capacity, 
whether the latter range between 25 and 34 or 35 
places. The Compagnie des Omnibus has given 
great attention to the type of omnibus, which, it 
would appear, will not depart very widely from the 
general character of the omnibus already in the 
service. In spite of accidents, which, although they 
have provoked considerable comment, are, when the 
great number of vehicles and the length of track is 
allowed for, really exceptional, it would seem that 
low single-deck vehicles of moderate capacity will 
give satisfaction to the public, securing for them 
both comfort and high speed. 

It is to be hoped, in spite of the burdens im- 
posed upon the “concession-holders, particularly 
upon the Compagnie des Omnibus, for the special 
advantage of their personnel, and in spite also of the 
expenses of installing the electric conduit for the 
tramways, that all the enterprises will pay their 
way, that the capitalists who have found the money 
will be fully remunerated, and that the public will 
enjoy the great advantage of having at disposal 
— of transport which are at once numerous and 
rapid. 








MOLECULAR PHYSICS. 


As the subject of his course of lectures at the 
Royal Institution this year Sir J. J. Thomson has 
selected ‘*Molecular Physics.” The opening lecture 
of the series was delivered on Saturday afternoon 
last, the 24th ult. 

In beginning his discourse Sir Joseph Thomson 
said that he had purposely chosen a somewhat vague 
title for his course so as to leave himself at liberty 
to bring forward the results of recent work of 
varied character, but all of which tended to throw 
light upon the constitution and properties of the 
molecules of matter. During the present century, 
he continued, our knowledge of the atom and the 
molecule had become much more definite, and direct 
demonstration had been obtained of the existence 
of individual molecules. Previously it had been 
necessary to rely for our belief in the existence of 
these minute bodies on reasoning such as that due to 
Cauchy, which was a little indirect, and appeared 
somewhat artificial in character to those not accus- 
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If one considered the magnitudes involved, it was 
most surprising that a direct demonstration of the 
existence of individual molecules had been secured. 
We knew now with considerable certainty the 
number of molecules in a given volume of air, 
1 cubic centimetre of which contained about 
2.7 x 10". Qne did not, however, gain by such a 
statement any very distinct conception of the 
magnitude of a molecule of air, the figure being 
merely benumbing. Suppose, however, that. a 
physicist starting when the earth first became 
inhabitable—say 100 million years ago—had col- 
lected one molecule for every second which had 
since elapsed, he would not, even now, have 
gathered in sufficient to permit of their detection 
by chemical methods, a fact which well showed 
how exceedingly small these molecules were. It 
was not to be supposed, he proceeded, that mole 
cules had gained in size during the past few years ; 
but our power of detecting them arose from the 
fact that we had become acquainted with some 
which were moving with such prodigious speed 
that, in spite of their extreme smallness, the energy 
of a single molecule was great enough to be easily 
detected even in the case of a molecule of air. 

The existence of individual molecules was, 
however, best demonstrated by the a particles 
liberated by radium. These moved at a speed of 
1,000,000 miles per minute, and hence, in spite 
of their smallness, the kinetic energy of a single 
pune, was almost of mechanical magnitude. 

t was about twice as great as that of a mass of 
one milligramme moving with a velocity of 1 mm. 
per second, and was considerably larger than the 
energy received by the eye from a candle at a 
distance of 1 km. Hence the energy of a single 
a particle was larger than that we were accustomed to 
detect with our eyes. Owing to this fact individual 
a ay could affect the eye, and one method by 
which they were detected was by observing the 
splash they made in striking a screen of suitable 
material. When an a particle fell on a screen of 
willemite, for instance, the impact produced a 
splash giving a spot of light. This method of 
demonstrating the existence of individual particles 
was embodied in the spinthariscope of Sir William 
Crookes, Dr. Geiger fad patiently watched and 
counted the spots of light thus produced in a 
given time from a given mass of radium. 

This method would, however, the speaker thought, 
be superseded in the future by another worked 
out during the past few years by Mr. C. T. R. 
Wilson at the Cavendish Laboratory. This method 
of Wilson would, he considered, be of very extended 
utility, and would serve to solve problems much 
more important than the mere demonstration of the 
existence of individual molecules. It was founded 
on a phenomenon that the lecturer had repeatedly 
demonstrated in that room. These very rapidly 
moving a particles as they rushed through a gas shat- 
tered the molecules encountered, leaving behind them 
the pieces charged with electricity. These charged 

ies had very peculiar properties. Amongst 
them was their power of condensing on themselves 
moisture when they were liberated in a super- 
saturated atmosphere, in which therefore they pro- 
duced a cloud of small raindrops under conditions in 
which the air would otherwise remain clear. Wilson 
availed himself of this fact, and brought to bear a 
supersaturated atmosphere on the pieces of the 
molecules resulting from the rush of the a par- 
ticles, the track of which was thus buoyed out by 
droplets of rain. By instantaneous Tiomiastion 
these tracks could be photographed. 

Sir Joseph Thomson then demonstrated the for- 
mation of a cloud by these charged particles in dust- 
free and supersaturated air. Air quite dust-free, he 
proceeded, would hold in the form of vapour much 
more moisture than it ought to carry. If, how- 
ever, a fragment ef radium were brought near such 
supersaturated air, a cloud was instantly formed, 
and could be readily rendered visible by passing a 
beam of light through the containing vessel. 

In order to buoy out the track of the particles 
from the radium the air must not be shaken or 
disturbed after the charged icles were formed. 
A great part uf the difficulties met with by Mr. 
Wilson arose in the attempt to get the air still 
enough to let the droplets remain in the place 
where they were originally formed, and success had 
only been obtained after several years’ work. This 
had been finally accomplished by using a very na 
vessel having a level bottom, and sending the 
discharge through one-twentieth to one-thirtieth 





of a second after the expansion which cooled the 
air and rendered it supersaturated. This lapse of 
time was, in the conditions stated, sufticient to 
bring the air to rest, and if the a particles were 
then passed through, the moisture settled down in 

t clouds on their tracks, which could therefore 

poeeaeagest. From these photographs the 
number shot off from the radium in a given time 
could readily be counted. This number was a little 
irregular, in accord with the mathematical theory 
of probability. 

ery interesting results had, he stated, been 
obtained with Rontgen rays. These, as they 
passed through the moisture-laden air, broke up 
the molecules of the gases, and the moisture 
collected on the wrecks. A photograph taken in 
these conditions was covered with a regular net- 
work of fine lines, each of which on examination 
proved to be built up as a string of little beads 
threaded very closely together. The whole of the 
plate was netted with lines of this kind, and showed 
very clearly how the Réntgen rays ionised a gas. 
The first thing that happened when the rays fell 
on a molecule of the gas was that the molecule shot 
out, at great speed, negatively - charged particles. 
These d through the gas producing fresh ions 
from the molecules they encountered. Each line 
or chain of drops came from a molecule struck by 
the rays, which, as stated, caused them to shoot 
out these very small negatively-electrified particles. 
It appeared, therefore, that nearly the whole of 
the ionisation produced was due to the particles 
emitted by the molecules, and not primarily to the 
Rontgen rays. 

The little droplets in each track could be counted 
up, and the actual number of the ions formed by 
each flying particle ascertained. The photographs 
further showed that these particles were more 
effective when moving slowly, the drops at the end 
of each track being bunched together into a fluffy 
termination, so many ions being then formed that 
the individual droplets could not be distinguished. 
These researches, Professor Thomson added, threw 
a oy deal of light on many obscure questions. 

e particles, to which he had so far referred, 
moved with high velocities, derived, so to speak, 
from their own resources. They were the particles 
shot out from radium, and from molecules of air 
acted on by the Réntgen rays. It was, however, 
possible by means of an electric field to give to an 
electrified atom such a speed that its energy became 
great enough to affect the eye, although the speeds 
thus reached were not as great as those with which 
the a particles were endowed. The average speed 
of a molecule of air at the temperature of the 
room was about 12 miles per minute. By applying 
a strong electric field, however, this velocity could 
be multiplied tens of thousands of times. The 
kinetic energy of individual molecules then became 
sufficient to render visible their points of impact 
on a suitable plate. 

The apparatus used was represented in Fig. 1. 
It consisted of a tube having a cathode in the form 
of a fine perforated tube. Positive particles in 


y Figt 
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moving up to this tube acquired a very high velo- 
city, and shooting through it were received on a 
screen of willemite at the left-hand end of the tube. 
A powerful electro-magnet was arranged, as shown 
by the cross-hatching, and two oppositely-charged 
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plates as indicated by the black lines. A particle 
which traversed the cathode would, in the absence 
of the electric and magnetic fields, form a spot of 
light on the willemite screen. If, however, the two 
fields were simultaneously applied, the particles 
were deflected in the direction ON (Fig. 2) by the 
magnetic field, and at right angles to this in the 
direction O M by the electric field. The amount 
of deflection depended both upon the speed and 
the mass of the particle. Under these conditions 
the spot of light was drawn out into a series of 
curved lines, such as represented in Fig. 3. The 
curves in the lower half of this figure were obtained 
by reversing the magnetic field. The deflection 
experienced by each particle was greater the less its 
weight. Hence the outer curves were produced by 
hydrogen atoms. Each curve shown corresponded 
to a different element, or the same element in a 
different state of molecular aggregation. 

In order to get sharp photographs it was, the 
lecturer said, necessary to employ the finest 
possible tube for the cathode. It was difficult to 

et these both fine and straight, and the best results 
had been obtained by taking two flat plates and 
scribing a line on one of them. On placing the two 
together this scratch formed a very fine straight 
channel, which gave on the photographs exceed- 
ingly good definition. The curve corresponding to 
the line, he continued, was always obtained 
unless there was a large quantity of oxygen present. 
The curve showing the least deflection was due to 
mercury, and this, too, was always present, save 
when there was a large ge of oxygen in the 
tube. With nitrogen in the tube the line due to 
the atom of N was more intense than that due to 
the molecule, a circumstance which might have a 
bearing on the active form of nitrogen discovered 
by Professor Strutt. Another line was also visible 
in such a tube corresponding either to N, or N,H. 

It would be seen, Sir , reer said, from the 
faint curves on the left of Fig. 3 that some atoms 
or molecules of hydrogen, oxygen, and carbon 
came through with a negative in place of witha 
positive charge. Some of the seni fig. 
atoms, moreover, came through carrying a double 
charge. It was noteworthy, he remarked, that 
carbon never appeared to come through as a mole- 
cule, but always as an atom. When the tube was 
charged with benzene, over thirty lines were, he 
said, produced, all of which had been identitied. 








THE LATE DR. OSBORNE REYNOLDS. 

In our last issue we referred briefly to the death 
of Dr. Osborne Reynolds, F.R.S., which occurred 
at Watchet, Somerset, on the 21st ult. Owing to 
the pressure of other matter, it was not then 
possible to deal at all adequately with his numerous 
valuable contributions to the theoretical side of 
engineering. Osborne Reynolds was born at 
Belfast in 1842, but was educated at the Dedham 
Grammar School, Essex, and after a short appren- 
ticeship at the works of Mr. Edward Hayes, at 
Stony Etratford, he proceeded to (Queen’s College, 
Cambridge, where he graduated as a high wrangler 
in 1867, and was the same year elected a fellow 
of his college. At that time conditions as to 
the residence of fellows were uot enforced as 
stringently as at present, and Reynolds entered 
the London office of Messrs. Lawson and Man- 
sergh, and was engaged on work in connection 
with the disposal of the sewage of Croydon. In 
1868, however, he was appointed to the Chair of 
Engineering at Owens College, which he held for 
nearly forty years, resigning finally owing to a 
break-down in his health. 

His earlier papers were of physical rather than 
engineering interest, but in 1873 he contributed 
to the Institution of Naval Architects an im- 
portant paper on ‘‘ The Racing of Screws,” in which 
to some extent the modern theory of cavitation 
was foreshadowed. Reynolds showed experimen- 
tally that a screw would no: race if fed with solid 
water, but that if the tip of the blade approached 
the surface, air was drawn down. The immediate 
consequence was the speed ran up and the thrust fell 
off. hen a boat is fairly under way its propeller 
is always entering fresh water, but at starting it has 
to pull in its feed, and there is thus, Reynolds 
explained, a greater liability to race. He showed, 
further, that if a plane were moved through water, 
there was a limit to the speed at which the water 
could flow in behind, thus anticipating the pheno- 
menon of cavitation, which only became of practical 
importance many years later. 


In another paper, published in 1873, he dealt 
with another phenomenon, the importance of which 
has only been realised by engineers during the last 
ten or fifteen years, and then by but a limited few. 
This was the extraordinary effect of air in ‘‘ blanket- 
ting” the tubes of a surface condenser, and 
diminishing thereby the efficiency of the cooling 
surface. From theoretical considerations Reynolds 
was led to believe that in the absence of air the 
rate at which steam would condense on a cold 
surface was practically infinite ; and in the paper 
in question he described experiments which gave 
strong support to this conclusion. In these experi- 
ments it was found that with air-free steam the rate 
of condensation was limited solely by the capacity of 
the cooling water to abstract the latent heat. When 
the steam contained 10 per cent. of air, the rate of 
condensation was, in one set of experiments, only 
one-twelfth as great as with air-free steam; but 
when the air content exceeded 25 to 30per cent., the 
rate of condensation became practically constant. 

Another paper, published the next year, may be 
noted here, although the questions involved related 
to physics rather than to engineering. Sir William 
Crookes, with his usual astonishing insight, had hit 
upon the truth that light exerted a pressure, but 
had held that the motion of his radiometer was due 
to this cause. This is now known to be inaccurate, 
and in 1874 Osborne Reynolds published a paper 
attributing the phenomenon in question to its real 
cause—viz., the presence of the residual gases. 

In the same year Reynolds contributed to the Pro- 
ceedings of the Literary and Philosophical Society 
of Manchester a paper in which he gave reasons for 
believing that if a fluid is passed through a heating 
or a cooling tube, the change in temperature will, 
on setting out from a certain limit, be indepen- 
dent of the velocity of flow. Hence, if twice the 
quantity be passed through, thus doubling the 
speed of flow, the change of temperature will be 
sewage dl the same ; or, in other words, the rate of 

eat transmission will be doubled. He also 
described experiments which supported this view, 
which is now amongst the commonplaces of 
engineering. That it has not affected boiler 
practice has been mainly due to the cost, direct 
and indirect, of producing high velocities of flow ; 
but of late some attention has been paid to this 
theory in the proportioning of condensers. Attempts, 
we may note, have also been made to apply the 
— in the construction of oil-coolers, but 

ere the experimentalists have forgotten to note, 
that, as Reynolds pointed out in his original paper, 
the law holds only when the tlow becomes turbulent. 
Oil is so very viscous that this necessary condi- 
tion is not easily established, and it is therefore not 
possible to compensate for a deficiency of cooling 
surface by augmenting the speed of flow. 

The creeping of belts formed the subject of a paper 
published in 1874, and in this it was shown that as 
a belt was an elastic structure, it was impossible 
to have a belt drive without a certain amount of 
slip. Owing to the elasticity of the belt a greater 
length of it is wound off on the tight side of a 
pulley than is wound on on the slack side, and 
the necessary compensation is provided by slip. 
The same principle was used in a subsequent paper 
to explain rolling friction, in which Reynolds showed 
there was a certain slipping action involved, and 
he pointed out that the tractive resistance of solid 
rubber tyres should be greater than that of steel— 
a conclusion which experiment has confirmed. 

In 1875 Reynolds patented the compound turbine 
pump, which of recent years has received such 
extended application. 

A number of serious collisions had occurred at 
sea owing to vessels failing to obey their rudders 
when the engines were reversed. A committee, of 
which Reynolds was a member, was appointed to 
investigate the matter. This was done by model 
experiments and by actual trials at sea. These 
showed that with engines reversed the effect of the 
rudder might be exactly the reverse of what was 
anticipated by the navigating staff. 

Probably the investigation which will be most 
closely associated with the name of Osborne Reynolds 
is that on the motion of water in parallel channels, 
an account of which was contributed to the Pro- 
ceedings of the Royal Society in 1883. It had 
long been known that the law governing the flow 
of water through fine tubes was that the resistance | 
varied directly as the first power of the velocity. In | 
the case of large tubes, however, it was commonly | 





found that the resistance was nearly — 
to the square of the velocity. Reynolds set him- 


self to investigate this discrepancy. He used a 
tube of glass which passed through the walls of a 
tank, where it was connected up to a discharge- 
pipe provided with valves, by which the rate of 
flow could be varied at will. The glass tube was 
provided with a trumpet-shaped entrance, and into 
the middle of this a tine jet delivered a thread of 
coloured fluid. So long as the velocity of flow in 
the pipe lay below a certain limit this thread of 
coloured fluid passed through as a fine steady and 
straight line. So long as this condition obtained, 
Reynolds showed that the friction was propor- 
tional to the first power of the velocity. When, 
however, this exceeded a certain limit, dependent 
upon the viscosity of the water and the diameter 
of the pipe, the law of resistance suddenly and 
abruptly changed, and simultaneously the thread 
of coloured tiuid broke up, showing the deve- 
lopment of eddies. This was, we believe, the 
first occasion in which threads of coloured water 
were used to indicate the character of fluid 
motions. The method has since been used with 
remarkable skill by Dr. Hele Shaw for the 
mapping out of stream-line motions. Reynolds 
was not content merely to demonstrate by experi- 
ment the existence of a critical velocity for the 
flow of fluids through tubes. He showed that the 
existence of such a critical velocity was a necessary 
deduction from the equations for the flow of a 
viscous fluid, and established a definite numerical 
relation between the viscosity of the fluid, the 
diameter of the pipe, and the critical velocity. 

This research had some far-reaching effects which 
could hardly have been anticipated at the time. 
Mr. Beauchamp Tower, in his report on journal 
friction to the Institution of Mechanical Engineers 
in 1884, remarked that apparently with oil-bath 
lubrication a continuous film of lubricant extended 
all round the bearing. He concluded, therefore, 
that the actual resistance to motion arose wholly 
from the shearing of this film and the consequent 
fluid friction developed. He was at the same time 
puzzled to observe that the frictional resistance 
varied not in accordance with the square of the 
velocity, as would have been anticipated from the 
generally accepted law of fluid friction, but much 
less rapidly. Osborne Reynolds, however, noted 
that in the case of journal lubrication the film of 
oil was very thin and very viscous, so that the one 
layer was moving over the other with less than its 
critical velocity, the existence of which had been 
demonstrated by the experiments already referred 
to. A further investigation of the matter, the 
results of which formed the subject of a paper to 
the Royal Society in 1886, led to a complete theory 
of lubrication. He worked out, for a cylindrical 
bearing, the limiting conditions in which the film 
would be formed and maintained, and showed that 
his calculated results were in good accord with the 
experiments of Mr. Tower. The same principle 
he also used to explain the slipperiness of ice, and 
predicted that at very low temperatures ice would 
not be particularly slippery. 

Osborne Reynolds’s theory of lubrication has not 
yet had any marked influence on the design of high- 
speed bearings, but that it is well based seems to 
be shown by the fact that with the Michell thrust- 
block, constructed in accordance with his theory, 
loads of 800 lb. per sq. in. have been successfully 
carried at high speeds, the bearing feeding itself 
with lubricant, no pump being required. 

Osborne Reynolds also gave the physical explana- 
tion of the curious fact that if air is escaping from a 
reservoir kept constantly at, say, 100 lb. absolute, 
into a tank the pressure in which can be varied, the 
weight discharged by the orifice will increase until 
the external pressure is reduced to about 53 lb. 
absolute, but any further reduction of the external 
awe gives no increase in the weight discharged. 

tated briefly, his explanation of this phenomenon 
is that the ‘‘ news ” of each successive reduction of 
the external pressure is sent back into the high- 
pressure reservoir along the issuing jet. The rate at 
which this ‘‘ news” is telegraphed is the velocity of 





sound, and should the velocity of efflux exceed this 
velocity, the ‘‘news” of a further reduction of 
the external pressure never reaches the interior of 
the high-pressure reservoir, and matters then 
remain unaltered and the discharge consequently 
becomes constant. 

We have not space here to refer to the numerous 
em of a purely physical character which Dr. 

ynolds contributed to the Proceedings of various 
scientific societies. Mention may, however, be 
made of the final volume of his collected works in 
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which he sets forward a complete theory of ‘‘ The 
Sub-Mechanics of the Universe,” which he claimed 
was the only conceivable purely mechanical system 
capable of accounting for all the facts of physics. 
He assumed that the universe had a granular struc- 
ture, consisting of minute spherical grains piled 
together. Spheres can, as is well known, be piled 
in two ways, in one of which the volume occupied 
by a given number is increased. Matter, as we 
know it, consisted, in his theory, of the vacancies 
which arose when the spheres were piled in the less 
compact form, so that when an object apparently 
moved it was merely a case of these vacancies 
being shifted on to a new position. The conse- 
quences of the theory were developed mathemati- 
cally, and it was shown that it was possible to 
express in terms of this conception most of the 
known facts of physics. 





NOTES. 

Tue Srrikk CLAUSE IN ENGINEERING ConTRACTS. 

Ata time when there are rumours of strikes in 
the air those who are concerned with large engi- 
neering contracts must needs consider with some 
care the question whether a strike will excuse 
delay. It may be predicated that where the con- 
tract is silent in the matter, a strike affords no 
excuse fordelay. It is not what is termed vis major, 
nor is it, within the meaning of the law, ‘‘an act 
of God” or of the ‘‘ King’s enemies.” If a man 
undertakes to carry out works by a certain date, he 
takes upon himself the risk that the conditions of 
the labour market may be such as to prevent him 
fulfilling his bargain. Inasmuch as interference with 
third-party contracts would always bea very power- 
ful lever in the hands of the striker, it has long been 
the practice of employers to seek the protection of a 
strike clause in their contracts. Such a clause gene- 
rally assumes the following or some similar form :— 
‘* In case of any delay in the execution of the work 
caused by a general strike, combination, or lock- 
out of artificers or workmen employed in any of 
the building trades in , or of workmen em- 
ployed in the manufacture of materials intended for 
the work, the contractors shall be allowed such 
further time for the execution of the contract as 
shall be appointed and certified to in writing by 
the engineer at the time of such extension 
of time being granted; but no such further time 
shall be allowed unless the said certificate is then 
obtained.” Of course, this leaves the contractor 
very much in the hands of the engineer who is 
to decide what is a strike ; but it has been held in 
the courts that a lock-out of workmen by 
employers is to be included in the definition of the 
term. Assuming the contract is in a form which 
contains the clause above set out, it is not alrogether 
clear that the employer would be protected against 
the consequences of any strike which interfered 
with the supply of coal. It is not easy to think of 
any branch of the ordinary work carried out by an 
engineering firm which would not be brought to a 
standstill by a failure in the coal supply ; but the 
clause only extends to strikes in certain building 
trades, or to strikes of workmen employed in the 
manufacture of materials intended for the work. 
It is by no means clear that this would extend to 
failure of the coal supply. A clause suggested by 
Mr. Hudson, in his ‘* Building Contracts,” vol. ii., 
page 557, appears to afford a larger degree of 
protection to the employer. It provides that: ‘If 
the contractor shall be delayed... . . (e) by any 
strikes, lock-out, or combination of workmen affect- 
ing the building or engineering trades,” the engi- 
neer may grant, either prospectively or retro- 
spectively, ‘‘ time orders” extending the time. If 
there is any danger of a particular contract being 
interfered with by a strike, the contractor will act 
prudently in giving immediate notice of the fact 
to the employers, and at once seeking the protec- 
tion of the engineer’s certificate. 





THE Speciric Heat or Water. 


The specific heat of water is a constant of the 
most fundamental importance in thermodynamics, 
yet careful measurements of it differ by fully one- 
half of l percent. Regnault, indeed, did not deter- 
mine values below 100 deg. Cent., but his for- 
mula, based on measurements made at higher 
temperatures, was accepted without question for 
years. Rowland was the first to show that the 
Specific heat of water attained a maximum value 
at about 30 deg. Cent., and subsequent investi- 
gators have confirmed his observations on this point. 





Some of the most careful of them have, however, 
been led to the belief that the curve of specific heat 
had another peculiarity, attaining a maximum value 
at about 80 deg. Cent. It has, however, to be 
noted that the values of the specific heat which 
showed this extraordinary feature were obtained 
indirectly, the quantity actually measured being 
the total heat of water from the freezing - point. 
An empirical formula was determined — 
with the experimental values thus found, an 

the specific heats at different temperatures were 
then calculated by differentiating this formula. 
The differentiation of an empirical formula is, 
however, always an unsatisfactory expedient, and 
very likely to lead to erroneous conclusions. Pro- 
fessor Callendar has accordingly measured the 
specific heats for small ranges of temperature by a 
new method, which he described at a recent meet- 
ing of the Royal Society. His results completely 














confirm those of Barnes, and show that the sup- 
posed maximum in the neighbourhood of 80 deg. 
Cent. has no existence in actual fact. From his 
experiments he obtains the following formula for 
the specific heat of water between 0 and 100 deg. 


Cent. :— 
s = 0.98536 + 9-504 0090 (sis) 

t+ 20 100 
where ¢ denotes the temperature in Centigrade 
degrees. The corresponding formula for the total 
heat of steam (Centigrade units) is :— 


h = 0.98536 ¢ + 1.1605 log, (“Sr +0.42 (:60) 


+ 0.0084. -£ +0, 
100 


+ 0.030 ( t y 
100 


The apparatus used by Professor Callendar is 
represented diagrammatically in the above figure. 
A current of water is delivered from a heater in the 
direction indicated by the arrows, and flows through 
a heat-exchanger, where it parts with its heat to 
cooler fluid. It is then delivered to a cooler, from 
which it passes back again through the interchanger 
and thence to the heater. The same body of 
water is circulated round and round. Thus the 
heat lost by the hot fluid in falling in the inter- 
changer from the temperature ¢, to the tempera- 
ture t, is exactly equal to the heat spent in raising 
the outer cooler stream from ¢, to t,. Hence the 
specific heats for short intervals of temperature, at 
different parts of the scale, can be directly com- 
pared 


ENGINEERING AND GENERAL Epucation. 

Some figures, which are of much interest in 
connection with the controversies which have raged 
round the subject of the education of engineers, 
were given in a paper read by Mr. H. A. Roberts 
before the Royal Society of Arts on the 28th ult. 
Mr. Roberts is the secretary to the University of 
Cambridge Appointments Board, and the figures he 
gave had reference to the type of university train- 
ing which had been received by various students, 
who afterwards passed into commercial life. The 
figures do not establish any case, but they are 
worthy of consideration, especially in virtue of 
their relation to arguments for or against a general 
or classical education for youths who are afterwards 
to take up an engineering career. Mr. Roberts’s 
data did not, in the majority of cases, refer 
specifically to engineering, and were concerned 
with commercial life generally, both in its com- 
mercial and technical sides. Their applicability to 
engineering considerations is, however, very close. 
A suggestive view of the changing conditions of 
modern life and of the widening of the sphere 
which university men enter was given briefly in 
the statement that between 1865 and 1870 of the 
graduates of a certain Cambridge college 3.3 per 
cent. entered commercial life, and between 1 
and 1890 this percentage had risen to 11.5, while 
in 1901 it had reached 21 per cent. Mr. Roberts 








als} gave some figures relating to fifty - two 
Cambridge graduates who were employed in com- 
mercial work on the administrative side by five 
or six great organisations. Of these, nineteen 
graduated in classics, five in history, four in law, 
one in theology, four in modern languages, nine in 
mathematics, five in engineering, and eight in 
natural sciences. These figures do not tally exactly 
with the fifty-two quoted above, because some of 
the men graduated in more than one subject. It 
will be noted that in these figures the men having 
a literary training show up very well, although it 
is obvious that the figures for scientific subjects 
will tend to be kept down by the fact that so many 
of the graduates in them will train for specific 
technical careers. On the question of the re- 
lative value of literary and scientific training for 
such administrative work, Mr. Roberts seemed to 
be of opinion that there was really not very much 
to choose between them, but he was rightly of 
opinion that scientific training should be real train- 
ing in science, and not mere technological teaching. 
Although not strictly germane to the subject of 
this note, a table of employment, at the beginning 
of 1909, of 176 Cambridge graduates in engineering 
is of such interest that we print it below :— 


1. Directors or partners in manufacturing 


concerns ... ons uk an cae 10 
2. Partners in consulting engineering firms 14 
3. Subordinate positions in manufacturing 

firms (ranging from draughtsman to 

working manager) we Gs ee 49 
4. Assistants to consulting engineers a 9 
5. Professors or heads of teaching institu- 

tions in ait a whe a 6 
6. Assistant teachers ... os a ~ 17 
7. In Government, municipal, or railway 

service in the British Poles ae ie 12 
8. Government engineering service abroad 28 
9. Miscellaneous ies x 31 


THE ALEXANDER PRIZE FOR AEROPLANE ENGINES. 


The Alexander prize of 10001. has been awarded 
by the Advisory Committee for Aeronautics to the 
engine entered by Green’s Motor Patents Syndi- 
cate, Limited. It will be remembered that in the 
previous competition for this prize the Green engine 
entered succeeded in fulfilling the essential condi- 
tion that the total weight was not to exceed 7 Ib. 
per horse-power on a 24 hours’ run, but that the 
prize was withheld because the engine was not of 
the exact horse-power specified in the conditions. 
We gave an account of these conditions and the 
trials in our issues of January 13 and February 10, 
1911, and pointed out that, in our opinion, the 
condition of an exact horse-power at which the 
engines should be run was an unreasonable one. 
The conditions have since been amended so as to 
give greater latitude in this respect, and it is very 
satisfactory that the engine which did so well on 
the former occasion should be finally successful in 
getting the prize. It is also interesting to note 
that in the present case the previous performance 
was actually — upon, the total weight being 
reduced to 6.1 lb. per horse-power, the latter being 
taken on a 24 hours’ run (divided into two periods 
of 12 hours), during which no adjustments of any 
kind were made. is is a most meritorious 

rformance, and we cordially congratulate the 

reen Syndicate on their achievement. There are 
several interesting features in this trial. The first 
is that the winning engine was of the ordinary 
vertical four-cylinder type ; in fact, a motor-car 
engine slightly modified in general design, and 
carefully constructed with a view to lightness. 
The second is that it ran at a very moderate speed, 
and had large cylinders for its power ; the third, 
that the mean pressure was very moderate; and 
the fourth, that the — consumption was only 
0.59 lb. per brake horse-power per hour. The 
revolutions being 1150 per minute, the piston 
8 was only 1100 ft. per minute. in, 
the cylinders being 140 mm, by 146 mm. (54 in. 
by nf in.), the cylinder capacity was nearly 550 
cub. in., or about 9 cub. in. per brake horse-power. 
The torque corresponds to a mean pressure of 
75 lb. per square inch, and the presumption is 
therefore that the engine was run with a very 
moderate compression ; while the petrol consump- 
tion indicates that the mixture was that suitable 
for economy, and was not made specially rich to 
get a high mean pressure. In all these points the 
engine was constructed on exactly the opposite 
lines to the fashionable motor-car engine, as fostered 
by competition ; for in the latter the s is usually 
about double that of the Green engine, while the 
mean pressure is some 25 per cent. greater. The 
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result, therefore, exactly bears out the contentions 
in our article of the 23rd ult., that the weight of 
a petrol-engine depends very little on the size of the 
cylinders, and that the reduction of the latter below 
a certain limit increases both the weight and petrol 
consumption. The motor-car engine can easily be 
made to give a horse-power for every 44 cub. in. 
of cylinder capacity, and makers advertise widely 
that this is a very “‘ efficient” result, and that by 
reducing the cylinders in this manner the weight 
has been very greatly reduced. Such makers are, 
however, very careful never to state the weights 
of their engines, and were they able to substantiate 


their statements as to lightness, they would doubt- | ceeded 


less have entered for the prize mentioned. The fact 
is that their engines are by no means light, and 
this is largely the reason why the American cars, 
which are unhampered by the adverse influence of 
rating, are lighter per horse-power, though they 
have larger cylinders. 





THE LATE MR. THOMAS PURVIS REAY. 

Wer regret to have to record the death, which 
occurred suddenly on February 22, at his residence, 
Weetwood Lodge, Far Headingley, Yorks, of Mr. 
Thomas Purvis y, chairman of Messrs, Kitson and 
Co., Limited, Airedale Foundry, Leeds. Mr. Reay 
was sixty-seven years of age, and had been connected 
with Messrs. Kitson’s works for over fifty years. 
He was born in October, 1844, and pine 9 uring 
six years, from 1859 to 1865, as a pupil in the com- 
pany’s works. During the nine following years, from 
1866 to 1875, he served with them in the designing of 
locomotive, tramway, and water-works engines ; 
machinery for the manufacture of iron and steel, in 
connection with blast-furnaces and sn oad. winding 
and hauling-engines for collieries ; hydraulic machinery 
for cranes, and so forth. For eight years, from 1876 
to 1884, he acted as works manager, and super- 
vised the construction of the same class of machinery. 
Ten years later, in 1885, he became a er. When, 
in 1900, the concern was turned into a limited liability 
company, Mr. Reay became the m ing director, 
and on the death of the late Lord Airedale he succeeded 
him as chairman of the company. Mr. Reay was a 
member of the Iron and Steel Institute, of the Institu- 
tion of Civil Engineers, and of the Institution of 
Mechanical Engineers. He was besides, from 1906, a 
Member of Council of the latter Institution, and 
attended the Council meeting of the l6th ult. He 
was also at business as late as the 21st ult., the day 
before his death. Mr. Reay took a prominent part 
in the industrial life of 8; he acted as one of the 
vice-chairmen of the reception committee at the 
summer meeting of the Institution of Mechanical 
Engineers in that city in 1903. 





Personat.—The British Lead Company, 122, Newgate- 
street, E.C., have taken over from the Ribbon Metals 
Syndicate, Limited, of 50, City-road, E.C., the United 
Region rights for the sale of “‘ Ribbonite ” lead for pipe- 
joint caulking (an improvement on lead wool), lead- 
sheet, solder, strip, and other lead and lead-alloy products 
manufactured under the patents owned by the syndicate. 
—Mr. C. H. Wordingham, M. Inst. C.E., Superintending 
Electriecai Engineer to the Admiralty, hus been elected a 
Fellow of King’s College, London.—Messrs. Walton and 
Clough, successors to the Gilbert Little Company, Horton 
Works, Bradford, inform us that these works have been 
re-opened, and that the orders in hand, inquiries, and 

eral business are proceeding as —_ no interruption 
fad taken place.—At a meeting of t 
University of London, on February 21, Mr. E. Kilburn 
Scott, M.I,E.E., A.M. Inst. O.E., was officially recog- 
nised as a teacher of electrical engin ais at University 
College for students proceeding to the B.Sc. degree. 


Contracts. — In addition to the fleet of omnihuses 
which they are supplying to. Messrs. Thomas Tilling, 
Limited, and to the Newcastle Co tion Tramways, 
the Tilling-Stevens Petrol-Electric Vehicles last week 
received an order from the Birmingham and Midland 
Motor Omnibus Company, Limited, for twenty, and 
from the Greenock and Port Glasgow Tramways Com- 

y an order for six, Tilling-Stevens petrol-electric omni- 
yuses, — Messrs. Bennis and Co., Limited, of Little 
Hulton, Bolton, and 28, Victoria - street, S.W., send 
us a list of 74 stokers for which they have recently 
received orders. Among thes: there were two for the 
North-Eastern Steel Company, Limited, Middlesbrough ; 
four for the Admiralty Dockyard, Chatham (electric 
light and power-station); six for the Liverpool Sac- 
cherine Compeny. Limited, Blackstock-street, Live a; 
and ten for Messrs. T. Rhodes and Son (Hadgeld); 
Limited, Hadfield Mills. They have also received six 
contracts for coal and ash - re plants. — Messrs, 
Jens Orten-Biving and Co., 9}, Union- court, Old 
Broad-street, E.C., state that they have recently booked 
orders for ten water-turbines, among which there are 
four twin vertical turbines of 1200 horse-power each, for 
Canada ; orders have also been booked for two 5000- 





horse-power impulse wheels and two 180-horse-power 
exciter wheels, various pipe-lines, circulating and other 
pumps. 


Senate of the|h 





RADIUM ‘* PERPETUUM MOBILE.” 
To THE Epiror oF ENGINEERING. 

Sir,—Your account (see page 181 ante) of Dr. 
Greinacher’s experiment certainly accords with his own 
description, of which he has kindly sent. me a copy ; but 
you are in error in supposing that Strutt’s radium clock 
is charged by f rays. 

As is well known, and as oa quotation from the 
Philosophical Magazine shows, Strutt’s arrangement pro- 
vides for the 8 rays to be carried away, leaving the gold. 
lenses charged positively by the imprisoned a rays. 
pe tees he a po thang Bos pees Se 6 oe 8 carry away 

ir positive charge, leaving the negative charge to accu- 
mulate. This Dr. Greinacher claims to have done, 
though I have not heard that anyone else has ever suc- 
I have repeated his experiment, using pitch- 
blende, but without the slightest success, and it evidently 
requires a very highly active radium compound. 
Yours truly, 

Colchester. Cuaries E. Bennam. 
_ [The Note on Radium ‘* Perpetuum Mobile” was pub- 
lished on 873 of our issue of December 29, 1911, 
and Mr. Benham’s criticisms and our repl appeared on 
page 181 ante. The Hon. R. J. Strutt did not speak of 
a rays in describing his experiment with 8 rays. We 
merely stated that the gold-leaf electroscope was 
—— ” with 8 rays coming from the radium salt. 
Since the glass tube containing the radium salt and the 
gold-leaf electroscope were both contained within the 
same vacuum bulb, we do not think that the verb “to 
charge” was used in any illegitimate sense. We did not 
express any opinion as to the real nature of the pheno- 
menon, and we do not desire to do so now.—Eb. E. | 





EXAMINATIONS FOR THE INSTITUTION 
OF CIVIL ENGINEERS. 
To Tae Eprror or ENGINEERING. 

Sir,—With regard to the windmill question in the 
recent A.M.I.C.E. Examination, which appeared in last 
week’s ENGINEERING, you state in your commentary to 
Mr. Schmidt’s letter that the useful horse-power developed 
by the mill is nearly 13. 1 think you have misplaced the 
decimal point in the answer you arrived at, the correct 
answer being 16.74 horse-power, thus :— 

The kinetic energy of the air which is turned into useful 
work by the mill per hour is 


Mex ax [4 x x 20 x 1760 x 3 x 0.086 | 
x (F) ft.-Ib. 
3 


Hence the horse power 





= 93 x3 x7 x 6 x 20 x 1760 x 3 x 0.086 
x (3) ™ 1 2 
3 33,000 x 60 
log 30 = 1.4771 log 800 = 2.9031 
log = 0.4971 2x log3 = 0.9542 
2x log6= 1.5564 log 33,090 = 4.5185 
log 20 = 1.5010 log 60 = 1.7782 
log 1760 = 3.2455 
log 3 = 0.4771 10.1540 
2 x log 88 = 3.8890 
log 0.086 = 2.9345 
11.3777 
— 10.1540 


Antilog of 1.2237 is 16.74. 
Yours faithfully, 
F. H. Rout, A.C.G.I. 
1, Salisbury-road, Wimbledon, February 27, 1912. 


[Our correspondent in deducing the kinetic energy of 
the air has forgotten to divide by g. A numerical error 
occurs in our note appended to the letter on the above 
subject published on 249 of our last issue. The 
orse-power of the mill is given as approximately 1}. 
This is, however, the horse-power in the air, and requires 
multiplying by the re gree f to get the useful horse- 
power of the mill, which should therefore have been given 
as about 4 horse-power.—Eb. E.] 





DrepceR ror ARGENTINA.—Messrs. William Simons 
and Co., Limited, Renfrew, launched on the 22nd ult. 
a twin-screw 2500-ton trailing-suction hopper-dredger, 
built to the order of the Argentine Government. is 
vessel, which is a sister-ship to a vessel constructed 
by Messrs. Simons two years ago for the same owners, 
is fitted with suction and self - discharging pumps 
capable of raising and discharging 5000 tons of material 
per hour. Four sets of hig aehny age surface-con- 
densing engines are fitted on rd for either propelling 
or pumping as may be required. 





AGRICULTURAL MAcuiNgs. —In a memorandum of H.M. 
Vice-Consul at Smyrna, it is stated that a demonstration 
train carrying specimens of agricultural machines, was 
run through the province for nearly forty days in the 
autumn of 1909. The machines were exhibited and sub- 
mitted to trials at various t Comparative tests 
were made of the local wooden plough and European 
ploughs. The representatives for the lish machines 

for a dynamometer to be fixed to the different 

ploughs, when working, in a simple manner, so that the 

ts were able to follow the demonstrations. The 

imports of ploughs increased in value from about 1650/. in 

1908 to over 8000/. in 1911, and the imports of other agri- 
cultural machines into the province are also increasing, 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a number of colonis! and foreign engi- 
neering projects, Further data concerning these projects 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, E.C. 

Canada: With reference to the call by the Canadian 
Department of Marine and Fisheries for tenders for the 
construction of gasoline launches, the office of H.M. 
Trade Conimissioner for Canada is informed by the 
department that it has been decided to have these launches 
built in Canada. The Imperial Trade Correspondent at 
Vancouver reports that the following appropriations ha\e 
been made by the Dominion Parliament for various works 
to be carried out in British Columbia during 1912 :— 
Improve’ in Vancouver Harbour, 500,000 dols.; 
improvements in Victoria Harbour, 500,000 dols.; con- 
struction of’ Fraser River retaining pier, 200,000 dols ; 
other improvements to rivers, wharves, harbours, dams, 
&c., 336,200 dols.; two new fishery protection vessels, 
275,000 dols.; lighthouse and buoy steamer, 135,000 dols.; 
public buildings, 724,000 dols.; telephone and telegraph 
works, 22,650 dols. A sum has also been nted for 
improving: tle West Coast Trail, Vancouver Island. It 
is stated that the total cost of the harbour improvements 
in contemplation at Vancouver will be 3,000,000 dols. to 
5,000,000 dols. Dollar = 4s. 14d. 

_ Australia: The bulletin of the South Australian Intel- 
ligence Bureau states that the Government have decided 
that a railway, about 294 miles long, shall be built con- 
necting Willunga, one of the older settled districts of 
South Australia, with Adelaide. 

Netherlands: The Nederlandsche Staatscowrant pub- 
lishes the terms of a concession granted to the Naamlooze 
Vennootschap Eerste Nederlandsche Motor-Tram : Venlo- 
Tegelen - Steyl, domiciled at Venlo, empowering the 
latter to convert the present horse tramway running from 
Venlo to Steyl into a steam or electric tramway. The 
Sar of the Bolaion Enautin ot cunomnens, = ot onthe 
rity o oe ae tion at the ue, that a Bill has 
been presen. to the Netherlands ‘Tatas for the 
construction of a railway from Ruremonde (Province of 
pone | to the Belgian frontier, in the direction of 
Kessenich. It is anticipated that this line will eventu- 
ally be continued as far as Heinsberg, in Prussia. The 
cost of the work is estimated at 511,500 gulden (42,625/.), 
and it is provided that the State shall contribute a sub- 
sidy amounting to five-elevenths of that sum. 

Portugal :: With reference to dock and breakwater con- 
struction at Lisbon, the Diario do Governo notifies that 
this contract has. been awarded to José de Uribosterra, 
and that the tontract price amounts to 1,720,000 milreis 
(about 350,0007. ). 

Spain: The Gaceta de Madrid publishes a notice of the 
grant to Don Carlos E. Montaiiés of a concession for the 
construction and working of a railway from Sarria to the 
Plains of Vallvidrera. 

Italy : The Gazzetta notifies that tenders will be opened 
on March 9 at the Ministero dei Lavori Pubblici, Rome, 
for the carrying out of harbour improvements and exten- 
sions at Messina. The upset price is put at 3,379,650 
lire (about 135,200/.). Although the above contract will 
doubtless be awarded to an Italian firm, nevertheless the 
carrying out of the work nmiay involve the purchase of 
some materials out of Italy. « 

Venezuela: The Gaceta Oficial contains a notice regard- 
ing a contract entered into between the Venezuelan 
Ministry of Public Works and Frederico Brandt, whereby 
the latter engages to construct an electric or steam rail- 
way to connect Caracas with Guatire, passing by way of 
Guarenas. Four years are allowed for the building of 
the line. ~The concessionnaire will have the right to 
extend the above line within a prescribed time to 
Caucagua, and then to San José de Rio Chico. Exemp- 
tion from Customs duties is granted in respect of any 
material or machinery which it may be necessary to 
import for carrying out the works. The concession is for 
a term of ninety-nine years. 





Tue New Station at Junerrau Jocu. — On the 
morning of the 21st ult., the tunnel on the Jungfrau Rail- 
way, in the Bernese Oberland, which had been driven 
onwards and upwards from the Eismeer Station, cut 
through by means of a side heading the great ridge which 
connects the peaks'of the Monk and the Jungfrau, called 
the Jungfrau Joch, at an altitude of 11,400 ft. above sea- 
level. e projected station will be erected some 180 ft. 
further on, and will be accessible to the public at about 
the end of June next. 





Tue Mecuanicat Enoinerrs’ Price-Book, 1912.— 
Edited by Mr. G. Brooks. London : Messrs. E. and 
F. N. Spon, Limited, 57, Haymarket, W.C. [Price 
4s. 3d. post free.}—This price-book is in the form of a 
vest pocket-book. It is printed on comparatively thin 

aper, so that its 288 pages do not make up a very thick 
Looe. The first 176 pages of the book are devoted to 

rices, and the latter portion to a diary section. The price- 
k section is subdivided into four parts, dealing with : 
—(1) Constructional work ; (2) materials and sundries ; 
(3) pipes, tubes, connections, fittings, &c. ; and (4) power 
merating and transmission. The subjects are. alpha- 
Petically arranged in the various sections, and an index is 
provided covering all sections. It would, perhaps, be 
conducive to more rapid reference if this index were 
laced at the beginning of the book. As it is it falls 
tween the price and the diary. sections and is thus 
hidden at about the middle of the book. Otherwise this 
little book is a commendably handy representative of 





this class of aids to engineers. 
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EXPERIMENTAL ENGINE AT ALLAN GLEN’S SCHOOL. 


CONSTRUCTED BY MESSRS. McKIE 


AND BAXTER, ENGINEERS, GOVAN. 
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Ix a recent issue we recorded the fact that a com- 
plete set of marine engines had been presented to 
Allan Glen’s School, Glasgow, one of the best known 
of the technical schools of Scotland, by a former pupil 
—Mr. P. Macleod Baxter, of Messrs. McKie and 
Baxter, engineers, Govan, and we have now pleasure 
in publishing an illustration of this engine. It is of 
15 horse-power, and of the compound surface-condens- 
ing type. We published a complete description of 
the engine in our former notice (page 24 ante), and 
need only here remark that every part of the engine 
can be removed for special study by itself or in rela- 
tion to the whole. As a consequence the engine 
forms a very valuable addition to the apparatus of the 
Institution, and is much appreciated by the pupils, as 
it enables them to acquire more intimate knowledge 
of the marine engine than is possible with marine 
drawings and black-board illustration lectures. 





_GrRapuHic SoLutions or WIEN’s Law.—In a paper pub- 
lished in the September issue of the Journal of the Wash- 
ington Academy of Sciences, Mr. G. K Burgess points 
out that Wien’s fundamental equation of optical pyro- 


metry, I, = or-* --e/ AT, may be considered from 


three points of view :—1. For the determination of the 
temperature T, or T, of a black body from observations 
on the corresponding intensities I, or I, of light of a 


Los i 
T° 2. For the 


‘I, T, 1 
determination of the temperature T of a substance whose 


absorption coefficient A, for a given wave-length X is 


given wave-length : : in 


known, and whose apparent temperature S, is given by 
an optical pyrometer using light of that \ : 
1 1 


r 

= n A, = T Sy . 

3. For the determination of the temperature of a black 
body from intensity observations at two wave-lengths 


Ay and Ag, 
_ oe ee a 
ap toing + ¢ ae oe 


Che value of the constant ¢ lies between 15,200 and 
15,700, according to various estimates. Pirani and 
W artenberg last year presented graphical solutions of 
equation (2) to the Deutsche Physikalische Gesellschaft, 
and Burgess now plots curves A) = constant with the 


values of the pyrometer readings (S, — 278) as abscisse, 


and the corresponding (T-—S) as ordinates. Red light 
of wave-length \ = 0.65 u is used by Burgess, and tis 
value of c is 14,500. 





THE INDUSTRIAL MELTING OF METALS 
BY GAS. 


In our issue of December 1, 1911, page 731, we de- 
scribed the application of gas to the melting of gold, 
copper, &c., at the Royal Mint, in furnaces using 
town gas at ordinary pressure and air at enguentel 
pressure. We now give particulars of work done in 
brass foundries where the gas is at an augmented pres- 
sure and the air normal. 

The Corporation of Birmingham have for some time 
past been developing within their gas-supply area the 
industrial uses of town gas, and have instituted a 
special section within their gas department to study 
the needs of the various technical operations. They 
have made a special tariff for gas so consumed, and to 
facilitate the attainment by their customers of the 
highest temperatures they have laid down high-pres- 
sure distributory systems. The experimental work of 
the section referred to has been under the care of Mr. 
E. W. Smith, M.Se., who has recently given a lecture 
upon ‘‘ High-Pressure Gas Application,” at the Man- 
chester University. After dealing with his investiga- 
tions into the various types of governors to secure 
uniformity of pressure, or of quantity of gas delivered, 
he dealt with various applications to the industries, 
and in particular to economies in metal-melting. His 
experiences relative to the last-named trade use are 
summarised in the following digest :— 


The melting of aluminium is now successfully accom- 
plished in furnaces heated by gas under pressure. 

The chief saving as contrasted with coke as fuel is in 
the saving of pots. These are lasting a month now, where 
before they lasted a fortnight with a smaller daily output. 

In brass-melting, where the temperature required is 
higher than for aluminium, however, the greatest 
advances have been made; the greatest saving here 
being that of the zinc in the alloy, although the other 
economies are quite notable. A strong recommendation 
is the adaptability of gas for hastening or delaying the 
melt to suit the time when the brass-founder has his 
moulds ready to receive the cast. 

Where twenty-four heats only were ible with coke, 
thirty are being obtained in gas-heated furnaces, reducing 
the cost for pots from 4.7d. to 3.75d. per 100 Ib. of metal 
melted, employing 160-lb. pots costing 15s. 

Most casters prefer the melt to occupy about 90 minutes, 
but with gas the usual] time occupied is 40 minutes. The 
following tests were made to see how far the caster’s 
requirements could be met without raising the cost of 
melting. The metal consisted of 60 parts of pig metal 
and 40 parts of light scrap, the pig metal being added 
after the scrap had been completely melted. The pot 





used was a 60-Ib. graphite. The furnace had a single high- 


series burner, the centre line thereof being fixed a 
istance of 1 in. from the tangent to the furnace-wall, and 
at a height of 2) in. above the furnace bottom. The 
burner was fitted with a jet 0.0935 in. in diameter, ing 
about 210 cub. ft. of gas per hour at a pressure of 23 in. 
of mercury column. 
Summary of Results of Test of Melting Brass by Town 
Gas wnder Pressures of 9 In. to 24 In. of Mercury 
Column. 
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* During the last charge a certain amount of metal fell by 
accident into the furnace itself; this partly explains the percent- 
age ofloss. But when coke is employed as fuel, the loss with this 
mixture of metals sometimes reaches 10 per cent. The cost of 
gas is upon the basis of Is. 4d. per 1000 cub. ft. During these 
three melts the heating and melting were delayed to suit the 
caster, the pressure of gas being generally about 9 in. of mercury 
column, raised 10, 18, and 12 minutes respectively, before pouring, 
to the full pressure of 23.8 in. 

Using a 160-lb. graphite pot, 324 in. high and 124 in. 
wide, in a cylindrical furnace, in the fusing of copper- 
zinc alloys of varying composition, the following are the 
results of a continuous run of three days:—The heating 
by high-pressure gas was through four burners, two on 
either side, playing tangentially to the inner surface of 
the furnace walls. The pot rested on a stand 4 in. high, 
and the flue, which was 8 in. wide by 5 in. deep, was 
located 3 in. from the top of the furnace. The furnace 
walls were 9 in. thick, formed of arch bricks. The mix- 
ture melted in each case consisted of sheet-metal scrap, 
copper ingots, and spelter. The scrap was melted first ; 
the copper being heated in the top of the furnace in 
readiness for being placed in the pot when all the scrap 
had run down. The molten metal was poured into 12-in. 
ingot moulds ready for —a, the whole of the opera- 
tions being carried out by the chief casters of a =~ 
firm in Birmingham. 

Five heats a day were carried out, and these took about 
24 hours less than the usual practice in Birmingham ; but 
if a seven-heat per day were adopted, the hereinafter cost 
of 12s. 4d. per ton would be considerably reduced. The 
pot used was new at the first heat of these fifteen tests, 
and continued in use for a further fifteen ; this is equiva- 
lent to an improvement of 20 per cent. as against the use 
of coke. The loss in melting was 1.4 lb., against 2.2 Ib. 
per cwt. The subjoined comparison of costs is not upon 
all fours, as the following items are not brought into the 
reckoning :—(a) Lessened cost in labour of gas-heated 
furnace ; (b) cartage of coke and removal of ashes. 

Comparison of Cost in the Several Items per Cwt. of 

Metal Melted, Stated in Pence. 


Gas-Heated Coke-Fired 
Furnaces. Furnaces. 
Graphite pots 4 5 
Metal lost os ss 164 
Fuel mn ée oe we 7 44 
Total of the three items .. 22 26 


The fifteen melts consisted of four 60/40 common brass, 
six 72/28 tube brass, and five 62/38 brass, each of 160 lb., 
or 21.4 cwt. in all. For this 9950 cub. ft. of gas, at 1s. 4d. 
per 1000, were used, equal to 7.4d. per cwt. 

Constructional details :—The followi 
for crucible furnaces, worked with al 
German silver :— 

Distance of the centre line of 
the burner from the tangent to 


dimensions are 
metals up to 


the inside of the furnace sae 1 in. 
Distance of the centre line of 

the burner from the bottom 

of the furnace ... ove 2) in. 
Height of the crucible stand 3 in 


-.. 6in. by 4 in. (tapered 
to the damper) 


Flue cross-section 


Minimum thickness of brick- , 
work : = on ed 9 in. 
The face of the burner should be in line with the 
tangent to the furnace, and fullway 3 in. by 8 in. allowed 
from the burner to the furnace interior. 


- — | - i 
| Interior of Oylin- 











Crucibles. drical Furnace. Gas Oon- 
sumption 
; om four 
oe External or 
,Capacity | Height. | To Height. | Diam Copper. 
in Copper. 4 Diameter. 4 89 
Ib. in. | in. in. in. cub. ft. 
60 11.75 7.75 27 10 200 
120 15 25 9.75 33 | 12,25 400 
140 16.25 | 10.0 33 12.5 425 
160 | 17.5 10.25 33 | 12.75 450 
20000 -| «(17.5 | (11.185 83 13.75 490 
! 











Tuer LATE Mr. Joun Kersuaw.—We regret to have 
to record the death, which occurred on February 20, at 
his residence, 7, Hanover-court, Hanover-square, W., of 
Mr. John Kershaw. Mr. Kershaw was eighty-five years 
of age. He was elected a member of the Institution of 
Mechanical Engineers in 1866, and was therefore one of 





the oldest members of the Institution. 
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THE SOUTH RUSSIAN IRON SYNDICATE. 


THE important iron syndicate Prodameta in Southern 
Russia, in spite of the rapid increase in its turnover, has 
recently passed through a severe crisis, its existence for 
some weeks being seriously threatened ; in fact, its disso- 
lution was at one time looked upon as unavoidable. This 
was understood to be owing more especially to the some- 
what excessive demands made by the Usines de Briansk. 
The dissolution would, no doubt, have resulted in severe 
competition, the loss falling upon the Russian iron 
industry, had the dissolution become a reality, having 
been estimated at as much as 100,000,000 roubles. 

The Usines de Briansk, however, have signed a renewal 
for five years, and, as far as the Russo-Belge Company is 
concerned, an agreement was arrived at as regards several 
manufactures, only some difficulty remaining concerning 
the plate syndicate. The delay in arriving at a definite 
prolongation of the syndicate proved a serious matter, 
which will ap rom the following motice upon 
the Charkow Iron and Coal Exchange:—Owing to 
the complicated question about the renewal of the syndi- 
cate, no business at all takes place. Stocks are low. The 
buyers have maintained the greatest caution, fearing 
some unforeseen difficulty might, after all, upset the 
renewal arrangements, when a price-war would be the 

orompt result, and, in the meantime, several orders 
— the Wilna and the Odessa districts have been with- 
rawn. 

The following table, referring to the first ten months of 


the respective years, shows the aggregate of orders re- 
ceived by the syndicate :— 
Tons. 
1911 1,122,000 
1910 995,000 
1909 750,000 


The various articles of last year’s turnover during the 
first ten months were :— 


Tons. 
Plates ine yin 184,000 
Girders and rails 194,000 
Hoo ab = 29,000 
Shafting oe da 11,800 
Rod and shapeiron __... ; am 692,000 
Light rails ‘ ae , ma 20,000 


The state of the market continues favourable, and 
during 1911 the production in Russia of pig iron, half 
finished goods, and finished goods, shows a very material 
inorease as compared with the previous year. 








New Orper ror Dreset Moror VessEis.—The East 
Asiatic Company, to whose order the Selandia was 
built, owing to the satisfactory trial trip with this vessel, 
have p a fresh order for two more 10,000-ton cargo 
boats of 3000 horse-power, with twin-propellers, with the 
Burmeister and Wain yard, for delivery in the inning 
of 1913: The Swedish Nordstjernan Songuny have also 
ordered two large new Diesel-motor steamers from Bur- 
meister and Wain, and further orders from the same 
company are expected. 





Tue InstiruTR OF Metats.—The annual autumn meet- 
ing of the Institute of Metals will, this year, for the first 
time, take place in London, the meeting being held on 
two days in the last week of September. The next meet- 
ing of the Institute will be the occasion of the third May 
lecture, which will be delivered on May 10 by Sir J. A. 
Ewing, K.C.B., F.R.S., on the subject of ‘‘ The Inner 
Structure of Simple Metals.” The corrosion investiga- 
tion recently taken up by the Institute of Metals is now 
being actively pushed forward. The experimental con- 
densing plant has been working continuously at Liverpool 
since January 1, and valuable data are being accumulated. 
To enable information on this subject to be readily 
obtained, the committee have had apo a ‘* Corrosion 
Inquiry Form,” and it is desired that a copy of this form 
should be in the hands of every person interested in 
corrosion, and that the twenty-four questions contained 
in the document should be answered as fully as —_— ; 
the document, when completed, together, if possible, with 
a sample of a corroded tube, to be sent to the Institute 
of Metals at Caxton House, Westminster, S.W., the 
secretary of which Insti‘ute, Mr. G. Shaw Scott, M.Sc., 
will be glad to supply anyone with eopies of the ‘‘ Corro- 
sion Inquiry Form.” 





Fire Tests with TrxTILEs.—‘‘ Red Book” No. 159of the 
British Fire-Prevention Committee has just ap 
and contains a report of the results of tests carried out on 
two qualities of flannelette, known as “ordinary” and 
** fine finish,” and also on a further series of tests with the 
same materials treated with a liquid known as ‘‘ Nofyre,” 
submitted for test by the Kleno Company, Cambridge. 
The results showed that about 62 per cent. of the tests 
with flannelette treated with ‘‘ Nofyre” demonstrated 
that the treatment had the effect of considerably retard- 
ing the flame; but when the flame had once got hold 
of the material, combustion was rapid, and 38 per cent. of 
the tests of the treated material showed this. The treated 
samples ye | absorbed damp, for many of them, 
although aired before the fire on the day preceding the 
testing-day, felt damp to the touch, and several samples 
steamed when burning. In the non-treated samples these 
peculiarities were not observed. Identically treated 
samples also behaved differently under flame, indicating 
that the success of the treatment depends to some extent 
on the way it is applied. The samples of “fine finish” 
non-treated flannelette that were tested confirmed previous 
tests as to the highly dangerous nature of the material 
from a fire point of view. 





INTERNAL-COMBUSTION ENGINES FOR 
GERMAN FISHING-BOATS.* 


By F. Rompere, Charlottenburg. 

AFTER a few explanatory statements concerning the 
comparatively unsatisfactory situation of the German 
deep-sea fishery service, and the possible development in 
store for it, the author said that, until 1908, there was no 
serviceable motor of German construction available for 
that service, the motors used being wholly of foreign 
manufacture. Units of large powers had, it was true, 


Fig.1. 



























































kept within low limits in order to obtain a satisfactory 
propelling effect corresponding with the heavy lines of 
the boat. Where this led to increased dimensions in the 
engine, other means had to be provided to make up for 
it, with a view to saving space. In this connection, 
it might be worth while to increase as much as pos- 
sible the average effective pressure in the cylinder, 
and, instead of working four-cycle, to work two-cycle. 
In order to reduce the cost and space taken up, and also 
to simplify the duties of the attendant, the number of 
cylinders, for motors developing up to 30 horse-power, 
was, as far as practicable, not to exceed two. The actual 

Fig.2. 
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SECTION J. K. 


been built in Germany on an extensive scale, whilst the 
question of similar engines of small dimensions had 


remained an open one. Since the above date, however, 
the service become independent of outside sources. 
The primary conditions which ruled in the designing of 


engines for this particular purpose were reliability com- 
bined with simplicity, owing to the inexperience of the 
hands in charge of them; fuel injection and automatic 
ignition should be resorted to i of atomising and 
electric ignition. The number of revolutions had tobe 





* Abbreviated translation of a paper read in German 
before the meeting of the Schiffbautechnische Gesell- 
schaft, held in Berlin, November 23 to 25, 1911. 

















































@5779 SECTION E. F. 


weight of the engine was not of primary importance, 
according to the author, since an increase in weight of 
this oa be adjusted by the ballast which all fishing- 
smacks carried ; the greatest care, however, should be 
paid to the saving in s' : ; 

The author deseribed, in the first place, as fulfilling the 
above general conditions, the Brons engine. This engine 
is manufactured by the Gasmotorenfabrik Deutz. It is a 
four-cycle engine, which on its first stroke draws into the 
cylinder the air for combustion ; compresses it to about 
27 atmospheres (397 lb. per sq. in.) on the second stroke, 
at the end of which fuel and air mix together in the com- 
bustion head ; the mixture then explodes in the cylinder, 
thus leading to the expansion and exhaust strokes, as takes 





MARCH I, 1912.] 


ENGINEERING. 


299 








in all four-cycle engines. The engine is shown in 
oon and plan o Figs. 1 to 3; the diagram, Fig. 4, 
illustrates its action. The Diesel engine, in that it 
requires no fuel-atomiser and no ignition device, fulfils 
two of the above general conditions required of an engine 
for the fishery service. In the Brons engine, on the other 
hand, there is no combustion at constant pressure, and, 
owing to the simplified method of introducing the fuel 
without the aid of comp air, there occurs an explo- 
sion which, given the high compression, rises up to 
50 atmospheres (735 1b. per sq. in.) and over. This makes 
massive design necessary in all the more important parts; 
a heavy fly-wheel must also be provided, and the material 
and construction have to be of special quality—condi- 
tions which lead to an increase in cost, and which also 
limit the power of the engine to about 30 horse-power. 
On the other hand, marked advantages result from the 
































AES 
Vln; 













































Z . 


\ 
LU 


We 
Lj 


. 


Z 


WSS 


are! 


NS 


N 
\ 


Vt 


N 
ASSSSSSSSESSSSSSSS 





eek 

| MN 

| Bo: 
rl NG 7 Tie 
Oe 
: 1\ iG 

| ILE 
| NILE 

| . J 

AV) 

| Ti 
| 7 By y 

Z U\Z 
| 1 777 
\) V7 





high pressures employed. The engine turns the heat to 
account quite as favourably as the Diesel engine, and is 
more —_ than the latter in the important parts. It 
has a high ave effective pressure, and, accordingly, 
notwithstanding the four-cycle action, the dimensions of 
the cylinders are smaller than in most of the two-cycle 
engines. The Brons engine now uses crude oil, a fact 
which has placed it to the front for propelling fishing- 
smacks, Its characteristic features are reliability and 
economical working ; it cannot, however, be considered 
cheap as regards first cost. 

The following are the principal dimensions of the two- 


cylinder 24-horse-power Brons engine :— 
Diameter of cylinders 200 mm. (7.874 in.) 
Stroke ... si i 240 ,, (9.449 ,, ) 
Normal speed 340 revs. per min. 


Whence calculation gives 2.72 m. (8 ft. 11 in.) per second 
for the ave piston speed, and 4.2 kg. per sq. cm. (61.7 Ib. 
per sq. in.) for the mean effective pressure. This latter 
value for a crude-oil engine is very high, and is exceeded 
only by the performance of the Diesel engine ; the smal 
size Diesel engine, according to the data which have 
hitherto appeared, shows only a slightly higher figure— 
4.7 kg. per sq. cm. (69 Ib. per sq. in.). The motors with 
incandescent ignition, hitherto used in deep-sea fishing, 
show & much lower pressure. 

_ The cooling-jacket and the crank-casing form one cast- 
ing ; the cylinder liner is inserted in the frame in the 
usual way. The cooling water flows directly from the 
jacket into the cover. e lower part of the frame is 
carefully stiffened, since, notwithstanding the compara- 





tive smallness of the engine, it is under a stress of about 
18 tons, The cylinder is lubricated by oil under pressure, 
supplied by a small piston-pump, at three places at about 
the middle of its height. rge openings are provided in 
the crank-case for giving easy access to the moving parts. 
Figs. 5 to 8 illustrate the cylinder-cover ; this being cast 
om from the cylinder, the piston is easily accessible. 
The cover is in two ——, the lower or main portion being 
fitted with a top plate, which arrangement gives a deep 
and rigid cover. This would be the case also were it in 
one piece only, but the arrangement adopted has the 
advantage that it facilitates manufacture, and decreases 
the casting stresses. The valves are fitted directly on 
the cover; they are four in number—suction, exhaust, 
fuel, and starting-valves. Fitting these in their right 
places, whilst maintaining space for the inlet and exhaust- 
pipe flanges, the provision of effective cooling, with a 



































sufficient margin of strength, and the elimination of 
casting stresses, are difficulties which have been solved ina 
satisfactory manner. The cooling water flows both into 
and out of the cover, the object being to afford the maxi- 
mum cooling effect to the part of the engine which is sub- 
jected to the highest temperature. This arrangement has 
proved most satisfactory. Figs. 9 to 11 show the base-plate ; 
the recess for the lay-shaft bearing is seen in Fig. 11. The 
inletand exhaust-valves are similar, and of the usual type; 
and, notwithstanding their small size, are in two parts, a 
spindle of mild steel, to which is screwed a cast-iron head. 
e starting-valve is also of the normal type. : 

The Brons engine generally requires compressed air for 
starting, as otherwise compression cannot be overcome, 
and without sufficient compression the engine does not 
start. The smallest pattern—of 6 horse-power—is alone 








built for starting by hand. Starting can be effected with 
air ata pressure of from 2 to 7 atmospheres (29.4 Ib. to 
103 Ib. per sq. in.) only. The fuel-valve is shown in 
Figs. 12 to 20. The ignition-cap is fitted to the conical 
end of the valve-guide, and its lower part, in which 
are drilled a number of fine openings, projects inside 
the combustion-chamber of the cylinder ; it forms at the 
same time both an atomiser and an ignition device. 
The fuel collects and is partly gasified in this cap and 
mixes with the air supply. The mixture flows in part 
through the openings into the cylinder, where it ignites 
on the completion of compression, whereby the remainder 
of the oil in the cylinder attains complete combustion. 
The valve allows the fuel to enter the ignition-cap; its 
travel is adjustable by hand. A needle-valve made with 
a quick-pitch thread is adjustable by the governor and 
cuts off the fuel when the speed exceeds a given limit. 





Fig 


. 25. 
Device tor ; 
out of 


Pressure Valve q 


Suction Port 

















The behaviour of the engine depends upon the openings 
in the ignition-cap — of the right size; for if they 
are too small, they are likely to get too quickly stopped 
up ; while if two large, i larities occur in ignition. 
The piston is illustrated in Figs. 21 to 23. Tbe piston- 
head is flat, of a strong design, cast with deep ribs under- 
neath, not so much to increase stiffness as to lead to a 
more complete carrying away of heat. A portion of the 
piston-head is cut away directly underneath the ignition- 
cap. The piston is made long owing to the comparatively 
heavy normal pressure on the working surfaces. The pin 
is cylindrical, and is located low down in the piston. It is 
lubricated with oil, taken from the cylinder-wall by the 
lower packing-ring, which passes inside the pin, and 
is thence distributed outwards through three openings 
as shown. The connecting-rods are of the usual type, 
with conical shanks, big ends of the marine type, and 
closed small ends, fitted with brass bearings, those of the 
big ends being lined with white metal. Both ends are 
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adjustable for wear. The crank-shaft has its cranks set 
at 180 deg. ; the cranks are counterweighted. The crank- 
pins are provided with centrifugal lubrication. 

The governor is shown in Fig. 24. It operates as soon as 
the speed exceeds a given maximum, when the pendulum 
arms are acted upon by the centrifugal force ; the motion 
given to the governor-sleeve is transmitted by a rod to 
the needle-valve above referred to. The oil-fuel is sup- 
plied by a small pump which draws from the oil-tank and 
delivers into an overflow receiver on the engine, whence it 
flows to the fuel-valve. The position of the needle-valve 


and the stroke of the pump regulate the engine-fuel | p 


supply ; the stroke of the oil-fuel pump is adjustable by 
hand, and is only altered when power Tes to be altered 
within wide limits. The oil from the overflow receiver 
flows back to the oil-tank. A recent improvement consists 
in a small opening shown in the fuel-valve section, Fig. 15, 
through which a small amount of air enters the ignition- 
cap to further gasification. The method of governing 
n question has proved effective in service. Any rise in 


—— ae 


2677.4) 


the number of revolutions leads to an increase in the pro- 
peller resistance, which compels the engine immediately 
to run slower ; on the other hand, the decrease m the 
engine speed is connected with a fall in the load, woe | 
immediately to an increase in the motor speed, provid 
no extraneous conditions intervene. To meet unforeseen 
circumstances, the fuel-valve is provided with hand 
adjustment. 

On starting with compressed air, the engine works on 
the two-cycle principle. In order to simplify matters, the 
normal exhaust-valve is used for the air-exhaust, the said 
valve also working two-cycle during the starting period. 
The inlet and fuel-valves have, of course, to be cut out 
during the starting period, and as soon as working with fuel 
commences, the starting-valve stops working and all the 
other valves commence to act. ‘© secure the necessar 
sequence in the manceuvres, the lay-shaft is provided wit 
a movable sleeve, made with various cams for operating the 
different valves. This method of starting rendersan air-com- 

ressor necessary. The latter isa separate machine, driven 

y belt transmission in the large installations ; in the 
smaller ones it is connected to the engine itself, and is 
driven by a crank. Fig. 25 is a section through a belt- 
driven air-compressor. en the compressed-air receiver 
is fully ch , the compressor is easily made to stop 
working by operating by hand the device at the top of 


the machine. This opens the pressure valve, and the | 











air drawn in is simply driven out again, the compressor 
works hght, and does not take any appreciable power 
from the engine. The author would prefer an auto- 
matic arrangement by which the compressor could be 
thrown in and out of gear according to the compressed-air 
supply in the receiver; there is no technical difficulty 
in the way, and no special complication would arise in 
the mechanism. As the plant now stands, the fisherman 
may forget to maintain the compressed-air receiver 
charged, thus compelling him to have resort to a hand 
air-pump before he can start his engine. The com- 
ressed-air receiver is made of plates welded ther, 
and tested to a pressure of 15 atmospheres (220.51b. per 
sq. in.). The plant further includes a cooling water- 
ump, this being the usual type of plunger-pump driven 
»y an eccentric, and a silencer. The latter is water- 
cooled by the pump. Figs. 26 and 27 illustrate the thrust- 
bearing. The connection between the engine and the 
oo er-shaft consists of the usual type of coil-spring 
clutch. 


The weight of the installation, comprising a 24-horse- 
power two-cylinder Brons engine, is the following :— 


Weight of the engine without fly- 
wheel and coupling ... ese an 
Weight of the engine with fly-wheel 
Weight of the installation complete, 
with coupling, reversing - gear, 
stern-shaft, stern-tube, founda- 
tions, piping.'and with 200 litres 
(44 ons) of oil fuel in the tank... 


Weight per horse-power = = 


2215 kg. (4482 Ib.) 
2965 kg. (6535 Ib.) 


3700 kg. (8155 Ib.) 
154.2 kg. (340 Ib.) 


The weight of the installation, with an 8-horse-power 
Brons engine, is as follows :— 
Weight of the engine without fly- 

wheel and coupling ... me ies 
Weight of the engine with fiy-wheel 
Weight of the installation complete, 

with coupling, reversing - gear, 
stern-shaft, stern-tube, founda- 
tions, piping, and with 60 litres 

(13 gallons) of oil fuel in the tank... 


Weight per horse-power = ! 


910 kg. (2005 Ib.) 
1270 kg. (2799 Ib.) 


1600 kg. (3526 Ib.) 
200 kg. (440 Ib.) 


The installation of a 24-horse-power engine set is shown ! 





in Figs. 28 and 29. . Besides the above engine, the paper 
also described those with incandescent ignition, which 
are still ominant in the fishery service. ese are of 
an old lish pt ey were put on the market as 
early as 1892 by Hornsby-Akroyd—and were adapted for 
use in the fishery service towards the end of last century, 
This, according to the author, took place in Scandinavia, 
where the new engine found an important market, and 
from whence it rapidly spread to all parts of the earth. It 
was then introduced into Germany, where its use has 
ore developed since 1903 in the fishery service, 
ntil 1908 there were practically no German-built engines 
used for this service, and the few German-built ones were 
not equal to the foreign ones. Even now three-quarters 
of the explosion engines used in the German fishery service 
are of Swedish or Danish origin. The type of engine in 
uestion, with incandescent ignition, is the simplest ; and 
this fact, from the point of view of its application to the 
propulsion of fishing-smacks, makes it possible to overlook 
many of its other features. It offers the best guarantee 
for reliability in the hands of a fisherman who may never 
fore in his life have set his eyes upon an engine of any 
kind. The author then stated, amongst other draw- 
backs, that the incandescent ignition device has to be 
heated for 10 to 15 minutes with a lamp; the engine, 
therefore, was not always ready for working, and thereby 
lacked the superiority —immediate starting—which other- 
wise constituted an advantage which the explosion engine 
f over the steam-engine. Engines of this type, 
working on the four-cycle and the two-cycle principle, 
were ee in the German fishery service. German 
makers, however, appeared to be a giving prefer- 
ence to the two-cycle, which offered many advantages 
over the four-cycle. Many four-cycle engines were still 
imported into Germany from Sweden and Denmark. 
The two-cycle engines, of course, require scavenging, but 
this could easily be provided for ; and since they ran with 
greater pee they could be fitted with a lighter fly- 
wheel. All considered, and the conditions being equal, 
a two-cycle engine weighed one-quarter less than a four- 
cycle. The author illustrated a two-cylinder 8-horse- 
power petrol-engine of this type, working on the four- 
cycle principle, built by the Kieler Maschinenbau A.-G., 
vorm. C. Daevel, Kiel ; also a one-cylinder 6-horse-power 
two-cycle crude-oil engine, built by the Maschinenbau 
A.-G., vorm. Ph. Swiderski, Leipzig-Plagwitz ; and a two- 
cylinder 8-horse-power two-cyle crude-oil engine built by 
the Grade Motor-Werke, Magdeburg. 

As an example of the larger type of engine for use in the 
fishery service, a three-cylinder i e 75-horse-power 
Diesel engine, built by the Deutz Company, was taken. 
The principal dimensions of this engine are the follow- 
ing :— 

Diameter of cylinders... 
Stroke om s 


240 mm. (9.449 in.), 
320 mm. (12.599 in.), 
350 revs. per min., 


the average piston speed being 3.73 m. (12 ft. 2} in.) per 
second, and the average effective pressure at 75 horse-power 
being 4.43 atmospheres (65 lb. per sq. in.). The author 
added, however, that the question of fitting, in the German 
fishery service, explosion engines of powers ranging from 
30 to 60 and 70 horse power was not one that was given 
consideration to under the conditions now ruling in the 
said service. The German fishing companies did not as 
yet appear very eager to fit their larger boats with 
engines ; the degen to them was a new one, first cost 
was high, and the results were not immediately certain. 
No attempt whatever had m made, so far, to remove 
the machinery from the German fishing-boats fitted with 
steam-engines, with a view to their replacement by 
explosion — The 75-horse-power Diesel engine 
above refe’ to was fitted in a boat for the Biological 
Institute of Heligoland ; this engine would also meet all 
requirements of the fishery service, for which, in fact, it 
had been designed. 








Hutu.—Strikes cost Hull 12,0007. last year. The rates 
are to be raised 7d. in the pound, although the corporation 
water works and the corporation tramways yielded avail- 
able profits of 15,000/. and 12,000/. respectively. 


DanisH State Raitways.—The Danish State Rail- 
ways have published their report for the year 1910-11, 
which shows an improvement compared with the two pre- 
ceding unfavourable years, the surplus having risen about 
500,000 kr., from 2.891,000 kr. to 3,405,000 kr. Durin 
the previous year the receipts increased 34 per cent., an 
the expenditure 4 per cent., whilst in last year the 
revenue increased 3.1 per cent., and the expenditure only 
2 per cent. The increase comes under the head of goods 
and cattle, the revenue from the passenger traffic having 
decreased, which, however, is not owing to a smaller 
number of journeys (these having actually increased), 
but to a falling in first-class-.passengers and long- 
distance journeys. The sale of the somewhat dearer 
express train tickets has also diminished. The number 
of journeys amounted in the te to about 21,200,000, 
of which 90 per cent. were third-class, 9.8 per cent. second- 
class, and 0.2 per cent. first-class. The aggregate revenue 
amounted to 45,408,000 kr , of which 20,261,000 kr. come 
from the passenger and 22,175,000 kr. from s traffic. 
The aggregate expenditure was about 42,000,000 kr. The 
total capital invested in the Danish State Railways 
amounts to 262,000,000 kr. The rolling-stock comprises 
over 600 locomotives, about 8800 goods and cattle wagons, 
and about 1500 passenger carriages, capable of accommo- 
dating 70,000 rs. The State Railways further 
own eight vessels, twenty-three ferries, and ninety-five 
ice-boats. During the year twenty-six persons lost their 
lives on the railways, one of whom was a passenger. Tae 
staff numbers rather more than 13,000, 
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BRITISH CORPORATION FOR THE 
REGISTRY OF SHIPPING. 


Most satisfactory reports of the progress of this 
registry society, and of its influence on developments in 
the marine industry, were made at the twenty-second 
annual meeting at Glasgow on the 2\st ult., when Mr. 
Francis Henderson presided, and, to the regret of all 
interested, intima that he wished to retire from the 
chairmanship of the Corporation, a position he has filled for 
ten years, in succession to Sir Nathaniel Dunlop, the first 
chairman. Mr. Henderson, in his address, stated that 
the total tonnage of the vessels which had been built 
under British Corporation special survey would shortly 
reach 3,000,000 tons. The work in hand for classification 
with the Corporation was of about 460,000 tons, the 
largest total which had ever been upon the books of the 
society. It was a source of gratification to the com- 
mittee that 54,000 tons of this total was to be built 
also to the classification of the Registro Nazionale 
Italiano, and that the association of the British Cor- 
poration with this work was to be attributed to their 


close technical alliance with the Italian a. Now 
that the standard of weight first established by the 
Corporation had been practically adopted by all try 
societies, there had to be many owners who regretted that 


they did not share earlier in the advantages given by 
their classification, and who looked sorrowfully on the 
hundreds of tons of steel which they had been carrying 
about in their ships during past years instead of freight- 
earning cargo, especially when time had proved not only 
the efficiency and durability which had attended scientific 
and sensible construction, but also its economical upkeep. 
The sub-committee on internal-combustion engines had 
personally, and through specialists on the staff, kept 
themselves in closest touch with all the latest inventions 
and improvements in this department, and had issued 
provisional rules for construction which embodied in a 
tentative fashion existing knowledge, but which were in 
practice used only as a basis for interchange of views with 
designers rather than as regulations, because they felt 
that they were still a long way from the last word on this 
subject. Reference had already been made to the success- 
ful voyage of the Toiler across the Atlantic, and to the 
fact that a sister vessel of somewhat larger power was 
underconstruction. Success had also attended theauxiliary 
motor-shipSound of Jura, and two whalers with oil-engines, 
and they were waiting with great interest the results 
of the trials of the 7000-ton oil-driven ship Jutlandia, 
built by Messrs. Barclay, Curle, and Co., and the 
3200-ton cargo ship, by Messrs. Richardsons, Westgarth, 
and Co., all of which vessels were being built to the 
classification of the Registry. Even more, from an educa- 
tive point of view, might, however, come from the 
development of the fleet of coasters with oil - motors 
which was being built under their survey for Mr. John 
M. Paton, -f Glasgow, because the lessons of experience 
were most easily applied during the growth from small 
things to t. 

Mr. Fred. J. Sateen, chairman of the Technical Com- 
mittee, said that the most important phase of their free- 
board work had been the consideration of rules for the 
load-lines to be assigned to full-rigged vessels fitted with 
auxiliary steam and oil-motors of high power. Another 
matter which had been the subject of prolonged investi- 
gation was the suitability of the various compositions 
which were now so commonly used, instead of wood 
sheathing, on steel decks. There was a strong chemical 
resemblance between all the compositions, and it had 
been found that, under existing conditions of mixing and 


laying, there was grave risk of serious corrosion of the | P’ 


steel plating, particularly where the covering was ex 

to the action of salt water or moisture, such as was found 
on weather decks. The manufacturers had been invited 
to assist the committee in laying down regulations which 
would safeguard the interests of shipowners, and it was 
hoped that a standard of quality and work might be found 
which would have this effect. There was no doubt of the 
many admirable qualities of these coverings. 

_Among all the scantling plans which had been con- 
sidered for the 460,000 tons of shipping which were being 
built under the rules, only half a dozen vessels could be 
described as being built with the now old-fashioned side- 
Stringer system. It was difficult to believe that this 
large departure, which was made so recently as 1906, in 
the Ellerman liners, and which only spread to other com- 
panies in 1909, had already become almost universal 
practice. 

In the evening Mr. Francis Henderson entertained to 
dinner in the Grosvenor Restaurant a large number of 
shipbuilders, shipowners, underwriters, and others with 
whom he has been associated in the course of his work as 
chairman of the Registry. Mr. Henderson presided. 





: CATALOGUES. 

Anti-Friction Metals.—We have received from the 
Atlas Metal and Alloys Company, Limited, 52, Queen 
Victoria-street, E.C., a pamphlet giving particulars of 

Atlas” metal and several other brands of anti-friction 
alloys manufactured by them to meet all requirements. 


__Jantern - Slides of Electrical Machinery. — Messrs. 
Siemens Brothers Dynem Works, Limited, Caxton 
House, Westminster, 8.W., have sent us a copy of their 
lantern-slide list, which has recentl revised and 
brought up to date by the addition a several new slides. 
These slides, which include about 180 subjects, illustrate 
all kinds of electrical machinery, electrically - driven 
machinery, switch-gear, &c. ey are loaned free of 
charge for use at lectures, demonstrations, &c. 


Lathes.—From Messrs. George Swift and Sons, of 


Claremont Iron Works, Halifax, we have received an 








attractive booklet relating to their high-speed sliding, 
surfacing, and screw-cutting lathes. Full particulars are 
given of four sizes, having 7-in., 84-in., 10-in., and 124-in. 
centres respectively; the three t sizes are made 
with either cone-driven or headstocks. The book- 
let contains a general specification of the tools, with illus- 
trations of the most important details. 


Pumping Machinery.— Messrs. Gimson and Co. (Leices- 
ter), Limited, Vulcan - road, Leicester, have sent us a 
copy of a small catalogue section illustrating examples of 

umping-engines, well-pumps, bore-hole pumps, pumping 


ead-gears, and other pumping machinery for town 
Sree, drainage, breweries, and other industrial 
purposes. The catalogue states prices for two-throw and 


three-throw standard pumps, three-throw plunger pumps, 
and double-acting force-pumps. 


Agricultural Machinery.—We have received from the 
Horsfall Destructor Company, Limited (Successors to 
Messrs. Edward Humphries and Co., Limited), of Atlas 
Works, Pershore, orcestershire, a catalogue giving 
particulars of thrashing-machines, maize-shellers, hay 
and straw elevators, straw-trussers, a engines, 
traction engines and wagons, saw-benches, cider-presses 
and mills, fruit-pulping machines, and other agricultural 
machinery. 


Electric-Lighting Supplies.—The General Electric Com- 
pany, Limited, 67, Queen Victoria-street, E.C., have 
sent us a copy of the thirteenth edition of their catalogue, 
Section S, dealing with electric-lighting supplies such as 
distribution boards, cut-out boards, tumbler and other 
switches, wall-plugs, adaptors and connectors, ceiling 
roses, cut-outs, lampholders, flashers for advertising 
signs, and other accessories. The catalogue is fully 
illustrated, and gives prices and all necessary particulars 
of the goods. 

Expanded -Steel Baskets.—We have received from Messrs. 
Walls, Limited, of Birmingham, a catalogue | 


and quoting prices for baxkets made from expand 
steel. The list includes letter-baskets, waste-paper baskets, 
refuse-baskets for parks and streets, and workshop- 


baskets. The latter are said to be very suitable for 
collecting small parts produced on automatic machines. 


It is poimted out that the baskets are neat and excep- 
tionally strong. They can be supplied either japanned, 
painted, or pa a > 


Motor-Cars.—The Wolseley Tool and Motor-Car Com- 
pany, Limited, of Adderley Park, Birmingham, have 
sent us a copy of a very attractive catalogue of motor-cars 
for 1912. This catalogue gives very full information with 
regard to both chassisand carriage-work. Each chassis is 
illustrated and fully described, and shown fitted with 
different types of ies, prices being stated for each 
combination. The book is provided witha oy index 
to facilitate reference to any particular model, and is 
es a very creditable production. The latest types 
of Wolseley cars were fully dealt with in our issue of 
October 20 last, on page 527. 


Electric-Light Fittings.—From the Adnil Electric Com- 
pany, Limited, Adnil Building, Artillery -lane, E.C., 
we have received a four- illustra price-list of 
fittings for indirect lighting with metallic-filament lam 
In these fitti: a cone-shaped metal reflector, enamelled 
white, is fixed above a cluster of metal-filament lamps, 
below which an opalescent glass bow! is suspended. e 
light is thus partly transmitted through the bowl and 
partly distributed by the reflector, so that the illu- 
mination is indirect and practically no shadows are 
roduced. It is pointed out that a light of this nature 
is of great advantage in factories, workshops, drawing- 
offices, &c. 

Sheep - Shearing and Horse - Clipping Machines.— 
We have received from the Wolseley Sheep-Shearing 
Machine Company, Limited, of Sydney Works, Alma- 
street, ar et me a well-printed and illustrated booklet, 
giving particulars of their electrically-driven sheep-shear- 
ing and horse-clipping machines. is booklet also illus- 
trates portable sets, comprising several shearing-machines, 
supplied with current from a portable petrol-engine and 
dynamo. Various accessories, such as electrically-driven 
sharpening-machines, automatic motor-starting switches, 
dynamos, &c., are also dealt with. Another booklet, also 
to hand from this firm, gives prices and full particulars 
of 3}-horse-power and 5-horse-power portable petrol- 
engines with sheep-shearing attachments. 


Stoneware Apparatus, &-c.—An illustrated catalogue of 
stoneware ap’ tus and vessels for chemical, electro- 
chemical, and metallurgical purposes has reached us from 
Messrs. Doulton and Co., Eimited, of Lambeth, S.E. 
Included in the list are all the necessary vessels and 
apparatus for the manufacture of nitric, hydrochloric, 
and acetic acids, as well as chlorine generators, jars, 
poe pans, tanks, and other vessels of every description. 

he catalogue also deals with stills, condensing-worms, 
condensing - towers, plate columns, acid pipes and 
cocks, pumps, stirring apparatus, filter-tubes, firebricks, 
crucibles, and many other articles; prices are stated in 
most cases. Messrs. Doulton also manufacture acid- 
proof enamelled cast-iron vessels, and a few examples are 
illustrated in the catalogue. These vessels can 
to resist higher pressures and greater temperature varia- 
tions than awe be possible with stoneware vessels. It 
is stated that the enamel holds fast to the iron and resists 
the strongest acids. 


Files.— From the Patent File and Tool Company, 
Limited, 8, White-street. Moorfields, E.C., a copy of 
their new catalogue of ‘‘ Dreadnought” milling files has 
reached us. As is now well known, the teeth of these 
files resemble those of a milling-cutter in section, and 
form an aro of a circle in plan, The catalogue points out 








the many advantages possessed by these files, claiming 
that they are more efficient and durable than ordinary 
files, and that they leave a better finish on the work. 
They are also stated to be particularly suitable for filing 
soft metals, such as lead and aluminium, owing to their 
self-clearing properties. Prices and particulars are given 
of tanged files and rasps of all shapes and sizes, as well 
as of special tools for filing large surfaces. Other tools 
for smoothing tramway and railway rails are also dealt 
with. All the files and special tools can be re-sharpened 
several times, and the catalogue states prices for this 
work in each case. 


Gas - Producers.—Particulars of the Hilger gas-pro- 
ducers have reached us in the form of a catalogue from 
the makers, Messrs. Poetter, Limited, Graf Adolf- 
strasse 56, DiisselCorf. After pointing out the advan- 
tages of gas-firing for metallurgical and other furnaces, 
the catalogue, which is prin in English, points out 
the special features of the Hilger system. This producer 
is fitted with a slowly-rotating hearth, on which the grate 
is supported. The grate consists of a circular portion, on 
which is mounted a star-shaped upper part, arranged so 
as to distribute the blast in a downward direction over 
the cross-sectional area of the producer. By means of an 
adjustable worm gear and ratchet mechanism a recipro- 
cating rotary motion is given to the grate, the motion in 
one direction being greater than that in the other direc- 
tion, so that the grate slowly turns completely round. The 
motion of the grate frees the ashes and clinker from the 
fuel, and causes them to fall into a water-trough surround- 
ing the grate ; a fixed scraper serves to remove the ashes 
from the trough as it rotates. Another special feature of 
this producer is the absence of a water-jacket, sometimes 
provided to prevent clinker from adhering +o the pro- 
ducer walls. It is claimed that the slag formed remains 
in a liquid state and runs down the firebrick walls with- 
out adhering to them. Several other advantages are 
claimed for these producers, and a number of test results, 

analyses, and other pwrticulars of working are given. 
Gitendions of a few installations are included. 


Oil-Gas Plants.—We have received from Messrs, Mans- 
field and Sons, Limited, whose new address is 12, 
Hamilton-square, Birkenhead, a copy of their latest list 
relating to apparatus for the generation and use of oil-gas 
in laboratories situated away from a supply of town gas. 
The oil-gas is produced by admitting any kind of oil or 
fat into a cast-iron retort heated to redness by a fire of 
w or coal. The gas produced in this way 
directly from the retort through an hydraulic box to an 
ordinary gas-holder, whence it isdistributed and used in the 
same way as -gas. No purification is necessary, and 
the gas is said to be absolutely permanent. It is stated 
that about 11 gallons of oil and 2 cwt. of coal are 
required to make 1000 cub. ft. of gas, and that this gas is 
equal in calorific value to 3000 or 4000 cub. ft. of ordinary 
town gas. A special form of water-weighted gas-holder, 
for use when the is required to be delivered at a fairly 
high pressure, is illustrated and described in the list. The 
top of this holder is made concave to form a reservoir for 
water, which is pumped up from the tank. The level of 
the water can be adjusted to give the required pressure 
by a valve, which, when opened, allows the water to run 
back into the tank through a vertical pipe situated in the 
axis of thegas-holder. An overflow pipe is also provided 
to prevent the water on the top of the tank from rising 
above the desired level, owing to excessive pumping or 
rainfall. The list, which is very well got up, ides 
giving particulars of the oo, deals with appliances for 
utilising the gas, such as Bunsen burners, furnaces, ovens, 
blow-pipes, sand-baths, bench fittings, &c. In conclusion, 
a list is given of nearly ninety colleges and other institu- 
a meee in India) where the apparatus has been 
installed. 








ON THE BEHAVIOUR OF CERTAIN 
ALLOYS WHEN HEATED IN VACUO.* 


By Professor Toomas TurnkER, University of Birmingham. 


I. Experiments on Brass.—In some experiments con- 
ducted in my laboratory last session, on the gases in 
brass, by Mr. J. Cartland, M.Sc., it was observed that 
when brass is melted in vacuo the zinc is entirely volati- 
lised and the copper remains behind. This separation is 
qmantitative, providing that the materials employed are 
pure and that the heating is not at too high a tempera- 
ture or too prolonged. Otherwise the copper itself may 
begin to volatilise, though at 1200 deg. Cent. the loss of 
copper occurs very slowly. The following are examples 
of the results obtained :— 


By Analysis. By Loss in Vacuo. 








Sample. -—_— 
per cent. per cent. > 
1 Percentage in zinc WO 36.80 
2 os ba 28.63 28,85 


The experiments were performed as follows:—A 
weighed quantity of the brass was placed in a porcelain 
boat, and introduced into a porcelain tube, the ends of 
which were then suitably closed, and the tube exhausted 
till the pressure was less than 5 mm. of mercury. The 
tube was heated in an electric tube furnace of the well- 
known platinum resistance type until it was seen, through 
the glass cover at the end of the tube, that the metal was 
melted. By the aid of a thermo-couple placed within 
the tube of the furnace, but outside the exhausted tube, 
care was taken that the temperature did not rise more 
than a few degrees above the melting-point of copper. 
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If the alloy is maintained for about half an hour at this 
temperature, all volatile metals will have been removed 
from the copper, which, on cooling, is obtained in beauti- 
ful prills of a clear red colour, and usually with plainly 
developed crystal surface markings. The zinc condenses 
in the cooler eens of the tube in crystals which have a 
perfect metallic lustre. 

In view of these results the question naturally arose as 
to what would be the effect of heating in vacuo an alloy 
which contained considerable proportions of other metals 
in addition to copper and zinc. A sample of impure brass 
was obviously a suitable material for preliminary in- 
vestigations. 

II. Poisoned Brass.—Occasionally, during the past 
twenty-five years, when visiting brass foundries in the 
Birmingham district, I have heard the workmen speak of 
**poisoned ” brass. It is described as being a variety of 
brass which is no good for casting purposes if used alone, 
and the evil influences of which are manifest in any alloy 
of which the poisoned material may form a part. The 
language employed might at first sight suggest some 
occult or living power in the brass, and recalls the 
ideas of an Indian writer who, a few years ago, sug- 

ested that metals might be living or dead, ill or well, 
ike animals or plants. No such 4 is present in 
the mind of the workman, however, for he uses the 
word ‘‘ poisoned” rather to express a property of the 
material than to suggest any hidden or deeper mean- 
ing. The language of the uneducated metal-worker is 
often that of the science of an earlier age. us when 
a puddler calls the blue flame of carbon monoxide 
sulphur,” he does not suppose that what he would call 
‘*brimstone” is really present, but that some volatile 
and combustible principle is being evolved or produced. 
In this way he exactly imitates the be oy - ers who 
preceded Priestley and Lavoisier, and who constantly 
“se the term ‘‘sulphur” in a similar manner. 
few years ago a sample of ‘“‘ poisoned” brass was 
received from Mr. R. H. t, who regarded it as some- 
what of a euriosity, and it was placed in the Metal- 
lurgical Museum. It was part of an ingot, nearly semi- 
circular in shape ; it was rather light yellow in colour, 
had the sharp fracture of a brittle material, and was full 
of blow-holes, some of which were not much less than 
din. in diameter. Inquiries as to the source of origin of 
this sample showed that it was made by melting up the 
general scrap of a foundry. The makers apparently did 
not consider it sufficiently for their own purposes, 
so sold it at a cheap rate. The blow-holes were stated to 
be due to the use of a damp mould, and this may probably 
be correct at least in part. 
An we of the alloy, conducted in my laboratory 


by Mr. P. T. Briihl, M.Sc., gave the following results :— 
Per Cent. 

Copper... . 72.53 
Zinc : 11.65 
7.11 

Tin 5.52 
Iron... 2.00 
Aluminium A oe 0.75 
Arsenic ; é a 0.09 
Manganese... ; : ; te 0.06 
Phosphorus .. Nil 
99.71 


An examination of these figures will fully explain the 
nferior results which would be obtained on using such an 
pag and would justify the use of the word “ aang . 
in the sense in which it is employed by the workmen. 

A weighed quantity of this alloy was placed in a 
porcelain boat and heated in vacuo in a porcelain tube to 
a temperature of about 1200 deg., as before described. 

The residue left in the boat from the poisoned brass 
was weighed and analysed by Mr. C. R. Groves, B.Sc., 
and the results obtained are as follow :— 


Residue in the Boat (by Analysis). 


Per Cent. 
Copper ... - 72.86 
Tin oe 5.01 
Tron 1.96 
Nil 
Zine Nil 
Arsenic.. = Sa ie Nil 

Loss by Volatilisation. 

Per Cent. 
Zine... = ba Pon di «- fa 
Lead... poe ewe a adi ave 7.11 
Tin ais ja a ~ , 0.51 
Arsenic... 0.09 


These results account for about 98.69 per cent. of the 
whole. The aluminium and manganese were not esti- 
mated, on account of the small quantity of the material 
which was available. 

It will thus be seen that when zinc and lead are pre- 
sent together in the | in certain proportions, the 
whole of the zinc and | -nay be removed by heating 
to the melting-point of copver in vacuo, and the two 
metals are recovered in the metallic state. The loss of 
arsenic is also significant. 

Ill. Crucible Experiments.— An Am ag apt was now 
conducted on a somewhat larger e, in order to test 
the rate of volatilisation in vacuo. For this purpose 180 
grammes of 70 : 30 brass, of good quality, were melted in 
a clay crucible in a coke fire. About grammes were 
poured into a small mould to obtain a check sample. The 
residue, weighi about 150 grammes, was quickly 
placed in a covered glass desiccator, and a vacuum at once 
obtained by means of a Fleuss pump. To prevent frac- 
ture of the glass the inside of the desiccator was properly 

by means of two — of asbestos cloth, and an 
intermediate layer of crushed fire-brick. The crucible 





was also covered with a fire-brick to prevent radiation. 
By surrounding the crucible in this way a red-hot crucible, 
containing over } Ib. of molten brass, can be kept in a 
glass vessel for a considerable period without the contain- 

vessel becoming appreciably warm. 

he original metal contained as nearly as possible 30 
per cent. of zinc. When remelted the sample cast in the 
mould contained 70.80 per cent. of copper. The loss of 
zinc in remelting in an open crucible was therefore about 
0.8 per cent. The molten metal was placed in the desic- 
cator, and after being allowed to remain in vacuo for 
7 minutes was removed and ysed, and found to con- 
tain 73.94 per cent. of copper, showing a loss of 3.14 per 
cent. of zinc. As the metal was quite solid and only dark- 
hot at the end of 7 minutes, it was probably fluid not 
more than 3 minutes, in which case the loss of zinc 
would be at the rate of 1 per cent. per minute. In other 
words, if by internal heating or other suitable means a 
charge were kept fluid during the whole period, complete 
volatilisation of zinc might be expected to take place in 
less than an hour. Metallic zinc, weighing 4.9 grammes, 
was actually scraped off the underside of the fire-brick 
cover. A repetition of the experiments with different 
— of metal gave almost identical results. : 

These experiments show that considerable refining of 
impure copper could be accomplished by melting the 
metal in vacuo, as zinc, lead, arsenic, some tin, and prob- 
ably other metals, could be volatilised and recovered. 
There does not appear to be any good reason why such a 
process should not be experimentally tried on a fairly 
considerable scale. In these days of electric melting fur- 
naces, and efficient air-pumping machinery, it should not 
be difficult to design a form of apparatus which would 
be suitable for treating impure residues and crude 
coppers. There might, perhaps, be introduced a process 
in two stages, in the first of which crude molten metal 
would be purified by being maintained for a time in an 
exhausted vessel, while in the second stage the partially 
purified copper could be refined in an oxidising atmo- 
sphere to remove the remaining iron, tin, and other non- 
volatile metals. 

IV. The Refining of Hard Zinc in Vacuo.—Zinc distils 
readily in racuo; the temperature required is mu 
lower than in air, and the losses are so much diminished 
that it is probable means will be devised in future for 
considerable applications of vacuum distillation in con- 
nection with the zine industry. 

The material known as “ hard zinc ” is produced in the 
ordinary process of producing galvanised iron. The bath 
of molten zinc which is employed, and in which iron is 
being constantly dipped, gradually takes up iron until it 
contains about 5 per cent. of the latter metal. The iron- 
zinc alloy is then unsuitable for further use in galvanising, 
and is sold to the metal refiner or zinc works to be redis- 
tilled. This alloy appears to be specially suitable for re- 
fining under reduced pressure. 

A sample of hard zinc analysed in my laboratory by 
Mr. Groves contained :— 





Per Cent. 
Zinc (by difference) 94.48 
Tron ... oa iss 4.71 
0.81 
100.0 


There was also present a trace of arsenic ; but tin, copper, 
cadmium, antimony, and bismuth, though tested for, 
were not in sufficient quantity to be detected. 

This hard zinc was tested ty heating 1 gramme in vacuo 
for varying times at different temperatures. In all cases 
the pressure in the evacuated porcelain tube was less than 
1 millimetre of mercury. The results of the tests are 
given in the following table :— 








Heating of Hard Zine in Vacuo. Analyses by 
Mr. Groves. 
Tempera- Time | Iron in Iron Zinc in Lead in 
ture. * | Residue. | Volatilised. Residue. Residue. 
deg Cent. | min. | percent.! percent. | per cent. | per cent. 
1000 16 | 2.08 2.63 Nil | Nil 
600 30 2.32 2.39 Nil Nil 
550 30 3.42 1.29 Nil | Nil 
500 45 | 4.70 Nil | 0.40 Nil 
500 45 | 4.80 Nil 1.52 0.30 





In the second experiment at 500 deg. Cent. the furnace 
was heated more quickly up to the uired tempera- 
ture, and the metal was therefore pe to the heat for 
a rather shorter period than in the first case. Doubtless 
this accounts for the higher residue of lead and zinc 
noted in the second test. 

These experiments show that at high temperatures the 

ter partof the iron is carried over with the zinc when 
rd zinc is distilled in vacuo. At a temperature of 
500 d Cent., however, the whole of the iron is left 
in the form of a non-volatile residue, while zinc is obtained 
in the metallic state. If this process of refining were 
adopted on the scale, there is no doubt that the 
consumption of fuel would be much diminished, while 
there should be no loss of zinc, as there is no possibility 
of oxidation. The necessary temperature is only just 
sufficient to render the metal visible in the dark, or, 
in other words, it is a scarcely-visible dull-red heat, so 
that in all probability unlined iron vessels might be em- 
ployed for the distillation. The labour costs should be 
small, and when the apparatus was once in working order 
the great reduction in fuel consumption and in loss of zinc 
should render its working remunerative. 

V. The Equilibrium of the Copper-Zinc Series.— 
Hitherto experiments in the equilibrium of the copper- 
zine series have conducted at constant pressure, 
and the published diagrams are of this character. The 


experiments already described indicate that the condi- 





tions of equilibrium must vary Fane | with changes of 
pressure, and open up a wide field of inquiry as to the 
effect of differences in the composition of the alloys and 
the variations in the pressure of zinc vapour. Parti- 
culars of a few preliminary observations in this direction 
may not be without interest. 

in order to ascertain the approximate temperature at 
which zinc vapour begins fy evolved in vacuo a hard 
glass tube was taken, and into this was introduced some 
of the metal or alloy to be tested. The tube was then 
evacuated, until the pressure was less than that of 1 mm, 
of mercury, and the tube was afterwards sealed. It was 
then placed vertically in an air bath, so arranged that 
the lower part of the tube, which contained the metal, 
could be heated to the desired temperature, while the 
wer part of the tube was out of the air-bath and kept 
well below the melting-point of zinc. The air-bath was 
then gradually heated until a deposit of zinc could be 
seen on the cool part of the tube. Proceeding in this 
way, it was observed that a deposit of zine was produced 
in a few moments when zinc itself was heated to 375 deg. 
Cent. With 60 : 40 brass, or “yellow metal,” the 
deposit did not form with any rapidity until a tempera- 
ture of 520deg. was reached, while with 70 : 30 brass a 
still higher temperature, of about 550 deg., was necessary. 
By a modification of the experiment a piece of pure 
(Mond) zinc and clean pure (electrolytic) copper were 
introduced end to end ina horizontally placed evacuated 
tube, and then gradually heated in an air-bath provided 
with a glass lid, through which the process of the experi- 
ment could be watched. The pieces of metal were 
arranged so as not to touch each other, and the whole of 
the tube was uniformly heated. It was observed that 
at a temperature of 380 deg. Cent. the copper rapidly 
assumed a yellow colour. When thin sheet copper is acted 
upon, the brass coating is found to be quite firmly 
adherent and to stan ae or scratching with a 
knife, without change of colour. The resulting sheet 
brass is very softand ductile. By prolonging the Seis 
for about two hours sufficient zinc is absorbed to cause 
the — to become first yellow, then redder in colour, 
and afterwards brilliantly white. It is therefore possible 
to prepare brass while the constituent metals are both in 
the solid state, through the absorption by the copper of 
the vapour emitted by the solid zinc. The action recalls 
to mind the ancient method of making brass, and the 

rocess of ‘‘sherrardising” iron, the great difference 
ing that the temperatures necessary in vacuo are so 
much lower and there is no loss of zinc. 

It will be seen therefore that at 375 deg. to 380 deg. 

Cent. copper readily absorbs zinc vapour ; at its melting- 
point no zinc is retained ; at 520 deg. zinc vapour is given 
off by 60 : 40 brass, while 70 : 30 brass gives off vapour 
of zine at about 550 deg. With more careful experiment 
probably these temperatures will be lowered, for it is 
stated that at about 184 deg. Cent. faint indications can 
be obtained of the volatility of zinc in vacuo if the obser- 
vation be extended over about fifty hours.* 
_ Zine vapour is quite colourless and transparent when 
in the hot evacuated glass tubes. Zinc can readily be 
distilled in glass vessels, and its close resemblance in 
appearance to the distillation of mercury makes the 
experiment very pleasing and interesting. 

Supplementary Note.—It may be added that since the 
foregoing was in type an abstract has appeared in Nature, 
December 7, 1911, of a paper recently communicated to 
the Royal Society by Mr. A. J. Berry, who has obtained 
a definite compound MgZng, by heating ther mag- 
nesium and zinc in vacuo. Heycock and Neville had 
previously produced a definite compound AuCd by heat- 
ing gold with excess of cadmium in an evacuated hard 
glass tube to about the softenin int of glass. The 
tube was bent over at one end, and this end was kept cool 
in order to condense the excess of cadmium.t 

Tiede and Fischer have also quite recently effected a 

uantitative separation of lead from tin by heating 
in vacuo in a quartz tube in an electric furnace. t 








British Rartway Companies’ Docks, HARBOURS, 
AND SteaMERS.—There has just been published by the 
Boswell Printing and Publishing Company, 91, Temple 
Chambers, Temple-avenue, E.C., at the price of 1s., & 
series of articles on the docks, harbours, and steamers of 
the British railway companies, which is reprinted, with 
additions, from the Railway News. It will surprise many 
to realise the extent of the marine undertakings of the 
railway companies, and the editor, in his introduction, 
very properly puts forward a plea for a fuller recognition 
of the enterprise of the directors of those companies in 
thus greatly facilitating the export trade, not only by the 
provision of adequate berthage, but by admirably-de- 
signed mechanical appliances for the rapid loading of coal. 
The series, so far as the railway companies are concerned, 
is complete, butit would have made the book still more 
valuable if all docks and harbour works had been included. 
It seems a pity to have the Southampton, Cardiff, New- 

rt, and Docks with others, and to find the 

ndon, Liverpool, Clyde, Tyne, and others omitted, 
only because the latter are owned by trusts. It is true 
that the title only claims to deal with the railway com- 
panies’ undertakings, but there would have been & 
stronger raison d’étre for this book had all harbours been 
dealt with. In each case there is given an historical 
narrative, general description of the works, and a review 
of the traffic dealt with ; as illustrations are given in each 
case, the book is quite interesting. 


- E Demarcay, Comptes Rendus, 1882, vol. xcv., 
183. 
¥ Senneed of the Chemical Society, 1892, vol. 1x1. 
page 914. 
f Berichte, 1911, 2, page 1712. 
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ELECTRICAL APPARATUS. 





7896/11. The British Thomson-Houston Com y; 
Limited, London, (Allgemeine Slektricitats Geselischa/t, 
Berlin, Germany.) Electric Time-Relays. (2 Figs.| 


March 29, 1911.—In an electric time-relay of the type in which the 
movable element of the electro-magnetic driving system when 
energised first eauses the running-down of a clock-work mecha- 
nism controlled by a time-regulator, and then after a predeter- 
mined time causes a switch to open or close, a connection is 
arranged, according to this invention, between the movable part 
of the electro-magnetic driving element and the clock-work in 
suchwise that it is broken after a predetermined interval of time. 
The connection is broken by means of an adjustable raised surface 
adapted to raise a catch out of engagement with one of the wheels 
of the clock-work train. As soon as the relay is excited, the coil 2 
attracts the core 1. The lever 5, which is connected with the 
core 1, is lifted, and a catch 7 carried thereby, which is acted upon 
by a spring and is supported on the surface 8, is caused to engage 
with a tooth of the wheel 9. The wheel 9 en 8 with the 
wheels 10 of a clock-work, which is checked in running down by 
means of a time-regulator 11, such as an escapement or the like. 











(7896) 





Under the effect of the pull exerted by the coil 2 upon the core 1, 
the lever 5 is moved, A the catch arranged thereon moves the 
gear-wheel 9; by reason of this the clock mechanism is driven 
until the catch 7 comes to an adjustable cam-surface 13 connected 
with the pointer 12. The catch 7 is lifted by the latter out of the 
wheel 9, so that now the connection between the checked clock- 
work and the lever 5 is broken. The power of the driving system 
is then exclusively employed for the movement of the switch- 
block 14 carried by the lever 5, by means of which block a con- 
tact 15 may be closed. Obviously a switch may be opened by 
this movement. During the switching movement a spring 16 is 
strained, which is adapted to withdraw the switch-block 14 after 
the cessation of the excitation of the driving system. As the 
catch slips off the support 8, a spring 17, arranged on the lever 5, 
starts the escapement-wheel 11 from rest. This is desirable, as 
otherwise the time-regulator might not start of itself, so that the 
clock-work would be locked against movement, and the switching 
movement could not take p By the striking of the escape- 
ment 11 the resistance of the clock-work at rest is overcome with 
certainty. (Accepted December 30, 1911.) 


The Lancashire o and Motor 
Company, Limited, and R. S. Mc . 
Frequency-Changers. (2 Figs.) February 4, 1911. This 
invention relates to frequency - changers comprising coupled 
alternators, and consists in providing one of the alternators with 
a number of poles, which exceeds, or is less than, the number of 
poles which would be neceesary if the alternators were simply 
direct-coupled, and in connecting the rotor-winding of this 
alternator in series with the stator-winding of an auxiliary 
machine having a number of poles equal in number to the said 




















(2667) 


excess or deficiency, the torque between the stator and rotor of 
the auxiliary machine being controlled by a motor. L and M are 
the supply-mains of differing frequencies, which have to be 
connected by the frequency-changer. A is the alternator con- 
nected to the mains L, B that connected to the mains M, and C is 
the auxiliary machine ; the rotors Ra, Rb, and Re of these three 
a synchronous — tne a feld pelt bo Fa oy di t 
yne ‘ r- ing ex 
current led to the slip-rings a. The machine B has a voher with 
& three-phase winding connected from the slip-rings b to the 








resistance H, and the machine C is geared to a motor E; the 
stator of the machine C has a three-phase winding, which is 

dapted to be ted, by the slip-rings c, through the switch 
G in series with the rotor-winding of the machine B ; the rotor- 
field of the machine Cis excited by direct-current supply / through 
the slip-rings d. In starting up the arrangement shown from the 
B and C machine side, the B stator is connected to the mains M, 





the chamber, and, in the other extreme tion, provides a sub- 
stantially free passage or for air through the chamber. 
This rotatory body or valve turns on a tubular shaft or member, 
through which the fuel is introduced, and from which it passes 
through a suitable orifice or orifices, extending from the centre 
of the valve to its outer surface, where it becomes mixed with 
the incoming air. Means are provided for adjusting the valve 








and its — adjusted by the rotor resistance H so that 


A is synchronised with the mains L, the machine C meanwhile 
being disconnected and its stator rotating freely. The rotor of 
ine B is next disconnected from e ce H, and 


connected by the switch G in series with the stator-winding of 
machine C, and the rotor of hine C is ited. Any desired 
load may then be put on the set by adjusting the torque trans- 
mitted to the stator of the machine C by the motor E. (Accepted 
December 30, 1911.) 





27,419/10. The J. L. Manufacturing Company, 
Limited, Southall, and T. L. Reed-Cooper, 
Electric Machines. [7 Figs.) November 25, 


O- 
1910.—In straight-line feed or box-type brush-holders one end of 
the pressure lever is constrained to move in a slot at right angles 
to the carbon-feed, and the other end is constrained to move in a 
path fo nape J parallel to the carbon movement. The body 
of the holder consists of a box b! to hold the carbon ¢, jaws b2, b* 
for attaching the holder to the machine, and extension sides b+ 
for carrying the trigger ¢ ard spring mechanism. The carbon c is 
retained in position by the spring s! attached to the trigger ¢. 
The carbon c has a flexible ductor f attached by a lug or con- 
nection to the jaw 62. The trigger ¢ consists of a lever, at one 








end of which is a pivot p2 mounted in slots, the direction of which 
is approximately at right angles to the direction of the carbon- 
io The downward movement of the trigger end, or the 
spring s', is guided by the pin p!, which moves in slots g! in the 
sides 64 of the body. These slots are practically parallel with the 
direction of the carhon-feed. The outer, or pressure, end of the 
lever carries the spring 8! for the immediate purpose of respond. 
ing to small or sudden movements of the carbon ¢ caused by com- 
mutator irregularities, which movements, if conveyed to the main 
trigger and main spring #® without the intervention of the 
spring s!, would cause chattering owing to the greater inertia of 


the trigger and its articulated moving parts. (Accepted Decem- 
ber 30, 1911.) 
10, 1. The British Thomson - Houston Com- 


pany, mited, London. (The General Electric Company, 
Schenectady, U.S.A.) Electric Switches. [1 Fi.) April 27, 
1911.—This invention relates to electric switches of the type in 
which the contacts are separated under the surface of an insulating 
fluid, such as oil. The drawing shows a longitudinal section of a 
switch in which the arc is drawn into an arc-extinguishing device 
so arranged that the pressure developed by the arc causes the 
fluid to flow in a sinuous path and to stretch and distort the arc 
until it is extinguished. A vessel 1 contains the oil, and is divided 
nto tric chambers by tric barriers 4 of insulating 
material. 6 is an insulator, which carries on the lower end a 
fixed contact 7 co-operating with a contact 8 movably mounted 
in an insulator 9. The contact 8 is moved into out of 
engagement with the contact 7 by fluid pressure actuatin, 

mechanism contained in the insulator 9. When the contacts 

and 8 are separated, an arc is drawn in a strong shell 10, having 








near the bottom an inwardly-projecting flange, and near the top 
a retaining-ring threaded into it. The shell 10 has a perforated 
top, and also contains a plurality of plates 14 mounted lel to 
one another, and each having a central aperture and a second 
aperture near the circumference. The plates are made of insulating 
material, and are apart in such relative positions that the 
central openings are in register, and form a straight channel 
through which the contact 8 passes, while the circumferential 
openings are out of register and are diametrically opposite. From 
what has been said it will be seen that a number of chambers are 
each in communication with others through a central aperture, 
and also through a circumferential aperture. But since the 
circumferential apertures are not in register, fluid flowing from 
one chamber to the other through the circumferential apertures 
must ily follow a si path and cross and recross the 
central aperture, so that an arc extending through the central 
openings is subjected to the action of fluid flowing at right angles 
to it. (Accepted December 30, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


29,834/10. A. B. E. Cheeseman and J. G. Florence, 
Carburettors. (7 Figs.) December 22, 1910.-— 

The carburettor, according to this invention, consists of a chamber 
n to the air at one end and communicating with the inlet-pipe 

of the engine at the other end, and having mounted in it a pivoted 
or rotatory body which, in one extreme position, completely closes 








me lly or tically, or by hand, and preferably also 
for adjusting the tubular fuel inlet relatively to the valve. 
The mixing chamber consists of a casing A comprising a cylin- 
drical portion a, one side, al, being in one with the casing, 
and the other side, a2, being in the form of a cover provided 
with lugs having screw-holes, by which the cover is secured. 
The casing is provided with an air-supply opening A! and a 
tubular extension A2, this extension being screw-threaded for 
securing it to the inlet pipe of the engine. Arranged in the 
chamber is a rotatory throttle-valve B, having a central axial 
bore with tubular extension forming bearing surfaces engaging in 
corresponding openings in the sides a! and a*. The one exten- 
sion projects sufficiently beyond the casing to provide space for 
the attachment of a lever B!, whereby the position of the throttle- 
valve B in the chamber A may be adjusted. The throttle-valve is 











80 constructed that fuel may pass through from its tubular centre 
to the edge b° adjacent to the inlet-pipe to the engine. A fuel- 
supply pipe © fits in the bore of the throttle-valve B, and fuel 
passes from the pipe C throngh a radial passage c* to a corre- 
sponding passage in the throttle-valve. The outer portion of the 
pipe C has an arm D, by which the position of the pipe can be 
justed relatively to the throttle-valve B; that is to say, the 
relative position of the fuel passages in the parts O and B can be 
adjusted. The throttle-valve is pierced with a central hole 4 
extending from the edge remote from the air-inlet opening to the 
tubular centre thereof. In the construction shown, two side- 
8s b5 are also pierced in the throttle-valve and communi- 
cate with the central b4, 80 that petrol charged into the 
centre of the valve will pass out through the edge thereof through 
the holes b4 and 65, When the throttle-valve and tube C are in 
such relative position that the holes c! and »4 register with one 
another, fuel can pass from the hole c+ and through the P mre 
vA, D5 into the chamber A, air being at the same time drawn in 
through the opening A!, and passing on either side of the throttle- 
valve B, when the latter is open (Fig. 4). A fine supply of fuel 
is introduced between two streams of air, whereby the air and 
fuel become intimately mixed prior to passing to the cylinder. 
(Accepted December 29, 1911.) 


30,252/10. J. Grove, Birmin Carburettors. 
{7 Figs.] December 30, 1910.—A carburettor, according to this 
invention, has a substantially cylindrical main casing, in which is 
located a sleeve-valve with ports for controlling the flow of the 
mixture to the discharge branch, and a cone member mounted 
within the sleeve adjacent a central spraying device and adapted 
to move with the sleeve and also axially independently of the 
sleeve. The carburettor consists of a somewhat cylindrical body 
part 2, having a branch entrance 3 to its lower part for the main 
supply of air, the air-port being annularly formed around the 
lower circumference of the cylindrical body 2 as indicated at 4. 
The main body 2 is provided with grid openings 18 near its upper 
end to agree with the discharge passage 19 in the rotatable 
branch 20, This is annularly formed in the rotatable 
member surrounding the grid openings 18 in the main body 2, 





such member heving formed in its interior a wall or partition 21 
in such a form that the discharge is practically Gntdel upon each 
side until it reaches the direct outlet to the combustion chamber. 
This results in an even drawing off of the gases and a thorough 
mixing of the same. In the interior of the main body 2 is placed 
a cylindrical sliding throttle-valve 22, having grid openings 23 
about midway in its length to agree with the grid openings 18 in 
the main body 2, and in the interior of this sleeve-valve 22 is a 
further sliding cylindrical spider carrying a lower member 25, 
which normally extends for a given distance below the edge of the 
valve 22, and which is termed the valve-sliding extension. The 
spider is connected to a rod 26 which occupies the interior of the 
tubular stem 27 of the valve 22, and is arran: with a spring 28 
which always terds to force the members 24 and 25 downwards. The 


| interior of the lower member 25 is formed with a conical surface, 


having its smaller diameter at the top, and different cone members 
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may be substituted as required. This cone member 25 isarranged 
opposite the spraying-discs 12, 14 so that the discharge from the 
spraying - discs impinges th The dist bet the 
yy ee Fae and the cone surface depends upon the position of 
member 25. The — end of the valve tubular stem 27 is 
provided with collars 29, 30 which are suitably distanced from 
each other to accommodate the forked member of an adjusting 
controlling-lever 31. (Accepted December 30, 1911.) 


29,730/10. A. E. Bartlett, Bath. Petrol-E: 
Cylinders. (7 Figs.| December 21, 1910.—In a multi-cylinder 
engine, according to this invention, each cylinder unit, with its 
inlet and exhaust-valve chambers, is cast in one piece with the 
two opposite walls of its water-jacket, the said units being 
to be bolted together by a series of bolts, the ends of the engine 
being covered by end-plates. Each cylinder unit 1, with its inlet 
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and exhaust-valve chambers 2, is cast in one piece with the two 
opposite walls 3 of its water-jacket. Each cast element is joined 
to a similar element, and when the desired number of cylinder 
units is arranged, the units are bolted together by a series of 
bolts 4, and the ends of the engine are covered by end-plates 5. 
The adjacent sides of each cylinder unit are machined to form a 
perfect joint. (Accepted December 29, 1911.) 


GUNS AND EXPLOSIVES, 


30,305/10. E. Schneider, Le Creusot, France. Tor- 
pedoes, (4 Figs.) December 30, 1910.—For the distribution 
of the compres air to the motors of torpedoes actuated by 
heared air, retarders are employed which serve to supply the air 
progressively to the motor on starting. According to this inven- 
tion, an automatic air-distribution retarder comprises a chamber 
a, into which the air-inlet 6 from the pressure-regulator expander 
5, and the air outlet 7 towards the motor, open at different levels, 
and also intermediate sockets 8, 9, 10 for conducting air towards 
the members of a reheater, and in which a slide-valve 11 mover, 
this valve being connected with a braking piston 13 in such a 
manner as to uncover the sockets in succession, this retarder 

















being characterised by the fact that the slide-valve 11, instead of 
being displaced on starting under the influence of the pressure of 
expanded air, is displaced under the influence of the high-pres- 
sure air coming from the reservoir 1, the rod 12 of the slide- 
valve being for this purpese provided with a counter-rod 16 
movable in a sleeve 17, the end of which projects from the 
chamber a of the retarder into a socket 18 connected with the 

duit 4, which ducts the high-pressure air to the expander, 
the body of the slide-valve being provided with orifices 21 for 
balancing the pressure upon its two faces, and forming an obtu- 
rator for the discharge conduit 7 in its normal position. (Accepted 


December 30, 1911.) 
781/11. Sir W.G. Armstrong, Whitworth, and Co., 
ted, and . H. Sodeau, Newcastle-on- e. 
Torpedoes, [1 Fig.) January 11, 1911.—This invention relates 
to improvements in the means used in torpedoes for heating air 
under pressure within a closed chamber by i’ a combustible 
therein, and in which water or other vaporisable liquid is intro- 
duced into the products of combustion in order to enable an 
increased volume of motive fluid to be made available without 
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exceeding a suitable temperature. In a heating device for torpe- 
does, according to this invention, air or other gaseous supporter 
of combustion, on entering a combustion-chamber, passes thro’ h 
one or more perforated deflector plates, one of which is adapted 
to form with the head of the combustion-chamber, or a part carried 
thereby, a conduit from which water or other vapo le liquid is 
disch on to the walls of the chamber. One way of carrying 
the invention into effect is illustrated in the drawing, in which 9 


rforated deflector plate a is screwed on in the head of the com- 
ustion-chamber b, and is provided on the side towards the exit 
from the combustion-chamber with a circular ring c, which is also 
provided with a screw-thread to receive one or more curved plates 
d,d. On the head of the combustion-chamber b there is formed a 
ring e, which engages with the surface of the deflector plate a. 
By this means a conduit f is formed round the head of the com- 
bustion-chamber. and into this conduit is fed by the conduit i the 
water or other vaporisable liquid. The portion of the deflector 
plate a closing the conduit f is provided with a number of 
perforations, inclined so that the water issuing therefrom is 
directed towards the walls h of the combustion-chamber. The 
issuing streams of water impinge on the walls A of the combus- 
tion-chamber, and these walls are lined with, and effectually 
vented from attaining an injuriously high temperature by a 
substantially uniform sheet of wa‘er undergoing evaporation as 
it towards the exit from the combustion-chamber. The 
in air-stream is fed by the conduit n into the space o enclosed 
in the head of the combustion-chamher b by the deflector-plate a 
avd the ring ¢. The air-stream impinges first on the deflector- 
plate a, and is thereby broken up into a number of smaller 
streams passing through holes formed in this plate a. These 
streams then strike tne spaces between the holes in the next 
curved plate d, the holes in the one plate being stagyered in 
relation tothe holesin theother. By this means the air is caused 
to travel sideways into the regions between these two plates a 
and d, insufficiently — by direct air-streams passing through 
the deflector-plate a. e air-streams passing through the holes 
in the plate d strike the —— between the holes in another plate 
d, whereby further equalisation is obtained, and finally the air 
reaches the true interior of the combustion-chamber with rela- 
tively low velocity through holes in the last plate. It will be 
seen that by the invention the local influence of the main air- 
circuit n is eliminated, and p d eddy currents are avoided. 
The total area of discharge through the holes in the successive 
any is increased, the holes in the last plate being made as 
rge as possible, but not so large as to reduce the solid portion 
of the plate to such an extent that this will not effectively break 
up the direct blast of the air-jets coming from the previous plate. 
(Accepted December 30, 1911.) 


MOTOR ROAD VEHICLES. 


19,034/11. H. Lucas and W. H. Edwards, Birming- 
ham. Horns. [4 Figs.) August 24, 1911.—The access of wet 
to the vibratory diaphragms of electric horns ay ee on motor 
road vehicles when the car is travelling through heavy rain, or 
from the spray of a hose-pipe when the car is being cleaned, is 
prevented by an arrangement of louvre-like baffles which, whilst 


Fig 
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preventing the passage of water to the sound-producing mecha- 
nism, do not interfere with the passage of sound-waves. An 
elliptical plate b is shaped to lie ol-liquely across the smaller or 
inner end of the horn a, and such plate has a number of parallel 
slits formed across it, the portions between the slits being shaped 
to form a succession of louvre-like baffles c. (Accepted December 
29, 1911.) 


RAILWAYS AND TRAMWAYS. 


8812/11. G. Robson and D. Lewis, Dowlais. Steam 
Brakes. (6 Figs.) April 8, 1911.—This invention relates to 
fluid-controlling valves of the type in which a main valve is 
normally held closed partially by fluid pressure, and in which, 
when an operating shaft is turned in one direction, a pilot valve 
is first opened so as partially to equalise the pressure on the main 
valse, and the main valve is then opened, an exhaust-valve 
remaining closed, whilst when the shaft is turned in the other 
direction, the exhaust-valve is opened, the main and pilot valves 
remaining closed ; and the invention consists in the special con- 
struction of such valve for steam-brakes, wherein the pilot valve 
consists of a ball-valve seated at the upper end of an orifice in 
the main steam supply-valve, and adapted by means of a stem 
passing through this orifice to be unseated in advance of the 
main valve through a tappet on the operating shaft. The con- 
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trolling valve comprises a casing 1, having an inlet chamber 2, 
with which the steam supply branch A communicates, and an 
outlet chamber 3, from which there extend two branches, one of 
which, B, leads steam to the brake cylinder, and the other, OC, 
is in communication with the atmosphere, and controlled by an 
exhaust-valve F. Communication between the chambers 2, 3 is 
controlled by a valve D, which is formed with a central orifice 
therethrough that is controlled by a pilot valve, constituted by 
a ball E working in a chamber 5 at the upper part of the casing, 
and adapted to be seated upon the upper end of the main valve D, 
which consists of a tubular stem having about midway of its 
le a poy > 7 adapted to rest on an annular valve-seat formed 
therefor on the partition 9 that separates the chamber 2 from the 
chamber 3. The chamber 5 is formed within a screw-plug that, 





when removed, affords access to the main valve D for removal, 









inspection, or repair thereof. The chamber 2 and the chamber 5 
are in communication through ports or passages in the plug, 
Ports through the tubular stem of the main valve D extend from 
the upper = of the central orifice thereof to the under face of 
the valve flange 7 within that part thereof that rests upon the 
valve-seat 8. The upper part of the central orifice is of larger 
bore than the lower part, and in it is arranged to work the 
webbed head of a — operating stem 13, the lower end of 
which projects below the main valve D, and has fitted on it a 
button in the path of a lug or tappet 15 on an operating shaft 16 
that extends through the valve-casing 1 on both sides. Another 
lug or tappet 17 on this shaft is arranged diametrically opy: site 
to the lug or tappet 15, and extends into an elongated stirrup or 
bridle 18 formed on the upper end of the exhaust-valve F, 
Stops 19 are provided to limit the movement of the operating 
shaft 16 by engagement with an arm not shown. Each end of 
this shaft, or an extension thereof, is fitted with an operating 
handle. The valve F is seated in a screw-plug 21 which is 
externally threaded to receive the exhaust branch C, thus afford. 
ing ready access to this valve and valve-seat when desired, 
(A ceapted. December 20, 1911. 


30,315/10. W. Longmuir, Gorakhpur, India. Rail. 
way Vehicle Springs. (3 Figs.) December 30, 1910.—Thi 
invention relates to bearing or draw springs for railway vehicles, 
The leaves of laminated springs of the kind in which the leaves, 
at or near the centre of the edges thereof, are provided with 
notches, are secured together by ewaging or pressing the 
buckle when in proper position on the leaves, so as to com- 
pletely fill the notches. One method of carrying out this inven. 
tion consists in notching semicircular pieces out of the edges of 
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the steel spring leaves a midway in their lengths. The leaves a 
are then secured temporarily in position, and a buckle c of 
plain box form is heated ard placed in position at the middle 
of the leaves, and is then pressed or swaged by hydraulic power 
so that certain deformation of the buckle ¢ takes place, and parts 
of it are forced into and completely fill the semicircular notches 
of all the spring leaves a at the same point in the length of the 
spring, an indentation or groove being thus formed in the sides 
of the buckle c. (Accepted December 30, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


3669/11. C. E. Jeffcock, and W. H. Yardley, 
Sheffield. Stuffing-Boxes. (3 Figs.) February 14, 1911.— 
This invention has reference to a device designed to exert a con- 
tinuous pressure upon the packing of stuffing-boxes used with 
piston-rods of engines 80 as give a soft and continuous pressure 
against the packing material, whether metallic or fibrous, instead 
of the usual hard or non-flexible pressure as is given by ordinary 
nuts. The device consists of a nut-shaped cap A, the upper part 
of which is screw-threaded, the lower portion being chambered to 





receive a spring B and also the collar part C of a washer D. The 
screw-threaded part of the cap fits upon the gland-bolt E. The 
central opening through the coils of the spring forms a passage 
for the bolt. One end of the spring rests against the end of the 
chamber F and the other upon the collar C. In some cases the 
cap and the washer are connected as shown in Fig. 2, a number 
of set screws G being passed through the walls of the chamber 
and entering vertical grooves H in the periphery of the collar C. 
(Accepted December 29, 1911.) 


20,428/11. W. F. P. Smith and D. T. Rees, Barry 
Dock. Fire-Bar. [1 Fig.) September 15, 1911.—The type of 
fire-bar to which this invention relates is that which possesses & 
groove or trough in its upper surface, for the purpose of holding 
non-heat-conducting material. According to the present inven- 
tion, a secondary = is formed below the primary groove, a8 
shown at A. This lower or secondary groove, being narrower than 
the firing tools, cannot be entered by such tools, and thus will 
always retain the non-heat-conducting material, and the jamming 
of the firing tools is prevented. A further feature of the inven- 
tion consists in a method of keeping the fire-bars comparatively 
cool. The manner in which this is effected is as follows :—On each 





side of the fire-bar is formed a flange V, which will radiate the heat 
taken up by the fire-bar. The heat-radiating flanges are integrally 
a part of the fire-bar, and project downwardly in a plane approx!- 
mately at right angles to the upper surface of the fire-bar. The 
heat-radiating flanges, being a direct continuation of that part of 
the fire-bar which is in close contact with the fire, will cause such 
fire-bar to lose the heat imparted to it, the heat being absorbed by 
the ascending air. The groove ©, which is formed between the 
web of the fire-bar and each of the heat-radiating flanges, Is con- 
tinued up the ends of the fire-bar, thus providing a means of co “ 
ing the ends and the dead-plates or other supports. Accepte 
December 30, 1911 











Marcu 8, 1912.] 


ENGINEERING, 








= 395 








THE BERLIN TECHNICAL HIGH 
SCHOOL AT CHARLOTTEN BURG. 
By H. 8. Rowr tt. 


Tue Berlin Technische Hochschule, perhaps the 
crandest institution of the kind in existence, is the 
offspring of two institutions: the Bau Akademie 
(Building Academy) and the Gewerbe Akademie 
(Industries Academy). | 

The Bau Akademie was opened on October 1, 
1799, and with this event began technical educa- | 
tion in Prussia. The end in view was the theore- | 
tical and practical training of good surveyors and | 
civil engineers, with special reference to the service 
ofthe State. Entering students were required to 
have completed their fourteenth year, to be able | 
to write a good hand, to draw given objects in | 
orthographic projection, to perform ordinary cal- | 





ing ; there was little or no provision for the workers 
in private industries. Afterwards, as a result 
of various agitations, the so-called ‘* Technische 
Schule” was opened in 1821, to give instruction in 


—> 
TO BERLIN 3 MILES 








industry—were seen to be carrying on almost 
|similar work ; in fact, there was overlapping. It 
was, therefore, proposed to combine them into one 
| institution, on the lines, if possible, of some of the 
| great foreign polyteehnics which, at that time, held 
| pre-eminence. New buildings to take over the work 
| of the combined institutions were begun in 1878 at 
| Charlottenburg, which, though an independent 
|township, is really an integral part of greater 
| Berlin. These buildings, which were completed 
in 1884, at a cost of over 400,000/., were opened in 
November of that year by Kaiser Wilhelm I., and 
form the nucleus round which the present colossal 
organisation has grown. 

Fig. 1 gives an idea of the present arrangement 
of the buildings ; the main building, M B, and the 
chemical laboratory, C L, were opened in 1884, and 
890 students enrolled. From this time progress was 
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Fic. 2. THe Berwin TecHNiscHe HocuscHuLe, CHARLOTTENBURG. 


culations, and to know the elements of Latin and 
French. The course for surveyors lasted 14 years, 
that for civil engineers 2} years. Rather dis- 
appointing results were obtained at first ; to remedy 
this the syllabuses were frequently altered, and 
the entrance conditions made more exacting. 
Several changes, including a re-christening of the 
institution, took place during this early period, but 
the introduction in 1848 of Lernfreiheit (to be 
explained later) is perhaps the most important of 
all. The former title of Bau Akademie was now 
given to what had become the Allgemeine Bau Schule 
(General School of Building), and under the name 
of Ban Akademie the Institution was carried on 
without further change of importance until 1879, 
when it was absorbed with the Gewerbe Akademie 
in the present organisation. 

We have seen that the Bau Akademie was 
founded to educate State officials in eivil engineer- 





‘ 


mechanical engineering, technology, chemistry, 
mineralogy, &c., to manufacturers and artisans. 
Pupils were enrolled between the ages of twelve 
and sixteen, and were required to be able to write 
accurate German in a good hand, to know the first 
four rules of arithmetic and the multiplication 
table. The history ef the Technische Schule is 
similar to that of the Bau Akademie ; changes and 
extensions were repeatedly made, the name was 
changed to Gewerbe Institut (Industries Institute) 
in 1827, and in 1850 the minimum age was raised 
to seventeen years. The courses were now 
arranged to cover three years, and students were 
required to have spent one year in practice. In 
1866 the name was changed to Gewerbe Akademie, 
and further extensions effected. 

In 1876 the Bau Akademie and the Gewerbe 
Akademie—the one originating from needs of State 
administration, the other from the needs of private 


rapid, students and staff increased from year to 
year, while new buildings were erected to meet new 
demands. 

The Royal Bureau for Testing Materials (Kénig- 
liches Materialpriifungsamt), which began in a 
very small way in 1871, with a staff of one experi- 
menter and a mechanic, was brought under the 
administration of the Hochschule in 1879, and in- 
stalled in the main building in 1884. Such was the 
support and patronage of the various engineering 
firms that a new building was soon found necessary, 
and built and equipped in 1889 at a cost of 5000. 
In 1894 a new building was erected for technical 
chemistry. Between 1893 and 1898, 11,0001. was 
spent on machines and instruments for electro- 
technics, and in 1895 a laboratory for electro- 
chemistry was built at a cost of 80001. In 18974 
laboratory was built at a cost of 21,0001. for the 








testing of engines and power machinery, and shortly 
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afterwards a boiler-house, B H, was erected and 
arranged with this laboratory to supply power 
and lighting current for the entire institution. 

In the winter half-year 1898-9, the students in 
the machinery department (mechanical and elec- 
trical engineering) alone had reachei the number 
of 1429; inconvenience and inefficiency were ex- 
perienced for want of room. At first protective 
measures were employed ; higher fees were levied 
on the foreigners and higher entrance qualifications 
exacted, but without result. Thus the five-story 
extension building, E B (Fig. 1), was built in 1899 
at a cost of 60,000/. During the last twelve years 
the additions have been considerable :—Laboratories 
for internal-combustion motors, steam-turbines, 
automobiles, electrical design, machine-tools, heat- 
ing and ventilation, and hydraulic machinery have 
been instituted. The laboratory for hydraulic 
machinery is conveniently situated on an island 
in the neighbouring canal. The other laboratories 
mentioned above are denoted in the plan by L. 
The Bureau for Testing Materials had rapidly out- 
grown the building of 1889, and a new building, 
costing about 130,0001., was built in 1904-5 at 
Gross Lichterfelde, near Berlin, where the work is 
now carried on. The old building thus vacated 
was utilised as a laboratory for civil engineering. 

The main building, M B, was described at some 
length by Professor Dalby in Technics, January, 
1904, but such are its size and beauty that a few 
words must be devoted here. As shown in Fig. 1, 
the structure, which is about 750 ft. long by 295 ft. 
broad, lies round five square courts, four of which 
serve to give light and air to the rooms and cor- 
ridors. The central court is covered by a handsome 
glass roof, and forms a beautiful reception-hall. It 
is round this court that the artistic Kenute of the 
interior is concentrated. Double rows of arches, 
with granite pillars, handsome statuary in bronze 
and marble, stairways and parquetry, all are com- 
bined to give an impression of artistic beauty 
seldom realised in a technical institution. A 
striking feature is the utilisation of corridors and 
landings for the exhibition of ship models, plaster 
casts of architecture, machine parts, and drawings. 
In addition, special museums and collections for the 

reservation of the more important objects are 

instituted under the direction of the respective 
faculties. The drawing-oftices are very well 
equipped, almost vertical drawing-boards with sus- 

nded counterbalanced T-squares are used, and 
for illumination arc-lamps are employed, the light 
being reflected from the ceiling. The exterior is 
not less — (see Fig. 2); numerous sculp- 
tures embellish the main front. Bronze busts of 
Gauss, Eytelwein, Schinkel, Redtenbacher, and 
von Liebig adorn the balustrade over the main 

rtal, while large statues of Stephenson, Watt, 
yeonardo da Vinci, Schliiter, Bramante, and von 
Steinbach occupy niches on the centre and wings of 
the main front. Bronze statues of Krupp and 
Siemens were presented in 1899 by the Union of 
German Engineers (Verein deutscher Ingenieure) on 
the celebration of the centenary of the foundation. 
These statues stand in a prominent position in 
front of the main building, and are represented 
in Fig. 1 by two small circles. 

When we consider the condition of technical 
education thirty years ago, and remember how 
very unsympathetic were some of the greatest engi- 
neers of the time, we are compelled to feel wonder 
and respect for those who at that time could pro- 
ject and complete such a building. This was not 
an aggressive enterprise, consciously seeking to 
capture trade or rival foreign industry, else the 
scheme been different, but rather the natural device 
of a deductive-minded people to solve their own 
problems. 

A veryimportant, though nowsomewhat alienated, 
part of the Technischen Hochschule is the Mate- 
rialpriifungsamt at Gross-Lichterfelde, to which we 
have already briefly referred. This institution, 
with its six departments for metals, building mate- 
rials, paper and textiles, metallography, general 
chemistry, and oils, fats, and soaps, is a master- 

iece of organisation and good management. Its 
unctions are to test and perfect) materials and 
instruments for technical industry, to test and 
arbitrate in public matters, to prosecute general 
investigations, and to give instruction to students 
of the Technischen Hochschule in the testing of 
materials, The building, which has a frontage 


of 140 yards and spacious grounds, is shown in 
be gained from 
laboratory floor 


Fig. 3. Some idea of its size 
the fact that the area of room 


and 





space alone is about 12,000 square yards. In the 
grounds various full-size tests on building materials 
are carried out, the fire-resisting properties of con- 
crete and brick are examined, and stones from all 
parts are exposed to the weather in different ways 
and in different states of polish ; similar groups of 
building stones have been placed in other parts 
of Germany, and already interesting observations 
have been made. In the department for metal- 
testing, twenty alternating- stress machines are 
kept running, with autographic apparatus for 
recording loads and number of cycles. The depart- 
ment for building materials is exceptionally well 
equipped ; two refrigerating engines are installed, 
and employed in researches on the effects of frost ; 
and numerous presses, of capacities varying from 
200 tons to 500 tons, are used in the testing of 
stone and concrete. A 500-ton machine is fitted 
out for testing ropes and chains, and, just lately, a 
3000-ton machine, for the testing of full-size struc- 
tural members, has been installed in a new building 
in thé grounds. Altogether, at the present time, 
there are 104 testing-machines, over 50 machine- 
tools, and 39 electric motors, as well as other 
auxiliary machinery in the institution ; and the staff 
consists of 222 persons, of whom 72 are men of 
university education. But a complete description 








and a pro-rector. The rector is chosen from the 
professors by the King, and holds office for one 
year, during which time he receives the title 
‘* Magnificence.” The pro-rector is always the 
rector of the previous year. It is worthy of remark 
that the professors also are nominated by the King 
and one professor from each technical high school 
in the kingdom has a seat in the Prussian House 
of Lords (Herrenhaus). Such is the respectability 
of the profession. ; 
The expenses of the Hochschule are met partly 
by students’ fees, but mostly by the State. Be. 
quests and endowments, such as English and 
American colleges enjoy, are practically unknown 
in Germany. The expenses may be divided under 
two heads—current and extraordinary. The current 
expenses (i.e., incurred by ordinary working) for 
four different years may be summarised thus :— 


x , Income (chiefly Current 
For the Year Students’ Fees). Expenses. 
£ £ 
1888 5,000 34,500 
1898 16,360 46,000 
1905 28,900 72,600 
1908 36,130 86,220 


The extraordinary expenses (i.¢., incurred by new 
buildings and apparatus) are shown in the following 
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Fic. 3. THe Marertatpriruncsamt at Gross-LIcHTERFELDE. 


would carry us too far astray; the interested reader 
is referred to the *t Denkschrift zur Eréffnung des 
K@éniglichen Materialpriifungsamtes,” a volume of 
383 quarto pages, by Martens and Guth, in which 
the equipment is described with characteristic 
completeness. The courses of instruction in mate- 
rial-testing are excellently conducted. They have 
been carefully planned, and are under the personal 
direction of the Director (Professor Dr. A. Martens), 
assisted by two members of the staff. For reasons 
which will be discussed later in connection with 
examinations and Lernfreiheit, only about a dozen 
students attend, and half of these are foreigners. 
The Berlin Technische Hochschule is under the 
immediate jurisdiction of the Ministry of Culture 
(Ministerium der Geistlichen, Unterrichts u.s.w. 
Angelegenheiten), and is divided into six depart- 
ments. These are :—(I.) Architecture ; (II.) Civil 
Engineering ; (III.) Machinery (Electrical and 
Mechanical) Engineering ; ([V.) Naval Architecture 
and Marine Engineering ; (V.) Chemistry and Metal- 
lurgy ; and (VI.) General Science and Languages. 
The department for naval architecture and marine 
engineering dates from 1894; previously lectures 
on these subjects were given in the mechanical 
engineering department. Each department is an 
independent whole, self-governing in its own affairs, 
just as the faculties of the German universities ; 
and no professor or teacher can serve in more than 
one department. Each department is governed by 
a Kollegium, or Board, consisting of the professors 
(ex officio) and such other members of the teaching 
staff as may be chosen. This departmental board 
elects one of its number as chief (Vorsteher), who 
holds office for one year in the direction of the 
business affairs of that department. The Senate, 
whose task is the administration of general affairs, 
is composed of the chief of each department, one 
additional professor from each department, a rector, 





table, where for brevity’s sake the figures are 
grouped under five-year periods :— 


a Extraordinary Expenses. 


. Technische Material- 
Period. Hochschule. priifungsamt. 
£ £ 
1889-1893 ... 4,650 6,410 
1894-1898 ... 39,200 5,280 
1899-1903 ... 104,600 103,780 
1904-1908 .. 176,630 25,280 


These figures do not represent the entire value 
of the buildings and apparatus acquired ; much 
machinery was given and much was sold at reduced 
prices by the various manufacturers. 

The teaching staff is very different from that of 
an English technical college, and consists of (a) 
Etatmassige Professoren (Full Professors); (b) 
Honorar Professoren (Unsalaried Professors) ; (c) 
Dozenten (Teachers); (d) Privat Dozenten (Un- 
salaried Teachers) ; and (e) Lektoren (Readers) for 
foreign languages. Assistants and designers are 
also engaged in connection with (a), (b), and (c). 
The following table gives the numbers of the staff 
in 1899 and 1911 :— 


1899. 1911. 

Full Professors 38 60 

Dozenten ... me baa 44 38 

Privat Dozenten ... 7 a 63 76 
Designers (Konstruktions-inge- 

nieure) ... a oon aa 4 21 

Assistants ... 305 250 


The salaries also are not those paid in England ; 
for example, the salary of a full professor is about 
3251. per annum, in addition to which he receives 
about 45/. per annum as house allowance 
(Wohnungsgeldzuschuss), and one-quarter of the 
fees of students who attend his classes, up to 4 
maximum of 1501. per annum. Then there are 
so-called small professorships (kleine-professuren), 
whose salaries are only about 200/. per annum, The 
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Honorar Professoren receive the fees of their 
students, but no salary. The Dozenten (salaried 
teachers) receive one-quarter of their students’ 
fees, with a maximum of 150/. per annum, and in 
addition 151. per annum for every hour per week 
in which they give instruction. Privat Dozenten 
receive their students’ fees, but no salary; designers 
receive 2101. per annum, and part of the students’ 
fees, with a maximum of 75. per annum ; whilst 
assistants have a fixed stipend of about 80l. per 
annum, and part of the students’ fees, with a 
maximum of 75]. per annum. For the Lektoren 
special provision is made. 

These data show how different are the salaries of 
the German and English professors. Here we see 
exemplified that aspect of the law of supply and 
demand which Adam Smith was the first to point 
out ; the law of respect and the other thing. We 
pay actors and actresses high salaries because we 
have a contempt for them, the German professors 
receive but moderate salaries and get the balance 
in respect. But more, the ‘‘ call” to a professor- 
ship, which, as we have seen, always comes from 
the King, is a great distinction, and none but those 
who have advanced some branch of practical work 
receive it—none but experts. After appointment 
as professors these men are allowed to continue 
their practical activity with the greatest freedom. 
Frequently they are retained by large firms as per- 
manent advisers ; not uncommonly do we find them 
on the directorate of a large company, and scarcely 
any undertaking of importance sees completion 
without the assistance of some professor or other. 
This system of practising professors has been 
greatly eulogised, and by various people, but it has 
many drawbacks. Most of us know the expert and 
his cherishing of his own views, his lack of perspec- 
tive, and his want of sympathy with the views of 
others. Can we wonder that when an engineer, who 
has been employed for years in developing a special 
type of machine, writes a book purporting te be on 
machines in general, it is really an advertisement 
for the special type he has developed ? Or need we 
be surprised if his lectures have the same fault ? 
And as to pedagogy the result is obvious. People 
who are always doing things, so-called ‘‘ practical 
people,” often acquire (sometimes quite uncon- 
sciously) an ingenuous disregard for the art of expo- 
sition. To these people the facts are everything— 
presentation means nothing ; they forget they are 
serving as a very dull book, and thus the students 
lose interest, and after a few weeks cease to attend. 
Besides, the expert, using as he does in his daily 
work so many mental short cuts, loses all sense of 
appreciation of the attitude and difficulties of the 
man who is newly approaching the subject. The 
teaching of engineering is an art, and requires expe- 
rienceand natural aptitude, asengineering itself does. 
Can we expect the best results from a professor who 
begins with this art late in life, and who is giving 
80 per cent. of his time, and nearly all his energy, to 
outside practice, In English colleges there is not 
so much personal contact of student and professor as 
might be ; at Charlottenburg there is less—indeed, 
practically none. The professors are too busy. 
Often the first lecture of a course is given by the 
professor’s assistant, whose task it is to expound 
the fundamental elements of the subject. This is 
a strange procedure. The importance of a sound 
treatment of the elementary principles is usually 
admitted, especially in Germany; but the pro- 
fessors are too busy, and there may be other 
reasons. One is reminded of Lagrange, at the 
founding of the Ecole Polytechnique, after the 
great revolution ; he, perhaps the greatest mathe- 
matical analyst of all time, was asked: ‘‘ Citizen 
Lagrange, what will you do for the Republic?” 
Said he: ‘‘I will teach arithmetic.” 

_ But this system of practical-engineer professors 
in the technical high schools is almost identical in 
spirit with that of the investigator professors in the 
German universities. The German university pro- 
fessor is chosen solely because of his contributions 
to knowledge ; personality and lecturing ability are 
considered of ternary importance. It is claimed 
that the scientific genius, be he never so inarticulate 
and eccentric, can inspire and benefit the student 
more than the eloquent scientific mediocrity. This 
eystem of research professors was introduced by 
Wilhelm von Humboldt in his organisation of the 
Berlin University in 1810. It has yielded excellent 
results ; it was evidently the very thing needed a 
century ago by German education, and it is still 
appropriate in the smaller university towns, where 
professors, undisturbed by commerce or society, 








can give, outside of lectures, much personal help and 
encouragement to students. But what has done 
good work in the past may not be best for the 
present. The conditions may be different. Some 
there are in Germany to-day who would have in- 
vestigation entirely removed from the teaching 
centres, and carried on in such special institutions 
as the recently founded Kaiser Wilhelm Gesell- 
schaft. They would have the teaching conducted 
by men of sound scientific attainments and high 
pedagogic ability. But this may be going too much 
to the other extreme. 

Of the other members of the teaching staff, the 
most interesting to the foreigner is the Privat 
Dozent (unsalaried teacher), whose position is a 
relic of the Middle Ages. He receives no fixed 
salary, but only the fees of the students who attend 
his lectures. When a man desires to become a 
Privat Dozent, he must submit the titles of three 
theses to the Board of the department in which he 
wishes to lecture. The Board chooses one of the 
three, and appoints a day when the candidate will 
be called upon to defend the thesis against the 
entire teaching staff of the department. If he with- 
stands their criticism successfully, he is admitted, 
and signs an agreement renouncing all claim to 
salary from the institution. The Privat Dozent 
besides giving lectures, practises as consulting engi- 
neer, and prosecutes what research his time and 
means will allow. In this way he hopes to acquire 
some reputation and a professorship. But it isa 
long and patient waiting, and is only made sup- 
portable by an artificial system of dowered marriages 
and the utter exclusion of the penurious. The 
Honorar (unsalaried) Professors are usually retired 
engineers of note, to whom the task of lecturing 
is a pleasant pastime, and the title of professor a 
welcome ornament. 


(To be continued.) 








THE LONDON, BRIGHTON, AND SOUTH 
COAST RAILWAY ELECTRIFICA- 
TION.—No. IV. 

Ro.uine-Srock. 


AtrHoucH the mechanical features of a single- 
phase rolling-stock do not necessarily differ from 
those of a direct-current one, there are, none the 
less, apart from the electrical equipment, many 
details in the stock which has been built for the 
Brighton Railway which distinguish it from the type 
which has become familiar in connection with electric 
traction in this country. Of these the most imme- 
diately obvious is the arrangement which has been 
adopted for the positions of the doors and distribu- 
tion of the seats in the coachesused. The employ- 
ment of the American type of coach, with end doors 
and a central corridor, on the London Underground 
Railways, the Mersey Railway, the Liverpool and 
Southport line, and elsewhere, has caused it to 
become associated with electrical working in the 
minds both of the public and engineers in this 
country, although it, of course, has no essential 
connection therewith. The American type of coach 
has been held to possess advantages over the usual 
English side-door type in the handling of large 
numbers of passengers on a service with many 
stops, while for tube service, in particular, it allows 
of the very necessary control of the doors by the 
train staff. On the Brighton line, however, it was 
considered that a side-door construction would be 
better, especially from the point of view of quick 
emptying at termini, and a special type of coach 
was accordingly designed, which, as far as we know, 
was novel, although something approximating to it 
had previously been in use on the Liverpool Over- 
head Railway. It is outside the scope of these 
articles to comment on the respective advantages 
of end and side doors, but it may be said that the 
side-door construction will, other things being 
equal, probably result in a somewhat heavier con- 
struction than is necessary with end-doors, although, 
at the same time, with the type of stock built for 
the South London line, the passenger-carrying 
capacity will probably be somewhat greater, and 
especially will it be greater if the English com- 
partment system is used in conjunction with the 
side doors. 

Two types of coach, differing in the seating 
arrangements, are in use on the electrified part of 
the Brighton Railway. Of these, one is confined 
to work on the South London line, while the other 
deals with the traffic to the Crystal Palace. The 
first type of coach, which was built at the time of 








the electrification of the loop from Victoria to 
London Bridge, is illustrated in Figs. 41 and 42, on 
Plate XXVIII. This coach has side doors, exactly 
as in ordinary compartment stock, but at the same 
time is made open throughout, except for a par- 
tition dividing the smoking and non-smoking 
sections. Open side-corridors are provided, the 
arrangement of which will be clear from the plan, 
and it will be obvious that the design gives the 
large number of doors which facilitate quick empty- 
ing at termini, and, at the same time, does away 
with the necessity for passengers wishing to board 
the train at intermediate stations running from 
door to door looking for an empty compartment, 
since a passenger entering by any door may after- 
wards walk along the corridor and select a seat when 
the train has started. The coaches are arranged 
so that a third-class compartment seat can accom- 
modate four people side-by-side, and a first-class 
compartment seat three. The coach shown in 
Figs. 41 and 42 will carry 66 third-class passengers, 
while a trailer coach of similar length will carry 56 
first-class passengers. The whole of the first-class 
coaches are arranged as trailers. The over-all 
dimensions of the stock are 60 ft. long by 9 ft. wide. 

On the extension of the electrified lines to the 
Crystal Palace a new type of coach had to be intro- 
duced, since various permanent features of the line, 
and more sastiatinales Ges Crystal Palace tunnel, 
would not allow of the use of a coach 9 ft. wide. A 
new design, 8 ft. wide and 56 ft. long, of the pure 
compartment type, was accordingly introduced. 
The third-class compartments of this stock are 
arranged to carry five passengers on a seat, and the 
first class four. The carrying capacity of a third- 
class motor-coach is 70 passengers, and of a compo- 
site first and third trailer 74 passengers, of which 
24 are first-class and 50 third-class. As before, 
all first-class compartments are arranged in trailers. 
In addition to this new stock, some old coaches 
have been re-formed and adopted as trailers for the 
Crystal Palace service. These are all composite 
first and third-class coaches, and carry 16 first-class 
passengers and 60 third-class. These re-formed 
coaches are 50 ft. long. 

On the first opening of the South London line 
the trains were made up of two third-class motor- 
coaches and one first class trailer ; but experience 
proved that this arrangement did not give the 
correct train-unit, and some composite first and 
third-class trailers, equipped with controlling gear, 
have now been built. These coaches allow the 
trains to be made up of one motor and one trailer, 
or two motors and two trailers. On the Crystal 
Palace extension the new stock allows the trains 
to be made up with any number of coaches from 
two to six. All trailers are fitted with control gear, 
and a three-coach train has one motor-coach and 
two trailers, while a five-coach train has two motors 
and three trailers. Trains made up of two, four, 
or six coaches have equal numbers of trailers and 
motor-coaches. It will be noted that on the South 
London line at least one motor-coach is required 
with each trailer, but that on the extension one 
motor-coach can deal with two trailers. The reason 
for this lies in the more powerful motors which 
are fitted to the new stock. The original South 
London motor-coaches have four motors, each 
capable of giving an output of 115 horse-power for 
one hour, this size being determined on since it was 
the largest available motor which had stood ade- 
quate commercial tests at the time the stock was 
equipped. When, however, the coaches for the ex- 
tension were built, advantage was taken of the more 
extended experience, and motors of 150 horse-power 
were accordingly installed. 

The various constructional details of one of the 
motor-coaches used on the South London line are 
illustrated in Figs. 41 to 54, on Plate XXVIII. The 
coaches of this class were built by the Metro- 
politan Amalgamated Railway Carriage and Wagon 
Company, Limited, of Saltley, near Birmingham, 
the same firm also having built the first-class 
trailers which formed part of the original equip- 
ment. The additional first and third-class trailers, 
previously mentioned, were built by the Brighton 
Company in their own works. Of the new compart- 
ment stock in service on the Crystal Palace exten- 
sion, all the motor-coaches and half of the trailers 
were built by the Metropolitan Amalgamated Rail- 
way Carriage and Wagon Company. The remaining 
trailers were built by the Brighton Company at 
their Lancing Works. The whole of the coaches 
are built of wood, in accordance with the railway 
company’s usual practice ; but in order to provide 





308 


ENGINEERING. 





{Marcu 8, 1912. 





THE LONDON, 






PRESSURE GAUGE 





VALVE 
TRAILER COACH. 





eow COCK 
WHISTLE VALVE 


CONTROLLER 





PuaemATIC 
AESEARVOIR 






GOVERNOR 





PLAIN 


(2698.C.) 


Note :- Valves and Cocks are shown iv 
Position tor Driving from this Coach. 














a complete earthed electrical circuit throughout | 
and to eliminate the possibility of any part of a} 
coach becoming charged by leakage from the | 
bow collector, the roof and sides of each coach 
are covered with sheet aluminium, which is bonded | 
to the underframe. The aluminium sheet, after | 
fixing, has been painted in the usual way, and an 
excellent finish has been obtained. The flooring 
of the coaches is double, and between the two 
layers of planking a space is left, which has been 
filled in with incombustible slag-wool, while under- 
neath the lowest floor a }-in. layer of uralite has 
been fixed, which in turn is backed up on its lower 
side with a sheet of aluminium. This arrangement 
gives an adequate fire-proof protection between the 
passenger compartments and the wiring and other 
electrical apparatus carried beneath the body, 
while the sheet-aluminium protects the uralite 
and completes the earthed metallic sheathing which 
embraces the coach. The details of the under- 
frame and bogies will be seen from Figs. 47 to 54 on 
Plate XXVIII. ; and while these figures do not in 
general require comment, attention may be drawn 
to the plate-girder construction which has been 
adopted for the underframe, and which is well 
shown in Fig. 47. This arrangement has been 
introduced both with the idea of saving weight and 
maintaining a very rigid frame. Attention should 
also be drawn to the pressed-steel frames, which 
have been used in the construction of the trucks. 
The arrangement of the apparatus in the driver’s 
compartment, and the position of the various pieces 
of electrical gear below the coach, are shown in the 
various figures on the Plate, but it will be con- 
venient if further reference to these is postponed 
uatil the electrical connections have been dealt with. 

As stated above, each South London motor-coach 
is eqnipped with four 115-hcrse-power motors, and 
eich Crystal Palace motor-coach with four 150- 
horse-power motors. They are all of the Winter- 
Kichberg compensated repulsion type. It will be 
remembered that in this class of motor a rotor 
wound like the armature of a direct-current motor 
is used, and that the main brushes are short- 
circuited. The current supplied from outside to 
the motor passes through a circuit containing the 
main stator coils and a small auxiliary exciter 
transformer. The low-tension part of this trans- 


former_is connected tp a circuit containing the 
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exciter brushes, which are independent from the 
main brushes. The transformer-like action between 
the stator coils and the rotor produces a current 
in the rotor which exercises a torque on the rotor 
in virtue of its relation to the field produced by 
the exciter coils. Speed regulation is carried out 
by varying the voltages supplied to both the stator 
coils and the exciter circuit. The motors have four 
poles, each with six slots, and two compensating 
coils are set in the middle of two-pole faces of 
opposite polarity. 

h motor has six sets of brushes, of which four 
sets are for the short-circuit current of the rotor, 
and the remainder for the exciter current. The 
short-circuit brushes are placed opposite the middle 
of the pole-face, and the exciter brushes at the 
point of diversion of two adjacent poles. The rotor 
has a partly hollow shaft, the hole through it being 
employed for the entry of ventilating air, which is 
drawn through by the centrifugal action of an 
aluminium ring at the opposite end of the rotor 
from the commutator. The air-gapis3 mm. The 
synchronous speed of the motor is 750 revolutions 
per minute, but it is capable of developing torque 
at speeds higher than this. The normal starting 
torque is 182 kilog.-m. (1317 pound-feet). A cross- 
section through the motor, showing the ventilating 
arrangements and other details, is given in Fig. 58, 
on page 309. The cast-steel stator-frame, which 
can be seen in this figure, does not form part of 
the magnetic circuit. e gear ratio is 4.24 to 1. 
Although the above particulars apply specifically to 
the 115-horse-power motors in use on the South 
London line, they apply other than numerically to 
the newer 150-horse-power motors on the Crystal 
Palace line, so that it is not necessary to refer to 
these latter in detail. It may be said, however, 
that the new motors are considerably lighter per 
unit of output than the old; 








The connections between the motor and its 
transformers are shown in Fig. 56, above. Each 
pair of motors works in conjunction with a 220-kw. 
main transformer, so that there are two of such 
main transformers on each motor-coach. While, 
in addition, each pair of motors has an exciler- 
transformer of the auto transformer type. Start- 
ing and speed control are carried out by varying 
the voltage which is supplied both to the stator 
and exciter circuits. The main transformer steps 
down from the 6600-volt supply pressure to a 
maximum of 750 volts on its secondary side, and 
by means of contactors, connected to form tappings, 
the volts supplied to the motor may be made either 
450, 580, 640, or the full 750. The voltage of the 
exciter auto-transformer may also be varied by 
means of two contactors. It will be clear that the 
full voltage of the stator circuit is not applied to 
the commutator, since this latter is short-circuited 
on itself, so that a relatively high voltage is allow- 
able across the secondary of the main transformer. 
This is, of course, inherent in the type of motor 
used, and has the advantage that owing to the 
relatively high secondary main voltages that can 
be employed, the currents which have to be handled 
by the contactors are relatively small. The various 
contactors which are closed in the five positions 
of the controller handle are shown in the table 
accompanying Fig. 56, while the voltages of the 
two transformers corresponding to these five 
positions are as follow :— 

Ratio of Exciter 


Cunteciiee Main Transformer 


ore mndar Transformer 
Position. Volts. ' Volts. 

1 450 78: 104 

2 580 104 : 104 

3 640 104 : 104 

4 750 104 : 104 

5 750 78: 104 
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Figs. 59 to 61. 


The scheme of operation of the coach will best | 
be followed from the wiring diagram given in | 
Fig. 57, on page 308. But it will probably be 
better, before referring particularly to the motor- 
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control arrangements, to trace through the various 
circuits of which the diagram is made up. These 
circuits may be divided into three groups, consist- 





ing of the high-tension circuits, the control circuits, 


O 















and the low-tension power circuits, and, for con- 
venience in reading the diagram, these three groups 
are shown respectively by broken lines, fine lines, 
and heavy lines. The high-tension circuit, which 
enters the coach from the collector bow, and 
on the diagram begins at the lower right-hand 
corner, passes first through a choking-coil, to the 
overhead line side of which a spark-gap and carbon 
resistance lightning-arrester is connected. The 
choking-coil serves the usual purpose of diverting 
any high-frequency oscillations which may appear 
on the line, and causing them to pass through the 
lightning-arrester to earth. The coil does not 
introduce any appreciable impedance in the 25- 
period supply circuit. After passing through the 
coil the high-tension current comes to a bifurcation 
in the circuit, and part of it passes to the main 
transformer, the remainder going to a small aux- 
iliary transformer which supplies the control, pump 
and lighting circuits. This auxiliary transformer 
circuit is protected by a high-tension fuse, which 
can be seen in the diagram. The main transformer 
circuit passes through a majn fuse, a currept-trans- 
former, a main automatic oil-switch, and then 
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through the isolating switches, which may be used 
to cut off either one or both of the two main trans- 
formers on the coach. The remote ends of the 
main and auxiliary transformers are connected to 
earth. It will be seen from the figure that the 
opening of the main oil-switch does not break the 
circuit through the auxiliary transformer. This 
arrangement is made since it is important at all 
times to maintain the control and lighting circuits, 
even if the main circuit be interrupted. 

Power for the control circuit, as stated above, 
is obtained from the auxiliary transformer, which 
has a secondary voltage of 300, one end of the 
secondary being earthed. The circuit as it issues 
from the transformer divides into five branches, 
two of these, as shown in the diagram, being carried 
to the pump and lighting circuits respectively. The 
remaining three branches are marked a, b, and c in 
Fig. 57. Of these, branch a passes through an 
interrupting contact on the overload relay, and 
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from there through the operating-coil which holds 
the main oil-switch in the closed position. Beyond 
this operating-coil the branch is connected to 
earth. The overload relay is normally held in such 
a position that the interrupting contact is closed ; 
but, as shown in the figure, it is connected up to 
the secondary of the current-transformer in the main 
high-tension circuit in such a way that an overload 
on this circuit causes the interrupting contacts to 
open so that the main oil-switch is tripped. The 
relay is also arranged to open the oil-switch when 
pressure on its cores is withdrawn, and to close it 
when pressure is restored. The relay solenoid 
which is operated by the current-transformer closes 
branch b of the control-circuit, and in so doing 
lights two red signal-lamps which are placed in 
the driver’s compartment of the coach. These 
lamps indicate to the drivers when the main oil- 
switch has opened. The last branch c is the 
control-circuit proper, and supplies the current for 
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the contactors and reversing switch. It will be 
seen from the diagram that the master-controller 
is divided into two parts, one part consisting of 
the drum which operates the contactors, and 
which is moved by means of the driving-handle, 
and the other part operating the reversing contacts, 
‘and which is moved by means of a small loose 
handle which can be removed. The two parts of 
the controller are connected by means of a small 
bridging-piece, which is operated by means of the 
so-called ‘‘dead man’s” handle. This bridging- 
piece must be held down during the whole of the 
time that the train is in motion, as when it rises 
the power circuit is interrupted, and the train 1s 
automatically brought to a stop by the brakes. 
The ‘‘dead man’s” handle is intended primarily 
as a safeguard in the event of an accident occurring 
‘ 
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to the driver. The connections between the master- 
controller and the various contactor solenoids may 
be traced through from the diagram, it being under- 
stood, of course, that the various positions of the 
controller shown correspond to the positions of the 
contactors which are given in the table annexed to 
Fig. 56. It should be pointed out, however, that 
the leads from the various contactor solenoids are 
so connected with the other contactors that it is 
impossible to make a new connection to the motor 
without opening the previous one, so that short- 
circuiting of the transformers cannot take place. 

The low-tension power circuits need not be 
referred to in detail, as they were dealt with 
earlier when describing the operation of the motor. 
But in this connection it should be pointed out that 
no part of these circuits is earthed, so that break- 
down at one point will not produce a short-circuit 
on the main transformer. Each of the contactors 
has two operating coils, which are fed by currents 
having such phase displacements between them- 
selves that a steady pull is produced on the coils. 
One of the two coils is put direct in the 300-volt 
circuit, while the other is in series with an induc- 
tive resistance introduced in order to produce the 
required phase displacement. This resistance is 
connected between the 300-volt point on theauxiliary 
transformer and a 60-volt point on the same trans- 
former. When a contactor circuit is opened the 
60-volt point remains connected, so that a small 
current is produced through the contactor coils. 
This current is, however, in the opposite direction 
in the split-phase coil from that which obtains in 
normal working. The object of the arrangement is 
to assure the proper opening of the contactor or 
break, since the small differential current demag- 
netises the coils and thus prevents them being held 
up by remnant magnetism. The arrangements in 
connection with this split-phase circuit are not 
shown on the diagram. 

The only remaining circuits on the coach are 
those which supply the lighting and the brake 
pumps. These are connected to the 300-volt side 
of the auxiliary transformer, as shown in Fig. 57. 
The lighting circuit requires no comment, but it 
should be said that arrangements are made by 
which it is possible to obtain lighting current for 
the whole train from the rear bow whenever the 
front bow is on a dead section, and vice versd. The 
pump circuit shown in the diagram is carried to 
a 2-pole 6-horse-power motor, which drives the 
compressor supplying air to the brakes. This cir- 
cuit is quite independent from all others, and the 
starting and stopping of the motor is controlled by 
the air-pressure in the train-pipe in the usual way. 
The brakes are of the Westinghouse type, which is 
the standard of the Brighton railway. It is not 
necessary to describe this brake, but as the com- 
pressed-air supply is used for the operation of the 
collector-bows, and as there are other inter-rela- 
tions between the electrical and compressed-air 
systems, the diagram of air-pipe connections, 
given in Fig. 55 on page 308, has been added to 
this article. It will, however, be better that the 
various features of this diagram which require 
comment should be dealt with as they arise in con- 
nection with the description of the actual distribu- 
tion of the electrical apparatus on the coach. 

Each motor-coach is arranged witha driver’s com- 
partment at one end, as shown in Figs. 42 and 45, 
on Plate XXVIII. The high-tension control 
apparatus, together with the master-controller and 
other driver’s gear, is carried in this compartment. 
The contactors, main transformer, and brake-gear 
are slung below the coach in the itions indi- 
cated in Fig. 41, on Plate XXVIII. As will be 
seen from the figures, the roof of the compartment 
and the guard’s van has been made lower than that 
of the rest of the coach; this has been rendered 
necessary owing to the limited space available for 
the bow-gear, to which reference will be made later. 
The high-tension gear in the driver’s compartment 
is, of course, quite independent from the driving- 
gear, and is fitted in a separate cubicle, as is well 
shown in Fig. 42, on Plate XXVIII., and in Fig. 65, 
on page 310. This cubicle contains the lightning- 
arrester, the main fuses, the isolating switches, the 
main oil-switch, and the auxiliary and current- 
transformers, which have been already mentioned, 
together with current and potential transformers 
for the integrating wattmeter and the voltmeter 
and ammeter which are fitted on the coach. The 
door of the cubicle is interlocked with the bow- 
gear in such a way that when the door is opened 
the bow leaves the overhead wire, so that no access 





can be had to the high-tension gear when it is alive. 
The interlocking arrangement is a mechanical one, 
and consists of two arms, which are connected to 
the bow mechanism in such a way that they foul 
the cubicle door and prevent it from being opened 
when the bow is in its lifted position. In addition 
to the mechanical interlock, however, there is an 
arrangement by which the opening of the door 
releases the air from the underside of the cylinders 
which hold the bows in their upper position. This 
arrangement is indicated in Fig. 55. As an 
additional precaution over these arrangements, 
the opening of the door automatically earths the 
whole of the gear in the high-tension cubicle. 

In addition to this high-tension cubicle there is 
a low-tension cupboard in each compartment, 
which contains the lighting - circuit switches, 4 
switch controlling the operation of the main oil- 
switch, and the connecting-box and cut-out switch 
for the contactor circuits. This cupboard was 
originally fitted with a Nernst resistance connected 
in series with the lighting circuits and intended to 
maintain constant voltage on the lamps. It has 
been found, however, that the feeding arrange- 
ments of the railway are sufficiently adequate to 
render any such lamp regulation unnecessary, and 
the resistances have been done away with. The 
low-tension cupboard can be clearly seen in Fig. 65. 
The motor- man’s gear contained in the driving 
compartment is fitted around a window situated at 
the left-hand side of the front of the train, as shown 
in Figs. 62 and 64, on page 310. The window is 
fitted with a squegee for use in wet weather. The 
gear consists of the master-controller with its speed- 
control and reversing barrels, an ammeter, volt- 
meter, and wattmeter, the red signal-lamps to 
indicate when the main oil-switch opens, a dead- 
section switch which enables power to be obtained 
from the rear bow when the front is on a dead 
section, or vice versd, and the brake-valve, pressure- 
gauge, and whistle-valve and cut-off cocks for the 
bow cylinders, as shown in Fig. 55. In connection 
with this figure it will be noted that there is a dis- 
tributor connected with a reversing switch which 
causes one or other of a pair of bows to lift, depend- 
ing on the direction in which a coach is running. 
Before concluding the description of the control 
gear it should be pointed out that a modified posi- 
tion for the high-tension cubicle and low-tension 
cupboard has been adopted on the Crystal Palace 
stock as compared with that used on the South 
London line. The change has reference merely to 
the disposition of the cubicle and cupboard in the 
driver’s compartment, but its result is that Figs. 42 
and 45, on Plate XX VIII., do not agree with Figs. 64 
and 65, on page 310. Figs. 42 and 45 show a South 
London coach in which the cubicle and cupboard 
are placed alongside the driving gear, while Figs 
64 and 65 refer to the Crystal Palace arrangement, 
in which they are placed behind the driver. 

The collector-bow is of much interest on account 
of the difficult conditions with which it had to be de- 
signed to comply. As stated in the previous article, 
there is a variation of 6 ft. between the highest 
and lowest positions of the overhead conductors, 
and as a consequence, of course, it was necessary 
that the bow should have a working range of 6 ft. 
In addition to this condition, however, the lowest 
position of the conductor is such that there is only 
just over 11 in. clearance between the roof of the 
coach and the bow and its framework, which are 
alive at working pressure, and this clearance was 
only gained by fixing the bow above the guard’s 
van and driver’s compartment, and lowering the 
roof, as before mentioned. The bow was specially 
designed for the South London line, and has been 
in every way successful, so that no substantial 
modification was considered necessary when the 
Crystal Palace stock came to be equipped. The 
bow is shown in Figs. 59 to 61, on page 309, and in 
Fig. 63, on page 310. It will be seen that each set 
of mechanism contains two bows, one being used 
for each direction of running, and the two being so 
operated by their reversing switch and air-cylinder 
mechanism that on reversal in the direction of 
running of the train the bow in the top position 
antomatically comes down, and that in the lower 
—s rises. The falling bow does not, however, 
eave the overhead conductor until the rising one 
comes in contact with it. 

The details of the bow mechanism will be clearly 
seen from Figs. 59 to 61. Each set of mechanism 
has two air-cylinders mounted on the centre line of 


the coach, as shown, and connected to the live part | share. 


of the gear through insulators, one air-cylinder 





serving for the operation of each bow. The spiral 
springs connected to the levers, which are mounted 
on the shafts which carry the lower ends of the 
bows, tend to keep the bows in their lowered 
positions, and the bows are lifted and held in their 
upper position by the pressure in the air-cylinders, 
which oppose the springs. The effect of this 
arrangement, of course, is that the failure of the 
air-supply causes the bows to come down. The 
springs and air-cylinders are proportioned so that 
when the train is standing with the bows on an 
overhead conductor, fixed 16 ft. above rail-level, 
a weight of 12 lb. attached to the main collector 
strip, and a weight of 8 lb. attached to the trailing 
strip, will just bring the bow off the wire. The 
springs and air-cylinders are also arranged so that 
the upward pressure of the bows does not substan- 
tially vary over the range of their travel. The 
collector-strips on the top of the bows are made 
from aluminium, and are formed each with a longi- 
tudinal groove, which is filled with a mixture of 
vaseline and black-lead. This is found to give a 
very satisfactory lubrication, and under normal 
conditions the strips are found to run from 5000 to 
6000 miles without requiring renewal. The over- 
head conductors are, as before mentioned, staggered 
to prevent grooving of the strips, and it is found 
that there is little appreciable wear on these con- 
ductors. The collecting-strips are 3 ft. 7} in. 
wide, and the bow over-all is 5 ft. 2 in. wide. The 
object of the trailing-strips is to ensure continuous 
and good contact between the bows and the over- 
head wires, as any inequality which might momen- 
tarily throw off the leading strip would not, as a rule, 
affect the trailing one. At the same time the use 
of two strips naturally reduces the amount of current 
to be carried by either, and the use of the two 
ensures that no strip shall, under the worst condi- 
tions, have to collect more than 50 amperes, while 
the normal average is about 30 amperes. While it 
is probable that these arguments in favour of two 
strips are valid, it is a matter of interest that it is 
found that the bows will operate quite satisfac- 
torily with the trailing-strip removed. Other 
details of the bow-gear will be gathered from the 
figures. The cubicle-door interlocking mechani-m is 
clearly shown in Figs. 59 to 61 and Fig 65. It will 
be seen that the whole arrangement is alive with 
the exception of the air-cylinders, the interlocking 
mechanism, and the brackets which attach the gear 
to the roof of the coach. These brackets carry the 
live framework through the intermediation of spool 
insulators as shown. 

In concluding this article it should be said that 
the whole of the electrical apparatus for the coaches 
was built and supplied by the Allgemeine Elek- 
tricitiits Gesellschaft of Berlin. This firm acted 
as main contractors for all electrical equipment on 
the South London line, and as main contractors for 
the electrical equipment of rolling-stock on the 
Crystal Palace extension. The general design of 
the coaches was worked out jointly by Mr. D. Earle 
Marsh, M. Inst. C.E., the locomotive superinten- 
dent of the railway, and Mr. Philip Dawson, the 
consulting engineer for the electrification. 








THe British Enoine, Borer, AND ELECTRICAL 
InsurRANCE Company, Limirep.—At the annual meeting 
of this company, held at their offices, 12, King-street, 
Manchester, on Friday, the Ist inst., the chairman, 
Mr. Robert B. Longridge, remarked that while increased 
competition from accident insurance companies had not 
interfered with the usual steady increase in the volume 
of business, the claims for the year 1911 had been abnor- 
mally beavy. This was not to be accounted for either 
by lack of vigilance in the selection of risks or by 
diminished giduns in the matter of inspection, and 
though he might be accused of frivolity in making the 
suggestion he was inclined to think that climatic condi- 
tions affected the result. It was an admitted fact that 
boiler claims were unusually heavy in a year when there 
was a dry summer and the supply of feed water was 
deficient both in quality and quantity. It was not 
so easy to trace a connection between the weather 
and the breakdowns of either engines or electrical 
plant, except that a sudden frost such as had recently 

m experienced would certainly increase the claims 
for breakdowns among gas-engines; but be the cause 
what it might, the claims ratio for 1911 had been 
unusually high. The percentage of breakdowns among 
insured plant did not vary much, and it was higher than 
either owners or makers were disposed to admit; but with 
the spread of the company’s business, their costs, both 
for periodical inspections and for the supervision of 
repairs, were proportionately reduced. Out of the dis- 
posable balance of 17,025/. it was proposed to carry 7000/. 
to the reserve fund, to write off . from furniture and 
instruments, and after declaring a dividend of 5s. per 
, with a bonus of 3s. per share, less income tax in 
both cases, there would be 20911. to carry forward, 
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SHIELD FOR TUNNELLING WORK AT BAKER-STREET STATION. 
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THE reconstruction of Baker-Street Station on the 
Metropolitan Railway is intended to provide facili- 
ties for an augmented service of through trains between 
the City and stations on the St. John’s Wood section 
of the Bao. In the station proper, the existing plat- 
forms will be removed and replaced by two ‘land 
platforms, and the two tracks between these will be 
in connection with the Circle lines, The station is to 
be entirely reconstructed, the work including the 
erection of a new station building in Marylebone-road 
spproached by o carriage-drive, and arranged so as 
to obviate the congestion of traffic now prevailing at 
the Baker-street corner. 

The improvements in hand also provide for the 
widening of the St. John’s Wood section of the Metro- 
politan line for some distance, an operation involving 
the demolition of the double-track tunnel in the direc- 
tion of Clarence Gate, and the construction of a wider 
tunnel on the same longitudinal axis. 

The contractors for the whole of the work, with the 
exception of the new station building, are Messrs. 
Perry and Co. (Bow), Limited, who have, in accord- 
ance with contract conditions, to execute the works 
without causing interference with the existing traffic, 
which amounts to some 700 trains daily. 

It will be readily understood that the tunnel demoli- 
tion and reconstruction mentioned above presented 
some difficulty under the condition named, especially 
as the interior of the tunnel is only accessible to work- 
men between the hours of 1.35 and 3.50 a.m., or about 
2} hours out of the 24 hours. Moreover, the mini- 
mum clearance between the top of the rolling-stock 
and the intrados of the tunnel is less than 4 in., thus 
rendering impossible the use of scaffolding, or ribs and 
lagging of any kind, not only because of the lack of 
8 , but also for the reason that the limited hours 
of work would not have allowed time for fixing tem- 
porary supports. For the solution of this problem the 
special form of shield, or hood, which we illustrate on 
the present page, was designed by Mr. H. A. Bartlett, 
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of Messrs. Perry and Co., to support the old tunnel 
during the work of demolition, and to protect passing 
trains from the fall of any debris that might be 
detached by vibration or other causes. 

Details of construction of the shield proper are given 
in Figs. 1 and 2, and, as will be seen, it consists of a 
steel plate, 4 in. thick and 28 ft. wide by 11 ft. long, 
curved to fit the tunnel roof, the léngth of the shield 
having been curtailed to suit the 12}-chain curve on 
which the old tunnel was built. ‘Ihe curved steel 
plate is kept in form by means of four light steel 
trusses, with angle-bar stiffeners projecting down the 
sides to a short distance above the gutter level of 
the railway cwrriages, where the minimum clearance 
of 4 in. occurs. 

The four trusses are supported by and bolted to two 
32-ft. lengths of 12-in. by 6-in. iio spaced 8 ft. 
apart, and placed parallel to the axis of the tunnel. 
Each of the I-bars is suspended from the heavy girders 
of the new tunnel by means of four stirrups, as shown 
in Figs. land 2. The shield in position in the tunnel 
is shown in Fig. 4. 

The girders were placed temporarily in position 
across and above the old tunnel at intervals of 10 ft. 
apart, and from the lower flange of each girder over 
the shield supports hung a pair of the stirrups on 
screw-couplings. The stirrups passed through holes 
cut in the tunnel roof, the effect of the complete 
arrangement being to form a roller track beneath the 
roof, on which the shield could be moved forward as 
a by the progress made in the work of demo- 
ition. 

When in use the shield is drawn closely up to the 
roof by means of the screw-couplings, thus permitting 
the demolition of a 10-ft. length of the five-ring brick 
arch down to about 12 in. above the springings during 
the daytime, without causing any risk to or inter- 
ference with traffic. 

After traffic has been stopped at 1.35 a.m. the 
shield is lowered about 12 in. by the screw-couplings, 
the pair of suspenders immediately in front «f it are 
moved forward one length, and the whole shield is 
slid forward for a distance of 10 ft., the J-bars run- 
ning on roller-bearings in the stirrups. Then, being 
tightly serewed up again, the shield is readv for the 
demolition of another 10-ft. length of the brickwork 
during the conduct of traffic. 

The shield was made 11 ft. long to allow the front 
end or hood to project 12 in. under the next section 
of brickwork, thus preventing mortar and brick 
rubbish from falling upon the permanent-way. At 
the back of the shield a light vertical screen, about 
2 ft. high, is fitted for the same purpose. The hood 
is slotted for the stirrups, as shown by the part 
dan, Fig. 3. The weight of the entire shield is a 
ittle over 5 tons, and the operations of lowering, 
running forward, and screwing up again occupies 
from $ to 14 hours. 

The new tunnel, consisting of concrete and steel 
girders, comprises fifty-seven of the latter members, 
the largest of which weighs 75 tons. Good progress 
has been made in placing the girders and in demolish- 
ing the old tunnel by the ingenious device described, 
which has | mee entire satisfaction to the railway 
company and contractors alike. 
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NOTES FROM THE UNITED STATES. 
ARI ARI. PHILADELPHIA, February 28. 
WE illustrate above a small stern-wheel launch} THE present uncertainty as to the cost of Lake ores 
built by Messrs. John I. Thornycroft and Co., Limited, | for the season is holding up business in pig iron for 
of Southampton, which has recently been shipped in | delivery during the latter half of the year. If there 
pieces, after trial, to the Orinoco, up which river she | is @ 25 cent reduction in old-range ores, Mussa ores 
will be taken as far as Cabuyare, and thence overland | would drop about 50 cents per ton, which would make 
to the River Ari Ari, where she is to serve. She has | something over a dollar a ton on the cost of pig iron. 
been supplied for the H. and U. Rubber Company, | The ore-producers in the Lake region expect to supply 
and is particularly interesting on account of the con- | the bulk of ore to eastern furnaces on account of the 
ditions under which the final stage of the journey is to | higher cost of foreign ores and ocean plates which 
be made, for the difficulties of the country necessitated will lessen importations to that extent. There has 
that no piece of machinery or hull should exceed | been very little contracting for pig iron for a week 
1500 lb. in weight, and this has been achieved by | for the reason given ; but in addition to that the 


fitting machinery of the Thornycroft steam-wagon | larger consumers are pretty well supplied with 
| Sea, and will be in no hurry to buy until all 


CARGO LAUNCH FOR THE RIVER 


type. The dimensions of the boat are :—Length, 50 ft. r D 
on the water-line ; breadth, 12 ft. 3 in.; depth, 4 ft., yeaa | factors as to cost are disposed of. The 
the draught, when loaded with 10 tons cargo, being | demand for crude steel is very heavy. The entire 


| producing capacity in Western Pennsylvania is 
at 500 revolutions per minute, and the power is trans- | working to the limit. Additional capacity is to be 
mitted through a gear-box (by which means reversing is | supplied in Eastern Ohio and Western Pennsylvania. 
effected), and then to the wheel by chain-drive. The | Rush orders for steel billets commanded an advance 
gearing and chain-drive are arranged so that the wieel this week of 0.50 dol. a ton. The distribution of 
can be run ata speed of about 40 revolutions per minute. | minor mill products continues at the same level. The 
The boiler is placed in a well forward, and is| demand for rails for export has allowed the Edgar 
arranged to burn wood as fuel, which is carried on | Thompson rail mills to work to full capacity after a long 
each side of the boiler, below deck. Between the | period of depression. Plans for the erection of a great 
engine and the boiler is a large hold, in which the many new buildings in cities all over the country are 
cargo is carried, and a large hatch is arranged over | now coming out. The aggregate requirements will be 
this, and fitted with sevtelile hatch-covers. A length | heavy. This class of work is much sought after. 
of 40 ft. of the vesrel is covered with an awning, made | So-called skyscraper-work peoiene to be more abun- 
of galvanised corrugated iron sheets, carried on a steel | dant this year than last. The tin-plate mills continue 
framework, and supported on tubular stanchions. to work full time, and most of them are assured of 
The vessel is steered by a hand steering gear and | continuous employment to the end of the second 
wheel from the bridge, at the fore end of the awning quarter. A falling off in the demand for sheet iron 
deck. This gear operates the two rudders’ simul-|has induced two or three anxious independants to 
taneously, and on her trials the boat was found to | shade prices on some desirable business. me 30,000 
steer as well going astern as ahead. She is also fitted | manufacturers of various kinds are organised to 
with a small steam capstan forward for warping a | prosecute plans for export trade. 
es, and for hauling off sand-banks. The hull is| 
uilt throughout with a flat bottom and equare bilge. | 
For covking, a small range is placed forward for the 
use of the crew. A speed of 74 to 8 miles was guaran- | 
teed when fully loaded, and this was exceeded on trial. 
The boat was constructed in two months, and is 
particularly well adapted for the work she has to 
do. She will be re-erected at her destination after 
being transported up the Orinoco on a raft or by 
steamer, and will be taken across to the River Ari Ari 
by coolies or by oxen. The last part of the journey will 
be made by means of native canoes. She is intended 
for transporting raw rubber and other produce to the 
| distributing town. 


under 24 in. The engine, which is situated aft, runs 











Tur Corrper Market.—In their monthly report, dated 
the 1st inst., Messrs. James Lewis and Son state that the 
very strong statistical position has not had the effect on 

rices that might have been expected, being neutralised 
ny the decline in American securities and the prospect of 
a national strike of the colliers of Great Britain, with its 
disastrous effects on the trade of the country, which had 
unfortunately materialised. Standard copper fell from 
611. 17s. 6d. for cash on the Ist ult. to 61/. on the 6th, but 
advanced, on the publication of the American ners’ 
statistics, to 63/. on the 9th ult. After declining to 
621. 7s. 6d. on the 14th ult., the further considerable 
reduction in the European stocks shown on the 15th ult. 
led to a steady rise to 64/. 7s. 6d. on the 28th ult., and, 
after a temporary reaction, to 64/. 15s. on the 1st inst., 
with three months, 651. 8s. 9d. The sales of the month 
amounted to about 40,000 tons. European stocks had 
dec: 4238 tons, and the visible supply 5603 tons 
during the month. Shipments of refined copper from the 
United States to Europe continued on a very large scale 
| —34,643 tons from the Northern ports for the month 

showing the enormous consumption which was taki 
place. That of Germany for January had i 
6258 tons—17,648 tons inst 11,390 tons—as compared 
with the same month last year. American wire bars 
bad been sold at 66/. 15s, net c.i-f. for April shipment. 











Lock-OvuTt IN THE Danish Cement InpUSTRY.—Pro- 
tracted negotiations having led to no agreement between 
masters and men, the announced lock-out at the seven 
| Danish cement factories came into force on Monday 
| morning, March 4. The men, when the official conciliator 
| was just about to lay his proposal for mediation before 
| the parties concerned, introduced new points of conflict, 

which had not been mooted at the preceding meetings. 

The conciliator then had no other course left but to with- 
| draw, referring the dispute to the parties concerned, with 
the result that the lock-out came into force. 
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INDUSTRIAL NOTES. 


THERE is little to be said at present regarding the 
lamentable coal strike, which, though it commenced 
at the beginning of last week, was not in full swing 
till last Friday, since when more than 1,000,000 miners 
have been idle. At the time of going to press little or no 
change had taken place in the attitude taken up by 
either side. The men are apparently enjoying their 
holiday, and the owners, havin 
sions they can, are waiting. How long this state of 
things will continue no one knows. In the meantime 
widespread suffering and loss loom ahead, for the effects 
of the great strike are being rapidly felt in every 
grade of life, and each day as it comes sees more men 
out of work who have no direct connection with the 
miners, but who have been thrown idle simply because 
of a shortage of coal for ordinary industrial pursuits. 
The Government has done nothing definite; indeed, it 
is not easy to see what more can be done at present in 
the way of conciliation, for we have now to deal with 
men who will not keep agreements, and therefore 
cannot be negotiated with to advantage. When the 
men have come to a saner frame of mind than is the 
case at present, the situation may be eased, for it is 
the men who are now prolonging the struggle, the 
majority of the masters having acknowledged their 
willingness to accept the oulasiale of a minimum wage, 
of course with certain necessary safeguards. One thing, 
however, is clear, and that is that the community as 
a whole must resist with all the power it has at its 
disposal the conspiracy that has been hatched against 
it by the leaders of the men, for the action of the 
Miners’ Federation can be looked upon as nothing else. 
The sooner the people of the country show the miners 
that they are not so helpless as certain agitators appear 
to think, the better for all and the world at large. 
If now the men find that they can bully the nation 
until they obtain all they want, there will be an end 
to industrial peace. It is well known that there are 
leaders and many thousands of men who are against 
insistance on the miners’ schedule, and it may not be 
long before these men decide to return to work. 
Then it will be the duty of the Government to fulfil 
its first office, and with all the material power it 

, to see that these men are properly protected, 
and all interference with them sternly repressed. 
This the Government can, at any rate, do, though they 
may not be able to coerce eather of the belligerent 
parties. The call for eo ee may come sooner 
than it is anticipated. ore meetings took place on 
Wednesday, one of which was between the miners’ 
executive and the Premier, but without apparent 
result, and at the time of writing the aspect of things 
is unchanged. 

In the House of Commons on Monday last Mr. 
Asquith made a statement that was really a confession 
of inability to do anything, which looks as though 
the strike must drift on until the miners see fit to 
return to work, the country meanwhile approach- 
ing nearer to starvation. The train services on the 
railways have been much reduced, and on Mon- 
day last as many as 2500 express and local trains 
ceased running, and passengers were warned that 
punctuality could not be guaranteed. Since then more 
trains have been withdrawn. The position taken up 
by the railway companies is that the public is so depen- 
dent on railways for the necessities of life that the 
companies cannot afford to gamble as to the length 
of time the coal strike may last. They are, therefore, 
compelled to deal with the matter as if the strike 
would continue for some time, and they consequently 
have no option but to reduce their coal consumption 
to the lowest reasonable limit. 

In the Durham district the feeling as to the length 
of time that the strike is likely to continue ap 
to have become less optimistic than it was at the end 
of last week. Then, to judge from information received 
by the 7'imes, it was thought that it would be over 
in a week. Now, however, this feeling of optimism 
has given way to the opinion that the strike may con- 
tinue at least a month, this view being on an 
ar sg 0 that the Miners’ Federation is likely to 
adhere firmly to its schedule of rates for the individual 
minimum wage, in which case the strike must go on 
until the funds of the less wealthy districts in the 
Federation are exhausted. It is not easy to see, how- 
ever, how the country can stand a strike of four 
weeks ; moreover, it is — that somethin 
that will change the whole aspect of affairs wi 
happen before that time expires. The unyielding 
attitude of the Miners’ Federation has made the 
Durham owners inclined to reconsider their position 
in spite of the fact that they were the first employers 
to accept the Government’s proposals, although they, 
from the first, stated clearly that they had little faith 
in the economic soundness of these proposals; but they 
made generous sacrifices in the interests of peace. 
These sacrifices are the more to be appreciated because 
both Durham and Northumberland depend largely on 
the export trade, and have no natural monopoly 
like South Wales. They have therefore much more 
to fear from the additiona] burdens likely to acorye 


made all the conces- | P 





from far-reaching changes in methods than has any 
other district. Another thing to be remembered is 
that these changes came upon Durham from without, 
and were by no means welcomed generally. The 
owners have now, however, in fighting parlance, got 
their backs against the wall. 





News of coal strikes, either actual or prospective, 
reaches us from other countries. At Dortmund, West- 
halia, on Monday last, only 222 of the 950 men form- 
ing the early shift went down No. 2 pit at Kaiserstuhl. 
In this mine 3500 men are employ At the Schard- 
horst pit half the early shift also went on strike. At 
the Kaiserstuhl No. 1 pit, although all the men of the 
early shift went down to work on Monday last, about 
900 out of the 1000 men forming the afternoon shift 
struck, and at present the majority of the men at 
the Schardhorst pit are also on strike. In all these 
three pits the strike has been begun without the con- 
sent of the men’s responsible leaders. The strikers 
have, however, been warned by the Old Miners’ Union 
at Bochum that they have been guilty of a breach of 
discipline, and other miners have been exhorted not 
to follow their example, but to remain quietly at 
work and await instructions from their leaders. 

In France 2500 miners at Carmaux (Tarn) decided on 
Monday last to stop work for twenty-four hours next 
Thursday, as a means of obtaining better conditions 
with to pensions, and the men have sent a 
message of sympathy to British strikers. The miners 
at Larica Marie, St. Etienne, have also adopted a 
resolution to strike on March 11. 

The German miners are also clamouring for higher 
wages, and their leaders are trying to impress the 
public by statements about ‘‘ famine” wages amongst 
the miners in the Ruhr district, a daily pay of less 
than 5 marks (5s.) being denounced as such. The 
Union of Mine-Owners of Essen, however, has pub- 
lished some particulars of the wages paid during 
November last, from which it appears that only 


2.54 per cent. of the hewers had less than 5s. 
14.04 ge between 5s. and 5s. 6d. 


39.32 a ne % 5s. 6d. and 6s. 
28.35 ” a pe 6s. and 6s. 6d. 
10.76 ae o - 6s. 6d. and 7s. 


all per shift. About 4.89 per cent. earned a higher 
shift wage than 7 marks (7s.), and about 1000 men had 
more than 8 marks (8s.) per shift. 

Various workmen’s organisations in the Ruhr dis- 
trict recently brought their demands for higher wages 
before the two organisations of mine-owners in Essen. 
The Union of the Christian Miners did not join in the 


movement. The men asked tor a general rise in | P® 


wages, so that the wages might reach the average of 
the last quarter of 1907, added to which should be 
an amount corresponding to the rise in articles of 
food and other necessities, which has since taken 
place. The men in their communication asked that 
negotiations with the masters might at once take 
lace. The application, as was expected, was re- 
Fused by the masters’ eee. with the same 
argument as last year. The masters, in their reply, 
stated that the question of wages must be left to the 
individual mines, and they drew attention to the fact 
that, apart from the general rise in wages which 
has taken place since the beginning of 1910, a rise in 
the shift wages in the Nether-Rhenish-Westphalian 
mines, in accordance with the resolution of the Coal 
Syndicate of April last year, has partly taken place, 
and is partly impending ; a rise in other wages may 
be looked for with certainty, owing to the marked 
prosperity of the industry. 





Nottingham operative bakers have handed in a week’s 
notice to strike next Saturday for a minimum wage of 
30s. for qualified men, of 38s. for foremen, and 16s. to 
24s. for juniors, an increase all round of 15 per cent. 
About 50 per cent. of the masters have promised to 
accede to these demands, but the rest are firmly 
opposed to them. It has been stated by an official of 
the Bakers’ Union that the action of the men was not 
influenced by the coal strike, but was the result of the 
failure of negotiations carried on for some time past. 





In connection with the present unsettled state of 
industry, and particularly the coal strike, a rather 
curious incident happened on Monday last at the 
Preston Police Court, when twenty-seven constables 
employed by the London and North-Western and 
Lancashire and Yorkshire Railways attended to be 
sworn in as special constables. e oath was taken 
by one man, but refused by the others, who objected, 
and the one man recanted, and was allowed to do so. 
The objection was that the oath would make them 
ordinary special constables, as it mentioned nothing 
about railways. They objected to act as policemen 
against their fellow-unionists, and they only intended 
to guard railway property. The oath was amended, and 
@ provision from the Railway Companies’ Additional 
Powers Act was inserted as follows :—‘‘and attend 
the railway stations, works, and offices, and within three 
hundred yards thereof in the county of Lancashire.” 


This was at first objected to by the men, but they’ 





afterwards agreed to take the oath. Two of the men, 
however, took exception and retired. 





The Government of the United States of America 
has been exercised of late with regard to the effect of 
lead poisoning on workpeople employed in some 
industries and has gone very carefully into the matter, 
the results of their inquiries being published in a 
bulletin of 346 es issued by the acon of Labour 
at Washington. The bulletin is devoted to indus- 
trial lead poisoning, and describes lead processes in 
certain industries in Great Britain and the Western 
States of Europe, and also an_ investigation |into 
the white-lead industry in the United States. The 
inquiry made was very exhaustive, in view of 
the havoc played by what is known as plumbism 
on the health of the workers employed. Among 
the conclusions arrived at were that while factory 
legislation has already accomplished much, there 
remains much to be done in order still further to 

rotect the health of the workers. The abolition of 
emale labour in the dangerous processes of lead 
factories has been an incalculable boon to humanity, 
because the effect of lead poisoning is particularly bad 
with women, not only on the women themselves, but 
on their children, the evil effects of the poison being 
inherited. The more frequent result with women, how- 
ever, is that it prevents childbirth altogether. It 
is thought that further good may be effected by 
employers instructing their workpeople regarding the 
dangers to which their occupation exposes them, 
and by the employees loyally co-operating with em- 
ployers, doctors, and factory inspectors so as to ensure 
that regulations are carried into effect. It is also 
thought that medical men should have more oppor- 
tunity given them for studying diseases of occu- 
pation, and, with the interests of the employers 
properly safeguarded, of following . inquiries 
into the factories, so that they may become familiar 
with the peculiar circumstances under which industrial 
diseases arise. An example has been set in this direc- 
tion by the City of Milan, for there a clinical insti- 
tution for the study of industrial diseases has been 
established ; at Budapest also a museum of social ser- 
vice has been founded, where old and dangerous por- 
cesses of manufacture can be contrasted with those of 
modern date and healthier nature, and where lectures 
on occupation diseases are given to the industrial 
classes. In Amsterdam also there is a museum of 
safety appliances. 

In our own country during the ten years ending 
1909 there were 8973 cases of plumbism, including 
inters and plumbers, reported to the Home Office, 
and during this period 667 deaths from industrial lead 
poisoning occurred. All the sufferers are, however, 
not included in these figures, because notification 
of lead poisoning in painters and plumbers is not 
compulsory. Dr. Kaup, of Prussia, also has a sad 
tale to tell of 21,000 days of sickness spent by work- 
people in the Prussian hospitals in 1908 as the result 
of plumbism. The total number of days spent in 
hospitals during 1908 and the four preceding years 
reached 122, The cases of lead poisoning that 
do not enter the hospitals are more than three times 
greater in number than those which seek hospital 
treatment, so that the statistics are specially worthy 
of careful study. 





The monthly report of the National Union of Boot 
and Shoe Operatives for February indicates that trade 
continues fair, and better than a year ago. Returns 
from firms employing 66,000 workpeople in the week 
ending January 27 showed an increase of | per cent. in 
the number employed, and a decrease of 1.6 per cent. 
in the amount of wages paid compared with a month 
ago. Compared with a year ago, there was an increase 
a 3.5 per cent. in the number employed, and of 6.5 

r cent. in the amount of wages paid. At Leicester, 

orthampton, and Kettering employment continued 
fair, and was better than a year ago. At Norwich, 
however, it was not so good as a month ago, but better 
than a year ago. At Bristol, Kingswood, and Leeds 
some short time was re , and employment showed 
a decline compared with a month ago. 1n Scotland 
employment was fair, and better than a year ago. 





An official report deals with the insurance of work- 
men in Germany during the year 1910. Out of a 
population of 64,568,126 in the German Empire 
13,953,900 persons were insured against illness. There 
were in operation 23,356 sick funds, of which 7886 
were manufactories’ funds. The aggregate number 
of persons insured against accidents amounted to 
24,153,600. This insurance wae effected through the 
medium of 66 industrial, 48 agricultural, and 546 
State, provincial, and municipal concerns. The 
invalid insurance comprised 15,639,700 persons, and 
it was effected through 31 insurance concerns and 
10 approved-of funds. In insurance against illness 
there were during the year 5,712,293 cases of sick- 
ness with inability to work, involving 113,530,003 
days of illness. In the insurance against acci- 
dents there were compensations paid for 1,017,570 
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accidents, of which 132,064 were for the first time. 
The number of invalid pensions, including sick pen- 
sions, amounted to 1,039,011, of which 126,924 were 
fresh ts. The number of old-age pensions amounted 
to 113,974, of which 11,612 were new. he receipts 
amounted in the aggregate to 956,755,600 marks 
(47,837,780/.), of which the contributions by the em- 
ployers amounted to 427,988,900 marks (21,399,445/.) ; 
the grant from the German Empire amounted to 
52,538,200 marks (2,626,910/.). The ordinary expen- 
diture amounted to 803,821,700 marks (40,191,085/.), 
without additions towards the formation of a capital 
fund. The compensations paid were 356,791,200 
marks (17,839,560/.) under insurance against illness, 
164,425,400 marks (8,221,270/.) under insurance against 
accidents, and 196,825,500 marks (9,841,275/.) under 
the invalid insurance. 








THE OIL-ENGINED SHIP ‘‘SELANDIA.” 

Tux oil-engined ship Selandia, built and engined by 
Messrs. Burmeister and Wain, Copenhagen, for the East- 
Asiatic Company—the first passenger sea-going vessel 
fitted with Diesel engines—was in London from 
Tuesday until Saturday of last week, when both 
builders and owners showed much liberal-mindedness 
in widely distributing invitations to view the ship. The 
result was that the Selandia was an object of great 
interest to all engineers, and the importance of the 
occasion was signalised by the visit of the First Lord 
of the Admiralty and of several members of the Board ; 
while Sir Philip Watts, the Director of Naval Construc- 
tion, went with the vessel to Gravesend, and Admiral 
Sir Henry Oram, the Engineer-in-Chief of the Fleet, 
made the voyage to Antwerp on Saturday. On this 
demonstration voyage were many engineers who were 
at first keenly critical of the performance, but ulti- 
mately fully convinced of the success of the under- 
taking. Observations we then made enable some 
details to be added to the description we gave of the 
Selandia’s machinery a fortnight ago on page 260 ante. 

It will be caheaibionl that there are two engines, 
driving twin screws, each engine consisting of a set of 
eight single-acting cylinders 203 in. in diameter by 
283 in. stroke, mas Mot the four-stroke cycle. Messrs. 
Burmeister and Wain have adopted this type of Diesel 
engine to obtain greater reliability, owing to the 
absence of temperature troubles, the completeness of 
scavenging, and the better balance of the reciprocatin 
parts than has so far been considered obtainable wit! 
two-stroke cycle engines of equal power and of the same 
cylinder dimensions. That this policy is justified was 
proved by the running of the engines on the demon- 
stration trip from London to Antwerp. 

The cam-shaft and manceuvring-shaft are supported 
on brackets bolted to the crank-case, making the 
removal of the cylinder-heads for the examination and 
adjustment of the reciprocating parts quite simple, as 
neither of these two shafts need be disturbed in any 
way. Skew-gearing—the most general method of drive 
for the cam-shaft—has in this design been displaced by 
cast-steel spur-wheels, although it is retained for the 
manceuvring-shaft, which is only in action to bring 
the opposite motion cams into by to lift the rollers 
with their push-rods and to replace them. The skew- 
gearing is operated by a compressed-air motor taking 
air from the starting air reservoirs. There are two 
fuel-pumps for each set of eight cylinders, each pump 
being of sufficient capacity to supply the whole engine, 
and, according to the gauge, the pressure of the oil 
on the exit from the pump was 1000 lb. per sq. in. 
This gives an indication of the extreme accuracy of 
machining and fitting which is essential for this work. 

With regard to the auxiliary machinery for the main 
engines, it is quite evident that no pains and no 
expense have ton spared to render this plant as 
immune from ea He se as is possible. Hitherto 
it has been with the compressed-air plant that diffi- 
culties have been experienced, causing break-downs 
and necessitating in several ships the fitting, after 
completion, of a donkey boiler to supply steam to 
ensure the reliable working of the auxiliaries. On the 
Selandia the compressed air for starting and for fuel 
injection is supplied from two three-s 300 lb. per 
3 in. compressors driven by the Diesel engines, 
which are also coupled to the generators for the 
electric power. In the next ship by these 
builders it will be so arranged that each set will 
be equal to the total normal work, so that even if 
one set were to break down, the maximum speed of 
the vessel would be maintained. A fourth-stage 
compressor in the forward end of each main engine 
receives the air from the 300-lb. compressor, and 
compresses it up to the pressure required for the 
injection and pulverisation of the fuel—i.e., 900 lb. per 
8q. in. Each one of these high-pressure compressors 
is equal to the total work of both engines, and, fur- 
ther, an edditional length of working stroke can be 
given to either when it is desired to increase the output 
of 900 lb. per sq. in. air for the recharging of bottles, 
&c. It is also further possible to fit a delivery valve 
with connections to a working cylinder in place of the 


starting medium, by utilising the compression stroke 
of the cylinder. e engine turns well, and without 
appreciable loss of balance when firing in seven or even 
six of the cylinders of one engine. As a final stand-by, 
a steam-driven three-stage 900 lb. per sq. in. air- 
compressor is installed forward of the oil-fired donkey 
boiler which is placed aft in the engine-room between 
the thrust shafts. 

The fuel injection air is stored in two working bottles 
of German manufacture, with solid ends welded in by a 
patent process, placed vertically amidshi 
the compressed-air manceuvring engines. Drain-pipes 
to the bottom of the working Sottles are fitted, and 
periodic blowing down ensures freedom from moisture, 
with its consequent corrosion. Two spare bottles are 
placed against the forward bulkhead, and it is so 
arranged that connections can be made between the 
independent fuel-injectors, one working and two spare 
air-bottles, to keep the main engines running should 
their air supply fail, due toleakage, &c. It is interest- 
ing to note that both the auxiliary Diesel engines have 
also a fourth-stage air-compressor (300 lb. to 900 lb. per 
sq. in.), on the forward end of their crank-shafts. The 
starting air, at 300 lb. per sq. in., is stored in four 
reservoirs—two for each engine—with dished ends, 
which are hung from the deck above. One reservoir 
is normally sufficient for each engine. 

Lubrication oil to the main bearings is forced in at 
10 lb. per sq. in. pressure by one of two electrically 
driven plunger-pumps through the main bearings, 
crank-shaft, and crank-webs to the pin and bottom end 
bearing, thence up the connecting-rod tv the crosshead 
bearing, and up the piston-rod to the piston, comin 
down the piston-rod again to the guides, when the oi 
is partially cooled, and thence led outside the crank- 
case and discharged through a filter to the sump in 
the bed-plate. This rt ath supplies the means 
whereby the engineer on watch can assure himself 
of the quantity of flow and the temperature of the oil. 
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Fach lubricating oil-pump is in circuit with a cooler of 
ample proportions to cope fully with the onerous 
temperature conditions of the Red Sea and the tropics. 
There are two cooling-water centrifugal pumps, elec- 
trically driven, to supply all the cooling for the main 
and auxiliary engines, main and auxiliary compressors, 
lubricating oil, &c.; two duplicate electrically-driven 
three-throw plunger-pumps, one for sanitary purposes, 
two for the bilges, with connections to the alin dente 
which are usually pumped out by a compressed-air- 
driven ballast-pump. The compressed air also operates 
the fuel-oil pumps, which draw the fuel-oil from the 
double-bottom tanks to two daily service tanks of 
sufficient capacity for 12 hours’ working, which are 
placed on the engine-room — The function of 
these service tanks is to permit of the settlement of any 
water —, together with the oil from the double- 
bottom tanks, which are filled with ballast when empty. 
The donkey-boiler auxiliaries, the fuel-oil heater, 
feed-pump, and fuel-oil pump are naturallysteam-driven, 
and are in the after bulkheads, and there is an 
electrically-driven CO, machine, used for the refrigerat- 
ing space. The electric hydraulic steering-gear of the 
Hele-Shaw-Martineau type has given every satisfac- 
tion. 

It is interesting to note that compressed air will not 
be used for working the ballast and fuel-oil pumps in 
the next ship, as it has been found that the method of 
drive is neither reliable nor economical for these 
purposes. A critical examination of the machinery 
uipment of the Selandia reveals the fact that 
essrs. Burmeister and Wain are determined to show 
in actual practice that the prejudice of the many 
sceptics is unfounded, and that where first cost and 
weight are maak yore | considerations, an installation 
can be designed which will meet the most stringent 
demand for reliability. 

We give in Fig. 1, above, a reproduction of an 
indicator diagram taken during the voyage of the 
Selandia. The mean effective pressure from the card is 
approximately 6.4 kg. per cm. (91 lb. per sq. in.) 
at 129 revolutions per minute, which gives the indi- 
cated horse-power for eight cylinders at 1190, or 
1000 brake horse-power, assuming 84 per cent. mecha- 
nical efficiency, as obtained on the test-bed at the 


0.45 lb. per brake-horse-power hour. The space. in 
which the silencers, cooled by the feed for the donkey 


between | p: 


Copenhagen works. The fuel-oil consumption is about | },, 


is problematical whether a mast-exhaust possesses 
any advantages other than that of appearance over a 
water-cooled silencer in a funnel above the engine-room. 
There was less smell in the engine-room than in that 
of a steam-ship. The noise from the engines, what 
little there was, is attributable in a considerable 
measure to the delivery valves of the 300 ib. per sq. in. 
air-compressors and the lubricating oil-pumps, which 
latter, it must be explained, were designed and made 
within one week, in order to take the place of com- 
-air pumps, which had not proved entirely 
satisfactory. he fact that the engines were of the 
eight-cylinder eight-crank type gave a remarkable 
freedom from that vibration usually associated with 
Diesel engines, but, as in many other ships, the syn- 
chronism of the periods of vibration at certain speeds 
made itself felt to those in the passenger accommo- 
dation. 

The engine-room officers will number seven—two on 
each watch. It is, moreover, claimed that the adoption 
of Diesel engines has increased the cargo-carrying capa- 
city by 1000 tons, chiefly owing to the absence of coal- 
bunkers, since an engine and boiler-room for the same 
power would only occupy two or three frame spaces 
more than the Diesel engines. The saving in weight 
must be small, since the machinery of the Selandia must 
weigh some 400 to 450 tons, which is equal to 250 Ib. 
per brake-horse-power for the main engines alone. 

The Selandia has not yet encountered weather of 
a sufficiently severe nature to test the action of the 
Aspinall governor to prevent racing of the pro- 
peller, although it is stated that the governor gave 
satisfaction on the test-bed when the dynamo load 
was suddenly cut off. Another interesting point will 
be the effect of the flywheel on re-immersion of the 
propeller after the governor has been in action. The 
manceuvring capacity of the engine was tested from 
West India Docks to Gravesend, and proved satisfac- 
tory, although two tugs were in attendance. 








Tre Norruampton Institute Day Stupents (Past 
AND PrRESENT).—The tenth annual dinner of the North- 
ampton Institute day students (past and gy bw be 
held at the Holborn Restaurant, a sondon, 
W.C., on Saturday, March 16, at 7.30 o’clock. 





Tue Trape or Hutit.—The Eastern Morning News, 
Hull, have now issued, at the price of 1d., their annual 
review on the trade of Hull and the Humber ports. 
This review has now reached its sixteenth year of publi- 
cation. It contains complete reports of the t year’s 
trade at Hull, Grimsby, Goole, and the neighbourin 
manufacturing districts. It covers 120 pages of statisti 
information, which apply both to the commercial and to 
the industrial activity of Hull and its vicinity. Tables 
of imports and exports are given, together with freight 
fixtures, the Humber shipbuilding output, railway and 
dock schemes and facilities, data on the trade of Hull 
with foreign countries, and so forth. 





CoMPLIMENTARY DinneR TO Mr. A. Ransome.—We 
read in the Newark Herald of the 2nd inst. an interest- 
ing account of a dinner given to Mr. Allen Ransome, 
director of Messrs. A. Ransome and Co., Limited, 
Stanley Works, Newark-on-Trent, by the staff of the 
company. Mr. Ransome is in his eightieth year ; acting 
on medical advice he has decided to relinquish his active 
participation in the business, and to take up his residence 
in & more congenial climate. The directors and the staff 
of the company decided to show the esteem in which 
they hold Mr. Ransome by inviting him to the dinner 
in question, which was held on Thursday evening, the 
29th ult., at the Newark Town Hall. Mr. Ransome 
remains the chairman of the company ; he will attend the 
board meetings and will continue generally to take a keen 
interest in the business. 

Conrracts.—Messrs. J. Dampney and Co., Limited, 
87, Bishopsgate, London, E.C., inform us that they have 
just received the sixty-fifth order from the Cunard 
Steamship Company, Limited, for ‘‘ Apexior,” which is 
used in the boilers of the steamships Mauretania and Lusi- 
tania, as well as in eight other vessels. They have also 
received the third repeat order from the Crown Agents 
for the Colonies for Lagos, and the sixth order from the 
Hon. Corporation of the Trinity House, besides others. — 
An important contract has recently been placed by the 
Mersey Dock and Harbour Board with the Worthington 
Pump Company, Limited, of 153, Queen Victoria-street, 
E.C., for the complete ——. equipment to be in- 
stalled in connection with the operation of the New 
Gladstone Dock. This contract will include five 54-in. 
Worthington centrifugal pumps, driven by five Diesel 
engines, each of 1000 horse-power. The combined capa- 
city of the centrifugal pumps will be such that the Glad- 
stone Dock, containing about 7,000,000 cub. ft., will be 
emptied in 24 hours. The pump will be built at the 
Newark-on-Trent works of the Worthington Company. 
The engines will be supplied by the Diesel Engine Com- 
pany. Limited, 179, Queen Victoria-street, E.C., and will 

built by Messrs. Carels Fréres, Ghent ; they are to be 
of their latest four-cylinder two-stroke type, tted with 
outside crosshead. The installation will be the most 
important of its kind either here or abroad, and will also 
be the first dock-pumping plant in which Diesel engines 

ve m used as a motive power. The whole of the 
work will be carried out to the specification of Mr. 
Anthony G. Lyster, engineer-in-chief to the Mersey Dock 
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1000-HORSE-POWER TWO-CYCLE DIESEL ENGINE 
CONSTRUCTED BY MESSRS. SULZER BROTHERS, ENGINEERS, WINTERTHUR. 


Fig.7. — 
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__ Is one of our former articles, when briefly describ- 
ing several oil-engines for marine purposes (see ENGI- 
NEERING, vol. lxxxii., page 463), we stated that one 
of the most interesting features of the marine section 
at the Milan Exhibition of 1906 was the four-cylinder 
two - cycle 100-shaft-horse-power reversible Sulzer- 
Diesel marine engine, which was running empty in 
that section. Messrs. Sulzer Brothers, Wintetber, 
were early in the field for the construction of this 
type of engine, both for stationary plants and for shi 
propulsion, and their activity in this class of work dic 
not fail to attract the notice of the members of the 
Institution of Mechanical Engineers who visited their 
factories last summer. 

Messrs. Sulzer build both four-cycle and two-cycle 
engines ; the outside appearance of both types is 
practically the same, and their construction is very 
generally carried out on uniform lines, the cylinder- 
jacket and the frame being cast in one piece, the 
liner being fitted in the jacket in the usual way, the 
— being trunk pistons. For powers up to 700 

orse-power and for stationary plants, Messrs. Sulzer 
recommend the four-cycle type of engine in preference 





to the two-cycle ; the tour-cycle engine does not 
require scavenging, but its fly-wheel is more than 
twice as heavy as that for a two-cycle engine of equal 
— The space occupied is @ feature which 
as to be taken into consideration. For _— 
exceeding 700 horse-power, on the other hand, they 
recommend the adoption of two-cycle engines. These, 
of course, require scavenging, but the addition of 
ney ta to a larger engine forms a compara- 
tively less important feature from the purely prac- 
tical standpoint, inasmuch as the pump has not to 
supply compressed air at a high pressure ; it does not, 
therefore, take any very great power from the engine, 
and its mechanical parts are never under much stress. 
The scavenging pump requires maintenance, but the 
two-cycle engine having no exhaust - valves, this is 
amply compensated for. In this type of engine, the 
scavenging-valves are fitted with the other valves in 
the cylinder cover, the exhaust acing effected Soo 
ports cut round the cylinder barrel at approximately 
the middle of its length. 
We illustrate in Figs. 1 to 6, on page 316, and 
in the view, Fig. 9, on page 320, a 200-horse- 











wer four-cycle Diesel engine which Messrs. Sulzer put 
own in a special pavilion of the Turin Exhibition on 
the left bank of the River Po. This pavilion contained 
also two Sulzer high-pressure centrifugal pumps, one 
of which was directly coupled to the engine in ques- 
tion. This engine runs at a speed of 375 revolutions 
per minute, and develops 170 effective horse-power on 
the pump-shaft ; the pump delivers 300 litres (66 
gallons) per second against a head of 28 m. (92 ft.) ; 
at Turin it supplied a reservoir for distribution to the 
plant in the engineering building. The engine, as 
will be seen, comprises a box-pattern frame, on which 
are bolted the four cylinders ; it is provided on the left- 
hand side with the air-compressing cylinder. Doors in 
the frame afford an easy means of access to the cranks 
and bearings, and access is had to the valves and their 
mechanism from a platform on the front of the —. 
To the left of Fig. 1 is shown a section of the three- 
stage air-compressor and of the neighbouring cylinder, 
with its piston, starting, and exhaust-valves; these 
are re uced separately to a larger scale in ig. 4. 
The cylinder cover, with gear, fuel and starting-valves, 
is shown to a larger scale also in Fig. 5. Messrs. 
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Sulzer gpa build these high-speed Diesel engines | 
on the four-cycle principle. The frame is either of the 
box pattern or consists of steel columns separately 
cast. 

Messrs. Sulzer Brothers also exhibited in the engi- 
one building of the Turin Exhibition a two- 
cycle Diesel engine of 1000 horse-power at 150 revo- 
lations per minute. This engine ran regularly and 
most satisfactorily throughout the whole time the 
Exhibition remained open, supplying current for 
power and lighting. It was direct-coupled to a three- 
phase alternator, built by the Societa Nazionale 
Officine di Savighano; this had a rotating magnet 
forming the fly-wheel, with a fixed inside armature. 
The exciting dynamo was mounted at the end of the 
engine-shaft. The three-stage high-pressure air-pump 
was at the opposite end of the engine, with the 
scavenging-pump above it. We illustrate in Fig. 7 
a section through a cylinder of this engine ; as will be 
seen, the fuel-valve is in the centre, the scavenging- 
valve is on the left-hand side, and the starting-valve 
on the right-hand side. The cylinders and their covers, 
the pistons, crank-shaft bearings, and the exhaust-pipe, 
are all water-cooled. A proof of the sensitiveness in 
the governing of the engine set at the Turin Exhibi- 
tion was afforded by the fact that it could be switched 
in parallel at any time and without any preliminary 
regulating with the other current-generating sets or 
with the town current-supply system. Fig. 8 shows 
the arrangement which Messrs. Sulzer follow in all 
their _— two-cycle engines for runing the length 
of time the needle-valve remains open. The governor 
A acts upon the fuel-pump and also upon a throttling 
device B inserted in the air suction to the pump 
C. This latter pump forms the first stage of the 
air-compressor D supplying the primary air, the 
pressure of which is therefore under the control of 
the governor. The action of the needle-valve is 
made to depend upon the position of the governor, 
and is given a shorter duration of opening the less the 
load on the engine. Looking at the problem from the 
practical point of view, it will be seen that, contrary 
to the usual practice, the cam is not shifted relatively 
to the lay-shaft, but the roller is shifted relatively to 
the cam which operates the needle-valve. A special 
rod combined with a relay E makes it possible to vary 
the position of the roller with reference to the other 
parts of the mechanism in such a way that, for a point 
of opening which remains practically unaltered, a 
variation is introduced in the time the needle -valve 
remains open. The relay E is under the direct control 
of the air-compressor D by means of the pipe F, and in 
this connection also the throttling device B on the air 
suction to the pump C comes into play, and leads to 
variations dependent upon the position of the governor, 
and therefore upon the load on the engine. The 
perfectly accurate action of this governing mechanism 
upon the working of the Sulzer two-cycle Diesel 
—— has been repeatedly demonstrated. 

fe illustrate in Fig. 10 one of Messrs. Sulzer’s 
directly reversible two-cycle six-cylinder Diesel 
engines for ship propulsion. In regard to these engines, 
and also in regard to the Sulzer-Diesel two-cycle 
engines in general, the three following positions for 
the piston may be considered. Firstly, that in which 
the piston is approaching its lowest position in the 
cylinder at the lower dead-point ; it then uncovers 
the exhaust-ports which are provided at the middle 
of the cylinder length, and the exhaust gases escape 
freely. The scavenging air-valves are open, and the 
cylinder is supplied with air for scavenging, part of 
which forms fresh air for the next charge. Secondly, 
that in which the piston is at the upper dead-point, 
and in its upward stroke has highly compressed the 
air in the cylinder. The fuel-valve then opens and 
allows the introduction of the quantity of liquid fuel 
regulated by the action of the governor, the fuel ignites 
and burns at an approximately constant pressure with- 
out explosion. In the third place, the expanding gases 
drive the piston downwards to the lower dead-point, 
when the cycle commences afresh. 

As will be seen, the six-cylinder engine consists of 
a box frame, on which are bolted the cylinders and 
their cooling-jackets. To the extreme right-hand 
side of the engine is located the three-stage air-com- | 
pressor, which works in conjunction with the double- 
acting scavenging-pump above it. The pistons are 
water-cooled. Doors in the box-frame afford easy 
access to the cranks and bearings. The scavenging- 
pump delivers into six scavenging casings, in whic 
are mounted the scavenging-valves, The lay-shaft is 
operated by a vertical shaft which is held in the casing, 
and is driven by the crank-shaft. The oil fuel is 
supplied through a pipe provided with an adjustable 
valve to the fuel-pump, which forces it through the 
pipes, these ending at the various fuel-valves. The 
compressed air for starting the engine is supplied by a 
different set of pipes from those which supply the 
primary air. The cooling-water supply is ensured by 
a pump, which works in conjunction with the bilge- 
pump. Starting and reversing are effected by highly 
compressed air as follows:—a. By the adjustment of 
the vertical shaft, which drives the cam-shaft, the cam- 





discs operating the valves are brought in a position 
which corresponds with the new-direction of the crank- 
shaft. b. By a suitable setting of the starting, com- 
pressed-air, and fuel valves, which are supported 
eccentrically, the engine starts working on comp 

air and continues normally on the fuel supply. Starting, 
stopping, and reversing are all effected by turning a 
hand-wheel. The favourable distribution of the turning 
moments, as compared with what obtains in the four- 
cycle engine, facilitates starting and reversing. The 
exhaust-ports in the cylinder are — and closed 
by the piston itself at the end of its downward strokes, 
and there remain only the inlet and fuel valves to be 
operated by gear. 

Exhaustive tests made by Messrs. Sulzer with a 
four-cylinder four-cycle engine, and a four-cylinder 
two-cycle engine of equa] power, have shown that for 
the same limit of cyclical variation in the speed the 
four-cycle engine requires a flywheel which is, as before 
stated, 2.7 times as heavy as that for the two-cycle 
engine. 

sides the usual governing device, the Sulzer- 
Diesel marine engines are provided, for operation 
during the period when running reversed, with auto- 
matic fuel and primary air governing, an arrangement 
which secures the accurate adjustment of the mecha- 
nical parts for the fuel inlet. They are, moreover, 
fitted with an emergency governor, which prevents 
the speed from exceeding a given limit. Decreases in 
the power of a given engine lead only to a limited 
increase in fuel consumption, as shown by the following 
figures, obtained from actual tests :— 


The consumption at 400 horse-power { 215 gr. (0.4741b.)per 
amounts to ... a oe ove h.-p. per hour 
at 300 horse-power /{ 216 gr. (0.476 lb.) per 


The consumption 
amounts to... a ak bee .-p. per hour 
The consumption at 200 horse-power { 221 gr. (0.487 1b.) per 
amounts to h.-p. per hour 


The consumption at 100 horse-power 


{ 4st. (0.538 Ib.) per 
amounts to h 


.-p. per hour 


From these figures it will be seen that by reducing 
the power of the engine to the fourth of its normal 
amount the fuel consumption rises only by about 14 
per cent. 

Messrs. Sulzer built for the passenger and cargo- 
boat Romagna, of the Ravenna-Trieste-Fiume line, 
which was launched at the Cantieri Riuniti, Ancona, 
Italy, two directly-reversible four-cylinder two-cycle 
Sulzer-Diesel marine engines, developing 400 shaft 
horse-power each, and each driving a _ ller. The 
principal dimensions of the boat were the following :— 


Length between perpendiculars 53.46 m. (175 ft. 4 in.) 


Breadth «oe 99 ,, ( 26 ” 2 ” ) 
Draught loaded 3.50 ,, ( 11,, 6,, ) 
Displacement 1000 tons 


This, we believe, was the first large sea-going pas- 
senger and cargo boat to be equipped with directly- 
reversible Diesel engines. She had cabin accommoda- 
tion for twenty-six first-class and thirty second-class 
passengers. he space available for cargo measured 
760 cub. m. (26,840 cub. ft.). The Romagna unfor- 
tunately came to grief in the Adriatic a few months 
ago; the accident, however, so far as we are aware, 
was in no way attributable to her engines. 








Royat Acricu,tturaL Socrety’s Snow. — Intending 
exhibitors in the implement department at the Society’s 
show, to be held at Doncaster, are reminded that the 
entries close on Wednesday, March 20, 1912. 


PERSONAL.— Messrs. Alfred Herbert, Limited, Coven- 
try, state that, in order to enable them to give immediate 
attention to their numerous customers in the Leeds dis- 
trict, they have opened an office at Atlas Chambers, 
King-street, 3. 








Roap Boarp SpEciricaTIons.—We have received from 
the Road Board the following memorandum as to free 
carbon in tar or pitch :—‘‘ Representations having been 
made to the Road rd as to the difficulty at the present 
time of obtaining from gas works in and about London 
and in some other districts tar or pitch which complies in 
percentage of free carbon with the Road Board Specifica- 
tions for Pitch and for Tar No.1 and Tar No. 2, the 
Board, as a temporary measure, in order to allow time 
for arrangements to be made for the supply of tar and 
pitch containing no more than the specified percentages 
of free carbon, have, on the advice of their Advisory 
Engineering Committee, decided to modify the _per- 
eentages of free carbon as follows:—In Tar No. 1 
(Specification No. 4) the percentage should not exceed 
20 per cent. ; in Tar No. 2 (Specification No. 5) the per- 
centage should not exceed 21 per cent. ; in Pite oo 
cation No. 6) the percentage should not exceed 31 per 
cent. These modifications will operative until 
December 31, 1913. It should be distinctly understood, 
however, in contracting for the } apes of tar or pitch, 
that the value of the material for road purposes lessens 


with the increase of the proportion of free carbon which 
it contains. A fair estimate would be that each 1 per 
cent. of free carbon in excess of the percentages men- 
tioned in Road Board Specifiations 4, 5, and 6 lessens the 
value to the extent of from 5 to 74 per cent. of the 
| price.” 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was quiet, but Cleveland warrants 
were firm. The turnover consisted of two lots at 49s. 11d. 
one month with closing sellers at 49s. 84d. cash, 49s. 114d. 
one month, and 50s. 6d. three months. The strength 
was not maintained in the afternoon, and with quota- 
tions easier some 3000 tons of Cleveland warrants 
were put through at 49s. 74d. cash, 49s. 9d. four- 
teen days, 49s. 94d. twenty-one days, and 50s. 54d. 
three months. Closing prices were called 49s. 74d. 
cash, 49s. 11d. one month, and 50s. 44d. three months 
sellers. On Friday morning there was more doing, 
but the market was easier. The dealings amounted 
to 5000 tons of Cleveland warrants at from 49s. 74d. 
to 49s. 6d. cash, 49s. 84d. twenty-one days, 49s. 94d. 
twenty-six days, from 49s. 10d. to 4%. 9d. one 
month, and at 50s. 34d. three months. At the close 
sellers quoted 49s. 7d. cash, 49s. 10d. one month 
and 50s. 4d. three months. No business of any kind 
was done in the afternoon, but sellers’ quotations 
for Cleveland warrants were 4d. up from the closing 
prices of the forenoon session. uyers of hematite 
offe: 64s. 9d. one month, but there were no sellers. 
On Monday morning the market was quiet, and Cleveland 
warrants were 8 y in value. The turnover amounted 
to 2000 tons at 49s. 74d. cash and four days, 49s. 9d. 
eighteen days, and 49s. 104d. one month, with closing 
sellers over at 49s. 74d. cash, 49s. 104d. one month, and 
50s. 44d. three months. Buyers of hematite quoted 
64s. 9d. three months. The afternoon session was also 
quiet, and 1500 tons of Cleveland warrants were done at 
49s. 74d. cash, 49s. 10}d. one month, and 50s. 4d. three 
months. At the close sellers’ quotations were the turn 
firmer at 49s. 8d. cash, 49s. 1ld. one month, and 50s. 5d. 
three months. On Tuesday morning the market was 
quite idle, and Cleveland warrants were nominally 
steady at 49s. 8d. cash, 49s. 11d. one month, and 
50s. 5d. three months sellers. In the afternoon the 
business consisted of 4500 tons of Cleveland warrants 
at higher values—namely, 50s. 1d. one month, and from 
50s. 6d. to 50s. 9d. to 50s. 8$d. three months. The close 
was firm, with sellers at 49s. 11d. cash, 50s. 2d. one 
month, and 50s. 84d. three months. Cash sellers of hema- 
tite offered 65s., with buyers at 64s. 3d. for that position, 
and at 65s. three months. When the market opened to-day 
(Wednesday) Cleveland warrants developed strength, and 
3000 tons were put through at 50s. 2d. and 50s. 3d. cash, 
and 50s. 6d. one month. At the close sellers quoted 
50s. 3d. cash, 50s. 6d. one month, and 51s. three months. 
In the afternoon a steady tone prevailed, but business 
was limited to 1500 tons of Cleveland warrants at 50s. 3d. 
cash, and 50s. 6d. one month. The session closed with 
sellers at 50s. 3d. cash, 50s. 64d. one month, and 51s. three 
months. Makers’ quotations for iron are meantime 
withdrawn. 

Sulphate of Ammonia.—The demand for sulphate of 
ammonia is still rather limited, and business is suffering 
through the difficulties of transport. The price remains 
firm at 14/. 10s. per ton for prompt shipment, Glasgow or 
Leith. The total amount shipped from Leith Harbour 
last week was 2387 tons. 


Scotch Steel Trade.—The miners’ strike is having a 
serious effect on the steel trade of Scotland, and outputs 
are being restricted, and unless transit arrangements are 
speedily improved deliveries will be very much reduced 
in the near future. New business has fallen away con- 
siderably, and little of importance is being booked for 
local consumption ; but, on the other hand, inquiries from 
abroad are —_ numerous. In the latter respect dealing 
has resulted where early delivery is not required, and 
out of a large tonnage wanted for the Colonies very little 
has as yet been fixed up, owing to the great uncertainty 
as to when shipment is ible. In most of the estab- 
lishments the coal supply is very limited, and employ- 
ment may cease almost any day, as the men are now all 
on one day’s notice. Some works have already ceased 
operations. 

Malleable-Iron Trade.—In the malleable-iron trade of 
the West of Scotland conditions are rather upset with 
the present trouble in the labour world, and a general 
stoppage is imminent this week unless is restored 
in the coal-mining industry. The negotiations to amalga- 
mate the various malleable-iron firms have now 
the preliminary s s, and the new concern, to be known 
as ‘The Scottish Iron and Steel Company, Limited,” 
will shortly be an accomplished fact. The new company 
will have control over fifteen works with a combined 
output of 250,000 tons per annum. 


Scotch Pig-Iron Trade.—In common with other indus- 
tries, the Scotch pig-iron trade is now almost completely 
tied up owing to the miners’ strike. The inajority of the 
furnaces are being dam down, and business is practi- 
cally at a standstill. liveries ex-local contracts have 
recently been on a |: scale, and quite a respectable 
qunty has been going through on export account. 

nquiries in the latter connection have been exceedingly 
good, but on home account little fresh business has been 
passing. Owing to the present labour trouble all quota- 
tions for pig iron have meantime n withdrawn. The 
hematite meee yo is without change as regards new busi- 
ness, but local deliveries were heavy up till the end of 
last week, although now, of course, there is nothing doing. 

Scotch Shipbuilding.—Activity continues general in the 
shipbuilding industry in Scotland, and order-books are so 
well filled that were it not for the present labour troubles 
steady and unbroken employment would be assured for 
many months to come. he output for the past month 
was well over the average ton for February, and 
when that total is added to the output for the previous 

















Marcu 8, 1912.] 


ENGINEERING. 





319 





month we have a new record established. The following 
are the figures for last month :— 








Vessels. Tons. 

Clyde .. ~ = 43,609 
Forth .. jn 700 
Tay 1 1,440 
Dee 6 1,099 
Total for February . & 46,848 
Total for January 23 42,271 
Total todate .. 50 89,119 


The Clyde total for the month of February has only been 
bettered on one occasion, while the total for the year to date 
is ahead of the previous best, which was in 1907, when 
the figure was 77,409 tons. The output for the present 
month is bound to suffer through the dislocation of trade 
which has taken place owing to the miners’ strike. On 
Monday of this week the various railway companies 
began to withdraw the majority of their goods trains, 
reserving their coal supply for a limited number of pas- 
senger trains and those carrying perishable goods and 
food-stuffs. The result of this has already been felt 
in many shipyards, as supplies of raw material have 
failed to come forward, and although short time has been 
reverted to in some cases, the ultimate result must cer- 
tainly be complete soppege if the trouble continues 
more than a few days. e booking of new contracts has 
not been on a large scale during recent weeks, but several 
fresh orders fall to be recorded. Messrs. Mackie and 
Thomson, Govan, have secured an order from foreign 
owners to build a my —! and cargo steamer. This 
vessel will be 300 ft. in length, 43 ft. in breadth, and 
19 ft. in moulded depth, and will have twin-screw engines 
of 2000 indicated horse-power, _ by Messrs. 
Muir and Houston, Kinning Park, Glasgow.—Messrs. 
William Hamilton and Co., Limited, Port Glasgow, have 
contracted to build a large steamer, 450 ft. in length 
between perpendiculars, for the Stoomvaart Maatschap- 
pij Nederland, Amsterdam. This steamer, which is for 
the passenger, pilgrim, and cargo trade, will have a speed 
of 134 knots, and will have engines, &c., supplied by 
Messrs. David Rowan and Co., Glasgow. — Messrs. 
Archibald McMillan and Son, Dumbarton, have also 
received an order for a steamer of about 9000 tons for the 
same owners.—The Greenock and Grangemouth Dock- 
yard Company, Greenock, have received orders to build 
two large oil-tank steamers, each to carry about 6500 tons. 
One of these vessels is for a firm of Glasgow owners, 
while the other is for the Deutsch-Amerikanische Petro- 
leum Gesellschaft, of Hamburg. The machinery for 
each is to be supplied | Messrs. Rankin and Blackmore, 
Greenock, and part of the equipment of the vessels will 
be oil-fuel burning installations. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Strike.—The only topic of the week is the coal 
strike. Not only the industrial world, but every other 
branch of activity, is overshadowed by the present 
exceedingly grave situation. The effects of last Thurs- 
day’s stoppage in the mines were felt almost imme- 
diately in the Shetfield industries, and day by day works 
are closing down, either completely or in one or more 
departments. The principal difficulty is lack of facilities 
for coal storage and also the fact that a good deal of coal in 
transit has not reached the works. A few firmsare specially 
fortunate in regard to their coal supply, but they antici- 
pate soon to find trouble in the direction of getting their 
goods away over therailways. Practically all the forges in 
the city are closed down, and many of the rolling-mills, and 
the paralysis of trade steadily continues. It is extremely 
difficult to make a reliable estimate of the number of men 
affected, but it is probable that there are now out of 
employment, in Sheffield, nearly 15,000 men in the iron 
and steel industries. Messrs. Brown, Bayleys, Limited, 
J. Beardshaw and Son, the Sheffield Forge and Rolli 
Mills, Ibbotson Brothers and Co., the Hallamshire Stee 
and File Company are amongst the works entirely closed 
down. There are in addition about 1000 men out at 
Cammell Laird and Co.’s, 1500 at Messrs. W. Jessop and 
Sons, 300 at Henry Bessemer and Co.’s, and numbers of 
other firms are only working a few of their departments. 
The end of this week will probably see the stoppage of 
the majority of the Sheffield steel works. 


. South Yorkshire Coal Trade.—Under the circumstances 
it is not surprising that there was an almost entire 
absence of business on the Sheffield Coal Exchange last 
Friday. The situation was further embarrassed by the fact 
that the Great Central Railway Company were holding up 
large quantities of coal which they refused to pass into the 
dépots. Merchants, who had customers clamouring for 
this fuel, were naturally indignant, and their demands 
became so pressing that on Saturday morning the railway 
company allowed a substantial quantity to enter the 
dépéts. Very little more coal is now likely to come into 
the city, and the supplies in hand will determine the 
period for which the various coal-consuming undertakings 
can remain at work. The general public 5 ms shown no 
tendency to repeat the panic of a few weeks ago. For 
such small stocks of house coal as they have in hand the 
merchants have had no abnormal demand. Fancy prices 
are being paid by manufacturers for small supplies, more 
than 25s. a ton at pits being asked for some classes of 
hards. Pit prices for house coal are also abnormal, and 
“Ste more than merchants are asking for coal on their 
sande, House coal can be obtained at dépéts for about 
T whereas colliery go ne vary from 23s. to 27s. 

he commonest sort of fuel is selling in the streets at 
1s. 6d. a hundredweight bag. 


_ Tron and Steel.—Little fresh business bas been trans- 
acted in the pig-iron market, but deliveries have been 


‘however, limited lots of coal standing 








fairly ag a consumers realising that after the strike 
there is likely to be a shortage, and pains anxious 
to be as well ee as possible. The delivery of 
Lincolnshire an byshire irons has been hampered 
by the congested condition of the railways. One of 
the most serious aspects of the coal strike locally, 
even assuming it should be speedily settled, is not so 
much a few days’ inconvenience and hindrance to 
works operations, as the menace to Sheffield’s foreign 
trade, which is just now in a particularly prosperous 
condition. In high-speed and other fine qualities of 
steel and tools Sheffield manufacturers are steadily draw- 
ing ahead of their American and Continental ri A 
dislocation of their trade now when they are exceedingly 
busy is likely to divert orders to their competitors, and 
may possibly prejudice future contracts. Should the strike 
extend over next week, however, the consequence would be 
disastrous all round, especially for the heavy industries. 
The general steel demand is very heavy, and though 
several orders have been cancelled for the moment, it is 
hoped that they will be proceeded with later. There is 
every indication, at any rate, that, if undisturbed, the 
steel trades will have a very busy year. So great is the 
demand from the railway companies for tyres, axles, and 
springs that the makers are able to obtain their increased 
prices without difficulty. The file manufacturers also 
are working under pressure, and price advances may 
be expected. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland ~~ es ~ ae oe Fame ros 
ing in pig iron, but deliveries keep fairly , thou 
ome consumption is being me | to nothing by the 
closing of works for want of fuel, the coal strike having 
cut off supplies. The Cleveland pig in the public war- 
rant stores is being a upon to meet current 
requirements, mostly for shipment, and the half million 
tons held in store threatens to be considerably reduced in 
the near future. A fewsmall parcels of No. 3 g.m.b. Cleve- 
land pig have this week changed hands at 50s. 3d. f.o.b., 
and the general market quotation is now 50s. 6d., which 
is the highest price named since the beginning of January 
last. Sellers are holding out firmly for the latter quotation. 
The other qualities have also advanced in price. No. 1 
is 54s. 6d.; No. 4 foundry and No. 4 forge, each 49s. 9d. 
to 50s.; and mottled and white iron, each 49s. 6d. All 
the foregoing quotations are for prompt delivery, there 
—s no forward business doing. The East Coast hema- 
tite branch of the staple industry presents no new feature 
of moment. Mixed numbers still stand at 66s., but in 
the absence of transactions the quotation is nominal. 
Heavy imports of foreign ore to the Tees continue, the 
cargoes arriving so far this month averaging over 4000 
tons per working day. New business in imported ore is 
quiet, and market quotations are still based on 21s. 6d. 
ex-ship Tees for best Rubio. Quotations for furnace 
coke are unobtainable. This week the record price of 
30s. f.o.b. has been paid for bunker coal. 


Manufactured Iron and Steel.—The sus 
supply has necessitated the closing of nearly all the manu- 
factured iron and steel works in the North of England. 
Producers of all descriptions have large contracts booked, 
but at present no effort is being made to secure further 
contracts. The stoppage of output has marred the pros- 
pects of the first quarter of the year showing a record 
three months’ make—an occurrence which several firms 
expected to happen. Common iron bars are 7/.; best 
bars, 71. 7s. 6d.; best bars, 7/. 15s.; iron ship-plates, 
6l. 12s. 6d.; iron ship-angles, 7/.; iron ship-rivets, 
7l. 12s. 6d. to 7/. 15s.; iron girder-plates, 6/. 17s. 6d. ; 
iron boiler-plates, 7/. 12s. 6d. ; steel 6. 10s. ; steel 
ship-plates, 7/. 5s.; steel ship-angles, 6/. 17s. 6d. ; steel 
boiler-plates, 7/. 15s. ; steel stri . 12s, 6d.; steel hoo 
61. 15s.; steel joists, 6/. 12s. 6d. to 6/. 15s.—all less the 
customary 24 per cent. discount. Cast-iron columns are 
61. 10s. ; cast-iron railway chairs, 3/. 12s. 6d.; light iron 
rails, 6/. 10s.; heavy steel rails, 5/. 12s. 6d. ; and steel 
railway sleepers, 6/. 10s.—all net at works. Iron and 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
stand at 11/. 10s. f.o.b.—less 4 per cent. 

Iron and Steel Shipments.— Shipment returns for 
February are highly satisfactory. They show that duri 
the month there were cleared in the Tees 106,542 tons o 
pig iron, 16,851 tons of manufactured iron, and 37,972 tons 
of steel. Of the pig loaded, 61,890 tons went abroad, 
and 44,652 tons coastwise; of the manufactured iron 
despatched, 8350 tons went abroad, and 8501 tons coast- 
wise ; and of the steel cleared, 30,239 tons went abroad, 
and 7733 tons coastwise. Scotland was the largest receiver 
of pig iron, taking 26,594 tons; whilst Japan received 
16,551 tons; Italy, 9175 tons; France, 6049 tons; the 
United States, tons ; Russia, 4691 tons; Belgium, 
4649 tons; and Germany, 4363 tons. India was, as usual, 
the largest A prema of both manufactured iron and steel, 
receiving tons of the former, and 8585 tons of the 
latter. Other principal customers for steel were British 
East Africa, 3492 tons ; Japan, 3251 tons; the Argentine, 
3249 tons ; and Uruguay, 2976 tons. 
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NOTES FROM THE SOUTH-WEST. 

Cardif.—On Monday a few vessels were completing 
coal cargoes at Cardiff, or taking in bunker coal before 
leaving in ballast in order to obtain ooerans, if 
ible, in other quarters. This was about all that was 
oing so far as is concerned, most of the tips sid 

idle, and the sidings being empty. There were stil 
at various points, 
the holders being prepared to sell if they could obtain 
what they considered a good price. The top rates current 








for best Admiralty large were 28s. to 30s. per ton, ordinary 
qualities making 24s. to 25s. per ton. It is still of little 
use, however, to give prices, as they are subject at any 
moment to rapid fluctuations. As regards iron ore, Rubio 
has been making 20s. to 21s. per ton, upon a is of 
50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


The Great Western Railway in Wales.—The Great 
Western Railway Comaney expended nearly 24,000/. in 
the past half-year for additional accommodation at Cardiff, 
Newport, in the Western Valleys, and near Fishguard. 
This amount did not include the cost of sidings at Llan- 
caiach, Carmarthen, Hengoed, Maesycwmmer, Llanvi- 
hangel, Panteg, St. Clears, &c. Further heavy amounts 
not specifically stated are to be devoted to quadrupling 
the lines at Newport and additional accommodation at 
Cardiff and other places, as well as improvements on the 
Pennar branch, the Fish and Letterston lines, 
Llancaiach, Swansea, &c. © company’s share of the 
outlay in connection with the Fishguard and Rosslare 
railways and harbours amounts to 1,228,000/. 


Death of Mr. A. Gilbertson.—Mr. A. Gilbertson, pro- 
ame of the steel, tin-plate, and galvanising works at 

ontardawe, died on Saturday. He had been in indif- 
ferent health for the last five years, but he died after a 
comparatively short illness from pneumonia. Mr. Gilbert- 
son, who was 70 years of age, went to Pontardawe with 
his father, who purchased tin-plate works from Mr. W. 
Parsons some 50 years . Upon his father’s death 
Mr. A. Gilbertson took sole control of the works for 30 
years, retiring in 1907. en Mr. Gilbertson’s father 
took the works they comprised nine mills ; now there are 
20 mills, in addition to steel and galvanising works. 
Mr. Gilbertson executed several contracts for the Admi- 
ralty and the India Office, and he had an interest in 
several tin-plate works and collieries. 


The Ebbw Vale.—The vast iron and steel works of the 
Ebbw Vale Steel, Coal, and Iron Company, Limited, 
with its 3000 employees, have been seriously affected by 
the coal strike, and the management has reluctantly 
decided to close down. The furnaces, both at Victoria 
and Ebbw Vale, are to be blown out. This is more serious 
than damping them down. The coke-ovens, an impor- 
tant part of the plant, are to be drawn out. 


The ‘‘Wolf.”—The torpedo-boat destroyer Wolf is to 
unde’ a thorough repair and refit, including the 
yey be her four boilers, at Pembroke Dock. She 
will be the fourteenth destroyer re-tubed at the dockyard. 





Messrs. SwAN, Hunter, AND WIGHAM RICHARDSON, 
Luwitrp.—The annual meeting of this company was held 
on Tuesday at Newcastle-on-Tyne, and one of the inte- 
resting decisions confirmed was the election as a director 
of Mr. T. E. Thirlaway, who has for a long time held a 

rominent position on the commercial staff of the firm. 
ose having relations with the company will be pleased 
to hear of his preferment. The retiring directors—Dr. 
G. B. Hunter, the chairman of the company, Mr. G. E. 
Hunter, and Mr. G. B. Richardson—were re-elected. 
The chairman had a most satisfactory record of the year’s 
work to place before the shareholders. Fifty thousand 
pounds has been appropriated for the benefit of the 
workmen, but no decision has been come to as to how 
this is to be spent. The dividend on the ordinary shares 
is 74 per cent. for the year. 





Tue InstTiTvuTION oF Civit Enoingers: StTupEnts’ 
MEETINGS.—At the students’ meeting, held at the Insti- 
tution, on Friday, March 1, at 8 p.m., Mr. G. N. Yourdi, 
M. Inst. C.E., in the chair, a paper was read on ‘“ The 
Design and Construction of ry Dams,” by Mr. 
H. J. F. Gourley, B.Eng., Stud. Inst.C.E. The author 
dealt exhaustively with the questions of the selection of 
the site and the setting out of the work, together with 
the general considerations which govern the design and 
construction of such structures. The paper was illus- 
trated by a number of Jantern slides giving details of dams 
both completed and in course of erection. The discus- 
sion was opened by Mr. T. J. Taplin, and continued by 
Messrs. R. S. Carrol, R. J. Samuel, H. V. Hutt, A. J. 
Hart, E. Howe, C. Mitchell, H. V. Hughes, and 8. J. 





Tue TROLLEY VEHICLE System OF RAILLEss TRACTION. 
—In a paper read before the Society of Engineers (Incor- 
porated) { this week, Mr. Henry C. Adams said the total 
capital cost of the trolley vehicle system of railless trac- 
tion is said to be approximately 3000/. per mile of route, 
compared with about 10,000/. per mile for electric tram- 
ways. The cost of overh work depends upon the 
standard desired and the length of cables required, but 
for good work may be taken at from 12501. to 1500/. per 
mile. The vehicles cost 7001. each, The cost of obtain- 
ing Parliamentary powers may vary from 4001. to 5000/., 
dependent upon the amount of o ition. Reasonable 
periods to allow for repayment of the cost of installation 
would be: for the Bill, 5 years ; vehicles, 10 to 15 years ; 
overhead equipment, 20 to 30 years; cables, 40 years. 
The cost of working is about 54d. percar-mile. The receipts 
depend entirely upon local conditions ; they vary abroad 
from 5.6d. to 10.75d. per car-mile, at Leeds they have 
been 10.75d., and at Bradford 8.25d. per car-mile, all of 
which figures show a handsome profit. Tyre companies 
are willing to maintain the tyres on trolley omnibuses at 
from 1d. per car-mile, dependent to some extent upon the 
condition of the roads. tr res have been run for 28,000 
and 24,000 miles respectively on trolley omnibuses abroad. 
An which now carries ordinary motor-car traffic 
wilbees detriment ean also carry trolley omnibuses with- 
out further addition to the cost of maintenance. 
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DIESEL ENGINES. 


CONSTRUCTED BY MESSRS. SULZER BROTHERS, ENGINEERS, WINTERTHUR. 
(For Description, see Page 317.) 
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Fig. 9. 200-Horse-Powrer Four-Cycite Diese ENGINE; 375 Revotutions per MINoTE. 
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THE MARINE OITL-ENGINE. 


THE visit of the oil-engined ship Selandia to the 
Thames, and the inspection of the shipand machinery 
by practically all the oflicers responsible for naval 
construction at the Admiralty, from the First Lord 
downwards, has naturally quickened interest, alike 
on the part of the general public and of engineers, 
in the potentialities of the marine oil-engine. It is 
therefore opportune that the Institute of Naval 
Architects should at their forthcoming meeting 
discuss the application of the oil-engine for the pro- 
pulsion of ships. What is needed is a full exchange 
of ideas not on general questions, but on important 
details regarding which there is difference of upinion, 


| 


| 


ema | because of the lack of definite know- 
edge and widely-diffused experience. We hope, 
therefore, that there will be an avoidance of 


E |the general platitudes, of which so much has been 
and Town Planning, to the Development of Suburban Areas now | 


|heard particularly within the past few days, on 


the relative efticiency, weight, space occupied, and 
working expenses of the oil-engine as compared 
with other marine prime movers. The advantages 
in certain conditions from these respective stand- 
points are generally acknowledged, and little good 
can accrue from a desultory consideration of isolated 
cases, particularly as precise data of working results 
are not yet available. It would be delusive also to 
argue from the particular to the general, or to 
assume that the results of small installations can 
be achieved in the same ratio in large installa- 
tions. 

Imagination has lately run riot as to the possi- 
bilities of battle-cruisers with oil-engines of an 
aggregate of 80,000 horse-power, when the largest 
cylinder yet constructed for an oil-engine is equal 
only to 2000 horse-power, and that only for experi- 
mental running, while the largest cylinder con- 
structed on commercial lines to the order of ship- 
owners does not yield more than 300 horse-power. 
These facts alone show that, however satisfactory is 
the progress so far made, we are yet a long way from 
high-power oil installations in any ship. The 
greatest installation so far under construction for 
one vessel is of 3500 horse-power by Messrs. Krupp, 
and in this case there are twelve two-stroke cycle 
cylinders of 22 45-in. diameter, with a stroke of 
39.4 in. There is, however, in contemplation an 
installation of 6000 horse-power with 24 four-stroke 
cycle cylinders, of 24.8-in. diameter, with 31.5-in. 
stroke. It must be accepted, on the other hand, 
that there is a great demand for merchant ships 
with engines of from 2000 to 3000 horse-power, and 
that data are fast accumulating to justify some 
conclusions as to the best type for such craft. The 
experience gained in the mechanical details in such 
engines must also influence progress in the design 
of larger units, and it is to be hoped that the 
forthcoming discussion will be directed towards 
definite formation of opinion regarding such detai's 
as ought to be preferred in future designs. 

Admiralty authorities, notably those of the British, 
French, German, and Italian navies, are keenly alive 
to the importance of the question, while Russia 
already owns a small-power oil-engined gun-boat. 
The German naval authorities have shown great 
liberality in encouragement in this as in other depart- 
ments of science. Indeed, it must be regarded as 
a reproach to our Treasury that they limit the 
Admiralty and other spending departments to expen- 
diture on directly utilitarian work. Experiment 1s as 
essential to the Navy as the purchase of munitions of 
war, because progress becomes more rapid through 
experiment. Assistance can be rendered in two ways, 
either by direct expenditure, which may be open to 
serious objections on the score of favouritism, or 
by recognising that only when satisfactory profits 
are made by manufacturers can money be set apart 
for experiment. It is known that the British Ad- 
miralty have under construction a 2000-horse-power 
cylinder of the internal-combustion type, and it : 
anticipated that from this useful lessons will be de- 
duced which will justify the application of oil-engines 
to certain types of ship where the total power of the 
installation is not too great. At the same time there 
is being built a twin-screw torpedo-boat destroyer, 
both shafts in which will be driven by turbines 
when the vessel is steaming at full speed, and by 
internal-combustion engines when running at cruis- 
ing speed. The vil-engines are to be uncoupled when 
the vessel is running at full speed. This arrange- 
ment necessitates the carrying of the cruising oil- 
engines as dead-weight when steaming at full power; 
but there is the compensating advantage that, owing 
to their lower fuel consumption, the radius of action 
when cruising will be enormously greater. The 


‘greatest gain, however, will accrue in the form of 


experience, but it must always be realised that the 
problems are much increased in difficulty in large- 
power engines, particularly for propelling warships 
at fullspeed. It must not be forgotten also that the 
oil-engines of submarine boats are now nearly equal 
in power to the most powerful engines made for mer- 
chant ships. The French have had for a considerable 
time a 2000-horse-power cylinder, with which a great 





variety of experiments have been made; for instance, 


_in determining whether one or three oil-fuel sprays 


gives the higher efficiency. Germany has had a 
three-cylinder engine equal to 6000 horse-power 
working for a long time, and various difficulties 
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have been overcome. But a week or two ago a 
serious accident occurred. The engine is of the two- 
stroke cycle double-acting type, and it seems that 
oil-gas found its way into the air delivered by the 
scavenging-pumps, with the result that an explosive 
mixture was formed, the engine was partially 
wrecked, and several men were killed. The wooden 
building surrounding the engine to ensure secrecy 
took fire, and the destruction of the engine 
is said to have been almost completed by the heat 
annealing the material. It would seem, indeed, as 
if the work would require to be commenced anew. 
Three more cylinders were to have been com- 

leted, so that a six-cylinder engine of 12,000 
oon wer could be fitted to the centre shaft of a 
battleship, the Prinz Regent Luitpold. But some 
time ago it was decided to substitute turbines on 
this shaft, so that the ship has now a three-shaft 
turbine installation. At the same time it was 
decided, however, to proceed with the six-cylinder 
engine and to fit it into another ship. It remains 
to be seen what action will now be taken. Italy is 
also undertaking experimental work. Thus it must 
be recognised that, while the oil-engine has still 
limitations so far as large-power ships are concerned, 
the authorities sopeatnle. for warship design are 
fully alive to the importance of solving the mecha- 
nical problems. 

The question of whether two or four-stroke cycle 
engines should be adopted is still undecided. It is 
true that of the large engines being built for the mer- 
chant service the only firms contenting themselves 
with the four-stroke cycle seem to be Messrs. Bur- 
meister and Wain, Messrs. Barclay, Curle, and Co., 
and the Nederlandsche Company, according to the 
tabular statement on page 327 of this issue. As 
pointed out in our article on the trip of the 
Selandia to Antwerp (see page 315), the first-named 
firm have adopted the four-stroke cycle, owing to the 
absence of temperature troubles, the greater com- 
pleteness of scavenging, and the better balance of 
the reciprocating parts, than may be possible with 
similar - powered two-stroke cycle engines with 
the same size of cylinders. It must be admitted, 
however, that the two-stroke cycle has compensat- 
ing advantages. Where the rate of revolutions is 
minimised, the temperature troubles need not be 
an obstacle. With the two-stroke cycle there is 
some gain in efficiency, as less heat is taken 
away in the cooling water. For a given speed 
the power is greater (although not double, as is 
sometimes supposed), owing to the doubling of the 
number of impulse strokes in a given number 
of revolutions. The reversing gear is simplified 
by the adoption of the two-stroke cycle. Con- 
siderable power is absorbed in compressing the 
scavenging air; for, although this need be of 
only from 4 lb. to 8 lb. pressure, each revolu- 
tion of the engine involves a quantity of air varying 
from 1.4 to 1.6 times the volume of the cylin- 
ders. The scavenging-pumps are of very consider- 
able size and weight, as may have been gathered 
from the successive illustrations published of marine 
oil-engines in recent issues ; but the net result is 
that for a given weight the two-stroke cycle engine 
will, on a very conservative basis, develop 1.4 to 
1.5 times the power of the four-stroke cycle instal- 
lation. No doubt the four-stroke cycle engine 


involves fewer complications, and reliability is | tag 


thus more easily assured, so that in the process 
of overcoming the prejudice of the steam engi- 
neer its adoption is justified. It is nevertheless 
only a transitory step to the two-stroke cycle 
engine. 

The same remark applies practically with equal 
force to the question of single-acting and double- 
acting engines. Of the large installations in 
course of construction recorded in the table 
on page 327, the only double-acting engines are 
those of the Niirnberg type. In addition to the 
German naval engine of 6000 horse - power 
already referred to, there has been completed a 
twin engine of 1700 horse-power for a merchant 
vessel; in this case there are six cylinders of 
182 in. diameter, with 254 in. stroke. But this 
engine is now to be retained for experimental 
work, and another engine, of the same type, but 
more in accordance with the details of steam-engine 

ractice, and with 28 in. stroke, is being built 
or the ship. The working of these double-acting 
engines, however, has proved quite satisfactory, 
and the trouble anticipated with the stufting-box 


has not been experienced. There are, however, 
difficulties and complications, because, owing to 
the piston-rod stufting-box, it is not possible to get, 





an efficient spraying of the fuel oil except by the 
adoption of two or three valves, and in such case 
there is necessarily multiplication of cams and 
other gear. Until, therefore, some modifications 
are made in the direction of reducing the number 
of working parts connected with the valves, &., 
the double-acting engine will not appeal to the 
marine engineer ; nevertheless, it is the ultimate 
type, following, as it does, upon the lines of the 
double-acting steam-engine. 

Instead of adding to the working parts, it is felt 
that the future aim should be towards simplification. 
This, indeed, is the dominant idea of all progressive 
engineers, but seldom has the need been more fully 
experienced than in connection with the reversible 
oil-engine. We have in recent successive numbers 
of ENGINEERING given illustrated descriptions of the 
more prominent t now being constructed for 
marine use. The Junkers engine is described on 
page 698 of our last volume, the Carel engine 
on page 80 ante, the Niirnberg engine on page 179 
ante, the Beardmore engine on page 250 ante, and 
the Sulzer engine on page 317 of this issue. The 
Burmeister and Wain engine was dealt with on 
page 260 ante, and a further article appears on 
page 320 of this issue. We do not propose here 
to attempt any criticism or commendation of the 
features of individual designs. Comparison will 
enable the engineer to choose the good points and 
to reject the details which are too complicated. 
In one case there may be too many valves for 
effecting starting and reversing; in another, too 
many rods, cams, and levers. In yet other cases, 
simplification may be bought at the price of too great 
height, and therefore instability ; indeed, the height 
is asa rule greater than in the steam-engine, other 
things being equal, owing to the greatly increased 
length of pistons for covering and uncovering the 

orts, and to the greater length of connecting-rods. 

n some engines the working parts are not easily 
accessible for inspection and repair. In other 
cases, again, the engineer is unable to ascertain, by 
what the French call a ‘‘ flash of the eye,” whether 
all goes well. There are other features in what one 
might call draughtsmanship to simplify casting and 
machining and to conform more generally to the 
lines which a century of experience have evolved 
for the marine steam reciprocating engine. 

There is no doubt, however, that oil-engine 
designers generally are very quickly advancing 
towards the acceptance of the main principles in 
the design of the steam-engine, notably in the 
form of columns and bed-plates, of open crank-pits, 
of cross-heads and piston-rods, in preference to the 
earlier gudgeon-pin joint between the ‘connecting- 
rod aa the piston, and of the system of bolting 
the cylinders to the columns. It would be a mis- 
take, however, for marine engineers to insist too 
rigidly on similarity between the two types. Much, 
for instance, has been made of the driving of the 
scavenging air-pumps by lever from the cross-head 
of the working cylinders. This has been conceded to 
the marine engineer, because he is so familiar with 
the corresponding beam driving the air-pumps. But 
the question must be faced as to whether economy 
in weight, with satisfactory reliability, cannot be 
achieved by compressing this air for scavenging 
by other means, so as to increase the weight advan- 
e of the two-stroke cycle system over the four- 
stroke cycle — 

In some other respects steam practice does not 
offer any guidance for the construction of oil- 
engines. Some manufacturers, indeed, have expe- 
rienced great difficulties in connection with the 
castings of the cylinders and liners, particularly the 
former. Anentirely different composition of metal 
is necessary in the case of internal-combustion cylin- 
ders and covers, owing to the rapid alternations of 
exceedingly high and of low temperatures. Engineers 
and founders with experience of gas-engine work 
have recognised this difficulty and have overcome 
it. As a consequence they aim at the production of 
metal for oink which will give not only a high 
tensile strength, but will combine it with qualities 
which will enable the material to stand a severe 
shock test. In the case of one notable ship the 
material for each of the eight cylinder liners with- 
stood tensile tests respectively ranging from 23.8 kg. 
to 36.2 kg. per sq. mm. (15.11 to 22.98 tons per 
sq. in.), the average being 30.9 kg. per sq. mm., or 
19.62 tons per sq. in. No impact test was made. 
In the case of the castings for the cylinders them- 
selves the tensile tests ranged respectively from 
22.8 kg. to 26.6 kg. per sq. mm. (14.48 to 16.89 
tons per sq. in.). The shock-test in this case con- 





sisted of a test of a piece 40 mm. (1.57 in.) square, 
——— on a span of 160 mm. (6.3 in.), and 
subjected to a test by a weight of 12 kg. (26.5 lb.) 
dropped first from a height of 30 cm. (11.8 in.), 
increasing by increments of 5 cm. (1.9 in.) until 
the test-piece broke. Fracture occurred in the 
respective pieces when the height of drop ranged 
from 50cm. to 80cm. (19.7 in. to 31.5 in.), but 
generally the height was 55 cm. (21.6 in.). In the 
case of pistons of cast iron the material was required 
to be very soft and to stand only a tensile test of 
8} tons per sq.in. As a rule, the pistons have 
either renewable tops or renewable centre-pieces 
on the top, because the impinging of the flame 
due to combustion greatly wears the metal. It 
will be accepted that the cylinder liners will require 
to be renewed frequently owing to the rapid alter- 
nation of temperature. Indeed, the whole subject 
of the chemical analysis of cast iron is involved in 
this question of the durability of many of the engine 
parts ; and it is being more fully realised that in 
this, as in other departments of manufacture, 
metallurgical chemistry must take a prominent 
part. Another important element in the success 
of the oil-engine is the precision of manufacture 
essential not only to efficiency, but to quiet working. 

The system of driving the auxiliary machinery 
associated not only with the propelling of the ship, 
but with its navigation, calls also for thorough 
consideration. Compressed air is available, but 
there is a doubt as to its reliability for certain 
work. Indeed, in the case of one of the earlier 
oil-engined ships a donkey boiler has been, or is 
being, installed in order that some of the auxiliary 
machinery may be worked by steam. Electricity 
is another available medium, but the marine engi- 
neer has never favoured the electrical working of 
certain auxiliaries. As is pointed out in our article 
this week on the Selandia, reliability is achieved on 
that vessel by a most carefully devised and complete 
system of duplication. This, however, can only be 
regarded by the engineer as a tentative measure. 
With experience and improvement in details of 
design such duplication may be largely dispensed 
with. But, for the present, engineers are wise in 
ensuring reliability at all costs, because the adoption 
of the oil-engine in the future depends on immunity 
from breakdown in the next year or two. This will 
give rise to confidence on the part of owners, their 
superintending engineers and all sea-going engi- 
neers, and will overcome their prejudice against un- 
certain mechanism, while at the same time designers 
will receive abundant suggestion from experience to 
evolve those improvements for which there is so 
much need. 

We do not forget the fact that one obstacle to a 
wider adoption of the oil-engine on board ship is 
the fear that prices of fuel will advance with its 
extended use. This fear is based not so much upon 
any likelihood of demand overtaking supply as 
upon the supply being in the hands of a compara- 
tively few large companies who may manipulate 
the markets. New fields are being opened out ; the 
total annual production has doubled in seven or eight 
years, and promises this year to be about 50 million 
tons of oil, which will yield something like 20 million 
tons of fuel suitable for engines, after the processes 
of distillation have been carried out. This is nearly 
equal to the amount which would be required if 
every ship afloat were propelled by oil-engines. 
There are, however, other uses for oil, but we are 
yet a Jong way from the universal adoption of the 
oil-engine in all ships. The question of supply 
and the probable price is, however, a commercial 
matter which may be neglected for the present 
by all engineers interested in the design of engines. 
It is certainly secondary so far as discussions at 
technical institutions are concerned. It is not 
without significance, too, that although oil com- 
panies have recently ordered a large fleet of 
steamers for carrying oil in bulk, these are to 
be propelled by steam-engines using oil fuel, 
and not by oil-engines. Obviously, fears as 
to advanced prices could not be operative here. 
The difficulty was to get manufacturing en- 

ineers to comply with the guarantees asked for. 

hese latter may, or may not, have been reasonable, 
but the fact stands out prominently that the oil 
companies ordering this large fleet were not pre- 
pared themselves to regard the marine oil-engine 
in its present state as thoroughly reliable. This 
quality, however, will, we are certain, be established 
in the early future, especially if engineers will resist 
the temptation to advance by great steps rather 
than to ‘‘ hasten slowly.” 
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STRIKE AND LOCK-OUT LEGISLATION. 


THE appearance of a volume of memoranda* pre- 
pared by the Labour Department of the Board of 
Trade, and relating to legislation abroad having 
reference to lock-outs and strikes, is to some extent 
opportune, the more so as this collection of extracts 
of laws has especial reference to those forms of 
industry which come within the term ‘‘ public 
utility services.” For this term there is, as it 
happens, no exact definition. In the ordinary 
sense it might be regarded as covering all indus- 
tries the temporary interruption of which would 
cause inconvenience or danger to the public. This, 
however, often appears to be too wide an inter- 
pretation. The actual term is, as a matter of fact, 
seldom used, and in those instances in which it is 
employed has very varied meanings applied to it. 
The public utility services are, in a general sense, 
supposed to include water supply, electric and gas 
lighting, means of public locomotion and communi- 
cation, &c. It seems rather strange, in these days 
of hygienic propaganda, that, with one exception, 
no specific reference, so far as we can find, is made 
so as to include sanitation within the term. How 
near akin this particular service is to those generally 
accepted as coming under the definition must 
be realised by all who read of the unfortunate 
conditions which prevailed in certain districts of 
Liverpool during the strike of August last. Instead 
of the term ‘‘ public utility service,” certain coun- 
tries prefer to refer to these matters in another 
way. Reference is not made to the interruption of 
a service, but to interference with ‘‘ necessary com- 
modities.”” In New South Wales, for instance, and 
in New Zealand, special conditions are imposed 
with respect to workers connected with supplies 
which have become necessities of life. In the 
former, in addition to gas and water supply, special 
conditions are imposed on workers connected with 
the coal industry and with the supply of ‘‘any 
article of food, the deprivation of which may tend 
to endanger human life or cause bodily injury.” 
The supply of electricity is not specifically men- 
tioned. In New Zealand special conditions cover 
a wider scope—coal supply, electricity, coal-gas, 
water, milk, slaughtering and supply of meat, and 
the working of means of public communication. 
Canada brings mining within the class requiring 
special conditions, since effects of the disturbance 
of the mining industry are so widespread. 

The form taken by legislation connected with 
lock-outs and strikes of all sorts varies immensely. 
It ranges, on the one hand, from complete prohibi- 
tion, to the prohibition of such actions merely 
during any official attempt to bring about a settle- 
ment of the dispute. Nine European countries 
have legislation , tl to avoid strikes of em- 
ployees engaged in public utility services, and 
of these, five absolutely prohibit such workers to 
strike. In three other European countries strikes are 
illegal unless regulations requiring notice, &c., are 
complied with. In other countries the limitations 
imposed on strikers merely relate to the comple- 
tion of a task in hand, but in others strikes are 
indirectly rendered impossible in public services 
owing to the attitude of the Government towards 
unions and such-like organisations. 

So far as British dominions are concerned, 
legislation in this direction has gone furthest in 
Australasia. Each of the various States comprised 
in the Commonwealth and the Dominion of New 
Zealand has its own laws; and, in addition, since 
federation, a Commonwealth law has likewise been 
brought into being having reference to disputes 
which affect more than one State. Such disputes, 
if it be in the public interest to do so, are to be 
settled by a Court which has power to make an 
award. For the pur of enforcing such awards, 
penalties may be inflicted, and these may be 
executed against the property of an organisation. 
If the funds of the organisation are insufficient, 
individual members may be proceeded against. 
Several of the individual States follow similar lines 
connected with the working of Conciliation Boards 
or Arbitration Courts. 

In Western Australia an Act providing for the 
settlement of disputes by conciliation and arbitra- 
tion is in force. Under it, it is illegal to bring 
about a strike or lock-out. The Government em- 
ployees on the railways of this State are organised 
and are dealt with by the Government as an 
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industrial union, and seven industrial agreements 
entered into by the Railway Commissioners with 
the employees were in force at one time recently. 
Inciting to strike is illegal, and trade - union 
officials have been sentenced in this connection 
to fines of as much as 50/. The New South 
Wales legislation provides for the settlement of 
disputes in various industries, and especially 
is intended to cover the conditions relating to 
workers connected with the supply of ‘‘ necessary 
commodities,” a definition of which has been given 
above. Decisions of the Boards or Court are liable 
to enforcement. Penalties up to 1000/1. per indi- 
vidual can be imposed for taking part in a strike or 
lock-out, or in default two months’ imprisonment. 
Twelve months’ imprisonment can be given to 
persons inciting others to strike. Meetings for the 
purpose of instigating or managing a strike or lock- 
out are illegal, and persons taking part in them 
are liable to twelve months’ imprisonment. The 
most interesting strike in New South Wales of 
recent years was the great coal strike of 1909-10, 
during which several leaders of the men were 
arrested, and sentenced to eighteen months’ hard 
labour, and a larze number of lodge officials were 
sentenced to fines of 1001. each, and in default of 
payment were sent to prison. 

n South Australia the penalty for an organisa- 
tion guilty of causing a strike or lock-out is 5001., 
and for an individual 201. In default of payment 
imprisonment is inflicted. Tasmania also has its 
strike and lock-out legislation, while provisions are 
also made in Victoria with a like preventive object. 
In the latter State, however, the strike is not 
declared illegal ; but in the event of a strike, or a 
determined movement to strike, a wages board 
award may be suspended by the Governor. The 
State railway employees come in for special provi- 
sions, by which, if they strike, they forfeit all 
rights to pension, gratuity, compensation, super- 
annuation, or retiring allowance, and are liable to 
dismissal, though reinstatement may be granted. 
Queensland has wages boards in operation, but no 
restrictions on the freedom to strike or lock-out are 
— 

ew Zealand has, perhaps, had more legislation 
of this kind than other countries. The reference 
of industrial disputes to councils of conciliation is 
obligatory. The Government railway servants are 
dealt with as an organised union by the Minister of 
Railways. Workers who are party to a strike while 
an industrial agreement affecting them is in force are 
each liable to a fine of 101., and employers who are 

ty to a lock-out are, under similar circumstances, 
iable to a fine of 500/. Outside persons instigat- 
ing a strike are liable to fines of 2001. Special 
penalties of a rather heavier rate are imposed in 
the case of strikes connected with certain specified 
industries, the interruption of which would cause 
public inconvenience. It appears that 80 per cent. 
of the fines inflicted on strikers and employers have 
been collected in New Zealand. 

In Canada legislation partakes of an altogether 
different character. It makes provision for the 
appointment of a Committee of Conciliation in case 
of a ‘‘ difference ” likely to lead to a strike. The 
Committee is appointed by the Minister for Labour, 
on his own motion, or at the request of a munici- 
pality affected. The Committee has power to 
investigate and report publicly. Strikes, pending 
reference to a committee or during investigation, 
are illegal. This legislation now refers to railways, 
the mining industry, &. Penalties are inflicted 
for going on strike or locking-out, or inciting to 
either during these proceedings. Prosecutions have 
been instituted under these Acts. In some cases 
employers have been fined for lock-outs, in others 
union Officials for inciting to strike. 

In Nova Scotia a lock-out or strike is forbidden 
pending settlement under the Miners’ Arbitration 
Act. In Ontario Councils of Conciliation exist, but 
there is no penalty for, nor prohibition of, strikes 
and lock-outs. In the Transvaal the Act adopted 
operates something after the manner of the legis- 
lation in Canada, and has special reference to the 
prevention of strikes in the mining industry, public 
services, and trades to which the provisions may 
be specially applied, of which there are at present 
fifteen. Prohibition of lock-outs and strikes pend- 
ing investigation and report is enforced by means 
of penalties consisti of tagsleamtanat, or of fines 
for each day during which the strike or lock-out may 
be in operation. Officials of companies and unions 
can be proceeded against. 

In the United States, generally speaking, the 





individual States recognise the right to strike, and 
picketing, so long as it remains of a peaceful char- 
acter, is not interfered with. Intimidation, how- 
ever, is illegal. The railway employees do not come 
merely under State regulation. When serving cor- 
porations engaged in inter-State business, they are 
under the supervision of the Federal authorities, 
and several Federal laws interfere with their freedom 
in this direction. Three such laws are considered to 
bear on this point. The first is the Federal Anti- 
Trust Act of 1890, which forbids every contract, 
combination, or conspiracy in restraint of inter- 
State trade. Though introduced originally to check 
the activities of capital, it is now taken as applying 
likewise to combinations of labour. The second 
Act of importance is the Obstruction of Mails Act, 
which makes it illegal to obstruct the mail service. 
The third is the Inter-State Commerce Act, which 
requires carriers to afford all reasonable facilities 
for the interchange of commerce. Actions which 
interfere with this are illegal. In addition, there 
are several State laws prohibiting the abandonment 
of trains, locomotives, &c., before arrival at desti- 
nation. 

Among European countries, restrictions in 
France amount to little more than provision in 
this last direction. Employees may not abandon 
trains during a journey. This provision ensures 
some of the dangers of a sudden strike on the rail- 
ways being avoided. Many countries are, however, 
much more severe. In Russia peacefully conducted 
strikes are no longer punishable, except those con- 
nected with Government services or public utilities. 
They are forbidden in the railway, telegraph, and 
other services, and strikers, or persons inciting to 
strike, are liable to imprisonment. Intimidation is 
also discountenanced and punished in like manner. 
Agricultural labourers guilty of striking are also 
liable to imprisonment. In Denmark there is a 
permanent arbitration court and a Government 
conciliator ; to act in violation of an award or 
agreement is illegal. 

In Germany the right to strike exists, but does 
not extend to municipal undertakings, such as gas 
and water supply, nor to railways, &c. Freedoin 
to work is provided for. As regards the State 
employees, the ability to strike is practically with- 
drawn by the strictness with which surveillance 
is conducted with regard to industrial unions. 
Membership is strictly forbidden of any union which 
is deemed to be working in a direction inimical 
to the interests of the State. The official oath 
is sup to have been violated in the case of 
such a man, and he would be dismissed the service. 
On the Prussian and Hessian State Railways the 
rules insist on applicants holding themselves clear 
of unions or movements inimical to public order, 
and like regulations are in force in the other States, 
so that now about 90 per cent. of the organised 
railway employees belong to unions which have 
waived all claim to the right to strike. In Austria 
the public services are protected by controlling the 
formation of the unions. The formation of a union 
is not sanctioned if its aims are thought to be 
dangerous to the State. An organisation of this 
type would be dissolved and its funds seized. In 
that country railway employees have enforced their 
demands by complying strictly to the letter with all 
rules governing the service and operation, thereby 
delaying traffic intentionally. This action is now 
regarded as a breach of the official oath no less 
serious than combining to strike. 

The right of employees in the public services 
in Italy to strike is also withheld, but by adopting 
methods similar to those just referred to in the 
case of Austria the employees on the railways have 
obtained some of their demands. Soldier labour 
can be used in Italy if need be, and universal 
service enables the Government to meet the needs 
of the public in case of extreme emergency. 

In Holland there is a special law preventing the 
striking of railway employees. In Belgium railway 
and public service employees may belong to unions 
subject to proper regulations. In Spain and Por- 
tugal strikes are not illegal if certain notice is given 
beforehand. In Turkey the formation of trade unions 
in establishments carrying on public services is for- 
bidden. To ensure the continuance of such services 
the employment of public forces may be used if 
necessary. In Roumania no State or public em- 
a me join a trade union without first obtaining 
eave. In Switzerland the law regards striking from 
ona negative point. If an employee is guilty 
of negligence, or, for set pu , does not proper! 
fulfil his duties, he may ib fnod. eee 
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THE NAVY PROGRAMME. 


Wirt the placing of the order for the battle 
cruiser included in the British naval programme 
of 1911-12, practically all the new work has been 
arranged for, and it becomes interesting to review 
the allocation of the work. The battle cruiser is 
undoubtedly the most important of the ships to be 
built, and few will be surprised that the order has 
gone to Messrs. John Brown and Co., Limited, of 
Clydebank, particularly in view of the resources 
of the establishment, alike at Sheftield and Clyde- 
bank, and their experience in naval and turbine 
work. They have promised a great achieve- 
ment in respect of date of delivery, and the real- 
isation of this promise will be watched with 
keen interest. The cruiser in its design follows 
very closely upon the lines of the Lion, the 
Princess Mary, and the Queen Mary. The Lion 
has successfully passed through her trials, and her 
machinery, built by Messrs. Vickers, Limited, has 
fulfilled all that was required by the contract. 
The Princess Royal will go on trial in May. She 
has been built and engined by Messrs. Vickers, 
Limited. The Queen Mary will be launched on the 
20th of this month from Palmer’s yard on the Tyne, 
and the machinery, which is being built by Messrs. 
Brown, of Clydebank, is in an advanced state. 
The design of the new ship differs little from that of 
the three predecessors of the class. The length is 
the same—660 ft. between perpendiculars—but the 
heam has in successive ships steadily advanced from 
the 88 ft. 6 in. of the Lion, due largely to develop- 
ments in armament. The two first ships had eight 
12-in. guns. The two later ships will have the same 
number of 13.5-in. guns. At the same time advance 
has been made in the secondary or torpedo-repel- 
ling armament, and, as has been generally expected, 
the new ship will be fitted with a large installa- 
tion of 6-in. guns mounted behind the armour on 
a battery deck. As a consequence the displace- 
ment will be greater, and in order to attain the 
designed power, the power of the machinery has had 
to be increased considerably. 


List of Naval Contracts, 1911-12 Programme. 


Constructor of 


Builder of Hull. Machinery. 


Name. 


Battleships 
Portsmouth Dockyard Cammell Laird. 
Devonport Dockyard Hawthorn, Leslie 
Vickers, Ltd., Barrow Vickers, Ltd. 
W. Beardmore and Co., W. Beardmore and Co. 
Ltd., Dalmuir 


Not yet named~ 


Battle-cruiser— 


Tiger .. . John Brown and Co., J. Brown and Co. 
Ltd., Clydebank 


Protected cruisers— 


Fearless Pembroke Dockyard W. Beardmure and Co., 
Not yet — Sir W. G. Armstrong, Hawthorn, Leslie, and 
| Whitworth, and Co., Ltd. Co , Ltd. 


Torpedo-boat destroyers— 


Acasta \ John Brown and Co. 

— j Ltd., Clydebank J. Brown and Co., Ltd. 

Ardent ..W. Denny and Brothers, Denny and Co., Dum- 

Dumbarton barton 

Christopher Hawthorn, Leslie, and 

Cockatrice + Co., Ltd., Hebburn-on- Hawthorn, Leslie. 

Contest 'yne 

Fortune Fairfield Co., Ltd., Fairfield Co. 

Govan 

Garland Cammell Laird and Parsons Co., Wallsend. 
Co., Ltd., Birkenhead 

Hardy ] 

Paragon J. 1. Thornycroft and 

orpoise — Co,, itd., Southampton Thormycroft. 

Victor | 

Shark .. “ae 

Sparro “3 Swan, Huater and Walleend Slipway and 

A tert » Wigham Richardson, Engineering Co ” Ltd. 

Spitfire | Ltd., Wallsend , 

idee a \ London and Glasgow —_ London and Glasgow 

oan... | Co., Ltd., Govan Company. 


Submarine-boats 


Two of Eclass Chatham Dockyard Chatham and Vickers, 


Three of Eclass Vickers, Ltd., Barrow Vickers 
One of X class Scotts’ Co., Ltd., Scotts 
Greenock 

River gun-boats— 
Kingfisher Yarrow and Co, Yarrow. 
Scotstoun 
Tael .. Yarrow and Co. Yarrow. 
Scotstoun 


Dépot ship for torpedo-boat destroyers — 
Woolwich London and Glasgow 
Co., Ltd., Govan 


London and Glasgow 
Company 

Four battleships were provided for: one has 

been ordered from Messrs. Vickers, Limited, of 


Barrow ; and another from Messrs. William Beard- 
more and Co., Limited; while the Portsmouth- 
built ship will be engined by Messrs. Camiell 





Laird and Co., of Birkenhead, and the Devonport 
ship by Messrs. Hawthorn, Leslie, ind Co., of New- 


castle-on-Tyne. Here, perhaps, more than in the 
case of the cruisers, there is development in size and 
power, because without any reduction in speed, 
and while increasing the extent «f the thicker 
armour, the gun-power has been considerably aug- 
mented. This applies not so much to the primary 
guns as to the secondary armament. The new 
ships, like the cruisers, will be fitted with 6-in. 
guns on a battery deck. and therefore these will 
be more fully protected by armour than is the case 
with any of the Dreadnought battleships so far 
completed. 

As to the protected cruisers, one, the Fearless, to 
be built at the Pembroke Dockyard, will be 
engined by Messrs. William Beardmore and Co., 
Limited. This is a vessel following generally the 
lines of a succession of ships which have come from 
Pembroke, each of about 3500 tons displacement, 
with ten 4-in. guns, and built to steam 25 knots. 

The other three cruisers of the programme are of 
the well-known ‘‘ Town” class. One of them has 
been ordered from Sir W. G. Armstrong, Whit- 
worth, and Co., and will be engined by Messrs. 
Hawthorn, Leslie, and Co., Limited. The order- 
ing of the two other ships, as is well known, has 
been delayed owing to the negotiations between 
the Admiralty and the Thames Iron Works. The 
Admiralty have certainly displayed a most bene- 
volent attitude towards the workers of the Kast 
End of London, because, although the price quoted 
by the Thames Iron Works was considerably more 
than by certain thoroughly well-equipped and expe- 
rienced firms in the North, some attempt has been 
officially made, and great patience shown, to see 
whether the work could not be equally economic- 
ally undertaken in the Thames establishment. If 
the Thames Iron Works were taken up by respon- 
sible and experienced naval constructors, the work 
might still go there, because the First Lord of the 
Admiralty is keeping the placing of these orders 
for the two cruisers open until the end of this week. 
The prospect, however, seems to be in favour of 
the contracts being placed with firms in the North. 

One finds in these three vessels, as in all vessels 
of the Navy, a steady development, especially in 
beam, in order that the length and draught can be 
kept within reasonable limits. The displacement, 
however, has in four years increased from 4800 to 
nearly 5500 tons; the designed speed has been 
increased from 25 to 26 knots, and the armament 
from two 6-in. and ten 4-in. guns to nine 6-in. 
guns with the same number of machine-guns. This 
is undoubtedly a very large increase in fighting 
power for a small increase in displacement. Con- 
sequently the machinery power has not gone up to 
the same extent as would otherwise be the case. 
The new ships, like those of the preceding year’s 
programme, are to be twin-screw ships driven by 
turbines of the combined impulse and reaction 
type. 

Tone destroyers have also been ordered, and 
are well advanced. The names of the builders 
and engine constructors are given in the table 
accompanying this article. These destroyers em- 
body the ripe experience of the Admiralty and 
are all to be built from Admiralty design. The 
Admiralty have at present under consideration 
tenders for twenty more destroyers to be included 
in next year’s Navy programme. These will prob- 
ably be ordered sufliciently early to enable the 
work to be undertaken by the beginning of the 
financial year—April 1. As will be seen, the 
work for the year includes also six submarine- 
boats, two river gunboats, and a dépdét ship for 
the torpedo-boat destroyers. There is still to be 
ordered a hospital ship, which, it is expected, 
will be built by Messrs, William Beardmore and 
Co., Limited, of Dalmuir. 

All interested in naval policy, which should 
include every citizen, will accept as a satisfactory 
contribution for one year to the fighting force of 
the Navy the list of ships ordered and recorded in 
our table, but will, at the same time, look forward 
with some degree of anxiety regarding the pro- 
gramme for next year, an anxiety which, we frankly 
admit, is somewhat justified, particularly in respect 
of the provision proposed for armoured ships. 





MOLECULAR PHYSICS. 

In opening his second lecture on the above 
subject at the Royal Institution on Saturday last, 
Sir J. J. Thomson remarked that on the last occa- 
sion he had shown how the different positively- 
charged bodies in a vacuum tube could be sorted 





out, by the application of magnetic and electric 
forces. In this way a kind of positive-ray spectrum 
could be obtained of the contents of the tu He 
had shown, further, that taking a tube charged with 
air, the positive-ray spectrum obtained revealed 
the presence of various kinds of positively-charged 
bodies, such as the atoms and the molecules of 
hydrogen, the atoms of carbon, and the atoms and 
molecules of nitrogen and mercury. If, however, 
a similar ee were made with the negatively- 
charged cathode rays, we got an entirely different 
result. The spectrum then obtained, when the con- 
ditions were appropriately adjusted, was reduced 
to a single line, so that all these negatively- 
charged particles were of one kind only, and thus 
differed entirely from the positively-charged bodies. 
With fields of the same relative strength as used 
in sorting out the positively-charged particles, the 
single line constituting the negative spectrum 
would not be ‘‘in the picture” at all. To obtain 
it, the magnetic force applied should not be more 
than ;/5 of that used for the positively-charged 
particles. This fact indicated not merely that all 
these negative particles were of one kind, but that 
their mass was very different from that of the posi- 
tively-charged bodies, since they were so much 
more easily deflected. In fact, the mass of these 
negative particles was only about ; 55 of that of 
the smallest of the positive particles. 

Nevertheless, ir Joseph continued, these 
negative particles had the same kinetic energy as 
the positive particles, and consequently they were 
moving with a very much greater velocity, which 
was, in fact, comparable with that of light. In one 
of the tubes he had on the table, for example, the 
speed of these negative particles was at least one- 
fifth that of light. These small negative particles, 
he proceeded, had some very interesting properties, 
which became very valuable when an attempt was 
made to investigate the constitution of the molecule. 

They could pass, like bullets, through solids, but, 
unlike bullets, did not make a permanent hole, 
but left the solid intact. This property could be 
shown by the Lenard tube, illustrated in Fig. 1. 
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Near the left end of this tube, at b, wasa very thin 
sheet of aluminium, and beyond was a screen of 
willemite. Negative particles shot off from the 
cathode on the right passed through this sheet of 
aluminium, and produced phosphorescence on the 
screen. It was obvious, therefore, the lecturer 
continued, that the negative particles must be par- 
ticularly ‘‘ artful dodgers,” since they were able to 
pass right through some of the molecules of the 
metal. It was natural, therefore, to expect that 
some interesting changes would occur when bodies 
were penetrated by these negative rays. This was 
found to be the case, chemical changes of a very 
interesting character being produced. Thus, if the 
rays fell on the chlorides of the alkaline metals, 
they produced peculiar colorations, as to the cause 
of which chemists were not yet quite agreed. Thus, 
if a cube of rock-ralt were exposed to the rays for a 
considerable time, it took on a beautiful blue colour, 
making quite a pretty gem, which would keep 
indefinitely if sealed up from damp. , 
Again, lithium chloride, subjected to the action 
of the particles, turned a deep violet, and under 
suitable conditions the action was so rapid that 
it was possible to write on a patch of LiCl 
with a pencil of the rays deflected by a magnet. 
Another chemical change induced by the rays had 
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roved to be of very considerable commercial 
importance, having been made the basis of a process 
for completing the exhaustion of electric lamp-bulbs. 
When the rays acted on white phosphorus, they 
converted it into the red variety, which had a much 
lower vapour pressure, and under the discharge this 
red phosphorus combined not only with any oxygen 
present in the tube, but also with the nitrogen, form- 
ing compounds, having very small vapour pressures. 

To illustrate this, Professor Thomson took a 
vacuum-tube connected up with a bulb containing a 
supply of white phosphorus. This tube had origi- 
oly a poor vacuum, but on exposing it to the 
action of the negative discharge the vapour of the 
white phosphorus was converted into the red variety 
with a much smaller vapour pressure, and this 
combined with the oxygen and nitrogen present. 
The vacuum then became so good that the discharge 
refused to pass. On leaving it for a little time, 
however, fresh vapour was given off from the stock 
of white phosphorus, and the discharge would, he 
showed, again pass, until this fresh supply was in its 
turn converted into the red variety. 

Another remarkable effect of the rays, Professor 
Thomson continued, was that, when they went 
through molecules, they split off from the latter 
small particles similar to themselves. The residue 
of the molecule left was thus positively charged, so 
that a gas subjected to the discharge was ionised. 
It was possible, he said, that this splitting off was 
due to a repulsion between the rapidly-moving 
negative particle and similar negative particles 
existing within the atom. This repulsion was sufli- 
cient to give the repelled particle a very consider- 
able velocity, and if this attained a certain limit, 
the particle would be shot off from the atom, which, 
losing, in this way, a negative charge, would become 
ionised. 

It was possible, he continued, to calculate how 
much energy would be communicated to a negative 
particle, originally at rest, by the passage of a rapidly- 
moving negative particle within a given distance of 
it, and we could thus find how often this energy 
would exceed the amount needed to expel a particle 
and thus ionise the molecule. He had worked 
this problem out, and found that the number of 
molecules ionised per centimetre of path of such a 
particle would be 

net 


Q 

Here Q denoted the amount of energy required 
to ionisea molecule, whilst T was the kinetic energy 
of the moving particle. mn denoted the number of 
negative particles contained in 1 cub. cm., whilst 
e denoted the charge carried by the particles. 

It would be seen that the number of molecules 
ionised varied inversely as T, the kinetic energy of 
the moving particle, so that the smaller the speed 
of the latter the greater the number of molecules 
ionised per centimetre of its path. The number 
ionised should vary in fact inversely as the square 
of the speed of the negative particles. This de- 
duction had been verified by Mr. Glasson at the 
Cavendish Laboratory for a very considerable range 
of velocities. 

The above law could be tested further by applying 
the formula to the ionisation effected by the 8 rays 
from radium, which had much higher velocities than 
it was possible to produce in a vacuum tube. Pro- 
fes-or Eve had measured the ionisation produced 
by these rays, and, from the observations made by 
him, it was possible from Glasson’s results to calcu- 
late the velocity of the 8 raya, and this came out 
almost exactly right. The law therefore covered a 
very considerable range of velocities. An addi- 
tional test was supplied, by applying the law to the 
observations of Dr. Geiger, on the ionisation pro- 
duced by the a particles of radium. These carried 
4 positive charge and had a velocity of 2.06 x 10° 
cm. persecond. The same formula, as before, would 
apply on replacing T by T!, denoting by the latter the 
kinetic energy of negative particles moving with the 
same velocity as the a rays. Comparing the results 
of Glasson with those of Geiger, and applying the 
formula in question, the ionisation calculated agreed 
with that observed within 6 per cent. 

There was still another interesting application of 
this formula. If we knew T' and Q, it was possible 
to find n, the number of negative particles in a given 
volume. Unfortunately the value of Q was not 
known as accurately as it ought to be. The dif- 
ferent estimates ranged frou a value equivalent to 
the fall of a particle through 2 volts up to a value 
corresponding to a fall through 175 volts. For air 





Townsend had obtained a value of Q equivalent to 
a fall through 10 volts. If this value were u 

in conjunction with Mr. Glasson’s results, it gave 
for air a value of n = 40. Taking air as analogous 
to a gas with a molecular weight of 28 to 32, the 
number of particles per unit of weight would be of 
the order of 2, and its real value might perhaps be 
taken as from two and three times the atomic 
weight. 

Another aspect from which the negative particles 
might be considered was in their capacity as light 
producers. Whenever one of these particles was 
altering its velocity it was giving out electric waves 
which were identical with light. Anything which 
would change the velocity of these particles would 
accordingly cause them to emit a kind of light. 
If we had, therefore, a mixture of negative and 
positive particles, as in the case of an ionised gas, 
the mutual attraction of the two would, in the act 
of recombination, alter the velocity of the negative 

rticles, and a kind of light would be given out. 

he character of this light could be determined if Q, 
the energy needed to ionise a molecule of the gas, 
were known, since this amount of energy would be 
radiated away in the act of recombination. Taking 
Q as represented by a fall through 10 volts, this 
represented a definite amount of energy, which had 
to be radiated off, as the negative particle swept 
with great acceleration round its attracting mass. 
The recombination of each ion was therefore 
responsible for an amount of radiation equivalent 
to the energy originally required to ionise it. This 
radiation would not be of one special wave-length, 
but by Fourier’s analysis the wave-length of greatest 
energy could be determined. The easiest method 
of doing this was to compare the radiation thus 
developed with that emitted from a hot body. In 
one theory the latter was regarded as due to impacts 
of the kind considered above, and this agreed well 
enough with facts to permit of this theory being 
used to determine the character of the radiation 
produced on the recombination of ions. At 0 deg. 
Cent. the average energy of a molecule was equiva- 
lent to a fall through 34, volt. Hence, with a fall 
of 10 volts the energy would be 300 times as great. 
The corresponding absolute temperature would 
therefore be 300 x 273, or 80,000 deg. absolute, 
about thirteen times the temperature of the sun. 
The hotter a body was the smaller was the wave- 
length of maximum energy. In the case of the 
sun this maximum lay in the green, and the maxi- 
mum wave-length arising from the recombination 
of ionised air would be one-thirteenth of this, or 
far away in the ultra-violet. In fact, the kind of 
light produced was so very ultra-violet that some 
denied it the name of light. This radiation, it 
should be noted, came off in definite units, or batches, 
each batch being due to a fall through 10 volts. 
These batches of radiation were often called quanta. 
They were, in any particular case, all of the same 
magnitude, their size depending merely on the pro- 
perties of the charged atom. A knowledge of the 
work required to ionise a gas gave therefore not 
only the amount of radiation produced on recom- 
bination, but also its quality. 

To show that ultra-violet light was produced by 
the recombination of negative and positive par- 
ticles, Professor Thomson used the vacuum-tube 
illustrated in Fig, 2. The electrode on the left was 
provided with an iron tail at n, so that by means of 
a magnet the distance between the electrodes could 
be altered and any portion of the discharge brought 
under the quartz window provided at r. 

The negative glow, he stated, was the locality in 
which the recombination of the ions took place, 
and by bringing this portion under the quartz 
window he showed that a filter paper coated with 
starch iodide solution and laid over the quartz 
window was rapidly blackened by the ozone pro- 
duced by the ultra-violet rays, which passed readily 
through the quartz window. Shifting the electrodes 
so that the middle of the discharge came under the 
quartz window, there was, he demonstrated, very 
little effect on the prepared filter paper. In this 
particular case, he stated, the tube was filled with 
hydrogen, which required less energy to ionise than 
air, and thus gave a radiation not quite so ultra- 
violet in its character. 

The radiation from the negative glow had, he 
roceeded, the properties of ordinary ultra-violet 
ight intensified, and could effect changes which 
the latter could not. With ordinary discharge tubes 
the cathode rays gave a yellow-green phosphor- 
escence, but before the pressure was sufficiently low 
for these rays, there was another phosphorescence 





produced, olive-green in colour. This was not 
affected by a magnet, and could be refracted, being, 
in short, a kind of ultra-violet light given out when 
the ions in the tube recombined. 

The considerations above set forth had, Professor 
Thomson continued, a bearing on Professor Barkla’s 
discovery, that when suitably stimulated, different 
metals gave out Réntgen rays of a perfectly definite 
character. This character depended solely on the 
nature of the metal, and not at all upon the kind of 
stimulation by which they were excited. There was, 
however, one reservation to this statement—viz., 
that if the necessary stimulation were supplied by 
Rontgen rays, these exciting rays must be ‘‘harder” 
than the Rontgen rays characteristic of the metal 
under test ; whilst if the stimulation was provided by 
cathode rays, these must have a velocity in excess 
of a certain limiting value, which differed in the case 
of every metal. The phenomenon in question was, 
accordingly, subject to a kind of Stokes law as 
to fluorescence. Suppose, he proceeded, that the 
energy needed to ionise was measured by thou- 
sands instead of tens of volts, then the cathode 
particles must have a certain speei to effect the 
transformation, and when the positive and negative 
particles recombined, the resultant system would 
have to get rid by radiation of a definite and very 
large amount of energy. Under the enormous 
attractions in question the acceleration of the 
negative particles would also be enormous, and the 
radiation produced would be so ultra-violet that 
we should get into the region of the Réutgen rays. 

The recombination, under these conditions, 
would, in fact, give Réntgen rays, but these rays 
would not be excited at all unless the system 
employed to stimulate the metal had enough energy 
to effect the ionisation. 

Professor Thomson then showed the existence of 
these characteristic radiations by the apparatus 
represented diagrammatically in Fig. 3. Here 
B denotes the Rontgen bulb, rays from which 
struck a piece of metal at M, exciting a charac- 
teristic radiation, which was received on the plate of 
a gold-leaf electroscope at E, causing a leak of the 
original charge. 

There were in general, Professor Thomson stated, 
two kinds of Réntgen radiation emitted by a metal in 
the conditions stated. Of these, the one kind con- 
sisted merely of a scattering of the original excit- 
ing rays, whilst the others were the characteristic 
rays of Barkla. These, he proceeded, had not been 
detected with elements having an atomic weight of 
less than 39, since the smaller the atomic weight, 
the softer the rays became, and the more difficult 
they were to work with. With a copper plate at 
M he showed that by putting a sheet oF ehistuhen 
between M and E the rate of leakage of the 
electroscope charge was greatly reduced, since in 
this case most of the radiation was characteristic, 
and not scattered. The former was absorbed by 
aluminium, but the latter not. On substituting a 
piece of carbon for the copper at M, then the whole 
of the radiation reaching the electroscope, he said, 
consisted of scattered rays which passed easily 
through aluminium, as was proved by the fact that 
the introduction of a plate of this metal between M 
and E did not materially affect the rate of leakage. 





OPTICAL DETERMINATION OF STRESS. 

In his two lectures on ‘‘ Optical Determination 
of Stress, and Some Applications to Engineering 
Problems,” delivered at the Royal Institution on 
the last two Tuesdays, Professor E. G. Coker, 
M.A., D.Se., of the City and Guilds Technical 
College, Finsbury, E.C., carried his researches 
further than he had been able to do when contri- 
buting an article on ‘* Photo-Elasticity”’ to our 
columns a year ago.* Having briefly reviewed the 
history of the study of stress, from which 
it would appear that Galileo first attempted, in 
1638, to determine the stress in a beam which 
was built into a wall and loaded at the free end, 
and having explained the principles of the eptical 
investigation of the problem, Professor Coker gave 
the following sequence for the colours displayed by a 
transparent specimen under stress when examined 
in the polariscope :—Black, 0 ; grey, 3.5; whitish, 
5.5; straw, 8; orange, 10 ; pink, 10.5; purple, 11; 
blue, 13; yellow, 18; red, 21; purple, . The 
numbers indicated the relative intensities of the 
stresses. It was not easy to estimate the stress 
from the colour, however, unless the specimen and 





* See ENGINEERING, vol. xci., page 1. 





326 


ENGINEERING. 


[Marcu 8, 1912. 





a standard bar were mounted next to one another 
during the test. 

When two equal members were similarly 
stretched in uniform tension and superposed in the 
optical apparatus so that the light passed through 
both of them, the fact that the stresses were equal 
was indicated by the appearance of the colour 
corresponding to twice the stress; thus two 
thicknesses of material under the same stress gave 
double the effect of one. When a age nga 
tension was superposed upon a member under the 
same camauindins stress, darkness resulted, the 
two equal stresses annulling one another. When 
the two members under similar stress were crossed 
at right angles, the part common to both was quite 
dark. Hence two tension stresses at right angles to 
one another annulled one another, whilst the cross- 
ing of two bars, the one under compression, the other 
under tension, produced twice the colour effect in the 


common area. These various ways of superposing | po 


the specimens gave valuable aid in the determina- 
tion of the magnitudes of the stresses, though the 
appearance of a black band might indicate either 
no stress at all or equal stresses at right angles to 
one another ; these features were dealt with in the 
second lecture. 

Professor Coker explained these phenomena by 
a great variety of diagrams and demonstrations, 
which the splendid collection of nicols of the Royal 
Institution helped to render striking. Our readers 
will find coloured illustrations in the article men- 
tioned. The results of tests by other methods showed 
that mild steel, wrought iron, and plate-glass were 
almost ideally elastic for a range of stress up to 
900 lb. per square inch, whilst cast iron was much 
less perfect, and gave a distinct stress-strain loop 
during a cycle of tests with increasing and decreas- 
ing stress ; india-rubber was far less elastic still, 
whilst celluloid was about equal to cast iron. 
That the stress distribution in metal beams really 
corresponded to that in xylonite, had been 
proved by measuring the strains produced under 
similar conditions of loading. In the McGill 
engineering iaboratory such experiments had 
been made with beams resting on rollers which 
carried the mirrors of the extensometers, sharp 
knife-edges being pressed against the beam. As 
the load increased the neutral axis moved further 
away from the tension side, the distribution of 
stress varying linearly across the section. Pro- 
fessor Dalby ‘had measured the strains in a steel 
bar of lin. by 0.39 in. section, for four different 
loads, along lines at intervals of 0.2 in. parallel to 
its length ; the strains had followed a strictly linear 
law, and on plotting his numerical results, Pro- 
fessor Coker had found that the neutral axis moved 
away from the tension side exactly as in the trans- 
parent material. The two diagrams, Figs. 1 and 2, 
which we annex, exemplify the quantitative experi- 
mental determination by Professor Coker of stresses 
(the first of this kind probably) in xylonite beams 
with one or two circular holes in them. The mag- 
nitudes of the stresses in the deck-plate, presently 
to be mentioned, and in other cases, were simi- 
larly determined by optical methods. 

In the second lecture Professor Coker explained 
more fully why the dark bands, observed when the 
specimen was placed between the nicols, changed 
their forms or positions when the specimen was 
turned in its own plane. A beam of plane polarised 
light, having its plane of polarisation inclined to 
both the axes of stress, would be divided into two 
rays, and these two rays would interfere with one 
another, unless the plane of polarisation coin- 
cided with one of these principal axes, when the 
ray would pass through unchanged. The polariser 
and analyser being set at right angles to one 
another in order to produce a dark field, this dark 
band, or field, would remain visible wherever the 
directions of the principal axes of stress corre- 
sponded with the principal plane of the nicols. 

ese bands being loci of the positions of principal 
stress of the same inclinations enabled the experi- 
menter to determine the axes of principal stress 
everywhere. In this way any plate under stress 
could be divided up by a series of orthogonal 
curves which would cover the whole plate, yielding 
a framework diagram of the stress system very 
useful for many purposes. In a tension member, 
having two fine saw-cuts, for instance, which 
diminished its effective cross-section by one-half, 
the lines were widely distributed below and above 
the cut, but crowded as they approached the 
narrow neck, and the colours displayéd by the 
polarised beam showed very high stresses at the 


extremities of the cuts. A similar crowding of the 
stress lines was observed, when the member was 
pierced by a central hole, in the narrow strips on 
each side of the hole. An illustration taken from 
nature was given by the thigh bone; mathe- 
maticians had studied the forces acting on the 
head of the thigh bone when supporting the body 
and the resulting lines of stress, and anatomy 
showed that the internal structure of the thigh 
bone exactly followed these lines. 

Going back to the phenomena shown by the 
specimen when turned between nicols, Professor 
Coker remarked that the isoclinic bands (which 
appeared to be independent of the physical pro- 
perties of the material) moved, while the isochro- 
matic bands remained stationary. The true rela- 
tion between the two was disturbed by the dark 
bands due to the optical system, and this disturb- 
ance could be removed by the use of circularly 
larised light, which suppressed the isoclinic bands 
with the aid of quarter-wave plates of mica. We refer 
our readers to Professor Coker’s article as to the 
explanation. As nicols were scarce, the reflecting 
polariscope of Professor S. P. Thompson was very 
convenient for such work on large specimens. The 
light from a bank of glow-lamps was, in this appa- 


Fig. ;. }«----100 ----- > 
¥ Sp) 















































Fig.2 e---- 00 -—-~-»| 
t = f | 
» om i | 
> 1 
———- ———— 
& 
! . 
. be | 
_— 


ratus, reflected by a glass plate at the polarising 
angle of 33 deg., and passed through quarter-wave 
plates, which Professor Thompson had been able 
to obtain in sizes of 21 in. diameter ; such large 
sizes were not yet used, but would soon be wanted 
probably. Under circular polarisation the colour 
at any point appeared proportional to the differ- 
ence of the principal stresses, and thus proportional 
to the shear, which could hence be studied in 
this way. Professor Coker exemplified this by 
experiments with models of very many kinds. In 
a plate with one rivet-hole the maximum stress 
near the hole rose to three times its normal value, 
which was in accordance with calculations. With 
three and more holes in a transverse section the 
stresses became still more complicated, particularly 
after inserting the rivets (which was demonstrated), 
because the pressure of the shanks of the rivets 
entered into the problem; when the rivet-holes 
were staggered, the complexity was less marked, and 
the stress maxima were smaller. Sharp points of 
maximum stress were seen at the re-entrant corners 
of rectangular notches, and a model of the deck 
plating of a torpedo-boat, with holes for the funnels, 
engine hatchways, hoists, deck-lights, &c., gave a 
very instructive picture. A coiled flat spring, cut 
out of xylonite, also afforded a beautiful illustra- 
tion; the line of neutral stress ran from end 
to end through the coil, and shifted its position 
inward or outward as the coil was twisted or un- 
twisted. Other examples were taken from hooks, 
link-chains, corrugated boiler-flues, and wheels 
with straight or with curved spokes, rolling 
on rails, and also from a pair of toothed wheels, 
in which the sliding pressure of the teeth could 
distinctly be ised. In many cases the maxi- 
mum stress appeared at spots where it} would be 
expected ; but the calculations were mostly far 





too complex for practical p and the optical 
examination thus afforded very valuable help. 





NOTES. 
New Meruop or IsonaTinc THE Rare Gases. 


In 1910 Messrs. G. Gehlhoff and Rottgardt in- 
formed the Deutsche Physikalische Gesellschaft that 
the alkali metals had the property of absorbing and 
binding oxygen, nitrogen, hydrogen, and carbon 
dioxide at certain temperatures, but not the inert 
rare gases of the atmosphere. The observation was 
made in the course of spectroscopic researches, and 
has now been utilised, as explained by Herr Gehl- 
hoff in a communication to the Proceedings of the 
society mentioned, 1911, page 271, for the purpose of 
isolating the rare gases. The apparatus is a cylin- 
drical glass vessel, 10 cm. in height, 5 cm. in dia- 
meter, gomape with several tubular attachments. 
Through one of these the cathode (platinum wire) 
is introduced; the wire passes through the glass wall 
of this tube, and in ordertoensure anair-tight sealing, 
a metal cap is fitted over the end of the glass tube, 
and the platinum is joined to a copper wire inside 
this cap. The bottom of the cylinder is covered with 
the metal—in general, potassium; caesium and 
rubidium are still more effective, but too ex- 
pensive ; sodium is less effective. The cathode 
wire ends in the potassium; the anode wire 
(similarly mounted) above it. The whole vessel is 
heated up to 200 deg. Cent. in an electric furnace. 
In an experiment the cylinder was charged with a 
mixture of helium (10 per cent.), air (45 per cent.), 
and coal gas (45 per cent.) ; in six minutes all the 
gases but the helium were absorbed. The oxygen 
is permanently bound by the metal as oxide, of 
course. Nitrogen is more rapidly absorbed than 
hydrogen ; when a mixture of these two gases is 
passed through the apparatus, all the nitrogen and 

rt of the hydrogen are absorbed, and the 

ydrogen can be purified in this way. The process 
should find technical a Potassium could 
be procured at reasonable rates if there were more 
demand for the metal. 


AmorpPHous CARBON AND GRAPHITE. 


Three views have been maintained as to the 
formation of hite from amorphous carbon, 
According to Moissan, heat alone should suffice 
to effect the transformation of pure carbon into 
graphite. According to Berthelot, heat alone would 
not be sufficient ; and according to Acheson, who 
was apparently anticipated by W. Borchers, 
graphite is the result of the intermediate forma- 
tion and decomposition of carbides. Carbides, 
Acheson asserts—and his manufacture of graphite 
is based on this view—are formed by the inter- 
action of the carbon and the oxides, accidentally 
present or purposely added (iron oxide in par- 
ticular) to the coal, at the high temperature of 
the electric furnace; these carbides are decom- 
posed again at still higher temperatures, and the 
carbon thus liberated is obtained as the soft, very 
dense product which is called graphite. Mr. W. C. 
Arsem, of the General Electric Company, Schenec- 
tady, informed the American Electrochemical 
Society at their Toronto meeting last autumn 
that he had for years been engaged in an experi- 
mental investigation of the formation of graphite, 
and that he had not arrived at any definite conclu- 
sion. He has approached the problem in two ways. 
He either starts from pure carbon and heats it as 
such and with additions, or he starts from impure 
carbon and heats it as it is, and after removing the 
impurities so far as possible. All his materials are 
ground to a fine powder and heated up to 3300 deg. 
Cent. in crucibles in electric furnaces of especial 
construction ; the real crucible is placed in another 
crucible which is mounted in a heater tube. The 
crucibles and tubes all consist of Acheson graphite. 
Arsem soon noticed that there is no really charac- 
teristic reaction for graphite. It has been assumed 
that only graphite, and not amorphous carbon, 
would change into a greenish oxide or a yellow 
acid when oxidised with nitric acid and potassium 
chlorate (Brodie test). But Arsem observed that 
all his fired carbons would give some graphitic 
acid, and he finds that the density of the resulting 
product is the best criterion. He defines for the 
paw graphite simply as a soft carbon of density 

.26 or 2.25. Pure petroleum coke yielded such a 
product, and the addition of iron oxide proved 
rather disadvantageous. The product obtained 
from bituminous coal-coke had a maximum density 
of 2.2, and was hard, moreover ; when the impur!- 
ties of the coke were removed by chemical means, 
the density rose, while, on the other hand, the 
addition of mineral matter to the coke did not 
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facilitate the formation of graphite. Anthracite 
and lampblack did not yield any high-density 
graphite ; white and grey retort carbon gave a good 

phite, black retort carbon did not. White 
diamonds, often supposed to turn into graphite, 
were merely converted into coke ; Arsem thus con- 
firms Mr. Campbell Swinton and Sir C. A. Parsons, 
whose cathode ray bombardment of diamonds 
yielded coke. The result of the research is, then, 
that different forms of carbon may or may not yield 
a graphitic product when heated to very high tempe- 
ratures, and that the presence of mineral matter 
is, on the whole, not advantageous for this 
reaction. The intermediate carbide theory has not, 
therefore, found support ; but it remains obscure 
why graphite is sometimes formed, and not always. 
Arsem makes the following suggestion :—He would 
only distinguish two allotropic modifications of 
carbon — diamond and graphite. The usually 
assumed third modification—amorphous carbon— 
he regards as the decomposition product of organic 
substances, a mixture of various carbon molecules, 
probably of a very complex constitution. Some of 
these molecules are apparently capable of turning 
into graphite when heated to high temperatures, 
and that may depend upon the constitution of the 
molecules. This view would be acceptable to 
chemists. 


Tue Testinc oF Fiat SuRFACES. 


Accuracy of measurement depends in general 
on the precision of certain plane surfaces, such 
as the sliding ways of a bed, or on the truth 
of surface-plates, and the like. The refinements 
reached of late years have, however, been such as 
to demand some method of checking the precision 
of these reference surfaces. In constructing an 
interferometer, for example, it was found that the 
sliding ways of the bed of a machine, as finished 
by a first-class tool-builder, were insufficiently 
accurate, and they were ultimately brought into 
truth by employing an optical standard of refer- 
ence, the “‘straight-edge”’ used being a beam of 
light. In a paper read recently before the Royal 
Society, Mr. P. E. Shaw describes an instrument, 
constructed for him at the National Physical 
Laboratory, by which the truth of so-called flat 
surfaces can be tested to a high degree of precision 
by purely mechanical means. Essentially the instru- 
ment is based on the spherometer. A stout bar is 
fitted at one end with one stud, and at the other 
with two. At the centre of the bar a micrometer 
screw is also provided. In making a test two of 
these instruments are used. One is first applied to 
the surface, resting on its three studs, and the micro- 
meter screw lowered until it also comes into contact. 
The reading of the divided head is recorded. The 
second instrument is then applied in the same way. 
The two testers are then placed one over the other, 
the lower being supported in such fashion as to 
eliminate errors from bending due to its own weight. 
If the surface under test be true, the two micro- 
meter plugs will be in contact, when the fixed plugs 
on the one rest on those of the other. If any adjust- 
ment is required, this, as recorded on the divided 
heads, measures the curvature of the original sur- 
faces. Testing in this way a hexagonal surface- 
plate, 2 ft. in diameter, Mr. Shaw found it to be out 
of truth by s¢oq in. in 12in. Two small surface- 
plates, measuring 10 in. by 8 in., very carefully 
made, showed errors of the same order as the errors 
of the micrometer screws, the errors recorded being 


1 . 3 . . 
FrOM 445 999 IM. tO ji,999 in. A number of epecimnens of 
3 3 . 
plate-glass showed errors from jj in. up to 779 in. 
One specimen was very nearly flat and parallel, the 
. . 35 . 

one side being ;;.j) in. convex, and the other 
concave. 


10,000 in. 








DESIGN OF MONOPLANE WINGS. 
To THE EpiToR OF ENGINEERING. 

Sig,—Will you allow me to comment on the whole 
question of factors of safety in aeroplanes? It must be 
remised that the designer is im the usual position of 
aving to compromise between two mutually opposing 
conditions: (1) adequate structural ne (2) excep- 
tional lightness of construction. In aeroplane design the 
latter is equally important with the former, for this 
reason—that, other things, particularly supporting surface 
and engine power, being equal, the heavier a machine is, 
the less is its aerodynamical stability and controllability. 
In a light single-seater, engined with a “Gnome” 
motor, there is a considerable margin between the point 
at which there is no reserve of motor power and the point 
at which there is no reserve of mechanical strength. The 
larger a machine becomes the smaller is this margin. 
© reason is not. far toseek. As the linear dimensions 





MARINE OIL-ENGINES FOR 


SEA-GOING SHIPS. 


WE give in tabular form a list of the large marine oil-engine installations built or in course of 


construction at the present time, with dimensions of cylinders an 


the type of engine adopted, so far as 


these are available, in addition to the well-known Toiler and Vulcanus, now in service. This subject 


is referred to in our leading article :— 


TasBie oF LarGce O1n-EnGinr INSTALLATIONS Burtt oR Now BurLpine For Ockan-Gorne SHIPs. 








| | | —_— 
} | Number and 











6 of 17.72 in. | 


| | 
: ti H : . : 
Builders of Hull. mes oy of Type of Ship. =. | nen a Diameter of Stroke. Type of Engine. 
| Cylinders. | 
in. 
Gironde Works Schneider Cargo (France) 4,920 1800 | 80f17.72in. | 22.05 \Carel 2-cycle single-acting 
Blohm & Voss ies Blohm & Voss Cargo | 3,500 | 1700 6of18jin. | 254 /Nurnberg 2-cycle double- 
Burmeister & Wain*| Burmeister & Wain*| Cargo passenger | actin 8. 
| (Selandia) |} 4,910 2500 | 16 of 20.87in.| 2874 |B. and W. 4-cycle single- 
Barclay, Curle, & Co. | Barclay, Curle, & Co.| Ditto (Jutlandia) acting T.-8S. 
Nederlandsche Fab-| Nederlandsche | Oil-carrying | 2,200 1100 | 6of 22.05in. 39.4 |Spoorweg 4-cycle single- 
riek van Werktui- | | acting S.-S. 
gen S.M. m l= 
Krupp ‘rupp il-carrying | i @ | : 9. ; ss 
Krupp Krupp | Oil-carrying | } 4,500 2300 1of18&7in. 315 cry 2-cycle single-acting 
Krupp ‘i oe — |  Oil-carrying | 10,800 3500 | 120f22.45in. 39.4 | Ditto. 
Cantiere Officine | Oantiere Officine | Cargo | 500 «=| )=|=—(300 4 of 9.6 in. 15.75 |2-eycle single-acting 8S.-8. 
Savoia Savoia | | | 
a ——— West- | Cargo 3,200 1000 | 5- rN 2-cycle single-acting 
rt | ' SS. 
Clyde Shipbuilding) Clyde Shipbuilding Cargo 2,640 4of181in. | 32.28 | Ditto. 
Compan. } Company | Canadian Lakes | | 
Barclay, Surle, &Co.| Burmeister & Waint| Cargo and pas- 8,500 | 6000 | 240f24.8in. | 81.5 /|4-cycle single-acting twin 
; : re senger | | or triple-screw 
pana . w | em sowed . _— | onus } 3,380 os 16 of 19.69 in. | 25.98 a single-acting T.-S. 
én 1000 21.27 |2-cycle single-acting 8.-S. 


_ Aktiebolaget Diesels 
| Motorer{ | 


t Projected but not begun. 
t This firm is building several smaller engines. 








of a type are increased, the weights increase as the cube, 
the rigidity of spars likewise as the cube, the tensile 
strength of stay-wires only as the square. On the other 
hand, the bending moments increase as the fourth power, 
and the tensions as the cube. 

In tabular form— 


Resistance of Stresses on 

Members. Members. 
Spars ... a « I « Ls 
Stays ... « L? « Ls 


To return to factors of safety, the Martin Handaside 
machine, on which Graham Gilmour was killed, had a 
reputed safety factor of 20 with regard to steady flying 
stresses. 

This is abnormally high in aeroplane construction. But 
for vibration we may reasonably employ a dividing factor 
of 2; for continuous warping of the rear spars another 
dividing factor of 2; for gusts of wind, 2; for lack of 
uniformity in materials, 2. 

The real flying factor of safety on an exceptionally 
well-designed machine may thus sink to 1.25 under by 
no means unusual conditions ! 

It is of interest that the Aeronautical Society, as re- 
constructed recently, aims at developing the technical 
interests of aviation in this country on lines covering the 
suggestions of your article. The writer intends to propose 
the formation of a committee of inspection, for the 
pur of inspecting the calculations on which designs 
are , and of issuing certificates in accordance with 
the results of inspection. 

Whether this scheme is carried through depends 
largely on the large constructing firms. If they see the 
advantage as shipbuilders have seen it in naval construc- 
tion, it may well develop into an essential part of the 
industry. 

Yours truly, 
ARCHIBALD R. Low, 
Assoc. Fellow of the Aeronautical Society. 








BONUS WORK; AN AID TO COST- 
FINDING EFFICIENCY. 
To THE Eprror oF ENGINEERING. 

Srr,—In many of our manufacturing plants and large 
business houses the cost-finding department is the most 
neglected poy: meine the whole organisation, and is looked 
upon asa sort of necessary evil. Why? Because it does not 
produce that which is wanted—namely, correct and timely 
costs. This is due mainly to inefficient help in the cost 
department, and the gross neglect on the part of the 
mechanic to charge the correct time to the proper jobs, 
which renders the results as to the cost anything but satis- 
factory. Tosecure accurate labour costs on manufactured 
parts is a hard problem at the best. After considerable 
experience in cost-finding in the old way, and under the 
bonus plan of work, I am convinced that the bonus system 
affords not only an easier way of obtaining these costs, but 
is more reliable and satisfactory than other systems and 
adds greatly to the efficiency of the cost department. 
Under the old system times and costs of jobs, when left 
to the mechanic or foreman, are no more than a close 
guess. It is utterly impossible to i ine that where a 
foreman has to put down the time of his men that he can 
get it very accurately and give the necessary time to his 
other duties. If left to the mechanic to do, he is very apt 
to forget how much time he has spent on the job when 
finished. He may come, however, within an hour or two 
one way or the other, and very often he has a tendency 
to “‘ andy up this job and cut down on the other one.” 
By this method he can deceive his foreman as to the 
amount of time he has spent ona job; but what good is 
the time he gives in obtaining correct costs? The result 


* This firm is building several more of this type of engine of about the same power, size, and type. 








is that on both or all of his jobs the time is incorrect, and 
the cost means nothing more than a lot of figures. 

This is one of the main causes why the same jobs done 
under exactly the same conditions show a vast difference 
in cost. Under the bonus system these defects are prac- 
tically eliminated. 

The bonus system not only enables us to obtain correct 
costs, but to maintain permanently these satisfactory 
results. It improves the efficiency of the men, thereby 
reducing the cost of production, and simplifies the keepin 
of costs. Under this system of work one or two thoroug 
cost-men can run a factory cost department, keep it up to 
the minute, and produce accurate and satisfactory results 
in far less time than six or eight clerks could do under the 
old methods of cost-finding. 

I doubt very much if with this force of clerks the same 
satisfactory results could be obtained, because in order to 
do so it would mean continual watch on every operation 
of each man, whereas the bonus system works automa- 
tically—that is, the foreman verifies the mechanic’s time, 
and the cost department verifies both from the mechanic’s 
time and bonus cards, and if any errors occur they show 
up immediately and can be rectified at once. I do not 
claim that there can be no deception of times or costs on 
the part of the men under the bonus plan of work, but I 
do claim that it reduces the liability of errors and false 
costs to a very low percentage, and puts the shop and cost 
department on a higher plane of efficiency. 

Yours truly, 


Jersey City, U.S.A. W. L. Myurs. 








CANADIAN RaiLways.—In 1911 the miles of railway in 
operation in Canada amounted to 25,400. At the close of 
June, 1911, there were 1577 miles more in actual operation, 
but these were only officially regarded as still in course 
of construction. The total of 25,400 miles in operation at 
the close of June last year, was made up as follows :— 
Ontario, 8322 miles ; Quebec, 3882 miles; Manitoba, 3466 
miles; Saskatchewan, 3121 miles; Alberta, 1494 miles; 
British Columbia, 1842 miles; New Brunswick, 1549 miles; 
Nova Scotia, 1354 miles; Prince Edward Island, 269 
miles ; and Yukon Territory, 102 miles. 

Tue THirp INTERNATIONAL Roap Covorgss.—On tke 
invitation of H.M. Government, the third International 
Road Congress will be held in London in June next. 
Over thirty States are sending representatives, and the 
proceedings, which will open on June 23, will extend 
over six days. At a preliminary meeting of road users 
and local authorities, held last October, an executive 
committee, with Sir George Gibb as chairman, was 
appointed to organise the work of the Congress and 
draw up a provisional programme. The cost involved 
is estimated at 5000/., of which the Government, which 
has issued the invitations, contributes 500/. only, so that 
nine-tenths of the total required must be raised by sub- 
scriptions and donations. As a fiasco would be dis- 
cmeditable to the country, it is to be hoped that the 
appeal now made for funds will meet with a prompt and 

equate response. A subscription of 1/. constitutes the 
subscriber a full member, and entitles him to take part 
in all the excursions and p ings, and to receive a 
complete set of the papers read, which will undoubtedly 
prove of the utmost value. Associate membership is 
open to the members of the subscriber’s family for 8s. 4d. 
oe! head. A form of application for membership can be 

ad on ae to the Hon. General Secretary, Mr. W. 
Rees Jeffreys, Queen Anne’s Chambers, Broadway, S.W. 
The appeal for subscriptions is being supported by the 
ngneees section of the London Chamber of Commerce, 
and in view of the steady return of traffic to our high- 
ways, the Congress should certainly receive the zealous 
encouragement of the engineering profession, 
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THE NEW WORKS OF MESSRS. E. G. 
WRIGLEY AND CO., LIMITED. 


In connection with the inauguration of their new 
office building, we had an opportunity, on the Ist inst., 
of inspecting the shops of Messrs. E. G. Wrigley and 
Co., Limited, of Foundry-lane Works, Soho, Birming- 
him. Messrs. Wrigley are engaged in the manufac- 
ture of milling-cutters, twist-drills, and reamers, and, 
in addition, of all classes of cut gearing and trans- 
mission sets for motor-cars, and their works form a 
most interesting example of planning and organisation 
directed to the manufacture of a special line of goods. 
The firm was started by Mr. E. G. Wrigley, in 1897, 
at Aston-road, Birmingham, and was converted into | 
a limited company in 1898. A move was made to| 
the Foundry-lane site in 1902, and since that time | 
almost continuous extensions have been made, the | 
small-tool department being entirely separated from | 
the gear-shups, and moved to a new building in 1910. 
The latest extension has been the erection of the new 
offices, which were opened on the Ist inst., but the 
firm still possess a large amount of vacant land on 
which to provide further accommodation as it becomes 
needful. 

The organisation and planning of the whole works is 
on the most modern lines, and the shops have all been 
designed and laid out with a view to dealing with the 
firm's specialities in the most effective manner. Group 
driving with overhead shafting is employed for the 
machines, since, in view of the material manufactured, 
the plant consists of a large number of moderately- 
psa machines, rather than a smaller number of large 
oes. Electric power is obtained from the Birming- 
ham and Midland Tramway Company, and the motive 
installation aggregates 300 horse-power, and consists 
of eighteen motors. The older shops, now used for 
gear work, are lighted by high-pressure gas, and 
warmed and ventilated with hot air on the Plenum 
system. The new tool-shops are lighted by incan- 
descent electric-lamps, and warmed by hot-water pipes. 
Exhaust fans are fitted in these shops, and are started 
up as may be required. The arrangement is found to 
form a very satisfactory ventilating and heatin 
system. Complete lavatory accommodation, wit 
lockers, is provided for the employees, and it is found 
that full sivetunn is taken of the arrangements made, 
and that but few of the men fail to wash and change 
their shop clothes before leaving in the evening. 
Mess-rooms are provided for men and foremen, as well 
as the staff. There are 280 shop employees. 

In the tool-shops the firm produces gear-cutting 
hobs, metal-slitting saws, and all kinds of special 
cutters, reamers, twist-drills, and gauges. The twist- 
drill plant is particularly complete, and produces about 
100,000 high-speed drills a year, in addition to a large 
quantity of carbon-steel drills. The grooves in the 
drills are milled, the two grooves in those of larger 
size being cut both at the same time on special 
machines built by the company themselves. Drills 
and cutters are hardened in gas-heated furnaces in a 
special shop. The gearing department turns out 
transmission sets for motor-cars, worm and spur 
reduction gears for various purposes, bevels, spirals, 
worms a worm wheels, and spurs up to 5 ft. 2 in. 
diameter. Cam-shafts and complete steering units 
for motor-cars are also manufactured. The gear- 
cutting plant is capable of turning out 80,000 gears 
per annum. The worm-gears of the company are one 
of their specialities, and the worms, which are ground 
after hardening, are a beautiful job. The works are 
equipped with a chemical laboratory for the analysis 
of the steels used. This feature is unusual in a works 
of this class and size. 











Messrs. Gro. SANDS AND Son, Limirep, v. Messrs. 
W. Crang, Liwitep.—The Nottingham journals state 


> trial slain by M \ 8 - - : 
that the trial of the claim made by Messrs. Geo. Sands and representa 1s, in the of tin-plates, hematite, Scote 


Mon, Limited, engineers, Colwick, Nottingham, against 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


December, 1911. 


14 


(2709) DECEMBER’ II. 


JANUARY, 1912. 





JANUARY ‘72. 


Frsrvuary, 1912. 


FEBRUARY 'I2. 


In the accompanying diagrams each vertical line sprmatte a market day, and each horizontal line 


and Cleveland iron, and LI. in all other cases. 


Messrs. W. Crane, Limited, contractors, Nottingham, | The price of quicksilver is per bottle, the contents of which vary in —— from 70 lb. to801b. The metal 


was continued before Mr. Commissioner Dickens at the | prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


Nottingham Assizes on Wednesday, the 28th ult. The 
claim was for 152/. 14s. 2d., balance of account for work done 
by the plaintiffs in a sub-contract at the Lincoln Corpora- 





in-plates are per box of I.C. cokes. 








Pia-IkoN Pricks In GERMANY.—The German Pig-Iron 


tion pumping-station at Elkesley. There was a counter- 
claim for 36/. 11s. 2d. The work had reference to a contract 
entered into by the defendants for the construction of a 
pumping-station at Elkesley, Lincolnshire, the engineer- 
in wrtion of which they had sublet to the plaintiffs. 
0 the total, 84/. 7s. 6d. was che balance on the sub-con- 
tract, and 48/. 6s. 8d. was for extras. The defence was 
that the money on the sub-contract was owing, but not 
yet payable, as, according to a trade custom, 10 per cent. 
of the sub-contract money was allowed to be retained 
until completion of the whole work. The same custom 
applied to extras. The defendants’ counter-claim for 
36/. 11s. 2d. was the amount of work they had done in 
eonnection with the plaintiffs’ sub-contract. The jury 
decided that the custom suggested had not been proved, 
and they awarded plaintiffs 84/. 7s. 6d., with 5/. 16s. 8d 
extras—total, 90/. 4s. 2d. The remainder, 42/. 10s., was 
referred to an assessor, 5/. 10s. of it being admitted. On 
the sy * cee the jury found for the defendants for 
Tl. 17s. 6d. 


| Union has raised its quotations for various specialities 
| from 3 to5 marks per ton, and the new prices also apply 
| to supplementary orders. The board states that the posi- 
; tion of the market is very favourable. 








Lonpon_ Exrcrric Rattway.—The revenue of the 
| London Electric Railway—which, through its Baker- 
| street to Waterloo section, cuts right through the Metro- 
polis—in the we a ended December, 1911, was 366, 190/., 
as compared with 352,895/. in the second half of 1910, 
showing an increa-e of 13,295/. ‘That a good deal of care 
| and economy is brought to bear upon the management is 
shown by the fact that while the revenue expanded to the 
extent of 13,295/., the distance run by trains was brought 
down from 2,814,635 miles to 2,741,309 miles. In other 
| words, while the revenue expanded to the extent of 3.77 
| per cent., the train-mil was reduced by 2.61 per cent. 

With the exception of interest on temporary balances 
_and rents of property, the company derives its revenue 








entirely from passenger traffic, and railway passenger 
business is the most easily handled, as passengers, to 
some extent, conduct it themselves. The same amount 
of rolling-stock was in use upon the systen in each 
of the two half-years under review—viz., 168 motor- 
cars, 398 trailer-cars, and 17 service cars. There is 
one feature in the management of the London Electric 
Railway to which it may be well to call attention, 
and that is, the extreme moderation of the outlay made 
for the maintenance of way and works. The expen- 
diture made on capital account upon lines open for traffic 
(including working stock) to the close of last year was 
16,441,308/., while the outlay for the maintenance of way 
and works in the second half of 1911 was 13,954/., and no 
more. The last half year’s outlay included 40400. for the 
maintenance and renewal of permanent way ; 2900/. for 
repairs to —-, telephones, and telegraphs ; 4250/. for 
the repair of stations and buildings ; 557/. for the repair 
of tunnels and other works ; and 1591/. for the ventilation 
system. At this rate the maintenance of way and works 
will only co>t the company 2,790,800/. in a hundred years. 
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STEAM-DRIVEN PORTABLE CROSS-CUT SAW. 


CONSTRUCTED BY MESSRS. ALLEN RANSOME AND CO., LIMITED, NEWARK-ON-TRENT. 








Ws illustrate on this page a perspective view of a 
mechanically-driven cross-cut saw for cutting up logs. 
It has been designed and constructed by Messrs. A. 
Ransome and Co., Limited, Newark-on-Trent. This 
firm’s tree-felling machinery is now very widely 
known, being in successful operation in almost every 
country, and the appliance we illustrate has proved 
of great labour-saving value. The machine is an 
adaptation of the steam tree-feller made by this 
firm, but is arranged to run on wheels on a railway 
track. The usual method is to bring the logs on 
low trucks in front of the machine, but the makers 
have constructed this one in the manner shown for 
cases where it is inconvenient to bring logs up to it. 
The general description of the apparatus is as follows : 
—There is a steam cylinder of small diameter having a 
long stroke, attached to a frame as shown. On this 
frame, which is pivoted on standards, there is a toothed 
quadrant which gears with a worm on a spindle that 
can be actuated by means of a hand-wheel. The saw is 
fixed at the end of the piston-rod and can be moved in a 
vertical plane by means of the hand-wheel and gear 
before mentioned, and it is made to travel in a true 
line by means of guides, the teeth of the saw being set 
so that they cut only on the inward stroke. By this 
means it has been found that saws up to 9 ft. or 10 ft. 
long can be used if desired without any straining of 
the mechanism or damage to the saw-blades. Steam 
is supplied from a small high-pressure boiler. When 
used for cross-cutting, the machine is held to the tree 
by a hinged dog-hook driven into the wood close to 
the saw. The capacity of the larger machines is for 
trees up to 6 ft. in diameter. The chief advantages 
claimed for it are that it effects a great economy of 
labour, as well as economy of timber. The apparatus 
is made in two sizes. 








A Warerratt Loan Funp.—The question of providing 
& State loan fund for facilitating the exploitation of 
Swedish State waterfalls has been brought before the 
Swedish Riksdag. The plan seems to have met with a 
favourable reception, and it is, as has been pomted out, 
in perfect harmony with existing State loans, such as 
the railway loan, the peat industry loan, &c. Whilst 
the Swedish State of late years has advanced its own 
exploitation of waterfalls with considerable energy and 
very substantial outlay, it has not facilitated private 
enterprise in this direction. Rather the reverse, in fact, 
has been the case, for it has pressed its claims to numerous 
water rights, &c. Amongst the advantages of a State 
‘oan of this nature may be considered the probability of 
obtaining cheap Swedish capital, instead of letting 
large amounts of foreign eapital become interested in 
these undertakings (as-is. she. with some large 

orwegian concerns). Further, a State loan fund will 
make possible control which will be beneficial alike to 
producers and, perhaps more especially, to consumers of 
electric energy. 











THE WIDER ADOPTION 
ISATION OF WATER-TUBE BOILERS.* 


AND STANDARD- 


By E. M. SpgakMAN, Associate Member. 


TEN or fifteen years ago no broad technical questions 
absorbed the attention of marine engineers to the extent 
which that of the water-tube boiler did, and probably few 
have been more keenly discussed. The subject grew in 
interest, and criticism of their adoption continued to 
become more intense from the time of the decision to 
instal Belleville boilers in H.M. cruisers Powerful and 
Terrible till the appointment by the Admiralty, in 1900, 
of a committee of independent engineers to investigate 
and report on the status and future of naval boilers. 
Partly, perhaps, owing to the final verdict of this com- 
mittee being rather of the nature of a recommendation to 
wait and see what the results of experience with newer 
and modified designs should be, and partly to fresh 
interests arising in other sections of propelling machinery, 
public interest in the water-tube boiler has recently some- 
what flagged. This is probably, to a large extent, attri- 
butable to the greatly increased reliability and freedom 
from the troubles and breakdowns which characterised 
the boilers of earlier years, and which thereby attracted 
much attention from the technical Press. Kxcept for 
cases of culpable misuse, nearly all the difficulties that 
originally arose with water-tube boilers were due— 

1. To bad design arising from inexperience ; 

2. To inferior workmanship, and the employment of 
unsuitable tubing ; and 

3. From a desire to press the advantages of reduced 
weight and capability to withstand forcing to an undue 
extent. 

Compared with modern designs, the water-tube boiler 
of twelve years ago was in a strikingly similar position to 
the motor-car of the same period, or to the flying- 
machine of to-day. But notwithstanding its defects, its 
efficiency in those days was distinctly good, and the im- 

rovements that have taken place in the last few years 
nave been mostly in the direction of reliability and dura- 
bility—that is, in better mechanical design, coupled with 
use of better material and improved proportions, which, 
although adding somewhat to the weight, have not 
appreciably increased the thermal efficiency in com- 
parison to the extent to which the troubles have been 
removed. 

Concurrently with, and as a result of, improvement in 
mechanical design, there has m a constant tendency 
for the various types of the last decade to become stan- 
dardised into more reasonable shapes and proportions, 
the Thornycroft, Normand, Reed, and other designs 
being now largely merged into the prevailing Yarrow 
type, which alone has retained its original characteristics. 
Of the various large-tube boilers, the bcock and Wilcox, 
Belleville, and Niclausse still remain, but in improved 
form. Practically all the above, with the exception of 
the Babcock and Wilcox, are, at the present time, naval 
boilers only, and their general adoption, both in the large 
and smiall vessels of the various navies of to-day, is shown 
in Table I. 


* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland on February 20. 








Taste I, 


T) pe of Boiler Adopted. 





Nation. 
Large War Small War 
Vecsele. Vessels. Torpedo Cratt. 
England a Yarrow Yarrow Yarrow. 
| Babcock and | White-Forster 
Wilcox 
France* eal Belleville Lagrafel— Normand. 
D’Allest 
| Niclausse Du Temple White-Forster 
Jermany Schulz — Schulz — Schulz— 
Thornycroft Thornycroft Thornycroft 
Italy*t ..| Babcock and Cylindrical Thornycroft 
} Wilcox | 
Belleville 
Niclausse 
Japan .. Belleville Miyabara, &c. Yarrow 
Miyabara 
United States*) Babcock and Babcock and Normand = and 
Wilcox Wilcox other express 
types. 


* Very few small cruisers have been built by these Powers in 
the last ten years. 
t Italy is adoptin 


Yarrow boilers in the latest battleships, as 
are also Russia and i 


pain. 


_ Throughout the merchant service the cylindrical boiler 
is, of course, still generally adopted, and for all ships in 
which the weight of boilers is a relatively small fraction 
of the total displacement no other type seems likely to 
displace it. There are, however, distinct signs that, for 
certain special services, the wider adoption of water-tubs 
boilers would be a welcome innovation. 

Referring to Table I., it is significant that only one 
Power has so far adopted a standard type of boiler ; the 
German Admiralty apparently rightly regards a boiler 
as a steam-producer of a certain efficiency in relation to 
its weight, and as such it is independent of size or type 


























of ship. 
Tasie II. 
a 
. 
: t 2/e 
~ Lol v 
Eis é eles 
Type of Ship. Flea C 3 | sis= 
: & ig t ae & | sliax 
i] = — = 7 
¢ & |8%| B¢ a 3/6 
4 A] \2 a! > * e Bg 
D on ee ee = a | 
knots tons | Ib. 
Channel steamer— 
turbine... 23 2,700 8 8.-E. 185) 19.45 
Do. reciprocating 22 2,200; 4, D.-E. | 175)17.7 
Do. turbine* .. 20 2,000, 2 on 160) 15.4 
Do. paddle 2u 1,500' 6) S.-E. | 120)180 
Do. reciprocating 16 1,600, 2 D.-E. | 180/10.9 
River steamer—tur- | | 
bine i 2 4«6©| «70 €©)C«,4, 150) 18.65 
Do. reciprocating 12 1,000, 2 ,, 160) 9.0 
Merchant steamer . . 10 9,000, 2 S8.-E, 180) 2.15 
Ditto H{ 12 | 9,000) 4] ,, 180) S31) 
Ditto 12 | 9,000 4) 90 215) 3.62 
Ditto oe 13 12,000, 38 ,, 180} 3.45 
Ditto - 14 10,500 6) » 190) 4.67 
Ditto oe 15 |10,700' 6 oe 180} 4.8 
Combined cargos 17 (at sea) 20,000, 6) D.-E. o15| 72) 
and passenger { 18 (trial) | 17,000, 6) S.-E. 2s 8.5) 
Ditto 17.5 (trial)! 15,200 { - aE} 215] 5.8 
Passenger steamer | | 
turbine... * 20 10,500; 6) D.-E, 175)-11.0 
9 T , | 
Atlantic liner— {| 25.5 36,000 { 73) Ost} 215! 11.0 
carbine 23 © 60,000 18) D.-E. | 215! 6.4 
Battleship .. - 22 22,000, 18) Yarrow) 220) 2.1 
Cruiser ‘ 24 3,000' 10 9 220) 6.5 
Destroyer be 36 2,000, 10, 220 18.0 
Ditto oe o° 33 900, 5 - 220, 21.0 
Ditto 30 450; 4) yy 220; 16.0 


* In a similar vessel to this, now under construction, but fitted 
with five Babcock boilers, the proportion of weight of boilers has 
been reduced to 8.5 per cent. 

t Note influence on percentage weight due to higher pressure 
used for quadruple in place of triple-expansion machinery. 


Although in reintroducing the subject of water-tube 
boilers from the point of view of wider adoption and 
standardisation, it may be felt that so much has already 
been said about boilers that there is little new to add, 
there are, however, various matters pertaining to them 
that may afford ample basis for discussion. Although to 
some extent these may relate to the design per se, at the 
same time others tend to affect ships in their entirety, not 
only as regards the present day, but probably much more 
so in the near future. The reasons for and against the 
wider adoption of water-tube boilers in vessels, to which, 
while appearing applicable at first sight, they have not 
yet been applied, are much the same as those quoted 
tifteen years ago in making comparisons with cylindrical 
boilers ; but it should be remembered that the conditions 
now met with are very different. As a steam-producer 
the water-tube boiler 1s now of proved reliability, dura- 
bility, and efficiency, instead of becoming a doubtful 
quantity ; and its light weight, and great capacity for 
steam production in relation thereto, strongly recommend 
it in many cases beside those of naval work. Compared 
with their dimensions fifteen years ago, the size of ships 
on many services is now approaching a commercial 
maximum—even if that be only temporary—either in 
length or draught of water ; and, again, on limited dimen- 
sions—t.¢., weight—there is a constantly increased demand 
for s For the bulk of mercantile tonnage, much of 
which is in relatively slow vessels, the water-tube boiler, 
unless more efficient than the oylindrical type, and no 
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more costly either originally or in maintenance, cannot | installed without change into merchant vessels, but there 
ed|are features connected with the design thereof that 
strengthen the idea that water-tube boilers, as used in 
warships, may be installed in fast mercantile ships if, as | Du Templs type, as fitted to her sister-ships Salem and 


be considered commercially ; and even if it compli 
with these conditions, other practical circumstances 
arise, peculiar only to the nature of the service on which 





such vessels are employed, that would tend to limit, if 
not to exclude, its adoption. For all vessels comprised 
in the cargo-carrying and low-speed types, the weight of 
machinery is very small in relation to the displacement. 
It is only when this ratio becomes high that the intro- 
duction of water-tube boilers should be carefully studied ; 
and it is just in these cases that limitations affecting the 
ship as a whole—length or draught of water, for instance 
—are seriously beginning to be felt. Their scope for 
wider adoption, consequently, is still somewhat circum- 
scribed. 

In Table II. is given a list showing the percentage of 
boiler weights to normal displacement for a number of 
typical vessels. The weight referred to, in order to 
exclude all variables except the generator portion only, 
consists of the boiler complete with water to normal 
working level, lagging, and fire-bars, but no uptakes or 
mountings. It will be seen at a glance that it is only in 
the cases in which the percentage forms a large propor- 
tion of the displacement that the saving in weight due 
to installing water-tube boilers would be justified. A few 
examples of naval vessels, all of which are fitted with 
Yarrow boilers, are added for comparison. From the same 
table will be seen the types of ves-els in which the percent- 
age weight is exceptional, the maximum condition being, 
of course, obtained in vessels of the destroyer type, when 
the horse-power per ton of displacement may be as much 
as 27. In small cruisers it may be as much as 8, but the 
figure rarely exceeds 4, even for merchant vessels of high 
speed and small size. In the fastest Atlantic liners this 
falls to about 2; in slow carrying-vessels it may be only 
one-tenth of this. With the exception of river steamers, 
in which shallow draught is essential, these figures indi- 
cate that only in very high-speed Atlantic liners and fast 
Channel steamers would the light weight of water-tube 
boilers tend to counterbalance certain practical objections 
to them. In the former case the enormous growth of 
length and breadth has only been accompanied by a 
relatively small increase in draught of water, and at the 

sresent day there are a large number of vessels on the 

Neves to New York service which are unable to take 
full advantage of the draught to which they might safely 
be loaded, on account of the depth of water at their 

rts of departure. For the time being the practical 

imit is about 34 ft. By the substitution of Yarrow 

boilers for Scotch, a fast ship, 800 ft. by 90 ft., might carry 
nearly 1500 tons more cargo, or have her draught reduced 
by 12 in. In Channel steamers the same considerations 
apply ; length is limited on the French routes, draught 
on the Ostend route, and high speeds are essential on all. 
In fact, on the limited maximum dimensions permissible 
in each case the attainment of a higher power on less 
weight, and in less space, is the only means of obtaining 
a much faster ship. 

Now, although the water-tube boiler might appear to 
offer the solution, there are various practical difficulties 
still confronting its adoption. The greater initial cost 
might alone be considered sufficient objection if it were 
not for the advantages its light weight confers. But its 
liability to prime in the event of condensers leaking, the 
tendency of the tubes to become choked externally more 
rapidly than those of the cylindrical type, and the diffi- 
culty of the necessarily frequent tube-cleaning, together 
with the distinctly and rather unnecessarily drastic survey 
requirements demanded, are also features, as far as con- 
tinuous merchant-service work is concerned, that do not 
commend it to shipowners and their marine superinten- 
dents. Further, there is the possible slightly lower 








efficiency, compared with the large cylindrical boiler. 
Against all this there is the fact that, for the same 





hourly steam production, which, other things being equal, 
is the true criterion of merit, the three-drum type of 
water-tube boiler weighs less than half what the cylin- 
drical boiler does. When this proportion of saved weight 
forms 5 to 10 per cent. of the complete displacement of 
the ship, it becomes an important question as to whether 
the all disadvantages are not more than counter- 

balan in view of the saving in the ship as a whole. 

It is not suggested that an average naval boiler should be | 


Lin. tubes, designed 


seems easily possible, they 
can be so modified in minor 
ways as to render them 
thoroughly serviceable for 




















the practical and economi- 
cal requirements involved, 
whilst simultaneously consi- \ 
derably reducing the above- 
mentioned objections. These 
points may be considered 
in detail. 

Type of Boiler.—The Boiler Com- 
mittee appointed by the Admiralty in 
1900 investigated no less than thirty-six 
different types of water-tube boilers, 
only three of which now find a place 
in modern British practice. These types 
are :— 

I. Yarrow, applied to large and small 
vessels. 

II. Babcock and Wilcox, applied to 
a vessels only. 

IL. White-Forster, applied to small 
vessels only. 

With the possible exception of the 
German Navy, where the Schulz boiler, 
as illustrated* in Fig. 1, is now univer- 
sally adopted in battleships and de- 
stroyers, the British Navy of attained 
a degree of standardisation in boiler 
practice not found elsewhere. The 
United States Navy Department, while 
adhering to Babcock and Wilcox boilers 
for big ships, adopts several types for 
destroyers, as does also the French 
Admiralty, which retains both Belle- 
ville and Niclausse boilers for battle- 
ships. This divergence in practice is 
not easy to understand. The incon- 
sistency displayed in the case of the 
four principal navies enforces the idea 
that the separate authorities are willing 
to accept pros and cons entirely at 
variance with those of the others, the 
reliance on individual views and corre- 
ageuiins policies being based presum- 
ably on the developed service opinion 
of many years’ growth. For wider 
adoption this hardly facilitates the 
choice of prospective users, and it is, in 
the author’s view, somewhat surprising 
that, after so many years of use, a 
closer consensus of opinion has not been 
more generally achieved. 

Obvious disadvantages would seem 
to be involved in those types wherein 
excessively curved tubes, or forms of 
tube-baffling, are adopted, on account 
of difficulties of manufacture, of clean- 
ing internally and externally, and also 
of rapid repair. There is the further 
great objection that any considerable 
curving towards the fire- bars (Figs. 
1 and 3) tends to reduce the combus- 
tion space. On this basis, straight, or 
nearly straight, tubes would seem to be 
necessary, and in spite of apparent 
success in other types, practical experi- 
ence of both strongly emphasises the 
objection to sharp bends. 

ig. 2 shows two half-sections of 
typical Yarrow boilers, one of the 
1}-in. tube hw as used on large 
vessels with fuel, the other with 
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e simplicity of this design for ne cleaning | Birmingham. The extreme curvature of the tubes and 








~|the tube-baffling adopted not only lessen the combustion 


* The German Admiralty oil-fuel boiler is of the| space for given over-all dimensions, but also prevent the 


ordinary three-drum type. 


best use being made of the heating surface installed. 


com with Figs. 1, 3, and 4is undeniable. In Fig. 3 
is shown the Normand boiler, as used in the United 
States cruiser Chester. Fig. 4 shows a variation of the 
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Capacity for Steam Production.—Generally speaking, a 
large boiler is proportionally more economical than a 
small one, and a double-ended boiler more so than 
a single-ended one. Experience has shown that for 
Atlantic and long-distance work an equivalent evapora- 
tion of eleven times from and at 212 deg. Fahr. can be 
attained when burning from 23 Ib. to 26 lb. of coal per 
square foot of grate per hour. A figure as high as 12 has 
been reached when burning 20 1b. In Channel steamers, 
where economy is of less importance, in order to reduce 
their size, boilers are forced so as to burn from 32 lb. to 
38 Ib. per square foot, when the evaporative value falls to 
about 10. These figures represent an evaporation of 270 lb., 
940 Ib., and 350 Ib. per square foot of grate respectively. 
Unfortunately, elaborate evaporation trials of large cylin- 
drical boilers are seldom carried out at varying rates of 
combustion, so that in Fig. 5 a favourable average mean 
line has been drawn through a series of spots to show the 
tendency of cylindrical boiler evaporation. The condi- 
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and 9.45 timesat 70 Ib., the latter being double the average 
full-power amount of United States naval practice. With 
oil fuel, the same boiler exceeded an evaporative value of 
15 times when burning up to 10.5 Ib. of oil per cubic 
foot of combustion space; when burning 15 lb. the 
evaporation was 13 times, which is equal to 16.45 lb. of 
steam per square foot of heating surface per hour. The 
relative efficiencies, Fig. 7, when burning coal at 70 lb. per 
square foot, and the equivalent amount in oil, are 60 and 
72.6 per cent. respectively. Fig. 9 gives the evaporation 
curves of a Mosher type of boiler built to replace the cylin- 
drical boilers of the United States battleship Kearsarge. 
No little difficulty and cost are involved in conducting 
large series of evaporative trials, and local conditions 
frequently affect the readings to a considerable extent. 
By massing a varying series of curves together, and by 
deducing evaporative values, for comparative estimating, 
from a general mean value rather than from isolated 
instances, is probably the best means of obtaining a fair 









No one would suggest the torpedo-boat destroyer type 
of boiler for a merchant vessel. Suppose the steam pro- 
duction in relation to weight be halved, in order to make 
proper allowance for the modifications to design, and 
permissible combustion as discussed below, the water- 
tube boilers of the three-drum type would still weigh less 
than half that of the cylindrical. As given in Table IT., 
this applies to the generator portion complete, and does not 
include uptakes and funnels, or, if fitted, a Howden heating 
system, which can, of course, also be applied. Roughly 
speaking, a large double-ended boiler weighs 0.9 ton per 
square foot of grate surface, a single-ended boiler 1.02 tons 
per square foot, and a coal-fired water-tube boiler 0.35 ton 
per square foot. That is, if increased in proportions and 
scantlings by 50 per cent. to suit merchant practice, the 
latter would only weigh one-half of the cylindrical unit 
for equal grate area and steam production. 

The approximate weight of an entire boiler room 
installation, with piping, pumps, and all accessories, might 
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tions under which they are designed to work are such that 
much additional combustion reduces their efficiency, 
owing to the high proportion that even a little more bears 
to the designed amount. 

In Fig. 5 are also given a series of evaporation curves 
of typical water-tube boilers, together with their rate of 
steam re square foot of grate. Although, as 
might be ex ed, the evaporation falls off at the higher 
rates of combustion, especially in cases of contracted com- 
bustion-chambers, the average intermediate values, at, 
say, from 30 Ib. to 40 1b. per square foot, range about 11, 
and that for a properly proportioned boiler at 60 Ib. per 
Square foot should not fall below ten times. In Fig. 6 
are given the curves of steam production corresponding 
to the boilers in Figs. 3and 4. In Figs. 7 and 8 are given 
the evaporation curves of a half section of a Babcock and 
Wilcox boiler for the United States battleship Utah ; the 
former refers to a series of coal-fired tests, after which the 
fire-bars were removed, the ash-pans bricked over, and 
the boiler front modified to allow the oil-fuel apparatus 
to be installed, with the result shown in Fig. 8. These 
trials are especially interesting in view of the efficiencies 
obtained at high rates of combustion.* With coal an 
—— evaporation exceeding 11 times was obtained 
when burning 50 Ib. per square foot, 10.5 times at 60 Ib., 

* For full report of these trials, see Journal of the 
American Society of Naval Engineers. 





average value. From the curves in Figs. 5 to 9, it might 
reasonably be felt that for trial purposes an evaporation 
of eleven times when burning between 30 lb. and 40 Ib. 
of coal per square foot of te per hour, rising to 11.5 
times at 20 lb., could be obtained from a well-designed 
water-tube boiler. For general service at this rate a 
value of 10 lb. should certainly be obtained. 

The Weight of Boilers.—In Table III. will be found 
the dimensions of a few typical boilers, and their corre- 
sponding weights and steam production. Even if the 
inevitable discrepancies that must occur in practice, due 
to various well-known conditions, be found therein, the 
general deductions from this list will be found accurate. 
pages the pounds of steam produced per ton of 
boiler per hour from and at 212 deg. Fahr. by the various 
types are as follow :— 

ouble-ended—360 lb. per hour—for relatively highly- 
forced cylindrical boilers, such as in Channel steamers. 

Single-ended—320 Ib. per hour—for relatively highly- 
fo cylindrical boilers, such as in Channel steamers. 

Double-ended—270 lb. per hour—for long-voyage large- 
size vessels with lower rates of combustion. 

Single-ended—230 lb. per hour—for long-voyage large- 
size vessels with lower rates of combustion. 

For coal-fired torpedo-boat destroyer boilers—1800 lb. 
per hour—At full power. 

In oil-fired torpedo-boat destroyer boilers—2400 lb. 
per hour—At full power. 
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be put down as :— 
Pounds of Steam 


gg ged »er Hour per 
‘ ade on of Boiler 
Sustoan Room from 
* and at 212deg. F. 
For cylindrical boilers... 1.4 to 1.7 150 to 200 
For Babcock boilers... 0.65 450 
For Yarrow boilers 0.9 490 


It is difficult to give in the space available fuller infor- 
mation than that tending to prove the point at issue ; 
but in the case of two vessels each of 2000 tons—virtually 
sister-ships and fitted with the same turbines and shafting 
—the cylindrical boilers of the one weigh 320 tons, against 
180 tons of the water-tube boilers in the other, the re- 
maining stokehold weights being practically identical. 
In this case, 140 tons represent 7 per cent. of the dis- 
placement, and about 70 per cent. of this has gone in 
additional dead-weight capacity. 

Size of Unit.—In no direction has the advance of water- 
tube boilers made such strides as in the individual size of 
unit. The first Yarrow boiler, fitted in H.M.S. Hornet, 
had a heating surface of 1027 sq. ft., and a grate surface 
of 20.58q. ft.; while the corresponding Thornycroft boiler 
had a grate surface of 47.3 8q. ft., though this was divided 
into two furnaces, as in the modern Schulz type. The 
early Belleville boilers varied between 53 sq. ft. and 
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58 sq. ft. of grate surface, and burned on an average about | class, and to 119 sq. ft. in the Utah class, and burning 
26 Ib. of soll aue square foot per hour. The large-tube | from 30 1b. to 36 Ib. of coal per square foot of grate per 
Yarrow boilers, which first le their appearance in the| hour. In the small-tube three-drum type of twelve years 
Swiftsure class, * were of 588q. ft. each, a figure from which | ago from 55 to 60 sq. ft. was common. More recent 
the large-tube type varied but little until it recently | boilers for small craft have risen first to 70 sq. ft. and 
followed the general tendency to increase. The earlier | later to 85 sq. ft. In the recent United States torpedo- 
Babcock and Wilcox boilers in this country were of | boat destroyers 90 sq. ft. is common; in the German 
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64 sq. ft., and this has gradually been increased to about | torpedo-boat destroyers 100 sq. ft., and, in one case, 
90 sq. ft. per unit, burning about 22 Ib. to 24 Ib. per sq. ft. | 125 sq. ft. in a two-furnace unit has been adopted. This 
of grate. In the United States Navy, where, compared | boiler is about 22 ft. wide over the lower drums. The 
to English practice, larger and fewer units are generally | largest individual coal grate of the author’s experience in 
fitted, some of the earlier Babcock and Wilcox boilers | this country is in a White-Forster boiler recently built at 
were of 96 sq. ft., rising to 103 sq. ft. in the Delaware | Birkenhead for a foreign torpedo-boat destroyer, and which 
56 gases : = a eRe. has 111 sq. ft. Messrs. Yarrow’s double-ended boilers 

* H.M.S. Medea (see Boiler Committee’s Report) | for the Brazilian to o-boat destroyers of the Matto 





completely divided transversely into two separate parts by 
a brick wall, and the individual grates of this double-ended 
boiler did not exceed 70 ] ft. These exceptional areas, 
except for the double-ended type,* are quite outside mer. 
cantile use, but are quoted as examples of limiting size jn 
coal units. A reasonable average of from 70 sq. ft. to 80 
sq. ft. of grate in a three-drum type is a feasible project 





20 30 40 
e971) Lbs. of Coal per Square Foot of Grate per Hour: 


in small mercantile vessels, but for economy the coal 
burnt per square foot of grate per hour should be between 
the economical limits of the soli and small-tube types, 
say from 30 Ib. to 40 1b. per square foot, although these 
boilers at full power burn easily 25 per cent. more for 
long periods. Strictly speaking, the size of coal-fired units 
rests entirely on the maintenance of clean, level fires on 
a large grate; 120 sq. ft. is exceptionally large, and is only 
sible with most systematic stoking and picked fuel. 
ven so, no difficulty has been experienced in keeping 
good fires either on 110 sq. ft. on one grate or 125 sq. ft. 
on a Schulz grate when burning about 65 lb. per square 
foot of grate per hour. Such a consumption is only possible 
for a short period, say from 6 to 8 hours without con- 
siderable —— - for runs of 100 hours (an Atlantic 
) a much lower consumption per uare foot 
om of course, require to be ado’ a” Sinleuty, for 
short-run routes larger grates might be adopted than on 
the ocean services. 

When oil fuel is used instead of coal, the question of 
firing is of vastly less importance, and greatly lessens the 
limitation of size of unit. In fact, this might almost 
then be determined by the loss of power due to an acci- 
dent to one unit forming too great a proportion of the 
evaporating plant. Oil-fired boilers of from 6000 sq. ft. 
to 7000 sq. ft. of heating surface are now common. The 
largest individual boiler of which the author has experi- 
ence is the unit in the Argentine torpedo-boat destroyers 
of the San Luis class, built by Messrs. Cammell Laird 
and Co. at Birkenhead, which has a heating surface of 
8500 sq. ft. It is of the single-ended White-Forster 
type, and has a combustion space, of 915 cub. ft. With 
5 in. air pressure it has generated from feed-water at 
212 deg. Fahr., about 120,000 lb. of steam per hour at 
230 Ib. pressure, without the slightest difficulty of opera- 
tion or adverse effect on the boiler. The two tube rows 
nearest the fire are 14 in. in diameter, the twenty othersare 
lin. in diameter ; the upper drum is 4 ft. 8 in. in diameter. 
Transversely over all the boiler measures 19 ft. Probably 
this is the largest boiler yet made, but experience of it 
indicates that oil-burning units having from 10,000 sq. ft. 
to 12,000 sq. ft. of heating surface are perfect] —— 
and, with adequate seoieation space, ane < | ye even 
more economical. Boilers of such a size, however, should 
have oil-burners at each end, as in the latest German 
practice. The San Luis boiler referred to has an eva- 
porative value exceeding 14 when burning 1 1b. of oil 
= square foot of heating surface. At 12 1b. per shaft 

orse-power this is equal to 10,000 horse-power from one 
unit. Eight such boilers would produce nearly the same 
amount of steam as the Lusitania required on trial! The 
author would have no hesitation in building for naval 
work a 12,000 sq. ft. double-ended oil-fuel unit, but other 
pein: Feit individual full-power, limit the advis- 
ability of such immense boilers. . 

One of the greatest advantages of oil fuel lies in the 
concentration of power in fewer and much larger water- 
tube units than are now installed, with a corresponding 
immense saving in weight and space adopted. Assume & 
three-drum unit having 12,000 sq. ft. of heating surface to 
be built for a large passenger vessel. With 1400 cub. ft. 
combustion space, and burning only 8 lb. of oil per cubic 
foot, an evaporation of fifteen times should be obtained, 
giving 168,000 lb. per hour per unit, or 14 lb. per sq. ft. 
of heatingsurface. Such a boiler, including water, w: vuld 





* H.M.S. Medea (see Boiler Committee’s Report) 


excepted. Grosso class exceeded this, but in their case the furnace was | excepted. 
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TABLE ITI. 
Weight of | Pounds of |POUNDS OF Steam PER Hour. 
| Heating Gente |= | Gameunter Hour fom | Remarks. 
No Type. Pressure. | Surface. Surface. a _, and at 212 estie Sane Per Ton of ‘ 
| Deg. Fahr.| face. Boiler. 
Ib. per | 84. tt. | sq. ft. tons | LxB 
; & @. ft. in. ft. in. 
1 } 215* 6600 169 170 45,000 6.82 267 17 6 x 22 0 
9 215* 3500 | 85 90 20,000 5.71 222 17 6 x 10 7 
3 | 160t 6500 168 148 58,000 8.93 392 1664x 23 0 
4 160t 3320 73 x0 28,000 8.4 350 14x ll 6 
5 } 175t 4620 130 95 36,000 7.79 380 140x119 0 
6 | 185* 2230 58 66 20,000 8.95 303 143x111 6 
: | 180° 3000 75 76 24,000 8.0 316 12 0 x 2 0 
8 175* 1500 50 40 14,500 9.65 290 126x 9 8 
9 Normand | 240 | 3000 50 17.5 28,000 9.33 1600 
10 Mosher ' 260 1500 92 23.3 44,000 9.8 1890 | Coal fuel 
11 Yarrow 230 5000 85 25.5 47,000 9.25 1840 - 
12 White-Forster _ 230 5100 110 28.2 60,000 | 1.6 2130 } 
| Combustion | } 
Chamber. 
| cub. ft. | 
13 Thornycroft | 250 4500 423 24.5 51,300 | 11.4 2090 
14 Normand 260 4830 336 26.75 54,600 | 11.29 2085 - fuel. 
15 Yarrow 230 6000 600 29.5 78,000 13.0 2620 | 
16 White-Forster | 230 | 8500 915 40.0 120,000 14.1 3000 


Notr.—The above are service or trial results, and not test-house figures. The data have been corrected to the designed pressure 


of the boilers, and, where necessary, for local conditions of 


working. A considerable difference in evaporative value, of 


course, exists between boilers working under Howden’s draught,* closed stokeholdt conditions, or under natural draught ; 
all the data given of torpedo-boat destroyer boilers, of course, are under forced-draught conditions. 


weigh, for merchant service requirements, about 80 tons. 
The fuel burnt per hour would amount to 5 tons. 

Possible Modification in Design and Standardisation.— 
The wide divergences in the conditions accepted by 
Admiralties and registration societies are not easily 
mergeable into one conglomerate whole, because the 
policy of the former must essentially be to accept those 
very risks that the latter must strive to avoid, and the 
differences reasonably have been, and are at present, too 
great for the respective margins to overlap. This is a 
position which, perhaps, a simultaneous smal] change in 
the engineering policy of both sides would go far to 
eradicate. Reference to Table II. shows the percentage 
weight of naval boilers to be so low in some cases that 
an appreciable addition would hardly affect the ship as a 
whole. Torpedo-boat destroyers are not included in this 
remark, owing to their exceptional nature, but such an 
addition might render it possible to strike a mean 
between commercial efficiency, reliability, and durability 
on the one hand, and adequate steam production in rela- 
tion to the low weight and capability for forcing that at 
times is so essential to naval engineering on the other. 
With the ever rapidly increasing size and s of ships 
greater power on less weight is essential. The oil-engine, 
whatever its future, cannot at present offer any solution 
for large powers. Since the turbine has rendered main 


engine overhaul in port a matter of rapidity, and relatively | 


of small importance, the principal factor influencing the 


time required to turn round on the high-speed services is | 


now that of boiler attention and the stowing of fuel. Two 
great questions arise in this connection. Is oil or coal to 
be the fuel for high-speed vessels; and, if the former, 
what is to be the type of boiler? Obviously these queries 
are restricted to special classes of vessels—those in which 
the machinery element is a larger proportion of the 
ship. It must also be remembered that cylindrical boiler 
troubles are by no means as scarce as is often sup , 
Comparatively little progress, perhaps, has been made in 
this design for some years t, whereas the water-tube 
boiler has distinct potentialities before it. At the lower 
limit of pressure the advances made in condenser design 
in the last decade offer little scope for improvement in 
economy; higher initial pressures are then the only 
resource, and while the cylindrical boiler may not have 
reached its zenith, its weight in relation to its steam 
production cannot be reduced. 

Of water-tube boilers applied to merchant work, of 
course, the Babcock and Wilcox boiler is, so far, the most 
widely used, especially abroad ; incidentally, in foreign 
countries economy of fuel is, perha 
considered than in this. This ~ = 
reached a very high degree of standardisation and 
efficiency, and the variations in design and scantlings 
between the naval and mercantile type are insignificant. 
As regards the rather lighter three-drum type, there are 
few instances of its application, in spite of its obvious 
suitability. Several features in its design recommend it, 
provided that the curvature of the tubes is either small, 
as in the White-Forster type, or nil, as in the Yarrow type. 

















Taste IV. 
, Ee ; 
= © $4. Ratio of 
z ae | ee = Downtake 
oleae Ss | 22” Area. Type of Ship 
Eig gS Ee | and Fuel. 
+ | sa gs 3 58 Generating | 
az ied a Tube Area. 
sq. ft.\lb. per hr 
A | 3660 28,7 7.55 4.18 Cruiser, coal. 
B 4200 31,500 7.5 4.21 ” 
Cc 3750 25,000 6.66 3.15 Battleship, coal. 
D 5100 | 46,000 | 9.0 4.5 Destroyer, coal. 
E | 6400 | 80,000 | 12.5 3.03 ” oil. 
F | 8500 | 130,000 | 15.2 49 





The first modification to render the latter acceptable to 
registration societies will probably be in the thickness of 
tubes and their diameter, 


even more seriously | 
er in its own type has | 


The German Navy adopts a | 
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2697K, 
| standard tube of 36mm. outside diameter and 3 mm. 
thick—that is, 13 in. (full), and between 10 to 11 L.S.G. 
This is distinctly lighter than the United States 1@-in. 


tubes. The adoption of large tubes of 1? in. diameter 
| for large vessels, and small tubes of 14 in. diameter for 
small ships, does not seem logica at first sight, nor, 
unless it has been purely evolutional, does the use of tu 

| varying 1, in. in diameter. There is no doubt that a 
| tube of 17 in. in diameter of 9 L.S.G. should last longer 
| than one of 1} in. in diameter of 11 L.S.G., but not neces- 
sarily longer if that tube be increased to 10 L.S.G.—that 
is, from 0.116 to 0.128 in. thick. A point of no little 
difficulty to arrive at will be the diameter of tube. To 
abandon the smaller sizes reduces the weight advantage 
and ney for higher consumptions per unit of grate 
surface. The larger tubes admit of easier cleaning. It 
is in the excellence of the quality of the tubes, their 
treatment, and the rtm Reel + lavished on their instal- 
lation and rvation that the required durability of 
the boiler will largely depend. In view of recent naval 


experience, there should be no need to doubt that a design 
based on mercantile service requirements would prove 
suitable, provided that ample care was taken in regard to 
the quality of tubes accepted. 

Merchant service a doors, and casings will be 
required, as well as heavier brickwork, than is found in 
naval boilers. The drums and ends of the usual boilers 
will probably require thickening, and they might also be 
somewhat increased in size with advantage. Funnels and 
uptakes will remain as before. Nevertheless, in spite of 
this, the weight saved—of which the gain is largely in 
water carried—will still be very considerable. As a set-off 
against the additional weight, the downtake tubes outside 
the boiler might well be p meee with, though builders 
are not in agreement on this point. It will be seen from 
Fig. 10 what difference in over-all length to the same 
boiler is made by the adoption of these tubes. It is very 
doubtful if any economical advantage is gained from 
them. For boilers with sharply-curved tubes, in which 
the flow of water must necessarily be less rapid than in 
straight tubes, they are svebely necessary, but the 
former type is not here considered. Table IV., compiled 
at random from various types, shows how little consistent 
relationship there is between the areas of these external 
pipes and of the generating tubes. That one boiler 
capable of producing three times the amount of steam 
as another should have the same size and number of 
downtake tubes as the lower-powered one, seems to indi- 
cate that external pipes are quite unnecessary in Yarrow- 
type boilers. 

A further advantageous modification, which is perha 
an adaptation from condenser design, would seem to lie 
in a greater variation of longitudinal tube pitching 
between the fire rows and the outside tube rows. General 
mae is for the two fire rows to be of slightly greater 

iameter, and consequently further apart than the re- 
mainder. For instance, in a 20-row nest, the two fire 
rows may be 18 in. in diameter, with a longitudinal pitch 
of 1}§ in., the remaining 18 being all 1}-in. tubes pitched 
1}41n. In the larger units that seem probable in future, 

reater economy might possibly be maintained by making, 
in a 24-row om hag a variation, both of tube diameter and 
oe such as 6, 8, and 10 (or 5, 7, and 12) rows, the latter 
yeing the outer ones, though obviously this would involve 
ter trouble in manufacture and in cleaning after use. 
e temperature drop, however, across a nest of water- 
filled tubes is so great, and the consequent volume of gas 
so greatly reduced, that investigation in this line would 
seem to be worth undertaking. 

Just as existing furnaces are standardised, in view 
of the present amount of repetition work in boiler 
manufacture, so the corresponding portions of water-tube 
boilers can be. Upper drums, except for special cases, 
vary little in diameter, and need vary less. Bottom 
reservoirs consequently, as well as the chamber ends, 
could also, as far as radius and thickness, be brought to a 
greater state of similarity. In England and the United 
States top and bottom drums are made of riveted plates ; 
in France and Germany, especially the latter, they are 
often made solid drawn or welded in the circular form 
necessary for the bent tubes employed. 


(To be continued.) 





Movine Canapian Crops. -It becomes every year a 
more arduous business to move Canadian crops. In the 
ten years ending with 1910 inclusive the number of cars 
used for this purpose was as follows :— 


Year. Cars. Year. Cars. 


1901 .. 57,100 1906 81,507 
1902 .. oe 54,995 1907 63,982 
1903... - 40,299 1908 87,957 
1904 40 396 1909 114,997 
1905 69,174 1910 100,737 


The falling off in the number of cars used in 1910 was due 
to the crops of that year leaving something to be desired 
as regards abundance. The totals given refer to the cars 
run upon the Canadian Pacific and Canadian Northern, 
the Grand Trunk Pacific, and the Great Northern systems. 
The Grand Trunk Pacific has reached at present only an 
imperfect stage of development; the Great Northern is 
an American undertaking, and is hardly at home accord- 
ingly in the Dominion. While the number of cars run 
has about doubled during the decade, there have been all 
along great complaints as to car shortage, and some time 
since a Royal Commission was appointed to inquire into 
the subject. 





Tests on Rouiep Zinc.—An account of a series of 
mechanical tests on rolled zinc is given by Mr. H. F. 
Moore in Bulletin No. 52, issued by the University of 
Illinois. In referring to tensile tests carried out by 
previous experimenters, the author points out the influ- 
ence of the rate of application upon the ultimate load 
carried. Thus he found that with a test lasting 6 minutes 
the ultimate strength was 29,100 lb. per sq. in., whilst a 
test of 81 minutes’ duration gave 23,300 lb. per sq. in. 
Thin plates were found to be stronger than thicker 

lates, and ultimate tensile ane of 24,000 lb. and 

1,000 lb, per sq. in. are suggested for plates of under and 
over 0.05 in. thick respectively. It would appear from 
the tests that the strength is somewhat ter in a 
direction at right angles to the way of rolling, which is 
a point referred to by previous investigators. As regards 
ductility, however, this is shown to be greater in the 
direction of rolling. In this connection the author refers 
to Martens’ tests on the effect of temperature upon zinc, 
which showed that a maximum —— was obtained at 
about 300 d Fahr. Shearing and punching tests 
showed that the ener ene was about 30 per cent. 
of that for mild steel, whilst the stress developed was 





about 40 per cent, 
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ROLLER AND BALL-BEARINGS.* 
By Professor Joun Goopman, M. Inst. C.E. 


For the past fifteen years the author has been investi- 
gating the behaviour of both roller and ball-bearings, in 
order to find the load and speed at which such bearings 
may be allowed to run. The object of this commuuication 
is to lay before the Institution the results of a large 
number of tests of bearings, together with an attempt to 
reduce the mass of information obtained to a definite law. 

Two distinct types of testing-machines were used—one 
for roller and ball-bearings running on a cylindrical 
journal, and the other for thrust and collar-bearings. 
‘These are described. 

The common types of roller-bearings are then referred 
to, and their relative advantages and disadvantages are 
discussed. Emphasis is laid on the serious troubles that 
arise from the end-thrust on the rollers. The reason for 
the existence of end-thrust is dealt with and pro 
are made for minimising its ill effects. The machines 
used for measuring the friction of bearings and the end- 
thrust are described, and the results are tabulated. The 
tests show that the friction of roller-bearings is much 
lower than that of ordinary bearings as commonly lubri- 
cated ; the coefficient of friction is also more constant 
than with a plain bearing, being practically independent 
of speed and temperature. The starting effort of a roller- 
bearing is little, if any, greater than the running resist- 
ance, which is a very important feature in machines 
which are constantly stopped and started. No satisfac- 
tory expression has been found for the safe load under 
which a rollor-bearing may be run. The various frictional 
losses that occur in a roller-bearing have been analysed, 
and expressions are given for each. 

Ball- bearings are found to a great many advan- 
tages over roller-bearings ; the friction is less, there is 
no end-thrust, and they occupy a much smaller length of 
shaft than either plain or roller-bearings. Hertz’s theory 
of the compression of perfectly elastic spheres, and the 
stresses which occur in them when loaded, is cited, and its 
application to the ball-bearing problem is pointed out. 

ery early in the author’s experimental investigation 
it was found that the speed of rotation of the shaft and 
the balls makes a great difference to the working load 
that may be imposed on a ball-bearing. It is shown that 
the centrifugal force acting on the Falls does not mate- 
rially increase the load upon them ; hence the speed effect 
is not due to that cause. It is believed to have some 
relation to the well-known effect of very rapid reversals 
of stress. The effect of running balls on flat and on 
grooved surfaces is dealt with, the experiments largely 
corroborating theoretical investigations. 

The extreme importance of having all the balls in one 
race of exactly the same size, also of obtaining perfect 
truth and freedom from scratches in the ball-races, is 
insisted upon. Expressions based on experimental data 
are given for the limiting working load of ball-bearings 
of both the thrust and radial types ; and curves are plotted 
to show how the author’s experiments agree with the 
tables found in makers’ catalogues. 

The quettion of finding the load which will ultimately 
bring about failure in a ball-bearing is one which pre- 
sented some difficulty. Bearings which appear to be 
perfect to the naked eye after running for several months 
may ultimately fail if allowed to run for years. It is 
obviously out of the question to run test-bearings for this 
length of time. Other methods, therefore, for detecting 
impending failure were tried, but without success, until 
the microscope was used for the examination of the balls. 
This method proved to be very valuable, and is believed 
to give entirely satisfactory results. 

The results of tests of ball-bearings of different makes 
and designs are tabulated in an appendix. The design of 
bearings is also dealt with. 

The author is of the opinion that modern ball-bearings, 
as turned out by the best makers, are entirely satisfactory 
and reliable, and there is no reason to apprehend trouble 
with them. mable care, of course, must be taken in 
mounting the bearings, and in ensuring that they are not 
allowed to run under higher loads than are given by the 
author’s expressions. 

Ball-bearings are more expensive to purchase than plain 
bearings fitted with ordinary lubrication, but the friction 
is about one-tenthas great, and the oil required is almost 
nil. When these qualities are taken into account, the 
ball-bearing for almost every purpose is considered to 
vastly superior to plain yp 

The paper is illustrated by illustrations of various types 
of bearing and by curves giving the results obtained. 





Tue TESTING OF ANTIFRICTION BEARING MRTALS. 
By Professor Jonn GoopMan, M.Inst.C. E. 


The author points out in this paper that very few data 
have been published on the various methods of testing the 
antifriction properties of bearing metals. 

In the testing-machine used in early experiments the 
bearing under test was loaded with dead weights, but this 
becomes very irksome and laborious when large weights 
are employed. The author therefore designed a machine 
in which loads up to 10 tons could be applied to the bear- 
ing by means of levers and yet leave it free as regards 
rotation through a small arc about the centre line of the 
shaft. The machine is described in detail, special atten- 
tion being called to the method employed for keeping the 
temperature of the bearing constant during the test; 
also of ensuring a small relative to-and-fro motion of the 
bearing and shaft in order to prevent them from wearing 
in grooves. The preparation and bedding of the bearing 

* Abstracts of two papers read at the ordinary meeting 
po godly Institution of Civil Engineers on Tuesday, the 





to the shaft is discussed, and the methods of lubrication 
and other details of the tests are dealt with. _ 

The results of two bd gen tests are given; in the one 
case the temperature of the bearing was controlled, and 
in the other case it was not. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a series of colonial and foreign engi- 
neering projects, further data concerning which can 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, E.C. 

New Zealand: The New Zealand Gazette notifies that 
proposals for the following loans have been approved on 
a poll of the ratepayers of the Borough of Gisborne :— 
15,750/. for completing the sewerage of the borough and 
for extra reticulation ; 5250/. for storm-water drainage 
works; 35001. for the erection of a bridge across the 
Waimata River ; 15,750/. for the reinstatement of water- 
works main pipe-line and the construction of a settling- 
tank or reservoir. 

Spain: The Gaceta de Madrid notifies that Don Rafael 
Muniesa Jordin de Urries has applied to the Ministry 
of Fomento for a concession for the construction and 
working of a railway from Lécera to the Puebla de Hijar. 

Italy: The Gazzetta Ufficiale announces the nt to 
the Societa Anonima L’Ausiliare Locazione di Vagoni, 
Imprese Ferroviarie e Tramviarie of a concession for the 
construction and working of a railway from Arezzo to 
Sinalunga. The Gazzetta also notifies that tenders will be 
Fog on the 18th inst., simultaneously at the offices of 
the Ministero dei Lavori Pubblici, Rome, and at the 
Prefecture of Potenza, for the construction of a —— 
across the River Sinni, and for making up the is 
leading thereto. The upset price is put at 569,267 lire 
(about 22,770/.). Although his contract will doubtless 
be awarded to an Italian firm, nevertheless the carrying 
out of the work may involve the purchase of some mate- 
rials out of Italy. 

Bulgaria: With reference to the Bulgarian Govern- 
ment Bill providing for harbour works, electric lighting, 
a floating dock, &c., required for the ports of Silistria, 
Bourgas, and Varna, the Bulgarian Official Messenger of 
the 23rd ult. contains a copy of the law, dated the 
9th ult., relating to the works in question. The total sum 
earmarked amounts to 7,850,000 lewa (314, 000/.). 

Turkey : The following information is from the report 
by His Majesty’s Consul at Constantinople on the trade 
of that district in 1910-11, which will shortly be issued :— 
Preliminary contracts have been made with the National 
Bank of Tosber for the irrigation of some 400,000 hec- 
tares of land in the Meander Valley, Province of Smyrna. 
Preliminary surveys have been carried out for the bank 
by a British firm, and a definite agreement with the 
Government is under discussion. Preliminary contracts 
have been made with the Anatolian Railway Company 
for the irrigation of 500,0C0 to 600,000 hectares in the 
Adana Plain, and with a British firm for work in Meso- 
potamia connected with the new Hindieh barrage and 
the Habbanea escape. The Régie Générale des Chemins 
de Fer are surveying the rivers Drin, Boyana, and Kiri, 
in the province of Scutari, Albania, with a view to regu- 
lating them, and have also other irrigation schemes in 
hand. [Hectare = 2.47 acres. } 

Chili: The Diario contains the text of a law (No. 2596) 
authorising in favour of the Ministry of Industry and 
Public Works a credit of 3,500,000 pesos gold (262,5002.) 
for the purchase of railway material intended for the 
Chilian State Railways. 








Dirrusion OF METALS IN THE Soup State.—Giuseppi 
Bruni and D. Meneghini study (*‘ Atti Accademia dei 
Lincei,” 1911, vol. xix., pages 671 and 927) the formation 
of solid metallic solutions by heating metals which have 
electrolytically been coated with other metals. When 
copper was deposited on gold, a solid solution of an alloy 
containing 52.5 per cent. of gold was produced by heating 
for 100 hours up to 800 deg. Cent. An alloy of gold and 
silver, with 62.8 per cent. of silver, was similarly obtained 
by heating up to 900 deg. Cent. In one case a homo- 
geneous wire was prepared by depositing alternately 
sixty layers of copper and of nickel on one another and 
heating for two hours up to 1000 deg. Cent. Tbe heating is 
effected in electric furnaces in a hydrogen atmosphere, 


be | and electric conductivity tests are taken until the con- 


ductivity becomes constant. The velocity of the diffusion 
of the two metals into one another depends upon the size 
of the area of contact. 

Fire Trsts WITH EXTINGUISHERS.—Some tests of this 
kind were recently carried out by the Fire-Prevention 
Committee, the results of which appear in the Com- 
mittee’s ‘‘Red Book” No. 161. The appliances experi- 
mented with were those known as the np rene” extin- 
guishers, which were submitted by the Wilbur Syndi- 
cate, Limited, London. This type of extinguisher 
holds about one-fifth of a gallon of a special liquid, 
and is in the form of a hand-squirt, and no reliance 
is placed on chemicals for the propulsion of the fluid. 
The tests showed that, although a certain efficiency 
was obtained, these extinguishers would not com- 
pare well with those of larger size, where a strong 
and powerful stream plays an important part. The 
appliance is also fatiguing to hold, and not easy to 
manipulate, in addition to which the action of pumping 
is said to interfere with the satisfactory directing of the 
jet by inexperienced persons. The capacity of the extin- 
guisher in dealing with electric arcs was also tested, and 
it was found that it was apparently successful on an arc 
of small voltage; but in this direction the Committee 
consider that it would be advisable to try it on arcs of 
greater voltage. 





THE CARTEL MOVEMENT IN AUSTRIA, 


THE impending cartel legislation in Austria continues 
to attract considerable attention. The Ministry for 
Commerce proposes to institute an enquéte, similar to the 
one the German Department for the Interior brought 
about some ten years ago, which, extending over 
several years, so far has led to no legislative results. In 
Austria inquiry forms have now been drawn up, and a 
committee of twelve members been appointed to sift the 
results of the enquéte. While the Government thus 
appears to be taking the matter somewhat leisurely 

arliamentary circles have shown more activity. The 
sub-committee of the Industrial Committee of the Reich. 
svat has, in the course of a number of sittings, agreed upon 
@ proposal for a cartel law. According to this proposal 
the affairs of cartels shall come under a commission 
which, it would seem, is not only to control the cartels 
proms their working and resolutions, but also jgso. 
ated concerns which have such an influence upon the 
production, price, supply, and sale conditions of their 
goods, that the prices on the inland market are almost 
entirely controlled by them. Also foreign cartels are to 
be subject to the State cartel control when they extend 
their operations to the Austrian home market, and this 
also applies to co-operation between Austrian combines 
and similar foreign concerns. All such cartels and 
isolated concerns have to be registered ; their resolutions, 
&c., can be prohibited by a commission on account of 
excessive price-fixing, cheaper sales to foreign countries, 
interference with free supply, or compulsory delivery. 
Cartels which do not comply with the regulations are 
liable to dissolution. 

This proposal has not met with much approval on the 
part of the industry, although the promptness with which 
it has been drawn up is favourably commented upon. 
Amongst other things, it is pointed out how impossible 
it will prove to bring foreign cartels under any Austrian 
control, and to fix a “proportionate” price. A com- 
mission which, for instance, would prohibit certain fixed 
high prices could oy be met by the simple means 
of passive resistance, and to enforce delivery or produc- 
tion would simply mean a violation of all the funda- 
mental principles on which rests the industrial life of the 
present day. 

On the other hand, the industry of Austria does not 
seem adverse to legislation about cartels, only the opinion 
is expressed that it should proceed by degrees. The 
first stage should require the compulsory registration and 
yay of cartel resolutions, which would also estab- 
ish the legality of cartels, which, as a matter of fact, 
does not at present exist in Austria, although there, of 
course, are plenty of cartels. 








Constancy OF NICKEL-STEEL Mrasures.—In last year’s 
Bulletin of the Bureau des Poids et Mesures, C. E. 
Guillaume reports on the behaviour of nickel-steel 
measures, and in the Comptes Rendus, vol. 153, page 156, 
he particularly dwells on the changes in volume which 
such steels undergo in the course of time and when 
heated. These researches were started more than twelve 
years ago. Steels with from 28 to 42 per cent. of nickel 
expand slowly, nickel steels of from 42 to 70 per cent. 
contract ; nickel steels of still higher grades remain 
unchanged, A nickel steel of 36 per cent. expanded 
in 4500 days by 38 4, but the extension of a hardened 
nickel steel of the same composition was only 154. In 
forged-invar bars of 36 per cent. nickel slow heating up to 
150 deg. Cent., followed by slow —T to 40 deg. Cent., 
accelerates the transformation, and the bars are subse- 
quently much more constant as to length than similar bars 
kept at ordinary temperature. In general nickel steels 
should be heated up to 100 deg. Cent. for many hours to 
hasten the ageing; this applies also to the drawn and 
quenched alloy. ‘['wo causes appear to be at work, the 
one favouring slow expansion, the other slow contraction. 
In the 42 per cent. alloy the two effects balance one 
another, oul then alloys are also less subject to oxidation 
than other steels. With the aid of tables the correct 
length of nickel-steel bars which have undergone various 
thermal and mechanical treatments can be calculated. 





Russta’s Foreign Trapr. — Russia’s foreign trade 
during the first nine months of last year shows a very 
material increase, both as regards imports, and more 
especially exports, the turnover in both respects being 
record figures. The appended table shows the exports 
and imports for the first nine months of 1911, with those 
for the four preceding years added for comparisons 
sake :— 


Total | Excess of 
fea ty a) ts above 
| Exports. Imports. Turnover. E oo = 








1907 | 737,900,000 | 502,100,000 | 1,240,000,000 | 235,800,000 
,208,400,000 | 138,200,000 
523,700,000 | 363,500,000 
,698,400,000 | 272,200,000 
,852,800,000 | 315,600,000 


roubles roubles | roubles roubles 


1 
1908 673,300,000 | 585,100,000 | 1 
1909 | 943,600,000 | 580,100,000 | 1 
1910 | 985 300,000 | 713,100,000 1 
1911 | 1,084,200,000 | 768,600,000 1 











Compared with the corresponding period of 1910 the 
exports for the first three quarters of last year show an 
increase of 10 per cent., and the imports an increase of 
7.8 per cent., and the total turnover one of 9.1 per cent. 
The bulk of the exports comes under two heads: articles 
of food, 740,500,000 roubles, and raw materials and half- 
finished goods, 305,300,000 roubles, manufactured goods 
only figuring with 18,300,000 roubles; whilst on the 
import side manufactured goods figure with an aggregate 
of 900,000 roubles, and raw materials and half-finished 
goods with 387,600,000 roubles. 
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CATALOGUES. 


Forging Machines.—Particulars of Horsfall’s patent 
forging machines for making bolts, nuts, rivets, &c., and 
for general forging work, have reached us in the form of 
a pamphlet from the makers, Messrs. Greenwood and 
Batley, Limited, of Leeds. The machines are illustrated 
and briefly described in the pamphlet, which also gives 
dimensions, capacities, and other general particulars, of 
seven sizes, the largest of which is suitable for work up to 
2} in. in diameter. 


Microscopes and Accessories.—Messrs. R. and J. Beck, 
Limited, of 68, Cornhill, E.C., have lately issued a special 
catalogue of microscopes and accessories for metallurgical 
laboratories. Prices and full particulars are given of 
special microscopes for metallurgical work, including one 
designed by Dr. W. Rosenhain. The catalogue also deals 
with optical benches and appliances for illumination, 
photomicrography, micro-projection, &c., as well as with 
machines for grinding an lishing specimens. Prices 
are also stated for complete laboratory outfits. 


Insulators.—Messrs. Doulton and Co., Limited, of 
Lambeth, S.E., have sent us a copy of their catalogue 
of porcelain and vitreous stoneware insulators for elec- 
trical purposes. Among those illustrated we notice 
telegraph and high-tension line insulators, shackles, 
cable insulators, cable racks and cleats, insulators for 
supporting bare copper bars, fuse-handles, resistance 
jars, leading-in tubes, bridge insulators for laying cables 
on the solid system, and various types of third-rail insu- 
lators for electric railways. Prices are stated for most 
of the standard patterns. 


Electrical Supplics.—From the British Westinghouse 
Electric and Manufacturing Company, Limited, of Traf- 
ford Park, Manchester, we have received a number of 
their latest catalogues contained in a patent binding-case, 
to which sections issued later may be added. The cata- 
logues deal respectively with ‘‘ Arcturus” flame and 
enclosed arc-lamps, ‘“‘ Auriga” metal-filament lamps, 
wiring accessories, lanterns and weather-proof electric- 
light fittings, wires and cables, conduit fittings, fans, and 
cooking and heating oe. Full particulars, with 
prices, are given of all these articles. 


Motor-Cars.—A copy of the 1912 edition of their cata- 
logue of motor-cars has been received from Messrs. De 
Dion Bouton (1907), Limited, 10, Great Marlborough. 
street, W. This catalogue contains about forty pages 
printed in large, c’ear type. It first gives a brief réswmd 
of the evolution of the car, and then points out the dis- 
tinctive features of the 1912 models, prices, dimensions, 
and other particulars of which are given in tabular form. 
A large number of examples of coach-work are illustrated, 
and prices are stated for chassis fitted with various types 
of bodies. 


Second-Hand Machinery and Rolling-Stock.—We have 
received from Mr. John F. Wake, of Darlington, a list of 
second-hand machinery, plant, and rolling-stock he has for 
sale. The list includes air-compressors, steam-engines and 
boilers, gas-engines, cranes, steam-navvies, pile-drivers, 
winding-engines, winches, locomotives, railway wagons, 
machine-tools, wood-working machinery, pumps and hy- 
draulic machinery, pulleys and shafting, and @ variety of 
miscellaneous plant. <A brief descriptionis given of each 
item, and its price is clearly stated. Some of the more 
important lots are illustrated. 


Electrically-Driven Machinery.—The British Thomson- 
Houston Company, Limited, of Rugby, have recently 
issued a pamphlet relating to the use of electric motors 
for driving metal-working machine-tools. The illustra- 
tions, of which a large number are included, show some 
of the many possible methods of driving lathes, drilling- 
machines, shapers, slotters, milling-machines, punching 
and shearing-machines, wheel-presses, and other tools, 
by means of direct-current and alternating-current motors. 
A few general notes on the advantages of electric driving 
are given, but these advantages are considered to be too 
well appreciated to require much enforcing. 

Oil-Fired Botlers.—A booklet giving prices and par- 
ticulars of Cochran donkey boilers fitted with Wallsend- 
Howden oil-fuel-burning apparatus has been received 
from Messrs. Cochran and Co. (Annan), Limited, of 
Annan, Scotland. The particulars given refer to boilers 
for working pressures of 100 1b. per sq. in., the rate of 
evaporation varying from 1520 1b. to 6600 lb. of water 
perhour. Prices are stated for boilers arranged to burn 
oil-fuel exclusively, or fitted with fire-bars, so that coal 
can be used if desised. It is pointed out that these oil- 
fired donkey boilers will be found convenient for supply- 
ing steam for operating the auxiliary machinery on ships 


propelled by internal-combustion engines. 
Electrical Heating and Cooking Apparatus.—A cata- 
logue of electrical heating and cooking appliances for 


domestic use has come to hand from Messrs. Ferranti, 
Limited, of Hollinwood, Lancashire. Full particulars, 
including prices, are given of electric irons and of disc- 
stoves and accessories for boiling, grilling, &c., in ordi- 
nary utensils; an oven is also made for use with these 
disc stoves. Particulars are also given of the Ferranti 
electric fires. These fires consist of a ee 
metal reflector, in the bottom of which is a disc- 
shaped heating element protected by a sheet of quartz. 
The reflector is mounted on a stand so that the former can 
be turned to reflect the heat in any required direction. 
When turned to the horizontal position the heat can be 
used for toasting, grilling, or boiling a small kettle of 
water. Several different designs are illustrated. 


Diesel Engines.—From the Diesel Engine Company, 
Limited, of 179, Queen Vioctoria-street, E6., we hens 


received a copy of an eight-page pamphlet giving working 





costs and other general particulars of Diesel engines, 
which can now be supplied in sizes ranging from 25 to 
4000 horse-power. It is stated in this pamphlet that there 
are in use at the present time engines aggregating over 
600,000 brake horse-power. In the larger engines the 
consumption of fuel oil is given as 0.4 lb. per brake horse- 
power-hour, and the cost of fuel per kilowatt-hour, with 
oil at 40s. a ton, comes out at 0.126d. We have also 
received from this firm a book of illustrations, in which 
Diesel-engine installations for electric-power production, 
mill-driving, and marine propulsion, are illustrated. An- 
other pamphlet containing a complete list, classified geo- 
graphically, of the engines installed during the last twelve 
years has also haces us. 


Safety-Valves.—Messrs. R. L. Ross and Co., Limited, 
of Premier Works, Stockport, have sent us a pamphlet 
illustrating and describing their patent muffi “pop ee 
safety-valves for locomotive and other boilers. t is 
stated that these valves act in the first instance in the 
same manner as other ‘*pop” valves, but that after- 
wards the lift increases to allow a larger volume of steam 
to pass with only a very slight increase in boiler pressure. 
Among the other advantages claimed it is mentioned 
that in these valves the steam is muffled twice over, so 
that its discharge takes place with very little noise. It 
is also pointed out that the adjustment for working 
pressure, and the ‘‘ pop” adjustment, cannot be tampered 
with by an unauthorised person, although the casing can 
be removed, and the valve turned, or re-ground, without 
either of these adjustments being affected. The valves 
are made in seven sizes, increasing by }-in. steps from 
1 in. to 4 in. in diameter. 


Portable Accwmulators and Electric Lamps.—We have 
received from Messrs. Richard Pape, Limited, Belvedere 
Works, Belvedere, Kent, a catalogue and price-list of 
‘*Fors” accumulators, which they manufacture. In 
these accumulators cylindrical electrodes are employed, 
the itive electrode being contained in a porous pot 
which is completely aniemien by the negative electrode. 
It is claimed that this construction eliminates the possi- 
bility of internal short-circuits and of buckling of the 
plates. It is also stated that the cells retain their charge 
*ndefinitely when not in use. Full particulars are given 
of cells for motor-car ignition and lighting, yacht light- 
ing, and other similar work. In a separate catalogue, 
which has also reached us, particulars are given of port- 
able electric safety-lamps for use in mines, garages, and 
other places likely to be filled with explosive gases. 
These lamps are made with aluminium cases, and are 
standardised in four sizes—two with cylindrical cases for 
2-volt batteries, and two with rectangular cases for 4-volt 
batteries. The 2-volt lamps are rated to give 1 candle- 

wer and 3 candle-power for twelve hours, and the 
weenie are fitted with cylindrical glasses. The 4-volt 
sizes give 3 candle-power and 6 candle-power for the 
same time, and have lenses and reflectors arranged to 
project a beam of light in one direction. Particulars of 
portable hand-lamps in hardwood cases, for general use, 
are also given in this catalogue. 


Condensing Plant.—The Mirrlees Watson Company, 
Limited, Scotland-street, Glasgow, have recently issued 
two pamphlets bearing on condensing plant. The first of 
these gives an illustrated general description of the com- 
bined hydraulic and steam -turbine power-station at 
Tuiliére, Dordogne, France. This station utilises the 
water of the River Dordogne for the production of electric 
energy to supply Bordeaux, Angouleme, i. and 
various other communities in the district. he plant 
consists of nine hydraulic turbines of 2700 horse-power, 
driving alternators through vertical shafts, and two 
3500-kw. Thomson- Houston Curtis steam turbo-alter- 
nators. Current is generated at 5500 volts, and stepped 
up to 13,500 volts for distribution in the neighbourhood, 
and to 50,000 volts for long-distance transmission. The 
steam sets are rendered necessary by summer droughts, 
which greatly diminish the water-power available, and 
also by floods in winter-time, which cause a complete 
shut-down of the hydraulic plant for a few days at a time. 
A separate condensing of amr for each of the steam- 
turbines was supplied by the Mirrlees Watson Company, 
each set consisting of a cylindrical surface condenser 
having 10,700 sq. ft. of cooling surface, a three-throw 
Mirlees-Edwards air-pump, and two centrifugal circu- 
lating pumps working in parallel. Both air and circu- 
lating pumps are driven by three-phase motors. It is 
mentioned that extensions are now being carried out, 
including the installation of a 6000-kw. turbo-alternator, 
for which the company are also su a“? surface-con- 
densing plant. e other pamphlet illustrates the 
Mirlees-Leblanc rotary air-pumps, and points out their 
advantages. 

Recording-Instruments.—Messrs. Schiffer and Buden- 
berg, Limited, Whitworth-street, London-road, Man- 
chester, have forwarded us a copy of a book entitled 
‘** Automatic Recording Instruments.” The book, which 
contains about 200 with very numerous illustra- 
tions, is bound in cloth-covered boards, and is published 
by the Scientific Publishing Company, of nchester, 
price 3s. 6d. It is a reprint of a series of articles, which 
appeared in the Mechanical Engineer, illustrating and 
describing typical examples from the instruments made 
by Messrs. Schiiffer and Budenberg for use by engineers 
and manufacturers. The introductory chapter of the 


book deals with charts, paper-driving ns, 


of all types are dealt with in the next three chapters, 
while the one remaining section is devoted to figure re- 
corders, such as revolution-counters, integrating-pressure 
gauges, gas-engine counters, and other instruments of 
this class. The book illustrates and describes the details 
of construction of the instruments dealt with, and also 
explains the principles upon which their action depends. 
Many instruments for special purposes are included in 
this little volume, so that engineers, manufacturers, and 
students may all find something to interest them among 
its contents. 


Reinforced Concrete.—Messrs. George F. West and Co., 
of Caxton House, Westminster, 8.W., who have recently 
taken over the business of the Lock Woven Mesh system 
of reinforced-concrete construction, formerly carried on 
by Messrs. James H. Tozer and Son, Limited, have sent 
us a copy of their handbook on this subject. The hand- 
book commences with a historical chapter, which is fol- 
lowed by notes, data, and diagrams for the calculation of 
beams, floor slabs, columns, sewers, culverts, arches, &c. 
Particulars are then given of the Lock Woven Mesh 
system of reinforcement, and numerous examples of its 
application are illustrated. Although this method of 
construction is not suitable for heav Coenen and columns, 
it is claimed to be most economical for roofs, floors, walls, 
foundation rafts, sewers, and the like. The reinforce- 
ment consists of longitudinal tension wires s from 
3 in. to 6 in. apart, and transverse wires securely locked 
to the former at their points of intersection by means of 
special wire clips. The tension wires vary from No. 11 
to No. 3 gauge, while the transverse wires are always of 
No. 11 gauge. In both cases the elastic limit of the wire 
is 64,000 lb. per sq. in., and the ultimate strength 
89,000 lb. per sq. in. The material is supplied from 
stock in rolls 4 ft. or 5 ft. wide, containing from 100 ft. 
to 200 ft. run. There is, however, no limit to the length 
in which the fabric can be made, so that floors of all 
sizes can be constructed without overlapping the re- 
inforcement. 








Tue Pustic Scnoois Yxear-Boox.—Edited by Messrs. 
H. F. W. Drang and W. A. Evans. London: The 
Year-Book Press, 31, Museum-street, W.C. [Price 3s. 6d. 
net.|—This year-book constitutes the official book of 
reference for the Head-Masters’ Conference, and it con- 
tains a brief record of this body, with short abstracts of 
the resolutions brought foward at the conference held at 
Sherborne in 1910. In this respect the book cannot be 
considered quite satisfactory as an annual work of refer- 
ence, for a conference was held, as usual, in 1911, but is not 
recorded in this 1912 year-book. Nearly half the book is 
devoted to particulars of public schools for boys. The 
information thus provided embraces lists of governors, 
masters, &c., and a summary of the different branches of 
education covered, with lists of prize-winners, &c. This 
portion of the book is arranged alphabetically under the 
towns in which the schools are situated, though there are 
exceptions to this. This section is followed by one relating 
to entrance scholarships, entrance examinations to the 
universities, and conditions of admissions to the army, 
navy, civil service, and the professions. The book also 
includes a list of preparatory schools. It should be men- 
tioned that the book confines its attention as regards 

ublic schools to those coming within the Head-Masters’ 

Yonference definition of the term, and represented at 
that conference. 


RuspBeER AND BALLOon Fasrics: Ceard Rusper.—The 
results of the chemical examination at the Imperial 
Institute of a number of samples of CearA rubber from 
British Colonies and Protectorates are given in the 
following table. Columns 1 to 5 and 7 and 8 relate to 
the dry rubber :— 











No.of Sample 1. 2. 3. 4. 6. 6 | 7. 
S46 |gé : 
#3 3 3 | 
St C é 
Place of .|ai|aee ge 4], Ea Ea 
ree J c 7 cs <4? jar, € § se iet 
orgs 1) 2 | Bl Blgcdiecd) £12 eeee 
Ps 2) e| » | 8 S| Sic 
| § | 5 |S astidel 2 8 8a 
Caoutchouc..| 92.1 | 76.5 |89.3) 67.2 | 66.4 | 78.6 |81.9 67.2) 84.1 
Resin 31) 80 | 5.9 120) 97/108) 5.9 3.6) 7.8 
Protein 3.5 | 12.5 | 3.7 13.8 | 15.6) 8.4 |10.0 23.9) 6.5 
Insoluble | 
matter . ‘ os 7.0 8.4 }.- | &8) — 
cs ..| 18} 80/11) 28) 46) 22] 22 27) 16 
Value per Ib. 96d. | 98d. [51d. 36d. | 36d. 60d. 68d. 33d.|48d. 
to | | | to 
54d. 


100d. | | 
121d. \62d.| 514d. | 60d. | 126d. 70d. 67d. |83d. 


Para» 120d, ; 

Moisture in } | 

sample | 0.9 3.5 12.4 | 10.0 2.2 6.4) — 
| ' i 


4.8 
| | 


Sample No. 1 consisted of three square sheets, 

Sample No. 2 was coagulated by means of lime juice and pre- 
served with a weak solution of formaldehyde. In order to ascer- 
tain whether the high content of protein was due to the method 
of coagulation, another sample, No. 3, was prepared, by diluting 
~ latex and allowing it to stand. It was much purer than 

0. 2. 

Sample No. 6, peat from two-year-old trees by pricking. 
The rubber, which lost 4.9 per cent. on washing, is represen 
in the analysis as dry, washed rubber. If pricking does not 





, pe 
and other details common to all kinds of recording instru- 
ments, while the next five chapters relate to short-period 
graphic recorders. Among these are included instru- 
ments for registering changes of pressure, temperature, 
speed, and water-level, as well as recording dynamo- 
meters, time-recording and signalling a tus, and 
many o appliances. Continuous graphic recorders 


age the young trees, the method might be adopted, as the 
rubber, though not of very good quality, would be saleable. 

Sample No. 7, from two-year-old trees in a Soudan plantation, 
was of very good quality. 

Sample No. 8 was of poor quality. 

Sample No. 9 was rather deficient in strength, and lost on 
washing 21.7 per cent. The analysis is of dry, washed rubber. 





The value of the several rubbers in pence per pound is by com- 
| parison with the subjoined values of fine hard Pare. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

one of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform sige of 8d. 

The date of adverti. of the 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the adverti: 7 ty Gee of eatin Pngon we 
give notice at ‘atent opposition to grant of a 
Patent on any of the grounds mentioned in the Act. 


AGRICULTURAL APPLIANCES. . 


12,872/11. W. E. Martin, Stamford. Tine Guide- 
Boxes. [4 Figs.) May 29, 1911.—This invention relates to the 
guide-boxes for cultivator tines having a rigid character, which 
tines are capable of moving horizontally through the guide or 
tine-box, and of tipping pnw when they encounter an obstacle. 
Such tines are each controlled by means of a spring. According 
to the present invention, the wearing bush is constructed of 
sheet-steel having two parallel sides a fitting the sides of the tine 
6, a top a! connecting the two sides a and a rearward projection 
a2 of the top a! which extends behind the tine-box, and is 


’ 





t of a Complete 












































curved upwards to prevent wear or injury to the tine b when 
tipping. The usual tine-box consists of two rectangular frames 
¢, ¢ arranged vertically at a short distance apart, such frames 
being connected together at their tops by a horizontal portion cl. 
A convenient method of fixing the bush in its tine-box is to bend 
a part a of the sheet from which the bush is made at right 
angles to the front of each of the vertical sides. The bush is 
then inserted from the front of the tine-box, and these two 
bent portions a* abut flat against the front of the forward rect- 
angular frame c, to which they are fixed by rivets. (Accepted 
January 10, 1912.) 


ELECTRICAL APPARATUS. 


1942/11. Allgemeine Elektricitats-Geselischaft, 
Berlin, Germany. Alternating-Current Commuta 

Machines. (5 Figs.) January 26, 1910.—This invention relates 
to polyphase tator hi in which the brushes are 
connected in series with the stator-winding either directly or 
by the intermediary of a transformer, and has for its object to 
provide a method which permits of a very efficient phase com- 
pensation between wide s limits, and consists in improving 
the power-factor of machines of the type described by varying 
the ratio of the ampere turns on the stator to the ampere turns 
on the rotor and by suitably adjusting the angle of displace- 
ment between the brushes and the axis of the stator winding. 
Referring to Fig. 1, which shows the principle of the connec- 
tions, the stator (phase windings Sa, Sb, Sc) and the armature 
(brushes aa!, bb1, cc!) of the motor lie in series in the case shown 
through an adjustable series-transformer T, which enables the 
ratio of the armature ampere-turns to the stator ampere-turns to 
be adjusted as desired. The connections of the armature with the 
secondary winding of the transformer T are not shown. The 
brushes of the motor are fitted so as to be adjustable. The vector 
diagrams show the stator and armature turns (AW: and AW1:); 
their vector sum A Wr = AW: + A Wu forms the resultant ampere- 
turns of the motor, which produce the resultant rotary field passing 
through the stator and rotor. This rotary field induces in the stator 








Sy 


anelectromotive force Eg: which is independent of the speed of the 
motor, and an electromotive force in the rotor Egu 8, which is 
proportional to the slip s. In the case illustrated, the brushes are 
shifted through the angle relatively to the corresponding 
winding axis of the stator, this displacement being in opposition 
to the direction of the rotary field. The phase of the electro- 
motive force Eg: induced in the stator depends upon the angle 
between A W: and A Wr, and the phase of the electromotive 
force E gi: s induced in the armature depends upon the space-angle 
between A Wnand A Wr. In Figs. 2 and 8 it is shown how, in 
accordance with the invention, any desired phase compensation 
can be obtained ; for example, for synchronism (E gus = 0). Let 
Ks and E r represent the inductive and ohmic —— drops of 
both windings of the stator, the phase displacement angle 
between terminal potential E and current J. The figures show 
distinctly how, by rotating A Wx relatively to A Wi, one can even 
obtain a phase (Fig. 3) by an electromotive force induced in the 
stator of favourable phase. Similar possibilities are yielded within 
wide limits for each desired The regulation of speed can 
be obtained by shifting the brushes at a constant transforming 


ratio ot 4A uti = a adjusted to be suitable for the desired scope 


iu 
of speed, as alsoby alteration of a with fixed brush ition, 
(Accepted January 10, ;1912;) post 





Brothers and Co., Limited, 
Petithory, Charlton. Telephone 
teh’ (6 Figs.) October 11, 1911. — A jack -strip 
for telephone switchboards comprises, according to this inven- 
tion, the combination of a formed base-plate whereon all the 
parts of the jaek-strip are mounted, with a jack or jacks con- 
structed and assembled in such a manner that the strains upon 
the bush are transferred to the rear strip. The various parts of 
the jack-strip are all mounted upon the base A, which may be a 
sheet-metal stamping pressed to the shape shown, so that the 
parts can be firmly mounted thereon. It is dished to give added 
stiffness, as shown at B! and B2, the latter dishing serving to 
allow the heads of the screws to be flush or to clear the under 
bearing surface of the base- plate without countersinking. 
The base-plate A is also stiffened by means of flanges at eac! 
end, which may carry lugs D, both these parts being in one 
piece with the base-plate. F is the front strip of insulating 
material of the jack-strip screwed to the base-plate, and holes 
are made in the strip to receive the bushes. e rear strip G, 
also of insulating material, supports the contact-springs V and 
the jacks in saw-cuts in known manner, and is attached on the 
top of the dishing and the metal clamping-strip H, which is 
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inset in the strip G so as to be flush with its top surface. A 
strip of insulating material L is inserted under the strip G 
in order to complete the insulation of the parts from the 
metal base-plate A. The particular construction of each jack 
is shown in Fig. 2. It consists of the bush M, the intermediate 
part. N, and the rear part O. The contact tongue P is formed in 
the bush M, and the bush is then formed \_ The intermediate 
rt N of the jack immediately behind the bush is bent into the 
orm approximately of the letter L, and is dished to give it added 
stiffness, Further, it is provided with lugs, which, when bent up, 
form arms to carry an insulating stop S. The tail part of the jack 
is bent or twisted at a right angle in order that it may enter the 
slotted rear strip in the usual manner. Further, it is notched 
to receive the rear strip G, the shoulders of which notch engage 
with it, and by which means the thrust of the inserted plug can 
be resisted without displacement of the parts. All strain or thrus:. 
upon the jack strip is therefore taken by the rear strip, since the 
bushes of the jacks are not fastened in any way to the front strip 
Further, the rear strip is brought forward beyond the shoulder of 
the rotch in the tail O of the jack, so that the portion Q forms a 
side support thereto and prevents bending. (decepted January 
10, 1912 ) 


594/11. Gwynnes, Limited, J. F. Breeze, and W. R. 
Macdonald, London. Electric Motors. [1 Fiy.) 
January 9, 1911.—It has heretofore been proposed to pump water 
over the windings of an electric motor intended to be submerged 
and operated in water without the use of any enclosing casing, 
the water, in some cases, being delivered thereto by a pump 
permanently connected to the motor ; the water thus supplied is 
sufficient to prevent the overheating of a motor that is economi- 
cally designed for efficient working under water in the event of it 
being run for some time unsubmerged. It has also been proposed 
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to totally enclose such a submersible motor, and to circulate 
sufficiently pure cooling water through the casing. Now, accord- 
ing to this invention, water is delivered into the enclosing casing 
of an electric motor, and the casing is connected to an exhausting 
device so constructed and arranged as to prevent the accumulation 
of water within the casing, the pressure therein preferably being 
reduced to below that of the atmosphere. A further feature of 
this invention is the combination of an electric motor and a 
centrifugal pump directly connected thereto, the construction 
and arrangement being such that the pump serves to exhaust the 
cooling water from the motor, and, it may be; also to deliver the 





cooling water thereto. The drawing illustrates in longitudina] 
vertical section one arrangement embodying the present improve. 
ments. As be seen, the enclosing casing comprises a 
section a—usually a circular casting—having flanges at each 
end, which constitutes an induction-motor yoke carrying inter. 
nally the stator laminw and windings, and a section b which 
constitutes the body of a centrifugal pump, and is preferably of 
similar external shape to the motor section, except that it is 
provided with the necessary suction and delivery branches c and 
The two sections are pted to be secured together by bolt. 
ing the flanges, spigots e being preferably provided on the motor 
section a to facilitate swivelling of the pump section J, so that 
the angular position of the branches c and d may be readily 
adjusted to suit the peculiarities of varying pipe connections, 
The pump body forms a partition f between the me 2 impeller 
chamber and the rotor chamber. The rotor g of the motor and 
the impeller 4 of the pump are fixed upon the same shaft i. To 
the end cover o! is bolted a casting p which is fitted into the 
section b, as shown, and constitutes the one end wall of the 
ump, being formed with an inlet passage to one side of the 
impeller. e pump is balanced as regards axial thrust, and 
may have a single impeller with inlets to the vanes from both 
sides, as shown, or the pump may be of the multi-stage type. 
The water required for cooling the motor passes under pressure 
from the pump disc e passage q through a passage pipe r 
extending from the partition /, and terminating, preferably, in 
a nozzle or jet o te the re between the stator and rotor. 
A suitable shield 1! is provided, which may be attached in any 
convenient manner to the casing ) in the neighbourhood of the 
nozzle in order to prevent damage to the windings by reason of 
the playing on them of water from the jet. The supply of cool- 
ing water may be regulated by a valve # operated from the 
exterior, and the passage or pipe may be fitted with a small filter 
to stop the passage of grit, which might damage the motor. This 
supply of water under pressure may also be led to the bearings, 
which may be lubricated in this or any other convenient way, 
supplementary grease-cups being provided if desired. Should the 
pump be dealing with fluid of such a nature as would cause 
damage to the motor, the supply of water is taken from any 
auxiliary pressure service as may be found convenient ; ¢ indi- 
cates a pipe supplying water from an external source to the 
bearing, Lut it may supply water to the nozzle or jet. To keep 
the rotor chamber practically empty in spite of the incoming jet 
of water, a drain-connection u is provided in the motor-casing, 
and this may be connected to supplementary vane-passages v pro- 
vided in the impeller ; these vane-passages v are in communication 
with the drain-connection through radial and _ longitudinal 
passages w and w! in the spindle, and the pipe x. The supple- 
mentary vane-passages discharge the water pumped by them into 
the main-pump delivery-passage q with the liquid being pumped. 
Thus the rotor g, instead of running in a flooded chamber, will 
be in a partial vacuum ; the diminution of frictional resistance 
obtained in this way will reduce power consumption and increase 
efficiency without loss of the beneficial results of water-cooled 
motor windings. If the pressure in the motor sec tion is reduced 
below atmospheric pressure, the cooling water sprayed on to the 
rtions of the motor liable to heat will evaporate quickly and 
increase the cooling effect, the vapour condensing on the cooler 
portions of the casing, and flowing to the drains. Any suitable 
means for assisting condensation may be employed. (Accepted 
January 10, 1912.) 


LIFTING AND HAULING APPLIANCES. 


183/11. A. , Lowestott, and L. V. Rothschild, 
London. Motor-Driven Capstans. (2 Higs.) January 4, 
1911.—This invention consists in the combinati-n of a capstan 
with an hydraulic transmission of known type, in which a liquid 
medium, enclosed in a drum, is set into motion by the motor- 
shaft, the momentum thus imparted to the liquid being then 
absorbed in a suitable manner by the driven-shaft, thus impart 
ing motion tothe latter. 1 is the driving-shaft of the capstar, 
receiving its motion from the motor-+haft. Shaft 1 is connected 
to the drum 2. Drum 2 is provided internally with ribs 4, for 
carrying the liquid round when the drum 1s revolved. The liquid 
mmpingeson vanes 5 pivoted at their base in a box 7 rigidly con- 
nected to the sleeve 8. The latter is provided with a pinion 9, 
which meshes with a wheel 10, the mo‘ion of the sleeve 8 being 
transmitted to the barrel'14 of the capstan throuch the train of 
xears 10, 12, and 13, and shaft 11. The barrel of the capstan can 
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be of any type, the one shown in the drawing being provided 
with wood segments. The barrel 14 is guided by the stem 15 
rigidly fixed in a boss on a plate 16, which latter, in its turn, 
forms part of the stationary base 17 of the capstan. The torque 
and the speed of the barrel depend on the angularity of the 
blades 5, and this angularity is controlled by the hand-wheel 24 
conveniently located. Each vane 5 is provided with a plate 25. 
The latter has an eccentric slot, into which engages a pin fixed 
on a carrier 27, which carrier moves to and fro and with the inner 
shaft 28. At its upper end this shaft is held in the boss of the 
hand-wheel 24 in such a manner that a rotation of the wheel causes 
an axial displacement of the inner shaft 28. The sliding = 
19, meshing with the bevel-wheel 18, enables the capstan to. ve 
worked by hand. The sliding bevel-pinion 20, meshing with 
the bevel-wheel 18, has for ite object to drive an auxiliary 
warping or hauling-drum 23. (Accepted December 80, 1911.) 
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THE SCANTLINGS OF REINFORCED- 
CONCRETE PILES. 


By Frank H. JEFFREE, A.M. Inst. C.E., Wh. Ex. 


Tue determination of the cross-section of a 
reinforeed-concrete pile, intended to carry a cer- 
tain load, and possibly to resist a certain amount 
of cross-thrust, appears at first sight to be a very 
simple matter, w ich only involves consideration 
of the allowable unit stresses on the materials, 





in the situation of the moulds, store-yard, and 
works ; but the following may be taken as a fairly 
typical narrative of the usual stages through, 
and their influence on scantling. The notation 
employed will be as follows :— 


l = length of pile, in inches. 

8s = width of side, in inches. 

a = distance from side to centre of reinforcing-bars, 
in inches. 

uw = distance of furthest concrete in compression 


After having been cast, and having remained for 
the allotted time on the mould-floor to harden, the 
pile will be lifted by passing a sling round the 
pointed end, as indicated in Fig. 1, and raised 
enough to allow of blocks being placed under it 
at about the quarter length. When so slung the 
greatest bending moment will be 





from neutral axis, in inches. 











w (il — 8)? 
=~. ° (1) 
at about the centre of the pile, the diagram being 
Fig.2. . 
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modified as may be necessary in accordance with 
® suitable column formula. As, however, before 
®xercising its normal functions, it has to go through 
various operations in manufacture, inspection, 
transport, placing in position, and driving, each 
of which brings certain risks and imposes certain 
stresses on the materials, it appears desirable to 
inquire what limitations these considerations will 
— on the scantlings to be adopted in any given 

The life-history of a pile before its inclusion in 
the work of which it is to form a part will naturally 
vary in different according to differences in 
the contractor’s methods and plant, and differences 








y = distance of furthest steel in tension from neutral 
axis, in inches. 


w = total area of steel reinforcement, in square inches. 

fc = maximum compressive stress in concrete, pounds 
per square inch. 

jt = maximum tensile stress in steel, lb. per sq. in. 

Ze = section modulus for determination of f- , cubic 
inches. 

Ze = section modulus for determination of f: , cubic 
inches. 

w = weight of 1 in. run of pile, in pounds (= E , 


reinforced concrete being taken as weighi 
150 lb. per foot cube). ene 


p= . (s — 2a). 
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as indicated in Fig. 1, the side of the pile being hori- 
zontal. While standing on blocks it will be examined 
on three faces, and then turned over and examined 
on its lower face. The bending moment is at 
all times less than during the preliminary lifting, 
and will be somewhat as indicated in Fig. 2. 

After this it will be removed to the store-yard. 
This may be done either by means of a travelling- 
crane, the pile being slung at two = about 
4 ft. apart, as shown in Fig. 3, or else on a two- 
wheeled trolley, as shown in Fig. 4. The corre- 
sponding bending moments are indicated in the 
figures. During these movements the upper side 
of the pile will remain horizontal. 

When required in the work, it will be trans- 

rted by a travelling-crane in a manner similar to 

ig. 3. On arrival at the site it will be lowered to 
the ground, the sling nearest the point will be cast 
off, and the pile raised to the vertical position by 
one sling only. In the course of this movement 
the diagonal of the cross-section is likely to become 
vertical. The bending moment is 


w (l—56)? ; 
5 : 


The arrangement and bending moment diagram 
are as shown in Fig. 5. The pile will then be 
attached to the pile-driver and driven. 

Having obtained the maximum bending moments 
to which our pile will be subjected, we must now 
determine its section modulus. Assuming the usual 
modular ratio of 15, the following formule hold :— 


(2) 


Conpition I. Pirie wits Sipes Verticat. 


ane 15 w J ' 2 1} 
8 lbw 


y=s-u-4a. 

="? ae (u-a)? + y? \ 
Hy 2y' J 

gy, - 28 We {(u - a) + »*} 
3 2u 


Conpition Il. Pire with Diaconat VERTICAL. 
u® + 450 u = 3182s 
y = 1.4142 (s — a) — u. 
r = 0.70718 -— u. 
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As an example, we will take a pile 14 in. square, 
reinforced with four bars 12 in. in diameter, the 
centres of the reinforcement being 2} in. from the 
face of the concrete, and determine the stresses it 
will be subject to during handling, for lengths up to 
60 ft. 

Under condition 1, Fig. 1, the stresses on steel 
and concrete will be as follow, the sides of the pile 
being vertical :— 

Stress on steel, fe = ae 
13.74 ° 

(1-8)? 

276.3° 

Similarly, under condition 2, Fig. 5, with diagonal 
vertical :— 

— (¢- 56? 


Stress on steel, tt eT 


(l— 56)? 
177.4 © 


Fig. 6 is a graphical representation of these 
stresses. 

When a reinforced-concrete beam is tested to 
destruction, it usually passes through the following 
stages as the load is increased :— 

(a) When the tension in the steel reinforcement 
is about 18,000 lb. per sq. in. the concrete on the 
tension side commences to crack. The cracking is 
audible, but not visible at this stage. 

(b) At about 24,000 lb. tension, visible hair- 
cracks appear, which rapidly widen up to the third 
stage. 

(c) At about 36,000 lb. tension the steel will 
pass its elastic limit, plastic elongation will ensue, 
the compressive stress will be concentrated on a 
small area of concrete, which will crush out, and 
failure will take place. 

(d) If, onthe compression side, the stress exceeds 
about 2400 lb. per sq. in. before the elastic limit of 
the steel is reached, failure will take place owing 
to the concrete crushing out. 

These points are indicated in Fig. 6. 

As we rely so entirely on the continuity of the 
concrete to protect the steel from corrosion, the 
author considers it undesirable to risk the per- 
manence of a pile by subjecting it to a stress which 
will produce hair-cracks before it is driven; he 
therefore proposes that 20,000 lb. per sq. in. 
should be considered the limit of safe stress on the 
steel before driving. This point is also indicated 
in Fig. 6. 

In driving a pile the penetration factor is seldom 
less than three, and may be as high as ten or even 
more when driving ‘‘to refusal.” As, therefore, 
the compressive stress on the concrete during 
driving must usually much exceed 1500 lb. per 
sq. in., it does not seem desirable to gee any 
less limit on this stress while handling the pile. 

From the above considerations, the following 
table has been compiled which gives the section 
moduli and limits of safe length for piles from 
10 in. to 16 in. square, with various amounts of 
reinforcement. Of course, it is obvious that if 
special precautions are taken in lifting, these limits 
may be slightly extended; but except for very 
special reasons it will generally be better to keep 
within them, particularly as no notice has been 
taken of the acceleration and inertia effects when 
starting to lift a pile or when lowering on the 
brake. 


Stress on concrete, f. = 


Stress on concrete, fe = 


Square Reinforced-Concrete Piles. 


a? | Limit of 
Pile. Modulus of Section. | Length. 


a ee 


Steel. | 7, | Zo | Ze | Ze |Fig.L Fig. 5. 
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Steel. 
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LITERATURE. 


— 
Jahrbuch der Schiffbautechnischen Gesellschaft. Vol. XIII. 
Berlin: Julius Springer. [Price 40 marks. } 

Tue thirteenth volume of the ‘‘ Jahrbuch” con- 
tains the Transactions for the year 1911 of the 
Society, which participated in the Jubilee of our 
Institution of Naval Architects, celebrated last 
July, instead of arranging for.a summer meeting 
of its own, and which held its usual winter meeting 
in Berlin on November 23 to 25,1911. The Grand 
Duke Friedrich August of Oldenburg, the very 
active honorary president, occupied the chair at 
the winter meeting; Professor C. Busley is the 
President, and Dr. F. Hochstetter the Manager and 
Secretary of the Society. At the end of the year to 
which the volume relates, the number of members 
of all classes on the roll had risen to 1604; 39 
members had resigned, 19 had died, but 84 had 
joined, making an increase of 26 members. Amon 
the deceased were Adolf Woermann, chief of the 
great shipping firm of C. Woermann, which his 
father had established at Hamburg ; Robert Pohl, 
for some time engineer in this firm ; Otto Knaudt, 
one of the partners of the rolling-mills of Messrs. 
Schultz, Knaudt and Co.; and Eduard Borgstede, 
one of the naval architects of Messrs. Schichau. 

If we disregard for the moment a few special 
papers, to which we shall briefly revert yo 
the communications brought before the November 
meeting may be said to have dealt chiefly with two 
problems: internal-combustion engines and pro- 

ller action. Three of the papers concerned 
internal combustion in oil-engines and in gas-tur- 
bines, and another communication on flow pheno- 
mena in steam-turbines and condensers may be 
joined to these. Propeller action and counter- 
propellers were discussed by two authors. 

Of the remaining papers, two—namely, that by 
Professor Flamm, on the ‘‘ Aims of the Scientific 
Study of Naval Architecture in Germany,” and 
that by Professor O. Schlick, on ‘‘ Vibrations of 
Steam-Ships”—were presented to our Institution 
of Naval Architects last summer, and are reprinted 
in German in this volume ; these and several others 
have already been noticed in our columns, and a 
few others will especially be dealt with later. 

Professor F. Romberg, of Charlottenburg, intro- 
duced the first subject referred to by a very com- 
prehensive compilation on ‘‘The Oil-Motors in 
German Sea Fisheries.”” The paper, which was 
illustrated by no fewer than 338 figures, was 
abstracted in our issue of March 1. Germany 
imports twice as much fish (by value) as she herself 
catches, and oil-engines for fishing craft were only 
introduced in 1902; by 1911 the number of oil- 
engine-driven fishing-boats, and of boats charged 
with their superintendence, had risen to above 500. 
The engines for these boats are expected to do 
many things which are not required of ordinary 
marine engines, or for which special machinery is 
provided ; for instance, running dead slow while 
dragging and raising the net, and maintaining the 
sea-water circulation for the live fish on board 
while the boat is lying still for hours on the sands. 
Some of the special problems were accentuated in 
the case of a boat which the Gasmortorenfabrik 
Deutz built for the biological station on Heligo- 
land, and upon which Professor Flamm was con- 
sulted. 

The various suggestions. which Professor H. 


~| Junkers, of Aachen, made in his ‘Studies and 


Experiments for the Construction of Large Oil- 
Engines,” which we noticed on page 698 of our issue 
of November 24 last, found a mixed reception, much 
oo and a good deal of de‘ ailed criticism, by Messrs. 
<. Schwarz,uf the Maschinenfabrik Augsburg-Niirn- 
berg ; W. Holthusen, of Hamburg ; H. Toussaint, 
of Kassel ; Regenbogen, of Kiel; P. Rieppel, of 
Hamburg, and others. He was criticised for advo- 
cating too many rods and pins, a subdivided stroke, 
and a too high vertical tandem engine. His hori- 
zontal marine engine was considered altogether 
retrograde, because—only to mention chief points 
—it would be impossible to avoid jamming or slid- 
ing parts and to provide for a longitudinal bulk- 
head ; while the thorough scouring he effects, the 


s}absence of stuffing-boxes and the simplicity of 


his reversing gear, as well as the thoroughness of 
his studies, were fully and generally acknowledged. 

The paper on ‘‘Gas-Turbines,” by Mr. H. Holz- 
warth, of Mannheim, has been reviewed in our 
columns, and would have been more fully dealt 
with if definite experimental results had been given. 





We need only mention a statement, added during 
the discussion, that the blades were first cut out 
of nickel steel, and then out of electric-furnace 
steel, and fixed after the manner of Messrs. Brown 
Boveri, and Co. When the temperature exceeded 
500 deg. Cent., the steel blades were apt to become 
loose ; no trouble was experienced at temperatures 
of 400 deg Cent. 

The communication which Professor E. Josse, of 
Charlottenburg, presented on ‘‘ New Experiments 
concerning Flow Phenomena and their Application 
in Steam-Turbines, Condensers, and Refrigerators,” 
is no doubt very important. It is based on experi- 
ments made by the author in conjunction with Dr.- 
Ing. Christlem and Dr.-Ing. Gensecke. They 
deduce their velocity coefficients for the jets issuing 
from the nozzles by measuring the reaction pres- 
sure, and some of their resulting efticiencies are 
considerably lower than those realised in turbine 
practice. We reserve comments for another occa- 


Z| sion. 


With a paper by Mr. M. Walter, of the Nord- 
deutsche Lloyd, Bremen, on ‘‘ The Influence of 
the Sense of the Propeller Revolutions on the 
Manceuvring Capacity of Twin-Propeller Ships 
while at Rest,” we pass to the second class of com- 
munications. A ship is, as a rule, turned by start- 
ing the one engine ahead and the other astern, and 
the ship will move over to the side of the astern 
engine. Going ahead the two propellers are made 
to turn, in the upper halves of their revolutions, 
either outward, away from the keel, or inward, 
towards the keel and towards one another. Which 
arrangement is preferable? That is the problem 
which Mr. Walter discussed. Authorities differ, 
Naval men are, as a rule, for outward motion, 
because, among other things, the inward motion 
sucks ice, pieces of wood, &c., into the space 
between the propeller and the keel, while naval 
architects would, for constructive reasons, prefer 
the other arrangement. The outward motion is, on 
the whole, more common; but small boats espe- 
cially are built with inward-turning screws, and 
the Lusitania and Mauretania are each fitted with 
four shafts, the two inner turbine shafts revolving 
outward, while the two outer shafts turn inward. 
Tank experiments conducted last summer by the 
North German Lloyd did not show any decided 
superiority of either arrangement. 

he Austrian Government made, in 1903, experi- 
ments with the cruiser Leopold, which was fitted 
first with inward-turning screws, and then with 
outward-turning screws ; the results did not justify 
any definite conclusion, whilst some ships have un- 
doubtedly manceuvred better after having had their 
screw-motion reversed to outward. 

Mr. Walter now gave an account of the experi- 
ments which his company has made with two Weser 
boats of their own, the Gazelle and the Vorwiirts 
(engines of 270 and 1000 horse-power respectively). 
He finds that the inward motion, whether ahead or 
astern, throws a wave crest towards the keel, which 
tends to counteract the steering. Professor Flamm 
supported this conclusion by referring to his well- 
known researches on propeller action; but he 
added that when the screw was only at small 
depth (as in the vessels in question) air was drawn 
into the propeller space, and this would impair the 
thrust. Mr. Rosenberg, of Geestemiinde, referred 
to another interesting case, that of a ferry-boat 
which was provided with one screw at the stern 
and one at the bow, so as to avoid having to turn, 
and which was always to land on its right side ; 
both screws were fitted with right-handed threads, 
but great trouble was experienced in landing until 
left-handed screws were finally adopted. 

Dr.-Ing. Kempf, of Hamburg, drew attention to 
an interesting and novel way by which he is tracing 
stream-lines in three dimensions. He arranges 4 
series of wire-gauze screens at right angles to the 
shaft of the experimental propeller, which is thus 
made to turn while in different positions within 
or without these screens. Threads of coloured 
liquid are introduced into the water ; each thread 


‘makes a black mark on each screen and on the 


front and back of a propeller blade, and in this 
rather laborious way Dr. Kempf determines a large 
number of stream-lines, which are certainly in- 
structive also for the study of cavitation and pro- 
peller erosion. It would appear from his diagrats 


and models that water is thrown off tangentially 
from the tips of the blades in a kind of vortex ring, 
as believed by Ahlborn, but denied by Flamm. _ 
The last paper, by Dr. R. Wagner, of Stettin, 
on ‘‘ Counter-Propellers,” is again an outcome of 
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stream-line studies. In order to increase the 
prem of the propeller, which they regarded as 
an inverted turbine wheel, Messrs. Thornycroft, 
C. Parsons, and Yarrow, years ago, suggested in 
yarious proposals to provide the propeller with 
cuide-vanes or with a tubular shell, the object 
being to convert the more or less tangential flow 
of water away from the propeller into an axial 
flow, and thus to increase the axial thrust. Dr. 
Wagner places for the same purpose behind the 
propeller a counter-propeller—+.e., a star consisting 
of several (five to eight) radial blades, which are 
almost plane and only slightly curved. The experi- 
ments with these erry ty gue made since 
1909, first on the yacht Marga II., and afterwards 
on fourteen boats, comprising a 350-horse-power 


Fottinger transformer and a torpedo-boat of 16,000 | treat 


horse-power, are decidedly promising ; the experi- 
ments have also been extended to flying-machine 
propellers. There is a considerable gain in power, 
up to 15 per cent. and more, it would appear ; the 
boat is steadier, the canal bottoms are less eroded, 
and the boat does not obey her helm less readily 
than when the counter-propeller is removed. The 
counter-propeller can easily be added to any ship, 
and if these experiments should further be con- 
firmed, and if it should further be possible, as Mr. 
M. H. Bauer, of Berlin, stated, to run propellers 
at higher speeds if so supplemented, a very con- 
siderable advantage would have been gained by 
very simple means. 

The new electric torsion indicator of Mr. F. Lux 
has already been illustrated in our columns, and a 
paper by Mr. H. Bredow on ‘‘ Radioteiegraphic 
Ship Installations’ will soon be published in 
abstract. 





Electric Cranes ; their Design, Construction, and Applica- 
tion; being Vol. I. of a complete manual on Lifting and 
Hauling Machinery. By H. H. Broventon, Municipal 
Technical College, Beighton. London: he £ ectrician, 
nage Publishing Company, Limited. [Price 
25s. net. 

Tuts book is the first volume of a complete manual 
of lifting and hauling machinery, and contains an 
exhaustive treatment of the subject of electric 
cranes. Such a work was needed, and will be 
welcomed on account of the immense change which 
has been caused in the design of cranes by the use 
of electrical power for driving them. Probably no 
mechanical appliance has grown more in size and 
has changed more in design during recent years than 
has the crane, and there is no evidence that we are 
near the end of the development. But it is mainly 
in electric cranes that the alteration is taking 
place ; steam and hydraulic cranes, although grow- 
ing somewhat, keeping mainly to their traditional 
designs and types. The subject, therefore, is full 
of points of novelty, and a for extended treat- 
ment. 

The first five chapters are devoted to matter 
common to all cranes, and deal fully with the 
advantages of the electric drive, details of electrical 
equipment, the design of structural steelwork, 
power required for operation, and mechanical 
equipment. Comparative working costs of electric 
and hydraulic cranes are given, and several force 
diagrams for jib-cranes and overhead travelling- 
crane girders. The author favours the Oelschliger 
“load. factor” method of rating motors for inter- 
mittent duty, and advocates this principle strongly 
as against the continuous test run, pointing out 


how, by the latter method, serious errors in the | Siena of Materials. 


size of motors chosen may occur. 
Chapter VI. describes the arrangement of the 
principal types of cranes, and in the following 


chapters one finds detailed calculations and designs | 





Details are, however, dealt with separately under 
special headings, and there they receive more liberal 
treatment. The large cranes which have recently 
been erected at so many fitting-out basins find 
extended notice. Drawings and descriptions are 
given of many of them, while the —— of 
fourteen cranes, of capacities varying from 100 tons 
to 300 tons, are enumerated ina table. This com- 
bination of actual structures of very recent date, 
with detailed investigations, both theoretical and 
practical, of the many elements that are n 

in crane-work, constitute an admirable feature of 
this book. 

The volume is indispensable to crane designers, 
and should be useful to all engineers interested in 
the subject of which it forms a most complete 
ise. 
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of the mechanisms required. Descriptions of typical | Stamp-Milling: A dreatise on Practical a ym 
Co 


cranes and crane installations are given in Chapters 


IX. to XIE. There is a further chapter on specifi- 
cations, which will be appreciated by both consult- 


New York: The McGraw-Hill Book mpany ; 
London : The Hill Publishing Company. [Price 8s. 6d. 
net. 


ing engineers and manufacturers, and the book is | Geodetic Surveying and the Adjustment of Observations 


completed by some very useful tables of properties 


of sections and of electrical conductors. There are | 


nearly 600 illustrations and over 100 tables. 
Having given this rapid summary of the contents 
Wwe may refer to some of the details. 


a of folding plates. These enable engravings to 
ve made on a larger scale than is possible on the 
ordinary pages. We should have liked to find 
more dimensions on the drawings, but they all have 


‘cales engraved on them, so the dimensions can be 

| t It would also | 
ave been an advantage if certain details had been | 
chgraved to a larger scale in the adjoining pages. | 


wo sce off, roughly, at any rate. 


In the first | 
piace we would call attention to the very ant) * 
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By Joseph Horner. 


ANOTHER group of moulding-machines embraces 
the squeezers, represented by a goodly number of 
designs, examples of which are offered. 

In the shops where such machines are used, the 
general practice is to mount the patterns on plates, 
or matches, or odd sides, in the last of which the 

tterns are separate from their plates, and are there- 
ore left embedded in the drag when the latter is 
turned over to receive the cope. The plate or board 
being then removed, the patterns stand up from 
the ine into the cope. fF the pattern parts are 
mounted on a plate solidly, the practice is to turn 
the drag over with its bottom board without ram- 
ming, lay the cope on, and squeeze the two together. 

The Farwell moulding-machines, by the Adams 
Company, of Dubuque, Iowa, U.S.A., belong to 
that class in which mechanical pressure is exercised, 
but in which the withdrawal is by hand. They are 
also made for use with and without stripping- plates, 
and are both fixed and portable. As they thus 
satisfy the requirements of a very extensive range 
of foundry work, they are popular. 

The simplest Farwell machine, termed the 
‘*moulding press” or ‘‘squeezer,” has no turn- 
over table, no stripping-plate, and no mechanical 
lift ; its one characteristic feature is the squeezing 
exercised on the mould by means of a presser-plate 
above. This is carried by side-rods, which are 
hinged in the base of the machine-framing, and 
actuated by a lever. The presser-head can be 
thrown up and back at the rear of the machine out 
of the way during the setting and arrangement of 
the pattern and moulding-box, and brought forward 
and pulled down to compress the sand. Excepting 
for this, the operations are identical with those 
done in hand-moulding. On the table, which is 
carried by the standards, a boftom, or joint, board 
is laid to carry the pattern, and over this the 
bottom moulding-box is set, without any fastening 
down. The sand required for facing and for filling 
the box is shovelled in and levelled, and the 

resser-head pulled down, so consolidating it. 

hen the bottom box, containing the pattern in its 
mould, is turned over by hand on the table, and 
the bottom board removed, leaving the pattern 
embedded, or partly standing up, depending on its 
shape ; the top box is put on, filled, and pressed 
similarly to the bottom, after which the box parts 
are separated, and the pattern withdrawn, runners 
sut, and the mould cleaned, all being done as in 
ordinary hand-work. If pattern parts are divided 
between opposite sides of a board, both bottom and 
top boxes are pressed simultaneously. The fore- 
going relates only to the very simple moulding- 
presses. Other designs embody a mechanical lift 
and stripping-plates. Odd sides are moulded as 
readily as match- plates. 

The case of deep patterns, where the simple 
action of the presser-head would result in loose 
or inefficiently consolidated sand down the deep 
sides, is provided for in the Farwell machines. 
Two devices are adopted in this and allied .gases. 
If a pattern is plain on the top and has deep sides, 
strips of wood about ? in. square are nailed on 
the faces of the pressing-boards to surround the 
pattern and consolidate the sand at the edges before 
the face of the board comes into action. If the face 
of the pattern is irregular, and also if joint faces 
are irregular, being deep and shallow, the presser- 
board is cut to conform approximately to the 
irregular outlines—not necessarily very accurately, 
but sufticient to exert about equal pressure all over 
the irregular faces. 

The illustrations, Figs. 641 to 643, page 340, show 
Farwell squeezers operating on different classes of 
work. Fig.-641 is a 38-in. machine of dwarf design, 
squeezing cope and drag side by side, being an alter- 
native to the match-plate method just described. 
The horizontal position of the lever will be noticed, 
where the workman is able to exercise his whole 
weight on it. Its length is adjustable to suit men 
and moulds of different sizes. Two rather interest- 
ing photographs, Figs. 642 and 643, show a Farwell 
machine fitted with ‘‘roll-up” flasks, utilising an 
aluminium match-plate The pattern-plate is seen 
in position in Fig. 642, the mould having been 
squeezed and the cope rolled up. In Fig. 643 the 
pattern-plate has been removed and is seen to the 
right. The jointing of flask parts and mould is 
irregular, and the flasks are of the snap type. 

A light portable squeezing-machine by the 
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Fig. 642. 














Fig. 643. 


Fics. 641 0 643. FarweLt Squgeezine-Macuine; Toe Apams Company, Dusugug, Iowa, U.S.A. 




















Macuine ; THe Arcape MaNnuracturina Company, FREEPORT, 


Arcade Manufacturing Company, of Freeport, 
Il., U.S.A , is shown by the photograph, Fig. 644. 
The illustration shows it with the presser-head 
thrown back in the position which it occupies when 
a flask is to be placed on the table. A double- 
faced pattern-plate for squeezing tops and bottoms 
at the same time, the plate being between the 
two, is seen standing on:the shelf behind the 
machine higher than the presser-head. The flask 
parts with the pattern-plate between are laid on the 
support and set in position by the gauge-strip seen 
at the rear. Sand is riddled in, the drag being 
uppermost first, the head pulled down by the lever 
at the left, squeezing the mould. The flask is 
then turned over and the cope filled and squeezed 
similarly. Or both cope and drag may be squeezed 
at once by using bottom boards for each. The 

ueezing is effected by toggle levers, the effect of 
which is to pull the presser-head down rapidly at 
first, until the levers approach nearly to a straight 
line, when the descent is slow and the leverage is 


increased. The operating lever in then well at the 
| front, in the best 1 mare for the attendant to exert 
|pressure on it. The height of the ramming-board 
|can be adjusted to suit different depths of mould. 
At the left of the machine a shelf is seen carrying a 
snap-flask, and a pile of bottom boards. At the 
right another shelf carries a riddle or sieve of sand. 
A box for ing sand is seen just above, anda 
shelf for small tools at the back above the presser- 
head. 

The hand-machines of the Berkshire Manufactur- 
ing Company, of Cleveland, Ohio, are built with 
non-turnover table, aud a hinged presser-head. 
| The action of pressing includes that of toggle levers 
for intensifying the final squeeze. One design of 
machine is made for a simple hand lift ; but most 
have a mechanical lift through four posts, which lift 
the pattern-plate from the drag, and the ¢ope from 
the plate, simultaneously on the movement of a 
lever (see Fig. 645). A pneumatic vibrator put into 
action by the left knee assists the delivery. The 








Fic. 644. 


Fig. 644. ARCADE SQUEEZING- 
Iu., U.S.A. 


weight of the presser-head is counterbalanced by 
springs at the bottom ends of the hinged rods. The 
lever which raises the posts is held until released 
by a spring-catch. The posts are attached to 4 
slotted cast-iron frame which permits of adjusting 
their positions to suit different pattern-plates and 
flasks. This frame is operated by gears running 
inside racks which ensure a straight lift, besides 
which the frame is supported by guide-posts at each 
end in long bearings provided with oil-reservoirs. 
All the vital parts lying beneath the table are 
enclosed by a canvas case. A sheet-steel case 1s 
located under the middle frame enclosing the oil- 
reservoirs and the bearings of the guides of the 
central frame. In these machines cope and drag 
are squeezed together against opposite sides of 4 
pattern-plate. Or alternatively copes and drags 
are rammed on different machines. Stripp!g- 
plates are also used on one model (see Fig. 646). 
In marked contrast with some of the massive 
machines recently illustrated is the bench moulding 
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machine, Figs. 647 to 650, page 341, by the Mumford 
Moulding-Machine Company, of New York. It is 
made to be attached to a bench, its table measuring 
1 ft. 2in. by 1 ft. 6 in., while the depth of the space 
available for ramming ranges between 8 in. and 
16 in. The machine is actuated by compressed air, 
supplied to a 10-in. cylinder below the table. The 
stroke is limited to 4 in.; but the presser-head has 
a good range of adjustment. The air-casing under 
the table carries a guide and stop-rod, forming a 
portion of the squeezing plunger. It serves both 
to guide the plunger and to prevent the risk of 
blowing the table and plunger out of the cylinder. 
The air supply is controlled by a motorman’s brake- 
valve. The presser-head is carried by a hinged 
yoke of cast steel, which is pulled over and clamped 
to the table by means of a F shaped locking-hook. 
After the mould has been pressed, the operator 
removes the hook from its attachment-lug, and the 
spring behind pulls the yoke with its presser-head 
backwards, leaving the mould exposed. The ram- 
ming-board is carried by a square-threaded steel 
screw, by which it is adjusted to suit varying depths 
of flasks. 








THE BERLIN TECHNICAL HIGH 
SCHOOL AT CHARLOTTENBURG. 
By H. 8. Rowett. 

(Concluded from page 307.) 

In our issue of the 8th inst. an account was given 
of the buildings of the Berlin Technical High 
School and its staff. We now pro to pass on 
to a consideration of the characteristic features of 
the curriculum and of the class of student availing 
itself of the system of higher education thus pro- 
vided. 

The students, too, are very different from their 
English fellows. Many comparisons have been 
made between English and German students, but 
not always with fairness ; it is forgotten that they 
are different types, with different histories, and 
have quite different methods of work. The English 
student is more inductive; the German is more 
deductive. ‘Seeing is not always believing” to 
the German mind; there must be in addition a 
demonstration by ‘‘logic absolute,” with exact 
separation of definitions and axioms. The character 
of a people can always be seen in its literature, and 
the techical literature of Germany is no exception ; 
step by step and in regular order does the German 
text-book unfold itself, and always with a prodi- 
gality of detail which certainly ‘‘ maketh a full 
man,” though perhaps not always a ready. Few 
Englishmen would suffer the long training which 
is considered necessary for the production of an 
engineer in Germany. Leaving the preliminary 
school at the age of nine, the German boy enters 
the Gymnasium, or high school, where he spends 
nine years under strictest discipline, learning science 
and languages. During this time his school hours 
are about thirty-four per week, and his home-lessons 
may easily occupy another sixteen, altogether a 
working week of ity hours. At the age of eighteen 
or nineteen he is finally examined, and if the result 
be satisfactory, he is qualified to enter the univer- 
sities or the technical high schools (which are both 
of equal standing) as a student. In the Gymnasium 
the discipline is of the strictest, the authority of 
a teacher extending even beyond school hours ; but 
in the universities and technical high schools the 
discipline is practically non-existent ; the student 
is free to choose his own lectures, and having paid 
for these, he is perfectly free to attend or not as he 

lease. This is the much- boasted Lernfreiheit 
learning freedom) of German higher education. 
Naturally, the first year of this liberty is ill-used ; 
the newcoming student has no idea what he needs, 
or what he can do; he is often vague as to what 
he should do. The tendency is for him to choose 
lectures which are quite beyond his ability ; often 
he has to hear them over agi.in, and thus his time 
is misspent. Certainly this freedom has advan- 
tages ; the earnest student is at liberty to gratify 
his own tastes, and the brilliant man may easily 
o along at a faster rate than his fellows, but the 
rawbacks are perhaps greater, and the fact is 
significant that efforts have been and are being 
made to restrict this freedom. 

‘Time is not money ” in the higher education of 
Germany. In addition to the encylopedic nature 
of the lectures, which in themselves are sufticiently 
—s the so-called ‘‘ academic quarter” plays a 
part. In the universities each lecture begins at a 





quarter after the hour and ends at the hour. Thus 
a lecture advertised to take place between 8 and 
10 o’clock is really given in two instalments, from 
8.15 to 9 o’clock and from 9.15 to 10 o0’clock. In 
the old universities, where buildings are often 
scattered, the first quarter is necessary for students 
to come from other lectures, and the second quarter 
is useful in giving a rest and ventilating the rooms. 
In the Technical High School a similar course is 
followed ; a lecture advertised as being from 8 to 
10is really given from 8.30to10. Thus from every 
two hours, half an hour is cut out, and when we 
consider an interval for the midday meal of more 
than two hours, it is no wonder that the time-table 
of lectures ranges from eight o’clock in the morning 
(in summer from 7 a.m.) until eight o’clock at 
night during six days of the week. Ina London 
college day from 10 a.m. to 5 p.m, with a short 
pause for lunch, quite as much or more is done in 
the five working days of the week, with much less 
artificial light and with more time remaining for 
private study and leisure. Besides, the breaking up 
of the day by these half-hour intervals has a discon- 
certing effect on the students’ work and habits, 
leading to much unpunctuality in the attendance 
of the lectures. Still another feature which is 
borrowed from the university may be observed. 
Officially, every technical high school has an equal 
standing, and students are quite at liberty to move 
from place to place, hearing any specialists whose 
work may be of particular interest, the time so spent 
being credited to the student in the examinations. 
This moving of students from place to place is 
reminiscent of the Middle Ages, when students 
travelled almost all over Europe, eventually taking 
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a doctorate at Padua, Basle, Paris, or some other 
famous centre. It gives a certain relief and free- 
dom to the student’s life ; but, asa rule, time is lost 
in getting into the new conditions at each place. 

In addition to students who, as we have seen, 
come to the Technical High School with the leaving 
certificate of the Gymnasium, or Oberrealschule, 
others without this qualification are admitted ; 
so-called hearers (Hérer) and guests (Gastteil- 
nehmer) may attend the courses, providing they 
have passed the examination for one year’s military 
service. These hearers and guests attend, as a 
rule, two or three hours per week, and cannot pro- 
perly be classed with the students in numerical 
comparisons with other nations. Fig. 4 shows 
graphically the numbers attending during twenty 
years ; curve I. represents students, curve II. gives 
the number of these students who are foreigners, 
and curve III. shows the number of hearers, &c. 
The points are plotted for the winter terms ; during 
the summer many of the students are in works, 
and then the number is about 10 per cent. less. 
But the most striking feature of Fig. 4 is the 
maximum which exists for 1901, and the steady 
decrease in numbers which follows from that date. 
Curiously, the same phenomenon may be observed 
in the history of the Hanover Technical High 
School, where the numbers rose steadily to 1296 in 
1902, since when they have decreased, and now 
less than 900 students attend. It is not easy to 
assign a reason for this. It may be due to a 
reaction from a vogue, from a temporary popu- 
larity of engineering as a profession, or to the fact 
that about this time other institutions acquired the 
right of awarding the engineering diploma. It 
cannot be due to the opening of other technical 
high schools, for Dantzig and Breslau are much 
more recent. Perhaps the introduction of a four 


years’ course for the diploma (previous to 1900 
three years’ study was customary) may be a cause ; 





| documentary evidence 


for, to commence engineering at nineteen, to spend 
at least four years in study, one year in shops, one 
year in military training, and to receive at the ace 
of twenty-five a small pittance in a drawing-oftice, is 
notalluring. It may be that the reputation for over. 
crowding, which the Charlottenburg Hochschule 
acquired about 1899, has had effect ; certainly the 
student in the provincial technical high school sees 
much more of his professor, and this may account 
for the shape of the curves in Fig. 4. 

The lecturing staff, as we have seen, numbers 
nearly 200 ; the courses of lectures are correspond- 
ingly numerous, and very comprehensive. The 
student is quite free to choose what lectures he 
pleases, except in his first year, when he is desired, 
though not compelled, to study general physics, 
chemistry, and mathematics. Specialisation and 
detail are the chief features of the courses ; ferro- 
concrete is not treated as part of strength of 
materials, as in England, but has a separate and 
lengthy course of lectures to itself. Internal- 
combustion engines, steam-turbines, and recipro- 
cating steam-engines, each has separate treatment ; 
even the building of railway rolling-stock is the 
theme of a complete course of lectures, held two 
hours per week during the whole year. Some will 
say this is excellent, and it would be if books were 
rare, or reading an unusual acquisition. Many 
good courses are spoiled by a mass of commonplace 
detail, quite unnecessary in an age of printing, 
and, strangely enough, students strive almost 
like professional reporters to catch everything ; 
in fact, lecture notes are frequently sold at 
astonishing prices. This lack of pedagogic com- 
mon -sense is happily not universal—there are 
exceptions ; the American system of issuing printed 
notes, tables, and diagrams is practised now 
and then, and some of the professors show a 
splendid spirit in arranging for their publications 
to be sold to students at very low prices—some- 
times, in fact, below the cost of production. This 
specialisation and detail in the lectures is carried 
still further. The State, administration, social 
hygiene, industrial hygiene, political economy, 
finance, trade, banking, history of German indus- 
tries, commercial law, patent law, buildiny law, 
industrial law—all these and other subjects are 
treated in separate courses of lectures. French, 
English, Russian, and Italian are carefully taught, 
while lectures on Shakespeare, Goethe, and Schiller 
are given gratis. And the students’ fees are in 
general much less than in England—roughly, 4s. 
per half-year for every hour per week of tuition ; 
so that 151. to 201. per year is paid by the average 
student. Foreigners pay an additional sum of 51. 
per year. A few bursaries of about 30/. are the 
reward of exceptional merit, and poor Prussians of 
promise may be exempted from paying fees, but 
this exemption is restricted to a limited number. 

The chief academic title in German engineering is 
that of Diplom-Ingenieur, and is awarded after two 
examinations. The first, or Vorpriifung, may only 
be attempted by those who have spent two years as 
matriculated students in German technical high 
schools. The candidate tenders a short account of 
his life and education, and submits for examination 
the results of his work on mechanics, physics, 
mathematics, graphic statics, heat engines, machine 
design, hand-sketching, and photography, in the 
various laboratories and drawing-oftices. If these 
are passed, he is admitted to a short vivo-roce 
examination, in which may be included questions 
on the fundamental principles of political economy. 
But the second examination, or Hauptpriifung, is 
the chief test, and may be attempted only by those 
who have spent four years as matriculated students 
in German technical high schools, and one year in 

ractice—workshop courses ceased at Charlotten- 

erg in 1904. The regulations for the Hauptprii- 
fung vary somewhat in the different departments, 
and it would be neither interesting nor protitable 
to an English reader to consider them all. The 
department of machinery engineering is, however, 
the largest; it is most typical of Germany's 
activity and may be taken as an_ illustration. 
This department is divided into the following 
five sub-divisions, in one of which the diploma can- 
didate is examined : — (A) Power Engineering ; 
(B) Traftic Engineering; (C) Electrical Engineering; 
(D) Laboratory Engineering ; and (E) Administra- 
tive Engineering. The candidate must produce 
fulfilling the above regula- 
tions regarding practical work and time of study. 


| He must produce a complete list of the courses of 
lectures and laboratory work which he has attended, 
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i ber of drawing-office and laboratory 
he ee been caldines or described. 
These preliminaries being satisfactorily fulfilled, he 
may proceed to the Diplom-Aufgabe and the final 
wiva-voce examination. The Diplom-Aufgabe, or 
diploma problem, is considered the outstanding 
feature of the examination system, and has been 
much praised and adopted, particularly in America, | 
where it is styled a thesis. The diploma problem | 
is set by the professor, but the wishes and tastes of | 
the student may be considered if he have any. In| 
the sub-divisions A, B, and C the candidate must get 
out a design of some structure or machine, in Da | 
thorough test of some engine or machine is required, | 
while in E, the projection of factories, installations | 
and transmission schemes, is attempted. The work | 
on this diploma problem must be given up within | 
three months of its commencement, and with it must | 
be furnished a complete list of the literature con- | 
sulted by the student, and a declaration on oath 
that the work is unassisted. All this is done 
in English colleges with much less dramatic effect 
and temptation to perjury. The problems set are 
not easy. The power engineer may be requested 
to design a turbine, a steam-engine with boiler, a 
centrifugal or piston-pump, @ crane, or an excava- 
tor; the traffic engineer a steam or an electric 
locomotive ; the electrical engineer a dynamo or 
motor. The administrative engineer must enter 
into full consideration of working costs, buildings, 
plants, and possible profits and losses. As an 
obvious result there is much thrashing of straw. 
When the diploma problem has been solved, the 
student is admitted to the final viva-vuce examina- 
tion. Here he is questioned on the work of his 
chosen sub-division, and, in addition, oh the funda- 
mentals of law and administration. He must give 
a sensibly correct translation of an article on his 
special line from either French or English, and 
when all this is over the several verdicts are united 
into one grade, which, if very high, may be con- 
firmed by a medal, a premium, or a small travelling 
scholarship. 

This, briefly, is the examination system. Ob- 
viously it has been planned with great care, and 
many very good features may be claimed for it. In 
English colleges a foreign language is exacted on 
entrance, but the student is allowed to forget it 
by the time he has taken his degree. Not so in 
Germany, where foreign literature may be regarded 
as one of the chief sources of inspiration. Then, 
again, the sub-division of the work of the depart- 
ment encourages specialisation and tends to correct 
superticiality. But there are many grave defects. 
We have already described the institution of Lern- 
freiheit and have observed that the student is free 
to choose what courses may appeal to him. We 
have seen that such freedom may be good for the 
cleverer student, allowing him to make more rapid 
progress. But no matter what his progress or 
knowledge may be, he must wait four years before 
taking the diploma. It is difficult to avoid this 
without encouraging superficiality, and yet it is in 
a sense unfortunate and lessens incentive ; some 
students can do as much in two years as others can 
do in four. But the chief evil of the examination 
system at Charlottenburg lies in the fact that the 
examinations are conducted solely by the professors, 
and the student, knowing this, chooses his lectures 
accordingly. Thus the Privat-Dozenten generally 
lecture to very small numbers. In the universities, 
where this examination system does not exist to 
the same extent, Lernfreiheit has an excellent 
influence ; young lecturers possessing enthusiasm, 
originality, and a good delivery, have hundreds in 
their audiences ; while professors who, by their 
researches, have earned a European reputation, 
and do not speak clearly, talk to empty benches. 
How far the Hochschule differs from this may be 
imagined from the fact that courses on “Partial 
Differential Equations,” ‘‘Theory of Heat,” and 
‘Theory of Electricity,” were attended by five, 
Six, and three students respectively ; and this, pre- 
sumably, because the lecturers were not examiners, 
and the subjects not marketable in the examina- 
ions. ‘Thus the freedom is really restrained with 
mischievous results. Cramming is everywhere 
evident ; professional coaches and tutors submerge 
the freshmen student with their prospectuses, 
offering courses of preparation for the examinations, 
and proving incidentally that the teaching in the 
Hochschule leaves something to be wished. And 
the Si udents’ Union is not behind ; for in addition 
to rendering excellent services in obtaining cheap 








rates for theatres, lectures, exhibitions, railways, 


and technical journals, and in procuring employ- 
ment for students, it prints examination questions, 
and acts as a medium for the buying and selling of 
lecture notes. 

Turning to the laboratories, we find a notable 
difference ; large engines are the rule, with a group 
of eight or ten students to each engine, which is 
often too large and complex for the average student 
to understand. Small, simple, robust machines, 
which two students working together may easily 
test without danger of injury or expense, and 
without the necessity of stultifying superinten- 
dence, are practically unknown. One afternoon of 
about 3$ hours per week is devoted to laboratory 
work by the degree student, and a new experiment 
is performed each week. (Once in a while one of 
these afternoons is sacrificed to ‘‘ calculation,” 
when the demonstrator explains the calculation of 
the results of an experiment performed some time 
previously, which shows that an experimenter, if 
properly superintended, need not understand his 
apparatus. The experimental results need not be 
shown for correction before the end of the term, 
whereas in English colleges each experiment must 
be intelligently discussed before the student is 
allowed to begin another. The germ of the matter 
lies in the examination, where a certain number 
of laboratory experiments must be submitted. 
Perhaps national temperament is also responsible. 
Laboratories are not regarded as in England ; 
the importance of handling things is not often 
appreciated, and, in fact, with several students 
to one piece of apparatus, this is practically im- 

ssible. The student is not left to himself to 
earn by his mistakes ; he is carefully led and 
eminently satisfied by reasoning. This deductive 
tendency is one of the cardinal features of the 
German intellect, to which abstract speculation is 
often more agreeable than concrete fact. Thus in 
their system of practical-engineer professors (which 
so many would have us copy in England) we 
may see a natural effort to correct the unprac- 
tical ways of thought to which the students are 
usually prone. That we should follow Germany in 
appointing eminent practical engineers as_pro- 
fessors does not necessarily follow ; our needs are 
quite different. That the Berlin Technical High 
School was opened, in 1884, without any engineer- 
ing laboratory for the instruction of students, and 
that such a laboratory was built only as recently as 
1897, is significant, and illustrates a distinctly 
national mental difference. 

This difference, which we have briefly traced to 
the more deductive spirit of the German, may be 
considered still further. Popular opinion in 
England usually ascribes the high standard of 
technical education in Germany to a conscious effort 
towards industrial supremacy on the part of manu- 
facturers and administrators. This is but a recent 
phase of the question. The converse is probably 
truer. Many public works which in England have 
been directed by companies, have in Germany been 
more often under State control. For this purpose 
technically-trained officials were needed, and as we 
have seen in the history of the Bau-Akademie, the 
technical training of State officials began twenty- 
two years before the industries received like atten- 
tion. Technical education in Germany is partly 
due to the needs of Government systems, but much 
more largely due to national temperament. 

It is a common impression, not only in Germany 
and America, but even in our own colonies, that 
technical education in England is represented by 
two old universities and a large number of evening 
schools. This, of course, is a false impression ; but 
even so, our evening schools are seldom duly appre- 
ciated. At the Berlin Technical High School one 
of the chief aims in view is the education of 
draughtsmen and designers. It may well be asked 
if such an education can be given better under the 
Berlin conditions than in our evening institutions. 
Is not our evening class system the ideal sandwich 
system, so long as the students’ strength is not 
over-taxed? Certainly, as far as results go, there 
are hundreds of English draughtsmen trained in the 
evening classes, the drawing-office, and the shop, 
who are not only better engineers, but better mathe- 
maticians than many German technical graduates. 
The workshop and drawing-office are excellent 
schools for common-sense, and those who have 
taught them know that the English evening-class 
students are the most attentive to be found. As 
to the training of scientific engineers for pioneer 
work, excellent facilities already exist in England, 
and the future promises more, but in the apathetic 





attitude to science and the short-sighted impatience 
for profits, so conspicuous among our manufac- 
turers, lies, perhaps, the chief adverse factor to 
our progress. The supply must follow the demand. 

To compare the standard of work done in English 
and German technical colleges is not easy, though 
examination papers are a helpful criterion. The 
questions set in the Vorpriifung—i.e., after two 
years of study in the technical high schools—are 
such as could be answered well by an English 
engineer of the same age, trained in works and 
evening classes, who had a first-class certificate in 
what were, until recently, the second-stage exami- 
nations of the Board of Education. The third-year 
work at Charlottenburg is, on the whole, less 
advanced than in English universities ; while the 
work of the fourth year differs from that of our 
third year chiefly in that the lectures are more 
comprehensive and give more time to detail. That 
their fourth-year work is proportionately more 
advanced than that of our third year is not to be 
inferred. The methods of study in the two coun- 
tries are quite different ; the German student is 
apparently more systematic, thorough, and slow, 
the Englishman is certainly more selective. The 
German begins his technical education about three 
years later than the English student, and it is 
rather surprising that he does not compare more 
favourably ; perhaps the chief difference lies in a 
broader culture and a maturer, though not neces- 
sarily sounder, judgment. Comparing the leading 
engineering college of the London University with 
Charlottenburg, the probability is that the dull 
student would learn more in London—he would 
have better teaching and more guidance; the 
average student would be almost equally well 
situated in the two cases, doing practically as much 
in the three years’ London course as in four at 
Berlin ; while the exceptionally good student would 
find more opportunities and greater latitude at 
Charlottenburg, though recently post-graduate and 
special courses have veen well provided in London, 
and our leading engineering institutions are doing 
very good work for those students who have the 
necessary means and influence to join. 

England and Germany have much to learn from 
each other; much to copy and much to avoid. 
Individuals and conditions, however, are so utterly 
different in the two countries that any borrowing of 
systems must only be done with great care. It is 
apt to be forgotten that an educational system is an 
organic growth, and as intimately part of a nation 
as laws and customs. It is a reflex of the develop- 
ment of the country and the nature of the people. 
Many educationalists have been deeply impressed by 
the systematic uniformity of Continental education, 
which is generally organised and controlled from a 
cential bureau. But this uniform organisation, 
though pleasant to contemplate, is perhaps not so 
rational as our own heterogeneous system of more 
locally governed institutions. At Glasgow, New- 
castle, Liverpool, and Greenwich, we have Chairs 
of Naval Architecture ; and at Leeds, Bradford, 
and Manchester, schools for textile subjects. Such 
& proximity of education and industry, the natural 
result of local effort and need, must be advan- 
tageous, particularly in convenience for the 
students and incentive to the schools. At Berlin, 
where shipbuilding is practically impossible, naval 
architecture has been taught many years. 

The English engineering professor has of late 
years been much abused ; he has been considered 
inferior to the Charlottenburg professor as a 
specialist and as a practical engineer. Were this 
true, the efficiency of the professor as a teacher 
would have to be considered. But the opinion is 
not well founded ; most of our professors have a 
speciality, and nearly all of them practise consult- 
ing work to some extent. Certainly, the Berlin 
professor lectures more on his speciality, though, 
as we have seen, not always without shortcomings. 
In England we have practical men enough ; scien- 
tific engineers are too few. In Germany nearly 
every engineer has the scientific spirit, and most 
scientific of all are the imitators. Perhaps the 
great superiority of Germany—one might almost 
say the only superiority—has been the calm and 
sane realisation of inferiority, and the resolute 
and ceaseless striving to correct that inferiority 
by scientific method and the study of their com- 
petitors. 

This article has not been written in any spirit 
uncharitable to Germany. To those who would 
imagine so may be recommended a recent booklet, 
‘* Misstinde im Unterricht und im Priifungswesen 
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der Hochschulen,” containing a scathing criticism 
of the Technical High Schools, by Dr. R. Lindt, 
who was nine years an assistant on the teaching 
staff at Charlottenburg. The substance of Dr. 
Lindt’s booklet in his own words is : ‘‘ The methods 
of instruction in the Technical High Schools, and 
the system of examinations, must be completely 
reformed.” 

For much historical information contained in th s 
article acknowledgement must be made to a book by 
P. F. Damm, entitled ‘‘ Die Technischen Hoch- 
schulen Preussens.” The Denkschift by Martens 
and Guth, and referred to in our issue of the 8th 
inst., has also been consulted. 





BREAKWATER AT SVANEKE, 
ISLAND OF BORNHOLM. 

On the east coast of the Island of Bornholm, in 
the Baltic, there are several fishery harbours 
which have almost all been blasted out of the rock, 
and are, therefore, very limited in area. As a con- 
sequence they are difficult to enter and somewhat 
uncomfortable to lie in. This was especially so 
with the harbour of Svaneke, where the depth of 
the sea is very considerable right up to the rocky 
coast. Tremendous seas at times break on the 
coast, and not only make navigation impossible, but 
also made the construction of protective piers 
exceedingly difficult. Nevertheless, it was at 
length decided to build a breakwater which should 
shield the entrance to the harbour. The project 
was — by the well-known Danish engineering 
firm of Messrs. I. Saabye and ©. Lerche, which firm 
has an extensive and varied experience in this kind 
of work, and the undertaking was carried out in 
accordance with their desig.as. 

As will be seen from the accompanying plans of 
the harbour (Figs. 1 and 2), the breakwater is a 
pier aparere. in a south-eastern direction from 
the old northern pier. The new pier was meant 
to so protect the entrance that vessels, when passing 
through the opening, shall not be ex to the 
full power of the sea, and run the risk of being 


thrown against the piers. It would, of course, have | Th 


been better if the new pier could have been carried 
still further out, but as the water deepens very 
rapidly, the cost of such an extension would have 





been greater than the town could afford. 
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The difticulty about this work consisted in build- 
ing a pier on the rocky bottom found here (where 
the driving of piles is out of the question) of such 
proportions that it not only would fulfil its purpose 
as regards the protection of the entrance to the 
harbour, but also be able to resist the power of 
the sea, which is very great. As the time when it is 
possible to work on the spot is very limited, owing 
to bad weather, the pier had to be so built that it 
could be quickly completed, and at once be able 
to resist the forces of the waves. The contractors 
solved these difficulties in the following manner :— 

The inner portion of the pier, about 51 ft. (Figs. 3 
and 4), was built of monolithic concrete caissons 
faced with granite externally, and with iron rein- 
forcement, these caissons being moulded on the quay 
in the harbour. The bottom edges of the caissons 
were shaped so as to fit accurately the rock 
bottom at the places where they were to be deposited. 
ese caissons had a maximum weight of 25 tons, 
the floating crane available not being able to handle 
heavier loads. They were, as will appear from the 
illustrations, Figs. 10 and 11, 345, lifted by the 
floating crane and deposited in their places, where 





they were filled with concrete through drop-open- 
ings in the top, accidental apertures between the 
edges of the caissons and the rock having been pre- 
viously made good by divers. In the shallow 
water, where these caissons stood, holes had pre- 
viously been bored in the rock, and in them were 
inserted heavy iron bars, which, projecting from the 
bottom, were embedded in the concrete, and thus 
helped to keep the caissons in position (Figs. 3 
and4). The upper edge of these caissons was | ft. 
above ordinary water-level. 

The outer 64 ft. of the pier, where the depth 
varies from 13 ft. to 19 ft., however, was built in @ 
totally different way. This section consisted of four 
large concrete caissons, with iron reinforcement and 
granite facing, and of such height that they also rose 
1 ft. above ordinary water-level when in position. 
These caissons, of course, were much too heavy to be 
handled by the floating crane already referred to, a — 
they were therefore constructed in the dry dock © 
the town of Nexé, some 7 miles distant, and in such 
a manner that they could be floated to position. As 
shown by the accompanying section (Fig. 5) of = 
of these caissons, it is rather more than 16 ft. broad 
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the top and has granite-faced sides, with a slope 
of 1 in 6. “Longitudinally the dimension is also 
10 fl., the ends being perpendicular and provided 
W th grooves (see Fig. 8), which, when the caissons 
had been placed in position, were filled with con- 
ahi forming a lock and preventing the caissons 
rom shifting their relative position. The caissons 
Were open at the base, but at about 6 ft. height 





13. 


from the bottom there was a water-tight partition, 
dividing each caisson into two compartments, which 
subsequently were filled with concrete. In the 


partition was an opening with an iron ring cast in 
for the attachment of an air-lock, as shown in 
Fig. 12. 

When the caissons had been moulded at Nexd, 
water was let into the dock, and the dimensions 
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| the rock bottom. 


| side of the caisson. 
/much as possible, and by this arrangement the 


Fie. 11. 


were so calculated that the structures then could 
float with the upper edge about 1 ft. above the 
water. Whenair was also pumped into the working 
compartment below the horizontal partition already 
referred to, the caissons rose another foot. They 
were then fitted with a temporary decking of wood 
so as to prevent the sea from washing in whilst 
they were being towed from Nexé to Svaneke. 
Fine weather was a necessary condition for this 
towing, which passed off successfully in all four 
instances. The towing was effected by the floating 
crane, which supported about 20 tons of the weight 
of the caisson being towed at the same time as air 
was pumped into the working compartment from a 
compressor on the deck of the floating crane. It 
was found that the towing of this large structure, 
with the flat end, which, of course, offered a great 
resistance, was not nearly so troublesome as had 
been expected, so that the speed with which the 
towing took place was much greater than was 
anticipated. 

When a caisson arrived at Svaneke it was forth- 
with placed in its proper position in the pier 
(Fig. 12), and lowered by pumping water into the 
upper —— It was then an easy matter 
to enter the working compartment through the 
air-lock and get the structure placed exactly in 
position. As soon as this was done, the filling of 
the upper compartment with concrete was com- 
menced, so as to give the caisson the desirable 
stability against the sea without any delay. As, 
however, the aggregate weight of the pier was 
somewhat low, gauged by the power of the sea, 
four holes, 34 in. in diameter, were bored from the 
inside of the working chamber, along the east side 
of the caisson, these holes entering fairly deep into 
Into these holes were grouted 
3-in. iron bolts, which were suitably connected by 
stays to iron attachments embedded on the east 
The stays were tightened as 


caisson was simply bolted to the rock at the bottom, 
as shown in Fig. 7. 

The bolts in question having been firmly fixed, 
the working compartment, too, was filled with 
concrete, which, under air pressure, was carried 
through the air-lock. Any apertures that might 
exist between the bottom a of the concrete 
caisson and the rock were stopped by means of 
sail-cloth nailed on to a piece of timber cast into 
the bottom edge of the caisson, the sail-cloth being 
laid over the rock beneath the concrete, which 
thereby was protected from being washed away by 
the sea. The working chamber having thus been 
fully filled with concrete, the pier was practically 
built. It only remained to erect an upper structure, 
about 3 ft. high, on all the caissons, this structure 
being protected on the outside and the top by 
granite facing. In order to further consolidate this 
upper structure, a number of rails were cast into 
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the concrete, and to facilitate access to the light- | 
house (Fig. 13) on the end caisson, an iron railing | 
was cast into the pier along the middle. The break- 
water has perfectly withstood the tremendous sea 
since its completion some five years ago. 





AIR-PRESSURE ON INCLINED PLANE 
SURFACES. 
To THE Epitor oF ENGINEERING. 

Sir,—I have just read with much pleasure Mr. Johns’ 
very masterly analysis of the various observations which 
have b-en made as to air-pressure on inclined planes. 
Will he forgive me if I pvsint out that an inclusion 
of the Géttingen results, which you have published 
from time to time, would have greatly added to his argu- 
ments? The application of the Lanchester notation 
would also be very useful. The Lanchester formula, 
megs CcpAr®?.6 

= Fm. 


g 
method of comparing such results. Taking C as 0.62 
(see Government Committee Report for 1909-10) instead 
of 0.7 (Lanchester’s “‘ Aerodynamics”), and Mr. Johns’ 
value of k for different aspect ratios (Fig. 5, page 3), I 
find that c (foot-seconds units) is as follows :— 


Aspect ratio n ... 1 2 4 7 
wos; shee ame 1.5 2.16 2.6 3.0 


For aspect ratios more than 2, I find that the formula 
pa 8n-2 _ —,, +1 | 
n n 


ives fairly accurate results, and is analogous to the 
well rectangular notch coefficient. 
Yours faithfully, 
Heepert CHATLEY. 
The College, Tang Shan, February 16, 1912. 


, seems to give a most satisfactory 





BONUS WORK; AN AID TO COST-FINDING 
EFFICIENCY. 
To THe Eprror oF ENGINEERING. 

Sir,—It is rather difficult to classify the letter of Mr. 
W. L. Myles, which appeared on 327 of your last 
issue. As an attempt at ‘‘spreadeagleism” it does not 
reach anywhere near the giddy heights attained by se f 

ages in the pages of Sam Slick, Artemus Ward, 
wain, or Adeler. 

If it is to be considered as a serious contribution, then 
the first difficulty is to imagine the original state of a 
works where the clerks are reduced from eight to two by 
increasing the clerical work ! ‘ 

The bonus system aims at effecting economies, but the 
labour of recording additional facts, which must be done 
in order to demonstrate that economies are being effected, 
isan extra. If Mr. W. L. Myles has made any discovery 
whereby one man can do the work of four, he has a 
fortune in his grasp, but ‘‘ I hae ma doots.” 

Yours truly, 


March 11, 1912. A. WILLIAMS PRIcE. 








Férringer TRANSFORMER ON Moror-Cars.—A com- 
pany is being formed in Germany for the purpose of 
building motor cars with the Féttinger transformer as a 
gearing. 





Tur ‘ Aca” Frasu-Licnr Rathway Sienan. — On 
Tuesday last, at the invitation of Mr. H. A. Berggren, 
representing the Swedish Gis Accumulator Company, 
Limited, of Stockholm, Sweden, we had the opportunity 
of inspecting, at the Strand Palace Hotel, an “* Aga” 
flash-light railway signal installation. The characteristic 
feature of this system is, as the expression implies, the 
use of a flash-light instead of a continuous light. In 
the case of large stations, junctions, or other points where 
there are a multitude of confusing lights, any system 
which would render signals for important through roads 
distinctive and unmistakable must be considered to have 
great advantages. The ‘‘ Aga” system appears to us to 
have valuable features of this kind to recommend it. It 
is not suggested that the system of flashing should be 
used to any great extent as a code, but certain fairly wide 
variations in the speed of flashing and of the ratio of 
light to dark are readily reeognisable and may be adoptud 
in certain circumstances. The flashing is not dependent 
on clockwork or electrical mechanism. It is con- 
trolled on a system which has been in use for many 

ears in connection with buoys, beacons, &c., and has 
een proved thoroughly reliable. The lighting is by 
dissolved acetylene which is contained in a steel cylinder, 
fixed in a housing at the base of the signal-post, and easily 
charged when recharging becomes necessary. The pres- 
sure in the cylinder of about 15 atmospheres is reduced 
before the gas enters the service pipe to less than 2 atmos- 
pheres. the flashing is secured automatically by the 
gas pressure. The gas flows into a reservoir provided 
with a diaphragm, and when the reservoir is full the 
diaphragm is depressed and a permanently magnetised 
valve is opened, and allows the gas to escape to the burner, 
where it is ignited by a by-pass flame. On the escape of the 
gas the diaphragn is again free to rise, and the valve is 
magnetically drawn on to its seat again. We propose to 
revert to this subject again later at greater length, when 
we shall also illustrate the flasher. In the meantime we 
may say that the system, already u in Sweden and 
saliiee we on the Continent, is also arousing the 
interest of signal engineers in this country. We under- 


stand that inspection of the installation we saw on 





Tuesday last at the Strand Palace Hotel will be possible 
for the noxt fow days. 


COLONIAL AND FOREIGN ENGINEERING | 


PROJECTS. 


WE give below a series of colonisl and foreign engi- 
neering projects, for several of which tenders are invited. 
Further data concerning these projects can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. 


Sierra Leone: The Sierra Leone Royal Gazette states | 


that the Legislative Council of the Colony have authorised 
expenditure for various works as follows :—Construction 
of export w! 
and drains, 150,000/.; railway extension, 130,000/. 

Ni therlands: The Nederlandsche staatscowrant publishes 
the text of laws (1) granting a loan of 60,000 gulden (5000/.), 
or one-third of the cost of the construction of a railway 
from Oostburg to Cadzand ; (2) granting a loan of 490,000 
gulden (40,833/. ). or five-eleventhsof thecostof the construc- 
tion of a railway from Nijmegen to Venlo ; (3) granting 
a loan of 1,000,000 gulden (83,333/.), or two-fifths of the 
cost of the construction of railways (a) from ‘ler Apel to 
Delfzijl via Winschoten and (b) from Blijham to Bejling- 
wolde. The Nieuwe Rotterdamsche Courant notifies that 
a Bill is under consideration whereby the Eerste Drentsche 
Stoomtramwegen Maatschappij are empowered to con- 
struct and work a local railway, about 31 miles long, from 
Assen to Coevorden via Shoonoard. The cost of con- 
struction is estimated at 696,000 gulden (58,000/.), one- 
third of which amount the State will contribute by way 
of a loan. 

Spain: The Gaceta de Madrid notifies that Don Enrique 
Fonqueses D’Oriola has applied to the Ministry of 
Fomento, Madrid, for a concession for the construction 
and working of a railway from Lérida to Fraga, and 
thence to Caspe. The Gaceta also contains notifications 
of the award of contracts to Don Salvador Soteras y 
Taberner for the building of the permanent way of the 
first and fifth sections of the Ripoll to Puigcerdé Rail- 
way. The upset price of the work is fixed at 2,380,454 
pesetas (about 88,000/.). 

Italy: The Gazzetta Ufficiale notifies that tenders will 
be opened on April 3 at the offices of the Ferrovie dello 
Stato, Rome, for the construction of a section, about 
8 miles long, of the Bivio-Greci-Cattolica branch of the 
Sicilian Sciacca-Ribera-Porto Empedocle Railway. The 
upset price is put at 2,150,000 lire (86,000/.). The Gazzetta 
pe notifies that tenders will be opened on April 3 for 
the construction of another section of the same railway 
—viz., from Bivio Filaga to Palazzo Adriano. The upset 
price in this case is put at 2,649,000 lire (105,960/.). The 
Gazzetta further notifies that tenders will be opened on 
March 22 at the offices of the Assessore, Palazzo Comu- 
nale, Milan, for the laying of sewage-pipes under various 
streets in Milan. The upset price is put at 70,000 lire 
(2800/.) [Note.—Although the above three contracts 
will doubtless be awarded to Italian firms, nevertheless 
the carrying out of the works may involve the purchase 
of some materials out of Italy. ] 

Bulgaria : His Majesty’s Legation at Sofia report that 
included in the various items of expenditure provided for 
by the Bulgarian budget for 1912 is a sum of 1,002,0002., 
which has been voted as the amount of the extraordinary 
expenditure on railways and port construction, &c. Of 
this sum 190,000/. is to be devoted to harbour construc- 
tion, and 755,000/. to railway construction and rolling- 


stock. 

Turkey: His pichesty's Consul at Jerusalem reports 
that the Turkish Ministry of Commerce and Public 
Works invite tenders for a 99 years’ concession for the 
construction and working of a commercial port at Jaffa. 
A deposit of £T2000. will be uired with each tender, 
to be increased to £T'10,000 by the concessionnaire. All 
materials and machiner uired in connection with the 

reliminary works will be admitted free of Customs duty. 
Note.—Local representation is necessary. } 

Mexico; The Diario Oficial publishes the text of a 
contract under the terms of which Sejfior C. Euardo 
Barrios is empowered to construct and work, during a 
term of 99 years, a railway between the Federal district 
and the States of Mexico and Pueb'a—viz., from Mexico 
City to the city of Puebla ria Tlalmanalco, Hacienda de 
Contla, San Salvador el Verde and Huejotzingo. Five 
years are allowed for the construction of the line, and 
exemption from customs duty is granted for a period of 
three years in respect of any material which it may be 
necessary to import for carrying out the work. 

Brazil; The British Vive-Consul at Sao Jojo d’el Rey 
reports that the Oeste de Minas Railway authorities 
have under consideration a project to prolong the line 
from Sio Joao d’el Rey to Turvo, which would open up 
a rich agricultural zone. The Diario Official contains 
decrees as follow :—Decree No. 9356, approving the plans, 
specifications, and estimate of 3,702,210 milreis (about 
247,000/.), submitted by Srs. Florisbello Leivas, André 
Verissimo Reboucas, and Jofio Baptista Garcez for the 
construction of 374 miles of railway—viz., from Jaguarao 
to Bazilio; Decree No. 9358, authorising the same 
concessionnaires to construct 36 miles of line from 
S. Sebastiio to Sant’ Anna do Livramento, at a cost 
of 2,867,125 milreis (about 190,000/.) ; Decree No. 9361, 
opening at the Ministry of Communications and Public 

orks a credit of 1,280,000 milreis (about 85,000/.), for 
the purpose of proceeding with the extension of the 
Cruz Alta Railway to the mouth of the River Ijuhy (Rio 
de Grando Sul.) 





Wetsu Tin-PLatrs.—At the monthly meeting of the 
Swansea Harbour Trustees on Monday, Lord Glantawe 
observed that both the American and Canadian trade in 
Welsh tin-plates was ange any rate for the present. 
a e ton had nm shipped to the United States 
in -12, 


harf, 200,000/. to 250,000/.; Freetown streets | 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The returns of coal passing 
through Hull during February show a satisfactory in. 
crease on the corresponding month of last year. “The 
comparative figures are 506,608 and 441,376 tons. The 
fact that the collieries were making big outputs against 
the strike probably accounts for the difference. The 
total for the first two months of this year is 1,038,896 
tons, as against 967,312 tons in 1911. There were 
exported 208,564 tons in February, and coastwise ship- 
ments were 108,618 tons. These figures are a decrease 
upon February, 1911. Italy was the largest customer, 
taking over 30,000 tons. The German takings also showed 
an increase, whilst exports to France fell off. he 
Denaby and Cadeby collieries headed the list for outputs 
in South Yorkshire with 70,376 tons. 


South Yorkshire Coal Trade. —The paralysis of the 
coal trade, naturally one of the first senate of the strike, 
has become intensitied during the week. At the same 
time the situation is rather a curious one, for though 
merchants confess to having practically no stocks, yet a 
fair amount of coal continues to be supplied to local works 
from some source or other. Lancashire coal is coming into 
this city, an absolutely unprecedented occurrence, and the 
Sheffield Corporation Electricity Department have ob- 
tained 1000 tons of this fuel. There is not much coal 
left in colliery sidings, but some of the neighhouring pits 
still manage to supply local works with coke. The demand 
for house coal, except amongst the very poorest classes. has 
not been great. All kinds of prices are being asked for 
material, and the figures in many cases are quite abnormal. 
A few comparisons in this direction are most instructive, 
Thus, slack, which a little over a month ago realised 
5s. 6d. a ton at pits, now fetches 26s., and the Lancashire 
rough slack coming in is as much as 32s. 6d. a ton. York- 
shire and Derbyshire hards have risen from about 9s. at 
pits to 29s. House coal, which was from 10s. to 12s. a 
ton, is now 26s. to 34s., and ordinary coal and cobbles 
from 27s. 6d. to 34s., as against about L1s. a ton. 


Iron and Steel-—The Sheffield works are holding out 
better than was anticipated under such adverse con- 
ditions as a coal strike. Many of them are enabled to 
continue very | by reason of supplies of power being 
maintained by the Corporation Electric Supply Depart- 
ment. Then again some of them have considerable 
coal stocks, but in the majority of cases the future 
period of operations, if a strike continues, must be 
a short one. At the week end it was estimated the 
closing down of further works had added about 3000 to 
the number of men unemployed, bringing up the total 
to nearly 20,000. There is practically nothing in the way 
of fresh business, and many contracts have had to be 
cancelled. Pig-iron producers are at a standstill. A 
dispute with the moulders employed in Sheffield, ordinarily 
a very serious matter, has been quite overshadowed 
by the coal strike, and so far there are no outward 
signs of active steps towards a settlement. The lighter 
trades, which were not so seriously affected a week ago, 
have seen a marked decrease in work during the last few 
days. Taken all round, the outlook is most serious. If 
the strike is speedily settled there is little doubt that 
Sheffield trade will recover, and that what promises to be 
an exceptional year will not be absolutely spoilt; but 
further prolongation of the struggle may do irreparable 
injury to many local industries. 





PRESENTATION TO Mr. Ernest Co.iins, M. Inst. C.E. 
—On Tuvsday evening, March 5, a large number of 
officers of the Metro Faun Water Board met in the old 
board-room of the offices of the late New River Company, 
at New River Head, in bery-avenue, for the purpose 
of taking a formal farewell of Mr. Ernest Collins, 
M. Inst. C.E., until recently the district engineer of the 
New River district, and formerly one of the chief engi- 
neers in the service of the New River Company. The 
esteem in which Mr. Collins was held throughout the 
service tcok the ible form of a solid silver salver, 
engraved with Mr. Collins’s coat of arms and suitably 
inscribed. The presentation was made by Mr. H. F. 
Rutter, M. Inst. C.E., district engineer of the Board’s 
western district, in a very happy speech, to which Mr. 
Collins replied in terms hich did not attempt to dis- 
guise the emotions he felt upon receiving such a testimony 
at the close of his professional career in the same room 
where, over 30 years ago, he received his appointment 
from the directors of the old New River Company. 





Junkers O1t-Eneings.—An order has just been placed 
by the Petroleum Steamship Company, Limited, London, 
which is allied to the European Petroleum Union, for an 
oil-tank ship of 7200 tons as capacity, to be fitted 
with twin-screw oil-engines of the Junkers type. The 
ship will be built by Messrs. J. Frerichs and Co., on the 
Weser, to the highest class of Lloyd’s. The two engines 
are to be of a collective power of 2200 horse-power. The 
length overall of the ship will be 399 ft., the breadth 
51 ft. 6 in., the depth of hold 30 ft. 3 in., and the draught, 
loaded, 24 ft.4 in. The machinery will be placed aft, and 
the fuel-oil stored in tanks on each side of the enginc- 
room. An oil-fired boiler will be fitted for supplying 
steam to several auxiliaries, including the anchor, wind- 
lass, and steering-gears, and also to operate the —— 
for loading and discharging the oil. As the vessel will be 
used for general , three masts with cargo-derricks 
will be provided, and these will be — by steam- 
winches. Messrs. Frerichs, it may be added, are at present 
building a 4000-ton tank-steamer for the German Petro- 
lenm Company, and this also will be fitted with Junkers 


engines 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—With nearly all the biast- | 
furnaces damped down, owing to shortness of coke. the 
output of pig iron is reduced to almost nothing. Of the 
seventy-nine blast-furnaces in Middlesbrough only some 
six or seven are now blowing. Home demand is practi- 
cally nil, the consuming industries being idle owing to 
the coal strike, but a lot of iron is being taken out of 
stock for shipment. Thus, statistically, the situation is 
improving. ‘Traders act with extreme caution, and the 
business passing is confined to transactions in small 
parcels for immediate delivery. Values of Cleveland pig 
iron are very strong. The general market quotations 
for prompt f.o.b. delivery of No. 3 . is now 
51s.. and some sellers hold out for 51s. 3d. The other 
qualities of Cleveland iron have moved in proportion 
to No. 3, but business in them is vey limited indeed. 
No. 1 is 55s.; No. 4 pote ye and No. 4 forge, each 
50s. Gd. ; and mottled and white iron, each 503. There 
is no new feature in Kast Coast hematite pig iron. 
Little, if any, business is passing in this branch. The 
price of mixed numbers remains at 66s., and possibly 
that figure might be shaded for prompt delivery, and 
purchases beyond the end of this month are not possible 
below 67s. Very large quantities of iron ore continue to 
arrive in the Tees, and as little is being consumed just 
now stocks are accumulating. So far this month no les 
than 63,982 tons of ore have been brought into the Tees, 
which is at the rate of over 6000 tons per working day. 
Though there is no new business doing in foreign ore 
values are fully maintained on the basis of 21s. 6d. ex- 
ship Tees for best Rubio. Fuel prices are difficult to 
fix. Very little coke is now required for local use, and 
there is also little offering. Any firms, however, needing 
coke, have to pay high rates for it. For blast-furnace 
purposes up to 27s. 6d. delivered here has been realised. 


Stocks and Shipments of Pig Iron.—To meet current 
requirements for shipment, stocks of Cleveland pig are 
being rather heavily drawn upon. To date this month 
21,196 tons have been withdrawn from the warrant stores, 
where the stock now stands at 492,093 tons. Shipments 
of pig iron to date this month average 6440 tons 4 
working day, the total despatches amounting to 70,849 
tons. ‘To the same date last month the total loadings of 
pig were returned at 36,998 tons, or a daily —- 
of 3363 tons, and for the corresponding part of March, 
last year, the clearances amounted to 38,725 tons, or an 
average of 3520 tons per working day. 


Manufactured Iron and Steel.—There is nothing new 
to report concerning the various branches of the manu- 
factured iron and steel industries. Practically all the 
works are closed down, and business is at a standstill. 
Quotations all round are maintained, but they are 
nominal. Principal market rates stand :—Common iron 

rs, 7l.; best bars, 7/. 7s. 6d. ; best best bars, 7/. 15s. ; 
iron ship-plates, 6, 12s. 6d.; iron ship-angles, 7/.; iron 
ship-rivets, 7/. 12s. 6d. ; iron girder- , 6l. 178. 6d. ; 
iron boiler-plates, 7/. 12s. 6d. ; steel bars, 67. 10s. ; steel 
ship-plates, 7/. 5s.; steel ship-angles, 6/. 17s. 6d. ; steel 
boiler-plates, 77. 15s. ; steel strip, 6/. 12s. 6d.; steel hoops, 
61. 15s. ; steel joists, 6/. 12s. 6d. to 6/. 15s. ; cast-iron 
railway chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s. ; 
heavy steel rails, 5. 12s. 6d.; steel railway sleepers, 
6/. 10s. ; and iron and steel galvanised corrugated sheets, 
24 gauge, in bundles, 11/, 10s.—sheets less the usual 
4 per cent. f.o.b., railway material net at works, and all 
other descriptions less the customary 24 per cent. 


Cleveland Institute of Engineers.—At a meeting of the 
Cleveland Institute of Engineers held at Middlesbrough 
on Monday evening, Mr. Robert Anderson, who acted as 
resident engineer to superintend the transporter bridge 
recently constructed over the River Tees between Middles- 
brough and Port Clarence, read a very interesting paper 
on “Transporter Bridges.” Mr. Anderson described 
the first bridge of this type built at Bilbao in 1889. 
Other existing transporter bridges were described, and 
Mr. Anderson concluded with an interesting account of 
the work of constructing the Tees Transporter, mention- 
ing that the load tests were so entirely satisfactory that 
Mr. Imboult, the designer, had stated that if the cor- 
poration wished to increase the carrying capacity of the 
car to 1000 passengers there would be no objection. The 
cost of current for running a trip, inclusive of the amount 
for lighting the bridge and its approaches, averaged 14d. 
to ld. per unit of power used. It would form a most 
excellent station for a wireless telegraphy installation, 
the length of the span and great elevation being pecu- 
liarly suitable. Messages from ships or stations 1000 
miles away might be received, and if any scientific insti- 
tution should wish to place an instrument for recording 
the pressure and velocity of the wind in the district, no 
better place could be found. 








NOTES FROM THE NORTH. 
. ; Giascow, Wednesday. 
Rape Pig-Iron Market.—Last Thursday morning 
the pig-iron market was yee steady, and the turnover 
was limited to two lots of Cleveland warrants at 50s. 3d. 
ae Gays and 53s. 6d. one month. Closing sellers quoted 
~ 3d. cash, 50s. 64d. one month, and 51s. three months. 
1¢ afternoon session was also quiet, but the dealii 
amounted to 3500 tons of Cleveland warrants at 50s. 24d. 
am, - 4d. fifteen days, 50s. 54d. one month, and 
i a — 29. At the close there were sellers at 
Fa + — » 50s. 6d. one month, and 51s. three months. 
Olovels 7 coma the market was the turn firmer, and 
WOVE arrants, amounting to 4500 tons, were done at 
0s. 2hd. cash, 50s. 44d. eighteen days, 50s. 6d. one month, 





and 5ls. . and 51s. three months. Closing prices 
were called 50s. 4d. cash, 50s. 7d. one month, and 51s. 
three months sellers. Cash sellers of hematite quoted 
64s. 9d. In the afternoon there was little doing, and busi- 
ness was confined toone lot of Cleveland warrants at 50s. 3d. 
cash, with sellers over at 50s. 34d. cash, 50s. 64d. one 
month, and 51s 0}d. three months. A strong tone was the 
feature of the market on Monday morning, and Cleveland 
warrants were dealt in at 50s. 6d. and 50s. 7d. cash, 
50s. 6d. four days, 50s. 10d. one month, and 51s. 3d. 
three months. he turnover was 3000 tons, and ee | 
sellers quoted 50s. 74d. cash, 50s. 10}d. one month, an 

51s. 4d. three months. In the afternoon Cleveland war- 
rants were nominally steady, and 3000 tons were done 
at 50s. 94d. one month, with sellers over at 50s. 7d. cash, 
50s. 10d. one month, and 51s. 4d. three months. On 
Tuesday morning the tone was again strong, and Cleve- 
land warrants continued on the upward tack. The 
dealings were small, and consisted of 2000 tons at 
50s. 74d. cash, 50s. 8d. six days, and 50s. 114d. one 
month, and the closing prices were 50s. 84d. cash, 50s. 114d. 
one month, and 5Bls. three months sellers. At 
the afternoon session Cleveland: warrants were almost un- 
changed and 4000 tons were dealt in at 50s. 74d. cash, 
50s. 8d. six days, and 50s 104d. one month. Sellers’ 
closing quotations were 50s. 8d. cash, 50s. 11d. one month, 
and 5ls. 54d. three months. When the market opened 
to-day (Wednesday) Cleveland warrants were steady in 
tone, and 2500 tons were done at 50s. 7d. cash and 
5Is. 5d. three months. At the close sellers quoted 
50s. 74d. cash, 50s. 11d. one month, and 5ls. 5d. three 
months. Buyers of hematite offered 65s. one month. The 
afternoon session was quietly steady, and 2000 tons of 
Cleveland warrants were put through at 50s. 6}d. cash 
and 50s. 8d. nine days, and the market closed with sellers 
quoting 50s. 74d. cash, 50s. 11d. one month, and 5ls. 5d. 
three months, 


Sulphate of Ammonia.—There has been no change in 
the condition of the sulphate of ammonia market this 
week, and business is rather difficult to do owing to the 

resent industrial unrest. The price, however, keeps 
irm, and sellers quote 14/, 10s. per ton for prompt lots, 
Glasgow or Leith. The amount shipped from the latter 
port last week was only 205 tons. 


Scotch Steel Trade.—The position of affairs in the Scotch 
steel trade during the past week has been a serious one 
for the different managements, and in some works a 
complete stoppage has taken place. With economy 
most of the steel-makers could keep a part of their 
works going full for several weeks, but the scarcity of coal 
is not their only trouble. That is just one, the other 
being the difficulty in getting supplies of raw material, 
and of getting the railway companies to handle goods 
other than perishable and food-stuffs. If the conference 
between the coal-masters and the men’s repres+ ntatives, 
which is again in session to-day (Wednesday), does not 
arrive at some likely solution, then a wholesale stoppage 
in the steel and other trades will take place this 
week-end. Local consumers of steel material are 
not placing any new business, but on export account 
an active demand exists with Canada, Australia, 
Japan, and China—all in the market for fair quantities. 
The makers of black and galvanised sheets have again 
been fixing up some further respectable orders, and to 
secure the promise of delivery this year buyers have had 
to grant premiums on recent prices. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland has felt the coal strike rather severely, 
and thousands of employees are now idle. One or two 
establishments which are worked by electricity are in full 
operation and are endeavouring to cope with a fairly good 
demand. The number of inquiries in circuit shows 
that the prospects of the trade ure very satisfactory. 
Prices are firm, and being in sellers’ favour, are all sub- 
ject to negotiation. 


Scotch Pig-Iron Trade.—Scotch pig-iron makers report 
that no new business has mn fixed up this week, and 
that deliveries have almost completely fallen away. The 
damping down of furnaces has continued since last report, 
and at the present time, I believe, there are none in blast 
at all, whereas last year at this time there were eighty- 
seven. Hematite is not in demand. 


Shipbuilding.—Messrs. William Denny and Brothers, 
Dumbarton, have contracted to build a new steamer for 
the Glasgow, Liverpool, and Rangoon trade of Messrs. 
Patrick Henderson and Co., Glasgow. This vessel, 
which will a enn Le about one pe 
passengers, will have a weight carrying capacity o 
about 8500 tons.—Messrs. Murdoch and py ‘ort 
Glasgow, have secured an order to construct a mger 
and cargo steamer of about 2700 tons for nchester 
owners. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade is still in a chaotic con- 
dition. Production having ceased, business has been 
restricted to about 80,000 tons, in hand when mining was 
——_ About half the 80,000 tons were quickly 
sold at steadily advancing prices, holders wisely securing 
a substantial profit without running the risk of an early 
termination of the strike. Tne best Admiralty large 
touched what was little more than the nominal quotation 
of 42s. 6d. perton, and some business was done in smalls 
at 20s. to 25s. per ton; but, under the circumstances, it 
is practically useless to attempt quotations. As 


iron ore, Rubio has made 20s. to 21s. per ton upon a basis 
ef 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


incers.—A strong western section of the 
lectrical Engineers has been inaugurated 


Electrical Ei 
Institution of 








at Bristol. A large number of members have been 
enrolled, and what is expected to prove an energetic com- 
mittee has been appointed. 


Dowlais.—The Dowlais Works have been busy. The 
Big Mill has had a large output of fish-plates, and the 
Goat Mill has been occupied with an urgent order for 
heavy steel rails. 


Welsh Coal Shipments.—The shipments of coal, foreign 
and coastwise, from the six principal South Wales ports 
—Cardiff, Newport, Swanrea, Port Talbot, Neath, and 
Lianelly—in the first two months of this year were :— 
Cardiff—foreign, 3,233,509 tons ; coastwise, 581,593 tons ; 
total, 3,815,102 tons. Newport—foreign, 818,643 tons ; 
coastwise, 140,631 tons ; total, 959,274 tons. Swansea— 
foreign, 535,574 tons; coastwise, 59,703 tons; total, 
595,277 tons. Port Talbot—foreign, 297,961 tons ; coast- 
wise, 27,327 tons; total, 325,288 tons. Neath—foreign, 
27,531 tons; coastwise, 28,137 tons ; total, 55,668 tons. 
Llanelly—foreign, 23,515 tons; coastwise, 9165 tons; 
total, 32,680 tons. The aggregate shipments for the two 
months were, accordingly, 5,783,289 tons. 





a 





GERMANY AND THE ENGLIsH Coat Srrikz. — The 
Frankfurter Zeitung, dealing at some length with the 
English coal strike, says that Germany must view with 
regret any reduction in the buying capacity of such a 

customer for the German industry as England is. 

m the other hand, the strike may result in a serious 
weakening of Germany’s greatest rival in the world’s 
market. Every cl English factory increases the 
freedom in the movements of the German industry. 
German coal-mine owners will, of course, exert them- 
selves to replace English with German coal, and should 
the strike Conse protracted, such exertions will prob- 
ably succeed. English coal plays a prominent part in 
Germeny, where, by way of the canals, it penetrates 
far up the country, ouetine with German coal. Last 
year some 9,500,000 tons of English coal were imported 
into Germany, and the strike would prove a great boon 
to German coal-mine owners and miners, could they secure 
only a portion of this trade. 





Prrsonat.— Messrs. J. W. Jackman and Co., Limited, 
are removing from their present Manchester address to 
new premises, which they ee specially erected to meet 
the increased requirements of their business, at Vulcan 
Works, Blackfriar’s-road, nchester, where they are 
arranging to have a large and complete show of all classes 
of foundry plant and equipment.—The Langdon. Davies 
Motor Company, Seutinash Works, Deverell-street, 
8.E., have acquired the whole of the assets and goodwill 
of the Langdon-Davies Motor Company, Limited, as a 
going concern, and they will continue to manufacture 
every type of motor made by the old company as hereto- 
fore. ey are removing to a new works equipped with 
modern machine-tools, and will dispose of the present 
plant, which is inadequate to meet the demands made 
upon it. The staff is being retained as in the old com- 
pany, the only alteration being in the management. — 
Owing to the increase in their London business, Messrs. 
Richard Johnson, Clapham, and Morris, Limited, Man- 
chester, have appointed Mr. H. M. Kelk as their London 
agent. His address will be Broad-street House, New 
Broad-street, E.C.—The Yorkshire Boiler Company, 
Limited, Standard-buildings, Leeds, and Messrs. Holds. 
worth and Sons, Limited, Oroft Boiler Works, Bradford, 
have decided to combine; the registered office of each 
company will be at the above works. 





Contracts.—The North British Railway Com 
placed an order for twelve railway wagon weighbridges 
with Messrs. W. and T. Avery, Limited, Soho Foundry, 
Birmingham.— Messrs. George F. West and Co , Caxton 
House, Westminster, 8.W., state that their lock 
woven mesh is being used by His Majesty’s Office of 
Works as reinforcement for the covering of the reser- 
voirs in connection with the Windsor Castle water 
supply. — The St. Ives Consolidated Mines, Limited, 
have recently placed an order with the British Hum- 
boldt Engineering Company, Limited, Dixon House, 
Lloyd’s-avenue, E.O., for one of their special patented 
ball-mills, of 7 ft. 7 in. diameter and 3 ft. 4 in. width of 
the grinding-drum. This mill will be used for crushing 
pitchblende ore down to 60-mesh screen. The mill is 
arranged to be used for dry and wet grinding.—The 
Mirrlees Watson Company, Limited, of Scotland-street, 
Glasgow, inform us that their recent orders for barometric 
jet steam condensing plant include twenty sets, among 
which are two sets for omit D. Adamson and Co. ; one 
set for the Oldham Corporation; and two sets for the 
Liverpool Corporation, per Messrs. the British Thomson- 
Houston Company, Limited. They have also received 
orders for several plants fitted with pumps of the Mirr- 
lees-Leblané rotary type.—The Westinghouse Brake 
Company, Limited, 82, York-road, King’s Cross, London, 
N., manufacturers of the Westinghouse-Morse rocker- 
joint chain, state that they have just received from the 

ort of London Authority an order for eight chain-drives, 
aggregating 880 horse-power.—Messrs. Jno. Birch and 
Co., Limited, 2 London Wall Buildings, London Wall, 
E.C., have recently secured the order for materials in 
connection with a new drainage scheme for the city of 
Fortaleza, Ceard, Brazil. he order includes some 
16,000 tons of cast-iron pipes and about 4000 tons of 
stoneware pipes, together with all the uisite valves, 
sluice-gates, and accessories. The value of the contract 
is, approximately, 160,000/. This order, we are glad to 
Sa to state, has been placed in its entirety in this 
country, and was p Move aad in the face of severe Con- 
tinental comp>tition. 
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Tue use of oil-engines as a means of propulsion | with 25 tons of fuel oil when leaving the yard at Amster- | the arrangement being, we understand, quite satisfac- 
on ocean-going vessels, even when of considerable size, dam, made the following trips: Amsterdam-Rotterdam, | tory. The cooling water for the cylinders is pumped up 


does not now need any introduction, having already 
made very considerable p:ogress, as has no doubt been 
gathered from the various descriptions of motor-driven | 
vessels that have recently appeared in our pages. Many 
able minds have been devoted to the subject and well- 
known firms have spent much time and money on it. 
Among these firms the Nederlandsche Fabriek Van | 
Werktuigen en Spoorweg- Materieel, of Amsterdam | 
(called ‘* Werkspoor ” Works), hold no mean position, | 
and deserve great credit for the advances they have 
made. One of the vessels built and engined by them, 
which has proved, we understand, a great success, was 
the Vulcanus, to which we alluded on e 473 of 
our ninety-first volume, and on page 677 of our ninety- 
second volume. This vessel is 196 ft. in length by 
37 ft. 9 in. in breadth and 13 ft. 24 in. in depth, and 
has a displacement of 1900 tons, the motive power 
being a 500-horse-power Diesel oil-engine. Since this 
vessel was launched the firm have built another of the 
same class, named the Sembilan, which we recently 
had the pleasure of inspecting while the engines were 
at work, and while manceuvring was being carried 
out, and which we now purpose, with the aid of 
drawings, to describe. She is illustrated in Figs. 1, 
2, and 3, above, the leading dimensions being: length 
on water-line, 152 ft. ; breadth, 26 ft. ; and depth, 





9 ft. 6 in. 

The chief interest attaches to the engincs, which | 
are of the Werkspoor Diesel marine type, and are | 
illustrated opposite, Fig. 4 being a front part sec- 
tional elevation, Fig. 5 an end elevation, Fig. 6 a 
plan, and Fig. 7 a transverse vertical section through 
one of the cylinders. As will be seen by the illustra- 
tions, the engine has three cylinders, the diameter of 
each being 12 in., and the stroke 20 in. The speed is 
200 revolutions per minute, and the power developed 
200 brake horse-power. When running on full load 
the consumption of oil is about one ton in twenty-four 
hours. The —- engine, which runs only occasion- 
ally, requires about 11 1b. of oil per hour. This low con- 
sumption is proved by the fact that the vessel, loaded 





Rotterdam - Boston (Lincoln), Boston - Selby, Selby- 
Harlingen (Holland), Harlingen - Rotterdam, Rotter- 
dam-London, London-Antwerp, Antwerp - Dordrecht, 
Dordrecht - London, London - Amsterdam, the total 
distance run, which was mostly done loaded, was 1780 
miles, which was covered at a mean speed of about 
74 knots. During these voyages some gales were met 
with, but we understand that the motor did not give 
the slightest trouble during the time. When the 
vessel finally returned to Amsterdam, there were still 
10 tons of oil in the bunkers, showing a consumption 
of 14 tons during the various voyages. The average 
consumption of tuel during the several voyages was 
11.7 lb. per nautical mile. 

The chief feature of the engine, and one which has 
proved a great convenience, is the patented method 
adopted for getting at the pistons. If reference be made 
to Fig. 7, it will be seen that the cylinder is constructed 
with a solid top, so that the pisten cannot be taken out 
at that end. By & special arrangement, however, the 
piston can be got at for inspection without disconnect- 
ing it from the cross-head and connecting-rod. The 
way in which this is effected is by making the cylinder 
in two pieces, as shown in Fig. 7, the part A being 
bolted to the under side of the cylinder and forming a 
lengthening-piece. When the piston has for any reason 
to be examined, the part A can be lowered by removing 
the nuts from the studs in the cylinder. Before the 
nuts are removed, the part A is attached to a small 
crane, shown at B, Fig. 4, the jib of which can be 
lowered by means of the worm and spindle C shown at 
the side. The piston farthest to the right is shown 
uncovered, the part A having been lowered. There 
are two of these cranes for the three cylinders. 

The cylinders are water-cooled, as shown in Fig. 7, 
but in the case of the pistons the cooling is done by air, 
which is forced into the chamber D and up the pipe E 
into the inside of the piston, flowing out again down 
the annular space between the pipe E and ee F 
into atmosphere. The current of air is produ rom 





the fly-wheel, which is made to do the work of a fan, | 


to a tank above the galley, and flows by gravity to the 
jackets. The pumps are driven from a shaft actuated 
by chain-gearing. The motor is of the four-cycle 
type, the arrangement of the valves and gearing 
being as shown in Figs. 4, 6, and 7. The reversing is 
performed by means of a separate cam-shaft I, the for- 
ward cam-shaft being at J, Fig.7. These two cam-shafts 
are carried on saddles, which are shown at K, and are 
driven from below, as shown in Fig.5, by means of crank- 
shafts and rods. These saddles form bearings for the two 
shafts, which are so arranged that they are always at 
the same distance apart, and can be moved together 
along the slides L. By suitable mechanism either of 
the cam-shafts I or J can be brought under the ends of 
the valve-levers, as shown in Fig. 7, and the engines 
can be run ahead or astern with very little trouble. 
The time occupied in the operation is very short, it 
being possible to go from full speed ahead to full speed 
astern in 7 seconds, the engine itself reversing. The 
actual reversing is performed by means of the handle 
M, which, through the shaft N and gearing, not shown 
in our illustration, forces the cam-shafts into position. 

Compressed air is used for injecting the oil into the 
cylinders and starting the engines, the air for the 
latter pu being compressed to about 225 |b. per 
sq. in. The air is pum into two receivers, each of 
126 cub. ft. capacity. ‘The compressor is of the three- 
stage type, and is shown at O in Fig. 6, and also in 
Fig. 5. It is driven off the main shatt, and the air 1s 
cooled down to about 20 deg. Cent. befure it enters the 
main engines. When the engine is started it runs at 


‘about 100 revolutions per minute under compressed !r 


for about 14 minutes, when the air is shut off, and the 
oil fuel turned on. There is an auxiliary air-compressor 
of about 25 brake horse-power. The pump for the 
cooling water is shown at P (Fig. 6), and is driven oll 
the main shaft by chain-gear, as shown. Forced lubri- 
cation is used, the pressure of the oil being about 8 !' 
per sq. in. The pumps for the lubrication may Ye 
seen at R (Fig. 6). . 

The winches on the vessel are all air-driven, there 
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being a separate motor and compressor for this pur- 
pose, and this compressor can be used for starting the 
main engine if the main compressor should be out of 
order. The pressure of air supplied to the winches is 


about 115 lb. per sq. in. There is a duplicate water- 
pump for the main engine, for use in case the main 
pump should be disabled. 


We understand that the vessel is intended to go to 
Java this month. 
The * Werkspoor” Works have also in course of con- 


struction at the present time the following oil-engines 
for ocean-going vessels :— 
Four six-eylinder four-eycle engines, having cylin- 


ders 22 in. in diameter and 394 in. stroke ; one for the 
\nglo-saxon Petroleum Company’s ship Juno; two 
for Emanuel Nobel, of the Société Anonyme 
d’Armement, d’Industrie et de Commerce, Antwerp ; 
an one for the Royal Dutch India Packet Company’s 
shi; Loudon ; four six-cylinder four-cycle engines, 
having cylinders 20} in. in diameter and 35} in. 
eran, ‘or two twin-screw ships, for the Anglo-S sxon 
‘etvoleum Company, Limited, of London; two six- 

der four-eycle engines, having cylinders 159 in. 

‘ameter and 193 in. stroke, for a gunboat for the 


Duteh Navy. 


stroke 


























Tue ENGINEER-IN-CHIEF OF THE Navy.—The Royal 
Society in eg fy em te ice-Admiral Sir Henry J. 
Oram, K.C.B., the Engineer-in-Chief of the Navy, a 
Fellow of the Royal Society (F.R.S.), has most appro- 
priately si alised the approval of scientists of the great 
work which Sir Henry has done throughout a long period 
of years for the development of naval machinery, and 
indirectly has confe a much-appreciated distinction 
on the engineers of the Navy. 





Sm Maorice Fitzmaurice, C.M.G.—On the occasion 
of the laying of the foundation-stone of the new London 
County Council Hall at Westminster Bridge by the King 
on Saturday, His Majesty conferred the dignity of 
knighthood upon the Chairman of the Council—Mr. 
Edward White—and upon the Council’s Chief Engineer. 
The honour conferred upon the latter—now Sir Maurice 
Fitzmaurice, who was made C.M.G. in 1902—has been 
well won, in view of the important engineering work he 
has carried out, culminating so far in the design of the 
engineering work for the embankment wall of the new 
Hall, and the members of the profession rejoice at this 
further recognition of brilliant service. Sir Maurice was 
born in 1861, and was educated at Trinity College, 
Dublin. Among the works with which he has been asso- 
ciated in London as engineer are the Rotherhithe Tunnel, 
the new Vauxhall Bridge, Kingsway and the tramway 


Fig. 5. 
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subway, and the electric tramway service. He was also 
engaged on the construction of the Forth Bridge, the 
Blackwall Tunnel, and the Nile Reservoir dam at 
fam, for which he received the Order of the Med- 
jidie 
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200-TON ELECTRIC REVOLVING 
CANTILEVER CRANE. 

A very fine example of modern crane work has just 
been supplied by Messrs. Cowans, Sheldon and Co., 
Limited, of Carlisle, to the Imperial Japanese Navy 
for the Kure Dockyard. This crane, which is illus- 
trated in Fig. 1, page 352, and Figs. 2 to 7 on our two- 
page plate, was designed entirely by the manufacturers, 
and is of 200 tons lifting capacity. It has, in accordance 
with the requirements of the Imperial Japanese Navy, 
been tested with a load of 250 tons. This load, taken 
in conjunction with the large working radius, gives the 
crane the distinction of being the largest in the world 
at the present time. 

From the illustrations given it will be seen that the 
crane is of the electric revolving cantilever type, a 
type now considered to be an essential part of tle 
plant of all modern dockyards, and it is similar 10 
the 160-ton cantilever crane made by the same firm 
for H.M. dockyard, Devonport. It is constructed to 
lift a working load of 200 tons at 105 ft. radius, 
100 tons at 150 ft. radius, and 30 tons at 160 ft. radius. 
The various motions are worked by elec'ric power at 
the following speeds :— 


Main lift: 200 tons (two bloeks) at 5 ft. per minute. 
100 tons (one block) ,, 5 ‘ 
e loads up to15tuns__,, 25 - 
Light lift: 30 tons SS * 
a loads up to74 tons ,, 50 : 
Traversing : 200 tons at 30 ft. per minute. 


7 a es 
Revolving: 200 tons, 1 revolution in 8 minutes. 
” 1 ” ” 6 , 

. No load, 1 ae 


From our illustrations, Figs. 2 and 5 on our two-page 
plate, it will be seen that the main lifting gear con- 
sists of two independent purchases of 100 tons capa- 
city each, this arrangement being provided in accord- 
ance with the usual naval requirements, to enable lon 
guns and shafts to be angled when being pass 
through hatchways, &c. Each main block is carried 
on eight parts of 54-in. circumference steel-wire rope, 
the rope being suftiviently long to enable blocks to be 
lowered 50 ft. below quay level. Each rope is coiled 
in one layer on a turned and grooved cast-iron barrel, 
6 ft. 6 in. in diameter by 12 ft. long. The main 
barrels are driven from the motor through three reduc- 
tions of steel machine-cut spur gearing. The speed- 
changing gear is enclosed in a complete cast-iron oil- 
bath, and an automatic solenoid brake is fitted on an 
extension of the armature shafts, and comes into 
action immediately the current from any cause is cut 
off. In addition to the solenoid brake, a large auto- 
matic mechanical brake of the Weston screw type 
is fitted on the intermediate shaft. These brakes are 
constructed entirely of steel and gun-metal, and are 
enclosed ina congas cast-iron oil-bath. 

The light-lift gear is of similar construction to the 
one just referred to, but is arranged to lift the load 
on four parts of 4}-in. circumference steel-wire rope, 
two parts being coiled on the barrel in right and left- 
hand coils. The motor, speed-changing gear, and brakes 
are arranged to be interchangeable with those for the 
main lift. The traversing gear consists of two barrels, 
driven from the motor through steel machine-cut spur 
gearing, and is provided with an automatic solenoid 

rake on the intermediate shaft. Two ropes are taken 
from each barrel, one being carried to the trolley direct, 
and the other round the pulleys at the end of the canti- 
lever, and back to the trolley. The whole of the 
above machinery is carried on one self-contained steel 
framing, which is rigidly bolted to the cantilever, the 
arrangement being shown in Fig. 1. 

An overhead traveller is provided over the gear, 
and arranged to lift one main barrel complete with 
ounhenl oul shaft (the load which is represented b 
this being 15 tons), and lower the same to ground level. 
The lifting gear on this traveller is worked electrically, 
and the traversing ana travelling motions by hand- 
power. The whole of the machinery is enclused in a 
strong steel house, 52 ft. long by 26 ft. wide by 23 ft. 
high, covered on the sides and ends by flat steel plates, 
and on the roof by corrugated sheeting. ‘he back 
end of the house is suitably arranged to enable the 
overhead crane to be travelled out when required. 

The trolley frame is constructed entirely of steel 
plates and sections, and is mounted on six pairs of 
cast-steel rail-wheels. The various rope-pulleys are 
of cast iron, well ribbed, and bushed with brass. 
Heavy straining-screws are fitted at each end of the 
trolley for adjusting the traversing ropes. 

The cantilevers are about 270 ft. long by 34 ft. deep 
at the centre, and are fixed at 20-ft. centres. The 
bracing is arranged on the Warren principle, with 
intermediate struts and counterbracing to reduce the 
bending in the upper flanges. Each top flange is 
provided with a double rail-track, placed at 4-ft. 
centres, as may be seen in the plan, Fig. 5. The top 


and bottom boums are braced together horizontally 
from the centre to the back end, and the extreme for- 
ward ends are strongl 
girder, as indicated in Figs. 2 and 5. 


united by a heavy bridge 
Buttress struts 





are fixed at the centre, and diaphragm bracing over 
the roller-path to prevent any lateral movement. A 
large plate and angle ballast-box has been built in 
between the girders at the back end, and filled with 
150 tons of stone ballast. Rope rollers are provided 
along the girders to carry the slack ropes, also stair- 
ways, platforms, and hand-rails, where required, ¢s 
shown. 

The roller-paths are 50 ft. in diameter, and each 
consists of box-section circular girders, 2 ft. 6 in. deep. 
The girders are stiffened round the circumference, and 
the top girder is further strengthened by heavy cross- 
girders. Each girder is fitted with a broad forged- 
steel pathway, machined on the wearing surfaces to 
the correct angle. The superstructure revolves on 
ninety solid forged-steel rollers, which are carried in a 
live-ring frame built up of steel plates and sections, 
and arranged to revolve about the centre pin. The 
centre pin is of forged steel, 18 in. in diameter, and is 
carried in substantial castings attached to the upper 
circular girder and the centre-pin girder on the 
tower. The revolving motion is transmitted to the rack 
through worm, spur, and bevel gearing. The worm-gear 
consists of a steel treble-threaded worm, connected to 
the armature shaft, and working into a phosphor-bronze 
wheel, the whole being enclosed in an oil-bath. A 
slipping device is fitted to the intermediate spur-gear 
to relieve both the gear and structure from undue 
shocks. 

The rack-pinion is of forged steel, and the rack 
consists of turned steel pins, carried in an extension of 
the lower circular girder, so as to give an accurate 
ercle and permit easy renewal. The slewing machi- 
nery is provided in duplicate, to enable the crane to 
be revolved without delay in case of a breakdown, and 
the whole is enclosed in a complete steel-framed and 
plated house. 

The tower is 109 ft. high above quay-level, and 50 ft. 
square to centres of main columns. he main columns, 
which are 2 ft. 9 in. square, are fitted with grillage 
sole-plates, and embedded in the solid concrete for 
10 ft. 6 in. below quay level, as shown in Fig. 2. The 
tops of the columns are connected by heavy braced 
girders, 20 ft. deep, which in turn carry the various 
cross-girders provided to support the lower roller-path. 
Lattice, diagonal, and cross-ties are connected to each 
of the columns, and form bracing to resist the wind 
forces. Broad, well-guarded steel stairways are carried 
round the tower up to the top platform. 

The operator’s cabin has been fixed about 25 ft. 
above the quay level, in order to bring the driver as 
close to the work as possible, and may be seen in the 
perspective view, Fig. 1, and in Figs, 2 and 3. The 
cabin is carried on a lattice steel frame, which is turned 
by the crane as it revolves. In addition to the con- 
trollers, switchboard, &c., a telephone of the Graham 
navyphone type is fitted in the cabin, to enable the 
operator to communicate with anyone in the machi- 
nery-house. There is also an alarm bell and indi- 
cator to warn the operator when either of the two pur- 
chases is being overloaded. A dial radius indicator, 
worked from the traversing gear, is provided in front 
of the driving position, to enable the operator to see 
the permissible loads and radii. 

The following motors have been fitted on the crane 
to work the various motions—viz. :— 


Main lifting : Two motors, each 60 brake horse-power, 
at 550 revolutions per minute. 

Auxiliary lifting: One motor, 60 brake horse-power, at 
550 revolutions per minute. 

Traversing: One motor, 30 brake horse-power, at 580 
revolutions per minute. 

Revolving : Two motors, each 60 brake horse-power, at 
550 revolutions per minute. 

Overhead crane: One motor, 10 brake horse-power, at 
630 revolutions per minute. 


The motors are of the totally-enclosed series-wound 
multipolar type, suitable for working on direct cur- 
rent at 220 volts. The rating provides for a tem- 
— rise not exceeding 70 deg. Fahr. after one 

our’s run on full load. 

The auxiliary lifting, traversing, and revolving motors 
are each provided with a tramway type controller. The 
two main lift motors are worked off a special three- 
drum controller, so arranged that the right or left-hand 
drums control the corresponding sets of gear in the 
ordinary way. When it is required to work the two 
sets of gear together, the two motors are controlled 
off the centre drum. An adjustable field rheostat is 
provided to ensure the two motors running at the 
same speed, independent of any unequal loads. This 
arrangement has been used by Messrs. Cowans, Shel- 
don, and Co., Limited, for other large cranes, and has, 
we understand, given great satisfaction. The advan- 
tage of this arrangement will be apparent to any one 
used to lifting heavy loads, as no time need be wasted 
in ensuring that there is an equal load on both hooks. 
If it be desired to lift a rant may it can be done by 
means of the field rheostat, or the load can first be 
adjusted to any desired angle, and then lifted at this 





angle through the full lift. 
The switchbvuard has an enamelled slate base, contain- | 


ing the following mountings, all of which are enclosed 
in sheet-steel cases :— 
One main D.P. switch. 


One main D.P.Q.B. circuit-breaker. 
One D.P. switch and circuit-breaker for each motor 
circuit. 


D.P. fuses for each motor circuit. 

One D.P. switch and fuses for each lighting circuit. 

The tower, cantilever, and cabins are well lighted 
by means of incandescent lamps enclosed in water. 
tight fittings, and arranged, two in series, on suitable 
iron standards. The aie throughout the crane are 
of ‘‘ Association” quality, taped, braided, and com- 
pounded, and carried in solid-drawn steel conduits. 

The whole of the above electrical equipment was 
supplied by the British Westinghouse Electric and 
Manufacturing Company, Limited, Manchester, with 
the exception of the lighting and wiring, which was 
carried out by Messrs. Cowans, Sheldon and Co.'s own 
electrical engineers. 

The crane was erected by means of a 15-ton steam 
derrick crane, supplied by Messrs. Cowans, Sheldon 
and Co., Limited, which was mounted on a timber 
staging about 100 ft. high, this being, in turn, carried 
on steel trucks travelling on a double track laid 

rallel to the dock wall. The crane was completed 
in September last, and put through a series of trials 
with gradually increasing loads, during which time the 
deflections throughout the structure were carefully 
taken and checked. The crane was finally tested with 
a load of 250 tons, and was worked with this load 
continuously for a period of eight hours. 

The deflection at the front end of the cantilever 
when lifting 200 tons at 105-ft. radius was 7} in., and 
no permanent set occurred in any part. The structure 
showed no sign of lateral deflection or vibration under 
any of the conditions through which it was worked, 
although extensive records and measurements were 
taken by representatives of the Imperial Japanese 
Navy. Each set of the gear was tested with a load 
of 125 tons, the load being satisfactorily sustained and 
lowered by both the solenoid and the mechanical 
brakes. ‘The specified speeds were realised in all cases 
without the motors consuming more than their rated 
current. It is somewhat noteworthy that the entire 
crane was tested without the slightest hitch, or any 
defect being found. 

Owing to the weather exposure to which these 
cranes are subject2d, and the difficulty of preventing 
corrosion, no plate or section of less than in. thick 
has been used on any part of the crane, except the 
house -sheeting and certain chequered floor-plates. 
When designing the crane structure, Messrs. Cowans, 
Sheldon and Co., Limited, also made a strong point 
of avoiding having any enclosed or inaccessible pieces 
of girder work, thus ensuring convenience in painting 
and inspection. The centres of gravity with no load 
and with the full load fall about equidistant on either 
side of the centre pin, and with the 250-ton load the 
centre of gravity was about 5 ft. inside the pathway. 
The whole of the foundations for the crane were pre- 
pared by the dockyard authorities, and are of a very 
substantial description. 

In consequence of pressure of work in hand at the 
time the crane was ordered, Messrs. Cowans, Sheldon 
and Co., Limited, after preparing the whole of the detail 
drawings for the tower and cantilever, sublet this part 
of the work to the Cleveland Bridge and Engineering 
Company, Limited, of Darlington, whose workmanship 
has n most satisfactory in every way. The crane 
was erected complete by the purchasers, with the 
assistance of Messrs. Cowans, Sheldon and Co. . 
representative engineer, and the rapid and efficient 
manner in which the work was carried out reflects 
great credit upon the Japanese engineers. 

Messrs. Cowans, Sheldon and Co., Limited, have 
also constructed a similar crane of 200 tons capacity 
at 95-ft. radius for the Yokosuka Dockyard of the 
Imperial Japanese Navy, which was tested and passed 
some months ago. 

It may be mentioned that in consequence of the 
increasing size of loads which now have to be put on 
board modern battleships, it is intended to increase the 
lifting power of the above-described crane to 250 tons 
working load and 300 tons test load. The necessary 
alterations to enable this to be done will be carried 
out immediately. 








Tue MerrcanTite Yrak - Book anp DirgcToRY OF 
Exporters, 1912. Edited by Mr. W. L. Jonks. Lon- 
don: Messrs. Lindley Jones and Brother, 16, St. Helen’s- 
place, Bishopsgate, E.C. [Price 10s ]— This annual 
appears in its twenty-sixth edition, and has undergone 
some enlargement in its last revision. It is divided into 
six parts, giving respectively the exporters of London, 
the colonial and foreign importers, goods shipped from 
London, an alphabetical list of London merchants, pro 
vincial shippers, Continental and American shippers. 
We understand that the new names added in this last 
edition include about 1100, in the section of overses 
buyers in Part II. The Continental section now ineludes 
the important centres of Bordeaux, Frankfort-on-Main, 
Dresden, Leipzic, and Brussels, the names of exporters 
in these places being given in Part VI. 
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JLASGOW DRAINAGE WORKS. 

T ing of the Institution of Civil Engineers, 
A Oe the 12th inst., three papers were read 
dealing with the drainage of Glasgow. Of these papers 
abstracts are subjoined :— 

Tue Main Drarnacr or GLAscow. 
3y A. B. McDonatp and G. M. Taytor, MM. Inst. C.E. 


This paper commences with a retrospect of the many 
past endeavours to free the River Clyde from the pollu- 
tion of the Chae sewage, going as far back as the 
year 1605. At this time the river was quite tideless, 
and fordable in many places at Glasgow. de was 
insignificant, as seaborne traffic could reach the city only 
after transpor' into small boats at Dumbarton. 

In 1662 the Town Council ordered a small quay to be 
built at the Broomielaw, and this was the commencement 
of the great transformation of the Clyde into one of the 
busiest waterways in the United Kingdom. 

‘As trade increased, all fishing interests were forgotten, 
and the condition of the river became foul in the extreme. 
Sixty years ago the condition of things was so bad that 
a scheme was suggested for the construction of a reser- 
voir in the upper ward of Lanark, to impound flood-water 
and discharge it during the summer, in order to scour the 
sewage in the harbour out to sea. This was the first of 
numerous voluntary su tions which were formulated. 
In 1859 the late Mr. J. F. La Trobe Bateman, Past 
President Inst. C.E., and the late Professor Anderson, 
reported on the subject. Laver reports were made by 
the late Sir Joseph Bazalgette, Past-President Inst. C.E., 
and the late Sir John Hawkshaw, Past-President Inst. 
C.E., and in 1878 Mr. Bateman again reported, but 
nothing was done, and the condition of the river became 
worse and worse. : : : 

Soon after this a Bill was deposited in Parliament for 
the construction of the Glasgow underground railway, 
which was projected in such a way as to dislocate the 
entire sewerage system then in existence. The Corpora- 
tion strongly opposed this measure, but eventually 
arrived at an agreement on obtaining from the pro- 
moters an undertaking that they would bear the expense 
of reconstructing the sewers to the approval of the 
Council ; and, in conference with Sir Joseph Bazalgette, 
a system was designed whereby the sewage of the north- 
eastern area was conveyed to Dalmarnock. The Cor- 
poration then en; the late Mr. G. V. Alsing to 
design works for the purification of the sewage at Dal- 
marnock. The general arrangement of these works is at 
present as follows:— . 

The sewage, amounting to an average daily flow of 
18} million gallons, is passed through vertical screens, and 
thence into two catch-pits. The solids are removed from 
these pits by mechanical means. The sewage then flows 
into the pump-well, whence it is by means of five 
centrifugal pumps into a mixing-pit, where the chemicals 
are added. The mixture is passed into precipitation 
tanks, where the solids are allowed to settle. The tank- 
effluent passes direct into the river. The sludge from 
the precipitation tanks is pumped into three storage 
tanks, where it settles until about 50 per cent. of the top 
liquid can be drawn off. High-pressure rams then raise 
the sludge to the presses. About 247,0C0 tons of wet 
sludge are dealt with per annum. 

The Dalmarnock works were regarded by the Corpora- 
tion in the light of an experiment, and the results proved 
so satisfactory that it was resolved in 1895 to proceed on 
similar lines with works for dealing with the remainder 
of the city. Works were constructed at Dalmuir* to 
deal with the north-western part of the city, and at 
Shieldhall* for the area lying south of the Clyde. 

High and low-level intercepting sewers have been con- 
structed for the north-western area. Part of the low-level 
sewage is raised into the high-level sewers at the Partick 
pumping-station, situated on the banks of the River 
— and the remainder is raised at the purification 
works, 

The process of purification at Dalmuir may be briefly 
summarised as follows:—The sewage, amounting to an 
average daily flow of 36 million gallons, passes through a 
screen-chamber and thence into catch-pits, where the 
heavier solids settle and are removed by means of a 
dredger. The chemicils are added in the catch-pits, and 
the sewage then flows into one or other of eight precipi- 
tation tanks, having a combined capacity of 12 million 
gallons. The sludge is pumped into an elevated tank, 
whence it flows by gravitation into the hold of the 
sludge steamer. e steamer carries about 1200 tons of 
sludge in closed tanks a distance of 40 miles from Dalmuir, 
and last year it dealt with over 300,000 tons of sludge. 

_ The sewage is treated with a solution of persulphate of 
iron and lime. The persulphate is formed from proto- 
sulphate of iron. 

The works designed for the treatment of the sewage of 
the southern district at Shieldhall deal with an average 
daily flow of 23 million gallons. They are to a large 
extent a repetition of those at Dalmuir. High and low- 
level intercepting sewers have been constructed. The 
low-level sewage from the eastern part of this area is 
raised into the high-level sewers at the Kinning Park 
pumping-station, and the low-level sewage from the 
western half is raised to the works at Shieldhall. 

Great difficulties were encountered in the construction 
of the works in the southern area. The sewers in many 
places were found to overlie coal workings of unrecorded 
Gate, necessitating a ane omenns of special construction 
in «Ast-iron segments. e erection of the Kinning Park 
pumping-station also proved a matter of great difficulty 


* These works were illustrated and described, on the 
casion of their inauguration, in ENGINEKKING, vo). Ixxxix., 
pages 533, 567, 597, and 671. 





owing to the insecure nature of the sub-strata, which 
consisted mainly of silt, and at the purification works 
there was an abnormal amount of subsoil water which 
rendered exceedingly difficult the construction of the 
deeper parts of the machinery buildings. These diffi- 
culties were overcome, and the whole of the works have 
been in successful operation since May, 1910. 

The precipitation process adopted at all three works 
completely removes the suspended solids from the 
sewage, and effects a high degree of purification upon 
the liquid. In consequence the condition of the Clyde 
has improved so much that in place of being a dead 
river it has returned to a live and satisfactory condition. 

In the appendix to the paper tables are given showing 
the sizes of the various sewers, quantities of sewage 
dealt with, costs, and analyses. 





Tuer CONSTRUCTION OF THE GLASGOW Marin DRAINAGE 
Works. 
By W. C. Easton, B.Sc., M. Inst. C.E. 

The Glasgow Main Drainage Works, as described in 
the previous paper, consist of three schemes. The two 
larger of these cost over two millions sterling, and the 
present paper deals with their construction, which 
covered the period from 1899 till 1910. 

Owing to the fact that, apart from sundry differences, 
the two schemes are similar, and that the construction of 
the second was not put in hand until an interval had 
ela after the completion of the first, there was natu- 
rally a great opportunity for developing the special ideas 
gained from the experience of the first in the construction 
of the second. The author consequently deals largely 
with a comparison between the methods employed. 

Four leading developments in ideas obtained from the 
experience on the construction of the first were applied 
on the second—namely :— 

1. To standardise designs. 

2 To use tunnel in preference to open cutting, particu- 
larly if it involved the use of sheet-piling. 

3. To adopt longer drives and smaller sizes for tunnel. 

4. To take full advantage of the fact that the Glasgow 
main drai: staff was capable of executing the more 
difficult work without the aid of contractors. 

The more interesting portions of the works described 


are :— 

The difficulties and expense incurred through the 
presence of old mineral-workings. The most expensive 
case was where the cost of a 7-ft. sewer amounted to 
nearly 300/. per lineal yard. 

The construction of the rising main, which affected its 
design considerably. Incidentally this work further illus- 
trates the development of ideas already referred to. 

An experiment in tunnelling in concrete segments, lined 
with brickwork. 

The Kinning Park pumping-station provided the most 
difficult construction work on the schemes. This station 
is founded rather below the middle of a 44-ft bed of 
running silt, closely surrounded by buildings and streets 
carrying tramways. The design, apart from the mecha- 
nical equipment, was entirely controlled by construction, 
and the whole station was a work which, from the diffi- 
culties of the site, gave the Glasgow committee a great 
deal of anxiety. The five stages employed in the con- 
struction of the sub-structures are descri ; great care 
was taken in detail, such as the keeping of very close 
piling diaries. In an appendix the measurement of the 
main work is given, priced on ita actual cost to the 
Corporation, and amounting to about 37,000/. 

Appendices to the paper give an abstract of unusually 
thorough analyses of cost made by the author on the 
instructions of the town clerk for parliamentary pur- 
pe The results show considerable economy effected 

y the developments in ideas applicable to the special 
conditions obtained from the experience of the western 
works. This economy was effected on the prices for the 
more difficult work, particularly where iron tunnel and 
air pressure were used. 

@ opinion is expressed that the main factor in this 
result was the manner in which G w used its main- 
drainage staff in executing work without contractors. 
The author considers that this factor operated chiefly in 
a moral way, in making the staff leaders instead of 
directors. As the author had on these works over ten 

ears’ concurrent experience in the execution of work 

th with and without contractors, the paper concludes 
with some remarks on the general question of public 
bodies carrying out such work without contractors. The 
— is given that the factor of ‘‘ youth” was one of 
the essentials. 

Two deliberate, although somewhat paradoxical, con- 
clusions are then stated on the general question, 


namely :— 

1. That, generally speaking, an attempt by a public 
body to create a ne and carry out works without 
contractors is not likely to be attended with succeas. 

2. Under special circumstances such as those which 
ruled on the construction of the western and southern 
schemes of the Glasgow main-drainage works, the holding 
of a staff fit and ready at once to undertake, when called 
upon, the most difficult sections, is an ideal method. 





Giascow Marin DratnaGE: THE MecHANICAL EquiP- 
MENT OF THE WESTERN WORKS AND OF KINNING PARK 
PoumPpinG-StTaTION. 

By D. H. Morton, M. Inst. C.E. 

This paper deals chiefly with the oe items of 
the works :—The Partick pumping-station of the western 
works ; the mechanical equipment of the Dalmuir puri- 
fication works; the pumping machinery for Clydebank 
drainage; and the eek aludge-tank at Dalmuir, 
The author also describes the mechanical equipment of 
the Kinning Park pumping-station. 


At the Partick pumping-station the sew discharged 
from the city intercepting sewer, and the Partick inter- 
cepting sewer—6 ft. and 5 ft. in diameter respectively — 
is dealt with. The sewage flows across the station, 
eg screers and pumps, and is delivered directly 
into the main outfall in front of the station. The lift is 
36 ft. The dry-weather flow is about 16,200,000 gallons 
per day of 24hours. The present wet-weather capacity 
1s 32,400,000 gallons, with a pump in reserve. There are 
three triple-expansion vertical pumping-engines, with 
three-throw plunger-pumps. The capacity of each pump- 
ing-engine is 16,200,000 gallons per day, with a speed of 
20 revolutions per minute. There are four Lancashire 
boilers carrying steam at a pressure of 160 lb. per sq. in., 
and a complement of auxiliary machinery. 

The volume of sewage flowing through the Dalmuir 
purification works in dry weather.is scheduled at the 
rate of about 38,000,000 gallons in 24 hours. The wet- 
weather flow may be 60 to 100 million gallons. Only a 
small portion requires to be pumped—that for the drainage 
of Clydebank, where the lift is 19 ft. There are three 
centrifugal pumping-engines, driven directly by enclosed 
double and triple-expansion engines; three electric 
generators, driven by enclosed triple-expansion engines ; 
and duplicate st:am-driven condensing sets, which are 
common to the pumping-engines and to the generator- 
engines. All other items, or parts of the mechanical 
equipment, are driven electrically, and the works are 
lighted throughout by the same means. The aggr gate 
motor equipment is equal to 500 brake horse-power. There 
are four Lancashire boilers. The screen-house is equipped 
with rough and fine screens, and with a special catch-pit, 
156 ft. long by 24 ft. wide, with sloping slides, and a 
travelling-ladder bucket-dredger to raise the spoil. The 
precipitants employed are persulphate of iron and a 
saturated solution of lime-water. Saturation - tanks, 
settling-tanks, and chemical and mechanical plant are 
— for the manufacture of these agents, the former 

rom ferrous crystals, the latter from burned limestone. 
The sludge from the main precipitation tanks is dis- 
charged into the well of the sludge pump-house on the 
river bank. There are three centrifugal sludge-pumps, 
each driven by a 50-brake-horse-power motor, entirely 
enclosed. Each pump lifts 1 gallons per minute 
through a mean height of 40 ft. into the storage tanks, the 
bottoms of which are raised about 13 ft. 6 in. above the 
river wharf. There are two tanks of cast iron, each 
150 ft. long by 35 ft. wide by 10 ft. 3 in. deep inside, and 
the capacity of each is 1500 tons of sludge. Durin 
storage in the tanks the density of the sludge is inc 

by a systematic draining away of the thinner liquor, the 
moisture being reduced from 93 to 86 per cent. Suitable 
pipe connections, with gantries and swivel pipes on the 
wharf, enable one of the tanks to be emptied of its con- 
tents, and the sludge steamer to be loaded with 1200 tous 
of heavy sludge in thirty minutes, all stowage and cleans- 
ing included. 

The Kinning Park pumping-station on the southern 
works (corresponding with Partick Station on the western 
works) has a rather small site, nearly square. about 
120 ft. by 106 ft. The lift is about 46 ft., including the 
friction of rising mains, about 660 yards long, which con- 
nect the station with the main outfall sewer. The dry- 
weather flow is at present 15 to 16 million gallons, and 
the wet-weather flow is about 33 million gallons, or more, 
in 24 hours. There are three pumping-engines, very 
similar, in essentials, to those at Partick pumping- 
station. At 23 revolutions per minute, the capacity of 
each pumping-engine is about 17? million gallons in 24 
hours. There are three water-tube boilers, with super- 
heaters, mechanical stokers, and a feed-water heater. 
The auxiliary machinery is chiefly driven by electrical 
energy. The intercepting sewer terminates in a small 
catch-pit to trap detritus and heavier solids, which se 
removed periodically by a bucket grab-dredger. Three 
sets of rough and fine screens are provided, also pen- 
stocks for the pump-wells, and sluice-valves on the 
delivery-pipes, to enable any pump to be isolated, or 
to use either of two rising mains. In order to save 
space the screening-chamber and the catch-pit chamber 
are placed entirely below the yard level, and partly 
under the floor of the boiler-house. 








Exectric Resistance aT Extremec.y Low Tempera- 
TURES.— We mentioned in our report of Dr. Harker’s dis- 
course of a few weeks ago (see page 225 antc) that H. 
Kamerlingh Onnes, of Leiden, in recalculating his data, 
had found that by evaporating liquid helium the tempera- 
ture could be lowered to 1.15 deg. Cent. absolute—that 
is, nearly absolute zero. During these researches Kamer- 
lingh Onnes also determined the electric resistance of pure 
mercury at the lowest temperature. At 0 deg. Cent. the 
resistance of the liquid mercury experimented upon was 
172.7 ohms, which would correspond to a resistance 
of 39.7 ohms of the same mercury in the solid state at 
0 deg. Cent. ; at 4.3 deg. K. (deg. Cent. absolute, after 
Kelvin) the resistance had sunk to 0.084, and at 3deg. K. 
to 3 x 10-* ohm. The decrease of the resistance was 
thus extraordinarily rapid at extremely low temperature. 
On raising the temperature again, a measurable resistance 
was first noticed just above 4 deg. K. At the lowest 
atta‘’nuble temperature the resistance of mercury is thus 


only vo.ooot® of the resistance of the metal at its freezing- 


point. The resistance of gold also vanished at these low 
temperatures. The memeirs by Kamerlingh Onnes in 
the Proceedings of the Konink. Akad-Wetenschapen, 
Amsterdam (vol. xiii., pages 113 and 1274), also contain 
an interesting confirmation of Rubens’s experiments on 
the wave-length of waves (0.5 mm. or 0.3 mm.) emitted 
by the mercury in quartz lamps. 
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SHELDON AND CO., LIMITED, ENGINEERS, CARLISLE. 
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NOTICES OF MEETINGS. 


Tre InstiruTion OF MecuanicaL Enorneers.—Friday, March 15, 
at 8 p.m. Paper to be read and discussed :—‘‘The Diesel Oil- 
Engine and its Industrial Importance, particularly for Great 
Britain,” by Dr. Rudolf Diesel, of Munich. 

Tue InstTiruTE or Marine Eacineers.—Friday, March 15, at 
7p.m. Annual meeting at the Liverpool Street Hotel. Monday, 
March 18, at 8 p.m., discussion on Mr. Veysey Lang’s paper, 
** Details of a Marine Engine.” 

Tue INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND. — 
Tuesday, March 19, at 8 p.m., in Rankine Hall, 39, Elmbank 
Crescent, Glasgow. Mr. D. B. Morison will read a paper on 
‘* Regenerative Heat Accumulators.” 

Tue Starrorpswire Iron AND Stes. Instirute.—Saturday, 
March 16, at 7.30 p.m., at the Institute, Wolverhampton-street, 
Dudley. Mr. Harold Jeans (London) will read a paper on ‘* The 
Control of Prices in the Export Steel Trade.” 

Tue Royat Society or Arts.—Monday, March 18, at 8 p.m. 
Cantor Lecture. ‘Materials and Methods of Decorative Paint- 
ing.” by Mr. Noel Heaton, B.Sc., F.C.S. Wednesday, March 20, 
at 8 p.m. ‘ The Work of the Marine Biological Association,” by 
Mr. F. Martin Duncan. Mr. P. Chalmers Mitwhell, M.A., D.Sc., 
LL. >. F.R.S., Secretary of the Zoological Society of London, will 

reside. 
¥ Tue ILLUMINATING ENGINEERING Society.—Tuesday, March 19, at 
S p.m., at the Royal Society of Arts, John-street, Adelphi. 
Papers on the “‘ Lighting of Printing Works and Offices” will be 
read by Mr. F. W. Goodenough (Gas Light and Coke Company) 
and Mr. Justus Eck (Union Electric Company). 

“Tue InstirvTion or Civit Eneingers.—Tuesday, March 19, at 
8 p.m. Papers to be discussed:—‘‘The Main Drainage of 
Glasgow,” by Mr. Alexander Beith McDonald, M. Inet. C.E., and 
Mr. Gotfred Midgley Taylor, M.Inst. C.E. ‘The Construction of 
the Glasgow Main-Drain Works,” by Mr. William Cecil Easton, 
B.Sc. M. Inst. C.E. “G w Main Drainage : The Mechanical 
Equipment of the Western Works and of the Kinning Park 
Pumping-Station,” by Mr. David Home Morton, M. Inst. C.E. 
Students’ visit, Wednesday, March 20, to the Barking Sewage- 
Outfall Works of the London Main Drain 

Tut RovaL MergoroLoeicaL Socrety.— Wednesday, March 20, at 
7.30 p.m., at the Institution of Civil Engineers. A lecture will 
be delivered on ‘The Connection between Hydrographical and 
Meteorological Phenomena,” by Professor Otto Pettersson. The 
lecture will be illustrated by lantern slides. 

Tue Institrrion oF EvecrricaL Enoineees.—Thursday, March 21, 
at 8 p.m. Discussion, to be opened by Mr. 8. Z. de Ferranti, 
President, on the following subject :—‘‘The Causes Preventing 
the More General Use of Electricity for Domestic Purposes ” 

Tue Ipswich ENoingerine Soc iety.—Thursday, March 21, at 
8 p.m, at the Museum, High-street. The following paper will 
be read and discussed :—*‘ The Size and Cost of Electric Gene- 
rators in Relation to the Type of Prime Mover,” by Mr. Humphry 
MacCallum, of Chelmsford. 

Tue InstiTvTiION OF MINING AND MetrauLurey.—Thursday, 
March 21, at 8 p.m., at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, S.W. Annual general meeting. 
Presentation of gold medals, premiums, and other awards. 
Presidential address by Mr. Edward Hooper. 

Tue Royal InstirutTion or Great Brirain.—Friday, March 22, 
at 9 p.m. The discourse will be delivered by Professor D'Arcy 
W. Thompson, C.B., M.A., entitled ‘“‘The North Sea and its 
Fisheries.”” Afternoon lectures next week at 3 o’clock. Tuesday, 
March 19. Mr. Thomas Rice Holmes, Litt.D., on ‘‘ Ancient 
Britain” (Lecture II.). Thursday, March 21. Mr. F. A. Dixey, 
M.A., M.D., F.R.S., on (1) ‘‘Seasonal Dimorphism in Butter- 
flies.” Saturday, March 23. Professor Sir J. J. Thomson, M.A., 
LL.D., D.Se., F.R.S., M.R.1., Professor of Natural Philosophy, 
R.I., on ‘‘Molecular Physics” (Lecture V.). 

Tue Puysican Society or Lonpon.—Friday, March 22, at 5 p.m., 
at the Imperial College of Science, Imperial Institute-road, South 
Kensington, 8.W. Agenda: (1) ‘‘ A 2000-Frequency Alternator,” 
by Mr. W. Duddell, F.R.S. (2) ‘A New Method of Comparing 
Capacities,” by Mr. A. Campbell, B.A. (3) ‘‘On the Coefficients 
of Cubical Expansion of Fused Silica and Mercury,” by Mr. H. 
Donaldson. 
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THE NAVY ESTIMATES. 


Tue Navy Estimates providing for an expendi- 
ture during the year ending with March, 1913, of 
44,085,400/., and for the laying down of four large 
armoured ships, eight light armoured cruisers, 
twenty destroyers, together with a number of sub- 
marines and subsidiary craft, will be accepted as 
quite satisfactory, especially in view of the First 
Lord’s statement that ‘‘ These estimates have 
been framed on the assumption that the existing 
programmes of other naval Powers will not be 
increased. In the event of such increases it will 
be necessary to present supplementary Estimates 
both for men and money.” The —- of only 
four large armoured ships might otherwise be 
unsatisfactory ; it was because of our knowledge 
of what the programme was to be, and the reported 
semi-official statements indicative of the growth of 
the ambitions of some foreign naval authorities, 
that we expressed in last week’s issue (page 324) 
the view that some degree of anxiety was justified 
by the Admiralty’s proposals. Criticism is now dis- 
armed ; the First Lord’s strong pronouncement at 
Glasgow in favour of ‘‘ action without flinching and 
without abatement” still stands, and we hope we 
shall not have a continuance of comparisons of the 
relative strength of the British and other Powers 
at future dates which are provocative of ill-feeling. 
We deprecate the idea, already expressed, that the 
proviso made in Mr. Winston Churchill's statement 
is provocative: it is but a wisely and moderately 
expressed indication in unmistakable official terms 





of the dominant guiding principle of our naval 
policy. We can have no objection to the building 
programmes, the fleet compositions, and other 
provisions of any foreign Power ; but it is never- 
theless our bounden duty to act in order completely 
to nullify the effect such action of any foreign 
Powers may have on our naval position. The First 
Lord’s statement establishes the issue: if the 
existing programmes of other naval Powers are 
increased, or new squadrons commissioned, more 
men and more money for more ships will be voted 
in supplementary Estimates. 

In comparing the Estimates with those of the 
previous year, it must be remembered that we are 
now se the four *‘ contingency ” ships laid 
down early in 1910, and that these, along with the 
four ships of what may be termed the then normal 
programme, involved heavy demands on the con- 
struction vote of the financial year now closing. 
Unfortunately, all of the money voted has not been 
earned, owing to delays consequent on labour 
difficulties, and for this reason it would be well if 
the date of laying down all ships could be advanced 
so as to allow longer time for such contingencies. 
With the exception of the Vanguard, built by 
Messrs, Vickers, and the Neptune, built at Ports- 
mouth Dockyard, none of the Dreadnoughts, 
except the prototy which was a special case, 
has been built within two years, the periods rang- 
ing from 25 to 29 months. This, it is true, is seven 
to eight months better than the best performance 
abroad ; but in estimating the date of completion. 
in order to fix the date of commencement, it woulc 
be well to make more adequate provision against 
delays owing to labour and other difficulties. At 
the same time all will recognise that it is well to 
defer as long as is prudent the laying down of 
ships, in order that the latest improvements in 
machinery, armour, and armament may be adopted; 
thus far Admiralty procedure has enabled our ships 
to excel others begun about the same time. The 
large Shipbuilding Vote of the current year has 
enabled four large armoured ships to be com- 
missioned, while others have been so well advanced 
that eight will be added to the fighting line during 
the next twelve months, apart from two battle- 
cruisers, one each for the Australian and New 
Zealand fleets. The ships nearing completion are 
the battleships King George V. at Portsmonth, the 
Centurion at Devonport, the Thunderer at the 
Thames Works, the Conqueror at Messrs. Beard- 
more’s, the Ajax at Messrs. Scotts’, and the 
Audacious at Messrs. Cammell Laird’s ; while the 
battle-cruisers Lion and Princess Royal, at Devon- 

rt and Vickers’ respectively, will be commissioned. 

Jery heavy instalments are required for all of 
these ships, excepting the last two. In addition 
to the vessels to be completed, six are to be 
advanced, the battleships Iron Duke at Portsmouth, 
Marlborough at Devonport, Delhi at Vickers’, 
Benbow at Beardmore’s, and the battle-cruisers 
Queen Mary at Palmer’s and Tiger at Brown’s. 
In these cases also heavy charges fall under this 
year’s estimates. But in the case of the four large 
armoured ships to be laid down comparatively 
little progress will be made. They will not be 
commenced until an advanced date in the year, so 
that the expenditure on them in the year’s estimates 
will be small. Although 1,903,8001. of the Con- 
struction Vote is for ships of the new programme, 
quite half of this is for the twenty destroyers which 
are to be commenced at once. 

Regarding the smaller cruisers, six will be com- 
pleted, including the Melbourne and Sydney for the 
Australian fleet, and four will be advanced. A 
special feature of the new programme is the eight 
‘* light armoured cruisers.” This, we understand, 
is to be an entirely new class. Only the tactical 
conditions to be met have so far been enunciated ; 
little has been done to design. The probabilities 
are that they will be smaller than the ‘‘ Town” 
class, which have now attained a displacement ton- 
nage of 5400 tons and a speed of 26 knots. These 
depend upon an armoured deck for protection, and 
the later ships carry nine 6-in. and four 3-pdr. guns. 
The first desideratum in the new vessels will be speed, 
in order that they may serve as ‘‘ eyes” to squadrons 
of battle-cruisers capable of maintaining a fleet speed 
of 28 knots. Obviously the new vessels must live 
in the same heavy seas and excel this speed. The 
will be armoured so as to be indifferent to attac 
by destroyers; in other words, to live through 
such contact as requires the piercing of the fringe 
of the screen of an enemy’s fleet, in order to ascer- 
tain the strength of the screen itself. The arma- 
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ment will be a tertiary consideration, as their firing 
will be purely defensive, and confined to such 
actions as is necessary tw get and deliver information 
to the heavier fighting ships of their fleet. 

The twenty destroyers will be ordered before 
March is ended, and the submarines later in the year. 
Table I. gives a note of the vessels of the various 
classes to be completed, advanced, and commenced 
respectively in the dockyards and by contract, and 
from this it will be seen that 16 armoured shi 
will be in progress, in addition to the four to 
laid down ; twelve small cruisers and gunboats, plus 
the eight to be ordered ; fifty-one destroyers will 
be in progress, while the submarine list includes 
twenty-one vessels in various stages. Among the 
new auxiliaries provided for are several vessels for 
conveying oil-fuel to the fleet; throughout the 
Estimates there are various suggestions of the ex- 
tension of the use of this fuel. Thus on oil-storage 
130,0001. is being spent at Chatham, 7700/1. at 
Haulbowline, 25,0001. at Hong Kong, 120,0001. 
at the Humber, 44,0001. at Invergordon on the 
Cromarty Firth, 13,300 at Pembroke, 25,0001. at 
Portland, and 50,0001. at Portsmouth ; in some 
cases, as in the last two cases, the works in pro- 
gress are in addition to existing provision. In all 
these cases substantial contributions are made under 
the estimates for progress with this work during the 
next year. 

The total for new ship construction is 13,97 1,5271. 
This is 1,092,3501. less than in the financial year 


Considering first the material for dockyard work, 
the payments for metal and metal articles will 
amount to 1,034,8001., 82,8001., or 8 per cent., 

less than in the financial year now closing, but 
|more than the average for the three years prior to 
that. Electrical, torpedo, &c., apparatus are to be 
provided at a cost of 516,000/. This is 32,500/., or 
6} per cent., more than in the two preceding years. 
Fuel for the fleet is necessarily an item of increasing 
cost, and for the next year there is an increase of 
71,0001., or 34 per cent.; the expenditure of 
2,168,5001 seems adequate for the effective exercis- 
ing of the Fleet. 

As to contract work, the decrease of the expen- 
diture on hulls is a substantial one, being 896, 1631., 
equal to about 20 per cent. The total is 3,411,0571., 


TABLE I.—Ships Building and Projected. 





| Submarine 
Boats. 


Armoured Small Cruisers 


Ships. and Gunboats.| Destroyers. 


In dockyards : 
To complete 3 2 - 2 
To advance.. 2 1 _ 2 
To commence 2 2 2 
By contract : . 

‘0 complete 7 31 7 
To advance. . 4 5 - 4 
To commence 2 6 20 6 

Total .. 20 20 61 23 





* Two Colonial ships are included in each case. 





Considerable interest centres in the Vote for 
Works and Buildings. This year there is an increase 
of 449,7001., the total amount to be expended 
during the next twelve months being over 3: 
millions. We have recently reviewed the progress 
made in the construction of the new Naval Dépét 
at Rosyth, regarding which it is stated in the First 
Lord’s Memorandum that satisfactory progress has 
been made. As we then pointed out, the total 
estimate for the work undertaken is 3,365,0001. The 
work done so far represents 776,0001. For the next 
twelve months’ progress 720,000/. has been voted, 
but this will be increased if the contractors can earn 
more. There will remain 1,869,000/. to be expended 


TaBLeE II.—Sums Estimated for Various Works. 








1912-13. 1911-12. 1910-11. 








Material for dockyard work— £ £ £ 
Metals and metal articles .. --|1,034,£00 1,117,600 1,016,000 
Electrical, torpedo, &c., apparatus) 516,00 483,500 484,000 
Fuel for Fleet a oa .- 2,168,500 2,097,500 |1,991,000 

Contract work— 


Propelling machinery aF «. 4,017,398 4,225,401 |3,907,357 
Auxiliary machinery me --| 105,000, 102,962 103,047 
Hulls ..  .. ws =~ ees. 8) 411,057 14,307,220 3,602. 008 
Armour ca . 2,576,152 2,482,807 2,755,133 


Gun-mountings and air-compress- 


ing machinery 2,384,383 2,570,910 1,541,(02 


Shore machinery... “e . 837,000 400,000 235,000 

Naval armaments— 
Guns .. es Pe ../1,081,500 1 160,000 1,003,300 
Projectiles and ammunition .. 1,480,500 1,210,000 800,000 
334,500 | 308,600 329,000 


Torpedoes and gun-cotton 


Small-arms .... 413,370 | 428,000 235,000 


TABLE III.—STATEMENT SHOWING THE NUMBERS BORNE AND THE ACTUAL EXPENDITURE ON BRITISH NAVAL SERVICES 


FOR THE YEARS 1903-4 TO 1910-11 (INCLUSIVE) AND THE ESTIMATES FOR 1911-12 AND 1912-13. 
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1903-04 125,948 6,356,710 | 2,363,431 | 254,706 |14,290) 110,999 | 68,714 287,454 | 3,043,217 | 4,719,033 10,832,371 | 3,065,059 | 1,440,200 496,626 309,863 791,617 1,191,713 357,010 6,464 35,709,477 
1904-05 130,490 6,785,785 | 2,410,080 | 283,164 14,409] 137,745 | 68,133 878,879 | 3,019,571 | 5,260,189 10,071,514 | 3,615,816 1,551,630 | 530,268 329,149 805,888 | 1,219,841 375,615 2,055 36,859,681 
1905-06 | 127,667 6,835,909 | 2,157,427 | 265,457 |13,279| 151,076 | 73,083 | 385,060 | 2,625,285 | 4,905,075 | 7,781,483 | 2,858,131 | 1,798,635 | 497,529 342,201 , 832,798 1,229,098 | 397,750 2,565 | 33,151,841 
1906-07 127,431 7,064,887 | 1,865,994 | 253,274 12,857] 155,705 | 62,328 346,291 | 2,490,448 | 3,092,134 8/388,514 | 2'725,468 1,759,972 | 404,174 | 347,034 | 840,779 | 1,276,138 | 384,596 | 1,554 | 31,472,087 
1907-08 127,228 | 7,025,029 | 2,036,956 | 254,442 (12,879) 160,198 | 60,342 | 351,495 | 2,717,202 | 3,345,921 | 7,452,262 | 2,106,795 | 2,453,573 | 359,012 | 357,686 | 857,668 | 1,320,856 | 375,292 | 3,548 | 31,251,156 
1908-09 | 127,909 7,158,415 | 2,374,422 | 253,803 12,521) 158,369 | 66,836 365,969 | 3,025,074 | 4,010,655 7,174,464 | 2,031,361 | 2,172,744 | 430,744 | 365,904 | 868,666 | 1,334,730 | 366,615 | 10,017 | 32,181,309 
1909-10 | 127,968 7,241,953 | 2,422,677 | 247,161 (11,240) 143,932 | 66,788 | 363,444 | 3,141,887 | 4,336,938 9,137,848 | 2,452,122 | 2,677,200 | 456,991 | 384,819 | 893,882 | 1,372,186 | 378,629 4,428 | 35,734,015 
1910-11 | 180,817 7,358,118 | 2,518,606 | 252,255 | 9,134| 150,914 | 70,281 | 882,098 | 3,437,242 | 4,474,794 12,295,575 | 2,817,512 | 3,013,561 | 522,485 | 393,746 | 906,764 | 1,421,872 | 393,208 | 1,272 | 40,419,336 
1911-12*| 134,000 7,511,500 | 2,618,860 | 270,900 | 3,900] 150,500 | 72,000 388,000 | 3,541,500 | 4,955,400 14,365,300 | 3,721,000 | 3,065,300 | 532,000 | 406,400 | 926,300 1,468,200 | 395,500 .. | 44,392,500 
1912-13 *) 136,000 7,627,000 2,628,100 | 269,900 | 3,500/ 152,500 | 72,000 426,700 | 3,493,800 | 5,076,800 13,055,60C | 3,919,000 | 3,515,000 | 532,000 428,500 | 955,800 | 1,516,200 | 413,000' .. | 44,085,400 


now ending, but it will ultimately be seen that, 
although 15,063,8771. was voted for 1911-12, this 
sum has not been earned, owing to stoppages due to 
labour troubles. How the money has ean diverted 
will doubtless be explained later : we hope that it has 
not reverted to the Treasury and the Sinking Fund. 
In 1910-11 the vote was 900,0001. less than that for 
next year. Indeed, with the exception of 1911-12, 
the vote now proposed is the highest yet sought for 
new construction. It is 3,376,000l., or 30 per cent., 
above the average vote of the five preceding years, 
while the total vote for all purposes is 7,290,0001., 
or 20 per cent., above the average of the five 
preceding years. 

New construction has increased at a greater rate 
than the total expenditure for all naval purposes, 
and it may be accepted that the fighting power, what- 
ever measure may be applied, has been still further 
augmented, so that greater efficiency per unit of 
expenditure is realised. The changes in design of 
ships and the advance of mechanical appliances has 
made ible a reduction of men per fighting unit, 
and thus the other Naval Votes have not been 
increased so much as would otherwise have been the 
case, 

When we come to examine the details of the 
Construction Vote, we find that the largest decrease 
is in the construction of hulls by contractors. This 
is what one would expect in view of the fact that 
so many of the ships provided for two years and 
one year ago are now afloat. There is a moderate 
decrease in the sum for propelling machinery, 
while for gun-mountings there is a considerable 
reduction, due again to the completion of the four 
contingency ships. In armour, projectiles, ammuni- 
tion, torpedoes, and small arms, including automatic 
rifles, there are increases. We have taken from 
the details of the Estimates figures which show in 
part the distribution of the money estimated for new 
construction and armaments, and these figures are 
given in Table IT. 


* Estimates. 


but it should be remembered that three years ago 
the total was under two millions, and, moreover 
the amount is considerably higher than the average 
for the five preceding years. The vote for pro- 
pelling machinery shows a decrease of about 5 per 
cent., or 208,093/. The total, however, is still 
over four millions, as compared with three millions 
in 1909-10. The Auxiliary Machinery Vote is about 
the same as usual. The increased expenditure on 
armour is 93,3451., equal to 37 per cent., but the total 
is still 179,000/. less than the record vote of 1910-11. 
This latter, however, followed a year when rather 
less than one million had been spent on armour, 
so that next year’s allowance following on two 
heavy votes brings the average for three years up 
to over 24 millions sterling. During the financial 
year which ends with this month, the vote for gun- 
mountings was very heavy, exceeding 2} millions, 
compared with about 14 millions in the two pre- 
ceding years, so that next year’s vote of 2,384,3831. 
must be regarded as quite satisfactory. The item 
‘**shore machinery,” which comes next, is about the 
average, and includes cranes, machine-tools, &c. 
The Armaments Vote, which is separate, and 
numbered 9, provides for guns to the amount of 
1,081,5001., which is 78,500/., or about 7 per cent., 
less than the preceding year, when the total reached 
amaximum. For projectiles, however, the vote is 
270,0001., or 22 per cent., more, being 1,480,500. 
This will be regarded as an exceptionally satisfac- 
tory increase, as it indicates the increasing of stocks. 
Under torpedoes and gun-cotton, the total also is 
the highest yet recorded for any one year, the in- 
crease under this heading being 25,9001., or about 
8} per cent., making the total 334,500]. The item 
‘*small arms” includes rifles, pistols, cutlasses, 
torpedo material, &c. The vote is 413,3701., which 
is 14,6301., or 34 per cent., less than in the preced- 
ing year ; but is, nevertheless, highly satisfactory, 
and indicates that the Board are in this case also 





renewing stocks, 








for the completion of the work. This, however, 
does not include the cost of the new magazines, the 
estimate of cost of which is 250,000/. The next 
most important civil engineering undertaking is the 
construction of the two new locks at Portsmouth, 
both of which will serve also as graving docks. 
The total cost of these docks is 1,300,000/., and the 
work done so far represents 782,0001. The vote 
for the next twelve months is 265,000/.; but here, 
again, an increase will willingly be granted if the 
progress justifies it; there will remain to com- 
plete the work 253,000/. We have already made 
reference to the extensive provision being made at 
various ports for the storage of oil fuel, which 
accounts for a considerable part of the vote for 
works and buildings. No important new civil 
engineering undertaking is contemplated in the 
Estimates. 

The total of each of the Navy Votes is recorded 
in Table III. Vote A shows that it is intended to 
increase the number required for manning the 
Fleet by 2000, equal to 14 per cent., bringing the 
total up to 136,000. Included in this increase 
are two flag officers, forty-four commissioned officers, 
nineteen subordinate officers, 111 warrant officers, 
the remainder bein tty officers, seamen, 
boys, and marines. e increase in the numbers 
involves automatic additions to several other votes. 
Thus the total for wages has gone up 115,500/., 
equal to 1} per cent. ; victualling and clothing 
show a “‘real increase” of 77001., or } per cent. ; 
and education, 2000/., or 1.3 per cent. ; but the 
medical service is reduced by 1000/., and martial 
law by 400/., while there is no change in the vote 
for scientific services. There is an addition of 
40,0001. to Vote 7, for Royal Naval Reserves. 
due to increased provision for training in naval 
ships of officers of the merchant marine and for 
retainers to men of the Royal Naval Reserve, and 
for drill money for the Royal Naval Volunteers. 
To Votes 8, 9, and 10 we have already referred. 
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There is no variation in the vote for Miscellaneous 
Effective Services. The increase in the Admi- 
ralty Vote No. 12 of 22,1001. is due to the 
appointment of the additional Civil Lord, the 
establishment of the War Staff, additional staff to 
various departments, and a progressive increase for 
length of service. The half-pay and retired-pay 
allowance is increased by 29,500/.; naval and marine 
compensations, gratuities, &c., by 48,000/.; and 
civil superannuation and compensation allowance, 
17,5001.; but part of these latter increases are due 
to grants made that are not recurrent. 








CONCRETE AND MORTAR. 


Tat the quality and reliability of Portland 
cement have been vastly improved in recent years 
is well known and admitted on all sides. Improved 
methods of manufacture, with the advance of 
knowledge and the demands of engineers, have con- 
tributed to the present-day excellence of cement, 
to which must also be added the work of the 
Engineering Standards Committee and the result- 
ing specification. 

It is noticeable, however, that many engineers 
have not yet taken full advantage of the admitted 
improvement in cement, and have not altered 
their general specifications for concrete and mortar. 
In too many cases the old customary proportions 
of cement and aggregate still stand in general speci- 
fications covering wide classes of work. Special 
circumstances require special treatment, and speci- 
fications are, or should be, drawn to meet these ; 
and if this cannot be €one beforehand, the resident 
engineer should see to the matter on the spot. 
Nevertheless, in the execution of public works the 
major part is usually carried out under what may, 
for our purpose, be termed the engineer’s general 
specification. Concrete in ordinary foundations, 
retaining walls, street works, &c., falls, as a rule, 
under this heading. Naturally, the practice of 
different engineers varies, but it may be taken 
that what is generally known as six to one concrete 
is very largely specified in works of ordinary con- 
struction, though concrete less rich in cement is, 
of course, often used. But the proportion of six 
to one would appear to be ed of some special 
virtue, judging by the extent to which it is specified. 
It has become, under limitations, a sort of standard, 
and has been adopted, we might say, from time 
immemorial, without regard to the efforts and suc- 
cess of cement manufacturers, urged on by engineers 
themselves, to produce a better material. There 
can be very little doubt that nowadays an enormous 
tonnage of cement is annually wasted owing to this 
attitude. We say wasted, because if six to one 
concrete is used in large quantities where eight to 
one or ten to one is good enough, the result is 
waste of cement, and, therefore, of money. The 
matter is well worthy of consideration by large 
users of cement. It is the more remarkable since 
anyone with the necessary knowledge and experi- 
ence will be able to recall to mind work executed 
with, say, six to one concrete, and to draw a com- 
parison with other work of a similar kind, where 
the engineer having to practise a rigid economy 
prescribed eight or nine to one with perfectly satis- 
factory results. 

The situation, though perhaps not in so wide a 
sense, is similar in regard to mortar. Everybody 
likes, and rightly so, to have a good mortar ; but 
there is no need to use a stronger mortar than 
circumstances require, having regard to the quali- 
ties of the materials and the design of the work, &c. 
The proportions most usually specified for mortar 
are probably three to one, but for much work built 
of brickwork, and for masonry of ordinary construc- 
‘ion, four to one cement mortar is good enough if it 
be properly made. The late Sir Benjamin Baker, 


whom all admit to have been a leading exponent of | i 


a — used four to one cement mortar for 
part of the masonry of the Asyfit Barrage, and 
similar yeepedilens tens been, a are, of course, 
used by other engineers. Still, full advantage has 
not yet been taken of the splendid qualities of 
cement as now turned out by the leading makers, 
and remembering that excellent work is built every 
day in lime mortar, if it be decided to use cement 
tustead of lime in ordinary situations, a less liberal 
allowance than is often provided of the former will 
in Many cases yield results amply sufficient for the 
purpose in view. 

If suitable stone for ‘* plums” or “‘ displacers” is 
available at low cost, these masses may be put into 
concrete in many instances. It naturally depends 


upon circumstances whether it is cheaper to put in 
‘*plums” or not, but if the work is properly done 
there is, except in special cases, no reason why 
‘*plums” should be prohibited. Speaking gene- 
rally, where the work is thoroughly well done, 
and all ‘‘ plums” are fully surrounded by concrete, 
deposited in a trench, the maximum cubic quan- 
tity of ‘‘ plums” that can be put in is about 30 
to 33 per cent. of the whole. Where the situation 
lends itself to the use of ‘‘ plums,” 20 to 30 per 
cent. of stone so deposited is cheaper than a 
like quantity of concrete, and more rapidly filled 
in, provided the stone be available at suitable 
rates. Many engineers will not, however, allow 
‘*plums,” and their attitude in this matter is 
probably due to prejudice, or to difficulties they 
have experienced in getting work thoroughly well 
done. The temptation to crowd ‘‘ plums ” in any- 
how, not keeping them properly separated, is, un- 
fortunately, om for some people to resist, On 
the other hand, if it be intended to permit ‘‘plums,” 
the contractors should, where possible, be so in- 
formed when tendering. Sometimes specifications 
are found to prohibit ‘‘ plums ”’ for all descriptions 
of work, but when the concreting is being carried 
out, a proportion of ‘‘ plums” is allowed for a 
common-sense or other reason. In such a case 
the whole monetary advantage is apt to fall to the 
contractor unless special arrangements are made. 

The attention of those who set their faces, under 
all circumstances, against the use of *‘ plums” may 
be drawn to the masonry construction of many 
reservoir dams where the masonry consists of as 
large a measurement as possible of selected stone 
built in concrete of proper qualities for the class of 
work. The case is obviously not entirely analogous 
to that of dumping lumps of stone into a mass of 
concrete in the way ‘‘plums” are usually deposited, 
but it nevertheless serves to show that the latter 
course is, under suitable circumstances, perfectly 
sound practice. 

Large quantities of concrete are used in the 
streets of towns as foundations for different des- 
criptions of paving. If the general average standard 
practice only be considered, it is found that the 
thickness and quality of concrete under street 
paving varies in different boroughs where the 
traffic and other conditions are comparable. The 
thickness of concrete usual in London is generally 
greater than in many provincial towns. Traffic is, 
no doubt, greater in London, but the loads hauled 
over the streets of many provincial towns exceed in 
weight those common in London. The question 
may be asked, What, under given conditions, is the 
minimum thickness and the cheapest class of con- 
crete that is suitable, and which will ultimately cost 
the least, all things considered, on which to lay the 
paving of streets! If 6-in. thickness is satisfactory 
in one case, why is 8-in. or 9-in. thickness pro- 
vided in another where the loads are no greater / 
One engineer will put in 8 in. of six to one con- 
crete, covered with a three to one floating, 1 in. 
thick ; another will specify four to one floating ; 
another eight to one concrete, instead of six to 
one ; and another seven to one concrete and no 
floating. The thickness of concrete necessary must 
depend in some degree upon the amount of trench- 
ing expected in the street in connection with gas, 
water, and other mains. This particularly applies 
in London, where such operations are constantly 
going on. 

A strong committee was appointed some time 
ago by the Institution of Civil Engineers to in- 
vestigate and report upon reinforced concrete. 
This committee has published a preliminary report, 
containing much useful information. In spite of 
the general knowledge and wide use of cement, 
there are several points of practical interest and 
importance in regard to which definite information 
is lachien. At any rate the information has not 
yet been focussed and placed authoritatively at the 
disposal of the profession. If the Institution 
Committee now sitting would investigate and make 
& pronouncement upon some of these points in 
regard to the use of cement, the report would be 
of the greatest practical value. 

The first point that suggests itself is in reference 
to sand. hat sand is suitable for the making of 
concrete and mortar? There has been of late a 
certain amount of discussion as to the quality of 
sand that is permissible. The majority of specifi- 
cations call for ‘clean, sharp sand.” What is 
clean, sharp sand? For at the the description 
is a relative one in practical work. It becomes 








largely a matter of opinion and judgment, and 





must always remain so, depending to some extent 
on the class of work required, and on what it is 
possible to obtain. The engineer can, if he thinks 
necessary, always insist on the sand being washed. 
We should be the last to interfere with or curtail 
the discretion exercised by a reasonable and 
competent resident engineer; in fact, we think 
nowadays it too often happens that the resi- 
dent engineer does not, or is not permitted to, 
exercise a sufficient amount of individuality or 
discretion without reference to his superiors. Some 
engineers would accept unwashed sand which 
others would insist on being washed, and both 
might be gong, A right under different circum- 
stances. In the course of the evidence quoted in 
the preliminary report of the Institution Com- 
mittee on reinforced concrete the opinion was ex- 
pressed that too much washing of the sand may be 
undesirable. That is to say, under certain con 
ditions it may be a mistake to insist on the sand 
being quite clean or free from all foreign matter. 
It is well known that experiments have been made, 
perhaps more in America than in this country, on 
the use of sand containing clay or other so-called 
impurities, the results of which tended to prove 
that the presence of a certain percentage of clay 
was beneficial. A paper was read about two years 
ago at the meeting of the Institution of Mechanical 
Engineers in Liverpool which showed that the 
presence of certain impurities in the sand, if not in 
too large a quantity, yielded improved results in 
the mortar under test. 

The probability is that for years there has been 
used sand regarded as clean, or clean enough, 
which in reality was not clean—i.e., free from all 
clayey or other foreign matter. It is also probable 
that in other cases contractors have been put to 
unnecessary expense and trouble in washing sand 
which was good enough for the work required, or in 
obtaining sand in strict compliance with the specifi- 
cation as to cleanness. Work has to be carried out 
from time to time for which nothing but the best of 
every description of materials and workmanship will 
suffice, but in the ordinary work of construction under 
normal conditions, extreme strictness is usually 
not essential, but only extravagant. At any rate, 
sufficient data have not yet been published in regard 
to the use of sand containing so-called dirt, and we 
commend the subject to the attention of the Insti- 
tution Committee, whose considered judgment, if 
it is able to take the matter up, would carry great 
authority. 





MOLECULAR PHYSICS. 


In opening at the Royal Institution on Saturday 
last the third lecture of his course on the above 
subject, Sir J. J. Thomson, F.R.S., said that 
he proposed to consider some special features of 
the characteristic Réntgen radiations which were 
emitted by most bodies under suitable excitement. 
On the last occasion he had pointed out that if a 
body, having an atomic weight of more than 40, were 
exposed to the discharge of a Réntgen bulb, radia- 
tions of two different t were to be discovered 
in its neighbourhood. The one type was identical 
in character with the rays from the bulb, and 
depended solely on the condition of this bulb. 
The character of the second type of radiation, on 
the other hand, depended solely on the material 
on which the primary rays fell, being independent 
of the character of these primary rays, provided 
always, that these had a ter penetrating power 
than was characteristic of the secondary radiation. 
Unless, this condition were fulfilled no ‘‘ charac- 
teristic radiation ” whatever was excited. 

The relation of the primary to the secondary 
radiation was thus closely analogous to the be- 
haviour of fluorescent bodies. us fluorescence 
was not excited unless the wave-length of the 
incident light was less than that of the fluorescence, 
and provided this condition were fulfilled the 
character of the fluorescent light was independent 
of that of the incident light. This peculiarity was 
known as Stokes’ law, and was subject to certain 
exceptions, but in the main held true. A closer 
study of the characteristic Réntgen radiation 
showed, Professor Thomson continued, that the 
analogy with the phenomena of fluorescence was of 
even a more striking character. If light were 
allowed to fall on minute particles in suspension, 
and the amount scattered in different directions 
measured, certain inequalities were found. The 
scattered light emitted parallel to the original beam 
was twice as great as that sent out at right angles, 
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the intensity varying as1 + cos? 6, where 6 was the 
angle between the line of sight and the original 
beam. If, however, the suspended particles were 
also fluorescent, light due to this fluorescence was 
sent out as well as ordinary scattered light, and this 
light due to the fluorescence had the same intensity 
in every direction. 

If the intensity of the two types of radiation in 
the neighbourhood of a body under the influence 
of a Réntgen bulb were examined in similar fashion, 
it was found that the intensity of the scattered 
radiation obeyed very approximately the same law 
as applied to scattered light, being twice as much 
in the fore-and-aft direction as at right angles to 
the original beam. This law was very well satisfied 
save in the rear of the body, where the intensity was 
rather greater than it should be ; but for a consider- 
able range of angle the intensity did vary very 
accurately as 1 + cos? @. If, on the other hand, 
the intensity of the characteristic radiation were 
measured, this fluorescent light was the same in all 
directions. 

There was, he continued, another very striking 
analogy between the Réntgen radiation and light. 
It was known that bodies showed in certain 
regions of the spectrum special powers of light 
absorption. Thus sodium vapour absorbed the D 
lines of the spectrum, and generally a body had 
absorption bands in the same positions as were 
occupied by the light lines that were radiated by it. 
Exactly the same was the case with the characteristic 
Réntgen radiation. It was not possible to specify 
these as conveniently as light could be by its wave- 
length or its periodicity, and it was necessary there- 
fore to distinguish between different characteristic 
radiations in a more clumsy way. The penetrating 
power of the rays through aluminium was accord- 
ingly generally taken as the standard of comparison, 
and different rays were specified by noting what 
fraction of them was stopped when sent through a 
certain thickness of aluminium. Professor Barkla, 
and more lately Mr. Chapman, had measured the 
absorption of different rays by different materials, 
as compared with the absorption by aluminium, 
The possibility of exciting characteristic radia- 
tions gave a great variety of rays from very soft 
to very penetrating rays, and if these were passed 
through copper foil, and the penetration compared 
with what it was in aluminium, an abnormal absorp- 
tion might be expected when the rays were the 
characteristic copper rays. This was found to be 
the case if the absorption in aluminium were plotted 
as abscisse and the absorption in copper as ordi- 
nates. Then so long as the rays were of high pene- 
trating power, the absorption in copper was pro- 
portional to the absorption in aluminium, but when 
the characteristic rays of copper were reached, the 
absorption in copper ran up to a very high value, 
and after attaining a maximum came down very 
abruptly. Two types of characteristic radiation, 
Professor Thomson continued, were known to be 
emitted by bodies under excitement, and there were 
probably more. One of the two types was much 
softer than the other, and the absorption of these 
softer characteristic rays had been investigated by 
Mr. Chapman at the Cavendish Laboratory with 
similar results to those already described. 

The importance from an experimental standpoint 
of these characteristic rays, the lecturer proceeded, 
could hardly be over-estimated. A Réntgen bulb 
gave out rays of all kinds and qualities, and the 
results observed were correspondingly difficult to 
interpret ; but by allowing these rays to fall on 
different metals—iron, copper, silver, and the like 
—characteristic rays of uniform quality could be 
obtained. The range of type available was very 
great, the rays from copper being over 200 times as 
penetrating as those from calcium. 

If the penetrating power of the characteristic 
rays were plotted against the atomic weights of 
the corresponding elements, there was found to be 
a direct relation between this property and the 
atomic weight. There was, however, one excep- 
tion as to which physicists ana chemists were up 
against a dead wall. Chemists gave 58.8 as the 
atomic weight of nickel, which was less than that 
of cobalt. On the other hand, Barkla found that 
the characteristic radiation from nickel was more 
penetrating than that from cobalt, and, moreover, 
that the characteristic radiation from nickel would 
excite that from cobalt, whilst cobalt radiation 
would not excite that from nickel. He deduced in 
consequence 61.3 as the atomic weight of the latter 
metal. Physicists therefore found it difticult to 
reconcile the greater penetrating power of the rays 





from nickel with an atomic weight lower than that 
of cobalt, but chemists were on their part quite 
certain that this was so. 

As already stated, there were, he proceeded, two 
kinds of characteristic radiation given out by 
elements, one of which was much softer than the 
other. With bodies of very high atomic weight 
the radiation from a Réntgen bulb could excite this 
softer kind only. This type of radiation had been 
examined by Mr. Chapman, and also proved to have 
a direct relationship to the atomic weight. 

Mr. Chapman had found that if an element of 
atomic weight A, gave out characteristic radiation 
of the first kind, then radiation of the second kind, 
having a similar penetrative power, would be given 
out by a body of which the atomic weight A, was 
deduced from the empirical relation 

Ax = 4 (Ax — 48). 
Thus bismuth had an atomic weight of 208, and 
only the softer kind of characteristic radiation 
could be excited. Thus by Chapman’s rule a body 


having an atomic weight of = 48 _ 0 would 


have its harder type of characteristic radiation of 
the same penetrating power. An atomic weight of 
80 was about that of bromine, so that the harder 
characteristic rays from this element had the same 

netrating power as the softer characteristic rays 
from bismuth. 

It would, Professor Thomson continued, be very 
interesting to see if any connection could be estab- 
lished between the chemical properties of elements 
which corresponded in this way, but unfortunately 
the atomic weights were so crowded together that 
no satisfactory results could be expected from such 
a comparison. Argon, for instance, had an atomic 
weight differing from that of potassium by one unit 
only, so thata very slight alteration in the con- 
stant of Chapman’s formula would correspond with 
a change from argon to potassium. 

Continuing, the lecturer said that he had ven- 
tured to suggest that these characteristic rays 
should find an application in medical practice. As 
often applied, Rontgen rays had hardly a fair chance 
when used as a curative agent. To do any good 
they should be absorbed, but the usual practice 
ve to be to use the same bulb as was em- 
ployed in photographing by X rays. In that case 
the whole object in view was to have rays which 
would pass through, without being absorbed by the 
tissues. To apply such rays to the treatment of 
a surface ailment was pretty much on a par with 
burning down a town to roast a pig. The type re- 
quired was such as would be absorbed by the diseased 
part, and this could be obtained by using secondary 
radiations. Thus the characteristic rays from calcium 
were so soft that they would hardly get through the 
skin, whilst silver rays would penetrate a consider- 
able thickness of flesh, so that the doctor had at 
his disposal rays of all powers of penetration. He 
understood that advantage was now being taken of 
this fact, and that secondary rays had been used 
with good results in place of the primary. 

A common plan in diagnosing by X rays was to 
make the patient swallow some emulsion of a metal, 
bismuth being often used. This metal, however, 
gave out soft secondary rays, and if the exposure 
were prolonged, some injury, he suggested, might 
arise in consequence. 

Continuing, Professor Thomson said that another 
way of specifying the character of Réntgen rays was 
by means of the velocity which a cathode particle 
must have if used to excite them. Mr. Withington 
had measured the velocity needed to excite the 
characteristic rays of different metals, and found 
that over a wide range the following empirical rela- 
tion held :— 

v = 108 A centimetres per second. 


Here v denoted the velocity of the cathode particle, 
and A the atomic weight of the element subjected 
to them. 

Again, when Roéntgen rays feli on a metal, they 
caused it to emit cathode particles. These were not 
all endowed with the same velocity, as some had 
to make their way from below the actual surface of 
the element, and were consequently slowed down ; 
but taking the maximum speed of the particles 
emitted, it appeared that this was approximatel 
equal to the velocity of the cathode rays which 
would have been necessary to excite the Réntgen 
radiation. This constituted a very interesting 
example of the transference of energy. If a cathode 
ray struck an obstacle it produced a Réntgen ray, 
and if this, in its turn, met another obstacle it 





sent off cathode particles with the same velocity as 
the original cathode particles. 

The explanation, he thought, lay in the fact that 
the electrical disturbance which arose on the 
acceleration of a negative particle was not one 
which could be represented by the spreading out of 
a spherical wave, but was more like the trans- 
mission of a wave along a straight wire, in which 
case the ene was all concentrated in a very 
small part of the field, and did not spread out. The 
negative particle was thus to be considered as the 
origin of one or perhaps two tubes of force, but did 
not resemble a porcupine and carry a large number 
This tube ran right out into space, and when an 
acceleration occurred, the energy ran along this 
tube till it struck another particle, to which it 
transferred its energy without waste. 

He thought, moreover, that the energy of light 
was distributed in a somewhat analogous manner ; 
that individual light waves were not continuous, 
but corresponded to a collection of threads or wires, 
along which the disturbance travelled, and that if 
the wave front could be made visible, we should get 
not continuous illumination, but a series of bright 
specks on a dark ground. The energy involved 
was, therefore, not uniformly spread through the 
whole volume of the wave, but was concentrated 
into batches. This was certainly suggested by the 
properties of light. If, for instance, light fell on a 
metal, negative particles were shot out. Their 
speed certainly was infinitesimal compared with 
that developed by the Roéntgen rays, but it proved 
to be independent of the intensity of the light, 
so that the energy of the latter could travel great 
distances without being weakened. In Réntgen 
rays we had, he said, something analogous to light, 
but with properties more sharply defined. With 
light the phenomena were much more involved and 
complicated, but with the Roéntgen rays we got 
light in its ultimate simplicity. 





AEROPLANE UNDER-CARRIAGES. 

A most interesting paper on aeroplane under- 
carriages was read by Mr. G. de Haviland at the 
Institution of Automobile Engineers on the 13th 
inst. The matter is one the importance of which is 
only just beginning to appear. As long as aero- 
planes were used almost entirely for exhibition 
purvoses, flying round a carefully prepared track, it 
was not necessary that the under-carriage should be 
suitable for landing on rough ground ; though occa- 
sionally serious accidents were caused by machines 
having to land outside the track. If, however, the 
aeroplane is to be of practical use, especially for 
military work, it must be capable of landing on 
any ordinary sort of open ground. The large pro- 
portion of competitors who had to retire from the 
circuit round England, owing to the impossibility 
of landing and starting again without damage, is 
proof of the very great need for improvement. 

The author first stated the requirements of an 
under-carriage as follows :— 

1. Its first duty is to allow the machine to attain 
its flying speed while on the ground. There must 
be the least possible resistance while rolling, in 
order that the machine may accelerate to the 
required speed as quickly as possible. 

2. It must be arranged to give a high degree of 
stability in a fore-and-aft direction, as well as 
laterally, while travelling at high speed over uneven 
ground. ; 

3. It must be efficiently sprung to eliminate roll- 
ing shocks. 

4. The machine must be capable of being steered 
on the ground without the aid of the propeller 
blast. 

5 Some efficient form of brake must be provided. 

6. It must be designed with a view to easy 
repairs. : 

ost of the above conditions apply to rolling 
and taking off from the ground ; the following are 
connected with alighting :— ; 

7. It must be provided with a suitable device for 
absorbing the shocks of landing. é 

8. It must be capable of withstanding the con- 
siderable side strains attendant upon landing in a 
broadside wind. 

9. It must be provided with some form of lead- 
ing skid or wheel, which is normally clear of the 
ground, but which is sufficient in all cases to prevent 
the machine turning over. ‘ 

These conditions should be met with the least 
possible weight and wind resistance. : 

In order to fulfil these conditions the main 
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THE SALVING OF SUBMARINE-BOAT A<3. 


(For Description, see Page 358.) 














wheels are usuaily placed nearly under the centre 
of gravity, while a second support is placed under 
the tail. The proportion of weights must be such 
that the tail leaves the ground in a short distance 
after starting, so as to reduce the head resistance, 
while the carriage must be so arranged that the 
machine will lie at an angle of some 18 deg. in order 
that enough angle may be got to the main planes to 
lift easily. Sketches and descriptions of the landing 
gear of the Farman, Blériot, Breguet, Nieuport, 
and Cody machines were given in the paper. Of 
these, the Farman, Breguet, Nieuport, and Cody 
have a long skid projecting in front to prevent 
the machine tipping up through the resistance of 
the wheels when landing on soft ground. In the 
Nieuport machine this skid is prolonged behind 
the main wheels, to take the place of a tail skid, 
and acts as a brake when landing. This is also the 
case with the Cody machine. In both these the pro- 
peller thrust takes most of the weight off the skid 
when starting. In the Breguet machine there are 
three wheels, a single one being placed a short dis- 
tance in front of the main wheels. This front wheel 
is connected to the steering gear, and the thrust of 
the propeller is stated to pull the machine on to it, 
sv that it can be manceuvred easily. No tail skid is 
provided, the rudder being constructed to perform 
this function if necessary. 
_ The Blériot under-carriage is remarkable for 
having no front skid, and for having the main 
wheels mounted as castors. The advantage of the 
latter is that in case of a landing with a side wind 
the wheels swivel, and there is therefore no side 
‘truin on them. On the other hand, the fact 
that they give no lateral resistance makes it more 
‘Uticult to control the direction of the machine on 
se ground. The latest Blériot under-carriage is 
‘ted to have non-swivelling wheels. Springing is 
provided in the Farman and early Bleriots by 
mibber springs. In the Nieuport and later Blériots 
‘at steel springs are used, while in the Cody and 
‘cguet spiral springs are provided. Where both 
whe els and skids are used, as in the Farman machine, 
‘“y are so arranged that the skids prevent the 
wels from sinking into a hole below the axle. 











The lateral wheel base ot the Farman machine is 
9 ft., of the Bleriot 6 ft., while that of the Cody 
is only 3 ft., and the Nieuport is also very narrow 
In both the latter, however, the wing-tip is arranged 
so that it can touch the ground without injury, and 
so preserve the lateral stability. 

Few machines are provided with any form of 
brake, yet a brake is a very desirable addition It 
may often be necessary to land in a confined space 
Skids are sometimes used as brakes, but the author 
considers these not satisfactory, as in order to be 
of much use they must be arranged to take prac- 
tically the whole weight of the machine, and must 
also be properly sprung to avoid shocks. Air 
brakes, consisting of planes which can be put at 
right angles to the direction of progress, have also 
been used, but are useless in a following wind and 
inefficient at slow speeds. The author considered 
that band-brakes on the wheels were the most effec- 
tive, as these could be used to hold the machine 
still without external assistance when starting the 
motor. It would appear, however, that when land- 
ing at high speeds the lifting effect of the planes 
would prevent the wheel-brakes being of immediate 
use. 
An efticient steering-gear was considered by the 
author to be even more important than brakes, and 
this is no doubt the case, for it will always enable 
the machine to be stopped in a confined space by 
the process of running round in a circle. The 
rudder can be used for steering when the pro- 
peller is running, but when the propeller is at rest 
it is useless. This inefticiency can be remedied by 
pivoting the rear skid and connecting it to the 
rudder. 

A point of some importance in the design of under- 
carriages is the position of the propeller, and the 
arrangement of the tail surface. If the propeller 
is high up, a considerable weight can be left on 
the rear skid, yet this will be lifted off the ground 
at starting by the thrust of the propeller. Similar} 
if the tail is of the lifting type, the rear skid will 
rise, even with a good deal of weight on it, from 
the lift of the tail due to the draught from the 
propeller. In addition to the provision of the ordi- 
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nary spring suspension tor dealing with the vibra 
tions due to rolling, some fourm of shock-absorber 
must be arranged to take up the shock on landing. 
For this purpose a form of oil dashpot is provided 
on the Breguet machine, and was described by the 
author. In some machines the skids are connected 
by cross-bars, which, however, are a source of 
danger on landing, since they may strike against 
mounds of earth, &c., or beeome entangled in long 
grass. An improvement on this design is found 
in some machines in that the skids are supported 
laterally by means of diagonal bracing from the 
main framing. 

As a material for constructing under-carriages 
it was stated that metal has the advantages 
over wood of greater reliability as regards quality, 
and no liability of splintering in case of accident. 
Wood, on the other hand, is light, cheap, and 
easily repaired in case of breakdown. 

The author covered the ground so fully that 
there appears little to add to his remarks. A point 
he does not appear to have dealt with thoroughly, 
however, is the diameter of the wheels used. He 
remarked on the fact that small wheels can be made 
strong laterally, but he did not point out their un- 
suitability for running over rough ground. Many 
of the difficulties might be overcome by the simple 
device of providing larger wheels, and it is quite a 
question whether the various arrangements used 
to overcome the defects of the very small wheels 
do not weigh more, and have more wind resistance, 
than larger wheels would have. 

The relative advantages of the skid with up- 
turned ends and that with a small wheel in front 
were also not gone into. It appears to us that the 
former would be very much safer in landing on 
many kinds of ground, for it would easily ride over 
hollows or obstacles in which the small wheel would 
stick and cause the machine to turn a somersault. 
A well turned-up skid should ride easily over a 
ditch 2 ft. or 3 ft. wide and of any depth, whereas 
& wheel 1 ft. in diameter would stick in a ditch 
1ft..wide and 6in. or 8in. deep. In this con- 
hection Mr. Cody mentioned that he was prepared 
to take his machine over any ditch up to 6 ft. in 
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width at any speed over 10 miles perhour. It would 
also be interesting to have his views on the relative 
advantages of the tail-first and tail-behind t 

of machine from the point of view of the under- 
carriage. In the former type it is possible to have 
the main planes much closer to the ground than in 
the latter and yet get enough angle for rising easily. 
The result is a lighter under-carriage with less wind 
resistance. This was well shown in the illustration 
of the under-carriage of the Cody biplane. In this 
respect the tail-first monoplane appears to lend 
itself very well to the construction of a satisfactory 
under-carriage. 





NOTES. 
Tue Sa.vine or SuBMARINE A3 AND SALVAGE 
Pant. 

THE efliciency of the salvage plant provided by 
the Admiralty, and the ingenuity of the dockyard 
branch of the Service, have been fully proved by 
the success of the operations in salving Submarine 
A 3, which was brought into Portsmouth Dockyard 
on Tuesday. Stormy weather has prevailed almost 
continuously since the collision which resulted in 


the sinking of the submarine off the Isle of Wight’ 


on February 2, but so soon as the conditions favoured 
operations, 48 hours sufficed for the raising of the 
vessel by one of the salvage lighters located at 
the various dockyards. It is very doubtful if the 
most expensive of salvage vessels could have done 
better. These lighters range from 115 ft. to 160 ft. 
in length and from 31 ft. to 44 ft. in beam, while 
their lifting power ranges from 270 to 450 tons. 
It was one of the smaller lighters which was used 
on this occasion. As shown in the illustration 
reproduced on page 357 from a photograph by 
Stephen Cribb, Southsea, the lighter has a large 
double horn over the bow for mooring work, but 
the lifting of wrecks is accomplished by capstans 
amidship working through large sheaves and 
cables ing through trunks in the hold of the 
boat. The submarine sank in 11 fathoms of water. 
The Admiralty lighter took over the work on 
February 25, and the divers got a 9-in. cable, with 
a running eye, round the bow of the submarine on 
that date. Another day would have sufficed for 
getting another cable round the stern, and for com- 

leting the lifting of the hull, but the weather 
Gabe, and continued unfavourable until the 9th 
inst. Another 9-in. cable was got round the stern 
on that day, and through the two eyes—one on each 
sling—and purchases on the sheaves the hull was 
raised by the capstans through 26 ft. The weight 
lifted was estimated at over 200 tons. The lighter, 
with the submarine thus suspended to it, was towed 
first to St. Helen’s Bay, near Ryde, where the sub- 
marine was further raised to the bottom of the 
lighter. On Tuesday, the 12th inst., the lighter, 
with one tugboat alongside and one forward, carried 
her burden into Portsmouth Harbour, where in the 
evening she was docked and the bodies removed 
for burial on the following day, with all the 
honours due to men who had given their lives in the 
service of their country. Examination showed that 
the submarine had a hole between 6 ft. and 8 ft. 
long and over a foot broad in the widest part on the 
upper plating of the hull—2 ft. forward of the 
conning-tower, which was dented. 


Tue OpticaL ConvENTION oF 1912. 


An Optical Convention, the first of its kind, was 
held in London in 1905 for the purpose of —- 
ing into closer sympathy and co-operation all 
interested in optical matters, from the technical, 
scientific, and general sides of the question. The 
often-lamented divorce of science from practice in 
technical matters had, in no department of British 
industry, been more baneful than in that of optics. 
English opticians had once been the leaders in the 
industry, but they had lost that position. British 
mathematicians and physicists dealt in their text- 
books almost entirely with ide: lenses and mirrors, 
and presented their researches in such a form that 
the manufacturer of lenses had to leave science and 
trust to empirical rules. The Optical Convention 
was intended to help to remedy these evils, and the 
manufacturers, scientists, and others who were 
brought together on that occasion, agreed that the 
convention, and the exhibition connected with it, 
should be repeated at suitable intervals. The 
arrangements for the Optical Convention of 1912 
are now well advan The scheme has the 


support of all the great scientitic and technical 
societies and institutions of the United Kingdom. 





Influential committees and sub-committees have | ropes to be got on the pulley. The pulleys must 


been formed, and invitations to the chief firms, 
societies, and private individuals who might parti- 
cipate in the Exhibition, and especially also in 
the loan collection of optical apparatus, are 
being issued. The guarantee fund had last month 
already reached the minimum figure which the 
executive committee required to enable them to go 
forward with the undertaking. But the response 
has so far come only from a small number of those 
whose interests are directly or indirectly concerned. 
In order to secure wide support the founder 
membership has been settled on the basis of a 
guarantee of 51. and upwards, or a donation of 1l. 
and upwards. We shall be glad if these lines help 
to enlist further sympathisers. In view of the 
great value of the Convention to the trade and the 
general public, and of its high scientific importance, 
the Board of Education has placed ample accom- 
modation in the Science Museum at South Kensing- 
ton at the disposal of the committee. The locality 
should attract intending exhibitors as well as the 
general public. The Convention is to be held in 
the last half of June, and to sit for six days, during 
which the Exhibition will be open. The superior 
character of the first Exhibition, which was held in 
the Northampton Institute, in the London centre 
of scientific and applied optics, will fully be main- 
tained. The catalogue will be made thoroughly repre- 
sentative of British optical manufactures, and be 
compiled so as to have a lasting value. The pro- 
ceedings of the Convention of 1905 were of con- 
siderable value, and a good many important papers 
for the convention have already been received. 
Principal S. P. Thompson, F.R.S., will be the pre- 
sident of the convention ; Professor R. Mullineux 
Walmsley, Principal of the Northampton Institute, 
is chairman of the Executive Committee ; and Mr. 
J. W. Gordon its very active honorary secretary. 
The secretary of the Convention is Mr. Walter T. 
Dunn. Inquiries should be addressed to 39, Vic- 
toria-street, Westminster, S. W. 


Roprg-Drivine. 


Although there are a few instances of ropes being 
used as a means of transmitting power as far back 
as the early part of last century, it was not till 
about 1860 that they were adopted in connection 
with large powers, and we may therefore regard 
this latter date as the commencement of what we 
now know as “‘ rope-driving.” Since that time a 
great deal has been said and written on the subject, 
we ourselves having on more than one occasion 
gone pretty fully into the matter. It does not 
follow, however, that the subject is exhausted, 
and, to judge from the way rope-drives are some- 
times applied, the main guiding principles of 
the system do not always appear to be fully 
appreciated, and it is well that these principles 
should be kept before the minds of engineers. 
In this connection a paper read last Wed- 
nesday evening before the Association of Engi- 
neers-in-Charge by Mr. R. Edward Hart is of 
interest. In this paper the author went very fully 
into the theory and practice of rope-driving, and 
referred to the two systems now in use—namely, 
the American and the English—the former, or 
continuous system, being that in which a long ro 
is wound continuously round both pulleys, the 
last warp being carried across the width of the 
pulleys back to the first groove by a carrier pulley 
set at the required angle. In the English system 
each rope on the driving-pulley runs straight and 
true into its corresponding opposite groove on the 
driven pulley. The English system is by far the 
more common of the two. e main features of 
an ideal rope-drive, as pointed out by Mr. Hart, 
are that the diameter of the pulleys shall not 
be less than thirty times the diameter of the 
rope used, and the driving and driven pulleys 
shall, if possible, be of equal diameter ; but 
where this cannot be arranged their ratios should 
not be greater than 5 to 1. The distance 
between the pulley faces should, if possible, be 
not less than 25 ft., and the drive should 
be horizontal, with the slack side of the rope 
on the top. The speed may be from 2000 ft. to 
4000 ft. per minute. If the speed is too low the 
ropes are apt to slip, and if too high the action of 
centrifugal force affects the efficiency. There should 
be a distance of from 4 ft. to 6 ft. clearance under 
the ropes, and the ropes must, of course, not rub on 
anything. An allowance of 2 in. or 3 in. clearance 
hetween the hearers’ foundations and the sides of 
the pulley must be made so as to leave room for the 





also be —— in line, well balanced, and the 
grooves exactly alike. All gear-wheels between the 
“ia mover and the rope-drive should, if possible, 

avoided; the ropes should be kept dry, properly 
lubricated, and not too tight. They should all be put 
on at one time, and the full load should be applied 
to them as soon as possible after they are in place. 
A very important thing also is to have them spliced 
by an experienced man. Carrier pulleys, rollers, 
and angular drives should be avoided as much as 
possible. Regarding the two types of rope gene- 
rally used—namely, three-strand and four-strand 
the author points out that the former can be made 
rather more pliable than the latter, and it is also 
rather stronger ; but these advantages are more 
than counterbalanced in the four-strand rope, 
because, compared with the three-strand, it 
stretches very much less, and it has a larger surface 
in contact with the pulley grooves; it is also 
capable of a stronger splice. A well-made four- 
strand rope is, moreover, nearly as strong as a 
three-strand ; it, however, requires more skill to 
splice it. The general opinion now is that cotton 
is the best material to use for driving-ropes, and 
Egyptian cotton, though a little dearer than 
American, is generally preferred. 








INDUSTRIAL NOTES. 

THE situation in the coal-trade dispute seemed to be 
more hopeful on Wednesday, as an outcome of the joint 
conference of the owners and men, which first met 
on Tuesday at the Foreign Office, Mr. Asquith, Sir 
Edward Grey, and Mr. Buxton being present. A 
general discussion of the situation took place without 
any further concessions being actually made by the 
miners or by the owners in South Wales and Scotland. 
When the Miners’ Federation met on Wednesday 
morning it was made known that the Prime Minister 
had sought to secure the agreement of the Federation 
to a return to work in some districts if a partial agree- 
ment were arrived at, the remaining points in dispute 
being considered subsequently. his offered the 
further advantage that the men who returned to work 
would be permitted to pay levies for the support of 
the others remaining out. The points to be sub- 
sequently left to arrangement by districts had refer- 
ence to the wages of pieceworkers other than coal- 

etters, and the es of day men who were not paid 

y contract. The Federation, on Wednesday, passed 
a resolution which, while it did not meet the Prime 
Minister's view, agreed that the Federation would 
be ‘‘ willing to enter into negotiations at once with 
the coal-owners in the various districts for the 
purpose of securing a settlement on all points 
in dispute at the earliest possible moment.” 
After this resolution had been passed, the joint con- 
ference of owners and miners and Ministers was 
resumed at the Foreign Office, and continued until 
7 o’clock on Wednesday evening. The official report 
stated simply that the genera] discussion of the situa- 
tion and of the best means of arriving at a settlement 
was continued, and that the Conference had adjourned 
until Thursday afternoon in order to consider certain 
suggestions made by the Prime Minister. What these 
suggestions were was rigidly kept secret, but there was 
a hope that the men are moving in the direction of 
@ compromise, and that the general conference on 
Thursday might come to some agreement for deferring 
the details of settlement to be arrived at in each dis- 
trict according to the special conditions pertaining to 
the districts. Up to our going to press, however, no 
official intimation had been made as to the result of 
the further joint conference, In any case local con- 
ferences mean delay. 

In the meantime the roll of the unemployed through- 
out the country increases, and there are now nearly 
2,000,000 workers out of employment, 50 per cent. of 
whom have no connection with the coal dispute. There 
is consequently a severe drain on trade-union funds, and 
even the miners’ executive councils are seeking to 
economise by reducing strike-pay allowances. The 
railway receipts of twenty-four of the leading com- 
panies shows a decrease of 497,612/. for the week 
ending with the 10th inst., and of this 85 per cent. 
is due to goods traffic, mostly minerals. 





A pamphlet (price 6d.) has recently been issued by 
Co-Partnership Publishers, Limited, 73, Southampton- 
row, W.C., on ‘*Co-Partnership in Industry.” It has 
been written by Mr. Charles Carpenter, M. Inst. C.E., 
chairman of the South Metropolitan Gas Company, 
and contains, among other things, a chronological list 
of profit-sharing schemes. It isan advantage to be able 
readily to refer, when necessary, toa list of firms that 
have tried it. Most of the schemes have, it is stated, 
collapsed, in some cases through the business Serene 
come toanend. Sometimesa scheme has not suoceede 
because the workmen failed to see its possibilities ; 
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while, in other cases, failure followed on account of 
unreasonable or ill-advised conditions being imposed 
on the employers. The great majority of failures have 
een in connection with cash bonus schemes or where 
workers have been required or expected to invest part 
of their earnings. It is thought by many people, 
however, that these failures will be of advantage in 
the devising of a sound and acceptable scheme. 

The first authentic record of any scheme appears to 
have been in the 14th century, when the ‘“‘ Metayer” 
system of profit-sharing (between landlord and tenant) 
became general in England after the Great Plague of 
1348. Lt is said to have resulted in an improved con- 
dition of agricultural labourers ; but it was abandoned 
in Britain about 60 years after its introduction. In 
Italy, however, itis still in vogue, as well as in France, 
South Germany, Spain, and Switzerland. The next 
mention of anything of the kind seems to have been in 
1829, when J > Gurdon, of Assington Hall, Suffolk, let 
a farm and advanced capital to some labourers, who 
worked it on co-operative lines. 





The workers in the engineering and kindred trades 
in the employ of Messrs. Cammell Laird and Co., 
Birkenhead, went out on strike Jast week because the 
firm refused to agree to an advance of 2s. a week in 
wages. The men argue that there have been advances 
in practically all competing centres, and that districts, 
where wages were lower than the Mersey district, are 
now catching them up. In addition, it is argued that 
the volume of work now passing through the yard of 
the company entitles the men to an advance in 
wages. Tt is pointed out, too, that an advance of 
2s. has been agreed to by the Mersey Ship-Repairers’ 
Association. essrs. Cammell Laird and Co. state 
that they are quite prepared to Bei the rates for 
repair work that have been agreed to by the Mersey 
ship-repairers, but, as new construction is on an 
altogether different footing and as competition is not 
local but national and international, they cannot be 
handicapped by having to pay the higher rate de- 
manded. The rates at present in force are :—Barrow, 
36s. a week of 53 hours, remaining in force by agree- 
ment for five years from March, 1909 ; the Tyne, 37s. a 
week of 53 hours, remaining in force by agreement for 
five years from June, 1911 ; the Clyde, 38s. a week of 
54 hours, remaining in force by agreement for three 
years from January, 1912; and Birkenhead 37s. a 
week of 53 hours. Some time ago Messrs. Cammell 
Laird and Co. offered to give an advance of ls., 
thus raising the rate slightly above those in force 
in other districts, but beyond this they say they 
do not care to go. A vital principle is at stake, 
for the shipbuilding industry in the Mersey cannot 
long exist if higher wages are to be paid there than 
in other places. Messrs. Cammell Laird and Co. 
employ nearly 8000 men, and they believe that if local 
support and encouragement are ™ them, they can 
carry on their industry successfully. If they do not get 
this support, they cannot hope to carry on for long. 





On Friday last a grand conferente was held at 
Edinburgh between the representatives of the Ship- 
building Employers’ Federation and the Standing 
Committee of the Shipyard Trades. Several questions 
were discussed, but there were only two items on the 
agenda, the first of these being the recent application 
by the committee for a reduction in the length of the 
working-week, and the second the working of the 
premium-bonus system in the shipyard of Messrs. 
Vickers, Limited. The action of the Boilermakers’ 
Society in organising juvenile branches and issuing 
apprentice cards also came up. This created a 
very good discussion. The question of a shorter 
working week occupied a considerable time. On 
this latter point the men urged that a uniform 
vight-hours’ day should be granted instead of the 
54-hour week in the Scottish districts, and the various 
English arrangements, under which the majority of 
the yards work 54 hours a week ard some of them 
53 hours. It was finally agreed that the matter should 
stand over till another conference. The premium- 
bonus question arose originally out of a protest made 
by the Barrow joiners against the introduction of the 
system into the joinery department of: the shipyard 
there. It was finally a that the system should 
not be continued any longer. 

The question of the organisation of apprentices had 
been previously raised at the last Giaad Cuatidenen in 
Edinburgh, when the masters protested against the 
action of the Boilermakers’ Society in forming juvenile 
branches and arranging for paying what was practi- 
cally strike aliment to apprentices. The employers 
pointed out to the Boilermakers’ Society the serious- 
ness of the situation which had been created. In 
reply, the men’s society protested strongly against 
the action of the ae ge in raising the question so 
suddenly at the Grand Conference, and they main- 


tained that they were quite justified in doing what 
they had done in instituting the apprenticeship card 
system. The employers took up a strong position, 
but, a8 it was not on the agenda, there could be no 
geueral discussion on it ; nor had the men’s represen- 





tatives come prepared to discuss it. It was ulti- 
mately arranged that the Standing Committee should 
take the whole matter up, and that it should be fully 
discussed at a future Grand Conference. 

The monthly report of the United Pattern-Makers’ 
Association for February shows that the condition of 
the trade at the end of last month was very much the 
same as it was at the end of January, the number 
of members signing the vacant - book being almost 
identical in both cases. A few of the members on 
strike obtained work during February, reducing the 
number from 115 to 104, and if the latter quota is de- 
ducted from the total unemployed roll, there are only 
185 members, or 2.4 per cent. of the membership, out 
of work due to lack of opportunity. Trade on the 
North-East Coast is particularly good, and there are 
practically no members out of work in the whole dis- 
trict. Trade has, however, fallen off considerably 


on the Clyde. In Belfast and in Barrow trade 
remains ,» and on the Mersey things are 
fairly good; nor is there much to complain of in 


Manchester, Hull, and the Kast of Scotland. In 
Birmingham and the Midlands also there is prosperity, 
but from Bolton, Bury, and Sheffield reports are not so 
good. London shows rather more men signing the 
vacant-book than has been the case for some time. The 
immediate p ts are, according to the report, not 
bright, on account of the coal strike; and the strikes of 
the Association’s men at Coventry and Bradford con- 
tinue without any signs of an early termination. The 
fifty-three hours movement at Southampton has termi- 
nated in favour of the men, the employers having made 
a concession in order to secure peace, and at Coatbridge 
an offer has been received of a farthing per hour advance 
so as to make the minimum rate 84d. per hour. 

It is interesting to uote in the report a letter on 
** Shorter Hours a Labour,” contributed by a member, 
for it contains some remarks that are worth careful 
consideration by trade-unionists and others at the pre- 
sent time. In the words of the correspondent, ‘‘ the 

ition may be examined from (a) the individual 
industry, and (b) the whole industrial field.” Con- 
sidering these points separately, the writer goes on 
to say: Decrease in hours, ipso facto, implies 
decrease of output. Demand will determine how far 
price is affected; if inelastic, prices advance and 
capital flows into industry through increased profits 
made by inc prices of commodities, there is 
created a — demand for labour ; but increased 
prices implies decreased purchasing — for goods 
where demand is elastic—this means less — 
in producing goods. Assuming no decrease of output, 
an yen to be inelastic, there will be no increased 
demand for labour; where, however, shortening of 
hours does not maintain output, there is a direct 
incentive to invention of machinery of greater output 

r unit of labour. (b) It is conceivable that shorter 

ours of labour <_< be, from an unemployment 
point of view, profitably applied to particular indus- 
tries; but a universal eight-hours day presents 
stupendous difficulties—i.e., where a single shift of 
eight hours was not economically sound to work in 
shifts. The trade-union position that a decrease of, 
say, 20 per cent. in hours implies an increase of 20 per 
cent. in labour is by no means borne out by history. 
Eight-hour days have only been permanently secured 
where increased industrial efficiency has maintained 
previous output. 





The monthly report of the Associated Ironmoulders 
of Scotland for the four weeks from January 27 to 
February 24, of this year, shows that the number of 
unemployed was less than during the previous month by 
123, though there are signs that the trade is still over- 
stocked. The number of members in employment at the 
end of February was 5939, compared with 5822 at the 
end of January, which shows an increase in :aember- 
ship of 117. Trade is said to be keeping good. The 
net income of the association was 2285/. 8s., and the 
expenditure 2003/. 16s. 94d., a gain of 281/. 11s. 24d., 
which, added to the capital, brings the funds on 
February 24 up to 50,828/. 16s. 3d. The dues for the 
month were 1571/. 10s., and levies, &c., 596/. 5s. 3d. 
Idle benefit took 448/. 18s. 2d. ; superannuation benefit 
10112. 5s. 2d.; funeral benefit was larger than usual, 
being 394/. Os. 2d. 


To judge from the monthly report of the Steam- 
Engine Makers’ Society for March the affairs of the 
society still a r to be in a flourishing condi- 
tion. Indeed, this society has for some considerable 
time now been very prosperous. At the time the 
report was issued, however, the shadow of the coal 
strike hung over the country, and to some extent 
checked the hopeful feeling that had been stron 
regarding the pon ape of 1912, for in the words o' 
the report, ‘‘if only useless conflict and the work of 
the strikemonger be avoided, the year 1912 promises 
to be one of the best on record, as far as the engineer- 
ing industry is concerned.” 








The expected great coal etrike was declared by the 


Miners’ Conference in the Ruhr coalfields of Germany 
on Monday last. Of the 170,000 men in Westphalia 
belonging to trade unions, not more than 60,000 seemed 
on the first day to have gone out, but the later reports 
show that the number on strike is increasing am the 
area disaffected extending. Large forces of police and 
tg me have been sent into the districts, and there 
ve been collisions between strikers and police. The 
chief demands of the miners are a rise in wages averag- 
ing 15 percent. all round, a curtailment of the working 
day by half an hour, or the reckoning of the time 
employed in reaching their work and leaving it. 





The twenty-four hours French miners’ strike, as 
decreed by the recent Miners’ Congress, was entered 
upon last Monday. This was decreed, as will no 
doubt be remembered, ‘‘ with a view of demonstrating 
to the French owners and the French Parliament the 
yaa discipline and solidarity of the men’s unions.” 

t is supposed also to be a hint that should the men’s 
ena not be attended to, a prolonged strike may 
ollow at a later date. The strike concluded at the 
end of the specified time. 


Last Sunday night the Board of Trade issued the 
award of the Court of Arbitration dealing with dis- 
putes between the London motor-cab proprietors and 
the London Cabdrivers’ Trade Union. e decision 
was that, assuming existing fares remain unaltered, 
extras belong to the drivers, whose proportion of the 
takings shall be 25 per cent., while the employers are to 
supply petrol at a fixed price of 8d. per gallon for this 

ear, and either allow mileage at the rate of a gallon 
or 18 miles, or give half a gallon free daily. The 
price at which petrol is to be supplied is subject to 
revision by the Conciliation Board whenever there is a 
variation of more than 12 per cent. at the end of any 
year as compared with the beginning. Drivers are 
uired, subject to provisions freeing the usual public 
holidays, to take out their cabs on six days a week, >: 
sixty-six hours per week, no day to exceed 15 hours. 
Sunday is to be a regular day of rest, subject to the 
substitution of some other day by agreement for a 
riod of not less than four weeks. Drivers are not to 

“9+ to pay in at once sums alleged to have been 
lost by a ‘‘bilk,” if they can give the name and 
address of a witness in support of their allegation. A 
Conciliation Board of four representatives from each 
side is to be formed to deal with disputes, with an inde- 
wea chairman, to be appointed by the Board of 

rade, to decide on points regarding which agreement 
cannot be come to. The award takes effect on Monday 
next, the 18th inst. 








THe LATE Mr. Joun Dixon Gisps.—We t to 
have to record the death, which occurred on the 6th inst., 
of Mr. John Dixon Gibbs. Mr. Gibbs was one of the 
early pioneers of the application of electricity. He met 

. Lucien Gaulard in Paris in 1881, and they were asso- 
ciated in the introduction of the transformer, which was 
called by them the secondary generator. Gaulard and 
Gibbs first worked together in Paris, and later on they 
came over to England, where they formed the National 
Company for the Distribution of Electricity by Secondary 
Generators, Limited. Frings d showed their secondary 

nerators at the exhibition held at the Royal Aquarium 
in 1883 ; we illustrated and described these in our issue of 
March 2 of the same year. These secondary erators 
consisted at first of a primary wire with secon wires 
surrcunding it, the at do forming a cable which was wound 
round an iron core. Mr. Gaulard attached great importance 
to an intimate interlacing of the primary and seconda 
wires ; later secondary 4 oe meer were provided with 
discs of sheet copper, each having a radial slot. The discs 
were built up round an iron core, the primary and secon- 
dary ones being alternate and insulated from one an- 
other, the connections between the discs being made by 
lugs. A further development consisted in placing two 
secondary generators together, making their cores longer 
and providing for overlapping, thus obtaining a complete 
magnetic cirouit. The first generators were run in series, 
this being subsequently abandoned for parallel connec- 
tion. The lamps on the secondaries were in parallel 
from the first. The secondary generators in question, 
when judged by present-day standards, are found to be 
crude pieces of apparatus—indeed, the system, as first 
shown by Gau in Paris in 1881, was little more than 
an induction coil ; the fact, however, should not be lost 
sight of that these generators were the forerunners of the 
present-day transformers. The company exhibited their 
machines at the Turin Internatio: Exhibition of 
1884, where they received the first international prize 
and gold medal. They were also awarded a gold medal 
at the London Inventions Exhibition of 1885, for the 
successful working out of a system of distribution by 
induced currents. They erected an installation at 
Edgware-road on the Underground Railway for the 
electric lighting of several of the stations ; the secondary 
generators were put down at five of the underground 
stations and were connected in series by means of a 
primary circuit about 15 miles long. The Gaulard and 
Gibbs system was put down at the Grosvenor Gallery in 
1885 for supplying current to the neighbouring district— 
Oxford-street, om nore were and Bow-street. Messrs. 
Gaulard and Gibbs lost their main patent in the Courts, but, 
nevertheless, they deserve immense credit, as their efforts 
gave a great impetus to the utilisation of electric energy. 





Mr. Lucien Gaulard died in 1888 at the age of thirty-eight. 
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HIS MAJESTY’S TORPEDO-BOAT DESTROYER 


CONSTRUCTED BY MESSRS. A. AND J. INGLIS, LIMITED, GLASGOW. 


“FUORY.” 








WE illustrate one of the twenty torpedo - boat 
destroyers which, according to the statement of the 
First Pord of the Admiralty, issued this week, have 
been commissioned during the financial year ending 
with this month. The boat illustrated is the Fury, built 
by Messrs. A. and J. Inglis, Limited, Glasgow, and is 
typical of twenty vessels constructed at the same tims 
hy various builders from designs by Sir Philip Watts, 
K.C.B., Director of Naval Construction. 

These vessels were specially designed for maintain- 
ing a high speed in a heavy seaway, and were thus con- 
structed with a high forecastle and bridge, one of the 
two 4-in. guns, with which they are armed, being placed 
on this forecastle, while the other is mounted aft. In 
addition there are two 12-pounder 12-cwt. quick-firing 
= amidship, with two torpedo-launching tubes. 

he length of the hull is 240 ft., the breadth 25ft. 6 in., 
and the depth 15ft. 7in., the weight of hull bein 
about 310 tons. On a draught of 7 ft. 10in. the tria 
displacement was 770 tons. 

he boilers are of the Yarrow type, fired by oil 
fuel, and the view given, showing the vessel steaming 
at full speed, indicates the success which has been 
achieved in respect of absence of smoke. The machi- 
nery, of the Parsons turbine type, was manufactured 
by Messrs. Inglis, and was designed to develop 13,500 
shaft horse-power, from which the speed expected was 
27 knots. Bn the full-power trial, however, the shaft 
horse-power was about 14,000, and the mean — 
during the eight hours was 27.82 knots. For one hour 
the vessel ran at 28.2 knots. On the fuel-consumption 
trial at 13} knots with 1000 horse-power it was found 
that the radius of action was 2600 nautical miles. All 
the trials were perfectly successful, as were the various 
tests carried on during the progress of the work and 
after its completion. 





Coatinc Iron AND Stee. with LEaApD.—A new process 
has been introduced by Mr. Sherard Cowper-Coles, of 
land 2, Old Pye-street, Westminster, S.W., for coating 
metallic surfaces with lead to any desired thickness, up to 
4 in. or more. The process is an electrolytic one, and 
has the advantage that it is very rapid, and therefore the 
plant required for a given output is comparatively small ; 
also the power required to deposit a ton of lead is very 
small compared to other metals, such as copper and zinc. 
Hitherto the coating of iron an:! steel surfaces with lead 
has been almostexclusively confined to the production of 
terne-plate, as the thickness of lead which can be applied 
is within narrow limits. The process at present in use 
consists of dipping the sheets into molten lead, to which, 
in some cases, a small percentage of tin is added. e new 
process opens up a large field of applications enabling lead 
coatings to be applied to a variety of purposes, such as the 
coating of iron pipes inside or outside, or inside only, for the 
conveyance of corrosive liquids. One advantage of the pro- 
cess is that the surface is smoother that that obtained by 
older processes. linings can also be attached to 


pumps, chemical vessels, &c., in addition to which the pro- 
cess can be used for coating earthenware and wood with 
lead and asa means of protection for ornamental ironwork. 








—— | 








STEAM TRIALS OF H.M.S. ‘‘ THUNDERER.” 

Tue battleship Thunderer has successfully passed 
all her steam trials, and will return to the Thames to be 
completed for commission. This vessel was built by 
the Thames Iron Works and Shipbuilding Company, 
the first keel-plate having been laid on April 13, 1910, 
and the vessel launched on February 1, 1911. The date 
for completion is May next. The Thunderer is a 
battleship with a displacement tonnage of 22,500 tons, 
the length being 545 ft. and the beam 884 ft. She is 
armed with ten 13.5 in. and twenty four 4-in. guns, 
the gun positions being protected by 10-in. armour. 
The main broadside belt is 12in. thick, tapering 
forward and aft to 4 in., while the upper part on the 
broadside is protected with 9-in. armour. ‘he boilers 
are of the Babcock and Wilcox type, and the turbines 
of the Parsons design. 

The first official trial consisted of a thirty hours’ 
run at about 70 per cent. of the full Pidtint | power. 
During part of the time, as is usual with such ships, 
the engines worked with open and closed exhaust, 
separate results being taken in connection with the 
design of machinery for future ships. The mean 
as of the thirty hours’ run was that the machinery 
developed 18,927 shaft horse-power, while the average 
revolutions were 265 per minute. Six runs were made 
on the measured mile at Polperro, when, with a mean 
of 17,787 shaft horse-power, a speed of 18.8 knots was 
realised. 

Throughout the eight hours’ trial at full power the 
engines ran at an average of 299 revolutions per minute, 
the mean power developed being 27,416 shaft horse- 
power, while the coal consumption was 1.78 lb. per 
shaft horse-power per hour. On this run also the p rv 
made six runs over the measured mile, the mean results 
being: Revolutions, 300; shaft horse-power, 27,426 ; 
and speed, 20.8 knots. The machinery throughout 
worked satisfactorily. 








A List or Moror-Cars MANUFACTURED AND SOLD IN 
THE Unirep Kinepom, 1902-1912.—Compiled by W. C. 
Bersey. London: The Technical Publishing Company, 
Limited, 55 and 56, Chancery-lane, W.C. [Price 5s. net. } 
This little book was originally designed for the conveni- 
ence of insurance brokersand agents for Red Cross Motor- 
Car policies issued at Lloyd’s, and contains a great deal 
of information in a very handy form for use when arriving 
at the value of motor-cars for insurance and replacement 
purposes, as well as the value when purchasing or selling 
second-hand cars. Complete tables of | horse-power ratings, 
French and English measurement equivalents, are in- 
cluded, as well as a taxation table, and various horse- 

wer formule. The name of practically every car 
British and foreign) manufactured since 1906, and used 
in the United hn together with the maker’s 
horse-power, the Royal Automobile Club horse-power 
rating, the diameter, stroke, and number of cylinders, 
the year of manufacture of each separate model, to- 
gether with the maker's list prices, may also be found 
in it. 





NOTES FROM THE UNITED STATES. 
PuHImaADELPHIA, March 6. 
Tue differences between the steel-rail makers and 
the railroad people, it is hoped, will be adjusted next 
week. The current rumours respecting the probable 
volume of orders place the estimates at very divergent 


figures. It is the determination of the railroad 
inter sts to have better rails, but so many difficulties 
have arisen during the past few months that it was 
impossible to map out any definite line of policy 
which would apply universally. Various railroads that 
have contracted for rails have made specific arrange- 
ments as to quality and price. In structural material 
only a few large orders have been placed ; 15,090 tons 
will be taken for a large hotel in New York City, 
and inquiries are said to aggregate in round figures 
100,000 tons fur construction work in various parts 
of the country. Minimum quotations on shapes 
and plates are 1.15 dols., though 1.10 dols. has 
prevailed in actual sales. The Carnegie Steel Com- 
pany gives notice that it will withdraw all pending 
offers at 1.10 dols. The largest recent order for steel 
plate was fer 6000 tons for the Pennsylvania Rail- 
road for building railroad shops at Altoona, and was 
placed at Pittsburg. Most mills are filled with busi- 
ness for plate and structural material up to May 1. 
There is enough prospective business to insure con- 
tinuous activity at fully 80 per cent. of total capacity. 
Threatened disturbances among the miners of Western 
Pennsylvania have: led to higher prices for coal, and 
some manufacturers, as a precautionary measure, are 
accumulating stock. All the railroads entering Pitts- 
burg are storing large quantities of fuel. The threat- 
ened disturbances in the anthracite region are not 
seriously affecting the purchasing of coal. There will 
be about 12,000 tons to fall back on, but not sufficient 
for alongstrike. Negotiations are in progress looking 
to an adjustment in both Eastern and Western coal- 
fields. Coke advanced 5 cents per ton, and further 
advances are probable. 








Tue InstiruTtIon OF ELECTRICAL ENGINEERS. The 
meeting of the Institution of Electrical Engineers, whi h 
is to be held on the 2Ist inst., will be devoted toa dis 
cussion on ‘‘The Causes Preventing the More General 
Use of ‘Electricity for Domestic Purposes,” which will be 
opened by the President. It is hoped, during the dis- 
cussion, that attention will be directed to the main com 
petitive causes which militate against the more rapid 
extension of the use of electrical household appliances, 
and that engineers and others who have been concerne 
with the application of such appliances will give the 
meeting the benefit of their experience, and of any effec 
tive methods of meeting such causes of which they mas 
have knowledge. The main object of the meeting 1s to 
bring definitely forward the hindrances to domestic 
electric progress, in order that the ground may be cleare 
for weed vm concerted action on the part of the Institution 
towards fostering and assisting such progress 1D the 
interests of the profession in general. 
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THE INFLUENCE OF TIN AND LEAD ON 
THE MICROSTRUCTURE OF BRASS.* 


By F. Jounson, M.Sc. (Swansea). 


WhrH a view to elucidating the exact relations which 
exist between tin and lead when occurring together in 
brass, the author recently made a series of experiments, 
which are herein described. a 

The statement made by Professor Louis in a papert 
read by him at the 1911 Autumn Meeting of the Insti- 
tute was challenged by the author in his contribution to 
the discussion. . 

The statement, which referred to the reticulated struc- 
ture caused by the presence of lead and tin in a brazed 
joint, was as follows :—“‘I have therefore no doubt but 
that this appearance was caused by an alloy consisting 
essentially of lead and tin, much more fusible than 
brass which solidifies about the crystals of brass; the 





Fie. 1.—Alloy L. “‘ 70/30” brass, containing 0.75 
per cent. tin. Showing insolubility of SnCu, 
in the a phase. Magnified 180 diameters. 
Vertical illumination. Etched. 


tion. Etch 


able to judge from his experience with commercial brass 
alloys, it has seemed to him that tin could exist in solid 
solution in brasses consisting wholly of the a phase, after 
the processes of cold-drawing and annealing, to the extent 
of at least 1 cent.; also to the same extent at least in 
alloys consisting of the a and 8 phases, in the cast or 
rolled condition. . 

In order to confirm this, the author made alloys of the 
following composition :— 


L II. (Naval Brass). 
Grammes. Grammes. 
Copper . . 70.0 62 
Zine 29.25 37 
Tin 0.75 1 


Electrolytically - deposited copper, the purest stick 
zinc, and Straits tin were used. ; 
The copper was melted under a layer of charcoal in a 








Fie. 2.—Alloy IT. 
Showing solubility of SnOu, in the f phase. 
Magnified 180 diameters. Vertical Illumina- 

ed. Etched. 


covered clay crucible, the zinc and tin added, the mixture 


films of Sn Cu, separating the two phases; there are two 
small patches also visible in one of the § areas, sufficient 
time apparently not having been allowed for its complete 
solution. These entirely into solution after 
annealing at 800 deg. Cent. 

The results of these experiments point to the very 
slight solubility of tin in the a phase as cast, and to its 
almost complete solubility in the 8 phase. 

In order to test the effect of mechanical work and 
annealing on the solubility in the a phase, a piece of 
alloy I. was rolled cold from 4 in. to , in. in thickness, 
and annealed for half-an-hour at 800 deg. Cent., and 
cooled slowly. After polishing and etching it was seen 
that very little of the SnCu, constituent was visible, 
most of it having by diffusion into the a crystals. 
In commercial alloys of 70/29/1 composition it is quite 
probable that practically all of the tin is thus made to 

into solution by annealing subsequent to rolling or 





rawing. The author would strongly advocate thorough 











Fie. 3.—Alloy IIL. 
2 copper to 1 zinc. 
nified 180 diameters. 


Naval brass, slowly cooled. 














Fig. 49. AlloyIV. Showing effect of quenching 
at 800 deg. Cent. brass containing the tin- 
et | 8 phase. Magnified 180 diameters. 
itched, 


Unetched. 


cen thus formed constitute planes of weakness, 
iable to yield under strain, and thus allowing liquids 
to penetrate into the mass of the metal.” Experimental 
alloys were made by Professor Louis, with the object 
: mitating the composition and structure of the 


Since those alloys were not analysed, however, it can- 
not be said that they exactly corresponded to the braze 
in composition, but it is quite probable that, owing to the 
inevitable loss of some zinc when making brass alloys, 
the analyses would approximate fairly closely, for the 
-_ f zine to copper used in preparing the experimental 
all he _ (viz., 33.3 to 66.6) than that in the braze 

» tO 9.0). 

; be Structure of the braze was imitated, however, with 
. nite degree of success, the ‘‘reticulations” being 

«ithfully reproduced. 

i Influence of Tin.—So far as the author has been 


’ Paper read before the Institute of Metals. 
. Failure of a Brazed Joint,” by Professor H. Louis, 


: — the Institute of Metals, No. 2, 1911 vol. vi., 





Fie. 5.—Alloy V. 
(black spots) independently of the SnCu, 
areas in brass. Magnified 40 diameters. 








Showing existence of lead 
magnification. Magnified 


Vertical illumination. 


well stirred with a charred stick, and allowed to cool 
under charcoal in the crucible. 
Mier zamination.—When quite cold micro- 
sections were sawn from each alloy, ground on an 7 
wheel, polished on graded emery papers, and finally with 
“‘Globe” polish on chamois leather. The surface was 
etched with a dilute solution of ammonium persulphate. In 
alloy I. (see Fig. 1, above) there were numerous areas 
similar in structure and colour to the 6 constituent 
(SnCu,) appearing in gun-metal (e.g., 88 per cent. copper, 
12 per cent. tin). An excellent illustration of this con- 
oot, © shown in Law’s “ Alloys,” photo-micrograph 
o. 11. 
Alloy II. (Naval brass) showed none of these areas, the 
typical structure caused by the presence of the a and 8 
hases — being revealed. As will be seen from 
ig. 2, a 


‘eal 





ve, there are just traces of thin pale-blue 


° The author regards only the white material as SnCu,, 
it having been thrown out from what was a solid solution 


Pure brass, slowly cooled ; 
Shows areas of 
Vertical illumination. 





Fie. 6.—Alloy V. Same as Fig. 5, under higher 


180 
Etched. 





of SnCu, in the a phase at high temperatures. This solid 
solution appears as a pale-bronze structureless constituent 
in alloy I. quenched at 700 deg. Cent. 








Fie. 4.—Alloy IV. 
containing tin. 
constituent from the 
diameters. Vertical illumination. 


Same as Alloy III, but 
Shows separation of SnOu, 
phase. Magnified 180 
Etched. 


Mag- 


annealing at a red heat of these alloys 
at every stage, in order to procure homo- 
geneity of composition, as well as maxi- 
mum softness for subsequent mechanical 
** work.” 

Influence of Lead. — Several workers 
have shown that it existsin the free state 
in brass, polished sections of the latter 
showing black spots and intercrystalline 
areas. Bengough and MHudson* have 
very clearly pointed out the nature of its 
occurrence in 70/30 brass in the follow- 
ing words :—‘‘The presence of lead is 
indicated in more or less rounded par- 
ticles scattered through the crystals.” 
Law,t amongst others, has shown that 
lead exists in a similar condition in 
bronze. The blackness of these areas is 
probably due to the excessive softness of 
the particles of lead, which are rubbed 
away to a greater extent during the 

lishing than the harder crystals of 

rass, thus leaving microscopical pits, 

from which the light from the illumi- 
nator of the microscope is not suitably 
reflected. 

Influence of Lead and Tin Together.— 
In order to clear up the point as to the 
nature of the ‘‘reticulations” which 
Professor Louis believes to be ‘‘an allo 
consisting essentially of lead and tin,” 
alloys were prepared corresponding to 
Professor Louis’s alloys A, B, and D. 

They were prepared in exactly the 


diameters. 


| same way as alloys I. and II., and were constituted as 


follows :— 
II. (Pure Brass). IV. v. 
aa grammes grammes| ; rammes 
Copper 66.66 | Copper 66.66 | Copper 66.66 
Zine 33.33 | Zinc 33.33 | Zinc 33.33 
| Tin 7 0.75 | Tin 0.75 
Lead 0.5 


It is not clear from Professor Louis’s description 
whether he added the impurities in the above way, or 
whether he substituted them for equivalent weights of 
copper or zinc. The difference would be of little import- 
ance if he did take the latter course, so that the above 
alloys I[I., IV., and V. may be taken to correspond 
respectively to Professor Louis’s alloys A, B, and D. It 


* “The Heat-Treatment of Brass,” Bengough and 
Hudson, Journal of the Institute of Metals, No. 2, 1910, 
vol. iv. EnGingerinc, September 23, 1910, page 447. 

+ “* Alloys,” page 120. 





wee poe 


a a ok en 





362 


ENGINEERING. 





(Marcu 15, 1912, 





will be noticed that the ratio of copper to zine (2: 1) 
is constant throughout. According to Shepherd’s dia- 
gram, this alloy (No. III.) should, under sufficiently 
slow cooling, consist entirely of the a phase. In ordi- 
narily cooling such an alloy, however, and even with 
the retarded rate of cooling adopted by the author, a 
true state of equilibrium is not attained, and some of 
the 8 phase remains undissolved (see Fig. 3, page 361). 
This phase, although stable at a high temperature, is 
ensidiie to normal temperature. i 

It will be noticed that the patches of § are, like thea 
phase, structureless. 

In alloy IV. similar patches of 8 occur, but they are no 
longer structureless. The pale blue compound SnCu, is 
clearly seen in bunches of grains, and as a film of beauti- 
fully uniform thickness enveloping this constituent. The 
author assumed this to be the result of decomposition of a 
solid solution of SnCu, in the 8 phase, having proved its 
comparative insolubility under similar conditions in the 
a phase (Fig. 1, page 361), and its solubility in the 8 phase 
(Fig. 2) 


If this assumption were correct, a specimen of the alloy 
quenched at 800 deg. Cent. should show no free SnCu,, 
on account of the greater volume of 8 which exists at that 
temperature. p 

Fig. 49 shows this to be the case. The specimen was 
kept at 850 deg. Cent. for half an hour, and then quenched 
from about 800 deg. Cent. in cold water. ; 

The duplex character of the 8 constituent in this case 
can possibly be explained by one of two theories— 
either :— 

1. It represents a stage in the transition of f to a 
where the two phases exist in intimate mixture. In such 
a case the tin is in solid solution in the 8 particles. Or, 

2. It represents an intimate mixture of two con- 
stituents, one corresponding to the f constituent of the 
brasses, and the other corresponding to the 8 constituent 
of the bronzes,* the latter having possibly existed in solid 
solution in the former at a higher temperature, though this 
is doubtful. It is shown in the poe ona at the 
stage above that at which it will deposit SnCu, on slow 
cooling. 

Since a piece of the pure brass alloy (IIT.) showed no 
such duplex structure when submitted to the same treat- 
ment, the author is inclined to favour the second theory. 
Whatever the theory may be, the separation of SnCu, as 
‘* reticulations” can be safely ascribed to insufficiency of 
the 8 constituent to hold it in solid solution. Incidentally, 
it will be noticed that the 8 constituent occupies a 
greater area in the quenched than in the slowly-cooled 
specimen (compare Fig. 4Q and Fig. 4). This is only what 
one would expect from a study of Shepherd’s diagram. 

Fig. 5 shows the appearance of alloy V. under low 
power. 

The presence of free Jead as globules and intercrystal- 
line areas is shown by the black spots; these are not 

resent in alloys III. and IV., which contain no lead. 

he ‘‘reticulations” which appear as faint light- 
coloured meshes (specimen unetched) are due to SnCu,- 
bearing § areas, and these have exactly the same struc- 
ture as that shown in Fig. 4, when viewed under high 
power. Fig. 6 shows this alloy under higher power 
and after etching. The black particles of lead are seen 
clearly, having a separate identity from the “‘ reticula- 
tions.” 

Conclusions.—1. Tin is only slightly soluble in the a phase 
of the degree of concentration existing in 70/30 alloys as 
cast. Rolling and annealing help it to pass into solution. 

2. Tin is readily soluble in the A er (limit undeter- 
mined), as contained in alloys of Naval brass and Muntz 
metal type, even in the cast condition. 

3. The ‘‘reticulations” caused by the presence of tin 
in a brass in which the ratio of copper to zinc is 2:1 
have no structural relations with any lead which may be 
present, the latter existing in the “‘free” state. This is 
probably true of all a brasses. 

4. The “reticulations” are due to the deposition of 
SnCu, from the § constituent, which is insufficient in 
quantity to retain it in solid solution. 

Finally, the author would point out how the foregoing 
experiments explain why it is advisable in works practice: 


(a) Thoroughly to anneal castings of the 70/29/1 and the | H 


62/37/1 (Naval brass) compositions before subjecting them 
to mechanical treatment, in order that the brittle tin 
compound woes | = into solution ; (b) to allow material 
made of Naval brass to cool slowly after annealing for 
the same reason. 








CURRENT RAILWAY CONSTRUCTION. 

Tur Barry, the Rhymney, the City and South London, 
the London, Tilbury, and Southend, the Great Northern 
(Ireland), the Midland Great Western (Ireland), the 
Great Southern and Western (Ireland), the North 
Staffordshire, and the Taff Vale Railway companies have 
no important works at present in hand. 

The Central London Railway is making good progress 
with its Liverpool-street extensicn, and hopes are enter- 
tained that the new section will be ready for traffic in the 
course of the summer. A Bill giving the Central London 
Railway running powers to the Ealing Broadway station 
of the Great Western Railway has received the Royal 
Assent, and plans for the commencement of the works 
have been approved by both companies. 

The Humber Commercial Railway and Dock is virtually 
a Great Central undertaking, although it has been carried 


* The author only wishes to imply that the similarity 
exists so far as the allotropic change is concerned, not as 
regards composition. The composition is probably that 
of the pale-bronze constituent mentioned in footnote on 
page 361, which would naturally deposit SnCu, on slowly 
cooling, just as it did in the case of alloy I. 





out by a distinct company. The engineers report that 
the dock and cateanebtedk have been completed, and 
that the dock was filled with water in the course of 
September. The entrance-channel has been dredged up 
to a temporary dam across the outer end of the lock, and 
the removal of the dam under water is being carried 
out. The Immingham timber pond and ving-dock 
are practically finished, about 122 miles of permanent 
way have been laid, the hydraulic power plant is ready 
for use, seven coal-hoists on the south quay-wall are 
ready for the shipment of coal, and the requisite buildings 
and equipment are advancing to the last stage of com- 
letion. A new junction at Ashton-under-Lyne with the 
ncashire and Yorkshire Railway has been completed 
and brought into use, and g rogress has been made 
with a deviation line at Keadby. The whole of the 
arrangements have been confirmed by the Board of Trade 
and the local authority, and a contract will shortly be 
let for the steel-work of a bridge over the Trent. The 
Mansfield Railway Company is making good progress 
with the construction of a line from Clipstone to Kirkby- 
in- Ashfield. 

The only new work which the Great Eastern Railway 
Company has in hand is a light line between Elsenham 
and Thaxted. 

Works undertaken by the Great Northern Railway 
Company at its Finsbury Park Station, including the pro- 
vision of additional platform accommodation on the down 
side, are approaching completion. An additional line on 
the up-side between Corby and Essendine has made 

rogress during the past six months. Another section 
amee Little Bytham and Essendine has been brought 
intouse. An additional up-side slow line between Nostell 
and Hemsworth on the West Riding and Grimsby section 
is being pushed forward. 

The Great Western Railway has been making good 
progress with its Swansea District lines; the eastern 
section between Morriston and Skewen, with a loop line 
to Briton Ferry-road has been completed. Works for 
securing better access to Paddington Station and for pe 
viding additional accommodation in the station itself, as 
well as for a goods warehouse in South Lambeth, are 
being proceeded with. Rapid progress has been made 
with works in Birmingham and the neighbourhood ; the 
new and enlarged station at Snow-hill has heen so far 
completed as to admit of a large portion being brought 
into use. A contract is about to be let for doubling a 
portion of the West Cornwall section between Pen- 
withers Junction, near Truro, and Chacewater. 

The Hull and Barnsley Railway has nearly completed 
a river pier at Hull, and contracts have been entered 
into for the construction of a warehouse on the deck of 
the pier, and its equipment with electric cranes. The 
Hull Joint Dock Committee (Hull and Barnsley and 
North-Eastern Railways) has decided to proceed with the 
north-east arm of the dock, and also to construct two new 
graving docks and a grain silo. This will increase the 
water area of the dock to 53 acres, and will admit of a 
further extension of coaling and other facilities when 
required. A contract for the construction of a second 
portion of the joint railway of the Hull and Barnsley and 
the Great Central, from Gowdall to Braithwell, has been 
let ; the contract provides for the simultaneous comple- 
tion of the whole line. 

The London, Brighton, and South Coast Railway has 
incurred further outlay in respect of its electrical instal- 
lation between London and the Crystal Palace, and in 
providing repair-shops ‘and siding accommodation at 
Gerweet and Peckham. These works are practically 
completed. Electrical services on a section between 
Tulse Hill and London Bridge have been installed in the 
present half-year. Some outlay has been made in widening 
the system between Sutton and Cheam. 

The London Electric Railway has let contracts for the 
construction of its Charing Cross and Paddington exten- 
sions. 

The London and North-Western Railway has com- 
ow negotiations for the purchase of land required for 
ines between Kilburn and the Kensal Green tunnel, 
Willesden ; about half the permanent way has been laid 
upon another section between Kensal Green Tunnel and 
arrow, and it is expected that this section will be ready 
for traffic in the course of the current half-year. Upon 
a section between Harrow, Bushey, and Watford cule & 
small portion of the excavation remains to be carried out ; 
eleven out of eighteen bridges have been built, five more 
are in hand, and all the arches of a new viaduct over the 
Colne have been built. The widening of part of the 
Rickmansworth branch has been‘nearly completed. Upon 
the Croxley Green branch the earthwork and uehdens 
have been completed, and permanent-way is being laid. 
A new loop-line at Coventry, 34 miles long, and forming 
a connection between the London and Birmingham line 
and the Nuneaton branch, has been commenced. The 
widening of the Trent Valley section between Armitage 
and Rugeley is proceeding ; about one-fifth of the exca- 
vation has been completed, and seven out of ten bridges, 
together with a viaduct over the Trent, are in hand. In 
North Wales the construction of a branch to Holywell 
Town (about 14 miles in length) is approaching comple- 
tion, and a mile of permanent-way has been laid. 

The London and South-Western Railway has made 

with re-construction works at Waterloo 
tation, and a new roadway approach from Westminster 
Bridge-road has been brought into use. The widening of 
the system between Studland-road, Hammersmith, and 
Turnham Green has been nearly completed, and two 
additional lines have me available. Works con- 
nected with a new 16-acre open dock at Southampton 
are now well advanced. 

Works which the Metropolitan Railway Company has 

in hand at Baker-street for the enlargement of the station, 


and for improving the connection between the extension — 





line and the Inner Circle system, are in a forward state. 
An arcade over the line at Liverpool-Strect Station is 

tically completed, and a number of shops have been 
fot. A contract for the construction of subways at 
Moorgate-street, to connect the Metropolitan Railway 
station with the City and South London and Great 
Northern lines has heen let, and the contractors have 
commenced operations. Preliminary steps are being taken 
for the electrification of the East London Railway by 
the lessee companies, and it is expected that the work 
will be completed during the course of the present year. 

The widening of the Metropolitan District and the 
London and South-Western Railways between Studland- 
road and Acton-lane Junction has been completed. The 
Lot’s-road power-house undertaking became vested in the 
Lot’s-road Power-House Joint Committee from January 12, 
1912, and has been leased 7 joint committee to the 
Metropolitan District and London Electric Railways. 

The Lancaster deviation of the Midland Railway, 
including a new viaduct over the Lune, has been opened 
for traffic. 

To meet the increased requirements of the northern 
export coal trade, the North-Eastern Railway proposes 
to construct a riverside quay at Tyne Dock. The walls 
of the joint dock at Hull have been practically completed 
to coping level, a portion of the high-level sidings has 
been ballasted, and coaling berths are well advanced. 
Good progress has been made with new coal-staithes at 
West Dunston. 








Tue Fierr ANNUAL AND NaAvaL YkrAR-Book, 1912. 
Compiled by Liongt YEextry. The Ficet, Limited, 411, 
Harrow-road, London, W. [Price 1s. net. }—We have in 
former years had occasion to commend this work, prob. 
ably the best shillingsworth regarding the Navy which is 
now published. This year again, so far as we can see, the 
commendation is still merited, but, as with most such 
annuals, the tests of time and frequent reference are 
necessary before any statement regarding accuracy can be 
made. Mr. Yexley is an enthusiast for, and a recognised 
champion of, the lower deck, and it is not therefore sur- 
prising that he has devoted considerable space, first, to 
‘** Naval] Unrest: Its Cause and Cure ;” and, second, to 
‘*A Naval Benevolent Fund,” having for its object the 
formation from ship canteen funds of a benevolent sclieme 
for rendering immediate financial help to the dependants 
of all men on the active service list who die in the 
service, such fund to be administered and controlled by 
the men themselves from the three home ports. There 
are also articles dealing with the contests in shipbuilding, 
apropos of ‘‘ Agadir—and After,” on the ‘ Monitor” 
corrugated sides of ships’ hulls — to warships, and 
a brief description of the Elswick Works. The remainder 
of the book is taken up with tabular lists of the warships 
of the respective fleets, along with extracts from official 
sources regarding programmes and administrative matters. 





ENGINEKRING IN DENMARK. — At Messrs. Burmeister 
and Wain’s annual meeting some information was given 
in connection with their manufacture of Diesel motors, 
and it was pointed out that they were the only firm which 
had both buiit merchant ships and manufactured Diesel 
motors. Protracted experiments and strenuous work had 
preceded the building of the Selandia’s motors, but the 
result had been extremely successful, and in manceuvring 
qualities the Selandia was said to be superior to an ordi- 
nary steamer. Her Diesel motors were built according to 
the requirements of a large trading and cargo steamer, and 
would, perhaps, not give satisfaction under other conditions 
—for instance, in Py nt warship, where other considera- 
tions existed as to space and consumption of oil, but the 
firm was prepared also to build Diesel motors for warships. 
The practical results of the Selandia’s success had been 
numerous new orders; the Selandia’s sister-ship would 
soon be launched, and all the slips were occupied. An 
extension of the works was in preparation, but there was 
no question of increasing the capital. It was added that 
Burmeister and Wain had partly built the Diesel motors 
for the Glasgow-built vessel of the East Asiatic Company, 
but otherwise the Glasgow firm was building them to 
Burmeister and Wain’s drawings. They had a 15 years 
agreement with British firms using Burmeister and Wain’s 
designs, which were protected by three main and several 
supplementary patents. 





Tue GERMAN STEEL Union.—The report at the last 
meeting of the German Steel Union stated that the home 
demand for half-finished articles continued brisk—so 
much so, in fact, that it was difficult to satisfy it. The 
sale for the second quarter was released at gs prices 
and conditions. The foreign market was also favourable, 
especially in Great Brita, where work was plentiful, 
although the apprehended coal strike caused some reti- 
cence as to f orders. As regards rails, &c., the 
Prussian State Railways’ supplementary requirements for 
1912 of tish-plates, &c., were stated to amount to 26,000 
tons. The Wurtemberg State Railways had also inti- 
mated further orders for the second and third quarter. 
From abroad further comprehensive orders for Vignolles 
rails had been received, including a substantial order for 
the further construction of railways in Kamerun. Also 
other rails continued in good demand, prices abroad 
having materially improved. As regards rails for mining 
purposes, the requirements of the German mines had now 
on fully satisfied, and the demand from abroad had of 
late been somewhat less active. The home business in 
shape iron continued normal for the time of the year ; con- 
tracts continued to be made, but the trade was somewhat 

uiet and reticent, on account of the renewal of the union. 

he sale for the second quarter at former prices and on 
former conditions was released for this group of 
goods. The foreign demand continued favourable. 
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INSTITUTION OF NAVAL ARCHITECTS’ 
SPRING MEETING. 


THE annual meeting of the Institution of Naval 
Architects will be held on Wednesday, Thursday, and 
Friday, the 27th, 28th, and 29th inst., in the Hall of the 
Royal Society of Arts, John-street, Adelphi, London. 
The programme is as follows :— 

Wednesday, morning meeting, at 11.30:— 

‘Some Military Principles which Bear on Warship 
Design,” by Admiral Sir Reginald Custance, K.C.B., 
K.C.M.G , C.V.O., Associate. 

‘‘On Turning Circles,” by Professor W. Hovgaard, 
Member. 

“The Law of Comparison for Surface Friction and 
Eddy-Making Resistances in Fluids,” by Mr. T. E. 
Stanton, D.Sc. 

‘Description of the William Froude National Tank” 
(Part II.), by Mr. G. S. Baker, Member. 

Evening, at 7.30:—Annual dinner at the Connaught 
Rooms. 

Thursday, morning meeting, at 11.30 :— 

‘Results of Trials of the Diesel-Engined Sea Going 
Vessel ‘ Selandia,’” by Mr. W. I. Knudson. 

‘*Gas-Power for Ship Propulsion,” by Mr. A. C. 
Holzapfel, Associate. ’ ; 

“The Effect of Bilge-Keels on the Rolling of Light- 
ships,” by Mr. George Idle, Member, and Mr. G. 8. 
Baker, Member. 

“Results of Calculations 
Internal Free Fluid upon the Initial Stability and the 
Stability at Large Angles in Ships of Various Forms,” by 
Mr. A. Cannon, Associate-Member. 

Evening meeting, at 7.30 :— 

‘On the Solignac-Grille Boiler and its Application in 
French Channel Steamers,” by M. G. Hart, Member. 

“‘ Results of Experiments on Water-Tube Boilers, with 
Special Reference to > cael by Mr. Harold E 
Yarrow, Associate- Member. 

Friday, morning meeting, at 11.30:— 

‘‘Geared Turbine Channel Steamers ‘ Normannia’ and 
‘Hantonia,’” by Professor J. H. Biles, LL.D., D.Sc., 
Vice-President. 

“Performance on Service of the Channel Steamer 
‘Newhaven,’” by M. P. Sigaudy, Member. 

““On the Measurement and Automatic Recording of 
Dead Reckoning,” by Mr. F. R. S. Bircham, Associate. 

“Description of a Tide-Indicator,” by Commander 
G. J. Baugh, R.1.M. 

Evening meeting, at 7.30 :— 

“The Arrangement of Boat Installations on Modern 
Ships,” by Mr. A Welin, Associate. 

* Torsional Vibrations of Elastic Shafts of any Cross- 
Section and Mass Distribution, and their Application to 
the Vibration of Ships,” by Dr. L. Gumbel, Member. 

“Load Extension Tames obtained Photographically 
with an Automatic Self-Contained Optical Load-Exten- 
sion Indicator,” by Professor W. E. Dalby, M.A., B.Sc., 
Associate Member of Council. 


rding the Effect of an 





East Lonpon, SourH Arrica.—We have received a 
copy of a pamphlet entitled ‘‘ The Manufacturing, Farm- 
ing, and Commercial Facilities of East London and 
District,” which is issued under the joint direction of 
the East London Municipality and the general manager 
of the South African Railways. It contains a large 
amount of useful information for manufacturers, farmers, 
and traders who are on the look-out for new openings. 
The pamphlet can be obtained free of cost on applica- 
tion to the High Commissioner for the Union of South 
Africa, 32, Victoria-street, S.W 





Russia’s Propuction or CoaL.—According to official 
statistics now available the production of coal in Russia 
during 1910 shows a decrease compared with the preceding 
years, as will appear from the subjoined table :— 

















1906. | 1907. 1908. 1909. 1910. 
tons tons tons tons tons 
Donetz } 
Basin. 24,150,000, 29,458,330 30,969,440) 30,263,880 28,300,000 
Dambrovo | | 
Basin... 7,855,000, 9,169,440 9,563,880, 9,652,770 9,463,880 
Pm de = 1,311,000, 1,152,770 1,327,770) 1,186,110 966,660 
entra | 
Russia 544,400' = 608,330 = 541,666! 261,110 386,110 
Caucasus 63,880 80,550 88,880 72,220 66,660 
European 
Russia _ 33,925,000 40,469,440 42,491,669! 41,602,770 39,183,330 
Turkestan 63,880 80,550 88,880 72,220 ? 
est } 
—" ria 94,440 41,660 47,220 75,000 358,330 
Siberia 63,880 875,000 455,550 933,330 1,630,550 


During 1910 the consumption for the various more im- 
portant branches was as under :— 


: Tons. 
Railways a ie 6,113,880 
Me tallurgical factories ‘ ie - 4,611,110 
Suyar factories. = aa ~ = 1,500,000 
Finishing .. 752,770 
M snufactories 2,314,810 
- eamers — 1,155,550 
Salt factories 163,880 
Gas works .. 152,770 


Other consumers .. _ sia oe oe 080, 

The Gecrease in the coal production of the Donetz Basin 
in 1910 is principally attributable to the cholera epidemic 
Which then prevailed in that district, as a result of 
seek the metallurgical factories of the South rtly suf- 
ered from an insufficient supply of coke. e lignite 
procuction of what is called the coast district of East 
“ieria shows a considerable increase, having been doubled 
within the last couple of years, 





THE WIDER ADOPTION AND STANDARD- 
ISATION OF WATER-TUBE BOILERS.* 
By E. M. Spkakman, Associate Member. 
(Concluded from page 333.) 

APPENDIX No. 1. 


Or the cases of vessels whose boiler weight is relatively 
great in proportion to the displacement, it is interesting 
to take two cases in order to analyse the problems in- 
volved. 

Large, Fast Liners—‘“‘ Lusitania” Type.—The existing 
arrangement comprises 23 double-ended and 2 single- 
ended cylindrical boilers of 17 ft. 6 in. diameter, with a 
heating surface of 158,350 sq. ft. and a grate surface of 
4048 sq. ft. The steam production, when burning about 
24 Ib. per sq. ft. of grate per hour, is about 1,000,000 lb. 
per hour, or, say, 250 lb. per sq. ft. per hour. The coal 
used for this is about 44 tons per hour, costing on an 
average, perhaps, 35/. per hour for fuel.t Of the steam 
production, 15 per cent. is used by the auxiliary machi- 
nery. The actual ratio of evaporation, with feed at 
196 deg. Fahr., is 10.2; that is, 10.9 from and at 212 
deg. Fahr.t 

By adopting a combustion rate of 36 lb. per sq. ft. of 
grate per hour for Yarrow boilers, and allowing for a 
corresponding ratio of evaporation equal to 9.5, 342 lb. of 
steam per sq. ft. of grate per hour should be obtained, and 


for the same steam production 2920 sq. ft. of grate and 
161,000 sq. ft. of heating surface would be required if the 
ratio of heating surface to grate surface = 55.1. This 


would entail a coal consumption of 46.9 tons per hour at 
a cost of 37.5/. Apart from coal burnt in harbour, if the 
vessel is credited with 30 single tripsa year, of 120 hours 
each, the additional cost for fuel would 


2.51. x 30 x 120 = 90001. per annum 
= : r trip, and the extra 
weight to be carried would be 
2.9 x 30 x 120 = 10,450 tons per annum 
= 348 tons per trip. 
At first sight these figures, due entirely to the assumed 
lower evaporation value of the three-drum type of boiler, 
appear rather formidable. 

'o instal 2920 sq. ft. of grate would require 40 boilers of 
73 sq. ft. each, though 46 of 63.5 sq. ft. would correspond 
better with the existing arrangement. Asa steady steam- 
ing unit burning 36 Ib.. per sq. ft. of grate per hour, an 
area of 73 sq. ft. is probably just about as large§ as could 
be conveniently handled under the circumstances. In 
this connection reference might be made to the double- 
ended boiler|| of this type which has been adopted in a 
few torpedo-boat destroyers, but in no larger vessels, and is 
not considered here, although it is hard to see why, if a 
single-ended boiler will do, a double-ended one should 
not —— be adopted, with the consequent avoidance of 
one of the _—— objections to the single-ended type— 
that is, multiplicity of units. When the additional steam 
and feed-piping, uptake connections, &c., are considered, 
together with the greater supervision necessary, it must 
be admitted that the increased number of units introduces 
a distinct objection to the — of water-tube boilers, 

unless large units are accepted. 

Again, the Lusitania’s double-ended boilers are 22 ft. 
long. The length of the boilers proposed would not be 
less than 12 ft. each, with, say, 1 ft. 3 in. between them, 
so that they would require an additional frame space in 
each stokehold—say, 32 in., because it would not be 
advisable to reduce the existing length of ag ina 
ship of such size. The objection to inc length 
rather emphasises the desirability of double-ended boilers, 
and the adoption of the water-tube type is in itself a 
sufficiently large step to render these a relatively less 
risky additional experiment. The number of units would 
then be the same as at present, except for the two double- 
ended and two single-ended boilers forward. Assum- 
ing, however, the adoption of ferty single-ended boilers, 
the weight of merators only, even with increased 
scantlings, Aw y amount to about 1800 tons, a saving 
probably of 2200 tons on the existing — 1... 
which is set the additional 350 tons of coal, ucing 
the total to a net amount of about 1800 tons, The 
lower weight of seatings may be assumed to counter- 
balance the increased weight of connections. 

There are then the following advantages :— 

1. A slight saving in fore and aft space of about eight 
frame spaces ; or 

2. A gain of 1800 tons of cargo at, say, 10s. per ton per 
trip ; or 

-. A vessel of 34,200 tons, against 36,000 tons ; or 

4. A draught of water reduced from 32 ft. 9 in. by at 
le A clightly finer sh her with rather | 

. A slightly finer ship, together with rather less power 

uired, or, vice versd, as speed. 
i is assumed that it would be possible to stow the 
extra 350 tons of coal with very slight rearrangement of 
bulkheads, because the over-all width of the boilers pro- 





* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland on February 20. : 
The cost and quality of coal used by the large liners 
fluctuates considerably ; 16s. a ton in the bunkers is not 
an excessive figure as an average. 
t See Mr. Thomas Bell’s paper, Transactions of the 
Institution of Naval Architects, 1908. : 
Many of the United States battleships, fitted with 
Babcock and Wilcox boilers, have grates of 120 sq. it., and 
burn as much per square foot on trial, but this is of short 
duration. 
|| In a paper, presented to the Institution of Naval 
Architects in 1897, by M. Sigaudy, the suggestion was 
ae to fit double-ended water-tube boilers to ocean 
ners, 








posed would ov be 16 ft. 6 in., against the existing 
17 ft. 6 in., and that this, in conjunction with any cargo 
carried, would probably sufficiently compensate for the 
altered centre of gravity of machinery. 

If only half the available cargo s were filled, tha 
additional revenue would be, say, $00 x 30 x 0.51 = 
13,500/., reducing the additional fuel bill from a loss of 
90007. to a gain of 40007. But itis, in the author’s opinion, 
still doubtful if the case of Yarrow or other water-tube 
boilers is not understated. 

In the event of double-ended boilers being adopted, the 
efficiency would probably be even higher, and the weight 
saved rather more. In any case, apart from any prac- 
tical disadvan —which, by the way, are probably 
more anticipa than actual, as modern naval practice 
goes far to prove—the influence of reduced weight on a 
ship as a whole is so great as to render it difficult to form 
an absolutely definite opinion without most careful 
investigation of the details involved. The attraction of 
such a saving is very tempting. 

he use of oil fuel should not be overlooked in con- 
junction with the proposed boilers, as with the large 
units possible the combined influence on the design of 
ship is enormous. With oil fuel the stokehold comple- 
ment would at once be reduced to one-fifth of the present 
number, and the simplification in stokehold design should 
o far to balance the higher cost of water-tube boilers. 
f the arrangement of the Lusitania’s three after stoke- 
holds were retained, each containing six boilers, each of 
the eighteen would require to supply about 56,000 Ib. of 
steam perhour. This would mean relatiyely small units, 
and twelve boilers providing 84,000 lb. apiece would be 
moresuitable. An evaporation of fifteen times at 200 deg. 
Fahr. feed temperature should be obtained, uiring 
5600 Ib. of oil per boiler per hour. By burning 8 lb. per 
cubic foot, units of 7000 sq. ft. of heating surface and 
700 cub. ft. of combustion s would suffice. This 
should enable the vessel to built with two funnels 
instead of four, at a large gain of passenger accommoda- 
tion, and to carry only 60 per cent. of the fuel now 
i With the enormous gain in weight of boilers 
and fuel, together with the smaller space occupied, any 
additional cost in maintenance, or doubt as to regularit 
of supply, must assume an aspect of relatively small 
amount. 

Channel Steamers.—In the case of Channel steamers the 
considerations are very different. The longest run is 
barely four hours; economy is of relatively less import- 
ance, the dimensions of the ship are usually restricted, 
and the proportionate weight of cylindrical boilers is 
generally very high. 

Several 23-knot Channel boats of about 2700 tons and 
12,000 shaft horse-power have recently been built, carry- 
ing eight single-ended boilers of 180 lb. pressure, which 
weigh, say, 65 tons apiece, making cagetier very nearly 
20 per cent. of the total displacement of the ship. When 
burning 36 lb. per square foot of grate surface per hour 
on 465 sq. ft., the evaporation is 9.6 times from feed at 
120 deg. Fahr.—that is, 11.06 times from and at 212 
deg. Fahr. For Yarrow boilers, burning 40 lb. per sq. ft., 
an evaporation of 10.5 times is assumed, and is equal to 
9.15 times at 120 deg. Fahr. In the former case the 
steam produced per square foot of grate is about 350 Ib. 
per hour ; in the latter 366 lb., necessitating 440 sq. ft. of 
grate surface. Six boilers, each with 73 sq. ft. of grate 
surface and 3800 sq. ft. of heating surface, would be 
sufficient. Inc to Board of Trade scantlings they 
would weigh about 33 tons apiece with water—say 200 
tons in all, or a gain of over 300 tons, which is more than 
10 per cent. of the displacement. 

he reduction in power possible would be 


2 
12,000 x = = 11,050, 
2700° 


which, again, would admit of a further reduction in 
weight of boilers of 20 tons. 

The vessel is 350 ft. by 41 ft. by 13 ft. draught. As in 
the larger ship, the saving can be applied in many ways. 
The alteration to centre of machinery weight is more 
serious in this case, and the engines and boilers would 

uire to be moved bodily forward, 
te the saving be used for additional cargo, this matter 
is of less importance ; if it to fine and lighten 
the vessel, an obvious saving in fuel burnt must result. 
Fore and aft space will be saved to the extent of six 
frame spaces, rendering a rather smaller ship possible. 

If oil fuel is burnt in place of coal, the number of 
boilers would be reduced to four, and the heating surface 
also reduced considerably ; in fact, to produce 12 lb. of 
steam per square foot of heating surface from feed at 
120 deg. Fahr. would require four boilers of less than 
350) sq. ft. each. In this case the gain in the ship, as a 
whole, would be very great indeed. Instead of two 
funnels only one need be fitted. The size and initial cost 
of the vessel are reduced. The total fuel burnt per hour 
in the original design at full power is about 7.5 tons, 
which would be equal to 5.5 tons of oil, or, say, rather 
under 5 tons with the reduction probable in the ship. 

The requirements for such a service would be such that 
no difficulty should be experienced in obtaining a regular 
supply of oil. 





APPENDIX IL. 

Oil Fuel.—Two-thirds of the present world’s oil-supply 
comes from the United States, the majority being Galt. 
fornian ; Russia =e per cent., the remaining 10 per 
cent. being very widely distributed over about fifteen dit. 
ferent countries. ‘The total production of oil in 1905—the 

ear when oil fuel alone was adopted for certain of His 
Majesty's ships—was about 37,000,000 tons; in 1911 it 
was nearly 53,000,000 tons, For United States oil fuel, 
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rd to oil fuel, and the decision 
Department to instal an oil- 
ly in their last two battleships is very 
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significant ; the potential advantages of doing so are 
greater for them than for anyone else. Oil-burning 
European liners would require to take in fuel on the 
American side, and the certainty of being able to do so is, 
perhaps, rather doubtful, compared with the. United 
States Navy supply. A number of large, fast liners 
burning oil would make a serious inroad into the world’s 
production as it stands at present. For instance, ten 
large Atlantic liners, each burning 40 tons per hour on 
fifteen round trips a year of 120 Bnd each way, would 
require 3 per cent. of the world’s present output. The 
\uestion of the site and the cost of storage plant in close 
proximity to the liner’s docks are other matters of con- 
erable difficulty. 
2) Cost. Unless the cost of oil fuel per ton, multiplied 
y its evaporative value in a boiler, and minus the finan- 
it gain in reduction of staff, cost of stowing fuel, less 
veight and incre space available, &c., be as low as 
‘t Involved in using coal fuel, the latter must remain 
the more financially profitable. A ton of coal at the 
present bunker cost of 16s. will produce 11 tons of steam 
&t a cost of 1.453s. per ton. A ton of oil, producing 15 
tons of steam, must be obtained for 22s. for the fuel cost 


only not to exceed that of coal. The present price in 
this country is nearly double this figure, and even if 
obtained in, large quantities for as low a price as 30s. 
per ton, the oil fuel cost would exceed that of coal by 33 
percent. This difference, however, would probably be 
made up in the advantages of reduced staff, Xc., as 
described above. 

Summary.—There is little doubt that the present repu- 
tation of the water-tube boiler as an efficient and durable 
steam-generator has suffered from its early history. It 
has become so much a matter of course to instal cylin- 
drical boilers in fast ships, that the water-tube type has 
been largely ignored by ship-owners, and when suggested 
by builders has been ruthlessly suppressed by survey con- 
ditions. Many practical questions of steamship operation 
that find no place in considerations of thermal efficiency 
enter into ship design. In many cases the vagaries of 
ton laws render space occupied of little moment. 
Actual weight in others, though large in absolute measure, 
may be proportionately small in comparison to the dura- 
bility it provides. For passenger and merchant vessels, 
that quality is of the very first importance. It is not 
sufficient for a boiler to possess adequate strength to 








withstand ordinary conditions ; there must be a margin 
beyond this. Again, the ability to realise on service the 
result ef short runs on trial trips remains to be more 
widely re. It should be remembered that no advo- 
cacy of high combustion rates for mercantile work is 
expressed in the paper, although for oil boilers it is hard 
to see why rates aan high to those of coal should 
not be employed without the slightest danger. 

It appears extremely probable that in the near future 
we shall see the gain to the ship in reduced weight of 
boilers and fuel valued to a considerably greater extent 
than is at present the case. 

The question of superheat from water-tube boilers is 
not to be ignored. Even a moderate amount has a most 
marked effect on engine economy on board ship, but 
the question is too long to discuss in the present paper. 

In Fig. 11 is shown the front view of an ocean-going 
vessel’s boiler, with Howden draught fittings. 

In Fig. 12 is shown the generator portion of a White- 
Forster coal boiler of 110 sq. ft. of grate surface. 

In Fig. 13 is shown the generator portion of a White- 
Forster oil boiler of 8500 sq. ft. of heating surface ; while 
Fig. - shows the same boiler being placed on board the 
vesse 

In Fig. 15 is a diagram by means of which actual eva- 
poration values from any feed temperature may be rapidly 
— into equivalent values from and at 212 deg. 

anr. 





THE RAISING OF THE WRECK OF THE 
U.S. BATTLESHIP ‘** MAINE.” 

Tue following is an official record of the preliminary 
operations for the raising of the wreck of the United 
» 7 mye Maine, in Havana Harbour, in the Island 
of Cuba :— 


Removal of Wreck of the Battleship ‘‘ Maine” (up to 
June 30, 1911). 

The removal of the wreck of the Maine from the Har- 
bour of Havana is being carried on under the Acts 
approved May 9, 1910; June 25, 1910; and March 4, 
1911; appropriating sums for the work which regate 
650,000 dols. The first Act requires that the retary 
of War and Chief of Engineers provide with all con- 
venient s for the raising and removal of the wreck 
of the United States battleship Maine from the Harbour 
of Havana, and for the proper interment of the bodies 
there in Arlington Cemetery, and further directs the 
Secretary of War to remove the mast of the wreck and 
to place it upon a proper foundation in Arlington National 
Cemetery, at or near the spot where the bodies of those 
who died through such wreck are interred. The first of 
the above-mentioned Acts gy og 100,000 dols. 
for the work. On May 17, 1910, the Secretary of War 
transmitted to Congress a letter from the Chief of Engi- 
neers, in which he states : 

**2. Itseems probable that the best plan for carrying 
out the provisions of the Act will be to construct a coffer- 
dam around the wreck and pump it out, thus permitting 
the removal of the human remains and a thorough exami- 
nation of the hull. No estimate for such a structure has 
been made, but it is certain that it will cost considerably 
more than 100,000 dols. Until the cofferdam is completed 
and the hull exposed to view, no estimate, even of the 
most approximate nature, can be formed of what it will 
cost to patch the hull of the wreck sufficiently to float it, 
or to remove the wreck peacemeal if it cannot be floated. 

‘**3. In my opinion no work of construction should be 
undertaken unless it can be prosecuted continuously to 
a conclusion, and as it is impracticable to estimate in 
advance what it will cost to raise or remove the wreck, 
I recommend that legislation be enacted authorising such 
expenditure as may necessary, to be paid out of any 
money in the Treasury not otherwise appropriated. On 
account of rapid deterioration it would be highly inad- 
visable to start the work and then await further appro- 
priations. 

**4. It is believed that the amount required for carry- 
ing out the provisions of the Act will not be less than 
500,000 dols., and may be more.” 

The recommendations of the Secretary of War and 
Chief of Engineers resulted in a further appropriation of 
200,000 dols., making 300,000 dols. in all up to June 25, 
1910, inclusive. It having become evident that the 
amount then available anon not suffice, on January 17, 
1911, the Secretary of War again transmitted to Congress 
a letter from the Chief of Engineers, dated January 14, 
1911, reporting the progress of the work to date, and 
recommending further appropriations. In his letter the 
Secretary of War states :— 

‘Until the cofferdam has been completed, it will be 
impossible to prepare an accurate estimate of the sum 
needed for the completion of the work. With a view to 
ensure the continuance of the work until the meeting of 
Congress in December next, I concur in the view of the 
Chief of Engineers that the cost of remeving the wreck 
shall be paid out of the indefinite appropriation which is 

sovtled th Section 20 of the Act of March 3, 1899 (30 

tat. I.., 1154), and the draft of legislation to that end is 
submitted herewith.” 

This report resulted in a further appropriation of 
350,000 dols. for the work, making 650,000 dols. in all. 

As soon as certain legal questions which arose out of 
the verbiage of the Acts of May 9 and June 25, 1910, had 
been settled, on August 2, 1910, in par. 1 8.0. 38, Office 
Chief of Engineers, a Board, consisting of Colonel W. M. 
Black, Major M. M. Patrick (now -Lieut.-Colonel), and 
——_ H. B. Ferguson (now Major), was appointed, 
and charged with the conduct of the work. The Board 
held its first meeting in Washington on August 29, 1910, 
and formulated a general plan for the conduct of the 
work, appointing its junior member, Major Ferguson, as 
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executive officer, with a recommendation that he should 
take station in Havana, and have personal supervision of 
the work. This recommendation was approved, and 
Major Ferguson arrived at Havana on September 9, 1910, 
the senior officer having arrived on September 7, an 
having made certain pores arrangements with the 
officials of the Republic of Cuba, with the assistance of 
the Hon. J. B. Jackson, United States Minister. The 
two senior officers of the Board retained their stations and 
duties in the United States, and visited Havana from 
time to time as their presence there seemed necessary. 
The harbour of Havana is formed by an indentation in 
the north shore of Cuba. Itis shaped like a fan, of which 


the handle is the channel of the entrance. The gene 
line of the coast of Havana trends N. 65 deg. E., and the 
direction of the channel of entrance is N. 125 deg. E. 


The length of this channel from the entrance at La Punta 
to the Castillo de la Fuerza, where it widens into the base 
of the fan, is 4000 ft., and its general width between the 
shore-lines is 1300 ft., and between the 18-ft. contours 
800 ft. From opposite La Fuerza the north shore of the 
harbour turns abruptly to the east, and the south curves 
gradually until its trend is south-west. The greatest spread 
of the harbour (in a north-east to south-west direction) is 
14,000 ft., and its length from La Fuerza to the general 
line of the head of the harbour, which is formed by a 
deeply indented line trending north-east to south-west, is 
7400 ft. The harbour is surrounded irregularly by high 
land on all sides, in which limestone rock crops out at the 
surface. These facts are of interest, since they show why 
the wave action within the harbour is so small, rarely, if 
ever, exceeding 2 ft. in height, even when the top of the 
lighthouse on ene Castle at the entrance, 144 ft. above 
sea-level, is obscured by spray. 

The mean tidal range is slightly over 1ft. The extreme 
tidal range found was about 2) ft. The harbour bottom 
is generally of clay, containing in parts strata of soft 
rock. In parts of the harbour the clay is overlaid with 
mud, Near the site of the wreck of the Maine the 
general depth of water was 35 ft. For the first 15 ft. to 
20 ft. of the harbour bottom the clay was soft and mixed 
with shells and coral sand. Below the depth of 60 ft. 
the clay is very tough. Rock was found at depths of 
from 98 ft. to 118 ft. 

The United States battleship Maine was sunk in the 
harbour at 9.40 on the evening of February 15, 1898, as a 
result of one or more explosions, while lying at a regular 
mooring buoy (then numbered 4) 1575 ft. east of the south 
end of the machine wharf, and 3100 ft. south-east from La 
Fuerza. The wreck lay with the bow pointing toward the 
machine wharf, and with the main mast, the after search- 
light platform, wreckage covering the amidship super- 
structure, and a few pieces of isolated wreckage forward 
appearing above the level of the water surface. Measure- 
ment shows that the keel aft lies at a depth of approxi- 
mately 48 ft. The depth at which the keel lies at the bow 
is unknown. Immediately after the disaster a careful 
investigation was made by a board of naval officers. The 
proceedings of the Board, accompanied by a number of 

hotographs and sketches, was transmitted to Congress by 
Presi ent McKinley on March 28, 1898, and is prin 
in a public document entitled, ‘‘ Message from the Presi- 
dent of the United States Transmitting the Report of the 
Naval Court of Inquiry upon the truction of the 
United States battleship Maine in Havana Harbour, &c.” 

From the acts of Congress cited, and the reports of the 
debates while the appropriations for the removal of the 
wreck were pending, it became evident that in addition to 
the removal of the wreck from the harbour, Co 
desired (1) that the remains of the men who went down 
with the vessel, and which had not been recovered, should 
be found, if possible, and removed to the Arlington 
National Cemetery for burial ; (2) that the main mast of 
the ship should be sent to the Arlington Cemetery and 
there re-erected ; (3) that the wreck should be so ex 
without derangement of its parts as to permit all infor- 
mation possible to be obtained as to the nature and loca- 
tion of the explosion or explosions which caused the 
disaster. 

Many plans had been nope to the Department for 
removing the wreck. Those which showed sufficient 
thought and knowledge to render them worthy of con- 
sideration were of two general classes: (a) plans which 
contemplated the lifting of the wreck bodily from the 
bottom by chains passed under the keel actuated by 
mechanical devices so that the parts could be lifted and 
then floated by their own buoyancy or by auxiliary floats ; 
and (6) those which provided for surrounding the wreck 
by a cofferdam, removing the water, exposing the wreck, 
and then removing it. 

After a careful consideration, and with such personal 
knowledge as could be obtained by a study of the printed 
Message of the President and an inspection of the wreck, 
the Board decided that any plan which contemplated 
lifting the wreck bodily, even if possible, would lead to 
such distortion of the broken parts as to defeat one of 
the objects which Congress had in mind in directing the 
work to be done. This consideration led to the rejection 
of all the plans of that class. 

The Board then had careful studies made of designs for 
cofferdam which cou'd be erected at a minimum cost, 
with materials available. in the open harbour, on a clay 
foundation, and which would be able to resist the pres- 
sure of a head of 50 ft. of sea water and soft clay. The 
design which approved itself to the Board as most 
economical and advantageous under the conditions at 
Havana, and which was finally adopted, was of a dam 
elliptical in shape, composed of cylinders 50 ft. in dia- 
meter, built of interlocking steel-sheet piles, driven to a 
depth of 73 ft., with the cylinders placed tangent to each 





other, connected on the outer perimeters by short arcs of 
similar sheet piles, and with the cylinders and connecting ; 
sections filled with stiff clay from the harbour bottom 


near by and rock. The centres of the cylinders were to 
be on a perimeter of elliptical form, with major and 
minor axes of 395 ft. and 216 ft. length respectively. 
The project further proposed to unwater the dam, to 


d | expose the wreck ; to remove all remains found, articles 


of personal property, and such parts of the stores and 
equipment as might be worth wo stony £ to remove the 
destroyed portions of the vessel piece by piece ; to bulk- 
head any portion of the ship sufficiently intact, and then 
to float that portion and dispose of it as higher authority 
might direct. On account of the many uncertainties 
involved in the work, which might require radical changes 
of plans as the work progressed, it was deemed most 


ral | economical and advantageous to have the work done by 


hired labour, with materials purchased and plant hired 
under contract after inviting proposals, or in open 
market as prescribed for works of river and harbour 
improvement. 

his project was submitted to the Secretary of War by 
the Chief of Engineers on October 10, 1910, and on the 
same date was submitted to the President, by whom it 
was approved on October 13, 1910. ; 

The President uf the Republic of Cuba and his Cabinet 
officers made every effort to facilitate the work of the 
Board. Customs duties were ordered to be remitted on 
all materials and machinery required for the work. 
Wharf and sto space at Casa Blanca belonging to the 
Republic were allotted. A number of pieces of floating 

lant were loaned free of rental, including a dredge, tug- 
at, floating derrick, drill-boats, and dump-boats. The 
Secretary of Public Works, Sefior Joaquin Chalons, 
further offered the services of such of his engineers as 
might be required, and such other aid as his department 
might be able to give. 

In this connection the Board desires to acknowledge its 
indebtedness, not only to the officials of the Republic, 
but also to numerous citizens, business houses, and con- 
tracting firms doing business in Cuba, for cordial interest 
and aid in furthering the work. 

Immediately after the arrival of Major Ferguson in 
Havana an office was established and a working force 
organised. The first work was an examination of the 
surroundings of the wreck. Its location in the harbour 
has been described earlier. The general direction of the 
keel is 8S. 82 deg. W., looking toward the bow which 
points toward the machine wharf. The forward portion 
seems to be out of line with the after part. The nature 
of the bottom found has been stated above—i.c., depth of 
water 29 ft. to 35 ft.; soft mud composed of red clay and 
shell, to dep‘hs of 55 ft. to 58 ft.; hard blue clay to 81 ft.; 
stiff yellow clay and mud to 98 ft. to 118 ft. Isolated 
pieces of wreckage were found principally around the for- 
ward half of the ship, to distances of 75 ft. from the keel 
line on the port side, extending to 70 ft. beyond the bow ; 
and on the starboard side to a distance of 120 ft. The 
ship’s foremast was found with its fighting top 40 ft. for- 
ward of the bow, measured along the keel line extended, 
and 22 ft. to port from the same line. The base of the 
mast was further forward and further to port. The angle 
between the lines of the keel and mast, respectively, was 


ted | about 284 deg. Wreckage which, when removed later, 


was found to consist of the starboard turret-hood, turret- 
top, and a large anchor, was found on the outer perimeter 
of cylinder N, 75 ft. forward and 100 ft. to starboard (mea- 
sured on the line of the keel and at right angles thereto) 
from the position of the turret in the hull. The top is a 
disc of steel 25 ft. in diameter and 1} in. thick. It a at 
an angle of about 70 deg. with the horizontal, with its 
upper edge inclined toward the hull and its lower edge 
at a depth of about 50 ft. The anchor and hood had sunk 
15 ft. into the mud. In order to test the possibility of 
driving without distortion long interlocking steel-sheet 
— in a cylindrical dam, a test cylinder 9 ft. 5 in. was 

riven to a depth of 65 ft. Three ordinary wooden piles 
were also driven to test resistance. Samples of the clay, 
when weighed wet, gave weights of 114 lb. per cub. ft. 
and 124 lb. per cub. ft. for the soft and tough clays 
respectively. 

A cyclonic disturbance passed over Havana on October 
13, followed immediately by a second, so that from the 
13th to the 18th inclusive all work was rendered im- 
possible. Thediving and boring outfits and the barge on 
which the foremast had been placed were swept from their 
moorings by the wind, and hed. The greater part 
of the diving apparatus was saved. A dredger, ieoel ty 
the Cuban Government, was sunk and never sufficient] 
repaired to be available. During that period the derric 
boat was in use raising the above dredge and other plant 
belonging to the Cuban Government. Due to the injury 
to the plant itself, the last half of October was lost. 

On October 27 a contract was entered into with the 
Lackawanna Steel Company for the delivery on the wharf 
at Casa Blanca of 4430 tons of Lackawanna interlocking 
steel-sheet piling, g-in. web, 35 lb. to the square foot, in 
lengths 25 ft., 35 ft., 40 ft., and 50 ft. as ordered, with 
splice bars, bolts, and nuts necessary for assembling into 
pieces of 75 ft. length, at 33.76 dols. per short ton, 1154 
tons of the same piling assembled into three-way pieces, 
similarly arran: for splicing, at 38.76 dols. per ton; 
108 tons of splice bars, bolts, and nuts, bars punched to 
templet, at 33.76 dols. per ton; steel to be open-hearth, 
containing not more than 0.04 phosphorus, and to have a 
tensile strength of 65,000 Ib. with a minimum elastic 
limit of 32,500 per sq. in. ; the interlock was to stand a 
pull of 97001b. per linear inch, and in shape the elements 
were not to vary more than } in. from aright line. Pay- 
ments were to be made monthly on delivery, with a retain 
of 5 per cent. until completion of order. In addition, a 
retain of 13.50 dols. r gross ton was reserved. One 


year after the date of the contract this retain is to be 
paid, less the value of all piling salvaged and placed in 
cars at New York City (or other point taking an equi- 
valent freight rate to Bu 


ffalo) at a rate of 13.50 dols. per 





gross ton, unless at the expiration of the said year the 
contractor granted in writing to the contracting officer a 
further delay in the delivery of the piling. The first 
1000 tons of the piling were to be shipped within ten days 
after receipt of the order, and the remainder was to he 
shipped as rapidly as the United States might require. 
— makes 12# in. of wall ; sixteen piles make 17 ft. 
of wall. 

During the monthsof October, November, and December 
floating plant was collected and altered to adapt it for 
the work of driving the piles of thecylinders. One 12-in. 
and one 8-in. centrifugal pump, both direct connected to 
electric motors, and both fitted for pumping sea-water 
under maximum and minimum heads of 65 ft. and 5 ft. 
respectively, were bought, as were also two Arnott 
patent steam pile-hammers (weight 3700 Ib.). In addi- 
tion, one steam-hammer was obtained from the T. L. 
Huston Com , and one was hired from the Cuban 
Engineering Company. Ordinary ~— piles were bought 
for guides for the cylinder forms and the forms were made. 
By_ the end of December the floating plant assembled 
and in use on the work included — 

Two tugs (hired). 

Two launches (hired). 

One 7-yard clamshell dredger (loaned by the Republic 
of Cuba). 

One hydraulic suction dredger (loaned by the United 
States Engineering Department). 

Four pile-drivers (three adapted from plant loaned by 
Republic of Cuba, and one from a derrick scow loaned 
by the United States Navy Department). 

Two 100-ton decked scows (bought). 

One coal barge (loaned by U.S. Navy Department). 

One steam lighter scow (loaned by U S. Engineering 
Department). 

Three dump scows (loaned by Republic of Cuba). 
(hives) 50-ton decked scow, with 15-horse-power engine 

ired). 

The first piles were delivered at the wharf at Casa 
Blanca on December 6. After receipt and storage there, 
they had to be rehandled to the scows which supplied the 
drivers. ss was begun in cylinder S on the same 
date. During the remainder of the month driving was 
continued in cylinders C, H, 8S, and F. The process in 
general was as follows:—An ordinary round pile was 
first driven accurately on the axis of a cylinder. Around 
this was assembled the circular form, fixed horizontally 
by the centre pile, and floating in the water. A bottom 
piece of steel piling, 50 ft. long, was then placed against 
the form, and allowed to penetrate into the mud by its 
weight. The top was usually about 4 ft. above the water 
surface. A bottom piece of 40 ft. length was then strung 
through the interlock of the first piece set, and suspended 
on that piece until its 35-ft. top could be placed and bolted 
fast, when it was allowed to penetrate as far as its weight 
would admit. This was continued, with bottoms of 50 ft. 
and 40 ft. length alternately. After a number of piles 
had been set, the driving was begun. The closure of the 
circle was made by the last 15 to 20 piles, which were set, 
and then driven ther. The closure was made in the 
sega = of the cylinders on the outer face of the coffer- 

am. Two three-way piles were set in each cylinder, 
about 16 piles outside the line of the ellipse ing 
through the cylinder centres, and one at the middle of 
the exterior arc. The first two were for the short arcs 
joining the cylinders; the other for use should emergency 
require. The piles were driven until their tops were 
about 2 ft. above the mean low-water plane, placing the 
bottoms at reference —73. After passing reference — 65, 
the rate of penetration under the hammer was slow. The 
monthly progress in driving was as follows :— 


Set. a 
Bottoms — Tope. Driven. 
December 6 to 31 ... 520 418 141 
January 1 to 31 1053 1031 1219 
February 1 to 28 980 1099 1140 
March 1 to 31 637 642 690 
Total 3190 


Of these, 2986 piles were in the cylinders and 204 in 
the connecting arcs, an average of 149 piles per cylinder 
and of 10 per arc. 

During the month 3000 cub. yds. of material were 
dredged by the Barnard and 5,75 cub. yds. by the Sagua 
(Cuban). The material dredged was placed in cylinders 
A, B, 8S, and L, and dumped outside cylinder A, where 
the natural bottom had a greater depth of soft clay. The 
dredging was done on the extensive bar near the site of 
the wreck. This bar is composed of irregular beds of clay 
containing thin strata of coral rock, and is overlaid by a 
soft mixture of coral sand and clay, of an average thick- 
ness of about 8 ft. The soft materials were wasted and 
only the hard utilised. The depths to which the clay was 
excavated averaged from about 20 ft. to 40 ft. It was 
comparatively easy with the Sagua to make the requisite 
selections, but this dredge is rly constructed and 
broke down repeatedly under the tough digging. The 
Barnard is a self-propelling hydraulic dredge designed 
for use on the lower Mississippi River, in which the 
cutter-head of the suction-pipe acts by being dragged 
over the bottom while the dredger isin motion, the pump 
discharging over the side or at the stern. The dredge 
was operated over a definite area by lines attached to 
heavy anchors and passing around the drums of the 
hoisting-engines. Although not designed for work of 
the character required in Havana, she was able to cut 
the clay and rock, though with difficulty and at 
considerable cost. The character of the material 
may be understood when it is considered that with 
a disch which contained not more than 10 per 
cent. of dred materials, an ordinary dump scow 
alongside could have a 100 cubic yard pocket filled 
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in about 15 minutes. As the beds of hard material were 
not regular nor uniformly distributed horizontally and 
vertically, much soft stuff, unfit for filling, was also 
brought up mingled with the better grades. é 

The Board was very averse to filling the cylinders by 
the hydraulic process, on account of the t strain on 
the interlocks of the piles which the liquid mud would 
produce, and on account of the length of time which 
would be required for the clay-fill to settle and lose some 
of its extreme plasticity. owever, the Board found 
that the Sagua was quite unable to dredge the 70,000 
cubic yards required within any reasonable time (its per- 
formance averaging about 350 cubic yards per day, with 
breakdowns in addition), and that no other suitable 
clipper dredge could be obtained for less than a pro- 
hibitory cost. The excellent qualities shown by the 
material dredged by the Barnard, its compactness, quick- 
ness of settlement, and the steep slopes held above and 
below water, convinced the Board that the filling could 
be made safely by hydraulic dredging, and the Board 
accepted a liberal offer made by the T. L. Huston Com- 
yany to hire their new hydraulic dredger, the Norman H. 
Bovis, for this purpose. This dredge is of the — 
which operates at a fixed point with a spiral cutter at the 
bow driven by an engine. This dredge was brought to 
the work on March 27, and during the remainder of the 
month was occupied in clearing and wasting the soft 
overlying materials from a space about 400 ft. from the 
cofferdam. ‘ 

On March 25, cylinder B, which had been practically 
filled with materials dredged by the Barnard and Sagua, 
placed in the cylinder by a small clamshell bucket, rigged 
on one of the pile-drivers, opened between the third and 
fourth piles from the three-way pile of the arc A-B, 
spreading to a width of 15 ft. Theentire fill sank about 
3 ft., and a portion spilled out, leaving a slope on the 
remiining fill ot about 1 in 1. A portion of the remaining 
fill was dredged out and eleven injured and bent piles 
were withdrawn. It was found that the break had 
occurred at the closure piles. In this cylinder, one of 
the first closed, the closure was made with five piles 
driven with a No. 35 *‘Vulcan” hammer. It was noted, 
when driving, that the closure was made with difficulty, 
the last piles driving very hard, and orders were then 
given to make future closures with not less than fifteen 
piles. When the injured piles were withdrawn it was 
found that the fingers of the interlock of the closure pile 
had been straightened, so that when the pressure of the 
fill was applied, the interlock opened. Since the stresses 
exerted were much less than the tested strength of the 
interlock, it was evident that the straightening had been 
done in the driving, with too small a number of piles to 
allow sufficient total play in the interlock and with too 
heavy ahammer. The piles showed plainly where the 
driving-out had occurred. The break was repaired by 
driving thirteen new piles in place of those bent and 
removed, of which twelve were the ordinary steel piles 
and one was wedge-shaped, 124 in. wide at bottom and 
35 in. wide at top. The cylinder was refilled. 

The cylinders as driven were not all in contact at the 
theoretical points of tangency. To hold the fill in the 
sectors within the joining arcs, one to three palm piles, 
45 ft. long, were driven between each pair of cylinders at 
a point slightly nearer the interior of the cofferdam than 
the theoretical point of tangency. To increase the holding 
power, a rip-rap base was made inside, and the pile tops 
were fastened to the adjacent cylinders with wire rope. 

In order to obtain some record of the internal pressures, 
eleven pressure-gauges were placed in the cylinders: four 
in cylinder H, at depths of 20 ft., 30 ft., 40 ft., and 50 ft. 
below the plane of mean low water ; four in cylinder F, 
of which three were on a wooden pile, alongside of pile 
No. 53, at elevations of — 30 ft. and — 40 ft., two on a 
wooden pile alongside of piles Nos. 133 and 134, at eleva- 
tions of —30 ft. and —40 ft. ; and three in cylinder G 
attached to the drain-box in the axis at elevations of 

20 ft., — 30 ft. and —40 ft. One pressure gauge was placed 
on a wooden pile outside cylinder F, alongside piles 
Nos. 133 and 134 at an elevation of — 40 ft. 

The filling of the cylinders was continued until May 11, 
when the Norman it. Davis was discharged. She had 
dredged in all 57,048 cubic yards, filling all cylinders and 
arcs excepting A and B. The overflow from the fill 
caused a further deposit outside and inside the cylinders. 
The Sagua dredged 750 cubic yards, of which 430 cubic 
yirds were of good materials. “1086 cubic yards of stone 
were also placed, partly inside of cylinders N and O, and 
pirtly around the palm piles and within the sectors. A 
drain-box, of 2-in. by 12-in. planks, suitably braced and 
having an outside horiz tal cross-section of 3 ft. by 3 ft., 
was placed in each of cylinders L, M, N, O, Q, F, G, H, 
‘,and K. The drain-boxes are located on the axis and 
extend toa depth of 50 ft. Sluiceways for flooding the 

otferdam when necessary were pl across the tops of 
cylinders B and C. That in B has a section of 3 ft. by 

{t., and that of C 3ft. by 7ft. They are closed by sliding 
wooden gates. The steel piles having been driven to 
within 2 ft. of the mean low-water plane, the shells of the 

linders were built up to an elevation of +4 ft. with 
wooden plank set vertically in the fill. 

On May 8, after the fill within had reached an eleva- 
\ on of +8 ft., and while pumping was in progress, cy- 

iader N broke open. The opening was formed at the 
‘th pile from the three-way pile of the are N—O, being 
~ rut 30 ft. wide atthe top. The adjacent piles were bent 

wn until their tops were submerged about 7 ft. A 
portion of the fill next to the opening flowed out, but the 
e rons part remained in the cylinder, showing slopes of 
‘bout lin 1. Nochange occurred in the sector NM near 


he break. Thirty-five piles were withdrawn, a task of 
great difficulty, since the upper parts were badly bent, 
the portions below the mud level not having been moved. 
T.us last was the more remarkable, since the site of 








cylinder N had been dred 


to a depth of about 50 ft. to| the ship seems tu heve been entirely destroyed. For 


clear away the wreckage hereinbefore reported as found | about 60 ft. little or nothing is seen, and it is probable 


there, and refilled with new material to a depth of about | that the ship may have 


30 ft. A new closure was made with 43 piles, making a 
total of 3200 in the dam. The cylinder was refilled by 
means of a clamshell dredger, the work being completed so 
as to permit of the unwatering of the cofferdam to begin 
on June 5. On removing the piling, and examining 
into the cause of the breakage, it was found that in 
driving one of the piles had become twisted, and had left 
the interlock of the adjacent pile at its splice, and that 
this pile, which had a 40-ft. top, must have been defec- 
tive, for under the stresses cau by the fill it tore 
through its web at about its middle line from bottom to 


top. 

The two pumps povioste mentioned had been placed 
on floats within the cofferdam. An electric cable for 
light and power had been laid between a small trans- 
former-house built on piles just outside of the cofferdam 
and the Lus Wharf at Havana. 

On April 25 the s.s. Havana, of the Ward line, in going 
to her moorings at the Lus Wharf, dragged the cable, 
which broke at the transformer-house, and burned out. 
A new cable had to be laid ; this work was completed by 
the middle of May. On June 5 unwatering was started 
with the 8-in. pump, and the level of water within the 
cofferdam was reduced to — 5 ft. On June 15 and 16 
the water was lowered to — 10 ft., and on June 20 
to - 15 ft.* A slight movement inward was observed 
on the part of the cylinders, and on the 22nd the 
water-level was — Ee to — 12 ft., and the cylinders 
were kept under a head of between 10 ft. and 12 ft. 
during the remainder of themonth. The leakage through 
the cylinders was very slight, raising the level of the 
water inside about ,°; ft. in 6 hours. Investigation 
having shown that the clay filling was yet very plastic, 
the drainage of the cylinders and the grading of the top 
of the fill by removing the clay from the inner perimeters 
of the cylinders to the outer was begun and carried on 
vigorously. Stone to the amount of 8000 yards was 
ordered, and as delivered was placed inst the palm 
piles in the inner sectors between the cylinders. The 
cylinders were drained by placing steam syphons in the 
drain-boxes, and in 6-in. and 8-in. perfora’ pipes sunk 
into the cylinders not provided with larger drains. Leaks 
of some magnitude eee in cylinder F, and an exami- 
nation by the diver showed that many of the bolts —' 
the fish-plates which connect the piling of cylinder F h 

n jogged out in the driving, and that water was enter- 
ing through the bolt-holes. These were plugged as far 
as possible, and a deposit of clay was placed outside the 
cylinder and banked up to a height of about — 23 ft., 
reducing the leak to insignificant proportions. In the 
later work the bolts had been upset before driving, but 
several of the cylinders had been driven before this was 
done. An examination was made by the diver of these 
cylinders, and such bolt-holes as were found empty were 
plugged. By the close of the month the dam was fairly 
tight, and the clay filling was rapidly consolidating, clay 
from the inside of the cylinder tops being piled up on the 
outside as the fill settled. 

The main deck of the Maine, as far as it remained in 
place, together with the captain’s cabin in the superstruc- 
ture on that deck, were exposed when the water reached 
—12 ft. Thedeck and floor of the cabin were found to be 
covered to a depth of 3 ft. to 5 ft. with a deposit of mud, 
oyster shells, and a coraline formation. This wascleared 
away, and all articles of equipment, furniture and arma- 
ment found were turned over to a representative of the 
Navy Department, and by him placed on the naval collier 
Leonidas, which had been sent to Havana for that pur- 
pose. The human remains discovered, up to June 30, 
consisted of two arm bones, the bones of a foot, and two 
rib bones. The metal of the Maine ex was found 
to be badly corroded. Ina box by the after turret were 
found a quantity of web belts, with bayonets in their 
scabbards attached, and with cartridges in their pockets. 
Electrical action had apparently set up between the steel 
of the bayonets and the cartridges-cases, which had rotted 
the steel completely and deposited a portion of it in the 
form of an iron oxide on and around the cartridges, 
making of the belts, scabbards, and cartridges a solid 
mass. Similarly, an officer’s sword had been eaten away 
completely at the junction of the blade and the hilt. 
Some articles, such as the electric-light fixtures, rubber 
bands and rubber mats, were found in a remarkable state 
of preservation. Textile fabrics had almost entirely dis- 
appeared. Arrangements are being made for cutting up 
the steel of the destroyed portion of the wreck into 
manageable pieces with an oxy-acetylene blow-pipe plant, 
and its removal to barges by derricks. 

As shown by the money statement attached, out of the 
650,000 dols. appropriated, up to June 30 there had been 
oy ne or pledged the sum of 462,476.32 dols., leaving 
a nce of 187,523.68 dols., which will be sufficient to 
carry on the work until December, but will probably be 
insufficient to complete all the work. 

From the best information now available, it appears 
that the after portion of the vessel, from the stern to 
about frame 54, a length of about 122 ft., measured along 
the berth deck, has been damaged but little by the explo- 
sion. Forward of frame 54, for a length of 51 ft. to 
frame 41, the portion of the superstructure over the after 
boiler-room is in place, but is shattered and twisted. On 
the starboard side, the side of the ship seems to be intact 
nearly to frame 41. On the port side, the main deck has 

n torn loose aft of frame 41, and the ship’s side blown 
out to about 15 ft. from frame 54. Forward of frame 41 


* The depth of unwatering reached — 22 ft. by July 20, 
and — 22 ft. by July 26, after which further material to 
be removed within and around the wreck within the 
cofferdam was mainly 50 ft. of sticky sand. 
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cut through. Further 
forward is a twisted mass of steel, which is out of line 
with the after portion of the wreck, and retains no 
semblance to a -_. 

The exposure of the wreck already made has demon- 
strated vena | the impracticability of raising the wreck 
bodily from the mud, and the necessity of adopting the 
cofferdam method. The unpreceden character of the 
work and the uncertainty attending the advent of atmo- 
spheric disturbances have made anything like a reliable 
estimate of cost im ible. The conditions have been 
more adverse than been anticipated, and the cost 
has agp correspondingly greater. 

The cofferdam is now practically completed. It is 
unusually tight and appears to be stable. With the com- 
pletion of the stone toe originally provided for, little will 
remain to be done to it as far as can be foreseen, though 
a recurrence of conditions similar to the cyclonic dis- 
turbances last October may cause damage and delay 

The removal to Arlington Cemetery of the remains of 
the dead found, and the removal of the main mast of the 
ship, an‘ its erection in Arlington Cemetery as required 
by Congress, are simple matters. The problems now con- 
fronting the Board are the removal of the wreckage from 
its bed of mud (which has been increased in depth about 
10 ft. by the work incident to the construction of the 
cofferdam) ; the dis) of the wreckage and the restora- 
tion of the site to its original condition. Some of the 

rts of the wreckage, such as armour-plates, turret top, 

., weight from 15 to 25 tons each. The 10-in. guns 
weigh about 40 tons each, This work presents difficulties, 
but the Board believes that the greatest uncertainties in 
the cost of the work are those connected with the con- 
struction and unwatering of the cofferdam. 

aking reasonable allowance for the unknown con- 
tingencies, the Board now estimates that the aggregate 
cost will not exceed the appropriations already made by 
more than 250,000 dols. 


Estimate of Additional Funds Required. 


Amount required for expenditure in dols. 
fiscal year ending June 30, 1912 250,000 


(Exclusive of balance unexpended July 1, 1911.) 


Appropriations. 
May 9, 1910 100,000 
June 25, 1910 200,000 
March 4, 1911 350,000 
650,000 


Abstracts of Contracts in Force during Fiscal Year 
ending June 30, 1911. 


Contractor: Lackawanna Steel Company, Buffalo, 
New York. 

Amount and character of work: Furnishing 4430 tons, 
2000 lb. each, Lackawanna interlocking steel-sheet piling, 
with bolts and splice-plates, at 33.76 dols. per ton ; 
115.4 tons, more or less, of same piling, assembled into 
poe a at 38.76 dols. per ton ; 108 tons, more or 
less, of ts and splice-bars for fabricated pieces, at 
33.76 dols. per ton. 

The contractor agre2s to allow 13.50 dols. per gross ton 
for salvaged steel piling placed f.o.b. cars New York 
within one year after date of contract, this time to be 
extended at the option of the contractor. 

Date of approval : November 10, 1910. 

Date of beginning work : November 20, 1910. 

Date of completion: November 10, 1911 (unless time is 
extended). 





Kurronizing.—We recently had an opportunity of 
inspecting some samples of electro-deposition work carried 
out by the Standard Plating and Kupron Works, Limited, 
of 62 to 66, Rosebery-avenue, Clerkenwell, E.C., and 
found them of such merit as to deserve mention. The 
firm is mainly concerned with copper-plating work, and 
applies the name “‘ Kupronzing ” to the process it employs; 
but this process does not in effect differ from electric 
copper deposition as ordinarily understood. By working 
at a very slow rate, however, and by close attention to 
such details as have appeared to be of importance during 
several years’ experience, the firm is enabled to turn out 
a very satisfactory product. Its work covers the copper- 
plating of metals, wood, plaster, and, indeed, of almost 
any material, and it is probably in connection with the 
architectural applications of some of the latter mate- 
rials that its work is best known. As an example 
of the class of job undertaken the plating of wooden 
hand-rails may be mentioned. The process is quite a 
straightforward one, and is carried out by first impreg- 
nating the wooden core with some preservative material 
and afterwards flashing it with plumbago, or some 
metallic salt. The actual copper deposition is then carried 
out in a bath in the usual way. It is the practice to 
deposit a layer about ,'; in. thick. An interesting appli- 
cation of the process to metal is afforded by the plating 
of iron window-frames, by which an excellent effect may 
be produced, and an article procured which requires no 
painting, and is in every way rust-proof. A further 
application to metal, which is of more direct engineering 
interest, is furnished by the plating of iron pump.rams 
and similar articles. In such cases a copper layer of about 
din. thick is usually considered sufficient, but, if neces- 
sary, the copper may be put on to as much as } in thick. 
The adherence of the coating to the iron is such that the 
rams may be machined after the copper isin place. A 
layer } in. thick would require almost a week for its 
deposition. 
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SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
2 SS os eres eee the Specification is not 
illustrated, 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, a Buildings, Chancery-lane, W.C., at 
the uniform F spec of 

The date of advertisement of the tance of a Complete 
ro ny aay is, in each case, given after the abstract, unless the 

atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months | from the date of 

advertisement of the t a Complete Specification, 
ive notice at the Patent Ofice of opposition to the grant of a 
‘atent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


J. W. Brooks and A. E. Walsall. 
1 Fit ‘4. (3 Figs.! January 23, 1911.—This inven- 
tion relates to a wall-box with adjustable cover for —— 
electrical switches and plugs. When such wall-boxes are affix 
to the wali before the latter is plastered, owing to the roughness 
of the wall, or to its not being quite perpendicular or straight, 
difficulty is i i in so fixing the box that the 
cover thereof shall be dead flush with the face of the wall after 
the latter has been plastered. The present invention consists in 
constructing a box and cover so that the cover is capable of 
adjustment in relation to the box. The body 1 of the metal box 
which contains the switch and plug contacts the usual tubular 
boss or projection 2, to which the conduits carrying the conducting 
wires are connected. Outstanding ears 7 are formed on the sides 
of the box at some little distance below the top or front edge 8, 
each of the ears having a tapped hole to receive the shank of a 
screw 9 for fixing and adjusting the box-cover 10. This cover 10 
is formed of the same shape as the box 1, so as to fit easily thereon, 
and is provided round its rim with a downwardly-projecting 
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flange 13 adapted to fit easily round the outside of the box 1 and 
to overlap the same, this rim 13 having outstanding ears 14 formed 
near its edge—that is, below its front surface, co nding with 
the tapped ears 7 which are formed on the box. ¢ adjusting- 
screws 9 pass through and engage with the ears 14 of the lid 10, 
and are screwed into the tapped holes in the ears 7, and the 
screws 9 are 80 arran, that by turning them the cover 10 can 
be raised or lowered relatively to the box, and fixed with the 
face or front of the cover at different inclinations to the bottom 3 
of the box, so that after the box has been fixed to the wall, the 
lid or cover 10 can, by the screws 9, be accurately set and adjusted 
so that its front will be flush and level with the face of the plaster 
of the wall. The adjusting-screws 9 are constructed preferably 
as shown. It will be seen that each screw 9 is made with a 
head 16 and with a collar 17 formed on the shank of the screw at 
the proper distance from the head for the lug 14 to fit hetween 
the collar 17 and the head 16, so that as the screws are screwed 
in or out the lid will correspondingly be moved and adjusted as 
aforesaid. (Accepted January 10, 1912.) 


17,869/11. Siemens Brothers Dynamo Works, Ltd. 
London. (Siemens Schuckertwerke, G.m.b.H., Berlin, Germany.) 
Electric p-Holders. [10 Figs.) August 5, 1911.— 
This invention has reference to electric-lamp holders. The known 
kinds have the disadvantage that the lamp terminals can only 
be approached by Ce | the liner from the dome. They 
have further the disadvantage that they comprise a large number 
of separate parts ; that the terminals are difficult to adjust, and 
the bare ends of the leads are short in consequence of the limited 
space in the interior of the holder. The object of the invention 
is to overcome the di vantages, and in carrying out the inven- 
tion the liner is arranged so as to be displaceable with regard to 
the base-piece, in order that when the lamp is withdrawn from the 





of convenience in handling, the upper part of the cover is pro- 
vided with a number of tongues g which fit into corresponding 

ves hin the base-piecea. The coverd normally rests on the 
amp surface. In order to have access to the control-screws of 
the terminals, it is only necessary to withdraw the lamp from 
the holder; the cover then sliding down and exposing the same. 
A ring ¢, which is screwed tightly on the outside of the socket r, 
is adapted to prevent the cover dropping off, the projecting rim 
of the same catching the cover in its fall. (Accepted January 10, 
1912.) 


GUNS AND EXPLOSIVES. 


5597/11. Sir W. G. Armstrong, Whitworth, and Co., 
Limited, and F. Harlow, Newcastle-on-Tyne. Gun- 
Fire Control. [7 Figs.) March 6, 1911.—When a pivoted gun, 
which, to simplify the description of the invention, will be 
assumed to be a turret-gun on ship, is adjacent to another 
similar gun, there are certain positions in which the gun may not 
or may be fired, according to whether or not the adjacent gun is 
so turned as to be in the way. According to this invention, the 
trigger or firing-key of the gun is locked, when the gun must not 
be fired, by a catch operated by an electric circuit, the closing of 
which is controlled by the rotation of the turret and also by the 
rotation of the adjacent turret or turrets. Fig. 3 isa diagram of 
the controllers and circuits whereby the firing-key of the turret 
X is rendered inoperative when there is danger of the guns of the 
turret X firing into the guns of the turret Y. It will be under- 
stood that a similar set of discs and contacts is necessary in order 
to prevent the guns of the turret Y from firing into the guns of 
the turret X; but for the sake of simplicity only half of the 
necessary apparatus is shown. On referring to Fig. 2, it will be 
seen that danger can only occur to the guns in the turret Y when 
they are in the zones A and O, and then only if the guns in the 
turret X are in zones D and F respectively; if the guns in turret 
Y are in zone B, or the guns in turret X in zone E, there can be no 
danger. Again. on referring to Fig. 1, it will be seen that, even 
assuming that the guns in turret Y are in zone A or C, and that 
the guns in turret X are in zone D or F, there is only danger when 
the guns in turret Y are in the vertical zone G or H, and the guns 
in turret X are in the vertical zone I or J ; if the latter are in zone 
J or I there is no danger. Fig. 3 shows controllers X! and 
Y!, operated by the turrets X and Y, and controllers X2 and Y2 
similarly operated by the elevation or depression of the guns in 
turrets X and Y. 1) to 6) are six discs, fixed to the shaft of the 
controller X!, but, as wiil be seen from Fig. 3, there would be nine 
of such discs in the complete apparatus. As indicated, the di 
1b to 3b are connected to each other, and so are the discs 4) to 6d. 
The controller Y! has three discs, 7), 8b, and 9b (in the complete 


apparatus there would be nine), and the controllers X2 and Y2 
each have three discs, 1x, 27, 32, and ly, 2y, 3y. 
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321, and Ly! to 3y!, are contact springs bearing on the discs. The 
discs are in all cases shown as developed into plane surfaces for 
the sake of clearness. For the purpose of illustration, it will be 
assumed that the gun in the turret X is in horizontal zone D and 
vertical zone I, and that the gun in turret Y is in the horizontal 
zone A and the vertical zone H. Then, referring to Fig. 3, the 
circuit is as follows :—Commencing from positive main, the cur- 
rent goes to the contact 2c of the controller X!; then, as the 
controller is in zone D, the current goes from the disc 2b to the 
disc 3b and contact 3c of this controller. From 3c it goes to 
the vertical controller Y2 of turret Y through the contact 2y1 to 
the disc 2y; then, as this controller is standing in the vertical 
zone H, the current to the disc 3y, and the contact 
3y! to the contact 12! and disc 12 of the controller X2, and as this 
controller is in zone I the current will go from the disc 1x to the 
dise 27 and so through the contact 22! to the solenoid controlling 
the firing-key and thereby allowing the guns in X to be fired. If 
the guns of the turret X were moved into zone J the circuit 
would be broken at the controller X2, as the contact 12! no longer 
touches the disc 1z, and the gun prevented from firing unless the 
gun of turret Y be moved into zone G, in which case the circuit 
would be th h 2c, 2b, 3b, 3c, Qy1, 2y, ly, ly!, 3x), 3a, 2a, 2x} 
to the solenoid. If the is of turret Y are trained out of the 
zone A, the solenoid for the firing-key will get current as follows: 
—From the positive main to the contact 8¢ of the controller Y!, 
then disc 8b, disc 9b, contact 9c, and contact 4c of the controller 
X1, and as this controller is still in zone D the current goes 
——_ the disc 4b, disc 5b, contact 5c, direct to the solenoid, 
and the guns of the turret X can be fired. If the guns in X are 
in the zone E, then a circuit is closed directly from the itive 
maia through the contact 2c, disc 2b, disc 1b, contact lc, sole- 
noid to the negative main, so that the core of the solenoid is 

ithdrawn and the firing circuit of the guns in X can be closed by 





holder, the liner drops a certain distance, exposing openings, 
allowing of the inspection and adjustment of the lamp leads. 
The base-piece of porcelain is denoted by a, an attached screw 
socket which receives the lamp! is denoted by r. Two terminals 
&, k) fit into the cylindrical holes p, p!, leading from the central 
channel o to the socket r. The terminal & is electrically con- 
nected to the socket r, whilst the terminal &! is connected by 
means of a leading-in strip in the usual manner to the central 
contact of the holder. The lamp leads are led in through the 
nipple n, down the central channel o to the terminals k, k!, The 
pinching-screws of the terminais are inserted through holes q, g!, 
the entrances to which are normally covered by the liner d. e 
liner d is arranged displaceably on the base-piece a. For the sake 





the trigger and the guns fired whatever may be their elevation or 

the position of the guns in the turret Y. Whenever the circuit 

through the sole: is made (or broken, if desired) a suitable indi- 

cator, such as a lamp *k, may be provided, so that the gun-layer 

yl ey the reason why he is unable to fire. (Accepted January 
, 1912. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


131/11. W. E. Martin, Stamford. Carburettor. 
(16 Figs.) January 3, 1911.—A carburettor for internal-combustion 
engines having a jet-chamber provided with a petrol-slot adjacent 





to an elongated air inlet leading into the mixing-chamber, an: 
having in combination means for regulating the width of the fu: : 
slot or the passage therethrough, is, according to this invention, 
provided with means for ating the width of the air inlet, ani 
with means for simultaneously adjusting the length of the ai; 
inlet and petrol-slot. a is the float-feed chamber, b, L! is the j: 
chamber, ¢ is the mixing-chamber, and d is the suction-chambe, 
The petrol enters the jet-chamber }, b! from the float-feed chamber 
a. The jet-chamber is made in two parts b, bl, and has a beariny 
at each end for the jet-regulator l2. This iatter is cylindrical at 
the ends where it fits the bearings, but it is formed intermediat: 
of its ends in such a manner that in one position it complete, 
cuts off the flow of petrol through a slot + in the side of the je: 
chamber, but as it is turned it gradually opens the flow throush 
the slot. For this purpose the jet-regulator 02 may first have its 
ends turned concentric with its axis, after which the regulator is 
chucked eccentrically, and the portion b5 employed for regulating 
the jet is turned eccentric to the end portions. One end of the 
aera is provided with a pointer 46 moving over a scale /)7 to 
indicate to what extent the petrol-slot is open. The jet-chamber 
is preferably filled with a space or channel b8 below the jet-regu- 
lator 5°, which is filled with petrol. The mixing-chamber c is 

















referably cylindrical in form, and has a longitudinal slot or air 
nlet c!, the length of which may be regula’ In the interior of 
the mixing-chamber c is arranged the throttle, which preferably 
consists of two interfitting parts, both of which may be rotated, 
and one of which, the throttle ¢, may be caused to slide in the 
chamber c. That part which merely rotates consists of an end 
plate fitting against part of the end of the mixing-chamber c, 
and a projection or feather /! acting as an air-shutter, which 
extends the whole length of the mixing-chamber, fits against the 
interior of this latter, and is wide enough to cover the slot c! 
therein. The throttle e has a slot e! to fit the projection or 
feather, but is otherwise cylindrical in form and fits the interior 
of the mixing-chamber c. The throttle has a closed inner end e* 
and a longitudinal air- e or recess e* leading from the 
exterior corresponding with the petrol-slot b4. The throttle ¢has 
also another ne air-passage or recess el4, When the 
throttle is pushed fully in, air may pass into the passage ¢!4 and 
laterally through the slot e4 direct into the suction-chamber d, 
and thence into the tube leading to the cylinders. The air-shutter 
f) may be provided with a spring-pin f2 (see Fig. 2), which enters 
one of a series of holes after the shutter f! has been adjusted. 
(Accepted January 10, 1912.) 


PRINTING AND ALLIED MACHINERY. 


687/11. Lino and Machinery, Limited, London, 
and T. R.G. Parker, Broadheath. Printing Presses. 
{I Fig.) January 10, 1911.—This invention has for its object 
to provide a two-revolution printing press. The press comprises 
a flat bed for carrying a letterpress or litho printing-press sur- 
face 1; a cylinder 2, which can serve as an impression-cylinder 
and (or) transfer cylinder, this cylinder (here'nafter referred to as 
the impression-cylinder) being provided with two different seg- 
mental surfaces 3, 4, each having its own set of grippers 3a, 4a 
respectively and blanket-stretching devices 5 ; a plate cylinder 6, 
situated preferably beneath the feed-board 7, and provided with 
means for enabling it to be moved into and out of printing relation- 
ship with the impression-cylinder 2 ; a transfer-cylinder 8, situated 
preferably above the impression-cylinder 2, and provided with 
means for enabling it to be moved into and out of printing 
relationship with the impression-cylinder 2; damping devices 1a, 





2a, and inking devices 1), 2) for the printing surface 1 and plate 
cylinder 6 respectively ; the usual means whereby the impression- 
cylinder 2 is moved into and out of printing relationship with the 
printing surface 1 at alternate movements of the latter beneath 
the cy r, and means wherehy the bed, or bed motion, can be 
disconnected from its driving-gear. The plate-cylinder 6 and 
transfer-cylinder 8 are both of the same diameter, which is on: 
half of that of the im -cylinder 2. A press constructed as 
just described can used as a flat-bed single-colour letter- 
ress, a single-colour direct lithographic press, a single-colour 
irect : 
. a two-colour direct lithographic or typographic 0! 
i a press for printing two 
colours, one direct 0 hic 
lithographic or typographic or lithographic and typographic 


letter-press, a single-colour lithographic or typographi 
ice ea da 
ic t ic - 
7 the other offset, or a perfector offse 
press. (Accepted January 10, 1912. 
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«SL TERATURE. 


; ) ilway Companies. By J. H. BaLrour 
Re S. THEOBALD. Fourth Edition, by 
J. H. Batrour Browne and Hamiiton CoNnAcHER. 

London: Stevens and Sons. [Price 45s. ] 

Tur chief, possibly the essential, difference between 
this and the last edition of ‘‘ Browne on Railways” 
is one of size. The book is in all ways a big book. 
We say this in no disparagement, but rather in 
admiration of the great labour and care which have 
been necessary to make so complete and accurate an 
epitome of the railway law of this country. But the 
mere size of the book does suggest some considera- 
tions not altogether pleasing. The last edition, 
published in 1899, contained notes of about 2500 
cases ; the present edition reports on notes of over 
3500. This represents an average of one new case 
dealing with railway law, and important enough to be 
referred to, every four or five days for the last twelve 
years. Of course, a large part of English law is judge- 
made law, and we do not suggest it is any the worse 
for that, but, from the public point of view, there is 
surely something wrong with a code of law for the 
interpretation of which the aid of the courts has to 
be so frequently invoked. This, of course, is in no 
way a reflection on the authors, who have no doubt 
done their best with rather unwieldy material. 

We are not sure, though this may be a matter of 
taste, that we regard the arrangement of the book 
as quite the best. It is that of printing all the 
relevant statutes in chronological order, with notes 
of the decided cases at the end of each section. In 
a book dealing with an Act—Chalmer’s Sale of 
Goods Act, for example—this is doubtless the best 
way, but where there are many equally important 
statutes to be dealt with it leads either to unde- 
sirable cross-referencing or to needless repetition. 
And we look in vain for any clear statement of the 
law on a particular point given with the authority 
of the author as an epitome of the relevant cases. 
But possibly this is merely to say that the book is 
a digest rather than a text-book, and that to 
carry this out would have meant re-writing the 
whole volume—no mean task—since the former 
additions were similarly arranged. 

The authors have included in this edition not 
only the statutes dealing directly with railways, but 
also the Telegraph Act of 1878, the Companies 
Clauses Consolidation Acts of 1888 and 1889, and 
the Arbitration Act of 1889. The first-named bears 
indirectly on railway law, certainly, although it is 
not of very great importance, but we question the 
wisdom of including the others. And even the 
Companies Clauses Act of 1845, important as it is, 
does not seem very relevant in a railway book. It 
is difficult, if once this principle of inserting Acts 
which are not in effect railway Acts, though they 
may touch the subject, is admitted in a text-book, 
to see where any logical line can be drawn. The 
London Building Act, for instance, contains many 
provisions dealing with railways; possibly only 
physical impossibility prevented the authors finding 
a place for it. 

Subject to these criticisms, we think the book 
well upholds the reputation of its predecessors. 
“Browne on Railways” is, and will remain, an 
indispensable work to those whose business leads 
them into the intricate maze of railway law. 

The above remarks have been addressed to the 
general scheme of the book ; we may now pick out 
afew of the smaller points for comment. It is a 
curious fact that while, to be binding, conditions 
imposed by a railway company with regard to 
carriage of goods must be reasonable, no such re- 
striction obtains with regard to carriage of pas- 
sengers. This was decided in Duckworth v. Lan- 
cashire and Yorkshire Railway (1901, 17 T.L.R., 
454), and is not overruled by Clarke v. West Ham 
Corporation (1909, 2 K.B., 858), in which case, 
indeed, it was not cited. We think, therefore, 
that the citation on page 316 of the latter case as 
an authority for the proposition that a carrier is 
ound to carry any passenger on tender of the legal 
fare without subjecting him to unreasonable con- 
ditions is, as it stands, a little misleading. 

_ On the vexed question of tolls and rates in the 
aaite ay Clauses Act of 1845 the authors still cite 
vallis v. London and South-Western Railway 
(LR. 5 Ex. 62) as an authority that Section 97 
“ppites only to tolls properly so-called and not to 
rates. The Wallis case certainly decided this, but 
Wwe can hardly regard it as having any authority 
after the judgments in Barr, Moering, and Co. ¢. 


London and North-Western Railway (1905, 2 K.B. 
113), and we think that Lord Shand’s judgment 
in Caledonian Railway Company v. Guild (1 Sc. 
Sen. Cas. 198) should be rather looked to for an 
authoritative exposition of the law. 

The notes on ‘* Through Rates,” ‘‘ Undue Prefer- 
ence,” and ‘‘ Facilities’”” have been altogether re- 
written and arranged in a more convenient form. 
They form by themselves a very valuable contribu- 
tion. 

In the notes to the Railway Clauses Act, 1863, 
we find a reference to the well-remembered case 
where the Great Northern and Great Central 
Railway Companies attempted to form what was 
practically an amalgamation, and were refused 
leave so to do by the Courts. This is an interest- 
ing illustration of the power of the Courts here 
to stop the formation of a ‘‘trust.” Though we 
doubt whether the same results cannot be obtained 
in other ways. 

“In connection with the recent railway strike, it 
is interesting to note that, under an Act of 1871, 
the Government may by warrant take possession 
of the railways in case an emergency arises in 
which it is expedient. And the directors are to 
obey the directions of the Secretary of State as to 
the use of the railroads. 

The growing importance of electric traction 
leads to the inclusion of the Electric Lighting 
Acts or the relevant portion. The most impor- 
tant point to note in this connection is the power 
given by the Act of 1909 to a company to supply 
current to a railway for use outside the statu- 
tory area of the company. Without this it was, 
of course, impossible for any railway, without a 
special Act, to buy its current from an outside com- 
- An interesting Act noticed is the Railway 

ires Act, 1905, which takes away from a company 
the defence that it was acting under statutory 
powers if a fire is caused by sparks from an engine. 
The effect of this is not very clear, perhaps, but 
it seems to lift the onus of proof of negiigence from 
the claimant, and puts, in any event, a heavier 
burden on the railway company. We have found 
no inaccuracies or misprints in the book, a fact 
reflecting great credit on the proof-readers and 
publishers. We may add that the volume is pro- 
vided with an excellent index. 





Trempc, Recwit, Cémentation, et Conditions d’ Emploi des 
Aciers. By L. GRENET, x conte alana, des Mines. 
Parisand Liége: Libraire Polytechnique Ch. Béranger. 
[Price 16 francs, bound. } 

WE welcome a special volume devoted to the tem- 

pering, annealing, cementation, and conditions of 

the use of steel. The bibliography which Mr. 

Grenet adds to his octavo volume of nearly 500 

pages is a sign that he has carefully studied his 

subject, though some of our British experts might 
wonder that they have apparently been resting on 
their laurels during recent years. 

The author deals with his subject in five main 
parts or divisions. The first division is entitled 
‘*Useful Notions for the Use and the Thermal 
Treatment of Steels.” It explains in its five 
chapters the different methods of mechanical 
testing, the equilibrium between the constituents 
of carbon steels and of other steels in its depend- 
ence upon temperature, the classification of steels 
according to their transformation temperatures 
and micrographic methods of conducting these 
tests, and the effect of thermal treatment on the 
steels. As regards the transformation tempera- 
tures, the author distinguishes four groups of 
steels. These four groups are :—Steels whose 
transformation temperatures are the same for slow 
cooling as for heating ; steels (rapid tool-steels) 
which satisfy the just-mentioned condition, but 
whose transformation temperature lies lower for 
an average rate of cooling (say through 100 deg. 
Cent. in 10 minutes) ; steels (chrome-nickel) whose 
transformation temperatures are decidedly different 
for cooling and for heating; and steels whose 
transformation temperature for cooling lies below 
the ordinary temperature. The principle of this 
classification, reference to which is made in other 
parts of the volume, is due to Osmond ; the dilata- 
tion is the criterion. The five chapters of the 
second part are devoted to the thermal treatment, 
the different groups of steels being considered in 
the fourth and fifth chapters. This part comprises 
110 pages out of a total of 494 pages. The third 
division discusses the choice of a steel with regard 
to mechanical strength and other properties. The 


dealing with chemical composition, general pro- 
perties, forging, drawing, stamping, thermal 
treatment, and the chief uses for each of the four 
groups. The fifth, short division describes cast 
and moulded steels and their uses. 

It will be seen that the two parts of the title, 
tempering, annealing and cementation, and con- 
ditions of ym receive about equal consi- 
deration in the volume. Technical details of carry- 
ing out the thermal treatment processes are not 
given. We might be inclined to alter the arrange- 
ment of the divisions if we had to re-write the volume. 
But it is, no doubt, a useful book, and paper, type, 
and illustrations deserve commendable mention. 
The table of contents at the end of the book is suffi- 
ciently detailed; an alphabetical index should 
have been provided, however, and the reprinting 
of the respective portion of the table of contents 
before each respective section might have - been 
omitted. The absence of all references is regret- 
table. We have often had to say that books should 
be written so as to be convenient for reference. 
The number of books really fit for systematic 
study is small. 
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‘Tue AMATEUR PHOTOGRAPHER AND PHOTOGRAPHIC 
Nerws.”—The special Spring number of this journal, 
known as the Empire number, is full of pictures showing 
the many directions in which the amateur can apply his 
hobby, and it contains many useful articles, also informa- 











fourth part brings a study of the properties of steels 


tion for travellers, &c. The price is twopence, 
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PARSONS’ STEAM-TURBINES FOR AN 
18-KNOT OCEAN LINER. 


Tue adaptation of the steam-turbine to ship pro- 
pulsion involved the solution of a vast number of 
problems in applied mechanics. The break with 
previous practice was so abrupt that little assistance 
was to be obtained froma study of ordinary marine- 
engine practice. Quite apart from the main difli- 
culty of effecting a reasonable compromise between 
the conditions necessary for ensuring steam economy 
in the case of the turbines and those essential to a 
reasonable efficiency of the screw, there was an 
infinitude of minor points to be settled connected 
with the design of the turbine details and with its 
practical operation. The modern marine engine as 
we know it embodies the experience of generations 
of sea-going and manufacturing engineers, the 
details now considered indispensable to steam 
economy and ease of handling having been pro- 
gressively developed. It is, however, only fifteen 
years since the Turbinia startled the engineering 
world by breaking all previous speed records, and 
since that date Parsons marine turbines have been 
built or ordered to an aggregate of some seven mil- 
lion shaft-horse-power. The magnitude of the work 
accomplished in this short space of time will appear 
even more remarkable on studying the numerous 
ingenious devices shown in the drawings of a large 
set of turbines built by the Parsons Marine Steam- 
Turbine Company, Limited, Wallsend, which we 
reproduce on Plates XXX. and XXXI., and on the 
present page and pages 371, 372, and 373. These 
turbines were designed to develop 16,500 shaft horse- 
power when running at 290 revolutions per minute, 
and to give the boat to which they were fitted a 
speed of 18 knots. Actually, on trial some 20,000 
shaft horse-power were realised, and in service the 
boat has proved easily capable of maintaining a speed 
of 18} knots with only part of her boilers in use. 

A longitudinal section of the high-pressure tur- 
bine is represented in Fig. 1, Plate XXX., and a 
similar section through one of the two low-pressure 
turbines in Fig. 17. The high-pressure drum 
(Figs. 6 and 7) is 6 ft. 4 in. in diameter and 1} in. 
thick, and it carries four groups of blades, or ‘‘ ex- 
pansions.” In each group there are sixteen moving 
rows of blades, the blade height being 14 in. in the 
case of group No. 1, and increasing approximately 
in the ratio of 1 to V2 from group to group. The 
blades are fixed by caulking in the usual way. 
Details of the grooves into which they fit are given 
in Fig. 2 ; these are ,'; in. deep in the case of the 
4}-in. blades, and } in. deep for the shorter lengths. 

Steam is admitted to the turbine from the belt a, 
and passes through the blading from forward to aft 
(see Fig. 5). To check leakage in the opposite 
direction a dummy is provided having a labyrinth 
packing of twenty-seven fins, as shown in detail 
in Fig. 4. The fins fixed in the casing fit into 
grooves turned in the dummy piston, and, as shown 
in Fig. 3, are turned down toa fine edge where they 
approach the side of the dummy groove, so that 
in case of an accidental contact no serious heating 
can arise. The dummy clearances are adjusted by 
moving the whole rotor bodily forward or aft, by 
means of the thrust-block adjusting gear, to be 
described later on. It will be observed that the 
dummy is of smaller diameter than the drum, so 
that there is an unbalanced axial thrust from for- 
ward toaft, which is in addition to the thrust on the 
moving blades themselves. The two together are 
designed to balance the thrust of the propeller, 
so that the thrust-block has to take deoae the 
difference. The balance between steam thrust 
and propeller thrust is not equally perfect at all 
powers, the steam pressure being a little in 
excess at full power, whilst the propeller-thrust 
preponderates at half-speed. The spiders, or wheels, 
on which the drum is mounted are steel castings, 
each secured to the drum by three rows of j-in. 
screws, there being twenty-one screws per row at 
the high-pressure end, and twenty-seven per row 
at the low-pressure end. The screws in the dif- 
ferent rows are staggered, and not in line as shown 
in the sectional drawing. The arms of the high- 
pressure wheel are hollow, so as to admit high- 

ressure steam to the hub and to the centre of the 
tee shaft. This ensures that the temperature of 
this shaft and of the corresponding end of the casing 
shall be approximately the same, and thus have 
about the same amount of expansion. In this way 
less fore and aft play is required at the thrust-block. 
The dummy drum is of forged steel, it is turned a 





sliding fit to its seat on the spider, and is secured 
to the latter by fifty-six 1}-in. bolts. The flange 
is tapped in four places to take starting screws, 
should it ever be desirable to break the joint. 

The spider at the low-pressure end has solid 
arms, but, as will be seen from Fig. 6, it is slotted 
at nine points round its circumference. One of 
these slots is shown at b. They serve to prevent 
any lodgment of moisture on the interior face of 
the drum, allowing any condensation there to be 
drained off. Details of the high-pressure casing are 
illustrated in Figs. 27 to 34, Plate XX XI. It consists 
of two principal castings, forming respectively the | 
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Fig. 49. 
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dottedin Fig. 27, and in its correct position on the 
right-hand side of Fig. 28. 

The drum which carries the dummy rings js, jt 
will be seen, separate from the main castings 
being bolted on a turned seating, as indicated in 
Fig. 27. A half-section through this dummy drum 
is reproduced in Fig. 30. A brass strip ,*. in. 
thick covers the horizontal joint, as is indicated 
at g. Heavy brackets to transfer the weight of the 
turbine to the pedestals in the ship are cast solid 
with the main castings, as best seen to the right of 
Fig. 28. Manholes at each end enable the interior 
of the turbine to be examined without the necessity 
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Fig. 51. 
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upper and lower halves of the turbine cylinder. 
There is, it will be seen, an auxiliary steam-belt c, 
Fig. 27, through which steam can be by-passed to 
the beginning of the second row of the turbine. 
A couple of pipes, one of which connects the two 
seatings, shown dotted at d and e, Fig. 27, supply 
this steam-belt. The correct position of these 
by-pass seatings is shown at e, Fig. 28 (see also 
Fig. 29), and there is a similar set of seatings on 
the right-hand side of the upper cylinder casting. 
There are also two main steam-inlets situated near 
the bottom of the casing as indicated at f, and 
similarly there are two exhaust branches at the 
after end of the cylinder. One of these is shown 
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of raising the cover. The glands by which the shaft 
is packed are mounted in separate castings, which 
are secured to turned seats at each end of the 
cylinder. Details of these glands are illustrated 
in Figs. 9 to 16, Plate XXX. As shown in Fig. 9, 
the labyrinth is of the radial-fin type, these fins 
being shown to an enlarged scale in Fig. 10. At 
the outer end of the gland there are five Rams- 
bottom rings, which prevent leakage of the steam 
into the engine-room. The bushing, which 
carries the stationary fins, is of gun-metal, and is 
made a good fit to the outer cast-iron sleeve, 
in which there are two steam or leak-off pockets, 
as indicated. These pockets are put in communi 
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cation with the interior of the packing by fourteen | to free the sleeve from the outer cast-iron holder, The oil is fed into the bearing at the centre, and 


in. holes drilled through the sleeve, as shown in | when it is desired to open the gland. 


escapes at both ends, where it drains down into 


Fig. 12. The uppermost of these holes are tapped! The aft and forward bearings are supported by the bottom of the bracket. A wiper shown at h, 


for lifting purposes. The sleeve is shown sepa- strong brackets bolted to the end covers, as shown 
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Fig .61. Section B.B. 
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Section D.D. 


' Fig. 68. ADJUSTING SPINDLE 






Fig. 49, prevents any creeping of the oil along 
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rately in Figs. 13 and 14. Safety rings are fitted | in Fig. 27, Plate XXXI. At the forward end there 
- e A and B, B (Fig. 13) to prevent the fins | isa thrust-block as well as the ordinary bearing. A 
Sta ing when removing he lower half of the gland. | view of this forward bearing to a somewhat larger 

rting-screws are provided as in Figs. 15 and 16, | scale is reproduced in Figs. 49 and 50, page 370. 
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the shaft, and, as a further safeguard, a few ser- 
rations are also turned in the latter, as indicated. 
The bushes are lined with white metal, but large 
safety strips are provided at each end to prevent 
injury should the white metal be melted out 
through a failure in the lubrication. The oil is 
caught in wells formed in the bottom of the 
supporting brackets, and is drawn off filtered, and 
again passed through the bearings. Any escape of 
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water from the gland is caught in separate pockets, 
shown at i and j, Fig. 27. 

The low-pressure rotor, Figs. 24 to 26, is in 
essentials very similar in its construction to the 
high-pressure turbine rotor. It is, however, as 
shown, provided with a stiffening ring near the 
centre of its wy which is not required in the 
case of the smaller high-pressure drum. Grooves 
formed in the circumference of this ring prevent 
water collecting on the forward side of it. The rotor 
has eight groups of blades or ‘‘ expansions,” the 
blade height at the inlet end being 14 in., and at 
the exhaust end 9 in. As usual in the case of low- 


the low-pressure dummy is shown in Figs. 20 and 21, 

but, since the steam has a large specific volume, 
there are only twenty rows of fins instead of 
twenty-seven. 

As will be seen from Figs. 17 and 25, the low- 
pressure drum is extended to form the drum for 
the reverse turbine, the casing for which is bolted 
on to the main turbine casing, as shown in Fig. 17. 
This reverse turbine is bladed with four groups of 
blades, each consisting of nine rows, and varying 
in length from § in. up to 2} in. in height. The 
whole of the expansion of the steam is thus effected 
with but 36 rows of moving blades, whilst in the 











casing, it will be seen, is made in four parts, there 
being a circumferential joint near the centre of 
the length. A view of this joint is given in Fig. 4] 
and on the right a detail showing how the studs 
are arranged in the neighbourhood of the main 
horizontal flange. The main steam supply enters 
through a branch on the upper half of the cover, 
but for manceuvring purposes an auxiliary supply 
can be passed in through a branch cast with the 
lower half of the casing, as indicated in Figs. 35 
and 36. The exhaust branch, 5} ft. by 64 ft., is 
supported against ae by forged stays, shown in 
position in Fig. 42. The casing for the astern tur- 
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pe marine turbines, the last three groups 
ave the same blade height, the necessary increase 
in the steam way being obtained by the use of 
‘‘wing” and ‘‘semi-wing” blades, the opening 
through which is much gieater than is the case 
with normal blades. The low-pressure dummy is 
much smaller than the main drum, since, although 
each screw develops the same thrust, the axial 
a of the steam in the blading is much 
ess in the low-pressure than in the high-pres- 
sure cylinder, and this requires to be supple- | 
mented by necking down the dummy to a greater | 
extent. As before, it will be seen that provi- | 
sion against the possibility of unequal ex 
of drum and casing is provided for by 
steam through the hollow arms of the forward | 





main turbines there are 64 moving rows in the high- 


muc 
this is, of course, a minor consideration, as a ship 
is never called upon to steam for a long time 
with her 
dummy a 
ment of this is shown in detail in Fig. 19. 
form of packing permits of free differential expan- 
sion between the casing and the rotor of the turbine, 
but somewhat larger clearances are necessary than 
with the form of packing used for the ahead 
ee dummies, and these clearances are, moreover, not 
eading | adjustable. 








ressure turbines and an equal number in the 
ow-pressure drum. Hence the reverse turbine is 
less efficient in its use of the steam ; but 


engines reversed. For the astern turbine 
coliat fin packing is used, and the arrange- 
is 





tailed views of the low-pressure casing are 


spider t» the centre of the shaft. The packing for’ given in Figs. 35 to 48, Plate XXXI. The main 


| condensation are provi 


2619. £. 


bine is bolted inside the main casing. Its forward 
end rests on a machined support, as shown in Figs. 
38 and 48, and its steam supply is derived from 
a branch which passes through one of the walls of 
the main exhaust-port, as best seen im Fig. 40. 
Weep-holes to keep this astern cylinder free from 
ded, as shown in Fig. 39. 
The brackets which carry the bearings and 
thrust-block are very similar to those used for the 
high-pressure turbine, and_cross-sections will be 
found in Figs. 43 to 47. The bored guide shown 
at the top of the latter figure takes the governor 
spindle, which is driven by helical gearing; the 
driving-gear being keyed to the end of the main 
shaft, as shown in Figs. 1 and 17, Plate XXX. _ 
Some further details of the thrust-block and its 
adjusting gear are given in Figs. 56 to 71, page 371. 
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upper and lower halves of the block are inde- 
i= adjustable. The two are shown separately 
in Figs. 58 and 59, page 371. Each half is provided 
with strong lugs, taking the bolts shown in Figs. 
56, 57, and 60, and also separately in Fig. 68. 
These bolts are screwed at the one end, where 
they pass through a bronze nut which turns in a 
bored seat formed on the front cover of the thrust- 


V 


Fig. 74. 
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block casing. Each of these nuts at its outer end is 
formed into a worm-wheel, as best seen in Fig. 69 ; 
and the upper pair can be rotated simultaneously by 
4 worm (see Figs. 70 and 71), soas to move in or out 
the top half of the thrust-block. A similar provi- 
is made for setting forward or aft the lower 

alf of the thrust-block. In this way the rotor can be 
moved to and fro inside its casing, and the dummy 
clearances adjusted as desired. en this has been 


done, 


permanent liners are inserted, as shown at 











w, w, Fig. 60, and the pair of screws locked by the | the dummy clearance is therefore provided. This 
putting over their squared ends the locking-bar | consists of a micrometer-gauge, fitted as shown at s 
shown separately in Fig. 62. Any thrust from aft | (Fig. 49, page 370), and to a larger scale in Fig. 51. 
forward is taken on the lower half of the thrust-| Normally the stem of the micrometer is locked by 
block, whilst the upper half takes any pull in the | a cotter, as indicated ; in which case it will be seen 
opposite direction. | its inner end stands perfectly clear of the adjacent 
‘o gauge the dummy clearances two indicators stop ¢, Fig. 51, which serves as reference datum. 
are provided. Of these, one is a finger-piece, fitting! In using the instrument the cotter is withdrawn, 
and the inner end of the stem allowed 
to rest against the fixed stop t. The 
micrometer-wheel is then turned till 
it just moves the stem again, and 
a reading taken. By means of the 
knob at its outer end the stem is 
now turned through two right angles, 
in which it will be seen its extreme end 
clears the datum stop t, and it can then 
be moved inwards until it comes into 
contact with the rotating dummy-ring. 
The micrometer-wheel is again turned 
so as to just bring the stem clear, and 
a second reading taken. The differ- 
ence between these readings gives the 
dummy clearance in mils. A final 
check reading on the stop is generally 
taken to provide for the possibility 
that the bottom of the stem may have 
been worn away a little during its 
contact with the moving dummy. 

A third gauging-point is provided 
at the thrust-block, as indicated at 
p in Fig. 50, and shown to a larger 
scale in Figs. 52 and 53. This is used 
to adjust the ‘‘oil” clearances be- 
tween the collars of the thrust-block. 
After the lower thrust-block has been 
adjusted to give the desired dummy 
clearance, and brought up hard against 
its aft liner g, Fig. 49, the upper block 
is in turn moved forward until the 
collars join. The clearance between 
the gauge-points in Figs. 52 and 53 is 
then determined by feeler gauges, 
and the top half is then slacked back 
12 mils, so as to give space for the oil 
to get between the bearing surfaces. 

To test the bearings for wear, the 
‘** bridge” gauge shown in Fig. 55 is 
employed. This fits on to machined 
seats, and straddles the shaft as shown. 
Feelers placed between the hardened 
gauge-point and the shaft enable any 
wear on the bearings to be readily 
detected. 

The general arrangement of the tur- 
bines, together with the pipe system 
and manceuvring gear, is represented 
in Figs. 72 to 75, on the present and 
opposite pages. The turbines are 
arranged on the three-shaft system, a 
high-pressure turbine driving a central 
shaft exhausting into two low-pres- 
sures placed in the wings, and through 
which the steam passes in parallel. 
As usual at sea, the condensers are 
at a higher level than the turbines, 
and the exhaust-pipe has accordingly 
to be fitted above instead of below 
the turbines. 

The steam from the boilers enters 
the engine-room through two bulk- 
head stop-valves A, A, Fig.72; it then 
passes through the T-piece shown, 
and an expansion sleeve, into an 18-in. 
main regulator-valve, the hand-wheel 
of which is the central one of the 
group of five, shown in Fig 72. On 
each side of this central valve are two 
manceuvring valves. These are used 
when working a boat in or out of 
harbour, at which time the main 
regulating-valve is closed. The upper, 
when open, admits steam to the re- 
verse turbine on the same side of 
the ship through the pipes B, B. 
into a groove turned in the shaft, as shown at x, The lower valves, on the other hend, let through 
Fig. 50, page 370. This is fixed after the clearances | the pipes G, G high-pressure steam direct into the 
have been finally adjusted, and the clearance be-| main low-pressure turbine on the corresponding 
tween it and the side of its groove, as determined | side of the ship, so that, if desired, one of the wing 
by feeler-gauges, is recorded. This being always| screws may be run ahead, whilst the other runs 
accessible, clearances can be readily and easily | astern. hen the boat is clear, the manceuvring 
checked subsequently, but owing to differences in| valves are closed and the main regulator opened, 
steam temperatures the clearances at this finger- | and the steam then enters the high-pressure turbine 
piece and at the dummy are not always in agree-| through the pipes D, D. The pipe D is supported 
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ment with each other. A second means of checking | at its ends both from the bulkhead (see Fig. 75) 
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and from the platform plating ; but the bolts which 
secure it are in enlarged holes, and are not tight- 
ened down sufficiently to prevent free expansion. 
Strainers E M, Figs. 74 and 75, are provided where 
the main steam-pipes are led into the turbine 
casings. The strainer for the astern turbine steam 
is at R. The valve and pipe system S leading to the 
condensers are used for silently blowing down the 
boiler. The struts shown at O, Fig. 72, are hollow, 
and the interior is in each case connected up toa 
supply of steam, so as to keep it at the same tem- 
perature as the pipes proper, and thus minimise 
expansion strains. Drain-pipes 2 in. in diameter 
are provided to keep clear all the large valves where 
there is any possibility of water collecting, and for 
warming up the main turbines a small pipe 
system | in. in diameter, and fitted with the neces- 
sary valves, is also provided, the steam being taken 
from above the main regulator valve. 








MOLECULAR PHYSICS. 

Sir J. J. Tomson, whose appointment to the 
Order of Merit had been announced that morning, 
met with an «unusually hearty greeting when he 
opened his fourth lecture of the present series at 
the Royal Institution last Saturday. Going back, 
in the first instance, to his second lecture,* he 
stated that the explanation of the characteristic 
Réntgen radiations emitted by various metals would 
also account for the influence of temperature on the 
specitic heat of metals, a subject which Nernst and 
his pupils at Berlin were now studying with such 
remarkable results. They found that at the very 
lowest temperatures (of liquid hydrogen, &c.) the 
specific heats of some bodies almost vanished, as 
Sir J. Dewar had demonstrated in the first discourse 
of this season.t According to the hypothesis which 
Sir J. J. Thomson had suggested, there were 
systems in the molecule which required corpuscles 
with more than a definite amount of energy to 
detach a corpuscle from them ; the aystem had to 
be broken before this could occur, and before the 
system could vibrate, and that breaking required a 
certain amount of energy. Now the inner energy 
of a body was proportional to its temperature. 
Suppose for the —— that at one particular 
temperature all the corpuscles had the same 
energy (which was not strictly true). Let the 
corpuscles have more than the requisite heat energy 
W ; then the system would be able to vibrate if of 
a sufticiently high temperature. But if the tem- 
perature were lowered until the energy of the 
corpuscles became less than W, the system would 
not start vibrating, and might be left out of con- 
sideration, so far as the specific heat were con- 
cerned. When there were several systems in a 
body, one would drop out after the other as the 
temperature was lowered, and thus the specific heat 
of the body would finally become very small. The 
process should be discontinuous if all the particles 
moved with the same velocity ; but they moved at 
different velocities, and the process hence became 
continuous. These considerations led to the formula 
of Kinstein, which was based on other.arguments. 

Passing then to colloids, Sir J. J. Thomson 
remarked that an immense amount of work had 
lately been done on colloids, which had long been 
neglected ; yet the foundations laid by Graham 
had required liétle modification. Colloids were 
sticky substances, hardly attractive and promising 
for research, apparently, but the colloidal solutions 
had many interesting am pee Inspection and 
microscopic examination told the experimenter that 
they contained matter in much bigger lumps than 
in ordinary molecules. A fairly clear soap solution 
appeared quite turbid and bluish in a strong beam 
of light, and the beam of an arc-lamp might be 
called the simplest fourm of the ultra-microscope, as 
it revealed the particles as bright spots, though it 
did not enable the observer to distinguish the 
shapes of the particles. Te beam of light showed 
the otherwise invisible dust particles in the air. 
Intense illumination was indeed the essential 
feature of the ultra-microscope, in which the light 
reached the solution in question (which was con- 
tained in a glass cell resting on the stage) from 
below in such a manner that it was totally reflected 
back without entering the microscope tube and 
disturbing the eye. E. Burton had _ indirectly 
estimated the size of the pirticles in colloidal silver 
of known concentration by counting the number of 


7 * See 325 ante. 


page 
t See page 122 ante. 


bright specks in a few minute drops ; the particles 
were not all of the same size, their diameters 
ranging from 2 to 6 x 10-°cm., while we could still 
detect particles of 5 x 10—’ cm. 

The smallness of the particles enabled them to 
remain in suspension. The lecturer showed Fara- 
day’s colloidal gold, a pinkish liquid, made fifty- 
five years ago, which was still clear, though turbid 
in the electric light beam. Particles of the small 
size mentioned would only sink by 1 cm. per year 
in aqueous solution, and the inevitable convection 
currents would keep the solution stirred and pre- 
vent any settling. Surface tension would tend to 
bring the particles together, on the other hand ; 
but the particles were electrified, and the electric 
repulsion did not allow them to approach one 
another within less than a certain distance. When 
an electric current was sent through a colloidal 
solution, the particles wandered with or against the 
current ; this migration was also known as electro- 
endosmosis. The lecturer showed two U-tubes, 
electrically coupled in series, the one filled with 
reddish iron hydroxide, the other with light yellow 
arsenious sulphide ; the particles migrated in 
opposite directions, slowly however, as with all 
colloids, so that an immediate effect was not 
noticed on closing the circuit. All suspended par- 
ticles migrated in this way, and gases dissolved in 
water too, as Quincke had shown. Sir Joseph 
thought that this circumstance supplied the 
simplest explanation why air became electrified by 
bubbling ; the air leaving the water was negatively 
electrified. 

The electrified particles were not in a free condi- 
tion, however, because the water surrounding a 
particle was charged in the opposite sense ; if the 
particles were charged positively, for instance, the 
water outside being negative, a double layer of 
the kind of the two oppositely charged coatings of 
a condense: would be produced. It was owing to 
this double layer that the velocity of migration was 
small, and did not depend upon the size of the 
particle, but was almost constaut for particles of 
the same material in pure water. The purity of 
the water was essential for colloidal experiments ; 
tap-water would not answer. The potential differ- 
ence between the two coatings was, according to 


Helmholtz, V = 4 .4%” | where v was the velo- 
K < 

city, » the viscosity, and X the electric force. 

Lamb had added a constant factor (nearly unity) to 

this formula. 

The electrification prevented the coagulation and 
settlement of the particles, unless the charge were 
neutralised by adding some dissociated liquid to 
the colloid ; the negative ion then neutralised the 
positive charge (and vice versd), and the surface 
tension would afterwards pull the particles together 
and coagulate them. Faraday had shown this with 
his gold solution, and had, indeed, gone much 
further in his researches ; he had already noticed 
that divalent ions (of calcium salts) were much 
more powerful in this respect than monovalent ions 
(sodium salts). Sir Joseph repeated Faraday’s 
experiment by mixing gold chloride with a little 
phosphorus dissolved in ether ; the brown colloidal 
solution became at once turbid on addition of a 
little common salt solution. He also showed that 
his two solutions of iron hydrate and arsenious 
sulphide (the particles of which were oppositely 
charged, since the former migrated to the cathode, 
and the latter to the anode) at once neutralised and 
coagulated one another when mixed. The amount of 
electrolyte required for this coagulation was extra- 
ordinarily small ; hence the necessity for pure water 
in these experiments. This was important in the 
household of Nature and in industry. A colloidal 
solution of soap (prepared with pure water) coagu- 
lated.on addition of tap water, and fur that reason 
tap water was often unsuitable for washing ; the 
rivers deposited their mud at their mouths, where 
the salt water precipitated the fine colloids so far 
suspended in the purer water. 

Hardy had first shown that positively charged 
colloids were coagulated by negative ions, and vice 
versd, and had quantitatively studied the influence 
of valency. In the case of a negative colloid (pre- 
cipitated by positive ions) all depended upon the 
positive ion (the metal), not upon the radicle (the 
salt might be a chloride or sulphate, &c.), and a 
trivalent metallic ion was a thousand times more 
powerful than a monovalent ion. In the opposite 
case of a positive colloid the effect depended upon 





the negative ion. Hardy further noticed that some 


colloids could be made to behave like positive (or 
negative) colloids by adding a little acid (or alkali) 
to the colloid; this was demonstrated during the 
lecture by the migration of the coagulating particles 
in acidified or alkaline albumen. How the quanti- 
ties of electrolyte and colloids, and hence the 
electric charges, entered into the problem had been 
investigated by Burton at Cambridge. He took a 
gold solution containing 6.2 milligrammes per cubic 
centimetre, added aluminium sulphate to it, and 
measured the specific conductivity and the velocity 
of migration in the mixture. As the amount of 
aluminium salt increased, the conductivity increased 
but the velocity decreased, changed its sign —j . 
the migration reversed—and increased again on 
further addition of the sulphates. Silver solutions 
behaved similarly. The point in effecting coagula- 
tion was to remove the charge, not to introduce 
another charge. For in that case the repulsion 
between the equally charged particles was increased, 
and a solution could thus be maintained in the 
colloidal state instead of coagulating. If the solution 
were to be made more stable (non-coagulating), 
positive hydrogen ions H® should be added to 
positive colloidal particles, and negative hydroxyl 
ions (OH) to negative colloids. 

As a rule, colloidal solutions were prepared by 
chemical means. Bredig had introduced another 
simple way; he produced an arc between two 
electrodes of the metal in question under water. 
Mr. Everett, the lecturer’s assistant, demonstrated 
this by dipping one copper wire into water and 
approaching another copper wire to it, the wires 
being terminals, so as to produce a series of sparks ; 
colloidal copper particles were then given off. 
Almost all metal yielded colloidal solutions in 
water by this method, but it was noteworthy that 
negative colloids of the noble metals (gold, silver, 
platinum) could not be prepared in this way, when 
alcohol was substituted for water. Burton had, how- 
ever, found that organic compounds which contained 
a detachable hydrogen ion (which was not present 
in alcohol, because the latter liberated OH’ ions) 
would likewise yield negative colloids like water. 

Perrin, Sir Joseph continued, attributed these 
peculiarities of colloids almost entirely to the H® 
and the OH’ ions. These ions, when free, wandered 
in the solution, the H ion giving a positive charge 
to the particle on which it settled, and the OH ion 
a negative charge. The consideration of surface 
tension led, however, to another way of looking at 
this question. If two liquids B and A were in 
contact with one another, B being above A, more 
energy due to surface tension would be required for 
the abrupt transition from B to A than if the 
transition took place in steps with a layer C inter- 
vening between Band A. The tendency was that 
the total amount of energy involved should be 
small, and if there were two things above A, the 
one A, being analogous to A, the other B, being 
analogous to B, surface tension would intervene, 
and would separate these mixtures so as to render 
the transition as gradual as possible. That meant 
that surface tension would give rise to a tendency 
to chemical combination, and this fact should care- 
fully be borne in mind. In ordinary chemistry 
mass action was most important ; but with the very 
smallest colloidal particles having enormous surfaces, 
surface tension became paramount, more important 
than mass, and led, one might say, to a different 
chemistry. The latter conditions prevailed in the 
living cells. 








Supping Worip Yxrar-Boox. — The twenty-sixth 
edition of the Shtpping World Year-Book, edited by 
Major Jones, has just been issued, at a price of 10s. net, 
from the offices of the Shipping World, Effingham House, 
Arundel - street, Strand, W.C. Like the preceding 
volumes, it contains a directory of the ports of the 
United Kingdom, the Colonies, and all foreign countries, 
as well as the tariffs of each country. These features, 
which occupy over 1400 es, have made the book in- 
dispensable to all eng in shipping ; but, in addition, 
there are nearly 300 pages containing useful information, 
including a digest of Acts of Parliament appertaining to 
shipping, tables of freeboard and load-lines, issued by the 
respective authorities, lists of Government and Registry 
officials, tables of distances between the principal — 
and statistics regarding shipping and shipbuilding. 
Some suggestion of the great variety of the information 
given is found in the fact that the new and revised matter 
in this volume includes a list of Post Office radiotele 
graphic stations in the British Isles; abstracts of the 
Suez Canal tions published last January ; 4 list of 
the submarine bells ron | the coast of the British Isles ; 
modified cable rates ; and a revised list of the Chambers 
of Commerce and Shipping in the United Kingdom. 
Bartholomew’s shipping maps and a complete index add 
to the value of the work. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Aw ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 15th inst., at Storey’s Gate, Westminster, the 
chair being occupied (in the absence of the Presi- 
dent through illness) by Sir Frederick Donaldson, 
K.C.B. (Vice-President). } 

Before the usual business was taken the Chair- 
man expressed the regret of the Institution at the 
recent death of Mr. Thomas P. Reay, of Leeds, 
who had been a member of the Institution since 
1882, and a Member of Council since 1906. The 
Council had passed a resolution of condolence with 
Mr. Reay’s relatives, and a letter to that effect 
was being despatched. 

The Chairman also referred to the great regret of 
the President at his inability, owing to illness, to 
be present at the meeting, which was to some extent 
of an exceptional nature. 

The further announcement was made by the 
Chairman to the effect that, in consequence of 
the election of Dr. Unwin as Vice-President, and 
the death of Mr. Reay, the vacancies caused on the 
Council had been filled by the election of Mr. D. B. 
Morison, of Hartlepool, and Mr. W. H. Patchell, 
of London. These gentlemen would retire at the 
next annual general meeting, in accordance with 
Article 29. 

The ballot-list for the election of new members 
showed that eighty candidates had been found to 
be duly elected. Eight transferences from associate 
membership to full membership had, it was an- 
nounced, been made by the Council that afternoon. 


Tue Dreset O11-ENGrIne. 


The paper set down for reading and discussion 
was one entitled ‘‘ The Diesel Oil-Engine, and its 
Industrial Importance, Particularly for Great 
Britain,” by Dr. Rudolph Diesel, of Munich. This 
paper was read by the author, and as we print it in 
full in another part of the paper, we may proceed to 
the discussion, which was opened, after the passing 
of a very hearty vote of thanks to the author, by 
Mr. Dugald Clerk. 

Mr. Clerk said he had listened with the greatest 
interest to Dr. Diesel’s paper, recording his 
struggles with the Diesel engine from 1892 on- 
wards. He could sympathise with Dr. Diesel, 
because he was himself an old internal-combustion 
engine inventor, beginning as early as 1876 with his 
work on the internal-combustion engine. His 
experience gave him a vivid idea of the difficulties 
which Dr. Diesel had to face, and he had closely 
watched his progress from the time when he began 
with the idea of applying the Carnot cycle to 
practice. Dr. Diesel had, however, found that the 
practical application of the pure Carnot cycle re- 
quired about 500 Ib. to the square inch for compres- 
sion pressure, for 61b. per square inch mean pressure. 
He had therefore changed to less ambitious lines. 
He only knew of one other inventor who he could 
compare with Dr. Diesel—namely, Sir Charles A. 
Parsons, who began his struggles in 1884, and, as 
all knew, had since attained a phenomenal success. 
Few inventors realised all their anticipations. Sir 
Charles began in 1884 with a little 20-horse-power 
turbine, and had gone on up to the 80,000-horse- 
power engines of the great cruiser Lion. Dr. 
Diesel had gone a long way towards realising his 
dreams ; he had, in his lifetime, seen the develop- 
ment of the Diesel-cycle engine, and its application 
to almost every purpose in the world. He regarded 
Dr. Diesel as among the greatest living inventors. 

The idea of compressing air alone in the 
cylinder, and then injecting fuel into that air, 
either in a gaseous or a liquid state, was not a 
new one at the date when Dr. Diesel took up his 
work. Some twenty-five years ago (in 1887) the 
speaker had built an engine in Birmingham of the 
two-cycle type, in which air was sent into the motor 
cylinder, compressed in the compression space, 
and a separate pump for compressing gas forced gas 
into the eylinder, this gas igniting as it entered the 
cylinder, producing a constant-pressure type of 
engine. In 1888 he had built two engines of that 
type. Thinking that Dr. Diesel would like to see 
soine of the indicator diagrams taken in 1887 and 
1888, the speaker had brought a few cards showing 
the action of the injection, and also some governing 


diagrams, showing the action of the flame in the | 


cylinder. From a running sage of view the engines 
Were very good, but as he could obtain greater 


economies with explosions, he had not carried the 








matter further. It had, however, led him to take 
a great interest in the theory of the constant-pres- 
sure engine. 

In an early paper, contributed to the Institu- 
tion of Civil Engineers in 1882, he had developed 
the theory of the internal-combustion constant- 

ressure engine very fully, and had shown the 
on it was necessary to observe in order to 
obtain in theory the highest efficiencies possible. 
On the formula developed by him in 1882, and 
explained in his book in 1886, he had worked 
out the air-cycle efficiency of the Diesel engine. 
He had found that calculating the air-cycle efti- 
ciency of the Diesel engine from its compres- 
sion space, if it lost no heat at all, and had 
air alone as a working fluid, the theoretical 
efficiency would be 0.56. It appeared to him 
that some of the results obtained by Dr. Diesel, 
or by others, gave indicated efficiencies which 
were too high. That, however, was merely a 
scientific criticism. He had always regarded the 
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—the brake | gees developed for a given oil con- 
sumption and given heat units—the Diesel en- 
gines gave somewhere about 0.30. The Carels 
engine, tested by Mr. Longridge in 1905, gave an 
oil consumption at not quite full load as 0.444 Ib. 
per brake horse-power. From the thermal value of 
the oil given at the same time, he calculated a brake 
thermal efficiency of 294 per cent. Then the indi- 
cated thermal efficiency came out as 384 per cent. 
—a very notable efficiency. In 1908 an American 
Diesel engine gave 29.2 per cent. brake thermal 
efficiency, while another gave 28.1. Recent tests 
of Mirrlees engines, made at Stockport. gave 
314 per cent. He thought he might say that the 
usual maximum brake thermal efficiency of a Diesel 
engine ranged from 29 to 32 per cent. 

He next wished to turn to the subject of the 
gas-engine. From any good gas-engine with a com- 
pression ratio of about 54 it was possible to get, 
in brake horse-power, 30 per cent. of the heat given 
to the engine cylinder with any form of gas; as 
much as 35 per cent. might be got—that was, sup- 
posing the engine were not compressed high enough 
to pre-ignite. If, however, certain little precau- 
tions were taken, such as putting in a little exhaust 
gas (as he had often done). efficiencies up to 33 per 
cent. and 34 per cent. might be reached and main- 
tained. No commercial gas engines, however, gave 
34 per cent., because the compression was a little 
too high and required the use of carbonic acid gas 
to keep down pre-ignition. About 32 per cent. 
was the regular thing. He differed from Dr. Diesel 
in thinking that there was any special efficiency 
from a thermo-dynamic point of view in the Diesel 
type of engine. The great advantage of the Diesel 
engine did not lie in that. The speaker would 
undertake to build a compression engine with an 
expansion sufficiently long to give any thermal 
efficiency, either indicated or brake, which Dr. 
Diesel might get with his type. He would use 
the explosion type and leave the other to Dr. 
Diesel. To carry out such a propositien, how- 
ever, it would be necessary to make a very 
much heavier engine than he was accustomed 
at present to build. As Dr. Diesel had said, 
the Diesel engines were much heavier than the 
ordinary type, as they weighed, in the earlier 
engines, 500 lb. to 600 lb. per brake horse-power, 
and in the high-speed engines 110 lb. per brake 
horse-power. Bearing the weight of 500 lb. to 
600 lb. in mind, he would like to refer to the weights 
of some other engines. In Table I. he had given 


TaBLE I.— Weights of Large Continental Gas-Engines of 


























wes one c the Tandem Double-Acting Four-Cycle Type. 
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Bn esl : . 750 68.5 17. 2 4.5 52.6 
published indicated efficiencies of the Diesel engine | 700 81.7 15.7 261.0 60.2 
as being almost all too high. This was the reason.| as ' a57.8 


In calculating the indicated power of the Diesel 
engine the positive diagram above the compression 
was taken for the mean pressure. That positive 
diagram, however, included a certain proportion of 
work given by the high-pressure compressed air 
coming from the compressors. On the Continent 
engineers had considered that this was a friction 
loss, and should go into ‘‘ mechanical efficiency.” 
He differed from this view ; it should not be cal- 
culated in the mechanical efficiency at all, but 
should be considered one of the thermo-dynamic 
elements. Calculated in that way, it would be 
found that the Diesel diagram, from the point of 
view of indicator efficiency, would give something 
under 40 per cent. He could not agree that 
48 per cent. had ever been obtained for the indi- 
cated efficiency ; it did not in the least affect brake 
results, but it did affect the pure thermo-dynamics 
point of view. Taking 0.56 as the highest air 
efficiency, with the expansions used, then, ac- 
cording to a great many experiments made by 
English engineers, a higher economy than 0.7 
could not, by theory, be obtained. Multiplying 
0.56 by 0.7, the result was 0.39. Dr. Diesel had 
actually got the very high efticiency of about 39 to 
40 per cent., but he considered as erroneous the 
48 per cent. which was mentioned in the paper. 

By the final method that all must ultimately take 





particulars of a number of engines of different 
powers, with the weight of enyine without fly- 
wheel, weight of fly-wheel, and also weight of engine 
per brake horse-power. These were Continental 
engines, varying from 237 lb. per brake horse-power 
at 630 horse-power up to 298 lb. at 2000 horse- 
power. 

A characteristic of the gas-engine was that as the 
cylinder diameter was increased there was an in- 
crease in weight per brake horse-power. The dia- 
gram reproduced as Fig. 1 herewith showed this 
characteristic plotted in thecaseof a numberof recent 
‘* National ” horizontal single-cylinder gas-engines. 
The line A B gave the weight for single-cylinder 
diameters for horizontal engines. ‘he points 
represented different makes of engines, as explained 
by the key. At the top right-hand corner a point 
represented one of the great Cockerill engines 
made with 51}-in. cylinders. The diagram lines 
were practically straight. The crosses represented 
the ‘* National ” ~~ This big Cockerill engine 
gave 440 lb. per brake horse-power. The new 
‘** National” vertical tandem, with a 22-in. cylin- 
der, gave 110 lb. per brake horse-power. This 
engine was represented on the line CD. In 
the case of single-acting engines very big weights 
were reached, and the weight per horse-power 
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increased enormously. This was the reason why 
Dr. Diesel had found it necessary to turn his atten- 
tion to the two-cycle engine, and the speaker was 
interested in that fact. 

In Fig. 2, Mr. Dugald Clerk showed lines repre- 
senting several types of engines to bring out the 
differences between the various types. The line A 
was for a horizontal single-cylinder single-acting 


were sufficiently great, but he thought that in the 
Diesel engine they were even greater. 

Mr. Basil Joy wished to ask whether Dr. Diesel 
could give the explanation of the serious accident 
to the M.A.N. engine which recently occurred, in 
which several men were killed. He thought there 
was no use in concealing that fact that there had 
been an accident, and if the cause were known, 





type, and showed a rise in weight with increase of 
—. One example showed about 440 lb. per 
rake horse-power. The line B was for horizontal 
double-acting tandem engines, and as an example it 
would be seen that one having 800 H.P. had a weight 
of only 205 lb. per horse-power. With the same 
power, a ‘‘ National” vertical tandem engine, shown 
on line C, gave only 110 1b. Particulars of all these 
engines are given in Table IT. In the case of Dr. 
Tasie Il.—Particulars of Gas- Engines of Different 

Dimensions and Types. 
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Blast-Fur- 
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Diesel’s 800-horse-power engine (he believed the 
power was 200 horse-power per cylinder), the 
weight was considerably heavier than any of these, 
and equalled about 600 lb. per brake horse-power. 
That showed that there must have been some 
reason for building the Diesel engines so heavy. 
The foregoing observations would, Mr. Dugald 
Clerk contended, show how necessary it was to get 
off the four-cycle lines, and by having double-acting 
two-cycle engines, such as those built at Niirnberg 
(he believed the Niirnberg Company were the only 
builders of the double-acting type), the weights for 
engines of the same speed could be reduced to 
200 lb. per brake horse-power. The recent Diesel 
engines that the author had spoken about— 
those of 110 lb. weight per brake horse-power 
—were high-speed engines. Dr. Diesel had man- 
aged, with great engineering ability, to go up 
to the 23-in. or 24-in. cylinder. But in design- 
ing the Diesel engine it was not only necessary to 
design for the 500 lb. per sq. in. in compression, 
but also for the equivalent of pre-ignition in ordi- 
nary gas-engines. In gas-engines it was usual to 
design for 400 1b. per sq. in., and to allow an 
additional 120 lb. for pre-ignition (5201b. in all). 
In the Diesel engine, so far as he understood, the 
design had to be, not for the ordinary maximum 
pressure of 500 1b., but for 1000 Ib. ; because if, 
by any chance, the inlet valve got stuck up, and it 
happened that anything went wrong while there 
was a charge in the cylinder, and air was being 
compressed (as it was in 99 or more per cent. of 
cases with the Diesel engine), the mixture might be 
compressed, with the result that, unless enough 
metal had been provided. there might be a bad 
accident. Enough metal had been provided in the 
smaller Diesel engines, but the speaker did not see 
how this provision could be made in the case of 
the large cylinders. The difficulty arose beyond 
24 in. diameter. He understood there was a 
Diesel engine with a 35-in. cylinder, but if he had 
to work with it he would be very cautious. He would 
be glad to know if there were any safety arrange- 
ment to get over the difficulty of a sticking valve. 
If Dr. Diesel could show what methods he proposed 
to adopt to get the large 30-in. and 40-in. cylinders, 
it would be useful. The difficulties of ordinary 
gas-engine design for sizes over 400 horse-power | 


that knowledge might be of assistance in render- 
‘ing the Diesel engine safer in the future. He 
|would further ask if it were the fact that the 
"engines of the Quevilly, the big French auxiliary, 
‘were about to be, or had been, taken out of 
‘the ship, not on account of any fault in the 
engines, but because the propellers were found 
to cause a serious drag on the ship. He 
hoped this was not true, and that Dr. Diesel 
could furnish an explanation, because the Diesel 
‘engine as an auxiliary seemed to the speaker 
| to be a magnificent thing. 

| Under the heading of ‘*T wo-Stroke-Cycle Engines” 
‘the author had said that ‘the two-stroke-cycle 
| engine, with its smaller cylinders, has now come 
_into favour for stationary plants of higher horse- 
| power, and as a marine engine has become the only 
standard type,” and also that ‘‘on the whole engineers 
are, for navigation purposes, inclined to abandon 
the four-stroke cycle entirely.” Mr. Joy thought 
that these remarks required a little qualification. It 
was quite true that the greater part of the Con- 
tinental Diesel-engine builders were building the 
two-stroke-cycle type, and it was equally true that 
there were no big two-cycle engines afloat in the 
waters of Western Europe. At least three ships 
of reasonable dimensions—the Vulcanus, the Sem- 
bilan, and the Selandia—were fitted with the four- 
cycle engine. He confessed that he had no know- 
ledge of the attitude adopted by Messrs. Nobel in 
regard to the four-cycle engine. As was well known, 
they had a very large fleet. Some of the diffi- 
culties met with in regard to the two-stroke cycle 
were, perhaps, due to weight-cutting. Makers 
of the four-cycle type had erred in the opposite 
direction—they had piled on weight, and the 
four-cycle engine had become enormously heavy. 
That, however, did not seem altogether a fault for 
commercial pur s. He believed that difficulties 
had been experienced with the two-cycle type used 
in German submarines, on account of weight-cutting. 

He would ask Dr. Diesel if he could give any in- 
formation as to the difficulties incidental to double 
acting. Were any combustion troubles set up by 
the fact that the fuel and air valves had a rod in 
between them? He thought Fig. 24 showed a 
single-acting, and not a double-acting, engine, as 
described in the paper. In the views of the small 
engines shown, he thought air-compressors to give 
900 lb. per sq. in. very costly installations. He 
would ask if Dr. Diesel had seen the new American 
devices to take the place of the compressor. One 
consisted of a little plunger in the cylinder head, 
which was tripped by a cam-gear and projected to 
the opposite end of the cylinder at great velocity, 
thus producing an air-pressure strong enough to 
inject the fuel. In a second device a projection on 
the top of the piston fitted into a recess on the 
cylinder head and compressed air to a high pressure. 

here might be difficulties in relation to these 
devices, and perhaps Dr. Diesel could say if he had 
had any experience of them. 

He would also inquire whether the author could 
explain exactly the difference between the Diesel 
engine and the Sabathé engine. The latter claimed 
to carry out combustion partly at constant volume 
and ped at constant pressure, whereas Dr. 
Diesel claimed constant pressure. Was it not the 
fact that if fuel were introduced earlier in the 
Diesel engine the same result would be obtained ? 
At the same time the Sabathé engine was re- 
markably economical. The ofticial Admiralty ten- 
hour tests gave 0.39 lb. paraffin per horse-power 
aad hour at full load, and 0.44 Ib. at five-eighths 
oad. Finally, he would ask how long a Diesel 
engine could run with the tarry oils that were given 
by the author in the paper as being suitable for 
combustion. He believed the Quevilly had had a 
lot of trouble with choking by dirty oil, The 
speaker had examined the piston of an engine 
which had run on shale oil for thirty days without 
stopping, and it appeared that it could have run 
much longer. How did these tarry oils he was 
— of compare with that ? 

r. H. 


Ade Clark, who spoke next, reminded 
the Institution that he had 
July, 1903, a paper dealing wit: 





resented to it in 
P the Diesel engine 


as then developed. He would refer to the fact 
that in 1906 Mr. Frederick H. Tanner, of Bristo] 
filed the final specification for a double-acting two. 
stroke-cycle Diesel engine. In 1907 Mr. Tanner 
built an engine at Bristol, and had called him in for 
advice, and it was running in December, 1907 and in 
1908. The cylinder was 8 in. in diameter, the stroke 
being 12 in. On the down-stroke the bottom piston 
was in action, and on the up-stroke the top piston 
was in action. The rod connecting the two was 
thus always in tension, never in compression. The 
piston-rod was water-cooled, and the stufting-box 
was between the twocylinders. The injection-valyes 
were, of course, placed horizontally. Mr. Tanner, 
after some difticulty, found in July, 1911, that 
Messrs. Workman, Clark and Co. were willing to 
undertake the manufacture of this engine, and at the 
present moment there was going through their 
shops the work for a three-cylinder single-acting 
two-stroke engine. All that was required to make 
it double-acting was to add a tandem cylinder on 
the top of each existing cylinder, with a suitable 
piston-rod between them. 

For marine-engine work that double-acting two- 
stroke-cycle type would be the engine of the future, 
for the reason that it was exceedingly simple to 
make. The Continental firms used very complicated 
valve mechanisms, and the piston type of air-com- 
pressor. Mr. Tanner first uncovered the exhaust 
ports, and then brought air in at the scavenging 
ports. Plenty of air was admitted on one side, was 
deflected up into the cylinder-head and drawn out 
at the other side. Valve mechanisms could thus be 
abolished. Mr. Tanner used a turbo-blower, which 
abolished the reciprocating scavenging pump. The 
essentials to the success of the marine type of Diesel 
engine were, in the first place, absolute reliability ; 
in the second, ease and simplicity of reversal. Mr. 
Tanner’s design would secure this latter advantage 
also. When running as an oil-engine there would 
be but one working valve—viz., the oil-injection 
valve. When reversing, this valve only would 
have to be put out of action, and the compressed air 
brought into action through a hand-wheel-operated 
control-valve, entering the cylinders by automatic 
starting-valves. The control-valve was a con- 
tinuously rotating valve, divided longitudinally into 
two parts, one of which would distribute com- 
pressed air for starting the engine ahead, and the 
other part would perform the function for starting 
the engine astern, the fuel-cam at the same time 
automatically taking up its position for ahead or 
astern running. The starting would be done by a 
hand-wheel, which first threw out of action the 
fuel-valve ; secondly, permitted air to go to that 
part of the control-valve which started the engine 
in the desired direction ; the third action would be 
the return of the starting-wheel to the normal 
running position, returning the fuel-cam into action 
and cutting off the compressed air. 

Mr. Mark H. Robinson said he would only refer 
to one matter, which was but lightly touched upon 
in the paper, but which he thought of great im- 
portance. The claim was set up that the Diesel 
engine was not merely the best engine where coal 
was scarce or could not be had, but was also the 
best where coal was plentiful. In other words, 
coal could be more advantageously employed by 
making gas for a gas-engine, tar for the Diesel 
engine, and coke for other purposes, and also by 
extracting by-products, than by burning it in the 
furnace of a steam-boiler. If that view was support- 
able it was a matter of the very greatest importance. 

Mr. H. S. Russell said that in Dr. Diesel’s paper 
very little was said about the English makers. The 
first Diesel engine made in this country was made 
by Mirrlees, of Glasgow, in 1897, the year given hy 
Dr. Diesel for his first successful engine. That 
engine was still in constant use with an air-com- 
pressor for charging air-receivers. It was a small 
engine, 10 in. by 16 in., working at 200 revolutions, 
and giving about 20 brake horse-power. It had 
been tested in 1898 by Professor Watkinson 
and showed a thermal efficiency of 38.6 per 
cent., and a fuel consumption of 0.5 Ib. oil per 
brake horse-power hour, the oil having 17,300 
B.Th.U. per lb. The efficiency and fuel consump- 
tion were practically as good as any that had 
been obtained with any engine of that size. 
Dr. Diesel apparently concluded that because there 
were no Diesel engines in the English Section of 
the Turin Exhibition, England had very little 
interest in that engine. Asa matter of fact it was 





due solely to want of interest in Turin. Much 


‘had been said about the big engines built on 
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Continent. The biggest engine his firm were 
building at the present time was the 750-brake- 
horse-power engine, built with cylinders of sizes 
which had been tried for a long time and had 
proved very reliable. Could the same be said of 
the large engine to which the author had referred ? 
Some time ago an officer of the British Govern- 
ment, after a visit abroad for the purpose of inves- 
tigating the Diesel engine question, had told him 
that he was satisfied that, except on paper, the 
Continental engineers had done no more in regard 
to the Diesel engine than had been done here. One 
of the illustrations to the paper showed a picture of 
a 1200-horse-power, single-cylinder, single-acting, 
two-stroke-cyele Carels engine. It did not appear 
to be a fair example of an actual engine, as it had 
no connecting-rod. : ; 

3ritish people were too easily taken in by 
the supposed Continental superiority. In four 
recent cases municipalities had bought Diesel 
engines, the engineer, the chairman, and sometimes 
some members of the council, having had, before 
doing so, a nice trip going round Continental 
works. Although specially invited to do so, these 
gentlemen were unable to find time to come and 
see what British firms were doing. In consequence 
he had once gone so far as to tell a chairman of a 
municipality that he could come to Stockport as 
easily via Paris as via London. Had time per- 
mitted he could have referred to improvements 
introduced by British manufacturers and taken up 
by Continental firms. The high-speed engines 
referred to by the author were really, in the first 
instance, developed by British firms. Twenty or 
thirty of these were working in battleships and 
cruisers, and several others were on order for the 
new programme. These were crank-chamber engines, 
wholly enclosed, and with forced lubrication through- 
out. Many had had continuous runs of over 900 
hours—over five weeks—without attention. 

Two-stroke engines and horizontal engines were 
not new. A two-stroke engine was shown at the 
Glasgow Exhibition in 1901. It was supposed that 
the weight of the two-stroke-cycle engine must be 
less than that of the four-stroke-cycle. A friend 
of his with experience of both types informed 
him that whatever reduction the makers promised, 
the weight was actually about the same. The limit 
of power obtainable from the cylinder of a Diesel 
engine, as in all internal-combustion engines, was 
determined by the heat in the cylinder. A certain 
safe heat was taken, and a margin allowed on that, 
and the power that could be devoloped was deter- 
mined by these allowances. It was attractive to think 
that by using a two-stroke cycle double the horse- 
power could be got out of the same cylinder, but 
for the double horse-power double the heat was 
being generated; and if the engine was already 
working at the safe limit of heat in the cylinder, it 
would be necessary to run at half the speed. He 
could not see, therefore, how much gain in weight 
could be secured. He would much like to know 
if anyone could explain why, without specific ad- 
vantage, the horizontal type had been adopted. 
Perhaps the real answer was given by the author 
in his conclusions, where he says :—‘‘The fads, 
habits, and tastes of the purchasers, and the kinds 
of machine-tools in use in the works, have to be 
taken into consideration rather than technical 
points of the engine itself.” 

Mr. Henry Lea here made a remark based, how- 
ever, on a misunderstanding of some figures for 
fuel costs given in the paper. The error having 
been pointed out, the discussion was continued 
by Mr. E. R. Briggs, who said he thought the 
Diesel engine would be developed largely for 
marine work and for central power-station work. 
The two-cycle type was likely to prevail, because 
these engines would be lighter, and they would 
have an advantage if weight were a considera- 
tion. There was also the question of reversal, 
which led him to believe that the engine of 
the future would be of the crosshead type ; the 
advantages of the crosshead over the trunk piston 
Were enormous, and very few arguments, save that 
of cost, could be brought against the former, 
whereas very many sound reasons were favourable 
to its use. The crosshead permitted the enclosed 
crank chamber, allowed the crosshead to be used 
ee and not as a piston ; it could be properly 
ubricated. The piston itself would therefore be 
of simpler construction. The crosshead engine 
also permitted the use of a diaphragm across the 
top of the crank-chamber and a water - cooled 
piston. One great disadvantage of the enclosed 








crank-chamber trunk engine was the fact that 
carbonised oil found its way into the crank- 
chamber, and when the oil was used with forced 
lubrication the small particles of carbonised oil 
found their way back into the bearings again. 
Although the crosshead engine was likely to be 
taller, this perhaps would be counterbalanced by 
the fact that it would require less space for with- 
drawal of the pistons. This country was the home 
of the vertical ichapeed steam-engine, and central 
power-station engineers had utilised these engines 
almost exclusively up to about ten years ago, when 
they were superseded by the steam-turbine. The 
Diesel engine of the future would, he thought, be 
of the vertical ty pe, with the enclosed crank-chamber 
and forced lubrication; but whether of the crosshead 
type would depend on the customers themselves. 
Though he had no doubt that the crosshead engine 
was much the better engine of the two, it could 
not be made for the same price as the trunk engine, 
and if central-station engineers insisted on accept- 
ing the lowest tender, irrespective of other con- 
siderations, the crosshead type would have little 
chance of development in this country. 

As the hour was getting late, the Chairman then 
invited Dr. Diesel to reply briefly to the main 
points raised in the discussion. 

Dr. Diesel first thanked Mr. Dugald Clerk for his 
kind remarks. He pointed out that Mr. Clerk had 
done much pioneer work in the development of the 
internal-combustion engine, and that he personally 
had profited greatly by that work. He had not 
eg seen Mr, Clerk’s diagrams, which struck 

im as very similar to the Diesel-engine diagrams 
that were made many years ago. During the more 
difficult period of the development of his invention 
he had closely studied Mr. Dugald’s Clerk’s patents. 
He entirely shared Mr. Clerk’s opinion that the 
German method of figuring the thermal efficiency 
was not right ; he was one of the few in Germany 
who held that view. But in Germany the aim had 
been to simplify matters as much as possible, and 
simply to take the indicated horse-power of the 
diagram and the brake horse-power, and, dividing 
the two, take the result asefliciency. It was possibly 
quite true that the gas-engine of to-day gave as 
great an efficiency as the Diesel engine, but fifteen 
years ago, when the first Diesel engines were 
made, that was not the case ; the efficiency of the 
first Diesel engine was nearly double that of the 
gas-engine of that time, and he considered that 
the results of the Diesel engine had in some way 
contributed to the improvement of the gas-engine, 
so that both were now equal in efficiency. Mr. Basil 
Joy had inquired into the reasons for the Niirn- 
berg accident. As he would be connected with the 
inquiry into the cause of that accident, though he 
was quite aware of all the details, it was unwise 
for him yet to speak upon it publicly. He could, 
however, say that nothing in the Diesel system or 
principle had contributed to the accident. The 
various causes were, to some extent, cumulative, 
and referred, not to the high-pressure part of the 
engine, but to the low-pressure part—the scavenging- 
pipe, where an accident was least to be expected. 
Oils had been employed which might have vaporised, 
and so on, but he could not go into details. 

It was news to him that the engines of the 
Quevilly had been taken out, but he had pointed 
out that the propeller resistance took half a knot off 
the speed of the ship when the motor was stopped 
and the vessel progressed by sail. This may ve 
been the reason for the change, if there had been 
any. Everything was still in a condition of deve- 
lopment. France was making four-stroke-cycle 
engines entirely and developing them for marine 
work, while others were making two-stroke-cycle 
engines. Most of the manufacturers were tending 
towards the two-stroke cycle for marine work, as 
he had said-in his paper. As to the difference 
between the Diesel and the Sabathé engines no 
difference existed, and the results were the same. 
It was only a question of patent. Sabathé divided 
his combustion space into two, or said he did, and 
secured slightly increased pressure at the begin- 
ning, otherwise there was no difference. 

Dr. Diesel regretted being unable to give more 
information about British-made engines, but he had 
been unable to get it from makers. The first 
Diesel engine was made by the Mirrlees, Watson, 
and Yaryan Company in 1898 ; it had been made 
to his designs. This first engine had been made 
after a report on the Diesel motor by the late 
Lord Kelvin. Lord Kelvin had been the first in 
England to recognise its importance. With regard 





to the weight of the engines, the two-stroke type 
weighed about 20 per cent. less than the same 
powered four-cycle engine, and cost about 15 per 
cent. less. As to cooling of the pistons, this made 
no difference. He could not say why the hori- 
zontal type had been adopted. e believed com- 
petition, with the accompanying desire to present 
something new, entered into the question. Per- 
sonally he regretted the fact, as so many types of 
engines merely complicated the whole question. 
In conclusion, Dr. Diesel thanked the meeting for 
the very friendly reception he had met with, taking 
this not so much as a compliment to himself, but 
as a mark of appreciation of the magnitude of his 
case. He had devoted his life to the Diesel engine, 
but it would not have attained to such importance 
had he not been fortunate in obtaining the col- 
laboration of the best engineers in the whole 
world, and he would take the opportunity of thank- 
ing all his co-workers in all countries for the work 
they had done and the help they had given to 
enable the principle of the Diesel engine to be 
developed to its present extent.* 

The Chairman then brought the proceedings to a 
close, announcing that the anniversary dinner 
would take place on April 18 next, and a circular 
relating to the matter would be issued to members 
in due course. The next general meeting would be 
held on Friday, April 19, when the *‘ Tenth Report 
of the Alloys rch Committee on the Alloys of 
Aluminium and Zinc” would be read and discussed. 
The Chairman further intimated that there would be 
no conversazione this year, in consequence of the 
operations which were now proceeding in connection 
with the enlargement of the Institution building. 





Ferrro-ConcreTe Boats.—Messrs. E. Ellmer and Co., 
of Stettin, builders in cement and ferro-concrete, have 
constructed a petrol-motor boat which is entirely built 
in ferro-concrete, the keel, heelpost, frames, shell, and 
bulkheads being all made of this material. The boat is 
intended for pleasure trips on the River Oder, and a 
moderate speed is only intended ; the boat, 7 metres in 
length and 1.75 metres in width, is not to run at more 
than 6 miles per hour. Ferro-concrete is said to be cheaper 
than wood and iron, and their combination. Such craft 
have been built in Italy for some years, but they have 
not found favour so far, and we have not heard anything 
further about a concrete boat built on the River Stolpe 
in Pommerania, some years ago. 





Wire-Rorr Linge across THE Surinam River.— 
Instead of building a railway bridge over the Surinam 
River, in Dutch Guinea, South America, the Colonial 
Department has installed two iron towers, which rise 
27 metres above the water-level at Kadjoe, and has 
joined them by a cable line, 310 metres in length. The 
plant was supplied by the firm of Adolf Bleichert and 
Co. The power is supplied by a steam-winch, which 
both raises and traverses the load. The railway line ends 
on both sides of the river. The load is raised, pulled 
across the river, and lowered again. Loaded with two 
buckets, each carrying 1 ton, the crab can do this in 
three minutes. The maximum load is 6.5 tons. One of 
ae eee is rigidly fixed, the other is hinged at the 








* [During the past few years a number of articles on the 
Diesel engine have appeared in our columns, and references 
to the more important of these may be convenient. They 
are as follow :—Vol. lxix., ‘‘The Diesel Engine,” page 5. 
Vol. Ixx., ‘New Experiments on Diesel Oil-Engines,” page 
307. Vol. lxxi., ‘““The Diesel Engine,” page 419. Vol. Ixxvi., 

per read by Mr. H. A. Clarke before the Institution of 
chanted ingineers, pages 165 and 197. Vol. lxxix., 
**500-Horse-Power Diesel Engine” (Carels), page 725. 
Vol. Ixxxii., “‘Oil-Engines for Marine Purposes,” page 
463. Vol. lxxxiii., ‘‘ Tar-Oil for Diesel Engines,” page 782. 
Vol. lxxxvii., paper by Mr. F. R. 8. Bircham before the 
Institution of Naval Architects, ‘‘ Internal-Combustion 
Engines for Submarines,” pages 478 and 485. Vol. xc., 
‘* Beardmore 180-Horse-Power Marine Engine,” 50; 
‘* 600 - Horse- Power Diesel Engine” (Dutch Engine 
Works), page 731. Vol. xci., ‘*‘ Westinghouse Semi- Diesel 
Engine,” page 113; paper by Mr. J. T. Milton before 
the Institution of Naval Architects, ‘‘ Diesel Engines for 
Sea-Going Vessels,” es 473 and 495; ‘‘The Nuremberg 
Marine Oil-Engine, 484; “‘The First Two-Cycle 
Double-Acting Diesel Engine,” page 583 ; ‘‘ Diesel Marine 
Oil- Engines,” 586. Vol. xcii., papers read before 
the British Association, ‘‘The Diesel dil Kngine,” by Mr. 
C. Day, pages 344 and 369, and ‘ Crude-Oil Marine 
oy by Mr. J. H. Rosenthal, pages 346 and 471; 
“The Junkers Marine Oil-Engine,” 698. In the 
present volume : ‘‘ Internal-Combustion Engines at Sea,” 
page 51; ‘‘Two-Oycle Diesel Marine Engine” (Carels), 

e 80; “‘Nuremberg Marine Oil-Engine,” page 177 ; 
‘Diesel Marine Engine’ (Paolo, Kind and Co.), page 216; 
‘*Semi-Diesel Marine Engine” (Beardmore), page 260 ; 
“Two and Four-Cycle Diesel Engines” (Sulzer), page 317; 
‘The Marine Oil-Engine,” e 321; descriptions of the 


oil-engined vessels Selandia and Jutlandia, peace 260 
and 315, and Sembilan, page 349; paper read r. F. 
Romberg before the German Naval Architects, ‘‘Internal- 





i Engines for German Fishing- Boats,” page 298, 
—Epb. E. 
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THE LONDON, BRIGHTON, AND SOUTH COAST RAILWAY ELECTRIFICATION. 
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THE LONDON, BRIGHTON, AND SOUTH its personnel and plant. The method of handling | electrified part of the railway, and to work it as a 
COAST RAILWAY ELECTRIFICA- the new conditions imposed by partial electri-| separate entity and independent from the locomo- 
fication will naturally vary with different rail-| tive department. This extended electrical . wt 


“4 
TION. No. V. |ways, but the system in use on the Brighton tion, which is under the control of Mr. R. 
Reparr-Suops AND MAINTENANCE ARRANGEMENTS. | line would appear likely to result in the close and | Houghton, M.I.E.E., maintains both the rolling- 
Tue electrification of a limited part of a steam | undivided attention which are necessary if the | stock and the distributing equipment of the elec- 
railway naturally introduces many new conditions electrical plant is to give the best results of which | trified lines. : 
in reference to maintenance and repair which have | it is capable. The electrical equipment of the) ‘Ihe stock which has to be maintained by the 


to be dealt with by new organisation and equip-|South London and Crystal Palace lines of the electrical department consists of 30 motor-coaches 
ment, since it is impossible that the upkeep of an | Brighton Company has been accompanied by the and 44 trailers at the present time, while some 
electric rolling - stock and distribution system | reorganisation and extension of the electrical /10 further motor-coaches and 21 trailers will be 
should be taken over by the existing organisa- | department on such lines that it has been able to brought into use when the full electrical service 1s 
tion of a steam railway without modification in take over the running and maintenance of the | put into operation on the recently opened Tulse 
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Fie. 73. View Instpe Car-SHeps at PeckHam. 


Hill to London Bridge branch. When the com- | exception of the first trailers built for the South 
pete service is started there will be a total, includ- | London line, is equipped with electrical apparatus, 
ms Spares and stand-bys, of 50 motor-coaches and | since all new trailers are fitted with control gear. 
a trailers, The South London and Crystal Palace | Incidentally it may be said that the original first- 
f whieh each worked by seven trains, the length | class trailers of the South London line are now 
; 2 w uich is, of course, varied during the day to| being withdrawn from the electric service, and put 
“ul the exigencies of traffic. The electrical service into other work on the Brighton system, as their use 
= the Tulse Hill line is worked by two trains | necessitates an inflexible train unit, which has not 
wrth ‘emporary arrangement at present, as the full | been found suitable for the South London traffic. 

to ised cannot be put into operation until the| The rolling-stock is overhauled and repaired in 
ve vised Summer schedule of the whole railway is|two specially built shops, situated respectively at 
started in June. The whole of the stock, with the Peckham and Norwood. The Peckham shops were 














View or Petrroi-Evectric Reparr-Coacu. 


built at the time of the conversion of the South 
London line, while the Norwood shops form part 
of the Crystal Palace scheme. The main overhaul 
and repair work for the whole of the stock is carried 
out at Peckham, the work at Norwood being con- 
fined to such minor repairs as are found necessary 
during the daily and weekly inspections. The 
system of working is to subject each coach to an 
inspection as it leaves service each day, and in 
addition to inspect it in greater detail each week. 
A complete overhaul and dismantling of the elec- 
trical gear is carried out after each coach has run 
from 60,000 to 70,000 miles. This mileage gives 
time intervals of about a year between each over- 
haul. The whole of this main work, as before 
stated, is carried out at Peckham, the more fre- 
quent inspections for the Crystal Palace stock 
taking place at Norwood, and for the South London 
stock at Peckham. The Norwood shops in the 
main serve the purpose of a auteendied, while 
those at Peckham originally served both as a repair- 
shop and carriage-shed; the two services have, 
however, now been separated at Peckham, and a 
new carriage-shed built, which has just been opened 
for service. 

The general arrangement and lay-out of the 
Peckham shops is shown in Figs. 66 and 67, on 
page 378. As will be seen, the repair-shops are 
situated alongside the South London line, while 
the carriage-sheds are placed in the angle of land 
between the South London line and the Peckham 
and Tulse Hill branch. The repair-shops are built 
as two bays, one forming the workshops and the 
other serving as a lifting-shop and having two 
through roads provided with pits. The new car- 
riage-shed has four roads, all provided with pits, 
while additional sidings are laid alongside it, as 
shown in Fig. 66. Connecting-roads give access 
to the carriage-sheds for trains entering from the 
London Bridge direction, while similar roads con- 
nect the repair-shops with the South London line 
from either direction. An additional inspection-pit 
is placed below the road connecting the repair- 
shops on the Victoria side. 

Some illustrations of the repair-shops are given 
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in Fig. 71, on page 379, and Figs. 74 and 75, on page 
386, which, in addition to Fig. 67, will give a good 
idea of its type and construction. The lay-out of 
the shop is best shown in Fig. 66. The lifting-shop 
is not fitted with overhead conductors, and trains 
are hauled in or out by means of electric capstans, 
of which there is one of 7 tons, two of 3} tons, and 
one of 2} tons. The7-ton capstan will haul its full 
load at 40 ft. a minute, and a light load at 120 ft. 
a minute. The 3}-ton capstans will pull their 
full load at 50 ft. a minute and a lighter load at 
100 ft. a minute, and the 24-ton capstan will 
hiul at 50 ft. per minute. All the capstans are 
fitted with automatic brakes, and are driven by 
single-phase motors of the same type as those used 
on the rolling-stock. The lifting-shop is also fitted 
with a 20-ton overhead traveller driven by three 
single-phase motors of the same type as those used 
on the capstans. This craneis, of course, available 
for any lifting work which may be required, but 
the arrangement used for lifting coaches prepara- 
tory to the removal of bogies should be specially 
mentioned. This arrangement consists of a 
large double clamp which embraces the coach and 
lifts it free from the bogie, as is well shown in 
Fig. 71. The clamp when not in use is hung ona 
wall bracket. By means of this lifting device it has 
been found possible to change a motor bogie and 
finish a train ready to leave the shops again in 
47 minutes. 

The workshop is connected with the lifting-shop 
by means of a traverser and two turntable roads 
in such a way that bogies complete with their 
motors may be taken into it for repair. This 
shop has a central road with a pit, as shown in 
Fig. 75 and in some of the other illustrations. 
The Victoria end of the workshops is of one story 
only, and contains the various machine-tools which 
are necessary in connection with the repair work. 
These tools are all driven by single-phase induction 
motors. This part of the shop oe contains a 5-ton 
electrically-driven overhead traveller. The other 
end of the shops is divided into two stories, the 
lower of which is used as a store, and the upper of 
which serves for the overhaul of the smaller elec- 
trical apparatus. The upper story also contains 
the vacuum drying apparatus and the test-room. 
Power is supplied to the shops from a local trans- 
former sub-station, the position of which can be 
seen in Fig.66. The power voltage is 300, and the 
lighting voltage 150. The lighting is by metallic 
filament lamps. The buildings are steel-framed 
structures filled in with asbestos slate slabs, and 
have wooden roofs covered with ruberoid tiles. 

An interior view of the carriage sheds is given in 
Fig. 73, on page 379. They are steel-framed struc- 
tures filled in with brick screens, and have large 
windows, as shown in the figure. They have roofs 
similar to the repair-shops. They are fitted with a 
25-ton overhead travelling crane of similar type to 
that used in the lifting-shop. This crane is used for 
such lifting of the car-bodies as may become neces- 
sary during the ordinary maintenance work. The 
shops have a small workshop attached, in which 
maintenance repairs are carried out, as the mainten- 
ance work is separated entirely from the annual over- 
haul, which is eee" after in the repair-shops. The 
sheds, at present, contain no overhead conductors, 
and are fitted with electric capstans, but two of the 
inside roads will shortly be fitted with such over- 
head conductors, in the manner which is referred 
to below in connection with the Norwood sheds. 
They are supplied with power from their own trans- 
former sub-station, which is independent from that 
which supplies the workshops. The whole of the 
cranes and capstans for both shops were supplied by 
Messrs. Stothert and Pitt, Limited, of Bath, and 
are fitted with motors manufactured by the main 
electrical contractors, the Allgemeine Elektricitiits 
Gesellschaft, of Berlin. 

The Norwood carriage-sheds are shown in plan 
in Fig. 68, on page 378, while sections are given in 
Figs. 69 and 70, on the sme page, and views 
taken from photographs in Figs. 76 and 77, on 
page 386. The sheds are used for the housing and 
maintenance work of the stock running on the 
Crystal Palace lines. As in the case of the Peck- 
ham sheds, such minor repairs and replacements as 
are required during ordinary maintenance are 
carried out in these sheds, but for the main over- 
haul the stock is taken to Peckham. The sheds, 
as will be seen from Fig. 68, have six through 
roads with inspection-pits, while there are two 
outside sidings also provided with pits, and several 
further pits are situated on the approach-roads 





outside the sheds. The shops differ from those 
at Peckham in that the high-tension overhead 
conductors are carried through them to facili- 
tate the movement of the trains. This feature 
is, we believe, a quite novel one. The conductors 
inside the shops are connected up to form an inde- 
pendent unit separate from the conductors in the 
yard, and the high-tension supply is, of course, cut 
off from the shops at any time that work which 
involves men climbing to the roof of the coaches is 
in progress. Dead sections are provided between 
the conductors in the yard and those in the sheds. 
The current supply is obtained from a local sub- 
station, the connections of which will be seen from 
the diagram of connections which formed Fig. 10, 
and which appears on page 173 of this volume. 
Apart from power at 6600 volts which is obtained 
by the trains from the overhead conductors, the 
sheds contain a power supply for tools, cranes, &c., 
at 300 volts, which comes from transformers in the 
sub-station. This station also contains lighting 
transformers for the internal lighting of the sheds. 
This lighting is carried out by metallic filament 
lamps. The yard lighting is done by high candle- 
power metallic filament lamps, which are supplied 
with current from the Croydon Corporation station, 
instead of from the railway company’s system, 
which supplies all other subsidiary services. The 
Croydon Corporation have a local transformer sub- 
station devoted to this lighting. 

The sheds are fitted with a 25-ton traveller, which 
is provided with a lifting grab of the same type as 
that described in connection with the Peckham 
shops. They also have four 3$-ton capstans for 
the purpose of moving stock when the bow is off 
the line, or when the high-tension current is cut 
off from the sheds. As before, this crane and the 
capstans were supplied by Messrs. Stothert and 
Pitt, and are fitted with single-phase commutator 
motors made by the Allgemeine Elektricitiits Gesell- 
schaft. The position of the workshops’ sub-station 
and other details of the sheds will be seen from 
Fig. 68. The buildings themselves, which are well 
shown in Figs. 76 and 77, are steel-frame structures 
covered with corrugated iron, and have saw-tooth 
roofs. 

The overhead work is the subject of continual 
daylight inspection by a man who patrols the rail- 
way and examines the line with a pair of powerful 
field-glasses. Any defects which he discovers are 
reported to the foreman of gangs which travel 
over the line at night, after the traffic has stopped, 
and examine it throughovt. These gangs are 
provided with two petrol-electric, coaches, with 
working platforms on the roofs. The coaches 
are fitted with Daimler engines and Dick, Kerr 
electric gear. One of them is shown in Fig. 72, 
on page 379, and can also be seen in Fig. 74, 
on page 386. The arrangement of the working 
?—-y on the roof of the coach is well shown in 

ig. 72. The work of these coaches is arranged 
so that the whole of the overhead work is examined 
at least once a week. In addition to ordinary inspec- 
tion work and the repair of any defects which may be 
discovered, the gangs which use the coaches are at 
— employed in covering the whole of the over- 

ead ironwork with a coating of tar. It is expected 
that this treatment, repeated at suitable intervals, 
will result in an almost indefinite life for the iron- 
work. The overhead copper conductor, so far, 
shows practically no signs of wear, even on the 
South eer line, which has been longest in ser- 
vice, and it should have a life extending over very 
many years. In thisconnection it may be said that 
the collecting-strips of the train-bows, which are 
made from drawn aluminium, run about 5000 miles 
before requiring renewal. Before concluding this 
article we must express our thanks to Mr. Houghton 
for assistance rendered to us in connection with this 
part of our description of the Brighton installation. 





Tue InstirvuTion or Criviz Enoineers.—It is an- 
nounced that the twentieth ‘“‘James Forrest” lecture 
will be delivered at the Institution on Friday, April 19, 
at 9 p.m., by Mr. H. R. Arnulph Mallock, F.R.S., his 
subject being “ Aerial Flight.” 





Luoyrp’s REGISTER SCHOLARSHIPS IN NAVAL ARCHITEC- 
tTuRR.—The sixth of the scholarships givcn to Armstron 
Coll Newcastle-upon-Tyne, yy the Committee o 
Lloyd’s Register of British and Foreign Shipping falls 
to be competed for in September next. The scholarship 
is of the annual value of 50/., and is tenable for three 
years. Full particulars of subjects of examination, &c., 
- be obtained on application to the secretary of the 
college. 





INDUSTRIAL NOTES. 


Srvc our issue of last week things do not seem to have 
advanced very much towards a satisfactory settlement 
of the coal strike, although a most important step has 
since then been taken by Parliament. The Bill brought 
in on Tuesday last by Mr. Asquith to put an end 
to the strike does not appear really to have pleased 
anyone ; but as this aspect of the situation is discussed 
in a leading article on another e, further reference 
need not be made to it here. The very serious effect 
of the strike we can, however, consider. We hear 
a great deal about the suffering and loss that are 
just at the moment being felt, and these are, no 
doubt, serious enough ; but there is another aspect that 
does not so readily appeal to us, and that is the 
permanent injury to many trades of the country, and 
particularly the coal industry, that is likely to follow 
this lamentable struggle. The columns of the Timex 
supply us with some indication of the far-reaching 
effect that the dispute is likely to have in one direction, 
at any rate. A special correspondent to that paper 
points out that American coalowners have not been slow 
to take advantage of the strike, and they are already 
beginning to cut into the markets of South Wales 
markets, too, which have hitherto been held by South 
Wales as a virtual monopoly. When we hear of 
cargoes of Pocochontas fuel, little inferior to the best 
Welsh steam-coal, having been a a from the 
United States to Naples, one of Cardiff's best customers 
at normal times, we may well reflect. It is said that 
during the last few weeks there has been a remarkable 
exodus of steamers from South Wales and British ports 
generally to the United States. In fact, the number of 
cargo-boats leaving Cardiff for American ports since 
the beginning of the year is exactly double the number 
recorded in the corresponding period of last year, and one 
company, which has not sent a boat across the Atlantic 
for six years, has now seven on their way, and more 
are to follow. Most of these boats get what cargo 
they can, and, so to speak, live from hand to mouth ; 
and although their captains will not commit them- 
selves as to the result of their voyage, there is little 
doubt in shipping circles as to what they have gone 


for. They are a fill their holds with coal for 
European markets. Their objective appears to be 
the Mediterranean, and it is not suggested that 


the American coal is to be for British ports. The 
Americans are, however, no doubt keenly alive to the 
possibility of developing their export trade at the 
expense of Great Britain if the strike should continue. 
What all this means to the trade of this country no 
one can possibly foretell, but the outlook is not 
cheerful. 

Another very serious aspect of the crisis is the con- 
dition of things in Manchester and the surrounding 
district. Up to the present time there has been no 
serious dislocation of its commerce or any acute suffer- 
ing due to the strike, but there are now signs that a 
change may very soon be expected. The cotton 
trade has borne up splendidly, and only 2 per cent. 
of its many mills have been closed. The cotton 
industry is, however, not the only one in the district, 
and there are others giving way, engineering being 
one of the most important of them. In Manchester 
itself may be mentioned the firm of Messrs. Arm- 
strong, Whitworth, and Co., Limited, where about 
5000 skilled workers find employment. Some of the 
departments have already been closed, and about 
1200 hands are idle. Other firmsare similarly situated. 
There are plenty of orders and there is much to be 
done, yet there are thousands of men willing and 
anxious to work who have been thrown out of employ- 
ment. Unless something is done at once to put an end 
to the strike, it is probable that another week will 
see the collapse of an alarming number of industries, 
that of cotton among them. 

According to the Board of Trade Labour Gazette 
which appeared on Friday last, the state of the labour 
market was as follows:—Employment in February 
continued good. Towards the end of the month it 
began to be affected in certain industries by the coal 
dispute, which has since had a very serious effect, 
especially on those trades using large quantities of 
coal. 
In the coal-mining industry employment was excep- 
tionally good until the beginning of the ~— dispute ; 
it was also good in the engineering an shipbuilding 
trades. The cotton and hosiery trades showed an 
improvement, both industries having recovered from 
the effects of disputes in January. The pig-iron 
industry was early affected by the coal dispute, and 
showed a marked falling off compared with the pre- 
vious month ; there was also a decline in the tin-plate 
industry. The brick and building trades showed 
seasonal improvement. aa: 

As compared with a year ago, there was decline in 
the pig iron, brick, worsted, linen, and bleaching and 
fniching trades. In all the other principal industries 
there was an improvement, which was especially 
marked in the iron and steel, tin-plate, engineering, 
shipbuilding, hosiery, and boot and shoe trades. 
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In the 394 trade unions, with a net membership of 
929,695, making returns, 23,611 (or 2.8 per cent.) were 
returned as unemployed at the end of February, 1912, 
compared with 2.7 per cent. at the end of January, 
1912, and 3.3 per cent. at the end of February, 1911. 

Returns from firms employing 448,145 workpeople 
in the week ended February 24, 1912, showed an 
increase of 2.1 per cent. in the amount of wages paid 
compared with a month ago, and of 2.9 per cent. com- 
pared with a year ago. 2 ; ’ 

The changes in rates of wages takin effect in 
February were all increases, and amoun to 2500/. 
per week on the wages of 56,500 workpeople. The prin- 
cipal advances affected 5500 coal-miners in the Forest 
of Dean; 9250 blast-furnacemen, steel-millmen, &e., in 
West Scotland ; 20,000 iron-puddlers and millmen in 
the Midlands ; and 5500 iron-moulders in Scotland. 

The general stoppage in the coal-mining industry 
did not begin until March 1, but some of the notices 
expired a few days before that date, and by the end of 
February 115,000 miners were out. Other disputes in 
progress during February were those involving 6400 
dock workers at Glasgow, 3500 dock workers at Man- 
chester, 3300 dock workers at Tilbury, and 1200 iron 
and steel moulders at Sheffield. The number of new 
disputes reported as beginning in February was forty- 
five, and the total number of workpeople involved in 
all disputes in progress during the month was 164,650, 
or 25,724 less than in January, 1912, and 118,004 more 
than in February, 1911. The total number of work- 
ing days lost by these workpeople was 463,500, or 
2,247,700 lees than in the previous month, when the 
dispute in the cotton-weaving industry was in pro- 
gress, and 122,800 less than in February, 1911. 

The most important of the conciliation and arbitra- 
tion cases dealt with during the month was the national 
dispute in the coal trade. Other cases include those 
affecting dock workers at Glasgow, taxi-cab drivers in 
London, boot and shoe operatives in Great Britain, 
shoe and slipper operatives at Rossendale, lace workers 
at Newmilns, coal lightermen in London, and ironstone 
miners in Lincolnshire. 





The monthly report of the United Society of Boiler- 
Makers and Iron-Shipbuilders for March shows that 
the total number of members at the end of February 
was 5650, against 5269 at the end of the previous 
month. The total expenses for February amounted 
to 6269/. Os. 9d., against 6570/. 4s. 3d. for January—a 
decrease of 301/. 3s. 6d. for February. The number 
of members admitted was 441 ; run out and deceased, 
219, or an increase of 222. The reports of trade are 
very good, and the month of February showed further 

rogress in membership. The output of shipbuilding 
for February beat all previous records, and orders are 
still coming into yards already filled with vessels, and 
new shipyards are being opened up. 





On Monday last the whole of the British Motor-Cab 
Company’s drivers, with one exception, went on 
strike. The ‘‘odd-man” trouble was at the bottom 
of the unsettlement again. This question of the pay- 
ment of the ‘‘odd man,” who has often to wait 
several hours in the garage on the chance of being 
able to take out a cab, appears to be difficult to 
settle. The recent rose Bo. award does not bind 
the British Motor-Cab Company, because they took 
no part in the arbitration proceedings. They there- 
fore stood out against the demand of the drivers 
that the ‘‘odd man” should be id 6d. for 
each hour's waiting, in conformity with the award. 
There are in all about 150 “odd men” with the 
company. The company, however, recently made a 
concession to the men in connection with the ques- 
tion of extras. The drivers had for some time past 
been in the habit of paying 6d. a day hiring 
money, and they took all the extras. Hiring money 
was, however, recently reduced to 5d. a day, 
and in accordance with the latest decision it was 
abolished altogether, several thousands a year being, 
it is said, represented by this concession. A dispute 
also arose among the drivers eraployed by Messrs. 
Bell and Co., Horseferry-road, over the charge made 
for petrol. It was stated on Tuesday last that the 
dispute had been settled, but about 1000 men were 
said to be still on strike, despite the fact that the 
following day a notice was ted up outside the 
garage to the effect that the hiring fee of 6d., and the 
return of ld. by the British Motor-Cab Company for 
rank charges, had been discontinued by the company, 
on the understanding that if the Federated Taxi-Cab 
Owners did in the future adopt any means to lessen 
the value of extras to the cab-drivers, the company 
reserved to itself the right to be free to act; the men 
were to return to work upon the understanding that the 
Situation, as raised, should be discussed at the Board 
of Trade at an early date. The strikers, at a meeting 
held on Tuesday, passed a resolution that the men 
should stay out until the owners complied with the 
award of the arbitrators. 





The serious mining conflict in the Ruhr district has 
called forth several interesting statements from the 


side of the masters. It is questioned whether the 
men really took the trouble of fully considering what 
the asked-for rise of 15 per cent. in pay amounts to. 
The aggregate of wages paid in the district during 
1911 amounted to 494,000,000 marks (24,700,000/. ), 
and taking the pay of the last quarter, with the same 
number of hands, the total comes up to 500,000,000 
marks (25,000,000/.) a year. A 15 per cent. rise 
in wages consequently represents 75,000,000 marks 
(3,750,000/.). In reality the increased expenditure to 
the masters would be still greater, for with the wages 
the insurance also increases. These contributions at 
present amount to 71,000,000 marks (3,550,000/.), on 
which 15 per cent. amounts to 10,700,000 marks 
(535,000/.), so that the advance in pay now demanded 
means a total in increased expenditure of 85,700,000 
marks (4.285,000/.), which sum is about the aggregate 
of the dividends paid by the proper mines in the Ruhr 
district in an average year. ith prices and other 
conditions remaining unaltered, the increase in wages 
demanded would thus swallow up the entire dividend 
capacity of the Ruhr mining district on the whole ; 
the actual result would naturally be that the most 
remunerative concerns would go on paying dividends 
on @ reduced scale, and that the a, ones could 
only be worked at a direct loss. 

The coal prices, however, will be raised from April 1, 
a rise which may average some 80 pfennig (84d.) per 
ton. As, however, the foreign trade, which represents 
an increasing share of the coal trade, often leaves but a 
small profit, it is questionable whether an average rise 
in the prices of 80 pfennig (84d. ) may be reckoned upon. 
But even presuming this should be maintained, it 
would not suffice to pay the higher wages now 
demanded, inasmuch as they represent about 1 mark 
(1s.) per ton. This is leaving out of consideration that 
other costs also will be heavier during 1912 than during 
1911. In spite of the materially better market of the 
present year, the masters, if they yield to the men, 
would consequently be worse off now than in 1911, the 
results of which year, it is pleaded, can by no means 
be called brilliant. 

This will appear from the following particulars, 
which show that most of the proper or pure coal mines 
of the Rhenish-Westphalian district did not do well 
last year, whilst, on the other hand, the wages in- 
creased. Of thirty-three concerns, eight had about 
the same surplus as in 1910 (5 per cent.), eleven con- 
cerns were able to increase their dividends more than 
5 per cent., whilst fourteen concerns experienced a 
decrease in the profits of more than 5 per cent. The 
aggregate profits of the thirty-three pure coal-mining 
concerns mentioned above during 1911 amounted to 
75,785,000 marks (3,789,250/.), against 75,758,000 
marks (3,787,900/.). The increase in the profits, of 
which the men speak, comes from the mixed coal- 
miuing and ironworks concerns. The men’s pay, 
however, did increase materially during 1911. 

An official report has just been published which 
deals with the wages question in the important 
Dortmund mining district for the year 1911. The 
average shift wage for the year was 4.69 marks 
(4s. 8}d.), against 4.54 marks (4s. 64d.) for the pre- 
vious year, for all the hands, and 5.55 marks (5s. 64d. ) 
for the hewers, inst 5.37 marks (5s. 44d.) for the 
previous year. The average number of shifts for a 
man during 1911 was 308, against 304 for the previous 
year. The average pay for the year for all the hands 
ave’ 1446 marks (72/.), against 1382 marks (69/.) 
for the previous year, and for the hewers respec- 
tively 1666 marks (83/.) and 1589 marks (79/. 10s.). 
This represents an increase of respectively 64 marks 
(30. be and 77 —_ (30. 17s.), ——— — the 

receding year. e a te of wages paid during 
T911 pr tree to 493,950,000 marks (24,697,500/.), 
against 462,280,000 marks (23,114,000/.) for the pre- 
vious year. The above figures are exclusive of con- 
tributions to the trade unions, insurance, and expenses 
of work. The cost of insurance is about 25 pfennig 
(3d.) per shift. The statistics divide the men into four 
classes. Of an aggregate of 341,716 hands (against 
334,619 for the previous year), Class I. (hands engaged 
in proper underground mining work in its various 
phases) comprises 172,102, or 50.3 per cent. ; Class II. 
(other hands employed underground), 92,163, or 27 per 
cent. ; Class TIT. (adults employed above —. 
65,475, or 19.2 per cent. ; and Class IV. (youths under 
sixteen years), 11,978, or 3.5 per cent. Female labour 
and youths under fourteen years must not be employed 
in the Dortmund mining district, and youths between 
fourteen and sixteen years only above ground. 

A conference of miners’ delegates in the Bochum 
decided on Tuesday last to declare the strike at an 
end, as they considered that no purpose could be 
served by its continuance. 





Tue Beruiw TecunicaL Hien Scuoont at CHARLOT- 
TENBURG: ErratuM.—On page 343 ante, in our article 
under the above title, under a misapprehension we stated 
that there wasa Chair of Naval Architecture at Green- 
wich. is, we are informed, is not the case, though 
provision is made there for excellent courses of lectures 





on naval architecture. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 13 

Inqutries have been received from some few 
European consumers of pig iron asking for terms on 
certain grades of iron for delivery during May and 
June. There have been no recent sales for export. 
It is expected on this side that some demand for 
pig iron will develop as a result of existing industrial 
disturbances in England. The week’s business has 
been of moderate proportion. The general trend of 
business. is in a satisfactory direction. The United 
States Steel Corporation is shipping 38,000 tons of 
iron and steel aeolheeie a day to their customers. On the 
Ist inst. that concern had orders for 5,454,200 tons, or 
74,579 tons more than the month previous. This means 
full work for 145 days. Orders are now being booked 
at the rate of 45,000 tonsa day. The concern will run 
to 90 per cent. of capacity. The closing of the winter 
is bringing much new business to the surface in the way 
of general building, sky-scrapers, and a number of 
theatres and manufacturing plants. ‘I he next rail con- 
ference will be held on March 20, a week from to-day, 
which it is supposed will be final. After this, what- 
ever business is being held up will be presented. As 
to the magnitude of this anticipated business there are 
no means of accurately judging. There is a strong 
demand for basic iron, and orders for 60,000 tons 
have recently been placed. A Southern railroad has 
placed an order for two steamers according to current 
report. A Canadian steel concern is credited as having 
purchased 15,000 tons of steel billets, which will be 
supplied by a mill on ‘the Lakes. One of the largest 
locomotive orders ever placed is now under negotiation. 
The order will be placed by the Missouri-Pacific Rail- 
road Company, and involves 350 locomotives. That 
system has been permitted to run down at the heel, 
and it is the intention of the reorganised management 
to restore it to first-class condition and road-bed. 





Tue *‘ Puorostat.”—The necessity for the rapid re- 
production of various documents, confidential and other- 
wise, in Government offices and large firms, has induced 
the Kodak Company, 40, Strand, W.C., to design and 
place on the market the apparatus to which they have 
given the above name. It consists of a table on the top 
of which is a bellows camera fitted with a lens and prism, 
the latter projecting over one end of the table and ncr- 
mally turned towards the floor. Attached toa pair of the 
table legs, and directly underneath the prism, is a hori- 
zontal frame in which the paper to be copied may be 
clamped. The focus is adjusted to a scale, and the 
exposure made by lifting the Jens-cap within the camera; 
the light recommended for illuminating the object being 
a pair of Cooper-Hewitt lamps. To the back cf the 
camera is hinged a light-tight box containing a roll of 
sensitive paper 300 ft. long, and beneath this roll-holder 
there is a light-tight tray containing developer and 
another tray for fixing solution. After a portion of the 
paper has been exposed, say, for 20 seconds, it is drawn 
down by rollers into the developer and cut from the reel 
by levers outside the camera; it is allowed to rest in the 
developer for 30 seconds, and may then be withdrawn by 
hand into the fixing and washing troughs; the whole of 
the operation from exposure to washing being completed 
in about 2 minutes. The size of the print is 15in. by 
12 in., and although the prints are ‘* negative,” the docu- 
ment is not reversed, as the prism brings the right side 
to the right-hand side of the finished print ; the sensitive 
paper, having a ferric base, is rapidly developed, fixed 
and washed, and, not having a gelatine surface, can be 
dried by heat. 


PERsONAL.—Messrs. Robert Bowran and Co., Limited, 
Newcastle-on-Tyne, inform us that y | have opened new 
offices at Nos. 21 and 22, Mark-lane Station Buildings, 
E.C., where samples, prices, and particulars of all their 
well-known specialities, comprising high-grade white anti- 
friction bearing-metals, bitumen solution and enamel, and 
“Flangite” jointing-paste, can be obtained.—The business 
of pattern-making, originally established by the late Mr. 
David Brown in Huddersfield, and afterwards carried on 
by him and his sons under the style of David Brown and 
Sons, has now been separated from the business of gear- 
cutting, carried on by the same firm, which has recently 
been taken over by the new company, David Brown and 
Sons, Limited, Park Gear Works, Lockwood. The pattern- 
making business had been for some years past carried on 
under the sole management of Mr. Ernest M. Brown, and 
in connection with the recent changes it has been arranged 
that this business shall be transferred to the latter. It 
will be conducted in future under the style of Ernest M. 
Brown and Co.. successors to David Brown and Sons, 
Huddersfield —We are informed that the connection 
between Messrs. Flockton, Tompkin, and Co., Limited, 
and Mr. James W. Carr, 35, Queen Victoria-street, E.C., 
has been severed as from the Ist inst. by mutual consent. 
—Mr. Frederic H, Taylor, consulting engineer, has re- 
moved from 14, Victoria-street, to new offices at 19, Old 
Queen-street, Westminster.— Owing to the block of 
buildings, of which their offices form part, having been 
acquired by the Hong Kong and Shanghai Banking Cor- 
poration for extension purposes, Messrs. Ransomes, Sims 
and Jefferies, Limited, will move on the 25th inst. to 
Palmerston House, 34, Old Broad-street, E.C.— Messrs. 
Hall and Hall, 47, Leadenhall-street, London, E.C., have 
taken over the agency of Mesers. Ritchie, Graham, and 





Milne, engineers and shipbuilders, Glasgow, as from 
March 1. 
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THE LISTER-BRUSTON 
CONSTRUCTED BY MESSRS. R. A. LISTER AND CO., 
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In one of our articles of September last dealing with 
the Electrical Exhibition at Olympia, we briefly de- 
scribed the Lister-Bruston automatic electric-lighting 
plant, and we now follow up that description by giving 
a more detailed explanation, together with some 
illustrations of the gear. The plant, which is manu- 
factured by Messrs. R. A. Lister and Co., Limited, 
Dursley, Geman. is intended to form a self- 
contained, self-starting, and self-regulating apparatus 
suitable for the electric lighting of country houses and 
other premises in which a plant requiring the minimum 
amount of attention has attractions and advantages. 
The plant, in essence, consists of a petrol-engine and 
dynamo, which work in conjunction with a small 
battery, together with an automatic relay. which 
controls the starting and stopping of the engine. The 
battery is of small size only, and is never valled upon 
to supply current to more than one or two lamps, 
since the switching in of a greater number causes the 
engine to start up. Further, the battery is never 
allowed to fall seriously in voltage, as when it has 
fallen to a predetermined extent the engine again 
automatically starts and re-charges it. The perfecting 
of a system of this class, in which the mere switching 
in of the lamps controls the whole operation of the 
generating plant, would appear to be a matter of great 
practical difficulty, but the Lister-Bruston gear is of a 
very simple nature, and appears to meet the condi- 
tions demanded in an admirable way. 

Various illustrations of the gear are given in 
Figs. 1 to 4, on this page. Figs. 1 and 2 are respec- 
tively side and end elevations of the engine; Fig. 3 
is a view of the relay ; and Fig. 4 shows an automatic 
set mounted complete on a channel-iron base, The 


























Fie. 4. 


engine is of the four-cycle type, and is controlled by 
means of a throttle-governor which is mounted on the 
cam-shaft. The cylinder is jacketed in the usual way, 
and is provided with a large top cover, which gives 
clear access to the interior of the jacket, so that it ma 

be cleaned out at any time. The arrangement is well 
shown in Fig. 1. The valves are of nickel steel, and 
are carried in a side ket in such a way that a 
broken seat cannot fall into the cylinder. The car- 


burettor is of the constant-level type, and is supplied 
by a small feed-pump driven from the cam-shaft. The 
lubrication for the whole engine is supplied by a pump 
which draws from a single oil-well, and distributes, by 
means of pi i 
The oil-well is situatcd in a convenient 
front of the bedplate, as shown in 


to the various parts of the engine. 
ition at the 
ig. 2. Other 





details of the engine will be seen from the illustra- 
tions, Fig. 2 in particular well showing the arrange- 
ment of the valves, the method of driving the high- 
tension magneto, and the exhaust-silencer fitted above 
the engine on the front side. 

The electrical arrangements, which form the most 
novel part of the plant, will best be described in con- 
nection with Fig. 3, which shows the automatic relay. 
The dynamo is of standard type and is connected to 
the mains through a fuse, an automatic starter, and 
the automatic relay on one pole, and through an over: 
load circuit-breaker on the other. The fuse and 
circuit-breaker complete circuit in normal working, 
and serve only as protective devices in case of exces 
sive overload or breakdown. The starter comes into 
operation when the set has to be started up, and is 
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controlled by the automatic relay. The battery is 
always connected across the mains in parallel with 
thedynamo. The relay, as shown in Fig. 3, contains 
two coils ; the larger of these, a, is ermanently in 
series with the mains, while the smaller, /, forms a 
permanent shunt across the battery. 

The method of operation is as follows :—If it be 
assumed that the battery is fully charged and the 
plant standing with no load on the mains, and if such 
a number of lamps be switched on as will form too 
great a load for the battery to deal with, the current, 
momentarily supplied by the battery, passing through 
the series coil a oF the relay will cause this coil to pull 
down the upper of the two contacts c, shown at the 
right-hand side of Fig. 3, and so make connection 
with the lower. These two contacts then compiete 
circuit, from the battery, through the operating sole- 
noid of the starter, which accordingly gradually cuts 
in and starts up the dynamo as a motor from the 
battery. The starting up is facilitated, and the load 
on the battery is eased by a connection between the 
starter and the engine, which temporarily relieves 
the compression. This connection can be seen in 
Fig. 4. As the engine gains speed the dynamo begins 
to generate and takes the load from the battery, and 
incidentally charges it up until it floats on the mains. 
If a very small load, such as that from two or three 
lamps only, comes on to the mains, the engine is not 
immediately started up, as above, since the battery is 
well able to supply the current demanded ; and as 
the current is too small to cause the series coil a 
of the relay to attract the top contact, no movement 
takes place in the relay. After a time, however, 
if the small load persists, the battery voltage will fall, 
and at a predetermined point in the voltage-fall the 
engine and dynamo are automatically cut in to re- 
charge it again. This operation is carried out by 
means of the shunt-coil 6. This coil, as before stated, 
is permanently connected across the battery, so that it 
produces a magnetic flux in the relay, which causes it 
to be held down against the stop, shown at the right- 
hand side of the relay, and against the action of the 
a spring shown at the left-hand side. The fall in 
the battery-voltage, however, weakens this flux so that 
the springs are able to lift the coil, and in doing so to 
again close the contacts c and start up the engine. 
his operation, of course, takes place if the battery- 
voltage falls from any cause whateven 
_A point of considerable importance in this apparatus 
lies in the small size of battery which is necessary. As 
this battery is continually backed up by the engine 
and dynamo, it is required to carry only so small a 
current as shall be insufficient to cause the switching- 
in of the dynamo; or if it has to carry a larger current, 
it is for a few moments only, since the mere demand 
for the larger current causes the load to be transferred 
to the engine. 

In country house and other isolated small plants 
of ordinary type the battery, which usually has to 
be made large enough to carry the load over a great 
part of the day, is one of the most expensive and 
troublesome adjuncts, and the reduction of the bat- 
tery to the minimum size is a point of much im- 
portance in the Lister-Bruston plant. The apparatus 
's usually mounted complete on a pair of channel 
Fo, as shown in Fig. 4, so that it requires no fixin 

own, and may be treated as a tenant’s fixture, an 


removed at any time. The plant may be made up of |S 








several units arranged to start up in order and work 
in parallel, if the size and type of load render it 


desirable. 





ELASTIC CORRUGATED TUBES. 

We illustrate on this page a new form of corrugated 
tube which has been designed for expansion joints, 
heating and smoke-tubes, superheaters, condensers, 
&c., where the tubes are subjected to wide ranges of 
temperature. In contradistinction to tubes having 
spiral corrugations, which are well known, the tubes 
in question have the corrugations parallel to one 
another, arching outwards in such a manner that the 
same sectional] area of tube is maintained throughout 
the whole length. Not only is the method of con- 
struction adapted to tubes of large diameter, but also 
to those of the smallest bore, and it is claimed that, 
owing to the parallelism of the corrugations, the tubes 
can be easily bent to rg | small radii. Specimens of 
these pipes are shown in Fig. 1, while in Figs. 2 and 3 
may be seen the method of using them when built up 
into a large expansion joint. 

These corrugated tu are manufactured with an 
inside diameter of from 13 in. to 18 in. For increasing 
the elasticity of large-sized tubes intended for low 
pressures the thickness is reduced according to require- 
ments. The process of manufacture is such that after 
pressing out the corrugations the pipe retains its exact 
original internal diameter throughout, and an abso- 
lutely uniform thickness of metal in all its parts. 
The chief advantages claimed for these pipes are as 
follow :—They are of great utility in all cases where 
expansion or vibration of piping ave to be taken up. 
Their peculiar formation should make them valuable 
as boiler-tubes, owing to the increased heating sur- 
face and because they will relieve the strains due 
to expansion and contraction. For the same reason 
they should be well adapted for superheaters, owing 
to the whirling motion given to the steam, and for 
expansion-joints they appear to be well suited. It 
is also claimed that in this capacity they take up 
very much less space than bends of ordinary piping, 
because they can be made much shorter. The stress on 
the flanges and connections is also greatly reduced. 
These pipes are being placed on the market by Mr. 
O. N. Beck, 11, Queen Victoria-street, London, K.C. 








Tuk ASSOCIATION FOR THE INTERNATIONAL INTER- 
CHANGE OF StupENts.—The Association for the Inter- 
national Interchange of Students, which has organised an 
important conference for the end of June, to be attended 
by representatives from nearly every English-speaking 
university, the High Commissioners and Agents-General 
for the Dominions, delegations from the principal 
Chambers of Commerce, and others, has organised a tour 
through the Dominion of Canada and the i 
of America, of special interest to engineers and engi- 
neering students. The tour is to take place from 
April 19 to June 29. The party will visit all the most 


important engineering works along the route, will be | 


received and given information by commercial and in- 
dustrial magnates and leaders in every sphere of activity, 
and members of various governments. 
—_ is that the party is limited to ten people, to allow 
of s 
meinbers, and to ena 
sense. Further data can be obtained from Mr. Henry W. 
“— Honorary Secretary, Caxton House, Westminster, 





TUBES. 





ROYAL METEOROLOGICAL SOCIETY. 


THE monthly meeting of this Society was held on 
Wednesday evening, the 20th inst., at the Institution of 
Civil Engineers, Great George-street, Westminster, 
8.W., Dr. H. N. Dickson, President, occupying the chair. 

Professor Otto Pettersson delivered a lecture on ‘* The 
Connection between Hudroyrapnical and Meteorological 
Phenomena.” He began by saying that the medieval 
age was characterised by frequent violent climatic changes 
which seem to have culminated in the 13th and 14th 
centuries, when hot summers accompanied by droughts 
(which nearly dried up the rivers of Europe) alternated 
with cold summers and excessive rainfall. In winter 
violent storm-floods occurred which entirely remoulded 
the coasts of the North Sea: or frost set in so severely 
that the entire Baltic and sometimes even the Kattegat 
and the Skagerak were frozen. The lecturer showed 
that such phenomena may be ascribed to alterations in 
the oceanic circulation caused by the influence of the 
moon and the sun. Experiments carried on during the 
last four years at Bornoe, in Sweden, have shown that 
the inflow of the undercurrent from the North Sea into 
the Kattegat—which brings the herring shoals in winter 
to the Swedish coast—is oscillatory, the boundary sur- 
face of the deep water rising and sinking from 50 ft. to 
80 ft. about twice a month. The phenomenon is 
ee by the moon’s declination and proximity to the 
earth. 

From astronomical data Professor Pettersson concludes 
that the influence both of the sun and of the moon upon 
the waters of the ocean in winter about the time of the 
solstice must have been ter 600 to 700 years ago than 
at the present time. his must have caused a more 
intense circulation, of which we have conclusive evidence 
in the fact that the migrations of the herring—which now 
only reach as far as to the Kattegat—in those centuries 
extended into the Baltic. The bank-water, or deep 
water, of the Kattegat in winter time must then have 
attained a higher level, and entered the Baltic through 
Oresund. The surface Jayer must have been thinner, and 
as a thin surface layer is much more easily cooled in 
winter and heated in summer than a thicker one, it is 
evident that the controlling temperature influences of the 
ocean must have been different at least in northern and 
north-eastern Europe, whose climate in medieval times 
must have had, on the whole, a more continental character 
than now. 

In conclusion the lecturer showed that the hypothesis 
first proposed by A. W. Ljungman in 1879, that the 
periodicity of the great secular herring fishery of Bohus- 
land should agree with that of the sun-spots, is by no 
means incompatible with the phenomena here described, 
since the 14th century is noted in Chinese annals as an 
epoch of maximum solar activity, and since the sun-spot 
frequency curve of Wolfer can be reconstructed by har- 
monic analysis, using the moon’s apside and nodal period 
as the basis of the analysis. 











nited States |! e . 5 
|ing experiments concerned with the production of a new 


DipHosPpHATE.—At the large works of the Norwegian 
Hydro-Electric Company at Notodden a series of interest- 


and cheap manure are understood to have led to extremely 
satisfactory results. The invention has in view the replace- 
ment of limestone with apatite or similar phosphates in 
the manufacture of lime-nitrate. An equal quantity of 
the latter article is the outcome of the new process, and 


An important | in acdition the by-product of diphosphate is obtained. 


The new process is likely to be adopted on a large scale, 


jalisation in particular subjects by individual|and diphosphate will, it is confidently expected, be 

tle it to be informative in the best | able to take the place of superphosphate and Thomas 
phosphate, of which the consumption within the country 
1s considerable, in addition to which export is confidently 
reckoried upon. 
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THE DIESEL OIL - ENGINE. 
To THE Epitor oF ENGINEERING. 

Sir,—In the paper (‘‘The Diesel Oil-Engine ”) which 
Dr. Diesel nll before the Institution of Mechanical 
Engineers, last evening, mention was made very often of 
my firm, the M.A.N. Company, and as the discussion 
was curtailed I was unable to take part in same. 
should therefore esteem it a favour if you would publish 
the remarks set out in the enclosed sheet which I intended 
to make :— 


In Dr. Diesel’s interesting paper I regret to note that the | 


horizontal stationary Diesel engine has been dismissed by him in 
a very few words, which, in my opinion, fail altogether to do 
justice to the important developments which have taken place in 
this direction. I use the word important advisedly, use 
in Germany, where the Diesel engine and the high-power gas- 
engine originated, the three leading manufacturers of internal- 
combustion engines—the M.A.N. Company, the Gasmotoren- 
Fabrik Deutz, and Kérting Brothers—are building horizontal 
engines, and a great number of other firms have already followed 
their lead. Further, there is a great demand for odiveneed 
stationary Diesel engines, as is shown by the fact that the M.A.N. 
alone, from the beginning of 1911 to the beginning of March of 
this year, received orders for forty-one horizontal Diesel engines 
of 300 brake horse-power and upwards, fourteen of them being of 
750 brake horse-power and upwards, and nine ranging between 
1000 and 2000 brake horse power. 

On behalf of the M.A.N. Company, who, I believe, are the chief 
advocates of the horizontal type, I would state that they did not 
start building these engines simply to bring out something new, 
as suggested by Dr. Diesel, but because extensive experience in 
the actual manufacture of vertical Diesel engines and steam- 
engines and horizontal high-power gas-engines has led them to 
the conclusion that, for larger powers, the horizontal type has 
important advantages. 

It may interest you to know that the municipal electricity 
works at Halle are so satisfied with the M.A.N. horizontal! double- 
acting Diesel engine of 1600 to 2000 brake horse-power, a slide of 
which has been shown you by Dr. Diesel, that they have ordered 
from the M.A.N. Company two further engines of the same type 
and size. 

I do not intend to start a discussion on the relative merits of 
the horizontal and the vertical types, for to repeat the words 
used by Dr. Diesel in another connection, ‘‘ Their relative merits 
can only be settled by experience.” 

To come to another point, Dr. Diesel has mentioned that coal- 
tar oils, and even coal tar, can be used in Diesel engines, and it 
will perhaps interest you to hear that an experimental horizontal 
M.A.N. Diesel << of 100 brake horse-power has now been 
satisfactorily running almost uninterruptedly day and night for 
a year on ordinary coke-oven tar at the works of Dr. Otto Com- 
pany. of Dahlhausen, and my firm has already obtained two 
urther orders for engines to run on the same fuel, one engine 
being of 90 brake horse-power and the other of 250 brake horse- 
power. 


With anticipated thanks, 
I am, Sir, yours faithfully, 
P. v. MIASKOWSKI. 
Caxton House, Westminster, S.W., March 16, 1912. 





To THE Eprror OF ENGINEERING. 

S1r,—With reference to Dr. Diesel’s paper at the Insti- 
tution of Mechanical Engineers last Friday night, had 
the time for discussion permitted, it was my intention to 
have stated that my firm, Messrs. Burmeister and Wain, 
of Copenhagen, at present adhere to the fowr-cycle single- 
acting vertical engine with outside cross-head for marine 
purposes until they have proved to their satisfaction that 
the safety, reliability, and economy of the two-cycle 
system will give the users at least equally good results. 

Ships already built and building to the design of 
Messrs. Burmeister and Wain, with their special revers- 
ing control gear, are in commercial use ; and the fact that 
their ship, the Selandia, 7400 tons, had recently visited 
London, and arrived in Genoa on her first trip to the 
East, should at least have been referred to in such an 
important meeting of engineers. Her manceuvring in 
the Thames and at Antwerp ~~ great satisfaction to 
the pilots. The engines worked perfectly during the 
age to Genoa, including the passage through the Bay 
of Biscay. 

A sister-ship, the Fionia, was launched last week at 
Copenhagen ; the Jutlandia, by Messrs. Barclay, Curle, 
and Co., of Glasgow, is, I believe, nearly complete ; and 
several other ships of this type are already under con- 
struction in the yard at Copenhagen. 

ours Kk 
Joun W. Warnwrient, A.M.1.C.E., M.1I.M.E. 
7, Princes-street, Westminster, S.W. 


COAL STORAGE. 
To THE Epitor OF ENGINEERING. 

Sir,—Some months ago I read a paper to the Man- 
chester District Institution of Gas Engineers upon the 
above subject, since which time some inquiries have been 
received relative to the same. 

One of the special points raised has been with reference 
to the following sentence :— 

**When a coal-stack is found to be heating, it is most 
undesirable to permit any disturbance by inserting rods to 
locate the body of the fire.” 

A common practice is to insert long rods and withdraw 
the same after an interval, and thereby ascertain the 
depth of the heat from the surface, I am fully convinced 
that any disturbance of the heated material is fatal to 
the extinguishment of a coal fire. 

Owing to the coal strike it has been possible to use up 
an old stack of coal, which a few years ago heated con- 
siderably in more than one place, and appeared as though 








it would burst into a conflagration at any time. These 
places were deluged with water at the time, and gradually | 
cooled down. section of the coal-stack now reveals | 
at the places where the heating occurred a caked ring like | 
a shell consisting of partially consumed material covered 
with flowers of sulphur, indicating the high temperature 
of the eoal. The water oure had been most effectual. 


one case the heat had driven off the sulphur from the | 


In | 


coal, which had deposited upon an outer boundary wall, 
making it look as though it had been painted yellow. 

Possibly some of your ers may have had similar 
experiences, which would prove of value in dealing with 
such circumstances. 

Yours faithfully, 
Epwarp A. Harman, 
Engineer and Manager. 

Gas Works, Huddersfield, Marck 18, 1912. 








BRITISH MANUFACTURERS AND THE 
EXPORT TRADE. 
To THE Eprror oF ENGINEERING. 

Sir,—In your recent articles upon “ British Trade 
Abroad” you very rightly drew attention to the wanton 
carelessness of many of our manufacturers as to the way 
their interests are looked after in other countries. In 
support of your contentions, may I ask you to reproduce 
the —— extracts from a private letter just receiyed 
from a friend in Canada? For your own information I 
enclose the extracts with actual names of the firms con- 
cerned, which naturally I do not ask you to publish, 
although I consider they deserve it. If, however, 90 per 
cent. of British engineering firms will take to heart the 
ancient hint, Nomine mutato de te fabula narratur, the 
supposititious names I give will not matter. 

** Brown . . . has taken the mcy of X. Y. Smith’s 
turbines for Canada. One of Smith’s people, Jones, 
visited Canada recently and appoin Brown, who 
works partly in the States and partly in Canada, but 
whose stuff appears to be taken only by those purchasers 
who are strongly biassed against England and everything 
English. English firms are afflicted with lunacy who 
put their representation into the hands of Canadian 
ey ey | firms.” 

‘*T had to bid on two boiler-feed pumps recently, and, 
ag from sentimental reasons, sent an enquiry to 

essrs. Blanks, who replied that Messrs. So Any were 
their agents here and would give mea price. So and So, 
however, took care to do nothing of the sort, as they were 
probably bidding for the same work themselves.” 

I think these justify your strictures, and with reference 
to my friend’s opinion of English firms who trust their 
business to rival manufacturers, I may mention a case 
which came to my own knowledge. A customer required 
a high-speed engine, and asked the representative of a 
British high-speed engine-maker for such an engine. 
The representative called on the inquirer, and persuaded 
him that what he really wanted was a slow-speed engine, 
eventually selling him one made by the representative’s 
own firm. 

Iam, Sir, yours faithfully, 
CANUCK. 








THE PROPERTIES OF STEAM. 
To THE EpiTor oF ENGINEERING. 

Sir,—In connection with the contribution to your 
issues of mber 1 and 8 on this subject, we have 
received a letter from an engineer in practical work who 
has attempted to apply the methods we suggested in 
order to find the total heat of steam pean Bren up to 1000 
deg. Fahr. (which, he says, is now commercially possible). 
As he has found a difficulty in checking our published 
numbers, it occurs to us that others of your readers may 
have found the same difficulty. In order to compress 
our notes it is possible that our explanation was too 
condensed. 

Our equation (32) as given was 

H = 594.7 + 0.477 T - Yp. 

To find H for 200 1b. absolute pressure and at 800 deg. 
Fahr. we proceed as follows :— 

ty yo at 200 lb. absolute for saturated steam, 
194.3 deg. Cent.; temperature of superheated steam, 
426.6 deg. Cent. (800 deg. Fahr.); whence 


H = 594.7 + (0.477 x 426.6) - Yp= 7981 —- Yp. 
Now Yp=j {(n +1) ©(5°)" -b \ p 


where p is in pounds per square foot. 
Hence 





200 x 144 
~ 1400 
Further, n+ 1 = 3, + 1 = }f. 
C, (7° = 1.2014 ( 273 a = 0.05217 
r) 699.6 
(n + 1) C = 0.05217 x 39 = 0.22607, 


ip= 


and, subtracting ) (0.016), this becomes 0.21007. Whence 
Y p becomes 4.32, and H = 798.1 — 4.32 = 793.8. 
When we come to find the total heat for saturated 


steam we still apply the same formula— 
H = 594.7 + 0.477 T — Y p. 

And for steam at 200 lb. per square inch T = 194.3 deg. 
Cent. 

H= {594.7 + 92.6 = 687.3} 
By substitution as before, Y = 0 852), and hence 
200 x 144 _ 0. 

—_— 

Hence H = 687.3 — 17.5 = 669.8. 

We might also apply for superheated steam a some- 
what handier formula, which we will call (34a),.in which 
for total heat H we have H = Hea + Ka (T — Tear) where 
Ka is the overage specific heat of superheated steam. 
We then have H = 669.8 + 0.537 (426.6 — 194.3) = 793.6. 


—-Yp. 


Y p = 0.852 x 





The close agreement of the results obtained from (32 
(32a) is, of course, a mutual vindication of both Pe 
Of course (32) is the theoretically correct one, but (32a) is 
easier to apply at superheat, and for that reason we 
thought fit to ——- the values of Ka in the table in 
your issue of December 8. Further, Ka is required for 
entropy calculations. We think it more satisfactory to 
rovide values for Ka than give many values of {otal 
eats at various degrees of superheat. 

For the guidance of other readers we may mention 
that our correspondent made the not unusual mistake of 
taking p in pounds per square inch. 

We are especially interested to hear from him that it 
is now commercially possible to superheat up to 1000 deg. 
Fahr., and we therefore intend, at the earliest oppor- 
tunity, to extend our Tables I. and II. (see ENGINEERING, 
pages 758 and 759, December 8, 1911), by further calou- 
ations up to those limits. We should ie glad to know 
if other engineers in practice go up to such temperatures, 
We think it extremely probable that at such high tem. 
peratures there will be new conditions introduced, and, 
indeed, our correspondent points out the probability of 
such a state of affairs. 

Yours faithfully, 
C. A. M. Surru. 


East London College. A. G. Warren. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The prolonged labour 
trouble in the coal trade has seriously crippled the iron 
and steel industries, and threatened political complica- 
tions on the Continent have also interfered with business ; 
but in spite of these unfortunate circumstances the tone 
of the pig-iron market is rather cheerful, and values of 
Cleveland pig have this week touched higher prices than 
for the t two years. Up to 52s. has been paid for 
prompt f.o.b. delivery of No. 3 g.m.b., and the general 
market quotation now is 51s. 9d.; whilst No. 1 is 55s. 9d.; 
No. 4 foundry and No. 4 forge each 5ls. 3d.; and 
mottled and white iron each 50s. 9d. East Coast hema- 
tite shows no change. Home consumption is prob- 
ably less than it ever has been in the history of the 
iron trade, and no transactions are recorded. Nos. 1, 2, 
and 3 stand at 66s. for immediate delivery. There is 
nothing doing in foreign ore. Cargoes continue to arrive, 
but consumers have now heavy stocks, and they are 
refusing to take further deliveries, with the result that 
many laden vessels are now lying in the Tees. Nominally 

rices are still based on 21s. 6d. ex-ship Tees for best 

ubio. Coke quotations vary very considerably. With 
only five blast-furnaces blowing on Teesside, local con- 
sumption is very small. Up to 35s. has been named for 
both foundry and furnace coke. 


Stocks and Shipments of Pig Iron.—To meet current 
requirements for shipment, the stocks of Cleveland pig 
iron are being heavily drawn upon. To-night(Wednesday) 
475,556 tons of Cleveland iron is stocked in the public 
warrant stores, the withdrawals to date this month 
amounting to 38,733 tons. Shipments of pig iron are 
on a huge scale. To date this month the clearances at 
Tees ports average 5456 tons per working day, the total 
loadings reaching 92,759 tons. To the same date last 
month the shipments of pig were returned at 57,772 tons, 
or a daily average of 3398 tons ; and for the corresponding 

rt of March last year the clearances amounted to 

212 tons, or an average of 3542 tons per working day. 


Manufactured Iron and Steel.—No effort is being made 
to do business in the manufactured iron and steel branches. 
Nearly all departments are now closed down, owing to 
fuel being unobtainable. Prices are nominally upheld. 
Principal market quotations stand :—Common iron bars, 
71. ; best bars, 7/. 7s. 6d. ; best best bars, 7/. 15s.; iron 
ship-plates, 61. 15s.; iron ship-angles, 7/.; iron boiler- 
plates, 7/. 12s. 6d.; packing iron, 5/. 15s.; steel bars, 
61. 10s. ; steel ship-plates, 7/. 5s.; steel ship-angles, 6/. 
17s. 6d.; steel boiler-plates, 7/. 15s.; steel strip, 6/. 12s. 6d.; 
steel hoops, 6/. 15s. ; steel joists, 6/. 12s. 6d. ; cast-iron 
railway chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s. ; 
heavy steel rails, 5/. 15s. ; steel railway sleepers, 61. 10s. ; 
and iron and steel galvanised corrugated sheets, 11/. 10s. 
—sheets less 4 per cent. f.o.b., railway material net, and 
all other descriptions less 24 per cent. 








Tur SovurH - WesteRN Po.yrecunic.—The annual 
prize-giving of this Institution took ~~ on Friday, the 
15th inst., when Sir David Gill, K.C.B., late Astronomer 
Royal at the Cape, in presenting the awards, advocated 
the qualities of character, thoroughness, and common- 
sense in all walks of life. Sir David also mentioned the 
many subjects an engineer finds it useful to know, even 
the rudiments of astronomy, so that when working in an 
unsettled country the absence of maps may be no dis- 


advantage. 





Tue Institution oF Civi. ENGINEERS: STUNENTS 
Merrines.—At the students’ meeting held at the Inst- 
tution on Friday, March 15, at 8 p.m., Mr. Bertram 
Blount, Assoc. Inst. C.E., in the chair, a paper was read 
by Mr. A. E Gladwyn, Stud. Inst. C.E., on the ** Heat 
Value of Fuels.” The author dealt with the importance 
of making all possible economies in the use of fuels, and 
discussed fully the relative merits of the different types 
of calorimeters now used to determine the heat values of 
various materials, The paper was illustrated by a number 
of lantern-slides, showing the interior arrangements of 
the calorimeters mentioned. The discussion was opene 
by Mr. J. E. Burkhardt, and was continued by Messrs. 
T. J. Taplin, G. Ingram, and S. A. Bevington, 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was firm, and 2500 tons of Cleveland 
warrants were done at 50s. 7}d. and 50s. 8d. cash and 
50s. 11d. one month. ve lers quoted 50s. 84d. cash, 
51s. one month, and 5ls. 6d. three months. ematite 
was quoted 65s. 14d. buyers and 66s. sellers one month. 
In the afternoon the tone was again firm, but dealings 
were limited to 3000 tons of Cleveland warrants at 50s. 9d. 
and 50s. 8}d. cash. At the close there were sellers at 
50s. 9d. cash, 51s. 04d. one month, and 51s. 6d. three 
months. On Friday morning the market was strong in tone 
and Cleveland warrants advanced 5d., changing hands 
at Sls. 1d. and 51s. 2d. cash, 51s. 6d. and 5ls. 5}d. one 
month, and 51s. 11d. three months. The turnover was 
7000 tons, and the closing quotations were 51s. 2d. cash, 
51s. 54d. one month, and 51s. 114d. three months sellers. 
Hematite was firm, with buyers at 65s. 3d. cash and 
65s. 6d. one month. 
the afternoon when 8000 tons of Cleveland warrants 
were done at 51s. 44d. cash, 51s. 5d. seven days, 
5ls. 8d. and 51s. 84d. one month, and 52s. 04d. ani 
52s. 1d. three months. Sellers’ closing prices were 
51s. 6d. cash, 51s. 9d. one month, and 52s. 3d. three month. 
On Monday morni Cleveland warrants continued 
to move upwards, and business was done at 51s. 74d. and 
Dis, 8d. cash, and 52s. and 51s. 114d. one month. The 
turnover was 3500 tons, and the session closed with 
sellers quoting 51s. 84d. cash, 52s. one month, and 
52s, 6d. three months. Weakness prevailed in the after- 
noon, and only 1000 tons of Cleveland warrants were 
dealt in at 51s. 6d. cash, with sellers over at 51s. 64d. 
cash, 51s. 10d. one month, and 52s, 4d. three months. 
Buyers of hematite quoted 65s. 1ld. one month. 
On Tuesday morning the market was the turn easier, 
and 3000 tons of Cleveland warrants were done at 
51s. Bid. three days, 51s. 5}d. and 51s. 6d. ten Sm 
5ls. 6d. seventeen days, and 52s. 3d. three months. 
Closing quotations were 51s. 6d. cash, 51s. 9d. one 
month, and 52s. 3d. three months sellers. In the after- 
noon Cleveland warrants were again weak, and changed 
hands at 51s. 4d. seven days, and 5ls. 64d. twenty days. 
The turnover was 2500 tons, and at the close there were 
sellers at 51s. 34d. cash, 51s. 64d. one month, and 52s. 14d. 
three months. When the market opened to-day (Wednes- 
day) the tone was steady, and the business consisted of 
4000 tons of Cleveland warrants at 51s. 34d. cash and 
five days, 51s. 6d. seventeen days, 51s. 8d. one month, 
and 523. 2d. three months. The closing quotations were 
51s. 34d. cash, 51s. 64d. one month, and 52s. 14d. three 
months’ sellers. In the afternoon there was little doing, but 
Cleveland warrants were firmer. The turnover was limi 
to 1000 tons at 51s. 5d. cash, with sellers over at that 
figure and at 51s. 84d. one month, and 52s. 3d. three 
months. Hematite was quoted at 66s. cash sellers. 


Sulphate of Ammonia.—Sulphate of ammonia is quoted 
firmer this week, but as transit arrangements are all 
upset owing to the scarcity of coal, there is much difficulty 
in doing business. The current quotation is 14/. 12s. 6d. 
per ton, Glasgow or Leith, and the total amount shipped 
last week from the latter port was 81 tons. 


Scotch Steel Trade.—Little change can be reported in 
the affairs of the Scotch steel trade this week, owing to 
the non-settlement of the miners’ strike, and the outlook 
is about as black as ever. Melting has ceased in the 
endeavour to save fuel, and the employees still workin 
only number a few hundreds in any one of the large stee 
works. The difficulty in getting supplies of raw material 
has increased, and staffs will be still further reduced this 
week ; indeed, itisstated to-day that all departments, in- 
cluding the foundry at the Hallside Works of the Steel 
Company of Scotland (Limited), at Newton, will close to- 
night and the men will be suspended. The machine-shop 
alone, employing about 100 men, will be kept working. 
Generally there is no new business being considered, but 
inquiries from abroad amounting to a fairly large tonnage 
are at present in circulation. 


Malleable-Iron Trade.—The conditions in the mal- 
leable-iron trade of the West of Scotland are very 
similar to those in the steel trade, and business is prac- 
tically at a standstill. This state of affairs is very 
Serious to the employers after the recent long spell of 
poor trade, with the excessive competition which existed. 

Scotch Pig-Iron Trade.—‘‘ Nothing doing” is the 
general report from Scotch pig-iron makers this week, 
and little else could be expected when over eighty fur- 
haces are either dam down or blown out. It was 
stated here last week that there were no furnaces in blast 
in Scotland, but that was an error, as at the works 
of Messrs. James Dunlop and Co. three furnaces 
are in operation. Hematite is not in demand, but the 
price is called 69s. 6d. per ton, delivered locally. The 
merchants’ current quotations for No. 1 iron are as 
follow :—Clyde and Langloan, 65s.; Calder and Gart- 
re = a os and Coltness, 82s. 6d. 
uli shipped at Glasgow); Glengarnock (at Ardrossan), 
65s. fid.; and Shotts (at Leith), Obs. ;, 








NOTES FROM SOUTH YORKSHIRE. 
uM ‘ SHEFFIELD, Wednesday. 
. lessrs. Jessop’s Year's Trade.—Taking into considera- 
tion the various adverse circumstances, -including a de- 
cance in the American trade, the profit reported by 
Messrs, mn Some and Sons, Limited, at their 
annual meeting in Sheffield on Monday, mast, in the 
= of the chairman, Mr. A. J. Hobson, be regard 
of th considerable satisfaction. In moving the adoption 
red my report, which recommended a dividend of 10 per 
nt. for the year, the chairman made extended reference 


A further advance took place in| M4 


led | Theré was more rageme Bc aap of 





to the coal strike. On account of it, he said, Messrs. Jessop 
appeared likely to have this year, at the most, only ten 
months’ trade to bear twelve months’ charges and expenses, 
and there was a probability of permanent loss of trade. 
The week previous, one substantial order to the extent 
of about 5000/. worth of material, which the firm usually 
got, had gone to Germany, and they were now straining 
every nerve to retain one of their very best customers, 
who could not wait indefinitely for material. The 
point that Mr. Hobson made in this connection is one 
that has a serious bearing upon the whole of the Sheffield 
trades, and that is, where an eme' 
is always risk of other orders following. Exactly what 
damage the strike will have done to Sheffield firms who 
do a big export trade, as, for example, the makers of tool 
steel and tools, cannot be ascertained fully until perha 

a year hence. 
loss will be as light as possible, and that foreign customers 
will be aS suffer a temporary inconvenience rather 
than leave Sheffield and place their orders elsewhere. 
essrs. Jessop’s profit for the year was 71,001/., as com- 
pared with 72,274/. for 1910. 


Manufacturers’ Views on the Strike.—The coal strike 
was the subject of two interesting expressions of opinion 
from authoritative sources in Sheffield this week, when 
the heads of two of the largest firms in the city gave 
their personal views. Sir Robert Hadfield, addressin 
the shareholders at the annual meeting of Hadfield’s Steel 
Foundry Coney, made a couple of practical su tions. 
In the first p he said he thought it a pity that both 
sides had not taken advantage of the court of arbitration 
in connection with the Industrial Council. He conside 
it provided machinery quite sufficient to deal with these 
troubles. His other suggestion was accompanied by 
a semi-humorous allusion to our English way of doing 
things. We were a great nation, erg ay. a@ very im- 
portant position in the world, and yet, he said, we some- 
times seemed to neglect very natural and simple means 
of ae these troubles. Why should we not have a 
Minister of Labour to help us to deal with these problems? 
He argued that the practical knowledge and possibilities 
of foresight of such an official would be very helpful in 
such a crisis as the present. The suggestion is interesting, 
and has an added force from the fact that Sir Robert 
stated he had himself been invited to join the Arbitra- 
tion Court. Mr. A. J. Hobson, speaking as the head of 
William Jessop and Sons, delivered a striking address on 
the economics of the minimum wage. One of his most 
pregnant points was that if the Government intended 
in their measure to make exceptions on behalf of the 
older and less efficient men working in mines, then the 
matter resolved itself into the question of who was too 


ted | ld or inefficient to earn the minimum—a question that 


only the common-sense of the masters and men could 
settle. The minimum wage, he remarked, wasan attempt 
to confine w: in an artificial channel, instead of letting 
them follow their own economic course. 


South Yorkshire Coal Trade.—The position in the local 
coal trade becomes increasingly serious, and in spite of 
to-day’s news about the Government’s plans, the situa- 
tion, frankly, is not rded with any very hopeful eye. 

authorities on the situation view the immediate 
future with grave doubts, and particularly point to one 
fact in justification of theiroutlook—namely, thatcollieries 
still possess considerable stocks which they are not offering 
to merchants, but keeping back for their own purposes. 
The amount of coal coming into Sheffield is of very small 
proportions, most of it in the shape of deliveries consider- 
ably overdue. Extraordinary prices are paid by some of 
the steel works for — here and there, but it is 
feared they will be unable to stand the strain much longer, 
and that the end of the present week will see many more 
works shut down and a big addition to the ranks of the 
unemployed. Householders also—even those who made 
reasonable provision against emergencies—are beginning 
to feel the shortage, but are disinclined to make further 
purchases for various reasons—the high prices, the 
uncertainty as to the outcome of negotiations, and the 
impossibility of depending upon deliveries. A little house 
coal in the dépéts is fetching 35s. a ton, exclusive of 
delivery charges, but it is mostly of very poor quality. 
Small quantities of slack are being retailed at about 25s. 
aton. Hundredweight bags are selling in the streets at 
1s. 9d. and 2s, 


Tron and Steel.—Prospects in the iron and steel trades 
for the immediate future are distinctly gloomy. The 
manner in which some of the Sheffield works are my | 
running is remarkable, considering that most of them h 
only small stocks of coal, and that for fresh fuel fancy 

rices have been paid for more than a fortnight. The strike 
at any rate taught lessons of economy. Only the 
extremest necessity could have caused manufacturers to 

y thirty shillings and more a ton for working fuel. 
The position at present is even more serious, since the 
railway companies have stopped all deliveries of pig 
iron. There is practically nothing at all oe in raw 
materials. Producers have very little stock left, and 
when normal conditions are again restored prices will 
almost inevitably keep at the recent high figures. 
It is stated there are no stocks at all of Lincolnshire and 
Derbyshire iron. The furnaces, moreover, are damped 
down, so that it will be some little time, even with an 
early settlement of the strike, before pig iron is again 
available. There is bound to be « shortage of coke, and 
this will add further to the difficulties of thesituation. It 
is generally felt that trade will remain considerably disorga- 
nised until well after Easter, and in some quarters fearsare 
expressed for the prospects in the latter half of the year. 
works last week-end, 


and there are now probably something like 20,000 men 


out of work in Sheffield. A number of employers are 
taking measures to relieve distress by making advances 





mcy order goes there 22s. 6d 


It can only be hoped that the irreparable | 8® 


red Cham 


to their workpeople. The rolling-mills and forges have 
been particularly affected, and the majority of the Siemens 
furnaces are not working. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—On Monday best Admiralty large steam-coal 
attained the record price of 45s. 6d. per ton, ordinary and 
secondary qualities making 35s. to 40s. per ton; best 
bunker smalls, 22s. 6d. to 25s.; and other smalls, 20s. to 
id. per ton. Patent fuel made 30s. to 35s. per ton, 
but forward business was generally idle in consequence of 
the uncertainty attending the result of Government efforts 
to end the great strike. Under any circumstances it was 
thought on Monday that there was not much chance of a 
meral resumption of work before Easter. As regards 
iron ore, Rubio has made 20s. to 21s. per ton upon a basis 
ef 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


More Welsh Coal.—Coal has been found to exist over 
a large area in the neighbourhood of Presteign. Investi- 
gations have been made by experts on Follow Farm, the 
property of Mr. A. Griffiths, of Willey, situated about 
a mile from the town; and their report shows that there 
is excellent coal on the property, and that the seams run 
over other people’s land for a long distance. It has 
been decided to commence boring operations almost 
immediately. 


Proposed Slipway.—The Secretary of the Neyland 
r of Trade, Mr. 8. Williams, has received a com- 
munication from the Board of Trade to the effect that 
the Great Western Railway Company has intimated to 
that department that it proposes to remove the existing 
pontoon pier and approach at Neyland, and to construct 
upon a portion of the site of the approach an open-piled 
timber slipway, about 150 ft. long, below high-water 
mark, about 30 ft. wide, and standing about 14 ft. above 
the surface of the shore. 











Contracts.—Through the intermediary of their Paris 
representative, Mr. P. Desforges, 9, Rue de Berne, Paris, 
Messrs. Greenwood and Batley, Limited, have recently 
secured from the Compagnie des Forges de Chatillon- 
Commentry, Montlucon, an order for one large elec- 
trically-driven gun-lathe, having about 5ft. height of 
centres, and 65 ft. maximum distance between centres. 

e same French company has also ordered, through 
Mr. P. Desforges, a 2-ton Brett steam-driven belt-drop 
hammer from Messrs. Brett’s Patent Lifter Company, 
Limited, Coventry.—Messrs. Mitchells, Ashworth, Stans- 
field and Co., Limited, 23 and 24, Old Bailey, E.C., have 
recently received orders for their ‘‘ Mascolite ” for engine 
foundations at the Belgravian Steam Works, Brewery - 
road, N.; for the Olympia Theatre, Coalville, near 
Leicester ; and also for the Ceylon Government Railways. 
They have orders for their ‘‘ Felrubite” from the Burma 
Railways, the Federated Malay States Railways, and 
the State Railways of France.—We understand that the 
Société Cockerill, Seraing and Hoboken, Belgium. have 
ordered from the Vulcan Company, Stettin and Ham- 
burg, two Fottinger transformers, delivering together 
1200 horse-power, for a vessel to be employed in the Congo 
trade and to be fitted with Diesel engines. — Mesers. 
Fawcett, Preston, and Co., J.imited, Liverpool, have 
recently signed a contract for the whole of the machinery 
and plant for a complete sugar factory for Formosa. 





INTERNATIONAL SMOKE- ABATEMENT EXHIBITION. — 
Under the auspices of the Coal-Smoke Abatement Society 
it is intended to-morrow, March 23, at 12.30 p.m., to open 
an exhibition of appliances for the prevention and reduc- 
tion of smoke, the exhibition to be held in the Royal 
Agricultural Hall, Islington, and to remain open till 
April 4. During the time the exhibition is open several 
conferences will be held and lectures given. These will 
be divided into the following sections :—Section A.—On 
March 26, at 11 a.m. and 2.30 p.m., the subject of smoke 
pollution in its economical and artistic aspect, as well as 
its effects on animal and plant life, will be considered, 
the chair being taken at 11 a.m. by Sir William Ramsay, 
K.C.B., F.R.S. (President of the British Association), 
and at 2.30 p.m. by Sir William B. Richmond, K.C.B., 
R.A. (President of the Coal-Smoke Abatement Society). 
Section B.— March 27, at 11 a.m. and 2.30 p.m., 
when smoke abatement will be considered, embracing 
(1) work done and to be done in organising preventive 
action ; and (2) the physics of smoke abatement apparatus 
and practi qupedionse for the abolition of smoke, both 
industrial and domestic. Section C, March 28, at 
11 a.m. and 5 p.m., will include law and legislation, 
Lord Justice Fletcher Moulton being in the chair. On 
this day the existing law and its administration both at 
home and a , comparative legislation, and proposed 
new legislation will be considered. In addition, many 
other papers will be submitted for discussion. The 
exhibits will be classified as follows: —(a) Smokeless 
fuels, natural and artificial, for furnaces and household 
use; (6) domestic heating, including open coal fires, 
stoves of all kinds, kitcheners, &c., gas fires and stoves, 
acetylene and other gas producers suitable for heating ; 
(c) electrical apparatus, &c., furnaces used for heating 
rooms and buildings, hot-water and steam circulation, 
boiler furnaces and mechanical stokers of all kinds, gas 
and other engines for the generation of power, testing 
appliances, thermometers, pyrometers, &c., fans and 
other app!iances for ventilation, and apparatus to prevent 
the emission of dust or grit from a Particulars, 

may be had on application from Mr. F. W 





Jans, &c. y 
Bridges, Balfour House, Finsbury Pavement, B.O, 
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NOTICES OF MEETINGS. 


Tue British FouspRYMEN’s ASSOCIATION : 
—Saturday, March 23, at 7 p.m., at the Technical School, Suffolk- 
street, Birmingham, when Mr. W. H. Hatfield, B. Met., of Sheffield, 
will deliver a lecture on ‘‘ Cast Iron,” with special reference to the 
changes that take place during heat treatment. The chair will be 
taken by Mr. H. L. Reas»n. 

Tue RoyaL Soctery or Arts.—Monday, March 25, at 8 p.m. 
Cantor Lecture. ‘Materials and Methods of Decorative Paint- 
ing,” by Mr. Noel Heaton, B.Sc., F.C.S. Tuesday, March 26, 
at 4.30 p.m. Colonial Section. “ British North Borneo,” by Mr. 
Leonard Lovegrove. The Right Hon. the Earl Brassey, G.C.B., 


BIRMINGHAM BRANCH. 


will preside. Wednesday, March 27, at 8 p.m. Sixteenth Ordi- 
nary Meeting. ‘“‘The Whaling Indust y of To-Day,” by Mr. 
Theodore E. Salvesen, F.R.S.G.8. The Right Hon. Lord Sanderson, 


G. oN K.C.M.G., Chairman of the Council of the Society, will 
preside. 

Tae InstirvTion or Civi, Exe@mnerrs.—Tuesday, March 26, at 
3p.m. Discussion on the following papers to be resumed: —‘“‘ The 
Main Drainage of Glasgow,” by Mr. Alexander Beith McDonald 
and Mr. Gotfred Midgley Taylor, MM. Inst. C.E. ; ** The Construc- 
tion of the Glasgow Main- -Drainage Works,” by Mr. William Cecil 
Easton, B Sc., M. Inst. C.E.; ‘Glasgow Main Drainage: the 
i t of the Western Works and of the Kinning 
Park Pumping. -Station,” by Mr. David Home Morton, M. Inst. C. E. 
On its conclusion, the rage hg md to be read with a view to 
discussion :—‘ Thé Works for the Supply of Water to the City of 
Birmingham from Mid-Wales,” by Mr. Ernest L. Mansergh and 
Mr. Walter L. Mansergh, MM. Inst. C.E. 

Tae InstiToTION oF EvecrricaL ENGrineers : Birm’NeHAM LOCAL 
secTION.— Wednesday, March 27, at 7.30 p.m., at the Grand Hotel, 
tirmingham. A paper on ‘“‘Some General Principles Involved in 

he Electric Driving of Rolling-Mills” will be read by Mr. C. A. 
iblett. 

Tue INstiruTION OF NAVAL ARCHITECTS.—On Wednesday, Thurs- 
lay, and Friday, March 27, 28, and 29, meetings will be held in 
the Hall of the Royal Society of Arts, John-street, Adelphi. 
Wednesday, March 27. Morning meeting at 11.30 o'clock. 
Annual Report of Council, election of officers, address by the 
President, and presentation of the Institution Gold Medals and 
Premiums. The following papers will then be read and discussed : 

-**Some Military Principles which Bear on Warship Design,” by 
Admiral Sir Reginald Custance, K.C.B., K.C.MG., C.V.O., 
Associate ; ‘On Turning Circles,” by Professor W. Hovgaard, 
Member ; ‘‘ The Law of Comparison for Surface Friction and 
Eddy-Making Resistances in Fluids,” by Mr. T. E. Stanton, D.Sc. 

* Description of the William Froude ‘National Tank (Part II.),” 
by Mr. G. S. Baker, Member.—Thursday, March 28. Morning 
meeting at 11.30 o’clock. ‘‘ Results of Trials of the Diesel- 
Engined Sea-Going Vessel ‘Selandia,’” by Mr. W. I. Knudson; 
“Gas Power for Ship Propulsion,” by Mr. A. C. Holzapfel, 
Associate ; ‘‘ The Effect of Bilge Keels on the | of Light- 
ships,” by Mr. George Idle, Member, and Mr. G. S. Baker, 
Member ; ‘‘ Kesults of Calculations Regarding the Effect of an 
Internal Free Fluid upon the Initial Stability and the Stability at 
Large Angles in Ships of Various Forms. ” by Mr. A. Cannon, 
Associate Member. Evening meeting at 7.30 o’clock. ‘‘ On the 
Solignac-Grille Boiler and Its Application in French Channel 
Steamers,” by M. G. Hart, Member; “ Results of Experiments on 
Water-Tube Boilers, with Special Reference to Superheating,” by 
Mr. Harold E. Yarrow, Associate Member.—Friday, March 29. 
peat oe at li. 30 o'clock. ‘‘ Geared Turbine Chanuel 

‘No * and ‘ Hant ’" by Professor J. H. 
Biles, LL. D., D. Sc., Vice- President ; “ Performance on Service of 
the Channel Steamer * Newhaven,’ ” » by M. P. Sigaudy, Member ; 
“On the Measurement and Automatic Recording of Dead 
Reckoning,” by Mr. F, RB. 8. Bircham, Fy wy ** Description 
of a Tide Indicator,” by C rG. J. Baugh, R.LM. Evening 
meeting at 7.300 clock. “The Arrangement of Boat Installations 
on Modern Ships,” by Mr. A. Welin, Associate ; ‘‘ Torsional Vibra- 
tions of Elastic Shafts of any Cross-Section and Mass Distribu- 
tion, and Their Application to the Vibration of Ships,” by Dr. L. 
Gumbel, Member; ‘‘Load Extension Diagrams Obtained Photo- 
graphically with an Automatic Self-Contained Optical Load- 
Extension Indicator,” by Professor W. E. Dalby, M.A., B.Sc., 
Associate Member of Council. 

Tue INSTITUTION OF ELECTRICAL ENGINEERS. —Thursday, March 28, 
at 8p.m. ‘‘The Power Factor and Conductivity of Di- Electrics 
when Tested with Alternating Electric Currents of Telephonic 
frequency at Various Temperatures,” by Dr. J. A. Fleming, 
F. _ Member), and Mr. G. B. Dyke (Associate Member). 

YaL INsTITUTION OF GREAT Brirain.—Friday, March 29, 
at = .m., the evening discourse will be delivered by Professor 
Sir J. Thomson, M.A., LL.D., D.Sc., F.R.S., MRI. The 
subject i is “Results of the’ Application of Positive Rays to the 
Study of Chemical Problems.” Afternoon lectures next week at 
8 o’clock. Tuesday, March 26. Mr. Thomas Rice Holmes, Litt. D., 
on “ Ancient Britain” (Lecture III.). Thursday, March 28. Mr. 
F. A. Dixey, M.A., M.D., F.R.S., on (II) ‘‘Sexual Dimorphism 
in Butterflies.” Saturday, March 30. Professor Sir J. J. Thomson, 
M.A., LL.D., D.Sc., F.R.S., M.R.L, Professor of Natural Philo- 
sophy, R.L, ‘on ‘Molecular Physics’ * (Lecture VI. nal 
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THE MINIMUM WAGE BILL. 


Tue nation at the moment may be thought of as 
a living body attacked by a malignant growth. A 
wise and bold surgeon declares for the scalpel, or 
retires, should the patient refuse radical treat- 
ment. Assuredly he would not aid in making 
comfortable the hosts of organisms whose activities 
are extending the disease. The Prime Minister 


3% | admittedly has displayed ‘‘assiduity and determi- 


nation ” to bring about a cure. But has he recog- 
nised the full malignity of the trouble, with its 
portents, and therefore the need for surgical inter- 
ference rather than the placebo of the family 
physician? Granting that the nervously unsettled 
state of the patient suggests the use of some 
preparatory treatment, there is no justification 
for adopting procedure which must in the end 
aggravate the malignancy of the growth. Mr. 
Lloyd George may think, as he did on Tuesday, 
that the bacilli of Socialism and Syndicalism are 








mutually antagonistic, but neither is beneficent to 
the body national, and both may work their will 
on different organs, to the destruction of the entire 
organism. It is the failure to ae these simple 
truths, applicable to the individual as to the aggre- 
gation of individuals forming the State, which has 
brought about the present dangerous condition, 
and threatens to intensify the difficulty. 

In the hands of the new trade-unionist seeking 
for power, Syndicalism is one of those attractive 
doctrines which spreads more actively than any 
malignant growth. Its dominant principle is sub- 
versive equally of all communistic and private 
ownership, and when applied to any one industry 
or one factory ignores the rights of the State. The 
development of the miners’ dispute shows the 
insidiousness of Syndicalism. At first the trouble 
arose over the mimimum wage which should be 
paid to men working in abnormal places and owing 
to abnormal conditions; but to bring about a 
national strike, which is the avowed weapon of 
Syndicalism, a minimum wage for all workers in 
mines was demanded. Later the miners’ leaders 
became determined to have not only recognition of 
this far-reaching principle, but acceptance, without 
question or consideration, of the schedule of mini- 
mum rates for the various grades of workers in 
each district which they had prepared, while 
refusing guarantees as to the equivalent work for 
such wage. No one objects to a fair wage for a 
fair day’s work ; but when this is agreed to, there 
should be some surety of the agreement being 
fulfilled upon both sides. The Scotch miners 
entered the dispute notwithstanding an existing 
mutual agreement by masters and men, counter- 
signed by Mr. Churchill on behalf of the Govern- 
ment. There was also the South Wales agree- 
ment, ratified by ballot by a majority of three- 
fourths of the colliery workers, and signed by 
every one of their representatives on the Con- 
ciliation Board. Can there be any doubt existing, 
in view of recent utterances and pamphlets, that 
Syndicalism is a motive force with the miners in 
South Wales at least? With the mines and all 
coal supplies in the country in the hands of 
the miners, they could enforce their terms upon 
the nation, because the nation cannot exist 
without fuel. Such a full realisation of the aims 
has been openly preached as the ultimate end of 
the agitation, of which the present strike is a 
part, and, that being so, it is the duty of those 
responsible for the nation’s well-being to take 
action, however drastic, to check the growth at 
the outset. This is the standpoint from which the 
Minimum Wage Bill now before Parliament must 
be considered. Will it do anythin stamp out 
the root cause of the trouble ? vin it ensure 
freedom from affection of those healthy parts of 
the industrial organism as yet only threatened with 
baneful effects ? Will it even terminate the present 
phase of the disorder ? 

The one certainty of the Bill is that it compels 
all mine-owners to pay a minimum wage to all 
workers underground for the next three years. 
The Government were induced to impose this com- 
pulsion upon all because 65 per cent. of the coal- 
owners accepted the principle, but they did so only 
in the interests of peace and on the understanding 
that there would be adequate safeguards to protect 
the owner against ‘‘slackness and deficiency of 
output,” and surety that agreements made would 
be carried out. To the insufficient provision made 
in the Bill as to the latter requirement reference will 
be made presently. The first significant point is that 
a minimum wage for nearly a million workers is now 
made imperative by legislation. Hitherto such pro- 
vision has been confined to industries where ‘‘sweat- 
ing” prevailed ; but this departure creates the view 
that all workers should have a minimum wage. Why, 
for instance, shoulda man doing work underground 
get preferential treatment over a man doing the 
same work above ground at the same mine? All 
mines are not dangerous, and the work may be 
equally arduous above ground as it is underground. 
And if men atthe pithead are to have a minimum 
wage, why not all men? Then comes the difficulty 
of determining what is to be the minimum wage. 
As one man said when spoken to, ‘* We've got the 
minimum, what we want is the maximum.” There 
are probabilities of endless conflict over the ques- 
tion of ‘‘slackness and deficiency of output,” 
especially with any extension of the application of 
the principle. It is true that it is sought to 
justify the Bill on the plea that it is an exceptional, 
if not a temporary, measure with a view to end 
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the strike; but the concession to labour is too 
great, and the lever it gives to agitation too power- 
ful for contentment with the limited application to 
continue. 

The Prime Minister said ‘‘ there ought not be 
any difficulty as to the sense and good feeling in 
settling the various rates”’ for the districts. With 
full play to the reasoning faculty of all concerned 
this is true ; but someone has said most truly that 
political and social concepts are the product of 
half-conscious, non-reasoned inferences, and this is 
proved by the favour with which workmen accept 
the false doctrines and nostrums of the day. 
Therein lies the grave difficulty before the Joint 
District Boards formed of representatives of the 
miners and their employers for each district, with 
a chairman and a tripartite chairmanship—an inde- 
pendent person or persons—elected by these Boards, 
or, in default of agreement, by the Board of Trade. 
These Boards are to fix the rates for their respec- 
tive districts, or even for particular mines or 
classes of workmen where differentiation is required 
by special circumstances. They are also to pre- 
pare rules obviously to prevent ‘‘slackness and 
deficiency of output,” although the Bill as pre- 
sented to Parliament gives no guidance in either 
case. The Labour Party threatens to introduce an 
amendment to the Bill by including the schedule of 
rates which the miners have insisted upon through- 
out the negotiation, an insistence which has wrecked 
all efforts at a settlement. The chairman’s, or chair- 
men’s, casting vote is to decide the issue at the 
Joint District Boards ; but it is not quite clear 
from the Bill whether he or the tripartite shall 
have the powers of an arbitrator. Failing a settle- 
ment of rates within five weeks of the passing of 
the Bill by any Joint District Board, the Chairman 
has power to act separately and conclusively, but 
this period can be prolonged by agreement of the 
Board, or by the Board of Trade at the request of 
the Chairman. Each Board is also required to 
make special rates for aged and infirm workers, 
so that they may not be penalised by inability to 
meet the rules regarding efficiency of work. This 
exhausts the provisions of the Act, which is to 
come into force at once, while the rates fixed will 
be retrospective to the date when the men resume 
work. 

The mine-owners are thus to be compelled to 
grant the minimum wage, or close their mines. 
There is no alternative. The men are not called 
upon to guarantee anything. If the rates fixed by 
the Joint District Boards are not acceptable, or if 
the rules formulated are not favourable, the men 
need not work, and we have thus a repetition 
of the trouble in an aggravated form. he en- 
forcement of the rules will lead to friction and 
to endless disturbances, so that the cure must 
ultimately be worse than the disease. What are 
the means of overcoming such refusal to con- 
form to the rules? Dismissal will be regarded 
as penalising men who have been granted a 
minimum wage by Parliament. A strike may 
follow. Again, the Prime Minister's actual pledge 
to the masters was that if they gave the minimum 
wage there would be guarantees against any serious 
diminution of the output. Such diminution means 
increased cost, and our export trade would suffer, 
while the nation must accept directly part of the 
burden, owing to enhanced prices of coal, although 
it must operate on the poor in favour of well-paid 
workers. Finally, the agreement enforced by Par- 
liament carries with it no penalties for infringe- 
ment. No more forceful proof of the ineptitude of 
Parliament, and of its subservience to the agitator, 
can be conceived than the enactment of rules and 
regulations such as are to be carried out by the 
Joint District Boards, without penalties for evasion 
or infringements. 

Any strike of protest against such rules, when 
organised by trade unions, ought to bring unions 
within ordinary penalties. Were this point con- 
ceded, the dignity of Parliament would be sustained, 
and the prospect of obviating future strikes im- 
proved. It is not enough to urge that the cireum- 
stances are extraordinary, and a remedy urgent, 
in order to justify such a grave concession, and 


therefore direct incentive, to organised attacks on | Pp 


the industries of a nation by Syndicalists, Socialists, 
or any other re. Even if the Bill, as drafted, 

sses through Parliament, and even if it succeeds 
in ending the present strike—-which is the more 
probable, as that is now on the fringe of failure 
owing to the awakening to common-sense of a large 
majority of the miners—it must have a most dis- 





turbing effect not only on the miners, but upon all 
workers. It nurtures that tendency to half-con- 
scious, non-reasoned inference which is taking the 
place of a rational searching for truth and justice. 








BRITISH NAVAL POLICY. 

Tue key-note of the admirable exposition of 
British naval policy given by the First Lord of the 
Admiralty in the House of Commons on Monday 
night was that ‘‘the time has come when both 
nations (Britain and Germany) ought to understand, 
without ill-temper or disguise, what will be the 
conditions under which naval competition will 
be carried on during the next few years.” We 
have always contended that an unmistakable and 
firm foreshadowing of future policy on the part 
of both Governments would obviate that irritat- 
ing jealousy and exciting uncertainty which have 
done so much to widen the gulf between two in- 
herently friendly nations. Mr, Winston Churchill, 
since he became First Lord of the Admiralty, has 
more than once asserted the vital need for the 
maintenance of the superiority of the British 
Navy. We have the idea forcibly expressed in the 
words: ‘* When we consider our naval strength, 
we are not thinking of our commerce, but of our 
freedom ; we are not thinking of our trade, but of 
our lives. We must never conduct our affairs so 
that the navy of any single Power will be able to 
engage us at any single moment, even our least 
favourable moment, with any reasonable prospect 
of success.” At the same time it was made plain 
that we have no thought of invading any Con- 
tinental State. We do not maintain an army 
sufficiently large for such a difiicult operation, 
and, consequently, our naval need is for the 
maintenance of food supplies. ‘‘ There is no 
parity of risk” between the British naval position 
and the position of any foreign Power. On 
Monday night the First Lord went further, and 
did what no other predecessor in the office has 
sought to do for more than thirty years. He 
laid down definitely our programme of construction 
for the next few years, and our arrangements as 
to ships in commission, not altogether for the 
edification of the British nation, but for the infor- 
mation—we had almost said the guidance — of 
Continental Powers. This programme is, as was 
pointed out in the First Lord’s memorandum, 
contingent upon the procedure in Germany. ‘Any 
retardation or reduction in German construction, 
within certain limits, will be promptly followed 
here, as soon as it is apparent, by a fully propor- 
tionate reduction.” 

The Admiralty during recent years has accepted 
as the actual standard of construction the posses- 
sion and maintenance of a 60 per cent. superiority 
in vessels of the Dreadnought type over the corre- 
sponding type of ships of the German Navy on the 
basis of their existing naval law ; for smaller vessels 
higher standards have been accepted. This policy 
the Admiralty intend to pursue, believing that it 
will be a convenient guide for the next four or five 

ears, but ‘‘beyond this it is idle to speculate.” 

he First Lord, however, safeguarded himself, and 
very wisely so, against the possibility of develop- 
ments in other navies affecting the general situa- 
tion. The 60 per cent standard is accepted now 
because of the assumed superiority of Britain in 
pre-Dreadnoughts. The First Lord measures the 
comparative advantage of our pre-Dreadnoughts 
against those of other Powers by the truism that 
in battle it will always be the stronger naval Power 
that can afford to lose ship for ship in every class, 
as the process of cancelling would bring such 
Power into a condition not of relative, but of absolute 
superiority. ‘‘ When the ace is out, the king is 
the best card, and soon.”’ As the pre-Dreadnoughts 
are replaced by modern ships, the 60 per cent. 
standard will be revised, but for the next few years 
it is probably, under present diplomatic conditions, 
quite satisfactory. 

The First Lord obviously desires that there 
should be no misunderstanding, and he clearly 
analysed the situation during the next six years 
on the basis of this standard. Our building 
rogramme, so far as Dreadnoughts is concerned, 
is arranged in relation to the German naval 
law. For the next six years four large armoured 
ships and three large armoured ships alter- 
nately will be laid down, beginning this year 
with four. This provides twenty-one ships in 
six years. The German naval law, as at present 
existing, provides for two ships annually during 





the next six years—in all, twelve ships. If there 
is to be an increase of two ships in the German 
programme of the next six years, bringing their 
number up to fourteen for that period, Britain wil] 
add within the same period four ships, making the 
number twenty-five, spreading them conveniently 
over the six years, so as to secure the greatest 
evenness in our finances. If three additional were 
laid down by Germany, Britain would build six 
making the relative numbers twenty-seven and 
fifteen. ‘‘ If, on the other hand, Germany drops 
out in one or even two of these annual quotas, and 
keeps her money in her pocket for the enjoyment 
of her own people, and for the development of 
her own prosperity, we will, at once, in the 
absence of any dangerous development elsewhere, 
not now foreseen, drop out our corresponding 
quota.” Such a definite enunciation of our pro- 
spective programme has been contended for in 
these columns for many years, and the responsi- 
bility for continuing the ruinous expenditure on 
shipbuilding, if such continues, will be attributable 
to Germany. 

The First Lord found some satisfaction in refer- 
ring to the tendency of expenditure to increase 
with the passing of years, and without direct refer- 
ence toshipbuilding programmes. It would seem 
that, so far as the British Estimates are concerned, 
such automatic augmentation in five years of the 
votes for pay, allowances, pensions, &c., will be 
1,700,0001. ; that, owing to the increased power 
of all types of ships, the automatic augmenta- 
tion of coal and oil consumption will amount to 
900,000/. a year in the same period ; while, in 
addition, there is the expenditure necessary for 
docks and repairing facilities; and, lastly, the ordi- 
nary labour pressure in the dockyards and the 
general advance in prices. We have learned the 
lesson of the force of these automatic increases. 
Germany has not yet had direct experience of 
them, but must soon realise the burden in addition 
to new construction, and there is in this fact some 
— for prospective reductions. 

urning now from the international or diplo- 
matic phase of the matter, we may direct atten- 
tion to what may be termed the ‘‘constructional” 
or ‘‘scientific” aspect. The First Lord made 
allusion to several points which were brought out 
in our article of last week. In the first place, he 
referred to the delay in shipbuilding and the under- 
spending in votes for shipbuilding, repairs, and 
maintenance, owing principally to labour troubles. 
This diminution totals 1,600,0001., and, under 
ordinary circumstances, this would have to be 
surrendered to the Exchequer ; but, with Treasury 
sanction, the sum of 300,000/. from this amount is 
to be utilised for certain urgent services. It 
remains, however, that the work not done during 
the year now concluding must be transferred to 
the future ; and, consequently, of the total sum 
mentioned 600,000/. requires to be voted again for 
next year, and 1,000,000. for the year 1913-14. 
The delay has affected almost every ship now 
building ; and, as we mentioned last week, there is 
once more established the necessity of increasing 
the margin of time for the building of ships, in order 
to provide for this contingency of labour trouble. 
At the same time the beginning of ships must be 
delayed as long as possible, because, as Mr. 
Winston Churchill so aptly put it, ‘‘up to the 
moment when the contract for a battleship has 
been definitely signed the vessel is heir to all the 
expanding naval science of the world; but from 
the date when the design has been finally fixed it is 
obsolescent.” Moreover, we can build, arm, and 
equip great ships each year, and we can continue 
that process year after year upon a scale largely in 
advance of any other single Power according to its 
present resources. The First Lord confirmed what 
we wrote last week regarding the design of the 
light armoured cruisers, of which eight are to be 
built. They are to be the smallest, cheapest, and 
fastest vessels protected by armour ever projected 
for the British Navy, and are to be the ‘‘eyes 
and ears” of the battle fleet by day and night, and 
to be able to overhaul and cut down any torpedo- 
destroyer afloat. The twenty destroyers are to be 
laid down at once, and on them nearly 1,000,000/. 
is to be expended. For submarines 700,000. 1s 
to be provided. This is a department of work 
which we hope will be carefully considered in the 
light of the great activity in some of the Continental 
countries — notably Germany. The First Lord 
referred to the incontestable superiority of oil to 
coal in respect to speed, convenience, scantlings, 
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economy, and in the reduction of personnel, adding 
that ‘‘if internal-combustion engines of sufficient 

ower to drive warships can be invented, as may, I 
think, be hoped for within a very reasonable time, 
all the advantages of oil will be multiplied, and 
some of them will be multiplied three or four times 
over. The question of the supplies of oil, storage, 
accommodation, and reserves properly protected 
against attack either by aeroplanes or sabotage, are 


receiving continuous attention.” The use of the 
word ‘‘sabotage” here is a sign of a present 
portent. 


As to docks, it is stated that there are at present 
nine docks which can take Invincibles, Lord 
Nelsons, and all earlier ships, and that five of these 
are suitable for our latest battleships. Two float- 
ing docks will be completed shortly. Early next 
year there will be a new dock ready at Portsmouth ; 
another, also of the larger size, in January, 1914; 
while three docks and a lock at Rosyth (four in all) 
will be available in 1916. Five private docks are 
available for the largest vessels, and two are now 
in course of construction. In addition to the above, 
there are four other private docks which would 
take in vessels of the Invincible class. Thus the 
Admiralty consider that the dock accommodation 
does not call for anxiety or complaint in the imme- 
diate future. The beginning of a large scheme is 
suggested by the proposal to moor one of the large 
floating docks in the Cromarty Firth, along with 
the floating workshops, pending the creation of the 
large base which is being developed on the north- 
east coast. 

The only other point in the First Lord’s very 
comprehensive statement to which we need refer is 
as to aviation. In association with the War Oftice 
the Admiralty have acquired some land at EKast- 
church, adjoining that of the Royal Aero Club, and 
a naval aviation school is in course of construc- 
tion there. A considerable number of aeroplanes, 
both for training and experimental purposes, have 
been purchased, and some of them are being 
adapted for the special needs of the Navy. Already 
there are a number of good naval aviators, and it 
may not be many months before regular fleets of 
naval aeroplanes can be associated with the work of 
the various squadrons in hand. Regarding these 
squadrons, it may be added there is to be a reorgani- 
sation of the fleet, a most notable feature being the 
separation of the destroyers into separate entities 
under the Admiral of Patrols, who in war will be 
controlled directly by the Admiralty, so as to enable 
the battle fleet or fleets to operate with the utmost 
freedom, and confine themselves to the prime 
business of defeating the enemy’s battle fleet with- 
out being diverted from that task by the necessity 
of protecting British coasts from any minor raid or 
descent, whether naval or military. Among the 
committees of inquiry sitting is one to consider 
the whole question of entry and education of cadets 
and midshipmen. This Committee is presided over 
by Sir Reginald Custance, and although the First 
Lord wished to make it clear that this inquiry 
implies no departure from or reversal of the policy 
of naval training instituted in 1902, but is calcu- 
lated rather to give full effect to it, we await 
the result of the Committee’s deliberations with 
very considerable interest. 





THE ORIGIN OF RADIUM. 

Tere was nothing romantic about the discourse 
on “The Origin of Radium” which Professor 
Frederick Soddy, M.A., F.R.S., of Glasgow Univer- 
sity, delivered at the Royal Institution last Friday, 
the 15th inst. He seemed to have set himself the 
task of demonstrating that the apparently bewilder- 
ing changes of radioactivity are subject to simple 
laws, which may be graphically represented with 
the aid of amachine. He exhibited such a machine, 
and made it draw curves illustrating the various 
phenomena of disintegration and regeneration ; and 
though he could not claim the positive result of 
having experimentally traced the origin of radium, 
his remarkable researches of the last ten years 
indicate the method to be pursued and promise 
success. At the same time, the reasserted chemical 
identity of ionium, thorium, and uranium X sub- 
stances, so strongly differing in radioactive respects, 
remains bewildering. 

Ten yearsago, Professor Soddy stated in opening 
his lecture, Professor Rutherford and himself, then 
«t McGill College, Montreal, had offered an expla- 
nation of radioactivity based upon simple chemical 
facts, and not, as had been assumed, upon any 





mathematical or physical theories as to the nature 
of the atoms of matter. The apparently permanent 
and constant radioactivity consisted in general of 
two parts. One of the parts could not, as a rule, 
be separated from the substance ; the other part, 
often the larger part of the whole radioactivity, 
though associated with an infinitesimal portion of 
the material, could be separated by ordinary chemical 
and physical operations. The natural explanation 
presenting itself was that the substance was not 
homogeneous, and Mme. Curie accounted in this 
way for her analysis of the radioactivity of pitch- 
blende and the separation from the preponderating 
radioactive constituent, uranium, of the new radio- 
elements radium, polonium, and actinium. Sir 
William Crookes similarly separated by chemical 
means uranium X from uranium as responsible for 
the B-activity of this element. When examining the 
radioactivity of thorium compounds ten years ago, 
Professor Rutherford and the lecturer found that 
one portion of the radioactivity, to which they gave 
the name thorium X, could be chemically separated 
from thorium, and they then made an astonishing 
observation. Thorium, after having been deprived 
of this Th X by chemical processes, spontaneously 
regenerated this constituent ; after a month’s in- 
terval a new quantity of Th X could again be 
isolated from the thorium, while the activity of 
the first portion of Th X completely decayed 
within this period. A similar regeneration was 
observed in the case of radium. Th X lost half 
of its radioactivity in about five days; with Ur X 
the decay took eight times longer ; but the phe- 
nomena were of the same kind. If a chemist ob- 
served that an impurity, which he believed he had 
extracted, reappeared after a lapse of time, he 
would scarcely credit his observation. But if those 
observations were confirmed, and shown to be the 
regular and invariable consequence, then the view 
that the atoms were the ultimate unchanging con- 
stituents of matter would appear undermined. 
That had been the basis of their disintegration 
theory, and the question arose, and formed the 
subject of the lecture, whether over long periods 
of time the intensely radioactive constituents sepa- 
rated from uranium minerals were regenerated by 
the disintegration of one or more of the other 
elements in these minerals. 

The law of radioactive change was really the 
simplest expression of what had been termed 
‘*mass action” by chemists, and had been familiar to 
them since the classical researches of Wilhelmy 
(1850): the velocity of change (velocity of reaction), 
i.e., the quantity changing in unit time, was always 

roportional to the quantity remaining unchanged. 

his fraction of the whole, undergoing change in 
unit time, was known as the radioactive constant A, 
and its reciprocal 1/A was the period of average life 
of the changing atom. Chemists dealt with few 
changes as a rule, while in radioactivity several 
successive changes frequently occurred in a series, 
a substance A changing at one rate into B, and B, 
according to the same law, but at its own rate, into 
C, and soon. If P and Q were the quantities of 
any two successive members in the series, and Ap and 
Aq their radioactive constants, then throughout the 
series, d Q/d t = A» P— Aq Q. There was nothing 
mysterious about these change, though the periods 
ranged from a few seconds to thousands of years, 
and they could all be imitated by a new machine 
of his design. 

Professor Soddy reserved a detailed description of 
this machine for another occasion. It is a compli- 
cated mechanism for drawing exponential curves, 
broadly consisting of a horizontal worm-wheel, 
driven by hand with the aid of a crank, and several 
vertical shafts, whole or in parts, all being mounted 
on a vertical board. Upon the first shaft three (or 
more) pulleys (all rubber-tyred) are fixed. Each 
pulley drives a cone of rough surface lying obliquely 
to the shaft, with its point downward, the cone 
revolving about its oblique axis. The second line 
of shafting consists of three (or more) independent 
screws, the one above the other, each fitted with a 
rubber-tyred nut, which moves up and down the 
screw, bearing against the other side of one of the 
cones mentioned. The nut is the essential feature ; 
it is connected by a cord and multiplying pulleys 
to the style which moves up and down over the 
card. The third line of shafting is geared with the 
second. The fourth consists of a vertical roller 
which pulls the paper card along. The nut men- 
tioned travels down on its screw (by the cone) at 
a rate which depends upon the momentary height 
of the nut above the point of the cone ; when the 





nut is low down on the cone, the nut moves slowly ; 
when high up, rapidly. This motion takes place 
when the screw is not itself turned, and this 
downward motion, Mr. Soddy explained, corre- 
sponded to the decay. When the screw was itself 
turned, its nut moved upward, and this motion 
represented the regeneration. When the nut had 
reached a height such that it travelled downward 
as fast as it was moved upward by the rotation of the 
screw, no matter how long the machine operated, 
equilibrium was attained ; that is to say, decay and 
regeneration balanced one another. The nut com- 
municated its movement by a roller and gear- 
wheels (third shaft) to the next unit above it (there 
are three such units, as stated). Now the height 
of the nut on its screw represented the quantity of 
radioactive substance present ; the fall of the nut 
(by the action of the rotating cone) was the —Ag Q, 
the rise (by the action of the rotating screw) the 
+p P, and the various radioactive constants were 
imitated, coarsely, by using screws of different 
pitches, and, finely, by varying the speed of the 
driving cone with reference to the main shaft. By 
undoing a lock-nut, the nut could be arranged 
to ‘‘free-wheel ;” that condition would correspond 
to a screw of infinitely fine pitch and to a radio- 
active period of infinite length (compared to the 
time of experiment). Professor Soddy drew a 
large number of curves illustrating the radioactive 
changes for cases in which the substance in ques- 
tion was the first, second, or third product of a 
series. 

In this way, the lecturer continued, many pro- 
blems could be elucidated, and only two of the 
original ae remained unsolved. The one 
concerned the ultimate disintegration product or 
products of uranium and thorium, the other their 
origin. The former task might be likened to that of 
finding a meteor after it had vanished, when its 
energy had been spent and only the matter re- 
mained. Uranium seemed finally to turn into lead, 
but there was no direct evidence of this ; and as to 
thorium, there was no hint so far as to its ultimate 
product. The average life period of radium was now 
estimated by Rutherford at 2500 years ; the various 
estimates did not differ much. Very little of the 
radium existing at the time when the Pyramids 
were built could still be in existence, and a few 
thousand years hence most of that in existence 
now would have decayed. 

The question as to the origin of radium appeared 
at first sight easy for experimental investiga- 
tion, Professor Soddy said, on account of the 
extreme sensitiveness of radioactive methods. 
This was strikingly demonstrated. A tube con- 
taining the emanation of 3 milligrammes of radium 
was broken in the basement of the Royal Institu- 
tion, in front of one of the ducts from which the 
lecture-theatre receives its air supply. The room 
contained 50,000 cub. ft., or 1% tons, of air; a 
current of this air was passed through the casing of 
a gold-leaf electroscope which had been charged 
five hours previously, and had so far kept its 
charge without leakage ; the leakage set in almost 
at once after some of this air had entered. One 
gramme of radium gave only 0.6 cub. mm. of 
emanation, the lecturer stated, and a thousandth 
part of that, uniformly distributed through the air 
of the room, would produce far larger effects than 
any dealt with in the researches to which he would 
refer. : ; 

Only two primary radio-elements—uranium and 
thorium—were known to change sufficiently slowly 
to account for the maintenance of radium in the 
earth, and these two elements were the only ones 
also possessing higher atomic weights than radium, 
so that they alone came into question when the dis- 
integration of some element into radium was con- 
sidered ; the production of an element by a syntheti- 
cal union of several others was entirely unknown at 
present. As radium occurred in uranium minerals, 
uranium was selected as the probable primary parent 
of radium. If uranium were the direct parent of 
radium, Professor Soddy continued, 100 grammes 
of uranium, carefully purified chemically from 
radium, should generate a sufticient amount of new 
radium for detection in a few hours. Nine years 
ago he had started with 1 kilogramme of uranyl 
nitrate, containing 0.5 kg. of uranium. The 
solution was purified from radium by precipitating 
barium sulphate in it [the settling barium sulphate 
was supposed to carry all radioactive ingredients 
down with it, but did not do so, as will be seen], 
and then preserved in a closed vessel. Some radium 
was actually found in this vessel after 500 days, 
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but only a thousandth part of what he had expected 
to find. 

The character of the problem had meanwhile 
changed, moreover. If uranium were the parent 
of radium, it followed from the disintegration 
theory that proportionality should exist between the 
quantities of Ur and Ra in all radioactive minerals 
which had not been affected by external agencies. 
In the course of thousands of years the quantity 
of Ra should come into equilibrium with that of Ur 
when as much Ra was produced as disintegrated in 
the unit of time ; then the A, P = A, Q and the 
ratio between the two quantities should hence be the 
same as the ratio between the periods of average 
life of the two elements. Strutt, Boltwood, and 
others had proved this to be the case by examining 
many minerals ; there were in unaltered minerals 
310 milligrammes of Ra per ton of Ur. From this 
ratio and the period of a life period of 8000 
million years had been deduced for uranium. 

Some evidence that uranium was the primary 

rent of radium had thus been obtained, Pro- 
essor Soddy proceeded, and this indirect evidence 
was still all that was available, unfortunately. To 
account for the excessively slow growth of radium 
in his experiment, he had to assume that an inter- 
mediate product existed between Ur and Ra of a 

riod which was great by comparison with the 
ength of the experiment ; such a product would 
enormously retard the growth of radium and com- 
plicate the apparently simple problem. This pro- 
duct would also be present in uranium minerals 
and salts, and should be removed before beginning 
the investigation. Professor Soddy therefore in 
1905 started on fresh experimental researches in 
conjunction with Mr. T. D. Mackenzie in his new 
Glasgow laboratory, uncontaminated by radium. 
Three separate quantities of uranyl nitrate (1 kg. 
each) were extracted with ether, which was supposed 
to separate radium and other impurities. One frac- 
tion of the original material was especially treated 
in order to test the assumption previously made [as 
stated above] that all the radioactive substances 
would fall out together with the barium sulphate ; 
this was now proved to be wrong. 

The emanations of the three other solutions were 
prepared either by sealing the solution up and boil- 
ing out the emanation subsequently under reduced 
pressure, or by distilling the solution with a reflux 
condenrer. Menewhitle Boltwood had observed in 
America, and Keetman in Germany, that actinium 
(obtained from uranium minerals) seemed to gene- 
rate radium at an exceedingly rapid rate; they 
subsequently found that their actinium was really 
a new product, ionium, the radiation of which 
consisted almost entirely of a rays of low range. 

Giving details of his experiments with his three 
solutions, Professor Soddy showed that they all 
indicated that the radium was derived, not from 
the uranium, but from infinitesimal quantities of 
ionium not removed by the various purifications 


adopted. The growth of radium was only ate 


of what he had expected, however. What the 
quantities involved meant he elucidated in the 
following way: radium metal, at the present price 
of its bromide (161. per milligramme), would cost 
750,0001. per ounce. The diagram of his curves 
was 2 ft. high ; to represent the effects of a penny- 
worth of lion on this scale would have required 
a diagram 6000 ft. in height. 

Thus uranium could not produce radium directly. 
On Professor Soddy’s machine, with all the nuts 
‘*free-wheeling” (to represent periods infinitely long 
compared with the time of the experiment), the curve 
of the growth of Ra would be a straight line if 
no intermediate product intervened; the curve 
would rise proportionally to the square of the 
time if one product intervened, and rise pro- 
portionally to the cube of the time with two 
products intervening. Assuming ionium to be the 
only intermediate product which was _ initially 
present, the period of ionium should at least be 
100,000 years. But the direct product of uranium 
was known to be Ur X, which had a period of only 
35.5 days, and gave only 8 rays (on account of its 
very short period, Ur X could be left out of account 
in the time estimates), while ionium emitted only 
a rays. Professor Soddy, therefore, in a special 
series of experiments, made with 50 kg. of pure 
uranyl nitrate (presented to him by Dr. Beilby, 
F.R.S.) watched for some feeble a radiation during 
or subsequent to the decay of Brays. The result 
was negative ; the traces of a radiation (still due to 
impurities, in spite of all precautions) remained 





constant. Thus the product of Ur X remained 
unknown. It might be ionium, having a very long 
period. But chemically this ionium seemed to be 
identical with Ur X and with thorium; this 
assumption of Marckwald and Keetman had quite 
recently been confirmed by Mr. Fleck in Mr. 
Soddy’s laboratory, and he had thus, in trying to 
remove Ur X from the Ur also removed the 
ionium. 

As regards the upper limit of the period of 
ionium, Professor S cm had examined the activity 
measurements which Meyer and von Schweidler 
had made with the thoria (containing ionium) that 
Auer von Welsbach had isolated in a masterly re- 
search from 30 tons of pitch-blende from Joachims- 
thal; that maximum estimate would lie between 
100,000 and 1,000,000 years. This agreed with the 
most recent estimate of Geiger and Nuttall, based 
upon the range to which a rays of various sources 
penetrated into air. If a period of 200,000 years 
were accepted for ionium, there should be 
25 grammes of ionium in each ton of uranium (in 
a mineral), and by 1917 a distinct rise should 
become visible in one of Professor Soddy’s curves, 
which had so far indicated hardly any change with 
time. Systematic experiments should be conducted 
with, say, 20 kg. of pure uranium salt, in a special 
room of a permanent institution. It was not enough 
simply to see, after several years, whether any 
radium had grown. The results of his experiments, 
Professor Soddy concluded, were negative, yet 
he had obtained indirect evidence as to the life 
period of ionium, indicating that it would alone 
suffice to account for the apparent absence of 
growth of radium from uranium, though there 
might be more than one long-lived intermediate 
product. The very long periods suggested were not 
exceptional ; the earth’s axis required 26,000 years 
for describing its circle. In his concluding words 
Professor Soddy expressed his indebtedness to Mr. 
Beilby, jun., and Mr. Weller, of Glasgow, for 
helping him over difficulties in the construction of 
his machine, 








WASTE-HEAT ACCUMULATORS. 

In a paper read last Tuesday before the Institu- 
tion of Engineers and Shipbuilders of Scotland, 
Mr. D. B. Morison described recent improvements 
in the heat-accumulators which have rendered 
practically available the enormous quantity of 
steam from non-condensing engines which was 
formerly discharged direct into the atmosphere. 
The idea of heat-accumulators is, of course, old, 











goab.oad to find important installations of a similar 
character. Thus the Fife Coal Company operate 
five pits, non-condensing engines being used for 
winding. Power is generated from the exhaust 
steam from these engines, and distributed electric- 
ally by overhead lines to the five pits. Mixed-pres- 
sure turbines of the Curtis type are used, and can 
be operated either with live steam at 125 lb. abso- 
lute, or by the exhaust from the winding-engines, 
which, of course, work intermittently. About 
31 winds are made per hour, but the actual period 
during which the engines furnish a supply of 
exhaust steam is about 26 seconds per wind, and 
during this time each engine supplies 645 lb. of 
steam. An accumulator 9 ft. in eae by 30 ft. 
long takes this intermittent supply of steam, and 
distributes it uniformly to the turbine. The actual 
cost of power production here, including 12} per 
cent. for interest and depreciation, is from 0.18d. 
to 0.20d. per unit. 

























































































5 





























— _ 


- z 





(evera) 
and we believe that some thirty years ago there 
was a patent taken out for interpolating one of 
these accumulators between a non - condensing 
engine and a low-pressure condensing engine, but 
since a low-pressure cylinder is far from efficient, 
the idea was devoid of eommercial importance. 
Professor Rateau was, we believe, the first to 
realise that the advent of the turbine had 
wrought a change so fundamental that a device 
commercially useless, when reciprocating engines 
only were available, had become of the greatest 
industrial value. This is well illustrated in Mr. 
Morison’s paper, where it is stated that at the 
Dominion Iron and Steel Works, Cape Breton, no 
lees than 8000 kw. are generated from what would 
otherwise be waste steam. In this plant there are 
four heat-accumulators, each 9 ft. 6 in. in diameter 


On the North-East Coast, Mr. Morison said, 
the Waste Heat Company is now generating 
12,000 kw., and there are a number of private 
plants also in operation. The total supply of waste 
steam is said to be enough to provide 50,000 kw. 
to 60,000 kw. continuously. Generally the power 
developed by the turbine is about the same as that 
of the reciprocating engine to which it is coupled 
up. In colliery work the accumulators must, he 
says, generally be of sufficient capacity to bridge a 
break of 60 seconds in the supply of the exhaust 
steam. In rolling-mills shorter ‘‘ bridges” are 
needed, generally from 30 to 45 seconds. The tur- 
bines used are designed for an initial pressure 
of 164 lb. absolute, and can, Mr. Morison said, be 
constructed to work satisfactorily, even if the 
pressure on occasion falls to 12} Ib. absolute. In 





and 40 ft. long. It is not, however, necessary to 


such case it is necessary to fit a self-acting valve 
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between the accumulator and the engine exhaust- 
pipe, so as to cut the latter off when the pressure 
in the accumulator is below the atmosphere. 

To secure efficiency in the accumulator a good 
circulation is of the utmost importance. The pro- 
blem involved is to secure the heating of the water 
in the shortest possible time with the least possible 
loss of pressure at the nozzles. A view of one of the 
nozzles is shown in Figs. 1 and 2, and through one 
of the accumulators in Fig. 3. The nozzle is, it 
will be seen, star-shaped at the bottom, the steam 
issuing from it through a series of narrow slots, 
immersed to a depth of about 5 in. below the 
surface. The wide band of steam which issues 
from these is rapidly condensed, and at the same 
time causes a thorough circulation of the water, 
since the portion heated by this condensation 
escapes at the top of the surrounding tube, and 
has therefore to 4 replaced from below. Tests 
made have shown that the temperature difference 
between the top and bottom of the guide-tube, at 
the end of a period of absorption, does not exceed 
2 deg. Fahr. An automatic by-pass is fitted 
between the exhaust pipe from the main engines 
and the supply pipe to the turbine. This valve 
opens if the rush of steam is greater than can 
be passed through the nozzles without undue back 
pressure, and in that case steam passes direct to 
the turbine without entering the regenerator. 

One difficulty that has been met with in practice 
has arisen from oil carried over with the exhaust 
from the reciprocating engine. The presence of 
this oil in the accumulator both retards the absorp- 
tion of the steam and its regeneration. To get rid 
of this difficulty a system of automatically skimming 
the surface of the water has been adopted. To 
this end, the guide-pipe around each nozzle is fitted 
with a cowl directed towards one end of the accu- 
mulator. The effect of this is that any oil on the 
surface is driven up to a collecting chamber 
arranged at one end of the accumulator, and here 
it is collected and removed. 








THE LATE REAR-ADMIRAL GEORGE 
WALLACE MELVILLE. 

WE regret to have to record the death, which 
occurred a few days ago in Washington, in his 71st 
year, of Rear-Admiral George Wallace Melville, 
late Engineer-in-Chief to the United States Navy, 
a post to which he was appointed in 1887, and 
which he relinquished in 1903. Admiral Melville 
was born on January 10, 1841 ; he was the son of 
Alexander Melville and of Sarah Douther Wallace, 
of New York. His father, Alexander Melville, was 
the son of James Melville, of Stirling, Scotland, 
who settled in New York in 1804 with his family. 
The name of Melville, in fact, is a well-known 
name in British history, and its bearers have won 
for themselves renown for their indomitable energy 
and the fearlessness with which they have upheld 
their opinions. We find it recorded, for example, 
that as early as 1546, during one of the times when 
religious persecution was ruling in this country, the 
Archbishop of St. Andrews, who caused Wishart 
to be burned at the stake, was himself stabbed to 
death by several young gentlemen, among whom 
was one James Melville, who, notwithstanding, 
according to John Knox, was ‘‘of most modest 
and gentle nature.” Itis recorded also that another 
ancestor, Sir John Melville, died for his faith on 
the scaffold in 1549. Later, we meet the name 
of Andrew Melville, professor at Glasgow and 
St. Andrews, and also at several Continental uni- 
versities,a most ardent Scottish reformer, so much so 
even that he met the displeasure of King James I., 
before whom he was impeached, and before whom 
he put forward a most bold defence. The family 
records also contain the name of Sir James Melville, 
who was First Lord of the British Admiralty at 
the time of the Parry expedition to the Arctic 
regions, 

To return to the late Rear-Admiral Melville, we 
may state that he received his first education 
at public schools in New York, and continued 
his studies both in the Brooklyn Polytechnic and 
in another Brooklyn college which specialised in 
mathematics. From an early age George Wallace 
Melville had given evidence of marked abilities in 
inechanics ; he was, indeed, a born engineer in the 
full sense of the word, and his father made it a 
point that his son should have every facility for 
studying in every detail both the theoretical and 
‘ne practical sides of the profession for which he 
manifested such a marked inclination. On the 





completion of his term of studies at the colleges 
above referred to, Melville was apprenticed at the 
works of James Binns, also of Brooklyn, where 
he proved himself a most thorough and successful 
engineer. 

ery early in life, in the spring of 1861, when he 
had just completed his twentieth year, young 
Melville was called upon for active service in the 
American Civil War, and was appointed an officer 
in the Corps of Engineers of the United States 
Navy. At that early period of the war in question, 
prevision had to be made by the Northern forces, 
without loss of time, for blockading over 3000 miles 
of open sea-coast. For carrying out this duty, the 
United States Navy could only reckon upon seventy 
vessels, quite half of which consisted of sailing ships. 
While these vessels were being utilised to their 
utmost capacity, under the admirable direction of 
the then Secretary of State for the Navy, Gideon 
Welles, other units were being built and purchased 
with such activity that a few months after the com- 
mencement of hostilities there were available for 
service over two hundred ships armed with a total 
of 2300 guns. 

The doings of this fleet are now a matter of 
history, and we are not concerned in describing 
them so much as referring, very briefly, to the 
action of Melville in this early period of his naval 
career. He served for a time on the paddle-wheel 
steamer Michigan on the Northern Lakes. We 
find him later acting as junior officer on the screw- 
ship Dakotah, which formed of the United 
States North Atlantic Fleet. He then took part in 
the shelling of Lambert Point, and in the capture 
of Norfolk, Va. He was also present in the clear- 
ing of the James River, a work in which he con- 
tracted a fever which compelled him to spend 
several weeks at the Key West Hospital. 

After recovery, he served on the paddle-wheel 
ship Santiago de Cuba, then on the screw-ship 
Wachusett, sailing ultimately with her to the 
South Atlantic, to which she was commissioned 
with the object of intercepting all ible 
Confederate cruisers. After a somewhat lengthy 
cruise inthe South Atlantic waters, the Wachusett 
entered the harbour of Bahia, Brazil, for revictual- 
ling, and while there rammed and captured the 
Confederate cruiser Florida, which had also taken 
shelter in Bahia Harbour for a very brief period. 
In this action young Melville won special distinc- 
tion. The proposal to ram the Florida was his ; 
it was agreed to by the captain of the Wachusett, 
young Melville and one fireman being alone in the 
engine-room and stokehold during the action, 
which, it had been surmised, would be most detri- 
mental to the engines and boilers. Melville then 
saw service on torpedo-boats and gun-boats, during 
which he was present at the capture of Fort 
Fisher, in the clearing and buoying of the channel 
of the Cape Fear River, ultimately serving on 
many other ships. During the war he was very 
frequently mentioned in the despatches sent home 
by his commanding officers, great stress being 
laid upon his engineering skill, mechanical ability, 
and energy. 

He soon gave another striking evidence of these 
qualities by volunteering to serve as engineer on 
board the Tigress, a small and comparatively old 
steamer, chartered in 1873 to sail for the Arctic 
regions with a view to search for a part of the crew 
of the Polaris, which had been lost «n the occa- 
sion of an exploration undertaken by her in 1870. 
The lost crew had in the meantime been rescued 
by a whaler, but in this circumstance Melville’s 
services proved invaluable to the search party on 
board the Tigress, in that he managed to keep her 
at sea in spite of her inferior machinery. 

He showed greater energy still a few years later : 
we refer here to the Jeannette expedition. He 
was appointed engineer to the Jeannette, a 420- 
ton steamer which started for the North Polar 
regions from San Francisco in the summer of 1879. 
The history of this expedition throws a special 
light upon the resourcefulness of Melville and upon 
his heroism. Notwithstanding his own fatigues 
and ill-health caused by several years’ exposure to 
the inclemency of the Arctic weather, he would not 
leave for home until he had tracked and found the 
remains of his dead shipmates, the United States 
Navy officers De Long and Ambler, who had been 
separated from him when their ship became a total 
wreck. He almost sacrificed his own life in the 
attempt, and the account of the bravery he dis- 
played on this occasion occupies several pages 
among the records of the United States Navy. ' 


Melville returned home from the Jeannette expe- 
dition in September, 1882. In May, 1884, he 
formed part of the squadron which set out for 
the relief of the Lady Franklin Bay expedition. 

The above deals very briefly with a period in 
Melville’s life in which he had the opportunity of 
developing to the full his manly qualities. Shortly 
after his return home from the last-mentioned 
journey to the Arctic regions, he was appointed 
in 1887, as already stated, Engineer - in - Chief 
to the United States Navy, a position in which 
he has Cosigned the machinery for a _ large 
number of United States warships of all classes. 
In many of our former issues we have reported 
in detail upon the work he carried out in 
this capacity. He was a frequent contributor to 
the Proceedings of the Institution of Naval Archi- 
tects, an Institution of which he was one of 
the Honorary Members, and to those of technical 
institutions in the United States. He also contri- 
buted several original articles to our columns. 
Complete data will be found in our issues covering 
his researches concerning the distribution of power 
in warships; engineering in the United States 
Navy ; the modern warship; triple-screw ships ; 
water-tube boilers ; vibrations of steamships ; the 
Melville-Macalpine spur-wheel reduction gear for 
high-speed steam-engines ; and so forth. 

Like every mortal, Admiral Melville had les 
défauts de ses qualités, and as he was at the same 
time of a strong personality, he was a doughty 
champion of any views he had adopted, even 
when changing circumstances had rendered them 
untenable. This is illustrated by the strong sup- 
port he gave, up to the very last moment, to 
cylindrical boilers as against water-tube boilers. 
We touched upon this point in an article of one 
of our former issues (sec ENGINEERING, vol. lxxvi., 
page 225), published at the time of Admiral Mel- 
ville’s retirement from active service. We then 
stated that in the United States Navy, as in ours, 
the great engineering change that had taken place 
during his administration had been the substitu- 
tion of water-tube boilers for the old cylindrical 
type. The coast defence ship Monterey was one 
of the earliest large ships having water-tube boilers ; 
she was built in 1893, and her engines indicated 
something over 5000 horse-power. In spite of this 
early trial, the Washington authorities continued to 
include the return-tube boiler in their important 
designs for some time after the water-tube boiler 
had been taken up definitely by other navies. The 
American practice in this respect was a strong 
feature in the arguments of those engineers who 
condemned the water-tube boiler. Since then, 
however, Admiral Melville had declared himself 
emphatically in favour of the more modern ty 
of steam-generator. It was also long before “ 
would recognise the value of steam-turbines for 
ship propulsion, and when the performance of 
Parsons’ Turbinia was made public his apprecia- 
tion was not concerned so wold with the share the 
turbine had in the excellent results achieved, as with 
the admirable way in which the boile1 stood the test. 
It is interesting in this connection to record that 
Admiral Melville was selected by Mr. George 
Westinghouse in the earlier days of turbine ship- 
propulsion to proceed to Europe and investigate 
the subject. On this occasion he visited the works 
of the builders of the various types of turbines and 
prepared a comprehensive report embodying his 
conclusions. He rendered to his country’s Navy, 
both in regard to the usual routine work of a great 
department, and also in respect of original work, 
almost invaluable service. During his sixteen years’ 
tenure of office the United States Navy developed 
from an almost negligible quantity in the count of 
warlike factors of the world, to one of the most 
powerful. 

It was to Admiral Melville that the United 
States Navy owed their first high-speed battle- 
ships ; when, in 1898, the designs were being pre- 

ed for the Ohio, the Maine, and the Missouri, 
e was alone in advocating the building of 18-knot 
ships. Shortly after that date, he also advocated 
the adoption of the one-gun-calibre battleship ; 
this, however, was not given effect to at the time, 
otherwise the introduction of the Dreadnought 
type would have been made several years earlier, 
and the United States Navy would have gained 
the credit for this important innovation. 

Personally, he was of a very kindly disposition. 
He coupled steadfastness of character to extreme 





gy. and made a host of friends. Admiral 
elville was one of America’s great men. 
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THE BATTLESHIP “ AJAX” AND THE 
BATTLE-CRUISER “QUEEN MARY.” 


Two powerful units have this week been launched 
for the British Navy, the battle-cruiser Queen 
Mary on Wednesday from Palmer’s yard, Jarrow- 
on-'T'yne, and the battleship Ajax on Thursday from 
the yard of Scotts’ Shipbuilding and Engineering 
Company, Greenock. Both ships were ordered 
under the programme of 1910-11. 

The cruiser Queen Mary belongs to the Lion class, 
and was laid down on the 6th of March, 1911. The 
changes made in design, as compared with the proto- 
type, aresmall. The length between perpendiculars 
is 660 ft., as in the case of the Lion, but the beam 
has been increased by 6 in. to 89 ft.; and, conse- 
quently, it has been possible to maintain the 
draught at 28 ft., while the displacement tonnage 
has gone up by 650 tons to 27,000 tons. This 
increase has been adopted in order to augment the 
power and protection of the guns for repelling 
torpedo attack. The main armament will consist 
of eight 13.5-in. guns, mounted in four twin-gun 
turrets, all on the centre line of the ship. The 
torpedo-repelling guns, the number of which will 
be sixteen, are to be mounted, eight forward and 
eight aft, on the superstructural deck, in well pro- 
tected positions. This is a favourable position for 
them, being high above the water-line, and affording 
a wide arc of training. This arrangement, however, 
is being departed from in later vessels, in both 
battle-cruisers and battleships; the guns hither- 
to regarded as for repelling torpedo attack only 
are to be increased in calibre, so that they may 
be used, should occasion render them suitable, as 
secondary armament, and they are to be placed on 
a battery deck behind the broadside armour. As 
the cruiser (Jueen Mary stood on the ways, one 
could determine the depth and length of the 
main armour protection on the broadside. It ex- 
tends to within about 66 ft. of the stem and to 
within 70 ft. of the stern. It is three strakes in 
depth. In the central part of the ship two of the 
strakes are to be 9 in. thick, and the top strake 
6 in., tapering in all cases by stages to 4 in, fore 
and aft. The barbettes are also to be of 9-in. 
armour. There are two barbettes forward, No. 2 
being to the rear of No. 1, the guns of the former 
firing over the gunhood of the latter. Amidships 
there is a twin-gun barbette, the two guns in 
which can be rotated almost throughout a complete 
circle. Aft there is a fourth turret, which has a 
considerable arc of training before and abaft the 
beam. 

The machinery for the Queen Mary is being con- 
structed by Messrs. John Brown and Co., Limited. 
It is of the Parsons reaction type, and the designed 
power is understood to be 75,000 shaft horse-power 
when running at 275 revolutions. There are four 
shafts, each of the wing shafts having a separate 
high-pressure ahead and an astern turbine, while 
on each of the centre shafts there is one turbine 
casing, combining the low-pressure ahead and the 
astern rotors. The condensers are placed abaft 
these turbines in separate compartments. The tur- 
bines are well advanced at the Clydebank works, 
where the firm have accumulated unequalled experi- 
ence in this class of work, having gained it in the 
manufacture of the machinery of the Lusitania and 
subsequent ships. It will be remembered that this 
company have also secured the order for the latest 
battle-cruiser, which is to be named the Tiger. The 
cruiser just launched will have forty-two boilers of 
the Yarrow type. 

The battleship Ajax is the second of the modern 
battleships with uniform calibre of gun launched 
by the Scotts’ Shipbuilding and Engineering Com- 
pany, the preceding vessel, the Colossus, having been 
completed about a year ago. The firm, too, also 
engined the St. Vincent, so that their contributions 
so far to the squadron battleships of the Dread- 
nought type is a considerab'e one, and consistent 
with the advances made by the company in war- 
ship building within recent years. Of this progress 
there is further evidence in the order recently 

laced for a submarine boat of a new type for the 

ritish Navy, as well as in the active steps being 
taken by the firm in connection with the introduc- 
tion of oil-engines. It was appropriate that the 
name Ajax should be given to the vessel built by 
the Scotts’ Company, because the ship of the same 
name, which has lately been sold out of the Service, 
lay so long almost opposite Scotts’ Yard as the 
guardship of the Clyde. Mr. Chas. C. Scott, the 


chairman of the company, at the luncheon which | 





followed the launch, was particularly happy in his 
analysis of recent progress in warship design when 
contrasting the old guardship and the new fighting- 
ship. The former was launched at Pembroke in 
1880, so that one might say that between the two 
ships there is a period equivalent to a generation. 
He showed that the length of the hull had been 
doubled, the displacement tonnage trebled, and 
the collective muzzle energy from a salvo of the 
pee guns multiplied tenfold. . Although the 
roadside armour was considerably less in thick- 
ness than in the old Ajax, its power of resistance 
had been increased threefold. While the speed 
of the ship has only been increased 50 per cent., 
the propelling power has gone up five-fold. As the 
displacement tonnage, however, 7 increased three- 
fold, the power per unit of displacement, particu- 
larly in view of the high speed, has not increased 
so remarkably. In the old ship it was 0.75 horse- 
power per ton, and in the new ship it is 1.35. 

The Ajax has been developed from the Orion 
class, and belongs to the King George V. class. 
The length is 580 ft. and the beam 90 ft., the dis- 
placement at 28 ft. draught being about 25,000 
tons. The machinery, which is in an advanced 
state at Messrs. Scotts’ engineering factory, is of 
the Parsons type, and all the turbines are of the 
reaction design ; generally the arrangement of the 
turbines corresponds with that in all our recent 
battleships. There are eighteen boilers, all of the 
Babcock type, and the power is to be sufficient to 
give easily 21 knots on the speed-trial conditions 
laid down by the Admiralty. 








NATIONAL PHYSICAL LABORA- 


TORY IN 1911. 

Tue General Board of the National Physical 
Laboratory met at Teddington, on Friday, March 15, 
under the presidency of Sir A. Geikie, ex officio 
chairman as President of the Royal Society, to 
receive the report of the Executive Committee, 
whose chairman is Lord Rayleigh. The director, 
Dr. R. T. Glazebrook, F.R.S., again restored to 
health after long and serious illness, was for- 
tunately able to receive the visitors together with 
the twochairmen. The meeting and reception were 
held in the Tank building. Formerly, Bushy 
House, the nucleus of the buildings, was the 
meeting place, and by next year the new admini- 
strative buildings may be completed. The trans- 
ference of all testing work, as distinct from meteoro- 
logical observations and research, from Kew, has 
also necessitated the provision of further accom- 
modation, and a new building for optics is like- 
wise rising. The first sheds, erected some years 
ago, close to the stately Bushy House, looked 
rather incongruous in that select corner of 
Bushy Park ; at present Bushy House almost 
appears out of place in its surroundings, and it 
will be difficult to find space for further ex- 
tensions. The new schemes, the completion of 
the metallurgy building, and a new shed for road- 
track experiments, have thrown considerable extra 
work on the staff and on Dr. T. E. Stanton, 
M. Inst. C.E., superintendent of the Engineering 
Department, who was acting-director during Dr. 
Glazebrook’s illness. The staff has been increased 
again, and some changes have taken place ; most 
departments, however, remain in the charge of 
those able, conscientious workers under whom 
they have risen and developed. The increase in the 
test work, which is not general to all departments, 
has brought higher receipts —17,398/., against 
15,3631. in 1910, and the total income has risen 
by 22601. to 30,3371. ; the expenditure has exceeded 
the income by 235!., however. The donations of 
last year came from the Institutions of Civil 
Engineers (for engineering research), and of Mecha- 
nical Engineers (for alloys research), and from 
Mr. R. Kaye Gray; the latter has contributed 
towards wiring the metallurgy building, for which 
Sir Julius Wernher had given 10,0001. 

Since some of the researches form the continua- 
tion of former work, we should refer our readers to 
our previous yearly articles. The last of these com- 
menced in our issue of March 24, 1911. We begin 
our account with the Engineering Department. 

Engineering Department (Superintendent, Dr. 
T. E. Stanton; Messrs. C. Jakeman, L. Bairstow, 
R. G. C. Batson, J. R. Pannell, A. Bailey, H. 
Booth, J. M. Hyde, C. G. Eden, F. H. Bramwell, 
B. Melvill-Jones, J. H. Neal).—Wéind Pressure, 
Friction of Air in Pipes.—Dr. Stanton has now 
obtained sufficient data to enable prediction of the 


THE 


wind pressure over an area of several thousand 
square feet to be made from observations at a single 
point. The lateral variations in the wind pressure 
are studied by comparing the mean-pressure record 
of Dines’ tubes connected in parallel with the corre- 
sponding record of a single tube. This was done 
in 1909 with the aid of two wind towers placed 40 ft. 
apart. In 1910 the two towers were erected 350 ft 
apart ; last year four more towers were built (all 
by the staff) between these two, so that observa- 
tions are now taken on six towers, all in a straight 
line, north to south, and 60 ft. high—that is, 
higher than the trees near by and the houses 
at the back ; the west front is clear. Thus the 
variations in the wind pressure are simultaneously 
observed over a width of 350 ft. In the first 
experiments of last year, six pressure-tubes, 70 ft. 
apart from each other, were linked up toa recorder 
so constructed that the movement of the maximum 
index was proportional to the arithmetical mean of 
the pressures in the six tubes. A similar recorder 
was connected to a cluster of six pressure-tubes, the 
orifices of which were within an area of less than 
2sq. ft on the same tower. Then the four auxiliary 
towers were added with one tube on each. All the 
twelve Dines’ tubes are connected each by two 2-in. 
lead pipes to an observation-hut on the ground, the 
recorders of which are so arranged that the connec- 
tions can easily be reversed in order to eliminate 
effects of leakage, friction, &c. Preparations are 
being made for continuing the work also on the 
Tower Bridge, on the windward and leeward sides 
of the high-level footway, which is not much used 
now, because the bascules operate so quickly. 

The study of the friction of air currents in pipes 
has been brought to a certain conclusion. The dis- 
tribution of the velocity in the cross-section of the 
pipes (up to 5 in. in diameter) and the fall of pres- 
sures in axial and radial directions have been 
measured, and the relation between the shearing 
stress and the rate of change of distortion in the 
fluid has been determined. The late (Osborne 
Reynolds drew attention to the difference between 
the shearing stress in laminar motion (steady 
motion, frictional resistance proportional to the 
first power of the relative speed, n = 1) and eddying 
motion (resistance at the boundaries of the walls 
approximately proportional to the square of the 
speed, n = 2) and called the shearing stress 
‘* mechanical viscosity.” Dr. Stanton, adopting this 
term, calls u’ the coefficient of mechanical viscosity, 
and measures p’ from F = p'd v/dr, where F is the 
average shearing stress on the surface of any cylin- 
drical portion of radius r of the fluid coaxial with 
the pipe, and v the mean axial velocity atr. The 
experiments were made in rough pipes (roughened 
by cutting double internal screw threads into 
them) of such a kind that n was precisely equal 2, 
and in smooth pipes, in which n was less than 2. 
A curve, the ordinates of which were the ratios of 
the observed v to the v of the centre filament, and 
the abscissz the ratios of the corresponding r to the 
external pipe radius, expresses, in the rough pipes, 
the motion at all speeds and diameters, within a 
small distance from the boundary; this curve is 
a parabola. Hence it follows that yp’ is constant 
across the pipe. for any given speed of flow and 
proportional to this speed, since the shearing force 
is proportional to the square of the speed, and that 
for two pipes of different diameters y’ is propor- 
tional to the radius. The expression for y’ is hence 
of the form K V,L, where V, is the velocity of 
flow, L the linear dimension, and K a constant 
depending upon the extent of the eddying motion. 
The identity of the velocity curves at varying 
speeds and diameters does not hold for smooth 
pipes ; in this case the expression for »’ is more 
complicated, the kinematical coefficient of viscosity 
entering into the relation. In general there is in 
smooth pipes a central region, in which the 
ratio of the shearing stress to the rate of change 
of distortion is constant for any given value of 
the flow, while near the walls this ratio alters 
rapidly, becoming equal to the physical viscosity 
at the boundary. 

For the further study of fluid friction, also in 
water-pipes ai flows up to 50 ft. per second, 4 
turbine has been constructed, containing six or 
more wheels in series in one cylinder ; this answers 
better than a six-stage centrifugal pump. 

Alternating Stress; Welded Joints (Messrs. Stanton 
and Pannell).—The experiments on fatigue under 
high-frequency alternating stress have been con- 





tinued with the Wéhler machine, whose bearings are 
‘still in a very good state after more than one 
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hundred million reversals. The tests concerned three 
materials : (a) a spindle steel of moderately high 
carbon ; (b) an axle steel of average quality ; and 
(c) a Swedish iron. In the case («) the stress ranged 
from 43 to 48 tons per square inch, and the speci- 
men was broken by 235,000 reversals (rate, 2200 re- 
versals per minute) under a stress of 48 tons per 

_in., whilst it did not break under more than 
3 million reversals at the same rate when the stress 
was 43.2 tons ; 200 reversals per minute were stood 
for 849,000 reversals at 46 tons. The axle steel 
was not broken by 5,000,000 reversals at 2200 per 
minute and a stress of 34.2 tons per sq. in. In the 
case (c) the high-frequency stress did not exceed 
93.3 tons per sq. in., and the specimen did not 
survive more than 1.16 million reversals. But 
there is no evidence at all in any of these cases 
that the high rate of alternation reduced the 
fatigue strength. This conclusion only confirms 
Dr. Stanton’s previous work, and is in agreement 
also with the recent work of Messrs. Eden, Rose, 
and Cunningham, and of Professor Hopkinson, 
who went up to 7000 reversals per minute. 

The Wohler machine has also been used for the 
tests of the welded joints which were discussed, 
together with the just-mentioned research, in the 
Institution of Civil Engineers last December. 
Altogether 178 joints, presented by 16 firms, were 
tested; hand-welded were 68 wrought-iron and 
64 steel joints, electrically welded 12 iron and 22 
steel joints; the rest were acetylene welds. The 
diameter of the rods was 1} in., turned down to 
lin. The electric welding gave more uniform 
results, so far as the tests allow to draw conclu- 
sions, but the joints were rather weaker, the 
fatigue strengths being 92 and 80 per cent. of those of 
the original material. When the weld is sound, 
the want of uniformity of the material need not 
cause failure of the joint under repeated applica- 
tions of the load, it would appear ; but the welds 
are often poor, and when much depends upon the 
failure of some joint, each joint should be sub- 
mitted to a proof load. Annealing joints at 700, 
800, and 900 deg. Cent. did not appreciably raise 
the ductility, but lowered the tensile strength. 
Mechanical work in the hot, on the other hand, 
restored the welded metal to its original condition, 
as Hupfeld found in the ’eighties ; this was shown 
by forging three joints of 2-in. mild-steel rods, 
supplied by the Lancashire and Yorkshire Railway 
Company, which has given much assistance, down 
to 1} in. after welding. The variation of the 
electric resistance of the weld does not afford any 
criterion of its soundness. 

Reinforced Conerete (Messrs. Batson and Bailey). 
—The research on reinforced concrete, undertaken 
at the request of the Institution of Civil Engineers, 
concerns so far vibratory loading and permeability. 
Two steel uprights are bolted to the floor, 12 ft. 
apart, to hold the beam, which rests upon steel cast- 
ings, clamped to its ends, on supports designed to 
allow for movements due to deflection. Steel plates 
are clamped to the beam, 3 ft. from each support ; 
on these plates rest the knife-edges of the loads. 
The repetition of the loading is obtained by two 
levers carrying the load between the fulcrum and 
the power. The levers are operated by an eccentric 
fixed on a counter-shaft, which lifts the load on and 
off the beam ; the reaction of the fulcrum is taken 
up by frames screwed to the floor. The Cubitt 
Concrete Company have supplied four beams, of 
T section, 14 ft. long, 8 in. deep, provided with 
compression flanges of 1l in. by 3 in.; 2-in. steel 
bars, 10 in. long, are placed across the beam every 
12 in., and the reinforcing steel consists of two 
Kahn bars, 1} in. by $in. The concrete mixture 
consists of four parts of grit to two of sand and one 
of cement. At the time of the visit about forty 
reversals were applied per minute to the beam, 
which was cracking in many spots after several days 
of continuous testing. For the permeability tests, 
slabs 30 in. by30 in., 24 in. or 4in. thick, are clamped 

tween an iron frame and a box casting, a ring 
of rubber being interposed to secure a tight joint ; 
the rough concrete is provided with a fillet of 
cement under the rubber. A }-in. pipe is screwed 
into the top of the casting, and a constant head of 
water of 20 ft. can be maintained. With tap water 
the rate of percolation is found to diminish in the 
course of time, gradually becoming constant, while 
& considerable amount of sediment settles on the 
topoftheslab. The sediment which stops the pores 
is essentially carbonate of calcium, discoloured by 
iron rust, and seems to be formed by a reaction of 
the free lime in the cement with the tap water. 








Standard Presswre-Gauges. Pipe-Threads.—Mr. 
Jakeman has completed two additional single- 
plunger dead-weight gauges, so that accurate com- 
parisons can quickly be made up to 20,000 lb. per 
sq. in. We mentioned these remarkable gauges 
last year, and we owe Mr. Jakeman an apology 
for inadvertently speaking of 400 lb. per sq. in., 
which would not be noteworthy at all, of course ; 
the 400 lb. referred to the effective plunger area, 
0.02 sq. in. The gauges have been made in the 
laboratory, the cylinders being drilled, reamered, 
and lapped from a large piece of annealed high- 
carbon steel. Each plunger was turned from the 
best tool steel to within 0.01 in. of the required 
diameter, then hardened and tempered to straw 
colour, and ground and polished to correct size. The 
top of the plunger fits into a spherical cap, over which 
the frame is placed which carries the ring weights, 
whose centre of gravity lies well below the piston. 
The accuracy of these gauges depends upon the 
exact determination of the effective area, which is 
the mean between the diameters of the plunger and 
of the cylinder. The two plungers were designed 
for areas of 0.01 sq. in. and 0.02 sq. in. respec- 
tively, and the finish attained is ennui. 
In the case of the smaller gauge, two diameter 
measurements at right angles to one another were 
taken by Mr. Attwell, in the Metrology Depart- 
ment, at distances of 4 in. along the working 
length ; in nine measurements the diameter was 
found to be 0.11280 in., in four cases the last 
figure was 1 (instead of 0), in one case 2. The 
cylinder was measured by forcing a soft-copper 
plug, slightly larger than the bore, by means of 
ight hammer blows into the cylinder whose form 
it took ; the resulting plug diameter was 0.11283 in. 

The Laboratory now possesses three of these 
gauges, nominally of 0.1 sq. in., 0.02 sq. in., and 
0.01 sq. in. There are also two differential dead- 
weight gauges, one of an effective area of 0.03 sq. in. 
for loads up to 6 tons per es made in the 
Laboratory, and one, supplied by Messrs. Schiiffer 
and Budenberg, of 0.25 sq. in. for pressures up to 
34 tons per sq. in. These gauges have been com- 

red with one another and with a mercury column. 
The agreement is good, and the single plunger- 
gauges turn out much the more sensitive. The 
lubricant recommended for these gauges is best 
refined castor-oil, which prevents all oxidation of 
the working surfaces. The same oil is used as the 
pressure fluid. 

The impact and fatigue tests of pipe-threads, 
conducted for the Engineering Standards Com- 
mittee, with pipe-threads made by Messrs. 
Stewart and Lloyd, show a superiority of the Whit- 
worth standard over the Briggs American standard. 

Shaft Friction. Torsion Tests of Springs.—The 
Hoffman Manufacturing Company, of Chelmsford, 
supplied a 2-in. shaft 20 ft. Iong, for the deter- 
mination of the shaft friction in bearings. The 
shaft revolved in three ball-bearings, and upon the 
two unsupported lengths of shaft were the two 
test bearings, 9 ft. apart, each situated 2 ft. from 
the supporting ball-bearing. The shaft was run 
by a belt and pulley, and the moment of friction 
was balanced by a jockey-weight ; continuous read- 
ings were taken with the shaft running first in 
one and then in the other direction, at four dif- 
ferent speeds. The three bearings examined, all 
2} in., are :—A, plain bearing, 7} in. long, with 
needle lubrication ; B, self-oiling bearing, same 
length ; C, Hoffman ball swivel bearing ; the 
Hoffman Company also supplied the oil. In 
the case A the friction decreased to a constant 
value in half-an-hour, but there were considerable 
variations ; with B in two or three hours; with 
C the friction was the same at the beginning as 
at the end of the test. 

Torsion tests of tempered-steel springs, of square, 
rectangular, and wedge sections, have been made 
for Messrs. Rendel and Robertson, with specimens 
3 ft. in length, placed between the centres of a 
lathe. 

Aeronautics; Air and Wind Channels; Stream- 
Lines (Messrs. Bairstow, Booth, Hyde, Eden, 
Bramwell, Melvill-Jones, and Neal).—A great deal 
of research work is being done in the aeronautical 
division, but it is mostly of a confidential character, 
and the publication of the results rests with the 
Advisory Committee for Aeronautics. The various 
experiments made with wind and water channels 
all point to the conclusion that the results are 
finally the same in the two media. We mentioned 
last year Mr. Eden’s demonstration of stream-lines, 
and the pulsating loops produced, when a slow 





water current strikes a square plate at an angle, 
the plate being painted with Chinese white. The 
experiment was repeated this year, and a parallel 
demonstration of stream-lines in air was also given. 
For this purpose a current of air was sucked 
vertically down a square conduit, built up of boards, 
on which a brass plate was fixed at an angle to the 
air current, the plate being much smaller than 
the channel. A current of tobacco smoke (from 
tobacco heated in a glass flask) issued from a tube 
in the same direction as the air current, striking 
the plate at an angle of 40 deg.; the same loops 
were then seen as in water. An angle of 60 deg. is 
also suitable for these stream-lines, which have 
been photographed in another apparatus. 

The new wind channel under construction is a 
straight conduit 4 ft. square, 35 ft. long; the air 
is to be supplied by a high-speed low-pitch pro- 
peller fan (not bya centrifugal machine, as before), 
and to be discharged into the room. With the aid 
of these channels the forces and efticiencies of aero- 
plane wing forms have been investigated ; among 
other things the effect of a separate variation 
of the upper and lower surfaces of an aerofoil, 
the flow round the wings (by means of smoke 
trails), the lift and drift of a Paulhan girder, 
and the resistance of wires and ropes (diameters 
from 0.04 in. to 0.25 in. for smooth wires, and 
from 0.1 in. to 0.5 in. for stranded wires and hemp 
ropes) have been determined. Model dirigibles, 
several inches or feet in length, are examined at 
various angles to the water currents by photo- 
graphic and other means, and it results that 
even for elongated fish-shaped models of air- 
ships the relative velocity of flow near the tail is 
considerably less than in the main stream. The 
eddying motion in the rear of plane and of curved 
surfaces is of two distinct types for the same sur- 
face at different velocities it would appear. 

Whirling Table.—The whirling table, which we 
described two years ago, has been fitted with a new 
dynamometer and a rope brake, and several other 
alterations have been introduced for increasing the 
range, for determining the influence of blade area, 
and for other special purposes. The speeds were 
formerly measured with the aid of a galvanometer. 
These records were not trusted, and a registering 
apparatus, comprising a seconds pendulum and a 
chronograph, was hence constructed; the styles 
record hundreds of revolutions of the propeller (of 
wood, usually 2 ft. in diameter) ne the single 
revolutions of the arm. The results agree with 
the galvanometer determinations ; the mistrust was 
therefore not justified, but the new arrangement 
is preferable because it dispenses with one observer. 
The torque on the propeller - shaft used to be 
recorded by a style; Mr. Bramwell now makes 
the card of thin paper which is sparked through 
by the discharge between the drum and a ter- 
minal outside it, joined to an induction-coil. He 
has also provided the propeller-shaft with a 
ball-bearing, the outer race of which has been 
ground to a plain cylinder, and has balanced the 
centrifugal component of the arm movement. The 
resistance of the shaft to axial movement is fairly 
considerable when the shaft is not revolving, but at 

ropeller speeds of 200 revolutions per minute it 
mes negligible. The planeof the propeller passes 
through the centre of the whirling arm, and the 
centrifugal force on the propeller-shaft (due to the 
whirling) has a component along the axis of the pro- 
pollen dat. This component is balanced by a lever 
device. A lever extends down from the front 
of the shaft; the lower end of this lever is 
joined to the thrust-spring and presses also against 
a bell-crank lever supporting a weight. This 
weight is so adjusted that the push inst the 
lower end of the lever, due to the centrifugal force 
on the weight, exactly balances the push on the top 
of the lever, due to the component of the centrifugal 
force on the ssepeiendaalh. 

Motor - Testing. — The Alexander competition 

trol-motor tests have been carried out, by the 

boratory staff, at the Army Air-Craft Factory, 
Farnborough. The engine was coupled to a 50- 
horse-power direct-current generator (serving as 
dynamometer), and could be tilted, together with 
the generator, through angles of 15 deg., about a 
longitudinal and a vertical axis. The petrol motor 
was subjected to an end thrust of 200 lb. to repre- 
sent the propeller thrust, and cooled by being 
in a wind channel through which air was 

rawn at 30 miles per hour. Only two motors, a 
60-brake horse-power engine of E.N.V. Motor 
Syndicate, and a 65-brake horse-power engine of 
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the Green Engine Company, were entered ; both 
may be said to have passed the severe tests. The 
first motor suffered two cylinder fractures, however, 
which had to be repaired, but its oil consumption 
was extraordinarily low, owing, it is thought, to its 
extra rings in the lower end of the piston. The 
second motor passed without any mishap, and was 
found in a very good condition afterwards. 

Balloon Fabrics.—The tests described last year 
have been continued with the special object of 
ascertaining whether the breakdown stress would, 
in accordance with theory, be slightly lowered by 
the presence of a stress in the direction at right 
angles to the principal stress, by an amount 
depending chiefly on the fact that each short 
length of yarn from one cross-yarn to the other 
is inclined to the plane of the fabric. The Con- 
tinental Tyre and Rubber Company supplied six 
sets of five bags of double parallel fabric, a kind 
of sleeve, 20 in. long, 5 in. in diameter, into which 
the Laboratory fitted brass ends for testing. The 
theory is confirmed, and it follows therefore, for 
fabries of two layers, applied warp to warp (not 
for diagonal fabrics) and for single fabrics, that 
breakdown is reached under compound stress a 
little before breakdown would result under simple 
stress. The weakening amounts in cotton to 5 per 
cent. for equal stresses (as in a spherical balloon), 
and to 24 per cent. for a 2:1 ratio of stresses 
(approximately as in elongated dirigibles). Wounded 
specimens have been similarly tested. 

Testing Roads and Road Materials.—The build- 
ing of the new division for road-testing, constructed 
to the scheme of the Road Board, consists of two 
rooms, and has been equipped with the standard 
machines of the United States Office of Public 
Roads, supplied by Messrs. Riehlé Brothers, of 
Philadelphia, These are: (1) a four-cylinder abra- 
sion machine (Deval type), in which four cast- 
iron cylinders (32 cm. in length, 19 cm. diameter) 
are mvuunted in a revolving cast-iron frame, 
at 45 deg. to the axis of rotation; the cylin- 
ders are charged with the road material, two 
in the dry, two in the wet state, and the abrasion 
is determined after 10,000 revolutions. (2) A Page 
impact machine ; a cylinder of rock or other ma- 
terial, 25 cm. by 25 cm., is placed under a tup of 
2kg., the height of fall being increased by 1 cm. 
each time, until rupture ensues. (3) A Dory 
hardness machine ; two cylindrical specimens are 
placed in cylindrical cups, one at each end, of a 
diameter about 2 ft. in length, and loaded ; the 
horizontal steel disc on which they rest is rotated, 
and crushed quartz is fed in through two small 
hoppers ; the amount abraded is determined after 
1000 revolutions of the disc. (4) Uementation 
values are determined with the aid of a ball mill, 
a briquette-making machine, and another Page 
machine, in which the rebound is marked by a 
style on a tape after each impact, a series of short 
vertical lines being drawn. A fifth machine is the 
pitch penetrometer, obtained from Messrs. Howard 
and Morse, Philadelphia. A slightly-weighted steel 
needle is dropped into the pitch ; after five seconds 
(indicated by a pendulum, hence the name “‘ pen- 
dulum penetrometer ”) the needle-head is clamped, 
and the depth to which it has penetrated is read 
off on a dial. 

The endurance tests of specimen roads are to be 
carried out on a circular track, 24 ft. wide, 34 ft. 
in diameter, by the aid of a machine, consisting of 
eight radial arms, to the ends of which steel 
wheels are attached, the eight wheels being so dis- 
tributed radially that the whole ring-track of 
2 ft. width is covered when the machine makes a 
revolution ; a cam mechanism, moreover, shifts each 
wheel backward and forward radially by 1 in. 
Each arm is driven by a separate electric motor, 
and all the arms are hinged to a rotating boss on 
the centre post ; the outer ends are connected by 
spiral springs to eight corresponding cantilevers 
rigidly fixed to a second boss; a wheel on the 
spring regulates the pressure of each wheel against 
the track. With the machine wheels running at 
10 miles per hour, it is estimated that twenty- 
four hours’ running would represent one year's 
wear on a tar macadam road. Much will depend, of 
course, as in welding and concrete tests, on the way 
in which the road is laid. A working model of the 
machine, 6 ft. in diameter, with two arms, was on 
view last week. 

The William Froude National Tank (Superin- 
tendent, Mr. G. S. Baker, late R.C.N.C., M. Inst. 
N.A., Messrs. G. H. Millar, J. L. Kent, F. W. 
Powell, and six mechanics, &c.)—The tank was 





formally opened last July, and the work carried on 
there is almost entirely confidential. Stringent rules 
have been drawn up to ensure this confidential 
character ; models no longer to be experimented 
with are to be broken up, for instance. We have 
described the plant, and Mr. Baker will bring 
several communications before the Institution of 
Naval Architects next week. The large tank, 
which was filled in September, 1910, has only been 
replenished since ; the water has not been renewed ; 
some small insignificant cracks have appeared in the 
walls. The main battery power has had to be in- 
creased, and a small battery has been installed for 
the carriage motor-field. e carriage can now be 
driven at speeds ranging from 1 ft. to 15 ft. per 
second over the central 200 ft. of the run (150 ft. 
to 350 ft.) ; when this speed is exceeded the steady 
range falls off ; at the maximum practicable s 
of 23 ft. per second it is only 120 ft. The model is 
towed as at Haslar, and very good agreement has 
been obtained in comparative tests with a model 
made to the lines of a model tried at Haslar, 
Clydebank, and Washington. The usual model 
length is 16 ft.; the standard model is painted 
with red lead to ensure constancy of the frictional 
coefficient. The small tank, also described last 
year, is fitted for experiments with models 4 ft. 
in length. The length of the tank is 60 ft.; 30 ft. 
are between the parallel walls for measurements ; 
the ends widen out. The towing and restraining 
strings for the model coil on and off aluminium 
drums, mounted in two wells, which are situated 
outside the tank, one at each end, and not filled 
with water. Each drum is made so that two 
separate strings coil and uncoil on it; the one 
string comes from the model, the other passes over 
a pulley attached to the roof, and is connected to 
the weight-pan. As the one string ascends in one 
well, the other descends in the other well ; they are 
both loaded, and the impelling force is the difference 
between the two weights, amounting, as a rule, to 
less than a pound. The apparatus is self-recording. 
Among the experiments carried out are some on 
the rolling of light-ships, on the position and influ- 
ence of bilge-keels and keel-bars, and on the influ- 
ence of the metacentric height on these problems. 
The model of the Hawke which had served for the 
suction experiments concerning the collision with 
the Olympic was still in the tank-house. The pro- 
gramme for 1912 comprises experiments on the 
effects of variations in the endings of models, and 
the effects of variations in the ratio of lengths of 
entrance and run, with fixed ratios of beam te 
length and draught to length. These experiments 
will be made with mercantile forms of ordinary 
types and sterns with or without rudders. 


(To be continued.) 





NOTE. 


A JAPANESE-CHINESE [RON AND STEEL CoMBINE. 


In these days when the industry of the nation is 
being paralysed by strikes and lock-outs, it would 
be well if the people who are directly responsible 
for them would turn their eyes Eastward and note 
the developments which are taking place in coun- 
tries which only a few years ago did not require 
to be taken into consideration when studying indus- 
trial conditions. It has been stated that if China 
reforms her currency and develops her resources, she 
will manufacture not merely cottons, but steel rails 
also, for the whole world. Mr. Charles Schwab, 
lately President of the United States Steel Corpo- 
ration, who has lately returned from a visit to 
China, says :—‘‘ It may surprise our people to know 
that I buy pig iron in China and bring it to San 
Francisco; China can make pig iron cheaper than 
any other country, and is on the eve of a develop- 
ment that may astonish the world.’’ The latest 
newspapers from the Far East bring information 
regarding a very important combination which 
has been made by Japanese and Chinese capi- 


talists and manufacturers. We have more than |v 


once pointed out that although the resources of 
Japan in ironstone, and even in coal, were some- 
what limited, still the Japanese were able to take 
advantage of the immense resources of China, and 
their railroads and their harbours had been laid out 
with this object in view. The new combination is 
formed by the amalgamation of the Hangyang 
Iron Foundry, the Taya Iron Mines, and the 
Pinghsien Coal Mine, and it will be under the 
joint management of Chinese and Japanese 
capitalists. The Taya Iron Mines are located 
on the right bank of the Yangtze, about 





67 miles below Hankow, and their annual out- 
ut is 1,000,000 tons ; they are so rich that it 
is estimated that they will last some 200 years, 
A railway has been built for 20 miles to facilitate 
transportation. The ore is said to contain 62.3 
per cent. of iron. The Hangyang iron and steel 
works are located at the foot of Tapiehshan 
and are equipped with thoroughly modern ap li. 
ances, capable of turning out annually 140,)00 
tons of pig iron and 70,000 tons of steel. The pig- 
iron turned out in 1910 reached a total of 130,000 
tons. The Pinghsien coal-mine is located at Pinch- 
sien, in Kangsi province. A colliery railway runs 
to Chuchow to facilitate transportation. Over 
3000 miners are employed, and the annual output 
amounts to some half a million tons. The quality 
is such that it can be used in the manufac- 
ture of coke. In the early days of these under- 
takings German capitalists were interested in them, 
but latterly they have passed into Chinese hands 
entirely. According to the estimate of a foreign 
expert, the Hangyang foundry is valued at 12 
million taels, the Taya iron mines at 11 million 
taels, and the Pinghsien coal mine at 2 million 
taels. Japan has contributed to the present pros- 
perity of the gigantic enterprise. When the Govern- 
ment steel works were first established in Waka- 
matsu in 1902, a contract was signed for the purchase 
of iron ore for a period of fifteen years. Money 
has from time to time been advanced by Japanese 
banks until the outstanding loans now amount tu 
some nine million yen. In fact, all the working 
capital has been, and still is, being supplied by 
Japanese capitalists, and the owners have been 
anxious for some time to transfer the joint enter- 
prises to a Chinese-Japanese company, but the 
Chinese law then in force prevented this being 
done. Recently, however, a law was enacted 
enabling commercial companies to introduce foreign 
capital to the extent of one-half of their authorised 
capital, and this allowed the new arrangement to 
be carried out. Things, however, are still in a very 
unsettled condition on account of the troubles in 
China, but there can be no doubt that when peace 
has been restored, China will take a very important 
place in the iron and steel markets of the world. 





Tue INTERNATIONAL CONGRESS OF APPLIED CHEMISTRY. 
—A third and final announcement regarding the Eighth 
International Congress of Applied Chemistry, to be held 
at Washington and New York from September 4 to 
September 13, has been issued by the secretary, Dr. B. G. 
Hesse, 25, Broad-street, New York. This circular con- 
tains the outlines of the programme and outlines also of 
the = excursions (9 tours) arranged in connection with 
the Congress. Applications for one of these, to the Yellow- 
stone Park, should be made before May 15 ; applications 
for the others by June 15. Papers are to be sent in before 
June 30. In order to help members in securing berths 
on steamers, which will be difficult, as the meeting falls 
in the busiest season of the Atlantic service, the Congress 
has taken a number of berths on the s.s. Cleveland (to 
sail from Hamburg on August 22)and s.s. ae om 
(leaving Southampton on August 24), which will be 
reserved for members. We should mention that the 
German chemical firms have collected a handsome fund, 
amounting to several thousand pounds in January, in order 
to assist young chemists to visit the Congress. 





Tue Royat SwepisH ACADEMY OF ScrENCE, STOCK- 
HOLM.—We have pleasure im stating that the Royal 
Swedish Academy of Science, Stockholm, on March 5, 
elected Sir Robert Hadfield a foreign member, ‘‘as @ 
token of its appreciation of his excellent works in metal- 
lurgy.” From the following list of foreign members of 
this Academy, dated January last, it will be seen that 
Sir Robert is the only British scientist representing 
metallurgy to receive this distinction :—Mathematics— 
Class 1. February 27, 1908, Vito Volterra. Mathe- 
matics and Astronomy—Class 2. October 12, 1910, Sir 
George H. Darwin ; December 7, 1910, Sir David Gill. 
Physics—Class 3. November 10, 1897, Lord Rayleigh ; 
December 13, 1899, Wilhelm Conrad Réntgen ; Novem- 
ber 25, 1908, Sir a“ John Thomson ; April 27, 1910, 
Ernest Rutherford. Chemistry—Class4. November 10, 
1897, Sir William Ramsay ; October 9, 1907, Theodore 
William Richards; May 12, 1909, Wilhelm Ostwald ; 
January 10, 1910, Marie Curie. Mineralogy, &¢.—Qlass5. 
ovember 11, 1896, Sir Archibald Geikie. Zool —Class7. 
December 11, 1901, Lord Avebury. Medical Sciences— 
Class 8. February 13, 1889, Lord Lister ; February 8, 
1911, JohnN. Langley. Technical Sciences—Class9. June 
11, 1890, Thomas Alva Edison ; Janu 10, 1894, Sil- 
vanus P. Thempson; May 9, 1900, Sir William Henry 
White ; Seausior 6, 1905, ey | Marion Howe ; Octo- 
ber 10, 1906, Vilhelm Marconi; October 9, 1907, Henri 
Le Chatelier. Economical, Statistical, and Social 
Sciences. October 11, 1911, Professor Alfred Marshall. 
Other Scientists—Class 11. May 9, 1906, James Bryce ; 
November 13, 1907, Arthur Evans; December 7, 191, 
Andrew Lang. We may add that the Royal Swedish 
Academy of Science is one of the oldest scientific bodies 
in Europe, having been founded in 1739, 
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THE DIESEL OIL-ENGINE. 


The Diesel Oil-Engine, and its Industrial Importance, 
Particularly for Great Britain.* 


By Dr. Rupo.en Dreset, of Munich. 


THERE have been so many publications recently, and 
especially during the past year, in technical periodicals 
of all languages, on the construction of the Diesel engine 
and its various types, that itis hardly possible to give any 
fresh information on the subject. oreover, an excellent 
paper was read only last summer at the Ziirich meeting 
of the Institution by Mr. J. F. Schubeler. The author 

roposes, therefore, to discuss only questions of general 
importance concerning the Diesel engine, especially those 
questions which are brought into prominence in the title 
of the paper, and to consider them only as the starting 
point of a thorough and stimulating discussion. He 
desires, further, to be exonerated if statements are made 
in the paper on points which are common knowledge. 

Since its first appearance about fourteen years ago the 
Diesel engine has been built by the thousand in the best 
factories of all industrial countries, and has been set up 
in the most remote corners of the world. It has been 
proved to be a most reliable engine when properly built, 
the working of which is quite as safe as that of any other 
system of prime mover ; and in general it is even more 
siinple, since it does not require | auxiliary apparatus, 
and since the fuel in its natural and original form, with- 
out having previously undergone any transforming 

rocess, is directly converted into work in the cylinder 
of the engine. As early as 1897, when, after four years 


Fig.1. HEAT CONSUMPTION OF DIFFERENT HEAT 
ENGINES PER B8.H.P-HOUR. ° 
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of difficult experiments, the author had put the first 
engine into working order in the factory of the Augsburg 
Works, numerozs engineering representatives and experts 
who came from various countries to examine this engine 
expressed the opinion that it gave better heat utilisation 
than any known kind of heat engine. From experience 
gained subsequently by working many engines, by gradual 
improvements in the construction and manufacture, and 
by increasing the sizes, the results have been still further 
improved, and to-day the thermal or indicated efficiency 
reaches 48 per cent. in this engine, and the effective or 
brake efficiency reaches, in some cases, 35 per cent. of 
the heat value of the fuel. 

Fig. 1 shows the heat utilisation for 1 brake horse- 
power hour in the different kinds of prime movers known 
to-day. Science and technical knowledge are making 
continuous progress, and the time will come when even 
these figures will be exceeded; but, with our present 
scientific knowledge, any considerably higher efticienc 
in the process of transforming heat into mechanical wou 
is not obtainable. Further progress seems only possible 
with some other method for transforming heat into work ; 
this would mean an entirely new principle, which, however, 
one cannot speculate upon in the present state of science. 

The Diesel engine is therefore the engine which converts 
the heat of the natural fuel into work in the cylinder 
itself, without any poe transforming process, and 
which utilises it as far as the present standard of science 
permits ; it is therefore the simplest and, at the same 
time, the most economical prime-mover. 

These two facts explain its success ; it lies in the new 
principle of the internal-working process, and not in con- 
structional improvements or alterations of older types of 
engines. There is no doubt that the careful working out 
of all the constructional details also plays a great part in 
Se practical success of the Diesel engine, as in any other; 

ut they are not the essential points, and, above all, they 
do not constitute the great importance of this engine to 
the world’s industry. 

A turther reason for this importance is that the Diesel 
engine has broken the monopoly of coal, and has 
solved the problem of using liquid fuel for power produc- 
tion in its simplest and most general form. It has become 





,” Paper read before the Instituti 
Engineers on Friday, March 15. in << eee 


for all liquid fuels what the steam-engine and gas- 


strikingly proved at the Turin Exhibition of last year. 
At this exhibition, in the large Machinery Hall, a steam- 
turbine and a large Diesel engine, both made hy Franco 
Tosi, of Milan, and set up on the same stand, were 
worked together with the same liquid fuel. The boilers 
belonging to the plant were fitted with Kérting nozzles 
for burning crude oil. The difference between the two 
plants was therefore this: for the working of the steam- 
engine the whole boiler plant, with its chimney, fuel- 
supply apparatus, purification plant for feed-water with 
feed-pumps, extensive steam-pipes, condensation plant 
with water-pumps, and an enormous water consumption, 
had to be provided, with the final result of consuming 
24 or more times the fuel per horse-power required by the 


entirely independent engine, without any auxiliary plant, 
took up its crude fuel automatically, and consumed it 
direct in its cylinders without any residue or smoke. A 
better proof can hardly be imagined, even for the non- 
technical man, that, except in special cases, the steam- 
engine cannot compete economically with the oil-engine, 
and from this point of view the power plant in the 
Machinery Hall at Turin must be looked upon as marking 
a historical event. It is hardly possible for a country 
which produces no coal, like Italy, to develop a great 
industry based on the steam-engine, and this is one reason 
for the exhibition at Turin of about thirty Diesel engines 
of various types and sizes, and made in different 











countries. 


engine are for coal, but in a much simpler and more, 
economical way. The truth of this statement was | 


Diesel engine standing beside it. The latter, being an | 


the year 1899 the author utilised in his engine the by- 
products of coal distillation and coke plants, such as tar 
and creosote oils, with the same satisfactory results as 
with natural liquid fuels, but at that time the quality of 
these oils was generally too inferior for their use in the 
Diesel engine, and it was, moreover, subject to continual 
variations. 

The difficulties were then chiefly the following :— 

1. Muddy deposits of solid hydrocarbons, especially 
naphthalenes, which made the working of the fuel-pumps 
difficult, filled up the pi and nozzles, and formed a 
hard crust at the seibamne, These solid hydro- 
carbons also made higher ignition temperatures neces- 
sary. 

2. Continuous change in quality and composition of the 
crude, uncleaned tar-oils ; with each cask fresh variations 
appeared, even in cases where the works guaranteed the 
use of the same coal and the carrying out of the same 
| distilling process, so that it was impossible to make 
scientific observations for drawing any definite conclu- 
sions or making logical experimental arrangements. The 
characteristics of crude tar-oils were not then exactly 
known, even to the producers; for instance, nobody 
imagined that differences in the distilling temperature 
and variations in the nature and position of the retorts 
gave entirely different tar products even when the same 
coal was used. It is only in recent years that the 
chemical industries interested in the matter have, by 
improved methods of fractioning and refining, combined 
with more careful selection of the material, succeeded in 
supplying fuel of a constant and regular quality, with- 
out the drawbacks of the crude tar-oils used previously. 
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Thus the Diesel engine has doubled the resources of 
mankind as regards power production, and has made new 
and hitherto unutilised products of Nature available for 
motor power. The Diesel engine has thereby exercised a 
far-reaching influence on the liquid-fuel industry, which 
is at the present time improving more rapidly than was 
previously conceivable. This is not the place to discuss 
the matter in detail, but the author wishes to mention 
that, owing to the interest which petroleum producers 
have taken in this important question, new petroleum 
sources are continually being developed and new oil 
districts discovered. Moreover, it has been proved by 
recent geological researches not only that there is prob- 
ably on the globe as much, or perhaps even more, liquid 
fuel than coal, but also that it is more conveniently dis- 
tributed as regards ‘its aphical position, Fig. 2. 
These facts, which are indisputable nowadays, _ a 
ee nd silenced those who objected to too great a 

evelopment of the Diesel engine for fear of insufficient 
stores of liquid fuel. Any such anxiety may be relieved 
by the fact that the world’s production of crude oil 
increases at present 34 times more quickly than the pro- 
duction of coal, and that the ratio of increase itself is 
steadily getting higher. Further, that 40 per cent. of 
the present production of mineral oil is already sufficient 
to supply the whole of the naval and mercantile fleets of 
the world with power, if they were worked by Diesel 
engines: also that with the world’s present production 
the number of Diesel engines now working could be in- 
creased about a hundredfold. y 

It may thus safely be asserted that, with the continual 
development of new oil districts, the production of mineral 
oil will increase much more quickly than the demand for 
newly-built engines. It is therefore not surprising that, in 
the last yearly report of the Shell Transport Company, 
attention was called to the fact that the oil consumption 
in these engines did not nearly equal the production, and 
that the company has to look out for other markets to 
dispose of their superfluous stock. That the auxiliary 
industries of petroleum production are also considerably 
influenced is dove by the great increase which the trans- 
port industry for liquid fuel has experienced in recent 
times, especially the great development of tank-vessels 
which are, or will be, mostly driven by Diesel engines. — 

But with all this the influence of the Diesel engine in 
the world’s industry is not exhausted. As early as 


These products-the tar and tar-oils—are thus to-day 
definitely brought into the sphere of activity of the 
Diesel engine. 

In Appendix I., page 402, is given a table showing the 
application of various fuels for Diesel engines, while 
Appendix II., page 403, contains specifications for tar- 
a for Diesel engines, and Appendix III., page 404, 
gives the properties of tar. 

From what has been just stated it will be seen that the 
Diesel engine is having an increasing influence on two 
other industries—the manufacture of gas and coke—the 
by-products of which have become so important for power 
production that an enormous business is at present con- 
nected with them. 

It is especially noteworthy that every town gas-works 
with a modern installation, and every coke-works, can be 
completed with an electric-power generating plant by 
using its tars. This will have an excellent effect on 
many municipal and national works. It would take 
too much time to enter into the details of this question, 
but one fact stands out clearly in this connection— 
namely, that coal, which seemed to be most threatened 
by the liquid fuels, will, on the contrary, gain a new and 
wider ground of application through the Diesel engine. 
As tar and tar-oils are from three to five times better 
utilised in the Diesel engine than coal in the steam-engine, 
a much better and more economical utilisation of coal is 
obtained if, instead of being burned under boilers on 
grates in a wasteful way, it is firat transformed into coke 
and tar by distillation. Coke is used in metallurgical and 
other general heating purposes; from a part of the tar 
the valuable by-products are first extracted, and unde 
further processes in the chemical industry, whilst the 
tar-oils and combustible by-products, and a great part of 
the tar itself, are burned in the Diesel engine under extra- 
ordinarily favourable conditions. 

The proper development of the utilisation of fuel, 
which has already been started, and is now making rapid 
poe, is therefore the following :—On the one hand, 
iquid fuel in Diesel engines, and, on the other hand, gas 
fuel, also in the form of gasified coke in the gas-engines ; 
solid fuel as little as possible for steam-power generation, 
but only in the refined form of coke for all other heating 
and metallurgical purposes. aes 

The list of fuels applicable to the Diesel engine is not, 
however, exhausted with these liquid fuels mentioned 
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previously. It is known that brown coal or lignite, the 
production of which is about 10 per cent. of the pit-coal 
production, also yields tars by distillation, and these 
tars when distilled, when worked up on paraffin, pro- 
duce the so-called paraffin oils as by-products. Not all 
kinds of brown coal, however, are suitable for this pro- 
cess ; but, in any case, these oils have been produ in 
such quantities that so far they have satisfied a good part 
of the German demand for liquid fuels for Diesel engines. 
To these must be added other products, such as shale and 
similar oils—produced not in great, but in sufficient quan- 
tities to be of importance for power generation. me 
countries—France and Scotland, for instance—possess 
them in considerable quantities, and they are used in a 
good many Diesel engine plants. It is not generally 
known that itis also possible to burn fat vegetable oils and 
animal oils in the Diesel engine without any difficulty. 

At the Paris Exhibition in 1900 there was shown by 
the Otto Company a small Diesel engine which, at the 


Four-Srroke-Cycige ENGINE. 


Vertical Stationary Engines.—The first experimental 
Diesel engine, Fig. 7, page 397, constructed in 1893, had 
the piston fitted with a piston-rod and external cross- 
head, the cylinder having no water-jacket ; the cam-shaft 
was arran very low, and the valves were actuated by 
means of long rods. The starting storage-chamber con- 
sisted of a wrought-iron pipe with riveted flanges, and 
there was no air-supply pump, the fuel being injected 
directly. 

A later pattern (Fig. 8, page 397), built in 1895-6, had a 
similar base to that pond in Fig. 7, but it had a water- 
jacketed cylinder, and the cam-shaft was placed higher up. 

ut the most important difference from the old pattern 
was in the air-supply pump, the necessity for which was 
only recognised after several years’ experimenting, as 
without it a smokeless combustion could not be effected. 
This air-pump is single-acting, but the author previously 








mental engines. No further alterations have been made 
The engine had still the external crosshead and guides, 
and the petroleum pump was actuated by the cam-shaft 
in exactly the same way as in the experimental engine 
Fig. 9. The air-pump was cast on Solees in exactly 
the same way, and was driven in both cases by rocking- 
beams from the crosshead. The lubrication of the cylin- 
ders was effected by means of Mollerup appliances, and 
the valve-rods, the regulator, and all the details were 
identical in both engines. Except for alterations in un- 
important details of construction, the only changes since 
made were that the dimensions and the number of cylin. 
ders were enlarged. 

The two-cylinder engine of 60-76 horse-power was made 
in 1899, in which all the details of Fig. 9, page 397, are 
still to he recognised. The only alteration which was 
made in the year 1901 was the abandonment of the external 
crosshead and adoption of the trunk piston shown in 
Fig. 10, page 398. A comparison of this engine with 


WORKING DIAGRAMS OF SINGLE-ACTING DIESEL ENGINES. 
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request of the French Government, ran on Arachis oil,* 
and worked so smoothly that only very few ple were 
aware of it. The engine was construc for using 
mineral oil, and was then worked on vegetable oil with- 
out any alterations being made. The French Government 
at the time thought of testing the applicability to power 
production of the Arachide, or earth-nut, which grows in 
considerable quantities in their African colomies, and 
which can be easily cultivated there, because in this way 
the colonies could be supplied with power and industry 
from their own resources, without being compelled to 
buy and import coal or liquid fuels. 

This question has not been further developed in France 
owing to changes in the Ministry, but the author resumed 
the trials a few months ago. Yi has been proved that 
Diesel engines can be worked on earth-nut oil without 
any difficulty, and the author is ina ition to publish, 
on this occasion for the first time, reliable figures obtained 
by tests :—Consumption of earth-nut oil, 240 grammes 
(0.53 lb.) per brake horse-power-hour ; calorific power of 
the oil, 8600 calories (34,124 B.Th.U.) per kg., thus fully 
equal to tar oils; hydrogen, 11.8 per cent. This oil is 
almost as effective as the natural mineral oils, and as it 
can also be used for lubricating oil, the whole work can be 
carried out with a single kind of oil produced directly on 
the spot. Thus this engine becomes a really independent 
engine for the tropics. 

Similar successful experiments have also been made in 
St. Petersburg with castor oil ; and animal oils, such as 
train-oil, have been used with excellent results. The fact 
that fat oils from vegetable sources can be used may 
seem insignificant to-day, but such oils may perhaps 
become in course of time of the same importance as some 
natural mineral oils and the tar products are now. Twelve 
years ago the latter were not more developed than the 
fat oils are to-day, and yet how important they have since 
become. One cannot at present predict what part these 
oils will play in the Colonies in the future. In any case, 
they make it certain that motor-power can still be produced 
from the heat of the sun, which is always available for 
agricultural purposes, even when all our natural stores of 
solid and liquid fuels are exhausted. 


HistToricaL SuMMARY. 


The author thinks that a summary of the whole develop- 
ment of the Diesel engine, and of the general points 
connected therewith, with illustrations of a few engines 
which mark stages in its evolution, may be of interest to 
the members. Several of these have already been pub- 
lished separately in the technical Press, but the series, as a 
whole, in its historical connection is quite new, and a cer- 
tain number of the photographs have not been previously 
published. Figs. 3 and 4 show small illustrations of the 
principal movements in the four-stroke and two-stroke 
cycle engines, with the corresponding indicator di 8 
in Figs. 5 and 6, because these will constantly be soleuved 
to in the paper.t 


* Karth-nut or pea-nut; botanical name, Arachis 


h 

ese diagrams are taken from a publication by the 
Maschinenfabrik Augsburg und Maschinenbaugesellschaft 
Niirnberg A.G. (M.A.N.). 
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used a special vertical compound air-pump driven from a 
transmitting shaft. 

The first French and Belgian engines were nearly of the 
same type as that shown in Fig. 8, but had no air-pump ; 
“2 were also of better and more compact construction. 

he first reliable Diesel engine, Fig. 9, page 397, of 
18 horse-power, was finished in 1897 at Augsburg, after 
about four years’ laborious experimenting. It was a 
vertical engine having the piston connected to an external 
crosshead and worked on the four-stroke cycle. The illus- 
tration shows the engine with the testing-brake attached, 
and with the other testing apparatus exactly in the 
state in which it was used by the numerous commis- 
sions of engineers and experts who came from different 
countries to examine the engine, as mentioned earlier in 
this paper. This type was for about ten years the exclu- 
sive and almost stereotyped pattern for all Diesel engines, 
which were built in various countries. 

In the following year, 1898, the first single-cylinder 
engine of 20 to 25 horse-power was built at the Augsburg 
Works. This engine had almost all the characteristic 
details of the experimental engine just mentioned, the 
only difference being that the experimental engine 
| the cylinder connected to the base by an inclined column 





‘in front, whilst the latter pattern had the well-known 
| A-frame which the author employed on his first experi- 





Compression. 





that illustrated in Fig. 9 shows that, with the exception 
of the omission of the crosshead, no alterations of any 
importance have been made. Vertical four-stroke-cycle 
engines of from 10 to 250 horse-power per cylinder were 
constructed after this pattern, and units up to 1000 horse- 
— were obtained by combining several cylinders. 

hese engines ran at comparatively low speeds, from 
160 to 200 revolutions, according to their size, and were 
of very heavy construction. Their weight was originally 
from 280 kg. to 350 kg. (617 lb. to 771 lb.) per horse- 
power, and te from 240 kg. to 300 kg. (529 lb. to 661 Ib.) 
per horse-power. This type of engine was used exclu- 
sively as a stationary plant for various industrial pur- 
poses. The two-cylinder M.A.N. engine of this type of 
250 horse-power, or 125 horse-power per cylinder, was 
built in 1902. 

A three-cylinder engine of the same type, Fig. 11, 
page 398, was made by Sulzer Brothers in 1906. The 
two latter engines show a slight alteration ; the petro- 
leum pump is driven from the vertical instead of from the 
horizontal cam-shaft, as was the case in the previous 
engines. The engines built by Sulzer Brothers and by 
Carels have also a rotating a for the fuel- 
needle. This arrangement was first built in Sweden on 
the author’s instructions, and worked successfully. The 
well-known 500-horse-power three-cylinder engine of 
Carels was exhibited at Liége in 1905. 7 

The author has purposely referred to this type of 
engine to show that these engines, which have been built 
in various factories and in various countries, still remain 
almost an exact copy of the old experimental engine, 
Fig. 8. Only in America was the design simplified, or 
rather cheapened, from the commencement by the 
director of the American Diesel Engine Company, 
Colonel E. D. Meier. In America the engines were built 
without crossheads from the beginning, an idea which, 
as already mentioned, was followed in the year 1901 by 
the European works, after the American engines with 
trunk pistons had proved successful. The Americans 
also built from the commencement a closed base-frame, 
and this construction, as will be seen later, has also been 
recently adopted in the European high-speed engines, 
but in a more refined and better form. Moreover, the 
American engines had no valves in the cylinder-covers. 
Fig. 12, page 398, but they were placed in a chamber 
cast at the side of the cylinder, which necessitated the 
fuel-needle being placed Kecinsntally between the suction 
and the exhaust-valves. Finally, the Americans, instead 
of driving the air-supply pump direct from the engine, 
always set it up independently and drove it either by 2 
ja extra engine, by a transmission shaft, or by an 
electric-motor, in the manner in which air-pumps are now 
set up in many Diesel engine plants on board ship. All 
these alterations were made with the object of cheapen- 
ing the manufacture, which is the cardinal feature in 
American practice. : : : 

A remarkable fact is that the first Diesel engines, built 
in 1897-8, are still working, without any change in their 
fuel consumption ; also the first English engine, built by 
the Mirrlees, Watson, and Yaryan Company, at Glasgow, 
according to the author’s design of fourteen years ago, 
is still working. 


As the central electric stations took up the Diesel 
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ine very early, the necessity for quicker - running 
une pos de This need, and the improvement in 
methods of construction and utilisation of materials, 
caused the gradual introduction of the new quicker-run- 
ning four-stroke-cycle engines, with speeds of from 300 


|machine became a light crank-case, relieved from great 


strain ; in addition, the thickness of all the castings was 
diminished. By this means the weight of the engines 
was reduced to about one-fourth to one-fifth of the weight 
of the old types, or to about 50 kg. (110 1b.) per horse- 
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up to 600 revolutions. These, however, were still exclu- 
sively vertical, The main difference in construction as 
compared with the first type was that the bearings of the 
eeank-shaft were connected with the cylinders by means 
of light steel columns, instead of by heavy cast-iron 


shaped frames, so that the cast-iron pedestal of the | 





power. Engines of this kind are now built up to about 


700 horse-power, and are ey suitable for driving 
dynamos, blowers, and centrifuga: comes, and also as 
auxiliary engines on board large vessels, &c. ; 
The first of these high-speed four-stroke-cycle engines 
made by the M.A.N. had no alterations in the valves, 





the needle, or the gearing, nor in the driving and the 
position of the petroleum and air-supply pumps, &c. 

In a four-stroke-cycle cabenest engine, Fig. 13, 
page 398, made by Messrs. Sulzer Brothers in the 
year 1909, the only difference, except the box-pattern 
rame, between it and the arrangement of the old type 
consisted in the position of the air-supply pump, which 
was in this case fitted to one end of the engine and driven 
direct from the crank-shaft. In a later four-stroke-cycle 
high-speed engine of 350 horse-power, made by Messrs. 
Sulzer Brothers in 1911, the air-supply pump was also 
driven from the crank-shaft, but was fitted between the 
py on the box-pattern base in a neater way. In 
this case also no radical alteration has been made. 

These latter kinds of engines may be regarded as tho 
final and permanent type of the vertical four-stroke-cycle 
engine for stationary purposes, both for high and low 
8 s. With this and similar types the development of 
the four-stroke-cycle engine reached a definite state of 
development. When in the last decade, through rapid 
development of the French submarines, an urgent need 
for a reliable submarine engine was felt, these four-stroke- 
cycle engines were further reduced in weight by using 
steel and brass castings, with still thinner w and they 
have also recently been fitted with reversing gear. The 
author will return to this point later when discussing 
marine engines. 

Small Engines.—This summary of the development of 
the vertical four-stroke-cycle engine would not be com- 

lete without a reference to the small engines which 
ave recently been built in accordance with the author’s 
designs. Fig. 14, page 399, shows a complete 5-horse-power 
one-cylinder plant, designed in 1909, for 600 revolutions per 
minute, with petroleum tank, starting and air-admission 
chambers. The officially ised consumption for this 
small engine is 240 grammes (0.53 lb.) per brake horse- 
power, which is therefore not much more than with the 
old large engines of medium horse-power. At present 
the author is endeavouring to sim lity and strengthen 
this small engine, which will then = suitable for small 
manufacturers and for farmers, who are not especially 
skilled in mechanical work. 

Fig. 15, page 399, shows a 10-horse-power plant which is 
composed of two 5-horse-power cylinders of the above 
kind ; the air-pump is driven direct by the main shaft. 
The cam-shaft is arranged in the lower part of the base, 
as in automobile engines. For this construction many 
hints have been taken from automobile-engine designs. 

Horizontal Stationary Engines.— After vertical engines 
had solely been used for about twelve years, horizontal 
four-stroke-cycle engines were built. The author is un- 
certain whether this type was a real necessity, or whether 
it was originally only constructed for purposes of compe- 
tition to bring out something new ; it is, however, not his 
intention to compare the merits of the two types. The 
first horizontal engines were practically only vertical 
engines laid on their sides, without any independent 
structural innovations ; all the valves were fit in the 
cylinder-cover, in exactly the same way as was done in 
the old vertical engine shown in Fig. 9, annexed. The 
valves were actuated by a small cross-shaft, which was 
itself driven by means of gears from another shaft parallel 
te the cylinder axis. The air-pump was fitted in exactly 
the same way as in the old vertical engine. 

Gradually the designers freed themselves from the 
tradition of the vertical engine, and some details were 
altered in such a way that they were more suitable for 
the horizontal position, and a type of engine was thus 
obtained which is hardly distinguishable from the hori- 
zontal gas-engines, as Fig. 16, page 399, shows. In this 
engine, made by the Swiss Locomotive Works, Winter- 
thur, the inlet-valves are no longer placed in the cover, 
but on the side of the cylinder as in gas-engines, and are 
directly driven from the longitudinal cam-shaft. A cross 
cam-shaft is no longer used. Only the fuel and exhaust- 
valves are left in the cover, while the air-compressor is 
here arranged in another way. 

These designs are to-day very often used for smaller 
plants of 20 horse-power and more, especially by gas- 
engine manufacturers, who took up the construction of 
Diesel engines on their own account on the expiration of 
the patents, and who preferred to keep to the old types 
of horizontal gas-engines. But the M.A.N. built such 
horizontal Diesel engines for very high horse-powers as 
double-acting four-stroke-cycle engines with two or four 
cylinders arranged tandem. The largest engine of this 
kind so far is a double-acting four-stroke-cycle tandem 
twin engine, of 1600 to 2000 horse-power, or 400 to 500 
horse-power per cylinder, with a speed of 150 revolutions 
per minute; this engine is working in the Corporation 
gas works at Halle, using water-gas tar as fuel. It was 
constructed on the lines of the well-known Niirnberg 
large gas-engine for blast-furnace gas. 


Two-Srroxe-Cycie EnGIngs. 


As very often stated by the author, the Diesel principle 
is essentially suitable to a two-stroke-cycle engine, 
because the scavenging is not done with a fuel-air mixture, 
but with pure air, so that not only untimely ignitions, 
but also fuel losses are avoided, and the scavenging can 

done more effectively, and with almost any quantity 

of air desired. 
The first two-stroke-cycle engines on the Diesel prin- 
ciple were built in 1900 and 1901, in'Germany and England, 
after drawings made by Giildner, but without success, 
because these drawings still followed too closely the two- 
stroke-cycle gas-engines, and because the constructional 
arrangements were unsuited to the Diesel engine. 

Successful attempts to construct a two-stroke-cycle 
Diesel engine on entirely new lines have, however, been 
made recently by Messrs. Sulzer Brothers, of Winterthur, 
so that to-day this type is on a nearly equal footing with 
the old four-stroke-cycle engine. This bas been effected 
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by working entirely on the original Diesel principle. The | 
author says ‘‘on a nearly equal footing,” because the | 
four-stroke-cycle engine still has a better combustion and 
a more economical fuel consumption, and is, above all, 
simpler in its method of working. It thus remains the 
standard perfect engine, and still predominates for 
medium-sized stationary plants up to 500 or 600 horse- 
power (no exact limit can be given) wherever the highest 


Fig. 21, page 402. A horizontal 1000-horse-powe i 
| of this kind is at present being tested at the he 
of Professor Junkers at Aix-la-Chapelle. The merits of 
this type of engine are left for discussion. 


the different types, but would leave them to be discussed. 
Their relative merits can only be settled by experience. 
A three-cylinder 750-horse-power Sulzer-Diesel two- 
stroke-cycle engine, and a still larger Sulzer-Diesel four- 
cylinder two-stroke-cycle engine on the same system, of 
2000 to 2400 horse-power, were illustrated in Mr. Schu- MaRINE ENGINES. 
beler’s paper, read at the Ziirich meeting of the Institu-| The first marine Diesel engine of 20 horse-power 
tion last year.* For such large engines two scavenging | Fig. 22, page 402, was constructed in 1902-3, in France. 
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perfection and the greatest economy are desired; but 
engineers are now doubtful whether this supremacy will 
last much longer. On the ocher hand, the two-stroke- 
eycle engine, with its smaller cylinders, has now come 
into favour for stationary plants of higher horse-power, 
and, as a marine engine, 1s likely to become the standard 


t , 
7Fwo considerably different fundamental types of two- 
stroke-cycle engines have so far been competing. To 
explain the principal difference, the author shows some 
sectional drawi The first fundamental type is the 
engine made by Messrs. Sulzer Brothers, Fig. 17, 400, 
with separatescavenging pump. Thesecond—the M.A.N. 
engine, Figs. 18, 19, and 20—was brought out much 
later ; in it the scavenging pump, which has an annular 
iston, is placed underneath each combustion cylinder. 
th engines are single-acting. The author does not wish 
to comment upon the advantages and disadvantages of 





Fie. 11. THree-Cytinper 300-Horse-Power Evarne, 1906. 
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pumps are necessary. This engine has therefore an even | for use on a canal-boat, by the French engineers Adrien 
greater power than the horizontal M.A.N. engine at | Bochet and Frédéric Dyckhoff, in conjunction with the 
Halle. |author. This engine had, like the Junkers engines 

An addition to the two-stroke-cycle engines of an | already mentioned, two pistons working in opposite 
entirely new type has been recently made. It was built | directions in gne cylinder, but the fly-wheel shaft was not 
by Professor Junkers on the lines of the old Oechelhiiuser | at one end of the cylinder as in the J unkers engine, but 
gas-engine, with two pistons working in opposite direc- | traversed a cooled chamber passing straight through the 
tions in one cylinder, but acting on the Diesel principle. | combustion-chamber. The engine worked on a four 
This two-stroke-cycle process is explained in the diagram, | stroke cycle. The great feature of this arrangement was 
mae s nines Eavong : the very high speed which was made possible by the perfect 
| balance. This small engine was, as stated, used to drive 


* See ENGINEERING, vol. xcii., pages 138 and 148. 

















MARCH 22, 1912.] 


ENGINEERING. 


399 








a 
were also 


; e French submarines by Sautter, | In t 
horse-power for ova sion of the vessel was performed directly by the engine, 


Harlé, and Co., Paris. 


canal-boat and worked quite satisfactorily. Others | they were used to generate electricity by means of which 
built in various sizes up to several hundreds of | the a were driven indirectly for manceuvring. 


e most favourable case (Delproposto) the propul- 


This type of engine is of no further practical interest | whilst the mnneenreine, and slow driving were done by 


to-day ; but while its first application to a canal-boat is | means of electricit 


hus Fig. 13, page 398, represents 


of no importance in itself, 1t has at least the historical an engine which has been worked originally. not only as 


cycle engine reversible. The first engine of this kind was 


| built by Messrs. Nobel Brothers at St. Petersburg in the 


year 1908, and was fitted toa Russian submarine. Fig. 23, 

age 402, shows this 120-horse-power three-cylinder engine. 
ft is even visible from the outside view what great 
mechanical complications were at first caused by the 
reversing of the four-stroke-cycle engine, This problem 
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Fic. 16. Horizonrat Tyre, 50 Horst-Power. 


interest of being the first Diesel engine to be used on a | 
boat. Since the date named the evolution of the Diesel 
marine engine has steadily continued, chiefly on the | 
demand of the French submarines and Russian river boats. 
The author has already mentioned that later on the high- 
speed four-stroke-cycle engines, built for electric power 
Stations, were made even lighter than before, and used for 
French submarines and for Russian river vessels. These 
engines were not originally reversible ; on the contrary, 


a stationary, but also as a marine engine, although it was 
not really designed for marine purposes. . 
The first reversing marine two-stroke-cycle Diesel 
engine was built in 1905 by Messrs. Sulzer Brothers at 
Winterthur ; it was exhibited in 1906 at Milan, and fitted 
to a vessel on Lake Geneva in the same year. At that 
time engineers were not quite clear as to the importance 
and value of the two-stroke-cycle principle, and many 


firms went on trying for years to make the four-stroke- ' 





has recently been solved in a much more simple and 
neater way, in a six-cylinder 150-horse-power reversible 
four-stroke-cycle engine of 350 revolutions, constructed in 
the year 1911 by the French firm, Messrs. Delaunay- 
Belleville. This engine is fitted with two air-pumps, of 
which a spare one is for manceuvring. In many factories 
reversible four-stroke-cycle marine engines are still built, 
but, on the whole, engineers are, for navigation purposes, 
inclined to abandon the four-stroke-cycle engine entirely 
and to replace it by the two-stroke-cycle engine. 

The small four-cylinder engine of 30 horse-power and 
600 revolutions per minute, illustrated in Fig. 24, page 403, 
is also a reversible four-stroke-cycle engine. It was built 
for experimental purposes in the year 1909, after designs 
by the author, as an automobile engine for heavy loads, 
but it can also easily work as a marine engine. The cam- 
shaft is mounted on the cylinder-cover, and the illustra- 
tion shows the engine with the cover lifted. The illustra- 
tion above referred to is again of historical value in so far 
as it illustrates the first attempt to construct the Diesel 
engine as an automobile engine for traction wagons, 
and no doubt in future years these experiments, carried 
out in some different way, will lea to satisfactory 
results. 

Fig. 25, page 403, shows a quite new Sulzer six-cylinder 
marine engine working at 300 revolutions, in which an 
innovation may be noted. The scavenging-valves are not 
fitted on the top within the cover, but below in the 
scavenging air-reservoir. Quite recently very large cylin- 
der-units single and double-acting vertical two-stroke- 
cycle Diesel engines have been built. Fig. 26, page 403, 
shows one of these single-acting two-stroke-cycle engines 
with one cylinder of 1200 horse-power, made by Messrs. 
Carels Fréres, the results of the tests of which are as yet 
little known to the public. It is generally known, how- 
ever, that in the Niirnberg works of the M.A.N. impor- 
tant experiments with large double-acting two-stroke- 
cycle engines are being carried out. 

In these works prolonged official tests of a three- 
cylinder double-acting two-cycle engine of 850 horse- 

wer were made in August, 1911, and the results proved 

ighly satisfactory. At the present time a double-acting 
two-cycle three-cylinder engine of 2000 qesee power per 
cylinder is being tested at Niirnberg. The dimensions 
of these cylinders are as follow :— 
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Diameter i 
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Stroke js sn fies } 
Revolutions per minute ... 
The air-supply pump for fuel injection is driven by a 
special Diesel engine, whilst the scavenging pumps are 
riven direct from the crank-shaft. 
Tf, as seems probable, these tests also give satisfactory 
results, the era of very large Diesel engines has begun, 
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especially low-speed marine engines suitable for driving 
propellers. This last engine already yielded con- 
siderably more than horse-power per cylinder, so 
that an engine unit of this kind with six cylinders would 
give 15,000 horse-power, or 45,000 horse-power for a vessel 
with three propellers. This kind of marine engine requires 
six cylinders to ensure a regular turning moment and 
balancing, so that the number of cylinders cannot be con- 
sidered abnormally high; on the contrary, it must be 
accepted as the most suitable and proper number. The 
opinion which was still prevalent some months ago, that 
shout 1000 horse-power per cylinder is the maximum for 
Diesel engines, has therefore been quickly overthrown by 
these facts, and it may be safely assumed that the day of 
the large marine engine is already very near at hand. At 
Messrs. Krupp’s Germania Works cylinder units of 2000 
horse-power double-acting two-cycle are being tested 
at present ; also at Sulzer’s works a si paras two- 
cycle cylinder of 2000 horse-power, and at Messrs. Vickers’ 
works a three-cylinder single-acting two-cycle, of 2000 
horse-power per cylinder, are being constructed. 

Junkers’ system, illustrated in Fig. 21 (page 402), is 
used for vertical marine engines. The author regrets that 
he has not a photograph of a finished engine. 

From motives of prudence, the various navies which are 
now fitting some large warships with Diesel engines 
started with one Diesel only out of the two or three 
engines on board ; the Diesel works alone when the ship 
is running at normal ey but for high speed steam is 
used as an auxiliary. It is evident that larger warships 
will not be fitted solely with Diesel engines until practical 
tests on the high seas have proved to be completely 
successful. 

Conclusions.—As will be seen from this historical 
summary, countless different types of Diesel engines have 
been so developed that it has become very difficult for 
even the expert to choose between them. If one looks 
through the technical press, numerous other schemes 
will be found on which the author will not dwell, as they 
have never been actually carried out. To-day, if a new 
firm is about to manufacture Diesel engines, it is almost 
impossible to give them sound advice as to the type and 
size they should choose from this bewildering variety. 
The fads, habits, and tastes of the purchasers, and the 
kinds of machine-tools in use in the works, have to be 
taken into consideration rather than technical points of 
the engine itself. Development is proceeding so rapidly 
at present that, within a few months, opinions even on 
important points may easily be changed. 

till, the author believes that this period of chaotic 
production will soon be over. At present it is generally 
agreed that the four-stroke-cycle engine from 5 up to 600 
horse-power may be regardec ag the exclusive type for 
stationary plants; but it will probably not remain so 
much longer in ange of its perfection, in view of the 
development of the two-stroke-cycle engine, especially 
that of the double-acting type. 

The use of the two-stroke-cycle engine for stationary 
work has increased, but it is anticipated’that this will be 
still further extended. Although this engine may never 

ual the four-stroke-cycle engine as regards thermal 
efficiency, its initial cost is so much lower that its 
slightly higher fuel consumption will be more than 
counterbalanced by the greater interest and amortisa- 
tion on the higher-priced four -stroke- cycle engine. 
When this stage is reached, the question is simply 


one of economy. In the author’s opinion the two- 
stroke-cycle engine 


will thus soon make headway for 


stationary plants. It will therefore be necessary to pro- | 
duce from the various systems of two-stroke-cycle engines 
a simple standard type, with which the more complicated 
ty will not be able to compete. It is the author’s 
belief that this simple standard type will make its appear- 
ance very soon, and that thus the Diesel engine movement 
will leave the unsettled stage and enter on a period of 
quiet expansion. 

In Appendix IV. (page 403) is given a list of vessels 


SprciaL IMPORTANCE OF THE DIESEL ENGINE ror 
GREAT BRITAIN. 


After this short summary about the importance of the 
Diesel engine for the world’s industry in general, and the 
historical review of Diesel types, the author desires to 
add a few words on the importance of the Diesel engine 
especially for Great Britain. In this connection the 
three following facts must be borne in mind :— 


STROKE CYCLE ENGINE WITH SEPARATE SCAVENGING PUMP(SULZER) 
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a eg by Diesel engines, which is as complete as the 
author has been able to make it from private information 
and from publications. As many firms do not publish 
the details of their work, and as very little information 
can be obtained about anything connected with warships, 
such a list cannot claim to be complete. It gives only a 
neral idea of the immense amount of work which is 
ing done at present in this direction. 
In Appendix V. (page 404) some brief results of vessels 
ropelled by Diesel engines are given, as far as it has 
nm possible to obtain them. 
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Fie. 18. Dera or Sinate-Actixe Two-Stroke-Cycie Enoine (M.A.N.). 


(1) Great Britain is an exclusively coal-prodacing 
country. : oe’ 

(2 Great Britain has the largest Colonial Empire in the 
world ; an ; aoe 

- Fa Britain is the greatest shipping nation in the 
world. 

Dealing with (1), Great Britain has had, at least until 
to-day, no natural liquid fuels of its own ; it is an exclu- 
sively coal-producing country. Based on these state- 
ments, it has often been seriously put forward in recent 
times that England has no interest in the Diesel engine, 
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(2) Great Britain has the Largest Colonial Empire 
in the World.—It is not possible to foresee to-day 
what England can obtain for her Colonies from the 
Diesel engine ; even when using only the natural mineral 
oils, the Diesel engine is the predestined colonial engine, 
because only about the fourth or sixth partof weight in 
fuel has to be transported for it to the Colonies and their 
hinterlands, as compared with the steam-engine. For a 
colonial engine the cost of freightage for fuel is generally 
the determining factor. Further, the transport of these 
liquid fuels is considerably easier and more convenient 
than the transport of coal, ye | when tank-vessels 
and pipe-lines are used ; and, finally, the difficulty of 
working a boiler plant wilt only occasionally come into 
consideration in the Colonies, especially in the interior, 





a 






Fic. 21.—Two-Stroke-Cycle Single- 
Cylinder Marine Oil - Engine. 
(Junkers). 




















1 
N 





Position of pistons D beginning and 
F end of scavenging. 





except, of course, for small plants using wood, straw, and | 


the like. 

It may be mentioned, in this connection, that a pipe- 
line of 400 km. (about 250 miles) in length for crude 
petroleum is being bu'lt on the River Congo from Matadi 
to Leopoldville, by means of which this extensive district 
will be supplied, in the simplest and cheapest way, with 
a constant flowing fuel source, from which navigation and 
the railways, agriculture as well as other industries, will 
get their element of life—namely, motor power. This 
magnificent example ought to be followed in the English 
colonies ; it is not necessary to specify in detail the great 


This sounds to-day somewhat like a dream, but the | 
author ventures to prophesy, with full conviction, that 
this way of using the Diesel engine will one day be of 
the utmost importance. 

3. Finally, Great Britain is the Greatest Shipping | 
Nation in the World.—When the first successes of the 
Diesel engine, as a marine engine, were heard of in 
England recently, and it was published that already 
numerous small mercantile and war vessels were fitted | 
with Diesel engines, and the possibility of more important | 





Diesel engines. These researches included the investiga. 
tion of the following points :— “i 


1. Oa the physical properties, such as 
(a) Properties when cold, 
(b) Properties on heating (boiling analysis). 
2. Chemical properties, such as :— 
(a) Chemical constituents. 
(b) Percentage of H,O and ash. 
(c) Calorific power. 
This laboratory is destined to become a centre for the 


oa was mentioned, and when it was realised that | investigation of fuels for Diesel engines on account of 
rger ocean vessels were destined to be fitted with Diesel | the perfection of its equipment, the accuracy of its work 
engines, and that even a warship with a very large | and the excellence of its management. The Laboratory 
Diesel engine was in construction, it provoked a great | intends to publish from time to time exhaustive reports 
movement and excitement in Great Britain which is still | of its researches. 








Fie. 22. 











First Marte Enotne ror Canat-Boat, 20 Horse-Power, 1902-3. 











Fig. 23. 





importance of such an undertaking for them. 

If one also considers that the Diesel engine can utilise 
vegetable oils, entirely new prospects are brought to light 
for the cultivation and expansion of industry in the 
colonies, which are for no vther country of such eminent 
importance as for Great Britain ; and this is where she 
ought to start as soon as possible. The Diesel engine 
can be worked with the colonies’ own resources, and thus 
again can influence to a great extent the further expan- 
sion of agriculture in districts where it is predominant. 
than 5 milliards of horse-power-hours per year, which 
means about 1} millions of horse-power running 300 days 
of ten hours each all the year. In case of war and cutting 
off the supply of foreign fuel, this quantity would be 
entirely sufficient for running the whole fleet, war and 
mercantile, and for providing in the meantime the power 
for the inland industry as far as necessary. The author 
has not the figures for England, but he presumes they 
are of similar significance. 


fresh in our minds. Moreover, the reports about success- 
ful voyages with Diesel vessels under very difficult 
| weather conditions are already increasing in number. 
The captains who have had Diesel engines on their 
vessels report on the t security and comfort in work- 
ing ; shipbuilders publish the figures of their savings. It 
is unquestionable that one of the greatest evolutions of 
modern industry will be connected with this development 
of the Diesel engine, and that Great Britain, as the 
greatest shipping nation of the world, will derive the 
greatest advantage from it. 


APPENDIX I. 
SuriTaBLeE OILS. 
The Swiss Fuel-Testing Laboratory at the University 
of Zurich, under the direction of Professor Constam, | 
decided to undertake the examination of the qualities and | 











composition of all liquid fuels which can be used for 


Four-Stroxe-Cycte Enoarmr, 120 Horst-Power, 1908. 


Fr: m tests and examinations already made, power oils 
have been divided into the following three classes : 


1. Normal Oils which can always be Used :— 


Hydrogen over 10 per cent. 
Calorific power, per kilogram, over 
| 10,000 calories (39,680 B. Th. U. ). 
No solid impurities. 
Hydrogen over 10 per cent. 
.., Calorific power, per kilogram, 
9700 calories (38,489 B. Th. U.). 


(a) Mineral oils freed | 
from benzine (gas 
oils) 


(b) Lignite tar-oils over 


(c) Fat oils from vege- researches have been 


. rare any 
table or snina “Ta on these. Earth-nut oil has 
sources, such as | 11.8 per cent. hydrogen, and calorific 
earth - nut <. power. per kilogram, 8600 calories 
ane - fish} (34.124 B.Th.U.). 


* This class of oil has been added by the author from 
his own investigations of earth-nut oil, 
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2, Oils which can be used only with the aid of special APPENDIX II. 
apparatus :— SpreciFicaTions OF Tar-Or SurraB_E For DresE. 


(a) Pit coal-tar oil. : 

(}) Vertical-oven, water-gas, and oil-gas tars, prob- 
ably also coke-oven tars, the tests on which have 
not yet been completed. 


ENGINES. 


constituents insoluble in xylol. The test on this is per- 
formed as follows :—25 grammes (0.88 oz. av.) of oil are 
mixed with 25 cub. em. (1.525 cub. in.) of xylol, shaken 
‘and filtered. The filter-paper, before being used, is 


General characteristics :— 
Hydrogen not over 3 per cent. 
Amount of free carbon not over 3 per cent. 




















Fic. 24, Experimental ReversIsLeE Four-Cytinper Four-Stroke-Cyc_e ENGINE, 
30 Horsg-Power, 600 Revo.utioxs per Minute, 1909. 


(From the German Tar-Production Trust at Essen-Ruhr.) 
1. Tar oils should not contain more than a trace of 


8800 calories per kilogramme. For oils of less calorific 
power, the purchaser has the right of deducting 2 per cent. 
of the net price of the delivered oil for each 100 calories 
below this minimum. 

6. The flash-point, as determined in an open crucible 
by Von Holde’s method for lubricating oils, must not be 
below 65 deg. Cent. 

7. The oil must be quite fluid at 15 deg. Cent. The 
purchaser has not the right to reject oils on the ground 
that emulsions appear after five minutes’ stirring when 
the oil is cooled to 8 deg. 

Purchasers should be urged to fit their oil-storing tanks 
and oil-pipes with warming arrangements to re-dissolve 
emulsions caused by the temperature falling below 15 deg. 
Cent. 




















Fic. 26. Sinate-Cytrxper Sinoie-Actixne Two- 
StroKe-Cycie Enarne, 1200 Horse-Power, 1911, 
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Fic. 25. Srx-Cytinper Marine Enscryg, 300 Revotutions per Minvte, 1911 ; 


Residue on coking not over 3 per cent. 
Calorific power not und 
(34,124 B.Th.U.). 


5. Oils which cannot be used :— 

lars from horizontal or inclined retorts. 
_ It must not be underst: 
in Diesel engines und 
whole, the above cla 


d dried and weighed, and after filtration has taken place 
er 8600 calories per kilogram | it is thoroughly washed with hot xylol. After re-drying 
the weight should not be increased by more than 0.1 
gramme. 

2. The water contents should not exceed 1 per cent. 
| The testing of the water contents is made by the well- 
ood that these will not be used | known xylol method. 
er special conditions ; but, on the| 3, The residue of the coke should not exceed 3 per 
ssification is accurate in the present | cent. 
he Diesel engine. | 4. When performing the boiling analysis, at least 
estimating the value of power | 60 per cent. by volume of the oil should be distilled on 
jualities, but all their chemical | heating up to 300 deg. Cent. The boiling and analysis 
must be considered, which is| should be carried out according to the rules laid down by 
rough investigation of each kind | the Trust. 
5. The minimum calorific power must not be less than 





4 
3 





state of development of t 

It is evident that for 
ous, not only the above c 
and physical properties 
oy possible after a tho 
7 OU, 
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8. If emulsions have been caused by the cooling of the 
oils in the tank during transport, the purchaser must 
re-dissolve them by means of this apparatus. 

Insoluble residues may be deducted from the weight of 
oil supplied. 

For Appendix ITI. see next page. 





APPENDIX IV. 
List or Vessets Propettep spy Diesen EnGines. 
(Built or in course of construction up to November, 
1911; and compiled from publications 
sources. ) wie " 
As a good many firms maintain strict secrecy about 
work in this direction, and as the information 


and private 


their 
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APPENDIX III. 
Properties OF Pit-Coau Tars. 


(By W. AutneR. On the Application of Tar for the Working of Diesel Engines.) 
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obtainable about naval ships is both scarce and un- 
reliable, the lists are not complete. In any case the 
figures are minima. 


(a) Owl-Tank Vessels (21).—Of these there are :— 


Twelve Russian : On the Volga and the Caspian Sea, princi- 

pally transporting oil for Messrs. Nobel Brothers, St. Peters- 

urg. The largest of these vessels is the Djelo, 5000 tons 
displacement, 1000 to 1200 horse-power. 

Four German: For the German - American Oil Company 
(Standard Oil Company). Largest vessel, 15,000 tons dis- 

lacement, 3500 to 4200 horse-power. In construction at 

essrs. Krupp’s Germania Works. The vessel will be con- 
structed on the Isherwood system, and is to contain 
22 tanks. 

Three Dutch : For different oil companies, one of which is the 
Anglo-Saxon Petrol Company, London. The largest vessel 
is of 9300 tons displacement and 2200 horse-power. 

One English: For Messrs, Furness, Withy, and Co., Hartle- 

1, The ship, 3150-ton cargo-boat, is being built by Sir 
ylton Dixon and Co., of Middlesbrough, and the engines 
—800 brake horse-power Carels-Westgarth two-stroke en- 
gines, with four cranks—are by Messrs. Richardsons, West- 
garth, and Co., of ne 

One American: For Canadian kes, for the Standard Oil 
Company, New York. 

It is known that Messrs. Nobel, of St. Petersburg, are 
ten converting their whole fleet on the Volga and 
Jaspian Sea, consisting of fifty to sixty ships of different 
sizes, into Diesel-engined vessels. It is not known how 
many of them have already been thus converted. 

(b) Tugs (37).—Of these, most (about twenty-two) are 
Russian, for use on tae Caspian Sea and the Russian 
tributaries. 

Two of them have a towing capacity of 13,000 kg. (12.8 tons) 
with 800 horse-power ; three of them have a towing capacity 
of 8200 kg. (8 tons) with 600 horse-power. The power of the 
others averages about 400 horse-power. 

Three German: On the River Elbe (150 horse-power) ; on the 
River Weser (200 horse-power); on the River Rhine (400 
horse-power). 

The remainder are for various countries—namely, 
Chili, Italy, Sweden, Roumania, &c. 

(c) Motor Sailing-Vessels ‘8).—Of these, two French 
boats are the most noteworthy :— 

French: 1, The four-master ow in with about 600 tons 
displacement, and 600 to 700 horse-power. 2. The five- 
master La France, the est sailing vessel in the world, 
with about 11,000 tons displacement and 1800 to 2000 horse- 
power. 

One German, one English, one Dutch, one Swedish, and one 
Italian motor sailing-vessels. 

(d) Merchant Vessels (about 43) (Freight, Passenger, and 
Combined Freight and Passenger Vessels).—Of these :— 

Nine are Russian, including six passenger vessels on the 
Volga ; about 2000 tons displacement and 1200 horse-power. 

Seven German, including :—One vessel, built by Blohm and 
Voss for the Hamburg-America Line, of 9000 tons displace- 
ment and 3000 horse-power ; one vesse) for the Hamburg 
South America 8 ip Company, of 6000 tons displace- 





ment and 850 horse-power, 





Seven Scandinavian, including three vessels for the Danish 
East Asiatic Company, of 2500 to 3000 horse-power. 

Four Dutch, three English, two Swiss, two Congo Free State, 
and the others various, including :—One freight and pas- 
senger vessel Romagna, on the Adriatic Sea, for the Ravenna- 
Trieste-Fiume — = , of 1000 tons displacement and 800 
horse-power. This vessel, unfortunately, sank a few months 
ago owing to faulty loading of its cargo. 


Most of these vessels, especially the larger ones, will 
not be put in service until 1912. Of the Russian pas- 
senger vessels, a good many are already in operation. 


(ce) Fishing-Boats (14).—Of these :— 
Eleven are German herring-boats, of 254 tons displacement 
and 90 horse-power, for the North Sea. 
Two English whalers for the South Polar Sea, with 200 horse- 
power, &c. 


(f) Miscellaneous (about 16).—Of these :— 

Three are Russian, including :—One private yacht of 200 horse- 
power, and two for the Russian Minister of the Interior. 

Three French :—Private yachts, including one of about 400 
tons displacement and 400 to 500 horse-power. 

Two German:—The lightship Hamburg and the test-ship 
Bremen. 

One Norwegian, Fram, exploring vessel for the South Pole, 
Captain Amundsen ; 380 tons capacity and 180 horse-power. 


(g) Submarines (about 110 to 115), including, as far as 
can be ascertained, up to the end of 1910 :— 


About 60 to 70 French, of 390 to 800 tons displacement and 
600 to 5000 horse-power ; about thirteen Russian, thirteen 
English, two Dutch, two Danish, one Norwegian, one 
Swedish, one American, of 1200 horse-power, two Italian, 
and two Austrian. 

It is probable that the number of vessels has been considerably 
increased in 1911, and that a large number will be added 
in the future. Various countries are not mentioned in the 
list; for instance, Germany, Japan, the South American 
States, &c. It is almost impossible to publish a list which 
is absolutely accurate, owing to the secrecy about the number 
= vessels in construction and the kinds of engines used on 
them. 


(h) Warships (about 20 to 30) :— 

Here, again, it is impossible to give accurate figures, as the 
information published is very scarce and contradictory. 
It is, however, known that several navies are experiment- 
ing with Diesel engines on a large scale. The following are 
especially noteworthy :—A great number of gunboats and a 
few mine-laying boats for the Russian Navy. Also one French, 
one English torpedo-boat destroyer, and one Italian. 


(i) Small Boats (about 15 to 20) :— 

In the list of navy vessels, although they are not strictly 
men-of-war, must be included the small boats such as 
pinnaces and special boats, of which about fifteen to twenty 
are destined for the German, Swedish, English, Argentine, 
and Russian Navies. 





Summary. 
(a) Oil-tank vessels about 21 
(b) Tags .. os ve ee - ab - 37 
(c) Motor sailing vessels os ae a o 8 
(d) Merchant vessels, freight, passenger, 


and combined vessels *” 43 





(e) Fishing-boat .. about 14 
(/) Miscellaneous. . 2 ‘ 16 
(q) Submarines .. o i “¢ ae 115 
(h) Warships a a = pa oe a 30 
(4) Small boats .. es os - ¥s o 20 

Total .. . 304 


APPENDIX V. 


Brizr RESULTS FROM SOME VESSELS PROPELLED py 
Dieset ENGINES (SEE APPENDIX IV.). 


(a) Orm-Tank VESSELS. 
Russian Oil-Tunk Vessel ‘* Vandal” :— 


Put in commission in 1904, 1150 tons displacement, 360-450 
horse-power. The first oil-tank vessel built for the Volga 
and Caspian Sea. Reversing (electric) from full-speed 
ahead to full speed astern in 8 to 10 seconds. Cost for 
repairs, lubricating, and cleaning for the working year 
1906, 7440 marks (364l.). Sailing radius: unloaded, 13,0. 
sea -iniles; loaded, 12,000 sea-miles. Mileage in 1905, 
pa km, (11,472 sea-miles); 1906, 22,400 km. (12,073 sea. 
miles). 


Russian Oil-Tank Vessel ‘‘ Sarmat” :— 


Put in commission in May, 1905. 1150 tons displacement, 360- 
430 horse-power. —_ and Caspian Sea. Reversing (Del- 
proposto). Sailing ius at full speed : 14,000 sea-miles 
unloaded; 12,900 sea- miles loaded. 
19,200 km. (10,348 sea-miles). 


Russian Oil-Tank Vessel ** Djelo” :— 
5300 to 5700 tons displacement, 1000 to 1200 horse-power. 


Made several stormy voyages on the Caspian Sea in the 
year 1911. 


Dutch Oil-Tank Vessel ‘“* Vulcanus” — 


Put in commission in the summer of 1911. 2500 tons dis. 
lacement, 500 horse-power. Fuel consumption for 100 
nglish sea-miles, 1000 kg. to 1100 kg. (2204 lb. to 2425 Ib.), 

Daily crude-oil consumption, 2} tons for full load. Saving 
in cost of fuel as against steam-engine, 50 per cent. Voyage 
Rotterdam to Stockholm, in July, 1911: 735 sea miles in 
100 hours with cargo of 1000 tons of oil, and at a speed of 
8.5 to 8.9 knots. Fuel consumption, 8} tons. The Vulcanus 
has already made a very successful voyage of 32 days’ dura- 
tion, to the Black Sea and back, and numerous voyages from 
Holland to Sweden and England. 
(b) Tuas. 
Russian Tug “‘ Jakut” ;— 

Towing capacity, 4000 tons ; 320 horse-power. The engines 
have already worked satisfactorily for two years. The 
manceuvring power is better than with steam-engines. The 
Jakut and a steam ice-breaker went to the assistance of a 
ship and towed her out of the ice. On this occasion the 
fuel consumption of the Jakut was 4380 kg. (9654 Ib., or 
4.3 tons), as compared with 32,500 kg. (71,630 lb., or 32 tons) 
by the steamer. 

German Tug ‘‘ Fortschritt,” in Hamburg Harbour :— 

150 horse-power. Has also made very stormy voyages on the 
open sea and carried fuel for eight days. Gain in length, 
one-third over a steamer. Gain in weight of machinery, 
about one-fourth over steam plant. Weight of fuel only 
20 to 25 per cent. of weight of coal for the same power in a 
steamer. 

“ Frerichs” :— 

Towing capacity, 2200 tons ; 200 horse-power. Manceuvring 
power same as in a steam vessel. The vessel pays the 
same insurance premium as a steam vessel. Owing to the 
absence of boiler and coal-bunkers, there is space for the 
accommodation of twenty passengers. Owing to the absence 
of the boiler plant the stern of the vessel was made smaller, 
so that the vessel was more easily handled and the turning 
circle was diminished. Thirty manceuvres can be carried 
out in one hour without a change in the air pressure in the 
starting-tanks. With the quantity of air stored in the 
starting-tanks 60 mancuvres can be carried out in succes- 
sion. A starting-tank holds 250 litres (55 gallons), and 
when completely emptied the pumps can fill it in 15 
minutes. 


Mileage in 1906, 


(c) Moror Sariina-Boats. 
** Quevilly” :— 

About 6500 tons displacement, 600-700 horse-power on two 
propellers, The propellers can be uncoupled when using 
sails only, and their resistance when running light causes a 
loss of speed of } knot. The first ship to cross the Atlantic. 

First voyage : Rouen to New York and back, in March, 1911. 
Engines working during 1200 hours. 

Second voyage: Rouen to New York and back in July and 
August, 1911. Cost of fuel, 1 dol. per hour per engine. 
Very satisfactory results. ' 

Third voyage: Havre to New York, lasted 38 days, during 
26 days (650 hours) of which the engines worked against a 
strong wind. 

The vessel can enter harbours without the help of tugs. The 
vessel takes up its fuel in New York for the double journey 
at a price of 32 marks (31s. 4d.) per ton, or 6 pfennig (0.7d.) 
per e.h.p. hour. 


“* La France” :— 

Largest sailing vessel in the world; 10,730 tons displace- 
ment, 1800 to 2000 horse-power. Sail area, 6500 sq. m. 
(69,966 sq. ft.). Will run between France and New Cale- 
donia, and was launched on November 16, 1911. 

ai Orion ” — 

Sixty horse-power. Has made voyages since November, 1907, 
to and from Sweden, Finland, Russia, Germany, and Den- 
mark. The engine is very often used in combination \ ith 
the sails, and is only in charge of a single carpenter. 


(d) MercHant VESSELS. 


(Freight, Passenger, and Combined Fresght and 
Passenger Vessels.) 


“ Rapp ” and ** Snapp on 
Two small merchant vessels cruising in Swedish waters. 
Cargo capacity, 300 tons; 120 horse-power. The engines 
run for long periods at 55 to 60 revolutions, although th 
normal number of revolutions is 300. Since 1908 the vesse!s 
have made numerous voyages between Sweden, Finland, 
Germany, Holland, England, Iceland, and Norway. ©n 4 
voyage from the east to the west coast of Sweden, throug h 
the canals, seventy-five locks had to be passed, throug! 
which the mancuvring power proved to be very satis- 
factory. 
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** Cornelis” :— 
200 horse-power. Has already made numerous voyages 
between Antwerp and London and Aberdeen. Fuel capa- 
city is sufficient for 32 days. 


** to” s— 
Passenger vessel on Lake Ziirich. 200 tons displacement, 250- 
260 horse-power. Has made regular nger trips on 
Lake Ziirich since the summer of 1909. nverted steamer. 


Weight of the previous steam plant, including coal and 
water, 14,700 kg. (14.46 tons) for 120 km. (64.6 sea miles 
radius. Weight of the new plant for the double power and 
1200 km. (646 sea miles) radius is 9750 kg. (9.6 tons). Cost 
of fuel, one-fourth of the previous cost. Saving in labour, 
one man. Cost of fuel per kilometre, 10.5 cts. (1.6d. per 
mile). 


“ Toiler :°— 

First Diesel sea-going vessel. hy capacity, about 3000 tons; 
360 horse-power. The steering t d b Pp d 
air. The cabins are warmed by hot water heated by the 
exhaust from the engines. First voyage from the Tyne to 
Calais with a cargo of coal was made in the summer of 1911 
in very bad weather. Oil consumption, 1.65 to 1.75 tons in 
twenty-four hours. A steamer of the same size consumes 
8 to 9 tons of coal per day. Saving in cost of fuel as com- 
pared with steamer, 50 per cent. Gain in cargo capacity, 
60 tons. Voy: to North America in September, 1911: 
Fuel a 2 tons ‘eed day. Saving in cost of fuel 
as compared with steam nt, 11 dols. (458.) 5 saving in 
labour, 5 dols, (20s. 10d.) per day. Mancwuvring power 
proved to be very satisfactory. 


“ Romagna” :— 
One thousand tons 





displacement ; 800 horse-power. Put in 
ptember, 1910. Made regular voyages between 
Ravenna, Trieste, and Fiume in the summer of 1911. In 
consequence of the faulty loading of the cargo the vessel 
sank in a terrible sirocco in November, 1911. 


Vessel of the Hamburg-Amerika Line :— 

Nine thousand tons displacement ; 3000 horse-gower. Gain 
in weight and space as compared with a steam plant of the 
same size, 40 to 50 per cent. 

(e) Fisuinc-Boats. 
“* Ewersand ” :— 

German herring-boat, built by Frerichs, in Bremen ; 254 tons 
displacement, 90 horse-power. Gain in cargo capacity, as 
compared with steam fishing-boat, 25 percent. Can take 
up 750 casks of herrings instead of 600. First voyage in 
September, 1910, lasted five weeks. Consumption of crude 
oil, 3 tons; as against 20 tons of coal, for steamer. Home- 
ward journey in 75 hours without a stop, ina high sea, On 
its arrival at the end of October, 1910, 3 tons of crude oil 
were still unconsumed. Very favourable results, and con- 
sequently an order for ten more similar fishirg-boats was 
placcd. 





(f) MiscELLANEous Boats. 


“ Fram” (South Polar ship):-— * 


It is the old North Polar ship Fram fitted with Diesel engine. 
Gain through replacing the steam-engine by Diesel engine : 
In engine space, 45 per cent.; weight of engine, 60 per cent. ; 
weight of fuel, 80 per cent.; space for fuel, 85 per cent. 
Several years’ supply of fuel can be stored. Of 380 tons cargo 
capacity, 100 tons were Bates wg d required for the coal 
storage. The Fram sailed for six months from Christiania 
to the South Polar regions without touching land and 
without reporting. During the voyage in the Antarctic the 
engine worked for 2800 hours without giving any trouble. 


(g) SUBMARINES. 
French Sulmarine “‘ Aigrette” :— 


172 tons to 220 tons displacement: 217 horse-power. Long 
voyage, from Cherbourg to Dunkirk and back, in October, 


1908. 
* Emeraude” :— 


390 tons to 450 tons displacement ; 600 horse-power. 
October, 1908, she made an uninterrupted voyage of 80} 
hours on the high seas (1288 km. or 692 sea-miles). The 
average speed was 9 knots, and the engine worked ex- 
cellently during the whole voyage. At the beginning of 
_ a long voyage of 800 sea-miles was made on the high 

as, 
“* Opale” :— 

390 tons to 450 tons displacement ; 600 horse-power. In 
September, 1907, made a voyage of 550 sea-miles at a 
of 8m. to 9 m. (26 ft. to 29.5 ft.) per second in difficult 
navigating conditions. At the beginning of 1909 made a 
long voyage of 800 sea-miles on the high seas. Sailed from 
Cherbourg to Lorient in 34 hours. 

“ Circe” and “ Calypso” :-— 

350 tons to 490 tons displacement, 300 horse-power. Made a trial 
trip in the spring of 1910 from Toulon to Nice, Corsica, and 
back to Toulon, or 600 sea miles in 58 hours. The engines 
worked excellently. 

The experience obtained with Diesel engines on submarines is 
so Satisfactory that to-day all the navies in the world have, 
almost without exception, Diesel engines on their sub- 
marines, The good results obtained on this kind of vessel 


Were the reason for the fitting of Diesel engines on all other 
kinds of vessels, 


In 


(hk) WaRsHIPs. 
Russian Gunboats “‘ Adragan” and “ Kars” :-— 


‘00 tons displacement ; 1000 horse-power. These two vessels 
made very satisfactory trial trips in the summer of 1911 on 
the Caspian Sea. Before making these trial trips they 
sailed from St. Petersburg to the Caspian Sea over the 
Nev a, Lake Ladoga, the canal-system and the Vol " 
arriving on May 19,1911. It is well known that the Conghen 
travelling is considerably robee: Gicutt: ase) nator as oe 

vellin erably more 
navigation in the winter ee re Te 





APPENDIX VI. 
- Mortor-Boat SHIPPING IN THE CoLontEs. 
‘Seng @ summary of the technical portions of a 
read by Dr. R. Diesel, engineer, at a meeting a the 


Technical Commission ‘of the Commi : 
Economy at Berlin on November 13, 1911). dha rainags 


The technical side of motor-boat shipping is divi 
sto—Boat ond Mere ipping is divided 
African rivers require a special type of flat- 


nto two parts— 
The 








bottomed boats, because of their peculiar nature; but 
there is no difficulty in constructing these boats, and the 
author has already given many examples of boats on the 
River Nile and River Congo; on the latter river one boat 
with 1300 horse-power, ton: 450 tons, and only 1.10 m. 
(3.6 ft.) draught. Another t for the Congo, con- 
structed by the English Bolinder Company, with 40 to 50 
horse-power engine, length 14 m. (45.9 ft.), width 3 m. 
to 4m. (9.8 ft. to 13.1 ft.), and a speed of 8 knots, can 

a net load of 5 tons. It draws only 0.85 m. to 
0.88 m. (2.78 ft. to 2.88 ft.). By placing the propellers in 
a tunnel, sufficient driving-power is still obtained, when 
rg ay is partially immersed, for draughts of 0.5 m. 
(1.64 ft.) and less. Cockerill at Seraing con- 
structed a small boat with two protected propellers, for a 
draught of 35 cm. (1.15 ft.). It is provided with winches 
to float it when aground. French boat-constructor has 
built a boat with only 10 cm. (4 in.) draught. 

The problem of the boats is therefore solved, but not 
the problem of the engine. 

The great importance of navigation for the Colonies 
is indisputable ; the river navigation is actually carried 
on by steam - engines, but they were prevented 
from great development by the high price of coal. 
At Stanleyville a ton of marine costs 400 francs, 
which is about twenty to thirty times more than the 
cost in Europe. This high price makes the working 
of steam - engines with coal prohibitive. A quantity 
of 30,000 tons of coal per year would be necessary 
at Leopoldville for the steam - vessels at present on 
the River Congo, but the small-gauge railway, Matadi- 
Leopoldville, can only transport a daily quantity of 50 to 
60 tons. It is quite out of the question therefore that 
the coal stations in the interior can also be supplied with 
coal, It was proposed to work the vessels with gas- 
pn ae instead of steam-engines ; this would mean that 
only about two-thirds of the coal would be requised, but 
even this small quantity could not be transported by the 
railway. In addition to that, a special quality of coal 
would be required, the cost of which would be still con- 
siderably higher. The only way to overcome these diffi- 
culties was to use wood as fuel. When steam navigation 
was first started on the Congo it was not difficdlt to obtain 
the necessary quantities of wood, but with increased 
traffic too much wood would be required, and the forests 
would be destroyed. 

If one considers that the 500-ton steamer from Leopold- 
ville to Stanleyville requires 16 tons of wood for each 
10-hour voyage, and that it has to take in fresh fuel every 
10 hours, it is evident that navigation cannot rely on this 
fuel for the future development and increase. Certainly 
the price for fuel when using wood was only about 
15 centimes (14d.) per effective horse-power, as compa: 
with 40 centimes (4d.) for gas-coal, and 60 centimes (6d.) 
for steam-coal. This price is very low, but, notwith- 
standing this, wood cannot be the fuel for the future, 
owing to the foregoing reasons, and steam and gas-engines 
would therefore have to be excluded from working in the 
colonies. 

The question then arises as to the suitability of internal- 
combustion engines. So far as the author can ascertain, 
there are already some small motor-boats with explosion- 
motors used in the colonies, but this cannot called 
motor navigation. The danger of the fuel and its high 
price makes navigation on a large scale im ible for 
the colonies; it will only be u occasionally on small 

ts and motor-cars. 

The only engine to be considered, therefore, is the 
Diesel, and the author showed in his earlier paper that it 
is the predestined colonial engine, owing to its develop- 
ment during the last few years and its adoption as a 
marine engine. It was further shown that it could be 
worked on any mineral oil. ese mineral oils are in 
all my of the — so that their prices vary very 
slightly in the different ports, from 40s. to 60s. per ton ; 
for instance, the price for American mineral oils for 
Diesel engines in London and Great Britain is 43s. per 
ton, being equal to the price in Belgium and in Scan- 
dinavia. Russian oil is delivered to all the Italian ports 
at a price of 60 francs (48s.) per ton, and this amount is 
the same in all the other ports of the Mediterranean. In 
Egypt numerous Diesel engines are working on these oils. 

he Diesel —_ consumes only about 200 grammes 
of this oil per effective horse-power hour at an average 
cost of 0.12d. The consumption of fuel in the Diesel 
engine is so low that the same number of horse-power 
can be obtained with a fifteenth part of the weight of the 
fuel as compared with wood fuel. If, therefore, Congo 
steam vessels with 15 tons of wood on rd can ea 
voyage of 10 hours, the same vessel with 15 tons of liquid 
fuel can make a voyage of 150 hours, besides the saving 
in time which iseffected by not having to call at ports for 
fresh supplies of fuel. 

A vessel fitted with a Diesel engine can take any quan- 
tity of liquid fuel on board, which can easily be stored in 
the bow and stern of the ship where it does not occupy 
room available for cargo, and it can make long voyages 
into the interior, taking considerably shorter time than a 
vessel fitted with steam-engines and boilers for wood-fuel. 

Another very important point is that the costs for 
working would not be higher in the interior of Africa 
than near the coast or in Europe, presuming that no 
duties would be c for these fuels; it is to be 
expected that the latter will not be the case, so that this 
new colonial industry shall have an opportunity of expan- 
sion without any restrictions. 

To make it clearer the author in states the cost of 
fuel per effective horse-power hour for the different kinds 
of fuels mentioned above :— 


Steam-engine with coal fuel About -F centimes 
Gas-engine with coal-fuel About #0 centiaes 
4d. 





Steam-engine with wood fuel ... About 15 centimes 
14d. 

Diesel engine with mineral oil fuel About 1 to 2 centimes 

(youd. to $d.) 

Another pro made was to keep the steam-engine, 
but to heat boilers with mineral oil. Some vessels of this 
kind were built, but the proposition to develop them for 
the use of the colonies was negatived by the fact that a 
steam-engine of equal horse-power with a Diesel engine 
consumes about four to five times more mineral oil than 
the latter. — 

The great importance of these circumstances for develop- 
ing the colonies was first ised by King Albert of 
Belgium, who had made a journey to the Congo to study 
the question, and is now working out extensive projects 
for its colonisation. The author had the honour of laying 
his proposals before the King at an audience, and the 
result was the order fora large Diesel-engine mail vessel 
for the Congo River, pl with Messrs. Cockerill at 
Seraing, which is the first real colonial motor-ship. The 
main dimensions of this vessel are as follow —langth, 
60 m. (196.85 ft.); width, 8 m. (26.25 ft.); draught, 
1.10 m. (3.6 ft.), and tonnage 430 tons. The vessel will 
have three decks, one of which is intended for the natives, 
and the other two for the Europeans. The motor power 
is 1300 horse-power with two propellers, each exerting 
650 horse-power; speed, 25 km. (15.5 miles) per hour. 
The length of journey to and from Leopoldville to Stanley- 
ville without taking in fresh fuel is 4300 km. (2672 miles). 
This distance, to and fro, has to be covered in 140 hours, 
or about fourteen days, whilst the paddle steamers make 
it in thirty-two days at mt. Stock of fuel is 50 tons, 
and of this stock 15 to 20 tons have to remain at the end 
of the voyage, so that the vessel is able to supply from 
its stock smaller boats in the interior which run on 
tributaries. The cost of this vessel—1,000,000 francs 
(40,000/.)—will be paid by the King himself. 

It was stipulated that the natives should be able to 
take charge of the engines, which necessitated a very 
simplified trial engine being built first; this engine 
recently made a successful test. The engines for the 
Congo mail vessel will now be built after this type. 

The example shown by King Albert has had an imme- 
diate result by the formation of the Société Anonyme 
des Petroles du Congo with a capital of 6,000,000 francs 
(240,0002.). The company bound itself to the Belgian 
Colonial Corporation to lay down petroleum stores along 
the Congo and its tributaries in which petroleum for at 
least three months must be kept. The pipe-line must 
have a diameter of at least 10cm. (4in.) and the pump 
may (eight stations) must be powerful enough to 
deliver at least 50,000 tons of petroleum to the end of the 

jpe-line, As a return, the company received from the 

‘ongo Government all the land up to 1000 hectares (2471 
acres) for all the plants, on lease without payment. The 
concession holds good for fifty years, and after this time all 
the pipe-lines with the material, — the vessels and the 
stores of petroleum, will pass into the possession of the 
Congo Government. 

The Government reserve the right to buy all the pipe- 
lines after fifteen years, by payment of capital invested 
in the plant, after depreciation and the reserve funds have 
been deducted, but with a premium of 33.33 per cent. 
calculated on the whole amount. The stock of petro- 
leum to be taken over at cost price, and the petro- 
leum tank vessels at a price fixed by experts. 

The selling price of the petroleum is the local price at 
Matadi Dock, plus 15 per cent. The price at Matadi is 
fixed between the two parties. The selling price at the 
station higher up the river than Matadi is fixed in such 
a way that 15 centimes (1}d.) are added for each kilo- 
metre-ton to the Matadi Dock price. These prices hold 
good for supplies of at least 7 tons per year, and for 
smaller supplies an increase of 10 per cent. can be obtained. 
If the net profit does not come up to 7} per cent. within 
two years, after having made all deductions and depre- 
ciation, the price can be increased 1 centime per kilometre- 
ton, and it must be decreased the same amount if the 
net profit is more than 74 per cent. The petrol supply 
for the ae is thus secured, and the first condition— 
the supply of the necessary fuel—is fulfilled. 

The calculations for the pipe-line have been based on 
the fact that the consumption of wood fuel higher up the 
Congo is equivalent to 20,000 to 22,000 tons of petroleum 
yearly ; but it is certain that at the beginning this large 
——~ of petroleum will not be wanted, especially 

uring the experimental period, and because motor navi- 
gation on the Congo itself can only be taken into con- 
sideration, as the navigation on the tributaries will still 
use wood fuel. 

The vessels at present in use, about 4000 horse-power, 
will also ‘work on wood fuel until the Diesel-engine 
vessels are supplied. The locomotives of the Matadi 
and Leopoldville Railway wili also work on petroleum in 
the future, and experiments in this direction have already 

nm made on three locomotives. It is also anticipated 
that the existing petroleum piping will be the reason for 
the erection of a good number of stationary and agricul- 
tural Diesel engines, and thus there will be new cus- 
tomers for petroleum. 

Considering the conditions given above, the price for 
the mineral oil per ton would be— 





fr. 8. d. 
At Matadi Quay .. .. About 75= 60 0 
Plus 15 per cent. sn 9 1= 810 
: 86= 68 10 
400 km. higher up in the 
country an addition of 
400 x 15-60 fr. haa = 48 0 


146 = 116 10 





Therefore price per ton 


Numerous Diesel engines are working in many Euro- 





406 


ENGINEERING. 





(Marcu 22, 1919, 


— 





pean countries where the prices for mineral oils are the 
same owing to the high duty which has to be paid. But 
navigation on the main streams would be independent of 
this increase in price, as the vessels could take any 
amount of fuel on Kean at the beginning of their voyage, 
sufficient for the journey to and fro. 

As already stated, the large vessels on the main rivers 
can give to the ships in the interior their surplus fuel ; 
thus cheap navigation can be carried on along the rivers 
furthest in the interior. From this it follows that, where 
there are rivers in the colonies, motor navigation ought to 
be started first, and thus the very expensive construction 
of railway lines will be obviated. Important districts 
without rivers would get small railways to connect them, 
and the locomotives can also be driven by Diesel engines. 

The construction of the colonial Diesel engine ought to 
be as simple as possible, and only very few patterns of 
cylinders and other parts ought to be built, so that it 
would be possible to exchange and replace single parts 
easily ; larger units ought to be constructed by adding 
two, three, four, and more cylinders. The engine work- 
ing with many cylinders is not a drawback, but a good 
feature, because the engine can continue working even if 
one cylinder stops ; another feature connected with the 
simplicity of construction is that only very few spare 
parts are required, and that the same spare parts can be 
used for all the cylinders. These spare parts can be 
stocked all over the colony, and would prove to bs very 
useful if all the Diesel engines in one district were of the 
sime pattern. This, however, can only be considered 
when the Diesel engine has become well introduced. The 
importance of the possibility of using vegetable oils in 
the Diesel engine has already been discussed in the paper. 








Tue Instirure or MaRInk Enotnerrs.—The annual 
meeting of the Institute of Marine Eagineers was held on 
the 15th inst. in the Abercorn Rooms, Liverpool-Street 
Hotel, E.C., the Most Hon. the Marquis of Graham 
(President) occupying the chair. The annual report was 
read by Mr. James Adamson, hon. secretary. It showed 
a membership of 1234. The Denny Gold Medal for the 
best paper read during session 1910-11 had been awarded 
to Mr. W. R. Cummins, member, for his paper on “ The 
Internal-Combustion Engine for Marine Use,” and awards 
had also been made to Messrs. J. D. Boyle and H. B. 
Locke, graduates, for essays on the subject of ‘The 
Steam-Engine Indicator.” The total amount subscribed 
to the City Premises Fund, including promises, was 4557/. 





Union or GERMAN Macuine-Too. MaNvuracTurRERs. 
—At the recent meeting of the union of German machine- 
tool makers in Diisseldorf the annual report was read. 
It stated that last year was fairly satisfactory all round 
for the machine-tool industry. Sales had increased 
and the industry expanded. The keen competition and 
the not altogether harmonious methods of the indus- 
tries using machine-tools, coupled with the increase 
in co3t of manufacture through higher wages, social 
burdens, &c., however, tended to make the results some- 
what unsatisfactory, considering the capital and labour 
entailed. Satisfactory prices could only be obtained for 
special machines. Labour conflicts in various parts of 
the kingdom had seriously affected some of the largest 
manufacturers. Considering the increase in working 
costs through the making up of tenders, the manufac- 
turers were recommended to confine themselves to fewer 
especial machines. The number of hands employed had 
increased from 5 to 10 per cent., and the exports of 
machine-tools, which is by far the most important of 
Germany’s exports of machines, showed an encouraging 
increase, in spite of the continued and energetic efforts 
of the American machine-tool makers to increase their 
sales in Germany and elsewhere. The unsatisfactory 
custom of counter-orders was commented upon, the result 
being that the machine-tool makers were often hampered 
by more materials than they could do with. The active 
demand still continued, but the rise in raw material, and 
the low prices resulting from the keen competition, very 
alee discounted the good results of the former. 





Tur Royat InstituT1Ion.—The following are the lecture 
arrangements at the Royal Institution after Faster :— 
Dr. Edmund Gosse, two lectures on ‘‘ Algernon Charles 
Swinburne: His Early Life and Work.” Mr. F. Balfour 
Browne, two lectures on ‘‘Insect Distribution, with 
Special Reference to the British Islands.” Professor W. 
Bateson, Fullerian Professor of Physiology, R.I., two 
lectures on ‘“‘The Study of Genetics.” Professor W. M. 
Flinders Petrie, two lectures on ‘‘The Formation of the 
Alphabet.” Professor A. W. Crossley, two lectures on 
“dynthetic Ammonia and Nitric Acid from the Atmos- 
phere.” Professor J. Norman Collie, two lectures on 
**Recent Explorations in the Canadian Rocky Moun- 
tains.” Professor How T. Barnes, two lectures on 
‘*The Physical and Economic Aspects of Ice Formation 
in Canada” (the Tyndall lectures). Professor J. H. 
Poynting, two lectures cn ‘‘The Pressure of Waves.” 
Professor R. Blomfield, three lectures on ‘‘ The Archi- 
tecture of the Renaissance in France, 1494 to 1661.” 
Mr. H. Plunket Greene, three lectures on ‘“‘ Interpreta- 
tion in Song” (with vocal illustrations ; accompanist, 
Mr. 8S. Liddle). Mr. Willis L. Moore, chief of the 
United States Weather Bureau, two lectures on ‘‘The 
Development and Utilities of Meteorological Science.” 
The Friday evening meetings will be resumed on April 19, 
when Mr. Alan A. Campbell-Swinton will deliver a 
discourse on “Electricity Supply: Past, Present, and 
Future.” Succeeding discourses will probably be given 
by Sir George H. Darwin, Mr. W. C. Dampier Whetham, 
Professor W Stirling, Mr. W. Duddell, Professor Howard 


T. Barnes, Sir William Macewen, and other gentlemen. 





COLONIAL AND FOREIGN ENGINEERING 
PROJE 


WE give below a series of colonial and foreign engi- 
neering projects. Further information concerning these 
gonoeeann be obtained from the Commercial Intelligence 

ranch, Board of Trade, 73, Basinghall-street, E.C. 
Canada : His Majesty’s Trade Commissioner reports 

that plans and specifications are now being prepared by 
the engineers of the Burrard Inlet Tunnel and Bridge 
Company, which was incorporated in 1910, for the con- 
struction of a bridge across the second narrows of Burrard 
Inlet. There will be an opening span, 200 ft. wide, for 
ocean vessels, and the bridge will be high enough to allow 
small craft, such as tug-boats and coasting pleasure- 
steamers, to pass underneath without opening the draw. 
The estimated cost of the work is placed at 2,125,000 dols. 
(about 436,000/.), and it is understood that tenders will 
shortly be invited in connection therewith. His Majesty’s 
Trade Commissioner also reports that the original plans 
of the Great Northern Railway Company’s dock at False 
Creek, Vancouver, have been revised. The dock will 
have a length of 1200 ft., instead of 1000 ft. as originally 
proposed. Concrete instead of wooden piling will be 
used, a3 the bottom of the inlet at the site of the dock is 
of rock formation, and will not allow of piles being readily 
driven into it. His Majesty’s Trade Commissioner further 
reports the award to a United States firm of the con- 
tract for the construction of additional railway shops at 
Calgary (Alberta), at a cost of 2,750,000 dols. (about 
565, 0002. ). 

British Guiana: According to the Daily Argosy, 
Georgetown, the recent drought in British Guiana has 
brought forcibly before the authorities the necessity for 
proper drainage and irrigation schemes throughout the 
colony, and a motion has been submitted to the Combined 
Court recommending the Government to consider the 
advisability of borrowing a sufficient sum for the purpose 
of carrying out drainage and irrigation works in districts 
situated on the coast lands where there are no water 
conservancy schemes. 

New Zealand: Adverting to the proposed ship canal 
from a point near Christchurch to the sea, H.M. Trade 
Commissioner for New -Zealand has forwarded a news- 
paper extract, from which it appears that the Report 
of the Commission appointed to make a final investiga- 
tion of the canal project is a complete condemnation of 
that scheme. The alternative recommended is an exten- 
sive scheme of railway and harbour improvement at 
Lyttelton, with additional yard and shed accommodation 
at Christchurch. 

Norway: H.M. Legation at Christiania report that 
rovision is made in the Norwegian ordinary Estimates 
or the year ending June 30, 1913, for the expenditure of 

some 11,000/. on the construction of new railways. Among 
the items of the proposed extraordinary expenditure are 
the following—viz.:—Railway construction, 382,522. ; 
building of sanatoria for consumptives, 55,555/.; con- 
struction of war vessels, 333,333/. The Department of 
Finance proposes that a sum of 83,333/.. not included in 
the Estimates, should be expended on the installation of 
telephone lines, especially in the north of Norway. 

Russia - The Bulletin Commercial, Brussels, states, on 
the authority of the Belgian Legation at St. Petersburg, 
that the Russian Directorate of Navigable Waterways 
have applied to the Council of Ministers for a credit of 
2,000,009 roubles (about 211,000/.) for the purpose of 
regulating the — of the Dnieper, and another credit 
of 12,500,000 roubles (about 1,338,000/.) for the construc- 
tion of locks in the non-navigable part of the Don. 

(frecce : H.M. Legation at Athens have furnished the 
following particulars relative to proposed improvements 
at the port of Pirzeus. A scheme, which has been pre- 
pared with the assistance of a German engineer specially 
invited by the technical section of the Port Committee, 
includes the reconstruction of the quays to give a depth 
of 28 ft.; the prolongation and widening of the Trum 
Municipality, Caraiskaki and Tzlepi jetties; the con- 
struction of a new quay for the Pireus-Larissa Railway, 
of a small projecting jetty to the south-west of the docks, 
of four jetties on the site of the old Lazaretto, and of a 
mole for protecting the shipbuiding yards at St. George, 
and the extension of the tramway line to a point opposite 
the Island of Salamio. The estimated cost of these works 
is 600,000/., of which 140,000. will be met by the Govern- 
ment. The expenditure is to be apportioned in part as 
follows :—Reconstruction of the quays, 280,000/.; exten- 
sion of the Themistocles mole, 40,000/.; covered sheds and 
custom-house buildings on the quays, 60,000/.; appliances 
for landing cargo on the quays, 20,000/ ; deepening the 
port, 40,000/.; works at St. George, 40,000. 








LiveRPooL SHippinc.—There has just been issued from 
the offices of the Journal of Commerce, 7 and 9, Victoria- 
street, pr ae _and 37, Walbrook, London, a new 
directory of the shipping and allied interests of the ports 
of Liverpool and Manchester, at a price of 1s. The 
present edition includes 350 pages, as compared with 168 
in last goers book, the information incorporated this 

ear including a list of the personnel of the Admiralty, 

oard of Trade, Trinity House, and other authorities 
intimately connected with the shipping industry, statistics 
concerning the trade of the — irectories of naval 
architects, marine engineers, &c. Following a review of 
shipping in 1911 are a list of the shipowners, with - 
ticulars of the various fleets, a list of shipbrokers, ship- 
ping societies, and technical institutions, records of the 
marine insurance agencies, the Mersey Docks and Harbour 
Board, a list of ship-repairers, including the docks owned 
by them, and other similar information. The book will 
—_ be useful to all having business with shipping on the 

ersey. 





CATALOGUES. 
Arc-Lamps.—Engineering and Arc- La imite 
(formerly the Gilbert Arc-Lamp Company, a ge 


Chingford, Essex, and St. Albans, Herts., have se , 
copy of a little booklet giving prices and partioula: : 7 r 
**Beacon” and ‘‘ Sunrae” flame arc-lamps, and several] 
types of open and enclosed arc-lamps. 


Electric Welding.—Messrs. Siemund and Wenz- 
631, Royal Liver Buildings, Liverpool, have pom -« 
booklet illustrating a number of repairs carried out by 
their process of electric welding. The repairs illustrated 
include marine boilers, engine parts, and stern frames 
of steamers. A large number of testimonials relating to 
these and other repairs are printed. ‘ 


Planing-Machines.—Messrs. Joseph T. Ryerson and 
Son, of Chicago, Ill., U.S.A., have issued a sixteen-page 
ger relating to the Rockford planing-machines 

he construction of the machines is illustrated and 
described in detail, and general particulars are given of 
four sizes capable of taking work 24 in., 28 in., 32 in 
and 36 in. square respectively. One of the machines 
illustrated is fitted with a gear-box, by means of which 
four different cutting speeds can be obtained without the 
use of a countershaft. 


Locomotives.—Record No. 71, to hand from the Ba'dwin 
Locomotives Works, Philadelphia, Pa., U.S.A., contains 
illustrations and descriptive data of locomotives 1 cently 
built by the firm for industrial and contractors’ service. 
The fourteen engines dealt with vary in capacity from a 
light four-coupled tank-engine for a 2-ft. gauge indus. 
trial railway, to a large eight-coupled standard-gauge 
engine and tender w principally for handling 50 ton 
ore-wagons, and capable of developing a tractive force 
of about 18} British tons. Full particulars are given of 
all the engines, and each is illustrated by a half-tone 
engraving. 

Milling-Cutters, Twist-Drilis, Reamers, d:c.—A copy of 
their new small-tool list for 1912 has come to hand from 
Messrs. E. G. Wrigley and Co., Limited, Foundry-lane 
Works, Soho, Birmimgham. In this list prices and par- 
ticulars are given of metal-slitting saws, slotting-cutters, 
plain and nicked cylindrical cutters, side and end-mills, 
angle-cutters, hand and machine-reamers, concave and 
convex cutters, gear-cutters and hobs, thread-milling 
cutters, and twist-drills. The latter are made in English 
and metric sizes, and also in wire-gauge sizes. Prices are 
— for all the tools made from carbon and high-speed 
steels. 


Advertising Sign.—We have received from Engineering 
and Arc-Lamps, Lfmited, of Chingford, Essex, and St. 
Albans, Herts., a circular illustrating and giving particu- 
lars of a new advertising device manufactured by them. 
This consists of a box containing an electric lamp, and 
provided with a ground-glass front, on which the adver- 
tising matter is written. The lamp is alternately lighted 
and extinguished by a “flasher” in the usual manner, 
and, in addition to this, an electro-magnetic tapper is 
fitted up inside the box and arranged to tap on the glass 
in a manner calculated to attract the attention of persons 
passing. The tappers can also be supplied separately, 
and used to tap on a shop window or other place to 
which it is desired to call attention. 


Railway Electrification.—We have recently received 
from Messrs. Dick, Kerr and Co., Limited, Abchurch- 
yard, Cannon-street, E.C., a copy of the new and revised 
edition of their pamphlet entitled ‘‘ Electric Traction on 
a Main-Line Railway.” This pamphlet contains over 
£0 pages, bound in limp cloth covers, and gives a full 
account of the electrification of the Liverpool and South- 
“a section of the Lancashire and Yorkshire Railway. 

he service conditions, rolling-stock, electrical equip- 
ment, power-station, permanent-way, &c., are dealt with, 
and the results of electrical working and costs of main- 
tenance are also given. The pamphlet, which is well 
printed and copiously illustrated, gives an interesting 
account of the work, the whole of which was entrusted to 
Messrs. Dick, Kerr and Co., with the exception of the 
rolling-stock, this having been constructed by the railway 
company. 


Commercial Motor-Cars.—From Messrs. Clayton and 
Co., Huddersfield, Limited, of Union Works, -Hudders- 
field, we have received a catalogue of their ‘‘ Karrier” petrol 
motor-cars for commercial purposes. The chassis are 
made for loads ranging from 14 to 54 tons, the engines 
varying from 16 to 40 horse-power. ‘I'wo types are made 
in all the larger sizes—one having the driver's seat above 
the engine, while the other follows the more usual arrange- 
ment in which the driver’s seat is placed to the rear of 
the engine. The advantage of the former design is that 
a maximum platform area is obtained with a minimum 
over-all length, which is a useful feature where bulky 
loads have to be handled and sharp turnings have to be 
negotiated. Detailed specifications are given of each 
chassis, and prices are stated both for the chassis and for 
various types of bodies. Particulars are also given of 
hoisting and tipping gears operated by the engine, and of 
special cars for foreign and colonial use. Numerous illus- 
trations throughout the catalogue show the cars complete 
with char-c-bancs, omnibus, lorry, tipping, van, and other 

ies. 





THe ALEXANDER Prizz FOR AEROPLANE ENGINES: 
ErratuM.—In our article on page 295 ante, we stated 
that the successful engine in the Alexander Competition 
was ente by Grzen’s Motor Patents Syndicate, 
Limited. We are now informed that it was entered by 
the Green Engine Company, 55, Berners-street, xford- 
street, W. 











MARCH 29, 1912.] 


ENGINEERING 


407 





CROSS-RIVER COMMUNICATION AT 
GLASGOW. 


Tur problem of improving the means of com- 
munication between the northern and southern 
districts of Glasgow is at present engaging the 
attention of a special committee appointed by the 
City Corporation and of a separate committee of 
the Clyde Navigation Trustees. Both committees, 
while independent, are conferring together in order 


of communication between the northern and 
southern districts (Fig. 1). This bridge is in line 
with the main artery north and south, which crosses 
Argyle-street, the main east and west line of com- 
munication. It follows that there is throughout 
the ter part of the day great congestion where 
the lines intersect. Both thoroughfares are fre- 

uently blocked for a considerable distance. The 

lasgow Bridge was rebuilt and widened a few 
years ago ; but it is impossible, owing to the value 






































to arrive at a solution of the problem which will 
be satisfactory alike to the city authorities and to 
the Trustees responsible for the harbour of Glasgow 
and the River Clyde. The problem, while corre- 
sponding to that which is raised at some time or 
other in all communities intersected by navigable 


Waters, has important engineering interest ; and, | 


in the case of Glasgow, this is intensified by the 
extent of vehicular and water-borne traffic. In 
few towns outside of the Metropolis is the traffic 
greater than in Glasgow, and in no of the 
city is it more intense than at the northern end of 
the Glasgow Bridge, the most westerly of the lines 


of property, further to increase the width of the 
thoroughfare north of the bridge, and thus the 
great development of tramway traffic, apart alto- 
gether from the commercial transport vehicles, has 
made an immediate solution of the problem im- 
perative. ; 
A vehicular ferry was constructed and put in 
operation by the Clyde Navigation Trustees at 
erly and here also three tunnels—two for 
| vehicles and one for passengers, with lifts to the 
‘street level on both sides—were opened by a 
‘private company. The latter scheme was not a 
commercial success, partly because of the oppo- 








sition of the ferry, and it was ultimately aban- 
doned. Now, however, the Corporation have 
decided to work the tunnels experimentally for 
one year—-after expending a sum, not to exceed 
12001., in putting them in order—on the condition 
that the Harbour Tunnel Company gives the Cor- 
poration an option to purchase the tunnels at the 
end of the year’s work, at a price not exceedin 
100, 0001. e sum the company previously ask 
was 143,000/., which is one-half of the original cost. 
It remains to be seen whether the company will 
give the option desired on the terms stated. But 
in any case it is felt that the opening of the tunnels 
will not meet the full necessities of the case. 

A high-level ferry is being constructed, and will 
shortly be opened for traffic, at Partick, instead of 
the old floating bridge, with its heavy gradients at 
each bank. This will also improve the situation, 
and, perhaps, prevent a greater increase in con- 
gestion at Glasgow Bridge ; but withal the latter 
calls for more permanent action, especially in view 
of the heavy tramway traffic. A proposal was made 
to build a new bridge for tramway traffic only to 
the east of, and parallel with, Glasgow Bridge, and 
its approach thoroughfares ; but this was rejected, 
partly because it solved only a phase and not the 
whole problem. 

Mr. Thomas Nisbet, Assoc. M. Inst. C E., 
Master of Works of the City, by instructions, 
undertook a census of the cross-river traffic, not 
only to ascertain the total volume, but also to indi- 
cate the area of origination, the line of approach 
to the bridge, the route of transit thence, and the 
destination. For these purposes he divided the 
north and south of the city into various areas, as 
indicated in the map, Fig. 1, lettering these from 
west to east, the most westerly being A and the 
most easterly H. We do not, however, propose to 
reproduce the most elaborate series of tables pre- 

red, contenting ourselves with the analysis made 

y Mr. Nisbet, with particular reference to the 
corresponding figures collected by his predecessors 
in earlier years. First, as regards the total traffic, 
it is noted that comparing the results in 1910 with 
similar figures collected in 1909, there isa decrease 
of 6} per cent. in the number of vehicles crossing 
the bridge between 6 a.m. and 6 p.m., but this is 
more than accounted for by the weather conditions, 
which were not conducive to a considerable volume 
of traffic in 1910. Im 1874 the total number of 
vehicles, including cars, crossing the bridge was 
8103; in 1884 it was 9611; and in 1910 it was 
11,539. Of the last total, 2544 were Corporation 
tramway cars and 8995 commercial vehicles. 

Mr. Nisbet's analysis shows that the greater 
part of this increase was from and to districts 
west of Glasgow Bridge (A to D districts on 
the map), a fact which is readily understand- 
able, as the trend of industry is westward, 
both on the southern and northern banks of the 
river. In other words, the traffic between the north 
and south of the river west of the bridge increased 
from 3568 in 1884 to 4248 in 1910. But, in addition, 
there passed over the vehicular ferry at Finnies- 
ton-street, a mile west of the bridge, 1327 vehicles. 
Thus the total cross-river traffic in the 25 years 
increased by more than 50 per cent. Bailie J. H. 
Mathieson, of the Saracen Tools Works, Glasgow, 


»|in a memorandum on Mr, Nisbet’s figures and 


deductions, contended that, considering the origin 
of the traffic and its destination—the number of 
vehicles confined to the districts B and C—a bridge 
above Kingston Dock in the line of West-street, 
430 yards to the west of the existing Glasgow 
Bridge, would conveniently accommodate 5307 of 
the total of 8995 vehicles, excluding cars, passing 
over the Glasgow Bridge, whereas if the bridge 
were still further west—namely, below Kingston 
Dock, or 830 yards from the existing Glasgow 
Bridge, the number of. vehicles accommodated 
would be only 2522 out of the total of 8995 
vehicles. This led him to the conclusion that the 
most ceeeeegeees site for the bridge was above 
Kingston Dock. 

This, however, takes no account of future deve- 
lopments, either in the extension of industry west- 
ward or of the development of oeumadel traffic 
by road in motor-driven vans. It is true that the 
Clyde Navigation are improving the vehicular 
ferry at Finnieston and at Partick, and that the 
Corporation propose to re-open the tunnel at Fin- 
nieston, and these must facilitate cross-river traffic ; 
but the Corporation ought to take a broad view of 
the possible developments, and avoid constructi 
a new bridge too near to the existing means o: 
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cross-river communication. Moreover, there are 
other elements to be considered. Already, in that 

rt of the city immediately to the north of Glasgow 

ridge, there is very serious congestion in traffic, 
and to relieve effectively this congestion additional 
lines of communication between north and south 
should be some distance from the vortex of ae 
traftic. In other words, the new bridge shoul 
divert some of the traffic so that it would not 
even skirt the fringe of the present congested 
ares. This must be done, too, without requiring 
heavy traffic to climb any of the seven hills within 
the city area. 

It is true that the nearer the new’ bridge is to | 
the existing Glasgow Bridge the less will be the 
interference with the river-borne traffic, and the 
less probable will be the opposition of the Clyde 
Navigation Trustees. But this is largely a question 
of compromise. The accommodation above Glasgow 
Bridge is occupied by small coasting steamers, 
which lower their masts when ing through the 
arches of the bridge; while the wharves west of 
the bridge for 1600 yards on the north side and 
1040 yards on the south side are utilised only 
for river, coasting, and cross-channel traffic. The 
coasting traffic using the wharves below the bridge 
is not greatly dependent on the tide, and the 
practice is for such vessels to leave their berths in 
Glasgow Harbour late in the afternoon, so as to 
depart later from Greenock, whence passengers 
proceed from the city by the evening trains. Thus 
the bridge problem is not so seriously affected by 
the river-borne traffic. 

The engineering phase of the subject is of great 
interest, and has been admirably explained by Sir 
Thomas Mason, whose opinion is entitled to the 
highest respect, not only because of his position as 
an engineering contractor, but because he is now 
the Chairman of the Clyde Navigation Trustees. 
When the present consideration of the question 
was first entered upon, he was Dean of Guild of 
the City, and brought before the Clyde Trustees, of 
which he was then a member, a scheme which is not 
only commendable from the point of view of traffic, 
sresent and future, but combines a necessary river 
improvement with the provision of cross-river 
communication. The ‘‘ General Terminus” noted 
in our map is the most extensive railway connection 
with the harbour, and was designed by the Cale- 
donian Railway Company for dealing with the coal 
export and iron-ore import trades. Later, however, 
part of this traffic was arranged for at the Prince’s 
Dock and at the newly-constructed Rothesay Dock, 
5 or 6 miles further down the river. The improved 
mechanical appliances at these docks enable the 
contents of forty-five to fifty wagons to be 
shipped per hour, whereas at the General Terminus 
only fifteen wagons can be disposed of. The 
continuous demand for deeper water in the river has 
involved, from time to time, strengthening with 
timber sheet-piling along the river-face of the ter- 
minus quays. This may account for the hesitancy 
to make improvements shown by the Caledonian 
Railway Company—usually progressive from an en- 
gineering point of view—since improvement would 
have involved heavier loads upon the quay struc- 
ture. Sir Thomas Mason combines with his scheme 
of cross-river communication the reconstruction of 
the quay-walls of the General Terminus, with a 
set-back to the extent of 80 ft., at a cost of some- 
thing like 85,0001. This, as shown in Fig. 2, page 407, 
and Fig. 3, annexed, would increase the width of 
the river—already broader there than at any other 
part of the harbour, This widening would remove 
any objection to the construction of a pier along the 
centre-line of the fairway, which would be 100 ft. 
wide, and would still leave a clear water-space of 
varying width, but not less than 190 ft. on one side 
and of 190 ft. on the other. The object in making 
the pier of such width is to utilise it as wharfage, 
and Sir Thomas’s scheme, as shown in Figs. 2 and 3, 
involves the construction of a storage-shed, 60 ft. 
wide, extending for the greater part of the length, 
which would yield a satisfactory return on the capital 
involved in the construction of the pier. 

This island, in his scheme, is to form the inter- 
mediate stage for a double opening bridge, the 
southern span being 100 ft., and the northern 
130 ft. This bridge would be located at the east 
end of the pier, while at the west end there would 
be a narrower opening bridge of 115 ft. span. This 
arrangement recalls that at Cairo, where there are 
two bri from the mainland at Cairo to the Island 
of Rodah, and one bridge across the main channel 
of the Nile to the Ghizeh side of the river. Sir 





open. 


Thomas’s scheme, so far published, includes the 


tramway traffic across the main, or east, bridge only, 
and not across the subsidiary, or west, bridge. “Mr. 
Alexander Adamson, a well-known naval architect, 
has suggested a modification in Sir Thomas’s scheme 
which is worthy of careful consideration, as it mini- 
mises interruption of vehicular or river-borne traffic. 
He proposes that the tramway traffic should be 
provided for on the small bridge as well as on the 
main bridge. The diagrams, Figs. 4 to 6, show 
roughly the advantage of such an arrangement. 
When there was no river traffic passing, the tram- 
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take direct advantage of the lines of communication 
northward and north-westward. 

It would be a great advantage if a new main 
street could be opened up from the river side ¢,, 
Charing Cross, utilising, as far as possible, narrvw 
thoroughfares where much mean property exists 
Undoubtedly this would be a great public improv 6. 
ment, and would be rather easier of realisation 
than the route north of the river suggested hy 
Sir Thomas Mason, especially if there was adopted 
Mr. Adamson’s additional suggestion of tramw ay 
lines over all three bridges, to form alterna. 
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ways and other vehicles would cross in a straight 
line over the bridges C and B (Fig. 4). 
traffic, inward or outward, would pass on the north 
side of the pier, and either A or B bridge could 
be opened. Thus a ship would pass through A 


All river 


bridge (Fig. 5), and while sailing between the 
bridges A and B the former would be closed and 


the latter opened (Fig. 6), the vehicular traffic 


meanwhile being diverted to bridge A while B was 
The bridge C, if desirable, could be located 
in the centre of the pier, so that traffic from the 
south to the north-west might pass over A, and that 
for the north-east over B. Electric communica- 


tion could easily be established from the bridges to 
the point where the south-bound traffic had to be 
diverted to A or B bridges, for indicating the direc- 
tion to be taken by vehicular traffic when any of 
the bridges was open for river trafic. 
means there would be the minimum of interruption 
to the continuous flow of such traffic. 
there would be slightly increased haulage owing to 
diversion of road traffic to suit alternately A or 


By this 
No doubt 


B bridge, but there would not be involved that 
blocking of traffic which results from the closing of 


all cross-river communication and is the most 
serious cause of delay, since it involves con- 
gestion. 
need not be greater than 60,9001. or 70,000I., 
according to Sir Thomas’s estimate, the money 
expenditure seems well justified. 


As the cost of the bridges in such case 


Sir Thomas’s scheme for the rebuilding of the 
terminus quay practically determines the site of 
the bridges, at the west end of Kingston Dock, con- 


siderably further west than that which the census 


of traftic suggested to Bailie Mathieson. The choice 
of any other site would not assist the Clyde Navi- 
gation Trustees, a point which ought to be clearly 
borne in mind, in addition to the arguments which 
we have already set forth. The approach from the 
south side to Sir Thomas’s bridge is comparatively 


simple, without any gradient, and on the north 
side the condition is as favourable. 


As shown in 
Fig. 2, he has chosen to utilise Washington-street, 
between the harbour and Argyle-street, because it 


enables the tramway traffic to find an outlet to 


the north-east and north-west with the minimum 
of interference with the flow of traffic along 
Argyle-street, the busiest street in the city. As 
shown in Fig. 1, Washington-street is in line 
with Bishop-street, which latter, crossing under 
Bothwell - street, enters St. Vincent- street; but 
the headroom is limited, and there is a steep 
gradient up to St. Vincent-street, two serious 
objections. For the tramway traffic there might be 
advantage in continuing from Bishop-street up 
Elmbank-street to Charing Cross. Thus the west 
and north-west of the city could be reached with 
the minimum of interference with existing lines 
of communication. The alternative pro 1 is to 
go northwards from the river side through some of 
the existing narrow thoroughfares, which could 
be broadened for the purpose, and to utilise North- 
street to reach Charing Cross. This would interfere 
to some extent with existing property, but it is 
not of any great value. It would, however, bring 


the traffic into Sauchiehall-street at a point where 
there is already considerable congestion—namely, 
at Charing Cross, This is a little too far west to 





tive routes across the navigable channel. It is 
undoubtedly a question for co-operation between 
the City Corporation and the Clyde Trust, be- 
cause the former must profit greatly by the 
improved tramway service, and by the opening up 
of new routes which would add greatly to revenue 
while of great general utility. The Clyde Trust 
would profit by the increased wharfage afforded by 
the island pier, even although the shed were 
reduced in width to accommodate the tramway 
traffic from one bridge to the other, and at the 
same time there would be a minimum of inter- 
ference with the river traffic. In any event Glas- 
gow should be bold enough to provide for the great 
needs of the future, and not those only of the 
present. 





FOUNDRY PLANT AND MACHINERY. 
No. XLIT. 
By JoserH Horner. 

ANOTHER example of a large American jar- 
ramming machine, the Mumford, {s shown by the 
views, Figs. 651 to 653. The absence of springs 
will be noticed, and also the simplicity of the valve 
arrangements. The drawing is that of a 24-in. 
machine, having a table measuring 72 in. by 72 in. 
The general construction and action are as follow :— 
The machine is carried on a massive base A, which 
forms the anvil, and which contains the valve 
arrangements. On this the main body or casing B 
is bolted, stiffened with ribs, and also the cylinder 
which receives the plunger C, to the top of which 
the moulding-table D is bolted. The difference 
between this and other machines lies in the operation 
of the valve and the control of the air, thus :— 

Air coming through the supply-pipe enters at E 
and passes round the stem of the valve F to the 
bent pipe G, whence it enters the space at the side 
of the plunger at H, and passing through the 
= J raises the plunger with the moulding-table. 

hen, as the lower end of the packing-ring of the 
plunger uncovers the exhaust-port K, the rising 
shoulder L of the plunger obstructs the entering 
air. The exhaust being open, and the entering air 
thus blocked, the pressure beneath the plunger 
drops, and the table falls. While it is still falling, 
the valve F is blown up into the reduced pressure 
in the cylinder and closes the entrance to the air. 
The pressure which forces the valve F upwards is 
introduced through the by-pass M. It holds F up 
with the air cut off until just before impact occurs, 
when the projecting stud N on the plunger forces 
open the valve F and readmits air for the next 
blow, cushioning the impact. The particular advan- 
tage claimed for this is that the valve is actuated 
by the air independently of the velocity of the 
rising table. The valve is carried in a plug O, which 
is easily removable. 

Figs. 654 and 655 show a small machine of this 
type, a 6-in. one, with its foundations, and pipe 
and valve connections. The timbers between 
lower and upper concrete prevent the transmission 
of vibrations. These machines are built by the 
Mumford Molding Machine Company, of New York, 
for whom Messrs. J.W. Jackman and Co., Limited, 
ef Westminster, are agents. , 

Power squeezing moulding-machines are built by 
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Tabor Manufacturing Company, of Phila- 
Getphia, operated by compressed air in combina- 





tion with oil. 


pressed air is used for the purpose of swinging the 
yoke and presser-head backward and forward. The 
They are constructed in two varieties, | whole series of sizes covered by these machines 


one being specially for snap-flask work, the other ranges from a flask capacity of 14in. by 16 in. with 


divided patterns. The 
oh to both is illustra 4 
which is for split pattern work. Fig. 657 is 
photograph of the same type of machine. 
The piston 


neral design which is a lift of 4 in. up to 30 in. by 48 in. and a 
by Fig. 656, page 410, | 12 in., seventeen machines being included in this) back, and the flask part rolled over with the match 
a range. The diameter of the squeezing cylinder Band the pattern. The match is then removed, part- 

'is 13 in. in the first and 36 in. in the last. 


A of the squeezing cylinder B en- , 


lift of 


Several methods of mounting patterns are 


closes the pattern-lifting cylinder C and its piston —— and recommended for use in connection 
t 


D. It operates at from 60 Ib. to 80 lb. pressure, 
varying with 
character 0 
minute are used for 80 Ib. 
squeezing, 
the pattern 


gauge is used asa guide for ensuring uniformity | 


of pressure in identical moulds. The squeezing 


Fig. 651. 


the quality of the sand and the | They are all 1 I : 
f the work ; 4 cub. ft. of free air per machine through an intermediate carrier. 
ressure, which includes | different methods are :—Fitting the 
vibrating, and blowing off the sand from |in a carrier when a hard sand mate 


after it has been drawn. A pressure-| making aluminium plates, making a paraffined | the . 


| ------*+-------------- 6:0'------------------------ > 





















































the Tabor power squeezing moulding-machines. 
tted to the vibrator-frame of the 
The 
~~ direct 


is prepared, 


wi 


board, and using a steel plate. 
To mount patterns in the vibrator-frame, Figs. 
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Fies. 651 To 655. Jar-Ramminc Macuines ; THE Mumrorp Mo .pinc-MacHine 
Company, New York. 


takes place against a presser-head, the height of 
which is adjustable. The mould is lifted from the 
pattern by the smaller piston D. The squeezing 
piston A, being hollow, forms an oil-tank, and is 
attached to the ramming-head E. The oil enters 
from this through a nipple F slowly, until the end 
of the piston has passed beyond it, when a full 
opening is maintained during the rest of the 
upward stroke. This gives a slow draw during 
delivery, and a rapid lift subsequently. On raising 
the operating lever of the machine, compressed air 
is admitted into the oil-tank, which air forces oil 
through the opening F in the pattern-drawing 


cylinder, which causes the piston to rise, carrying | place 


with it the flask-frame G and flask H, so lifting 
the mould from the pattern. The raising of the 
operatiny-lever at the same time starts the pneu- 
matic vibrator, and vibrates the frame J. en 
the piston begins its downward stroke a check-valve 
. Opens, thus ensuring a quick return. When the 
piston reaches the nipple F, the flow of oil is 
checked, and becomes a cushion at the end of the 
In the large machine com- 


downward stroke. 





658 to 661, they are supported by a carrier of thin 
sheet brass, 4 in. thick, in which the pattern or 
patterns are fastened (Fig. 658). The attachment 
preferably takes place through the runners. From 
this a hard sand match-plate, Fig. 659, is prepared 
thus :— 

The vibrator-frame is put into the cope-flask 
and rammed in green sand, and the parting made. 
The parting used is lycopodium, or a preparation 
of the spore cases of the club mosses, which is 
highly inflammable. Over this the match-frame is 
laid and clamped and rammed, as in hand-mould- 
ing, strickled off, and a bottom board screwed in 
. The material used for the match is pro- 
portioned of 15 lb. of new burnt moulding sand 
put through a No. 30 sieve, kneaded with one quart 
of boiled linseed oil, with 4 oz. of litharge. After 
the bottom board is in place, the match is rolled 
over, the cope removed, and the pattern drawn. 
The match is then stood in a warm dry iy for 
from 10 to 12 hours, and afterwards brushed over 
with a thin coat of shellac. 

To mould from the match-plate it, with the 


| pattern in place, is set on the table of the machine, 
| and the drag half of the flask set over it and filled 
with sand and strickled. The bottom board is then 
ama on over the flask, the yoke of the machine 
rought forward, the drag squeezed, the yoke thrown 


| ing sand strewn on the mould, the cope half of the 

flask put in place, filled and squeezed similarly to 
| the drag, completing the ramming. The cope-board 
|is removed, and the runner cut with a tubular 
cutter. 

The cope is now lifted by hand, the moulder first 
starting the vibrator by the pressure of his knee 
against a The pattern is next drawn from 
similarly, the vibrator being again started 


first. The two parts of the mould, Figs. 660 and 


| 661, are then ready to go together, the snap-flasks 
Fig .653. 
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used being opened, leaving the mould ready for 
pouring on the floor. 

Of late years plates of aluminium have been used 
extensively by many firms for the finer class of 
castings and for those in which the parting joints 
are irregular. The method of making these plates 
is as follows :— 

Double shrinkage must be allowed on the first 
pattern, from which to mould the actual pattern- 
plate. A flask must be selected large enough to 
accommodate the size of plate required. In this 
the pattern or patterns are moulded as though for 
an ordinary casting between cope and drag, and as 
carefully as pasciile. Then the strips of wood 
are placed in the joint as a guide by which to ram 
a new joint, after which the strips are removed 
and the mould closed and poured. The casting is 
cleaned with a wire brush or scrape and fitted with 
handles. Fig. 662 shows the drag half of a mould 
made from the corresponding half of an aluminium 
plate, Fig. 663 ; Fig. 664, the cope half from the 
other side of the plate, Fig. 665. 

To mould these aluminium plates on a squeezer 
machine a plate is laid between the halves of a 
flask with the drag side upwards. Parting sand is 
strewn on, the drag part filled with sand, which is 
strickled off, and the bottom board is laid on the 
face, and the flask rolled over. Parting sand is then 
strewn on the cope side of the plate, the cope- 
flask filled with sand, which is strickled, and the 
cope bottom board laid on. The yoke of the 
machine is drawn forward, and the entire mould 
squeezed, the bottom boards being squeezed into 
cope and drag. The yoke is then swung back, the 
runner cut, and the vibrator started. The cope is 
then lifted off, the vibrator again started, and the 
pattern-plate lifted off the drag. 

The paraftined board is a cheap method of mount- 
ing wooden patterns when a few castings only 
are wanted. It is identical with the method of 
mounting patterns for ordinary plate-moulding. 
The patterns are mounted on one or both sides. 
In the latter case they are registered by means of 
dowels passing through the board. The only 
special features are the fitting to the vibrator-frame 
and the boiling of the board in paraffin for forty 
eight hours to render the wood impervious to 
moisture. 

The steel-plate mountings are identical with the 
| ordinary plates used in plate and machine moulding, 
noe rnd ys fitted _— vibrator-frame. The steel 
plate used is ,*, in. thick, and the pattern parts are 
jriveted througe it. ; 7 
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Fies. 656 anp 657. Power Squrezinc Macuine; THe Tasor Manv- 
FACTURING Company, PHILADELPHIA, Pa., U. 


THE NATIONAL PHYSICAL LABORA-| 
TORY IN 1911. 

(Concluded from page 394.) 

Metallurgy and Metallurgical Chemistry (Superin- | 
tendent, Dr. W. Rosenhain, B.A. ; Messrs. J. 
Murdock, Guy Barr, J. C. W. Humfrey, S. L. | 
Archbutt, W. Gemmell, W. H. Withey, W. T. 
Reeve, L. L. Bircumshaw, J. Thomas, A. G. C. 
Gwyer, and D. Ewen).—The new Laboratory has 
been built, and is being equip with the aid of Sir 
Julius Wernher’s donation of 10,0001. and of three 
annual Government grants of 50001. Dr. Rosenhain 
submitted his designs after having visited the prin- 
cipal metallurgical laboratories of Europe, and 
Teddington may now be said to be leading in this 
department, as it is, or was, leading in the electro- 
technical department, some years ago at any rate. 
The new building consists of a continuation of the 
chemical laboratory opened in 1908, a short wing 
of one story with four rooms ; the main block, a 
two-story building, 50 ft. by 100 ft., the workshop, 
39 ft. by 19 ft. (formerly the lathe-house), and the 
foundry, 26 ft. by 47 ft. So far as possible a 
separate room is devoted to each kind of work, so 
that the work can be carried out under steady 
conditions, and that metallurgical specimens, for 
instance, pass through a succession of adjoin- 
ing rooms in a definite order. Microscopy 
and the ag cutting, grinding, etching, 
photographing, &c., of specimens are done on the 
ground floor of the main building ; the laboratory 
furnaces and pyrometers, together with the offices, 
are placed on the first floor, which is of ferro-con- 
crete, and this building has been made strong 
enough to allow of the addition of another story to 
the flat lead roof. Fire-proof doors separate the 
main building from the first-mentioned wing, in 
which cements and pitch are examined, and aero- 
nautical and electro-chemical analyses are carried 
out. Some partition-walls in the main building 
could easily be removed. The working rooms have 
a dado, 3} ft. high, of salt-glazed bricks ; the rest 
of the walls is either covered with white glazed 
bricks, or finished with a hard plaster of Keen’s 
cement, distempered to a buff colour. Objects can 




















S.A. 























Figs, 658 to 661. Pattrern-Mountine Matcu- 
Pate anp Movutps. 


be suspended either from a heavy picture-rail or 
fixed into solid wood bricks, built into the brick- 
work at regular intervals and covered by plaster ; 
the position of such a brick is indicated by driving 
anil camee nails flush into the plaster. Electric 
wires and pipes are placed in trenches, covered by 
removable plates; temporary wires are laid in a 
weeks behind the ceiling moulding ; as a rule only 
eating - pi 


pes are visible. The floors consist of 
‘‘ebnerite,’ a hard, smooth composition, generally 
of a reddish colour (which can washed, but is 


not acid-proof) or of maple blocks. 
Of special features we mention: the grinding- 
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machines of Messrs. R. and J. Beck, a bench, in 
recesses of which two horizontal rings, 10 in. 0 
diameter, 2 in. wide, of carborundum, are driven 
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at 28 and 70 revolutions per minute ; the slow 
motion allows of gentle gradual — for the 
roduction of flat faces on specimens held in the 
hand; the polishing-room, with a bench also by 
Messrs. Beck, and four spindles, as 
driven ; the etching-room, with sink and pipes of 
earthenware; the room for rough microscopic work ; 
the photographic room, with two isolated founda- 
tion-blocks of concrete, which are jacketed with 
soft clay (air-spaces get too dirty) ; and the develop- 
ing-rooms, which are entered through a lobby, to 
exclude daylight when entering and leaving. The 
light-tight shutters of the rooms are provided with 
ventilating openings. Upstairs the furnaces rest, 
with uralite sheets interposed, on heavy cast-iron 
benches, the plates of which are ribbed under- 
neath. The main battery switchboard is placed 
in the electric furnace-room, so that nobody can 
disturb an experiment; the Mordey enclosed fuses 
also serve as switches for paralleling. In the 
yrometer-room direct connection can be made 
ao the two potentiometers to the ice-box of each 
thermo-couple ; the flexible twin-wires are carried 
in full view on insulators. In the gas-furnace 
rooms the 3-in. gas-pipes and the compressed-air 
pipes attract attention. The foundry, which has a 
lantern roof, is temporarily equipped with gas- 
furnaces fed from the town mains. 

Alloys Research (Messrs. Rosenhain and Arch- 
butt).—The building operations have interfered 
with research-work. The aluminium zinc alloys, 
interesting because some of the alloys, though 
hardly heavier than aluminium, have the strength 
of steel, are also peculiar. Thus a rod of the 20 
per cent. Zn alloy stretches and finally breaks on 
the tension-machine, showing two sharply-pointed, 
perfectly smooth ends, when at 595 deg. Cent., while 
the cold fracture is of the ordinary type; but the 
alloy crumbles to powder under the hammer. 
Certain facts regarding the homogeneity of these 
alloys are difficult to reconcile with the phase- 
rule. In the eutectic research a substance of low 
melting-point and high boiling-point, which will not 
attack lead and tin, has not yet been found, and 
the search does not look promising. 

Metallography and Strains of Steel at High Tem- 
peratures. Brittleness. — Baykoff having etched 
metals in dry hydrochloric acid gas in a current 
of hydrogen, it was attempted to study the action 
of HCl and other gases in vacuo. This answered 
above 1000 deg. Cent., but not at lower tempera- 
tures, because the resulting chlorides settled on 
the surface ; the deposits could subsequently be 
removed by heating, and by the action of hydrogen, 
but not without affecting the appearance of the 
surface. None of the gases so far tried, HCl, SO,, 
Cl, Br, J, give clean etched patterns below the 
critical range. Above 1000 deg. Cent., however, 
the observation of Baykoff, that the structure of 
steel is polyhedral at these temperatures, has 
been entirely confirmed. Heating of strips, about 
8 mm. wide, 15cm. in length, in vacuo, without 
admitting any corrosive gas, has been resumed by 
Messrs. Humfrey and Ewen. The one end of the 
strip is heated above the transformation range, the 
other end kept below it. The ‘‘ heat relief” pattern 
thus obtained shows the definite transformation 
points of the allotropic modifications of iron. Steel 
strips containing 1.01 per cent. of carbon are partly 
decarburised by this treatment. The decarburisa- 
tion below Ac, is merely skin deep, however, and 
Dr. Rosenhain ascribes this to a decomposition of 
the carbide, and to a volatility of carbon even below 
700 deg. ; below Ac,, he suggests, the bicarbide 
cannot be replaced by diffusion from within the 
steel, since carbide is not soluble in iron at that 
temperature, while above Ac, the whole mass is a 
homogen vous solid solution, and the carbon lost from 
= surface is immediately replaced by diffusion. 

© melting-point of iron is to be determined in 
vacuv and in magnesia or lime vessels with iron 
reduced from ferrie choride by hydrogen. 

The “pparatus for recording stress-strain curves 
—now on rectilinear co-ordinates—at high tem- 

ratures (1100 deg. Cent.), which we described 

‘t year, works satisfactorily. The tensile-strength 
temperature curve turns out so complicated with 
iron containing 0.1 per cent. of carbon that the 


temperature has to be regulated within 2 deg. Cent., 
been found advisable to heat the 
and to cool it in the apparatus 
rate of cooling is important for 
A series of steel 

ted by Messrs. 
In the case of the 


and that it has 
specimen in vacuo 
under stress ; the 
the ee of the curve. 
Specimens (strips) has been 

aoe and Oulver, of Sheffield. 





0.1 C. steel, it results that a great increase in 
tensile strength occurs at about 890 deg. Cent. 
—-the tensile strength is more than doubled within 
a few degrees—when the 8 condition changes into 
the y condition, while it was formerly assumed that 
the passage from the a to the 8 state was the most 
important. 

e brittleness is also being studied by Mr. 
Humfrey with electrolytic iron from ferrous and cal- 
cium chlorides said to contain no impurities except 
hydrogen. The inter-crystalline weakness seems 
to be due to the annealing of the iron in vacuo; 
to a slighter degree this annealing also renders 
pure Swedish iron and electrolytic iron from ferrous 
sulphate brittle. We should think that traces of 
calcium might be found responsible for the great 
brittleness of the first-mentioned electrolytic iron, 
in addition to the hydrogen. The report does not 
refer to calcium, but states that when annealing 
was effected by laying the specimen on a strip of 
‘‘Mabor” brick (some magnesia preparation, we 
believe) in the porcelain tube of the electric furnace, 
all iron turned brittle, apparently because the bricks 
gave off carbon dioxide, unless the surface of the 
iron was coated with iron oxide, which kept the gas 
out. 

Metallurgical Chemistry; Inflammability of Char- 
coal; Balloon Fabrics (Messrs. Murdock, Gem- 
mell, Withey, Reeve, Bircumshaw, Barr and 
Thomas).—The carbon determination in steel is 
made by combustion in oxygen or by treatment 
with copper-potassium chloride ; in some cases the 
latter method has given too high results, owing, it 
appears, to organic impurities (probably dissolved 
cellulose) in the chlorides. The durability of 
British and foreign optical glasses is also being 
investigated. The inquiry into the inflammability 
of flake charcoal shows that no spontaneous combus- 
tion, nor even heating, will set in below 96 deg. 
Cent. in air currents varying from a rate of 5 cub. ft. 
to 62 cub. ft. of air per minute per cubic foot of 
charcoal. In a current of 5 per cent. of sulphur- 
dioxide gas (SO.), however, combustion will take 

lace in a few hours even at 18 deg. Cent. ; this 
important observation was made in tests under- 
taken on the suggestion of Lloyd’s Register. The 
permeability of balloon fabrics to hydrogen was 
formerly estimated by burning the hydrogen which 
had permeated ; the determination is now also 
made by measuring the gas pressure. Unpro- 
tected rubber fabrics have been —— in the wet 
and dry (only in daytime) on the lead roof by the 
aid of trolleys. They have also been sprayed with 
water, tested for sagging, and frozen at temperatures 
down to — 25 deg. Cent. in crumpled or smooth 
condition ; rubbered fabrics stood the freezing and 
crumpling, varnished materials would show large 
gas leakages if crumpled, but the permeability was 
restored to its original value when the fabric was 
heated up to + 15 deg. Cent. again. Among the re- 
searches to be taken up or continued are the action 
of pure water and of soft moorland water on lead 
pipes, and the moisture determination on coal. 

Physics Department. Electricity ; Fundamental 
Units (Mr. F. E. Smith). Lorenz Apparatus.— 
Great difficulties in the absolute determination of 
the ohm are caused by the brushes bearing against 
the circumference of the two phosphor-bronze 
discs. The ordinary paint-brush form of wire- 
gauze (also phosphor-bronze) gave a resistance of 
001 ohm with ten brushes in parallel when the 
discs were stationary, and of up to 10 ohms when 
the discs were turning at a peripheral speed of 
2000 metres per minute ; the increase was largely 
due to the vibrations of the brushes and to the tan- 
gential air currents generated. The thermo-electric 
forces of contact were likewise considerable. An 
entirely different arrangement has hence been 
adopted after many trials. A tyre of stabilite is 
laid round each disc, quite true, of course, in ten 
arc sections; in this tyre lies a phosphor-bronze 
rim, also in ten arcs; a wire is taken from each 
arc through a groove in the disc, the shaft, and the 
coupling over to the corresponding arc on the second 
disc. This arrangement might disturb the perfect 
symmetry of the machine; but the electro-mag- 
netic field, due to the two cylindrical coils between 
which the disc revolves, is such that the rim of the 
disc turns in a neutral portion of the field. The 


ten sections have been introduced in order to in-| 
crease the number of moving conductors ; originally 


there was one only, and the resistance to be 
measured was only 0.002 ohm at 1000 revolutions 





fiddle-bow ; eight very fine phosphor-bronze 
wires, 15 cm. long, are stretched in a kind of bow 
by two spiral springs, and pressed longitudinally 
against the rim. which they embrace in an arc of 
about 6 deg. There are five brushes on each disc, 
and they are attached to a flat ring, which is fixed 
to the hed close to the disc, and further stayed by 
crossed wires. The fiddle-bow frames are hinged, 
so as to bring the brushes in contact; the maximum 
rise of temperature in the brush is at the middle 
of an arc of contact, where the pressure is greatest, 
and the thermo-currents there short-circuit one 
another, and remain small at all speeds. For the 
calculations it is necessary to know the exact dis- 
tance between the equatorial planes of the two 
cylindrical coils, between which the disc revi lves. 
Microscopical measurements on the bare copper 
wires are difficult. The problem has been solved in 
the following ways:—A light tubular magnet is 
suspended from an agate knife resting on an agate 
V, mounted on a quartz rod, so as to swing like a 
pendulum when placed inside one of the coils 
through which a current is sent ; the magnet will be 
defiected, except when it is just in the equatorial 
ition, which can in this way be determined within 
.003 mm. As there is a possibility that the coils 
might be slightly displaced on the long bed, when 
the machine is in motion, Mr. Smith has further 
fixed platinum marks on the flanges of the marble 
drums on which the coils are wound ; microscopical 
measurements are taken during the runs with the 
aid of these marks. 

The Ampere. Standard Resistonces and Cells.— 
Experiments have also been made with the Ayrton- 
Jones current-weigher, the current circulating 
through the coils of the balance being either made 
to produce a torque, which is balanced by weights, 
or to increase or to diminish its restoring couple 
acting on the beam, the current being calculated 
from the change of period of the balance ; the two 
methods give concordant results. 

Thirteen new mercury standards have been con- 
structed, five of which are for the Japanese Govern- 
ment ; ten of the tubes are more than 100 cm. in 
length, and contain more than 10 grammes of 
mercury, which is considered advantageous ; the 
ends of the tubes fit into spherical glass vessels. 
The comparison of the manganin standards with 
those of the Bureau of Standards and the Reich- 
sanstalt is being continued ; six 1-ohm coils have 
been hermetically sealed. The heating effect of the 
currents in precise measurements is often under- 
estimated, and is being investigated by Mr. Smith 
and Mr. W. R. Boustield, K.C. As regards the 
silver voltameter and the working out of an inter- 
national voltameter in concordance with the inter- 
national experiments made at Washington, Mr. 
Smith finds that electrostenolysis may take place in 
the porous cup diaphragm, silver being deposited on 
the wall next to the anode, while crystals of silver 
peroxynitrate emerge from the capillaries on the 
other side. Such stenolysis deposits were first 
observed accidentally in the course of experiments 
with cracked test-tubes, we believe, and copper 
deposits of this kind are not rarely found in Daniell 
cells; but the deposits had not previously been 
observed with silver nitrate in the capillaries of 
porous earthenware apparently. The 300 Weston 
normal cells kept under close observation hehave 
very satisfactorily, and the exchange of normal cells 
with Washington, Berlin, and Paris for intercom- 
parison continues to give good results. The mer- 
curious sulphate is not quite above suspicien yet, 
however ; Mr. Smith noticed that some of the thin 
paste changed very slowly from white or grey to 
yellow, and the solubility of the glass seems to 
intervene, since no such colour change was observed 
in experiments made in platinum crucibles. The 
ultimate standard cells might, perhaps, be made of 
silica. 

General Electric Measurements (Messrs. A. Camp- 
bell, H. C. Booth, and D. W. Dye); Inductance ; 
Temperature Coefficients of the Ohm.—The repeated 
comparisons between tae 10 millihenry mutual 
inductometer and the piimary standard show excel- 
lent agreement with those of 1909 and 1910; the 
coils of the former are wound with stranded silk- 
covered wire, those of the latter consist of tightly- 
strained copper wire in screw cuts in marble. The 
temperature coefficient of the inductometer is 
found to be +10 parts in one million per deg. Cent., 
thus lying between the coefficients of expansion of 
marble (+ 3) and copper (+ 17), as it should be. 


per minute. Five of the sections are coupled in’ Experiments were also made with a mutual induct- 


series to two groups. The new brushes are of the. 





ance consisting of silk-covered copper coils (tied 
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together concentrically by thin copper wires) im- 
me in paraffin oil ; the temperature coefficient 
was 16.5, against 16.7 . 10-* for copper. By 
winding the outer coil with a wire of higher expan- 
sion (Al) than the inner coil (Cu), temperature 
compensation has been obtained by Mr. Campbell 
for mutual inductance, probably for the first time. 
If the two concentric coils were both of copper (or 
of Al), their diameters would increase at the same 
rate as their distance apart ; but as the aluminium 
expands more, the distance between the two coils 
increases with rising temperature. 

The comparison of resistance and mutual in- 
ductance involves an evaluation of the ohm in 
absolute units, but it was not undertaken for this 
purpose. In telephonic and telegraphic work in- 
ductance and capacity are as important as resist- 
ance, and Mr. Campbell’s method brings these 
three magnitudes in direct relations ; at present a 
discrepancy of 3 in 10,000 might arise in testing a 
condenser or an inductance, while he realises an 
accuracy within a few parts in 100,000. A con- 
denser is tested against a resistance by Maxwell’s 
bridge-commutator method, and also against a 
standard mutual inductance M and two resistances 
by the Carey Foster method; the results then 
yield the value of the ohm in terms of M. The 
two comparisons gave the ratio of the international 
ohm to the true ohm as 1.00028 and 1.00025, which 
means that the column of mercury, by which the 
international ohm is specified, has a resistance 
which is greater than the true ohm in the ratio 
106.300 to 106.273. 

In connection with these researches Mr. Campbell 
makes use of a reliable, simple method for com- 

ring capacities at various frequencies, convenient 
‘or comparing, ¢.g., mica and paper condensers. 
The theory is not simple when the two condensers 
have different absorptive coefticients, but the prac- 
tical tests yield correct results. The two condensers 
are placed in adjoining bridge-arms, each connected 
to a commutator inserted in that arm, and the 
two condensers are simultaneously charged and 
discharged by the battery of the system ; the two 
capacities are then inversely as the resistances in 
the other bridge-arms. 

Wave-Meters and Wave-Form Sifters.—Wave- 
meters of frequencies ranging from 50,000 to 
5,000,000 periods per second, corresponding to 
waves from 60 to 6000 metres in length, have been 
tested, and a new series of fifteen inductance coils, 
from 3 to 8000 microhenries, have been constructed 
for this purpose. Mr. Campbell’s wave-sifter, for 
the suppression of a certain harmonic or alternat- 
ing-current wave form was recently described before 
the Physical Society. 

Magnet.c Testing.—As regards etic testing 
for total and hysteresis loss, the ee national 
institutions at Teddington, Berlin, and Washing- 
ton have come to an understanding after about 
eighteen months of experimenting on the methods 
of the other institutions, with the same exchanged 
samples of good and poor iron, comprising silicon 
iron. A certified test made in any of these in- 
stitutions may therefore be accepted as likely to 

ive the same values at the other institutions. 

he Epstein method of the Reichsanstalt puts 
strips of 50 em. by 5 cm. together with their butt 
ends, the square weighing about 10 kg.; the 
American (Lioyd) and English methods fix stamped 
corner pieces in, and the British strips are 25 cm. 
by 7 cm. as a rule, and weigh only 2 kt , 

Electrotechnics ; General Work; Photometry— 
(Messrs. C. C. Paterson, M.I.E.E., E. H. Rayner, 
M.A., M.I.E.E., A. Kinnes, and B. P. Dudding). 
About 40 per cent. of the time of the staff has been 
claimed by routine work. 

Unit of Light; Electric Sub-Standards.—Con- 
siderable a has been made in the establish- 
ment of glow-lamp sub-standards with the assist- 
ance of the General Electric Company. Although 
different observers :nostly agree within a small 
fraction of 1 per cent. on comparing the (some- 
what red) pentane lamp with electric lamps (white 
metallic filaments) in spite of the colour differences, 
a redetermination of the pentane unit in sub- 
standards is being carried on. The following sub- 
standards are now standardised :— 


Watts. 
Metallic ... 5.5 Pentane colour, Osram. 
Carbon .. 4.5 Fleming-Ediswan. 
Metallio .. w- 0 Osram. 
Metallised carbon 3.5... B.T.H. ‘‘Gem” lamps. 
Metallic ... a SO... Quem. 
Metallic ... ove we Osram. 





The watts indicate approximate watts per hori- 
zontal candle-power ; the first four are given on 
the carbon basis, the last two on the metallic 
basis. An exchange of tungsten sub-standards with 
Washington, and also with Berlin and Paris, has 
been arranged. 

The temporary integrating photometer for absorp- 
tion tests of arc-lamp globes is a cubical box, 
2 m. cube, lined inside with ‘‘abestole” and 
painted with tive coats of ‘‘coverine” white, which 
_— an exceedingly good white surface. The 

mp is suspended from the centre of the ceiling, 
and a diffusing window of frosted glass is placed on 
one side ; direct rays do not fall on this window. 
An integrating sphere is to be added. 

Visibility of Light.—The experiments on the 
visibility of light—red, yellow, and green only— 
have been continued with the aid of a binocular 
arrangement of Mr. Paterson’s portable apparatus, 
described last year. The point source of light to 
be measured is brought into juxtaposition with a 
standard point source of variable intensity. The 
unit adopted is that of one-millionth of a candle- 
power, 1 metre distant from the eye. With a 
point source of light of one shade the visibility is 
simply found to be proportional to the total candle- 
power, and inversely to the square of the distance. 
The intrinsic brilliancy has no effect, on clear days 
at any rate. Spectacles worn by the observers 
introduce an apparently anomalous dimming, how- 
ever, which is mainly due to chromatic aberration 
of the eye, and has a bearing on distinguishing 
faint colours at a distance—an important point for 
seamen. The experiments are made on the 2-mile 
range between the Laboratory and Richmond 
Hill, on the War Office range at Shoeburyness, 
and on the 2-mile sea range ; the last is used for 
the tests of ship-lights conducted for the Board of 
Trade. The beam of a ship-light should not be 
pointed, but have a broad apex. 

Power Measurements; Alternating Currents; 
Supply Meters.—The electrostatic voltmeter men- 
tioned last year is now in daily use for measure- 
ments of any range, within two parts in 10,000 ; it 
has been provided with an arc scale 5.5 metres long, 
4 metres away from the instrument. The practical 
tests of eight supply meters (from four firms), for 
varying loads, power factor, voltage, frequency, 
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tilting, temperature, influence of jolting on transport 
by railways, &c., show that such meters may be 
relied upon within + 5 per cent.; errors of this order 
were also observed by Messrs. Paterson and Kinnes 
even when the meters were quietly resting on the 
bench. In the use of two-element three-phase integ- 
rating meters difficulties arise frequently because 
the rate of the meter varies according to which 
element is connected with the leading and which 
with the lagging phase of the system. The connec- 
tions decided upon, after consultation with British 
manufacturers, are illustrated in the diagram, 
above. 

Heavy Alternating Currents ; Kelvin Balance.— 
The 60U0-ampere Kelvin balance has been re-tested 
together with a balance of the Board of Trade, for 
an intercomparison of units on the basis of heavy 
current measurements, with the aid of a special 
air-core condenser and mutual inductance, At 
100 cycles the balances gave the same values as 
when used on direct current, and the Kelvin 
balance turns out to be independent of the fre- 






































quency within 0.1 per cent. Heavy alternating 
currents are also measured by wie a oe 
(2 volts to 200 volts) transformer across the iP 4 
ance (one of the cooled standard tubes described 
last year) carrying the current to be measured, and 
the electrostatic voltmeter on the secondary. The 
method was proposed by Mr. Campbell, and the 
transformer, a portable box which was constructed 
in the Laboratory, and has a very low resistance 
primary, seems to give a very high accuracy. 

Insulatiov.—The research on electric insulation 
especially of motors, generators, and transformers, 
and of cables, which Mr. Rayner has been conduct. 
ing for the Engineering Standards Comuittee 
shows that high electric pressure applied for a short 
time may be less deleterious than lower pressure 
acting for a long time. In organic materials electric 
stress leads to heating, and it depends upon the 
external cooling whether the effects of heat and 
humidity will increase and cause serious energy 
losses, or whether a steady thermal state be attained. 
Continuous currents are superposed on alternating 
currents for these measurements with interesting 
comparative results. Mr. Rayner laid a report on 
the research before the Institution of Electrica] 
Engineers last month. Some brown porcelain 
high -tension insulators, of British manufacture, 
for a 40,000-volt circuit in New Zealand, have been 
tested under an artificial rainfall equivalent to 12 in. 
of rain per hour. The insulators are 12 in. high 
and 12 in. in diameter, and consist of three parts 
cemented together ; they stood 80,000 volts wet and 
100,000 volts dry before sparking over, and came 
also out well in rapid temperature changes. An 
inquiry into the compressibility of micanite for 
switchboard insulation, &c., has also been started. 
Bolts are apt to work loose, because the adhesive 
(shellac) is squeezed out of the hot micanite, and 
when the adhesive is previously pressed out in 
manufacture, the material may turn flaky. In 
testing bitumen for insulation the material is 
melted in glass tubes, in which two axial electrodes, 
rods with ball ends, are approached to one another, 
and the spark-gap is measured by the aid of a 
milled head. 

Direct Current; Resistance Insulation (Messrs. 
S. W. Melsom and H. C. Booth).—There has been 
a large increase in the test work, except in batteries 
and fuses. In testing a resistance alloy difficulty 
was experienced in determining the real tempera- 
ture (about 500 deg. Cent.) of the hot wire; 
finally a fine thermo-couple (constantan-iron) was 
hard-soldered on to the wire, and it was found that 
the current flowing through the wire did not inter- 
fere with the thermo-electric force of the couple. In 
another case where the alloy was to be thoroughly 
tested at 800 deg., a small portable potentio- 
meter was used, which was combined with a Paul 
unipivot millivoltmeter, serving in this case as a 
galvanometer, and not, as before, for temperature 
measurements directly by deflection. The conduc- 
tivity of some copper bars, to which a slight addition 
of another metal had been made to obtain sound 
castings, was found enormously impaired. A 
research into the resistivities and temperature 
coefficients of brass, phosphor bronze, and other 
alloys has been entered upon, because there is 
great uncertainty about these constants. Insulation 
tests of varnishes, asphalt, &c., had been made 
by dipping paper into the compound, and ree 
the paper after drying and storing. The materia 
is now run on a brass plate, the thickness of the 
layer measured with the aid of a gauge resting on 
three points (interposing some sheet metal, if the 
material is soft), and a pool of mercury contained 
in an ebonite tube is placed onthe layer. For test- 
ing in the hot state and for watching temperature 
changes, tin-foil electrodes are pressed into the 
compound. With brittle varnishes the cracks cause 
difficulties. , } 

Electric Cables.—The Wiring Rules Committee 
of the Institution of Electrical Engineers has asked 
for a further inquiry into the ageing of standard 
conductors with paper and rubber insulation, and 
into the current density when working at fix 
temperature rise of flexible cords. As regards the 
heating and permissive current density in buried 
cables, Mr. Melsom finds that the results of the 
most recent researches of the problem, by Teich- 
miillerand Humann of 1906-7, on which the German 
rules of 1908 were based, and by L. Lichtenstein 
of 1909, concerned chiefly armoured cables ; the 


climatic and geological conditions of the two 
countries, and still more the practice in cable- 
laying, differ considerably, moreover, and on 
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these features Mr. Melsom is now collecting infor- 
ation. 
- Suppl y-Meters.—The testing of watt-hour meters 
under varying loads in external stray fields, &c., 
has been completed in the Laboratory, but the 
meters from the Avon Meter Company, the British 
Thomson-Houston Company, Messrs. Chamberlain 
and Hookham, Messrs. Everett Edgcumbe, Messrs. 
Evershed and Vignoles, Messrs. Siemens Brothers, 
and the South Metropolitan Tramways Company, 
have been erected for further control at the Sutton 
generating station of the last-mentioned company, 
where the load often rises from 10 to 250 amperes 
in afew seconds. The copper voltameter used for 
these tests consists of 12 anodes and 13 cathodes 
of copper, suspended in the upper part of a glass 
case, at the bottom of which liesa perforated copper 
tube, through which air is blown to keep the electro- 
lyte well stirred when working at high density 
(1 ampere per 27 sq. cm.). The switching arrange- 
ments comprise a contact disc set with a variable 
number of pins, driven by a worm-gearing ; the pins 
dip into a mercury cup, and the disc closes, for a cer- 
tain period, a relay circuit, which in turn actuates a 
mercury switch controlling the main current. 
Thermometry ; High-Temperature Scale; Ionisa- 
tion at High Temperature (Dr. J. A. Harker, 
F.R.S., Dr. G. W. C. Kaye, Messrs. W. Hugo, 
A. Blackie, W. F. Higgins, and A. G. Tarrant).— 
Several of the researches carried out with electric 
furnaces of carbon and refractory materials have 
recently been noticed by us in connection with 
papers brought by Dr. Harker before the British 
Association, the Faraday Society, and the Royal 
Institution,* so we can now confine ourselves to 
supplementary notes. With regard to the ionisa- 
tion currents, the following further experiment 
was shown on the day of the annual meeting. A 
carbon tube was heated to a high temperature by 
alternating currents. Within this tube was a 
brass tube, through which cold water was kept circu- 
lating, and over this brass tube a tubular sleeve 
of carbon was pushed, the annular space between 
the brass and its sleeve (these two were joined to 
a galvanometer) being several millimetres. As 
long as the temperature inside the sleeve (very 
difficult to determine) remained below 1500 deg. 
Cent., there was little ionisation in the air space 
between the tube and sleeve. When the tem- 
perature of the sleeve rose, positive particles 
were shot off from the sleeve, giving a weak 
current through the galvanometer; when the 
temperature rose higher the current dropped to 
zero; then at still higher temperature negative 
particles were = off, and the reversed current 
increased with the temperature to 4 amperes at 2000 
deg. Cent. The currents are probably of the same 
kind as those observed in carbon-filament bulbs; 
but Dr. Harker and Dr. Kaye obtain currents 
measured in amperes, and not merely currents for 
electrometers. The carbons used so far are com- 
mercial carbons ; the impurities clearly play a part, 
and modify the phenomena, and the experiments are 
now being tried with the purest carbon obtainable. 
Specific Heats of Metals.—The results of the 
experiments by Mr. Greenwood (who has left the 
Laboratory) on the specific (and also latent) heats 
of electrolytic zinc (99.98 per cent. ; melting-point, 
419 deg. Cent.; from Messrs. Brunner and Mond), 
and aluminium (99.8 per cent.; melting-point, 657 
deg. Cent.; British ya a Company) were:— 


Mean Specific Heat. 
Temperature. . 


Zn. Al. Silica. 





deg. Cent. 

200 “e ‘ 0.0936 0.2187 0.1987 
300 re ; ; 0.0965 | 0,264 0.2125 
4100 : = ; 0.0989 «=| 0.2328 0 2232 
500 vi a 0.1022 0.2377 0.2311 
000 on . 0.1042 0.2402 0.2376 
” : ’ ; 0.1054 0.2495 0.2428 
800 ist je > om 0.2517 0.2475 





The metals were sealed in silica tubes ; the ex- 
periments are to be resumed. 

Heat-Inewlators.—Some tests, made for a firm 
supplying specialities in cold storage, of the thermal 
conductivities of cork, slag-wool, charcoal, &c., have 
induced the Laboratory to take up this field of 
research, in which comparatively little has been 
done, and almost all on a small scale. It is exceed- 
ingly difficult to determine the real temperature of 
the outside of a lagging, for instance. After 


* See ENGINEERING, pages 188 and 225 ante. 








reviewing the literature and experimenting, Dr. 
Harker and Dr. Kaye have set up the following 
apparatus :—A large heater plate, 3 ft. square, is 
suspended vertically between two sheets of the 
material to be tested, each of which is backed by an 
ice-box of zinc, in which water is kept at 0 deg. 
Cent. or some other temperature ; electric heat is 
applied to the plate until the heating balances the 
cooling. The plate consists of a micanite sheet 
wound all over with copper to a grid, which is 
covered with polished metal; the energy flow is 
determined with the aid of potentiometer leads on 
a central area, for which uniform thermal con- 
ditions may be assumed. 

Petroleum Testing.—We gave last year an account 
of the research into the comparability of flash-point 
determinations as carried out in this ayo | India, 
and Germany by the Abel and the Abel-Pensky 
cups. Dr. Harker attended the International 
Petroleum Congress at Vienna to report on this 
work. More than 2000 flash-point determinations 
have been made, in a last series of 135 experi- 
ments with the special object of investigating the 
effect of a slow or rapid opening of the slide. As 
a further result, viscosimeters of the Redwood and 
the Engler ty have been exchanged between 
Teddington oak the Reichsanstalt for comparative 
testing. Another line of experiments, not yet con- 
cluded, concerns the supposed (so far unsupported) 
influence of the shaking of petroleum on the flash- 
point ; it had beee asserted that the flash-point 
might be lowered by several degrees by transport 
of the oil over a rough sea. Any water present 
would, of course, have an influence. 

Metrology (Messrs. J. E. Sears, M.A., A.M. Inst. 
C.K. ; 8. W. Attwell; H. Donaldson ; and O. P. 
Monckton, M.A., A.M. Inst.C.E.).—A large increase 
in the amount of routine work, researches for the 
Engineering Standards Committee, and the revision 
of the standards, have kept the division busy. 
In the rings and plug-measures it has been found 
that the rings are, on average, about 0.0002 in. 
smaller than the plugs ; yet they fit well when 
well greased. Colonel Holden has observed that 
the rings actually expand when the plugs are 
inserted, although the friction encountered in 
handling the gauges is insignificant by com- 
parison to the pressure theoretically required for 
the expansion; this is being investigated. As 
regards glass vessels the corrections for their 
standardisation have been retabled. The tempera- 
ture is not as constant as it was hoped in the 
balance-room and some other rooms, and some 
changes will have to be made. 

Screws ; Bayonet - Socket Holders.—The effective 
diameters of small screws are determined on a new 
method. The screw is illuminated by a parallel 
beam directed along the rake of the screw, and a 
magnified shadow photograph of the profile of the 
screw is taken. Two glass positives are printed 
from this negative, and are placed film to film ; 
the threads of the one positive should then exactly 
fit the spaces of the other. In one case, however, 
considerable clearance was found at the roots and 
crests, and as the core and full diameters were 
known to be correct, the effective diameter was 
evidently too large, and a correction could be made 
by measuring the clearance and allowing for the 
magnification. The accuracy of the British Asso- 
ciation screws has been determined on new speci- 
mens, and the measurements made on old screws 
in 1908 have been verified again. The report on 
the measurement of bayonet-socket holders is soon 
to be published. 

Silica Metre and other Standards.—The silica 
metre is little affected by annealing, the change in 
length during the anneal amounting to about 0.6 », 
but its secular constancy is now regarded with 
suspicion ; some ageing (annealing) tangs may be 
found satisfactory, but time will have to decide 
that. Mr. Donaldson has determined the expan- 
sion coefficient of the metre (in the absence of an 
absolute dilatometer) by comparison with the 
Laboratory metre standards of nickel, invar, and 
43-per-cent. nickel steel, within the range 
0 deg. to32 deg. Cent. His results agree with those 
made by the Fizeau method at Sévres and Berlin 
on much smaller specimens, and do not agree with 
Harlow’s quite recent determination. The 
Laboratory now possesses four metre line standards; 
the 43-per-cent. nickel-steel standard grows on an 
average 0.65 « per metre per year, which agrees 
satisfactorily with the 0.77 » growth deduced from 
the observations made at Sévres in 1902, 1904, 1906. 
The two 24-metre catenaries obtained from Sévres 








have, however, altered very slightly since they were 
standardised there in 1909. The 50-metre tape- 
bench has very carefully been observed throughout 
the year, during which the temperature in the 
corridor fluctuated between 15.9 deg. and 22 deg. 
Cent., and has changed more than in 1910, owing pro- 
bably to the hot summer ;_ the slow secular growth 
is difficult to separate from thermal expansion, since 
the temperature of the bench (brickwork) depends 
not only upon the momentary temperature of the 
corridor, but also on the temperature of the build- 
ing and its foundations during the recent past. 

As regards equipment we mention the altera- 
tions made in the diameter-measuring machine of 
Messrs. Armstrong, Whitworth and Co. The new 
headstocks have been fitted with plungers bearing 
measuring faces of agate (the agate was adopted for 
making the measurements on the coils of the Lorenz 
apparatus when under current, as stated above). 
The headstocks were originally provided with 
springs ; now a screw is advanced until the agate 
touches ; then a pendulum and a horizontal air- 
bubble level connected to it will tilt. 

Tuximeters (Messrs. H. A. Dearand J. K. Enock). 
—The number of taximeters and gear-boxes tested 
(12,852 and 4811) were about the same as in 1910 ; 
most of the tests concerned re-sealings, however ; 
only two flexibles were submitted, and new types 
of taximeters have not been added. 

Optics (Messrs. T. Smith, B.A., and R. W. 
Cheshire, B.A.).— Work for the Admiralty and for 
other divisions of the Laboratory, and an increased 
amount of testing, together with the plans for the 
new optical building, have occupied this division. A 
new spectrophotometer is being constructed for the 
following reasons : With the old Martens polarising 
spectrophotometer it is impossible to obtain values 
for transmission factors reliable within 1 or 2 per 
cent., when the light transmitted is 80 or 90 per 
cent. of the incident light, because the slightest 
amount of strain in the specimen under test 
(of no consequence for ordinary optical purposes) 
introduces errors. In the new spectrophotometer 
polarised light is not used, and two beams are 
equalised in intensity by passing through variable 
power systems of similar construction, so arranged 
that one increases the cross section of one beam 
while the other beam is reduced in the inverse 
ratio. Mr. Smith has a long research on the 
aberration theory ready for publication, and Mr. 
Cheshire has started on an accurate method for 
testing telescope objectives. 

Tide Prediction (Messrs. F. J. Selby, M.A., 
T. Smith, and W. H. Brookes).—The Indian 
tables for 1913 were ready before the end of 1911, 
and the tide tables for the port of Brisbane for 
1912 and 1913 are also complete. 

Observatory Department at Kew. Watches 
(Superintendent, Dr. C. Chree, LL.D., F.R.8., 
and eight assistants).—The demand for verification 
of instruments (air-meters, anemometers, baro- 
meters, compasses, binoculars, telescopes, sextants, 
theodolites, thermometers, &c.) has again increased. 
The number of watches and chronometers sub- 
mitted was 591, the highest since 1897. Full 
particulars are given of the performances of the 
watches which were entered for the ‘‘ especially good 
‘A’ class,’ and which passed ; only 44.9 per cent. 
(54.7 in 1909) passed, and there are very few English 
watches among these. Of 92 marine chronometers 
submitted, 33 failed. The testing of chronograph 
watches for the police (in timing motor-cars) and 
for the keepers in the Royal parks accentuates 
robustness and a uniform level accuracy more than 
the high accuracy of watches for athletic racing. 
The one mean-time clock submitted failed to pass. 








CORRIDOR TRAINS ; LONDON, TILBURY, 
AND SOUTHEND RAILWAY. 

For the purpose of establishing a through service 
between Ealing and Southend-on-Sea via the District 
Railway, the London, Tilbury, and Southend Railwa 
have been running trains composed of ordinary stoc 
hauled from Ealing to Barking by an electric, and 
thence to Southend by a steam, locomotive. This 
service has attracted considerable traffic, especially 
during the summer months, and in order to develop 
it further the Southend system determined to put on 
trains of a more suitable type, combining at once 
requirements for the underground traffic as well as 
those of the passengers travelling the longer distances. 
The type of stock now provided is illustrated in Plate 
XXXL, published with this week’s issue, and also on 

414. Two trains of this type are running. They 
Love been constructed by the Birmingham Railway 
Carriage and Wagon Company, to the designs of 
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CORRIDOR TRAINS FOR 


THE LONDON, TILBURY, AND SOUTHEND RAILWAY. 


CONSTRUCTED TO THE DESIGNS OF MR. R. H. WHITELEGG, LOCOMOTIVE, CARRIAGE, AND WAGON SUPERINTENDENT. 
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Mr. Robert H. Whitelegg, locomotive, carriage, and 
wagon superintendent of the railway company. The 


make-up of the trains is shown in Figs. 1 and 2 in 
Plate XXXII. Each consists of eight coaches, with 
seating accommodation for about 400 passengers, 


provided in one first and third-class composite, five 
third-class, and two third-class composite brakes. 
The leading dimensions of the stock are as follow :— 
Length over buffers, 50 ft. ; width over waist, 9 ft. ; 


height from floor to roof, 7 ft. 94 in.; bogies, centre to the floors have been made double, and in the inter- | upholstered in figured tapesty. 


centre, 33 ft. ; bogie wheel base, 7 ft. ; diameter of 
wheels, 3 ft. ; centres of journals, 6 ft. 74 in. 

The elevation and plan of a third-class coach are 
given in Figs. 3 and 4. 
the first and third-class composites, and in Fig. 6 the 
third-class brake. Fig. 14, above, is reproduced from a 
photograph of a third-class coach, while Fig. 15 shows 
a view in the interior of one of these coaches. The 
bodies of this stock are of timber throughout, mounted 
on steel under-frames. The framing and panelling is 
of teak, and the interior of oak. e woodwork has 
been chemically treated, to render it non-inflammable, 
and the underside of the body framing has been covered 
with asbestos panelite. 


16. 


A central corridor extends the whole length of the 
train, which is vestibuled throughout. The coaches 
are provided with vestibule doors at each end, and, 
in addition, the passenger compartments have twin 
sliding-doors. The coaches are divided into compart- 
ments by partitions and half-glass swing-doors. Every 
care has been taken to make the coaches as quiet- 
| running as possible. With this object, in addition to 
|rubber pads between the body and the underframe, 


vening space have been placed layers of felt. With 
the same end in view, and with the object also of 
diminishing draughts, the lights are fixed, ample pro- 


just below the cant-rail, and torpedo ventilators in 
the roof, the latter being worked by Bowden wire 
| mechanism from levers on the side of the carriage. 
These trains, running over foreign lines, have had 
to be built to obtain the maximum width, &c., avail- 
able on the District Railway, although the London, 
Tilbury, and Southend Railway loading-gauge would 
have allowed rather greater height, as shown in Fig. 17, 
page 415. The interior arrangement consists of cross- 
seats, except near the doors. The backs of the cross- 








Fie. 16. 


seats are raised sufficiently high to result in a certain 
amount of privacy. They are surmounted by racks 
| with netting, and provided with an arrangement for 
| taking up the slack of the latter after it has become 
| sagged by use. The seats are fitted with Wood’s wire- 
| seating springs, and are upholstered in the third-class 
| non-smoking compartments with blue mohair velvet, 
| and in the smoking compartments with blue Rexine 
|imitation leather. The first-class compartments are 
In these compart- 
|ments the floors are covered with Turkey carpet, and 
lin the third-class with inlaid linoleum. Among the 
interior fittings attention may be directed to the 


In Fig. 5 is shown one of vision for ventilation being made by flap-ventilators | provision of umbrella-stands, which will undoubtedly 


prove @ convenience—a wet umbrella being usually 4 
very difficult article to dispose of satisfactorily in 
railway carriage. ' 

The inside of the roof is lined with plain millboard, 
relieved with light carved mouldings, painted white. 
The carriagesare lighted and heated electrically by axle- 
driven dynamos. ‘The radiators are placed under the 
seats, as shown in Figs. 4, 5, and 6. The type o! 
lighting fitting provided in the third-class coaches 1s 
shown in Fig.‘ 15, while in the first compartments 
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THE AUSTRO-HUNGARIAN BATTLESHIP 


CONSTRUCTED BY 


THE 





“ TEGETTHOFF.” 


STABILIMENTO TECNICO, TRIESTF, AUSTRIA. 
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additional lamps are fixed along the cant-rail on either | of the ordinary electric motur-coaches on the District 


side. Thelighting and heating are controlled by switches 
placed in the vestibules. As shown in Fig. 6, the brake 
vehicles provide two luggage compartments, one on 
either side of the corridor, and shut off therefrom by 
sliding collapsible gates. Lavatory accommodation is 
also provided in these vehicles, the interior walls of 
these compartments being covered with enamelled zinc 
tiling. At the end of each brake vehicle an emer- 

ency exit is provided, in case the side doors may not 
Fe available, as, for instance, when a train is stopped 


inatunnel. This end exit has steps which can be 
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let down, as shown in Fig. 16, so that passengers may 
alight without difficulty. The exterior appearance of 
the aches with their large teak panels is very pleas- 
ing. The plain block lettering of brass stands away 
from the woodwork panelling by about § in. with very 
- effect. A = litem of considerable service is 
he provision of guttering of ample capacity alon 
either side of the seal, oe 9 pi being fitted 
at the coach ends to carry the water down below the 
coach body and platform level, so that it does not 
splash over passengers entering or leaving the vehicles. 
hese spouts and drain-pipes are shown in Fig. 16. 
The underframes, as already mentioned, are of steel, 
being built up of channels stiffened with truss-rods. 
The bogie is illustrated in Figs. 7 to 10, Plate XX XII. 
Itis built up of rolled-steel sections. In order to give 
plenty of clearance underneath, the bolster-cradle is 
suspended by links fitted with right and left-handed 
Screw adjusting-nuts, instead of the more usual single 


nut aud knife-edge washer placed below the cradle. 
In the event of the train having to be drawn by one 








Railway, instead of by an electric locomotive, a 
special buffing-gear has to be brought into use on the 
leading brake vehicle. This is shown in Figs. 11 to 
13. f these, Fig. 11 shows the relation of the 
Tilbury and District coaches when thus coupled. 
Fig. 12 shows the special buffer in plan, and Fig. 13 
gives adrawing of it in elevation. It consists of two 
hinged box-shaped portions which fold back, as shown 
by the dotted lines in Fig. 12, when not in use, and 
when needed are pulled out and clamped together. 
Under these conditions the pull is transmitted through 
the side chains, extra strong ones running back to 
cross-bearers—and not merely connected to the head- 
stock—being furnished for this reason. 








THE AUSTRO-HUNGARIAN BATTLESHIP 
‘“*TEGETTHOFF.” 

WE illustrate above the new Austro-Hungarian 
battleship Tegetthoff, immediately after she had left 
the launching-ways at the works of the Stabilimento 
Tecnico of Trieste. This is one of the two vessels which 
caused considerable interest because of the secrecy 
associated with the laying of her keel, the other being 
the Veribus Unitis, launchedinJunelast. Work on these 
ships was begun unofficially in July, 1909, but not until 
the following October was the official announcement 
made that the vessel was intended for the Austrian 
Navy. Both are of 20,040 tons displacement on a 
draught of 26 ft., the length being 495 ft. and the beam 
89 ft. The vessels mount twelve 12-in. guns with 
sixteen 3-in. guns and twenty-four smaller weapons 
The former are in triple-gun turrets, of which 
there are four, two forward and two aft, the 
guns of Nos. 2 and 3 turrets firing over the guns 
of Nos. 1 and 4 respectively. The smaller guns 
are fitted in a central battery behind armour. The 
photograph shows the wooden backing of the broad- 
side armour, which at the central part of the 
ship on the water-line is 11 in. in thickness, and above 
that 8 in., tapering by stages to 4 in. at the end; it 
will be seen that forward it is of very considerable 
depth. The armour does not extend to the upper 
deck, consisting only of the two strakes. The ‘Ee: 
bettes and gun-hoods are of 1l-in. armour. Parsons 
turbines and Yarrow boilers have been fitted to these 
ships. The power to be developed is 50,000 indicated 
horse-power, to give a speed of 23 knots. 





INSURANCE AGAINST STRIKES. 

Ir is no cause for wonder that the question of insur- 
ance against strikes is forcing itself upon the masters 
during the present time of conflict and unrest within 
the labour market. As a matter of fact, efforts are 
being made in different countries to solve this new 
and by no means easy task; and in Denmark, for 
instance, they have already assumed a tangible shape. 
The Central Board of Danish Employers has drawn 
up a complete scheme, which is now being laid before 
the different members, prior to coming before a general 
meeting. The proposal is based upon the establish- 
ment of a strike insurance fund, subject to the follow- 
ing rules :— 

The object of the strike insurance fund is to give to 





all organisations belonging to the Union of Employers 
and their members, as well as to isolated concerns, com- 
pensation during strikes and lock-outs by the means 
at its disposal. The capital of the strike insurance 
fund is made up as follows :— 

1. A sum from the previous joint fund representing 
1 per cent. of the aggregate amount of wages paid by 
all the members of the Union during 1911. 

2. A payment from all organisations and isolated 
concerns, likewise of 1 per cent. of the aggregate wages 
paid during 1911. This payment does not recur. When 
all the members of an organisation, or an isolated con- 
cern, have paid in the full amount, the Union of 
Employers’ control over the aid fund in question 
ceases. 

3. Further, two-thirds of the annual subscriptions 
to the Employers’ Union go to the strike insurance 
fund. 

4. Likewise entrance payments by new organisa- 
tions or isolated concerns which join. 

5. Interest on the fund. 

6. Fines. 

In case of a general strike or lock-out—that is, a 
strike or lock-out which comprises the whole or some 
of the workpeople of an employer or of a federation 
of employers—compensation is paid, provided the 
central board admits that the stoppage of labour 
cannot be laid at the door of the employer in question. 
This compensation for each lost workday amounts to 
one-fourth of the average daily wages paid during the 
corresponding quarter of the previous year. The calcu- 
lation is based upon the strike insurance lists which 
have been sent in. The detailed rules for the calcu- 
lation are to be fixed by the Central Board, whose 
decision is to be final. Questions connected with this 
compensation cannot be brought before a court of law. 

No compensation is paid for the first six days of a 
stoppage of labour. The compensation awarded to a 
federation of employers is distributed by its board to 
the different members, according to the average daily 
wages paid by the members in the ns 
quarter of the previous year up toa quarter for each 
lost working day, unless the general meeting of the 
federation in question, on the proposal of its board and 
with the sanction of the Employers’ Union, decides 
upon another distribution of the sum of compensation. 

In case of a partial strike or lock-out the rules have 
to be applied, subject to the modifications which the 

revailing conditions necessitate. In special cases the 
Gentral Board is entitled to pay compensation accord- 
ing to other rules than those set forth above. The 
strike insurance fund is under the management of 
the Central Board of the Employers’ Union, which 
is responsible to the general meeting. The general 
meeting is at any time entitled to reduce the com- 
nsation or abandon it altogether. The Central 
rd can, should circumstances necessitate such a 
step, impose a weekly extra contribution, which, how- 
ever, must not exceed 1 per mille of the annual wages. 





CaNnaDIAN NorTHERN Ratr.way.—The programme of 
the Canadian Northern Railway Company for 1912 
includes the construction of a 140,000-dol. dock at Port 
Arthur, between 500 and 600 miles of new line, fifty 





stations, seyeral steel bridges, the enlargement of exist- 
ing yards, &. 
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THE “ TILTOMETER” CHEMICAL MIXER. 

WE had the opportunity of inspecting on ay 
last, at the works of Messrs. George Kent, Limited, 
Luton, a meter, patented in the names of the Hon. 
R. C. Parsons and of Messrs. Kent, the object of which 
is to supply automatically the requisite amount of 
chemical reagent, such as caustic — alumino ferric, 
&c., for a varying flow of water, sewage, or effluent, 
which it is desired to treat in order to effect pre- 
cipitation. Usually the chemical used for this pur- 
pose is proportioned to the amount of fluid to be 
treated only by very crude methods, involving much 
uncertainty as to results and frequent waste of ex- 
pensive materials, or, if carried out in a more exact 
manner, costly supervision. This meter, which has 
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levels in the two columns. It will be seen that the | this the orifice is made adjustable. By turning the 
apparatus thus depends upon relative, and not the | milled nut (Figs. 4 and 5) it can be enlarged or reduced 
absolute water-levels in the columns, and that any | in size according to a scale, so as to give various per- 
rise of level in both columns due to the discharge-tank | centages of reagent to crude fluid. Once set, this 
becoming filled is immaterial. The displacers C and | percentage is maintained to within a very small error 
D are attached to either end of a beam-frame E, | whatever may be the amount of crude fluid assing 
supported on knife-edge supports in the centre, and | through the system. The plant we inspected at Messrs, 
carrying a drum F, to which the reagent, in the form of | Kent’s works is designed to deal with reagent varyin 
a solution of known strength, iseupplied. This supply |in a proportion of between 0.5 and 1 per cent. of 
is regulated by a float-valve, shown in Figs. 2 om: 3. | reagent to any amount of crude water up to 11,000 
Oa one side of this drum is fitted a spout taking the | gallons per hour in the main system. It has been 
form of a tube G provided with an adjustable orifice. | constructed for the Buenos Aires Pacific Railway for 
Liquid discharged through this orifice is caught in a| treating water with caustic soda. 

funnel and conveyed to the main system, through; The apparatus enables the flow of fluid through 
which the fluid to be treated is passing, at a point on| the main to be indicated by a pointer. and at the 
the down-stream side of the Venturi tube. same time the supply of reagent being used can be 
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been brought out under | 
the name of the ‘‘ Tilto- | 
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meter,” is designed to | 
overcome these difficul- | 
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ties. 


simple, the difference in 
height of two water- 
columns of a Venturi 
tube acting as the base 
to work from. 

The apparatus is illus- 
trated herewith in Figs. 
1 to7. A general view of the plant as it appeared in 
Messrs. Kent's works at the time of our visit is shown 
in Fig. 7. In the foreground may be seen the Venturi 
tube, while hzhind stands the meter itself. Drawings 
of the latter are shown in Figs. 1 to 3. The apparatus 
consists of two tall stand-pipes or water columns 
A and B, connected respectively, by pipes, to the 
Venturi tube at its largest and smallest diameters. 
These columnsare pl partly below the level of that 


8) 





of the fluid in the purification tank, into which the | 
is discharged, with the result 

ing, the two columns are | 
|and it is found that with this shape the discharge | 
; is substantially correct for very large variations of} -—— 


sewage, &c., passing 
that, when no fluid is 
partly filled to an identical level. 
the 
columns A and B alters, becoming lower in B, which 
is coupled to the neck of the Venturi tube, than in A, 
coupled to the large diameter. 

Within A and 


If a flow through 


The principle on | 
which it works is very | 


fenturi tube be set up, the level in the two 
| the supply of reagent being thus absolutely auto- 


there are two large displacers C 





It will thus be evident that any disturbance of the| readily ascertained, while, with the addition of in- 
relative water-levels in the columns A and B is accom- | tegrating mechanism, the amount used can also be 
panied by an alteration in the tilt of the beam E. | recorded. 

When the levels are identical, this beam is so| That the orifice gives a discharge correct for all 
adjusted by means of the turn-buckle, shown in| practical purposes may be seen from the figures in the 
Fig. 1, in one of the displacer suspension-rods, that | table below, giving the results of measurements made 
the orifice in the spout G is just above the level of the | at the time of our visit on Tuesday last. 

solution in the tank F. This is the zero position, | - ~ ~~ 
no reagent being supplied, as no fluid is passing! 
through the Venturi tube. As soon as these conditions 


Quantity of Chemical. 


Raw Water. or 























of no flow are disturbed, the displacer D falls, and the; Number of Gitlons per 

tilt of the beam is altered, bringing the orifice below) = rifice. Hour. | wa I, 
the level of the solution in the tank, and the reagent | ad ee 
is thus discharged. The amount of this discharge is | ee 

fe ree upon the head below which the orifice is! 5 per cent. 4,850 24 25 = 
submerged, and is therefore proportional to the flow BA <> 51.5 
through the Venturi tube. In order to secure an - pats we 

orifice with a constant coefficient, one of lozenge shape}! per cent. 5,300 53.0 53.6 
has been adopted. This is shown in Figs. 4 to 6, om “ oS 











flow through the main system, the adjustment of 
: PemBRoKE.—A light armoured cruiser is to be laid 
— |down at Pembroke. Altogether eight vessels of this 

It often happens,-of course, that the supply of | class are to be built, but the orders are to be widely 
reagent needs to be varied in accordance with a change! distributed, and this will enable comparisons of costs to 








and D, slightly heavier than water, and these are free 
to take up relative positions dependent upon the water 


| in the quality of the fluid to be treated. To allow for | be made. 
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INDUSTRIAL NOTES. 


Events have followed each other with almost per- 
plexing rapidity during the week, and although the 

resent phase is discussed in our leading article, it 
may be aoe to give here a narrative of events 
as they transpired. At the end of last week it was 
decided by the Prime Minister to postpone the passing 
of the Minimum Wage Bill until another effort had 
been made to secure peace between the owners and the 
men, outside legislation, and a conference was arranged 
for the following Monday. That day, however, brought 
no peace. The joint conference of Minister, coalowners, 
poe miners arranged for that day did not take place. 
It had been hoped that an agreement on the question 
of the 5s. and 2s. minimum wage for men and boys re- 
spectively might have been reached. The whole day 
was spent in consultations between the Govern- 
ment and the men, and between the Government 
and the masters, but no meeting between the 
contending parties took place. he matter was 
eventually postponed till 11.30 a.m. on Tuesday, 
when the Government arranged to meet the owners, 
and in the afternoon to confer with the men. In 
view of the continuation of the negotiations the 
Minimum Wage Bill was not proceeded with. Both 
parties were firm in their demands. 

The negotiations postponed till Tuesday ended, as 
before, in nothing, at least so far as an immediate 
settlement was concerned. There was a very brief 
meeting, at which Mr. Asquith made a final appeal 
to the owners and the men to come to terms. He 
was, however, unsuccessful, and the Prime Minister 
afterwards informed the House of Commons, where 
the Minimum Wage Bill was being discussed, that it 
was of the utmost importance that the: Bill should 
be passed without delay, but without the Labour 
amendment for the inclusion of the 5s. and 2s. minima 
in the measure. This amendment was rejected by 
326 votes to 83. The Commons sat till 2.50 on 
Wednesday morning, and had then passed the 
Bill through its remaining stages. It was hoped in 
official circles, as elsewhere, that the miners would 
take advantage of the opportunity of returning to 
work while the Bill was being passed. It is under- 
stood the Government have planned effective measures 
for the relief of distress, and to afford adequate pro- 
tection to men who wish to return to work. 

At the time of going to press the situation certaiuly 
appeared to be brightening. The Minimum Wage 
Bill passed its second reading in the House of Lords 
on Wednesday night, and it was thought that it would 
receive the Royal assent on Friday. On Wednesday 
evening the Miners’ Federation decided to take a 
ballot of the men as to whether work should be 
resumed or not pending the settlement of the minimum 
rate of wages by the district boards. ‘There was a 
certain amount of opposition to this from some Welsh 
and Scottish leaders, but on the whole it was received 
with general satisfaction, and there is every reason to 
suppose that the taking of the ballot will mean the 
end of the strike. Itis hoped that by Easter Tuesday 
work will again be in full swing. 

A really remarkable thing during this strike is the 
comparatively small amount of disturbance there has 
been. In fact, it may almost be said that there has 
been none. It is the more surprising because there 
has really been a great amount of suffering in some 
parts of the country. 





_ At the present time, when so much is talked about 
Syndicalism and Socialism, two words that are fre- 
quently very ay understood, an article which 
recently appeared in the T'imes on the subject is of 
particular interest. It may be said, without much 
fear of contradiction, that more than nine months 
ago very few people in this country had ever heard 
ot Syndicalism, much less understood its meaning. 
Now it is in everybody’s mouth. Syndicalism came 
from France, as its name implies, and was the pro- 
duct of trade unionism. The word is derived from 
syndical, which is the adjectival form of syndicat, 
the French term for trade unions (syndicat owvrier). 
Trade unions in France are not all, however, Syndi- 
calist ; from one-third to one-half of the total ing 
represented by it. Their number is, however, said to 

increasing, and they form for the most part the active 
and aggressive section. To quote the J'imes, ‘they have 
the earnestness of conviction, the directness that comes 
from actual contact with industrial life, and the plain- 
ness of men unbemused by intellectual subtleties.” 
Che general strike is not a new idea, but it is not 
understood by the French as it is here, and the differ- 
ence should be clearly comprehended. Viewed from 
- point of Syndicalism, the general strike is a revo- 
— act, and not a means of securing higher 
wages, like the coal strike, though we believe that 
some of the coal-owners in South Wales believe that in 
that district it ig for Syndiealism, and not for a higher 
wage. The aim of Syndicalism is the complete over- 
throw of the existing order of thin by the stoppage 


. all activity. All the manual workers are to stop at 
ome, and society then comes to a standstill, food be- 





comes exhausted, there is no public lighting or convey- 


ance, disorder and plundering begins, the soldiers are 


called out, but refuse to fire on the rioters. This is | 
the ideal of the Syndicalist, and ends in revolu- 
tion. When things have got to this pass trade 
unions are to step in and take over the economic 
assets of the nation and reorganise them. It wil] be seen 
from this why it is Syndicalists are so keen to seduce 
the soldiers, for everything turns on their behaviour. 
The plan of the Welsh miners is, however, to make 
the mines unprofitable, and therefore worthless as 
property, by bad work, lessened output, higher wages, 
and incessant friction. When these tactics have worked 
to the conclusion desired by many of the miners, 
the unions will take the mines over. This, as stated 
in the Times, is the idea. What it really means is 
evident to any intelligent man. 





The March report of the Amalgamated Toolmakers 
shows a membership of the society, at the end of 
Febru sry last, of 6312, against 4816 at the end of the 
corresponding month for 1911, an increase of 1496, 
while the unemployed at the corresponding times were 
48 and 56 respectively. The reserve funds stood at 
26,500/. last month, against 20,300/. in the correspond- 
ing month of last year. Thirty years have now passed 
since the society was formed, and great progress has 
during that time been made. It is pointed out, how- 
ever, that the progress would have been greater had 
there not been lack of interest in the trade-union 
movement. Still there is a note of thankfulness that 
things are even as they are. 

The strike amongst the concrete and earthwork 
hands in Denmark, which has lasted for some four 
or five months, and given rise to much friction 
amongst the men, owing to the interference of the 
Syndicalists, has at last been terminated by a com- 
promise, the resumption of work being coupled with 
a settlement, as regards the lock-out in the cement 
industry, which was of much younger date. Pro- 
tracted negotiations and a great many meetings were 
necessary before peace was restored. 





On Monday last, a settlement having been arrived 
at between the British Motor-Car Company and their 
taxi-cab drivers, the men, to the number of 1000, 
returned to work. The four chief points of the dis- 
pute are definitely settled, the company having agreed 
to maintain the conditions set out in the first four 
clauses of the recent award of the court of arbitration 
between the London Motor-Cab Proprietors’ Associa- 
tion and the drivers’ union. These clauses state 
that (1) the extras are to belong to the drivers ; (2) the 
drivers’ proportion of takings is to be 25 per cent. ; 
(3) no rank or stand charges are to be allowed by the 
employers. Clause 4 deals with the dispute in regard 
to the cost of petrol. A court of arbitration is to be 
appointed to deal with the remaining points in dispute. 





The rumour of a great railway strike has been 
denied. Mr. J. H. Thomas, M.P., organising secre- 
— of the Amalgamated Society of Railway Servants, 
said on Sunday last that, knowing the desire of 
the railway men, any suggestion of the kind was 
not only mischievous, but absolutely foreign to the 
whole situation. The railwaymen did not strike for 
the sake of striking. Their new programme would be 

resented, but not with a threat to withdraw their 
abour. If it was not accepted, they would still 
uphold the terms of the agreement, and, as far as they 
knew, the railway companies were going to do the same. 





The strike at Lawrence, in the United States, is 
officially stated to be at an end, and the operatives 
have returned to work without disorder. More than 
120,000 textile workers throughout New England will, 
it is stated, benefit by the higher wages, which became 
effective on Monday last, but in some districts there is 
still a certain amount of unrest. In several cotton- 
mills at Lowell, in Massachusetts, the employees have 
struck work because of the refusal of the management 
to grant over 7 per cent. increase in wages. The Fall 
River Cotton Manufacturers’ Association have also 
received a demand from the firemen in more than one 
hundred of their mills for higher pay. Fifteen hundred 
shoemakers at Lynn, Massachusetts, have also struck 
for an increase of wages. 





Peat Powprer as Locomotive Fvur..—The problem 
of finding a suitable form for peat as a practical and 
economic fuel for locomotives continues to engross the 
attention both of railway authorities and peat experts. 
More especially in Sweden the problem is to the fore, but 
no satisfactory solution appears to have been arrived at 
as yet. The general director of the State Railways is 





much interested in the matter, and recently submitted 
drawings of locomotives to a very well-known peat expert 
for him to design a suitable fire-box, which, however, has 
not yet been done. It would seem that, paowm pee) 
powder may prove a desirable fuel for stationary boilers, 
the difficulties offered by the locomotive have not yet 





been disposed of. 





DOUBLE-COLUMN HORIZONTAL BORING, 
DRILLING, FACING, TAPPING, AND 
STUDDING MACHINE. 


WE illustrate on page 422 a perspective view of a 
powerful double horizontal boring, drilling, facing, 
tapping, and studding machine that has recentl en 
manufactured by Messrs. Campbells and Hunter, 
Limited, Dolphin Foundry, Leeds. It has two columns, 
one of which is a heavy type and the other a light 
type, and they both face in the same direction. The 
maximum distance between the spindles is 18 ft. and the 
minimum 8 ft. 4 in., this latter allowing for the space 
taken up by the platform and the attendant who has to 
operate the machine. The heavy column is of stron, 
box section, and is-13 ft. 3 in. high, and has a hand an 
power motion for traversing along the bed by means 
of a rack and steel pinion and worm and worm-wheel, 
these being worked by friction clutches on spur- 
wheels. 

The spindle on the heavier column is of high-carbon 
steel, 5 in. in diameter, and is titted with ball-bearings 
to take the thrust. It is provided with quick feed 
by star-wheel, a variable positive self-acting and hand- 
feed by steel rack being fitted, the rack bein 
3 ft. 6 in. long; a locking arrangement is provid 
to prevent bicklash. There are sixteen positive 
changes of feed. The spindle is carried on a strong 
rigid saddle in gun-metal bearings of ample length, 
the bearings being adjustable for wear, and the spindle 
is driven by powerful gearing. The spindle can be 
started or reversed for tapping by a lever under 
immediate control. The saddle is so designed as to 
have large bearing surfaces upon its column, and is 
balanced. It has a raising and lowering motion of 9 ft., 
actuated by hand or by power, and a platform is pro- 
vided for the attendant, as is clearly shown by our 
illustration. The saddle carries double-gear wheels 
for the slow motions for drilling, boring, facing, and 
tapping, as well as for the disengaging motion for 
setting the boring-bar. 

The lighter column is 12 ft. 8 in. high, and is also 
made in box form. It has a hand and power motion 
upon the bed by means of a rack and steel pinion, and 
@ worm and worm-wheel worked by friction-clutches 
on spur-wheels. The spindle is also of high-carbon 
steel, but is 44 in. in diameter, all other arrangements 
and motions being like those on the 5-in. spindle 
saddle on the other column, except that there are two 
changes of speed only. 

The bed is 23 ft. 6 in. long, and is of strong section, 
having cross-bars and ribs at frequent intervals. The 
bearing surfaces on which the columns move are three 
in number, and are extra broad. Both heads are 
driven separately by fast and loose pulleys through 
speed-boxes placed at opposite ends of the bed, so 
that each is independent of the other, and either con 
be at work at any part of the bed. The 5-in. spindle 
has twenty-four speeds, ranging from 200 to 5 revolu- 
tions per minute, and the 44-in. spindle sixteen speeds, 
ranging from 200 to 5 revolutions per minute, the 
positive feeds for each being the same—namely, sixteen 
feeds, ranging from 133 to 2.03 cuts per inch. The 
table carrying the work is 26 ft. long and 9 ft. wide, 
the net finished weight of the machine being 49 tons. 





Tue AnpRew Carnecie GotD Mepat.—The Council 
of the Iron and Steel Institute have this year decided to 
award the Andrew Carnegie Gold Medal of the Institute 
to Dr. Paul Goerens, of Aachen. Dr. Goerens is a dis- 
tinguished metallurgist, and is a member of the staff of 
the Royal Technical College at that city. He has made 
many contributions to scientific metallurgy, and in 1910 
he was awarded one of the Carnegie Scholarships of the 
Iron and Steel Institute, to enable him to pursue his 
investigations on the influence of cold-working on the 
properties of iron and steel. The Gold Medal is now 
awarded to him in recognition of the highly meritorious 
character of his research work on this subject, which was 
published last year in Vol. IIT. of the Curnegie Scholar- 
ship Memoirs of the Iron and Steel Institute. 





Tue AssociaTION OF ENGINEERS - IN -CHARGE.—The 
annual dinner of the Association of Engineers-in-Charge 
took place on Saturday evening last, at the Holborn 
Restaurant, and was exceedingly well attended, some 
290 members and friends being present, and the President, 
Mr. W. H. Maw, LL.D., being in the chair. The toast of 
‘‘The Association” was pro) by Dr. W. Cawthorne 
Unwin, the President of the Institution of Civil Engi- 
neers, while that of ‘‘ Kindred Institutions” was pro- 
posed by Mr. Arthur Davey, M.I. Mech. E., past chair- 
man of the association, and responded to—in the absence 
through illness of Mr, E. B, Ellington, President of the 
Institution of Mechanical Engineers—by Captain H. 
Riall Sankey and Sir Ernest Shackleton, F.R.A.S., 
F.R.G.S. The remaining toasts were ‘Our Guests and 
Friends,” proposed by Mr. Henry Capsey, and responded 
to by His Honour Judge Rentoul, K.G., LL.D., and 
Mr. H. Hirst, and ‘“‘Our President,” proposed by Mr. 
Alfred E. Penn, chairman of the association, and replied 
to by the president. The p ings were enlivened by 
an excellent musical programme, and the gathering was 


very successful, 
' 
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the tank. At the pump the walls have considerable 
_ batter inside, and at the bottom the width is only slightly 
Part II. | greater than the width of the pump-paddle. As there 

By G. S. Baker (late R.C.N.C.), Member. | will be considerable banking-up of the water at this end, 

1. In my paper of last year, giving a description of when the weirs, &c., are fitted, the walls of the tank are 
the Main Experiment Tank and its equipment, there was raised to 3 ft. 2} in. above the general level, and are 
also given a very brief account of the smaller tank which | This 


Fig. THE WILLIAM FROUDE NATIONAL TANK . 
THE SMALL TANK. 


THE WILLIAM FROUDE NATIONAL TANK.* 


maintained at this height for a distance of 14 ft. 


The pump is an Allen’s rotary pump, capable of 
delivering 75 cub. ft. per second when running at 2) 
revolutions per minute. The outer case is cemented into 
the walls of the tank, but it is possible to dismantle the 
 eagetatengy and spindle at any time the tank is empty. 

he pump discharges around its whole periphery, but 
receives its supply from one side only, there being an 
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has been built as an annexe to the main tank. The 
pur of the present paper is to describe in detail this 
small tank, its equipment for still water experiments and 
the considerations which have to be borne in mind in 
experimental work in such a tank. 

2. Small-tank experiments on resistance of ship 
forms were undertaken at least a century and a half ago. 
The experiments referred to were made by Mr. Bird ¢ in 
a 30-ft. tank. His models were towed by a string passing 
over a pulley, and were kept in a straight course by means 
of a tightly-stretched guide wire. The models were run 
against a standard model, no direct measurements of 
resistance being taken. Since then various proposals + 
have been made, amongst which one of the most interesting 
is that of a writer in the ‘‘ Papers on Naval Architec- 
— 7 The =e is here made of experiments in 
a small tank with flowing water at _— of 6 to 7 
knots, the model resistance to be measured by a weighted 
cord passing over a pulley. The experiments of Chas. 
Gore, Beaufoy, and Chapman differed from small-tank 
work in that they were made on large expanses of water, 
although their methods of experimenting were what we 
should now class as small-tank methods. 

Interest in this a. was redirected to such methods 
by a paper read before this Institution in 1908, by Herr 

ellankamp. Shortly after this the National Experimen- 
tal Tank was designed by Dr. Gl k, and a small 
a= for both still and flowing water was embodied in the 

esign. 

3. Structural Detatls.—A general 
dinal sectional elevation are given in 
dimensions of the tank are as follow :— 





lan and a longitu- 
igs. land 2. The 


Ft. 
Total length of water surface 64.5 
Breadth at the uniform section 5 
Depth at the uniform section 3.12 





























Fig. 3. ELEVATION & PART SECTION THROUGH CENTRE OF PUMP 
TO SMALL TANK. 








The sides and bottom are generally of ferro-concrete, 
reinforced with steel bars, those placed vertically being 











in. in diameter and 8 in. apart, and the horizontal] bars 
4 in. in diameter and 8 in. apart. The thickness of concrete 
(including floating) varies from 6 in. along the uniform 
section to 12 in. at the deeper parts of both ends. 

The uniform section is vertical-sided and flat-bottomed, 
and is maintained for a length of 31 ft. It is faced over 
its inside surface with iron plates for a distance of 20 ft. 
from the south end. The uniform section ends some 
19 ft. from the centre of the rotary pump, and over this 
length the bottom is made with large undulations, and 
the sides of the tank are spread and grooved to take weirs 
or side and surface deflectors to guide and control the 
flow of water when the pump is in use, so that it may 
deliver water having a uniform speed throughout its mass, 
when it reaches the faced part of the uniform section of 





* Paper read before the Institution of Naval Architects, 
March 29, 1912. 

+ Supplement to ‘‘Shipbuilding and Navigation,” by 
Murray, 1756. 

t One of the earliest is that of Euler, in his work 
‘Theory of the Construction and ment of 
Vessels,” 1773. Translated by H. Watson, 1790. 

§ Papers on Naval Arohitecture, 1790. Page 5. 
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raised wall is pierced on its north face by a slot 44 in- 
wide, having its lower edge 2} in. above the surface of the 
water. For still-water experiments the model-towing | 
For flowing-water | 
by a watertight steel plate. 





cord will pass through this slot. 
experiments it is cl 
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or 


Supply to Balance Chamber 


hydraulic balance chamber on the other side, connect« d 
to the large culvert by a channel under the pump 6 in. in 
diameter. A section showing the 


arrangements is 
the pump vill 


details of the pump 
iven in Fig. 3. A motor for driving 
Fe fixed later in the well shown st 
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the north end, This motor will be of 80 horse-power, and 
will be connected directly to the pump-spindle. - 

‘At the south end the uniform section runs abruptly into 

a pit 12 ft. long by 9 ft. wide and 10.5 ft. deep. A culvert 
built up in concrete and 4.5 ft. in diameter extends from 
the west side of the pump at the north end toa sluice-gate 
in the west side of this pit at the south end. The sluice 
opening, which is at the bottom of the pit, is 6 ft. by 3 ft., 
and its vertically-sliding gate can be partially or wholly 
closed by means of a hand-wheel at the top of the tank. 
Anair-escape pipe is fitted at each end of the conduit to 
prevent any accumulation of air in it. ‘ , 
In the floor at each end of the tank and on its middle 
line circular pits, 24 in. in diameter, 16 ft. deep, have 
been formed to allow the necessary drop for the towing 
weights. The roof of the building at these ts is 
sufficiently high to give a drop of 28 ft. for a weight slung 
from a pulley fixed to the roof girders. 

4. Cold water is —— to the tank from the general 
water-mains of the laboratory, and in order to keep the 
water at a uniform temperature a supply of hot water 
may be run into it through a small hose connected through 
a cock to the boiler for heating the building. An over- 
flow pipe is fitted at the south end, so that the water 
cannot rise to a greater height than 54 in. below the top 
of the walls. 

5. Still- Water Experiments. —A general planof the equip- 
ment for such experiments is shown in Figs. 1, 2, and 3. 

The model is towed through the water by a fine cord 
secured toit 3 in. abaft the stem at a height of 3 in. above 
the water-line. The model is kept to a straight course 


Fig.4. sioe ELEVATION 
Model Tow® Chord. 
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friction of the apparatus and for the relative diameters 
of the drums taking the towing and weight cords. 

6. This small tank is intended for general laboratory 
experiments and for more or less exploratory work with 
models. The errors which may creep into the results 
obtained with ship models in such a small tank are very 
numerous. Those of the most serious nature are due to 
inertia and the way in which the value of friction varies 
with length. Some error is introduced due to the fact 
that the models are towed 3 in. above the water-line; but 
from the results of high-speed vessels tried with and with- 
out trim, the error due to this may be nil, and does not 
exceed 0.5 per cent. for ali but exceptional cases. 

The sag of the towing-cords also tends to give a result 
which is in error an amount equal to— 

c.w 


1-- >> 
Ge) 
where w is the weight per foot of cord, T is the tension 
in the cord, and ¢ the constant for the catenary. With 
a tension of 1 lb. in the cord the error for the span of 70 ft. 
is 0.2 per cent. for a cord of weight* 0.001 1b. per foot, the 
— weight used. 

he effect of surface tension becomes important only 
at low speeds. The energy of a group of waves passing 
any point in unit time is given by— 


























the™ 3-ft. model results (corrected for friction of appa- 
ratus) varied some 13 per cent. for different experiments 
on different days, and the 4-ft. model results varied 6 per 


cent. At = equal to two, the corresponding figures 


/T 
VJ hl 
were approximately 54 per cent. and 4 per cent. respec- 


tively. Below a value of TE equal to unity, the 4 ft. 


model results fell away some 8 per cent. compared with 
the large model figures ; between 7 equal to 1.1 and 
1.5 the curves for the two models agreed fairly well ; 
and for higher speeds the 4-ft. model results again fell 


away slowly, the difference being 8 per cent. at TE 


equal to 1.7. The experiments on which the above 
figures are based have nm made on different days over 
@ period of a month, and when an opportunity occurs 
similar experiments will be made with a much less 
resistful form. 


APPENDIX I. 


ACCELERATION Sprrat ror Towine Drums TO PREVENT 
SHock. 





P—Im2 locit 1 2pT 5 = displacement of model. 
(Fa 7) (== velocity ) (59 pa? + a ) R, = senstnnse ob @ v. 
m V = uniform speed attained. 
where— R = resistance at speed V. 
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by means of a similar cord attached in the same manner 
to the stern. At each end of the tank is an aluminium 
drum, and the above cords wind and unwind upon these. 
Each drum is threaded to take two cords, one of which 
passes over a single aluminium pulley secured to the roof, 
and is then attached toa weight pan ; the other is secured 
to one end of the model. The necessary acceleration and 
retardation of the model is produced by varying the dia- 
meter of the drum over that portion which takes the 
weight cord. This thread for each drum has a few turns 
at maximum diameter, and then by means of a spiral of 
approximately five turns this diameter is gradually de- 
c to the steady run dimensions. The actual lever- 
ages of the weights are:—At the beginning of the run 
9.1 in. at one end, 4.5 in. at the other ; over the steady 
portion of the run 4.5 in. for both ; and at the end of the 
run 4.5 in. and 9.1 in. respectively. (See Figs. 4 and 5.) 
A length of 16 ft. is occupied by the model for accelera- 
tion, and nearly the same for retardation, and with 
ordinary models a steady run of approximately 24 ft. is 
obtained. The method of obtaining the spiral gradually 
to give a model its steady velocity without any shock 
will be dealt with later. In order to compensate for the 
varying length of free cord to the weight pan, com- 
Pensating cords are hung to the under side of each pan, 


as shown on the general arrangement. 

The actual speed of the model is measured by taking a 
record of the revolutions of the towing-drum, which is of 
uniforn diameter at that part on which the model- 
towing cord is wound. The spindle of this drum is 
ae d so that once every revolution, i.e., once every 
sade travel of model), it lifts a light steel spring and 


the circuit of a magnet pen, which is giving a 

pa ous mark on a clockwork sonpeling dean, On 

@ same record fed pn worked by an electric clock gives 

& mark at every half-second. 

Pee resistance of the model over the steady portion of 
© run is the simple difference of the weights in the pans 





St the bow and stern ends corrected as necessary for 











T is the surface tension between air and water. 

p isthe density of water. 

i isthe length of wave formed, and a its amplitude. 
lm is the minimum length of possible wave. 


By evaluating the above expression for varying lengths 
of wave it will be found that the wave resistance is in 
error 1 per cent. at a velocity of approximately 1.5 ft. 
per second due to the surface tension. 

7. This fact brings us back to the two possible large 
errors previously mentioned. Owing mainly to the in- 
ertia it is found to be very difficult to give the apparatus 
a steady speed at velocities below about 1.5 foot-seconds ; 
and owing to the same cause the accurate measurement 
of the friction of the apparatus itself becomes extremely 
difficult at low si s. This friction varies but very 
slightly with s , and therefore becomes important at 
low speeds, being approximately 30 per cent. of the 
resistance of a 4-ft. model at 1.5 foot-seconds. Friction, 
inertia, and surface-tension therefore all tend to make 
results unreliable below this speed. 

8. The difficulty of surface friction is one which 
would be very hard to cope with for ordinary forms. 
But from what has been said it will be seen that tanks 
such as this are mainly useful for comparatively high- 
speed work, and surface friction then becomes relatively 
of less importance. 

In order to test the degree of accuracy obtainable with 
a model of ordinary form in the small tank, models 3 ft., 
4 ft., and 15 ft. were made, all of exactly the same shape. 
The 15-ft. model was run in the main tank and the other 
two in the small tank, and the results for the latter were 


corrected for skin friction to a 15-ft. length by means of | 


the curves of frictional resistance of planks obtained by 


the late W. Froude. At a value of equal to unity, 





/L 


* For a weight 0.0025 Ib. per foot the error becomes 
1.4 per cent. for a 74-ft. span. 


| 








L = length of model 
P, = force or pull on 
P, = steady pull. 


The equation for equilibrium is :— 


8 dvirR=P, 
g dt 


and we may write :— 
Ry = 0.0043 (©) v¢ a8 . (2) 
by substitution and dividing through by V? we have :—- 
dnt omar ee O(G): a 
If we assume a velocity curve for the accelerated por- 
tion, and draw a curve of + to base of + as in the 


model at speed v. 


(1) 


figure, we see that— 


ldr 
Os « 4 
ae V dz (4) 
If A = the ordinate of this curve we have :— 
dv v2 vz 
—— = tan 0 = B 5 
3° 7.4 l ta (6) 
and equation (3) now becomes 
P, _ 3.966 B 


+ 0.0043 ©)(A)? . (6) 


ay: 9" ©) 


ratio of acceleration distance to length of 


model. 

This equation gives us the value of P» at any point of the 
velocity curve, and with a fixed weight P, represents the 
variation of the radius of the spiral. As for ordinary 


speeds ©) has a fairly constant value, the coefficient of 
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the second term is fairly constant. For the first term, 
n was taken = to 4 for an (*) value of 7, and for all 


models whose (i) value does not differ materially from 


this we should reach the speed V in a manner conducive 
to steadiness. The starting spiral can corrected for 
a of the apparatus as follows :— 

t 


I = mass moment of inertia of drum. 
w = angular velocity when W the weight is at 
radius r and velocity of model = »v. 
radius of groove for weight cord for steady run. 
radius of groove for model cord. 
12” —~ Wr- Poem (7) 
dt 
and 
= P. Tm 
Ts ? 
and from equations (5) and (7), dividing through by 34 v2 
we get :— 


I Bn? (My _ 

16 rm 2 - 
The last term of this equation is given by equation (6) 
and values of 7 for the weight spiral can be calculated by 
assuming reasonable values for (a) and ©) provided 
I, 7m, 7%, and I are known. 








Contracts. — Messrs. A. G. Graziani and Co., 22, 
Billiter-street. EC., inform us that their principals, 
F.1.A.T., of Turin, have obtained the order for the fol- 
lowing engines, to be built in Turin: two, 450-horse- 

wer om, heavy-oil engines for the Danish Navy; 
our, 750-horse-power each, heavy-oil engines for the 
Italian submersibles Pullino and Ferraris. 





Royvat AGRICULTURAL Sooirty oF ENGLAND: Post- 
PONEMENT OF TRIALS.—Owing to the unfit state of the 
und through bad weather, the trials of corn and seed 
rills which were to have been held by the Royal Agri- 
cultural Society of England on March 26, at Stainton 
Manor Farm, near Rotherham, have been postponed 
until Thursday, April 18. 





Tue Copper Market.—In their report, dated the 
18th inst., Messrs. James Lewis and Son state that not- 
withstanding the national strike of the colliers and conse- 

uent great diminution in the consumption of copper 
p wocend ate England and Scotland, the value of standard 
had advanced from 641. 5s. for cash on the 1st inst. to 
642. 15s. on the 18th, the sales amounting to about 
21,000 tons. In face of such adverse circumstances this 
advance showed the exceptionally strong inherent position 
of this metal. A settlement of the strike would probably 
be followed by active buying and a further improvement 
in values, Large sales of electrolytic copper had been 
made by American ores to home consumers up to 
14§ cents per lb., and 68/. per ton c.i.f. was then pr te 
for Europe. The American producers’ returns, published 
on the 9th inst. showed an increased production for the 
first two months of this year, as compared with the same 

eriod last year, of 4396 tons, the home consumption 
11,596 tons and the exports 20,087 tons greater. 
The stocks were reduced 11,837 tons in the two months, 
making the reduction in the American and European 
stocks 18,063 tons and 78,784 tons in the past twelve 
months. Enropean consumption showed an increase of 
14,893 tons as compared with the same period last year— 
58,482 tons against 43,589 tons. 





A Larog Steam-Tursing.—In a Parliamentary inquiry 
some years ago, Mr. OC. E. L. Brown gave evidence that 
he would not have any hesitation in undertaking the 
construction of a turbo-generator of 20,000-horse-power 
capacity. This magnitude was unprecedented at the 
time, but will be far exceeded by the machine which 
Messrs. C. A. Parsons and Co. are now about to con- 
struct for the Commonwealth Edison Company at Chicago. 
At their Fisk station in that city there are already in 
service ten 14,000-kw. turbo-generators, but the load is 
increasing so rapidly that the company have decided to 
augment it by four turbo-generators, each capable of 
developing continuously no less than 25,000 kw., though 
the most economical loading is designed to be 20,000 kw. 
The turbines will be built on the two-cylinder system, 
with a double-flow low- ure end, which, as adopted 
by Messrs. Merz and McLellan at the Dunston power- 
station, broke all a existing records in steam 
er. The turbines will be designed to take steam 
at 200 1b. initial pressure wnd 200 deg. superheat, and 
will run at 750 revolutions per minute. The high- 
pressure cylinder will be a steel casting, so as to avoid 
any possibility of trouble from the extraordinary phe- 
nomenon of growth which cast iron exhibits when ex- 
posed to high temperatures for a prolonged period. The 
exciter will be direct coupled to the shaft of the alter- 
nator, which will generate at 4500 volts, and the voltage 
will then be stepped up to 9000 by an auto-transformer, 
supplied by the General Electric Company of America. 
The extensions to the station and the design of the 
machines are being carried out under the direction of 
Messrs, Sargent and Lundy, engineers to the company, 
in conjunction with Messrs. Merz and McLellan, of West- 
minster, The first machine has been ordered, as already 


stated, from Messrs. C. A. Parsons and Co., and will be 
built at their works at Heaton-on-Tyne. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 20. 

DvRING the past two weeks 200,000 tons of steel- 
making irons were purchased by large concerns in the 
Pittsburg district. An equal quantity of foundry and 
other grades of iron were purchased during the same 
time. The effect was a hardening of prices in all 
lines of crude iron. The Pittsburg and valley furnaces 
are now in a better position than they have been for 
eighteen months. The largest sale of iron was 80,000 
tons of Bessemer to a Youngstown (Ohio) concern. It 
is again asserted that large transactions in steel rails are 
pending, and asa conference takes place to-day between 
makersand buyers we will not have to wait long before 
knowing what foundation there is for current rumours. 
It is well known that several railroad systems have 
plans completed for extensive track-laying, side tracks, 
and repairs. The export demand continues to be an 
encouraging factor, and there are pers. negotiations 
this week for large lots, which will no doubt be placed. 
There is also a good demand for axles, track supplies, 
and for locomotives. Traffic is now crowding capa- 
city, and cars are scarce on some systems. Car- 
builders are not discouraging new business by quoting 
high on new work. The general tendency is to en- 
courage business. The steel-plate mills have business 
enough to keep them running until July 1, and this 
means strong steel-plate prices. Merchant bars have 
hardened under the general improvement. The 
Carnegie Steel Company has increased its output in 
steel wheels. The tone of the market is decidedly 
stronger than for some months. 





Unrrep States GOVERNMENT COMPLIMENT TO A BRITISH 
Nava Construction Firm.—The Navy Department at 
Washington have paid Messrs. Yarrow and Co. a great 
compliment, having entered into a contract with them to 
design the shallow-draught gun-boats which they intend 
to place on the China rivers. The vessels will be con- 
structed in the United States. This act on the part of 
the Navy Department at Washington is owing to the 
exceptional success of His Majesty’s shallow-draught gun- 
boat Widgeon, which has made some remarkable runs un 
the Yang-tse Kiang. The firm are ——s from their 
own design two similar boats—the Kingfisher and Rail 
—for the British Navy. 





Marine O11-Morors.—We are indebted to Professor 
W. Laas, of the Konigliche Technische Hochschule, 
Charlottenburg, for the following list of twenty marine 
oil-motors on order in Germany at present :— 


























é Motors. 
Zz | 
%& Kind of Shipyard. Owners. 
| Vessel | | Horse-| Type. | 
3 6 : 
F} Fs Power. 
1Cargo  ves-| 850 Augsburg |Blohm and|On own ac- 
sel, } Niirnberg| Voss, Ham-| count ; even- 
tons dead-| Engi- | burg | tually for the 
weight | neering| Woermann 
Works, | | Linie, Ham- 
Niirnberg| | burg 
2\Cargo ves-| 2} 1500 Augsburg |Blohm and Ham burg- 
| sel, 7500) Nurnberg! Voss, Ham- Amerika 
| tons dead-| Engi- | burg | Linie, Ham- 
| weight | neering) burg; will be 
| Works, | built after 
| | Niirnberg) No. 1 has been 
| | tried 
g\Petroleum | 1 1800 Carels |Reiherstieg Deutsch- 
tank vessel] Fréres, |Schiffs- | Amerikan- 
\(re-con- | Ghent | werfte, ische Petro- 
| structed) | Hamburg _ leum - Gesell- 
steamer | } | schaft, Ham- 
| Excelsior) | urg 
4,Cargo vessel) 2 800 Gebr. Sul--Howaldts-Ham burg- 
zer, Win-| werke, Kiel Siidamerikan- 
terthur | ische Dampf 
schiffahrts- 
| Gesellschaft, 
| Hamburg 
5\Cargo vessel 2 800 Professor Aktien - Ge-Hamburg- 
Junkers, sellschaft Amerika- 
Aachen “Weser,”, Linie, Ham- 
| Bremen burg 
6 Petrolenm-|2 1150 Fried. r ie d. Deutsch-Ame- 
| tank vessel, Krup p KruppA.G., rikanische 
| 777 tons) Germa- Germania-| Petroleum 
deadweight) niawerft, werft, Kiel Gesellschaft, 
} Kiel Hamburg 
7 Petroleum) 2 1150 Fried.f r i e d. Deutsch-Ame- 
tank vessel,| K rupp KruppA.G.,| rikanische 
| 7770 tons} Germa- Germania-| Petroleum 
deadweight) niawerft,| werfi, Kiel Gesellschaft, 
| | Kiel Hamburg 
8\Petroleum 2) 1750 Fried. §F r ie d./Deutsch-Ame- 
tank vessel, Krup p KruppA.G., rikanische 
15,000 tons Germa- Germania- Petroleum 
deadweight niawerft | werft, Kiel | Gesellschaft, 
| | Hambui 
9\Cargo ves: 1! 1500 OC arels|Joh. C. Tec-Deutsche 
sel, 2650) Fréres, klenborg | Dampft- 
tons dead- Ghent. | A. G., Gee-| schiffahrts- 
weight stemtinde Ges., Hansa, 
} Bremen 
10'Petroleum) 2) 650 |Professor|Frerichsand|/Deutsche 
tank vessel) $BH.P. | Junkers, Co. G.,| Petroleum 
4000 ~—s tons) | Aachen | Osterholz, Ges., Berlin 
| deadweight | | Scharm-| 
beck | 
11 Petroleum) 2) 1100 Professor) Frerichsand|/Petroleum 
| tank vessel,, | B.H.P. | Junkers,; Co., Oster; Steamship 
7200 =‘ tons! Aachen = holz, Sch-/ Company, 
deadweight armbeck Ltd., London 





NOTES FROM THE NORTH. 
Giascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was firm in tone, and 2500 tons of 
Cleveland warrants were done at 5ls. 9d. one month 
and 52s. 4d. three months. Closing quotations were 
5ls. 64d. cash, 51s. 94d. one month, and 52s. 4d. three 
months sellers. In the afternoon the market was quite 
idle, and sellers’ prices for Cleveland warrants were 4d. 
down from the morning. Sellers of hematite quoted 
65s. cash and 66s. 3d. one month. On Friday morn- 
ing an easier tone prevailed, and Cleveland war. 
rants were put through at 51s. 5d. seven days, 5ls. 6d. 
fourteen days, 51s. 84d. one month, and 52s. 2d. three 
months. he turnover was 4000 tons, and at the 
close prices were quoted at 51s. 44d. cash, 51s. 8d. one 
month, and 52s. 24d. three months sellers. In the after. 
noon Cleveland warrants fell away, and after being 
done at 51s. 1d. cash, and from 51s. 34d. to 51s. 4d. to 
51s. 2d. seventeen days, and from 5ls. 6d. to 5ls. 5d. 
one month, and at 52s. three months, the closing 
quotations were named as 51s. 14d. cash, 51s. 44d, 
one month, and 51s. 114d. three months sellers. @ 
turnover was 5500 tons. At the morning session 
dealing in copper was recorded at 66/. 18s. 9d. three 
months, with Sayers over at 66/. 17s. 6d. On Monday 
morning Cleveland warrants were firmer, and the business 
amounted to 5500 tons at 5ls. 24d. cash, 51s. 6d. one 
month, and 52s. three months. losing sellers quoted 
51s. 3d. cash, 51s. 64d. one month, and 52s. O4d. three 
months. Hematite, 1500 tons, changed hands at 65s. 104d. 
and 65s. 9d. one month, with sellers over at 65s. 74d. cash 
and 66s. 74d. three mgnths. The upward movement of 
Cleveland warrants was maintained in the afternoon, 
when 2000 tons were dealt in at 51s. 6d. cash and three 
days, and 51s. 9d. one month. At the close there were 
sellers at 51s. 64d. cash, 51s. 94d. one month, and 52s. 4d. 
three months. On Tuesday morning the market opened 
with a firm tone, and 5500 tons of Cleveland warrants 
were put through at 51s. 64d. cash, 51s. 74d. three 
days, and 51s. 104d. and 51s. 10d. one month. Sellers’ 
closing prices were 51s. 74d. cash, 51s. 11d. one month, 
and 52s 5d. three months. One lot of hematite was done 
at 66s. 9d. June 21, and copper was dealt in at 68/. 10s, 
three months. The afternoon session was quiet, and only 
one Cleveland warrant changed hands at 52s. 54d. three 
months, with closing sellers’ quotations 1d. up from the 
morning. When the market opened to-day (Wednes- 
day) the prices on offer for Cleveland warrants were very 
firm, and some 3000 tons were put through at from 51s. 10d. 
to 5ls. 114d. cash, and at 52s. 9d. three months. At 
the close sellers’ quotations were firm at 52s. cash, 
52s. 34d. one month, and 52s. 94d. three months. In 
the afternoon the advance of the morning was not 
maintained, anda large business was transacted in Cleve- 
land warrants at 51s. 94d., 51s. 10d., and 51s. 8d. five 
days, 51s. 114d. fourteen days, 52s. —a — 
52s. 1d. one month, and 52s. 6d. three months. The 
turnover was 8000 tons, and closing sellers quoted 51s. 84d. 
cash, 52s. one month, and 52s. 6$d. three months. 


Sulphate of Ammonia.—With a scarcity of supplies of 
sulphate of ammonia this week prices have advanced 
considerably, and as high as 15/. per ton has been paid. 
That figure is now given as the current price for prompt 
lots, Glasgow or Leith, but the forward quotation is 
easier, and in the neighbourhood of 14/. 12s. 6d. per ton. 
Last week there were 4803 tons shipped from Leith 
Harbour. 


Scotch Steel Trade.— As there has been no change in the 
position of affairs in the coal trade, the steel industry is also 
without change this week, and no one can prophesy as to 
when a resumption of work will take place. Business 1s, 
of course, at a standstill, but there are quite a number of 
respectable inquiries in the market for export lots. 
Owing to the unsettled state of the labour market here 
sellers are quite unable to consider these inquiries, far 
less to offer quotations. In light steel and structural 
sections generally small lots are being dealt in ex-stocks, 
but otherwise no business is passing. 


Malleable-Iron Trade.—Manufacturing in the malleable- 
iron trade of the West of Scotland is practically a dead 
letter at the present time, and conditions have undergone 
little change since last report. 


Scotch Pig-Iron Trade.—As there are still only 
three furnaces in blast in Scotland, there is conse- 
quently an extremely limited output of pig iron. The 
numb:r of furnaces in full blast at this time last 
year was eighty-seven. ‘There is a fairly healthy inquiry 
from foreign buyers, but the local demand is non- 
existent, and makers of the ordinary qualities state that 
the only business consists of a few small lots for export. 
No dealing of any kind has been reported in Scote 
hematite. The following are merchants’ current quota- 
tions for the undernoted brands of No. 1 iron :—Clyde 
and Langloan, 65s.; Calder and Gartsherrie, 65s. 6d.; 
Summerlee, 66s.; and Coltness, 82s. 6d. (all shipped at 
Glasgow); Glengarnock (at Ardrossan), 65s. 6d.; and 
Shotts (at Leith), 66s. 





CanapDIAN Rowitne-Stock.—The number of locomo- 
tives upon Canadian railways at the close of 1911 was 
4219, showing an increase of 140 as com with a 
corresponding number at the close of 1910. The number 
of mger-cars was 4513, showing an increase of 193, 
and the number of freight-cars was 127,158, showing an 
increase of 7445. The revenue of Canadian railways 1s 
steadily growing, the gross earnings having been 7430 dols. 
per mile in working last year, as compared with 7034 _. 
in 1910; 6018 dols. in 1909; 6397 dols. in 1908 ; an 
6536 dols. in 1907. 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Messrs. Cammell’s Year.—One of the fullest, and 
rhaps it should be added frankest, statements that 
been made in Sheffield for some time by the head of 
a large business concern, was that delivered to-day b 
Mr. W. L. Hichens, the chairman of Messrs. Cammell 
Laird and Co., at the annual meeting. In his explanation 
of the falling off of nearly 100,000/. in the year’s profits, 
he went into considerable detai), showing that. the root 
cause was the difficulty of obtaining skilled labour for the 
Birkenhead yard, and incidentally revealing the dangerous 
trend of the times so far as the relations of capital and 
labour are concerned. It is a matter for the greatest regret 
that Messrs. Cammell should receive this set-back just 
when things were looking so prosperous ; but it indicates 
the difficulties which even the largest organisations have 
to confront at the bp my day. It should be said the 
shareholders showed their unbounded confidence in the 
directorate by raising not a single question, although 
undoubtedly disappointment was keen that the arrears of 

preference dividend had not been more largely reduced. 


South Yorkshire Coal Trade.—With the progress of the 
strike, it becomes increasingly difficult to describe the 
exact position of the coal market. Some rather curious 
developments have taken place during the last few weeks. 
The most remarkable of all is perhaps the latest action of 
some of the railway companies. About a week ago they 
informed merchants they could not deliver unless they had 
a train-load, and now some of the merchants have been 

uested to supply them with fuel in order to work the 
trains bringing down “—— from the pits to the dépéts, 
and this coal must be sold at the contract price of about 
10s. a ton, whilst merchants are paying anything from 30s. 
to over 2/. a ton at pits for their requirements. It is 
believed that practically the only colliery offering coal in 
Sheffield at the present moment is the Denaby and 
Cadeby Main Company, and a recent quotation of theirs 
was 52s. 6d. a ton at the pit. It is stated they have been 
drawing upon a considerable reserve which was stacked 
behind the colliery. There is very little coal now to be 
obtained in the city, and the price has become so prohibi- 
tive that in any case there would be few buyers. Manu- 
facturers have shut down rather than pay the figures asked. 
What coal is sold is of very poor quality, and the average 
dépét-price is about 40s. a ton, this alike for house and 
steam coal, although the merchants have practically 
ceased to recognise any distinction. Slack has been sold 
at 30s. a ton delivered. Coke has steadily gone up, the 
rise last week being 8s., and there has tune a further 
advance. Over a guinea a ton is now being asked. Coal 
in bags is fetching nearly 3s. a cwt. 

Iron and Steel.—The iron and steel trades are practi- 
cally at a standstill, in the former case absolutely so. 
One or two furnaces in the Derbyshire and Lincolnshire 
districts were still working at the week-end, but no pig 
iron was being sold. Most users have some stocks, 
but general manufacturing operations in the city are 
so restricted that the supply of raw material has 
ceased to become a highly serious factor. The stop- 
page of coal supplies had crippled the works before 
the shortage of iron could a time to be felt. 
A large number of additional works closed down 
last week-end, and some thousands were added to the 
ranks of the unemployed. The Yorkshire Engine Com- 
pany was one of these works, and 500 men were thrown 
out there alone. Some of their restrictions on the carriage 
of merchandise have been withdrawn by the Midland 
Railway Company, and this has eased the situation some- 
what as regards getting goods away. There is a good 
outlook for Sheffield’s ve and Colonial trade, assum- 
ing, of course, that normal working conditions are soon 
restored. Already some of these orders have been lost on 
et of the handicap placed on local firms by the 

rike. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppDLEsBRouGH, Wednesday. 
The Cleveland Iron Trade.—Business in pig-iron is on 
& very limited scale. With works closed few people want 
any iron, and at the same time there is scarcely any iron 
—With the exception of warrant iron—available for sale 
for or delivery. Of the seventy-nine blast-furnaces 
in Midd esbrough, only five are blowing. The attend- 
ances on ’Change here this week have m very thin. 
Many regular attenders have been absent, realising that 
it was really a waste of time to put in an appearance. At 
the same time, whilst business in pig-iron hes boon confined 
to transactions in small odd lots for immediate delivery, the 
ae has shown steady improvement in tone, and values 
of Cleveland iron have this week touched higher prices 
than for the ‘past two years. As much as 52s. 3d. 
been realised for prompt f.0.b. delivery of No. 3 
. “ \ _—— pig _—, and we general market quota- 
78 e@ other qualities of Cleve i 
are strong, but in the absence “of busi on 


- 1 i 
nominal. usIness quotations are 


No. 1 is 56s. ; No. 4 foundry and No. 4 for 
= 51s. 6d.; and mottled and white an each 51s. Vor 
Ittle East Coast hematite pig iron is bei produced, and 
hoe is Scarcely any on offer. Values w an upward 
abl eney. Odd lots of mixed numbers are still obtain- 
ay My 66s. for immediate delivery, but for next month 
+d. is the Price, and for May delivery a little business 
_ —_ one at 67s. There is nothing doing in foreign 
med 5 say continue heavy, but consumers have now 
take force ys orks, and some of them are refusing to 
© further deliveries for the mt. Market rates are 
sed on 21s, 6d. ex-ship Tees for best Rubio. 


Stocks and Shipments of Pig Iron.—Not a ton of Cleve- 





land iron is being made, with the result that the public 


warrantstores are being rather heavily drawn upon to meet 
current requirements, mostly for shipment. To date this 
month the withdrawals reach 48,410 tons, and the stock 
of Cleveland pig in the public warrant stores to-night 
stands at 465,879 tons. Shipments of pig iron from the 
Tees to date this month average 4767 tons per working 
day, the total despatches reaching 109,651 tons. To the 
same date last month the total loadings of pig were 
returned at 77,287 tons, or a daily aver of 3360 tons, 
and for the corre’ponding part of March last year the 
clearances amounted to 77, tons, or an average of 3376 
tons per working day. 

Manufactured Iron and Steel.—Nothing new can be 
repor concerning the manufactured iron and _ steel 
industries. No effort is being made to secure new con- 
tracts. Nearly all de ments of the huge iron and steel 
works on the North-East Coast are closed down for want 
of fuel, and, whatever happens, some branches will not be 
re-opened until after Easter. Some of the large ship- 
yards have managed to keep going. but, unless further 
coal supplies come to hand at once, more than one yard 
will be unable to continue open next week. Quotations 
for all descriptions of finished iron and steel are nominally 
maintained. Common iron bars are 7/.; best bars, 7/. 7s. 6d. ; 
best best bars, 7/. 15s. ; king iron, 5. 15s. ; iron ship- 
plates, 6/. 12s. 6d. to 61. 15s. ; iron ship-angles, 7/.; steel bars, 
61. 10s.; steel ship-plates, 7/. 5s.; steel boiler-plates, 
7l. 15s.; steel strip, 62. 12s. 6d.; steel hoops, 6/. 15s. ; and 
steel joists, 6/. 12s. 6d. to 61. 15s.—allless the customary 24 
per cent. discount. Cast-iron columns are 6/, 10s.; cast- 
iron railway chairs, 3/. 12s. 6d. ; light iron rails, 6/. 10s.; 
heavy a rails, 5/. 15s.; and steel railway sleepers, 
6l. 10s.—all net at works. Iron and steel galvanised 
corrugated sheets, 24 gauge, in bundles, stand at 110. 10s. 
f.o.b.—less the usual 4 per cent. 


Coal and Coke.—Odd lots of coal are changing hands at 
very high prices. For prompt f.o.b. delivery 39s. has 
been paid for bunker-coal, and up to 45s. is asked. A 
-—~ of German coal is said to have been sold for delivery 
at Middlesbrough. There is nothing doing in coke, and 
quotations are unobtainable. 








Vickers, Liwirep. — The net profits of Vickers, 
Limited, for the past five years were as follow :—1907, 
768,525/.; 1908, 416,848/.; 1909, 288,044/.; 1910, 510,6687. ; 
and 1911, 641,685/. The dividend upon the ordinary 
shares for last year was maintained at 10 per cent. per 
annum, as compared with a similar rate for 1910, 1909, 
and 1908 ; for 1907 the shareholders received 15 per cent. 
The board has applied 100,000/. to writing off good-will 
and patents, the item being now altogether eliminated 
from the balance-sheet. It should be observed that the 
net profit set against the various years was arrived at 
after provision had been made for debenture interest and 
depreciation. 





JuNIOR INSTITUTION OF ENGINEERS.— At a recent 
meeting of the Junior Institution of Engineers a paper 
was read on the subject of ‘‘ Railless Electric Traction” by 
Mr. Bertram D. Fox, B.A., Assoc. M. Inst. C.E. Mr. Fox 
pointed out that mechanically operated vehicles must be 
classified broadly as (1) those which run on rails, and 
(2) those which made use of the ordinary road surface ; elec- 
trical power being used almost exclusively for the former, 
while some motive power other than electricity was used 
for the propulsion of the latter. Greater suitability and 
economy were given as the reasons for electric power 
having superseded all other forms of motive power on 
tram-cars, but difficulties had been experienced in its 
application to road vehicles, owing to the unsuitability of 
the overhead lines or current collectors used. These 
difficulties, however, were overcome by adhering to the 
tramway type of overhead line and adapting the usual 
tramway trolley, and the considerations that have made 
electric power supersede all others in tramways will now 
hold good for road-vehicles. The author commented 
upon the inadequacy of existing tramways to serve other 
than their urban areas; suburban arees must therefore 
be served by road-vehicles. As the traffic problem of 
urban areas was only solved by electrification of tram- 
ways, so the traffic problem of suburban areas will also 
only be solved by electrification of road-vehicles. The 
results of the first installations in this country, made 
simultaneously at Leeds and Bradford, where the 
vehicles have been in continuous service since June of 
last year, were given. A paper on “Crude-Oil Engines 
of the Semi-Diesel Type” was read by Mr. A. H. 
Weston at the meeting on the 15thinst. The author 
pointed out that ‘‘ crude oil” was intended to cover 
all classes of heavy fuel oils. In some cases the oil 
would contain lighter constituents, which were of ad- 
vantage, in that ignition could be attained at lower tem- 
peratures, thus assisting in the combustion of the heavier 
constituents. Comparing engines of the ‘‘ Semi-Diesel” 
class with those having vaporisers the author stated that 
the relative oil consumption was 0.5 lb. and 0.7 lb. to 0.8 lb. 
per brake-horse-power hour ; this saving of fuel in favour of 
the former type being due to the more complete combus- 
tion obtained and the absence of loss due to oil m- 
ing carbonised in the vaporiser. As compared with 
Diesel engines the fuel consumption was slightly more, 
but in first cost a considerable saving was shown. is 
latter was due in great part to the lower pressures used 
and the an of construction. A typical engine 
was described in detail, and the author pointed out that 
in this case the piston displacement per brake horse- 
power was rather more than double that allowed in the 
case of the Diesel engine. At the meeting to be held on 
Wednesday, April 17, Mr. E. Kilburn Scott, M.LE.E., 





will read » paper on *‘ Dynamo Design.” 





NOTES FROM THE SOUTH-WEST. 
seg a ete has lately been in an irregular con- 
dition, and there has been practically scarcely any business 
passing in steam coal. Almost all that can be said is 
that a few odd parcels of large and small coal and some 
patent fuel have been offering. Holders have shown no 
disposition to make concessions. Colliery owners have 
been declining to give quotations for the future, as they 
consider it probable that outputs for a time will fall 
short of contract uirements. The best Admiralty 
large steam-coal has nm nominally priced at 45s. to 
47s. 6d. per ton, whileordinary and secondary qualities have 
been making 40s. to 45s. per ton. These prices are sub- 
ject, however, to the chance of rapid and sudden change 
upon an adjustment of this year’s great strike. As regards 
iron ore, Rubio has been making 20s. to 21s. per ton 
upon a basis of 50 per cent. of iron, and charges, includ- 

ing freight, insurance, &c., to Cardiff or Newport. 


Patent Fuel on the Great Western Railway.—An interest - 
ing experiment has been made by the Great Western 
Railway Company with patent fuel. As a result of the 
experiment, it has been found that a train can be run 
from Cardiff to Paddington with patent fuel at about the 
same cost as with the best steam coal. 


Dowlais.—Operations at the Dowlais Works have not 
been altogether continuous, but at the Big Mill a large 
quantity of fish-plates, angle and gutter steel have been 
despatched, The Goat Mill has also been occupied with 
an order for steel rails. The fitters, locomotive men, &c., 
have been on short time. 


Works at Portsmouth.—Provision has been made in the 
Navy Kstimates for high explosive magazines at Beden- 
ham, at the further end of Portsmouth Harbour. The 
amount allocated at present for the new magazines is 
44,000/., but they will cost, when completed, 97,000/. An 
extension of oil storage in Forton Creek is also contem- 
plated, and an allocation of 10,300/. has been made. A 
railway is to be laid down between the 240-ton cranes, 
which form part of the new lock scheme, and the engi- 
neering factory at the other end of the dockyard; the 
lines will cost 8800/. New gates are to be constructed for 
No. 2 dock at a cost of 57000. 


Devonport.— New construction operations at Devonport 
are to cost, in the financial year 1912-13, 1,880,134/. ; the 
corresponding outlay in 1911-12 has been 1,699,809/., so 
that there will be no slackening in 1912-13, but, on the 
contrary, an increased outlay of 180,325/. The outlay for 
1912-13 is swollen by a proposed expenditure of 670,7172. 
upon the Centurion, and 999,818/. upon the Marl dorough. 





Gas-Furnack Work.—On Wednesday, the 13th inst., 
Mr. E. P. Taudevin, of the Richmond Gas-Stove and 
Meter Company, Limited, 132, Queen Victoria-street, 
£.C., delivered a lecture before the Glasgow and West 
of Scotland Technical Institute on the above sub- 
ject. He divided the gas-furnaces into three distinct 
types:—(a) The natural-draught furnaces —‘.¢.. those 
fired with gas supplied at the normal main pressure ; ()) 
those with air-blast—i.e., using town fr at normal pres- 
sure, mixed with air-blast at from 14 lb. to 2 1b. pressure ; 
and (c) those using high-pressure gas. In regard to 
types (b) and (c), he stated that engineers and works 
managers would be well advised were they to discourage 
the use of hi ey oy or gasand air under pressure, 
where beats helper 1000 deg. Cent. were required, such as 
for case-hardening, reheating, hardening, annealing, &c. 
Natural-draught furnaces for hardening, annealing, and 
other heat treatments were, he added, preferred if they 
could be shown to be efficient; they did away with the 
question of a power-driven blower, with its attendant 
cost and noise. The Richmond furnaces, which are of the 
latter type, were described in detail in the paper, and 
reference was also made to a number of installations 
containing them, and put down for a variety of purposes, 





WIrreELEss TeELEGRAPHY.—The Marconi Wireless Tele- 

aph Company of America on the 25th inst. succeeded 
in their action against the United Wireless Telegraph 
Company and Clyde Steamship Company. In this action, 
ui wae brought for infringement of the Marconi Com- 

ny’s American patent, corresponding to their well- 
sown English patent, No. 7777, of 1900 (the master 
patent covering the principle of syntonisation and selec- 
tivity), and which was already part heard, both the 
defendants acknowled, the validity and scope of the 
patent, admitted their infringement, and submitted to 
udgment and a permanent injunction in favour of the 
Sccans Company, The 500 ship installations and the 
70 land stations which had been erected and worked by 
the United Wireless Telegraph Company pass into the 
hands of the Marconi Company. The —s company, 
Marconi’s Wireless Telegraph Company, Limited, have an 
action pending in this country against the United Wirelees 
Telegraph Company for infringement of Letters Patent 
Nos. 12,326, of 1898, and 7777, of 1900, by the installation of 
the United Wireless system on various British boats, and 
the defendants are about to consent to judgment in this 
action also. As a result, the installations on the ships 
carrying the British flag, and fitted with the United 
Wireless system, will pass into the possession of the 
Marconi Company. The effect of this decision is to con- 
firm the judgment of Mr. Justice Parker, given last year 
in the action brought by Marconi’s Wireless Telegraph 
Company, Limited, against the British Radio-Telegraph 
and Telephone Company, Limited, upholding patent 
No. 7777, of 1900, and also to give the same valve and 
importance to the corresponding American Marconi 
patent. 
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GOVERNMENT AND THE MINERS. 


Tue Minimum Wage Bill will probably have 
been passed by the time this article appears ; but 
it remains to be seen whether it will fulfil the special 
object for which it was passed, and result in the 
immediate return to work of the miners. Were the 
situation normal, and were the parties to the dispute 
in a reasonable frame of mind, there would be fair 
certainty that hope would attain fruition. Normal 
conditions, however, do not prevail, and the course 
of negotiations has demonstrated once again that the 
men’s leaders, having promised more than they can 
achieve, now risk their popularity by advising accept- 
ance of the settlement recommended by the Govern- 
ment, as it falls short of the impossible conditions 
demanded for the men. The position of the leaders 
is, nevertheless, unreasonable, because much has 
been conceded. As Mr. Asquith said in the House 
on Tuesday : ‘‘ The Government have gone beyond 
precedent—some people would say beyond prin- 
ciple—in asking Parliament, even in a temporary 
measure, to accept it (the principle of the minimum 
wage).” This is the view we took last week. The 
Government themselves admit that the engrossing 
of their terms of settlement of the dispute in a Bill 
was only adopted as a last resort: firstly, because 
employers would not accept the principle of the 
minimum wage except under Parliamentary pres- 
sure; and, secondly, because the men would not 
return to work unless machinery were evolved for 
the settlement of the minimum wage. The Opposi- 
tion reluctantly acquiesced in the passing of the 
Bill ‘‘ as an executive act in legislative form by the 
Government,” while protesting to the end against 
the omission of such guarantees and penalties to 
ensure the fulfilment of the arrangements provided 
in the Bill as were referred to in our article last week. 

We still adhere to the view that a precedent 
has been established dangerous alike for the work- 
men and employers. It would have been much more 


26 | satisfactory to have arrived at a settlement mutually 


and without resort to legislation; or, as Mr. Asquith 


30 | put it, without setting up in a Bill ‘‘a cast-iron 


rule in the language of an Act of Parliament.” 
Even at the last moment he tried to bring about 
such au amicable agreement by means which were 
thoroighly consistent with his whole procedure 
throughout the crisis, during which, to quote Mr. 
Bonar Law, ‘‘no one could have done his best, 
from the point of view of what he thought best, 
with more earnestness and more sincere desire for 


438|the good of the country as a whole, than the 


Prime Minister.” He, however, was face to 
face, firstly, with one of the inherent disadvan- 
tages of our Parliamentary system, and, secondly, 





with the latter-day advocacy of the seductive 
doctrine of Syndicalism. With the latter phase 
of the subject we dealt last week. As to the former, 
there has been full evidence once more, especially 
during the past seven or eight days, of the difficulty 
which politicians, irrespective of party, find in 
settling disputes. We admit that in the present 
juncture the Government and the Opposition have 
acted in the interests of the nation, rather than of 
party. But those seeking concessions have, par- 
ticularly in the later phases, shown a full conscious- 
ness of the power they ss as voting units. 
For instance, there has m published a list of 
Members of the Government and of noted Parlia- 
mentarians whose membership is contingent on 
the good-will of mining electors. With such an 
enforced belief in their electoral power, the men 
naturally are ina less conciliatory mood—are less 
disposed to listen to the interests of the nation 
in the present dispute. 

With such probabilities in view, and when all 
effort at mutual agreement between the mine- 
owners and men’s leaders failed, the function of 
the Government was not so much themselves to 
attempt a settlement, but to employ the judicial 
courts—preferably the High Court—for settling 
the issue. This is only a natural development of 
the function of the Judicature. Parliament is 
organised for the government of the country, for 
the administration of the affairs of the nation, with 
legislative powers. It is no part of their work to 
settle disputes as to the interpretation of contracts 
between employer and employed, as to the inter- 
pretation of contracts between two commercial 
firms, or as to the amount of remuneration or 
pane eon that may be due by one party to 
another under a given set of conditions. The 
question of the rate of wage to be paid in 
any given industry is essentially an item in 
the terms of contract of employment calling 
for judicial rather than legislative or administra- 
tive treatment. The fact that the judges could not 
be subjected to the pressure to which we have 
referred is so obvious and so indisputable that it 
need not be enlarged upon here. e admit that 
the Government in this case have not been influ- 
enced by party motives, especially in the later 
stages, when the pressure due to the electoral 
power was greatest; but there is the justifiable 
assumption that the men were influenced to exert 
pressure because of the knowledge that they pos- 
sessed such power. Without this knowledge it 
is doubtful if they would have insisted on the 
inclusion of the schedule of minimum rates to be 
paid in the respective districts for coal-hewers on 
piece rates, and, later, after having to relinquish 
this scheme, on a minimum wage of 5s. for time- 
working men and of 2s. for time-working boys. 
It was on this latter point that negotiations ulti- 
mately terminated. 

The question that now arises is as to the next 
move. The Prime Minister believes that, on its 
becoming part of the law of the land that the 
underground miners shall be guaranteed a reason- 
able minimum wage, and that a perfectly fair and 
impartial machinery has been set up to guarantee 
to them the ascertaining and determining of that 
wage, those responsible for the continuation of the 
stoppage of work ‘‘ with the intinitely mischievous 
and damaging results which in ever-increasing 
volume are entailed on all classes of innocent people 
in the country,” will have ‘‘a responsibility which 
they will find it difficult to discharge.” He further 
asked the Labour members whether, believing 
their case to be as strong as they thought it was, 
and, ‘‘as I have said perfectly frankly, I think it 
is ”—they could doubt that the Boards set up under 
the Bill will give effect to what is obviously fair. 
The Federation have decided to take a vote of the 
men on the question : ‘‘Are you in favour of resum- 
ing work pending a settlement of the minimum 
rates of wages in the various grades of the District 
Boards to be oe under the Mines (Minimum 
Wage) Act.” It remains to be seen whether they 
will commend to the favour of the men the accept- 
ance of the Act in every method available. Therein 
lies their responsibility. 

They have no right to demand that the isla- 
ture shall ignore all precedent and all principle by 
including in an Act of Parliament the rate of wage 
to be paid. Nor is such a proceeding expedient ; it 
lacks that flexibility which, in the interests of the 
men themselves, is essential to all contracts of ser- 
vice. They are entitled toa fair wage; but in the event 
of the prevailing conditions at any one mine render- 
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ing the closing down of that mine the only alternative |Mr. Bonar Law’s speech. So far the strike has 
to the payment of the minimum wage, the worker, | been remarkable for the completenesss with which 
obviously, would be at a great disadvantage. We the law has been respected, and for the almost 
do not intend to enter into the question of whether entire absence of breaches of the peace. There is 
in all cases the minimum now asked by the men now the danger, however, that as some men return 
in their proposed schedules can be paid under all to work, their fellows, still anxious to secure their 
possible economic or market conditions ; that is a| whole desires, may raise trouble. It is a duty of 
matter which will be best settled by the Joint|the Government to make perfectly clear their 
District Boards, as they can obtain full information | determination to protect those who desire to exer- 
regarding financial relations. But it is obvious cise their ‘‘right to work,” and to dispose the 
that the economic conditions must be subject to| means of protection, firmly yet quietly, so that 
revision from time to time, and the new law pro- | there should be full realisation on the part of the 
vides for such revision by the Boards. The Prime | workers and strikers that protective measures will 


Minister was therefore right, in the interests of the 
men as well as of the nation, in excluding from 
the Bill all figures. We hope therefore that the 
Federation will see it right in the interests of all 
to commend the Government’s solution of the diffi- 
culty and honestly to ascertain the views of the 
miners regarding their desire to return to work 
under the new conditions. 

We are inclined to the view that it would have 
been well if a poll of all miners had been taken 
earlier by the Government, under arrangements 
analogous to those of a general election. When 
the Prime Minister found that it was not possible 
to arrive at a mutual settlement at the joint 
conference, good would have accrued if he had 
placed before the mine-owners and miners them- 
selves the terms of compromise which he had 
evolved as a result of his frequent conferences with 
the respective representatives, separately and 
jointly, stating briefly the reasons which had 
influenced him in arriving at each conclusion in his 
decision. This statement should have been im- 
mediately followed by separate polls of mine- 
owners and miners, conducted at each mine by an 
impartial returning officer, with, if desired, a 
representative of the trade union and of the mine- 
owners, to ensure that all was straightforward. Such 
a poll would, of course, have been secret—an essen- 
tial condition of all such voting. 

The nation would then have been told clearly 
whether the majority of the owners and men were 
willing to accept the conditions when freed from 
the possibility of being ridiculed when a man, 
whether owner or worker, has the courage to differ 
from his fellows—to break away from the demands 
made by the federations, unions, or leaders. There 
is no doubt whatever that such ridicule—a stronger 
word might be used—has a great effect on the 
honest expression of opinion by many individuals, 
notably workers, especially in recent years, when 
the militant spirit is so dominant and when the 
seductive tenets of Syndicalism carry so many away 
from the atmosphere of calm reason. 

It is of primary importance that the miners’ vote 
now should be a secret one. Militant trade unionists 
are always disappointed when their leaders cannot 
obtain all that they have promised to secure, and 
the more peaceful of the men should have freedom 
to exercise the privileges of the secret ballot. Mr. 
Ramsay Macdonald, the leader of the Labour Party 
in the House, seemed, on Tuesday, to have little 





hope of the acceptance by the men of the situation 
laid down in the Minimum Wage Bill; firstly, 
because they had doubt as to the absolute impar- 
tiality of the Joint Local Boards ; secondly, because | 
they had suffered privation to win their case ; and, | 
thirdly, because they had (even in this same speech) 
the view repeatedly expressed to them that the | 
owners had not ‘‘budged one inch” from the | 
ition taken up before legislation was introduced. 
He forgot the fact that much had been con- 
ceded before legislation was introduced, and that | 
the Bill introduced a principle against which 
they had valiantly fought for years—a generally | 
applied minimum wage. There is no doubt, how- | 
ever, that notwithstanding all this, many men are | 
now anxious to return to work, and they must be 
encouraged so to do, or at least permitted to vote | 
according to their free will. Mr. Bonar Law did | 


be adequately and promptly enforced. 





NATURAL SOURCES OF ENERGY. 

In view of the attempt we have just witnessed to 
organise a labour trust in the coal trade, and create 
a corner in the supply of a commodity indispensable 
to the maintenance of our manifold industries, the 
British Science Guild have thought the time oppor- 
tune to publish a report on natural sources of 
energy, which they have had in preparation for some 
time. Unfortunately, the report is by no means com- 
plete, since the sections dealing with wave-power, 
wind-power, and power derived from the sun, and 
from certain other sources, are not ready, yet, as 
it stands, the various papers contain much interest- 
ing matter. 

The quantity of energy which, using the word in 
its strictly scientific sense, is ‘‘ available” for the 
production of motive power is, of course, practically 
unlimited. Each atom appears to have locked up 
in it stores of energy vast out of all proportion 
to those now exploited. But though highly “ avail- 
able” in the scientific sense, these stores are for 
the present absolutely inaccessible, and it seems 
extremely doubtful whether a key capable of 
unlocking them will ever be forged by mankind. 
So far as this source of energy is concerned, we 
are therefore thrown back on to the recognised 
radioactive elements, of which the best known 
are radium, thorium, and uranium. In the report 
dealing with this section of the subject Sir Wil- 
liam Ramsay estimates the energy liberated in the 
break-up of one ton of radium as 460,000 times 
as great as is developed in burning a ton of coal. 
Even were it commercially practicable to utilise 
the energy of radium for power production, how- 
ever, we should be little further forward, since Sir 
William Ramsay is of the opinion that the total 
amount now existing in the uranium ores of the 
entire globe dves not exceed 5 cwt., which could 
at most replace some 125,000 tons of coal; and 
the unfortunate fact remains that this liberation of 
energy would have to be spread over a period of 
some 350 years, since there seems no prospect 
of any method being found by which the disin- 
tegration of the radium atom may be hastened. If 
such methods were found, moreover, they would 
probably be exceedingly dangerous to the experi- 
menter. The late Professor Curie once remarked 
that he would not care to venture into a room 
containing a pound of radium, and the application 
of the extraordinarily intense forces which would 
certainly be required to hasten atomic disintegra- 
tion could hardly fail to be extremely perilous if 
applied on a scale possessing any industrial import- 
ance whatever. 

Another copious supply of energy is to be found 
in the internal heat of the earth. When President 
of the Engineering Section of the British Associa- 
tion in 1904, Sir Charles A. Parsons discussed the 
feasibility of constructing a bore-hole 12 miles 
deep, and came to the conclusion that it would be 
practicable. At that depth the normal temperature 
of the rocks would, he estimated, be 272 deg. Fahr., 
and it might, perhaps, be possible to utilise this 
increase of temperature for the production of 
motive power; but at best the amount would hardly 
be commensurate with the cost of the undertaking, 


not go beyond the bounds of reason when he urged | which, allowing for the payment of interest during 
the Government to announce publicly and widely construction, would amount to many millions 
that they had shown that, by the new law of the | sterling. The general question of developing power 
land, the men could achieve all that they had | from the internal heat of the earth is discussed in the 
fought for, and, further, to utilise the whole re- | report under review by Professor Strutt, who comes 
sources of the country to protect from molesta-|to the conclusion that, though this might be 
tion any man in any part of the country who ible in favourable local conditions, it could only 
desires to obey the law. The Prime Minister | be effected on a relatively small scale, and that 


utilised an opportunity which presented itself on ‘there is no reason for believing that the ultimate 
Thursday of addressing the miners through their | exhaustion of our coal supplies could be made good 
Parliamentary representatives on the lines suggested | by energy thus derived, vast as is its total amount. 

The possibilities of oil as an alternative to coal 
are considered by Professor Boverton Redwood, 


in the first clause. The Government are now taking 
definite action on the lines of the second clause of 








who estimates that the total present production 
of crude oil would only suffice to provide about 
one-sixth of the power now developed by coal, and 
it has further to be remarked that the problem of 
applying the internal-combustion engine to really 
large developments of power is still unsolved. As 
announced elsewhere in this issue, Messrs. C. A. 
Parsons and Co. have just commenced to construct 
a steam-turbine to develop 25,000 kw., and there 
is no reason to believe that the limit of size has 
yet been attained. As matters stand, the construc- 
tion of an irternal-combustion engine on any 
equivalent scale is commercially quite impracticable. 

In England about one-fifth of the total coal 
supply is now used for domestic purposes, accord- 
ing to an estimate made by Dr. Beilby. This coal 
is probably used with less economy than in any 
other application of the fuel, and contributes a very 
large proportion of the total contamination of the 
atmosphere by smoke. Of the remainder, about 
70 per cent. is utilised in power production, and 
here, no doubt, notable economies would be pos- 
sible did the gas-engine provide as convenient a 
method of yo power as is afforded by steam. 
Mr. Dugald Clerk gives 30 per cent. of the heat of 
the fuel turned into useful work on the shaft as 
about the best result now attained with the internal- 
combustion engine. Since in general the gas has to 
be obtained from a producer, the efficiency, as 
referred to a coal basis, is considerably lower, so 
that the consumption of coal per shaft horse-power 
is not very much, if any, less than has recently been 
realised with steam-turbines. Sir C. A. Parsons 
states that with a steam-turbine of 10,000 kw. 
capacity a consumption of very little over 1 lb. of 
coal per shaft horse-power has been realised. We 
may add that experiments yet unpublished have 
shown that a result equal to this can be obtained 
with reaction turbines of only 1000 kw. capacity, 
a consumption of 8.1 lb. of steam per brake horse- 
power hour having been recently recorded in inde- 
pendent tests carried out by engineers of undoubted 
competence. In the matter of fuel economy, there- 
fore, this turbine must run the engine using pro- 
ducer-gas pretty closely. Probably both motors are 
susceptible of further improvements ; and, in fact, 
in the report under discussion, Mr. Dugald Clerk 
states that in large gas-engines it is possible that an 
efficiency of 40 per cent. on the brake may yet be 
realised. Of course, where the gas is a by-product 
from a coke-oven or blast-furnace, the gas-engine 
has a considerable advantage in the matter of fuel 
economy even over steam-turbines of the largest 
size, and for small plants it maintains this advantage 
even when required to operate with producer gas. 
A 60-horse-power gas-engine is as economical as 
one of 1000 horse-power, but this is very far from 
being the case with steam. 

The question of water-power development in the 
British Isles is dealt with in the report by Mr. 
W. F. Reid, who states that there are very con- 
siderable areas having an average rainfall of 60 in. 
per annum, and situated at a level of over 1000 ft. 
above the sea. Could the whole of this rain be 
caught, and the full fall utilised, the energy deve- 
loped per acre would only suffice to maintain 10 
horse-power for about 700 hours. So that an 
enormous gathering ground is needed to develop 
any very great amount of power. 

It is interesting to compare this limited power 
derivable per acre with that which, theoretically at 
least, could be obtained from the sunlight falling 
on an equal area. An estimate given by Sir J. J. 
Thomson, in his lectures at the Royal Institution 
last year, is that, shining from a clear sky, the sun 
sends to the earth energy at the rate of 7000 horse- 
ete r acre. It has, moreover, to be remem- 

ered that as the temperature of the sun is some 
6000 deg. Cent., this energy must arrive in what, in 
the scientific sense of the term, isa highly available 
condition ; that is to say, that, theoretically, it ought 
to be almost wholly convertible into mechanical 
work. Such attempts as have hitherto been made 
to derive power from this source have, however, 
involved the destruction of this availability, since 
the energy in question is converted into low-tem- 
perature heat, of which only a small fraction is re- 
coverable as mechanical work. Should our physicists 
succeed in devising some direct method of convert- 
ing this energy into work, steady depletion of our 
coal reserves may be viewed with unconcern, 
since even in temperate climates the supply of 
energy will be ample to maintain civilisation at 
the level to which the labours of the engineer 
have raised it. 
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In opening his penultimate lecture on the above 
subject, at the Royal Institution, on Saturday after- 
noon last, Sir J. J. Thomson said that on the last 
occasion he had referred briefly to the effect which 
surface tension might have in promoting or retard- 
ing chemical reactions. In colloidal solutions the 
surface presented was enormous, and the energy 
attributable to the surface tension must, accordingly, 
be very large. If the surface tension would be 
altered by the progress of a chemical reaction, then 
the energy attributable to this source would be 
altered too; and where the surfaces exposed were 
large, this fact might have a predominant influence 
in determining where the reaction in question 
would or would not go on. In short, if the effect 
of the reaction was to increase the surface tension, 
then the reaction would be stopped; whilst if the 
surface tension were diminished as the result of the 
reaction, the change would be promoted. When the 
surfaces exposed were large, we therefore, he said, 
might have chemical reactions proceeding which 
would otherwise not occur, and vice versd. 

An instance of this effect of surface tension was 
afforded by the so-called dead space of Liebreich, 
who had found that in certain cases the meniscus 
of a liquid in a capillary tube did not take part in 
reactions which went on in the body of the fluid. 
Thus, if a little chloral hydrate were placed in a 
capillary tube and potash added, chloroform was 
liberated everywhere save in the meniscus, which 
remained quite clear, although the rest of the liquid 
became milky. This thin layer in which the reac- 
tion ceased formed the so-called dead space. A 
possible explanation of the existence of this dead 
space was that the deposition of chloroform would 
increase the surface tension of the liquid, and hence 
the reaction was stopped. 

Another instance of important effects due to 
surface tension had, he proceeded, considerable 
industrial importance, and this was the effect of 
fine pores in filtering out salts and the like. If, for 
instance, the surface tension of a solution were 
greater the greater the concentration, then the 
energy of the surface would be diminished if the 
dissolved salt left it for the interior, and this 
was just what would happen in the case stated. 
If, on the other hand, the surface tension became 
less the stronger the solution, the dissolved salt 
would tend to concentrate in the surface of the 
fluid. If such a fluid flowed through a long fine 
tube, the concentration tended, accordingly, 
to increase in the film next the wall of the tube, 
and as this moved more slowly than the rest of 
the fluid, the dissolved salt was more and more left 
behind and the liquid could thus be deprived of the 
solute. This fact could be utilised to purify solu- 
tions by allowing them to flow through a layer of 
fine powder, the pores in which were equivalent to 
capillary tubes. Thus, if a solution of picric acid 
were allowed to flow through a bed of fine charcoal, 
the acid remained behind, a weaker and weaker 
solution flowing on, so that quite clear water was 
finally delivered, the acid being filtered out by 
merely passing its solution through the bed. 
Another example of this action was afforded by 
filtering a solution of permanganate of potash 
through a layer of finely divided silica. In this 
case, if the layer were thick enough, the perman- 
ganate was retained and quite clear water delivered 
at the other end. Similarly, if a strip of blotting- 
paper were dipped in permanganate solution, the 
red colour did not extend up as far as the moisture 
did. In this way different substances could be 
separated from each other by a kind of capillary 
analysis. The method found its industrial applica- 
tion in water filtration, where the impurities were 
a out and left behind in the pores of the 
sand. 

He would now, the speaker said, go on to discuss 
certain phenomena which had attracted great atten- 
tion from the analogy they established between 
some facts in inorganic chemistry and some in the 
organic world. These had an especial interest to the 
physiologist. He referred to the ferment action of 
certain colloidal solutions. By sparking platinum 
im water a colloidal dust was obtained, which, on 
investigation, proved to have such remarkable 
properties that it had been named the inorganic 
erment. It acted like ferments in starting re- 
actions, which would not otherwise occur. us 
its presence led to a continuous break-up of hydrogen 
peroxide, but the platinum itself underwent no 
change. It further resembled organic ferments in 


that it could be ‘‘ poisoned,” the addition of a little 
prussic acid practically ‘‘ killing ” it, and after such 
a dose it lost all the properties which had entitled 
it to the name of ‘‘ ferment.” Other poisons acted 
in the same way, as also did sulphuretted hydrogen, 
which, if not exactly a strong poison, was at any 
rate not a perfume. 

Actions of the kind here in question had been 
called ‘‘catalytic actions” by chemists. The term 
had, perhaps, been rather overworked, and it was 
a little too much the custom to attribute to cata- 
lytic action all og ong imperfectly understood. 
Nevertheless, the term had a perfectly definite 
meaning. The function ofa catalytic agent, in short, 
was to help a system over a difficult place. 

In general, reactions tended to occur when the 
result would be a diminution of available energy. 
Though this diminution might be the ultimate 
result of a proposed reaction, there might be an 
intermediate stage to effect which required an in- 
crease of available energy, avd this would suftice 
to prevent the proposed reaction. To take a phy- 
sical analogy, water tended to get to its lowest 
possible level, and was thus in an essentially less 
stable condition in a test-tube on the table than if 
it were spilled on the floor. To get on the floor, 
however, it had to get over the edge of the tube, and 
this involved an increase of energy, and hence it 
was stable enough unless exposed to great disturb- 
ances. The province of a catalytic agent was to 
avoid such an initial increase of energy. 

A very simple instance of such an action was 
afforded by an experiment he had shown on 
many occasions in that room. Moisture could not 
be deposited in the form of drops of rain from 
supersaturated air, if the latter were dust-free. 
The formation of the drops meant, nevertheless, 
a diminution in the available energy, so that once 
formed they would be stable, which was a condition 
which the system liked, as it were, to attain. 
Could the drops be born full size, the available 
energy would, as stated, be less than before; but 
in the normal way the drops had to begin small 
and grow. When very small, however, their 
surface energy was so great that the total avail- 
able energy would be increased in this initial stage. 
When, however, particles of dust were present, the 
necessity of forming very minute drops was avoided, 
the moisture condensing on these specks of dust, 
which thus acted as a catalytic agent, and enabled 
the drops to spring at once to a considerable size, 
without passing through the initial stages. 

Referring again to the inorganic ferment, Sir 
Joseph said that its action might be due to the 
snail nutides of platinum producing around them- 
selves a great concentration of the solution. It was 
not generally realised what enormous forces were 
exercised on a molecule by matter, not in the finest 
state of division, but of the size of colloidal par- 
ticles. To pick out a molecule from a water surface 
against the attraction of the latter would require, 
he said, an expenditure of energy one-seventh as 
great as that needed to decompose the molecule in 
question into hydrogen and oxygen. The latter 
was the most intense chemical reaction known. 
Hence there would be enormous forces round the 
specks of platinum tending to pull in anything in 
the neighbourhood. Of course, the pe ea, Fa 
water would be pulling the other way, but the 
difference between the two might still be very large. 
The most striking instance of these surface attrac- 
tions was afforded by the absorption of gases by 
finely divided matter, such as chilled charcoal. Any 
large surface of carbon attracted air, with forces 
quite comparable to those involved in chemical 
reactions. Hence the layer next the surface must 
be very dense, the attraction being so great that it 
must be balanced bya correspondingly high pressure. 

This attraction was much less evident at high 
than at low temperatures, because each air particle 
had an energy proportional to its temperature. If 
this energy were great compared to the work 
required to separate the particle from the surface, 
the particle would fly off; but as the temperature 
fell, a time came when it would be unable to get 
away from the attraction of the surface. 

Another aspect of this subject was concerned with 
what Graham had called peptonisation, because 
the phenomena in question were so analogous to 
digestion. Thus certain substances added in minute 
traces to colloidal solutions, after the latter had 
been coagulated, caused the precipitate to go into 
solution again. The addition of soda or potash, for 





instance, had this effect on | eye silicic acid. 
Again, if a little hydroxide of iron, which was 


& positively charged colloid, were added to 
arsenious sulphide, a negatively charged colloid, 
it caused the latter to coagulate, but on adding 
more the coagulated matter dissolved again, so that 
the one solution had, as it were, digested the 
other. Such reagents acted as stabilisers when 
added to colloidal solutions, and in them was 
perhaps to be found the explanation of a very 
remarkable chemical phenomenon. A gelatine 
emulsion of ammonium bichromate was spread on 
a plate and allowed to set. To the thin film thus 
obtained was added a drop of. nitrate of silver, 
which diffused out through the gelatine, reacting 
with the bichromate it encountered on the way. 
The action, however, was not uniform or con- 
tinuous, but a series of alternately light and dark 
rings were formed round the edges of the drop. 
This peculiarity was, perhaps, due to a stabiliser 
being formed as the result of the reaction between 
the silver nitrate and the bichromate of ammonia. 
If one of the products of the reaction acted as a 
stabiliser, it would prevent precipitation where 
strong enough. As it diffused out, however, it got 
weaker and precipitation recommenced, giving a 
dark ring. _ the course of this precipitation a 
further quantity of the stabiliser would be formed, 
preventing further precipitation until again weak- 
ened by diffusion, when another dark ring would 
be formed. Possibly the formation of the peculiar 
rings observed in agates had been due to some 
similar cause. 

The colloidal solutions he had considered so far 

were those in which the colloid particles were in 
the solid state. There was, however, another type, 
in which the particles were supposed to be liquid. 
These were often called emulsions, a well-known 
example being the emulsion of paraffin water so 
largely used by gardeners. A solution of gelatine 
was another familiar example. The most interest- 
ing feature of such solutions was their power of 
forming jellies, the properties of which were of very 
coneiderable importance. When a jelly set, the result 
was practically solid water, and alcohol could be 
solidified in the same way. As tothe constitution of 
jellies, there was a considerable amount of evidence 
showing that emulsions of gelatine in water or alcohol 
were almost homogeneous when above a certain 
temperature, and that no separation occurred until 
the temperature fell to a value dependent upon the 
constitution of the mixture. The process of sepa- 
ration and the formation of a jelly had been 
watched through the microscope by Dr. Hardy. 
Taking a weak solution of gelatine in alcohol and 
water, he found that at 20 deg. Cent. small spherical 
bodies began to form. These little spheres stuck 
together and seemed to be solid, but were found to 
contain a small quantity of water at their centres. 
In sticking together these little spheres built up 
all kinds of structures, the whole mass being linked 
together by a framework built up of these little 
spheres. Such jelly thus consisted of a solid frame- 
work in which the liquid was entangled. In such a 
case the solid formed a very small proportion of the 
whole, and the jelly was of a very squashy kind. 
With strong solutions of gelatine, Dr. Hardy observed 
that the spheres which first deposited were liquid 
spheres, and the resultant jelly was stiff, like glue. 
to illustrate the formation of a jelly, the lecturer 
took a solution of celloidin in ether-alcohol, and 
added this to a bath of chloroform. A jelly of 
celloidin was then formed in the latter and set, 
enclosing a large volume of the fluid. This jelly 
could be removed and dried, but still retained liquid 
in its interior. The latter was, however, he showed, 
so loosely held that it could be squeezed out by 
pressure, leaving the original celloidin in a brittle 
state. 
That the structure of jellies was not homo- 
geneous could be demonstrated, he said, by expos- 
ing the purest jelly toa strong beam of light. A 
blue opalescence was then observed, which was 
characteristic of the presence of very small bodies 
or particles in suspension. 





THE INTERNATIONAL SMOKE- 
ABATEMENT EXHIBITION. 
Tx's Exhibition, which was opened at the Royal 
Agricultural Hall, Islington, on Saturday, and 
which will remain open till April 4, may, for one 
reason, at any rate, be considered opportune, for it 
enables the public to see at work all kinds of appli- 
ances the object of which is to reduce greatly 
the use of coal for industrial and domestic pur- 





poses, but particularly for the latter. It is a great 
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chance for the cause of gas as a heating agent. 
On the other hand, it may be doubted whether, 
with coal at between 40s. and 50s. a ton, the time 
is so favourable for makers of coal-burning appli- 
ances to advertise their goods. This, however, is 
not of great importance, because the present state 
of things will not last for ever, and the strike that 
has upset for a while the industries of the whole 
country will pass, and coal will come to its own 
again ; particularly when it has been so clearly 
demonstrated, as it is at the present Exhibition, 
that it can with proper care be burned with little 
or no smoke, which, after all, is the object of the 
Exhibition to demonstrate. 

If historical records are true, there is nothing new 
about these efforts, for we are told that, as far back 
as 1273, the use of coal in London was prohibited as 
being prejudicial to public health. It had to be 
used eventually, however, on account of the rapid 
destruction of the forests which supplied wood and 
charcoal for fuel, and the ‘‘ smoke nuisance” began 
again. So bad does the nuisance appear to have 
become that in 1306 artificers were prohibited by 
Royal Proclamation from using coal in theirfurnaces., 
This prohibition, however, proving ineffectual, a 
Commission was appointed in 1307, with instruction 
to punish with fines offenders for the first offence, and 
for the second offence to demolish their furnaces. It 
will be seen, therefore, that the trouble is not new, 
and will probably remain with us for some consider- 
able time to come. We cannot, however, pursue 
this part of the subject at present, and must return 
to the efforts that are now being made to mitigate 
the evils caused bysmoke. These evils will perhaps 
be best understood by visitors to the Islington Hall 
if they will look at the large square black column 
which stands near the main entrance, and represents 
the amount of soot that is said to fall in London 
in one year. It stands by a model of the tower of 
the House of Commons, and is built to the same 
scale. It exceeds the tower in height, and has a 
square base of 100 ft. each way. It is said to 
represent 76,050 tons, but we think this can only 
be a very rough approximation. 

There are, of course, a number of mechanical 
stokers on view, though these are not so numerous as 
they were at the similar exhibition held last spring 
in Manchester, and described by us on page 674 of 
our ninety-second volume. Among the new types 
to be seen is a coking stoker exhibited by Mr. 
William Whittaker, Yorkshire Street Iron Works, 
Burnley, which is very simple in its construction, 
and the workmanship throughout very good. Its 
special features are that there are two rams for 
each flue (the stoker on view is for a Lancashire 
boiler), and they work alternately, there being a 
separate coal-regulation for each ram. In order 
to prevent the coal-dust coming back after each 
stroke, the rams are inclined at an angle of 15 deg. 
to the horizontal. The driving mechanism has 
fewer working parts than is generally the case in 
similar stokers. The coking-plate is, it is claimed, 
made on a new principle, being inclined instead of 
placed in a horizontal position, as is usual, the 
object being to make the coal ignite more readily. 
The middle portion of the coking-plate is hinged, 
and can, if desired, be dropped into a horizontal 
position in order that hand-firing may, when neces- 
sary, be resorted to, or when starting up the fur- 
nace. The coking-plate has a number of air-spaces 
running through its length, and the air for the 
coking process is entirely independent and separate 
from that of the fuel combustion process. The 
furnace has a number of fire-bars mounted on the 
stock of steel tees, which latter are placed side by 
side, with the webs up, and so form a series of closed 
air-chambers, the air to these chambers being in the 
present case ee by means of steam-jets placed 
opposite funnel-shaped openings at the front of the 
a rs just mentioned, but other methods may be 
adopted. The ash-pit is entirely enclosed, and the 
furnace works under a stightly forced draught. 
Owing to the method of construction it is claimed 
that the furnace is consideraoly lighter and stronger 
than others made wholly of cast iron. The 
grate is self-cleaning, the clinkers being deposited 
into a closed chamber at the back of the bars, 
and being withdrawn underneath by a special 
shovel. The speed of the pushing-rams can be 
easily regulated to suit the nature of the fuel used. 
The auinaien for driving the bars consists of a 
transverse steel shaft placed in front of the fur- 
nace, and on this shaft are cams which actuate the 
bars. All the wearing are provided with 


parts 
renewable hardened cast-steel pieces, and provision ' 


is made so that whatever small ash falls through 
the air spaces of the fire-bars is automatically dis- 
charged through the bottom of the steel tees. 
The fire-door may be opened at any time to 
see if the coking process is satisfactory, and 
inspection-holes are provided in the stoker front 
plate. Absolute smokelessness is claimed for this 
furnace. All the reduction gears in connection 
with this furnace are machine-cut. The makers 
have also a sprinkler type of their mechanical 
stoker on view, which has, however, been exhibited 
before. 

Messrs. John Ruscoe and Co., Limited, Albion 
Works, Hyde, Manchester, exhibit an auto-stoker 
and elevator, which is driven by one of their own 
gas-engines. It consists of an elevator, the bottom 

rt of which dips down into the coal-bunker in 
ront of the boiler, and carries the coal up from 
there and puts it in the hopper over the stoking 
mechanism in front of the furnace. The quantity 
of coal delivered can easily be regulated by remov- 
ing some of the buckets, which can be done by 
hand while the elevator is running. The furnace 
is of the coking type, and the makers offer to 
guarantee a higher percentage of CO, in the fuel 
gases than are obtained by even the best hand- 
firing. 

ce. James Hodgkinson (Salford), Limited, 
Ford Lane Works, Pendleton, Manchester, exhibit 
one of their mechanical stokers. It is fitted with 
self-cleaning fire-bars, and has been specially 
designed for burning small bituminous coal. They 
have also some hand-rocked fire-bars on view. 
Messrs. Ed. Bennis and Co., Limited, Little 
Hulton, Bolton, also have an exhibit of their 
mechanical stokers, two of these being on view. 
As is well known, the makers claim with these 
stokers to make steam absolutely without smoke ; 
but these appliances are so well known that it is not 
necessary to describe them here. This firm has 
taken a leading part in the efforts that have been 
made towards the prevention of smoke and towards 
the economical use of coal in boiler furnaces. 

The Smoke-Consuming Company, Limited, 29, 
Morville-street, Birmingham, have on view an 
apparatus that they have not exhibited before. It 
consists of a fire-door fitted with a movable grid 
for admitting air above the bars, and a damper 
below the bars in the frame that carries the bridge 
at the end of the furnace. Beyond this damper 
there is a baffle-plate which directs the air up 
behind the bridge. The grid on the fire-door and 
the damper below the bridge are so connected that 
when the door is opened for firing, a piston in 
a dashpot containing oil, and fixed to the 
furnace front, is automatically forced downwards 
against a spiral spring, during which motion the 
oil passes freely from the bottom to the top of the 
piston. The movement of the piston is com- 
municated to the damper by a cord or chain, so that 
when the door is opened both the inlets for air are 
open. When the door is closed, however, the grid 
and the damper close with their own weight, the 
rate of closing being retarded by the action of the 
dashpot. The speed of closing can be easily regu- 
lated, and the quantity of air admitted over the bars 
and behind the bridge gradually decreases after 
firing as the process of combustion proceeds. The 
advantages claimed are two-fold—namely, there is 
no smoke passing into the flues and stack, and there 
is an important saving through the perfect com- 
bustion of the fuel. The apparatus is quite auto- 
matic. 

Direct Gas-Fuel, Limited, 17, Victoria-street, 
London, S. W., show the Gregory smoke-preventing 
and fuel-saving apparatus, which is a development 
of an older smokeless furnace. The object of this 
furnace is not only to prevent smoke, but to burn 
any quality of coal or other solid fuel so as to get 
as much heat as possible. The furnace is coal- 
fired in the ordinary way, and the arrangement 
for the assisted draught consists of an enclosed 
trough extending half-way down the grate below 
the fire-bars. Into the space between the bottom 
of the bars and the floor of this trough air is 
supplied through a cone, a small jet of compressed 
air and steam being used to carry it forward. The 
furnace front, except that part occupied by the 
door, is hollow, and acts as a hot-air chamber. In 
this chamber above the door is fitted a nozzle 

inted slightly downwards towards the grate. 

'wo branch pipes run one on each side down 
through the hot-air chamber to the under-draught 
chamber. Steam is supplied to the upper nozzle, 





and usually carries with it a small supply of oil, 


which is vaporised by the hot air in the nozzle, the 
resulting gas being burnt over the incandescent coal 
in the grate. About 3 per cent. of oil is generally 
to be used with the solid fuel. The apparatus 
was, however, described by us on page 733 of our 
ninetieth volume. The arrangement is said to 
have given very satisfactory results. Among 
other exhibitors of smokeless furnaces are the 
Treibel Smoke-Combustion Company, Limited, 65 
Bishopsgate, London; Messrs. Babcock and Wilcox, 
Oriel House, Farringdon-street, London, E.C.; 
Bean’s Bunsen Smokeless Furnaces Company, 
Limited, Amberley House, Norfolk-street, Strand, 
W.C.; and Messrs. J. and P. Hill, Ordnance 
Works, Sheffield. 

An exhibit that is well worth a visit is that of 
the Woodall-Duckham Vertical Retort and Oven 
Construction Company, Limited, Palace Chambers, 
Westminster. This is a full-size bottom iron-work 
of a Woodall-Duckham vertical retort, which com- 
prises the special device for regulating the discharge 
of coke, and has proved itself, after four years’ 
working, very satisfactory. There is also a receiv- 
ing hopper large enough to hold three hours’ dis- 
charge of coke, at the bottom of which is fitted a 
water-sealed gas-tight door, an ingenious device 
for preventing any possible escape of gas, while 
at the same time the coke does not come in 
contact with the water. There is also a brickwork 
section of a retort in which the arrangement of 
flues can be seen. In addition there is a model 
of a Kerpeley producer, which shows how gas can 
be made from poor fuel. 

There are, of course, the usual displays of gas- 
fires, slow-combustion stoves, cooking-ranges, &c., 
but our space will not allow us to describe these in 
detail. We may, however, call attention to the 
stand of combined exhibits by the Gas Light and 
Coke Company, the South Metropolitan Gas Com- 
pany, and various other gas companies, and also to 
that of Mr. Thomas Potterton, Cavendish Works, 
Ravenswood-road, Balham, S.W., where may be 
seen an improved form of gas cooking-stove and 
a sectional heating boiler. 

Though not directly connected with smoke-pre- 
vention, there is a stand that is well worth a visit. 
It is that of Messrs. Jelly and Co., Oxford-street, 
Leicester, where there are on view some venti- 
lators and dust-extractors, including fans. There 
is also to be seen a specimen plant in operation, 
showing the complete extraction and collection of 
dust. A very ingenious new form of chimney-top 
is also on view. This top, or cowl, has a movable 
top working on gun-metal pivots, and it is con- 
structed in such a way that it has only one move- 
ment with each change of wind, and is, itis claimed, 
equally effective in all possible directions of wind, 
and irrespective of the force of the wind. Its 
action is not easy to describe, however, without an 
illustration, but it is well worth inspection. 

There are some exhibits of smokeless fuel for 
domestic use, one being that shown by the Premier 
Tarless Fuels, Limited, 91 to 93, Bishopsgate, 
London, E.C., and the other by Coalexed, Limited, 
Lancaster, the. fuel supplied by the latter firm 
being, it is said, now largely used for steam-raising, 
motor-lorries, suction-gas plant, &c., as well as for 
domestic use. It can be made at any gas-works, or 
in any by-product ovens. Both these fuels are 
well suited for purposes in which a clear smokeless 
fire is required. 


THE INSTITUTION OF NAVAL 
ARCHITECTS. 

THE annual meeting of the Institution of Naval 
Architects opened on Wednesday last at the Royal 
Society of Arts, Adelphi, W.C. The proceedings 
were opened by the President, the Marquis of 
Bristol, calling upon the Secretary to read the 
annual report of the Council. 





ANNUAL Report oF THE COUNCIL. 

The report commenced with a short reference to 
the Jubilee meetings held in the summer of 1911, 
and then proceeded to chronicle the changes in 
membership of the year. The net gain in names 
on the roll was 126, there being now 20 Hon. 
Members, 1216 Members, 208 Associate Members, 
499 Associates, and 167 Students, making a total! 
of 2110. During the year the Council had elected «s 
Hon. Vice-Presidents Mr. T. L. Devitt, Chairman of 
Lloyd’s Register Society ; Mr. Francis Henderson, 
Chairman of the British Corporation ; Professor \. 





B. Lewes (who had served for upwards of 20 years 
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as Member of Council); and Mr. C. Ellis, Hon. 
Treasurer. The William Froude National Tank had 
been brought into use during the year. The Royal 
Commissioners for the Exhibition of 1851 had 
otfered to award annually a post-graduate scholar- 
ship in Naval Architecture, of the value of 200I. 
per annum, tenable for two years. The first award 
was made at the commencement of the present year 
to Mr. Arthur Cannon, of Glasgow University, 
Associate Member of the Institution. Mr. Cannon 
had obtained a first-class professional certificate in 
1909 at the Royal Naval College, Greenwich. He 
had been nominated fo1 the appointment both by 
the Lords Commissioners of the Admiralty and by 
the governing body of Glasgow University. He 
would now enter upon a course of research work 
at Glasgow University on problems connected with 
the rolling of ships. The award of the Martell 
Scholarship for 1911 had been made to Mr. A. P. 
Cole, of Portsmouth Dockyard, who was now follow- 
ing a course of naval architecture at the Royal 
Naval College, Greenwich. 

The Institution had been represented at several 
notable functions which had taken place during the 
year. At the commemoration meeting of the 
Italian Society of Naval Architects, held in Rome, 
it had been represented by Colonel Soliani, Colonel 
Russo, and Mr. Charles de Grave Sells ; at the 
jubilee meetings of the Swedish Society of Civil 
Engineers, at Stockholm, by Mr. A. Isakson ; and 
at the unveiling of the Havre memorial to the late 
Mons. Augustin Normand, by Mr. 8S. W. Barnaby, 
Mr. J. Gravell, and Sir William White. The 
losses sustained by the Institution during the year 
included the names of Admiral Sir John Dal- 
rymple Hay, Hon. Vice-President; Mr. David 
Dunlop, Vice-President ; Mr. John Ward, Member 
of Council ; Rear-Admiral Melville, U.S.N., Hon. 
Member; Mons. E. Widmann and Mons. Delau- 
nay-Belleville. 

The annual Gold Medal of the Institution had 
been awarded to Professor E. G. Coker for his 
paper on ‘* The Determination of Stress by the 
Photo-Elastic Method.” Premiums had been 
awarded for papers read at the last spring meeting 
to Mr. C. E. Inglis and Mr. J. Montgomerie. A 
Gold Medal in recognition of his services in con- 
nection with the Jubilee meetings held last yer 
had been awarded to the Secretary, Mr. R. W. 
Dana. 

ELection oF OFFICERS. 

After the adoption of the report the Secretary 
read out the names of officers who had been elected 
in accordance with the rules of the Institution. 
They were as follow :—President : the Marquis of 
Bristol. Vice-Presidents : Lord Pirrie, Engineer 
Vice-Admiral Sir J. Durston, Sir P. Watts, Sir 
W. T. Doxford, Engineer Vice-Admiral Sir H. J. 
Oram, Professor J. H. Biles, Mr. H. J. Cornish, 
Mr. A. Denny, Mr. J. Dunn, Mr. A. Gracie, Mr. 
R H. Humphrys, Mr. J. T. Milton, the Hon. Sir 
©. A. Parsons, Sir W. E. Smith, and Mr. A. F. 
Yarrow. Hon. Treasurer: Mr. C. Ellis. Mr. 
8. J. P. Thearle had been elected a Vice-President. 
The following had been elected to fill vacancies on 
the Council caused by retirement :—Mr. J. Bain, 
Mr. R. R. Bevis, Mr. J. Brown, Sir B. Browne, 
Mr. A. Laing, Mr. D. B. Morison, Mr. A. W. 
Sampson, Mr. J. E. Thornycroft, Mr. R. Saxton 
White, Sir J. Williamson ; and as Associate 
Members of Council, Mr. A. A. Booth, the Marquis 
of Graham, and Sir Thomas Sutherland. 


PRESIDENT’Ss ADDRESS. 


At the conclusion of the business, and after the 
“Stan nope of the medals and premiums, the 
resident read his address, the substance of which 
was as follows :—Commencing with a tribute to the 
late Admiral Sir John Dalrymple-Hay, Hon. Vice- 
President, who had been connected with the Institu- 
tion since its foundation, the President proceeded 
to give a review of the past year, drawing attention 
to the extraordinary record achieved in the annals 
of shipbuilding in this country, compared with the 
previous year, merchant shipping launched in the 
United Kingdom having shown an increase of 58 
per cent., and warships 71 per cent. Attention was 
also drawn to the increase in the world’s output 
and to the increase in foreign navies. As regards 
the present, there was no lack of orders, but they 
had to be taken at a lower margin of profit, due to 
the higher cost of raw materials and the higher 
rates current in the labour market. The labour 
unrest was one of the most serious factors in 
the industrial world at the present time. It 








threatened to arrest many of the benefits which 
should follow on the recent revival of trade. 
Concessions to workers were no sooner granted 
than fresh demands arose, and the effects of 
the agitation were widespread. This modern 
disease spread like an epidemic, and the evil gained 
ground wherever the agitator was ready to fan iuto 
flame that smouldering discontent so deliberately 
fostered by the men’s leaders. These leaders were 
powerless to check the progress of the conflagra- 
tion which they eames tab started. The old 
standards of honour and respect for agreements 
solemnly entered into were no longer safe from 
repudiation. No community could carry on the 
business of life under such conditions of uncer- 
tainty, and the relations between capital and labour 
would have to be placed upon a permanent footing 
of sound economic stability if the trade of the 
country was not to pass into other hands and other 
lands. 

The immediate future seemed to promise many 
interesting developments. The sphere of the steam- 
turbine had been considerably enlarged by the 
successful adoption of geared transmission. The 
internal-combustion engine, also, was just entering 
the field, and the wonderful progress made in this 
form of motive power in other fields in recent years 
was a promise of equally interesting developments 
for sea-going purposes, The frank statements of the 
present First Lord of the Admiralty with regard to 
the maintenance of our Navy were to be welcomed. 
It was to be hoped that the suggested policy of 
estimating for several years, instead of for one ata 
time, would enable orders to be spread out, so to 
prevent alternate glut and dearth of work, which 
could only produce disastrous results in the best 
organised industries. There was no doubt that 
many of the recent troubles in the shipbuilding 
industry, and much of the expense to the tax- 
payers of the country, had been due to the vacilla- 
tion and want of continuity in successive naval 
programmes. The effects of a *‘see-saw ” policy 
were that skilled workers who lost their work went 
abroad, and that heads of firms hesitated to invest 
further capital without some prospect of orders, 
with the result that when orders came the firms 
were at a disadvantage, and had to catch up as best 
they could. The President concluded with a tribute 
to those in charge of the Royal Dockyards. These 
establishments had repeatedly shown that in ex- 
cellence of workmanship and rapidity of execution 
they had nothing to fear in comparison with private 
establishments. This, in view of the difficulties of 
securing commercial efliciency in State depart- 
ments, spoke volumes for the ability and energy of 
those who directed and managed that great national 
industry. 


Miuirary Principles AND WarsuHir DesiGn, 


The President then called upon Admiral Sir 
Reginald Custance to read his paper, entitled 
‘*Some Military Principles which Bear on Warship 
Design.” We print this paper in full on page 431 
of this issue. 

Admiral C. C. P. FitzGerald was the first speaker 
in the discussion. He thought that Admiral 
Custance probably expected criticism digected 
against his paper, since it went directly cohtrary 
to all generally accepted principles in reference 
to questions of speed, armour, &c. Some such 
criticism might certainly be made. For instance, 
the paper stated that ‘‘ weapons govern tactics,” 
with which one might agree; but he could not 
think that Admiral Custance’s consideration of the 
matter from the point of view of the gun alone 
could be sound. He agreed that for present- 
day pu the ram might be neglected, 
but not so the torpedo. It was impossible that 
tactics should not be influenced by modern gyro- 
scope-fitted torpedoes having effective ranges of 
7000 yards. Discussing tactics and leaving such a 
weapon as this out of account was like playing 
Hamlet without the Prince of Denmark. Admiral 
Custance’s arguments seemed to lead to the con- 
clusions that what we required was smaller ships, 
smaller guns, more ships, more guns, less speed 
and less armour. Dealing with one of these points, 
he could not agree with the comparatively small 
value that Admiral Custance assigned to speed. 
Imagine, for instance, a high-speed squadron, | 
having support’ elsewhere, and meeting a more | 
powerful fleet. With high speed it would be 
possible for the squadron to draw the more power- 
ful fleet into the range of action of its supporting 





fleet, and so possibly beat it. Further, high speed 





enables a fleet to choose its own time instead of 
taking the enemy’s time. In many cases one did not 
want to fight things out right away in a set battle. 

In the matter of the size of ships he would point 
out that there was nothing new in the bringing 
forward of the small-ship idea. We had always 
had believers in small ships—Lord Brassey, for in- 
stance. Personally, he thought the idea of dis- 
persing one’s force was contrary to the teachings 
of history. In the old days we fought with little 
ships, not because we liked them, but because we 
had not got anything else. He did not believe that 
a little ship era was returning. If we were wrong, 
we shared our error with the whole world. The 
idea of the Liliputians defeating the Brobdingna- 
gian did not work out in practice. One usually 
found that the big man won in the end. Again, 
the ideas with reference to armour were not new. 
Lord Armstrong said years ago that we would 
be better without armour, and yet there was no 
tendency on anyone’s part to reduce it. He was 
much impressed with the moral value of armour. 
On the whole, he did not think that Admiral 
Custance’s arguments established his propositions. 

Mr. Pollen thought that the paper with 
which they were concerned was an _ epoch- 
making one. He would like to approach its 
consideration by referring to something that 
the previous speaker had said. When dealirg 
with modern torpedoes Admiral FitzGerald had 
used the word “fear,” and had appeared to imply 
that the value of such a weapon lay as much in the 
fear of the personnel of a ship against which it 
was directed that it would hit, as in the likelihood 
that it would actually hit. Similarly, he spoke of 
the moral value of armour, and thought that it was 
likely to prolong the life of a ship in action. The 
thesis of the paper, however, was, that more guns 
were necessary, since the more hits one could get 
in against the enemy the less need for other means 
of defence. The whole question of armour was 
overshadowed by a form of hypnosis which had 
been growing ever since armour was introduced. 
He would point out that armour was not a British 
introduction or even a naval one. It had been 
brought into warship building from outside, and 
was practically introduced by Napoleon III. of 
France. Armour was in time followed by the 
ram, and the effects which could be caused by the 
ram intensified the hypnosis of armour and the 
call for still more. People failed to realise that 
if gun-fire was effective no boat could ram another, 
so that armour against ramming was unneces- 
sary. The same detence would be effective against 
torpedoes and airships. The call for more armour 
to defend against these methods of attack was 
largely dictated by a sort of dread, and entirely 
overlooked their uncertain nature. The best 
defence was a weapon of precision, and this was 
the gun. On one point, however, he thought that 
Admiral Custance had pushed his reasoning too far. 
He had said in one part of his paper that ‘the 
principle of accuracy in its present development is 
a peace product.” But since, nowadays, we have 
ninety men to a gun against eight in the time of 
Nelson, surely the relative importance of the 
individual gun had gone up. He thought the cul- 
tivation of marksmanship one of the most hopeful 
of all ideas. Possibly Admiral Custance merely 
intended to say that the idea of long-range hitting 
was overcultivated nowadays. If so, he agreed. 
Gun deliveries at long range were irregular, and 
only a certain proportion of hits could be expected 
in any case. 

Admiral of the Fleet Sir Gerard Noel, who was 
the next speaker, thought that Admiral Custance’s 
opinions were of much value, since he was such a 
great student of naval history. The paper dealt 
with military principles, and he was one of those 
who thought that such principles did not depend 
on weapons. We could fight just as well with ioe 
and arrows if our foes had them as well. Advances 
in weapons were only an advantage if they were 
confined to one side in an action. Admiral Cus- 
tance favoured sacrifice in armour and speed and 
size of guns in order to get more guns. He (the 
speaker) agreed that what we required was more 
hits, but his method of obtaining them was by 
giving attention to the secondary armament. He 
did not altogether agree with the idea that fighting 
in two parallel lines was always possible. Two 

reat French tacticians held that one’s idea should 

to bring one’s enemy between two fires, and 
formation of this class must be reckoned with. 
He agreed as to the importance of gunnery, but 
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to his mind perfection in gunnery involved hitting 
when ships were making turning movements as 
well as when they were broadside on in parallel 
lines. 

He thought Admiral Custance’s ideas were too 
chivalrous. In the early days of the introduction 
of armour certain French captains would not agree 
to be placed inside armoured turrets when in action, 
and similarly during the Japanese-Russian war the 
Japanese commanders would not occupy the 
armoured conning-towers. In spite, however, of 
these examples of chivalry, he doubted if in general 
Admiral Custance would get men to fight without 
armoured protection. On the question of speed he 
would say that he had always been opposed to 
increase of speed in battleships as against cruisers. 
Speed was not of the first value in action, although 
useful in getting into action, or to save daylight 
and prevent the escape of anenemy. He agreed 
with putting speed into cruisers, but thought, for us 
in particular, there was no gain in running up the 
speed of battleships. We should follow foreign 
nations in this matter, and not lead them. 

Mr. W. H. Whiting thought the paper of great 
scope and significance, not only in virtue of its 
subject, but from the study of history that it 
revealed, and its deduction of principles from 
analyses. After years of work in connection with 
naval design, he found no paragraph in the paper 
that was not worthy of study at the present time. 
On the question of speed, perhaps, Admiral 
Custance would express his opinion of its value in 
a definite and special case. In one part of his 
paper he dealt with an increased speed, which, he 
said, yielded no adequate tactical or strategical 
return. The word ‘‘adequate” in this case, he 
took it, referred to the value of the other things 
which had to be given up to obtain the increase. 
The case he wished to put was illustrated by the 
fact that some navies had homogeneous fleets with 
respect to speed, the various ships of which differed 
only in details, while other navies had a proportion 
of vessels in which much had been sacrificed to 
obtain about 25 per cent. increase of speed. What 
he wished to ask Admiral Custance was, his opinion 
as to the value of such increase of speed in a part 
ofa fleet while denying it to the whole. To him it 
would appear that if speed in itself is not worth 
the sacrifice it entails in a fleet as a whole, then 
much less can it be worth any sacrifice in a part 
only of a fleet. This, however, might be a lands- 
man’s error, and he would like Admiral Custance’s 
opinion on the subject. 

Captain Kerr, the next speaker, said that he had 
some knowledge of big-gun fire and would quote 
some cases. He would confine himself to foreign 
examples, as distinct from our own experience. 
As the first instance, leading naval officers who 
had had practical experience told him that a 
high-explosive shell from a 12-in. gun would prac- 
tically wreck any modern battleship. As the 
second example, an attaché who had been present 
told him that the effect of two non-explosive 12-in. 
shells had even staggered the Japanese in the ship 
which they struck. To stagger oie meant a 
good deal. As an example of accuracy he would 
refer to a case in which an action beginning at 
14,000 yards, and having 11,000 yards as an inside 
range, had resulted in 15 per cent. of hits. The 
question of water-line armour was determined by 
the question of high-explosive shells. Armour- 
piercing projectiles which could get through such 
armour did much less damage than high-explosive 
shells. And if the armour was done away with, 
such high-explosive shells would at once be used. 
The value of speed came in in relation to long- 
a fighting. At 11,000 yards two or three high- 
explosive shells would practically knock out a 
modern ship, and speed and quick manceuvring 
enabled boats to get off the broadside. Shooting at 
a ship end on and broadside on was like the difference 
between aiming at an egg and apumpkin. Torpedoes 
were not negligible. If two modern torpedoes were 
accurately fired one after the other, with a ship’s 
length between them, one or the other was bound 
to reach its mark. He disagreed from the paper on 
the question of concentration. It was a maxim of 
Nelson that one three-decker was worth two two- 
deckers. With reference to Mr. Pollen’s remarks 
about the artificial fear of torpedoes, he would 

int out that in the recent war no Japanese 

ttleship was lost from anything else but a mine. 
As to big or little guns, the effect of a 12-in. shell 
was one hundred times greater than that of a 6-in. 
one. 





Admiral the Hon. Sir Edmund Fremantle said 
that the paper was the result of much thought, and 
that there was a great deal more in it than Captain 
Kerr admitted. Gne must admit that it was wise to 
found propositions on history and previous know- 
ledge. He thought we must be prepared to fight at 
all ranges, and that the question of sea-room had 
much bearing on that of the value of speed. Admiral 
Custance had not mentioned the question of fires 
on ships in action, but history showed that they 
were most important and might determine engage- 
ments. In connection with the matter of armour 
it was of interest to note that the merely protected 
ships escaped in a most wonderful way in the 
Japanese-Russian war. Many men-of-war were 
lost, but no protected ships, although many of 
these were damaged in action. In general, he 
though, it better to spread armour generally over a 
ship, even to the relative neglect of the vital parts. 
It was impossible to lay down any general rule 
about speed; twenty-five years earlier he had 
listened toa paper at the United Service Institution 
which laid it down that 10 knots was the proper 
speed for a battle-fleet. 

Sir William White thought the chief value of the 
paper lay in its summary of facts. Admiral 
Custance did not make up his mind and then make 
his facts fit his theory. He used his facts in a very 
fair way. As one concerned with naval architecture 
for many years, he also had studied naval history, 
and was inclined to come to conclusions on arma- 
ments similar to those of Admiral Custance. In 
his (the speaker’s) opinion, it was very important 
that one should not plunge too much on a single 
doctrine. The big gun was all right, but much 
destruction might be done by smaller guns. This 
had occurred in the Japanese War to signalling 
arrangements and other such details, but Captain 
Kerr had quite ignored the matter. He thought 
the doctrine of probability applied to naval archi- 
tecture suggested that every means of attack 
that could be fairly used should be considered. 
The secondary armament should not be ignored. 
In the action of the 10th of August outside 
Port Arthur, a ship was practically put out 
of action by damage done by fragments of 
shell entering a conning-tower. It was wise not 
to concentrate too much on one form of attack. 
On the question of armour he held, as he had 
pointed out in a paper twenty-tive years ago, that 
the minimum thickness which should be used was 
that which would keep out a shell from the largest 
quick-firing gun that might be brought against it. 
The greatest danger lay not in the perforation of 
side armour, but in perforation of the deck and 
damage below. He thought it impossible that 
the discussion, in the time available, could 
really overtake all the ideas in the paper, which 
would be of great benefit to all designers of 
warships. 

Admiral Custance, in replying to the discussion, 
said that, in view of the time available, it was 
impossible to reply to the greater part of the criti- 
cisms that had been made. Mr. Pollen had inter- 
preted him correctly in connection with the matter 
of accurate firing. What he wished to do was to keep 
accuracy of fire and amount of fire in due propor- 
tion. To Mr. Whiting’s question it was almost impos- 
sible to reply briefly. lt really demanded another 
paper. If one conceived two fleets of twelve ships 
each, and on one side three of the ships had greater 
speed and less gun- power than the remaining 
twenty-one. And if one conceived the two fleets 
in parallel lines with the three faster ships in the 
van. Then in the first instance the fleet having 
the faster ships would obviously suffer in that it 
would have less gun-power. If one attempted to 
use the greater speed of the three ships by moving 
them out of their position across the line, he 
thought no advantage could accrue. The question, 
however, wanted a lot of analysis, which he could 
not then give. If one went in for higher speeds 
with the idea of chasing an enemy, he at the 
same time sacrificed something of his power to 
beat that enemy. In practice the value of speed 
was neutralised by the fact that all fleets had some 
slow ships, due to dirty bottoms or other causes. 
The object of the paper had been to steady opinion 
in order that diferent schools might eventually 
agree in certain premises. It was only by such 


broad consideration that difference of opinion could 
be reduced to common grounds. 

This concluded the discussion of Admiral Cus- 
tance’s paper, and after a few remarks by the 
President, the meeting adjourned for luncheon. 


TURNING CIRCLES. 


On reassembling after the interval for luncheon, 
the first paper to be taken was one entitled 
‘* Turning Circles,” by Professor W. Hovgaard. In 
the absence of the author it was read by Professor 
J. J. Welch. This paper we commence print- 
ing on page 434 of this issue. The discussion was 
opened by Mr. G. S. Baker, who said that the 
paper must have taken a great deal of labour to 
compile. He did not agree with all the author's 
conclusions. With regard to the author's equation 
of motion, a comprehensive term X was used to 
take account of all hydraulic pressures other than 
the calculated pressure P acting upon the rudder. 
That term would vary in a more or less syste- 
matic manner, but if the equations were applied 
to special cases, it was necessary to determine the 
factors going to make up the term X. One of these 
was the pressure on the dead-wood due to the 


rudder. In adopting values of - A obtained from 


turning with the rudder, for analysis of experi- 
ments turning under screws, that force and moment 
due to the rudder was introduced, and as a conse- 
quence a very large screw-thrust was required to 
eliminate it. In the paper this thrust was determined 
as being sixteen times greater than ever existed, 
and this was needed to balance a moment, not a 
force. The author suggested that the unbalanced 
suction of the screw accounted for this. Undoubtedly 
it did in part. If the screws were working in front 
of the rudder, the dead-wood effect would be largely 
confined to that part of the ship between the rudder 
and the propeller, and was replaced bya suction effect 
on the fore side of the screw. If the outer screw 
only was working, the dead-wood effect had full 
play, and was aided by the screw suction. The 
rudder action therefore was better in the latter 
case, and not weak, as stated in the paper. He 
would like to ask the author whether the value of 
the coefficient of reduction of velocity, given by 
him as 0.45, was the reduction of the pressure on 
the rudder obtained from the measured twist, by 
assuming a centre of pressure. The formula given 
for obtaining the th of (b—s) might be sim- 
plified by leaving out the term which only varied 
6 per cent. for all the forms given. The values for 
K varied 30 per cent. 

Professor J. J. Welch agreed that the paper 
represented a great deal of trouble, and Professor 
Hovgaard had been fortunate in securing so much 
data from the Danish and United States Navies to 
work upon. The results were all interesting, and 
some of them were new. The formula the author 
arrived at showed R, the radius of the circle described 
by the centre of gravity ofthe ship, to be independent 
of speed. This had been supposed to be so, and 
had been experimentally veritied. The analysis 
made by the author showed that the hydraulic 
resistance and the centrifugal force were the items 
of chief importance in these matters, and that the 
propeller effect on the rudder was small compara- 
tively. He thought the agreement between the 
figures given by the author for a battleship and 
those given by Sir Philip Watts in his article in the 
Encyclopedia Britannica for a 15,000-ton vessel 
was very good. The author had given a value for 
the centrifugal force of 181 tons; Sir P. Watts’s 
figure was 200 tons. The author's figure for lateral 
thrust was 219.4 tons, and Sir P. Watts’s 240 tons. 
For the value of a the author gave 44.6 ft., and 
Sir P. Watts gave 40 ft. He was not clear whether 
the expression M used by the author was the mass 
of the ship only, or whether it was the virtual 
mass, which included, of course, a certain amount 
of water moving with the ship. The actual values 
might for this reason be rather smaller than those 
shown. He thought the ratios of rudder effort 
given interesting. The author stated that the 
action of the rudder subject to the direct impact of 
the propeller race was three times as great as when 
the rudder was turned away from the race. The 
net influence of the races was, however, compara- 
tively small, according to the author ; whereas it 
was usually held to be rather more considerable 
than the paper indicated. 


Scrrace Friction anp Eppy-Makine 
RESISTANCES. 


The next paper to be taken was one by Dr. T. 
E. Stanton, entitled ‘‘The Law of Comparison for 
Surface Friction and Eddy-Making Resistances in 





| Fluids.” This paper we reprint in extenso on 
| page 437 of this issue. After it had been read by 
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the author, the discussion was opened by the read- 
ing of a communication by Mr. R. E. Froude. 

Mr. Froude considered that though the condi- 
tion of ‘‘similarity ” relative to viscosity effects 
was of fundamental scientific importance, and 
could be with advantage applied in much hydro- 
dynamic work, for use in the ordinary run of 
ship model experiments, it was practically out of 
court. For similarity in respect of viscous action, 
the speed had to be inversely as the dimen- 
sion. In order to represent a submarine proceed- 
ing submerged at 10 knots, a model on one-tenth 
scale would have to be driven at 100 knots. 
Tank experiments enabled one to work at 
reduced speeds with models. Viscous-similarity 
conditions would require the use of models 
of more than full size if reduced speed were 
aimed at. He saw, therefore, no reason for giving 
such prominence to this law of viscous-similarity. 
He thought it played quite a subordinate part as 
far as the naval architect was concerned. The 
time-honoured law, according to which the resist- 
ance of a body varied as the (speed) x (dimen- 
sion)” = v? 1?, was the same as Lord Rayleigh’s 
formula, $p V?k, with k treated provisionally 
asa constant. The variations in this coefficient k 
due to viscous effects puts a certain qualification on 
this law ; and as it is not practicable to work under 
viscous-similarity conditions, he thought it best to 
fall back upon the v? /? law corrected. Dr. Stanton 
gave comparative figures for two models in his 
paper, and these gave no proof of any need to take 
the vi similarity law into account. What they 
really wanted to know was how much the ratio of 
resistance to v* /* varied when v / was not the same. 
The paper did not show this clearly. By dividing 
the resistance figure by the square of the vl figure 
he obtained the figures in the accompanying 
table :— 


R + V2 L2. 
Vi. 
12-In. Diameter Model. 4-In. Diameter Model. 
0.046 
0 043 
0.043 
0.041 
0.0405 


0.045 
0.042 
0.0425 
0,042 
0.0425 


3.16 
1.47 
5.00) 
5.48 


The difference between these figures might be said 
to be of the same order as those given by Dr. 
Stanton. He would point to Dr. Stanton’s apology 
for the anomalous high-speed figure for the large 
model, as furnishing an emphatic witness of the 
practical necessity of adhering to the wave-simi- 
larity constant + /?, discarding the viscous-simi- 
larity constant vl. The variation in k was what it 
was their object to provide for. He did not know 
whether the time had yet come fur making allow- 
ance of this kind. Constancy of method had much 
to recommend it in lieu of ideal exactness, and 
change should not be made without due care in 
work such as theirs. 

Mr. G. S. Baker said the paper indicated an 
advance in our knowledge of hydrodynamics. Dr. 
Stanton had shown that the law of comparison held 
fairly closely for a submerged ship-shape form. 
They had experiments on flat surfaces in water, and 
for a paraffin surface the resistances, at speeds 
varying inversely as the length, as scaled from 
diagrams obtained by Froude, were as follows :— 


20-ft. length at 40-ft. length at 
400 ft. per min. 200 ft. per min. 
1.86 units 1.98 units 


Other figures were, for a 25-ft. length at 800 ft. 
per minute 4 27 units, and a 50-ft. length at 400 ft. 
per minute 4.37 units, these values agreeing very 
closely with the law. For a sanded surface 
Froude’s experiments showed a resistance for 
the longer lengths less than would be obtained by 
using this law to extend the results with short 
surfaces, the difference becoming fairly marked 
for the 50-ft. planks. Although the law ap- 
peared to have little application so far, it ae. 
be possible to obtain by it the absolute value of 
the wave-making resistance of a inodel from results 
obtained on a full-sized ship—i.e., working from 4 
ship to a model instead of vice versé. The ship 
would need to be moved in a tidal current of low 
velocity, and the pull and the tide measured. A 
250-ft. ship in a 0.5-knot tide would correspond to 
& speed of 10 knots for a 12.5-ft. model, and this 
was as a rational speed and size for experimental 
work, 


Professor E. G. Coker followed. He wanted to 


10-ft. length at 
800 ft. per min. 
2.0 units 


know if the author could explain a discrepancy 
between Osborne Reynolds’s discovery, according 
to which resistance varied first with v to the first 
power, and subsequently to v to a higher power, 
and Lord Rayleigh’s rule as given by the formula 
R = }tpV?k. 
between the results obtained from experiments 
made with a pipe and those made in an open 
channel. He illustrated his remarks by sketching 
on the blackboard a diagram showing the relation 
of Rand V plotted to the logarithmic scales log R 
and log V. At the lower values of V a straight Sn 
was obtained by Reynolds with a slope of 1 to 1. 
At the higher speeds the slope changed to 1.73 to 1. 
He had himself got such results with mercury. If 
Lord Rayleigh’s formula were taken, and k for the 
moment considered as a constant, a line having a 
slope of 2 to 1 was obtained. k actually was not 
a constant, but he thought it was allowable to con- 
sider it so in such a connection. He thought it 
very interesting that Dr. Stanton was obtaining 
the resistance of dirigibles by working with water, 
and not with air. 

Dr. Stanton then replied to the discussion. He 
stated that in connection with dirigible work the 


an law had been found to be seriously at fault, 
sometimes to the extent of 200 or 300 per cent. Mr. 
Froude seemed to think that law was applicable, 
but he would point out that Mr. Froude’s figures 
gave a variation for the small model of 13.5 per 
cent. The range covered by Mr. Baker’s work 
at Teddington actually was much wider than the 
figures in the table indicated. The vl figures 
In these cases the _” 


d f 2.1 to 6.66. ; 
ranged from viL 


values would be found to show a still greater dis- 
crepancy. They were 0.05 and 0.04 respectively, or 
a difference not of 13.5 per cent., but of 25 per cent. 
Another case giving a v/ value of 0.03 worked out 
to an — i: value of 0.72. 
ee 

were enormous, and it was therefore impossible to 
use the formula advocated by Mr. Froude with 
any hope of satisfactory results. 


These discrepancies 


Tae Wittiam Froupt Nationat Tank. 


Before Mr. G. S. Baker’s paper, entitled ‘‘ The 
William Froude National Tank,’ was read by the 
author, the President, having to leave, relinquished 
the chair to Sir J. I. Thornycroft. Mr. Baker’s 
ed is reprinted on page 418 of this issue of 
CNGINEERING. The discussion was opened by 
Professor J. B. Henderson, who said that he had 
been engaged for some time in experiments similar 
to those described in the paper, and had met with 
similar difficulties before they could proceed with 
their work. One of the chief difficulties was in 
maintaining a uniform speed. They had found 
great variations during only one revolution of the 
drum. They had given up the constant towing 
force system that the author was trying, and had 
purposely increased the force necessary in order, so 
to speak, to drown the small variable resistances in 
a much larger known force. They now used a 
towing force of several hundred pounds, and the 
additional Joad was secured by working a fan. 
They had not yet overcome the trouble of skin 
friction. On this they were still working in the 
dark. They were going to make experiments with 
small plates with a view to separating the skin 
friction from the total resistance. 

Professor W. 8S. Abell said he was glad Mr. Baker 
had taken up the comparative question of the small 
tank. He did not think the small tank was going 
to give reliable results. Did Mr Baker think 
the small tank of value in the case of moderate 
speeds. If the author would include more results 
in his paper, so that this might be determined, it 
would valuable. The suggestion had occurred 
to him that a correction for surface friction might 
improve the agreement of the results obtained. 

The Hon. Sir C. A. Parsons said that early experi- 
ments made by him with small models had given 
excellent results. There was then no large tank 
available. His apparatus cost altogether about 
5l., and when the results were checked later by 
tests at the Haslar tank the two were within 3 per 
cent. of eachother. He thought with Dr. Stanton 
that there should be an additional allowance above 
that made by Froude. Dr. Stanton had carried 
matters further than was possible in Froude’s time. 
Knowledge of viscosity was not then available ; 





allowance for this factor should be introduced now. 





, He thought there was a great field for the small 


,tank in connection with work on propellers. It 
was supposed that with the larger propellers there 
'was less skin friction than with the small. A 


_ turbine propeller was found to give the best results 
There was apparently a discrepancy | 


at a slip ratio of 30 per cent., while a larger pro- 
ller gave the best at 10 per cent. According to 
roude’s results less than this difference would be 
expected between the two sizes. 
he Chairman, Sir J. I. Thornycroft, said small- 
tank work had occupied his attention since 1908. 
He thought the Teddington tank had not been 
working long enough for all the faults to be properly 
allocated. The differences shown from day to day 
were serious. Lord Rayleigh considered that above 
certain speeds small models were valuable. Sir 
©. A. Parsons had given an instance of coming 
within 3 per cent. of the results obtained on a 
larger scale. The delicacy needed was greater in 
small-tank work, but if experiments could nut be 
repeated so as to give results in closer agreement 
than those shown in the paper, there was something 
wrong. Variations might arise from several causes, 
as, for instance, a slight difference of pressure of 
the cone bearing on which the drum was carried, or 
a difference in lubrication. The towing-cord might 
be carried in grooves which were too sharp, when 
friction would be set up and the leverage altered. 
The time divisions might be toolong. A half second 
division was too long. He had used a bar vibrat- 
ing 42} times per second for his time measurements, 
and made his records on a disc instead of a drum. 
Inertia also was a difficulty under some conditions. 
He thought Mr. Baker introduced an error in his 
allowance for the catenary. Mr. Baker took for 
this the whole length of the tank, whereas the half 
length would seem to suit his conditions better. 

Mr. S. W. Barnaby asked what a small tank 
really meant. The author seemed to think that a 
small tank implied one of a size necessitating the 
use of a small model. Sir J. I. Thornycroft used a 
tank of a section similar to that at Teddington, but 
of shortrun. The important point was that con- 
stant speed could be maintained for a short time, 
and a small tank was not inaccurate if a proper 
sized model was used in that way. 

Mr. G. S. Baker, in reply to the discussion, said 
small tanks were valuable for any work above the 
lower speeds. At the lowest speeds they were apt 
to be inaccurate owing to the capillary waves formed. 
Above such speeds they gave good results. The 
variations in resistance given in the paper had 
occurred on the same days. The apparatus, he con- 
sidered, was good ; the cone bearings were satisfac- 
tory. He thought there might be something in the 
idea of the cord setting up friction in the grooves, 
and had recently made changes in this respect. 
Before taking any measurements they let the model 
run for 16 ft., so as to get rid of as much as possible 
of that part of the variation which was due to a bad 
start. All unsatisfactory experiments had been 
discarded, and only those of which they were sure 
had been included in the paper. 

At the conclusion of this discussion the meeting 
was adjourned until Thursday morning. The Insti- 
tution dinner was held in the evening at the Con- 
naught Rooms. 

(To be continued.) 








NOTES. 

Rat.uess-Traction Motors ror STREET TRAFFIC. 

A pEouttaR kind of traction, by what may per- 
haps, for analogy, be called electric street tugs, 
has been introduced with the new year at Altona, 
on the Elbe, which, though a separate township 
situated in the kingdom of Prussia, is practically a 
suburb of the Hansa town of Hamburg. A good 
many heavily laden cars pass over the Grosse 
Elbstrasse, along the river Elbe, and through the 
Kaystrasse and over the Elbberg to the town 
hall, a distance of 1 km. There is an average 
radient of 5.5 per cent., to overcome which extra 
nee are much in demand. The new electric 
motor-cars are to serve instead of the extra horses 
and to give the horses some assistance in general. 
A charge ranging from 6d. up to 2s. is made per 
journey up hill; the journey takes eight minutes, 
and the return down hill seven minutes, so that a 
locomotive can make four return trips per hour. 
The loads to be dealt with come up to 7 tons. 
The installation is due to Messrs. Max Schiemann 
and Co. The locomotives run on two bogies and 
can turn in a radius of 5 metres; each locomotive 
is fitted with one electric motor developing from 
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25 up to 40’ horse-power. The maximum speed is 
10 km. (6 miles) per hour. The locomotives 
are of the customary build used for electric trac- 
tion, high in the middle, sloping down towards 
both ends; they weigh 6 tons each. The line is 
fed with continuous current at 550 volts from 
the Altona electricity works ; the trolley-arms are 
of the Schiemann type and are taken down when 
the locomotive runs down hill. One of the note- 
worthy features is that the uncoupling takes place 
while the loaded truck is moving; it is essen- 
tial for the horses and for saving time to avoid 
stoppage. 


THe ADMIRALTY AND THE THAMES IRoN Works. 
It will be remembered that the First Lord of the 
Admiralty delayed the ordering of two of the 
unarmoured cruisers of the 1911-12 programme in 
order to give a better opportunity to those who are 
trying to reorganise the Shonen Iron Works, but it 
has evidently been found not to be in the interests 
of the Service to have these two ships built at the 
Thames Iron Works. Instructions have been issued 
respectively to Pembroke and Chatham to proceed 
with the building of the two vessels in question, 
which will be named the Lowestoft and Nottingham. 
The vessels were originally intended to be given out 
to contract, and they appear in the Navy Estimates 
among the contract ships, as also does the Birming- 
ham, a sister vessel, ordered three months ago from 
Sir W. G. Armstrong, Whitworth and Co., Limited, 
of Newcastle-on-Tyne, and to be engined by Messrs. 
Hawthorn, Leslie and Co., Limited. Several reasons 
seem to justify this change of policy. Since the 
tenders were sent in by the various shipbuilding 
firms there have been great changes in the industrial 
world, and as a consequence costs have gone up, 
alike in respect of material and wages. Under 
these circumstances, the acceptance now of old 
tenders would have placed the firms who prepared 
such tenders at a serious disadvantage, particu- 
larly in ordering the material, as their prices must 
have been based on the lower rates then pre- 
vailing. It must not be forgotten, too, that 
some of the trade unions, who opposed the placing 
of the orders on the Thames on certain 
conditions as to hours of labour, threatened at the 
time to cause trouble in the Northern yards if the 
work were given out to be constructed on labour 
conditions differing from those on the Thames. 
We doubt, however, if this extreme measure would 
have been taken, but in any case the possibility of 
trouble has been overcome by the order to lay down 
the ships at the Royal Dockyards. The machinery, 
however, will be built by contract, and tenders 
will shortly be asked from various firms. The Bir- 
mingham, Lowestoft, and Nottingham belong to the 
well-known ‘‘ Town” type of cruiser, the length of 
these new ships being 430 ft., their beam 49 ft. 6 in., 
and their displacement tonnage 5440 tons at a 
draught of 15 ft. 10 in. They will have nine 6-in. 
guns and four 3-pounders, with 2l-in. submerged 
torpedo tubes, The vessels will be of the twin-screw 
type, and on each shaft there will be an independent 
series of turbines of the Parsons type, including 
high and low-pressure ahead and astern turbines, 
the latter being of the Parsons impulse and reaction 
type. Yarrow’s small-tube boilers will be fitted, and 
the power, it is anticipated, will be 26,000 indicated 
horse-power, to give a speed of 26 knots. 








Tue Roya Sanitary Institute. — A provincial ses- 
sional meeting of the Institute will be held in Cardiff on 
April 12 and 13, commencing on Friday, in the Council 
Chamber, City Hall, at 5 p.m., when a discussion will 
take place on ‘‘ The Development of Cardiff Water 
Works,” to be opened by Mr. C. H. Priestley, M. Inst. 
C.E., water works engineer, Cardiff. On Saturday, 
April 13, there will be a visit to Cardiff Reservoir, in 
the Taff Fawr Valley, Breconshire. 





Persona... — Messrs. J. and E. Wright, Limited, 
Universe Works, Birmingham, have appointed Messrs. 
Barnes and Bell, 79, St. Georze’s-place, Glasgow, to act 
as agents for the sale of their wire ropes in Scotland and 
Cumberland.—Owing to the expiration of their lease, and 
to the rebuilding of the premises which they have occu- 
pied for about thirty-five years, Messrs. Harris and Mills, 
chartered orm nts, have removed to 34 and 35, High 
Holborn, W.C r. W. Crockatt, consulting, inspecting, 
and contracting engineer and surveyor, 62, Robertson- 
street, Glasgow, states that he has taken his two sons, 
John Crockatt and William Campbell Crockatt, B. Sc., 
as partners in his business, which will now be carried on 
under the style of W. Crockatt and Sons.—The ion- 
Davies Motor Company, Ltd., 110, Cannon-street, E.C., 
state that they are now in occupation of their new pre- 
mises, Eastdown Works, Dermody-road, Lewisham, S.E. 


THE LATE MR. JOHN WARD. 


In the sudden death, on the 20th inst., of Mr. John 
Ward, a partner in the Denny firm of shipbuilders 
and engineers in Dumbarton, there has fallen out of 
the front rank of Clyde industrial leaders one who 
fulfilled the high ideals of Carlyle’s ‘‘captain of 
industry.” His wide experience of practical work, won 
by strenuous labour, gained him early and full success, 
the influential factors being not only his own broad 
sympathies and diplomatic administrative ability, but 
the discriminating liberality of mind of his old chief 
—the late Dr. Peter Denny. The Denny firm, of Dum- 
barton, has never lacked ability in the successive gene- 
rations which have carried, and are carrying, on long- 
lived traditions ; indeed, this is one of the outstanding 
features of its industrial history. As in many suc- 
ceseful concerns, there has been full recognition of the 
fact that hereditary qualities, with which birth endows 
any firm, are from time to time quickened and deve- 
loped by the leaven which comes from the infusion as 
new partners of members of the staff and others who 
have proved their worth. This was the case with 
Mr. Ward, as with the late Mr. R. B. Pope and others 
—the late Mr. Walter Brock joined as a partner 
directly from Messrs. Napier’s works—and it is no 
disparagement to the outstanding ability of the 
Dennys to claim that this policy has conduced to 
the ever-growing reputation of the firm. Mr. Ward 
won his partnership twenty-seven years ago, after being 
with the firm thirteen years, not only because of his 
professional worth and enthusiasm, but because of his 
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courage in the adoption of inventions and of im- 
provements in design and manufacture, his tact in 
negotiation with workers, his capacity in organisa- 
tion, and his ready recognition of duty towards the 
workers in their social life and towards institutions 
promoting professional progress. 

Mr. Ward died in his sixty-fifth year, having been 
born in 1848, a native of Greenock, where his boyhood 
was spent until 1859, when his family removed to Hull. 
He began work early in Earle’s yard there, but very 
soonafterwards—in 1863—he went to the Millwall Iron- 
Works and Shipbuilding Company in London to serve 
his apprenticeship. The Clyde, however, had the 
double attraction of a homeland and of a wider field 
for gaining experience, and in 1868 Mr. Ward returned 
to Greenock, joining the drawing - office staff of 
Messrs. Robert Steele and Co., then one of the most 
important shipbuilding firms in the district, although 
now no longer extant. About four years later—in 
| January, 1872—he was appointed head draughtsman 
with Messrs. William Denny and Brothers, of Dum- 
barton, and five years later—ere he was thirty years 
of age—he became general manager of the works. 
| In both capacities he came under the influence of two 
men of ~~ ability—the late Dr. Peter Denny and the 
|} late Mr. William Denny, father and son, the former a 
|man of benevolent sympathies and shrewd commercial 
probity, the latter a devotee of the scientific side of 
shipbuilding and a Spencerian student, eager to im- 
prove the lot of the workers. These respective traits 
of character found in Mr. Ward’s nature a sympa- 
| thetic chord, and there is no doubt that they influ- 
| enced his life and the vigour of his services. In 1885 
he became a partner of the firm. It is not possible, 
even if space permitted it, to s in review Mr. 
Ward’s professional work ; like that of all his col- 








responsibilities of the co-partnery. As colleague of 
William Deuny, he advocated into favour, against pre- 
judice, the use of steel for ocean ships, beginning with 
the New Zealand liner Rotomohana and the Allan 
liner Buenos Ayrean. He assisted, too, in the develop- 
ment of the high-speed Channel steamer, and was a 
persistent advocate of the turbine. It is not therefore 
surprising that he saw the works of the firm doubled 
in size. 

Although the works claimed a large share of his 
time and enthusiasm, he did most useful service in the 
wider field of professional life. For two terms he 
was President of the Institution of Engineers and 
Shipbuilders in Scotland, and his presidential addresses, 
as well as his public utterances generally, especially 
to workmen’s clubs, reflected his oe grasp of indus- 
trial economics and his philosophical temperament. 
It was during his reign that the Institution realised 
their ambition of having a habitation of their own. 
He was also, in 1908, President of the Glasgow Uni- 
versity Engineering Society. For many years he was 
a Member of Council of the Institution of Naval Archi- 
tects, a member of the North-East Coast Institution 
of Engineers and Shipbuilders, of the Technical Com- 
mittee of Lloyd’s Registry of Shipping, and of other 
technical institutions. e was for some time a mem- 
ber of the Dumbarton Harbour Board, and a Trustee 
of the Greenock Harbour Board. In the affairs of the 
Clyde Shipbuilders’ Association and in those of the 
Shipbuilding Employers’ Federation he was also active. 
He served frequently during recent years as one of 
the representatives of the Clyde Shipbuilders’ Asso- 
ciation at federation conferences with the Shipyard 
Trades Standing Committee. In education he gave a 
strong lead. For years he was chairman of the Dum- 
barton School Board, and identified himself specially 
with the evening classes for apprentices. He was 
a Life Governor of the Glasgow and West of Scot- 
land Technical College, and represented that body 
on the Committee of Allan Glen’s School, 4 prominent 
secondary and technical institution, in whose success 
he long took a keen interest. 

It is not possible even to enumerate the social and 
benevolent institutions in Dumbarton in which he 
took a leading part. Educational institutions, build- 
ing societies, social unions, cottage hospitals, religious 
organisations, and all athletic clubs found in him a 
regular - attending office-bearer, and it can well be 
understood that there was wide regret when, after 
long years of robust health, he was stricken with a 
dangerous illness two and a half years ago. This feel- 
ing was followed by satisfaction at his partial recovery 
and partial return to work and public service. He 
continued to do as much as the state of his health per- 
mitted until the end, and was at the works until the 
afternoon of the 20th inst, leaving cheerful and well. 
In the evening, about seven o’clock, when at home 
at his residence, ‘‘Garmoyle,” he had another 
siezure, and with it came the end of a full and happy 
life. He leaves a widow and three sons and two 
daughters. The eldest son is a partner in Messrs. 
Denny’s shipbuilding firm, and the second is an under- 
manager in the engineering works. With them a 
sympathetic tribute was paid by the large attendance 
of colleagues and workers at his interment on Satur- 
day, the 23rd inst. 








Tue Dinyer oF THE InstiTuTION oF CiviL ENGI- 
NEERS.—On Friday, March 22, the annual dinner of the 
Institution of Civil Engineers was held in Lincoln’s Inn 
Hall, Dr. W. C. Unwin, F.R.S., the President, occupyin: 
the chair. After the loyal toasts, Earl Brassey pro 
‘The Imperial Forces,” the toast being replied to by 
Captain G. A. Ballard, R.N., Admiralty War Staff, and 
brid.-Gen. G. K. Scott-Moncrieff, Director of Fortifica- 
tionsand Works. The toast of “‘ Universities and Applied 
Science ” was proposed by the President, who recalled 
that the early universities were established to teach 
men professional knowledge in relation to law and 
medicine. Later they devoted themselves to the Arts, 
but even then the Greek and Latin they taught were 
the means of access to the wisdom of the past and 
to all current knowledge. It was only when Latin 
ceased to be the age in which learned books were 
written that the universities abandoned useful know- 
ledge. The first university teaching of engineering science 
commenced in 1840 in Glasgow, and it had spread until 
the subject was taught both in Cambridge and Oxford. 
We had followed the lead of Germany, which had the 
finest engineering schools in the world, and were fast over 
taking her. We had to look to the universities to give to 
our young people a thorough preparation for life. The 

rosperity of the country depended on our keeping in the 
orefront in scientific matters, and it was reasonable to ask 
those who made large profits in industry to endow means 
of education and research. There hadalready been splendid 
examples of liberality in this direction, such as the gift hy 
Mr. Yarrow of the tank at the National Physical Labo 
ratory. We had not yet a sutticient supply of well 
trained men, and one function of the University was t© 
pick out genius and make it available for the advance of 
the country. To this toast Sir Henry A. Miers, Prin- 
cipal of London University, and Professor Sir William 





leagues, it was merged in the common duties and! 


Ramsay, K.C.B., replied. The toast of ‘“‘The Institu- 
tion” was ao y Lord Aberconway, and replied to 
by Dr. W. C. Unwin, 
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STEAM-BARGE “SWAN,” USING OIL FUEL. 

Ovr illustrations, Figs. 1 and 2, below, repre- 
sent respectively the steam-barge Swan, constructed 
by Messrs. Fellows, Morton, and Clayton, Limited, 
of Birmingham, and the engine and boiler, which con- 
stitute the motive power of the vessel, and which have 
been manufactured by Messrs. T. A. Savery and Co., 
Limited, Newcomen Works, Bracebridge-street, Bir- 
mingham. The barge has been built to the standard 
length of 72 ft. and 10 ft. 6 in. beam, and will carry 
a load of 34 tons. 

The machinery has been made rather more power- 
ful than was actually necessary for canal work, but 
the barge is intended to work on the River Thames 
direct from London docks to Braunston, some 100 
miles up the Grand Junction Canal, and while on the 
Thames it will have to tow one or two butties carrying 
about 45 tons of cargo each, or it may possibly have to 
tow lighters. On this account, therefore, the makers’ 


used, which process entails no particular work upon 
the driver. Efficient water and oil-filters are pro- 


supply the boiler and empty the bilges. It has special 
cocks for preventing the bilge water being pumped 
into the boiler, or the boiler feed-water being pumped 
overboard. 

The engine, which may be seen in Fig. 2, is one 
of the makers’ open compound surface - condensing 
uick-running type, with cylinders 4 in. and 8 in. in 
ameter and 5 in. stroke, running at 600 revolu- 
tions per minute and capable of developing from 
45 to 50 indicated horse- power when running at 
full speed. A special propeller is fitted to this barge, 
the design being due to considerable experience in 
canal traction work. Slow-speed air-pumps and feed- 
pumps are fitted as well as an air-pressure pump for 
maintaining the pressure in the fuel-tanks. Outboard 
condensers with solid - drawn copper D-tubes are 
placed under the counter and quarters of the barge 














Fig. 1. 


usual launch practice has been departed from and 
means have been adopted wherever possible to reduce 
the driver’s work to a minimum. 

The machinery installed is Messrs. Savery’s standard 
open type, with their system of heavy-oil firing, 
using any class of refuse oil, tar, or gas-oil, costing 
from 2d. per gallon upwards, a good supply of this 
class of fuel being obtainable anywhere in the country. 
The boiler is one of the standard straight water-tube 
type, the tubes being expanded into steel drums and 
water-boxes, and so arranged with plugs opposite the 
tubes that each tube can be examined, cleaned, or 
renewed without disturbing the others. All the joints 
in the water-tube boiler are metallic, so that no skilled 
labour is required in making them, and there are no 
packings to burn away or deteriorate. 

The oil firing is, it is claimed, a very great saving 
over the old-fashioned hand coal-stoking, and allows 
a much smaller engine-room to be adopted than would 
otherwise be the case, and constant and even steaming 
is obtained, as well as a total elimination. of ashes 
and dirt in the-engine-room. It has been found also 
that, with careful management, no smoke whatever is 
visible at the funnel top, and, when standing by, the 
fuel can be turned completely off, so that no loss occurs 
from stand-by charges. 

Steam is first raised in the boilers from cold water, 
with a special starting-lamp, until there is about 20 Ib. 
pressure per square inch, which takes some ten or 
fifteen minutes. With this pressure, the heavy-oil 
burners can be started and steam raised to blowing-off 
point, which is 250 lb. per square inch pressure. Steam 
and air are used for atomisation with the heavy-oil 
burners, steam while the engine is standing and for 
steam-raising, and air when the main engine is running. 
The air is supplied from an air-compressor on the tail 
rod of the low-pressure cylinder. While manceuvring, 
an automatic regulator is fitted as a supplementary 
means of admitting steam to the burners while the 
engine is running dead slow or stopped, changing over 
to air without any attention from the driver when 
the main engine restarts, or the full air pressure is 
available. The makers claim that air atomisation 
gives better results than steam. With the firm’s 
patented system it is claimed that an evaporation of 
15 lb. of water per pound of oil is obtained in actual 
running when using air atomisation. 

_Fuel-tanks, carrying 400 gallons of oil, are fitted 
at each side of the boiler, and pressure oil-tanks at 
each side of the engine-room. These latter hold about 
40 gallons each, and the oil in them is constantly 
under @ pressure of about 40 Ib. per sq. in. The pres- 
sure-tanks are filled by gravitation from the main 
*torage-tanks, one being filled while the other is being 
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and are well protected from rough usage and damage. 
The vacuum carried averages 28 in., and a hot-well is 
rovided, which supplies the engine pump or the 
Seabay pump, and is fitted with connections to the 
fresh-water tank for extra supply. Efficient means 
of lubrication are provided. ; 

A specially-designed ball-thrust is fitted in addition 
to the standard horse-shoe collar thrust. This has, 
we understand, been found to give very good results, 
and to be well adapted for the heavy, constant load 
required continuously for this class of work. 
this particular job, as the weight of the machi- 
nery was small, it was thought best to keep the boiler 
aft, so as to distribute the weight more evenly over 
the stern end of the barge, in order to save the hull 
from straining action. With the boiler well aft, the 





slight heat that is given off enables the cabin to be 


vided, and there is a small duplex boiler feed-pump to 


kept warm, and the heat is kept from the cargo. The 
engine is placed forward of the boiler, and is arranged 
with an ample driving space round it. 

The total weight of the machinery, including the 
boiler, engine, stern gear, and condensers, but exclu- 
sive of oil-tanks and fuel, does not exceed 31 cwt. 
with steam up. The amount of fuel, of course, 
depends on the length of the voyage to be made. 
The machinery department is arranged forward of the 
living cabin, and aft of the cargo-carrying s » and 
is fitted between two water-tight bonineia which 
are spaced 7 ft. 6 in. — Owing to the light weight 
of the machinery and the small space it occupies, 
extra cargo capacity is obtained. 

The barge commenced to run in August last, since 
which time she has been running continuously, and 
had up to the end of January last a record of over 4500 
miles, or about 2250 hours’ steaming, equal to about 
25 double journeys from Brentford to Braunston and 
back. The run from Brentford to Braunston, about 
100 miles, generally takes about 45 hours’ continuous 
steaming, during which time some 100 locks are ‘ 

It is claimed that this barge is the first ever pro- 
duced carrying the amount of cargo it does with the 
horse-power available, and at such a low fuel cost. 
During the trials on the Thames last August the barge, 
towing a butty containing 45 tons of cargo, making a 
| total of 77 tons of cargo, averaged a mean speed over 
still water of 4.86 miles per hour, and canal trials 
proved in every way satisfactory, though no great 
speeds were recorded. 





SOME MILITARY PRINCIPLES WHICH 
BEAR ON WARSHIP DESIGN.* 


By Admiral Sir Reainatp Oustancor, K.C.B., 
K.C.M.G., C.V.O., Associate. 


A sHIP of war embodies the tactical and strategical 
ideals of the age in which she is designed and built. To 
examine those ideals, to reject those which are false, and 
to set forth those which are true, together with the mili- 
tary panes underlying them, is the business of the 
naval officer. Toembody those principles in a design is 
the part of the naval architect. 

Whence should the naval officer derive his ideals? From 
a wide and searching inquiry into war in all its aspects, 
from its human as well as from its material side, in past 
as also in modern times. 

From this comprehensive study will spring a knowledge 
of principles without which the imagination is apt to run 
riot, and the lessons drawn either from isolated actions or 
from peace experiments are liable to be wrong and mislead- 
ing. Many instances of the truth of this statement cou!d 
be given, if time ae, The famous action between 
the Merrimac and Monitor, fought in Hampton Roads just 
fifty years ago, must suffice. The former had already 
destroyed two helpless sailing ships of 50 and 24 guns, at 
anchor, the one by ramming, the other by gun-fire, when 
the latter appeared. The two ships fought for three and 
a half hours, and then separated, having suffered the 
trivial loss of eleven men wounded on one side and three 
on the other. Each ship was covered with impenetrable 
armour, but carried a very small number of guns. Each 
side had made itself safe against the gun at the expense 
of power to injure the enemy, as subsequent actions in 
the war confirmed. Men concluded that the ram was 
more reliable, and the gun less so. Had they paused to 
inquire, they would have found that the ram could not 
be used as easily me a ship in motion as against one 
at rest, and that, if the war was looked at as a whole, the 
gun was reliable. The sacrifice of guns, with the conse- 
quent reduced volume of effective fire, initiated after 
Kinburn and accelerated by this action, was opposed 
to the whole teaching and experience of war both by land 
and sea throughout all ages. These preliminary remarks 
may perhaps justify the present paper. 

Since weapons govern tactics, they first demand atten- 
tion. Of the three—gun, ram, and torpedo—the first 
only can be dealt with in the time at my dis’ The 
— | and object of the gun armament is to strike effective 
blows greater in number than those received. The most 
obvious way to do this is to bring into action a ter 
number of effective guns than the enemy. With this 
object short-range guns were mounted in ships and forts 
in two, three, or even four tiers. This is not necessary 
with lo song guns, which can be spread over a wide 
front, while the effect of their fire can be concentrated. To 
disperse the guns while concentrating their effect has been 
found to be an advantage in modern land battles, and 
armies have availed themselves of this power. Navies 
have not yet done so, but to this we must return later. 

As was repeatedly proved during the sailing era, the 
tactical conditions required to facilitate frequent hitting 
are a constant range and relative bearing, which means 
that ships must steer on parallel courses, curved or straight, 
with their heads in the samedirection. The introduction 
of steam made no change in this respect. The failure of 
the gun at the battle of Lissa was due, not to the use of 
armour, but to the neglect of these conditions. It was not 
given proper opportunity to hit. In an hour and a half the 
Austrian ironclads fi less than eight rounds per gun. 
The repulse of the Formidabile by the onna battery at 
San Giorgio showed how effective the gun could be at that 
time when the range and ing were constant. What- 
ever the future may have in store, several actions during 
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the Russo-Japanese war proved that the same conditions 
still held at that time. 

At what range ought we to be prepared to fight’ At 
any range, since circumstances, or the enemy, may deprive 
us of any choice. We must neither be outranged at long 
distances, nor overwhelmed by a superior volume of fire 
at ‘‘ decisive ranges.” In the past this condition was 
satisfied by combining long guns and carronades in the 
armament of each ship. The primary armament of long- 
range guns was for distant firing, the secondary armament 
of short-range guns was to increase the effect producible 
by a given weight of armament at ‘decisive ranges.” 
Started during the War of American Independence, the 
principle was maintained until the introduction of armour, 
1.¢., for a period of eighty years, of which twenty-eight 
were years of war. It was then discarded, was subse- 
quently reintroduced, and is still a subject of contro- 
versy. Of its soundness in the t there can be no 
doubt. We have now to decide whether it is applicable 
to the present conditions. As to this we have to note 
that two 12-in. guns, with mountings and ammunition, 
may be taken to weigh rather more than three 9.2-in. or 
fifteen 6-in. guns. Also, that the relative rapidity of hitting 
with these natures under the gun-layer’s test conditions 
may be taken as, 1:2: 3, and thus fora given weight of 
armament the relative hitting capacity would be :— 


2 of 850 Ib. ; 6 of 380 Ib, ; 45 of 100 Ib. 


The smallest of the three would fall off at long ranges, 
but after making — allowance it would seem that at 
‘decisive ranges” it should, like the’ carronade, give a 
better return for its weight than the heaviest. 

‘*Decisive range” may be defined as that distance at 
which one combatant develops in a limited time such a 
superiority of attack that the other is put out of action. 
From the ‘‘close alongside” of the Nelsonian era the 
‘‘decisive range” has gradually grown as guns and 
the appliances for — ave improved. It was 
about 800 yards during the Crimean and American Civil 
wars. With the early rifled guns it was somewhat less 
than 1200 yards, and continued to increase till it reached 
some distance inside 2500 yards at the Yalu in 1894, 
and inside 5000 yards in the Russo-Japanese battles. 
It is a variable quantity, depending on the weather and 
otherconditions. Atone timesome minds seemed to lean 
towards very long ranges, but of late increased experi- 
ence and reflection have tended towards more moderate 
ones. The immense difference between seeking a decision 
at long ranges and at short ones is shown by the fact 
that on August 10, 1904, the action lasted nearly seven 
hours, and at Ulsan nearly five, in each case without any 
complete decision, whereas the fight culminated at Tsu 
Shima in forty minutes. 

We may conclude that the determined man, who desires 
a decision, will try not only to close as quickly as possible 
to ‘‘ decisive ranges,” but to maintain himself there with 
all guns in action at a constant range and on a constant 
relative bearing. The manner in which he will approach, 
and the range at which he will turn up to bring is guns 
into action, are nice questions, only to be decided at the 
time in accordance with the conditions of the movement. 
The enemy must not be given the opportunity to hit so 
often as to get an advantage before his fire is beaten down. 
Owing to the continuous change in the range either no 
hits, or very few, were made during the approach in the 
actions between the Alabama and Kearsarge, between the 
Weehawken and Atlanta, and at Mobile Bay in 1864, at 
Lissa in 1866, Point Angamos in 1879, the Yalu in 1894, 
and in two battles during the Russo-Japanese war. In 
these actions the side which reserved its fire invariably 
won. Again, immunity may be reached either by weather 
conditions, or by some such skilful approach as that of 
Admiral Togo at the battle of Tsu Shima. From all 
which we may conclude that a determined officer will be 
able quickly and without serious loss to reach ranges at 
which the fire will be entirely effective ; in fact, to return 
to the Nelsonian principle of laying his ships *‘ alongside” 
the enemy at modern “decisive ranges;” and further, 
that bi side fire is the decisive factor, end-on fire being 
of little value, except in chase or in retreat. 

It has been said that under past and present conditions 
decisive action requires that ships should close to 
** decisive ranges,” and should steer on parallel courses 
with their heads in the same direction. This means that 
in decisive battles, fleets, or parts of fleets, will ultimately 

drawn - in parallel lines, curved or straight, as 
occurred in the second action on August 10, and would 
have | ned at the battle of Tsu Shima if the Russian 
Admira: had understood his business. 

To what extent will the curvature limit the dispersal 
of guns over a wide front? If a constant relative bearing 
and distance are maintained between the leading ships, 
the fleets will move on straight lines when the speeds are 

ual, and on concentric circles when they are unequal. 
The higher the s ratio and the shorter the range the 
more curved will be tracks. At Tsu Shima—Figs. 1 
and 2—the speedsof the two fleets were 15 knots and knots 
and the — range 6400 yards. If Rozhdestvensky had 
brought the Mikasa to bear 13 deg. abaft his beam, Togo 
would have been constrained to bring the Suvorov 8 deg. 
before his beam in order te maintain at least tactical 
equality. If the Japanese had steered more towards the 
enemy than 8 deg. ti = would have closed, but drop 
astern in bearing, and exposed their van; if they had 
turned less they would have opened, gone ahead in bear- 
ing. and not fought a decisive action. 

he higher the curvature, the smaller the fleets which 
can maintain tactical equality in this manner. As the 
lines close the curvature increases, and throws the van 
and rear ships of the slow fleet out of action. At Tsu 


Shima, with twelve ships in each line, this would not 
have occurred until the range became less than 4000 yards. 
But the speed ratio—5 to 3—in that battle was very high, 





and is not to be expected in future, since it means a differ- 
ence of 10.6 knots if the slow fleet steams 16 knots. For 
very small squadrons the speed ratio might ibly reach 
4 to 3, but the curvature would be immaterial in their case. 
For fleets of any size the ratio will be perhaps 9 to 8, and 
more probably unity, which means that for present-day 
ranges, 8} js, and differences, the course may be taken 
as straight, and the fleets unlimited in number by this 
consideration. Whether the speeds be equal or unequal, 
neither side can take position against his opponent’s will 
on the bow of the on with all guns in action. The 
attempt can always be frustrated by standing on or by 
turning off. When two fleets once get into parallel lines, 
whether curved or straight—i.e., into positions such as 
the two sides might have assumed at Tsu Shima—the only 
plan is to fight it out broadside to broadside. So long as 
there is plenty of sea room, any practicable difference in 
the 5 is of little importance. If land or shoals 
impede free movement, scope will be given for tactical 
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skill, and the result is as likely to accrue to the advantage 
of the one speed as of the other. 

_ If future decisive battles are to be fought in el 
lines nearly straight, one important consequence follows. 
It will be possible to bring into action a large number of 
ships carrying ibly a greater number of guns. Fig. 3 
shows this number for various ranges, when the intervals 
between the ships are two cables, and the gun arcs of 
training are 30 deg. from the beam bearing. If the 
leaders remain abeam of each other and keep the ra 
constant, A will be able to bring into action against B's 
rear extra ships—eight when the range is 6000 yards, in- 
creasing or decreasing by three for each addition or reduc- 
tion of 2000 yards in the range. If the overlap is esta 
lished at both ends, as might occur if B closed, the extra 
ships would be more numerous. We are content now to 
establish the proposition without reference to its possible 
consequences on 4” 

The importance of bringing a larger number of guns 
into action is seen by comparing the short time required 
to silence the enemy’s at Kinburn in 1855, and 
Fort Fisher in 1865 with the long time taken by the 
British Fleet at Alexandria in 1882, owing to the small 
number of guns carried, and to not giving those guns 
adequate opportunity to hit. In the battles between the 
Japanese and the Russians the former brought into action 
a greater number of guns. On August 10 the superiority 
was at first 63, and later 73, to 52, or about 40 per cent.; 
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at Ulsan it was 43 to 30, or about 43 per cent. 
Shima it was 127 to 98, or nearly 30 per cent. 

We turn to the accuracy of fire in battle. The facts at 
our disposal are necessarily imperfect. At Lissa the 
Austrian ships received 412 hits, including those on masts 
and rigging. These are estimated to have represented 
perhaps 22 per cent. of hits to rounds fired by the Italian 
ironclads. At Point Angamos the Chilians appear to have 
made 28 per cent. In both these actions the ranges were 
very short. At the Yalu the Chinese 30.5-c.m. guns 
seem to have made 5 per cent. ; at Santiago the Americans 
made 3.2 per cent. uring the Russo-Japanese war the 
percentages were :— 


At Tsu 


Russian. Japanese. 
Chemulpo ... ae pil 8-in. guns, 10.7 ; 6-in. 
and 4.7-in. guns, 3.2 
August 10 ... ive 1 to7 
Ulsan - ...lessthan2 not more than 6 


At Tsu Shima so many Russian ships were sunk that the 
eer agp ay are nct known, but were probably higher on 
th sides, as the leaders opened fire at 6400 yards, and 
the fight culminated at about 4500 yards, although con- 
tinued at variable ranges, sometimes much greater and 
sometimes as short as 3000 yards or less. The percentages 
above-mentioned are vety low, and show the need to keep 
the ranges not only constant, but comparatively short. 

Attempts to counteract the errors inseparable from 
firing at sea at a ship in motion have been made in two 
different ways. The one method is to fire a large number 
of rounds, which involves a more or less numerous battery, 
and is associated with the idea of “decisive ranges ;” the 
other method is to se the accuracy, which has finally 

to an increase in the size, and a reduction in the nuni- 
ber of the guns and to a leaning towards long ranges. 
Two different principles are here working in opposition 
instead of as mutual aids. The principle of numbers has 
been relied on in past wars, whi have shown that, if one 
side is determined, decisive action cannot be avoided by 
the other, except by withdrawing. The principle of 
accuracy in its present development is a peace product, 
and is based on the idea that one side can always control 
the range against the will of the other, which is not true. 
The peace-tried principle of accuracy tends to undermine 
and destroy the war-tried principle of numbers. Is it 
wise or safe to push this tendency too far either by unduly 
increasing the size and reducing the number of the guns, 
or by over-centralising the control ? 

Turning to the effect produced by the gun-fire. In the 
Russo-Japanese battles we find that one-half the hits, 
whether 12 in. or 6 in., produced neither casualties 
among the personnel nor any material reduction in the 
fighting efficiency of the ships. The experience at Ulsan 
and Tsu Shima seems to indicate that, although the fight 
en culminate earlier, upwards of one hundred hits by 
high explosive shells from the guns used at that date 
to complete the defeat of a ship of the 
line. Both the inaccuracy of the shooting and the large 
number of hits required point to the need to fire a large 
number of rounds before a decision can be reached, 
especially at long ranges. 

At the Nebogatoff court-martial a constructor, who 
had been present on board the Orel during the battle of 
Tsu Shima, stated that his ship was struck by forty-two 
12-in. shells, and that fifteen of these hit within a period 
of twenty minutes towards the end of the day. Com- 
paring the effect produced by 12-in. and 6-in. shell known 
to have burst, we find that at Tsu Shima eleven 12-in. 
are said to have averaged thirteen casualties, while eight 
6-in. yielded seven each, as against twelve and thirteen 
respectively for a less number of each on August 10. In 
the first-named action all the shells are believed to have 
been high explosive; in the last-named there is some 
doubt as to whether all were so charged. The figures 
must not be pressed for more than they are worth ; they 
point to the necessity for caution in accepting current 
doctrines and to the need for inquiry; they seem to 
indicate that the larger gun has been unduly magnified 
in the recent past. In a peace experiment the shell is 
usually made to hit exactly on the right spot. The diffi- 
culty of placing it there in battle is forgotten. Men 
shake their hende at the awe-inspiring sight of the effect 
produced by the large shell, and pass by that due to the 
small one. They forget that the most effective way to 
beat the enemy is to disable his personnel and to silence 
his guns. The war facts quoted seem to indicate that 
the smaller gun is by no means to be neglected as an 
instrument for this pur . The effect produced depends 
not only on the size of the projectile, but on the place 
where it hits. An8-in. shell disabled upwards of seventy 
men in the Iwate at Ulsan, and a 6-pounder disabled a 
10-in. gun on board the Peresvyet on August 10. A small 
shell on the right spot is more effective than a large shell 
on the wrong one; but to discover and, much more, to hit 
the right spot inaction is difficult. Again, the facts show 
that it is a mistake to compare the gun-power of ships by 
the total weights of their respective broadsides. ‘To do 
so is to assume that on the average an 850-Ib. 12-in. shell 
will damage the fighting efficiency of the ship as much as 
-in. shells. Such an assumption seetis 
n@t to be true. When the guns in ships of the line were 
all about the same size, the method was legitimate, but 
surely it isso no longer. Are not the numbers and sizes 
of the guns carried the best and only safe standard of 
comparison ? : , 

It is suggested that a ship of the line should be armed 
with two natures of guns, and that a careful balance 
should be maintained between the numbers and the sizes 
of both natures. On the one hand, the numbers must 
provide a sufficient volume of fire at ‘‘decisive ranges, 
while the sizes must be ooh os will not —_- — 
against being outranged at long distances, but will als 
maintain prs Bog trsnte over the armour. The best armed 
fleet will be that which carries the largest numbers 
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TABLE I.—THE ELEMENTS OF THE FIGHTING POWER OF TYPICAL SHIPS. 











| 
FRENCH. BRITISH. 
| ' om - — —_ - = = 7 _ ——E - - —_ —_ —— 
| 
| “a ‘ ” 
| “‘ALGESIRAS” 90. “‘GLoIRE” 36. |‘‘ConquEROR”101.| ‘‘ Warrior” 40, ** SuuTan ” 12. *‘Dreapnovent” 4, “‘ INFLEXIBLE” 4. Cottanewoon ** Masestic ” 16, 
aoe | eae ee, Lee ere = saccamabadii A os sini : 
Sis Be Fp URS |e Se ys ee Se) se he LS Le lee Pe OS Be is | s BB ie is ies 
i26\ B3 las g2;2- 3} Bs (Bag 8e) =; |B. & Pa -- 28/8; 38 s 3; 28 5 By Be Su Bau 
ai S2 (Sete! oe Setled Se Seg! sz Seta) Gz Seg 2! G2 Saget be Seg ed bs Seg cd Se By 
= = a = GC Cy s c Cy CO 5 o Cre 2 os cy 2 a Cy 
la? z2 ene Fo Pa eralro eu sas Zo ee ene Zo 22 zne Z° Pa saee0 22 snes 50 Pa) gat Zo za Sas 
F Ib. Ib. Ib. Ib Ib. Ib Ib. Ib. Ib. Ib. Ib. Ib. Ib Ib. Ib. Ib. | Ib. Ib. Ib. 
| 8 56 3.2 oe x oS . ee os + 400 23.5 4 800 87.5 4 1700 75 4 714 | 31.5 4 850 80 
} 3 40 ? os 19 56 2.5 17 68 2.5 2 250 17.0 - on oe 3 100 7.5 6 100 7.5 
Broadside 4 | 18 33 1 18 99 3 31 32 | 1.25 2 90 625 — a — — ~ -- _ _— — 
{| 10; 2 | 1 é rz 25 | 2| 40 |29 — : _ — —{—-/|/-/]- 
11/9/38 — jm wm | — fom] — | = ie | ie aa a og " a = a 
| 45 18 51 21 6 | 4 4 7 10 
Relative firing capacity —| | : ; eit artnet waaemeetememnens weed ee eee ae EE een eel — a 
ie, number of rounds 60 ? 68 22 f 5 of 400) 2 1 { 2 of 714 5 of 850 
per minute... j ; (2.5 of 250 J 7 of 100 36 of 100 - 
Area of target, armoured ..| nil 5 Nil 7m . @2pe0) .. . | 46poc 41 p.c. 25 p.c 2po.| .. 39p.c.,  — 
Crew *e ee ++] os 950 <6 os 704 2° - 660 402 440 4su i .. ts 
8700 ) ’ 
| : 9500 as 
Displacement, tons ..__..| 5240 .. ~—...: (5610 5400... Sw. 9120 - - —— | 10,900 eon ae Ber } 14,900) — 
les completed \_ pleted 





The relative firing capacity, or the number of rounds that can be fired per minute, is based on the results obtained when single guns are firing at short known ranges. Reductions 
must be made when the whole broadside is firing at ‘‘ decisive ranges. 


TABLE II.—Distrisution or 


FRENCH. 

* Alge- | «wcaiaien » | ‘Con- “War 

siras.” | Gloire. queror.” rior.” 

tns p.c. |tns| pc. |tons, p.c. tons! p.c. 
Hull as .. 2450 46.8 (2650, 47.3 2942/ 54.5 4720 51.8 
Armament .. 580 10.5 | 370 6.6 6564) 10.4 | 560 6.2 
Armour aloo | wo | BRS | oo] on TR BAA 
Coal ie ..| 600 11.4 | 650 116 524) 9.7 | 700 7.6) 
Equipment, in- | 


cluding motive 
mechanism or 
apparatus .. 1640 31.3 |1130 20.1 1370| 25.4 |1790 19.6 


Total .. 5240 5610! .. (5400! .. (9120 


THE WEIGHTS IN TYPICAL SHIPs. 


BRITISH. 
“ ” “Dread- 7 » “Oolling- ,, +. 9 
Sultan. aeugta.” Inflexible. oma Majestic. 
tons | p.c tons p.c. tons p.c. tons .c. tons | p.c. 
3750 43.2 3,460, 31.8 4,310 360  3300/ 356 5, 39.3 
580 | 6.7 520° 4.8 920 7.7 660 7.1 1,580) 10.6 
1740 | 20.0 38,880 35.6 3,400 283 2780 | 29.4 4,549) 30.5 
600 6.0 1,200} 11.0 1,200 10.0 950] 10.2 900' 6.0 
2020 | 23.2 1,830, 16.8 2,150 18.0 1640 17.7 | 2,030 13.6 
9280 as 
designed 
8690 | .. 10,890 11,980 9500 as 14,900 
N.B. — 460 com- 
tons of bal- pleted 


last were 
added. 





N.B.—The French and English figures are not directly comparable. 


the smallest guns which will do the work. This brings 
us to the question of 
ARMOUR. 

Up to the middle of last century, men’s only thought 
in battles at sea was to silence the enemy’s fire. Then 
they began to look tu armour for protection and safety, 
and ceased to place their trust in guns. This great 
change in principle is surprising, seeing how effective the 
latter had been, as proved by the winners’ small losses 
compared with the losers’ | ones in many actions at 
sea > the eighteenth and early nineteenth centuries, 
also in the attacks on Kinburn in 1855 and on Fort Fisher 
ten years later. 

hen armour was introduced armament was partially 
sacrificed, as can be seen by comparing the armoured 
Gloire with the two-decker Algesiras (see Table II.). In 
the armoured Warrior, which carried the same weight of 
armament as the two-decker Conqueror, the sacrifice was 
indirect, as that ship was made larger to carry the armour 
and to give increased speed. The two-deckers fired three 
shots for every one by the armoured ships. It was 
assumed, and accepted without any adequate trial in 
battle, that the two-decker’s broadsides would be in- 
effective against the armoured ships, although large parts 
of those ships were unprotected and the gun-ports 
numerous. he tendency was to allot a smaller per- 
centage of displacement to the armament, and to uce 
the number o a while increasing their size. In the 
Dreadnought of the early ’seventies the armour absor 
seven times as much — as the guns, and the number 
of the latter was redu to four. Her fire was so slow 
that she would have had some difficulty in hitting the 
enemy. Then began a reaction. In the early ‘nineties 
the armour was to the guns as 3 to1; in the year 1905 
the proportion was 5 to 3 in battleships and 4 to 3 in the 
so-called ‘‘battle-cruiser.” The percentage of unpro- 
tected vertical target presented by sea-keeping vessels 
has ranged from about 30 in the Gloire and 40 in the 
Warricr up to as much as 75 in some ships since built. 

When ships were completely clothed with armour— 
‘.g., American Monitors—its military effect was to reduce 
the ‘‘ decisive range,” as can be shown by comparing the 
action between the Kearsarge and y tm Bonin with that 
between the Weehawken and Atlanta. In Mobile Bay, 
Farragut showed that ships unarmoured must close with 
those armoured. On the same principle, ships with thin 
armour must close with those having thick, to give them- 
selves a chance of victory. Theaction off Point Angamos, 
in which the Huascar was defeated, proved that armour 
is useless as soon as it is perforable. ith the introduc- 
tion of guns of + perforating power, and of ships 
only partially clothed, armour to affect the ‘* deci- 
sive range,” which means that tactics are uninfluenced 
Ly armour, 

If armour does not influence tactics, what is its mili- 


tary value? Some indication may be found in past naval 
actions. The unarmoured ships Hatteras, Alabama, 
three out of the four Chinese ships destroyed at the Yalu, 
the Varyag at Chemulpo, the destroyers Stereguschi and 
Strashni, were all beaten before their floating power and 
stability were destroyed, while the victors suffered small 
loss no | damage. On the other hand, the Novik and the 
Tsu Shima, on August 10, 1904, and the Kasagi, at the 
battle of Tsu Shima, were each hit near the water-line, 
and obliged to haul out of action without any decision. 
At the beginning of the last-named battle the Russian 
Svetlana was hit below the water-line, and her speed 
reduced to 15 knots. 

The armoured Huascar, off Point Angamos, and the 
four Spanish ships off Santiago, were all defeated with- 
out compromising their panne t power. This immunity 
was due to not being hit near the water-line, and not to 
armour. No vessel was sunk on August 10, 1904. At 
Ulsan the Rurik was completely beaten, the Rossiya and 
Gromoboi practically so, although their floating power 
had not been seriously compromised. At Tsu Shima the 
Oslyaba was beaten before she capsized; the Suvorov 
remained afloat and endured a tremendous battering at 
comparatively short rai long after her fire was 
silenced; the Alexander III. and Borodino were prob- 
ably beaten before they foundered ; the Orel was beaten 
and surrendered, but her floating power remained unim- 
paired. The 8-in. water-line armour of the four last- 
named ships was perforable bd the Japanese 12-in. guns 
at the ranges of the battle. ay it be that the difficulty 
of hitting near the water-line explains why these ships 
remained afloat so long? The percentage of hits near 
the water-line to the total received has varied from 
twenty-one for the Huascar to about ten for the Spanish 
ships at Santiago, and for both sides on August 10, and 
about five for the Austrian ships at Lissa, -— ae. 
for the Orel. In none of the actions mentioned did the 
armoured belts of the victors exercise any decisive in- 
fluence on the results. Do not the facts tend to show 
that the risk to the flotation and stability has been some- 
what overrated? As the ship need not be made abso- 
lutely unsinkable, but only sufficiently so to win victory, 
should not the difficulty of hitting the water-line be 
carefully considered before diverting large weights from 
guns—the most effective. form of defence—to armour, 
which gives imperfect protection ? In balancing the rival 
claims, the naval architect will doubtless remember the 
great importance of good protection for the magazines 
and the value af horizontal armour. . 

Turning to the value of armour as a protection to oo. 
On August 10 the hits on the gun positions did not 
exceed 10 per cent. of the total received. The vertical 
armour, which weighs nearly as much as the guns, 
mountings, and ammunition, saved only 25 per cent. of 
the Russian, and none of the Japanese, primary gun 








per cent. of the primary guns on each side were out of 
action from various causes at the end of the day. At the 
| battle of TsuShima the actual hits on the gun positions 
of the Orel were about 5 or 6 per cent. of the total received 
by her. Although no armour was pierced, eight out of 
her twelve 6-in. and two out of her four 12-in. guns were 
| silenced. On the Japanese gun positions, the direct hits 
were at least 13 per cent. of the total received. Of these 
known actual hits, only 15 per cent. were stopped by 
armour. Out of 127 Japanese guns of 6 in. and above, 
only six were put out of action by actual hits. Do not 
| these facts indicate that it is difficult to make actual hits 
| on the gun positions ? Should we not remember this diffi- 
| culty before deciding to give protection against actual 
| hits—before diverting large weights from guns to *‘ thick” 
armour? The word “thick” is used advisedly, becausé 
the losses sustained by the Varyag at Chemulpo and by 
the Russian ships at n seem to show that armour 
nerapeon against fragments of bursting shell is abso- 
utely necessary. 
Guns, armour, and speed have hitherto been separately 
discussed. It may be well to conclude by bringing them 
ther in a concrete form. Take two modern typical 
ships of the line, A and B, of about the same dis eee 
ment, whose battle-speeds may be taken as 17 and 22 knots 
respectively, and whose weights are distributed thus :— 


| Pee cont. from the effect of actual hits, while about 20 


| 











A B Per Cent, 

se Per Cent. Per Cent. | Difference 

of of | Between 

Weight. Weight. B and A, 
SSG 34.6 87.1 + 2.5 
Armour oe 0’ oe 28.0 19.2 —- &8 
Machinery .. + ee 1.5 | 19.8 + 7.8 
Coal ee oe es 5.0 } 5.8 +08 
Armament .. + ee 17.3 | 14.7 — 26 
Equipment - 3.6 | 3.9 + 0.8 

100 100 | 





Weight has been transferred from armour and arma- 
ment im A to the other elements in B te give increased 
speed, which, as has been shown, yields no adequate 
tactical, or strategical,* return. Xs armour has no 
great fighting value, since it is limited in area to one- 
third of the vertical target presented, and is all easily 
perforable by the 12-in. gun up to 8000 yards, and as to 
three-fourths of it by the 9.2-in. gun up to 7000 yards, and 
by the 12-in. gun up toextreme ranges. Thus, that given up 
by B may reasonably be held to be no real loss. That left to 
B being thinner and perforable by the 9.2-in. gun up to 
8000 yards, must confer even less fighting advantage, and 
might be even still more reduced if a gain could be shown 
in other directions. In fact, both ships carry weight 
—in the one case of armour, in the other of armour and 
machinery—which gives a doubtful return in battle. If 
this weight were not carried, they would be smaller and 
less costly, but for one obstacle—the armament. 

The size of a ship depends largely on the length of the 
battery, which turns on the number, size, and disposi - 
tion of the guns. guns in any number, especially 
when mounted on the centre line, mean a long and 
therefore a large ship. As has been shown, there is reason 
to doubt whether batteries of comparatively few large 
guns form the most effective armament. Any reduction 
in the size or change in the disposition of the guns will 
probably react on the size of the ship. 

May it be that changes in the size and distribution 
of the guns in the direction indicated, and the reduc- 
tion to a minimum of armour—which is all now per- 
forable—may check the growth in the size of ships 
and even reduce the present dimensions? To those 
reduced dimensions will correspond some most suitable 
speed, beyond which an increase will only be possible 
at the expense of fighting efficiency. A higher speed 
will only be obtainable either by reducing the armament 
of individual ships, while keeping their size, cost, and 

* See ‘ Naval Policy,” by Barfleur. 
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increasing their size and cost, 
but reducing their numbers. In either case, the number 
of guns in the resulting fleet would be reduced. The 
ideal fleet of ships, reduced in dimensions and cost, and 
of corresponding suitable speed, would be more numerous 
than existing fleets, which is an advantage within limits, 
and would carry more guns and more men, which are the 
essentials of victory. The additional number of men 
does not necessarily mean a greatly increased charge, but 
points to making arrangements for manning suitable to 
the new conditions. 

The military principle advocated is the development 
of fire effect to the fullest extent possible. The decline 
in the value of armour, and its possible uction, 
coupled with the increased range and power of modern 
guns, are the changed conditions which may enable a 
return to be made to this old and well-tried principle. 


numbers constant, or b 





TURNING CIRCLES.* 
By Professor Witt1am Hovcaarp, Member. 


THE present paper contains an analysis of a number of 
turning trials, on the basis of which it is attempted to 
establish the equations of motion for the final turning 
circle, and to give formule and coefficients for an a priors 
determination of the diameter of this circle. 

The problem of predicting the turning qualities of a 
ship is of great practical interest, not only militarily, be- 
cause of its importance in tactics, but also commercially. 
Sometimes builders are asked to guarantee a certain turn- 
ing circle for a new ship, and one case is known to have 
occurred where the builder, failing to fulfil the require- 
ments of the contract in this respect, had to increase the 
rudder area and the power of the steering engine in order 
to bring about the desired result. 

The problem, however, has, so far, remained unsolved. 


Formule expressing the relations between the forces | , 


which act upon a ship in turning have, indeed, been re 
posed by Messrs. Pollard and Dudebout,t but, as will be 
shown in the following, these formule rest on an assump- 
tion which is not in accordance with modern conceptions 
of stream-line motion and ship resistance. oreover, 
they include, as all such formule must do, several un- 
known coefficients, which require for their determination 
an analysis of experimental data, but, to the author’s 
knowledge, no such analysis has yet been undertaken. 

The problem in its complete form is one of extreme 
complexity ; it deals with the combined translatory and 
rotatory motion of a body under the action of forces which 
are imperfectly known, and subject, moreover, to com- 
plex and unknown hydraulic resistances. 

It is clear, therefore, that in the present state of our 
knowledge, where the experimental data are of a some- 
what crude character and in some respects very incom- 
pate we cannot hope to solve the problem in its entirety. 

Jntil more complete and accurate data are available, we 
must rest content to attack the problem in its simplest 
and most elemental form, excluding all secondary actions, 
and even then we must not expect to arrive at more than 
one empirical solution. 

For these reasons the author has limited the analysis 
essentially to the simple case of steady motion in a circle 
with the rudder at or near its maximum angle. The 
problem thus restricted is still of practical interest, since 
the final turning circle affords the most definite measure 
of a ship’s turning qualities, and since a study of the 
motion in this circle forms the necessary introduction to 
further analysis, and hence to a more complete solution 
of the problem. 

In establishing the equations of motion, the author, 
therefore, first examined what terms could be omitted, 
and what simplifications could be introduced without 
sacrificing any part of the attainable accuracy. In this 
process he was guided by the quantitative value of the 
unavoidable irregularities, which were found in the ex- 
perimental data, whether these irregularities were due to 
imperfection in the means and methods of observation or 
to the pane conditions under which the turning trials 
took place. 


The author was fortunate enough to have placed at his 
disposal the results of a considerable number of turning 
trials of Danish warships, carried out with unusual care 
and accuracy under the auspices of Captain A. mussen, 
of the Danish Navy. These trials comprise a determina- 
tion by Risbec’s method of the path followed by the ships 
and of the drift angle. In some of the trials the horse- 

wer was determined while the ship was turning. 

ig. 3 shows, as an example, some of the turning circles 
for the cruiser Valkyrien, illustrating the completeness 
and accuracy of the trials. Similar diagrams exist for 
practically all the Danish ships here analysed. 

Through the courtesy of the United States Navy De- 
partment the author was able further to analyse the turn- 
ing trials of a number of typical ships of the United 
States Navy. 

These trials were carried out for purely tactical reasons, 
and do not, therefore, give the complete path followed by 
the ship or the drift angle; bu:, as they comprise the 
diameter of the final turning circle and the time of turn- 
ing, they were of the greatest value in checking and 
adjusting the coefficients derived from more complete 
trials, and in widening the scope of the analysis to modern 
wanes of large size. These ships are indicated in the 
tables by letters A, B, C, &c. 

The analysis finally comprises the published trials of 
the old Thunderer and of the Yashima. 


* Paper read before the Institution of Naval Architects, 
March 27, 1912. 

+ J. Pollard et A. Dudebout, ‘‘ Théorie du Navire,” 
tome iv., 1885. 


TABLE 1.—Torntnc Crecies or DANISH AND OTHER WARSHIPS. 
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A | ge | Se Pe 
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1 1\Coast defence battleship Iver Hvitfeldt oot | 249.9 | 49.60 | 
2 aa we oe 3, St 
oS es = bt ee ee 
2 1\Protected cruiser .. Valkyrien pipes 270.2 | 43.40 
| 2 wv = ie < ws me 
3) 1\Coast defence battleship Herluf Trolle | 3,354 279.6 | 49.43 
41 fe » Olfert Fischer 3,545) 279.7 | 50.46 
5} 1) a ve Peder Skram 3,662, 283.4 | 51.50 | 
6 1) je Pa Skjold. . .-| 2,100) 234.3 | 38.10 
71 99 o Odin .. 3,024 245.1 | 48.65 | 
8| 1 Protected cruiser ..|Hekla .. 1,220) 234.3 | 34.10 
91) wo % .. Geiser . . 1,225| 234.3 | 34.10 
12 a fe 1,210) .. ee 
10) 1 Mine vessel .. Lossen -| G01) 149.3 | 28.00 | 
11| 1 Battleship. . ..|Thanderer .. 9 140) 298.3 | 62.25 
3 te a a } 9,060; .. | .«. 
12| 1 Battleship. . om ../Yashima — ../12,300| 398.9 | 73.75 
13) 1\Coast defence battleship|Helgoland 4,995) 266.8 69 
14| 1/Torpedo-boat .. ..|Tumleren 233) 184.2 | 18.97 
- en 266) .. 19.16 
15) 1|/Battleship. . A 20,340) 510.0 | 85,22 
16] 1 99 i .|B 16,189) 450.0 | 76.80 
17) 1 a ae ae .|C 11,330) 348.0 | 69.25 
18} 1|/Armoured cruiser .|D 14,450) 502.0 | 72.88 
19 ” 9 ..|E 9,100) 380.5 | 64.83 
20| 1| Protected cruiser i 10,450 424.0 | 66.00 
2 - o. 9, : a 
21| 1|Protected cruiser |G 3,375] 300.0 | 41.90 
22} 1) os ” ..|H ..| 8,690) 345.8 | 43.75 
23) 1\Scout cruiser .. {Kt --| 4,126) 420.0 | 47.10 
| | | 
r * Inboard-turning screws t 
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The author commences by stating more precisely the 
scope and conditions of the present analysis :— 

1. The analysis comprises warships of practically all 
classes, from torpedo-boats to Dreadnoughts. (See Table I.) 
2. All the ships were of the twin-screw type, except 
one that had four propellers. The propellers were p 

in the ordinary position relative to the rudders. 

3. The rudders were of ordinary form unbalanced or 
balanced. 

4. Before the rudder was laid over, both propellers 
were going ahead at the same speed, and the valves of 
the engines were not touched during the trial. 

5. ‘The rudder was laid at or near its maximum angle. 
6. The meg ae =< the analysis deals with the 
motion after it me uniform, which is sup 
be the case after the ship had turned through 180 deg. 
Casesfalling outside the conditions here specified, as, 
for instance, turning at lier rudder angles, starting 


the ship from rest, &c., were indeed extensively analysed, 
but generally the material at hand was not sufficiently 
complete to warrant drawing any definite conclusions. 





In some special cases, especially where only one engine 
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17.76 , 768 | 4,130|+8.57|118.81| 4,677 95.4 931 .613 
| 18.10} 785 | 4,212/+3.95| .. | 4,678. .931 615 
| 18,32 796 | 4,263/+-3.69| .. | 4,686 .. 931 616 
17.30 | 648 | 4,465|+0.53 '132.63| 5,883, 101.7|  .955 574 
17.60| 661 | 4,567) 0 | .. | 5,885] .. | .958 .579 
15.66 | 672 | 4,095|+4.76/133.87| 5,794 100.7| .935 625 
16.27 | 712 | 4,265|+5.01|133.74| 5,828| 100.7, .937 .623 
16.07 | 721 | 4,268/+4.62/135.23/ 6,008 104.0!  .937 627 
13.02 | 472 | 2,920|4+2.99'112.42) 4,220 73.7|  .957 664 
15.50 | 3,691 +0.83/116.96| 4,766 82.7|  .972 .657 
10.77 | 321 | 2,813 +3.59 118.88) 3,770, 67.8  .916 -568 
10.80 | 322 | 2,820 +3.58 113.88) 3,770) 67.8| .917 .568 
0.70 | 319 | 2,297,4+362) .. | 3,740, .. -916 567 
9.14 | 230 | 1,309/+1.10| 74.65) 1,731) 20.4| .959 .613 
26.25 | 1461 | 7,560) -2.00/144.20) 6,932| 167.0)  .965 .734 
26.08 | 1450 | 7,512)-2.10) .. 929, .. | .966 732 
26.25 | 1678?| 9,770|+-1.80|188.80/11, 750, 288.0} 933 .643 () 
17.85 | 948 | 4,684)—0.71/128.93| 5,724/100.2| .983 .691 
5.22; 73| 877\+3.68| 84.66] 2,474) 29.4) 912 605 
5.68| 83 |  958/+6.14| 83.98) 2,490) 34.9) .916 .609 
7.29 | 2280 | 13,527|+9.62|234.37|20, 187] 346.0} .972 .612 
24.75 | 1836 | 10,563] +4.60|207.10/15, 370) 280.0} .948 .686 
26.17 | 1690 | 8,513) - 2.78|161.30/ 9,003) 196.0}  .935 .674 
24.87 | 1728 |11, 613] +4.02/230.10/ 18,433] 272.4|  .930 .583 
25.17 | 1430 | 8,959] - 2.00/176.00/ 10,843) 177.0} 935 587 
23.96 | 1391 | 9,635| +2.94/199.36/ 13,600) 233.6}  .948 .619 
22.88 | 1320 | 9,175|+2.31|197.72/ 13,535) .. -946 .616 
18.60 | 689 | 5,416) -0.69|140.21| 7,147) 123.7| .971 .571 
17.88 | 705 | 5,666/+4.19|159.31| 8,694| 124.0| .916 .530 
17.80 | 618 | 7,021|+4.08|194.55/ 13,128) 191.5]  .939 .556 
Four propellers. t See Fig. 1 


was used ahead, while the other was stopped, certain 
interesting facts were, however, brought to Teh These 
cases will be referred to later on. 

The first and principal case to be considered is that of 
a ship turning in such a way that every point in the ship 
moves in a circle about a common centre, C, with uniform 
velocity. The radius of the circle described by (i, the 
centre of gravity of the ship, is R. In order that such 
steadiness of motion shall exist, all the forces acting upon 
the ship must be in dynamical equilibrium (see Fig. 1). 

The translatory motion is maintained by the thrust of 
the propellers, T, acting along the axis of the ship. The 
angular motion is maintained by the normal pressure, P, 
on the rudder, assisted or hindered by a turning moment, 
L, due to the unsymmetrical action of the propellers. The 
constant centripetal acceleration is resisted by the inertia 
of the mass, M, of the ship, which resistance is equivalent 


2 
toa so-called centrifugal force *", Where v is the tangen- 
tial velocity of G. All these forces are balanced, as here- 
after explained, by the hydraulic resistances, which have 
a resultant X, acting at an angle ¥ with the axis of the 
ship, and intersecting this axis at a point B, which is at a 
distance, G B = a, aft of the centre of Lage | of the shi 
The component of X normal to the axis of the ship, - 
sin y will, for the sake of brevity, be denoted by Q. 

The axis of the ship is inclined at an angle ¢ to the 
tangent of the turning circle in which G is moving. This 
angle is referred to as the drift angle, and is the angle 
which the tangent to the stream lines at G would form 
with the axis, if they were not disturbed by the passage 
of the ship through the water. At any other point of the 
axis its angle with the tangent to the circular stream 
lines will have a different value, and is referred to as the 
drift angle at that point, being denoted by a suffix. Thus, 
for instance, the drift angle at the rudder post E is ¢x, &e. 
At the point O, where the axis of the ship is a tangent to 
the circie round C, the drift angle is zero. To an observer 
placed at O the ship appears to be turning round this 
point as a pivot, whence it is usually referred to as the 
pivoting point. Going aft from O, the drift angle in- 
creases and reaches its maximum at H, the aft end of the 
ship. Going forward, it is of opposite sign (negative), 
increasing to a maximum at the stem F. ee 

The radius from C to any point on the axis will be 
denoted by its corresponding suffix. Thus the radius to 
O is Ro, but the radius to G is simply denoted by R, and 
is in what follows referred to as the radius of the turning 
circle without further qualification. 

The rudder angle is denoted by a, and the normal 
pressure on the rudder is determined by— 


P = A 2? f (2) tons, (1) 
where A is the rudder area in square feet, excluding that 
part which is rendored ineffective by being placed behind 
the rudder post. f(a) may be found from the curve given 
in Fig. 4, page 436, which is calculated from Joéssel’s 
formula— 


O787sina 
2240 [0.195 + 0.305 sin a] 


As stated above, ris the tangential yelocity of G, and is 
found from— 


f(a) = 


2) 


r=*™ R ft. sec., B , ( 


where ¢ is the time for turning through the last half circle. 
The use of v, the speed during turning, instead of V, 


the speed before turning, is equivalent to introducing a 
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ENGINEERING. 





[Marcu 29, 1912. 





ferent types, placed in very different positions relative to | normal to its axis ; and (3) that due to the angular velocity 


the hull and the propellers. This is the reason w 


the | with which the ship rotates about the centre of gravity. 


h 
present analysis is limited to ships in which the ondler is|In other words, these writers considered, not the com- 
of ordinary form, unbalanced or balanced, including the | ponents of the resultant resistance but the resistances 


SPEED BEFORE TURNING=58 KNOTS 
RUDDER ANGLE =35 DEGREES 
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usual partly eater bene type. Moreover, the propellers 
should} be placed in the usual position relative to the 
rudder, generally close forward of the rudder axis. Ships 
of special or different type, as, for instance, ships with 
unusual form of hull, with spade-rudders or bow-rudders, 
and with single or triple screws, must for the present be 
dealt with in separate classes, each having their own set 
of coefficients. The leverage of the normal rudder 
pressure P relative to the rudder axis was determined 
on the basis of Joéssel’s formula for a rectangular plate, 
which gives the distance of the centre of pressure from 
the leading edge— 
5 = [0.195 + 0.305 sin a] b, 


where b is the length of the plate in the direction of the 
current. 

Let the point of application of the normal rudder pres- 
sure be N, then its leverage about the centre of gravity of 
the ship (Fig. 1) is— 

p=GEcosa+EN. (3) 


The tangential force acting on the rudder due to the 
friction of the water flowing along its surface was found 
to have a moment about G less than 14 per cent. of that of 
the normal pressure, and may therefore be supposed to be 
covered by the coefficients of reduction, as long as the 
analysis is of so empirical a nature as at present. 

e are now in a position to write down the equations 
of motion. 

Resolving normally to the axis of the ship — 


Q = Mi" cos $ + P 0s a. (4) 
Resolving along the axis of the ship— 
X cos Y = T - Psina - ae sin ¢. (5) 
Taking moments about G— 
Qa=Pp+lL, (6’) 


where L is a turning. moment due to inequality in the 
thrust of the starboard and port propellers. As may be 
seen from Table IV. [to be printed later], and as explained 
in the Appendix, it was found by the analysis that this 
moment was erratic in sign and magnitude, and insignifi- 
cant in comparison with the turning moment of the callie 
Hence it may be disregarded in all ordinary cases. 
Thus we obtain the simple formula— 


Qa=Pp., (6) 


It should, however, be borne in mind that with single 
or triple-screw ships, and perbaps also in twin-screw 
ships at very small rudder angles, L may not be negligible, 
and the same applies, of course, to cases where only one 
propeller is used ahead, the other being stopped or going 
astern. In all such cases equation (6’) should be used. 

It is seen that in the above formule all the hydraulic 
resistances, excepting that acting on the rudder, have 
been considered together in one resultant X. In this 
respect the present analysis differs radically from that 
presented by Pollard and Dudebout, who considered 


independently each of the resistances due to the com- 
ponent velocities of the ship; (1) along its axis; (2) 


oguvor 





Fig. 3. 
TURNING CIRCLES 
OF DANISH CRUISER 


"VALKYRIEN 2 | 


NOTS 
RUDDER ANGLE =35 DEGREES 


C oO 








@ea0) Scale for Rudder 


a” Degrees. 


due to component velocities. The fallacy of this method, 
which was first pro) by Euler for ships moving 
obliquely through the water, is now generally ised, 
and becomes obvious by a consideration of the stream- 
line motion round the ship. 

Relative to the ship, the water tends to flow in circular, 
concentric stream-lines round the centre of the turning 
circle ; but due to the presence of the ship and the action 
of the rudder and propellers, the flow round the ship is 
of a far more complex nature, and the continuity is likely 
to be broken in several places. On Fig. 2 the dotted 
lines indicate the imaginary circular stream-lines, while 
the actual flow relative to the ship is indicated in full 
lines, which, however, must be considered merely as a 
crude illustration of the general character of the flow as 
conceived by the author. 

With the pivoting point in the usual position, some- 


where between the stem and the centre of gravity, at | W. 
* | about a 


en of the length of the ship from the stem, 
there will, due to the peculiar flow of the stream-lines, 
be an excess of pressure on the inner bow, and a still 
eee pressure on the outer quarter, of a magnitude 

epending in particular on the amount of deadwood 
found at the ends of the ship. A greatly reduced 
pressure will probably exist all ‘along the midship 
portion on the inner side due to the accelerated flow 
in the stream lines in this region. In many cases there 
maay be a reduced pressure on the outer side near the 
stem, especially when the pivoting point is far from the 
stem and where there is much deadwood forward ; on the 
other hand, there may, in ships of full form, be an excess 
of pressure on the outer bow somewhat farther from the 
stem. The sub-pressures created by the oo on the 
quarters will probably be about equal on both sides, and 
will thus neutralise each other. 


been considered. Thus the resultant of all the pressures 


SPEED BEFORE TURNI 
RUDDER ANGLE 35 DEGREES 





he rudder has already | he 


will be a force acting inwards, its magnitude being 
probably determined chiefly by the sub-pressure alony 
the inner side of the ship. Due to the pressures on the 
inner bow and the outer quarter, this resultant will have 


SPEED BEFORE TURNING=I2 0 KNOTS 
RUDDER ANGLE=35 DEGREES 


_£ 















4-8 KNOT. 


its point of application aft of the centre of gravity, and 
the greater the amount of deadwood, in particular aft, 
the farther aft this resultant will come to act. 


(To be continued.) 





H.M.S. ‘‘ ArcuER.”—One of the special destroyers 
built by Messrs. Yarrow was formally handed over to the 
Admiralty on Saturday, the 16th inst. This vessel is of 
exceptional interest, being fitted with the latest type of 
Yarrow boiler provided with the firm’s most recent super- 
heating device, by means of which an increased speed and 
radius of action are obtained. 





THE AUSTRALIAN ASSOCIATION OF BRITISH MANUv- 
FACTURERS AND THEIR REPRESENTATIVES.—The _ first 
annual report of this Association to December 31, 1911, 
has been issued. Among other information, it states that 
the membership now numbers 169, consisting of 71 British 
manufacturers and 98 representatives of British manvu- 
facturers represonting 629 British manufacturers. The 
object of the Association is to obtain preference for the 
introduction in Australia of machines and other goods of 
British manufacture. 





ResvusciraTion .¥RoM Exectric SxHock. — The first 
meeting of the Commission on Resuscitation from 
Electric. Shock was held in the board-room of the 
National Electric Light Association, New York, on 
February 22. This Commission was organised upon the 
initiative of the National Electric Light Association, and 
has for a purpose the study of electric shock and the pre- 
paration of a set of rules for first aid in case of electrical 
accident. The Commission is com of members of 
the American Medical Association, National Electric 
Light Association, and American Institute of Electrical 
Engineers, as follows:—Nominated by the American 
Medical Association: Dr. W. B. Cannon, Professor of 
Physiology, Harvard University, chairman ; Dr. George 
W. Crile, Professor of Surgery, Western Reserve 
University ; Dr. Yandell Henderson, Professor of 
Physiology, Yale University: Dr. S. J. Meltzer, Rocke- 
feller Institute for Medical Research, New York; Mr. 
. D. Weaver, editor Electrical World, secretary. 
Nominated by National Electric Light Association : 
Dr. E. A. Spitzka, Professor of General Anatomy, Jef- 
ferson Medical College; Mr. W. C. L. Eglin, electrical 
engineer, Philadelphia Electric Company. Nominated 
by American Institute of Electrical Engineers: Dr. 
Elihu Thomson, electrician, General Electric Company ; 
Dr. A. E. Kennelly, Professor of Electrical Engineering, 
Harvard University. At the meeting in New York 
City, the medical members of the Commission unani- 
mously advocated the Schaefer, or prone, method as the 
best means in the hands of laymen for maintaining 
respiration in victims of electric shock, and the Commis- 
sion formally voted to recommend this method. A chart 
is now being pre which will give details of first aid 
in cases of electric accidents, and will describe fully the 
method of applying artificial respiration. This chart will 
issued under the auspices of the National Electric 
Light Association, 
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THE LAW OF COMPARISON FOR SURFACE | 


FRICTION AND EDDY-MAKING RESIST- 
ANCES IN FLUIDS.* 


By T. E. Sranron, D.Sc. 


from the results of experiments on models, authorities on 
naval architecture frequently call attention to the neces- 
sity for further experiments on surface friction to supple- 
ment those made by Mr. W. Froude many years ago. 


is a little remarkable that in such discussions, although 
the prediction of the wave-making resistance from expe- | 
rding to Froude’s Law of Com- | 


riments on models acco: 
parison is carefully treated, there does not —— to be 
any suggestion of a similar treatment of the surface 
friction and eddy-making problem. 

The reason for this omission is no doubt more due to a 


Fig. 7. VELOCITY OF DISTRIBUTION OF AIR 
IN A SMOOTH PIPE. 


DIAMETER = 2-0 INS. 
°-Velocily at Axis -75 Feet per Second. 
o= a ” 4 =-18 ’ ’ . 


7 


Velocity in Terms of Speed at Axis. 





41 
(2730.8) 


2 


3 5S «6 


Radius. 


| pipes, the motion of the water at low s is 0 
| parallel to the axis, and that, as the velocity is increased, 





It| V 


briefly to the way in which Reynolds made the discovery. | Laboratory on the flow of air in pipes at velocities 


It is well known that in the flow of water through parallel considerably above the critical value. In these ex 
is is in streams | ments the variation of the velocity in the direction of the 


this motion breaks down at a certain critical value of the 





ri- 


axis was determined from the centre to the sides of the 
pipe. The curves of velocity so obtained are shown in 


velocity and becomes sinuous or eddying. What Reynolds Fig. 1, in which the ordinates are the observed velo- 
Iv discussing the prediction of the resistance of ships | found was that for pipes of different diameters this cities plotted as a percentage of the speed at the axis, 


henomenon always took place at speeds which were 
inversely proportional to the diameter, or, in other words, 
that eddying began at a definite value of V x L, where 
is the velocity and L the diameter of the pipe. He 
then proceeded to the determination of the frictional 
resistance of the surfaces of pipes, and found that, at all 
speeds, whether above or below the critical speeds, if the 
velocities in the various nae were so regulated that V. L 
had the same value for each pipe, the frictional resistances 
per unit area of the surfaces were in the ratio of the 
squares of the corresponding speeds. Ex in a 


Fig.2.VELOCITY OF DISTRIBUTION OF AIR 
IN TWO SMOOTH PIPES. 
IN WHICH V.D.1IS CONSTANT. 
pe~ ity ab Ascis- SUR per Sec. 
ISR 


” ‘ « 


on] ict of Pipe = Ins., Velocuty 
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Velocity in Terms of Speed at Axis. 


~ 


0 
Radius in Terms of Outside Radius of Pipe 


Fig.3. FLUID FRICTION IN TWO BRASS PIPES 1%" DIAMETER. 


o = Due to Flow of Aw: 
e = Due to Flow of Water: 
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Scale: 1.0-:00117 Units 





) 1 2 3 + 5 6 7 8 9 10 11 12 
(2130.6) Scale: 1.0~2870 Unite AYL 
recognition of the difficulties of applying such treatment ~Fig.4. Licemsinns a > 


to the actual problem of ship design than to any ignorance 
of the fact that such a law of comparison exists, because 
the discovery of the existence of this law in the case of 
surface friction was made by Osborne Reynolds nearly 
30 years ago,t and the experimental facts on which it is 

sed are quite familiar to students of hydraulics. During 
the last few years, however, the study of the problem of 


the prediction of the air resistance of comparatively large 
structures from experiments on small models of them has 
convinced the author that the wider practical application 


of Reynolds’s discovery to the solution of general resist- 
ance determinations in air and water has not been fully 
recognised, and for this reason he ventures to bring the 
matter before the institution. 

Tn the first place, it may not be uninteresting to refer 





* Paperread before the Institution of Naval Architects, 
March 27, 1912, 


t Phil, Trans. Roy, Soc., 1883, 





(2730.4) 


simpler way still, the results were that in two pipes in 
which the Boe diameters, and surface irregularities 
were in a given constant ratio to each other, if the 
velocities were made in the inverse of this ratio, the 
total frictional force was the same for each pipe. It is 
evident, therefore, that, although as far as the author is 
aware, the discoverer did not suggest that these results 
formed the basis of a law of comparison for friction, 
such & law can be enunciated from them. oe 
The precise nature of the similarity in the conditions 
of motion in cases of fluid resistance in which the 
quantity V . L is the same for each has been brought out 
by some recent experiments at the National Physical 





! 





and the abscissee are the radii plotted as a percentage 
of the extreme radius. From these observations it was 
found that for the same smooth pipe at different rates of 
flow the form of the curve in the region of the boundaries 
depended on the value of the flow, but that if two pipes 
of equal smoothness and of different diameters J; 4. were 
taken, and the speeds so regulated that 7,1, = 9 lg, then 
the curves (Fig. 2) were identical from the centre to the 
sides ; that is to say, the rates of change of distortion of 
the fluid at corresponding points were in the ratio of the 
squares of the corresponding speeds of flow.* 

Tn all the cases of comparison referred to above it has 
been assumed that the viscosity of the fluid was the same, 
for, if this has a different value in the two pipes, 
the relation no longer holds. The full statement of the 


law is that for similarity of motion the quantity p— : 


(where « is the coefficient of viscosity of the fluid, and p 
the density) must be the same in each case. It is important 
to notice that this comparison can be made between 
different fluids, and the frictional resistance of one fluid 
on a surface can be calculated from observations of the 
frictional resistance of another fluid on the same or a 
similar surface, provided the relative densities of the 
fluids are taken into account. 

So far, only cases of surface friction have been dis- . 
cussed, but the wider application of this law will be 
evident from the following considerations of the resist- 
ance of a body of any shape moving in a fluid under the 
following conditions :— 

1. That the immersion is of such a depth that there is 
no resistance due to the formation of surface waves. 

2. That the velocities are not so high as to cause cavita- 
tion, or serious changes of density. 

lf these conditions are fulfilled, it appears that the 
resistance of the body will depend solely on the dimen- 
sions and nature of surface of the body, and on the 
velocity, density, and viscosity of the fluid. 

In such a case, by the application of the principle of 
dynamical similarity, Lord Rayleight has skown that the 
resistance per unit area can be expressed by 

R=%p V?.k, 
where & is an expression depending solely on the value of 


az Tt will be seen at once that Reynolds’s law of com- 


a 

parison for friction is only a particular case of. this 
general relation when the motion is mtial to the 
surface of the body; and, further, that this law of com- 
parison will apply equally well to cases in which the 
resistance is made up partly of surface friction and partly 
of eddy-making. 

Experimental verifications of the truth of this relation 
have recently been obtained at the National Physical 
am vr! in the two following cases :— 

1. The determination of the frictional resistance of two 
different fluids (air and water) on the same surface. 

2. The total resistance in water of models of a dirigible 
balloon made to different scales. 

1. Surface Friction Experiments with Different Fluids. 
—Two sets of these experiments were made—one on a 
brass pipe 14 in. in diameter, with a very rough internal 
surface, and one on a pipe of the same diameter, whose 
internal surface was as smooth as possible. 

According to Lord Rayleigh’s theory, if for either pipe 


l 


the value of p "-" was made the same for the air flow as 


for the water flow, then the value of the frictional resist- 
ance divided by 4 pv? should be the same for each fluid. 
The resulte (plotted in Fig. 3) leave no reason to doubt 
the accuracy of the relation. It may be mentioned that 
the corresponding velocities of the two fluids are widely 
different. Thus for a speed of 36 ft. per second of the air 
the corresponding speed of the water was 2.8 ft. per sec. 

2. Total Resistance of Models of a Dirigible Balloon 
Made to Different Scales.—The form of dirigible chosen 
for experiment is shown in Fig. 4. 

One model was made 12 in. in diameter and the other 
4 in. in diameter. The models were made of wood, 
turned in the lathe, and then varnished. The author is 
indebted to Mr. G. S. Baker, the superintendent of the 
William Froude National Tank, for a determination of 
their resistance in water. For this purpose they were 
supported by suitable steel swords from a link motion 
attached to the dynamometer of the towing carriage. 
As the values of p and » were the same in each set of 
experiments, it was only necessary to obtain observations 
at equal values of v./. As in the case of the frictional 
resistances of the yom referred to above, it is evident 
that, if the models are precisely geometrically similar, 
and the law of comparison holds, the resistances of the 
two models for the same value of v. 1 will be the same. 


* Proc. R.S.A., vol. Ixxxv., 372. The results of 
these experiments showed that in pure eddying motion in 
pipes—t.e., motion in which the friction varied exactly as 
the square of the speed and was independent of the 
viscosity—the ratio of the shearing stress to the rate of 
change of distortion in the fluid (which in steady motion 
is called the coefficient of viscosity) is proportional to p 
VL. If this ratio be called the “mechanical viscosity,” 
to distinguish it from ‘‘u,” the physical viscosity, then, 
for exact comparison, the necessary condition is that the 
ratio of the two viscosities must be the same in each case. 

+ Report of Advisory Committee for Aeronautics 
vol. i., page 38, 
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The results obtained are given in the following 


pire oe Resistance in Pound 
ce in Founas, 
wg Model Model 
. L, ft.?/sec. 12in. Diameter. 4 in. Diameter. 
eS a 0.46 
oe sp ~y > 0.65 
4.47 he, a 0.84 
ee ce ae 1.02 
5.48 1.28 1.22 


It was found that, in the case of the larger model, the 
axis of which was only immersed to a depth of 34 dia- 
meters, there was perceptible wave-making at values of 
the velocity of and above 5ft. per second, which accounts 
for the fact that its resistance is appreciably above that 
of the smaller model in the last two results given. 

It appears, therefore, that the accuracy of the law of 
comparison for friction and eddy-making may be 
as experimentally verified. = 

As regards its practical applications for the purposes of 
the naval architect, the cases in which its use is valuable 
are the prediction of the resistances of full-sized dirigible 
balloons, submarines, and torpedoes, for which no other 
method of equal accuracy is available. For example, to 
find the resistance of a dirigible balloon moving at V ft. 
per second, a scale model is made, and its resistance 
determined in a water-tank in the manner previously 
described. If Land / are the linear dimensions of the 
balloon and model, then since for comparison the values 
of p VL wnust be the same for each, and the value of 

Be 
for air is approximately 13 times the corresponding value 
for water, the speed vat which the model must be towed is 


132° Then, if R is the resistance of the model at this 
speed, the resistance of the full-sized dirigible at V ft. 
per second will be given by 


RP ( N ny = R approximately, 
pu ve 4.7 

where p, is the density of air and pw» is the density of 
water. It will be seen that even here the practical diffi- 
culties of towing the model at the necessary speed are 
considerable ; for, assuming as outside limits a diameter 
of model of 2 ft. and a speed of 25 ft. per second, the 
limits of design for the dirigible are given by V L = 650, 
which in ordinary practice would correspond to an air- 
ship 200 ft. long moving at 20 ft. per second. Beyond 
these limits fairly accurate prediction can be made by 
extrapolation, aided by a few reliable experiments on the 
resistance of an actual airship. A ve 

As regards the calculations of the frictional and eddy- 
making resistances of ships, any practical application of 
this law is at once seen to be out of the question, owing 
to the enormous speeds at which it would be necessary to 
run the model, and all that could be done would be a 
determination of the true wave-making resistance of the 
model as distinguished from what is called the residuary 
resistance. 

There is a matter, however, of some interest in connec- 
tion with the usual assumption that the eddy-makin; 
resistance varies strictly as the square of the speed (an 
may therefore be taken as subject to the Froude law of 
comparison) which may be referred to. During the last 
few years considerable evidence has accumulated tending 
to show that the eddy-making resistance of a large struc- 
ture is not the same as that of a small model of it, and it 
ap possible that the eddy-making resistance of a 
full-sized ship may be from 10 to 15 per cent. diffe- 
rent from that of the ordinary sized model of it used 
in tank experiments. If this is the case, it follows 
from Lord Rayleigh’s equation that the eddy-making 
resistance is not exactly proportional to the square of 
speed,* which will make the application of Froude’s law 
of comparison to eddy-making not strictly correct, 
although, of course, the error involved must necessarily be 
a smal] one. The only reason which the author has for 
calling attention to the probable existence of such an 
error is further to emphasise the fact that wave-making 
resistance follows one law of comparison, and eddy- 
making and surface friction another, and that the usual 
practice of applying the same law to wave-making and 
eddy-making is due to the practical exigencies of experi- 
mental model work. 

The author is indebted to his coll es, Mr. L. Bairstow 
and Mr. J. Pannell, of the staff of the National Physical 
Laboratory, for their assistance in obtaining the experi- 
mental data mentioned in the paper. 








WestincHousk - Morse CHain Drive.—We have re- 
ceived from the Westinghouse Brake Company, Limited, 
a photograph of a sprocket-wheel.which, it is stated, had 
completed a 20,000-mile run on a motor-omnibus. In spite 
of the gear having been run until the teeth had practically 
disappeared, we understand that the rocker-joint chain 
a was able to fulfil its duty. Owing to the steady 
increase in the demand for the Westinghouse-Morse chain 
drives the company have recently opened a branch office 
at Standard Buildings, x Leeds, which will be 
under the charge of Mr. G. W. Cosby. 


* This follows from the fact that K in the equation 
R = $p V®. K is a function of the product V . L, so that 
any variation in the law of resistance with change of 
dimensions is necessarily accompanied by a similar varia- 
tion with change of velocity. Unless, therefore, the 





resistance per uuit area is independent of the dimensions, 
which is, by hypothesis, not the case, the ratio of the 
resistance to the square of the velocity cannot be inde- 
pendent of the velocity. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a number of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning these projects can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. 

South Africa: An extraordinary issue of the Union 
Gazette publishes the text of a Government Bill to con- 
solidate and amend the laws in force in the Union relating 
to the use of the water of public streams for domestic, 
irrigation, and industrial purposes, and to provide facili- 
ties for the irrigation of land and use of water. 

New Zealand: The New Zealand Gazette notifies that 
proposals to raise loans as follows have been approved on 
mer of the ratepayers of (1) the borough of Mount Eden 
‘or the permanent formation, metalling, and improvement 
of the streets and roads, 40,000/., and for the erection of 
municipal buildings, 2000/. ; and (2) the district of One-Tree 
Hill-road, County of Eden, for drainage purposes, 20,0000. 

Portugal: The Diario do Governo, Lisbon, contains a 
notice, issued by the Ministry of Finance, opening at the 
Ministry of Industry a ou of 100,000 milreis (about 
20,500/.) for the purpose of carrying out dock repairs in 
the harbour of Leixoes. 

Portugal (Madeira): With reference to the call for 
tenders by the Municipal Board of Funchal for the in- 
stallation of water supply and drainage systems in that 
town, H.M. Consul at eden now _ that tenders, 
on stam pa r, will be received by the Municipal 

af Medeira, up to June 22. Local repre- 
sentation is practically necessary. 

Nore.—Competitors other than Portuguese must enclose 
with their rom am documents, viséd and registered at a 
Portuguese Legation or Consulate, testifying their will- 
ingness to abide by the tog law should any 
dispute arise in connection with the contract. 

Austria-Hungary ( Bosnia-Herzegovina): With reference 
to the call for tenders by the Sarajevo Town Council for 
the construction of a water main from Praca and Bistrica 
to Sarajevo, H.M. Consul at that place reports that the 
contract has been awarded to an Austrian firm. The 
sum of 27,486l. is allotted for the construction of the 
aqueduct proper. 

Netherlands Eust Indies: According to a recent Belgian 
Consular Report, there are excellent openings for railway 
and tramway material in the Netherlands East Indies ; 
but in order to make the most of the opportunities which 
present themselves, it is most desirable that manufac- 
turers should, with the aid of banking houses, interest 
themselves financially in proposed undertakings. By 
this means, p s the report, not only would excellent 
remuneration for invested capital be found, but also some 
guarantee of obtaining large orders. Practically all 
permanent-way material and rolling-stock is ordered from 
the head offices of the various railway and tramway com- 
panies in the Netherlands with which negotiations for 
orders should be carried on. 

Cuba: The Gaceta Oficial, Havana, publishes two 
decrees: (1) Authorising Sres. Fowler y Compajiia to 
construct a quay wall in the harbour of Cienfugos, and 
(2) authorising Sres. Martinez y Compaiiia, of Gibara, to 
construct a quay wall and warehouse in the harbour of 
Gibara. 

Mexico: The Diario Oficial publishes the text of a 
contract under the terms of which Dr. Cristébal Treriiio 
Leyva is granted a twenty years’ concession for the 
utilisation of 2000 litres of water per second of the River 
Cupatitzio, in the State of Michoacdn, for the purpose of 
—— motive power. Exemptions from customs duty 
1s granted in respect of any machinery, &c., which it may 
be necessary to import for carrying out the enterprise. 

Brazil: The Diario Official contains two decrees 
authorising the opening of credits at the Ministry of 
Communications and Public Works as follows :—No. 9366, 
of 600,000 milreis (about 40,000/.), for carrying out survey- 
ing operations for extending the Bahia system of rail- 
ways; and No. 9267, of 300,000 milreis (about 20,0007. ), 
for carrying out similar operations with a view to extend- 
ing the Cearense system of railways. 

Argentine Republic: The Boletin Oficial publishes the 
text of Laws as follows: Law No. 8851, empowering 
Sres. R. R. Lédola_y Cia to construct and work a rail- 
way between Santiago del Estero and Rosario de la 
Frontera (Salta). Five years are allowed for the actual 
construction of the line. Law No. 8852, authorising the 
executive authorities to take up ordinary shares not 
exceeding a value of 400,000/. sterling in a company to 
be formed by Sr. Carrasco for the construction and 
working of a railway from Valle de Lerma to Huaiti- 

uina. The railway must link up the Argentine Central 
Northern line with the port of Chimba, or Antof ta, 
connecting at the frontier with the line which Sr. 
Carrasco is constructing in Chili (see Board of Trade 
Journal of March 7, page 534). w No. 8853, con- 
taining approval of the contract entered into between 
the executive authorities and the Buenos Aires Great 
Southern Railway for the construction of a railway 
between Choele-Choel and Conesa. 

Bolivia: The Bulletin Commercial, Brussels, states, on 
the authority of the Belgian Legation at La Paz, that 
tenders will be received up to June 30 at the offices of the 
Ministerio de Obras Piiblicas, La Paz, for the construc- 
tion of two railways: (1) From Potosi to Sucre; and (2) 
from La Quiaca to the terminus of the Argentine system 
of railways at Tarija. 

Chili: The Diario Oficial publishes a law (No. 2623) 
granting to Don Alberto Cousifio a concession to con- 
struct and work a steam or electric railway to run from 
the port of Quintero to Nogales. The State will guarantee 
interest at the rate of 5 percent. perannum on the capital 
which will be employed in the construction of the line. 





CATALOGUES. 


Valves.—A catalogue which has reached us from the 
Nelson Valve Company, of Philadelphia, Pa., U.S.A. 
gives prices and particulars of the various patterns of 
gate-valves with cast-iron bodies manufactured by them. 


Metal-Filament Lamps and Fittings.—We have received 
from the Armorduct Manufacturing Company, Limited, 
of Farringdon-avenue, E.C., a copy of their recently. 
issued price-list of “Gral” metal-filament lamps, auto- 
transformers, fittings, shades, reflectors, &c. 


Motor-Starters, Regulators, &c.—Messrs. Donovan and 
Co., of 47, Cornwall-street, Birmingham, have sent us a 
copy of their new list of Barwick motor starting and 
regulating gear. In this list prices are quoted for open, 
semi-enclosed, and totally-enclosed starters of 4-minute 
and 1-minute ratings, for motors up to 50 horse-power, 
Full particulars are also given of motor-starting panels, 
8 -regulating switches, cinematograph resistances, 
theatre dimmers, &c. 


Electrical Supplies.—Two catalogues of materials for 
electrical contractors have reached us from Messrs, 
Donovan and Co., 47, Cornwall-street, Birmingham. One 
of these deals with conduits and conduit fittings for 
electric wiring, while the other gives particulars of various 
types of insulators. Among these are included line insu- 
lators, cable racks, leading-in tubes, reel insulators, in- 
sulators for supporting bare-copper bars, cleats for flexible 
wires, insulator iron work, insulating and jointing mate. 
rials, rubber gloves and mats, and various types of 
insulators for trolley-line suspensions. Prices are stated 
for all the articles mentioned in both catalogues. 


Power-Hammer.—The Judson-Jackson Company, 14, 
Great Smith-street, Westminster, S.W., have issued a 
booklet relating to their new “‘ Goliath” belt-driven power- 
hammer. At present only one size, giving 275 blows per 
minute, and capable of forging sink up to 4 in. square 
and 44 in. in diameter, is made. In this machine the 
reciprocating ram, which weighs 60 Ib., runs in slides, and 
derives its motion from a crank-disc, to which it is con- 
nected by a simple system of levers and helical springs; 
the laminated springs — ne in hammers of 
this type are thus dispensed with. The crank-shaft is 
driven by a clutch-pulley operated by a foot-lever, and 
the machine can therefore be connected on to the line 
shafting without the employment of a countershaft ; about 
one horse-power is required to drive the machine. The 
booklet states the price, and gives all necessary informa- 
tion ; it also reprints some testimonials from users. 


Concrete Floor Construction.—Particulars and prices of 
Faweett’s ‘‘Mon’lithcrete” girders for the construction 
of concrete floors have reached us in a pamphlet from the 
Fawcett Construction Company, Limited, Tunnel-avenue, 
East Greenwich, S.E. The girders consist of ordinary 
rolled-stevl joists, in the webs of which diamond-shaped 
openings have been formed, so that the joists resemble 
lattice girders with tension bracing-bars only. The floor 
is formed by placing these joists a suitable distance apart, 
and filling in the intervening space with concrete. Strips 
of twisted hoop steel are also passed, in a transverse direc- 
tion, through the spaces in the webs before the concrete 
is laid. Prices are stated in the pamphlet for girders 
ranging from ‘4? in. to 8in. in depth, and the correct 
spacing, for various loads and spans, is given. Several 
examples of floors under construction are illustrated. The 

irders can also be supplied bent in the plane of the web 
or the construction oF covered reservoirs, moderate span 
bridges, viaducts, culverts, barrel vaulting, &c. 


Safety - Hooks for Colliery Cages.—Messrs. Joseph 
Wright and Co., of Tipton, Staffordshire, have sent us 
a copy of a pamphlet illustrating and describing their 
improved forms of King’s detaching-hook for preventing 
accidents arising from the overwinding of colliery 
cages. Two types of hooksare dealt with, both of which 
are made under the Player and Weddell patents. The 
first type, which is suitable for heavy loads and rapid 
winding, provides four points of support for the cage in 
the event of an overwind; it is also arranged so that, 
in the same circumstances, the bottom shackle - pin 
enters a slot and locks the look open. The advantage 
of the latter arrangement is that, when the hook 
and its load fall back on to the catches, the shock is 
resisted by shear stresses distributed over the whole 
vertical section of the hook. In the other form there 
are only two points of support for the cage, and the 
locking-device is omitted. Both types are, however, 
provided with a second pair of catches, situated below 
the first pair, and opening a little later, so that the dis- 
tance fallen by the cage when the top shackle is released 
in a complete overwind, is less than would otherwise 
the case, and the resulting shock is therefore reduced to 
a minimum. It is also mentioned, among the other advan- 
tages claimed for these hooks, that, being very long, the 
inclined surfaces which open the hook can be made of & 
gradual taper, so that the detaching action is easy and 
certain under all conditions. 








Automatic Fire Extinction.—The paper on “* Auto- 
matic Fire Extinction,” by Mr. George T. Bullock, 
A.LE.E., chief surveyor of the Union Assurance Society, 
read before the Junior Institution of Engineers in 1905, 
has been quoted as a standard text-book for the examina- 
tions of the Insurance Institute of Great Britain and 
Ireland on fire extinction. Taking this into account. 
the Institution has had the paper revised and brought up 
to date, and copies of the new edition may be obtained 
from the publishers, Messrs. Percival Marshall and Co., 
26, Poppin’s-court, Fleet-street, London, E.C., for 1s. 1d., 
post-free, 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 429.) 

Tye second day’s proceedings of this year’s meet- 
ing of the Institution of Naval Architects was held 
in the hall of the Royal Society of Arts, at 11.30 a.m., 
on the 28th ult. The President was in the chair. 


Tue Dreset-ENGINED VESSEL ‘‘ SELANDIA.” 


The first paper to be taken was that by Mr. I. 
Knudsen, entitled ‘‘ Results of Trials of the Diesel- 
Engined Sea-Going Vessel Selandia.” In the ab- 
sence of Mr. Knudsen the paper, which we reprint 
in full on page 448 of this issue, was read by Mr. 
J. T. Milton. At the conclusion of the reading 
Mr. Milton said he had been informed that the 
Selandia, which was now on a voyage to the East, 
met with very bad weather during 28 hours in the 
Bay of Biscay, but that although the propellers 
were frequently out of water, the governing was 
so good that the revolutions did not vary more 
than from 130 to 150. 

Mr. T. Westgarth opened the discussion. He 
said that he thought the Institution should take 
the opportunity of the reading of the paper to 
express its thanks to Mr. Knudsen, essrs. 
Burmeister and Wain, and the East Asiatic Com- 

ny, for the very open way in which they had 
published information in regard to the Selandia, 
and allowed those interested to visit her. He 
had seen the Selandia and was much struck with 
the excellence of the arrangement and workman- 
ship which he saw, but he would like to raise two 
criticisms. These had relation to the fact that the 
main engines were enclosed and of fairly high speed, 
and that they were not self-contained. It appeared 
to him that, in direct-coupled engines of this class, 
the speed should be determined by the propeller, 
and that if this were done enclosed engines should 
not be necessary. Ships were sometimes lost 
owing to defects in machinery, and anything that 
affected simplicity and accessibility was undesir- 
able. He accordingly favoured open-type engines. 

Again, the auxiliaries of the Selandia no doubt 
worked all right, but the main engines were too 
dependent on them. On a twin-screw boat such 
as the Selandia, or on a passenger boat on which 
the engine-room staff was necessarily large, such 
reliance on the auxiliaries might be allowable, but 
for ordinary cargo practice he would prefer an 
arrangement approximating more nearly to the 
self-contained marine steam-engine. His firm were 
building an oil-engine which embodied these ideas, 
and he hoped it would be in running shape about 
the end of April. 

Sir Marcus Samuel, the next speaker, said that 
he would like to refer to the important question of 
the supply of oil, but before doing so would express 
his thanks to the builders, and others who were 
connected with the Selandia, for the generous way 
in which they had published information about 
her, and allowed so many who were interested to 
visit her. Some criticism had been made in con- 
nection with the Vulcanus, in that similar facilities 
had not been allowed. He would say this was in 
no way the fault of the owners. It was due to the 
Port of London Authority, which, on a technical 
point in a bye-law, would not allow her to discharge 
in the Thames. The owners of the Vulcanus had 
another boat building—the Juno—which embodied 
improvements on the Vulcanus. She would be 
finished by the end of May, and opportunity would 
be given to inspect her. Mr. Westgarth had been 
to some extent critical about the Selandia, but he 
would ask if engineers had ever before known such 
aradical development as the Diesel engine brought 
80 near perfection in so short a time. He could 
say that the owners of the Vulcanus, who had 
a fleet of about 70 vessels, would never build 
another steamer. Criticism had been made as to 
the amount of room taken up by the Selandia 
engine-room, and he would like to point out that 
its size was determined by tonnage regulations, 
and had nothing to do with the space really re- 
quired. 

Sir Marcus then referred to the question of oil 
supplies, and stated that his firm had guaranteed 
supplies to the owners of the Selandia for five 
years at a very low price. The present 2} million 


tons production of Borneo could be enormously 
Increased at any time if the development of oil- 
driven vessels demanded it, while in both Mexico | 
and California great increases of output were | 


possible, 





for proper development it would be necessary to 
get permission to lay a pipe-line from Suez to Port 
Said. On the question of auxiliaries in oil-engined 
ships he might say that on the Juno, to which he 
had previously referred, it was proposed to raise 
steam in the donkey-boiler from the heat in the 
exhaust gases. This appeared to him an important 
development. He thought the whole question of 
oil-engines was not being taken up by British ship- 
owners as it should be. It was quite possible, and 
very much worth while, to convert existing steamers 
to oil-engine driving. 

Sir J. Fortescue Flannery thought the thanks of 
the Institution were due to Sir Marcus Samuel for 
his assurances in reference to the supply of oil, and 
also for his promise that all information should be 
given in connection with the new oil-engined ship 
his firm were building. The paper dealt with one 
of the most extraordinary steps that had ever been 
taken in engineering progress. The Selandia 
represented a great step over anything that had 
been done before, and he agreed with Mr. Westgarth 
as to the value of the information that had been 
given by the builders and owners of the ship. 
Those who had seen the Selandia would realise the 
extreme modesty with which the paper had been 
written. The problem of reversing had been solved 
with remarkable ingenuity, and the engine never 
failed to respond in a few seconds. In connection 
with Mr. Westgarth’s point about open and closed 
crank-chambers, he would point out that the 
Selandia, at any time, had 15 tons of lubricating oil 
in its engines and pumps, and with such a condition 
open crank-chambers would be difficult to arrange 
for. The crank-chambers were, of course, fitted 
with doors, and anyone who had seen one of those 
doors off would admit that little criticism was 
necessary on the score of accessibility of the work- 
ing parts. As far as the question of the depend- 
ence of the main engines on auxiliaries went, he 
did not see that the Selandia was at any disadvan- 
tage as compared with an ordinary steam-engined 
boat, with its auxiliary feed, &c. 

The future of the sea-going oil-engined ship had 
been referred to by Sir Marcus Samuel. Fifteen 
years ago work started on the use of liquid fuel 
for steam generation, and much progress had been 
made since then; but the possible progress with 
the Diesel engine was enormously greater. The 
saving in weight of fuel with oil instead of coal 
burnt in boilers was as three to two, but with 
Diesel engines the saving with oil over coal was 
more like five to one. This was of much import- 
ance, especially for naval purposes. The Dread- 
nought was about able to carry coal to take her across 
the Atlantic and back, but with Diesel engines the 
range could be increased four times, or one might 
use the weight saved for guns or armour, The 
present difficulty with Diesel engines was that so 
relatively small a power could be developed in each 
cylinder, so that in the Selandia, for instance, 
sixteen cylinders were necessary for 2600 indicated 
horse-power. This did not compare well with 
steam, but he thought that progress would be made 
towards increasing the power per cylinder ; in the 
first place, by the development of the two-cycle 
engine, and then of the double-acting engine. A 
future two-cycle double-acting engine installation 
the size of that in the Selandia might be expected 
to develop 10,000 indicated horse-power. ‘This 
might be looking forward rather hopefully, but he 
believed such a result would come. 

The Most Hon. the Marquis of Graham asked 
how the fuel consumption mentioned in the next 
to the last paragraph of the paper had been 
obtained. The figure given was very remarkable, 
and it would be interesting to know how it was 
arrived at. When he had wished to make some 
tests of this class on his own boat, he found that 
Lloyd’s objected to the fixing of the necessary 
gauge-glasses owing to the danger of fire. No 
doubt Lloyd’s regulations had been framed for 
petrol, and he would say that they had informed 
him that if cases arose in which the regulations 
seemed harsh they would consider them on their 
merits. He would, however, like to know what 
had been done in the case of the Selandia ; possibly 
regulations varied in different countries. 

Mr. E. Hall-Brown, while admitting that thanks 
were due to the builders and owners of the Selandia 
for the amount of information that had been pub- 





He also had great hopes for Egypt, but | 


lished and the facilities they had given for viewing 
the boat, thought that these facts in themselves 
were likely to give rise to feelings of disappoint- 
ment at the little information that was given in 





the paper, although it was entitled ‘‘ Results of 
Trials.” He thought the Selandia’s engines were 
a common-sense development along the lines of least 
resistance. The builders had taken a size of cylin- 
der that was known to be satisfactoryand had added 
sufticient of them together to give the horse-power 
they required. They had also decided on an en- 
closed crank-pit on the lines of land practice, 
although this was a departure for marine work. One 
must realise that the enclosed crank-pit had been 
in every way a success on land, and although marine 
engineers were not used to it, and liked to see the 
moving parts of their engine, and feel round after 
they had started up, there was no reason why they 
should not get used to the enclosed arrangement. 
In reference to the consumption mentioned in the 
next to the last paragraph in the paper, he would 
like to know if the figure given really covered the 
total consumption for the main engines and auxi- 
liaries divided by the horse-power of the main 
engines, or if the horse-power of the auxiliaries 
was also included. The revolutions of the Selandia’s 
engines were higher than would have been the case 
in a steam-driven vessel, and he had hoped to find 
something about propulsive efficiency in the paper. 

Dr. Reippell said that his firmn—Messrs. Blohm 
and Voss—had made trials, extending over at least 
twelve months, with a double-acting two-cycle 
Diesel engine, and had put it through conditions 
worse than were likely to be encountered on board- 
ship. He was not at liberty to give any particulars, 
but could say that at the beginning of next year 
they would be able to bring out an entirely satisfac- 
tory two-cycle double-acting engine for ship pro- 
pulsion. 

Mr. J. List, the next speaker, said that he had 
made the run from the West India Docks to Green- 
hithe on the Selandia, and was much struck with 
the ease of handling and the way the engines could 
be made to respond to the bridgeorders. She was 
in every way as handy as a steamer. He thought 
the enclosed crank-pit engine could be adopted for 
marine work, and saw no reason why it should not. 
A point in connection with the Selandia which he 
would like to raise had reference to the fact that 
the cylinder-jackets were fed with sea-water. He 
thought that might lead to trouble, especially 
in estuaries, where the water was charged with 
fine matter in suspension. The point was a 
detail one, of course, as fresh water could be used 
and treated in a cooling plant, although this would 
naturally cost more. He did not think the use of 
auxiliaries was excessive on the Selandia, and 
doubted if matters could have been arranged in a 
simpler way than they had been. The auxiliary 
electric power was, in any case, required for cargo 
working, and the og arrangements were very 
simple. He thought the heating of the donkey- 
boiler with the main engine exhaust, which had 
been suggested, a most important step. A large 
amount of steam would, in any case, be required, 
especially in passenger steamers, for cooking and 
heating. He wondered if hot-water heating might 
be used on such ships. It should be very economi- 
cal, if it was possible to run the pipes. He thought 
that up to the powers that were practicable, Diesel 
engines would entirely supersede steam-engines for 
marine work. One great advantage of them was 
that their use did away with the necessity for the 
rougher class of labour on passenger ships. They 
also, by reducing the number of hands, cut down 
accident and sick-insurance costs. He thought that 
up to 9000 horse-power in three shafts, Diesel 
engines were feasible. 

Admiral of the Fleet Sir Gerard Noel said that, 
speaking for the Royal Navy, the Diesel engine 
was very welcome. Principally was it welcome on 
the score of economy in fuel, which was a matter 
of the firstimportance. Members might remember 
how the Navy welcomed the Diadem class some 
years ago, when it was thought they might be able 
to hold the sea for five or six weeks. Members 
also knew how hopes of that sort were disap- 
pointed. What was wanted was a class of ship 
that could hold the sea for months. The value of 
the Diesel engine must, however, depend on the 
supply of fuel, not in the world, but in this 
country. Storage for Navy purposes was of the 
first importance. 

Mr. W. P. Durtnall thought that the 140 revolu- 
tions of the Selandia’s engines were rather high 
for a vessel of her size and speed if good propulsive 
efticiency were to be secured. In a paper read 
before the Institution two years ago he had sug- 





gested an electrical transmission for such cases, 
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and he thought the use of one would have been an 
advantage, not only from the point of view of 
reducing the propeller speed, but also from that of 
increasing the engine speed. In recent work on 
internal-combustion engines he had developed a 
type having a restricted area of wall in the com- 
bustion-chamber and having a greater expansion 
than was usual. By this means he could show 
better thermal efficiency and, he hoped, better 
commercial efficiency than other types; and 
although this had no reference to the Selandia, 
he thought higher engine speed in her case would 
have increased efficiency, good though that 
appeared to have been. He would point out, 
however, that the paper did not state what the 
brake horse-power of the engine was, and only 
gave the indicated horse-power. He thought there 
were too many working parts in the Selandia’s 
engines for marine practice, and that a simpler type 
of engine would have been better. In conclusion, 
he would refer to electrically-driven auxiliaries. 
The constant voltage system, as used in the 
Selandia, had the defect that great and sudden 
overloads opened the circuit-breakers, so that just 
when the power should be a maximum it became 
zero. The variable-voltage system he had described 
elsewhere did away with this defect. 

Mr. Milton, in replying to the discussion, said 
that, of course, he could not deal with the points that 
had been raised in the authoritative way that Mr. 
Knudsen would have done. In reference to the ques- 
tion of open versus closed type engines, Mr. West- 
garth believed in the open type, and Mr. List in 
the closed type, and they were both very competent 
judges. He thought himself that there was no fatal 
objection to closed engines. The actual space taken 
up by the engine-room in the Selandia had been 
determined only by tonnage rules. The rules de- 
manded a figure of at least 13 per cent., and the 
actual figure was 13.2 per cent. He might mention 
that the Selandia had a steam-heating arrangement 
for the side bunkers, since the oil tended to get 
stiff in cold weather, and the boat would trade to 
Copenhagen in the winter. He had had a tele- 
gram saying that the Selandia was reported as still 
running very satisfactorily on her voyage East, 
and that she was making 11} knots in the Red Sea 
the day before. Some figures had been men- 
tioned in reference to the relative weights of coal 
and oil as a fuel for marine work, and he would 
say that in the case of the Selandia the propor- 
tionate weights came out as 1 to 4.5. In reply to 
the question of consumption raised by the Marquis 
of Graham, he would point out that the figure 
0.363 lb. of oil siaeel to indicated horse-power, 
and not to brake horse-power. This was perhaps 
the reason some members had thought the figure 
seemed so low. He thought the figure certainly 
referred to the dividend of the total consumption, 
including auxiliaries, over the indicated horse-power 
of the main engines. The brake horse-power 
would be about 82 per cent. of the indicated 
horse-power, although he did not give the figure 
of 82 per cent. as one obtained from tests on the 
Selandia’s engines. It was merely the figure found 
in general practice. Assuming this 82 per cent. 
was correct for the Selandia, it would give a con- 
sumption of from 0.4 lb. to 0.5 1b. per brake horse- 
power, which was about the same result as that 
obtained in the Vulcanus. 

The matter of salt-water jacketing referred to 
by Mr. List was one that had not been found to 
give trouble in other boats; but in any case the 
Selandia’s cylinder jackets were fitted with doors, 
so that the jackets could easily be cleaned out when 
necessary. lLloyd’s rules in reference to gauge- 
glasses on oil-fuel tanks had been drawn up after a 
very serious accident; but when proper arrange- 
ments were made, no objections were raised to the 
fitting of such gauges, and, as a matter of fact, the 
Selandia’s service tank was so fitted. 

After a vote of thanks had been proposed and 
carried to the author of ‘the paper and to Mr. 
Milton, the meeting adjourned for luncheon. 


Gas-Power For SHip PROPULSION. 


On reassembling, the meeting passed to the con- 
sideration of Mr. A. C. Holzapfel’s paper on the 
above subject, which was read = the author. We 
reprint this paper on page 446 of this issue. 

r. J. Archer opened the discussion. He said 
that marine gas-engine practice differed so much 
from that on land, and so many new points had to 
be thought out, that one must consider the Hol- 
zapfel I. had done very well. There was a little 





flaming with the gas-producer when the engine 
was stopped suddenly, but this was largely due to 
the ignorance of the engineer on the boat, and need 
not have occurred. In any case, it was alarming 
rather than dangerous, and could not occur in the 
new plant they were making. In this plant the 
gas was passed into the engine as it was made, and 
there was no storage, so that at the worst there 
could never be anything to be called an explosion. 
He would point out that the Holzapfel I. had made 
a profit on all her voyages. For coasters up to 600 
or 700 horse-power the system would be quite 
satisfactory and cheaper than steam. 

Mr. A. E. L. Chorlton said that the propulsion of 
vessels by gas-engines had for long been a subject of 
great interest tohim. He had been engaged in con- 
nection with it years ago. One of the main difficul- 
ties of the matter rose in finding an engineer who 
could design the whole plant, and who had had the 
proper experience both with producers and engines. 
A specialist on one was not usually a specialist on 
the other. And with dual design it was difficult to 
ensure that proper relation should be preserved in 
the proportion of the two parts. He had done 
some work in the matter six years ago on a 600- 
horse-power three-crank two-cycle engine with a 
cellular producer. The engine exhaust was used 
to raise steam in a donkey-boiler for the auxiliaries 
in the way that had been talked of in connection 
with the Diesel engine paper previously discussed. 
The engine was reversing on exactly the same prin- 
agg as the Diesel engines used on the Selandia. 

r. Holzapfel’s paper spoke of the practical impos- 
sibility of obtaining a reversing gas-engine, but, as 
he had said, the engine he was speaking of dated 
from six years ago, was of 600 horse-power, and no 
difficulty was encountered in connection with the 
reversing arrangements. The engine had a very 
small fly-wheel and was difficult to control, but it 
was not difficult to reverse. 

He noted that all the engines referred to in the 
paper were of the four-cycle type. Such engines 
worked badly at slow speeds and were then apt to 
get unreliable mixtures. With two-cycle engines 
the mixtures were invariable at any speed. He 
might mention that his firm had recently supplied 
a two-cycle mill engine which was in practice 
started up against load without any difficulty. 
The paper made quite a point of the non-rever- 
sibility of gas-engines, but there was really nothing 
in it. Some people seemed to think that the 
ignition was a trouble with gas-engines; but if 
one liked there was nothing to prevent a gas- 
engine being started up with petrol exactly like 
a Diesel engine. But ignition was no difficulty 
nowadays, and gas-engines would reverse just as 
well as any other engine. He would like to ask 
about the efficiency of the Fottinger transformer. 
This was given as from 85 to 90 per cent. in the 
paper, but it seemed to him that the efficiency of 
the turbine-pump part of the gear could not be 
above 82 per cent. Something was said in the 
paper about troubles with clinkering in the pro- 
ducer, but he did not think there need be much in 
that. There was clinkering with all producers, but 
it could be dealt with quite easily in practice. The 
question of flaming, also mentioned, could easily 
be avoided by automatic arrangements. The paper 
seemed to make a point of the value of gas-engines 
without cooled pistons. He did not agree that 
attempts should be made to do without cooling. 
The proper practice was to instal oil-cooling exactly 
as the Diesel-engine people did. He thought too 
much attention was just now being given to Diesel 
engines, to the neglect of gas-engines. In view of 
the fact that our natural fuel was coal, and not 
oil, it appeared foolish to neglect the engines 
which used such coal, and to specialise in those 
that used oil. 

Dr. H. Féttinger said he would just like to 
reply to the question of the efficiency of the trans- 
former which had been raised by Mr. Chorlton. 
The efficiency of an ordinary low-pressure type 
centrifugal pump was about 85 per cent., and of a 
turbine-pump hen 88 per cent. He had made 
dozens of turbine-pumps having as high an efficiency 
as this. If, however, the pump was backed up 
directly by another pump, so that there was no loss 
in the passages, the efficiency might be raised to 
93 per cent. The centrifugal pump they used had 
as high an efficiency as 98 per cent., owing to it 
having no guide-wheel, and consequently no losses 
in the guide-wheel. Asa total result they got an 
over-all efficiency of 90 to 91 per cent. The 
Holzapfel I.’s transformer had been found to have 








an efficiency of 88.25 per cent. at its rated load of 
150 horse-power, and of 86.5 per cent. when 
loaded up to 600 horse-power. It had actually 
transmitted as much as 900 horse-power. The 
builders were prepared to guarantee as much 
as 88 per ceni. to 90 per cent. efficiency for the 
transformer, and the installation for a 12,000-horse. 
power boat for the Hamburg-Amerika Line was to 
have a guaranteed efficiency of 88 per cent., while 
he anticipated that tests would show its efticiency 
to be really 90 or 92 per cent. 

Mr. T. Westgarth said that he had been on 
board the Holzapfel I. during one of the collisions 
mentioned in the paper, and had been much struck 
by the ease with which the engine was controlled 
in these exceptional circumstances. He thought 
Mr. Holzapfel was to be congratulated on the boat 
and that it contained the elements of success. He 
thought the engine and transformer were all richt 
and that the only doubtful element in the scheme 
was the gas-producer. He thought there might be 
trouble with it on long runs, and that difficulties 
might arise in connection with cleaning the gas, 
The question of the safety of the engine-room staff 
was also a very important one, and he thought the 
producer should be enclosed and so placed that 
there was no possibility of gas escaping into the 
engine-room. 

Dr. Archibald Denny much admired the frank- 
ness of the paper. It made no claims that there 
had been no trouble, and was a great contrast to 
other papers one had heard dealing with new 
developments, in which everything was represented 
as having gone without a hitch. He would point 
out that the Electric Arc was not mentioned in 
the paper. She had been built primarily to 
experiment with her electrical transmission gear, 
which had proved quite a success. She was, how- 
ever, originally fitted with a gas-engine, but owing 
to trouble with the producer this was taken out 
and a petrol-engine substituted. If he might refer 
to the previous paper dealing with the Selandia, he 
would point out that oil, which not long ago was 
55s. a ton, was now 87s. a ton. If it was to com- 
pete with coal it must do so on a financial basis, 
and it appeared to him that in this country we 
might well give attention to gas-engines using coal 
instead of confining ourselves too much to oil- 
engines. 

Mr. Holzapfel, in reply, said that any possibility 
of flaming such as had occurred in the Holzapfel I. 
had now been completely removed. He was inter- 
ested to hear about Mr. Chorlton’s two-cycle 
reversible engine of six years ago, but he would say 
that three years ago he tried to get a reversible 
gas-engine, and could not get an English maker to 
consider the matter at all. He regretted he had 
not mentioned the Electric Arc in his paper. He 
knew of the boat, and the matter was a pure over- 
sight. He thought the brains and money of the 
country were just now too much occupied with 
oil-engines, to the neglect of gas-engines, which 
were very well worth attention in connection with 
marine work. Two years ago the Diesel engine 
and gas-engine were at a level point of develop- 
ment on land, and since that time all the attention 
and energy seemed to have been given to the 
Diesel. He thought the Diesel engine advance 
was simply the advance along the easiest road ; 
but twelve months ago oil was 45s. a ton, and it 
was 90s. a ton now, although the increased use was 
comparatively small. With 0.6 lb. of oil per horse- 
power for the Diesel engine and 1 lb. of bitu- 
minous coal per horse power for the gas-engine, 
coal might reach 54s. a ton before costing as much 
as oil, and this price had not been reached even 
during the present coal strike. 

The thanks of the meeting were then expressed 
to Mr. Holzapfel for his paper. 


Errect oF Brce-Keets on LIGHTSHIPs. 


The next paper to be taken was one on the 
‘Effect of Bilge-Keels on the Rolling of Light- 
ships.” This was divided into two parts, the first 
of which was by Mr. G. Idle, and the second by 
Mr. G. S. Baker. It was read in abbreviated form 
by Mr. Baker. We intend at a future date to 
reproduce this paper in extenso. It first deals 
with the results of an analysis made of records 
relating to Irish lightships under various condi- 
tions of weather, and then proceeds to a descrip- 
tion of experiments carried out at the William 
Froude National Tank under Mr. Baker. The 
object of these experiments was (1) to determine 





the absolute effect of bilge-keels; (2) the effect 
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of changes in their position ; (3) the effect of varia- 
tions in their depth ; (4) the effett of variations 
in the metacentric height with a given keel ;.(5) the 
effect of adding flanges to the keels and of per- 
forating them. In the second part .of the paper 
Mr. G. S. Baker. discussed the general equation 
for the decrement of roll, which involves two co- 
efficients, a and b, the former depending on the 
wave-making resistance, and the latter on friction 
and head resistance, and the relative effect of these 
two factors in influencing the extinction of roll. 

The first speaker on this paper was Dr. S. J. P. 
Thearle, who said the paper showed to what im- 
portant uses the tank at Teddington might be, 
and was being, put. The results recorded in the 
paper were > - and some of them were 
unexpected. He had long ago examined into the 
cause of excessive rolling of one particular Trinity 
House lightship. There was another lightship with 
a very good reputation, and, as a new vessel was 
needed, it was desired to ascertain whether it 
would not be pessible to design the new one of such 
a form as to behave equally satisfactorily. He 
would point out that the position of lightships in 
this connection was peculiar. Instead of being sub- 
jected to regular water motion, they were always 
moored comparatively near to the edge of sand- 
banks, from which it was their object to protect 
other ships. At such points the water rebounded, 
and the movement of the water was irregular. The 
conditions of life on any particular lightship were 
partly determined by its distance from the sand- 
bank it was marking. On both ships being docked 
it was found that the good one was foul and the bad 
roller was clean. When the foul bottom had been 
cleaned,.the ship with the good reputation rolled 
just as badly as the other. That was somewhere 
about 1876-7. Soon after bilge-keels came to be 
tried, and were adopted. 

If he were asked to recommend the best position 
for a bilge-keel, he would probably have advised 
the lower turn of the bilge. That was the result 
of experience with cargo vessels, on which such 
keels could not be allowed to project laterally owing 
to risk of damage, but had rather to extend down- 
wards. He thought it would be most valuable if 
Mr. Baker could make experiments on the effect of 
such keels on the almost rectangular-sectioned 
vessels of the modern cargo type. It could then 
be determined how far the modern type of keel 
fulfilled the conditions of maximum effect. He 
thought their effect would be found to be like that 
of the keels marked C in the paper. 

Mr. W. H. Whiting followed, generally support- 
ing the previous speaker. Other ships rolled besides 
lightships, and experiments of. a wider range would 
be valuable. As regards the position of the keel, 
that was often one decided by quite extraneous 
matters. For instance, in the docking of certain 
warships it was found that if the keels were carried 
along the vessels to their proper length, these ships 
could not be docked at some ports. It was, there- 
fore, a matter of putting on the best keel which 
circumstances aaa allow, or foregoing docking at 
these ports. He noticed that Mr. Baker only 
showed V-shaped keels in the paper. Did he 
experiment with plate keels, and, if so, did he 
obtain any information with regard to this limiting 
depth of such keels?. Plain plate keels might be 
made of such a breadth as to develop weakness. 
Had any determination been made of limiting 
dimensions? Had he further. tried the effect of 
altering the angle of the keel, so as to intro- 
duce a greater scooping effect. He considered 
the keel marked A in the paper as quite imprac- 
ticable ; it projected too far from the side of the 
ship. Had Mr. Baker made experiments in which 
the keel was normal to the surface? In none of the 
forms illustrated was it truly normal. The form 
shown as A was most nearly se of any apparently 


tried, but the form denoted as B, which was nearly | 


as good, was not anything like normal. 

Professor W. S. Abell said that, as the effect 
was venerally understood, two coeflicients were 
considered to be necessary: a to represent the 
wave-making factor, and b to take account of other 
items, among which, in his opinion, sharpness of 
the edge of the keel was important. In Mr. 
Baker’s analysis the a term, in certain cases, was 
practically zero; that was to say, there was 
no term indicative of the formation of surface 
waves, though these were known to occur. Mr. 
Baker assumed that the wave-making term varied 
as the cube of the angle of roll, and by the intro- 
duction of a third coefficient, c, brought back this 





ing factor. That was a new point, de- 
ak wy. careful consideration. The action of bilge- 
keels depended, he thought, firstly on their position, 
which should be such that the keel met no water 
set in motion hy other = of the ship, and, 
secondly, the sharpness ef the angle of the keel, 
the s r the angle, the greater the extinctive 
effect. The effect of adding a flange to the keel 
was to set up eddying under it. A sharp edge was 
much better ; the water flowed past it free from 
eddies, and therefore in more effective condition. 
Mr. Baker referred to the additional mass carried 
with the ship when rolling. This he (the speaker) 
thought to * in reality a very small item. The 
mass of water shaded in one of the diagrams as 
contributing to the virtual mass was not actually 
all dead water. In the paper it was stated that 
part of the water thrown up and out by the keel 
was probably the cause of the eddying streams. 
These were, he thought, actually set up by the 
edge of the keel itself when the water was moving 
up the side and thrown out. If the rolling were 
rapid, cavitation would probably be set up on the 
side of the keel, and this would result in a loss of 
energy. 

Mr. W. J. Luke said the paper showed once 
again what a valuable arena the Institution meet- 
ings formed for the discussion of important matters. 
He was glad that the tank at Teddington was 
getting to work, and was pleased with the prospect 
of valuable results. He would ask Mr. Baker if 
he had compared his results with those of Froude 
on the model of the Devastation and the records 
in the Report of the Committee on Design in 
1870 or 1871, and also with the work of Professor 
Bryan. A consideration of the paper led him to 
the conclusion that the position of the keels which 
necessity compelled them to adopt in practice was 
just about right. The position marked B in the 
paper was not far from the position actually used. 

he paper, of course, dealt with keels of an 
exaggerated size. They were 2 ft. 6 in. deep ona 
vessel 100 ft. long and only 24 ft. beam. The 
author stated that moderate oscillations occupied 
about 3 or 4 seconds longer than longer oscillations. 
He would like the author to give further considera- 
tion to this point, and see if the statement could 
be substantiated. He also wished to ask what the 
still-water period meant. Did it mean a complete 
swing from side to side? The periods given for so 
small a ship seemed long to him. He was also 
rather surprised to see that end-on seas gave 

eater rolling than beam seas. That was strange. 

e noticed that a roll of 90 deg. was mentioned in 
the paper. That was a very abnormal thing. 

Dr. A. Denny said, as far as he remembered, 
Professor Bryan’s paper proved the major effect 
of the keel was due to the eddying produced about 
the edge, and therefore the decrement was not pro- 
portional to the width of the keel. The author did 
not seem to agree with that. The motion near a 
sand-bank was not, of course, pure rolling, but a 
more complicated and sharper motion. Under these 
conditions he questioned whether the Frahm anti- 
rolling tank system would be beneficial to light- 
ships. It was quite conceivable that it might 
have an aggravating effect. He noticed that Mr. 
Baker rolled his models, using some means of 
keeping up the roll. At their tank they had used 
another system. They created waves by means of 
a board swung on links and oscillated to and fro 
by men keeping in time with a pendulum. It 
was true the waves decreased rapidly in size, 
but it was quite possible to obtain satisfactory 
working conditions in this way. He oe the 
Teddington tank would be reserved for work which 
it was impossible to carry out in private tanks 
belonging to commercial firms. Its employment 
should be confined to the investigation of general 
principles the elucidation of which would be of value 
to the whole world, and when taking matters up 
should work through a series of conditions. 

In reply to the discussion, Mr. Baker said that 
the point at which keels were applied in practice 
was not one for them to determine at Bushy. 
Their duty was to indicate the best position, and 
leave others to make use of the information so pro- 
vided. They would willingly carry out similar 
experiments for vessels of the ordinary commercial 
forms, provided the work was supported financially. 
They had not tried the effect of plate keels. The 
shapes they had used were shapes on which they 
were asked for information. The work was carried 
out to order in the regular way of business, as their 
work there had to be, With regard to keels normal 


wave- 





to the surface, he thought in some of the cases 
there was not much difference between the effect of 
angles of the face such as they had used and 90 deg. 
In some experiments made by Bush it had been 
found that the angle could range between 75 deg. 
and 90 deg. without much apparent increase in 
pressure on the plates. Professor Abell, it appeared, 
was inclined to keep to the usual interpretation of 
the coefticients a and-b—namely, that a was the 
wave-making factor, and 6 covered other effects, 
He agreed to that, and also that 6 must increase as 
the point or edge was sharpened. It was evident, 
however, that a@ was not the sole coefticient con- 
tributing to the formation of waves. Often a did 
not exist, and yet waves were formed. He had 
assumed that the water pushed up varied with the 
movement of the keel, and that agreed with the 
results given in the table in the paper. He thought 
that a large part of the efficiency of the keel was 
due to the fact that: when the motion was reversed, 
the keel came into contact with a mass of water set 
in motion by theship. This wasopposed to Professor 
Abell’s idea. The figure in the paper illustrating the 
dead water was only intended to give some idea of 
this. The virtual mass did not necessarily only 
involve the water drawn with the ship. It was a 
term taking care of other things as well, as partly, 
for instance, of stream-line energy. That was 
made clear by a footnote in the paper. The increase 
of period found for the shorter rolls agreed with 
Froude’s investigations with the Revenge, an 
increase of from 15.2 to 15.6 being found when the 
keels were put on. He had not thoroughly com- 

ed his results with those of the Devastation 
investigation. So far as he had gone, he had found 
them in general agreement. He was notso certain, 
however, that they agreed with the work of Pro- 
fessor Bryan. They had tried to make use of the 
formule suggested by Professor Bryan with them, 
but could not arrive at a true surface. More- 
over, Professor Bryan revolved his body at uniform 
velocity. Those conditions did not exist in ship- 
work, in which the velocity was, of course, not 
uniform. With Mr. Denny’s suggestion, that the 
tank at Teddington should confine its attention to 
general principles, he heartily agreed. oer | 
would please him better than that the tank shoul 
be devoted to research work alone, and he would 
be delighted if the financial support necessary to 
enable this to be done were forthcoming. 


Tue Errect or an INTERNAL Free Fiv p 
upPON STABILITY. 


At this point the President, having to leave the 
meeting, relinquished the chair to Dr. A. Denny, 
who called upon Mr. A. Cannon to read a paper 
entitled ‘‘ Results of Calculations Regarding the 
Effect of an Internal Free Fluid upon the 
Initial Stability and the Stability at Large Angles 
in Ships of Various Forms.” This paper con- 
stitu the results of an investigation carried out 
by Mr. Cannon as the holder of the first Post- 
Graduate Scholarship of the Commissioners for the 
International Exhibition of 1851, as a preliminary 
to the experimental study of the rolling of ships 
among waves of varying periods, and the effects of 
loose water in double-bottom tanks, anti-rolling 
chambers, &c. The paper first considered the 
effect upon initial stabilit; , three cases being taken 
—viz., that of a box-shaped vessel, a vessel of tri- 
angular section, and a vessel of parabolic section. 
A definite case was then taken, being considered 
to be a compromise form of the three previous 
shapes. It was concluded that with free water in 
a ship the initial stability was a maximum when 
the level of the water inside and outside was the 
same. As regards the stability at large angles, it was 
found that the best depth of water for initial stability 
was the worst depth for stability at large 
angles, and that at all depths less than that 
the stability was greater the lesser the depth. 
Although for small quantities of water the initial 
stability was very greatly reduced, in some cases 
even to a negative value, yet the statical stability 
at large angles was the better the smaller the 
quantity of free water. 

The speakers on this paper were Mr. J. Smith 
and Mr. A. T. Wall. After a reply by Mr. Cannon, 
the meeting adjourned until the evening. 


Tue Sorienac-Gritte Borer. 

On members reassembling at 7.30 p.m., the chair 
was taken by Sir William White. Two papers 
were down for reading and discussion. The first 
was one entitled ‘‘On the Solignac-Grille Boiler 
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and its Application in French Channel Steamers,’ 
by Mr. G. Hart. This paper we print in full in| 
another part of the present issue. ut was read by 
the Secretary. 

Mr, Sydney W. Barnaby was the first speaker in 
the discussion. He admitted ignorance of the fact 
that the Solignac-Grille boilers had been substituted 
for Thornycroft boilers in the Kabyle, but would say 
that if, with these boilers, the same speed had been 
maintained on almost the first occasion that they 
had been fitted to a torpedo-boat, the Solignac- 
Grille boiler must be a very good one. 

Mr. Rosenthal said that he was prevented by his 

ition from criticising the construction of the 
iler referred to, but he thought at the same time 
that he could give some information in respect 
to experiments of the character which had been 
described. He referred particularly to the experi- 
ments in connection with circulation. He pre- 
sumed that the observations indicated in the paper 
had been based upon the use of glass models of 
boilers. It might, therefore, interest the meeting 
if he stated that in the course of his researches on 
water-tube boilers he had used glass models of 
every description, and all his experiments had con- 
vinced him that the phenomena shown by such 
modele were quite inconclusive as evidence of what 
actually took place in the boiler. The fact of 
— the slightest pressure on the model of a 
oiler that might be made to scale showed different 
appearances in the circulation altogether. He was 
acquainted with Mr. Bellens and with the latter's 
experiments. He had himself tried such experi- 
ments, and had never found that they made the 
slightest difference to the evaporation. 
he Chairman remarked that on the occasion of 
the International Congress at Bordeaux one of 
these boilers was at work in the Exhibition there. 
By the kindness of Mr. Hart and others, the late 
Dr. Elgar and himself had the opportunity of 
seeing the boiler at work. It was certainly of 
great interest, even in the experimental stage; 
and the practical applications as described in the 
paper were, in comparison with the performances of 
other well-known types, deserving of the blessing 
which Mr. Barnaby had bestowed. It was un- 
doubtedly a great success that a new type of boiler 
should have been put into the Kabyle and obtain 
results which, according to the figures given, were 
not merely equal to the Thornycroft boiler, but 
gave even better results. He pointed out to Mr. 
Hart that lack of discussion by no means involved 
lack of interest, and the Institution was indebted 
to him for giving the results set forth in the paper. 

Mr. Hart, speaking in French, then Priefly 
thanked the meeting for its attention. 

Water-TuseE Borers anp SUPERHEATING. 

Mr. Harold E. Yarrow then read his paper, 
entitled *‘ Results of Experiments with a Water- 
Tube Boiler, with Special Reference to Superheat- 
ing.” This paper we print in full on page 465. 
After the reading, and prior to the discussion, Mr. 
Yarrow referred to an experiment which had been 
carried out with a boiler similar to that shown in 
Fig. 1 of his paper, but having dampers both on the 
superheater side and the other side of the boiler. 
When the superheater damper was open and the 
other closed, the boat on which the boiler was 
fitted made 15 knots, the superheat being limited 
to 100 deg. On another trial, in every other respect 
similar, but with the superheater damper closed 
and the other open, the speed dropped to 13 knots. 
This clearly proved the value of the superheater. 
Mr. Yarrow also, in reference to a passage sug- 
gesting that superheating might diminish risk of 
injury to turbine blades when using saturated steam, 
stated that the Parsons Company had informed 
him that they knew of no instance of blade- 
stripping due to priming. 

he discussion on the paper was opened by the 
Hon. Sir Charles A. Parsons. He believed the 
experiments set forth in the paper were the first to 
record such a thorough dupitettion into the drop 
of temperature across the tubes in a water-tube 
boiler. From the temperatures some deduction 
might be drawn as to the actual evaporation in each 
row of tubes by the specific heat of the gases an 
the drop in temperature. In these days, when the 
tendency was to force boilers up to their limit, espe- 
cially for warhips, it would be very interesting to 








know the ultimate limit which a fairly thin tube | 
would stand. In this connection he would say that 
in the little boat Turbinia the mean evaporation 
was about 28 lb. per sq. ft. of heating surface, but 


could be two opinions as to its value. 
from any question of economy, a large increase in 


| cent. to be 


the economy was very poor. No damage was, 
however, done up to that point. The tubes near 
the fire would probably be evaporating in the neigh- 
bourhood of 80 lb. per sq. ft.; no pyrometers were 
used. Or land, superheating was practically uni- 
versal with turbines ; 250 deg. of superheat were 
common, and the only provision necessary in tur- 
bines was that the casing at the high-pressure end 
should be made of steel. It had been known during 
the last four or five years that cast iron working 
at a temperature of about 500 deg. to 600 deg. Fahr. 
gradually grew ; the carbon rearranged itself, and the 
speaker had known specimens which, after one or 
two years at that temperature, had been increased 
about 5 per cent. in volume and about 7 per cent. in 
weight. That, of course, was a serious matter to any 
iece of machinery, as it introduced so much warping. 
ith regard to superheaters, the experience of Sir 
Charles was against the straight tube and in 
favour of the U tube. In the case of the straight 
tubes used in the Turbinia the tube-ends became 
loose, due to differences of expansion. Sir Charles 
considered the paper of particular importance in 
connection with the competition of the Diesel 
engine with steam. The rates of evaporation given 
by Mr. Yarrow showed that with a yes 
steam plant with high pressures, and per 
200 deg. of superheat, the consumption, especially 
with geared turbines, would be in the neighbour- 
hood of 0.75 lb. of oil per shaft horse-power, as 
compared with the figure given that morning of 
0.442 for the Diesel engine. The difference was in 
the ratio of not quite 2 to 1 in favour of the Diesel. 
Mr. Marriner was the next speaker. He said 
that several rather extraordinary things had struck 
them in carrying out the experiments. The first 
related to Table A (given in the paper), in regard 
to the uptake temperatures, which were taken 
above the superheater. It would be seen that 
they were all consistently below the temperature 
above the large nest of tubes, although, as 
would be seen, the superheater only had ten rows 


of tubes in it to pick up the heat, plus the twelve 
generator tubes, and on the other side there were 
eighteen rows of tubes, although the two outside 
ones were feed-heating tubes. That, he thought, 
showed how very eflicient the superheater was in 
taking up heat, and, in view of the fact that it was 
a passage of heat from the gas outside the tube to 
the 


inside the tube, the results were surprising 
to the experimenters. As far as feed-heating by 
waste gases was concerned, he did not think there 
Quite apart 


the life of the boiler had been proved. As Mr. 
Yarrow had pointed out, the tubes which gave 
way first were those near the fire, due to some 
sediment or oil getting into them, and as they were 
exposed to the enormous temperature of radiation 
plus heat by convection from the gases, they gave 
way if at all dirty. It was found that if the feed 
first passed up the outer row of tubes, these tubes 
collected most of the dirt and the grease. These 
tubes could get very dirty indeed before they were 
injured by heat from the furnace. Careful working 
out showed that there was involved neither extra 
cost nor extra weight or space to get the same result. 
If the most satisfactory results in relation to feed- 
heating were aimed at, it was very important to 

y great attention to the design of the baffles. It 
ooked a simple matter to put in a baffle in the 
manner Mr. Yarrow had described, but careful design 
and workmanship were requisite to any permanent 
success. On the question of superheating, it 
was quite necessary on board a ship, especially if 
burning coal, to have some meaus of controlling 
the amount of superheat. With too much super- 
heat the difficulty was not so much with the turbine 
as with the auxiliary machinery. The experi- 
menters had made several trials with varying 
degrees of superheat. There was no difficulty 
whatever in using superheated steam 100 deg. Fahr. 
above the temperature of the satvrated steam, 
either in turbines or in auxiliary machinery made 
by first-class makers. The turbines had, of course, 
to be designed for slightly larger clearances than 
would be used for saturated steam, and the auxi- 


d|liary machinery, as he had said, must be obtained 


from good people. As far as could be judged in 
the case of vessels of the destroyer type, the intro- 
duction of a boiler of the type described, fitted 
with a superheater, enabled an economy of 10 per 
t at full speed, with the same total 
amount of heating surface ; or, burning the same 
amount of oil, the full speed would be increased by 


about a knot, and it was his conviction that at low 
speeds an economy of 20 per cent. could be secured. 
In to distortion of turbine-casings and 
rotors, no difficulty had been experienced from that 
cause. As Sir Charles Parsons pointed out, cast 
iron was not the metal to use, especially with 
high superheating, and the high-pressure ends of 
the turbine to which the speaker was referring 
were made of cast steel. 

Mr. Charles Merz spoke next. He felt that enci- 
neers would be interested to find that the Yarrow 
boiler had been developed to such an extent for use 
with superheated steam. As Sir Charles Parsons 
had said, those who worked with superheated steam 
on land had no doubt at all as to the net gain 
in economy. He supported the view that special 
care should be taken to use cast steel and avoid 
the use of iron and copper alloys, both in 
connection with the boiler-fittings, the steam- 

iping, and the turbine or engine machinery. He 

ad no experience of the use of straight tubes on 
land, but had a preference for the curved or U form 
of tube. He was particularly interested in Sir 
Charles Parsons’ remarks on the importance of the 
matter in comparison with results obtained with 
Diesel engines, because he felt certain that the 
closest competition, as between the Diesel engine 
and the steam-turbine, would, in the first instance, 
be for marine purposes. For land purposes, the 
Diesel engine started in this country, and in most 
countries, at a disadvantage as compared with 
steam machinery, on account of greater cost of fuel. 
For marine purposes, on the other hand, there 
were so many natural advantages from the use of 
that fuel, that even if the price were rather more, 
the conditions were more equalised. The great 
ey of turbine machinery which appealed to the 

nd engineer was its uniform turning moment. 
That was an advantage which was almost essential 
to certain electric-power distribution systems. 
Because of this, it would not be without regret if it 
were found that the economy of the Diesel engine 
were so great that its use was in many cases com- 
pelled. There was no doubt that the thermo- 
dynamics of the Diesel engine were much superior 
at present to the steam cycle, and the only way in 
which the steam cycle could be brought up in 
efficiency would be > the use of higher superheats, 
thus increasing the limits of temperature over 
which the turbine worked. On land, the superheat 
had gone up from 100 deg. to 250 deg., and even 
300 deg. Fahr., with 200 lb. pressure, and there 
was no apparent reason why higher’ superheating 
should not be utilised. 

Mr. Rosenthal had had some twenty years’ experi- 
ence with superheating, and thought marine 
engineers had undoubtedly been backward in using 
this source of economy. Curiously enough, the 
first superheater he had ever built, although not of 
the marine type, was like that described in the 
paper, and was put into a mill in Hungary twenty 
years ago. Last year he had met the owner of 
that mill, and had learned from him that the super- 
heater was as good nowas when put in. Therefore 
the lack of durability which caused the failure of 
superheaters constructed in the days when John 
Penn was making them, some forty years ago, did 
not apply to more modern types. Now that 
materials suitable for the purpose were available it 
was a matter of interest as to which was the best 
form for the superheater to take. One of the 
interesting marine applications made by his firm 
was the case of H.M.S. Britannia. This ship had 
eighteen Babcock and Wilcox boilers, and six of 
them were fitted with superheaters, so that it was 
possible to make accurate comparisons, with 4 
certain horse-power of the engines, between the 
boilers fitted with superheaters and those not so 
fitted. Thegainobtained wasexactly 15percent. The 
degree of superheat used was 83 deg. Fahr. The coal 
consumption at one-fifth power, without the super- 
heater, with saturated steam, was 1.77 lb. ; with 
superheated boilers the consumption was 1.5 Ib. At 
the end of 1910, anotherinstallation had been carried 
out on the U.S. battleship North Dakota. In that 
case the superheat was about 90 deg. Fahr., and 
the coal consumption for all purposes, the turbines 
developing 31,826 horse-power, was 1.58 lb., which 
was “wm thatordinarily obtained withoutsuperheat- 
ing. On another vessel of which he had records, 
belonging to the mercantile marine—the steamship 
Creole, belonging to the Southern Pacific Steam- 
ship Company—it was interesting to note that 
this veel ta been running regularly for two 





years between New York and New Orleans. It 
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was a large vessel of about 10,000 horse-power. 
The superheaters had been perfectly satisfactory ; 
they were of the same design as those on the 
North Dakota. His firm were now fitting two 
large battleships of 25,000 horse-power with super- 
heaters. [Sir William White here asked whether 
the Creole had not reciprocating engines, and was 
told that she had, as also had the Britannia. In 
further reply to Sir William, Mr. Rosenthal said 
that the form of superheater used was of the 

U-tube type entirely.] The experiments the 
speaker had made with straight tubes, held on both 
sides, coincided with those made by Sir Charles 
Parsons, and it had not been found possible to 
keep the tubes tight. With regard to degree of 
superheating, Mr. Rosenthal said that he had 
made many superheaters for installations with 
temperatures between 660 deg. and 700 deg. 
Fahr. If he could venture an opinion as to the 
temperature to which it was best to go, so as to 
retain all the advantages and have none of the 
disadvantages of superheating, he would say that 
600 deg. Fahr. was the limit with the materials 
ordinarily obtained in commerce. 

Professor Dalby said that about two years ago, 
at the request of the Institution of Mechanical 
Engineers, he had examined the literature of heat 
transmission, extending over a period of some 
thirty or forty years, examining some 500 separate 
papers. The conclusion he had come to after this 
examination was that it was hopeless to attempt to 
reconcile the divergent views expressed by the 
different authors, because there was a lack of defi- 
nite knowledge of the real temperature of the 
flues. He had pointed out, in his recommendation 
to the Council of the Mechanical Engineers, that 
during the last five or ten years great advances had 
been made in the methods of measuring tempera- 
ture, and suggested that if a research were under- 
taken it should be with the aid of modern methods 
of measuring temperatures. The means of measur- 
ing which pure science had made available was one 
of the most accurate methods of measurement that 
could be taken. He believed that the chart illus- 
trated in the paper represented the first occasion on 
which such a chart had been made in connection with 
boiler trials. The trial had, of course, been a good 
one, but more information was required. That 
additional information was the calorific value of the 
oil-fuel that was used, and some analysis of the fur- 
nace-gases that passed through the chimney. With 
these data it would be pcssible to make a coinplete 
heat balance, and complete a trial which was unique 
in the history of boiler trials. The speaker's reason 
for seeking this further information was to confirm 
some results in connection with some 179 trials in 
connection with locomotive boilers, in which this 
information was furnished, but without the ex- 
tremely interesting temperature curves shown in the 
case of Mr. Yarrow’s experiments. In the trials just 
mentioned, the speaker had made a calculation first 
of all as to the heat corresponding to the coal or 
oil which was fired. In addition, he had calculated 
not only the heat in the coal fired, but the heat 
produced hy the coal fired. If 1 lb. of coal might 
possess 14,000 thermal units, and by bad furnace 
conditions only produce 10,000 instead of 14,000, 
it would be obvious that bad furnace eonditions 
might waste a tremendous lot of heat. The in- 
teresting thing was that in all these trials—they 
were made with different engines in different parts 
of the world, all at different boiler pressures—and 
in comparing the amount of heat produced from the 
fuel and the amount transmitted to the water in the 
boiler, the result was practically constant at 0.77, 
quite independently of how the boiler was fired, or 
anything else, showing that the efficiency of the 
boiler, as measured in the ordinary way, was mixed up 
with the efficiency of the furnace, so that it was not 
known what the result precisely ex In the 
case of some locomotives, where steaming was done 
at a tremendous rate, as much as 33 per cent. of the 
heating power actually passed away from the chimney 
top unused in the form of sparks, such sparks some- 
times having a calorific value two-thirds of the value 
of the fuel itself. 

_In conclusion, the speaker thought that Mr. 
Yarn 'w’s paper really did illustrate the interconnec- 
tion of pure science and practical engineering, and 
in a very interesting way. On the one hand, we 
had the development of a new boiler, and on the 
other, one of the most refined methods of measuring 
introduced by science to get the chart shown. This 
was one of the most valuable contributions ever 
made to the subject of scientific boiler trials. 





Mr. Harding thought the paper would be scanned He regarded the desi 


with interest by the older and younger members of 
the profession. 
boilers a consumption of coal of 1 lb. per sq. ft. 
of heating surface was considered fairly good ; 
when the consumption rose to 1} lb., it was 
considered as reckless. Now 2 lb. of oil were 
burnt, or an equivalent of 3 lb. of Welsh coal. 
The author might have referred to some of the 
objections to superheaters in the old time, the 
trouble caused by internal lubricating oil, and also 
burning of superheaters, indicating certain atten- 
dant dangers. In this connection the speaker re- 
ferred to the Admiralty regulations of about 1870. 
The instructions as to temperature were as follows: 
—‘*The temperature of the steam at the cylinder 
was never to exceed 320 deg. unless, after suffi- 
cient experience, it should be evident that the 
temperature might be safely increased without 
risk of injury. Care is to be taken that the tem- 
perature to which the superheater is exposed be 
not improperly increased by unnecessarily urging 
the fires, by air leaks near the smoke-box, or by 
any other causes.’’ Superheaters went out when the 
triple-expansion came in ; now, however, that the 
turbine had come in, the superheater was returning. 
The defects in the old days were lack of proper 
control arrangements, while the thermometers of 
those times were of bad quality, and the real tem- 
perature could not be shown. 

Dr. Foéttinger desired to call attention to the fact 
that on the Continent the tendency to use super- 
heat was very great, even with piston engines. A 
large number of ships were in course of construc- 
tion on which high superheating, from 100 deg. to 
150 deg. Cent. (180 deg. to 270 deg. Fahr.), was 
to be employed. Further, there was a great dis- 
position to use superheating for turbines on board 
ships. He had that afternoon referred to a ship 
of a maximum horse-power of 23,000, having 

eared turbines, for the Hamburg-Amerika line. 
ere were transmitters on the two shafts, and 
superheating was to be used. The struggle with 
the Diesel engine was leading to greater economy 
with steam plants. The slow-speed steam-turbine 
experienced some difficulty in using very high 
superheats, and the natural development was to use 
geared turbines and combine the Parsons reaction 
system with one single impulse wheel, which took 
the whole superheat out of the steam and also the 
pressure, so that very good economy could be 
realised with half the pressure. The turbine-casings 
could be built with cast iron, and the speaker had 
recommended the system some years ago in con- 
nection with geared turbines. In relation to the 
system of boiler with superheat submitted by the 
author, he thought the next step would be to 
combine this system with an air-heater on the 
Howden principle, thus further ya the 
economy. In reply to a question by Sir William 
White, Dr. Féttinger here explained that the type 
of superheater mainly used on the Continent was 
the Schmidt. 

Mr. J. M. Allan was the next speaker. He 
thought the addition of the superheater to the 
Yarrow boiler was necessary to bring this boiler up 
todate. So far, that boiler had not been beaten, and 
the advantage of using a superheater would enable it 
to maintain its place. Referring to Table A of the 
paper, it would be noticed that the oil burnt per 
square foot of heating surface was 1.237 lb., the 
water evaporation being 14.6 lb. The equivalent 
value of the oil was not given, but he assumed that 
the efficiency of the boiler would be about 80 per 
cent. In Table B the oil burnt referred merely to 
the boiler surface proper, excluding the super- 
heater part. The speaker did not regard this as 
the correct way of putting the point. Although 
the burning of the oll was referred simply to one 
leg, it was being burnt in the combustion chamber ; 
and although the draught was not straight, owing 
to the closing of the damper, nevertheless the nest 
of tubes on the superheater side was evaporating 
water. In one figure Mr. Yarrow had shown 
the water returning down from the tube and the 
feed-water entering from the bottom, and had stated 
that a leakage had occurred at the bottom seam. 
In his extensive experience with the Yarrow boiler 
he had never seen a leaky seam at this point, and 
thought the trouble was due to the lower water- 
chamber being rather small. The arrangement of 
curved tubes shown in Fig. 1 did not appeal to the 
speaker. He preferred the straight tube, so that 
one could see through it, and could get into the 
steam or water-collector and examine the tubes. 


| 


In the early days of water-tube | heater. 





sign shown in Fig. 5 as the 
best, as no water could accumulate in the super- 
As far as leaky joints with straight 
tubes was concerned, he thought no difficulty would 
occur if the superheater drum was mounted so that 
it could make a little free movement if necessary. 

Mr. Sydney W. Barnaby spoke next. He 
regarded the paper as an additional obligation 
under which the Institution lay to the firm of 
Yarrow for their many interesting contributions 
upon boilers of all types. It was not the first 
occasion upon which Mr. Harold Yarrow had read 
pa before the Institution, and the speaker 
trusted that they would hear more from him yet. 

Mr. Harold Yarrow then replied to the discus- 
sion. With regard to durability, he thought 
objections on that score were ruled out by Mr. 
Rosenthal’s experience; Mr. Rosenthal and the 
es own firm had known of superheaters 
that had been in use for many years, and had given 
no trouble. In reply to Professor Dalby, he was 
sorry that he had not available at the moment the 
calorific value of the oil used, but the firm had the 
information, and would be pleased to furnish it. 
He had not taken the analysis of the gases, but 
he would be quite prepared to make a further 
experiment which ok include this analysis, 
so as to thoroughly complete the trials. Reply- 
ing to Mr. Allan’s observations, he would say 
that the efficiency was somewhere in the neigh- 
bourhood of 80 per cent. when burning 1.2 |b. 
per sq. ft. of heating surface, but he could not be 
absolutely sure of the figure. In respect to 
Table B, which Mr. Allan had thought misleading, 
the object of that trial had been to see whether the 
boiler would stand when the damper was closed, 
and when burning the maximum amount of oil 
that the burners were designed for. As was stated 
in the paper, the heating surface was taken from 
one side of the boiler only, and the tubes were 
subject to half the radiation plus the heat given 
up by all the gases. Other trials they had made 
showed that in a boiler such as shown in Fig. 2, 
or, in fact, in any of the boilers, 2 lb. of oil 
per square foot of heating surface could be burnt 
without injury. He admitted that the surface 
at the superheater side of the boiler must not 
be disregarded, but at the same time the speaker 
would quite prepared to construct a boiler 
such as shown in Fig. 2, in which he would burn 
2 lb. of oil per square foot of heating surface. 
With regard to the leaking of the joints at the 
lower water-pockets, the speaker thought this was 
entirely due to the suction down the tubes. The 
water coming up the outer tubes was instantly 
drawn down the inside ones. He was convinced 
that the leakage at the joint was due to the cold 
water passing down the tubes. The difliculty was 
at once remedied by fitting the baffle-plate, so that 
the water, instead of being drawn immediately 
down, had time to mix with the hot water. The 
plate had now been fitted for a considerable time 
without trouble arising with the joint, which proved 
that the cause was suction. In reference to the 
straight tubes and U tubes for the superheaters, he 
would point out that if a curved tube were preferred, 
there would be no difficulty in ny | curving the 
tubes in Fig. 5 in order to prevent the porsibility 
of any of them working loose on account of unequal 
expansion. Mr. Allan’s proposal to fix the super- 
heater-drum in such a way that it could move bodily 
was, of course, quite feasible. 

The Chairman then put to the meeting the usual 
vote of thanks, and referred specially to the many 
valuable papers and records of tests which had been 
contributed to the proceedings by members of the 
Yarrow firm. The meeting then adjourned for the 
evening. 

(To be continued.) 





Inon-OrE Imports.—British dependence upon foreign 
iron ores is increasing, but not very seatentaily. This is 
shown by the annexed table, illustrating the imports 
during the ten years ending with 1910 inclusive. It 
should be stated that the expression ‘‘ imports” repre- 
sents imports into the British Empire, as a whole, from 
all foreign countries—that is, imports into British 
colonies as well as into the United Kingdom :— 


Year. Tons. Year. Tons. 
1901 .. .. 4,493,000 1906 6,585,000 
19002... .. 4,886,000 1907 7,168,000 
1903. .. 4,779,000 1908 4,866,000 
1904 .. .. 4,481,000 1999 ., . 4,927,000 
1005 ..  .. 5,425,000 1910 . 6,009,000 

It will be seen that 


] the imports attained their maximum 
is a, while in 1909 they sunk to a comparatively low 
evel, 








444 


ENGINEERING. 


[APRIL 5, ror2. 





THE STEREOPHAGUS. PUMP. 


Fig.1. 


<—Q 





CL.of Knute. 


PUMP AND CUTTER, 
LOOKING FROM K . 


— 
° 4 LiZy N 
. Gas for 7ZS 
Comey 


83 


WZ 
[feasiliiidliy, 


rad. 2 
Dia 





Inch. 


' 
H SS 
‘ <> 
ESS 
- AN . 
ZS 


a 


24Inches. Fig.Z CL. of Box 


Ai 


5 CL. of Knife and Screw 






gt 


1 
\ 



































Fig. 3. 


Tue variety of solid matter which finds its way into 
drainage systems often introduces considerable diffi- 
culties in the handling of sewage. Especially is this 
the case where there is an_insuffi ciency of natural fall, 
apd where artificial means have to be resorted to in 
order to encourage the flow of sewage. With the object 
of meeting such cases two systems are commonly 
employed—namely, the hydraulic and the pneumatic 
systems. Both, however, are opento the objection that 
they entail heavy losses, since numerous small sub- 
stations have to be worked from a main station, and 
transmission and other losses are unavoidably high with 
hydraulic and pneumatic distribution. 

In order to meet the demand for a cheaply-operated 
installation capable of dealing at small sub-stations 
with unscreened sewage, the Hon. R. C. Parsons, 
of 39, Victoria-street, 5.W., has designed a cial 
form of centrifugal pump which can be conveniently 
driven electrically, and which is capable of handling 
sewage containing matter which would ordinarily 
interfere with the working of reciprocating or other 

umps. From this characteristic feature the pump 

as been given the name of ‘ Stereophagus,” the 
word meaning an eater of solids. This pump has an 
efficiency approximating to that of the ordinary cen- 
trifugal, which, however, is unable to deal with 
sewage containing much solid matter, being liable to 
become choked. 

The principle of Mr. Parsons’ ‘‘Stereoph ” pump 
will be understood with the aid of the illustrations 
which we give on this and the opposite page. Of the 
figures there reproduced, Figs. 1 and 2 refer to a pump 
made by Messrs. Hathorn, Davey and Co., Limited, for 
the Leeds Sewage Works, while Figs. 3, 4, and 5 show 
details and parts of another pump constructed by the 
Pulsometer Engineering Company, Limited, Reading, 
to the order of Mr. E. J. Silcock, for use in a town 
in the north of England. The general principles of 
these two pumps are the same, though they differ 
in detail. From Figs. 1 and 2, which show general 
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arrangements, it will be seen that the pump con- 
sists of a centrifugal with a conical impeller and 
inlet on one side only, the discharge being from 
a whirlpool chamber of gradually increasing size, 
such as is usual. The three illustrations, Figs. 
6, 7, and 8, show the outside of a belt-driven 
“Stereophagus” pump. The photographs, Figs. 3) 











5. 


and 4, show views of the complete pump and of it 
opened up, and the details, Figs. 9 to 26, relate to ae 
pump. The conical impeller is shown in Figs. 9 a 

10. It is provided with a number of spiral b ~s 
running out of the point, and is virtually an impeler 
shrouded on one side. This impeller is carried on $ 
horizontal shaft provided with a long bearing sn 
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also with the necessary pe The main 
bearing is shown in Figs. 11 and 12, which illustrates 
what is practically the cover at the back of the pump. 


The bearing is grease-lubricated, under pressure. . Un- | fi 


like the ordinary centrifugal, the fluid forced through 
the pump does not leave the impeller at right angles 
to the spindle, but in a direction corresponding to the 
taper of the conical impeller. For this reason the 
whirlpool chamber (Figs. 13 to 21) is also set to this 
angle so as to minimise the resistance offered by the 
passage tothe flow. Various sections of the whirlpool 
chamber, given in Figs. 16 to 21, show this, as do also 


Figs. 1 and 13. 
The impeller casing and inlet are shown in Figs. 22 
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and 23. This casting embodies several important 
features of the pump. In the first place, in Fig. 22, 
there is shown in the inlet passage, in dotted lines, a 
fin, which may also be seen in Fig. 1. This fin serves to 
guide the larger solid particles into a proper position on 
to the impeller blades, This casting is further provided 
with a knife-box, shown in section in Figs. 1 and 23, 
and made to receive the bevelled slanting blade and 
holder shown in Figs. 24 to 26, and in one of the half- 
tone illustrations. This blade is adjusted so as to be 
held only just clear of the revolving impeller blades. 
It can be forced in or out as it becomes worn, and ma 

be locked in any desired position. By means of this 


blade the solids are cut into pieces of such 9 size as 





will pass through the pump. The arrangement of the 
knife-blade, &c., is rather different in the pump shown 
in Figs. 1 and 2 from that illustrated in the other 


ures. 
In the cover illustrated in Figs. 22 and 23 there will, 
further, be seen to be a spiral groove facing the 
impeller. The object of this is that any substance 
which may become jammed between the impeller and 
the casing may slip into this groove and be cleared. 
The nose of the impeller is serrated in the pump 
shown in Figs. 1 and 2, but in that of which the 
impeller is illustrated in Figs. 9 and 10 it will be 
seen that alternate blades are cut down at the 
tip. The action of the pump is obvious from the 
above description. Solids are directed by the 
fin on to the impeller, the blades of which carry 
them round till they come in contact with the knife, 
which then slices bits off. The process is re- 
peated, as in a turnip-cutter, until the whole is dis- 

of. The knife-blade is adjustable, as is also the 
impeller, which may be pushed forwards towards the 
impeller-cover as wear of the blades takes place, and 
the efficiency of the pump thus maintained. The wear 
of the knife and impeller blades is reported to be very 
small. 

From a report of tests by Professor Capper, we 
awd that practically anything of the nature usually 

nding its way into drains will pass through pumps 
of this kind. It treats indifferently cotton-waste, 
wood-shavings, rags, ropes, pieces of wood, corks, 
brick, dead animals, pieces of sacking, clothing, &c. 
A report of the Pulsometer Engineering Company, 
Limited, at whose works these tests were carried out, 
states that an ash handle, a suit of overalls, and other 
solids passed through the pump, and that a ball of rope, 
waste, and rags so large as to completely plug the 
suction-pipe was also cleared and disposed of in a few 
seconds. A test was conducted using the same water, 
containing all sorts of rubbish, over and over again, 
until the liquid was churned into a mass, which very 
quickly completely blocked s screen of steel bars 14 in. 
apart. Yet the pump continued to deliver satis- 
factorily, and it is therefore evident that the usual 
substances found in unscreened sewage can be dealt 
with without difficulty, the above tests being of a 
very severe nature. 

In Figs. 27, 28, and 29, we give diagrams showing 
the results of tests made at the Pulsometer Engineer. 
ing Company’s works on a belt-driven pump at dif- 
ferent speeds. If allowance be made for the luss by 
the belt drive, and also for the fact that the point at 
which measurements were made on the discharge side 
of the pump was in the taper extension of the whirl- 
pool chamber, where the velocities are comparatively 
high, instead of in the parallel length of discharge 
main, it is claimed that the efficiency would be fully 
67 per cent. 

here is a tendency for the impeller to work 
towards the front cover, so that provision is made 
more easily for the thrust than would be the case 
if the force were in the opposite direction. The ad- 
justment of the impeller is also easily made by just 
slacking back the thrust collar. 

Mr. Parsons has devised an automatic cut-in and cut- 
out arrangement, so that the pump when electrically 
driven may work without attention in small collect- 
ing stations in the sewerage system, and he has also 
devised a controller by which the speed of the motor 
is automatically meas f by variations in the quantity 
of liquid to be pumped; by this means, in the case of 
a variable flow, both the pump and motor can be made 
to work at or near to their best efficiency, and a 
marked economy in energy can be effected when com- 

red with the ordinary constant-speed pump working 
intermittently. 

From the above it will be seen that the pump, 
although epee 4 designed for the pumping of sewage, 
is capable of application over a wide range of condi- 
tions, including all cases where a liquid has ta be lifted 
containing solid or fibrous matter such as would tend 
to block any ordinary pump. 





GAS-POWER FOR SHIP PROPULSION.* 
By A. C. Houzapre., Asscciate. 


During the last ten years, eaten after the 
ny ys ry peer Pm plant for aoe power- 
gas, the feasibility of applying gas-power for ship pro- 

ulsion has been 4 the minds of engineers and others. 

he difficulties, however, of carrying this into effect have 
been considerable, and relate partly to the vastly different 
conditions on board ship, and partly to the practical im- 
possibility up to now of obtaining a reversible gas-engine. 

Some seven years ago the late Mr. Emil Capitaine, of 
a i ‘ a boat, —_— = fresh-water — 
only, fitted with gas-engines, and he @ paper on the 
adaptability of this method of ship propulsion before the 
German Institution of Naval Architects. Mr. Capitaine 
had obtained various patents in connection with gas- 
producers and gas-engines. This first vessel was a tug of 
small power, and the engine was not reversible; she 


. Paper read before the Inetitation of Nav al Architcots, 
March 28, 1912, 





therefore depended for reversing and manceuvrin, 
clutch gear. Mr. Copitaiade British patent shes 
were acquired conjointly by Messrs. Thornycroft, of 
Southampton, and Messrs. Beardmore, of Dalmuir ; both 
these firms carried on experiments with Capitaine engines 
and in particular Messrs. Beardmore built a gas-engine 
for sea-going pur of 600 horse-power, which was 
placed on board H.M.S. Rattler. The engine was first 
tried on land, and the gas-plant at that time was intended 
to use bituminous coal ; it was subsequently changed so 
as to use anthracite coal and coke, the Rattler also 
depending for reversing and manceuvring ona clutch gear 
So far as I have been able to ascertain, the gas-engines 
and gas plant worked satisfactorily, but the clutch gear 
was unsatisfactory, and led to the abandonment of the 
experiment. Messrs. Thornycroft’s experiments led to a 
Mr Capitaine founded in Ge 

r. Capitaine foun in Germany a small company 
and established works for building pee-cagines ~~) a 
oe near Diisseldorf, where about a dozen engines of 
rom 30 to 100 horse-power were built, and placed on 
vessels on the Rhine and other rivers. All these engines 
had several cylinders and were vertical ; they were non- 
reversible and were fitted either with clutch gears or 
reversing propellers. One of the engines built by Mr. 
Capitaine’s company was used for sea-going purposes ; it 
was ordered by Mr. Walter F. Becker, of Turin, Italy 
for a tug to run in the harbour of Genoa, Italy; it had 
three cylinders and was of 90 horse-power. After some 
apparently satisfactory trials, so many difficulties were 
encountered in connection with the working of this vessel 
that the experiment was abandoned and the vessel sold. 
A like fate happened to most of the other vessels which 
were — by the Capitaine Company of Diisseldorf, 
although it is possible that some may still be running. 
At any rate the departure was not a sufficient success to 
warrant a development towards larger powers. Engines 
of the — supplied by Mr. Capitaine would have been 
oe tically useless for large sea-going vessels, unless they 

been fitted with some electric or other transmission 
arrangement, enabling reversing to take place, and lower 
speeds to be used, asclutch gears and reversing propellers 
with more than 300 brake horse-power are believed to be 
impracticable. Mr. Capitaine died about four years ago in 
Brussels, at a com tively early age, a disappointed man. 

Several canal ts with gas-engines of small power 
have been run on German and Dutch canals; these are 
also fitted with clutch gears or reversing propellers. Two 
or three small cargo boats of 60 to 70 tons have recently 
been built in America similarly fitted, but their work is 
chiefly in estuaries and rivers, so they cannot be called 
sea-going vessels. 

I have still to mention the Carnegie, fitted with 
auxiliary gas-engines of 150 horse-power. She is the only 
sea-going gas-driven vessel which was built before 1911. 
The Carnegie is also fitted with a clutch gear; particulars 
of her performance are not in my possession. 

About October last a sea-going vessel of 560 tons dead- 
weight capacity, called the Zeemeuw, started in Holland. 
This vessel has twin-screw engines of 150 horse-power 
each, and an anthracite coal-gas plant. The engines are 
reversible by compressed air. I understand she has 
made nine trips, chiefly between Rotterdam and Great 
Yarmouth, and the owners inform me that they are 
satisfied with the economic results. 

They have come across some technical difficulties in 
connection with the producers and lubrication of the gas- 
engine, ticularly in regard to the formation of slag on 
the fire-brick lining of the producers, and they are now 
fitting new producers, in which they hope to obviate its 
formation. It will be seen in the latter part of this 

per that I have also experienced the same difficulties. 
The owners, Messrs. Vermeer and Van Den Arend, of 
Rotterdam, inform me that in other respects they have 
every confidence in the success of the new departure. 

Being unable to obtain reversible engines, the prospect 
of introducing this motive power for large sea-going 
vessels some two years ago seemed to me comparatively 
remote, and the only means of reversing and manceuvring 
high powers and speeds at that time pega to be by 
electric transmission. This system, while practicable, 
has, however, certain disadvantages, which are the 
following :— 

(i) A loss of power in transmission of 20 per cent. to 
25 per cent. - . 

(ii) A very considerable additional weight to be carried 
in the form of dynamo and electric motor. 

(iti) A large additional cost for dynamo and electric 
motor, and very expensive switching gear. 

(iv) The danger connected with having a very large 
amount of electric power on board an iron or steel vessel. 

In November, 1909, Professor Féttinger, at that time 
one of the engineers of the Vulcan Engineering and 
Shipbuilding Works at Stettin, read a paper before the 
German Institution of Naval Architects, describing his 
hydraulic transformer, which was brought out particularly 
for the purpose of using high-speed turbines in compara 
tively slow vessels; that is, for reducing the number of 
revolutions of a high-speed turbine to the required 
revolutions of ships, and also for reversing engines up to 
the largest powers. ! 

Compared with an electric nautnner Oh tea 
transformer possesses many vantages. ese were 
appreciated by the Holzapfel Marine Gas-Power Syndi- 
cate, who acquired the British rights of the transformer 
for gas-engines from the Vulcan Company and built an 
experimental sea-going vessel, the Holzapfel I., in order 
to test the adaptation and installation of gas-power on 
board a sea-going ship, and in particular to test the 
transformer with gas-engines. In deciding upon the 
size of the vessel the owners were guided by the following 
considerations :— 

Firstly, a small vessel of 300 to 400 tons, such as the 
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ble by a gas-tight door from the engine-room, but is not 
sup be en except in case of urgent need, 
while the vessel is under power. The working of the 
producers, such as blowing-on, and the working of coal 
cocks is by levers from the engine-room. The only 
openings to the engine-room are the blowing-on cocks, 
which can be shu’ by a slide, and four air inlets, which 
are only open while the gas plant is under suction. 

The producers are lined inside with fire-bricks: they 
were originally connected with the scrubbers by hort- 
zontal pipes entering the scrubbers at the base. The 
scrubbers were filled with coke to a depth of 6ft.; sea- 
water from a tank on deck trickles down through this 
coke and serves to cool the gas and to free it from any 
dust which may enter from the producers. Above the 
coke is a space containing wood wool as a further means 
of cleaning the gas. The cooling water is discharged 
into a tank underneath the scrubbers, whence it is 

umped overboard by a drum pump running by a belt 
rom the main engine, Originally a ceutrifugal pump 
was fitted for this purpose, but it was found to be quite 
useless, and had to be changed foradrum pump. Steam 
vapour is beg seer by eight flash boilers inside the pro- 
ducers, and fresh water has to be supplied for this 
purpose, and this is carried in the after-peak tank. In 
order to be able to use sea-water a new type of vaporiser 
has been yoy by which sea-water can freely be used, 
and this will be fitted to the exhaust in the early future. 

I may here state that a sufficient supply of steam 
vapour—t.e¢., 1 lb. of water evapora for every pound 
of coal used—is essential, not only for the quality of the 
gas, but also to reduce the formation of slag in the 
producers. 

The vertical gas-engine is by Messrs. E. S. Hindley and 
Sons, of Bourton, Dorset. It has six cylinders, 107 in. in 
diameter and 10 in. stroke; it is designed to run at 450 
revolutions per minute. It is a similar angie to the ty 
now manufactured by several gas-engine builders for the 
purpose of working electric dynamos, and, in so far as it 
works on the hydraulic transformer, its task is practically 
identical with that of other vertical gas-engines on shore. 
The engine has forced lubrication and low tension 
magneto, and also Lodge ignition. 

As Ly the transformer, sufficient has already 
appea in the technical press to obviate a general 
description of it. Roughly speaking, it consists of two 
centrifugal pumps driven by a main shaft attached to the 
gas-engine and two turbines, one for going ahead and one 
for going astern, mounted on a secondary shaft. Either 
of these centrifugal pumps delivers water into its turbine, 
according to the movement of a lever, which is fixed a 
little distance abaft the gas-engine. By a simple move- 
- oy of = lever oy —— = aft by a of 
the propeller can instantly changed from full speed 
ahead to full speed astern. hile the lever stands in the 
middle there is no load on the engine, and the propeller 
remains stationary. The time required when going full 
speed ahead till the propeller moves in the reverse 
direction is about 4 seconds. Between the transformer 
and the gas-engine is fixed a small centrifugal pump 
driven by a bevel gear from the main shaft and oe 
about 3 horse-power. This pump is to pump back suc 
water as my | lost by leakage in the transformer, and 
the water se lost is again replaced from the tank under- 
neath the transformer into which it leaks. 

This small pump runs on a ney ae « and, as 
originally fitted, the ball-bearing was either defective or 
of insufficient strength. Asa result, while the v was 
on her voyage the ball-bearing was destroyed, and she 
had to put into Scarborough, where another ball-bearing 
of larger size was fitted. his has given entire satisfac- 
tion, and on examination in October last it proved to be 
im perfect condition. Altogether the transformer has 
since done its work in an entirely satisfactory manner. 
There is no appreciable heating of the water in the tank, 
and from this fact it can ily be concluded that the 
loss of power in the transformer is very small. Experi- 
ments on the test plate before delivery proved it to be 
from 11}? to 18 per cent., including the loss from the 
auxiliary pump. The transformer drives the propeller at 
about 120 revolutions per minute. 

The vessel had her trials during the end of April last, 
and they unfortunately termi in a collision with 
another vessel. After the repairs she proceeded on 
service, and has since carried the following cargoes :— 


Tyne to London, 242 tons of coke. 

London to Llanelly, 330 tons of scrap-iron. 

Llanelly to London, 330 tons of lime. 

London to Cork, 330 tons of hard-wood and cement. 
Cork to Newhaven, 251 tons of oats. 

Guernsey to London, 340 tons of granite. 

London to T: 340 tons of chalk. 

Seaham to Morlaix, 331 tons of coal. 

Guernsey to Weymouth, 331 tons of granite. 


The consumption of anthracite coal during these runs 
varied between 25 and 35 cwt. per day of 24 hours, and 
was about one-half of that of steamers of similar power. 

During this period several faults manifested themselves 
in connection with the machinery, and particularly with 
the gas plant ; among them I should mention that the 
horizontal connecting - pipes between scrubbers and 
producers several times got filled with water, when the 
ship was by the stern, which shut off the gas from the 

ine and caused a sudden stoppage. Asa uence 
this pipe was altered so as to t downwards from the 
producers to the scrubbers. 
* The coke in the scrubbers, moreover, was found to 
gradually pulverise, and it ultimately choked the outlet, 
so that the water rose, and even came into the producers, 
putting out the fires. Since that time earthenware tubes, 
of a ign giving &@ maximum of surface, have been 
placed in the eoru as a substitute for the coke, 





The firebrick lining of the producers was uently 
covered with slag, and when this was removed the fire- 
bricks were injured. 1 have suggested that interlocking 
blocks of steatite would be a good substitute for firebrick, 
as I am of opinion that slag will not adhere to this, and 
an Ne ftp: for putting a partial steatite lining into 
one of the producers is now being made. 

The two levers for opening the exhaust valves of the 
roducers were originally on the port side of the engine. 
t happened several times that in cases of sudden stoppage 

of the engine, burning came from the producers into 
the engine-room, when it was difficult, on account of the 
gas flame, to get at the levers of the exhaust-valves. In 
order to avoid this, the shafts of the exhaust-valves have 
been brought right across the engine to the starboard side, 
and so arran that both valves can be opened by one 
movement. consider it essential that such or similar 
arrangements should be fitted to future gas-driven vessels. 

The Lodge ignition, as originally fitted, and having 
wax as an insulating material, was found unsuitable on 
account of the high temperature prevailing in the ne- 
room, and a new design of ignition, specially adapted for 
the vessel, is now being fitted. 

Another interruption in the working of the vessel was 
caused by the shifting and breakage of one of the oil- 
pressure pipes. This happened at a very inconvenient 
time, in very heavy weather, and caused some danger to 
the vessel. The oil-pressure pipes are now being placed 
into deep grooves, and very securely fixed into position 
so as to preclude the ibility of a similar accident. _ 

In other respects the gas-engine has worked with fair 
regularity, but the power given with anthracite gas is 
probably nearer 160 than 180 horse-power, the power 

aranteed by builders, which guarantee, however, was 
= gas of 140 B.T.U. The transformer has been in every 
way satisfactory. . 

tt will be seen from the foregoing that the experience 
with this vessel has shown many essential points in 
to which the practice of gas-plant on shore will have to 
be altered for marine pur I am of opinion, how- 
ever, that a great deal of valuable experience has been 
gained, and that, with the alterations now made, the 
vessel will be able to do her work in a regular and satis- 
factory manner. 

Of course the Holzapfel I. is an experimental vessel, 
built in order to enable the owners to see which arrange- 
ments would be the most practicable for large sea-goin 
vessels, and, although she has proved herself a successfu 
vessel, capable of competing against steam-driven vessels 
of her size in the coasting trade on account of her 
very low consumption, the main purpose of the owners 
has m to evolve from the experience of this vessel a 
design for ships of large size to be driven by gas-engines. 
In this connection many important considerations have 
to be taken into account. First, in regard to the 
plant, it would be absolutely essential in a large vessel to 
use bituminous coal, as anthracite coal is not readily 
obtainable at many foreign coaling ports ; moreover, the 
cost of anthracite is so considerably in excess of the cost 
of bituminous coal that economical considerations come 
into account here. Lastly, the gas derived from bitu- 
minous coal in British thermal units is of higher value 
than the gas derived from anthracite coal. 

It will therefore be seen that with an engine of given 
size, fed with gas derived from bituminous coal, a larger 
power will be derived. far as I am aware no gas 
plant driven with bituminous coal has hitherto been 
used at sea, but the illustrations on 447 show arrange- 
ments for placing a bituminous gas plant of 800 horse-power 
on board ship. The producers stand in the bottom of 
the ship, in a separate compartment covered by gratings; 
the tops of the producers, which are each of 400 horse- 
power, are level with the main deck, the intention being 
to draw the coal out of a *tween-deck bunker. An 
electric hoist could be fitted to lift coal from the lower 
bunker into the ’tween-deck bunker, so as to bring it on a 
level with the top of the producers. The in this 
case will be fed into the hoppers by hand, and the usual 
arrangement of ball seals to cover the four openings for 
stoking in each producer will be fitted. In order to 
make this absolutely gas-tight, hinged caps will be fitted 
over the balls, and screwed down when no stoking is 
being done. From the producers the gas passes into the 
coolers, or wet scrubbers ; these are filled with earthen- 
ware rings, fitted ane into position. These scrubbers 
will be about 15 ft. high and about 3 ft. 9 in. in diameter ; 
the uppermost portion of each has a tank which will be 
fed with sea-water by a pump from the engine-room. 
The scrubbers are placed on the main deck and discharge 
the cooling water overboard on either side by gravitation. 
From the coolers or scrubbers the gas is drawn by centri- 
fugal tar-extractors (driven electrically) formed as fans ; 
these force the gas under pressure through the dry 
scrubber to the engine. 

A very large number of centrifugal tar-extractors are 
at work in connection with gas plants using bituminous 
coal, and they do their work to absolute perfection, giving 
clean gas free from any tar. Attempts to dispose of the 
tar by other means or to gasify it have, however, been 
attended with many failures. 

Coming now to the gas-engine, there are various con- 
siderations to be taken into account. Naturally, with 
an experimental form of ine, the twin-screw system 
offers additional security. It also has the advantage 
that engines of considerable power can be fitted in a 
vessel without piston cooling, thereby saving ve oan 
in first cost and weight. At present, engines wi 
cylinders up to 22 in. in diameter are being built without 
iston cooling; but this should be considered the outside 
mit. Some air cooling by a fan to the crank-chamber, 
and driving cold air through it, is contemplated, and 
this will no doubt assist to keep the working parts of an 
engine at a suitable temperature. Two types of vertical 





engines are being built, those with tandem cylinders and 
those with a single row of cylinders ; the former havin: 
the advantage in saving space; the latter are, perhaps, 
more accessible for repairs. A tandem engine with six 
cranks can no doubt be built up to 1800 horse-power 
without water-cooling of pistons, and two such engines 
would be sufficient to drive a vessel of 15,000 tons dis. 

ent at 10 knots speed. The stroke of gas-engines 
1s generally limited to a piston speed of about 800 ft. per 
minute, and nes such as have m considered 
suitable, and of the size not requiring water-cooling of 
pistons, will run at about 250 to 320 revolutions per 
minute. 

In order to reduce the vibration to a minimum, engines 
of six or more cylinders are desirable. Mr. Milton’s 
paper last year showed diagrams giving a distribution of 
pressure which speak eloquently in favour of six or more 
cylinders. The vibration of the engine as observed on 
the shaft leading to the transformer of the Holzapfel I. 
was not inconsiderable, so that at first the bearing 
between gas- e and transformer showed signs of 
heating; forced lubrication was subsequently fitted to 
this bearing with satisfactory results, and this would no 
doubt be desirable with larger powers. A bearing of con- 
siderable size, moreover, will be needed in order to 
prevent undue vibration in the transformer. 

As regards the Fottinger transformer, about 85 per cent. 
to 90 per cent. of the original brake horse-power of a 
prime mover of 800 brake horse-power can be transmitted 
to the propeller shaft if the revolutions are reduced from 
about 270 of the prime mover to 100 of the propeller. 
The weight of the transformer and water would be about 
13 tons, The cost of such a transformer is only double 
that of a transformer of 150 horse-power; the greater 
the power the lower the cost per horse-power, and the 
higher the efficiency the greater also the saving in weight 
as compared with steam-engines and boilers. 

While it cannot be said that the experiment of the 
Holzapfel I. has so far been a complete success, owing 
partly to several avoidable accidents, as, for instance, 
two collisions, which were in no way due to the machinery 
on board, and while it must be confessed that in conse- 
quence of these accidents an undeserved prejudice has 
probably been created in the minds of the public and 
of underwriters, making the economic insurance of future 
gas-driven vessels somewhat difficult until a continuance 
of regular and steady work has created a new confidence 
in the system, it must be admitted that the experiment 
has so far practically demonstrated the feasibility of 
using gas-engines at sea in conjunction with the hydraulic 
transformer. It has also shown the weak spots in gas 
plant as hitherto used on shore, and what is necessary to 
— it for sea-going purposes. 

The fact of our almost unlimited coal supply, and the 
cheap price of this fuel in Great Britain as compared with 
liquid fuel, makes the introduction of marine gas-power 
particularly desirable in this country, not only from 
economic, but also from national considerations. 

Compared to the triple and quadruple-expansion steam- 
engine of the present day, the gas-engine is still an 
imperfect piece of mechanism, and there is an almost un- 
limited scope for improvement and economy in a gas- 
plant, gas-engines, and gas-turbines. 

So far the most ect steam machinery has been 
evolved by the marine engineer, and I venture to hope 
that by this experiment the interest of marine engineers 
may have been aroused, and that the day is not far 
distant when their concentrated energy and intelligence 
will have so perfected marine gas plant and gas-engines, 
as to bring about their general introduction, with the 
—s great saving of coal fuel—the most important 
national asset of this country. 

I should mention that Mr. Max Holzapfel, of Newcastle- 
on-Tyne, shared with me the financial risk of this experi- 
ment, and that I was assisted in the design of the vessel 
and machinery by Messrs. H. A. B. Cole and T. W. 
Cherry, who also superintended the construction and 
installation of the machinery on board. Lastly, I have 
to thank the Vulcan Company, of Stettin, for their 
generous help and assistance at a time when difficulties 
gave us considerable trouble, an@ the Power-Gas Corpora- 
tion, Limited, for their unfailing help in contending with 
the various difficulties which arose. 








RESULTS OF TRIALS OF THE DIESEL-EN- 
GINED SEA4-GOING VESSEL ‘*SELANDIA.’* 
By I. KNupsen,. 


On December 5, 1910, the East Asiatic Company, of 
Copenhagen, placed an order with Messrs. Burmeister 
and Wain for two vessels of the following dimensions:— 

h between perpendiculars, 370 ft.; breadth, 53 ft.; 
and depth, moulded to upper deck, 30 ft. The two vessels 
are fitted with Diesel engines, having a total horse-power 
of 2500 indicated horse-power, divided between two pro- 
pellers, and there are further two auxiliary motors, each 
of 250 indicated horse-power, The first of these vessels 
has been given the name Selandia, and her trial trips 
have recently taken place. A short description of the 
motors and a statement of the results obtained may there 
fore be of some interest. ; 

The main engines are eight-cylinder Diesel motors, 
working on the four-stroke-cycle system ; the number of 
revolutions at normal s is 140 per minute. The 
starting in either direction takes by means of com- 

air. The cam-shaft from which the valves are 
moved is so arranged that it can be displaced length- 
wise after all the rods, with the rollers connected to them, 
which lift the valves, have been removed from the shaft 











* Paper read before the Institution of Nava] Architects, 
March 28, 1912, 
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by means of a crank motion. It is thus placed in such 
position as is suitable for either the ied or astern 
otion. 
The reversing from full speed ahead to full soe 
astern can be carried out in less than 20 seconds. hen 
the reversing gear has been brought into the proper 
nsition by the reversing engine, the starting takes place 
By moving a handle, by means of which air at a pressure 
of 20 atmospheres is led to the cylinders through the 
starting-valve, which commences to work automatically 
when the compressed air is admitted. When the engine, 
by means of the air, has attainetta sufficient speed of 
revolution, which it does almost immediately, the handle 
is moved further, the air is shut off, the starting-valves 
close themselves, the engine is oil-fed, and now works as 
an ordinary Diesel motor at the speed required, the 
speed depending upon the position given to the above- 


fig. 7. 
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mentioned handle, which regulates the supply of oil fuel. 

he reversing is thus executed by means of two handles, 
corresponding to the two levers on an ordinary steam 
engine. 

The speed of the engine at sea is controlled by an 
Aspinall’s governor, acting suv that, when a sudden rise 
occurs in the number of revolutions beyond the normal, it 
shuts off the supply of fuel oil, and only opens again when 
the revolutions have dropped down to a. certain pre- 
arranved number, As the engine has eight cylinders, and 
the cut-off at the start is above 0.6 of the stroke, the engine 
can always be started at any crank position whatever. On 
the shaft is a small flywheel, only 2.metres in diameter : 
this is provided with toothed-wheel gearing on the peri- 
phery, which is driven by a worm, so that the main engine 
can «!ways be turned by means of an electric motor. 

On each main engine there is also an air-compressor 
which cx ym presses air from 20 atmospheres up to 60 atmo- 
Spheres for injecting fuel oil into the cylinders. These 
Com pressors are so arranged that they can be adjusted for 


half or complete filling. Half filling is used when the | th 


pumps are working on each engine. In case one of them 

ould be da the remaining pump is put on to the 
com)iete filling, and will give sufficient air for the injec- 
tion vf fuel oil for both the main engines. As a spare for 
the {rst compression to 2U atmospheres, it is arranged 








that the exhaust-valve on one of the cylinders of the main 
engine can be removed and replaced by a delivery-valve, 
so that the cylinder will be brought to work as a com- 
pressor, which compresses the air to 20 atmospheres. In 
that case the motor only works with seven cylinders, but 
trials have proved that the reversing and working are 
nevertheless perfectly satisfactory in every respect. 

The auxili motors are, as already mentioned, of 
250 indicated horse-power each. working at about 230 
revolutions ; they are each fitted with a dynamo and air- 
compressor. The latter is calculated to supply air at a 
pressure of 20 atmospheres, which is used = reversing 
the main motors, and also for supplying the air-com- 


pressors of the main engine with air for injection. When | which is chiefly intended for the heating of 
the ship is at sea it is intended that current should be! Oil fuel is used in this boiler. 





tanks are arranged, to which fuel oil can be pum by 
an air-driven pump in the engine-room ; each tank is of 
such dimensions that it contains sufficient oil for twelve 
hours’ normal work. The object of these tanks is to have 
any water separated from the oil, so that comparatively 
pure oil will be led to the motors. 

The deck machinery is electric throughout ; all winches 
are electrically driven, and the same is the case with the 
windlasses and the steering engine, which is of a new 
type of construction (Hele-Shaw-Martineau hydraulic 
electric system), and seems to work well in every respect, 
As will appear from the description given, everything is 
electric, with the exception of the little donkey boiler, 
the vessel. 
The fuel oil is stored in 


taken from the dynamo (which is placed on the same | the double bottom of the vessel, and the total provision 
shaft) for lighting and for working the different auxiliary of oil on board is sufficient for a continuous distance of 
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engines, such as winches, pumps, refrigerating machinery, 
&c. There are two auxiliary motors, in order to have 
always one to spare. The auxiliary machinery also in- 
cludes two sets of electrically-driven lubricating-pumps, 
circulating-pumps, hot and cold-water sanitary pump and 
bilge-pump, two electric transformers, one refrigerating 
machine, one donkey boiler for heating the vessel, pro- 
viding steam for fire-extinguishing in the holds, and also 
for working a steam driven compressor, which can com- 
press the air to 60 atmospheres. : 
The electrically-driven lubricating-pump pumps the oil 
(each from its own tank, which is p!aced in the bottom of 
the ship) through the main bearings, from there through 
the crank-shaft, connecting-rod brasses, through the 
hollow-bored connecting-rod to the crosshead brasses, 
from there through the piston-rod to the top of the oil- 
cooled piston, back through the piston-rod, and from 
there it is ejected over the guide. Cooling of the oil 
takes place on the guide-faces as they are water-cooled. 
Farther cooling can be carried out by pumping oil 
rough an oil-cooler formed as a surface condenser. 
From the two compressors of the auxiliary motors, 
which are designed as three-stage com pipes are 


led from the intermediate cooler with an air pressure of 
about eight atmospheres to the siren, which is fitted on the 
mast. In the top of the engine-room casing two settling- 
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|about 30,000 English miles. After having made three 


short trial trips in the Sound, the Selandia last left 
Copenhagen on February 22 bound for —- where 
about 2000 tons cement were loaded, and from there the 
voyage was continued to London. 

This first trip across the North Sea aroused great 
interest, as it was the first real practical trial of the sea- 
worthiness and manceuvring capacity of the motors. 
Throughout the voyage the machinery worked excellently, 
and the plant was tried both in a smooth sea at high 
speed, and also in a heavy fog at slow speed, and in 
strong winds with rather a heavy sea, but nothing seemed 
to influence the vessel adversely and she stood the test 
perfectly under these various conditions. Records were 
taken of the consumption of fuel oil, and it was found 
that 0.165 kg. (0.363 Ib.) of oil per indicated horse-power 
hour was consumed, it being understood that this includes 
not only the indicated horse-power developed by the main 
engines for the actual propelling of the vessel, but also 
the consumption of all the fuel oil used by the auxiliary 
motors. From this it may be seen that the above-named 
0.165 kg. fuel oil x the 2500 indicated horse-power 
(which is the normal horse-power of the vessel) gives the 
total consumption of fuel oil on board, excluding only 
that used for the heating of the cabins. The arrival at 
the West India Docks, where the vessel stayed during 
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her visit in London, took place on February 27, and here 
there was ample opportunity to try the manceuvring 
capacity of the motors, the working of which, however, 
was satisfactory in every way. 





ENGINEERING EMPLOYMENT. 
To THE EprTor OF ENGINEERING. 

Sir,—If you will permit me to trespass upon your in- 
valuable space, you will not only do me a great favour, 
but you will also be conferring a great favour upon a host 
of your readers, who, I am sure, smart, like myself, under 
the iniquitous practice, which is at present permeating 
the engineering profession. ’ 

Sir Hiram Maxim and a few other eminent engineers 
have been crying out lately about the great difficulty they 
experience in finding suitable men for 5/.-a-week posts, 
which means, from this observation, that there are very 
few good men to be obtained. I would like to ask the 
question, Do these critics ever try to find good men? 

From experience and observation, I find there are 
huadreds ad dere and capable engineers at the present 
day working for a paltry salary of 2/. per week—men with 
sound practical training, and men who possess some of 
the highest engineering diplomas ; yet these people do 
not hear of these munificent posts waiting for men, 
They are like the majority of posts—that is, posts worth 
having for men who have spent years studying, and whose 
parents have spent on their education a matter of 600/. 
—they are filled | before being advertised, and they often 
fulfil the condition that ‘‘one ounce of influence is worth 
a ton of knowledge.” When men are thrust into the 
position of chief engineer and assistant engineer to some 
of our largest engineering firms, one of whom, ‘‘I know 
for a fact,” could not work out the latent heat of a pound 
of steam, is it surprising that such ideas as those Sir 
Hiram Maxim has are common to men of his standing. _ 

The younger men of to-day realise how unimportant is 
a long list of engineering diplomas compared with a little 
influence, and what a sad waste of time it is pln 
It is all influence, and a decade of this practice will surely 
manifest itself in the engineering profession. There is no 
encouragement, so far as I am aware, offered to young 
engineers by their employers. Whatever bit of initiative 
they may possess is stifled, as any idea he may have 
must first be submitted to his chief ; this being the case, 
it invariably ends there. If he submits it to the head- 
quarters, and it is of no t value, his chief does not 
forget he was Sunes his being the case, it is no 
wonder you find so many men in the employ of large 
firms devoid of ambition ; they realise the hopelessness 
of things, and, instead of fighting what appears to be a 
hopeless case, they fly in the face of Emerson, who said, 
“It is shallow men who believe in luck and circum- 
stances,” and trust to luck. 

Influence is the greatest tyrant striving engineers have 
to fight against ; it is undermining the whole profession, 
and so long as this infamous tice is allowed to con- 
tinue, the cry will always be ‘* We lack 5/.-a-week men.” 
If only the proper means were employed—that is, fair 
competition—to find suitable men for these ‘emery 4 posts, 
I am sure that in a very short time we should hear no 
more of the complaint that we lack g men. 


Yours truly, 
March 28, 1912. AnTI-INFLUENCE. 





VARIABLE MASS. 
To THe Eprror or ENGINEERING. 

Sir,—I note with interest your review, on page 145 of 
your issue of February 2, of ton’s book upon Analy- 
tical Mechanics, and your reference therein to ‘‘ variable 
mass.” The book itself being temporarily inaccessible, 
I cannot be sure of what was in mind in your use of the 
expression. It interests me, however, because I have for 
years tried to advertise the importance, in the study of 
mechanical energetics, of a proper concept of the varia- 
bility of the mass-factor. 

The mass of a given system, of course, always remains 
constant. We have too habitually treated, however, only 
of the external energy, force, &c., of such a m in 
reference to some much larger mass, such as the earth or 
sun. But in that case the earth or sun becomes a part of 
the system or ‘‘ configuration” involved. Since the mass 
of the earth or sun remains constant, we have too long 
followed the convenient assumption that the force, 
energy, &c., of the other element of the pair was propor- 
tional to the first power of its mass, and hence was 
invariable throughout the life of any given mass-body. 
This idea I find unalterably fixed in the mind of even 
our adult students. 

But this idea is not true. Take the earth-sun system 
for illustration. The energy of this pair would be 
tremendously increased, without any alteration in relative 
velocity between earth and sun, if thesun should split in 
two, becoming a double star. Another such increase 
would occur if the earth should split in two, 

These increases in energy :ould continue indefinitely 
(though not proportionately) by further sub-divisions in 
either sun or earth. In each case, although incidental 
alterations in velocity would have to be imagined, in order 
to maintain equilibrium, the increases in energy would 
not be proportional to such changes in velocity squared. 
Another variable would have entered. The mass-factor 
would also have varied. The effective mass of the system 
would have altered, although its aggregate mass would 
have remained constant. 

Newton taught that, in all our expressions for force, 
energy, &c., the mass-factor appears as a product of two 
masses ; or, if the masses be all of equal magnitude, as the 
square of this magnitude. Thus the mass-factor in the 
mechanical energy of any system may increase or 


decrease while the aggregate mass remains unaltered, 





In celestial mechanics this aspect of analysis seldom 
becomes of interest, for celestial systems are fairly 
permanent. In engineering mechanics it never rises at 
all, for one element of each mass-pair is always the mass- 
constant But in the study of the internal 
mechanical energy of any system, such as a set of mole- 
cules, this feature becomes of the utmost importance. 
For not only may the mass-factor of such energies vary 
widely, within a constant aggregate mass, but apparently 
it is constantly so varying. The familiar phenomena of 
conduction, vaporisation, condensation, &c., cannot be 
explained in terms of molecular mechanics at all, except 
as being a variation in the effective mass-factor of a con- 
stant aggregate mass, by sub-division or consolidation of 
matter. 

_I have been advocating this view since the late 
eighteen-nineties, writing in 1900 my tentative conclu- 
sions into ‘‘ Thermodynamics” (Macmillan, 1902). More 
elaborate and assured views appeared in my book 
entitled ‘‘ Energy,” published in 1909. Throughout these 
years it has remained my unwavering opinion that the 
variability of the mass-factor in the mechanics of constant 
aggregate mass should be one of the fundamentals taught 
to every student of elementary mechanics of the college- 

e. It is, therefore, with unusual interest that I 
ind what is ney the first word in the same direc- 
tion from another quarter. 
Yours very truly, 
Srpnry A. REEvE. 
New York City, March 22, 1912. 





**“NATURAL SOURCES OF ENERGY.” 
To THE Epitor oF ENGINEERING. 

Srr,—Practical engineers must feel thankful to you for 
the common-sense way in which you bring this subject 
before them. It contrasts strikingly with the almost 
pathetic rubbish the pg ine contrived once again to 
combine out of Sir W. msay’s discourse, all for dear 
sensation’s sake. The miners may rest peacefully in their 
beds before some clever wiseacre comes along and simply 
sticks a pipe into the ground, penetrating down to the 
coal, sets the latter on fire (of course, not forgetting to 
get there himself and to run away in time), whereupon 
the main tap at the top end of the pipe can merely be 
turned on, and the wheels of industry will be kept spin- 
ning. The practical difficulties are so many in number, 
so serious, and so self-evident that the merest tyro of a 
collier will just laugh at the newspaper reports of Pro- 
fessor Ramsay’s address, and you deserve thanks for 
your comments. 

Yours respectfully, 
ALBERT ALFRED Buss. 
Egerton-road, Chorlton-cum-Hardy, Manchester, 
March 30, 1912. 
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PROPOSED L.C.C. REGULATIONS FOR 
REINFORCED-CONCRETE BUILDINGS — 
REGULATIONS AS TO COLUMNS. 

To THE EpiToR OF ENGINEERING. 

Sir,—The proposed London County Council ula- 
tions for the control of reinforced-concrete buildings have 
attracted very little attention in the technical press, and 
I venture to draw attention to the clauses regulating 
columns. 

Clause 86, which determines the strength of columns of 
different lengths, is as follows :— 

‘* When both ends are fixed, and when the ratio of 
length to the effective diameter does not exceed 


18 ... The full stress may be allowed on the pillars. 
21 ... 0.8 of above may be allowed. 
24 ... 0.6 of above may be allowed. 


% ... 0.4 of above may be allowed. 
.. 0.2 of above may be allowed. 


ed other ratios the stress shall be proportionate to the 
above.’ 

Clause 87 expresses the relative strengths of columns 
with rounded and fixed ends, thus :— 

In the case of compression members not having both 
ends fixed the loads shall be as follow :— 

Let P = the maximum permissible pressure on pillars 
and compression members having fixed ends. 


Conditions of Ends. betas, ‘eee 
One end fixed and one end hinged ; 
Roth ends hinged ... : : 
One end fixed and the other end free P 


and not guided, stayed, or supported # 
in all directions ... oon & 16 


The coefficients given in Clause 87 ure obviously the 
coeflicients for Euler’s formula for long, slender columns, 
which is based on the assumption that the strength of 
such columns varies inversely as the square of their 
length. This is probably a very close approximation to 
the truth as ards short differences in the lengths of 
very slender columns, which is all that Euler’s formula 
is supposed to cover. Neither it nor similar formule, 
like kine’s or Gordon’s, were intended to apply to all 
columns. 

The strength of shorter columns of different lengths 
obviously does not differ as the square of the difference 
in length ; in fact, according to Clause 86, length makes 
no difference at all up to 18 diameters. 

If it be incorrect toapply Euler’s formula to all columns, 
itis surely equally incorrect to apply indiscriminately to all 
columns the crippling factors which were intended to be 
used with it, and which are therefore only true for the 
we an range of long, slender columns to which it 
applies, 





_ These crippling factors are based on the usual 
tion that, ceteris paribus, the equivalent length of oe 
with rounded ends is about twice the length of a column 
with fixed ends. When, and only when, the strength varies 
inversely as the square of the difference in length, the 
comparative strengths of columns with round and fixed 
ends respectively would vary as } to 1, as is stated in 
— 87. sabe th 
jut, roughly, the working load on ordinar 

varies ayo | as the length, and not as - Recscanpe: 
the length, and for such columns the comparative strengths 
of columns with round and fixed ends would be as } to 1 
The a —> non 87 are therefore only 
correct for a few unusual columns, and i , 
a - ordi columns. 5 ——— 

course, the anomaly would disa r if the differ. 
ences in strength due to different con fhions of end fog 
were expressed in Clause 87 as differences of equivalent 
length. There is, unfortunately, the same anomaly to be 
found in several reinforced-concrete codes, due probably 
to the fact of its having crept into some one of the early 
codes, and thus having acquired an official sanction. But 
this is no reason why the first British code should per- 
petuate the mistake. 

Yours faithfully, 
Percy J. Waupray. 
12, Buckingham-street, Charing Cross, W.C., 
March 26, 1912. 








THE ENDURANCE OF METALS UNDER 
VARYING STRESS. 

To THE EpriTor oF ENGINEERING. 

Srr,—In discussing the paper on this subject, which 
was read before the Institution of Mechanical Engineers 
last November by Messrs. Eden, Rose and Cunningham, 
I placed on the wall, among others, a diagram in which I 
showed that Wohler continued his tests much further 
than those of recent experimenters ; in fact, till there was 
reason to believe he had reached the limiting conditions 
of safe stress which they failed to do. 

Through the courtesy of the authors, who have called 
my attention to two errors in this diagram, I have been 
enabled to correct it before publication in the Proceedings, 
and as you were enough to reproduce it at the time, 
those readers who bind their volumes of ENGINEERING 
|! like to correct their copies also. 

t will be seen that one of the points belonging to the 
42.95-ton curve on Fig. 2, page 694, of your ninety-second 
volume, is to the right of all the other curves, its position 
corresponding to 1562thousandsof cycles withastress-range 
of 28.62 tons. This number of cycles, which was copied 
from a table in Professor Goodman’s ‘‘Mechanics Applied 
to Engineering,” should have been 156.2, as will be seen 
on referring to page 327 of your eleventh volume. 

The point, therefore, should be at the same distance to 
the right of the vertical line marked 100 as it is now to 
the right of that marked 1000, its height remaining un- 
changed. When this correction is made the point in 
question will fall nearly on the curve. 

The other slip is that the point corresponding to a range 
of 19.92 tons, with 376.7 thousand cycles, is shown as an 
open circle enclosing a cross. As it really belongs to the 
47.75-ton curve, it should be a solid black dot. 

Yours faithfully, 
C. H. WINGFIELD. 

28, Victoria-street, Westminster, S.W., March 21, 1912. 








WATER-COOLED AND FORCED-LUBRICA- 
TION BEARINGS. 
To THE EpIToR OF ENGINEERING. 
Str,—I think it is high time English manufacturers of 
mill gearing put themselves in a position to supply heavy 
type bearings of the water-cooled and forced-lubrication 


type. 

, ar a number of these for transmitting consider- 
able power, I recently wrote to several of the largest 
firms who make a speciality of such goods, but not one 
could supply me with what I required. There was no 
alternative but either to make the patterns myself or 
obtain these abroad. b 

Several of the replies received gave one the impression 
that English firms did not want business. Surely it is 
time that such an important article can be obtained here, 
when almost every Continental and foreign manufacturer 
can supply them. Many of the designs submitted were 
merely plain ring-oiling hoosis and utterly unsuitable 
for the work. I hope you will spare the space to draw 
attention to this matter. 

I am, Sir, yours obediently, 
Percy Pirman. 
3, Willcott-road, Acton, London, W., March 20, 1912. 








“Brprock.”—A new quarterly review of scientific 
thought has just been issued by Messrs. Constable and 
Co., Limited, of 10, Orange-street, W.C., at the price of 
2s. 6d. net. The first number contains seven articles 
besides reviews. These are:—(1) ‘‘ Value of a Logic, 
of Method,” by Professor J. Welton; (2) ‘‘ Recent 
Researches in Alcoholism,” by Mr. G. Archdall Reid, 
M.B.; (3) ** Darwin and Bergson on the Interpretation 
of Evolution,” by Professor E. B. Poulton, F.R.S.; (4) 
“ Interaction between Passing Ships,” by Professor A. H. 
Gibson, D.Sc.; (5) ‘“‘The Stars in their Courses,” by 
Professor H. H. Turner, F.R.S.; (6) ‘Social and Sexual 
Evolution,” by the Hermit of yy (7) ‘“*Human 
Evidence of Evolution,” by Mr. A. M. Gossage, M.D 
There are 135 in all. To engineers the article on 
the interaction of passing ships is the most interesting, 
as it furnishes a very complete account of all that is known 
on the subject, 
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INDUSTRIAL NOTES. 


Ar the time of going to press the prospects are 
that the vote of the miners will be against a return 
to work; but the majority against will be small rela- 
tive to the number of the miners employed. The 
districts where the feeling is against a settlement 
are Scotland, Yorkshire, Durham, Northumberland, 
Cumberland, Lancashire, Cheshire, and ae 
shire ; while South Wales, North Wales, the Midlands, 
and minor districts, such as Somerset and the Forest 
of Dean, are for peace. In spite of this adverse vote, 
there is little doubt that the strike is now ended. and 
after Easter it is probable that the great majority 
of the men will have returned to work. Already large 
numbers in various districts are at work. A not@éworthy 
feature of the ballot is that a large proportion of the 
miners have abstained from voting, and, moreover, it 
is believed in some quarters that many men have voted 
against an immediate acceptance of the Minimum 
Wage Bill as a protest against theirleaders. In South 
Wales the voting was two to one for peace. In some 
of the districts where there was an adverse vote it is 
said that the men are beginning to see that they made 
a mistake in not accepting the Bill, and that they are 
really anxious to return to work. 

The first District Board in connection with the 
Minimum Wage Act was formed in South Derbyshire. 
A meeting of the coal-owners and the miners’ dele- 
gates was held at Burton-on-Trent on Saturday last, 
and the Joint District Board under the new Act was 
formed of one representative of each side for each of 
the eleven collieries. The first meeting of the Board 
took place on Tuesday. 





Referring to the present labour unrest throughout 
the country, the 7imes points out that it is felt in poli- 
tical circles that a very real danger exists, the danger 
being that when the present coal strike is over the 
Government, whatever their good intentions may be, 
will yield to the pressure of circumstances, and will make 
noattempt to arm themselves against future industrial 
troubles. The relations between capital and labour 
might, it is thought, be regularised, after work has 
been resumed at the pits, in a way that cannot be done 
in a time of crisis. By that time, however, the 
Government will have plunged into the midst of the 
Home Rule controversy, with Welsh Disestablishment 
to follow, and although it is probable that during the 
summer there will be a recrudescence of labour 
troubles on the part of the railway workers who may be 
insisting on a Minimum Wage Bill, the Ministry will 
be strongly inclined to devote their energies exclu- 
sively to the things of the moment. The Prime 
Minister was asked last Thursday by Lord Wolmer 
whether in view of the chronic industrial unrest he 
would introduce legislation designed to remedy 
evils which were the causes of that unrest, and Mr. 
Asquith’s reply was that although the Government 
were well aware of the importance of these matters, 
he was not able to promise such legislation. From 
this it appears exceedingly doubtful whether anything 
will be done. Nor is it intended to appoint a Royal 
Commission, as was rumoured early in the week. 





To judge from the monthly report of the Steam- 
Engine Makers’ Society for March, the condition of 
the trade continues good, and the immediate pros- 
pects have not looked so favourable for some years past; 
in fact, if strikes and unsettlement can be avoided, 
the present year promises to be one of the best on 
record as far as the engineering industry is concerned. 
The Steam-Engine Makers’ Society is one of those 
unions which work on sensible, moderate lines, relying 
on gradual but sure p’ , rather than on wild and 
impracticable methods that only tend towards waste and 
disorder, so the best is hoped for. In the words of the 
report this position is indicated as follows :—*‘* If pro- 
perly allowed to develop, we shall be able to co-operate 
in righting wrongs that still exist, and improving the 
status of our members in many districts by the sane and 
genuine methods at the conference table that certainly 
proved . ew benefit to us throughout the 
country during the past year, and that will compare 
favourably indeed with'the handiwork of the aeelied 
class-war warriors and general strike advocates, and 
their nostrums, not forgetting their self-advertisement, 
which, by the way, is not the least important item of 
their stock-in-trade.” At the time the report was 
published there were out of employment 69 fitters or 
erecters, 19 turners, 7 pattern-makers, 3 millwrights, 
° smiths, and 11 sea-going engineers, or 114 in all, in 
addition to which there were 320 on the sick fund. 
These figures show a decrease of 21 in the number of 
the unemployed, but an increase of four in the number 


of the sick. There were also 442 superannuated 
members. 





The fifty-fourth annual statement of the work and 
Progress of the Associated Blacksmiths’ and Iron- 
Workers’ Society states that as a result of the 
shipbuildin , trades agreement a grand conference was 
held in Edinburgh on August 30, 1911, when the 





employers agreed to remit an application made for a 
general advance in wages to the various | associa- 
tions for their favourable consideration as to granting 
the same. An advance of }d. per hour took effect 
six weeks after this, with an increase of 5 per cent. 
on piece-work rates. This commenced from October 13, 
1911, and applied to every firm within the federated 
area. Time-wages at Messrs. Harland and Wolff and 
Workman, Clark and Co.’s works were advanced Is. 
per week, and 5 per cent. was added to piece-work 
rates. This applied to both engine-smiths and ship- 
smiths, and, following on a conference with the above- 
named firms, a minimum wage of 38s. 3d. per week 
was agreed to for engine-smiths, and 37s. per 
week for shipsmiths, which took effect from August 
24. As a result of a conference held between the 
North-West Engineering Empioyers’ Association and 
representatives of the society, ls. per week, or 
id. per hour where payment was made by the hour 
or time rates, and 5 per cent. on piece rates, was 
granted; and on December 29 a further offer was 
made of an advance of }d. per hour, or Is. per week, 
with 24 per cent. on piece rates, which took effect 
on January 3, 1912. The Aberdeen engine-smiths’ 
wages also were raised Is. per week, the rise 
commencing on the first pay-day in October. The 
Dundee engine-smiths received an advance of jd. per 
hour, with 24 per cent. on piece rates, from January 13 
last. The North British Locomotive Combine granted 
an advance of Is. per week on time rates, with 24 per 
cent. added to piece-work earnings, and 50 per cent. 
of time rates added to piece earnings of men working 
overtime. Other advances were also made by fede- 
rated and non-federated firms. 

The year 1911 was one of remarkable prosperity in the 
engineering and shipbuilding industries. The income 
of the society for 1911 was a record one, the amount 
returned from all sources being 9150/. 16s. 5d., which 
showed an increaseover the previous year of 412/. 15s. 11d. 
At the close of 1910 the membership was 2952, and 
during the year there had been admitted 569 members, 
while 54 were lost by death. Exclusions during the 
year accounted for 215, so that the membership at 
the end of 1911 amounted to 3253, or an increase of 
300 during the year. 





Accordin 
Union of 


to the monthly report of the National 
t and Shoe Operatives the coal strike 
has considerably upset the boot and shoe indus- 
try. During February employment was good and 
better than in the previous month and a year ago. 
Returns from firms employing 68,464 workpeople 
in the week ending February 24 showed an in- 
crease of 0.7 per cent. in the number employed, 
and of 1.6 per cent. in the amount of wages paid 
compared with a month ago. Compared with a year 
ago there was an increase of 3.8 per cent. in the 
number employed, and of 7.6 per cent. in the amount 
of wages paid. Employment was good at Leicester, 
and better than a month ago and a year ago. At 
Northampton employment was good, and at Kettering 
fairly good; at both centres it was better than a 
month ago and a year ago. In Northamptonshire, 
however, there was a decline of employment —— 
army boot-makers. Employment was fairly g 
at Bristol, and rather better than a month ago and 
a year ago. There was a seasonal decline in the 
heavy boot trade at Leeds and Kirlgswood, but on the 
whole employment was better than a year ago. In 
Scotland employment was about the same as a month 
ago, but better than a year ago. 





According to official statistics issued by the Imperial 
Statistic Bureau in Germany cognisance was taken of 
seventeen strike compensation companies. - The total 


result is that in 1910 of the aggregate of 127,421 members | 


of the German employers’ unions, with an aggregate of 
4,027,440 employees, 47,328 employers, with an aggre- 
gate of 2,315,159 hands, were insured for support in 
money in case of strikes. This means 37 per cent. 
of German employers belonging to German employers’ 
unions, who employ 58 per cent. of the hands em- 
ployed by such members. . with the pre- 
ceding year there was an increase of 362,679 in the 
number of hands employed and 940,159 as compared 
with 1908. Five new strike tion finds had 
been formed since the issue of the previous report. 





On January 1, 1911, there were in France 5325 
trade unions, with 1,029,238 members, against 5260 
trade unions, with 977,350 members, on January 1, 
1910, and 3697 trade unions, with 614,238 members, 
in the year 1902. Of the above first-mentioned total, 
98,727 members belong to the metal industry, 65,603 
to the mining industry, and 35,444 to chemical 
industries. 





At the annual meeting of Messrs. Cammell Laird 
and Co., Mr. W. L. Hichens attributed, in part, the 
fall in profits from 219,000/. to 121,000/. to a serious 
lack of skilled labour. The fact that they had had a 
considerably larger volume of work at Birkenhead, and 
had, at the same time, been unable to secure a ccrres- 





ponding increase in the supply of skilled labour, was 
at the bottom of the disappointing results, since a 
rapid turnover was the very 0 ful 
management. Moreover, the capacity of the ship- 
building yards of the country was in excess even of the 
brisk demand of the past year, with the result that 
competition in respect of certain classes of work was 
very keen, and prices were very low. Owing largely 
to the restrictive influence of trade unionism, the 
recruiting of apprentices was too onerous and inelastic, 
with the result that the shipbuilding trade was not in 
@ position to meet any sudden expansion of trade or 
other emergency. There was also a very noticeable 
tendency in some trades to reduce the average output 
of work per man, so that not merely were costs in- 
creased, but the time required for the completion of 
orders was protracted. 








At a recent meeting of the Conciliation Board 
Mr. Butterworth, manager of the North - Eastern 
Railway, made an offer to the men the object of which 
was to allow a disputed claim for increased wages to 
remain in abeyance until the Woodhouse award has 
terminated. It was to make a grant of 60,000/. to 
be distributed in bonuses among the lower grades. 
An advance of wages was, however, preferred by the 
men to a bonus, fur its permanency appealed to them 
more than the temporary nature of the other. Nothing 
has up to the present time been fixed. 





The great coal strike in America began last Monday, 
and 100,000 miners are reported to have stopped 
work. It is understood that arrangements have been 
made for reopening negotiations on April 10 for the 
settlement of the dispute. It is reported that Presi- 
dent Taft has declared that he has no intention of 
interfering in the dispute, 





It is reported that in Chicago about 15,000 
carpenters have struck work for an increase of wages. 
The union carpenters of Des Moines (Iowa) have also 
ceased work, and it is feared the movement will 
spread. The men of the Eastern railways are also 
said to be in a state of unrest, and it is expected that 
carmen, telegraph operators, trackmen, and others 
may demand an increase of wages. The employees of 
the Interborough — Transit Company are also 
expected to give trouble. 





The Miners’ Eight Hours Bill was passed in the 
French Chamber on Friday last by 355 votes to 59. 
In Clause 1 of the measure it is provided that the 
duration of the day’s work of miners shall not exceed 
eight hours, reckoned from the time the last miner 
goes down the pit until the time the last miner coming 
up reaches the surface. The duration is fixed for 
nine hours for drivers, watchmen, surveyors, engi- 
neers, horse-keepers, and firemen. The fourth clause 
authorises temporary exemptions for reasons 9 
national safety and defence; and exemptions, at 
exceeding fifteen days in the year, for occasional 
necessities in the case of an exceptional crisis due 
to shortage of fuel. 








Hieu-Voitack Direct-CurRRENT ELECTRIFICATION ON 
THE LANCASHIRE ANI) YORKSHIRE RaAtLway.—Messrs. 
Dick, Kerr and Co., Limited, bave arranged with the 
Lancashire and Yorkshire Railway Company to electrify 
the Holcombe Brook branch, a short line, about three 
miles long, running from Bury to Holcombe Brook. The 
work is being done for experimental purposes, and will 
probably be completed in a few months. The system 
which - A are about to use is their high-tension direct- 
current system, in which current will be transmitted to 
the motors at 3500 volts from an overhead conductor. 
he car equipment will consist of four 150-horse-power 

red motors mounted on the trucks. The control will 

series parallel multiple unit, enabling the cars to run 
singly or coupled up to form a train. The contactors 
of this control system will all be fitted with Messrs. Dick, 
Kerr’s metallic shield magnetic blow-out, which permits 
the entire current of the equipment to be broken at a 
single contact. 





Ox_pHAM CoRPORATION WateR Works.—The Butter- 
worth Hall pumping-station and works, constructed 
under the powers obtained by the Oldham Corporation 
Act, 1909, were i re by the mayor of the 
borough on Monday, rch 25. The scheme was 
designed to utilise the waters from the disused workings 
of the Butterworth Hall Colliery of Messrs. Platt 
Brothers and Co., Limited, which had hitherto been 
ey a from the workings to the surface, and allowed to 

ow to waste. The drainage area is at present 1176 acres ; 
an additional area of 389 acres will become available in 
about two years from now. Thequantity of water which, 
it is estimated, can be obtained from the former area is 
750,000 gallons per day, and the total from the two areas 
one million gallons per day. The pumping-station adjoins 
the Butterworth Hall Colliery. The storage reservoir is 
underground ; it has a capacity of 225,261 gallons, and is 
constructed entirely of reinforced concrete on the Con- 
sidére system. The whole work was designed by and 
carried out under the supervision of Mr, Charles J, Latley, 
M. Inst, O.E, 
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STANDARD (44-0 TYPE) LOCOMOTIVE; EASTERN BENGAL STATE RAILWAY. 


CONSTRUCTED BY MESSRS NASMYTH, WILSON AND CO., LIMITED, PATRICROFT, MANCHESTER. 
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At the time of the reading of Mr. Cyril Hitchcock’s | 
paper before the Institution of Mechanical Engineers, 
on the ‘‘ Standardisation of Locomotives in India,” in 
1910. we gave illustrations in ENGINEERING (Plates 
LXVII. and LXVIILI., vol. xc.) of the standard design 
of 4-4-0 type of passenger locomotive then in use. 
Mr. Hitchcock’s paper referred to the fact that an 
alternative design had been arranged for this class, 
whereby with the same cylinders and running parts a 
larger boiler was provided. This design first made its 
appearance in the third report of the Locomotive Sub- 
Committee of the Engineering Standards Committee 
on Standard Locomotives for Indian Railways, and the 
first engines constructed to this more powerful design 
have been recently shipped from the works of Messrs. 
Nasmyth, Wilson and Co., Limited, Patricroft, near 
Manchester. 

This order of locomotives was completed for the 
(aetern Bengal State Railway, and we are able in 
Plate XXXIII., with this issue, and on the present | 
page and pages 453 and 456, to give drawings illus- | 
trating this design. Of these, Figs. 3 and 4, Plate 
XXXIIL, give a sectional elevation and plan of the | 
engine, and Figs. 5 and 6 respectively cross-sections 
and an elevation of the trailing end, while Figs. 1| 
and 2, on the present page, reproduce photographs of 
the engine, Fig. 1 also showing the tender. Figs. 7 to 
10, page 456, give drawings of the tender. 

The engine has cylinders 18} in, in diameter and 
26 in. stroke. They are set on an inclination of 
1 in 17 and are of the inside type, cast together. The 
valve-gear is of the Stephenson type, with rocking- 
shaft, the valves being placed horizontally above the 
cylinders. The gauge being 5 ft. 6 in., the frames can 
be set 4 ft. 94 in. apart. The frames are of 1}-in. 

late. The driving-wheels are 6 ft. 2 in. in diameter. 

he centres of journals are 4 ft. 7 in. for the coupled 
wheels and 4 ft. 5 in. for the bogie wheels. The bogie 
wheels are 3 ft. 7 in. in diameter. The wheel-centres, 
of cast steel, are 5 ft. 8 in. in diameter for the driving- 
wheels, and for the bogie 3 ft. 1 in. 

The original boilers for this class were, as shown in 
Plate LXVIII1., vol. xo., of ENGINEERING, 4 ft, 8} in. 
in diameter. The diameter of the barrel of these larger 
engines is 5 ft. 1} in. The fire-box is of the Belpaire 
pattern, 7 ft. 44 in. in length outside casing, and 
4ft. 84 in. in width. The thickness of the casing back 
plate is ,% in.; of the throat-plate, }4 in.; the 
wrapper-plate, y°, in. The ‘hickness of the fire-box 
copper wrapper and back plates is yy, in.; and of the 
tube-plate, yy in. and lin. The width of the water | 
spaces at the foundation-ring is 3 in. all round. Two | 
Ramsbottom 3-in. safety-valves are provided. | 

Further particulars we give in tabular form here- | 
with :— 





Engine - 
Cylinders, diameter ... see ah 183 in. | 
Stroke... vn me oe — ae 
Wheels, driving, diameter ... ... 6ft.2in. | 
» _. bogie “a de eS a 
Wheel-base, driving ... ee et 





Fie, 1, 




















Fie, 2. 
Wheel-base, bogie ... .. =. 6 ft. Boiler barrel, height of centre above 
kee La A Te EE ee ates (he 
Boiler barrel, diameter “i = Pe Fire-box, length outside casing 


8 ft. 10} in 
7» 4 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, held 
on Friday, March 22, at the Imperial College of Science, 
Professor C. H. Lees, F.R.S., Vice-President, in the 
chair, a paper on *‘ A 2000-Frequency Alternator” was 
read by Mr. W. Duddell. 

The author described and exhibited a small 2000- 
frequency alternator which he had designed and had 
constructed for testing purposes, mainly in connection 
with telephonic measurements. The alternator is of the 
salient pole revolving field type, running at 8000 revolu- 
tions per minute. The stator is smooth and wound like 
a gramme ring, the object being to obtain as near as 
possible a sine wave. 

The author gave curves showing the open - circuit 
characteristic, the short-circuit current, and the regula- 
tion of the alternator at four different frequencies. T 
output of the alternator amounted to as much as 4 kw. at 
the higher frequencies. 

Oscillograph curves of the alternator on open circuit 
and when loaded with non-inductive resistance, induc- 
tances and condensers, were shown. These appeared to 
be practically sine waves. This is not, however, strictly 
the case, as there is a slight third harmonic present. To 
demonstrate this a further set of oscillograph curves of 
the P.D. of the alternator were exhibited. In takin 
these curves the non-inductive resistance in series wit 
the oscillograph strips was replaced by a small condenser, 
so as to accentuate the upper Nesunenten, 

The author described an attempt at 2000 frequency, 
which had failed, to repeat Dr. Thompson’s experiment 
- the effect of an alternating magnetic field on the 
rain. 

Mr. B. 8S. Cohen stated that Mr. Duddell had supplied 
one of his alternators to ‘I'’tlephone House, and it had 
given thorough proof of its reliability and usefulness. He 
exhibited characteristics and oscillographs taken from the 
machine. The third harmonic that was present was of no 
practical detriment. If the capacity of a microfarad mica 
condenser was found from the current taken by it, and the 
voltage applied, the error was less than 0.5 per cent. at a 
frequency of 1000. The only source of trouble had been 
in the driving-belt, but that had been satisfactorily over- 
come. The instrument lent itself to a variety of interest- 
ing uses. Ifa telephone were put across the machine when 
runat the resonating frequency, the amplitude of vibration 
was such that matches could be blown out at a distance 
of 3 or 4 metres. 

Mr. Churton asked whether Mr. Duddell needed a con- 
stant voltage at different frequencies, as this would 
necessitate a very high flux at low frequencies, and vice 
versa, 

Mr. A. Campbell expressed interest in the efficient 
manner in which Mr. Duddell had been able to avoid 
vibration in the mounting of the motor. Even a wire 
interrupter may disturb a vibration galvanometer (in 
tune with it) by vibrations mechanically transmitted 
across a large room. He mentioned that a vibration 
galvanometer of low ohmic resistance could be used to 
very largely suppress any harmonic to which the galvano- 
meter was tuned, as the apparent resistance for this 
harmonic would be very high: 

Mr. 8. A. Pollock described a somewhat similar 
machine that had been constructed five years ago and 
was still running at the General Post Office. The rotor 
contained sixty poles which were wound zig-zag with eight 
turns of wire. Pehad been run up to frequencies of 8000, 
and was perfectly balanced at the highest speed. He 
exhibited oscillograms of the wave-form. The machine 
was largely used for measuring the apparent resistance of 
loading coils. The wave-form was purified by means of 
sifting circuits. To keep the frequency constant a 
vibrating reed was placed in series with a split commu- 
tator fixed on the shaft of the motor and connected in 
series with the armature. Ifthe motor ran out of phase 
with the reed, either an accelerating or retarding current 
was sent through the armature. A counter and a chrono- 
graph always showed that the number of revolutions per 
minute was exactly the same as the vibrations of the reed. 

Dr. W. E. Sumpner commented on the small drop in 
voltage at the high frequencies, From a scientific point 
of view, the chief points in the machine were the large 
air-gaps and the unslotted armature. It was to these 
that the good regulation was due. 

The author, in reply, stated that the machine supplied 
to Mr. Cohen was one of the three original ones. In the 
later ones the armature is wound in three sections, which 
can all ba placed in parallel or in series. This was to 
avoid having to use a transformer in order to obtain the 
required voltage, which might distort the wave-form. In 
reply to Mr. Pollock, he stated that the zig-zag form of 
winding was an excellent one for the highest frequencies. 
He mentioned that Sir D. Salomons had constructed an 
alternator giving a frequency of 10,000. This was a 
prototype of the modern alternators giving frequencies of 
100,000. In reply to Dr. Sumpner, he sta’ that the 
good regulation possessed by the machine was helpful in 
avoiding distortion of all kinds. He was indebted to 
Messrs. Muirhead and Co. for having built the machine. 

A paper on ‘** A Method of Comparing the Capacities at 
Various Frequencies” was read by Mr. A. Campbell. 

To compare the capacities of two condensers under 
conditions similar to those in Maxwell's commutator 
method, they are charged and s:ort-circuited periodically 
in two adjacent arms of a bridge by a double rotating 
commutator, the. corresponding contacts being made 
simultaneously. If the other arms of the bridge are 
resistances R and S, and a battery and direct-current 
galvanometer (of jong period) are used, then a balance is 
obtained when K,/K,=R/ The method is highly 


/S. 
sensitive. Methods (Itke the above) in which the applied 
voltage has a square-topped wave-form give results in 


|agreement with those using sine wave-form when the 
period uf charge (and equa) discharge) with the square- 
topped wave is 2/7 times the half-period of the sine wave. 

Dr. J. A. Fleming remarked that Mr. Campbell’s 
suggestion for using a double commutator for comparing 
capacities in a Wheatstone bridge was not altogether new. 
Many years ago a double commutator was made in the 
Pender electrical laboratory at University College for 
this identical purpose. Such a condenser plus a commu- 
tator behaved like a resistance and let through a certain 
quantity of electricity per second, it was an obvious 
application to insert in the two branches of a Wheatstone 
bridge two condensers and a double commutator so 
arranged as to charge and discharge the condensers 
simultaneously. The method seemed so obvious that he 
did not trouble to describe it. The double commutator 
method could also be used with advantage for comparing 


he | together by a bridge method the capacity of a small 


adjustable air condenser with the capacity of a wireless 
telegraph antenna. The small air-condenser could have 
its capacity determined by the Carey Foster method, and 
it was then not necessary to carry about apparatus for 
standardising the galvanometer. 

Dr. Russell queried the utility of finding the ratio of 
the etfective capacities of two condensers having different 
absorptive properties by a double-commutator method. 
He also asked whether the author’s experimental result 
could not be expressed more simply by saying that the 
ratio of the effective capacities was the same with sine 
and square-shaped periodic waves when the charges 
given to the condensers were the same in the two cases. 

Mr. E. H. Rayner pointed out that in tests of con- 
densers with alternating currents. the polarisation was 
continually reversed, but in the present method the 
polarisation was always in the same direction. 

The author, in reply, said that the method did not 
a oe to have been described before. He was interested 
to hear that Dr. Fleming had been using it for some time 
past. In reply to Dr. Russell, he pointed out that in 
the alternating-current methods the absorption was 
separated from the capacity, and hence the latter might 
reasonably be called the true capacity at the ticular 
frequency used. He did not think Dr. Russell’s remark 
about the curves having equal areas was quite valid. In 
reply to Mr. Rayner, he stated that when, in Maxwell’s 
method, a reversing commutator was used, it gave with a 
mica condenser exactly the same results as the usual 
short-circuiting commutator. 

A paper on “‘ The Coefficients of Expansion of Fused 
Silica and Mercury” was read by Mr. H. Donaldson. 

It is shown by experiments on the silica metre of the 
National Physical boratory that the values for the 
coefficient of expansion of fused silica obtained by pre- 
vious observers on small specimens by optical methods 
are confirmed by the comparator method with a long 
specimen. These values are then used to obtain, from 

arlow’s experiments (Proceedings of the Physical 
Society, vol. xxiv., page 30, December, 1911), values for 
the mean coefficient of expansion of mercury for the 
ranges 0 deg. Cent. to 100 deg. Cent. and 0 deg. Cent. to 
184 deg. Cent. The use of these in conjuction with the 
previous observations of Chappuis on the expansion of 
mercury leads to the representation of that expansion by 
the equation :— 

Vi = Vo (1 + 1.81384 x 10-44 + 9.862 x 10-9 
@ + 1.6298 x 10-” #3), 


Other formule for the representation of the same quantity 
are quoted and examined, and it is suggested that further 
experiments with a silica weight thermometer would go 
-” in elucidating the points of difficulty connected with 
them. 

The hour being late, the discussion on this paper was, 
on Dr. Harker’s proposal, adjourned till the next 
meeting. 








Contracts.—Mr. H. R. Witting, 41, Berners-street, 
W. (sole British representative for the Moller patent air- 
filters), informs us that orders for twenty-five air-filters 
have been booked during the last six months, from four- 
teen different industries in this country and abroad.— 
Beldam’s ‘* Excelsior” metallic rings (duplex type) have 


Mail Steamer Titanic, 45,000 tons, the largest steamer in 
the world, which sails from Southampton on April 10.— 
The Power-Gas Corporation, Limited, Stockton-on-Tees, 
have eleven large plants in hand, in addition to many 
small ones. Among the former are :—A 4500-kw. Mond 
by-product gas plant for Japan; a 4500-horse-power Mond 
by-product gas plant for Australia ; a Mond by-product 
gas plant (capacity 69 tons of breeze per day) for steel- 
melting ; and a 6000-horse-power Mond by-product - 
plant extension to the South Staffordshire Mond nl 
Company’s gas-distributing station at Dudley Port. 


PERSONAL.— Messrs. George F. West and Co., Caxton 
House, Westminster, have been appointed sole British 
selling agents for the Société Anonyme Aciéries et 
Fonderies d’Art de Haine-St.-Pierre et Métallurgique 
Lilloise, whose principal manufactures are steel castings 
of the highest quality.—Mr. Victor Stobie, engineer and 
metallurgist, 6, Foster’s Buildings, High-street, Shef- 
field, states that he has sold, as from the end of March, 
the business of the Sheffield Annealing Works Company, 
as a going concern, and that the same will be continued, 
as heretofore, under the same name. The transfer is 
strictly limited to the business of the Sheffield Annealing 
Works Company, who will continue as annealers and 
heat-treaters to the trade. The change has been occa- 
sioned by the growing importance of the electric steel 
business conducted under the title of the Stobie Steel 
Company, and the increased demand for special steel- 
works furnace designs. 





been fitted to all the rods and valve-spindles on the Royal | 





AMERICAN LOCOMOTIVE PRACTICE. 


AN interesting paper was read by Mr. Lawford 
H. Fry, M. Inst. C. £., on Saturday, the 30th ult., before 
the Institution of Locomotive Engineers, the subject 
taken by the author being ‘‘ The Development of Ameri- 
can Locomotive Practice.” The paper was profusely 
illustrated by lantern-slides, and traced the evolution of 
the modern American types of locomotive from the very 
beginning of the days of steam traction. Starting with 
the ‘* Rocket ” built in 1829, Mr. Fry showed the points 
of similarity between this engine and that first intro. 
duced by Messrs. —z in 1831 into America for 
the Mohawk and Hudson Railroad. The first Baldwin 
locomotive was built in 1832. In this year the four- 
wheeled leading truck was introduced, and four years 
later the idea of coupling two pairs of driving-wheels was 
put into practice. e 4-4-0 type thus developed, from 
the 2-2-0 type, in 1836, has survived to the present day, 
though for many pur it cannot now satisfy traffic re. 
quirements. It is estimated that in 1870 about 85 per cent, 
of the locomotives in the United States were of this type. 
By this time the “‘Mogul” and *‘Consolidation” types 
had been evolved, the limiting weight per driving axle 
being about 9 tons at this period. For the next twenty 
years development proceeded chiefly along the lines of 
raising the weight per axle, after which changes of type 
again began to appear. The “ Atlantic” type then came 
in owing to the need of greater boiler power, and the 
4-6-0 type came into more extensive use. As the boiler 
became larger the difficulty of securing sufficient grate 
area without extreme length was overcome by raising 
the fire-box above the wheels, and increasing its width. 
The first 4-6-2 engine was built in 1901. The develop- 
ment of the 2-8-0 type into the 2-8-2 type took place 
in 1895, though the first engine of this class to be 
used by an American road was not built till 1902. The 
Mallet articulated type was first taken up in the United 
States in 1903, since which date it has been developed to a 

t length. The types of this engine now in service 
include machines with 2-8-8-2, and even 2-10-10-2, wheel 
arrangements, and they are pens with feed-heaters 
and superheaters, &c. Mr. Fry concluded his paper by 
showing that there has been keen rivairy between the 
British and American schools of design, and a con- 
tinuous interchange of ideas, their reciprocal influence 
being evident in the products of the two countries. 








Inp1an Pustic Works.—The expenditure on public 
works in India last year was 3,599,105/., this amount not 
differing greatly from sums spent in recent years, though 
being more than one million sterling less than the ex- 
penditure in 1905-6 and previous years. It has been 
contended in connection with Indian public works that 
what India requires is not so much new railway con- 
struction as irrigation development. Indian public men 
do not appear, however, to adopt this view of matters, 
the chief public works expenditure of the Anglo-Indian 
Government being still on railways. This is shown by 
the following table illustrating the relative cost of 


railway and irrigation works in recent years ending 
with 1909-10 :— 
Year. Railways. Irrigation. 
£ £ 
1900-1 : ar 3,105,474 559,364 
=a 4,431,225 493,161 
1909-10... 3,036,896 374,652 


It appears probable, however, that less attention will be 
given in future years to railway construction, and that a 
larger outlay will be made on irrigation works. 


CrentTRaL Lonnpon Rattway.—The fortunes of this 
company have not been altogether hopeful of late, the 
traffic having experienced an appreciable check last year. 
The line is almost exclusively one for enger traffic, 
and the number of ngers carried fell from 40,660,856 
in 1910 to 38,083,283 in 1911. ‘he railway reached its 
high-water mark in 1902, when 45,305,110 passenger 
tickets were issued. In 1907 the corresponding total 
had fallen to 36,907,491. The decline of the passenger 
traffic was explained by severe motor-omnibus com- 
petition, but a pence = Hs reduction has been effected 
at the same time in working expenses, although sub- 
stantial amounts have been expended in the mainten- 
ance of way and works. An important change for the 
better is now anticipated, as the extension to Liverpool- 
street is nearly ready for working, while Parliamentary 
sanction has been also given for an extension from Shep- 
herd’s Bush to the Ealing station of the Great Western 
system. Before many more months have elapsed it will be 
— to travel from the Great Eastern Railway to the 

reat Western Railway. The receipts in the second 
half of last year were 138,553/., as compared with 
155,5897. in the second half of 1910. The company 
received in the second half of last year 13,631/. from the 
carriage of parcels, transfer fees, advertising, rents, Xc.; 
but of the whole 138,553/. acquired during the last six 
months, 125,122/. was derived trom passengers, including 
2,215,678 workmen. The working expenses of the half-year 
were brought down to 73,697/., as compared with 88,52'/. 
in the corresponding period of 1910. Maintenance of 
way and works cost in the past half-year 4281/.; electri: 
train working, 21,843/.; repair and renewal of working 
stock, 8797/.; lift expenses, 6846/.; traffic expenses, 
15,699/.; and ventilation charges, 5297. The final balance 
carried to net revenue account for the six months wa- 
64,856/., as compared with 67,060/. The amount ex 
— for the repair of stations and buildings was 1840/ 

he outlay made for the repair of tunnels was only 7/.- 
an extremely small amount. The cost of electric current 
for running and lighting trains was 8525/., the distance 
run being 814,720 miles. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Business in pig iron con- 
tinues very quiet, but a few traders are now discussing 
what values should be when the disastrous coal strike is 
terminated. There are still six blast-furnaces blowing, 
but none is turning out Cleveland pig, and what is 


needed of that commodity has to be taken from the public | 


warrant stores, where the stock now held is under 
460,000 tons. During March no less than 52,411 tons 
of Cleveland iron were withdrawn from the stores— 
48,435 tons being No. 3 quality, 3376 tons standard, 
and 600 tons non-standard iron. Such a decrease 
in stock has only twice before been exceeded—in 
April, 1907, when it was 56,994 tons, and in May, 1907, 
when it was 78,599 tons, that being the briskest year on 
record, when there was an unprecedented demand for 
Cleveland iron from Germany and the United States. 
No. 3g.m.b Cleveland pig is now 52s. 3d. f.o.b.; No. 1 
is b6s. 3d.; No. 4 foundry and No. 4 forge, each 51s. 9d.; 
and mottled and white iron, each 51s. 3d.—all for April 
delivery. There is some inquiry for East Coast hema- 
tite pig, and prices tend upwards, but there is hardly 
any iron obtainable, makers having next to no stock, 
and production just now being so very small. The 
general market quotation for early delivery of Nos. 1, 2, 
and 3 is 66s. 6d. Business in foreign ore is at a standstill, 
and quotations are still nominally based on 21s. 6d. ex-ship 
Tees for best Rubio. 


Manufactured Iron and Steel.—Nearly all the manu- 
factured iron and steel works remain clesed for want of 
fuel, but producers generally have excellent contracts 
made, and there is likely to great activity so soon as 
the establishment of industrial peace permits work to be 
resumed. Values are well maintained, and, in fact, ship- 
rivets have been advanced by 5s. per ton. Common iron 
barsare 7/. ; best bars, 7/. 7s. 6d. ; best best bars, 77. 15s. ; 
packing iron, 5/. 15s. ; iron ship-plates, 6/. 12s. Gd. ; iron 
ship-angles, 7/.; iron ship-rivets, 8/. ; iron ret gong 
6l. 17s. 6d.; iron boiler-plates, 7/. 12s. 6d.; steel bars, 
61. 10s.; steel eg ae 7l. 5s.; steel ship-angles, 
6l. 17s. 6d.; steel boiler-plates, 7/. 15s.; steel strip, 
61. 12s. 6d.; steel hoops, 6. 15s. ; and steel joists, 6/. 15s. 
—all less the customary 24 per cent. discount. Cast-iron 
columns are 6/. 10s.; cast-iron railway chairs, 3/. 12s. 6d.; 
light iron rails, 6/. 10s.; heavy steel rails, 5/. 15s. ; and 
steel railway sleepers, 67. 10s.—all net cash at works. 
Iron and steel galvanised corrugated sheets, 24 gauge, 
in bundles, are 11/. 10s. to 11/. 15s. f.0.b.—less the usual 
4 per cent. 


Ironworkers’ Wages.—The accountants to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England have just certi- 
fied the average net selling price per ton of iron rails, 
plates, bars, and angles for the two months endin 
February 29 last at 6/. 7s. 11.23d., as compared with 
61. 6s. 6.26d. for the previous two months, and in accord- 
ance with sliding-scale arrangements ironworkers’ wages 
are advanced 3d. per ton on puddling and 2} per cent. 
on all other forge and mill work. 


Iron and Steel Shipments.—During March the ship- 
ments of iron and steel from the Tees were on an excel- 
lent scale, pig-iron clearances even exceeding expec- 
tations. The pig iron despatched averaged 5090 tons per 
working day, the total loadings reaching 132,343 tons, 
131,255 tons of which were sent from Middlesbrough, and 
1088 tons from Skinningrove. The loadings of pig iron 
for the previous month amounted to 106,542 tons, or a 
daily average of 4261 tons, and for March last year the 
total clearances of pig iron were returned at 97,136 tons, 
or an average of 3594 tons per working day. The whole 
of the pig loaded at Skinningrove during the month just 
ended went to Scotland. Of the pig cleared at Middles- 
brough during the third month of the year, 101,321 tons 
went to foreign parts, and 29,934 tons coastwise. During 
last month Germany was once more the largest re- 
ceiver of pig iron, tuking 37,074 tons, Scotland bein 
second with 20,125 tons; whilst Italy received 19,1 
tons; Japan, 10,943 tons; France, 7572 tons; Bel- 
gium, 5182 tons; and Denmark, 4427 tons. Of the 
21,480 tons of manufactured iron shipped from the Tees 
during March, 14,708 tons went abroad and 6722 tons 
coastwise; and of the 41,530 tons of steel despatched, 
38,251 tons went foreign and 3279 tons coastwise. India 
was again the largest customer for both manufactured 
iron and steel, receiving 8354 tons of the former and 9526 
tons of the latter. Other principal customers for steel 
were :—Tasmania, 4275 tons; Japan, 3646 tons; British 
East Africa, 3645 tons ; and Cape Colony, 3127 tons. 








Tue Cost or Warsuirs.—In the annual accounts of 
shipbuilding and dockyard transactions, &c., including 
manufactures, for the year 1910-11, a comparison of the 
original estimate with the actual cost of ships completed 
in the year 1910-11 is given as follows :— 


‘ : Original o 
Name of Ship. Estimate. Expenditure. 

Dockyard built :— £ & 
Collingwood. . 1,588,487 1,535,981 
Neptune 1,587,949 1,526, 167 
St. Vincent .. 1,612,810 1,579,863 
Blanche ao 279,896 264,326 
Submarine C 33 40,296 
Submarine C 34 40,209 

Contract built : 
Bristol 353,621 348,012 
Gl asgow 342,953 337,305 
Gloucester 342,122 336,879 
Liverpool 333, 108 327,674 
Newcastle 341,771 336,530 


| 


| dying out, the future is not altogether unc 





NOTES FROM THE SOUTH-WEST. 


Cardiff.— Although the great coal strike copes to be 

jouded, as a 
considerable minority of the miners have shown a dis- 
position to renew or prolong the struggle. Not only has 
this been the case, but there have also been announce- 
ments of an intention to demand a substantial advance in 
wages, so that there is a risk of a further conflict later 
on. However, after a month’s idleness, any resumption 
of work is, of course, welcome; and, at any rate, the 
recent extraordinary upward movement in prices has 
been checked. It will probably be possible next week to 
form a more reliable estimate as to the future course of 
business. The best Admiralty large steam coal has still 
been quoted at 45s. per ton. regards iron ore, Rubio 
has been quoted at 20s. to 21s. per ton, upon a basis of 
50 per cent. of iron and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 


Future of Welsh Coal-Mining.—Speaking at the annual 
meeting of Elders Collieries, Limited, Sir Owen Phillips, 
who presided, said some eighteen months ago the Board 
offered to lease the colliery to their men at a little more 
than a nominal rent and to carry it on upon co-operative 
principles. The board was informed, however, by the 
miners’ leaders that they could not entertain the proposal. 
Thecolliery had, accordingly, since been carried on upon 
commercial lines, and he was pleased to be able to report 
that the output per man per day had increased, so that 
work had prozeeded without a loss. Until the present 
strike was settled it was im ible to estimate what 
effect the Minimum Wage Bill would have upon the 
cost of working ; but it was evident that if the Bill in- 
creased the price of labour without proportionally increas- 
ing the price of coal, the company’s colliery would have 
to be closed 


Welsh Railway Traffic.—Welsh railways have, of course, 
been severely hit by the coal strike, but the falling off in 
revenue has probably been less than might have been 
expected. The Barry Railway reports a collection of 
147,915. this year, as compared with 166,986/. in the 
corresponding period of 1911 ; the Great Western Rail- 
way has received 2,792,000/., as compared with 2,936, 0000. ; 
the Rhymney Railway, 71,326/., as compared with 90,9087. ; 
and the Taff Vale Railway, 204,060/., as compared with 
230,0887. The Great Western Railway has been experi- 
menting freely with oil fuel, and a train has been success- 
fully run with oil from Cardiff to Paddington. Before 
the Great Western Railway has done with the strike, its 


LIGNO-CONCRETE. 


WE have received a copy of the paper on “ Ligno- 
Concrete,” read by Mr. rald O. Case, member of 
the Society of Engineers, at a meeting held on Monday, 
the Ist inst., at the Institution of Electrical a 
neers. In thisthe author described the experiments he 
made to ascertain (a) the amount of water absor by 
eighteen kinds of timber im’ in fresh water, along 
the grain and through the end grain respectively ; (b) the 
relative absorption by the timber of fresh and sea water 
in the same period ; (c) the relative amount of water 
absorbed by timber embedded in 6 to 1 conorete and neat 
cement blocks ; (d) the effect of applying wood preserva- 
tive, creosote, varnish, &c., to the timber before insertion 
in the concrete or cement blocks ; (e) the effect on the 
adhesion between the timber and the concrete of soaking 
the rods before insertion. Examples were given to show 
that concrete effectively preserved timber embedded in 
it. Three ligno-concrete coun, 8 in. deep by 4 in. wide, 
were tested with a central load on a 4-ft. span; the 
ave ultimate load producing fracture was about 3 tons. 
For the same ultimate strength of beam it was necessary, 
the author added, to use 9 per cent. of sectional area of 
pitch pine tensile reinforcements as against 1 per 
cent. steel reinforcements. A comparison of the prices 
of steel and pitch pine showed a saving in favour of ligno- 
concrete. the author pointed out in cases where more 
than about 1.2 per cent. of steel reinforcement was 
required, ligno-concrete could not compete with ferro- 
concrete, because the required size of the timber bars 
would be too large for convenient use. There appeared, 
however, to be a large field for it for use in constructing 
bungalows, buildings for small holdings, floors, piles, 
a fencing, coast and river works, &c. It had already 

m used for making fence-posts and for building a short 
length of sea-wall. ‘The ligno-concrete fence-posts cost 
about 2s. per cube foot. They were about 20 per cent. 
cheaper than creoso' deal, and about 40 per cent. 
cheaper than English oak. In Canada, four bungalows 
had been built with ligno-concrete slabs, and the Pacific 
Coast Construction Company of Victoria, British 
Columbia, now had contracts in hand for twenty build- 
ings in which this material was to be used.’ 





THE RHENISH-WESTPHALIAN CEMENT SyNDICATE.— The 
Rhenish- Westphalian Cement Syndicate comes to an end 
on December 31, 1912, unless a higher court should upset 





traffic returns will — exhibit a decline of 225,000/. 
to 250,000/., but, of course, there has been a large saving | 
in running and general expenses. 


Clevedon.—A new landing-stage is being built at the 
ierhead at Clevedon, and work is being pushed forward, 
ay and night shifts being employed. 1tis expected that 

steamers will be able to call at the pierhead by 
Whitsuntide. 

More Welsh Coal.—The No. 2 Rhondda seam has 
been struck at the Rhondda Main Collieries at a depth of 
248 — The seam is of excellent quality and about 
5 ft. thick. 








Srxtren Destroyers OrpERED.—Of the twenty de- 
stroyers inthe programme for 1912-13, orders have been 
placed ay ony for sixteen with the following 
firms :—For four boats with the Fairfield Shipbuilding 
and Engineering Company, Limited, Govan ; and for two 
with each of the following firms :—Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, Wallsend-on-Tyne ; 
Parsons Marine Steam-Turbine Company, Limited, 
Wallsend-on-Tyne ; Messrs. Yarrow and Co., Limited, 
Glasgow; Messrs. J. 8S. White and Co., Limited, East 
Cowes; Messrs. Denny Brothers, Dumbarton; and 
Messrs. Thornycroft and Co., Limited, Southampton. 





GERMAN AND British Navy Estimates.—Mr. Winston 
Churchill has made the following officia) statement :— 
The German Navy Estimates for 1911-12 amounted to 
22,031,788/., which includes 541,732/. for items for which 
there is no equivalent in the British Estimates, comprising 
fortifications and garrisons of naval ports, pilot and 
lighthouse service, meteorological service, secret service, 
grants to municipal authorities, Admiralty buildings, &c. 
The comparative figure for Germany thus becomes 
21,490,056/. On the other hand, the British Navy Esti- 
mates include the following items for which there is no 
equivalent in the German Estimates:—Retired pay, 
pensions, gratuities and compassionate allowances, civil 
superannuation, &c., coastguard, steamship subsidies, 
and reserves. These items in the British Eetimates of 
1911-12 amounted to 3,819,772. To this must be added 
certain expenditure on big naval works, and particularly 
the annual charge in repayment of Works Loan borne on 
British Navy Votes and amounting to 1,322,752/., the 
corresponding item to which in Germany falls on the 
Votes of the Minister of the Interior. Further it must 
be remembered that the personnel of the British Navy is 
maintained on a voluntary system, resulting in increased 
charges on Votes 1, 2, and 3 of our Navy Estimates that 
have been estimated to amount to little short pf 3,000,000/. 
The amount expended on such of these non-equivalent | 
services as exist in Germany does not admit of accurate 
determination, but it would appear that, in order to 
arrive at a true comparison of the respective Navy Esti- 


a judicial decision already arrived at ; but it apgeens un- 
certain whether further legal proceedings will take place. 





SvuBMARINE SIGNALLING.—A recent bulletin, No. 40, 
issued by the Submarine Signal Company, British 
Agency, Friars House, New Broad-street, London, E.C., 
contains some interesting figures relating to the work 
that has been done in connection with this important 
branch of signalling at sea. From it we gather that 
there are now installed in different parts of the world, 
or on order, 138 submarine signalling equipments, 
whereas the number of ships on order and equi is 
865. Of the total number of stations 52 are, or rill , on 
the coast of the United States, 14 on the Canadian coast, 
26 round Great Britain, 7 round France, 5 off the coast 
of Belgium, 6 off the Netherlands, 15 in German waters, 
1 in mmark, 2 on the Swedish coast, 2 along the 
Russian seaboard, 1 in Uruguay, and 1 off the coast of 
China, and six installations are on order. Since the 
appearance of the previous bulletin a new automatic bell- 
buoy mechanism has been perfected. These buoys do not 
ring a code, but they can be placed between stations 
that do ring codes, and at points where lightships cannot 
be stationed, and where it will be impracticable to instal 
electric bells on tripods at the bottom of the sea, so tl abt 
they will take a place that no other submarine-bell 
mechanism can fill. Another point in their favour is 
that they are in continuous operation, unlike mechani- 
cally worked bells in lightships or tripods, which are only 
rung on special signal or during thick foggy weather. 
Observations can therefore be made at all times by officers 
of passing ships. 





Coreman’s Civit Enernerrs’ Pocket - Boox.—This 
little book, by Major ‘Il. E. Coleman (Staff for Royal 
Engineer Services), has m compiled for the use of 
civil and municipal engineers, public works contractors, 
&c., and is intended as a supplementary price-bock to the 
author’s ‘‘ Approximate Estimates,” and the purely engi- 
neering side of estimating 1s developed in greater detail 
than was found practicable in a general building price- 
book, in which ordinary buildings and works are dealt 
with. Engineers are often called upon at a moment’s 
notice to supply preliminary estimates of a very diverse 
character, or they are asked for prompt decisions as to 
different ways of executing work, and it is with a view 
of supplying a ready source of reference in such cases 
that the book under notice was produced. The book 
measures 6} in. by 3} in., and contains 289 pages. It is 
divided primarily into two sections, the first of these 
being devoted to the cost of engineering work, &c., and 
the second to the cost of engineering fant, machinery, 
&c., a very convenient arrangement. The first occupies 
much the greater portion of the book, as it is devoted 
to the cost of a great variety of subjects, and many 
of the costs given have been derived from examples of 
works actually carried out, which gives them additional 





mates of the two countries, an approximate reduction ef 
8,000,000/. should be made from the British figures. 
this basis the Navy Estimates of the two countries for | 
1911-12 should therefore read: Germany, 214 millions; 
Great Britain, 36} millions. It must be added that these 


res take no account of the additional expense incurred 
by the British Government in maintaining foreign stations, 








On | net prices for new machinery as 


value. The prices given for plant, &., are the average 

ne generally used for engi- 
neermg and similar works, not including carriage, "be. 
livery, or fixing. Altogether the book should prove use- 
ful to civil engineers and contractors. It is published by 
aymarket, 


n 
Messrs. KE. and F. N. Spon, Limited, 57, 
ay 


London, the price being 
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vorn- | Institution of Naval Architects last week, com 
_|sons should be made between alternative methods 
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NOTICES OF MEETINGS. 


Enernvers. — Wednesday, 
April 10, at 8 p.m., at the Institution of Mechanical Engi s, 
Storey’s Gate, Westminster, Professor Morgan’s paper on “‘ Paraffin 
as a Fuel” will be read in place of Mr. Guest’s paper announced 
for that date. 

THe ASSOCIATION OF ENGINEERS - IN - CHARGE.—Wednesday, 
April 10, at 8 p.m., at St. Bride’s Institute, Bride-lane Fleet- 
street, E.C. A <x will be read by Mr. G. E. Elphinstone, 
M.1.E.E., and Mr. W. Phillips, M.I.E.E , on ‘Some Notes on the 
Use and Calibration of Electrical Instruments.” Dr. R. T. Glaze- 
brook, F.R.S., will occupy the chair. 
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ALTERNATIVE SYSTEMS OF 
PROPELLING SHIPS. 
Ir was inevitable that, at the meetings of the 
ri- 


of propelling ships now advocated, because among 
the papers discussed were several which described 
applications of various systems, and recorded, more 
or less completely, the results obtained. The 
papers, however, were read at different sittings, and 
had little connection with each other; nor was 
there any uniformity in the manner in which the 
data were presented, or in the precision with which 
the results were set out. From some points of view 
this was regrettable, because it would have been 
of great value, alike to shipowners and marine con- 
structors, to have bad a well-defined enunciation of 
the comparative advantages of the alternative 
systems. Nevertheless, the discussions upon Thurs- 
day’s papers, published in another part of this issue, 


-}and those upon Friday’s memoirs, which will be 


published in our next issue, afford information which 
will be most helpful in this direction. There is 
here, as always, the difficulty of differentiating 
between the requirements of different services and 
of truly estimating the influence of advantages or 
disadvantages on the types of ship for the respec- 
tive duties. The objection nied, for instance, to 
the height of the Selandia’s engines (22 ft.), be- 
caus2 they would rob the designer of a warship of 
the opportunity of utilising effectively the water 
surrounding the hull for the protection of this 
vital part of the equipment, does not apply to 
the design of a cargo ship. Another question very 
properly raised by Mr. W. H. Whiting, of the 
Admiralty, as to the stresses set up by the recipro- 
cating forces of the oil-engine in warships, and 
the consequent vibration of the gun-platform, is 
more or less negligible in the case of merchant ships. 
Again, in regard to power transmission, the means 
for ensuring propeller immersion in high - speed 
light-draught vessels do not enter into the problems 
affecting low-speed deep-draught vessels. Nor is 
there the same need in the latter for taking into 
consideration the question as to whether, in speed- 
reduction gear and propeller proportions, high 
efficiency is to be achieved at full power or at 
moderate rates, since merchant vessels run con- 
tinuously at high power. Warships, on the other 
hand, run at varying speeds, so that in their case 
the desideratum is a wide radius of action at low 
powers, and, therefore, a high efficiency at medium, 
rather than at full, speed. 

The large attendance at the meeting when the 


5 | oil-engine was under discussion proved the interest 


and attractiveness of the subject. It must be con- 
fessed, however, that the result did not carry us 
much further towards a fuller and more definite 
agreement even upon important questions as to 
design. There was a general recognition of the 
suitability of the oil-engine for certain types of ship, 
notably the slow-speed cargo-carrier. But recor 

of complete information regarding the cost, weight, 
space occupied, working charges, and other points, 
were, however, lacking. Regarding the first item, 
we note from the annual report of the East Asiatic 
Company, Limited, just issued, the statement that 


464 
the cost price of a motor-ship like the Selandia is 


about 10 per cent. higher than that of a corre- 
sponding moet eo The directors add that the 
loading capacity is larger by about 10 per cent., so 
that the gain in cargo ca 
the increased capital c 


ity will compensate for 
ges. The fuel-oil con- 
iven as 0.363 lb. 
per indicated horse-power per hour of the main 
engines, which is equal to about 0.44 lb. per brake 
horse-power hour, assuming the latter to be 82 per 
cent. of the indicated horse-power. Sir Fortescue 





Flannery stated that at any time there are 15 tons 
of lubricating oil in the crank-chambers of the 
main and air-compressing auxiliary engines, which 
means a considerable addition to the working 
charges. Against this, however, as is pointed out 
in the report of the Kast Asiatic Company, 
the vessel can carry sufficient oil-fuel for one 
round voyage, and there is a saving in time 
formerly spent in coaling at eight or ten ports 
on the trip, apart altogether from the speed with 
which the oil can be pumped into the tanks, and 
the absence of manual labour. The saving in fuel 
oil is estimated at more than 50 per cent. under 
the oil contracts made by the company. These 
results are certainly suggestive, and it is not sur- 
prising that the degree of mechanical success of 
the oil-engine for cargo ships already established 
has intensified the interest in,the subject. As was 
pointed out in an article on the marine oil-engine 
in a recent issue (page 321 ante), there are still, 
however, many improvements possible in design. 
It is to be regretted that the issue—four- 
stroke cycle against two-stroke cycle—was not 
definitely raised. Nor was there any expres- 
sion of opinion as to the possibility of early 
overcoming such difficulties as may be experienced 
in double-acting engines. Sir Fortescue Flannery 
seemed to think that the two-stroke-cycle double- 
acting engine would multiply the power of the 
four-stroke-cycle single-acting engine by four, which 
is a very sanguine expectation. But, nevertheless, 
the two-stroke-cycle double-acting engine will be 
the engine of the future, if very large powers are to 
be developed, and if space is to be economised to 
any great extent. On this latter point much was 
made of the fact that the tonnage rules were the 
determining factor rather than the size of the machi- 
nery in cargo ships; in the case of the Selandia 
the rule demanded a proportion of the total space 
of at least 13 per cent., while the actual figure was 
13.2 per cent. There is, however, the fact that the 
requirements of the naval service always call for 
great economy in weight and space. 

We were glad to hear the claims of the coal-gas 
engine brought forward, because, although Sir 
Marcus Samuel gave a very hopeful view of the oil 
supply, and the possibilities of great increase in the 
future, which is reflected in the enormous number 
of oil-carrying ships now being built, there is the 
undoubted fact that Britain is essentially a coal 
country. Asa consequence there is promise not only 
of a lower price per ton, but of a greater certainty 
of uniformity in the selling price. Taking present 
prices, Mr. Holzapfel, who was the author of the 
paper on the gas-engine, pointed out that with con- 
sumptions of 0.6 lb. of oil per horse-power for the 
Diesel oil-engine, and 1 lb. of bituminous coal per 
horse-power for the gas-engine, coal might reach 
54s. per ton before the cost of coal fuel would be 
as great as that of oil fuel. Mr. Holzapfel’s paper, 
as Dr. Archibald Denny pointed out, is admirable 
for its frankness. With a new invention troubles 
are inevitable, and the engineer who professes 
that all is well either deceives himself or fails 
to garner the crop of experience that is always 
available with new inventions or new adaptations 
of old systems. With the gas-producer engine 
Mr. Holzapfel went further; he not only gained 
experience, but has frankly given other engineers 
the benefit of it through the medium of his paper. 
The Holzapfel I. must therefore be regarded 
as a ship which, while not as successful as was 
hoped, has contributed greatly to the develop- 
ment of gas- producer and gas-engine design. 
The lessons taught are to be embodied in a new 
ship, and all will look forward with high expecta- 
tion to the practical results of the improvements 
thus evolved, Although the gas-engine may be 
reversed with compressed air, as in the case of 
the oil-engine, Mr. Holzapfel strongly advocates the 
hydraulic system for transmitting power from the 
engine to the screw, as by this means there is pos- 
sible not only a considerable reduction in the rate 
of revolution, but facility in reversing. To this 
point we shall presently réfer. 

The oil-engine, as well as the gas-engine, attains 
a higher thermodynamical efficiency than has yet 
been reached in steam machinery ; but it was per- 
fectly evident, from several of the papers read, 
that the best has not yet been achieved with 
steam. Indeed, papers on the application of water- 
tube boilers in merchant high-speed vessels, 
another by Mr. Harold Yarrow on steam super- 
heating, and a contribution by Professor J. H. Biles 
on geared turbines, open up a wide avenue, along 
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which developments are bound to be made immedi- 
ately and speedily. There is now no question about 
the saving in weight due to the adoption of the 
water-tube boiler, especially as it can be worked 
under considerable degrees of pressure. This is 
particularly so in the Channel service, and it is 
not surprising that there has been a considerable 
increase in the favour with which it is regarded for 
such ships. Great developments, too, have been 
made in the navai service, and these have decreased 
the lead of the oil-engine in thermodynamical 
efticiency. Even what were termed ‘ large-tube ” 
boilers are now being made with oul tubes, 
ranging from 1? in. in outside diameter, while in 
the case of ‘‘express boilers” the tubes are of Lin. 
to 1} in. diameter. Moreover, there is now less limit 
placed on the rate of fuel consumption per square 
foot of heating surface; consequently a higher 
evaporation per unit of weight is attained. There 
can be no doubt that in the early future boilers 
with 1-in. to 1}-in. tubes will be more favoured for 
large ships, because such a change will result in a 
reduction of the total weight of machinery of, say, 
battle-cruisers of from 8 per cent. to 10 per cent. 
Water-tube boilers, particularly those with small 
tubes, require greater care in order to maintain 
their efficiency and to guard against wear and tear; 
this, however is generally a matter of frequent 
inspection, and so long as the parts, especially 
the tubes, are easily accessible, and lubricating oil 
is eliminated from the feed - water, there is no 
inherent disidvantage. Experience has proved, 
and the important points brought out in Mr. 
Harold Yarrow’s paper show, that the erosion due 
to the incrustation of the tubes is largely being over- 
come. The adoption of oil fuel must also become 
universal in all warships, and with the promised 
increase in oil storage, not only in the home ports, 
but in coaling stations on the trade routes, oil fuel 
in merchant ships will also be more widely applied. 
M. Sigaudy, in his paper, pointed out that on the 
Newhaven the coal consumption per trip, including 
the raising of steam and losses in port, was 14 tons 
6 owt. of coal, against 8 tons 13 cwt. of oil, while 
coal required eighteen firemen and two leading men, 
and oil only four and two respectively. 

In addition tothe reduction of the weight attend- 
ing the use of water-tube boilers and oil fuel, there 
is the promise of higher efficiency consequent on 
the superheating of the steam. This was the main 
topic of Mr. Harold Yarrow’s paper, which is 
likely to be classic, because, as Professor Dalby 
pointed out, it was the first attempt to measure 
accurately by means of the pyrometer the drop in 
temperature in the path of the gases through the 
boiler-tubes. The data included in the paper throw 
light upon the problems of design generally—upon 
the possibility of improving evaporative efticiency— 
and establish the advantage of superheating steam. 
The use of the turbine has climinated lubricating oil 
from the main supply of feed-water, but there is still 
the possibility of oil passing from the reciprocating 
auxiliaries into the condenser, and thence to the 
boiler. The presence of such oil has been the cause of 
trouble in earlier superheaters on board ship ; but, 
as will be seen, Messrs. Yarrow have limited the 
action of oil to the tubes on the two outer rows, 
which are, according to the results given in Mr. 
Yarrow’s paper, subjected ouly to comparatively 
low temperatures—from 500 deg. to 800 deg. Fahr., 
according to the rate of evaporation, as compared 
with 1500 deg. to 2300 deg. Fahr. in the case of the 
row of tubes nearest the furnace, so that there is 
very much less possibility of tubes being burned 
owing to the presence of oil. The firm now con- 
struct the feed-heater in the uptake, with a separate 
water-pocket at the outer ends of the tubes and with 
communication to the steam-drum at the inner ends. 
The oil in the feed-water cannot affect the super- 
heater, which Messrs. Yarrow propose to place in 
the uptake, on the side of the boiler opposite to 
that in which the feed-heating tubes are located. 

The variable speed of warships creates a difticulty 
in the application of superheaters which is not 
experienced with merchant work, where the speed 
is constant. The frequency, and great range, of 
change in steam demand in warships has created 
great objection to the application of superheaters 
in such vessels, because when the machinery is 
suddenly slowed down the degree of superheat 
rapidly rises, and there is risk of the tubes being 
burned. ‘To meet this, Messrs. Yarrow are con- 
structing a damper in one uptake, which cin be 
closed down, for instance, when raising steam or 
when the demand for steam is checked owing toa 





reduction in the speed of the ship. The effect 
is to divert the gases through the other uptake, 
and the results, as disclosed in the paper, are 
certainly suggestive. The old question, as to 
whether straight or curved tubes are _prefer- 
able for superheaters, was again raised, and 
again there was a sharp difference of opinion. 
But there can be no question of the economy due 
to superheating. The Babcock and Wilcox Com- 
pany have fitted many ships since H.M.S. 

ritannia was built in 1905, in which the economy 
was proved to be 15 per cent. at low power with 
80 deg. Fahr. superheat. Many subsequent instal- 
lations have been made, the first with marine 
turbines being in the German cruiser Dresden in 
1908 ; while in the case of H.M.S. Bristol, built at 
Clydebank, most complete trials were made, 
and it was established that for every 10 deg. 
of superheat the economy was equal to 1 per 
cent. Sir Charles Parsons, refei:ring to the 
25,000-kilowatt set which his firm are about to 
construct, stated that the guaranteed consumption 
of steam at 250 deg. Fahr. superheat was 11 Ib. 
per kilowatt, which would be equivalent to 8 lb. 
per shaft horse-power for a marine engine. Ona 
moderate boiler efficiency this would give an oil-fuel 
consumption of 0.72 lb. to 0.75 lb. per shaft horse- 

wer, as compared with 0.44 lb. of oil fuel per 

rake horse-power in internal-combustion engines. 

So far as the use of superheated steam in the turbine 
is concerned, it was made quite clear, not only from 
the testimony of Sir Charles Parsons, but of Mr. 
Charles Merz, that no trouble need be anticipated 
if certain ordinary principles are followed. 

There was a fuller recognition during several of 
the discussions of the possible advantages of inter- 
pe some form of reduction and reversing gear 

etween the main engine and the propeller, and 
various systems were advocated. For high-speed 
turbine ships it is still recognised that a satisfactory 
over-all efticiency can be obtained without such 
gear. This, however, does not preclude the pos- 
sibility of improved economy with reduction gear, 
and the progress of helical, hydraulic, and elec- 
trical transmission is interesting. In this country 
helical gear has been fitted between the high- 
pressure and low-pressure turbines of a twin- 
screw torpedo-boat destroyer, but the trials are 
not completed, and no results were disclosed 
at the meetings. Professor Biles, who has always 
shown considerable courage in recommending de- 
partures, is responsible for the fitting of helical 
gear between the turbines and the propellers of 
two ships built for the London and South-Western 
Railway Company’s Channel service. In this case 
the vessels—290 ft. long between perpendiculars— 
have Parsons turbines geared to two shafts, develop- 
ing a total of 6100 shaft horse-power, and giving a 
speed of 20.4 knots. The revolution reduction ratio 
is not great, because it was desired to give the pro- 
pellers as great a degree of immersion as possible in 
order to prevent racing and loss of efticiency upon 
their emergence from the water. The rate of 
propeller revolution was arranged to allow a screw 
of 8 ft. diameter to be used. The Parsons Com- 
pany, who constructed the turbines and gear, guaran- 
teed a steam consumption of 12} lb. per shaft 
horse-power for the propeller engines only, and on 
the trials of the Normannia, the first of the vessels 
tested, the consumption was actually 12 lb., whereas 
in a ship, in the same service, with reciprocating 
engines, the rate was 15.1 lb. of steam for pro- 
pulsion only. It is not possible to give figures 
showing the actual economy in a corresponding 
turbine installation without gearing, but Professor 
Biles gives the steam consumption of the 
Londonderry, a triple-screw turbine vessel, built 
to his design for the Midland Company, and 
the Normannia consumed about 9 per cent. less 
steam than this vessel. In the Vespasian a gain 
of 15 per cent. is maintained, but there the ratio 
of propeller to turbine speed was 19.9 to 1 against 
about 6.4 to 1 in the Normannia in the case of the 
high-pressure turbine and 4 45 to 1 in the low- 
pressure turbine, which can be run at lower speed 
without affecting thermodynamical efficiency. 

In the United States Navy two 14-knot colliers, 
with a displacement tonnage, when loaded, of 19,300 
tons, are being built, one with such helical reduc- 
tion gear in association with a Westinghouse- 
Parsons turbine of 3600 shaft horse-power, the 
speed ratio being 9 to 1, and the other with tur- 
bines driving an electric generator supplying 
current to an induction motor on each of the two 
propeller shafts, the ratio of the reduction being 





18 to 1; a comparison of results will be suggestive 
in view of the absence of other mechanical variants. 
There can be no doubt that considerable advan 
tage must accrue from the ¢onstruction on board 
ship of a general electric power-station, run on 
economical lines, to supply current not only for 
the propelling machinery, but for all the various 
duties for which such a prime mover is utilisable. 
There may be many generating units, so that the 
number working at any time may suit the imme- 
diate demand alike for propulsion and other pur. 
poses, and thus each may run at the speed giving 
the highest efficiency. The squirrel-cage system of 
motor overcomes many disadvantages, being fitted 
with several circuits and several poles, so that there 
is a wide range possible in the power delivered to 
the propeller, and consequently in the speed of the 
ship. In addition to the electric installation in the 
colliers referred to, and an important experimental 
installation being constructed in this country, a 
merchant vessel, for trading on the Atlantic coast 
of America, is also being fitted with the Mavor 
system, having a turbo - electric generator of 
1500 kw. capacity running at 3000 revolutions, 
and to drive a motor of 1900 brake horse-power, 
operating a propeller shaft at 84 revolutions. 
Another system in a canal barge will utilise three 
200-horse-power Diesel engines for providing the 
electric current. 

The hydraulic transmission most favoured is 
that evolved by Dr. Fottinger, and described in 
Mr. Holzapfel’s paper in this issue.* In this case 
importance attaches to its application to a turbine 
installation of a maximum power of 23,000 shaft 
horse-power, being built at the Vulcan Works in 
Germany, where the Féttinger gear was originally 
evolved. The efficiency of transmission guaranteed 
in this installation is 90 per cent., and, as experi- 
ence has shown that efficiency increases with the 
size of the plant, an even higherratethan thatguaran- 
teed is anticipated. Much was said of the relative 
efticiency of transmission of the respective systems. 
The helical gear has been proved to transmit 
984 per cent., while 90 per cent. is claimed for the 
electrical gear and for the hydraulic gear. As to loss 
caused by the rotation of the astern turbine when 
going ahead—which is not operative in the two 
latter systems—various estimates were made, but 
Sir Charles Parsons indicated that it was only } per 
cent. There is the question of the relative weights 
of the various systems, about which no information 
was given. From what we have written it will be 
recognised that marine engineering is moving 
rapidly towards important developments. 

any other problems were discussed at the 
meetings. There was no room for doubt as to the 
value of the Institution for the interchange of 
opinion between naval architects and engineers, and 
with those who have to man merchant ships and to 
fight warships. Admiral Custance’s paper, for 
instance, was full of suggestion for the develop- 
ment of warships, because he recorded, with charac- 
teristic fairness and judgment, the outstanding 
lessons of recent naval engagements. While his 
analysis of events led him to deductions which are not 
generally accepted, the facts themselves are illumi- 
native. Another feature of the meeting was the re- 
ted indication of the influence which the National 
hysical Laboratory is exercising in this as in other 
branches of science. Naturally, most of the credit fell 
to the ship-model experimental tank. Thus we find 
important papers by Dr. Stanton and Mr. Baker, 
while the unique os by Messrs. Yarrow 
were rendered possible by the loan of the pyro- 
meters from the Laboratory. Altogether, as the 
President, Lord Bristol, pointed out, the Institution 
has assisted considerably towards the encourage- 
ment of theory in aid of practice, and towards 
the prosecution of research work upon useful lines 
whereby knowledge and practical experience are 
developed. And this leads us finally to recognise 
the appropriateness of the award of a gold medal 
to the Secretary, Mr. R. W. Dana, in connection 
with the Jubilee of the Institution. 








THE AUSTRALIAN RAILWAY-GAUGE 
PROBLEM. 

Tue last few months have witnessed a recru- 
descence of the unfortunate dispute over the 
question of a standard gauge for Australia. We 
purposely avoid the use of the term ‘“‘ uniform 
gauge,” for to anyone who knows the country it 


* See also ENGINEERING, vol. lxxxviii., page 601. 
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must be patent that uniformity of gauge is only a 
remote possibility, since many of the narrow-gauge 
development lines will probably remain uncon- 
verted for a long time to come. On the other 
hand, a standard gauge is an urgent necessity, easy 
through communication between the important 
centres having become imperative. The matter is 
one deserving of the most careful consideration, for 
it is naturally desirable that the system finally 
selected should be such as will benefit the country 
in the greatest degree, having regard both to 
present conditions and to the possibilities of the 
future. The present state of affairs has been pre- 
cipitated by the attitude of the Federal Govern- 
ment, which has narrow-mindedly chosen to settle 
by the party machine a far-reaching question, 
which properly should have been left for decision 
only to enlightened experts of liberal outlook. 

We have on previous occasions advocated the 
federalisation of Australian railways, principally 
because we hold the view that, properly conducted, 
it would facilitate the evolution of a coherent rail- 
way policy, and that it could be introduced in such 
a way as practically to put an end to the parochialism 
which has been so harmful to economic develop- 
ment in the past. For the moment, however, the 
powers that be have played us false. The Federal 
Government has embarked on railway ownership 
under the most unfavourable auspices. The system 
inaugurated is open to most of the abuses which 
have troubled the railway development of the 
individual States in the past, and the manner of 
its inception gives but little promise that the 
Federal railways will be conducted on the broad 
principles so essential to success. These railways 
are consigned to the care of the Minister of Home 
Affairs, who has not, and cannot be expected to 
have, much knowledge of railway matters, and for 
the purpose of their development this Minister has 
been invested with powers enabling him to con- 
struct railways, acquire land, appoint officers, and, 
in fine, decide matters which, as a rule, demand, for 
their proper consideration, knowledge resulting 
from a life-long training. 

-Recently a Bill was before the Federal Parlia- 
ment to authorise the construction of the trans- 
continental railway from Port Augusta to Kalgoorlie. 
It was brought forward in an incomplete condition. 
The Government appears to have been determined 
to be as reticent and as vague as possible as to how 
funds were to be provided for the purpose of build- 
ing the line. It was only with very considerable 
difficulty that some explanation on this point was 
drawn from Mr. Fisher. The question of the 
acquisition of land was similarly slurred over, and 
no definite arrangement with the States involved 
was shown by the Government to exist. 

With regard to the gauge, the Government, at 
the advice of their consulting engineer, formerly 
an Official connected with New South Wales, 
settled upon 4 ft. 84 in., on which system the rail- 
ways of that State are built, and Ministers 
refused to make this a matter for concessions of 
any kind, neither would they consent to remit it, 
as an open question, to a committee of impartial 
experts for decision. Intimately connected with 
the settlement of the gauge is the question of 
Federal financial assistance to those States which 
may be involved in the expense of conversion, in 
order that the ideal of unbroken through com- 
munication may be realised. On this point the 
attitude of the Federal Government was no more 
satisfactory than on others. Mr. Fisher would 
commit himself no further than to the general 
statement that ‘‘the Government will meet the 
Stites with an open and a generous mind, to meet 
any difficulty that may arise, to adjust the gauges 
to that of this (trans-continental) railway, so that 
as soon as it is open it will be possible to run with 
the same engines from Freemantle to Brisbane.” 
In view of the vagueness of these words it is not 
surprising that the States most likely to suffer 
from the Government’s proposals should have 
raised a vigorous protest against the hasty action 
taken, for with the construction of this trans- 
continental line the standard gauge for Australia 
will be practically decided. 

The Government has had the choice of three 
gauxes—namely, the 3 ft. 6in., the 4 ft. 8} in., and 
the 5 ft. 3in. Of the first, there are some 8604 
inves constructed, and the railways on this gauge 
are being rapidly extended. It has been recog- 
nised, however, that, for a continental system 





called into being to a large extent by a need for 
rapid transport, this gauge does not affurd suf- 


ficient potentialities to enable it to compete in this 
instance with those of greater width. It has, 
nevertheless, a staunch little band of advo- 
cates, who, in support of their arguments, point 
to the wonderful development witnessed on the 
narrow-gauge lines in South Africa, where the 
3-ft. 6-in. gauge is the standard. There it has 
been develuped to limits reached nowhere else. 
Normal loads 10 ft. in width can be carried on 
the South African lines, where wagons of 50 tons 
capacity are in use, and trains of 1600 to 1800 gross 
tons are being handled there on up-grades of 1 in 
100 by Mallet articulated compounds. Nothing 
approaching this has been accomplished on the 
3-ft. 6-in. lines of Australasia, and New South 
Wales, with its 4-ft. 8}-in. gauge, cannot show any- 
thing like so good an appreciation as this of the 
principles governing economical operation. 

Of the 4-ft. 8}-in. gauge Australia sses 
about 3824 miles, all within one State (New South 
Wales). The adoption of this gauge as the standard 
would therefore relieve New South Wales of all 
expense for conversion, while it would result in the 
corresponding advantage that it would be possible 
to make shipment direct, if necessary, from any part 
of the State to points on the east and west trunk 
line. The proposition in favour of the 4-ft. 8}-in. 
gauge is therefore not unnaturally viewed enthu- 
siastically by representatives of the State of New 
South Wales. It is not, however, of universal 
acceptance, since, from the point of view of the 
possibilities of economical operation, the 4-ft. 8}-in. 
gauge has a very serious rival in Australia. In 
fact, to prove the sufficiency of the 4-ft. 84-in. 
gauge, the Government, its officials and sup- 
porters, have been drawn into the most fantastical 
of reasoning. It is, for instance, advanced that, as 
the fastest passenger trains and the heaviest freight 
trains in the world are run on 4-ft. 84-in. lines, 
this gauge should prove adequate for Australia 
‘* for all time to come.” 

It requires very little dialectical skill to expose 
the fallacy of these points made in the present 
connection. The conditions do not exist in Aus- 
tralia to-day which would allow of anything 
approaching the fast or heavy trains in service 
where the 4-ft. 8}-in. gauge is worked to its utmost 
capacity, and the argument is therefore inapplic- 
able. We have even seen it recently asserted that 
the running speed of trains on the Sydney-Brisbane 
service has been no better on the New South Wales 
4-ft. 84-in. portion of the route than on the Queens- 
land 3-ft. 6-in. section. It has also to be borne in 
mind that the gauge of the rails is not the only 
thing that controls the carrying power of a line. 
Of at least equal importance is the loading gauge, 
the limitations of which in the case of our English 
railways is now being so severely felt. With 
regard to big trains, the 4-ft. 84-ft. loading gauge 
in Australia prohibits the use of the large locomo- 
tive and wagon stock in service elsewhere, and 
therefore operation cannot be reduced to similar 
economical methods without reconstruction. If, in 
order to render such manner of operation practi- 
cable, reconstruction of permanent works, necessary 
to allow of an enlargement of the loading gauge, be 
accepted, large expense must be incurred, and the 
only sensible argument in favour of the 4-ft. 84-in. 
gauge is at once discounted. : 

This last is to the effect that it would be cheaper 
to convert the present 5-ft. 3-in. lines to 4-ft. 84-in., 
than vice versd, by about two millions sterling. 
This figure ignores the need of readjustment of the 
present 4-ft. 8}-in. loading gauge, so that either 
the arguments enforced by reference to the capa- 
city of that system in the United States of America, 
or this estimate for the cost of conversion, must be 
abandoned. The two cannot be worked concur- 
rently, since they clash. Supposing for the moment 
that, while saving this extra two millions expendi- 
ture, existing and converted 4-ft. 84-in. lines were 
to be put in a position in which operation could 
be conducted on the best principles, it is worth 
while giving brief consideration to the weight that 
such reasoning should have. At 3} per cent., the 
rate of interest on the railway loans, the saving of 
this two millions would mean an annual saving for 
interest of 70,0001. Now the net surplus, after 

yment of interest, of the systems of the three 

tates primarily involved, amounted, in the last 
year for which reports are available, to about 
1,199,7111.—a sum about seventeen times as great 
as the additional charge. There is, indeed, little 
doubt that if even a portion of the optimism 
regarding the continent 1s warranted, the expendi- 





ture of the additional two millions need not be 
feared. When it is further remembered that in some 
States the sum of money sunk in the railways is 
only approximately known, and that no small 
amount has been appropriated to railway develop- 
ment, free of interest, out of consolidated revenue 
funds, the Australian political conscience would, 
we are sure, find this additional two millions no 
insurmountable difficulty. The question of addi- 
tional expense might, therefore, with advantage be 
put on one side, and the problem considered from 
the point of view solely of the respective economic 
values of the 4-ft. 84-in. and the 5-ft. 3-in. gauges. 
Of the former, there are, as already stated, 3824 
miles, and of the latter 4079 miles. 

The cheapest form of handling freight, if condi- 
tions will allow, is in large train-loads at moderate 
speeds. A great deal of the Australian traffic, being 
seasonal traffic of extremely long average haul, is 
suitable for handling in this way. Some idea of 
the average hauls, which will tend to increase as 
development is pushed further into the interior, 
may be gathered from New South Wales statistics. 
From these it appears that the average haul for 
general goods in truck-loads on that system is 
353 miles ; for wool it is 297 miles; for grain and 
flour, 262 miles ; and for live stock, 257 miles ; and 
soon. In fact, of eighteen classes of traflic, only 
six average less than 100 miles average haul; 
though since coal is mined near ports, the average 
for all classes together is reduced. Since the sale 
of wool, &c., is dependent upon foreign markets, 
cheap internal transport is essential to the develop- 
ment of the interior. A difference of 6} in. in gauge- 
width, allowing an increase in the width of rolling- 
stock of over 1 ft., would, ata conservative estimate, 
render possible an increase of loading of 20 per cent. 
for equal train-lengths; but the greater width 
will on of the use of more powerful engines, and 
thus much longer trains could be worked, rendering 
the need of duplication, which is already being felt 
in New South Wales, much more remote. The 
advantages of the wider gauge have been realised 
in India and in the Argentine, and it is rather 
surprising that the Australian Government, in sup- 
port of its attitude, should be forced to fall back 
for its examples even on such a country as the 
United States, where the gauge was not fixed by 
such economic considerations as affect modern traftic, 
and where, in order to get the traftic over the road, 
higher speeds and lighter loads than are well known 
to be the cheapest are being more and more largely 
adopted—in other words, the cost of transport is 
increasing. 

One or two other phases of this question are 
worth noting. The increase of gauge from 4 ft. 8}in. 
to 5 ft. 3 in., though small, is claimed to be valued 
from the point of view of defence. Curiously 
enough, the reason advanced for this is that the 
adoption of this gauge would enable rolling-stock 
to be readily obtained from abroad in case of emer- 
gency. This is an inversion. If suitable stock 
can be readily obtained abroad, it would enable 
an enemy having secured a pied a terre in the 
country, to supply its own requirements quickly. 
If suitable ok were unobtainable readily, and the 
country’s stock had been withdrawn, a most salutary 
delay would be imposed on the invader, unless con- 
siderable prior preparations had been made over- 
seas. A unique gauge is therefore an immense 
advantage. Moreover, from all standpoints the 
hasty purchase of . foreign 4-ft. 84-in. stock is to be 
discountenanced. We have consistently held that 
railways should purchase to their own standards 
and designs. If this be done, contracts may as 
well be made for 5-ft. 3-in. as for 4-ft. 84-in. stock. 
During the South African War immense quantities 
of standard South African 3-ft. 6-in. stock were 
built in this country and shipped very rapidly, and 
the gauge had no effect upon the execution of the 
orders. The few inches differences between the 
4-ft. 84-in. and the 5-ft. 3-in. gauges would certainly 
have little influence in this direction. Lastly, it 
may be pointed out that the purchase of stock 
abroad is altogether contrary to Australia’s national 
ideals, so that this argument has very little in its 
favour and much against it. 

The subject thus raises a multitude of points to 
which, unfortunately, machine politics allow scant 
consideration. The question is one involving a 
very careful appraisal of several economic factors, 
but has mainly been settled on fictitious arguments 
adduced to bolster up a case based almost wholly 
on a comparatively small saving in present cost. 
The decision is of wide-reaching effect. If the 
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ambiguous promises of help towards the cost of 
conversion do not materialise, South Australia and 
Victoria may not feel themselves justified in in- 
curring much expense for an object to attain which 
it is felt that all should bear a proportionate share. 
Particularly is it considered that New South Wales 
should help in this matter, since it was due wholly 
to that State’s vacillating policy in the past that 
the present situation has arisen. It is rightly felt 
that she should bear some of the cost towards the 
solution of this problem for which her fickleness 
has been suena, but at present it seems likely 
that she will obtain her desires at no cost to her- 
self, and that the expense will fall on the innocent 
States of South Australia and Victoria. If the two 
latter States do not feel inclined to go further in 
this matter than is absolutely necessary, and New 
South Wales elects to build a line from Cobar to 
Broken Hill, already contemplated, Adelaide and 
Melbourne might ultimately find themselves com- 
pletely ‘* side tracked” so far as trans-continental 
traffic is concerned. 

The ideal of a Federal Government would be one 
capable of acting as a just assessor, making equit- 
able adjustments between the various States on 
sound economic principles. From the railway 
point of view nothing of this kind is to be noticed 
about the present party in power in the Common- 
wealth. o unsatisfactory, in fact, has been the 
manner in which this decision has been reached, 
that the Inter-State Conference of Premiers and 
Treasurers has now referred the gauge question toa 
Commission of railway engineers. This, of course, 
should have been done by the Federal Govern- 
ment, who should have only acted after receiving a 
report from such a body. We may venture to remark, 
even at the risk of giving slight offence, perhaps, 
that the value of such a report as this, which the 
Commission will doubtless produce before long, 
would be greatly enhanced if it were possible to 
include on the Commission engineers who have had 
experience of the limiting conditions of operation 
in the United States, and also in India and the 
Argentine. The very best report is wanted from 
men free from any suspicion of being influenced by 
local traditions. If the Commission’s report is in 
favour of a 5-ft. 3-in. standard gauge, and such a 
report were adopted by the Inter-State Conference, 
it will be interesting to see what the Federal 
Government will do. It would naturally be expected 
to fall into line, whatever its present attitude ; but 
in Australia all sorts of strange and illogical things 
are possible. 





POSITIVE RAYS AND CHEMICAL 
PROBLEMS. 

THE discourse on ‘‘ Results of the Application of 
Positive Rays to the Study of Chemical Problems,” 
which Sir J. J. Thomson, O.M., delivered at the 
Royal Institution on the 29th ult., was a continua- 
tion of his discourse of last year, and concerned a 
subject to which he also referred in his just-com- 
pleted course of lectures on ‘* Molecular Physics,” 
the last of which is reported on another page of 
this issue.* His method of gas analysis, he ex- 
plained, was based upon two principles. A gas 
was charged with electricity in order to make it 
amenable to electric and magnetic forces, and the 
several particles were then sorted out by the action 
of the forces on the gas. The gas was electrified 
by sending through it a charge of electricity from a 
cathode which had a hole in it; the positively 
charged gas was then attracted by the negative 
electrode, and it passed through the hole in a 
stream which moved with a considerable velocity — 
2000 miles per second. The particles left a momen- 
tary or permanent record by striking a willemite 
screen or a photographic plate placed within the 
bulb. The forces acting upon the electrified particles 
of such a stream would affect the heavy particles less 
than the lighter ones ; and if they were all moving at 
the same speed, and the electric field were alone 
excited, the original light s.0t would be widened 
out to a series of spots in a horizontal band (with 
the arrangement adopted), there being as many 
spots as kinds of particles. But the particles did 
not all move at the same speed, and slow, light 

rticles were as much deflected as fast, heavy ones; 
onto the spots widened out into overlapping 
bands. The magnetic force acting at right angles 
to the electric force unravelled those bands and 
dissolved them into a series of parabolic curves, and 


* See ENGINEERING, vol. xci., page 489, and page 293 ante. 





from measurements made on these curves the 
atomic weights of the respective particles could be 
deduced. 

Coming to particulars, Sir J. J. Thomson showed 
a great many of the photographs obtained, one of 
which we reproduced on page 289 of our issue of 
April 14, 1911; this figure will be seen to show 
the phenomena in duplicate, because the magnetic 
field is reversed in each case to check the result. 
The lightest particles, the lecturer explained, were 
always those furthest away from the original spot, 
and these were in almost all the experiments the 
particles of atomic hydrogen; in a bulb charged 
with helium, for instance, three curves were visible, 
atomic hydrogen, molecular hydrogen, and atomic 
helium. The apparatus had been modified. The 
large bulb narrowed to a tube, which widened out 
again towards the screen. The cathode was made, 
after much experimenting, in the shape of a spherical 
cup, of aluminium or silver ; the cup, which was 
perforated, fitted closely into a brass sleeve, which 
again fitted into the narrow glass tube, so as to con- 
centrate the discharge down this tube and through 
the very fine straight tube, to which the perforation 
of the cathodes led and which ended just before 
or in that portion of the tube surrounded by the 
electric and magnetic field. Part of the glass tube 
was water-jacketed. The purified gas to be ex- 
perimented with was introduced into the bulb 
under pressure (drawn in by a Gaede pump) through 
a capillary tube, and was withdrawn again just in 
front of the screen or plate by joining a charcoal 
tube (cooled in liquid air) to this part of the appa- 
ratus. As the perforation was long and exceedingly 
fine, a considerable difference in gas pressure could 
be maintained in the parts of the apparatus which 
were joined by the perforation only, and it was 
essential to have low pressure close to the screen. 

If all the particles behaved like ordinary steady 
particles, the lecturer continued, the interpretation 
of the curves would not be difficult. But some- 
times the phenomena suggested that charges were 
lost or reversed while the particles travelled in 
the apparatus down the perforated canal. These 
peculiarities had been investigated with the aid 
of an apparatus in which two electromagnets sur- 
rounded the narrow portion, one behind the other. 
With this arrangement the original spot O (see 
Fig. 2, on page 293 of the issue of March 1, 
1912) was changed into four spots at the corners 
of a square; the first field gave the additional 
spot M, and the excitation of the second magnetic 
field, at right angles to the former, gave two 
more spots P and N. This subsidiary magnetic 
deflection was recognised in many photographs 
by a kind of connections (in the direction of the 
ordinate) between two adjoining curves, producing 
a rhombus pattern, and the experimenter had to 
guard himself against being deceived by curves or 
lines which were not genuine. There was, e¢.q., in 
helium a suspicious line, probably a sham, of 
atomic weight 6 ; there were also lines 1.8 and 2.6 
and 2.8, apparently distorted hydrogen lines. The 
criterion for the genuineness of a line was its para- 
bolic character, which was of very striking distinct- 
ness, for instance, in some beautiful mercury 
curves; the mercury lines were also found as 
impurities of other gases. 

assing to special gases, Sir J. J. Thomson 
stated that hedcam gave a line H, (for which 
chemists might be able to account), but not when 
absolutely pure, though always in the presence of 
a trace of oxygen and then together with the oxygen 
lines. Nitrogen gave five kinds of lines: the atom 
with two charges, the atom with one charge 
(strongly marked), the molecule with one charge, 
and the molecules N, and N,; with three and five 
charges; the N, line was always faint, and possibly it 
was really N,H (the atomic weight deduced being 
42 or 43); under higher pressure several of the 
lines became much stronger. In the vapour of 
carbon disulphide (CS,) the exceedingly unstable 
monosulphide(CS) was plainly distinguishable. Pure 
oxygen yielded a very simple spectrum, consisting 
of the atom and the molecule with positive charges, 
and also of the atom with negative charge. There 
was in this case (as in others), however, a beak to 
the bright curve, indicating that the particle had 
originally carried a double charge. 
he spectra indicated not only a sorting out of 

the particles from quantities so minute that no 
chemist would attempt their analysis, but they sug- 
gested also combination, and the method was indeed 
particularly valuable for the study of unstable 
compounds which existed for a minute fraction 





of a second only, and might be unknown in the free 
state. To facilitate combination the particles had 
to meet in a sheltered spot, so to say. Mere 
attraction might cause the particles to sweep past 
one another, and to radiate their energy away as 
light, as their velocity changed ; combinations took 
place mostly in the cathode glow where the particles 
were crowded. A discharge through the complex 
molecules of benzene showed twenty-two lines, of 
C, CH., CH;, C,H,, &c., all possiblé combinations ; 
but if carbon monoxide (CO) and oxygen were 
present, well-marked patches of carbon dioxide 
(CO,) were particularly noticeable. Mixtures of 
hydrogen and oxygen gave the spectra of the two 
gases, and in addition a faint line 33 or 34, not 
found in the — oxygen, except when about 
1 per cent. of hydrogen was present ; that might 
be HO, (an unknown body). There was further 
indication of H,O, (hydrogen peroxide), and a line 
about 50, possibly H,0,, rather than ozone O, = 48; 
this line, again, was not found in the purest oxygen. 
Another mysterious line 20 (OH, ?) was observed 
in many mixtures. Mixtures of ethylene and 
oxygen showed some long curves, and some small 
patches, suggestive of bright leaves on fainter 
stalks; this was also noticed in mixtures of nitrogen 
and hydrogen, in which the ammonia line NH, was 
distinct. It might in general be said that atoms 
showed mostly in line curves, and molecules in 
patches. But there were peculiarities ; for in- 
stance, both helium and mercury gave also patches 
in mixtures, although they were only known in the 
atomic state to chemists, the free molecule consist- 
ing in their cases not of two or more atoms (which 
was usual), but only of one atom. 

In conclusion, Sir J. J. Thomson remarked that 
the laborious measurements of his 300 or 400 plates 
—some of which look very complicated — had 
brought out other interesting features, to which he 
would refer on a future occasion. 





THE ART OF PROCURING TENDERS. 
THE advertisement columns in every technical 
paper contain a number of appeals for tenders 
from various public and other bodies in many 
parts of the country. The form of request varies 
considerably ; and as time goes on, and people 
learn by experience, various expedients are re- 
sorted to in order to reduce to a minimum the risk 
of him who invites tenders. He who wishes to 
reduce the procuration of tenders to a fine art should 
ruse the report of a discussion on ‘‘ Methods of 
Sacto Public Tenders,” which took place at the 
Institution of Municipal Engineers, on March 6. 
In the course of that discussion a number of 
illuminating suggestions were made. 
Many changes have been made in the simple 
form of inviting tenders during recent years. For 
instance, it has become customary to enforce the 
payment of a deposit of from II. to 5l. on receipt 
of the papers, which deposit is returned on receipt 
of a bond-fide tender. e wisdom of asking for 
deposits with tenders was discussed at the above 
meeting. Generally the feeling was that the re 
quests for large deposits with tenders should be 
abandoned, and that a small amount,never exceeding 
a few shillings, should be asked for to cover the 
cost of printing the documents. This sum, of 
course, would not be returned. At Walthamstow 
the Council had adopted the policy of not asking 
for deposits ; and an instance was mentioned where 
no less than 500 applications were made for specifi- 
cations for a particular work, and only 209 were 
returned. The legality of a Council asking for 
deposits was athens it being pointed out that no 
mention of deposits is made in the Public Health 
Act. Sometimes it is stated with regard to the 
deposit that it ‘‘ will be forfeited should the con- 
tractor not send in a bond-fide tender or afterwards 
withdraw his tender.” p 
These, however, are, comparatively speaking, 
matters of detail. The really substantial questions 
for local authorities to consider are, ‘‘ Upon whom 
is the burden and risk of the contract to fall 
and ‘‘How are we to ensure that it shall all be 
undertaken by the contractor, and shall not even- 
tually fall upon us?’ The contractor will, in his 
turn, quite properly endeavour to see that the 
entire risk is not placed upon his devoted shoulders. 
Many engineering jobs must, from the nature of 
things, be of a highly speculative character—specu- 
lative, that is, in the sense that the character of 
the foundations and the nature of the soil which is 
to be excavated cannot be accurately ascertained. 
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Let us take, for instance, the construction of a 
sewerage system. Miles of pi have to be laid 
at a considerable depth below the surface. The 
nature of the soil may be known ; but even the 
most experienced geologist dare not dogmatise upon 
the presence or absence of underground water. 
Nor can he state, with any suflicient degree of 
accuracy, whether operations will not be hampered 
by the presence of a bed of wet or running sand. 
If the contractor makes his tender without any 
knowledge upon these matters, he runs a grave 
risk ; a risk so serious that not only may all his 
profits disappear, but he may find it impossible 
to continue the work at the contract price. 
The latter eventuality is a formidable con- 
sideration for the local authority. They have 
probably embarked upon the undertaking in the 
belief that the burden upon the rates will be 
50,0001. (or whatever the figure may be) and no 
more. They may have to ask the ratepayers for 
twice that sum before the works are brought toa 
satisfaetory conclusion. 

It was pointed out at the meeting above men- 
tioned that there are various ways of reducing 
these risks ; or rather various ways of making the 
incidence of these risks more certain beforehand. 
Thus some preference should be given to the con- 
tractor who obviously has knowledge of local con- 
ditions. The low tender of a contractor who has 
but little knowledge of local conditions should be 
scrutinised with considerable care. But even then, 
the local authority is by no means secure. The 
contractor, although a local man, may have de- 
liberately taken risks ; and he may not have sufli- 
cient resource to carry him through. Another 
suggestion is to give a wide discretion to the engi- 
neer in the matter of extras. This plan is open 
to the objection that the engineer cannot tell the 
authority with any degree of certainty where lia- 
bility is going to cease. Their liabilities get further 
and further away from the lump-sum contract which 
is the beau ideal of the local councillor. 

Another method of eliminating risks came within 
the writer’s experience a short time ago. A local 
authority invited tenders for the laying of a sewer. 
It was notified in the invitation that the authority 
could give no information as to the nature of the 
soil in which the pipes were to be laid, but atten- 
tion was drawn to the fact that a journal of bores 
was in the possession of a firm—giving the name 
of the firm—and that this journal could be seen on 
payment of a fee to that firm. The authority, 
however, expressly disclaimed all liability for the 
accuracy of the bores, and it was pointed out in 
the specifications that the contractor would have to 
take the entire risk upon himself. 

Looking at this arrangement from the strictly 
legal point of view, it is clear that a local authority 
may thus absolve themselves from liability ; but the 
very fact that they disclaimed responsibility for 
accuracy would at once throw doubt upon their 
belief in the reliability of the information which 
they were placing at the disposal of the contractors. 

What, then, ought to be the practical solution 
of the question? It would seem that the time 
has come for local authorities who are about to 
undertake the execution of large works boldly to 
take upon themselves the risk of unforeseen diffi- 
culties ; and as an initial step they must reduce 
the risk as far as it is humanly possible to do so. 
Two results would follow this bold course: In the 
first place, by giving contractors a fuller and more 
accurate knowledge of the work in hand, the less 
substantial men might be frightened at the magni- 
tude of the undertaking. In the second place, 
although there would undoubtedly be some initial 
outlay, the person tendering would be spared the 
expense of making experimental surveys, and would 
be able accordingly to reduce his figures in a pro- 
portionate degree. 








MOLECULAR PHYSICS. 

Sin J. J. Thomson, F.R.S., delivered at the Royal 
Institution on Saturday last the concluding lecture 
of his course on the above subject. In opening his 
discourse the lecturer remarked that on the last 
occasion he had shown that a jelly consisted of a 
more or less solid framework, of one material, having 
water or some other liquid entangled in its inter- 
stices. In some cases, however, the mass did not 
set as a whole, but a gelatinous precipitate was 
formed. This was the case when a solution of 


sulphate of copper was mixed with one of ferri- 
cyanide of potassium. 


Under suitable conditions 








the precipitate took the form of a film, and this film 
constituted one of the best illustrations of what was 
known as a semi-permeable membrane. Such a 
membrane was a coherent sheet through which water 
could pass easily, but salts dissolved in the water, 
—! either not atall, or only with great difficulty. 
onsiderable care was necessary to produce these 
films in the best state. The most successful plan 
was to fill a pot of unglazed porcelain with a dilute 
solution of sulphate of copper and then immerse 
the whole in a dilute solution of ferricyanide of 
iron. The sulphate diffused outwards, and the 
solution on the exterior inwards, and where the 
two met in the wall of the vessel a film was precipi- 
tated within the wall, and was effectually supported 
thereby. If the pot were carefully chosen, taking 
care that the porcelain was extremely uniform in 
texture, such a film would withstand without failure 
pressures of as much as 30 or 40 atmospheres. 

Similar precipitates could, he continued, be 
formed outside the restraint imposed by the wall of 
the pot, and in such case ‘‘ osmotic growths’ were 
produced by the deposition of the gelatinous pre- 
cipitate and the efforts of the solution within this 
precipitate to attract the surrounding water. This 
caused the gelatinous formation to swell and grow. 
Thus, if a pellet of sulphate of copper were 
dropped into a solution of ferricyanide of potassium, 
as the sulphate dissolved it diffused out into the 
surrounding solution, and we got a gelatinous 
precipitate surrounding the original crystal. This 
film was a semi-permeable membrane, containing in 
its interior a very strong solution of sulphate of 
copper, and there was thus a great osmotic pressure 
tending to make water flow through the film into 
the interior. The latter accordingly increased in 
voluine, making the surrounding film expand and 
grow. Sometimes the film would break under the 
strain, in which case the sulphate oozed out, forming 
a fresh gelatinous precipitate, which would swell in 
its turn, the process described being thus repeated 
again and again. 

In this way the most extraordinary forms could 
be produced. If a little gelatine were added, and 
the process conducted at a temperature of 30 deg. 
to 40 deg. Cent., so as to prevent this gelatine 
setting, the osmotic growth proceeded as before, 
and if then the gelatine were allowed to set, these 
growths could be permanently preserved. A 
number of such growths were exhibited by the 
lecturer, an interesting specimen being one obtained 
by adding fused calcium chloride to a solution of 
bicarbonate of potassium. In this case, Professor 
Thomson stated, the growth was slow, requiring 
several days to undergo a great development. A very 
quick growth, he stated, was obtained on adding 
fused calcium chloride to a solution of soluble glass. 
There was, he proceeded, a close analogy between 
osmotic growths and the growth of living organisms, 
which, from the physical standpoint, appeared to 
arise in the same way. Inflow through a semi-per- 
meable membrane caused the latter to break ; the 

uncture was, however, self-healing, a new mem- 
— being formed, to be caused to swell and grow 
in its turn. 

It was, Sir Joseph Thomson continued, interest- 
ing to compare these growths in colloidal solutions, 
in which the precipitate was a semi-permeable mem- 
brane, with crystalline growths. To illustrate the 
latter, he used a supersaturated solution of hypo- 
sulphite of soda. Into thisa very small fragment of 
crystalline ‘‘ hypo” was dropped, and from this 
centrecrystallisation then proceeded in all directions, 
As a further illustration of crystalline growth, the 
lecturer took a little nitrophenol enclosed between 
a microscope slide and a cover-glass. This nitro- 
phenol was melted and placed in the path of a beam 
of light which afterwards traversed two nicol prisms, 
crossed so as give a dark field on the screen. As 
soon as the nitrophenol began to crystallise, the 
crystal rotated the plane of polarisation, and .a 
bright spot appeared on the screen which grew in all 
directions, the crystalline form being well dis- 
played. The crystallisation started from more than 
one centre, and there was interference where the 
growth frem one centre met that from another. 
The lecturer also exhibited the cystallisation of the 
same body from its solution in water. Here, as 


before, the crystallisation appeared to start from | 
accidental points, and proceeded as a thin line or| 
thread across the screen until it met a spot where | 
there was a considerable local concentration of the | 
As soon as this was) 


dissolved nitro-phenol. 
touched by the fine line of initial crystallisation 
it ‘‘exploded” into a mass of crystals. 








Such experiments showed, the lecturer continued, 
in a very striking way the necessity of a nucleus to 
start certain phenomena. So far as he was aware, 
in the absence of such a nucleus, a supersaturated 
solution of a salt would remain unaltered for an 
indefinite period. In fact, it was not the case in 
Nature that at a given temperature and pressure 
only one solution could exist, in spite of what 
thermodynamics taught to the contrary, though, of 
course, it was true that under stated conditions a 
certain concentration was more stable than others. 
In spite of this, however, concentrations other than 
this did show a very great stability, and unless some 
catalytic agent were present to start a change, they 
might, apparently, remain unaltered indefinitely. 

Another curious growth, he continued, resulted 
when aluminium, after being in contact with 
mercury vapour or with liquid mercury, was exposed 
to the air. The area affected showed a growth 
which might be likened to white grass. If observed 
in the microscope, it was found that in this case the 
growth was from below, as opposed to osmotic 
growths, where the increase took place at the top. 
He believed that the explanation of this phenomenon 
had not yet been made out. The presence of 
mercury was essential, and apparently some of the 
aluminium dissolved in this; and as aluminium had 
an extraordinary aftinity for oxygen, it was dragged 
up to the upper surface of the mercury and 
oxidised, being replaced by fresh aluminium dis- 
solved at the lower surface of the film. 

So far, he continued, he had only treated of one 
aspect of colloidal precipitates. Another pecu- 
liarity, to which he might have referred, was that 
when such precipitates were formed they always 
brought down with them some of the precipitating 
agent, and were, therefore, never pure, but con- 
stituted what was known as solid solutions, an ex- 
pression which was used to imply that the union of 
the materials involved was something more than a 
mere mixture. Some of these solid solutions had, 
he said, very interesting properties. Thus a little 
sulphate of magnesium added to calcium sulphate, 
and exposed to the cathode discharge, showed 
the phenomenon of thermo-luminescence. Appa- 
rently under the influence of the discharge some 
quasi-chemical reaction occurred, with the result 
that when slightly heated subsequently, the mass 
became brightly luminous, although its temperature 
was far below a red heat. Apparently the com- 
pounds formed under the influence of the discharge 
were not permanent, and on return to their initial 
state gave rise to the production of light. This 
reversion, if carried out in the cold, would last 
probably several minutes; but by slightly heating 
the mass the change was effected in a few seconds, 
so that the light became easily visible. 

He had, Sir Joseph continued, been struck with 
the fact that little apparently had been published 
as to the conditions in which precipitates were 
formed in chemical reactions. It would be of great 
interest to determine whether also the presence of 
a catalyser was necessary for the precipitate to 
settle out, as had been proved to be the case when 
crystals were deposited from a supersaturated 
solution. 








NOTES. 
Moror-SLEDGES AND ANTARCTIC EXPLORATION. 


One of the most gratifying features of Captain 
Scott’s record of progress in his scientific researches 
in Antarctic regions—eloquent of British pluck 
and endurance under extraordinary climatic rigours 
—is the testimony he bears to the utility of the 
motor-sledges. The motors experienced unex- 
pected difficulties on the sea-ice where it was thinly 
covered with snow owing to the great storms 
experienced, yet they ‘‘ placed the possibilities of 
motor traction in the Antarctic beyond question,” to 
quote Captain Scott’s narrative of October 30, 1911. 

ter, at latitude 804 S., the motors had to be aban- 
doned. Captain Scott explains that the sole cause of 
the abandonment was the overheating of the air- 
cooled engines. It may be remembered that the 
sledges which were constructed under Captain Scott's 
direction by the Wolseley Company at Birmingham, 
and were illustrated in ENGINEERING, vol. lxxxix., 
page 421, and vol. xc., page 855, had motors whose 
cylinders were not water-jacketed, as it was thought 
that the temperature in Antarctic regions rendered 
this unnecessary. The time available in the course 
of the march did not permit of the defect being taken 
in hand. But, to quote again from the diary of the 
explorer, ‘‘ The system of propulsion adopted in 
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these motors had proved entirely satisfactory, and 
the machines dragged heavy loads over the worst part 
of the Barrier surface, crossing several crevasses 
[by means of the chain supporting spuds]. Con- 
sidering the inadequate trial [obviously before 
leaving this country], their success has been remark- 
able, and with the experience now gained a reliable 
tractor could be constructed which could travel 
anywhere in this region, and save the sacrifice of 
animals.” We insert the words in brackets to 
explain fully the references. Everyone who has 
read Captain Scott’s remarkable record will realise 
the great blessing of substituting mechanically- 
driven sledges for ponies and dogs, which are 
unavoidably subjected to such great hardships. 


Tue Roya. Corrs or NavaL Constructors. 


Few compliments are more merited than that 
yaid by Dr. Archibald Denny when he said on 
riday last that the Royal Corps of Naval Con- 

structors rendered services to the nation unexcelled 
for their excellence, either in Government or com- 
mercial departments. Unfortunately, the work of the 
Royal Corps is little heard of, except perhaps when 
a ship on trial yields by experience those lessons 
which such tests are devised to disclose, and even 
then there is failure on the part of the daily press 
to recognise that what are termed mishaps are really 
the corollary of steps in the progressive develop- 
ment of warship design. Great Britain has led the 
way in battleship and cruiser design, and it may be 
said that the degree of success achieved is con- 
siderably greater than that which can be published 
owing to the need for secrecy. The Royal Corps, 
too, indirectly as well as directly, has had an inspir- 
ing influence on scientific shipbuilding. Each of the 
three chairs of naval architecture in this country, 
at Glasgow, Newcastle, and Liverpool, is occupied 
by former members—Professors Biles, Welch, and 
Abel. The experimental tanks for solving problems 
associated with propulsive efficiency and with the 
behaviour of ships at sea are all presided over by 
former members, or men who owe some part of 
their training to the a Dr. Froude is at 
Haslar, Mr. Baker at the National Physical 
Laboratory, Mr. Luke at Clydebank, and Dr. 
Archibald Denny at Dumbarton—the last-named 
a former student with the members of the Corps 
at Greenwich College. Similarly, it is possible to 
find in the commercial service former members of 
the Corps taking high positions in the advancement 
of constructional work. Apart altogether from 
these influences, there is the example of splendid 
work done by the Corps in the maintenance of the 
matériel of the Navy in the highest state of effi- 
ciency. The Corps is now in the twenty-ninth year 
of its existence as a recognised official body, and 
has grown in numbers from 76, when first formed 
in 1883, to 117—the present establishment. This 
increase is entirely inadequate, especially when one 
recalls that the Vote for New Construction was only 
2,000,0001. in 1883, and is now 14,000,000/., and 
that the increasing number of warship fittings, owing 
to pressure of weight and space, have now to be 
carefully thought out and developed in detail, and 
not left to the rule of thumb. Again, not only is 
the Corps overweighted with work and respon- 
sibility, but there is an absolute lack of promotion. 
The additions to the total membership of the Corps, 
indicated by the tigures given, have been confined 
mostly to the lower ranks, notwithstanding that 
the higher ranks require augmentation, because of 
the greater responsibility laid on each member. 
Had the increase been in the higher ranks, it 
would have been possible to increase the rate of 
flow of promotion, the absence of which must have a 
depressing effect, notwithstanding the high degree 
of esprit de corps which obtains. There has only 
been one promotion to the upper ranks during 
the last five years; this can hardly be regarded 
as satisfactory. It cannot be urged that the 
financial question is operative, because the total 
cost of the Corps in relation to the work turned 
out is so very small that there is abundant justifi- 
cation for a higher scale of salaries. A point of 
great interest was brought out by Sir Henry 


Oram, the Engineer-in-Chief of the Navy, who| 


proposed the toast of ‘‘The Royal Corps” at the 
annual dinner of the Corps on Friday evening last. 
He dwelt not only on the merits of the work done 
by the Corps, but spoke of the close and amicable 
relation existing between the technical departments 
at the Admiralty. Sir Henry’s long association 
with Admiralty work induced him to offer testi- 
mony to the excellent results obtained by the 





Corps. He remarked that the amount of skill and 
ingenuity required to co-ordinate the conflicting 
requirements of the various departments concerned 
in the production of that complex article, the 
modern warship, is very considerable, and he con- 
gratulated the Corps on the manner in which they 
carry out their work. Sir Philip Watts was 
revented by illness from being present, and Sir 
‘illiam Smith, his successor, replied to the toast. 


Dry Barrery Testiva. 


At the meeting of the Faraday Society, held on 
March 26, Mr. S. W. Melsom gave an account of 
a series of tests which he had been conducting 
at the National Physical Laboratory on ‘‘The 
Relation between the Incidence of the Discharge 
and the Relative Capacity of Dry Cells of Dif- 
ferent Manufacture.” The tests were undertaken 
on behalf of the National Telephone Company, 
and Mr. Melsom expressed his indebtedness to Mr. 
J. Pool, of that company, for advice and informa- 
tion, and to Messrs. H. C. Booth and F. C. 
Rogers, of the Laboratory, for assistance. The 
research was entered upon for the purpose of 
ascertaining not which type of dry battery would 
answer best in practical service, but which method 
of testing would prove most suitable. The experi- 
ments were also adapted particularly to the require- 
ments of telephone work. The cells were all of 
the common telephone size, 7 in. by 2} in. by 
2} in. Four types of cells of widely different 
characters were selected, sixty cells supplied in each 
case, and four of each type submitted to each of 
the many varied experiments. In order to obtain 
intercomparable results the suppliers were requested 
to deliver all their cells on the same day. The 
cells were then kept under the same conditions of 
temperature in the National Physical Laboratory, 
and submitted to various kinds of tests, such as are 
customary now, or used to be so. A short-circuit- 
ing test ‘‘ until bursting” was not tried. Test 1 
represented the working conditions on a_tele- 
phone circuit, the cell being discharged for 5 minutes 
per hour through 50 ohms from about 1.5 volts 
down to 0.9 volt. In test 2 the discharge resist- 
ance was 1 ohm per cell ; in test 3 the cell was con- 
tinuously discharged for 6 hours per day through 
a resistance of 5 ohms, and kept at rest during the 
other 18 hours of the day. In test 4, the former 
British Post Office test, a continuous discharge at 
about 20 milliamperes was maintained until the 
electromotive force had fallen to 1 volt. Test 5 
effected the discharge through 10 ohms, once 
immediately after receiving the cell, once six 
months, and once twelve months, later. This 
test, Mr. Melsom explained, was favoured by 
many manufacturers, but they did not agree as 
to the electromotive force at which the discharge 
should be considered complete. In test 6 the 
resistance was 100 ohms, and the discharge 
was continued until the electromotive force had 
fallen to 0.9 volt. The old War Office test, 
discharge through 500 ohms, was repeated in 
test 7, and in test 8 ten cells of each type were 
stored in a cupboard and occasionally tested in open 
circuit. The order of merit of these - several 
methods was found to be fairly the same through- 
out, but the cells differed considerably as to 
capacity, probably owing to the different methods 
of manufacture. One type of cell came out worst 
on the whole series of experiments, and this type 
was generally considered to be inferior. The ceils 
which turned out best increased their capacity for 
some reason during the first six months, but 
diminished it again afterwards to the original value. 
A chemical investigation, we should add, was not 
attempted, and this appears regrettable, though 
we are quite aware that the chemistry of dry cells 
is very difficult and still obscure. All the cells 
gave a lower capacity on the intermittent discharge 
than on the continuous discharge, which is remark- 
able, especially because the three better types of 
cells, when submitted to continuous discharges, 
did not deteriorate in twelve months. Mr. Melsom’s 
general conclusion is that only test 1 can be relied 
upon to give even an approximation of the relative 
capacity of dry cells, or of the output which 
might be expected under different working condi- 
tions. That statement implies that it is hardly 
safe to express a definite opinion before about a 
year’s trial, which does not sound encouraging to 
the buyer. Considering, however, that it is at 
present considered sufficient that the type of cell 
should proper'y be studied, and that the consumer 
must trust the manufacturer to supply him with a| 





uniform quality of cell, the matter is not so serious. 
For other purposes, for instance, for ignition cells 
and for bell cells, other methods of testing would 
be preferable ; such methods were mentioned during 
the discussion. Mr. Pool remarked that some 40) 
million dry cells were said to be manufactured per 
year in the United States at present ; the National 
Telephone Company only wanted 300,000 new cells 
last year, because a good deal of the current was 
now taken from common batteries. 








THE COAL DEPOSITS OF GERMANY. 

ProressorR Dr. Fritz Frecu, of Breslau, who has 
devoted much time to the investigation and study of 
the world’s coal deposits and their durability, and 
some ten or twelve years ago published interesting 
results of his researches, has recently put veal 
more detailed statements. 

With regard to Germany, the alterations which the 
last decade has worked in the calculated capacity of 
the coal deposits of the German Empire are to a great 
extent owing to the increase in deep boring during 
that period in the north and the south of the Ruhr dis. 
trict, in the Erkelenz-Briiggen district, in the Nether 
Rhine district, and in Lorraine. In addition, im- 
proved methods have augmented the yield and reduced 
the cost of winning the coal. From 1885 to 1909 the 
aggregate output of coal in Germany rose from 
58,320,000 tons to 148,900,000 tons, and the value from 
302,942,000 marks to 1,519,699,000 marks (15,147, 100/. 
to 75,985,000/.). The increase was continuous, and 
referred to all districts, although in varying degree. 
The largest increase took place in the important 
Dortmund district, in which the output of coal 
rose from 28,970,000 tons in 1885 to 82,804,000 
tons in 1909; next comes the Breslau district, with 
respectively 15,786,000 tons and 40,275,000 tons, and 
the Bonn district with 7,634,000 tons and 16,095,000 
tons. The output of lignite in the German Empire 
during the same period rose from 15,355,000 tons, 
representing in value 40,318,000 marks (2,016,000/.), 
to 68,534,000 tons, of a value of 178,906,000 marks 
(8,945,000/.). The share of the Ruhr district in 
Prussia’s output of coal is about 60 per cent., whilst 
about 25 per cent. comes from Upper Silesia, and 
about 8 per cent. from the Crown mines in the Saar 
district, The coal-mines combined in the Rhenish 
Westphalian Coal Syndicate account for some 60 per 
cent. of the aggregate. Of the lignite production, 
rather more than 80 per cent. comes from Prussia, and 
whilst the Halle district, which accounts for close 
— two-thirds of the aggregate, shows a material 

vance in the output, other districts seem to stag- 
nate or even decrease. 

With reference to the various districts of the 
Saar, a maximum working depth of 1000 metres 
(3289 ft.) for the four principal groups of deposits 
has been adopted as a basis for calculation, and 
1 cubic metre (35 cub. ft.) is estimated to yield 
1 ton of coal, with 20 per cent. working residue. The 
Crown coal-fields of the twelve mining inspectorates, 
according to this, should still contain 3,660,362,000 
tons. The mines St. Ingbert and Berbach, the private 
mine of Frankenholz, all close to the Prussian- Bavarian 
frontier, and the Lorraine mine of Kleinrosseln, have 
a workable aggregate of 156,888,000 tons. The adjoin- 
ing Lorraine mines are not included in the calculation, 
as they do not allow of a working depth of 1000 metres. 
The aggregate of the mines just referred to conse- 
quently amounts to 3,817,250,000 tons, so with an 
annual output of 12,000,000 tons (exclusive of the 
Lorraine, Kleinrosseln, &c.), the calculated quantity 
of coal will be exhausted in the course of 326 years. 

A working depth of 1000 metres, however, neither 
corresponds with the calculated coal deposits of the 
Ruhr district, nor with the experience gained in 
England, where the Rams Mine is being worked to 4 
depth of 3500 ft. without any serious difficulties being 
encountered. If similar principles of calculation are 
applied to the Saar district, the above quantity will 
be swelled by some 3,100,000,000 to 3,200,000,000 
tons, and the total of some 7,000,000,000 tons thus 
arrived at will approach in some degree the older 
estimate of 11,000,000,000 tons. 

Another calculation, of a somewhat later date, puts 
the aggregate of coal in beds of not less than 70 cm. 
(28 in.) thickness in the Crown rights district, with 
1000 metres working depth, at 5,630,838,000 tons ; 
with 1500 metres working depth at 9,412,800,000 tons; 
with a greater working depth at 32,928,000,000 tons. 
With an annual output of 11,000,000 to 12,000,000 
tons, the first of the above three aggregates would 
last some 500 years. Under the English way of calcu- 
lation—that is, including beds down to 30 cm. (12 in.) 
thickness—the aggregates, with the above three depths, 
become respectively 9,795,000,000, 15,574,000,000, and 
53,515,000,000 tons; so with an anoual output o! 
12,000,000 tons, the time of exhausting the mines 
would be respectively 816, 1298, and 4460 years 
distant. . 

As regards the coal deposits of the Nether Rhenish 
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and the Westphalian districts, it is pointed out that 
no definite estimate can be made as to the Ruhr wealth 
of coal. In calculations concerning it, three factors 
constantly change: the area of the coal - bearing 
districts, which expands at every successful boring; 
the depth to which the working of the coal may be 
considered practical from a remunerative point of 
view, and this factor, too, is constantly increasing 
through technical developments; and, finally, the 
lowest limit of the thickness of the beds which will 
allow of working with advantage. In earlier calcula- 
tions @ minimum thickness of 60cm. (24 in.) was 
adopted as the basis; at the present day beds of as little 
as 50 cm. (19 in. to 20 in.) capacity, or even less, are 
being profitably worked, when conditions are otherwise 
favourable. This will explain why the estimates of 
different experts vary considerably. They tend, how- 
ever, to show the very material development of the 
coal-mining in the Ruhr district during the last 
hundred years. Herr Jacob’s estimate in 1846 was 
11,100,000,000 tons, Herr von Dechen’s estimate in 
1858 was 35,000,000,000 tons, and Herr Kiiper’s 
estimate in 1860 was 39,000,000,000 tons. 

In 1892 Herr Runge estimated the workable coal 
quantity (half of the existing deposits) at 34,500,000,000 
tons ; a portion having already been worked, a balance 
of 33,000,000,000 tons remained. In the year 1900 Dr. 
Schultz calculated the capacity at various working 
depths, the area being put at 2900 sq. km. (1115 square 
miles). The } me pd of the coal in workable layers 
was by him fixed as follows :—11,000,000,000 tons 
down to 700 metres depth ; 18,300,000,000 tons from 


700 to 1000 metres depth ; 25,000,000,000 tons from | 2582 


1000 to 1500 metres depth ; or, in all, 54,300,000,000 
tons down to 1500 metres depth. Atstill greater depth 
Dr. Schultz estimated there existed the immense 
additional quantity of 75,000,000,000 tons. 

This calculation, or rather its foundation, cannot be 
verified at present. (Geheimer Bergrat Dr. Schultz 
has in the meantime died.) Thus it is impossible to 
ascertain what northern and eastern boundaries for 
his calculation of 2900 sq. km. area he adopted ; he 
probably only dealt with the area which, in the year 
1900, had been exploited or explored by borings. At 
the present day the area of available coal-fields in the 
Ruhr district is put at 4150 sq. km. (1600 square miles), 
and, accepting Dr. Schultz’s calculation of 18.7 metres 
(61 ft.) coal toa depth of 1500 metres, the original 
aggregate capacity of the above-mentioned area of 
4150 sq. km. should come out at 75,000,000,000 tons. 
Deducting from this the quantity already worked, say 
1,800,000,000 tons (from 1850 to 1909, 1,690,000,000 
tons, and some 100,000,000 tons previous to 1850), 
a calculated quantity of 73,200,000,000 tons remained 
at the end of 1909. Professor Dr. Krusch arrived at 
a still higher figare—viz., 83,200,000,000 tons, owin 
to his estimate being 20 metres (65 ft.) instead of 18. 
metres, he taking a more favourable proportion between 
coal and rock. 

Independent of the vast quantity of coal estimated 
by Dr. Schultz to be found beneath 1500 metres depth, 
the capacity of the coal deposits in the Ruhr district 
amounts to about four-fifths of the optimistic estimates 
of the English Coal Commission of 1905, so the coal 
deposits of England and Westphalia are about equal 
in capacity. The estimate of 20 metres average thick- 
ness of the Westphalian coal deposits is unquestionably 
& very cautious one. 

With regard to the further extension towards the 
north of the coal deposits within the Rhenish-West- 
er industrial district, Professor Krusch, on the 

is of new borings and of the results arrived at by 
the Dutch Government, holds that a continuous layer 
of coal extends from Westphalia over Holland as far 
as Aachen. Towards the north, more recent beds rest 
on the older ones, and the cval of the more recent 
beds in Westphalia generally contains a higher per- 
centage of gas-producing substance, the highest per- 
centage of gas hitherto arrived at being 45.2 per cent., 
or almost half the weight of the coal. 

As to the extension in a western direction of the 
Westphalian coal formation and its connection with 
the Aachen coal deposits, Herr Westermann maintains 
that all the different investigations absolutely point to 
the identity of the Aachen and the Westphalian coal. 
Further borings in the district between the Rhine 
and the Aachen coal-fields have confirmed Herr 
Westermann’s conclusions, and the connection between 
the Westphalian and the Aachen coal-fields can at the 
present day hardly allow of any doubt. The exten- 
sion of the Aachen layers as far as Erkelenz, Aldekerk, 
and Venlo, and that of the Westphalian as far as 
Krefeld, has been ascertained by borings. What this 
area contains of coal cannot yet be estimated, but it 
is likely materially to swell the amount of the coal 
ort of North-West Germany. The area of the 
Erkelenz-Briiggen district. coal-fields, which has been 
examined by borings, amounts to some 220 sq. km. 
(85 square miles). 

The number and the importance of the coal strata 
heaped on the top of each other in Upper Silesia are 
greater than in any other coal district. The formation 
in the Western portions of the industrial district 





obtains its importance from the fact that it almost 
everywhere carries beds of coal worth working. 
Equally worthy of notice is a group of beds, of 
which two are never below 5 to 6 metres (16 ft. to 
20 ft.), on an average 10 to 12, and in places 16 to 
18 metres thickness of pure coal. The aggregate 
thickness of the beds also exceeds that of the West- 
phalian and the English coal deposits. At Paruscho- 
witz a borehole has been carried to more than 2000 
metres depth, in which 70 out of 210 beds of coal, 
bored through down to 1180 metres depth, con- 
tained 26 beds of more than | metre thickness, amount- 
ing in the aggregate to 63 metres (206 ft.) of coal. 

roportionately still richer is the Crown bore-hole at 
Knurow, which between 318 metres (1043 ft.) and 
1171 metres (3841 ft.) depth passes through 69.3 metres 
(227 ft.) of coal. Altogether sixty-three beds of coal 
have been proved. Even proportionately better than 
these is a bore-hole at Zaboze ; between 250 and 675 
metres depth there were, amongst thirty-five beds, 
sixteen of more than | metre thickness, amounting in 
the aggregate to 44.1 metres (144 ft.) of coal. 

The Upper Silesian coal district comprises, according 
to recent investigations, some 5690 sq. kilom. (2188 
square miles). Deducting from these a portion where 
the workable beds are more scarce, or in any case 
(especially towards the east) cannot be worked to the 
depth of 1000 metres (3280 ft.), which is the basis for 
these calculations, 4211 sq. kilom. (1620 square miles) 
remain, which, according to the accepted basis for 
calculation, should contain 94,330,000,000 tons of coal 
suitable for working. Of the area just referred to, 
sq. kilom. are in Prussia, 1435 sq. kilom. in 
Austria, 194 sq. kilom. in Russia ; and of the calculated 

uantity of coal, about 57,820,000,000 tons are in 
russia, about 32, 170,000,000 tons in Austria, and about 
4,340,000,000 tons in Russia. From the above aggregate 
of calculated coal, some 990,000,000 tons must be de- 
ductedas having been worked from the year 1770 to 1907. 

Reckoning that Upper Silesia in some forty or fifty 
years will have reached the natural limit of her coal 
output, owing to her geographical position and the 
consequent limitation of her market, and putting 
this limit at two or three times her present produc- 
tion, the coal deposits of Upper Silesia, to a depth of 
1000 metres, are calculated to last about 800 years. 
Considering, however, that both in English and Bel- 
gian coal-mining a depth of 1160 metres (3804 ft.) has 
already been reached, and that the Tamarack copper- 
mine in State Michigan has been carried to a depth of 
1830 metres (6000 ft.), there can be no doubt that the 
1000 metres depth limit in Upper Silesia will in time 
be exceeded. As far as Prussia is concerned, these 
considerations may in any case be taken to raise the 
aggregate of available coal to some 80,000,000,000 to 
90,000,000,000 tons. 

The unfavourable geographical location of Upper 
Silesia, in spite of the coal requirements of the neigh- 
bouring countries, has prevented a growth in her 
coal production corresponding to that of the West- 
phalian coal-fields. It is only within the last six or 
seven years that the production of coal in Upper 
Silesia has shown a marked upward movement ; the 
annual output has risen to between 30,000,000 and 
40,000,000 tons, in spite of which the imports of 
English coal to the Baltic districts also show an 
increase, and are somewhat in excess of the quan- 
tities of Upper Silesian coal forwarded to these 

rts. On the Berlin market the proportion between 

pper Silesian and English coal is still less favourable 
to the former ; the increase in Berlin’s consumption of 
English coal is principally attributable to the active 
demand by the Berlin gas works and electric supply 
station for English gas coal and for coal producing but 
little smoke. 

Of Germany’s other independent coal] basins, only 
that of the Erzgebirge (Zwickau-Chemnitz) and the 
Nether-Silesian-Bohemian, or the Waldenburger basin, 
are of great importance. According to a careful in- 
vestigation undertaken in the year 1890, there were 
then in the deposits of the kingdom of Saxony some 
400,000,000 tons of coal ; the production has now risen 
to about 5,500,000 tons per annum. Calculating 
on this basis, the coal deposits of the kingdom of 
Saxony are not likely to be long-lived, but may be 
expected to be exhausted about the year 1980, the 
more £0 as investigations point to the fact that no 
fresh discoveries of coal deposits may be expected. 

In the Waldenburg-Schatzlar coal-fields matters are 
more favourable. In the northern mining districts 
of the Prussian portion a careful calculation under- 
taken in the year 1890 resulted in an agere te of 
935,000,000 tons of coal being available in the deposits 
of the Breslau mining district. Although the pro- 
duction has increased materially during the last two 
or three decades, now approaching 6,000,000 tons per 
annum, the deposits are likely to last for a couple of 
centuries, even if the period of 250 years calculated in 
1890 may prove excessive. 

The Nether-Silesian-Bohemian coal deposits extend 
to avery great depth; in a borehole at Friedland, 
near the frontier, formations of coal were found at a 
depth of as much as 1570 metres. It may be taken 








for granted that the coal deposits in these regions, 
generally speaking, extend to great depths, except 
where upheavals of the strata have altered their 
position. Investigations have shown that proper, but 
apparently slightly dislocated coal-carrying strata of 
the Bohemian-Nether-Silesian coal-fields lie at a ter 
depth than 1600 metres (5300 ft.), and with the 
present state of technical resources, that means that 
they do not count for practical productive purposes. 
Taking present systems of working, only small exten- 
sions of the existing coal-mines may be looked for in 
the district of Neurode, and probably, also, south of 
Waldenburg ; the prospects are better in the north- 
eastern portion of the basin between Griiszau and 
Landeshut. An extension of the coal-mining of the 
district by the opening out of new mines can hardly 
be looked for; the duration of the deposits may be 
put at from 200 to 250 years. 

Summing up the coal deposits of Germany, the fol- 
lowing conclusions may be drawn :— 

The two most important German coal-fields, those 
of Upper Silesia and the Nether-Rhine- Westphalian 
district, as far as can be gathered from the present 
somewhat inadequate data, each boasts a quantity of 
coal which, in any case, may be estimated to equal 
the aggregate coal wealth of England. 

Added to these is the Saarbriicker district, extend- 
ing towards Pfalz and Lorraine, with from 7,000,000,000 
to 8,000,000,000 tons of coal within the narrower Saar 
district, besides the Nether-Silesian and the Saxony 
coal deposits, which, however, are of smaller im- 
portance. 

Owing to the marked compactness of the German 
inated and their comparatively limited areas, an 
increase in the production such as has taken place in 
Great Britain and the United States is not possible, 
and the time when the two principal German coal- 
fields will be exhausted may, therefore be put as more 
than a thousand years distant. 








Tuk INTERNATIONAL Roap Concress, Lonpon, 1913. 
—The questions to be considered and discussed at the 
third International Road Congress (London, 1913) have 
now been settled by the local organising committee, with 
the concurrence of the committee of the Permanent 
Association of Road Congresses. There is a list of the 

uestions on which papers are invited, and on which 

iscussions will take place at the Congress in June, 1913, 
and a list of the subjects on which communications are 
invited, but on which no discussion will take place. 
committee has been nominated to select the authors 
of the papers for the first section (Construction and 
Maintenance of Roads); and a second committee, to 
select writers on the questions in the second section 
(Traffic and Administration). Engineers, surveyors, and 
individuals engaged in public administration who have 
made special studies of one or more of the subjects in- 
cluded in the questions, and who are in a position to com- 
municate papers or memoranda giving data and results 
from personal investigation since the Brussels Congress 
in 1908, are invited to communicate with the hon. general 
secretary at the Road Board offices. An exhibition of 
road-construction machinery and appliances will also 
be held at the Royal Horticultural Society’s Hall, 
Vincent-square, Westminster, S.W., and on adjoining 
ground, during the week of the Congress. Forms of 
application can be obtained from Mr. W. Rees Jeffreys, 
honorary general secretary, the Road Board, Queen 
Anne’s Chambers, Westminster, 8.W. 





Srreet Dust anD Mup Co.tiectine.—The problem of 
cleaning the streets of large cities isa very difficult one, 
and no improvements of real importance have for a long 
time been made. The system that is most largely used is 
the crude one of washing the streets at night by means of 
hoses, the water and dirt finding their way into the drains, 
which conduct them tosettling-tanks, the effluent being dis- 
charged into the sea or river, and the sediment put in barges 
and carried out to sea or otherwise deposited at a great 
cost. Now that motor vehicles are rapidly replacing horse- 
drawn vehicles the dust in large cities is ming very 
objectionable, as every passing motor-omnibus or car 
raises behind it a cloud of dust, with the result that 
dwellers in cities suffer much during the summer months 
from sore eyes and throats, in addition to which infectious 
diseases, such as consumption, are spread. In order 
to mitigate this evil, Mr. Caen, of 1 and 2, 
Old Pye-street, Westminster, 8.W., has for some time 
been carrying out experiments with a view of devising 
a motor vehicle which would move at the same rate as 
the traffic and continually raise the dirt from the streets 
as it is formed, without raising dust. Such a system 
would have the advantage that in rainy weather there 
would be little or no mud, and the greasy and slippery 
state of the street after a shower would be avoided. 
Attempts have before been made to effect the continuous 
collection of dust and dirt by means of pneumatic 
suckers, but the difficulties have hitherto been insur- 
mountable, due to the choking of the nozzles and the 
difficulty of separating such large quantities of dust from 
the air as well as of creating sufficient vacuum. Mr. 
Cowper-Coles claims now to have overcome these diffi- 
culties by a combined brushing and pneumatic arrange- 
ment, so that a motor trolley can be run amongst the 
traffic, and the asphalte and wood-paving of the streets 
kept free from dust and dirt at all times. The new system 
is to be put to a practical test on the roads shortly, and 
we then hope to give an illustration and detailed descrip- 
tion of the appliance, 
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THE WORKS FOR THE WATER SUPPLY 
OF BIRMINGHAM FROM MID-WALES.* 


By E. L. Mansercu and W. L. Mansercu, 
MM. Inst. C.E. 


Tue Elan supply scheme was originated in 1890 by the 
late Mr. James Mansergh, F.R.S., M. Inst. , in 
consequence of the inadequacy of the then existing sources. 
These, consisting of five local streams and six wells in the 
new red sandstone, had proved insufficient to meet the 
needs of the city and district, which then had a popula- 
tion of about 648,000, Investigation having shown that 
no extension of the local sources would be satisfactory, the 
Welsh scheme was laid before Parliament in the Session of 
1892, and the necessary powers were obtained. The water- 
shed of the Elan and Claerwen, which is situated in 
Radnorshire and Breconshire, has a gross area of about 
7! square miles, and a mean rainfall of 65 in. per annum. 
The collectable rainfall ises imated by the authors at 37 in., 
giving an average yield of 102 million gallons per diem. 
The first instalment only, that is, works for the supply 
of 25 million gallons per day at Birmingham, and the pre- 
seribed quantity of compensation-water to the river, 
namely, 27 million gallons per day, has been constructed ; 
but the powers granted cover the full utilisation of the 
yield of the wa'ershed and works necessary fer a total 
supply of 75 milion gallons per day to the City and 
district. 

Three reservoirs have been constructed: the Caban 
Céch, which is a combined supply and compensation 
reservoir, containing 7815 million gallons, with a dam 
122 ft. high; Pen-y-gareg, for supply only, containing 
1330 million gallons, with a dam 133 ft. high ; and Crai 
Goch, also for supply only, of 2000 million gallons, wit 
a dam 120 ft. high. These reservoirs are all on the River 
Elan, and three more, on the Claerwen, are contemplated 
when the demand for water justifies their construction. 
For one of the latter—the Dol-y-mynach reservoir—the 
foundations and lower part of the dam have been already 
built in order to get the work above flood-level of the 
Caban Céch reservoir. A submerged dam kas also been 
constructed in Caban Coch ‘reservoir to maintain such a 
water-level as will charge the aqueduct to Birmingham. 
From the Claerwen Valley a tunnel has been driven con- 
necting it with the latter reservoir above this submerged 
dam, in order to bring into supply the dry-weather flow 
of that river. 

The compensation water which has to be discharged 
into the river day by day in a regular flow has been 
utilised to produce water under pressure to work a large 
number of valves in connection with the Caban Céch dam 
and the i ag sag =f the _—_ of the aqueduct, an 
also electricity for lighting and power pur e 
latter is required at the head of the ham in con- 
nection with an installation of roughing-filters, which had 
to be made in order to free the water from germs which 
elsewhere had been found to cause deposit in cast-iron 
pipes. Ashort permanent line of railway was constructed 
from the Mid-Wales Railway near Rhayader to the 
lowest dam, and while the works were in progress some 
36 miles of main line and sidings were constantly in use. 
In addition, a number of ancillary works, such as roads, 
bridges, culverts, &c., were constructed on the water- 
8. ° 
The aqueduct, which is nearly 74 miles in length, 
consists of two main classes of work—conduit in tunnel 
or cut and cover, and steel or cast-iron pipes, under 
pressure, crossing valleys. There are fifteen tunnels, with 
an aggregate length of 12? miles, and the cut-and-cover 
conduit is about - miles in length. The inverted 
siphons, of which there are eleven in all, have an 
aggregate length of nearly 36} miles, and the pressures to 
which they are subject range between about 25 lb. and 
250 lb. per sq. in. The pipes in the siphons vary from 
41 in. to 42in. in internal diameter, according to the 
gradient obtainable, and are for the most part of cast 
iron, but for pressures over 400 ft. of head welded steel 
pipes were used. Out of an ultimate total of six lines in 
each siphon, two only have been laid for the first 
instalment. The ruling gradient for the conduits, which 
are haystack-shaped, approximately 8 ft. by 8 ft., is 1 in 
4000, and that for the pipe siphons is 1 in 1760. 

At the heads of all the siphons rather elaborate auto- 
matic arrangements are made to cut off the water in case 
of a pipe bursting, and also at the outlet ends to prevent 
water flowing back under similar circumstances. Sluice- 
valves, air-valves, and washouts of the usual description 
are provided on the lines of pipes. With a few excep- 
tions the pipes are carried over all streams and rivers 
crossed, and this has involved the construction of several 
large bridges, the chief of which is at the crossing of the 
River Severn between Bewdley and Arley, where the 
river itself is spanned by a handsome steel arch of 150 ft. 
span. 
Phe aqueduct terminates at the Frankley service reser- 
voir, about 6 miles to the south-west of the centre of the 
city. This reservoir, which holds alittle over 200 million 
gallons, issami-circular in plan, divided into two segments; 
it is about 30 ft. deep, and is constructed of concrete, 
lined with asphalt and blue brickwork. Eighteen ordi- 
nary slow sand filters, having an aggregate area of about 
14 acres, have also been installed, as all the water is 
filtered before use. Although the top-water level of the 
reservoir, 603 ft. above Ordnance datum, is high enough 
to supply water to the greater part of the city and 
district by gravitation, pumping had to be resorted 
to for certain parts. A pumping-station is therefore 
provided to raise water to two high-level service reser- 
voirs, the one about # mile to the south, and the other 


* Abstract of a paper discussed at the ordinary meetin 
of the Institution of Civil Engineers on Tuesday, April . 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 11. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in oes 70 lb. to801lb. The metal 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


in-plates are per box of I.C. cokes. 





about 34 miles to the north of Frankley Reservoir, 
each of about 1} million gallons capacity. Approximately 
18} miles of 43-in. and 42-in. cast-iron mains have been 
laid to carry the water into the trunk mains in the city. 

The works in the valleys were carried out by direct 
administration, and the remainder by contract, and the 
total cost of the whole of the works, including land, was, 
in round figures, 5,7: 





Automatic Firr-ExTincuisHers.—The Junior Insti- 
tution of Engineers have republished a revised edition of 
the paper on ‘* Automatic Fire Extinction as Applied to 
Factories,” which was contributed to their Proceedings 
in 1908 by Mr. G. F. Bullock, Chief Surveyor to the 
Union Assurance Society, Limited. This step has been 
taken owing to the steady demand for the paper having 
exhausted the stock of surplus copies. A thorough re- 
vision has been made of the text, and there is incorporated 
the latest rules of the fire offices. As it stands the paper 
probably constitutes the most complete compendium on 
the subject in question at present accessible. Copies, 
price 1s. a. post free, can be obtained from the Institu- 
tion’s publishers, Messrs. Percival Marshall and Co., 26, 
Poppin’s-court, E.C, 





InsTITUTE OF SaniTaRy Encinrrers.—The Examina- 
tion Board of this Institute, under the lead of their chair- 
man, Professor Henry Adams, M. Inst. C.E., recently 
submitted to the Council of the Institute a record re- 
commending the reorganisation of their examinations 
upon a broader basis. ‘he Council has now adopted 
the report, a new syllabus has been drawn up, and the 
Board of Examiners has been augmented. The new 
scheme will be in working order for the next examination, 
to be held in May, and particulars will gladly be forwarded 
to anyone who asks for them from the secretary, at 120 and 
122, Victoria-street, Westminster, 8S. W. 


H.M.S. “ Arrack.”—H.M.S. Attack, one of the specia! 
destroyers with superheaters, built for the British Admi 
ralty by Messrs. Yarrow, of Glasgow, had a very suc- 
cessful official full-speed trial on Saturday, March 30, on 
the Skelmorlie deep-water measured mile st the mouth 
of the Clyde, Te mean speed during a continuous 
run of eight hours of 30.6 knots, thus exceeding the con- 
tract speed of 28 knots by 2.6 knots. The vessel is 240 ft. 
long by 25 ft. 7 in. beam, propelled by Brown-Curtis 
turbines driving twin-screws, steam being supplied by 
three Yarrow water-tube boilers fitted with the firm’s 
most recent supe: heatiug and feed-heating devices. 
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SUPERHEATERS IN MARINE BOILERS. 


Results of Experiments with a Water-Tube Boiler with 
Special Reference to Superlieating.* 


By Harotp E. Yarrow, Associate Member. 


Tue author’s firm, having recently tried some important 
experiments with a water-tube boiler, it was thought that 
the results would be of interest to the institution, and he 
therefore ventures to bring them before this meeting. 
Being convinced that superheating is one of the directions 
in which advances in marine engineering will be made, a 
water-tube boiler was constructed which was fitted with a 
special form of superheater. The objections which have 
hitherto been raised to superheating for marine work 


are :-— 

1. Owing to the dryness of the steam, oil for the internal 
lubrication in reciprocating engines becomes a necessity, 
and hn oil, finding its way into the boiler, leads to 
troubie. 

2. The probability of burning the superheater when the 








no fewer than 500 locomotives are now running fitted 
with superheaters. Taking the average of several land 
turbine installations, there is found by superheating to 
100 deg. Fahr. to be a saving in consumption of fuel of 
from 8 to 10 per cent., and in steam consumption from 
10 to 12 per cent. The reduction in steam consumption 
is specially important for marine work, as it enables a 
a to be made in oo ae and ar A the con- 

lensers, air-pumps, circulating-pumps an ~pumps, 
and probably of the distilling plant. Independent of the 
gain directly due to superheating, the risk of water pass- 


A further advantage of this arrangement is that when 
the consumption of steam is suddenly reduced or stopped, 
not only does the damper prevent the superheater tubes 
from being burnt, but it also greatly diminishes the out- 
put of the boiler at the time when a reduced supply of 
steam is wanted, use only about one-half of the 
heating surface comes into contact with the hot gases. 
To avoid the possibility of the damper getting distorted 
through overheating, it is provided with a hollow spindle, 
to which air is admitted, and which passes from thence 





1 ) between the two plates of the damper, escaping at the 
ing into the turbine from any cause whatever is reduced, | edges, and thus keeping the damper cool. This arran 
and the fear of damage in consequence of water — | ment of damper has proved thoroughly successful under 
the <—s or cutting of the blades is diminished, and | the most trying conditions 
any additional cost of upkeep of the superheater will | In order to carefully measure the temperatures of the 
doubtless be fully balanced by the diminished risk of | Superheated steam, and of the gases, a complete installa- 
injury to the turbine-blades by the action of water when | tion of thermometers and pyrometers was fitted to the 
using saturated steam. boiler, and the author has to thank the director of the 
Turning now to the design of the boiler and super- | National Physical Laboratory, Dr. Glazebrook, and Dr. 
heater with which the various experiments were carried | Harker, for the assistance which they kindly afforded 
out, and referring to Fig. 1, which shows a cross in the selection of the most reliable instruments for 
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passage of the steam through it is suddenly reduced or 


mee. - 
3y the introduction of turbines the difficulty of lubri- 
cation does not occur, and with regard to burning the 
superheater tubes, the arrangement adopted by the 
author’s firm avoids this risk. 

The boiler with which these tests were made was of the 
Yarrow type, and was fitted up in an experimental shop, 
which is equipped with the necessary plant for making 
very complete tests. Throughout the experiments oil- 
fuel only was used ; and as it is possible with oil to main- 
tain steady and uniform working conditions, very accurate 
results were obtained, which would not have been possible 
with coal, in which case irregularity of stoking and other 
sources of discrepancy occur. During the experiments 
careful records were taken of the oil consumed, the water 
evaporated, steam pressure, temperature of the super- 
heated steam, and the temperature of the gases at various 
points during their passage past the boiler-tubes. 

__ As is well known, superheating is very largely adopted 
in land installations, and in locomotives it is being rapidly 
imtroduced. From information kindly given by the 
locomotive superintendents of the main railway lines in 
this country, it appears that the economy realised in 
locomotives due to superheating averages fully 20 per 
cent. in fuel consumption, and rather more in water con- 
sumption. It may perhaps surprise many marine engi- 
neers to know that on the Great Western Railway alone 


* Paper read before the Institution of Naval Architects, 
March 28, 1912. 











section of the boiler, it will be 
seen that it consists of a topsteam- 
collector, as usual, and two lower 
water pockets. On the left-hand 








side the superheater is shown, . 
and it will be observed that on this side of the boiler 
there are fewer rows of generator tubes than on the other 
side, where there is no superheater, it being thought 
desirable that the total heating surface and the resistance 
to the gases on both sides of the boiler should be approxi- 
mately the same. The total heating surface of the boiler 
was 6700 sq. ft., of which 1265 sq. ft. consisted of super- 
heating surface ; the total-heating surface on the super- 
heater side of the boiler was 3453 sq. ft., and on the 
other side 3247 sq. ft. 

The superheater consisted of a number of U tubes 
expanded into two longitudinal collectors, small doors 
being fitted so that access to the tubes could be obtained 
when required. The leading feature of the arrangement 
is that the superheater is placed on one side of the boiler 
only, and a damper is fitted in the up-take on the same 
side, as shown on the diagram. If this damper is closed, 
the whole of the gases are deflected towards the opposite 
side of the boiler, and no heated gases pass the super- 
heater, the object being that if the main engines should 
be suddenly eased or stopped, or when raising steam, the 
superheater may be shut off, so as to prevent the tubes 
being damaged, or the steam being superheated to an 
excessive extent, owing to there not being sufficient circu- 
lation of steam. In this way one objection to the introduc- 
tion of superheating for marine installations is overcome. 





. Turning to Table A, 


467, giving parti- 
culars of a series of trials with the damper open, it will be 
seen that the results are given for six rates of evapora- 


this pu 


tion. It will be observed that at the maximum rate of 
evaporation—namely, when burning 1.237 lb. of oil per 
sq. ft. of heating surface per hour—the degree of super- 
heat was 93 deg. Fahr. Corresponding figures are given 
at the lower rates of evaporation. 

Passing now to similar trials with the damper closed, 
and for which the heating surface of the boiler is assumed 
to be that of the large nest of generator-tubes —z. as all 
the gases have to pass on that side of the boiler, the 
results of this series are shown on Table B. __ : 

As one of the objects of the marine engineer is to obtain 
more and more steam from a given weight of boiler, it was 
thought it would give useful information to make tests 
burning oil-fuel at a rate of consumption considerably 
greater than has hitherto been the custom, to ascertain if 
the Loiler would, under such conditions, show any defects. 
It will be seen from Table B, that at the highest rates of 
evaporation nearly 2 lbs. of oil per “7 foot of heating 
surface per hour were being consumed, if we disregard the 
heating surface on the superheater side of the boiler. 
Thus the surface on the opposite side of the superheater 
was subject to the heating effect of all the gases plus half 
the radiation. Every part of the boiler withstood the 
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severe test, and trials burning this quantity of oil were | 


made on several occasions. 


inside tends to expand, and this expansion is resisted by 
the colder metal on the outside ; consequently, if the tem- 


The results of other ry indicate that in a| perature difference is great enough, the metal will be dis- 


properly-designed boiler of the type under discussion 
it m! pease to burn, without injury to the boiler, 2 lbs. 
of oil per square foot of heating surface per hour. 

Since these experiments were carried out the official 
trials have taken place with one of the destroyers built by 
Messrs. Yarrow and Co., Limited, H.M.S. Archer, in 
which boilers fitted with superheaters were provided. The 
result of these trials showed that the gain expec 
was a | realised, and on the full-speed trial the degree 
of superheat at the turbines was 94 deg. Fahr. ; the shaft 


Fig.5. 
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G —s Chamber 
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torted and perhaps strained beyond its elastic limit. For 
this reason, the design of the ribs should be carefully 
considered, the thickness of metal throughout the structure 
beiug kept as uniform as possible. 

These experiments have also been the means of pointing 
out another important improvement in the Yarrow 
boiler, and Fig. 2 has been prepared, which _ illus- 


ted trates the ordinary type of boiler without superheater, 


from which it will be seen that the last two rows 
of tubes farthest from the fire are partitioned off for 












Fig.7. 
Air Cooled Damper — 
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in Fig.2. This action took place intermittently, and the 
water-pockets locally changed their temperature, one 
portion of the water-pocket being one minute hot, and 
another minute comparatively cool, dependent upon 
the working of the feed-pump. The strain thus thrown 
on the metal of the water-pockets by this short-circuit- 
ing of the feed was evidently severe, and resulted in 
the leakage of the seams. Having discovered the cause 
of the trouble, it was not difficult to find a remedy. 
It was found that by simply placing a longitudinal parti- 
tion plate in the upper chamber, so as to avoid the short- 
circuiting of the feed, all difficulties ape ae one This 
plate is shown on the right-hand side of the diagram 
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horse-power developed was slightly over 18,500, which 
compares with about 17,000, which is the shaft horse- 
power the builders expected had the boilers been of 
the usual type. The mean speed obtained on the six runs 
on the measured mile at Skelmorlie was 30.9 knots, and 
the mean speed for eight hours 30.3 knots, the contract 
speed being 28 knots. 

One point to which Mr. Charles Merz (to whom the 
author is greatly indebted for much valuable informa- 
tion) has drawn attention is the necessity, with super- 
heated steam, of efficiently covering the high-pressure 
portions of the turbine cylinder with non-conducting 
material, because the metal on the inside of the cylinder 
in contact with the steam becomes hotter than that on the 
outside, especially at the edges of flanges and ribs. The 








the feed-water toascend. When working the boiler at high 
rates of evaporation, it was found that notwithstanding all 
possible precautions, even with turned rivets and consteliy 
reamered holes, it was impossible to prevent the riveted 
seam of the water-pockets from leaking. It was found the 

et was sometimes hot and sometimes cool ; indeed, 
in places sufficiently cool to be able to bear one’s hand 
on it. These trials were frequently repeated with the 
same result, and ultimately the cause was found out. The 
fact was that the suction down the tubes which were in 
close proximity to the feed-heating tubes was so great 
that the cool feed-water which had passed up the feed- 
heating tubes was instantly drawn down into the water- 
pocket without having had time to mix with the hotter 
water in the upper 


Ve Lines 
ons. 


Rate of | 16Lbs. of 
5g. Ft. of Heating 


O O 


only, but in practice would, of course, be fitted on both 
sides. The same trouble has before been met with, 
especially abroad, but the true cause was never suspected ; 
it was generally put down to inferior workmanship. Even 
when no trouble is experienced it is evident that serious 
and undesirable strains must at times be taking place, 
which may in the end lead to the failure of the metal, 
due to constant fatigue. By the fitting of this partition 
plate, however, all such strains are eliminated. 

Fig. 3 has been popuet to show the positions of the 
pyrometers. Table C, Fig. 8, shows the temperature of 
the gases at various points in the boiler. e vertical 
lines correspond to position of the pyrometers as 





ber, as indicated by the arrow | 


shown. The upper curve indicates the gas temperatures 
at a rate of evaporation of 16 Ib. of water per sq. ft. of 
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TABLE A.—TrRIAts witH DampER OPEN. 
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sé bo ee Ss =5 |From anp at 212 pre. | 

Ee a Q 5 & ok PA |Pounds of Oil Tempera- |Temperature be- Urrake Ix Dee. Fanr. 
ae” <i sg £= S 2 | Fuel Burnt “ture of | tween Small 

2 © = ss —— ——_—_——_———_ 
Ez S 2 es nat 7 E | Pl Square) Feeq. | Nest i Se. 

are 4 © = y y, root of Heat- rator an re Large 
ae | = e & 3 < Ss: soe yy eon Poot ing Surface Deg Fale. Superheater in Above .-—— of 
go3| 89 es E sé 5 2 © | Pound of Heating | Pet Hour. Deg. Fahr. — Generator 
gue] B™ <" £5 E== of Oil. Surface. | * Tubes. 
242.0 93.5 5.0 94,659 8286 146 18.0 1.237 58.0 1121 828 887 
243.0 93.0 3.16 76,021 6454 15.0 14.4 0.9635 63.5 926 698 727 

243.7 82.5 2.44 68,387 5695 15.2 12.9 0.850 63.5 903 685 | 688 

242.8 61.1 17 46,041 3630 15.9 8.6 0.542 64.0 647 536 551 
241.8 | 381.0 0.993 20,059 1540 16.1 3.7 0.230 62.2 481 432 448 
242.2 | 20.75 | 0.625 8,478 649 16.1 1.55 0.096 63.5 465 409 416 

| 
{ Large nest of generator tubes 3247 sq. ft. ' 
Heating surface | Small nest of generator tubes 2188 ,, 6700 sq. ft. total. 
\ Superheater - = = pe = - 1265, 
On these trials the heating surface is taken as the total heating surface of 6700 sq. ft. 
TABLE B.—Taiats with Damper Suvr. 

Steam | Pounds From Anp at 212 Dre. Fane. Pounds of Oil- | Temperature of 
Pressure, Air | Pounds of Oil- Fuel Burnt Temperature Uptakes, in Deg. 
Pounds Pressure,| of Water Fuel per Squar e Foot of Feed Fahr., above 
per Inches of | Evaporated Burnt Water per | Water per Square of Heating Water in Deg. Large Nest of 
Square Water. | per Hour. per Pound of | Foot of Heating Surface per Fahr. Generator- 

; Hour Tubes. 

Inch. } our. Oil. Surface. . 
oy ry aT) 1325 | 25.66 1.936 61.0 913 
242.25 3.97 57,093 5065 13.84 21.6 1.56 60.0 843 
242.4 2.491 44,050 3504 15.3 | 16.5 1.09 60.3 673 
242.5 1 46 31,481 2473 15.4 11.75 0.76 63.5 603 


Large nest of generator tubes. . 


Heating surface { Small nest of generator tubes. . 
Superheater ta oe 


3247 aq. ft. 
2188 _ ,, 
1265 


} 700 sq. ft. total. 


” 


On these trials the heating surface of boiler is taken as heating surface of large nest of generator tubes = 3247 aq. ft. 


heating surface, and the lower curve represents the gas 
temperatures at a rate of evaporation of slightly over 
3 1b. per sq. ft. of heating surface. The horizontal lines 
represent temperatures, and the line BC represents the 
temperature of the steam at 200 lb. pressure, and the 
line E F the temperature of the air-pump discharge taken 
at 78 deg. Fahr. d 

It will be observed that a very great drop in tempera- 
ture takes place during the of the gases through 
the first rows of tubes, showing the large proportion of 
heat that is taken out of the gases by these tubes. Also, 
it will be observed that there is a sudden drop in the 
temperature at A and A’—that is, where the gases pass 
through the last rows of tubes. This is due to the fact 
that the cold feed-water (which enters a portion of the 
water pocket) abstracts a greater amount of heat from 
the gases in ascending the two outside rows of tubes than 
would be the case if these tubes were full of water at 
the temperature of the steam. _ ae 

Referring to Table C, given in diagram form, it will be 
seen that the temperature of the at the point A’—1.e., 
just prior to the gases passing the feed-heating tubes—is 
about 550 deg. Fahr., and the temperature of the steam 
at 200 lb. pressure is 388 deg. Fahr., a difference of only 
162 deg., whereas the temperature of the air-pump dis- 
charge of 78 deg. Fahr. gives a difference of 472deg. This 
clearly shows the gain due to this system of feed-heating, 
and the desirability of extending it, which can be effected 
by having separate water-collectors and feed-heating tubes 
apart from the main water-collectors and main generator 
tubes—i.e., there would be two water-collectors on each 
side of the boiler, the tubes connected to the top one 
acting as a feed-heater, and such a design of boiler is 
shown in Fig. 4. ; 

It should also be pointed out that there is a supple- 
mentary and an important advantage in this feed-heating 
—namely, that any grease or sediment that comes over 
with the feed is deposited in these tubes, which are not 
subject to fierce heat, rather than in those near the fire, 
which are exposed to the intense radiation of the fur- 
nace, and thus the life of the boiler is prolonged. With 
the introduction of oil fuel some such arrangement is the 
more necessary, because it has been found that the oil- 
heaters leak, with the result that oil mixes with the 
steam and passes ultimately into the boiler. d 

As the author thought it would interest the meeting to 
indicate some of the arrangements for superheating and 
feed-heating which may be adopted with a view to still 
further improving the results in connection with such a 
boiler as the con elas dealt with, he begs your reference 
to three illustrations. ’ 

Fig. 5, it will be seen, shows the superheating tubes 
united to the steam-drum, and to a steam-receiver suffi- 
ciently large for a man to enter, the tubes being expanded 
at both ends. In this arrangement all the tubes are 
straight, a condition much appreciated by many autho- 
rities ; and also there is an additional aaeeainas by this 
system, as the superheating tubes on the one side of the 
boiler and the feed-heating tubes on the other side of 
the boiler are of such a length that they can be withdrawn 
and replaced from inside the steam-drum. 

Fig. 6 shows a set of U-shaped tubes placed between 
the generator-tubes and the nest of feed-heating tubes, 
the nest of generator-tubes being recessed for about two- 
thirds of its length to receive the superheater. The ends 
of the superheater-tubes are expanded into two longitu- 
dina! steam-receivers. This arrangement will probably 

the most efficient for a given quantity of heating 
Surface. 

Fig. 7 shows the superheater-tubes placed at right 
angles to thegenerator-tubes. This arrangement has the 
advantage that all the tubes are straight. 





It should be | 


noted that the arrangement of running the tubes at right 
angles to the generator-tubes has already been adopted in 
boilers of certain warships constructed by Messrs. John 
Brown, and also by Messrs. Yarrow, with the exception 
that a superheater was fitted on both sides of the boiler, 
and was, therefore, not under the same control as in the 
case of the superheater fitted only on one side in conjunc- 
tion with a damper. 

It is pro in some cases to have an additional 
damper on the opposite side to the superheater, the two 
dampers being arranged so that either can be open, or 
both open, but under no condition can both be closed. 
This enables the superheater side of the boiler to be used 
to a greater or less extent as desired. When cruising at 
a slow speed this arrangement may ibly lead to a 
more mean, —— than if a = of the boiler 
are eq’ y free for the passage of the hot gases. 

sutong by the best practice in land installations, 
100 deg. Fahr. superheat is by no means the limit that 
can be adopted with advan It is reasonable to 
suppose that the requisite condition to be desired is that 
the steam should remain in gaseous form as far as possible 
during its passage —~ = the turbine, because any con- 
densation that takes place must diminish the energy 
given out by the steam to the blades of the turbine, also 
if the steam remains in gaseous form the steam friction 
is reduced. 

The author submits, from the results of the accumulated 
experience of others, and from his own experiments, 
that there will be a certain gain by the use of superheated 
| steam of from 8 to 10 per cent. in fuel economy when 
| using 100 deg. Fahr. of superheat, and from 11 to 13 per 
|cent. gain when using 150 deg. Fahr. of superheat in 
combination with a pressure of 200 lb. per square inch. 
Also a further gain in fuel economy can be obtained by 
an efficient system of heating the feed from the gases 
after they have passed the generator tubes, so that some 
of the remaining heat should be absorbed which would 
otherwise be lost. Although the experiments were made 
| with an oil-burning boiler, the various arrangements as 
| shown in the diagrams would be equally suitable if coal 
were used, and there is no reason to suppose that similar 
advantages could not be obtained. . 
| (With regard to the relative weights of boilers with and 
| without superheaters, provided the total heating surface 
were the same, there would be no appreciable difference. 
If, however, the complete machinery installation is taken 
| into account, there would probably be a small saving in 
| weight in the case of the installation with superheated 
steam. The author therefore submits that in the propelli 
machinery of warships improved results can be obtain 
by superheating, without increased weight, cost, space, 
or upkeep, and a further extension of feed-heating by 
the waste gases. 

In conclusion, the author thanks those gentlemen who 
have assisted in carrying out the experiments he has 
had the privilege of describing, and also those who have 
assisted in the ey of this paper, especially his 
father, Mr. A. F. Yarrow, Mr. Crush, Mr. Marriner, 
Mr. Cotton, and Mr. Stone. 














CanapDIaAN EvectrricaL DeveLopmEeNnT:—To meet the 
in demand for electric power the Electrical 
Development Company, of Niagara Falls, is about to 
commence extensive additions to its power-house. The 

uipment and addition to the house will cost upwards 
of 200,000 dols., while more power units are to be in- 
stalled, increasing the power development from 80,000 
to 120,000 horse-power. The line to Toronto will also 
probably be duplicated. The extensions proposed by the 
company will involve an outlay of about 1,000,000 dols, 








ON THE SOLIGNAC-GRILLE BOILER AND 
ITS APPLICATION IN FRENCH CHANNEL 
STEAMERS.* : 

By G. Hart, Member. 


Tae Soli -Grille boiler with small water-tubes differs 
considerably from the boilers with tubes of small diameter 
heretofore in use. The principle adopted for circulating 
the water and passing the steam through the tubes is 
quite different in these boilers, It is based upon the in- 
troduction at the orifice of the tube, on the feed-water 
side, of a supplementary resistance preventing any 
tendency to reverse the direction of flow of either fluid. 
It is desirable, therefore, before considering the Solignac- 
Grille boiler, to deal briefly with the theoretical and 
experimental reasons which have led to the employment 


- | of a device adopted for insuring a regular circulation. 


InTRODUCTORY REMARKS. 


If one considers a bubble of steam originating at the 
lower side of an inclined tube full of water, it is found 
that this bubble rises vertically until it reaches the upper 
side of the tube, inst which it impinges at an le 
depending on the inclination of the tube. The bubble 
then travels along the upper side and expands under the 
action of ‘heat, while it also tends to escape out of the 
tube. But its escape is rendered difficult by the fact that 
there is, above the outlet of the tube, a pressure due to 
the head of water separating the tube from the water 
surface, and also that due to the pressure in the boiler. 
The escape, therefore, cannot take place until the pressure 
of the steam, which accumulates at the upper portion in 
the form of a steam pocket, is sufficient to overcome the 
resistance, and it then takes place suddenly. It is followed 
immediately by a return of the water, in which steam 
bubbies are again formed, until a new steam pocket is 
formed. These sudden escapes of steam and consequent 
return of water give the steaming a tumultuous character, 
very liable to disturb the circulation and to produce 
priming, because the steam has, before escaping, to 
through the water surface. It follows from this periodical 
escape of steam that the tube is not completely ited with 
water. Its upper portion is filled with steam, so that the 
metal is very unequally cooled, which frequently causes 
the tube to bend, and creates loca] deformations. 

The hydrostatic force of the ascending steam bubble 
can be resolved into two components, one perpendicular 
to and the other parallel with the axis of the tube. It is 
this second force which causes the steam to ascend along 
the tube. If the entire length of the tube is exposed to 
the action of the heat, every cross section of the tube is 
cut by a series of ascending streams which make both the 
water circulation and the escape of steam intermittent, so 
that both will depend mainly on the application of heat 
to the tube, and on its distribution. If the tube is un- 
equally heated, it may even happen that, if for any 
reason such as the rolling or pitching of a ship, its 
inclination to the horizon varies, the direction of the 
water circulation and steam escape is reversed, and that 
the steam escapes now at one, now at the other, end of the 
tube. A variation in the distribution of heat along the 
tube or in the amount of friction which the steam has to 
overcome before it can escape causes the same result. 
Such reversals of the water circulation are found frequently 
in marine-boilers with water-tubes slightly inclined to 
the horizon, principally when the tu are of large 
diameter. These boilers are subject to frequent reversals 
of circulation, and when the head of water above the tubes 
is considerable they are sometimes liable to very violent 
motions of the water. 

Mr. Bellens, in the course of his investigations on 
water circulation in boilers, made a series of experiments 
from which he has been able to ascertain the cause of such 
reversals of circulation. He observed, moreover, that 
the ey of steam was not continuous, but took place in 
jerks and in the form of very large steam bubbles. He 
also saw, by means of a sighting hole fitted with a glass 
cover, the water descending between two escapes of steam, 
by the path of this escape. It was in order to do away 
with such escapes of moon jerks and reversals in 
direction, that Mr. Solignac h e idea of fitting at the 
lower end of the tube a diaphragm creating a supplemen- 
tary resistance which should prevent any escape of steam 
at the lowerend. He took asa basis for this design the 
results of the following experiments. Take two similar 
vessels (Fig. 1, page 468) placed in the same horizontal 
plane and connected by a suitable horizontal metallic 
tube. Now heat the tube, and you will see steam escaping 
intermittently from the two ends of the tube, whose 
heated portion becomes red hot, the water which it 
contains being transformed to steam. This steam does 
not escape except when its pressure is greater than the 
resistance ca’ by the pressure of the head of water 
above the tube. As soon as the former has become again 
less than the latter, the water once more fills the entire 
tube, and the operation recommences. 

When the feed water is cold and does not as yet contain 
any trace of steam, one can hear a rapid hammering, 
when the water rushes into the tube, which decreases as 
the temperature of the feed water rises. If the water is 
cold and the tube somewhat long, this knocking is 
accompanied by the bending of the tube, whose convexity 
is turned on the side opposite to the application of the 
source of heating. If now one of the two vessels is 
raised gradually, so as to give more inclination to the tube, 
the phenomena are modified according to the inclination, 
the height of the head of water above the outlet of the 
tube being no longer the same. As long as the inclination 
is slight and does not exceed the diameter of the tube, 
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the effects observed are nearly the same as when the tube 
is horizontal. 

If, on the contrary, we increase the inclination of the 
tube, the escape of steam still takes place at both ends ; 
but, as the inclination a a larger gerd of 
steam escapes at the side next to the — end, while the 
water in the vessel on this side is also heated to a higher 
temperature. 

The escape of steam is, however, neverregular. It has 
very variable periods of intensity, as may be ascertained 
by suspending from the upper end of the tube a little 
thin shutter, which is driven off or drawn on, according 
as the escaping steam is more or less active. While there 
is only an occasional escape of steam from the lower end of 
the tube, you will, however, see a liquid film of viscous 
appearance escaping from it, with variable periods of 
intensity corresponding with those of the steam discharge 
at the other end. 

If, while retaining the same device, a reducing dia- 
phragm be fitted at the lower end of the tube, the 
phenomena of circulation become quite different. Steam 
then escapes continuously from the free end ; the tube no 
longer becomes red hot, and the water in the vessel on 
the diaphragm side remains cold, while the water in the 
corresponding vessel at the free end is heated rapidly. 

Finally, the level of the water becomes lower in the 
vessel on the diaphragm side, and rises in the vessel cor- 
responding to the free end by a queatiay which varies 
according to the inclination of the tube. This experiment 
was, moreover, supplemented by the following one :— 

If a vessel, as shown in Fig. 2, be fitted with a pipe con- 
nected to a metallic tube passing through a joint, and a 
bent-glass tube completes the circuit above the vessel, it 
will seen that, when the metallic tube is heated, it 
rapidly becomes red hot in the heated portion, while the 
portions adjoining are at a high temperature. The level 
of the water varies above or below the level A B of the 
water contained in the vessel. The steam escapes by the 
end of the tube connected to the vessel, and hammering 
is heard in it at the moment when the escape occurs and is 
followed suddenly by cold water in the tu The tem- 
perature in the vessel rises after a time, and the tube, 
though connected below the water level, mes 
hot throughout its entire length. If, however, we fit 
on the end of the tube connected with the vessel a section- 
reducing diaphragm, we find that the water penetrates 
regularly into the tube, which does not become hot, and 
that the upper bent branch, after baving emitted water 
and steam, lets the steam escape in a regular and plentiful 
manner. There isno more hammering due to the sudden 
return of water upon the red-hot part of the tube, 
but as soon as the diaphragm is taken off it recommences 
immediately. 

The diaphragm is, therefore, the proper septation 
device which affords a continuous flow of steam. It 
performs a double duty. First, it creates at the feed 
water inlet a supplementary resistance which prevents 
any reversing in direction of the steam outlet. Secondly, 
the diaphragm limits the flow of water into the tube to 
the quantity corresponding, after regulating the inlet 
orifice, to the quantity of water which can be vapo- 
rised. It follows that beyond this diaphragm the pro- 
portion of water to steam in the emulsion contained 
in the tube is lower than when the diaphragm is not in 
its place. There is, consequently, a decrease in the resis- 
tance to the escape of steam at the free end of the tube, 
on the one hand, and, on the other, an increase of resist- 
ance on the side of water. The sum of these two effects 
ensures a rapid and regular circulation. It is to be 
observed that in this arrangement the escape of steam 
takes place above the water level in the vessel, so that 
the steam is much drier and the carrying along of water 
is done away with, provided that the opening of the 
diaphragm is well under control. 

It may be objected that, with such a device, as the 
tube contains only an emulsion of steam and water, and 
this latter being only in a limited proportion, the tube 
can be burnt more easily. But it must be remarked that 
in other water-tube boilers there is likely to be nothing 
but a mixture of steam and water, the former beginning 
to escape along the whole length of the tube, as the flow 
is interrupted, as stated above, by the ascending streams 
of bubbles. The only difference between these boilers 
and the one here described is that there is in them a 
mixture and not an emulsion—+.e., steam and water 
pockets of very considerable size—instead of a very fine 
emulsion of water and steam. It seems, therefore, that 
this is, on the whole, more advantageous, and it was, 
moreover, confirmed experimentally. 


Sorienac-GRILLE Borier. 


The lar circulation in the Soli -Grille boiler is 
accoun for principally by the fitting of the reducing 
diaphragm at the end by which the water reaches the vapo- 
rising tubes, but this boiler, as now constructed, presents 
various other features which differentiate it from the 
generality of existing small-tube boilers. The first and 
most important advantage is next to the diaphragm, the 
facility for cleaning the insid» of the tubes with a jet of 
steam under pressure proceeding in the reverse direction 
to the normal circulation. 

The tube-cleaning by steam under pressure is of a very 
short duration, since it is operated while the boiler is 
under steam and under fire; it ensures a thorough 
cleaning of the inside of the tubes and carriesaway every 
trace ~ f scale and sediment. It is of importance that it 
should not be prolonged beyond 30 seconds, in order that 
the tubes should not be deprived of water for sufficient 
time to become damaged by the effect of heat-radiation, 
and for this purpose the operating device is most simple 
and rapid. The cleaning is e still easier by the 
division of the tubes into several groups, each corres- 


elements having nothing in common bnt the steam and 
water chest. 

The Figs. 3 and 4, below, indicate respectively the 
normal steam circulation and the path of the steam when 
blown through for cleaning, It must be noted (Fig. 3) 
that one has only to pull the chain by which the valve A 
(which is open while steam is circulating normally) is 
closed, and to open the blow-off valve B, to reverse the 
direction of the steam and send into the tubes a very 
powerful steam-jet which carries away any impurities they 
may contain. ; 

ig. 3, representing the normal circulation, shows that 
the steam, in order to escape into the upper steam chest 
and into the upper part of the general chest, is not com- 
lied to cross the water surface, but esca above it. 
ence the steam generated is much drier than in boilers 
where it has to pass through the water surface, and the 
proportion of moisture is very small, as was shown by 
measurements taken with the Rateau apparatus. This 
proportion does not exceed the ratio of a few thousandths. 
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Besides, this way of escape does away with the tumultuous 
ebullition and consequent rushes of water, and the more 
so as the water and steam chests are only —— to a 
very slight quantity of heat, and the return of the steam 
through the mass of water is made impossible by the 
presence of the diaphragm. 

Finally, it is a device which allows the whole boiler and 
the group of tubes to be opened up around a pivot for 
inspection and for repairing the brickwork surrounding 
the boiler, which accounts for the excellent returns from 
the coal burnt and for the high efficiency per kilogramme 
of coal, the furnace working as a real gas-producer. 

Trials on an ees boiler of the Solignac-Grille 
type were carried out in Paris in 1901, and at Lough- 
borough (England) the following year. Subsequently 
more extensive trials on full-sized boilers of this type 
were made at Indret and Calais Maritime in 1903 and 
1905, the details of which are too extensive to be given in 
the present paper, but some results obtained with a boiler 
of this type fitted in a French torpedo-boat may be referred 
to before describing the installations that have been 
carried out in the Channel steamers between France and 

n 


INSTALLATION ON THE ToRPEDO-BoaT ‘‘ KABYLE.” 
In 1908, the French Admiralty, encouraged by the trials 
made at Indret, decided that the two Thornycroft boilers 
of the torpedo-boat Kabyle (of 125 tons, 1700 indicated 
horse-power, and of 20.5 knots speed), which were at their 
extreme limit of wear, should be replaced by two Soli 
Grille boilers (see Figs. 5 to 8), particulars of whieh are 





ponding to an element of the boiler shell, the various 





Cee A 2.14 sq. m 
eating surface 62.36 sq. 
Tubes: Number _.... ies 92 = 
External diameter... 30 mm 

ens Internal diameter ... 25 mm. 

orking pressure 15 ker. -em. 
Volume of water 725 dg ™ 
Volume of steam... aie ..- 620 litres, 
Weight of the boiler without water 7225 ker. 
Weight of the boiler with water ... 7950 ker. 


The small floor space required by the Solignac-Gril 
boiler, which gives a high rate of steam Guaietion _~* 
square metre of space occupied, makes its use advanta- 
geous in many cases, especially on board ship. 

Before — fitted on the Kabyle, the boilers were 
tested on land by extensive trials, which showed that. 
with a rate of combustion varying from 98 to 295 kgr. per 













recorded above :— 


square metre of grate, a rate of evaporation varying from 
9.662 kgr. to 8.668 kgr. per kgr. of coal could be obtained, 
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with feed-water at 12 deg. Cent. and a very low pro- 
portion of moisture (0.007 to 0.008). The temperature 
at the foot of the funnel fluctuated from 330 deg. to 
480 deg. Cent. These satisfactory results obtained on 
land were confirmed by trials at sea, in the course of 
which the Kabyle attained her designed speed. 

During the Ramage py trials, twenty years ago, the 
coal consumption of the Thornycroft boilers was 1600 kgr. 
per hour at 310 revolutions. During the trials at sea 
with the Solignac-Grille boilers, the same speed was 
maintained during three hours with a coal consumption 
of 1030 kgr.—a saving of 570 kgr. per hour, or about 
35 per cent. Although the grate area was only 4.28 sq. m. 
as compared to 5.70 sq. m. in the Thornycroft boilers, 
the rate of combustion did not exceed 242 kgr. per square 
metre of grate. 

With the high rate of combustion, the temperature at 
the foot of the funnel did not exceed 325 deg. Cent., the 
air-pressure in the stokeholds being 75 mm. of water. 
The temperature in the stokehold, recorded at 1 m. in 
front of the boilers, did not exceed 30 deg. Cent., which 
is accounted for by the slight radiation due to the com- 

lete covering of refractory masonry with air circulation. 

e good effects of blowing steam through was shown by 
the expulsion of a large quantity of oil resulting from 
insufficient filtering of the condenser water. During the 
inspection made after the trials, fatty deposits were 
found only on the surface of the brackets supporting the 
reducing diaphragms, on which a large quantity of grease 
had been projected during the blowin The tubes and 
nozzles were found to be perfectly py The formal 
acceptance of the Kabyle’s boilers was announced in the 
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THE SOLIGNAC-GRILLE BOILER ON THE TORPEDO-BOAT “KABYLE.” 
Y Fig.6. 
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course of the year 1909. The 
ship was commissioned for 
the Naval Engineers’ School. 
There is a great saving of 
weight and space by the use 
of ey - Grille boilers, 
which has enabled a cross 
coal-bunker to be installed in 
the front of the boilers, so as 
to increase the radius of action 
of the ship, already enlarged 
by the mae | of coal. The 
installation of two Solignac- 
Grille boilers in a steamer of 
the Gironde and Garonne 
Steam Navigation Com 

showed a saving of weight of 
44 tons—the two Solignac- 
Grille boilers weighing 22 
tons, while the two cylin- 
drical boilers weighed 66 tons. 


CHANNEL Steamers ‘“ LE 
Norp” anp “Pas DE 
CaLals.” 

After these various trials, 
and on account of the pro- 
posed replacing of the ers 
on the steamers for the 
French Mail service between 
France and England, the 
Maritime service of the 
French ——— yay 
Company adop’ a type o 
boiler with a grate area of 
3.50 sq. m. to replace the 
Lagraffel and d’ Allest boilers, 
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which were troublesome on account of the high rate of 
combustion at which they had to be worked in order to 
supply the required power. The construction of four 
boilers for experimental purposes was decided upon, but 
it was understood that, before installing them on board 
in the aft stokehold of one of the steamships, they would 
be used on land for a series of experiments. These boilers, 
mounted on the Pas de Calais and the Nord (Figs. 9, 10, 
and 11', were constructed at Hellemmes, in the works of 
the French Northern Railway Company, and also in the 
Ateliers et Chantiers de France, at Dunkerque. 


Table of Particulars of Boilers for the 8.S. 
** Pas de Calais.” 


Lagraffel- Solignac- 


Particulars of the Boilers. d’Allest. Grille. 
Working a og kg. persq.cm. 15 15 
mgth ... ~ 2 Be 1.932 
Grate width ... as in 4” ee 1.806 
Area... os sq.m. 4.20 3.49 
Tubes, Number ; 259 258 


Internal diameter ...mm. 62 & 64 25 
External diameter .. ,, 70 ‘ 
Mean length of the tubes ... m. 2.200 4.421 
Heating surface ;direct sq.m. 5.90 2.563 
in contact with {tabular » 125.35 107.20 
the hot total » 131.25 109.76 
Ratio of heating surface to 


grate area ... ae 32.8 31.44 
Volume of water ... cub.m. 3.200 1.300 
Volume of steam... o~ 2.380 0.913 
Height of the chimney above ‘ 

the grate ... ay ob 8 17 
Chimney area per boiler sq.m. 0.625 0.625, 

uired floor space ‘ie 6.80 5.98 
Weight in working order ...tons 17.5 ' 
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After a series of trials made in 1908-_ 


1909, by which the results previously 
obtained were confirmed, both in 
respect of evaporation and of the 
efficiency of steam-blowing, these four 
boilers were fitted, jointly with eight 
Lagraffel and d’ Allest boilers, on board 
the Pas de Calais. The latter were 
located in the forward stokehold, and 
the Soli; -Grille boilers in the aft 
stokehold, se ted from one another 
by a watertight door and coal-bunkers. 

The principal dimensions and par- 
ticulars of the two types of boilers are 
given in the table on the a 

As will be seen, the Solignac- 
Pile boilers, intended to work at a 
high rate of combustion, have only 
3.49 sq. m. of grate area, while the 
Lagraffel and d’Allest boilers, for 
which the former have been substi- 
tuted, had 4.20 sq. m. of grate area. 
This is a reduction of 12 per cent., 
which accounts partly for the resulting 
saving in floor space. 

The Lagraffel and d’Allest boilers 
args fitted being of three dif- 
erent sizes, the data of the intermediate 
group were taken as a basis of com- 
parison. In normal working, the rate 
of combustion is, in the Lagraffel and 
d’Allest boilers, 120 kgr. per -. m. 
of te, and, in the Solignac-Grille 
boilers, 160 kgr. However, in order 
to be able to continue working in case 
it should be necessary to put out of 
service a group of two Lagraffel and 
d’Allest boilers (which cannot be dis- 
connected without difficulty), provision 
was made to raise the rate of com- 
bustion to 200 kgr. per sq. m. of grate. 
Working two stokeholds with different 
rates of combustion implies, as a matter 
of course, rather serious difficulties, 
since the two fans have to work simul- 
taneously in the two stokeholds, and 
the fore stokehold has twice the grate 
area of the other one. After some 
trials, however, it was found that the 
air-pressure could be properly con- 
trolled in the two stokeholds; but a 
closed air-chamber had to be set up 
between the two stokeholds in order 
to avoid air-currents being set up. 

The considerable difference between 
the weights of the two types of boiler 
in working order may be noted in the 
pouctes table. The Soli -Grille 

iler has the advantage both as to 
weight of construction and as to volume 
of water contained. This latter is less 
than that of the d’Allest boilers by 
more than 50 per cent., but 45 per cent. 
greater than in Belleville boilers, and 
this reduction involves no inconveni- 
ence in the working of the boiler, since 
the feeding apparatus can be con- 
trolled according to the production of 
steam. There have been, during the 
past eight months’ service, no difti- 
culties due to this reduction, and the 
stokers have become well acquainted 
with the practical working of the 
Solignac-Grille boilers. In the course 
of the trials made after the repairs to 
the steamer Pas de Calais, comparisons 
were made by running first with the 
four Solignac-Grille boilers, then with 
six of the ffel and d’ Allest boilers. 
It was not possible to run at exactly 
the same power and, consequently, at 
the same speed in both cases ; but after 
the necessary corrections had been 
made, the following figures at equal 
power and speed were arrived at. 

The four Solignac - Grille boilers 
jst ang with a <" of combustion of 

gr. per sq. m. of grate correspond 
to six Lagraffel and d’Allest boilers 
working at 132 kgr. The coal consump- 
tion is 2795 kgr. for the former and 
3120 kgr. for the latter, which repre- 
sents a a of about 12 per cent., 
despite the difference in the rate of 
combustion, which, with the highest 
sae combustion, causes a reduction 
in the evaporative power per kgr. of 
coal. The eva sollen should, _ ed 
fore, be much better in the Solignac- 
Grille boilers than in the Lagraffel and 
d’Allest, and this is accounted for by 
the difference in the volumes of the 
combustion chambers. These results 


are lower than those given by the Kab 
ditions of the installation were entirely 


were confirmed in actual service on 


which, although it has more steam a 


with only d’Allest boilers. 


On the Nord, fitted with twelve Soli -Grille boilers | i i i intai 
instead of four only, the speed is aay “ e heen | SS = Fen preemies experiment undertaken with these | sq. cm.) 1s easily maintained, the level of the water 
spite of a greater displacement resulti: 


causes. The boilers fitted on both the Nord and Pas de | made it necessary to postpone the replacing of the boilers boilers, and when the ship starts 





ng from various | rapidly if reasons connected with the service had not | Grille boilers is one-half of that nee with Lagraffe! 
wit 


SOLIGNAC-GRILLE BOILERS ON CHANNEL STEAMERS. 
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le, where the con- | Calais are appreciably different from both the experi- | till the year 1911. It is now in service, and the saving of 
different. They mental boiler and from those fitted on the Kabyle, as may | weight due to the boilers themselves has fortunately com- 

oar oes oa | be pec wd ae to the plans. Further details of the | pensated for 

; vailable, ws a i i 

steam consumption less by about 8 per cent. than it was | The anaee pot lg Ay fot lee thea ona, | Sonat Recmant, and Gs 


the additional draughts caused by loads 
is notably greater on the 
; . Pp _Le Nord, being fitted exclusively | Nord than on the Pas deCalais. The combustion rate 1s 
| with Solignac-Grille boilers, continues on a more extensive | 166 kg. per sq. m. of grate and the pressure (16 sy 

ing 
is steamer would have been completed more | almost constant. The time for raising steam with the 


a low pressure and 
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with fires in a bad state, in consequence of the late 
arrival of trains, the normal pressure is obtained in four 
or five minutes, while ten or twelve minutes were necessary 
with the Lagraffel boilers. 

On December 10 last, in a very heavy sea, the inlet 
valve of the centrifugal circulating pump being out of 
the water in consequence of rolling, the condensation 
was interrupted, and the steam of the low-pressure 
cylinder, escaping by the lifting of the condenser safety- 
valve, invaded the engine and boiler-rooms. No priming 
in the boilers nor any shocks in the cylinders were 
observed, in spite of the rolling having reached 35 deg. 
from the vertical and the transverse positions of the 
boilers in the ship, the steam being discharged above 
the water level. 

This would have been impossible with the former 
boilers, and the failure of the high-pressure cylinder, 
with all the coi uences involved, would very probably 
have occurred. The working of the boilers was resumed 
after six minutes, although the stokers had un to 
leave the boiler-rooms, which were rendered uninhabitable 
by the escape of steam. 

In conclusion, the advantages offered by the Solignac- 
Grille boilers may be summed up as follow :— 

1. Considerable reduction in weight. In the case of 
the steamers of the mail service between France and 
England, this reduction affects the stokeholds placed 
forwards and will involve an alteration in trim favourable 
to speed, or a reduction of the power required at the 
same displacement. 

2 Red uction of the floor space, which while ensuring 
an easier installation of the boilers, and a more con- 
venient access to their various parts, will allow the 
installation of some auxiliaries whose economy will add 
to that of the boilers. 

3. Notable saving in coal. 
mated at 6 or 8 per cent. 

4. Economy in coal resulting from the external covering 
of the boilers acting as a gas producer. 

5. Greater flexibility in steam production of the boiler. 
The economical rate of combustion with a maximum output 
sevis to be 150 kr. per sq. m. of grate approximately, 


This saving may be esti- 
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but this rate may, without too great a variation in the 
output, be increased to 170 or — a and, with a very 
slight reduction of efficiency, to kg. per sq. m. of 
grate. 

6. Economy of maintenance. The maintenance cost is 
very slight, if the periodical cleaning of the tubes by a 
steam jet is carefully done. 

7. Reduction of priming and production of dry steam, 
the escape of the steam ——— taking place above 
the level of the water. ese two last advantages will 
become specially valuable where steam turbines are used 
as motors. 

8. Easy internal ageing, by reversal of the steam jet. 

9. Easy working. The level of the water varies only 
very slightly in the water gau if the apparatus is 
properly controlled and the production of steam is very 
regular, without any priming at all. 

10. Safety for the personnel, because the fracture of a 
tube, the only accident that can happen, cannot have any 
serious consequences, even if the stokers are only very 
imperfectly acquainted with the boiler. In order to 
obtain altogether satisfactory results, the stoking must, 
of course, be worked methodically, as is usual on board 
the steamers of the French Mail Service. 


APPENDIX. 

A short account may now be given of the various 
details of the boilers fitted on the nel steamers, com- 
paring the same with those of the preceding boilers. 

Sheet-Metal Casing of the Boiler.—This casing is 
that of the a tag ut with larger air pone 
differs considerably from that of the experimental boiler. 
All the external casing plates of the boiler, as far as the 
smoke box, are composed of riveted sectional cells, inside 
of which the refractory brickwork is built up. These 
sections serve for the passage of air ve wang | under the 
grate, so that the ash pit doors, having but a small 
quantity of air to supply, are very little used in ordinary 
service. This arrangement has the advantage of cooling 
the external casing plates of the boiler, while it brings air 
previously heated under the grate ; the cells constitute, 
as it were, a partial means of recovery of the heat wasted 
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by radiation. The air entering the cells can be controlled 
by the aid of movable shutters, according to the intended 
rate of combustion. As shown on the plans, the wall 
between two adjoining boilers is also pot by air circu- 
lation. The smoke-boxes may cause radiation, but this 
is diminished as much as possible by the aid of hollow 
els containing asbestos packing. By means of these 
evices, the temperature is much Geer in the stokehold 
of the Solignac-Grille boilers than in that of the Lagraffel 
and d’Allest boilers, in consequence of the ter 
quantily of air er to these boilers when working at 
a high rate of combustion. wry be the position of the 
uptakes of the steamers and to their single funnel, the 
Solignac-Grille boilers have had to be connected in pairs, 
and their hot gases & into the same uptake as those of 
the Lagraffel and d’Allest boilers. is arrangement 
has given no trouble in service, and provision is made for 
disconnecting one of the two connected boilers and isolat- 
ing it completely from its neighbour. 

Sectt area of Passage for the Hot Gascs.—In order 
to reduce as much as possible all eddies and draughts due 
to varying sections in the passages for hot gases, all these 
sections were designed for the volume of gas passing. This 
method was, after trial, found to be the most favourable 
both for combustion and evaporation. Special provision 
is made to avoid the direct passage of hot gases into the 
smoke-box before they have passed the tubular group, 

use such movements lower to a very considerable 
extent the rate of steam production in the boiler, while 
they raise the temperature in the smoke-box and funnel. 
The precautions are very easy to take. They consist in 
ascertaining that the baffle-plates are tightly secured to 
me side re om 5 at the baffie-plates located 

tween each of the parti ups of tubes for the u 
and lower-tube boxes are in ong — 

Baffle-Plates between the Partial Groups of Tubes.—The 
baffle-plates were made of solid cast iron in the earlier 
types, and, for a battery of twelve boilers, were of con- 
si ee Oe ; they have therefore since been lightened 


an SS he Kebot P 
ee s on the Kabyle and preceding boile 
the deflector is a simple suspended sheet ; this arrange. 
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ment gives entire satisfaction, the thickness of the plate 
being increased. . 

Furnace Arch.—As the experimental furnace arch on 
upright supports erected in rectangular blocks had been 
‘coulioneue. and, by collapsing, had put the boiler tem- 
porarily out of service, this early ment was 
experimentally i arch erected with larger and pro- 
perly-shaped bric Thearch thus built is stronger and 
more lasting. 

Setting the Rear Part of the Group of Tubes.—This 
setting is disposed so as to allow for the free expansion 
of the tubes which are jointed in this part. In the inside 
of the group the gaps corresponding to the ee of 
the boxes are occupied by cast-iron or iron baffie-plates 
about 0.25 to 0.30 metre long, which are substituted for 
the missing tubes. It is important that there should be 
no passage of gas into this part of the boiler. In order 
to ensure its tightness, the portion located above the 
sliding sheet disposed at the upper part of the back wall 
is nye packed with a mixture of asbestos and refrac- 
tory sand. 

Internal Covering in Refractory Bricks.—The internal 
covering of the casing surrounding the boiler is composed 
of refractory bricks, their density being varied so as to 
reduce the weight. All bricks »- tcc to the radiating 
action of the furnace have a density from 1.8 to 2, while 
those removed from this radiating action have a densit 
from 0.9 to 1.2. The average density of the brickwor' 
comes out about 1.5, with the result that the weight of 
the masonry is sm whatever may the area and 
thickness of the brickwork. The bricks are of trapezoidal 
shape, and every two rows are fixed to the cells of the 
external covering by hooks riveted to the former, so as to 
avoid the sudden collapse of masonry. This design was 
altogether satisfactory, and on the Pas de Calais there 
has not been any failure, whereas on the Lagraffel and 
d’Allest boilers the brickwork has had to be repaired 
several times. This complete internal covering in refrac- 
tory bricks forms a sort of gas-producer, ensuring the 
distillation of the coal, whose gaseous products are entirely 
consumed owing to the size of the two combustion- 
chambers, the one underneath the furnace arch, and the 
other between the two sets of tubes. 

It is therefore obvious that, in this furnace, the utili- 
sation of the coal is far superior to that obtained in the 
furnaces of boilers in which the combustion chambers are 
too small, and in which the hot gases ignited are extin- 
guished when crossing a tubular group, and me 
ignited again after having from this tubular 
group into the smoke-box. This device has, further, the 
advantage of allowing the use of less costly coal. No 
provision was made for putting out the fires in case of 
damage, and it is expressly forbidden to attempt this 
extinction by means of a water hose, because the action 
of cold water on the refractory masonry when red-hot 
tends to disintegrate it. Moreover, considerable incon- 
venience results from the sudden production of an enor- 
mous quantity of steam, which, since it cannot escape 
easily through the tubes, is driven back into the stoke- 
hold, with the risk of causing personal injuries. There 
is, in fact, always time to draw the fires, for the 
fracture of a tube having an internal diameter of 25 mm. 
creates, even at a high pressure, oe * small quantity of 
steam, which escapes easily through the funnel. Suc 
fractures occurred once during the trials on land, owing 
to the want of skill of the stokers, who were not yet 
familiar with the boiler and did not work the proper 
valves, and left one compartment and the corresponding 
group of tubes without water during five minutes ; fortu- 
nately, no serious consequences resul A tube having 
burst in the course of a voyage, owing to the presence 
of a very large quantity of carried along by 
the water, it was stopped without drawing the fires, 
which were merely brought backwards and to the 
sides, After the stoppage, which only lasted a few 
minutes, the boiler was closed up again and started 
by es the fires. The damaged tube, not having 
been cool by water, was burnt, as a matter of 
course, but without causing any accident, and the boiler 
continued to work during several weeks in this condition, 
the tubes being only replaced when a certain number of 
them had become unfit for further service. 

Steam-Cleaning.—The cleaning by reversed steam-jet, 
which is one of the interesting features in this system of 
boilers, is worked by the arrangement shown in Figs. 3 
and 4, page 468. It will be seen that by lowering the 
upper lever the connecting-valve A, between the general 
steam-chest and the compartment requiring cleaning, is 
shut. This compartment is therefore disconnected, and 
when the valve B is opened, the contents are emptied 
from the section under the pressure existing in the 
boiler. After the flow of water contained in the com- 
partment, the steam produced in the other compartment 
passes in an opposite direction through the tubes of the 

up corresponding to the disconnected one ; these tubes, 
imperfectly cooled by the steam, become lightly super- 
heated, and the scale which they contain detaches itself 
and is carried away by the jet of steam. As these opera- 
tions are effected while the boi'er jis under fire, the tubes 
must only be left 30 seconds without water, a time suffi- 
cient to detach the scale or the deposit on the tubes with- 
out injuring the latter. This process of steam-cleaning 
must be operated periodically as soon as the boiler has 
been started, because, if there was too much scale on the 
tubes, og | might be injured by being exposed without 
water to the radiating action of the fire, the scale being 
no longer able to detach itself rapidly. This method of 
cleaning is very practical and gives very good results. It 
will be sufficient to state that on the steamer Pas de 
Calais, where it is unfortunately very difficult to avoid 
grease returning into the boilers, the cost of maintenance 
of the d’Allest boilers was more than three times that of 
the Grille boilers, the number of the tubes to be renewed, 





owing to the presence of grease, having been considerable. 
pone! the successive repairs of four Fwy of 
Lagraffel and d’Allest boilers of the Pas de is, the 
steam required in place of that supplied by these groups 
was furnished by the Grille boilers. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a number of colonial and foreign i- 
neering projects, further data concerning which can 
obtai rom the Commercial Intelligence Branch, Board 
of Trade, 73, Basi -street, E.C. 

Canada: H.M. 
expenditure of 1,340,000 dollars (about 275,000/.) is con- 
templated by the Goverment for the improvement of the 
transportation system of Prince Edward Island, including 
the installation of a car ferry service (92,500/.), the widen- 
ing of the gauge of the Island railway (82,200/.), and the 
laying down of a third rail. 

Rowmania: According to the Curier Financiar, Bucha- 
rest, tenders will be opened on May 14 at the offices of 
the Chemins de Fer de l Etat Rowmain, Bucharest, for the 
construction of the permanent way for the line to be built 
from Zimnicea to Zimnicea harbour. The upset price is 
put at 1,000,000 francs (40,000/.) Although the above 
contract will probably be awarded to a Roumanian firm, 
nevertheless the carrying out of the work may involve the 
pure of permanent way materials out of Roumania. 

Netherlands East Indies - According to a Belgian Con- 
sular Report, important public works are in course of 
execution, or will shortly be commenced, in the Nether- 
lands East Indies, among which may be mentioned en- 
largement and improvement works at the harbours of 
Sourabaya, Samarang, Tandjong Priok (Batavia), and 
Macassar (Celebes), the establishment of a floating dock 
at Sourabaya, water works at Samarang, Sourabaya, and 
Macassar, as well as the construction of various im- 
portant sections of railway. Sourabaya: It is estimated 
that the harbour works will cost 14,000,000 gulden (about 
1,167,000/.). On the conclusion of the operations it is 
calculated that the harbour will have some 5 miles of 
quays. The growth of this port may be realised when it 
is stated that the tonn movement—+.¢., entrances and 
clearances—of the port has increased from 2,390,000 tons 
in 1900 to 4,208,000 tons in 1909. Samarang: A harbour 
for lighters is being built, as well as various new railway 
stations, and the total cost is estimated at 2,400,000 
gulden (200,000/.). Messrs. Korthals, Altes and Co. are 
the contractors. Tandjong Priok: Quays are being 
lengthened, the harbour deepened, and a new dock is 
being built; a new up-to-date railway station is also 
being erected. The cost of the work is estimated at 
4,000,000 gulden (about 333,000/.). Macassar: Messrs. 
Kraus and Jong are euneainas harbour works, including 
the lengthening of see and the construction of offices 
and warehouses. ‘The cost is estimated at 2,225,000 
gulden (about 185,0007.). 

Mexico: The Imperial Trade Correspondent at Toronto 
reports the formation of a company in Canada, with a 
capital of 25,000,000 dols. (about 5,140,000/.) for the pur- 
pose of constructing and working railways, and of carrying 


h | on all kinds of industrial and transportation enterprises 


in Mexico. 

Colombia: The Diario Oficial publishes a contract 
entered into between the Ministry of Public Works and 
Alfred Peralta, whereby the latter undertakes to form a 
company with a capital of 100,000 pesos gold (about 
21,0002.) for the purpose of draining the Fiiquene swamps 
and marshes. 

Brazil : The Diario Official publishes a decree (No. 9381) 
earmarking, in favour of the Ministry of Communications 
and Public Works, a sum of 800,000 milreis (about 53,0007. ) 
for the carrying out of construction work on the West of 
Minas Railway. 





Tests or ‘‘ DentitE” FLoors.—Two very successful 
tests were carried out on March 7 on the floors which 
have recently been constructed by Messrs. H. Arnold and 
Sons, contractors, Doncaster, for the Midland Carriage 
and Wagon Works, Washwood Heath, Birmingham. 
These floors have been constructed on the “ Dentile” 
om controlled by the Inde Bar and Concrete 

ngineering Company, Limited, Queen Anne’s Chambers, 
S.W. The feature of the floor is the use of hollow tiles, 
which have the effect of greatly lightening the floor itself, 
and making it sound-proof without the use of projecting 
beams, either of steel or of reinforced concrete. The first 
test was made on a square floor reinforced in both direc- 
tions, 17 ft. 10 in. by 16 ft. 74 in. The working load for 
which this floor was designed was 100 lb. per sq. ft., but 
it was arranged to test the floor up to 150 Ib. per sq. ft. 
This load was considerably ex ed during the test. 
The load consisted of sacks of cement, and in all 20 tons 
were placed on the floor, equal toa load of 152 Ib. per 
sq. ft. The deflection was very carefully measured, and 
was found to increase quite ty during the pro- 
gress of the test to 0.07 in. ile the full test-load was 
still on the floor, the centre of the latter was exposed by 
the removal of a sack of cement, and five heavy blows 
with a piece of timber 18 ft. long (9 in. by 12 in.), lifted 
to a height of 2 ft. or 3ft., and driven down upon the floor 
by the united efforts of five men, were given toit. The 
floor withstood this extremely severe test admirably, no 
cracks or other signs of damage being apparent. The 
next test took place on a small similar room, 16 ft. 74 in. 
by 13 ft. 10 in., in which the floor was constructed on the 
one-way system, being only reinforced in the smaller 
direction, there being no reinforcement whatever in the 


direction at right angles to this. The full load, which 
pg 1} times the working load, was 17.2 tons, and 
e deflection in this case only amounted to 0.01 in. 


le Commissioner reports that an | K: 





CATALOGUES. 

Coal-Elevators for Boiler-Houses.—Messrs. Ed. Beni; 
and Co., Limited, of Little Hulton, Bolton, have recent}, 
issued a leaflet to call attention to the advan to bs 
derived from the use of small elevators for handling coa! 
in sae tan doa of apoetetet A aaa ow Some phot: 
gra, and drawings showing Bennis bucket elevators 
supplying mechanical stokers are reproduced. ome 


Reinforced - Conorete Construction. — Messrs. L. (3. 
Mouchel and Partners, Limited, 38, Victoria-streot, 
Westminster, S.W., have sent us a copy of a complete 
list of over 1000 férro-concrete structures carried out on 
the Hennebique system in various parts of the United 
ingdom. e list is ified geographically, and has 
been compiled for the convenience of engineers and archi- 
tects desiring to inspect examples of this class of work. 


Motor-Car Accessories.—From the Turnbull Motor- 
Wheel Company, of Bishopbriggs, Glasgow, we have 
received a pamphlet illustrating and giving full particu- 
lars, including prices, of the “‘Bullturn” spare wheel 
for motor- : is device consists of a steel double 
noe seme pe Ce! peg Bh ara tyre, and 

so that it can be clgymped’on to the wheel rim 
after the puncturéd pneumatic tyre has been removed. 
When fixed in position the spare wheel lies in the same 
plane as the original wheel, and the diameter of the tread 
1s also equal to that of the ape men tyre. Thus no 
increased strains are put on the axle, and the steering is 
not interfered with, as is the case when a spare wheel is 
clamped on to the side of the running wheel. The 
pamphlet also gives particulars of sheet-steel safes for 
storing tins of petrol, oil-catching trays for use in garages, 
and appliances for rapidly removing pneumatic tyres. 

Cutting and Welding Metals.—The Knowles Oxygen 
Company, Limited, of Shrubbery Works, Wolverhamp- 
ton, have sent us copies of their catalogues of apparatus 
for cutting and wobing metals by means of the oxy- 
hydrogen and oxy-acetylene oe Prices are 
stated and full ww given of blow-pipes for both 
processes, and of accessories such as gas-pressure regu- 
lators, trammels, &c. ; numerous examples of the work 
are illustrated. The company supply both oxygen and 
hydrogen gases, as well as acetylene generators; the 
oxygen is guaranteed to be 99 per cent. pure. Two 
reprints of articles bearing on this subject accompanied 
the catalogues. One of these articles deals with the 
influence of sngueies in oxygen used for cutting and 
welding iron steel, and the other relates to the use of 
oxy-acetylene and oxy-hydrogen apparatus in connection 
with the construction and maintenance of tramway track. 


Cork Plates for Machinery Foundations.—We have 
received from the Korfund Company, 47, Victoria-street, 
Westminster, S.W., a pampblet reiating to “ Korfund ” 
cork foundation plates for absorbing noise and vibrations 
arising from all kinds of machinery. These plates are 
constructed from strips of natural cork, impregnated to 
preserve their resiliency, and fit into an iron frame 
which is divided into a number of sections, each about 
1 ft. square. The concrete or masonry foundation bed 
is built up on these plates, which are supplied in various 
sizes, a number of plates being placed side by side, if 
necessary, to cover the whole area of the foundation. ‘The 
pamphlet points out the advantages of Korfund plates 
over other materials that may be used for the same pur- 
pose, and also illustrates the application of the system to 
the foundations of steam and gas-engines, power-hammers, 
electrically-driven pumps, ‘passénger-lifts, &c. 

Marine Motors.—Mess¥®: John I. Thornycroft and Co., 
Limited, of Caxton House, Westminster, S.W., have 
sent us a copy of their catalogue of marine motors for 
next season. The engines dealt with, which can be run 
on either oil or petrol, range from 74 to 120 brake horse- 
power for single-shaft sets. Full particulars, with illus- 
trations, are given of the engines, and of complete sets 
for marine propulsion, &. A number of illustrations of 
motor-boats, yachts, and commercial craft equipped with 
Thornycroft motors are also included, to show the varied 
nature of the vessels for which the engines are suitable. 
Messrs. Thornycroft mention that they are now including 
among their standard types engines similar to those used 
in the well-known racing launches Gyrinus, Miranda IV., 
&c. These engines are made in sets with four and six 
cylinders, giving 40 and 60 brake horse-power respec- 
tively. They are suitable for ordinary light -type 
cruising launches or pleasure boats, as well as for racing 
craft. 





THE INTERNATIONAL ELECTRO-TECHNICAL COMMISSION. 
—The official report, drawn up in English and French, 
of the Turin meeting, held last September, of the Inter- 
national Electre-Technical Commission, has been sent to 
us by the general secretary, Mr. C. Le Maistre, of 23, 
Victoria-street, Westminster. Professor E. Budde, of 
Berlin, succeeded Professor Elihu Thomeon as President, 
and Colonel R. E. Crompton is the honorary secretar) 
of the Commission. Twenty countries are now taking 

tin the work. Mr. Alexander Siemens is the Presi- 
} sa of the British Commission, which is co-operating 
with the Electrical Section of the British Engineering 
Standards Committee, and has taken up the international! 
rating of electrical machinery and apparatus. The Turin 
meeting sanctioned certain resolutions as to nomenclature 
and symbols, and resolved to approach the unification of 
terms relating to illumination. The output of generators 
is to be defined as the electrical power available at the 
terminals, the output of motors as the mechanical power 
available at the shaft, and both electrical and mecha- 
nical powers are to be expressed in international watts. 
Meetings are planned for Berlin in 1913 and for San 
Francisco in 19, 








APRIL 5, 1912. ] 


ENGINEERING. 





473 





‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


8 ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in ea ones 5 where none is mentioned the Specification is not 
illust: 4 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, ne a Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of advertisement of the mp sae oe of a Complete 
Specification is, in each case, given after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the t of a Complete Specification, 
give notice at the Patent Ofice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


9856/11. The Electric and Ordnance Accessories 
Company, ited, and H. V. Bowen, x 

Motor Generators. [1 Fig.) April 24, 1911.—This invention 
relates to motor generator sets comprising a dynamo combined 
with, or hanicall led to, and driven by an electric motor, 
whereby an output may be obtained from the generator of a 
different voltage to that supplied to the motor. The invention 
refers to motor generators having compound-wound generators of 
that type wherein the series field winding of the generator is 
excited by the armature current of the driving motor, the winding 
being connected in series with the motor armature. Usually the 
shunt winding of the generator is self-excited by the machine, 
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but, according to the present invention, the winding is separately 
excited from the supply mains, across which it is connected. By 
this system of excitation better magnetic stability is obtained. 
Each driving-motor a is connected directly across the supply 
mains }, and is preferably shunt wound, the excitation winding 
being indicated at c. The generator d, which is directly driven 
by the motor a, has its armature connected across the output 
mains ¢. The field-magnets are wound so as to give constant 
voltage at varying loads. The windings consist of a separately 
excited shunt winding f connected, according to the present 
invention, across the supply mains b; and, in addition, a series 
winding g connected in series with the armature of the motor a. 
(Accepted January 24, 1912.) 


27,669/11. Korting and Mathiesen Aiseengea, 
schafc Leutzsch, Leipzig, Germany. Arc- ps. 
(3 Figs.) April 25, 1911.—This invention relates to arc-lamps in 


which the carbon feed is controlled by a motor, and provides a 
new means of switching a compensating resistance into circuit 
when the carbons are exhausted or fail to feed. Mounted on a 
shaft 1 is the motor-rotor 2 of the arc-lamp feed-mechanism, 
which rotor is acted on by shunt and series magnets in known 
manner. The chain-wheel 4 is connected to shaft 1 through a 
system of gears, and the chain 5 carries the carbons. Mounted 
free on shaft 1 is a disc 6, with pin 7, coupled to the movable 
switch-arm 8, which, on movement in the direction indicated by 
the arrow, makes contact with contact 9, and so switches in the 
compensating resistance. A series of holes are drilled in motor- 


rotor 2 opposite pin 7. The disc 6 and switch-arm 8 are free to 














slide along the shaft 1, such movement being effected by the right- 
angle lever 10 actuated by solenoid 11, the winding of which is 
connected in parallel to the arc. The cycle of operations is :— 
When the lamp is burning normally, the parts in question are in 
the positions shown in Fig. 2. e switch is open, and the 
Switch-arm 8 is resting against some stop. The elements of the 
carbon feed-mechanism 1, 2, 4, 5 then operate in accordance with 
the electrical conditions of the arc. If the carbons become 
exhausted, or some defect arises which causes an increased pres- 
sure across the arc, then the shunt-wound solenoid 11 is more 
strongly excited and sucks in its core, thereby coupling motor- 
rotor 2 and pin-dise 6. Owing to the increased arc-pressure the 
motor-rotor 2 rotates in the direction of the arrow in Fig. 1, 
carrying with it the switch-arm 8 until the latter makes con- 
tact with contact 9, thus switching in the compensating resist- 
ance. (Accepted January 24, 1912.) 


P 956/11. S. G. Bro London. Telephones. [5 Figs.) 
vanuary 13, 1911.—In a telephone transmitter, according to this 


invention, the diaphragm that co-operates with the granular 





carbon cell or equivalent variable-resistance device is very light, 
thin, and conical or similarly shaped, and is attached by its cen- 
tral region to the movable member of the variable-resistance 
device, the periphery of the diaphragm being either left entirely 
free but so close to the casing or other ye part as to 
afford practically no communication between the air ions on 
the two sides of the diaphragm, or connected to the ng by a 
narrow ring of flexible material of extreme thinness. A is the 
casing of the transmitter, B the cap or cover-piece, C the ebonite 
mouth-piece, D the conical diaphragm, and E the variable-resist- 
ance device within the casing A. In the construction shown, the 
variable-resistance device E is the ordinary granular carbon cell, 
and the flat centre-piece of the conical diaphragm D is secured to 
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the mica disc of the device E. To the opposite face of the mica 
disc a sheet of carbon or non-oxidisable metal is secured, and this 
sheet may, if desired, be ribbed or corrugated or otherwise 
stiffened so as to increase the strength and rigidity of the centre 
portion of the diaphragm as well as to effect a good electrical 
contact with the contents of the cell. The air space in front of 
the diaphragm is separated completely from the air space behind 
the diaphragm by a thin ring of flexible material fastened to the 
periphery of the diaphragm and to the body of the transmitter, 
or, preferably, to a removable ring clamped between the cover- 
piece and the casing. This ring may, conveniently, be formed of 
extremely thin material, such as thin glazed tissue-paper or thin 
collodion film. (Accepted January 24, 1912.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


9335/11. Sir W. H. Bailey and A. J. Bailey, Salford. 
Silencers. [3 Figs.) April 1£, 1911.—A silencer for internal- 
combustion engines, according to this invention, consists of a 
series of cups fitting one within the other, and tied together by 
stays, the outer walls of the cups forming the casing, and the 
solid ends forming the division plates or baffle walls, and being 
perforated alternately on opposite sides to ensure a zig-zag bafflin 
passage and the silencing of the exhaust a designates the met: 
cups, which may be stamped, pressed, or otherwise suitably formed, 
and are fitted one within the other. The outer walls a! of the 
cups a form the casing, and the solid erds a? form division plates 
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or walls, which are perforated as at a3 by one large hole (or by a 
number of small holes of approximately equal capacity to the 
single hole) alternately on opposite sides, to ensure a zig-zag 
baffling passage, and the silencing of the exhaust. In some cases 
it may be advantageous to increase gradually the size of the holes a* 
as they approach the outlet end of the silencer. The cups a are 
tied or fastened together by the longitudinal stays b, either ap- 
plied internally or externally or both, in such a manner as to 
allow of the ready fitting together cf the cups to the ordinary 
metal sockets or end pieces c, or the release of the several cups 
composing the silencer. (Accepted January 24, 1912.) 


1421/11. The Wotestey Sass and Motor-Car Com- 
pany, Limited, A. A. m, and A. J. Row- 
ledge, ham. Inte -Combustion es. 
{1 .| January 19, 1911.—In an internal combustion engine 


having a: sleeve-valve, inlet and exhaust-ports are, according to 
this invention, formed separately from one another through the 
wall of such valve, and inlet and exhaust-ports are also formed 
separately through the wall of the cylinder. One of the ports 








that when the valve is in its mid-position both of its ports will 
be within the which extends lengthways of the cylinder 
between the cylinder- 
closed by the valve. is the cylinder, B the piston, and O the 
sleeve-valve. Two ports c, cl are formed through the 





separate 4 
wall of the valve, immediately opposite to one ther, the port c 
being the inlet-port, and the port c! the exhaust-port. Two 





separate ports a, a! are formed through the cylinder-wall, the 
port @ for admission, and eo pes a' for exhaust. The port a! is 
so much nearer to the crank-shaft than is the port a as to ensure 
that when the valve is in its midway position, as shown, both the 
valve-ports will be within the space which extends lengthways of 
the cylinder between the cylinder-ports, and both the ports a and 
a! will be closed. As the valve rises it brings the port c into 
register with the port a, and as the valve descends it brings the 
— clinto register with the port a!. The inner end of the cylinder- 
reech D extends within the cylinder to about as far as the 
upper or inner edge of the exhaust-port a!, or somewhat further, 
as shown, and a considerable length of the upper or inner end of 
the sleeve slides between the breech and the cylinder. A broad 
packing-ring is fitted within a groove around the lower or inner 
end of the breech, and when the sleeve is in its mid-position, as 
shown, both the cylinder-ports being then closed thereby, both 
| the sleeve-ports c, cl are completely covered by the ring. A 
packing-ring (or there might be a plurality of rings) is let into a 
groove of the breech in position outwards (in relation to the 
crank-shaft) of the inlet-port a, and this ring may be com tively 
| narrow, as no port passes in any degree thereacross. The inlet- 
port @ is i diately opposite a port d? of the cylinder-breech, 
| which leads into the combustion-chamber, part of the chamber 
| at formed in the breech, as shown. (Accepted January 24, 
191 


13,705/11. The Firm Robert Bosch, Stuttgart, Ger- 

A e tion es. [12 Figs.) August 

27, 1910.—This invention relates to magneto-electric machines for 
the ignition of internal-combustion engines in which two points 
of maximum voltage are obtained corresponding to the positions 
of advanced and retarded ignition by stepping the edges of the 
field-magnets, or of the armature, or of both, so as to produce a 
double interruption of the lines of force. In aprevious device for 
this purpose the steps were arranged either on the stationary 
pole-pieces or on the edges of the rotating armature, one step 
only being provided. According to the present invention, the 
edges of the fixed pole-pieces, or of the armature, or of both, are 
not provided, as heretofore, with only one step, but throughout 
their whole length are slotted so that projecting parts are suc- 














ceeded by recessed parts. With this arrangement, when starting 
the motor—that is, with the ignition retarded—it is possible to 
have just as strong a spark as when the motor is running with 
advanced ignition. Besides this there is the advantage that 
owing to the slots eddy currents are prevented. Moreover, the 
lines of force of the various magnets are more evenly distributed 
and a better use is mace of the changes in the enclosed lines, and, 
consequently, a better voltage curve is obtained. The two left- 
hand figures show a construction in which the two pole-pieces of 
the magnet are made up by forming the magnets of separate 
layers put together, which alternately project and recede at the 
pole-pieces, and the two right-hand figures show a construction of 
the armature corresponding with that of the magnets. (Accepted 
January 10, 1912.) 


GUNS AND EXPLOSIVES. 


$311. Vickers, Limited, London (@. £. Klia, Paris, 
France.) Submarine Mines. (3 Figs.) January 2, 1911.— 
According to this invention, ina mechanical submarine mine of the 
kind that is anchored beneath the surface of the sea, and in which 
the firing-gear is under the control of an inertia-actuating device 
normally retained in the inoperative, or unarmed, condition, the 
anchor-rope or cable is connected to a spring controlled member, 
which is adapted to release the inertia-actuating device of the 
firing mechanism when the mine has become submerged, so that 
on impact of a ship with the mine, the inertia device is displaced, 

















and then operates the firing mechanism to bring about the ex- 





is nearer to the crank-shaft than is the other by such a distance | 


rts, both the cylinder-ports being then | 





plosion of the mine. A is the casing of the mine, and B is a cylin- 
drical casing arranged diametrically in the mine-casing, and con- 
taining the detonator and bursting charge of high explosive. The 
casing B, which is connected at its lower end to the casing A, is 
formed with an axial tubular chaniber B!, which receives a spring- 
controlled rod C connected by a cable c to the anchor. The 
chamber B! is furnished with a gland, through which the rod C 
Ea. the latter being provided near its upper end with a collar, 
tween which and the gland the compression spring C! is dis- 
The upper end of the rod passes through a gland in 
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the casing of the mine, and is formed with rack teeth C*, 
which mesh with a pinion D* attached to a lateral arm D, termi- 
nating in a ring, which constitutes a retaining member for the 
inertia device. The latter is in the form of a spherical weight E, 
having a portion thereof reduced in diameter to receive the 
rope E! connecting it with the striker e. The weight E is dis- 
posed in a cup-shaped receptacle on the outer and upper portion 
of the mine-casing in proximity to the retaining-ring, so that the 
latter when in the safety position encircles the weight and pre- 
vents it from moving. After the mine has been launched, and 
while it floats on the surface of the water, no appreciable tension 
is placed on the spring-controlled rod C, so that the mine remains 
unarmed, When, however, the anchor-cable becomes taut, the 
continued downward movement of the anchor causes the tension 
on the spring-controlled rod to be increased in effecting the sub- 
mersion of the mine, and displaces the rod against the resistance 


is housed, a circular aperture is formed, and correspondingly 
screwed internally to receive the collar. This construction 
affords supports for the spindle H at its head, and for supportin 

the spindle H at its foot, when the transmission gears D and 

are in their working position, the lower end of the spindle H is 
arranged to stand in a step K, which"may be formed as a circular 
recess on the bearing provided for supporting the inner end of the 
cutter-bar shaft G. In order to lift or lower the transmission-gear 
wheels D and E, the spindle H is rotated, so that thecollar is 
either screwed out of, or into, the head of the casing carrying 
the spindle H and the transmission-wheels D and E mounted 
thereon with it. For causing the transmission-wheels to partake 
of the endwise movement of the spindle, the spindle H may have 
an annular recess L. formed around its periphery into which pins 
L!, projecting from a sleeve connecting the pair of transmission 
wheels D and E, are adapted to enter. The annular recess L is 
80 di d and of such width that the pins L! travel out of con- 





of its ering Cl, This movement of the rod causes the ret ig 
ring to be displaced in an upward direction by the co-operation 
of the rack-teeth C* on the rod C with the pinion D* until the 
resultant upward pressure of the water on the mine is at its 
maximum, in which condition the retaining-ring is in such a 
position that on impact of a vessel with the mine the weight E 
will be expelled from its seating. The free end of the rope E! 
wound around the weight E is attached to the spring-controlled 
striker e, the head portion of which is connected with the stem 
by means of a breakable pin, which, when the rope has been 
placed in sufficient tension by the falling weight, sheers, and 
allows the striker to be impelled forward by its spring to fire a 
percussion-cap, the flash from which is conducted by means of a 
time or instantaneous fuze to a charge of fulminate, which ex- 
plodes the bursting-charge of the mine. The anchor cable c is 
guided by pulleys in the casing B and also passes over a pulley c* 
arranged a short distance from the said tubular chamber, so that 
the mine floats with the vertical axis through the centre of the 
pherical weight. (Accepted January 10, 1912.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


3640/11. H. J. Yates, Aston. Crucible Furnaces. 
[4 Figs.) February 13, 1911.—In Fg furnace for the heating 
of metals in crucibles, the lower end of the crucible chamber is 
— with an opening having a counter-weighted or equiva- 
ent cover-piece arranged in connection therewith. The body of 
the furnace is constructed from ordinary refractory material con- 
tained in a case orshella. At the base of the central chamber 
for the crucible (which chamber is open at the top and provided 
with a detachable cover )) a grid c is arranged for the support of 
either the crucible d or a block e, on which the crucible stands, 
An opening / to the exterior of the furnace is formed in the furnace 














bottom beneath the grid, and under the outer end of the opening 
is hinged a counter-weighted flap-valve g. Normally the opening 
is closed by the valve under the action of its counterweight. In 
the event of accidental collapse or breakage of the crucible, the 
contents flow through the grid to the opening in the furnace 
bottom, and by their weight on the valve depress the latter and 
pass away into a pan or receptacle A placed beneath the furnace. 
Choking of the air and gas aperture or apertures at the lower end 
of the crucible chamber is thus avoided, as well as any serious loss 
of the crucible contents, which is an important consideration when 
precious metals, such as gold and silver, are being melted. (Ac- 
cepted January 10, 1912.) 


7465/11. Mavor and Coulson, Limited, and H. A. 
Mavor, Glasgow. Coal-Cutting Machines. (3 Figs.) 
March 25, 1911.—This invention reférs to cutting-machines for 
use in mining minerals of a type in which the body of the 
machine is furnished with a head from which a cutter member 
extends, the cutter member being driven by motor mechanism 
arranged to also operate gear for the haulage of the machine, In 
machines of the type to which this invention refers a train of 
gearing is adopted comprising a motor-driven shaft A projecting 
into the gear-head casing B of the machine, which is fitted with 
a driving bevel pinion © arranged to gear with an upper bevel 
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ransmission gear-wheel D, with which is associated a lower bevel 
transmission-wheel E, the latter being arranged to gear witha 
driven bevel-wheel F mounted on the cutter-bar shaft G, and the 
transmission bevel-wheels D and E, which are adapted to be taken 
out of gear with the driving and driven bevel wheels C and F, are 
mounted upon a central spindle H in such a manner as to partake 
of any endwise movement which may be given to the spindle 
H, and provision is made for lifting the central —— ie, for 
which purpose, according to this invention, the spindle H is 
formed at its head with a broad circular collar H! surmounted by 
a projecting flange H®. The periphery of the collar H! is screwed, 
and in the head of the casing B, within which the gearing 





tact with it when the spindle is in the position in which the 
transmission-gear wheels Dand E are in working engagement 
with the driving and driven bevel pinions C and F. To secure 
the pins against displacement due to vibration, they may be 
screwed into the sleeve and formed with square or other shaped 
heads, over which a retaining ring L2, encircling the sleeve, 
having vertical slots corresponding to the faces of the heads, is 
adapted to be brought down so that the slots enter into locking 
engagement with the heads of the pins. It will be recognised 
that when the spindle H is in either its working or lifted posi- 
tion it remains stationary. (Accepted January 24, 1912.) 


PRINTING AND ALLIED MACHINERY. 


24,459/11. J. C. Grant and H. Davis, London. 
as es. [5 Figs.) January 17, 1911.—This 
invention relates to pivotal type-casting machines, and has for its 
object to provide in such a machine improved means for producing 
the type perfected and delivered by dropping as produced into a 
chute or other convenient receptacle. ih carrying the invention 
into effect, the mould is carried in an inclined position on the 
swing-frame 6. The matrix is carried in a holder which is guided 
80 as to travel toand from the mould with a movement parallel to 
the longer axis of the mould boat and thereby to leave com- 
pletely clear the type in the mould. During the portion of the 
travel of the mould away from the metal-pot, which is effected by 
the epee movement of the swing-frame 6 about the centres 9, 
10, the matrix-holder is acted on by the upper end of the lever 13 
turning on a pin carried in a fork secured to the swing-frame 6. 
The lower end of the lever 13 carries an adjustable stop-screw 16, 
which bears against an abutment 17 carried on the fixed portion 
of the framing of the machine and kept in contact therewith by a 
spring. The action of this spring is to withdraw the matrix 
which is brought into the position for casting in the forward 

















(24.459) 


movement of the swing-frame 6 by the pressure of the screw 16 
against the fixed abutment 17. The opening of the mould is 
spate pivotally in the manner usual in machines of this class 
y means of the radius-rod 19 ball-jointed to the fixed framing at 
20, and pin-jointed to the lifting-arm 21, which, through a pin- 
jointed connection and a bent rod 23, raises the top mould-block 
24, to which it is connected. A mould giving a foot-nick pro- 
duced by means of a slotted wire 88 is employed, and is (Fig. 3) 
placed across the foot of the mould so as to form a recess in the 
foot of the type on either side of the tang to facilitate the breaking 
of the latter. The wire 88 is provided with a clamping-screw to 
= of its adjustment to the set width of the types to be cast. 
e type is released from the mould and broken from the tang by 
the action of drag-pins in the top half of the mould, the tang 
being left in the bottom half and in the nick-wire 88, from which 
it is ejected into a chute by the action of the end 90 (Fig. 2) of 
a lever 93 operated by a pin carried on the lifting-arm 21 and 
working in the cam-path 92 in the lever pivoted on the screw 94. 
The type when released from the mould falls into another chute 
or receptacle. (Accepted January 24, 1912.) 


TEXTILE MACHINERY. 


J. Dronsfield, Oldham. Pulling - on 
{8 Figs.) February 24, 1911.—This invention has 
reference to pulling-on machines wu in the textile trades for 
placing roller coverings upon drawing and other rollers. Ac- 
cording to this invention, the flexible fingers are separately 
applied, and, instead of being soldered, are accurately spaced 


Fig./. Fig ? 
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4665/11. 
Machines. 
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apart in divisions or recesses, and firmly secured by a removable 
clamping-ring or clamping device. A sleeve or barrel @ is cut 
with screw-threads upon a narrow face forming part of its 
exterior, and has accurately divisions a* around its cir- 
cumference of about the length of the" threaded width. The 
lower edge of the sleeve is preferably rounded, and the spring 
fingers ) are made of flexible metal, each length being bent up to 





form a short limb b! which is caused to engage one of the divi- 
sions a*. The long length of spring finger extends outwards and 
beds against the inner wall of the sleeve a, and thus all the 
spring fingers lie around the interior wall and are accurate! 
spaced apart. To secure the spring fingers in position, a screwed 
ring e with a collar is screwed on from the back end, and clamps 
and locks the bent ends b! of the fingers in proper position. |» 
order to effect a renewal of any or all of the fingers, it is onl) 
nece: y to remove the ring ¢, and apply in its proper division a 
flexible length or lengths, and thereafter screw home the ring -, 
when the sleeve is again ready for work. This operation can be 
ian)” once by an unskilled person. (Accepted January 10, 
1912. 


22,277/11. R. E. Starkie and J. Stephenson, Burn- 
ley. Looms. [1 Fig.) October 10, 1911.—A device 7 letting- 
back in the take-up motions of looms consists, according to this 
invention, of a curved arm formed with ratchet teeth at its 
extremity, and located between the boss of the actuating lever 
and the ratchet-wheel of the taking-up motion, the teeth engaging 
with the teeth of the ratchet-wheel so as to cause a let-hack 
when the weighted end of the device falls against an adjustable 
stop on the liberation of the ratchet-wheel. A is the ratchet- 
wheel of the take-up motion of a loom carried by the bracket 
fixed to the loom side. D and E are the actuating and retaining 
catches of the take-up motion, which are simultaneously raised 
when it is desired to let back the wheel A. In order that there 
may be a positive let-back of the take-up motion, and to admit 
of the ready application and adjustment of the working parts, 
the device shown on the drawings is employed, and has a curved 
arm G at one end, and a weighted portion H at the other, such 
arm being curved to enable it to be located between the boss.) of 
the actuating lever F and the ratchet-wheel A, so that the toothed 
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portion K formed at the extremity of the curved arm, which 
engages with the teeth of the ratchet-wheel, may move from 
obstruction. This permits of the bracket L carrying the device 
being placed on the opposite side of the boss wheel J, out of the 
way, and allowing ample scope for adjustment and freedom of 
movement. The stud upon which the arm G is loosely mounted 
is adjustable. The bracket L is provided with two lugs projecting 
at right angles to each other, suitably placed, and fitted with 
adjusting-screws. A projection on the weighted end H of the 
device strikes against the end of one screw in its fall, and since 
the screw may be adjusted as required, the distance of the move- 
ment of the ratchet-wheel in letting-back may be readily regu- 
lated. On the other hand, in cases where the loom has woven 
without weft, or for any other purpose the weaver desires to 
‘pull back,” the toothed portion of the device is depressed by 
the end-piece @ by the hand of the weaver to clear the teeth of 
the rachet-wheel, while, at the same time, the catches are raised 
by him, and the ratchet-wheel turned back. To prevent the 
device moving too far in such cases, its backward movement is 
limited by the other screw. (Accepted Deceinber 30, 1911.) 


MISCELLANEOUS. 


gg Ww. peerymee and C. Camus, Ponders 
En Flexible Me ic Tubing. (2 Figs.) December 2%, 
1910.—In Specification No. 12,661, of 1894, in has been proposed 
to construct flexible metallic tubing having an oval, polygonal, 
or other section such that one convolution cannot revolve upon 
another so as to untwist the coiled tubing, rendering it unsound. 
In Specification No. 26,764, of 1910, it has also been proposed to 
construct flexible metallic tubing from a strip so corrugated that 
when the tubing is coiled there are one or more complete chan- 
nelled corrugations in addition to those required for interlocking 
the corrugated strip in each separate coil of the tubing. The 
present invention relates to a construction of fiexible metallic 
tubing in which these two features are combined so as to form 
a light, strong, and inexpensive construction of tubing, as 























thinner metal can be employed, and for certain purposes the 
packing hitherto employed can be dispensed with. For this pur- 
pose, the tubing is coiled from a strip of metal which isso cor- 
rugated prior to, or in the course of, the coiling of the tube that 
when coiled there are one or more channelled corrugations ¢, © 
provided between the actual corrugations a, ), the edges of which 
serve to interlock the coiled strip, so that there are intermediate 
corrugations in each coil of the tube. Such corrugated helical 
strip, instead of being coiled on a cylindrical mandrel as hereto- 
fore, is coiled on a cylindrical mandrel having a series of flats 
around its circumference or periphery, such flats being formed 
parallel to the axis of the tube. In addition, sufficient pressure 
bs *given to the pressing rollers to force the coiled tube to assume 
the shape of such flattened surfaces, (Accepted Dect mber 30 
191}. 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 443.) 

Txe meeting of the Institution of Naval Archi- 
tects was continued on Friday, the 29th ult. The 
revious days’ meetings have already been reported 
in ExcrngEERING. The first paper to be taken on 
members reassembling at 11.30 a.m. was one by 
Professor J. H. Biles, entitled 


Tue GEARED TURBINE CHANNEL STEAMERS 
‘* NORMANNIA” AND ‘* Hantonta.” 


This paper we reproduce on page 501. In reading 
the paper Professor Biles gave the additional infor- 
mation that from actual trial figures, at 315 revolu- 
tions of the propellers of the two-screw turbine, the 
high-pressure turbine ran at about 2016 revolutions 
per minute, and the low-pressure at 1401 revolu- 
tions per minute. The gear-wheel was 16 in. in 
diameter. 

The first speaker was the Hon. Sir C. A. Parsons, 
who remarked that on the actual subject of the paper 
there remained little to be said. Professor Biles 
had given all the facts of the case. In recent years 
the subject of mechanical gearing had several times 
been before the Institution. He would only refer 
to one or two features connected with it. To 
mechanical engineers the working of modern helical 
gearing was quite a revelation, especially with 
regard to its quietness and absence of wear. Wear 
was practically absent, providing the lubricating 
oil was kept clean. There was no mechanical con- 
tact between the teeth. There was an oil film, 
and the actual surfaces never touched. The loss 
in power was really very small indeed. The chief 
loss occurred in the ‘pinion bearings, and this 
could be reduced below what might commonly be 
expected if thinner oil were used, so that the 
viscosity of the oil would be lower. It was, now- 
a-days, the fashion to bring the Diesel engine very 
much into prominence, and he might, perhaps, be 
allowed to make a comparison. The boats described 
in the paper used saturated steam, but if the 
additional expense were faced to secure highly 
superheated steam, the consumption would be 
very much lower. In a large turbine stationary 
plant being supplied to America, working with 
250 deg. Fahr. superheat, the consumption of 
11 lb. of steam per kilowatt had been guaranteed. 
That was equivalent to 8 lb. of superheated 
steam per shaft horse-power. That would take 
from 0.7 lb. to 0.75 lb. of oil per shaft horse- 
power, compared with about 0.44 lb. for the Diesel 
engine. Very little was heard in connection 
with the latter engine of the oil for lubrication. 
The Selandia, he believed, had about 15 tons of 
lubricating oil in the crank-chambers. Consump- 
tion as regards this item was very seldom alluded 
to, though it was of great importance. With geared 
turbines, as was generally known, lubrication was 
practically nil. He would add that the Vespasian 
had already accomplished 33,000 miles, and she 
was now in the Mediterranean. Everything was 
running well and they no longer paid attention to 
her movements. 

Dr. A. Denny said that Professor Biles had been 
the first to have the courage to recommend the system 
of geared turbines. Although Professor Biles had 
had no fear of the results, there was, as the paper 
stated, the question of the comfort of the public 
to be considered. It was a good thing to know 
that from this point of view the installations had 
given satisfaction. As was known, his firm were 
completing some geared turbine torpedo - boat 
destroyers. A destroyer was like a big sounding- 
box, and yet on the trials the noise was trifling. A 
torpedo-boat destroyer was, of course, not dead 
silent when running. When one of these boats 
was approached on a tender there was noticeable 
&noise of something between the humming of a 
bumble bee and an escape of steam—rather louder 
than the bee’s buzzing. With regard to direct- 
driven turbine Channel steamers, their experience 

ad shown them that for such a service vessels 
of this type could be as efficient as those fitted 
with reciprocating engines. He thought the size of 
oetes adopted by Professor Biles was good. 

ere was an absence of racing in the case of 
turbine-driven boats, which was not altogether 
connected with the immersion of the propellers. It 
was, perhaps, partly connected with the greater inertia 
0’ the turbine than the reciprocating engine. In con- 
nection with records such as water per shaft horse- 
power, he would remind the meeting that although 


there were many torsiometers already on the 
market, and others were constantly being intro- 
duced, they had not reached the perfect instrument 
as yet. There was reason to believe that readings 
taken by such instruments may not have been 
absolutely reliable, and the uncomfortable thing 
was that they did not know how much the error 
actually was. Results given of shaft horse-power 
should therefore be accepted as yet with some 
degree of caution. Then, with regard to water, 
this was usually measured by the feed-pumps. 
That means of measurement could not be considered 
satisfactory. The only way of ensuring accuracy 
with regard to the water measurements was to 
adopt the elaborate system of tanks such as were 
used in the Admiralty tests. The objection to this 
system was due to its expense, while the appa- 
ratus was cumbersome, and there were limits in 
ordinary commercial work, in the way of tests, 
beyond which makers could not be expected 
to go. 

Dr. H. Fottinger referred to the author's refer- 
ence to the relative efficiency of mechanical and 
hydraulic gearing. The mechanical gearing was 
claimed to have an efficiency of 984 per cent. ; 
that was to say, the sole loss was stated to be 
14 per cent., while the author gave the efficiency of 
the hydraulic gearing as below 90 per cent. Dr. 
Féttinger then gave figures to show that with his 
system efficiencies were obtained and guaranteed of 
88 per cent., and that in an installation building 
for a vessel for the Hamburg-Amerika Line, it was 
expected to realise 90 to 92 per cent. efficiency for 
this gear. These figures Dr. Fottinger had already 
given on the previous day* in connection with Mr. 
Holzapfel’s er on ‘‘Gas Power for Ship Pro- 
pulsion,” and they need not, therefore, be repeated. 
Although Professor Biles had given the mechanical 
gearing system the small loss of 14 per cent., it had 
to be remembered that that system involved the 
use of an astern turbine, which normally had to be 
run backwards. In installations which called for 
astern power of from 50 to 60 per cent. of the ahead 
power, such a turbine system revolving backwards 
would involve a loss of from 3 to 5 per cent., owing 
to the fan action of the blades. The total loss of 
this system was thus about 4.5 to 6.5 per cent., and 
it was that figure that should be compared with the 
figure of 8 per cent. loss for the hydraulic system. 
Part of the 8 to 10 per cent. loss in the hydraulic 
system might be reclaimed by feed-water heating, 
but in the mechanical system the loss was absolute, 
so that in the end there was, as regards coal con- 
sumption, very little difference between the two 
systems. The solution chosen by Professor Biles 
was quite satisfactory for the lower powers. In 
the case of the Hamburg-Amerika Line ships 
there would, however, be from 9000 to 11,5v0 
horse-power per pinion, and he doubted if any 
engineer would, at the present time, undertake 
the responsibility of making gears for such powers 
as those. On the Continent vessels had been con- 
structed with 25,000 horse-power per shaft, and he 
thought powers of 30,000 to 40,000 horse-power per 
shaft would appear in the near future. It was, 
therefore, highly desirable to adopt a gear suitable 
for all powers, and not one with a restricted field. 
The case was met by the hydraulic gear. It was 
absolutely noiseless, and there was no wear. The 
surfaces were large compared with line contact in 
the mechanical gearing. 

Mr. W. H. Whiting said they had to thank Pro- 
fessor Biles for carrying the problem of turbine 
propulsion one stage further. The subject of 
suitable transmission in ships had received a lot 
of attention in recent years. They had had several 
solutions and attempted solutions placed before 
them, and some of ~ a had appeared to him to 
be wild. He was then referring more particularly 
to the electrical schemes. Helical gearing would 
appeal to many on account of its directness, sim- 
plicity, and reliability.. It was remarkable that 
the opening papers of the meetings that day and 
the day before were representative of the two 
systems which promised to take part in the great 
struggle for supremacy in the future of marine 
engineering. A great deal, some might consider, 
perhaps, too much, had been said in favour 
of the internal-combustion engine. On that he 
was only competent then to deal with one or two 
aspects. It could not be denied that the use of 
these engines revived once more all the questions 
relating to vibration and reciprocating stresses. 





* See page 440 ante, 





The paper stated that the old engineers had 
blessed the decease of mechanical gearing and 
looked with horror upon its suggested resurrec- 
tion. Could that horror be worse than that 
with which the resurrection of reciprocating- 
engines of the higher powers would be viewed ? 
However well the internal -combustion engine 
were developed in the future, there would be the 
important reciprocating stresses to be dealt with. 
There was one other feature of importance. The 
contrast between the drawings of the engines of 
the Selandia, which had but 1250 horse-power on 
one shaft, and the illustration of the machinery of 
the vessels described in Professor Biles’s paper, 
which had 3000 horse-power per shaft, was immense. 
How could engines such as those on board the 
Selandia be protected? Their height was about 
22 ft., and that alone ruled them out of the 
question for any small unprotected vessel. They 
could only be adopted if the risk of rapid destruction 
were to be accepted, or if they could be protected 
by weighting the vessel with more iron. A return 
to the reciprocating type of engine meant placing 
the vulnerable parts again above water, the pro- 
tective action of which was most effective. This 
would prevent the adoption of the internal-com- 
bustion engine. 

The next speaker was Mr. J. M. Allan, who said 
he wished merely to speak on the point raised by 
Dr. Foéttinger with regard to the extent of the loss 
of driving the astern turbine backwards. He had 
made actual measurements with electrical instru- 
ments of the power thus taken, and on a 14,000- 
shaft-horse-power installation it came out to no 
more than 100 horse-power. That was running at 
230 revolutions. It was very much less than the 
3 per cent. Dr. Fdéttinger had suggested. Dr. 
Fottinger at this point attempted to substantiate 
his figures, but the President called the meeting to 
order and Sir William White continued the dis- 
cussion. 

Sir W. White said that Professor Biles had very 
clearly traced out in his paper the influence which 
the problem of propulsion had had upon the design 
of the vessel as a whole. The Vespasian had from 
800 to 1000 horse-power. Here there had been a 
question of 2500 horse-power per shaft for con- 
tinuous work. Trials had been made of gearing 
transmitting very much greater powers than those, 
and the limit of modern helical gearing had yet to 
be determined. He thought it might be carried a 
great deal further than was at present dreamt of, 
and for powers such as Dr. Féttinger had mentioned, 
in which the hydraulic gear was to be fitted, he 
thought the mechanical gear was not by any means 
impracticable. He remembered the days when 
the propellers were geared up, but when he 
rent the term ‘‘ resurrection” used in con- 
nection with gears he thought of the difference 
implied in the reference to the death of the 
mortal body and the resurrection of the spiritual 
body. Except in name there remained very little 
of the original thing. He thought the points made 
by Mr. Whiting were effective in connection with 
the immediate future of the internal-combustion 
engine and turbines. The limit of power of a single 
cylinder in the former was a crucial matter, to 
which not nearly sufficient attention had been 
given. In Mr. Milton’s paper last year they 
had been told of a single cylinder giving 2000 
horse-power. They had heard of it recently again 
at the Institution of Mechanical Engineers, and 
had heard of an accident in that connection 
also. Dr. Diesel admitted, it seemed, that what- 
ever the result of this attempt, it could not be 
said to have achieved complete success. It was 
quite true that no progress was made without taking 
a certain amount of risk; but it appeared that it 
was a very difficult matter to advance far in cylinder 
sizes for internal-combustion engines. He had been 
to see the Selandia in the company of Mr. Dugald 
Clerk, who, as was known, was a great authority on 
internal-combustion engines, pot his opinion was 
in complete accord with the remarks he had just 
uttered. There were undoubtedly inherent diffi- 
culties of putting “P the scale of cylinder powers 
in those engines. He would point out with regard 
to the future limit of the power of ships that the 
limit was not set by the lack of ability on the part 
of the engineer. An engineer, it was said, could 
do anything provided some one would find the 
money. . 
Dr. A. Denny asked, before Professor Biles 
replied to the discussion, if he would explain how 





he had designed his vessel of 36 ft. beam so that 
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it was as stable as the previous vessels of 39 ft. 
beam. 

Professor Biles, in replying to the discussion, took 
Mr. Denny’s last question first. He pointed out 
that the principle enunciated by Dr. Froude stated 
that the stability of a ship form depended on the 
relation of the moment of inertia of the water line 
tothe displacement. In producing a form with 36 ft. 
beam as stable as the original with 39 ft. beam, 
this relationship had to be preserved. This had 
been done. A cruiser-shaped stern had been given 
to the vessel. The area was principally taken away 
amidships, and added at the afterend. That was 
quite a permissible proceeding, and Froude’s work 
had enabled them toascertain what speed results they 








would secure by these means. The sectional areas aft 
remained the same, but the water line was increased ; 
in fact, the volume was raised and put up nearer the 
water line. He illustrated that roughly on the black- 
board by a sketch, of which we give a reproduc- 
tion above. In this the line O showed the original 
water line, and 0! a section towards the after end. 
The line N showed the water line adopted in the 
new form, lying amidships 14 ft. within the original, 
but much fuller aft. The new section was given 
by N', which afforded an area equal to the section 
O'. At the forward end there was practically no 
difference between the two water lines. 

He had not expected his paper to give rise to a 
comparison between the geared turbine and the 
Diesel engine. It was interesting to hear from Sir 
Charles Parsons that the economy of the geared 
turbine was so near that of the oil-engine. He 
should have stated in his paper that the gears and 
turbines had been made by the Parsons Company, 
and that they had been fitted by the Fairfield Com- 
ne 5 Apparently Mr. Denny looked forward to the 
application of gearing tohigh-speed work. Where the 
shaft was already run at high speed there might be 
no gain by running the turbine still faster. With 
regard to errors in connection with these trials, it 
was quite true the feed was measured by the 
number of feed-pump strokes. The errors in the 
trials recorded in his paper were on a comparable 
basis. The pumps had, in each case been carefully 
calibrated, and though by the use of this the results 
might not be strictly comparable with those ob- 
tained with measuring tanks in use, between them- 
selves they were fairly comparative. Actual errors 
had, as far as possible, been eliminated. Coal con- 
sumption was, after all, the final measure. The 
results of measurements obtained at sea, which 
were taken with great care, were, he considered, 
quite accurate. The real value of these comparisons 
would not be secured until the full trials, which 
had been delayed, had been completed. He would 
not enter into the fan action of the astern turbine, 
but he congratulated Dr. Fottinger on the efficiency 
he had obtained, and that which he expected with 
the big powers he spoke of. He doubted whether 
the power lost by running the astern turbine was 
as much as 3 per cent. [At this remark Sir C. A. 
Parsons interjected that it was about 0.75 per cent. 
only. | 


PERFORMANCE OF THE CHANNEL STEAMER 
‘* NEWHAVEN.” 


The next paper was a short one by Mr. P. Sigaudy 
on ‘*The Performanze on Service of the Channel 
Steamer Newhaven.” In the absence of the author 
this was read by Mr. H. W. Ridsdale. This paper 
we reprint on e 503 in this issue. The discus- 
sion was opened by Mr. A. Spyer, who said that he 
was struck by the suggestion made in the paper that 
oil fuel should be used on boats of that class. From 
the technical point of view he agreed. They had 
heard a great deal about oil before the various 
technical societies recent'y, but the question was 
really a commercial one. The day before he had 
asked for quotations for a contract of 1000 tons of 
oil of a quality suitable either for Diesel engines 
or for firing, and had been informed that at present 
its price was 60s. to 653s. per ton, and that before 
the end of the year that figure would go up con- 
siderably. If those were the conditions of supply, 
the present discussions on the subject of oi Fuel 


could not be considered to be of more than of an 
academic nature. 
It might be interesting if he were to give figures 





for the cross-Channel boats Riviera and Engadine, 
of the South-Eastern Company. They were rather 
larger than the Newhaven, and were fitted with 
water-tube boilers. The Riviera in twelve months 
had accomplished 111 double trips at an average 
speed of 21.868 knots, and an average coal con- 
sumption for the double run of 24.58 tons. The 
Engadine had done 94 double trips at an average 
speed of 22.2 knots on a consumption of 24.77 tons 
of coal per double journey. Those figures included 
the banking of fires between trips, changing berths, 
&c. The previous sister-ship, the Victoria, had 
cylindrical boilers. That vessel, as the result of 
seventy-nine double trips, was found to steam at 
an average speed of 21.27 knots on an average 
coal consumption of 24.59 tons. It would be seen, 
therefore, that the new boats were respectively 0.6 
and 1 knot faster for the same coal consumption. 
The only difference being in the boiler installations, 
these results had to be credited to the water-tube 
type of boiler. The favourable impression made 
by the working of these new boats had directed 
the attention of other companies to boilers of this 
class as the result. 

Mr. R. J. Walker stated that the paper recorded 
some most excellent results. The figures given 
by Mr. Spyer were interesting. He thought it 
quite probable that they were partly due, at least, 
to the use of water-tube boilers. 

Dr. A. Denny congratulated the author on the 
results, which, he said, were exceptionally good. 
The speeds were very high for the size of the 
vessel, and he thought the results on such dis- 
placement would be found very difficult to beat. 

Mr. Ridsdale, on behalf of the author, said a 
few words in reply to the discussion. A few further 

rticulars of the vessel were available. The shaft 

orse-power on trial was found to be 13,000, and 
on the regular summer service it was estimated to 
be about 12,000. The revolutions were 670 per 
minute ; the screws were 65 in. in diameter; the 
weight of the turbines was just under 80tons. A 
new vessel was building which would be a sister- 
ship to the Newhaven in all respects. If better 
results were anticipated from her, they would 
mainly be due to better handling on trial. 


THe MEASUREMENT AND RECORDING OF 
Deap RECKONING. 


On reassembling after lunch, Dr. Archibald 
Denny being in the chair, the meeting passed to 
the consideration of Mr. F. R. S. Bircham’s paper 
entitied ‘‘On the Measurement and Automatic 
Recording of Dead Reckoning,” which was read by 
its author. We shall reprint this paper later. It 
is a description of a complicated apparatus, and 
cannot be condensed. 

Commander G. J. Baugh, opening the discussion, 
said that all naval men were bound to take a great 
interest in any apparatus designed to serve the 

urpose of that described by Mr. Bircham. It was, 
owever, of the first importance that they should 
be convinced of its accuracy, and while its services 
would be so valuable that it was impossible to 
neglect the instrument, he would much like to 
have some record of its performances in actual 
work. 

Mr. Edwards inguired if the author of the paper 
had any knowledge of a Swedish invention designed 
to fulfil somewhat the same purposes as his own, 
and which he understood had been officially approved 
by the Swedish Government. . 

Mr. Linton Hope said that he had seen the 
Anschutz apparatus which was mentioned in the 
paper, and thought Mr. Bircham’s was very much 
simpler. He would point out, however, that the 
Anschutz gear gave a record showing the actual 
movement of the ship on a chart, which the one 
dealt with in the paper did not do. 

Mr. H. H. Binyon said that he had done some 
work in connection with a similar type of apparatus 
to that described by Mr. Bircham, and appreciated 
the difficulties of the subject. His attempts had 
been directed towards perfecting a device that would 
record the actual course of a ship, and which would 
work in terms of the forces acting on the ship. If, 
for instance, a vessel was steaming, say, due north, 
and there was a drift due to the tide or wind from 
the west, then the actual course would be some- 
where to the north-east ; but if the sky was obscured, 
it was impossible for the navigator to know how 
much the drift was. His method had been to 
measure the drift in terms of the force acting 
sideways on the ship. If a log of less bulk than 
the ship was trailed aft, the action of the tide or 





wind on it would be less than that on the ship, 
and his idea had been that by continuously 
measuring the lag in the drifting direction, between 
the log and the ship, a measure of the drift micht 
be obtained. 7 
Mr. Bircham, in reply to Mr. Linton Hope, 
said that he thought the chart furnished by the 
Anschutz apparatus was hardly worth the coinpli- 
cation which it demanded. In reply to Mr, 
Edwards, he was afraid he had no knowledge of 
the Swedish invention referred to. He thought in 
other respects that the discussion hardly demanded 
areply, but he might add that the over-all dimension 
of his gear was about 22 in. square by 6 in. deep, 
and that it was intended in future that the whole 
gear should be immersed and run in an oil bath. 


DESCRIPTION OF A TipE-INDICATOR. 


Commander G. J. Baugh then read his paper 
with the above title. The paper described an in- 
dicator for the rapid calculation of the depth of 
water over banks or bars at any state of the 
tide. The calculations were carried out with the 
aid of the Admiralty tide-tables as ordinarily used; 
but instead of the usual accompanying arithmetical 
work, which took from 10 to 15 minutes, being 
required, the whole calculation could be carried 
out by setting three moving parts and reading off. 
The instrument, which was a circular one with 
a glass front, and had much the appearance and 
size of an ordinary aneroid barometer, had its 
moving scales and indicators interconnected through 
a spur-gearing and rack arrangement, which caused 
respective movements of the parts in terms of the 
laws of tidal flow. Commander Baugh stated that 
the indicator was in use on the Trinity House 
ships and elsewhere, and that there were altogether 
about twenty examples now in service. There was 
no discussion on the paper, and after its reading 
the meeting adjourned until the evening. 


Boat INSTALLATIONS ON MopeErN Surps. 


Members reassembled at 7.30 p.m. on Friday, 
the chair being taken by the Hon. Sir C. A. 
Parsons. The first paper was one by Mr. A. Welin, 
entitled ‘‘The Arrangement of Boat Installations 
on Modern Ships.” This was a description of the 
several forms of the Welin type of davit, and dis- 
cussed the influences which governed the adoption 
of various forms of installation. 

The discussion was opened by Mr. Mark Robin- 
son, who said he had formerly been interested in 
the problem of getting boats away from ships’ 
sides safely, but had devoted his attention to 
disengaging rather than to lowering gear. He 
considered that the davit dealt with in the paper 
was a sound engineering job, and Mr. Welin was 
the first to apply good engineering practice in this 
direction. With regard to the enormous height 
from which boats now had to be lowered, he was 
glad to see that Mr. Welin proposed a remedy 
for that. He questioned, however, whether the pro- 
posal to appropriate one of the decks below the 
present boat-deck for boats would be welcomed. 
Lowering boats 100 ft. or so with a heavy roll on was 
a serious matter, and something would have to be 
done. No standard or systematic plan could be 
adopted, as conditions were different for each vessel. 

r. Foster King thought the paper indicative of 
the modern tendency to go in for sound mechanical 
design. In one illustration in the paper boats were 
shown on the second deck below the promenade- 
deck. He did not wish to discuss the relative 
safety to passengers of lowering boats from such 
positions. Perhaps a boat might as well be lowered 
32 ft. as 18 ft., and it was also clear that boats 
stowed so much nearer the water would be more 
liable to injury from seas. Could the proposed posi- 
tion be adopted, however, without sacrifice of the 
ship’s rigidity ? The weights due to two decks of a 
modern passenger ship were very serious, and he 
thought attention should rather be concentrated 
upon carrying the side-plating up, at least, to the 
deck below the top deck, rather than to scheme 
arrangements such as Mr. Welin proposed. Because 
superstructures were called deck - houses their 
importance was apt to be underrated. If the struc- 
ture were termed a bridge, he did not suppose that 
anyone would propose to cut ports in the plating 
32 ft. long and 4 ft. apart, out of which to work boats. 

Mr. A. C. Holzapfel said that experience showed 
that vessels equipped with sound life-saving appli- 
ances, such as the Welin davit, had an attraction 
for passengers. He rather wondered why cargo- 
ships had not adopted the system. They had only 
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a small number of hands, and had considerable 
difficulty in getting the boats off the chocks and 
swinging them out, especially when a ship was listed 
over badly to one side. It was very difficult under 
such conditions to get a boat on the weather side 
into the water with the ordinary davits, which did 
not swing out far enough for this to be done. 
With the Welin davit boats would be available on 
both sides of the ship. There was the additional 
advantage of great rapidity in lowering. : 

Captain Perron was of opinion that Mr. Welin’s 
davit would be welcomed everywhere, in both naval 
and mercantile marines. While on warships every 
man knew his duty and boat-drilk, on merchant ships, 
with the vessels often undermanned, and with but 
little or no time available for drill, everything tend- 
ing to simplification was of importance. From ex- 
perience he could state that the davit described by 
the author met all requirements as regards security, 
strength, and simplicity. The double-acting davit 
seemed particularly applicable to warships. A 
scheme was mentioned of adapting the davit gear 
to the coaling of ships, and he thought that by it 
there would be a saving of time and money. The 
greater the simplification of the boat installations on 
board a ship, the greater the confidence in the vessel 

Mr. C. T. Davidson wished to contest the state- 
ment that cargo vessels were often undermanned. 
Merchant vessels had crews amply sufficient to meet 
the requirements of the Board of Trade, which had 
the supervision of boat accommodation. 

The Chairman considered the loss of life in many 
cases of disaster would be much diminished by the 
employment of the Welin davit. He concurred 
with Mr. Holzapfel in the view that many pas- 
sengers paid attention to the type of boat appsratus 
on board different ships. 

Mr. A. Welin, in reply, said that though owners 
would kick against occupying one of the lower 
decks with boats, they would object wherever they 
were placed. Boats were much disliked, as they 
occupied space, and earned no money. He did not 
think the objections raised by Mr. Foster King 
would prove serious. The plan criticised was at 
the moment under consideration for adoption in 
one of the .argest ships in the world. When 
lowering from ships which were down by the head 
or stern, a hand-brake was brought into use on one 
of the falls, while the other was allowed to run on. 
By the use of a check-block the boat was allowed 
to reach the water on an even keel. Present rules 
required that cargo-boats should carry sufficient 
boats for all persons on board, on each side of the 
ship, so that there should be no question of lower- 
ing boats from the high side. On passenger boats, 
however, it was different, and it might then be 
necessary to lower on the high side. Moreover, the 
owners of cargo vessels had enough to do to make 
a reasonable profit, without adding to the capital 
cost of the ships by adopting a more expensive type 
of davit, a as this undeniably was. He had 
never been anxious to press the adoption of such 
od on cheap tramp steamers. In conclusion, Mr. 

elin drew special attention to the non-toppling 
block mentioned in the paper, illustrating its 
working by means of a model. 


TorsionaL VIBRATIONS OF Exast1c SHAFTS, AND 
THEIR APPLICATION TO THE VIBRATION OF SHIPS. 


The next paper was one descriptive of a 
mathematical investigation carried out by Dr. L. 
Giimbel on the ‘‘Torsional Vibrations of Elastic 
Shafts of any Cross-Section and Mass Distribution, 
and their Application to the Vibration of Ships.” 
In the absence of the author, and in view of the 
character of the paper, this was summarised and 
explained by Professor W. E. Dalby. 

Professor Dalby said that, in his paper, Dr. 
Giimbel discussed a method of solving the problem 
of finding the time of oscillation of a system of two 
masses of known moments of inertia and shaft 
dimensions, and concluded that there was a vibra- 
tion which was common to all points of the system, 
both as to phase and magnitude, and a free vibra- 
tion of the masses. The actual vibration could he 
found by taking the geometrical sum of these two. 

is method could be extended to the problem of 
finding the periodic time of the torsional oscilla- 
tions of a ship’s hull. That problem was important 

cause the higher speeds of shaft rotation employed 
with the steam-turbine might approach the periodic 
time of the hull. The are . was complex, 
use the distribution of: the weight and the 
mean sectional element varied in all parts of the 
ship. The problem resolved itself into finding the 


time of torsional oscillation of a system of varying 
— moments of inertia, under the action of mass 
oading, which was an arbitrary function of the 
length of the hull. 

The author first reduced the ship's hull, element 
by element, to an equivalent circular shaft of 
uniform polar moment of inertia, varying the 
length of each element of the shaft in relation to 
the corresponding length of the hull element, in 
order to secure this condition. The German 
cruiser Vineta had been used by the author as an 
example. This vessel measured 109.7 metres, and 
the equivalent shaft was found to have a length 
of 88.54 metres. A curve equivalent to the 
moments of inertia of the weights acting about the 
centre of gravity of the sections was then con- 
structed. From this a curve of amplitudes of the 
free torsional vibrations of the equivalent shaft 
was constructed, from which the corresponding polar 
distance in the force polygon was found. Know- 
ing this, the frequency could be calculated, and 
since the product of the vibration frequency and 
the length of the ship was constant for similar 
ships, this could be used to find the frequency of 
certain other vessels. 

The Chairman said, in illustration of the general 
principle, that the Mauretania had been found to 
vibrate more with three-bladed than with four- 
bladed screws, because the period of vibration in 
the one case synchronised with that of the vibra- 
tion of the vessel, which had not been calculated 
beforehand. Vibrational periods of similar struc- 
tures were always proportional to the dimensions. 
If two pieces of wire were taken, one twice the 
size in every way of the other, and held in a vice, 
the larger would sound a note an octave lower 
than the smaller. For that reason he believed it 
to be quite accurate to calculate the vibrational 

riod of a structure from a model. Many prob- 
ems in engineering were too complica for 
ordinary calculation, but work with a model would 
indicate what the conditions in a larger structure 
would be. In the case of drums for the Allen 
liner turbines, which were butt-jointed, as it was 
not then ible to get solid drawn hoops, the 
effect of the centrifugal forces on the butt-joints 
was investigated in this way. A properly propor- 
tioned model had been made and run at the same 
surface speed, and strengthened up until the defor- 
mation outwards at the joint was not serious. 
The larger drums were constructed on the basis of 
this experiment and came out quite right. 


An Opticat Loap-Extension InpIcATOR. 


The next paper at the Friday evening meeting 
was one by Professor W. E. Dalby, entitled ** Load- 
Extension Diagrams obtained Photographically 
with an Automatic Self-Contained Optical Load- 
Extension Indicator.” This is reprinted in extenso 
on page 503. Professor Dalby gave his paper in 
the form of a lecture, illustrating his remarks 
by lantern-slides, some of which are reproduced 
as diagrams accompanying the paper. Since the 
completion of the paper, however, the author had 
continued his work on other materials, and in 
his lecture supplemented the work detailed in the 
paper with the later results. Of this a of 
Professor Dalby’s remarks we give the following 
summary :—Dealing, after the steels, with.copper- 
zinc and copper-tin alloys, the author showed a 
series of curves which afterwards were repro- 
duced grouped on one diagram, of which we give a 
fac-simile in Fig. 2, annexed. The curve for a piece 
of unannealed brass rod was for rolled material in, 
therefore, a fairly hard state. It would be seen 
that there were sudden jerks in the curve during 
the plastic stage. ‘Those jerks were peculiar to 
that particular brass. He could not say what was 
happening, but the phenomenon was recurrent, 
though it was only in the copper-zinc alloys that 
it was found. The composition of that sample 
was 58.6 Cu, 40.8 Zn, and 0.6 Pb. It was interest- 
ing to notice at the heel of the curve the entire 
absence of anything like the molecular instability 
which appeared in the cases of iron and steel at 
the yield-point. Subsequent tests showed the true 
elastic limit for this brass to be about 6.9 tons per 
sq. in., and the modulus of elasticity to be 5930 tons. 
Another curve was given for exactly the same 
material annealed, it having been heated to redness 
and cooled slowly with the furnace, taking about 
six hours. The quasi-elastic line was now brought 
down from 25 to about 6.9 tons. This change was 
accompanied by a remarkable change in the struc- 





ture of the brass, Before annealing the structure 


revealed the presence of white and dark regions, 
which represented the a and 8 constituents. The 
annealed material showed very much larger patches 
of a constituent, while the 8 constituent shrunk 
into patches of much smaller size. The effect of 
this change was to bring down the quasi-elastic line 
to one-third of its original length, and to double 
the extension. 

Another curve was given in the diagram for gun- 
metal, the composition of which was 85.4 Cu, 12.4 
Sn, 2.41 Pb. In this case the quasi-elastic line went 
up to about 24 tons per sq. in., but an independent 
determination showed about 9.8 tons to be the limit 
of elasticity, while the modulus was about 7300 tons. 
That particular specimen had rather an excess of 
lead. A further curve was given for a phosphor- 
bronze of composition 89.7 Cu, 8.55 Sn, 1.21 Pb, 
and 0.1 phosphorus. By independent investigation 
the limit of elasticity was in this case determined as 
about 8.7 tons, and the corresponding modulus as 
7500 tons. The curve was even, without any jerks, 
and exhibited the same character as that for the 
previous material. It would not do to puta load on 
any of these materials greater than about from 5 to 8 
tons. If a greater load than this were applied, lapse 
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of time would inevitably cause an extension, because 
the true elastic limit would have been exceeded, and 
the metal would creep. Higher on the scale it 
would probably stand for some time, then extend, 
and finally break. In Fig. 3 all these curves for 
brass were put on one diagram with those for the 
steels, &. It would be observed that the curve 
for annealed brass showed a close approach to the 

hysical properties of its constituent— copper. 

here were many directions which further research 
might take, and the work would be continued. 
The author said he was fortunate in being close to 
the Imperial College of Science and the metallurgical 
department of the School of Mines, so that analysis 
and assay could be carried on concurrently with 
his work. 

The Chairman asked if this form of instrument 
could be used to measure the stresses in ships’ 
plates, to which Professor Dalby replied that he 
thought it was adaptable to measuring the stress 
of plates in position. 

rofessor E. G. Coker was the first speaker in 
the discussion. He thought the instrument to be 
a great advance on anything used before. Prac- 
tically all previous extension recorders had been 
mechanical, operating by a system of levers. He 
had been struck by the fact that the instrument 
readily withstood the shock of breaking a bar § in. 
in diameter, and was quite ready for use again with- 
out any setting. When the enormous multiplica- 
tion on the screen was considered, a notable ad- 
vance in the design of machines of this kind 
was clearly indicated. The system offered an 
advantage in that the personal equation was 
entirely eliminated. A photographic plate was used, 





and until the negative was developed there was no 
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idea of what the result had been. In connection 
with the steels it was very interesting to see the 
form of the curve just beyond the elastic limit. 
The undulations had no apparent relation to time, 
and appeared to be entirely due to the material 
itself. He would like to know whether Professor 
Dalby had examined that point and had made sure 
that nothing in the machine caused these discon- 
tinuities. e was at a loss to picture the physical 
character of the material while it was altering in 
that way. With regard tosome diagrams showing 
kinks when the machine hud been allowed torest fora 
moment, and the little kink went down, the stress 
recovering 4s soon as the load was applied again, he 
would like to know whether these kinks were like 
those exhibited in the early stages of the other 
materials. The apparatus worked with a bar of 5 in. 
length. What was the shortest length it could take, 
and was there any difficulty in calibrating for 
different lengths? Further, he would like to know 
whether the calibrations were uniform throughout 
the field, or had corrections to be made for that ? 
Did not the fact that the point of light came from 
a centred mirror on to a flat plate affect the cali- 
bration curve ? 

Mr. M. Robinson said the machine was beauti- 
fully simple. It was really a spring-balance with 
a new kind of spring. What was most needed was 
information as to the behaviour of metals up to 
their yield-point. The breaking-point was not of 
so great importance, but it was essential to know 
what stress could be applied safely. Ordinary 
machines afforded little information on that point. 
This machine, however, promised to do so. 

The Chairman asked if the scale of the diagram 
could be altered and the record magnified to any 
extent. As Mr. Robinson had said, the portion of 
the curve up to the yield-point was very important. 
If that could be magnified so that the behaviour of 
the metal could be followed more clearly, it would 
be a great advantage. 

Professor Dalby, in replying, said he believed the 
breaking-down point to be correctly given with 
this instrument, and that the stress on the speci- 
men at the yield-point was correct. He based that 
belief on a very careful experiment he had carried 
out, following the movement of the spot of light 
and timing it. He found that the movement was 
steady up to the maximum elastic load. The spot 
then suddenly dropped, and the wobbling occupied 
a few seconds. The time was so long (compara- 
tively) that there was no possibility of the curve 
being due to vibrations, and he considered it a true 
relation between the load and extension. If it 
were an instrumental error, the curves for copper 
and brass ought all to show similar oscillations, 
but this they did not do. When the two bars were 
under increasing strain above the yield-point of 
the specimen, and there was a sudden stop, there 
would be a momentary cessation of movement of 
the spot of light. But the specimen was unable 
to stand that load permanently, and it went on 
extending, and at the same time, of course, the 
load would be relieved. When pulling recom- 
menced, it returned to its original state of load 
and extension. 

The calibration was for all practical purposes 
uniform, although it was not mathematically correct. 
The diagrams were read by means of a grid drawn 
by the instrument itself, so that slight differences 
in the spacing were immaterial. The instrument 
could easily be calibrated for various scales by 
means of step gauges. With regard to magnifica- 
tion, that could be varied through large ranges. 
The diagrams shown varied from scales of 6 in. 
lin.to3in. = lin. Other magnifications could 
be obtained. Ina design in hand at that moment 
a magnification of 200 to 300 times would be 
obtained. In another arrangement for yyin. exten- 
sion, the spot would move right across the screen. 
They were also devising an arrangement by which 
the load could be put on at any rate varying from 
yyth of a second to 10 hours. The comparison of 
tests under such conditions should afford useful in- 
formation. The spot used for photographic work 
was ths of a millimetre in diameter. The point of 
breakage was very clearly given, because the point 
moved afterwards at such a speed as to leave no 
record on the plate. The results given by the 
diagrams had been found to tally with the measured 
extensions to within ;jjth, and in some cases 
y4oth of an inch. 

With the completion of the discussion on 
Professor Dalby’s paper, the meeting was brought 
to a conclusion, 
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Practical Photo-Micrography. By J. Epwin BARNARD, 
F.R.M.S., Lecturer in Microscopy, King’s College, 
London. Illustrated. London: Edward Arnold. 
[Price 15s. net. | 
A work that aims at providing the necessary in- 
formation to enable any one to produce a satis- 
factory result in photo-micrography is likely to 
take the form of two treatises rolled into one. 
There are two distinct operations involved, two 
forms of manipulation, one in the production of 
the image, the other in obtaining a permanent 
record by means of photography. Under the 
former have to be considered the optical principles 
of the microscope, with all the subsidiary acces- 
sories with which ingenuity has surrounded, and 
perhaps encumbered, the original simple design ; 
in the latter, the treatment of the photographic 
plate or film, which again has been the subject of 
experiment by numerous operators, with the result 
that a bewildering mass of advice has been ten- 
dered to the novice. Whether it be easier to 
teach the photographer to use the microscope or 
the microscopist to become a photographer may be 
a moot point. The author, greatly daring, under- 
takes to instruct both classes, perhaps a third, who 
may be supposed to approach the subject untrained 
in either direction. There would seem to be room 
for a work that supposed the student to have some 
practical knowledge of both microscopy and photo- 
graphy, and then deal solely with the applications to 
histological or bacteriological work. Doubtless 
this book will be useful to those for whom it is in- 
tended, but it might be more so if the author, in 
addressing those who were beginners, had used his 
position to insist more strongly on the educational 
advantages of systematic work, and had indicated 
fewer alternatives to produce a definite result. It 
is true many opticians, both professional and 
amateur, have suggested or provided apparatus, 
differing but slightly in form and equally effective 
in use, to meet every difticulty the student is likely 
to encounter ; and frequently it would have been 
better to recommend one kind authoritatively than 
to allow the tyro to oscillate indecisively between 
various suggestions. The objection raised to many 
works on the microscope—that they have the 
appearance of a trade catalogue—is frequently 
heard, and not without reasun. This is due to the 
fact that authors will not accept the responsi- 
bility of deciding between different designs and 
forms of apparatus, all of which can be recom- 
mended on some grounds. This book, we may say, 
is much more free from this defect than many we 
have seen, but there is still room for improvement. 
When we have read of a ‘form of apparatus 
which is extremely useful,” and next of ‘‘a type 
which admits of a rather wider application,” and 
then of ‘‘a further development of the same type,” 
followed by ‘‘ an arrangement of practically the 
same design,” one may be excused if he does feel a 
sense of fatigue. There is little use in describing 
the less perfect forms when the object to be 
attained is clearly apprehended. Appliances of an 
almost automatic character, possessing mechanical 
adjustment for every possible motion, may fail in 
some hands to produce a satisfactory result, while 
by the exercise of skill and deftness some operators 
will get good pictures though the apparatus is 
apparently of the most makeshift description. We 
can cordially endorse the opinion of the author 
that an apparatus designed and constructed by the 
man who is going to use it, crude though it may 
be from a professional point of view, will give the 
best results in the hands of an intelligent worker. 
Three chapters are devoted to the equipment of 
the microscope, or, since the instrument is of little 
use without adequate illumination, we might include 
an extra chapter on the choice of a lamp. The 
information provided is of a practical character 
that cannot but prove useful. On the vexed ques- 
tion of the desirability of using, or dispensing 
with, an ocular, the author speaks with an uncer- 
tain sound, though we should imagine that he him- 
self works preferably without the ocular. The 
inconvenience of a long camera may be admitted ; 
but, since objectives are constructed for use with 
eye-pieces, it might be supposed that the combina- 
tion produces the best image, and would com- 
pensate for the loss of light and some other incon- 
veniences. It is one of those cases which, like many 
others that occur in such complicated processes, 
must he decided by the manipulative facility of the 





worker. The object is to produce a crisp negative 
with abundant detail and appropriate contrast, and 
it is for the experimenter to determine the way in 
which he can produce the best result. One chapter 
is devoted to the arrangement and construction of 
the camera most suitable for microscopic work, and 
two to the use of the microscope and projection of 
the image on the ground slide. That on colour 
screens and plates is very important, since so much 
is effected . the judicious choice of a screen, 
whether to produce approximate monochromatic 
light or to emphasise the contrast between different 
— of the shiek or between the object and the 

kground. For this reason the author has done 
well in giving a very good plate of absorption 
spectra of the more common screens in use, but 
another plate showing the transmission spectra of 
combinations would have been useful. Exposure is 
a difficult subject to treat in the absence of experi- 
mental illustration, but Mr. Barnard deals with it 
adequately. 

In the chapter on ‘‘ Some Special Processes” we 
should have been glad to have seen some instruc- 
tion on the use of the kinematograph in connection 
with moving microscopic objects. When seen on 
the theatre screen these projections are very effec- 
tive, and many an amateur who may be a competent 
master of ‘‘ still life ” would like to extend the field 
of his operations. 

It may seem ungrateful, when the author has given 
of his best and thrown out so many hints and 
devices that make for success, to ask for exten- 
sions in other directions ; but we are quite sure the 
popularity of his book would have been increased 
if he had ventured into this latest development of 
manipulative skill. And if we may make another 
remark, which we would not have ventured upon to 
any buta master, we should like to say that it would 
have been very beneficial if he had shown some of his 
failures. The failure dissected and explained can 
be more instructive than the most admirable and 
finished print, whose excellence only excites our 
envy. He has given—and again we have to admit 
that he has dealt with the reader very liberally—a 
series of plates showing progressive examples, but 
these are mostly progressive in the sense of increase 
of magnifying power, or of increasing difficulty of 
attainment, or some other quality. They are not 
progressive in the sense of growing power ovei 
the instrumental equipment or the overcoming of 
mechanical difficulties. Most of us have seen 
defects arising from want of centrality of illumina- 
tion or adjustment of condenser, curvature or 
thickness of cover glass, or want of focus, or com- 
binations of these and other causes of trouble, of 
which we have not always been able to trace the 
origin and find the remedy. The analyses of 
defects showing the cause, whether optical or 
chemical, in taking the negative or in development, 
would have provided a valuable education. 


The Corrosion of Iron and Steel. By J. NEWTON FRIEND, 
Ph.D. (Wurz), D.Sc. (Birmingham), F.C.S. London: 
Longmans Green and Co. [Price 6s. net. | 
Ow1ne to an abundance of material of very 

different value, it is necessary at times to take 

stock of our knowledge, to sum up the results of 
research, to reject what has become obsolete, and 
to prepare the ground for further and advantageous 
attack. These are some of the objects that Mr. 
Friend has had in view in digesting and arranging 
the results, that many investigators have deduced 
from endless experiments, undertaken to deter- 
mine the exact operation of the various factors that 
affect the corrosion of iron and steel. Both on 
economic and scientific grounds, he has rendered 
avery valuable service. This book should prevent 
much wasteful overlapping in research, of which 
there have been plenty of instances in the past. It 
shouJd narrow and define the exact issue to which 
it is desirable to direct experiment, by indicating 
the present position inquiry has reached. These, 
however, are mere details. The really essential 
service which Mr. Friend has rendered by this 
work is the insistence on the necessity of labora- 
tory experiment—on the importance of laying bare 
the whole series of chemical reactions involved 
in the process of corrosion. In every novel 
application of iron intended to increase its useful- 
ness there lurks a danger, till one knows the 
nature of the forces to which it may be sub- 
mitted in its new environment. The tests of 
experience are only of value while the con- 
ditions remain unaltered. While our information 
is imperfect, some new and unexpected combina- 
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tion may disclose a fresh source of weakness before ' 
which we are powerless. Absolute security will 
only be attained when, by rigorous scientific exami- 
nation, we have learnt the complete mechanism of 
corrosion. It is difficult, perhaps impossible, to 
persuade the public to interest itself in so common 
a phenomenon as a speck of rust, or to apprehend 
the extent of the waste and deterioration effected 
by such simple means. And yet there is one con- 
sideration which should appeal to the most in- 
different. Our stores of iron, like those of coal, 
cannot last for ever, and just as we are becoming 
aware of the possible exhaustion of the one, so we 
should be convinced of the necessity of arresting 
waste in the other, since by so doing we should not 
only prolong the life of our iron, but save the fuel 
expended in reducing it. 

It may come with surprise to some to learn that 
there is any room for further inquiry, or that any 
rival theories are in the field to explain the causes 
of rust formation. Because of its familiarity, we 
think we must necessarily understand it. This is a 
common error. Perhaps if we submitted many 
other ordinary processes to the same searching 
examination that has been applied to the oxidation 
of iron, we should find in the last resort that our 
knowledge is equally incomplete. In most cases 
we can accept results without risks, but the eco- 
nomic importance attaching to iron corrosion has 
demanded the most searching inquiry. The result 
of so much industry and ingenuity, in which, be it 
remembered, the author has played a prominent 
part, has been that no fewer than five theories are 
offered for our acceptance ; and it is not easy to 
prove that any one is absolutely erroneous. In- 
genuity, perhaps, reaches its limit, and expresses 
the dissatisfaction with which other hypotheses 
are regarded by suggesting the possibility of 
bacterial action as the ultimate cause. We believe 
we are correct in saying that this suggestion is not 
founded on even the crudest observation, but is 
purely the result of speculation or inference. No 
organism has yet been discovered that draws its 
nourishment from metallic iron, nor is it easy to 
imagine how any lowly form of life could enter 
into the observed reactions. Of course, it is well 
known that certain minute organisms will attack 
iron, and do a great deal of mischief by excreting 
some acid material in which the metal dissolves. 
But that is not at all the same question. The 
point is rather, can corrosion occur without the 
presence of acid? for herein lies the main distinc- 
tion between the two schools who collect the 
greater number of supporters. According to one 
party, pure oxygen and liquid water alone are 
capable of producing rust upon the surface of pure 
iron. The other party as stoutly contends that a 
trace of acid must be present to effect the solution 
ofthe iron. Experiment alone cannot decide the 
issue ; because it is impossible to prove that every 
minute trace of carbon dioxide has been removed 
from the water, or that the sample of iron did not 
contain such impurities as sulphur or phosphorus 
or carbides, that can give rise to free acids when 
in contact with water and oxygen. 

If experimental inquiry under the simplest cir- 
cumstances is baffled in the attempt to trace the 
orderly processes involved in corrosion, hardly 
greater success is likely to attend the investigator 
in dealing with the complicated cases that occur in 
actual practice. The chemist, by judicious treat- 
ment, may contrive to eliminate many causes of 
disturbance, or to handle each separately ; but in 
the problem which presents itself to the engineer, 
a variety of conditions, all more or less operative, 
is likely to be present simultaneously. Galvanic 
action may be set up in the most perplexing 
manner, or traces of cinder and other impurities 
may cause pitting and destruction by obscure 
action, which can only be detected by its effects. 
The air of our towns impregnated with sulphur and 
nitrogenous compounds carries a source of danger, 
while water contaminated with sewage or some 
corrosive ingredient suggests fresh grounds for 
uneasiness. Of course, long experience has in many 
cases taught means of correction, traditional know- 
ledge comes to the assistance of the engineer, 
which may make us tolerably immune from accident, 
but does not prevent the waste, the annoyance, 
and the costliness of rust. Safety, however, is 
less assured when iron is employed under condi- 
tions which have not been tested by experience. 
We may take as an example the reinforcement of 
cement by steel. As a rule, it is asserted that 





ateel embedded in concrete will be completely 


preserved if air and moisture are effectually ex- 
cluded in the construction. Numerous experiments 
have shown that no rusting or deterioration of the 
metal can be detected after months of exposure to 
rough treatment, likely to bring about the accumu- 
lation of rust by weathering. The experiments 
have been correctly reported, and the results are 
perfectly trustworthy under the circumstances in 
which they have been derived, but the confidence 
that possesses the public mind can hardly be 
regarded as warranted. Because such experiments 
have been made subject to the presence only of 
certain recognised disturbing influences, and cannot 
include what is unsuspected, but may prove 
to be of infinite importance. We no longer 
think that it is sufficient to pack the cement 
so as to exclude the air. It is now admitted 
that if the steel is subject to the action of 
electrical currents, corrosion and consequent mis- 
chief will certainly follow. In cements which 
consist of alkaline material such as lime in intimate 
association with corrosive electrolytes, of which 
silicates or sulphides of magnesium and aluminium 
are examples, it is easily understood how such 
currents can arise. Such are admitted causes of 
deterioration, and may be guarded against, but 
there may be other causes as yet unsuspected, and 
for this reason it is necessary to insist on continual 
experiment and inquiry. 

ooked at in any direction we may, it will be 
seen that our information is very imperfect, and 
that this regrettable result is proved most effec- 
tively by contrasting and comparing the conclu- 
sions from several parallel inquiries. If we accept 
the result of only one investigation, conducted by 
a trustworthy authority, we may regard the decision 
as final and satisfactory. But the author quotes 
many authorities, applies—as he is well qualified to 
do—expert criticism, and shows how a result may 
have been misinterpreted, or insists on the neces- 
sity for repetition with increased precaution against 
error. Some of our pet theories may disappear 
under his analysis, but the weeding-out process is 
eminently salutary. The chapter on the passivity 
of iron affords a good illustration of the confusion 
that exists on the theoretical side, that on the 
highly disputed point of the relative rate of corro- 
sion of iron and steel, on the practical. We can 
only commend these matters and many others, like 
those connected with electrical action, to those who 
are interested in the many important questions that 
arise. We hear on every side that pure science is 
capable of rendering assistance to applied. In such 
digests as that before us, we can see one way by 
which this benefit can be secured—by making the 
results of the laboratory readily available for the 
engineer and the builder. 
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By JoserH Horner. 


Ir is now proposed to give some account of 
moulding-machines of a wholly specialised character. 
We have had examples of machines which, while 
suitable for a miscellaneous class of manufacture, 
can also be adapted in greater or less degree for 
a special run of work, by the preparation of special 
pattern-plates and parts. But those which we now 
proceed to illustrate are designed only to mould 
one kind of product and never anything else, and 
this seldom in more than a moderate range of 
dimensions. They are the last development in 
machine-moulding, evolved in response to the 
demands of the firms who only produce speciali- 
ties. 

Pulley-moulding is one of the specialities handled 
in many foundries. Though pulleys of wrought 
iron and steel and wood have long invaded the 
sphere formerly held by cast iron, the latter have 
been only partially displaced. Cast-iron pulleys, 
if suitably proportioned, poured, and cooled with 
ordinary precautions, have much in their favour, 
and will always be in demand where speeds are 
not excessive, and where moderate weight is not 
objectionable. 

The very large range of the requirements in this 
class of work is such that complete sets of iron 
patterns would be inordinately costly. (Wooden 
patterns are, of course, impossible, use they 
are much too flimsy for any considerable service. ) 
Iron patterns have to provide for standard sizes, and 
also for jobbing sizes. Even if pulley patterns were 
made to every inch in diameter between, say, 6 in. 
and 6 ft., that would entail a very large number of 
patterns. And then the question of width would 
still be undetermined. If all were made, say, 1 ft. 
wide, some castings would be wanted narrower, others 
wider. And further, odd sizes are often called for, 
odd quarter or half inches. Also the sizes of 
bosses and bores are constantly being varied. 
Complete patterns for all these are obviously out 
of the question. And then, again, some pulleys 
are wanted light, others heavy ; some with single 
arms, others with double arms. The way in which 
provision is made for these varied calls, apart from 
any question of machine-moulding, is this :— 

Only if a pulley has to be moulded from many 
times for some standard machine is a pattern made 
complete, with rim, arms, and boss solidly in one. 
In such a case the pattern is divided along the 
middle plane of the arms and dowelled. It cannot 
be altered or used for any other size, but is just 
right for one diameter and width. It is necessarily 
a metal pattern, turned truly, and got up for per- 
manent service. It may be moulded by hand or 
by machine. 

But for the general service just now outlined the 
following system is adopted, still without involving 
the question of machine-moulding :—A number of 
standard rings are cast, and turned all over inside 
and out. The number of the rings depends on the 
volume of business done. If they advance by stages 
of 3 in., from 6 in. to 6 ft., that forms a big set of 
patterns. Or they may advance by 1 in. in the 
smaller pulleys, and by 3 in. in the larger sizes ; 
that isa large set. Buta manufacturing set must 
increase by increments of 1 in., from 6 in. to 5 ft. 
or 6 ft. They are made of a uniform width, say 
12 in. or 15 in. or 16 in. But as there will be 
calls for pulleys up to 24 in. wide, it is desirable to 
make the larger rims of that width. Then for 
shallower pulley-castings the rings are ‘‘ stopped 
off.” And if castings deeper than the pattern rings 
are wanted, they are ‘‘drawn” in the mould. There 
is no difficulty in doing either. Three holes are 
drilled near the top edge of a rim, in which to insert 
lifting hooks for delivery. The case of heavy rings 
and of light ones, and of rings which require 
crowning, and those which do not, is met by having 
two sets of pattern-rings, one being 4 in. or } in. 
thicker than the other. The thicker is used when 
crowning is required, but vhe rounding is not put in 
the pattern or the casting. If this system is not 
adopted, the patterns are all of the ordinary light 
proportions, and the mould is enlarged for stronger 
rims by scraping the sand to strips laid round as 
gauges for thickness. This is obviously inconsistent 
with accuracy and expedition, and is only a make- 
shift when it has not been thought justifiable to 
incur the expense of a set of heavy pattern rims. 

Arm-patterns are made separately from their 
rims, and then, no matter how narrow or wide the 





rims are moulded, the arms are centred in them 
with a gauge. There need not be a new set of arms 
for a difference of an inch or so in rim diameter. 
Arms may be in. short of meeting the rim, and be 
made good with a loose piece, mending up the 
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Fies. 667 anp 668. Puttey-Movunpina Macuine ; 
Tre BapiscHE MAscHINENFABRIK UND EISEN- 
GIESSEREI, DURLACH. 





be provided without much expense and trouble, 
As all the arms have centre-holes of the same size 
say 1} in., all bosses will interchange on all arms, 
Many bosses have to be made for splitting-plates 
and these also interchange in the holes. Substan. 
tially these methods are adopted whether the 
pulleys are to be moulded by hand or in machines, 
We may now observe the methods of pulley-mould- 
ing which are adopted in machines. The same 
system of using iron rings and separate arms is 
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Fires. 669 anp 670. Puxttey-Movutvine Macuine ; 
THe Lonpon Emery Works Company, Park, 
TottenHaM, Lonpon, N. 
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Movutpinc-Macuines, Pottery Patrerns, Rims, Arms, aND Movu.pinc- Boxes ; 


THE Lonpon Emery Works Company. 


mould. Light and heavy arms must have separate 
patterns, the difference consisting partly in the 
thickness, and also in the fitting of shallow ribbings 
along the arms in the heavier type. 

Bosses are always made separately from the arms, 
and loosely. A hole is drilled in the centre of the 
arms, and the bosses are fitted with studs. Other- 
wise all the various sizes in which bosses are 
required, both in diameter and in width, could not 


| by Figs. 667 and 668. The term ‘loose 


| adopted as in standardised hand-moulding, but the 


machine takes charge of the manipulation and with- 
drawal of the pattern parts. 

Plain-pulley moulding-machines are built on what 
is termed the ‘‘loose-pattern” system, illustrated 
ttern 
makes the distinction between a machine in which 
every separate pattern rim has to be put on the 
table, and one in which a group of patterns 1s 
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THE SOUTH VARANGER 


IRON-ORE DEPOSITS. 








carried permanently in a well in the machine itself. 
The last is an advanced refinement in economy and 
specialisation. Both kinds of machines are of pull- 
through type, that is the pattern-rims are pulled 
down through stripping-plates. This is the only 
mechanical advantage gained, the ramming being 
done by hand. But it is an important one, since 
the delivery of thin pulley-rims by hand entails 
considerable rapping, and consequent enlargement, 
and often fracture of portions of the upper parts 
of the mould. The machine, Figs. 667 and 668, 
comprises a table A, supported by legs bolted to a 
base ; or in the smaller sizes a central pillar only 
carries the table. A hand-wheel and bevel-gears 
provide the meansfor withdrawing the pattern-rim 
D or Edownwards. The pattern-arms F or G, 
made of one-half the thickness of the cast arms, are 
loose. For any pulley-rim, two inset rings a, a, 
are placed on the table, the rings being changed 
to suit pulleys of different sizes, and serving as 
stripping-plates, one within and one without the 
pattern-ring. So that for each separate pulley 
made, two of these plates are required, besides the 
rim and the half-set of arms. The rim has a flat 
flange, or lugs by which it is bolted to a cross-shaped 
table H below, by the adjustment of which table 
the pattern-rim is set to the correct height, equal 
to half the width of face ; the table is lowered by 
the hand-wheel B to withdraw the pattern. The 
hand-wheel B is then reversed, and adjustable lift- 
ing-pins on the cross-arms set to bring the pins 
under the flask, lift the flask from the table, the 
exact vertical motion being ensured by the long 
parallel pins. 

In the figures the maximum and minimum range 
of the machine are indicated by two distinct pulley- 
rims D and E, each covered by its own box part. 
The boxes are shaped to economise sand-ramming, 
having both concentric and radial stays or ribs. The 
top of each box is also closed with a grid secured 
with hinged bolts. The machines are built in three 
sizes. The one illustrated takes pulleys in a range 
from 395 in., D, to 12in., E. A smaller machine 
takes 24 in. to 8 in.; a larger one, 60 in to 24 in. 
Each size is made for hand operation, as shown, or 
alternatively for hydraulic. These are constructed 
by the Badische Maschinenfabrik und Kisengies- 
serel, of Durlach. 

_ Figs. 669 and 670 illustrate a hand pulley-mould- 
ing machine of "the single-pattern type, by the 
London Emery Works Com ny, of Tottenham, N. 
The operating gears are enclosed in a hollow cylin- 
der, which supports the monlding-table A. Built 
in four sizes, the ranges from minimum to maximum 
are 4 in. to 14 in., 10 in. to 24 in., 16 in. to 40 in, 
and 24 in. to 60 in. In the first two the maximum 


Width of face which can be moulded is 12 in. ; in 
haan and fourth, 20in. The pattern-rim B is 


ed through internal lugs to the vertically 
moving table C, operated by the hand-wheel D, 
the bevel-gears E, and the central screw. The 





pattern having been rammed, it is drawn down | 





between the inner disc and outer ring a, a, inset 
on the moulding-table A ; these fulfil the function 
of stripping-plates, and have to be changed with 
each pulley-pattern. The inner disc carries the 
half-thickness pattern F of the arms, and the boss, 
which is of wood pinned to them, to be inter- 
changeable with any other bosses. If the arms 
are straight, only one half pattern is required ; but 
if curved, two halves, right and left, are wanted. 
In moulding, the rim-pattern B is first raised to half 
the width of face of the pulley-casting, the moulding- 
box G placed on, and rammed. The rim is with- 
drawn downwards by turning the hand-wheel D. 
A lever outside the base, which does not appear in 
these views, is then moved, which shifts the cross- 
piece C under the lifting-rodsb, b. Then, reversing 
the motion of the hand-wheel and lowering the 
lever, the moulding-box is lifted on the rods clear 
of the arms. The amount of lift is but 4 in., 
because the pulley-rim is already down below the 
mould, so that the amount of lift mentioned is ample 
to clear the box of the arms and the table centering- 
pins. The boss, being loose, is lifted with the box. 

A study of the photograph, Fig. 671, may be 
helpful to a more vivid perception of the system 
of moulding involved. Two sizes of machines are 
seen in the background of the same type as that 
illustrated in Figs. 669 and 670. At the extreme right 
another, the smallest machine, which takes pulleys 
from 4 in. to 14 in., is seen, and this one is operated 
by a hand-lever instead of a wheel. The mould- 
lifting lever is seen just behind the pattern-with- 
drawing lever. At the back of the photograph 
three piles of pattern-rims are conspicuous. Stand- 
ing on edge against these are some outer stripping- 
plates, and the shouldered edges by which they are 
inset on the machine-table are apparent. Piled 
flatwise in front are a number of pattern-arms, in 
three heaps, on inner stripping-plates. Moulding- 
boxes of three different sizes are disposed on the 
ground in the back and foreground. The other 
pattern parts lying about are used for splitting 
pulleys in haives. Double-armed pulleys are 
moulded, but no special provision is required for 
this work, the spaces between the arms being 
rammed on the machine-table, using ordinary solid 
pattern-arms. 








THE SOUTH VARANGER IRON-ORE 
DEPOSITS, NORWAY. 


Tue South Varanger iron-ore deposits, which 
were the subject of a previous article in this 
journal whilst the works were yet in a state of 
preparation, are now being actively worked, and 
the development has been so rapid that important 
extensions almost at once proved necessary. The 
contracts which the company of late has con- 
cluded, both as regards ore, and also as regards 
the practically speaking new product on the 
international market, ‘‘ Slig,” or concentrated 
iron ore, have made it a necessity forthwith to 





complete the entire installations which were pro- 
jected at the start. This means that the large iron- 
ore deposits at Bjérnvand will be exploited in the 
most vigorous manner, affording an interesting scene 
of intense working in this desolate waste. 

(The general appearance of the deposits is shown in 
the illustration annexed, from which it will be seen 
that the ore is got by quarrying rather than mining. 
The blasting operations are on a scale hitherto un- 
precedented in Europe ; but where the ore deposits 
are so large as at South Varanger, and the location 
is a surface one, as there, and where the handling 
of the broken ore can be carried on in such a whole- 
sale manner, these monster blasts have been found 
| to be the most advantageous. The official report of 
|one of these blasts, undertaken on June 2, 1911, at 
| 1 p.M.,states that the area simultaneously blasted was 
between 60 and 70 metres in length, its northern and 
southern sides being respectively about 10 and 20 
metres. The blast displaced about 11,000cubicmetres 
of iron ore (each cubic metre of solid rock weighing 
about 3.5 tons). The borings for this upheaval com- 
prised 42 holes, of an aggregate length of about 320 
metres. These holes had several times been fired 
with an aggregate of about 800 kg. of dynamite, 
and were then loaded with 2631 kg. dynamite, 
which was simultaneously ignited. The same day, 
at 10 p.m., a second blast was fired at the western 
wall, covering a length of about 120 metres, 
averaging about 11 metres in height ; this brought 
down about 16,000 cubic metres of ore. For 
this blast there were bored 67 holes with an aggre- 
gate length of 520 metres. The holes were first 
fired with an aggregate of about 1250 kg. of 
dynamite, and then loaded with 3725 kg. (8220 Ib.) 
of dynamite, which was lighted simultaneously by 
electric ignition. 

The extensions at the works comprise the separator 
works, so that the area of the buildings will amount 
to 22,000 square metres (236,800 sq. ft.). The 
railway and quay capacity will be materially in- 
creased, and it is proposed to employ steamers for 
the export of ore of as much as 10,000 tons dead- 
weight capacity. The annual export is expected to 
amount to at least 500,000 tons. In this connec- 
tion it may be mentioned that iron ore concentrate 
is not by any means a risky or dangerous cargo. 
There were, at the start, one or two accidents. One 
of these occurred on the Bengal, an old boat, with an 
inadequate engine, and the cargo was in no way 
answerable for her loss. There was also a mishap 
to the Aquila, but it was owing to the fact that the 
vessel’s cargo was an experimental one, which it 
was not intended to export. 

The export quay is of considerable dimensions, 
and its construction has necessitated both exten- 
sive blasting and concreting, the foundation being 
laid at 8.5 metres beneath lowest water-level, so far 
observed. The quay proper is built of concrete 
blocks, of 10 to 15 tons weight, up to low-water 
line. By means of two electric cranes, with a 
capacity of 150 tons per hour, and by working 
throughout the 24 hours, an aggregate of 4000 
to 4800 tons can be loaded per day. In order to 
get a suitable site for the separation and briquetting 
works, which cover an area of 17,900 nyaeee metres, 
(183,000sq. ft.) it has been necessary to blast 150,000 
cubic metres of rock and 70,000 cubic metres 
(92,000 cubic yards) of earth. The coal-discharging 
quay is 50 metres (164 ft.) long, and the coal-dis- 
charging crane can discharge 800 tons per day. The 
steam-power station—no water-power being obtain- 
able—is built for a capacity of 12,000 horse-power, 
of which 7500 horse-power (de Laval’s steam-tur- 
bines) have, so far, been installed. 

When the South Varanger Company began work, 
in 1907, there were only fifty people living at 
Kirkenes, now there are 2000, and this number will, 
no doubt, further increase. There has been no 
difficulty in getting labour, and the men have proved 
steady, and have come from different parts of the 
country. Contracts, satisfactory both to the company 
and the men, have been entered upon, being in force 
until the end of 1915. The capital is only to a small 
extent Norwegian, being principally Swedish and 
German ; but this circumstance has, so far, not been 
attended by any drawbacks from a Norwegian point 
of view. 





GERMAN SuBMARINES.—A second German submarine 
flotilla will be brought into service in the autumn. This 
flotilla will carry the number of German submarines to 
| twenty-four. A third flotilla is in course of construction, 
|and a fourth is in contemplation. The German Admi- 





| ralty appears to be endeavouring to make up for lost 
ime in the matter of submarines. 
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THE LJUNGSTROM STEAM-TURBINE 


Since the steam-turbine first became recognised 
as a practical type of prime mover, a vast amount 
of skill and ingenuity has been expended in 
endeavours to improve the methods by which the 
utilisation of the velocity of expanding steam can 
be carried out. Of the two main principles upon 
which turbines are constructed, that known as the 
impulse principle has been embodied in a large 
variety of types, being attractive tly because it 
lends itself easily to more or less plausible methods 
of calculation, and partly because it permits of a 
mechanical construction which is oftenadvantageous. 
So far as theoretical considerations go, however, 
the impulse turbine should in large sizes be less 
efticient than the reaction type, and the latter has 
attained a remarkable success in marine work, 
where its employment is overwhelmingly greater 
than that of impulse machines. In view of this 
fact, itis certainly noteworthy how persistently the 
reaction turbine has followed along the lines of 
construction in which it first appeared as a com- 
mercial article. The impulse machine has been 
built, apparently, in every form which the inge- 
nuity of designers could devise, while the other, 
except for minor alterations, remains to-day sub- 
stantially as it was given to the world by Sir 
Charles Parsons. This constitutes a wonderful 
tribute to the engineering instinct of the inventor, 
yet no one supposes that finality of type has been 
reached, and every progressive engineer would 
welcome improvements tending to maintain or 
increase the high efficiencies already realised. 

Regarding the reaction turbine in a general way, 
it suffers from certain admitted drawbacks, some of 
which are shared by impulse machines, and others 
are peculiar to itself. In the first place, to get high 
efficiency at practicable blade speeds involves a 
very large number of blade rows, and consequently 
a long and expensive rotor. Then, with a high or 
rapidly varying superheat, there is always a risk of 
distortion of the casing, which may result in the 
stripping of the blades. The necessary normal 
temperature gradient down the casing, combined 
with the effect of heavy joint flanges, equalising 
pipes, &c., also invites expansion troubles. The 
necessity of providing for ample clearances thus 
limits the possibility of economically utilising high 

ressures and highly superheated steam, and has 

Ted to the adoption in certain cases of a combina- 
tion of reciprocating engines and turbines which 
would otherwise be unnevessary. 

Convinced of the great inherent merits which 
the reaction principle involves, Mr. Birger Ljung- 
strém, a Swedish engineer at Stockholm, set 
himself, a few years ago, to devise a reaction 
turbine in which certain drawbacks to the usual 
type should be avoided, and, assisted by his 
brother, Mr. Frederic Ljungstrém, he has pro- 
duced a machine of an undoubtedly remarkable 
character. Every point of design has had con- 
sideration on its merits, and neither fashion nor 
precedent has been followed where improvement 
appeared possible to the inventor. So courageous 
a departure from ordinary practice naturally in- 
volved difficult manufacturing problems, and these, 
too, have been met and surmounted in an admirable 
manner. The embodiment of Mr. Ljungstrém’s 
ideas, briefly described, is a radial-flow reaction 
turbine, the steam being admitted between two 
dises, and in its pagsage from their centre to their 
circumference passing between concentric blading 
rings carried alternately by the two discs. In the 
usual design both of the discs revolve, driving their 
shafts at equal speeds, but in opposite directions, 
and to each shaft is coupled an electric generator. 
The relative speeds of each set of blades is thus 
twice as great as in a standard reaction turbine of 
equal revolutions and diameter, and thus for equal 
efliciency the total number of blade rows is only 
one quarter as great. Moreover, as there is no 
split cast-iron casing carrying blades or dummy 
packings, the whole of these parts being mounted on 
the solid circular discs, the fear of distortion 
troubles is completely eliminated. This sense of 
security has encouraged the inventor to make 
provision everywhere for the highest superheat it 
is practicable to use. The general design, more- 
over, makes an astonishingly small turbine for the 
power developed ; and although two generators are 
required, the over-all size of the complete unit is 
materially less than that of an ordinary reaction 
turbo-generator of corresponding power. 


At the Aktiebolaget Ljungstréms Angturbin 


Works at Liljeholmen, Sweden, the first turbine 
was built to Messrs. Ljungstrém’s designs and was of 
500 kw. capacity, designed to run at 3000 revolu- 
tions per minute. This was fitted with water-brakes 
instead of electric generators, and subjected to 
exhaustive tests, during the year 1910. It fully 
realised the expectations of the designer, both 
mechanically and thermodynamically, the efficiency 
ratio being 71.8 per cent., and the steam consump- 
tion being only 8.75 lb. per brake-horse-power 
hour ; the steam having a pressure of 172 lb. per 
sq. in. absolute with 258 deg. Fahr. superheat and 
a vacuum of 28.45in. The result was considered 
so promising that a machine of practically identical 
design, but of 1000 kw. capacity, and complete with 
electric generators, was put in hand. This has now 
also been thoroughly tested, and having been 
invited to examine the two plants, we are able to 
place before our readers a full description of the 
Ljungstrém turbines. 

The external appearance of the 1000 kw. turbo- 
generator is shown in Figs. 1 and 2, on Plate 
XXXIV., these views illustrating respectively the 
front and back of the plant. The turbine is in the 
centre, with an alternator on each side of it, and at 
the end of one of the alternator shafts is mounted a 
small exciter for the fields of both machines. The 
lower half of the turbine-casing is formed into an 
exhaust branch, which is bolted directly to the 
condenser beneath without the intervention of any 
expansion joint or similar device. The exhaust 
branch is the only rigid support the turbo-gene- 
rator possesses, so that the latter is as free as 

ssible from any strain due to its attachments. 

prings, contained in cast-iron boxes beneath each 
generator, support the weight of these, and pre- 
vent strains due to their overhang. In the actual 
turbine from which the photographs were taken, 
these spring boxes stood on the floor, because the 
standard condenser used had no convenience for 
supporting them. But it is intended, in future, to 
carry everything on the condenser alone, so that 
no foundations whatever are required except those 
for the condenser and auxiliary machinery. This, 
of course, is great practical convenience, apart 
altogether from the elimination of strains in the 
turbo-generator. Referring to Fig. 1, the stop- 
valve is seen at the side of the turbine, with the 
exhaust branch behind it. The two hand-wheels 
on the upper part of the turbine-casing admit 
extra steam for overloads. The row of gauges 
above, the rather indistinct mercury vacuum- 
gauges near the hand-wheels, and the two ther- 
mometers projecting from the stop-valve casing, 
bear evidence to the care with which the tests 
are conducted, but for the most part would be 
unnecessary in actual working. 

Under the feet of each generator are the spring- 
boxes already mentioned, and outside these again 
are the rectangular air-ducts for the generators, 
descending through the floor. Air enters by these 
ducts, and after traversing the generators escapes 
through the orifices on top of the turbine-casing. 
Each generator has its independent air service and 
its own tachometer. The rectangular box under- 
neath the exciter contains the oil-pump, cooler, &c., 
while the governor is seen between the exciter and 
tle tachometer-dial. Inside the shield of the end 
alternator, and attached to the bearing, can be seen 
a steel cable, which is again visible, traversing the 
outside of the exhaust branch ina sloping direction. 
This- cable is under tension, and holds shut an oil 
relief-valve in the relay actuating the stop-valve. 
The cable can be released either automatically by 
the melting of a very fusible metal plug in any of 
the bearings, or at will by a po lever at the 
stop-valve. Should it break, get loose, or be re- 
leased by the overheating of any bearing, the 
turbine is automatically shut down. There is an 
excess-speed safety device on each alternator shaft, 
which also acts by releasing the cable and thus 
relieving the oil-pressure. 

The general arrangement of the plant being thus 
understood, reference may be made to Figs. 9 and 
10, Plate XX XV., which give a back view, half in 
section, and an end elevation of the 1000-kw. 3000- 
revolution machine shown in the photographs. The 
over-all length is no more than 17 ft. 4}} in., the 
greatest diameter 4 ft. 22 in., and the height to the 
top of the governor only about 5 ft. 6in. Fig. 9 
shows the arrangement and comparative accessi- 
bility of all bearings, the air passages through the 
generators, the branched steam connection to the 





turbine proper, and particularly the exceedingly 
small dimensions of the latter. The end view shows 





the emergency trip-lever and its cable connection 
between the stop-valve and the turbine-casing. It 
should be noted that the whole of the turbine is 
surrounded by exhaust space, and thus there is no 
need for lagying of any kind upon the surface of the 
casing, which never exceeds the condenser tem pera- 
ture. This arrangement not only minimises radiation 
losses and permits of ready access to the bolts, but 
conduces to a pleasant temperature in the neighbour- 
hood of the machine. 

While Fig. 9 makes clear the relative position of 
the various me inside the casing, it gives no par- 
ticulars of the turbine itself, beyond indicating the 
very small space it occupies in the centre of the 

lant. The details of the turbine are shown in 

ig. 19, Plate XXXVL., andall the important ones 
are illustrated, either by photographs or drawings, 
in Figs. 3 to 8, Plate XXXIV., and Figs. 11 to 17, 
Plate XXXV. In view of the great differences 
from ordinary practice, we will briefly recapitulate 
the general features of design with reference to the 
drawings before proceeding to detailed descriptions 
of the minor parts. 

Steam, after leaving the stop-valve, enters the 
casing by a pipe ing through the side of the 
exhaust branch, where it branches off and ascends 
to the turbine by means of two vertical pipes /), b, as 
in Fig. 9. These pipes are of steel, and radiation 
from them is minimised by jackets of thin steel, 
enclosing an air space. The branched pipe is made 
by welding, and the jackets are also welded on. 
The ends of the branch-pipes are shown at A in 
Fig. 20. They are turned down on the outside, 
leaving a shallow collar about 4 in. wide near 
the end, this collar being a tight fit into a thin 
steel brush firmly fixed into the cast-steel ‘side 
discs” of the turbine. These-side discs fit in 
turned seatings in the casing, and serve to locate 
the turbine. When the turbine is removed it is 
lifted off the ends of the branch-pipes. We are 
assured that the joint at this part proves perfectly 
steam-tight, and certainly when we examined it no 
sign of leakage was apparent. Except around the 
collar, there is no contact between the pipe and 
the bush, but steam freely circulates between them. 

The steam from each pipe enters an annular 
chamber B in the side discs, whence it passes by 
means of a number of large holes C to the space 
between the turbine discs. The opposing faces 
of the discs D carry rings of blading, supported 
from the discs by means of conical rings of 
bull-headed section, which will be described later. 
On emerging from the last blade-ring, the steam 
enters a diffuser E, comprising a number of 
diverging channels, in which the residual steam 
velocity is re-converted into pressure, and the 
vacuum at the blade edges thus slightly in- 
creased above that maintained in the condenser. 
This diffuser is built up of sheet steel by welding, 
and is mounted on suitable supports in the turbine- 
casing. It comes away with the turbine when the 
latter is removed, and is shown independently in 
Fig. 22, Plate XX XVII. 

It will be at once understood that in such a 
turbine steam packings have to be provided both 
to prevent the steam escaping along the shafts 
where the latter pass through the side discs, and 
also to prevent it escaping freely up the back of 
the running discs, and thus uselessly inte the con- 
denser. The packing used for the latter purpose 
also has to fulfil another function—namely, to 
constitute a balancing device to neutralise the 
pressure of the working steam tending to force 
the discs apart. The type of packing adopted for 
this purpose is shown in Figs. 19 and 20, and to 
a larger scale in Fig. 12. The shaft-packing is 
marked F, Fig. 20, the balancing, or dummy, 
packing being marked G; these packings will be 
described in detail later. When the turbine is 
required to take an overload, steam is admitted to 
the annular chambers H by means of either or 
both of the overload valves on the casing. It 
passes through the turbine-discs by the holes k, 
and so enters the blading. 

Each turbine-shaft L is hollow, and carries the 
running part of the packing F and the turbine- 
discs D. The packing is mounted on solid feathers, 
and held in position against a collar by the turbine- 
disc, between which and the “may | are two con- 
cave spring-washers. The disc is keyed to the 
shaft by a number of taper pins, and is held from 
coming off by a flanged spigot screwed into the end 
of the shaft. The turbine shafts themselves have 
no bearings, but are registered and fastened with 
set-screws each to its own generator shaft, the 
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1000 KW. LIUNGSTROM STEAM-TURBINE. 


CUNSTRUCTED BY THE AKTIEBOLAGET LJUNGSTROMS ANGTURBIN, LILJEHOLMEN, SWEDEN. 


(For Description, see Page 482.) 
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1000-KW. LJUNGSTROM STEAM-TURBINE. 
CONSTRUCTED BY THE AKTIEBOLAGET LJUNGSTROMS ANGTURBIN, LILJEHOLMEN, SWEDEN. 


(For Description, see Page 482.) 
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| 1000-KW. LJUNGSTROM STEAM-TURBINE. 
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CONSTRUCTED BY THE AKTIEBOLAGET LJUNGSTROMS ANGTURBIN, LILJEHOLMEN, SWEDEN. 
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bearings belonging to the latter. There is, how- | 
ever, very little overhang, as each turbine-shaft is 
only about 104 in. long. The weight of the two 
running discs, complete with blading, being only | 
265 lb. and 303 lb. respectively, no difficulty is | 
experienced in securing truerunning. One of these 
shafts, with the running part of the packing, is 
illustrated separately in Fig. 8. 

When studying Fig. 20, notonly should the very 
small dimensions of the turbine—namely, 27} in. 
diameter by 20% in. long—be noted, but the 
extreme care taken at every point to minimise 
heat losses, and to avoid possible trouble from the 
very high superheats for which the turbine is 
designed. The only external parts of the turbine 
which are heated by live steam are the small 
surfaces of the side discs, and these are lagged 
and cased with sheet metal, as shown at M in 
Fig. 20. Every part is circular, and without flanges 
or horizontal joints. The packings, dummies, 
turbine-discs, and blading system are all of nickel 
steel, and wherever there is either a gradual or an 
abrupt temperature gradient steps are taken to 
provide against distortion. This is particularly 
noticeable in the formation of the turbine discs, 
which are nearly cut through in places by deep 
annular grooves, to avoid the distortion which 
would inevitably otherwise occur in thick discs 
highly heated at the centre and comparatively cool 
at the circumference. The most elaborate pro- 
vision against distortion, however, is the system 
of conical rings forming a connection between parts 
which are liable to be momentarily or permanently 
of different temperature. The side discs, which 
are hot, are held to their supporting rings, which 
are cold, by this device. he two sets of the 
dummy discs are similarly supported, one to a 
facing on its side disc, and the other to the back 
of its turbine disc. Furthermore, every individual 
blade-ring is fixed to one or other of the turbine 
discs by the same method of attachment. How 
these rings are made and fixed will be described in 
connection with the blading. 

The blading of the Ljungstrém turbine consists 
of a number of concentric blade-rings carried alter- 
nately by the two turbine discs as shown in Fig. 20. 
A section through a complete blade-ring, 2.4 times 
full size, is given in Fig. 11. In the 1000-kw. turbine 
there are altogether thirty-cight rings. The blades 
themselves are of the Parsons pattern. Reckoning 
from the centre, the first thirty-three rows are 
5 mm. wide, the next two are 7 mm. wide, and the 
last two 12 mm. and 20 mm. wide respectively. 
The blading is first manufactured in lengths of 
about 3 ft., being milled from the solid round bar 
of nickel steel. This is done on an ordinary hori- 
zontal milling-machine, having four formed cutters 
mounted on its spindle. The first cutter roughs 
out the convex side of the blade, the next finishes 
this side, and the third and fourth respectively 
rough out and finish the hollow side. Although 
the blade-strip is extremely well finished when 
it leaves the machine, Mr. Ljungstrém has it 
polished to a mirror-like surface, both inside and 
out, before it is built into the rings. Polishing is 
effected by the use of a simple machine using a tape 
band about 2} in. wide, treated with polishing paste. 

The strip is next cut into blade lengths, which 
are notched at the ends for insertion into the rings 
which hold them. The shape of such a blade is seen 
in Figs. 13 and 14, Plate XX XV., in which it is shown 
with the ends inserted into two discs, from which 
the rings forming the blade-roots will afterwards 
be turned. These discs, which are of soft iron, 
are mounted on a mandrel and their edges turned, 
inside and out, to the contour shown in Fig. 13. 
They are then dismounted, and punched to receive 
the ends of the blading, a second punching process 
nicking the inner faces of the discs in such a way 
as to form registers for holding the blades to the 
exact angle. When the punching is done, the discs 
are reassembled on the mandrel with the blades in 
—— as shown in Fig. 17. The mandrel is then 
held vertically, and the rim of the disc and pro- 
jecting blade-roots are welded up solid together, by 
meiting iron wire into the groove by the aid of an 
oxy-acetylene blow-lamp. th ends of the blades 
having been welded into the discs by this process, 
which is neither difficult nor particularly slow, the 
mandrel is again put in the lathe, and the discs and 
welded part are turned down and the rin pootes 
off. The ring then consists of a band of lades 
with homogeneous root-rings at each end, the latter 





having a small and slightly dovetailed mate register 
formed on the outer faces of the proportions shown 


in Fig. 15. The very small pitch of the blades, as 
compared with standard practice, is also noticeable, 
the pitch sometimes being less than 4 in. The discs 
on the mandrel are ready to have their edges again 
turned to form rings of smaller diameter. 

Strengthening-rings are next to be fixed to each 
end of the blade-ring. These strengthening-rings 
are made of spring steel containing 0.6 per cent. of 
carbon. One of them is shown in Fig. 16, to a 
scale of twice full size, and the drawing indicates 
how it is attached both to the blade-ring and to the 
conical ring, which forms its connection with the 
turbine disc. The strengthening-ring is first formed 
on the circumference of a disc, and before it is 
parted off its side faces are machined, as shown by 
the dotted lines in Fig. 16. While the disc is still 
in the lathe the dovetail on the blade-ring is entered 
into the groove on the face of the strengthening- 
ring, and the edges of the latter squeezed in, so as 
to grip the dovetail tightly. To effect this, a 
simple device, consisting essentially of a pair of 
hinged arms, having rollers at their ends, is carried 
by the tool-rest of the lathe. The arms embrace 
the ring, and the rollers are brought towards each 
other to bear against the inside and outside of the 
dovetail pray means of a screw. When the 
lathe is started and pressure maintained on the 
rollers, the edges of the groove are rapidly and 
firmly closed upon the dovetail, and to all intents 
and purposes the two rings are then homogeneous, 

The outboard strengthening-ring is the first to 
be formed, and when the blade-ring is secured to 
it the composite ring is then parted off. The other 
strengthening-ring is then formed, and after having 
the composite ring inserted and fixed, this also is 
parted from its disc. We then have a blade-ring 
complete but for the fine radial fins cn the exterior 
circumference, which are provided for afterwards. 
The conical double-bulb-headed ring, connecting 
the blade-ring to the turbine-disc, is turned from 
the edge of a steel disc, but before it is parted off 
the blade-ring is closed on to it by rollers in the 
manner already described, and the rectangular steel 
seating-ring, which is caulked into a recess in the 
turbine disc, is also closed on to it in the same 
way. The conical ring is then severed from its 
parent disc. 

The’ complete element, consisting of blades, 
strengthening-ring, conical ring, and seating-ring, 
is then lightly chucked in the lathe, and a groove 
is turned round the outside of each of the 
strengthening-rings. Into each groove a U-shaped 
section of extremely thin nickel is inserted, and 
secured by a piece of wire rolled into it (see Fig. 11). 
Finally, a finishing cut over the nickel fins, and on 
the internal points ——_ the corresponding fins 
of the next smaller blade-ring, completes the pro- 
cess. The seating-ring is fixed into its recess in 
the turbine disc by means of a piece of iron wire 
caulked in on one side of it, as shown in Fig. 11. 
The ends of this wire are left slightly turned up, so 
that they can be gripped by a pair of pliers in case 
it is necessary to extract the ring. 

Following on the description of the blading 
system, it will be convenient to deal with the 
dummy packings. The dummies, as seen in 
Fig. 20, are flat annular discs, in pairs, each 
annulus being attached either to the turbine disc 
or the fixed facing by a conical expansion, ring. 
Between the inner pair and the next the by-pass 
steam for overloads is admitted to the blading. 
Fig. 12, which is 2.4 times full size, shows parts of 
the intermediate and outer pair of dummies. The 
fixed and running dummies are pf practically 
identical mass and design, and so arranged that 
they must heat uniformly and have no relative 
displacement due to expansion. They are all of 
steel, having annular grooves machined in the 
lathe. The first two pairs of dummies, counting 
from the centre, have interlocking grooves of 
the form illustrated in the lower half of Fig. 12. 
The grooves of the outermost pair do not inter- 
lock more than is necessary for the purpose of 
balancing end pressure. Each rib of the fixed 
dummies has on its outer face a small groove. 
Into this a folded strip of very thin nickel is lightly 
driven by a punch carried on a light adjustable 
wooden radius-rod, universally jointed to a plug 
in the centre of the disc. The punch is then 
replaced by a sharp-edged roller, which divides 
the outstanding edges of the nickel. The thin 
nickel caulking-wire is then tapped into position, 
and a flat roller, carried by the radius-rod, runs 
over the strip, bending over the edges, and 
smoothing everything down nicely. This type of 





dummy and packing has been found to give com- 
plete satisfaction, and is not expensive; while on 
account of its small size it can be manufactured 
with extreme exactitude. 

One of the two turbine-wheels is shown complete 
in Fig. 21, and a couple of the blade-rings sepa- 
rately in Fig. 23. One of the rings for the shaft 
packing is illustrated in Fig. 25, but to this we 
shall refer more fully next week, as this packing is 
of unusual construction and has proved remarkably 
steam-tight. 

In Fig. 3, Plate XXXIV., the turbine is repre- 
sented as being removed bodily from its place 
between the two generators. Each turbine-wheel 
is secured by a flange connection to its generator 
rotor, as shown in Fig. 4, the two being balanced 
together. A good idea of the compactness of 
the turbine is given by Fig. 5, which shows the 
1000-kw. unit complete, with the exception of its 
end shafts. Figs. 6 and 7 show the fans used 
for keeping the generators cool and also the bear- 
ings of the machine. 


(To be continued.) 





ENCOURAGEMENT OF AGRICULTURAL DEVELOPMENT AND 
ALLIED INDUSTRIES IN Brazit.—With reference to the 
notice on page 488 of the Board of Trade Journal of 
February 29, relative to Paré State Laws for the encour- 
agement of agricultural development and railway con- 
struction in that State, H.M. Consul at Paré (Mr. G. A. 
Pogson) has now forwarded a copy and summary trans- 
lation of a Federal decree (No. 2543 A) of January 5, 
the chief provisions of which may be summarised as 
follows :—Rubber cultivation : Article 1 provides for the 
exemption from import duties of all utensils and 
materials required for the cultivation end extraction of 
rubber. A special premium is to be instituted (Article 4) 
granting an amount up to 400,000 milreis for the first 
rubber-refining factory ; and 100,000 milreis for the tirst 
similar factory for the refining of mantgoba and manga- 
beira established in the States of Piauhy, Ceara, Rio 
Grande do Norte, Pernambuco, Bahia, Minas Geraes, 
and Sio Paulo. Further, an amount up to 500,000 milreis 
will be granted to the first factory for the manufacture 
of rubber articles of commercial use established at Manaos, 
Pard, Recife, Bahia, or Rio de Janeiro. Article 12 em- 

wers the executive to approach the Government of the 

tates of Pard, Amazonas, and Matto Grosso with a view 
to obtaining a reduction up to 50 per cent. of the export 
duties on rubber, &c. construction : Roadways 
are to be made (Article 6) along the Rivers Xingt and 
Tapajés, and other rivers in the States of Pard and Matto 
Grosso, and also along the Rivers Negro and Branco, and 
other rivers in the State of Amazonas. Railway con- 
struction: A railway is to be constructed (Article 6) from 
a point on the Madeira-Mamoré Railway in the neigh- 
bourhood of the River Abunan to Villa Thaumaturgo, 
passing through Villa Rio Branco, with a branch line to 
the Peruvian frontier towards the valley of the River 
Purtis. The construction is also authorised of a line 
starting from Pard, which will link up the general 
networks of railways at Pirapora in Minas Geraes, and 
at Coroata, in Maranham, with branch lines con- 
necting the places terminating the navigation of the 
Rivers Araguaya, Tocantins, Parnahyba, and Sao Fran- 
cisco. Navigation: Article 6 also provides for the execu- 
tion of works necessary for carrying on navigation at certain 
seasons of the year by steam craft, drawing up to 3 ft., 
on the River Negro between Santa Isabel and Cucuby, 
on the River Branco up to Sio Joaquim, on the River 
Purts from Hyutanahan to Senna Madureira, and on the 
River Acre up to Riosinho das Pedras. All kinds of 
river craft will be exempted (Article 7) from import 
duties of every description. Provision is made for the 
reduction and amelioration of existing legal provisions 

verning river traffic. Favours will also be conceded 
Article 8) by the Government to undertakings under 
public competition for the provision of coaling-stations 
and deposits at places in the valley of the Amazon. 
Articles of domestic consumption: By Article 9 the 
Government intend to promote and facilitate the creation 
of centres of production of articles of consumption gene- 
rally in the valley of the Amazon by means of : (1) .the 
establishment of cattle-runs; the breeding of stock ; the 
cultivation of cereals ; the preparation of jerked beef ; the 
establishment of (a) a soci henens (6) a manufactory 
of milk conserves and other dairy produce ; (c) rice-mills ; 
and (d) mills for the treatment of cereals, mandioca, &c. 
(2) Concessions to certain agricultural or breeding under- 
takings. (3) Exemption of import duties, for a period of 
fifteen years, on all machinery and materials required for 
the installation and upkeep of an establishment for the 
salting and preserving of fish from the rivers of Amazonia. 
A premium of 10,000 milreis per annum will be granted 
for five consecutive years as soon as the output of the 
factory reaches 100 tons annually. Exhibition: It is the 
intention of the Government (Article 11) to inaugurate 
at Rio de Janeiro a triennial exhibition of products dealt 
with under this decree. His Majesty’s Consul suggests 
that British investors proposing to interest themselves in 
companies formed to obtain concessions under this law 
should, after consulting the law on the subject, first of all 
put themselves in communication with the British Con- 
sulate at Pard. The full text of the decree (in Portu- 
guese), ther with the summary translation, may be 
seen by British firms at the Commercial Intelligence 
Branch of the Board of Trade, 73, Basinghall-street, 
London, E.C. [Milreis = 1s. 44. ; hectare = 2.47 acres. | 
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FRENCH SALVAGE DOCK FOR 
SUBMARINES. 


On March 11 the salvage dock for submarines, which 
we illustrate in Figs. 1 to 3 on the present page, was 
handed over to the French Admiralty by her builders, 
the Ateliers et Chantiers de la Loire, St. Nazaire. 
She proceeded in tow of two powerful Dunkirk tugs 
for Toulon, which will be her home port, and where 
the main part of the French submarine flotilla in the 
Mediterranean is statiuned. 

Her principal dimensions are the following :— 


Length overall ... ia a 322 ft. 10 in. 
Main breadth eg pes im = 
Breadth of each pontoon a Thon Biss 
Depth & a i = 


Light draught _... saa ‘ 7 
Loaded draught (with 1000 tons) a, és 
Displacement 9 fo ... 2300 metric tons 

She is built of two hulls or pontoons, stiffened by 
steel framework, leaving a free open space of 42 ft. 
between the inside plating of the two pontoons. A 
stem connects the two hulls forward. The two pon- 
toons have been designed so as to give both maximum 
strength and maximum stability during salvage opera- 
tions in the open sea. The port and starboard pontoons 
are symmetrical ; their inside plating is flat and 
vertical ; in — to their outside shape they can be 
compared to the two halves of a large-sized lighter 
having a flat bottom. 

The frames are ten in number, each provided with 
two sets of tackle—one on the starboard and the other 
on the port side—for lifting a sunken submarine. Each 
set of tackle works in connection with an hydraulic 
jack for rendering the purchase of all the sets uniform. 
The twenty sets of tackle can be started working 
simultaneously or separately, as required ; they are 
operated by sprocket-wheels driven by intermediate 
shafts from two dynamos of 150 kw. total power. 
Each set of tackle has been tested separately under a 
75-ton load, from a depth of 165 ft., making a total 
lifting power of 1500 tons for the twenty sets. The 
margin of safety is thus a high one, since the dock has 
been designed for a 1000-ton total lifting power. The 
engine-room is located forward ; it contains a Niclausse 
water-tube boiler having 120 sq. m. (1290 sq. ft.) 
heating surface, supplying steam for driving the 
two Senames and the auxiliary engines. The 
current is supplied to the operating-room located on 
top of the framework amidships ; this latter room is 
divided into two separate compartments, each con- 
taining the required electric andlinney and connections 
for the working of the dock. 

The two pontoons are divided into several water- 
tight compartments by longitudinal and transversal 
bulkheads ; a double bettom of 200 tons capacity 
allows the dock to be easily trimmed. Berthin 
accommodation for a crew of twenty men is aopeliiel 
forward. 

The dock is not self-propelling, and owing to the 
large bows and heavy superstructure, it is feared that 
the manwuvring will be a difficult matter for the tugs. 
Owing to the small draught, even when loaded to 
1000 tons, it will, however, be possible for the dock 
to occupy stations where there is but little depth 
of water. There are tour anchors—two forward 
and two aft—worked by electric capstans ; these will 
enable the dock to be securely anchored for salvage 
operations. A rudder is provided aft of each pontoon ; 
these rudders are of the type of those carried by large 
sailing ships, and are operated by hand-power. A heavy 
transversal girder connects together the two pontoons 
aft, and forms, at the same time, a gangway for 
carrying out the salvage manceuvres. 

All the designs were prepared by the French 
Admiralty, who ples the construction. The 
machinery details were designed and built by the 
company at their Nantes works, whilst the hull was 
constructed at their St. Nazaire yard. Fig. 1 is a view 
of the bow, Fig. 2 a view of the stern, and Fig. 3 an 
internal view, looking forward. 


” ” 





Tue Cunarp Lins.—The dividend of this company 
for 1911 is the highest which has been declared for the 
last thirty years, being at the rate of 74 per cent. per 
annum. This result was attributable to the easing off of 
German competition, the development of a Canadian 
service, and a generally more vigorous management. 
The amount expended upon the repair and maintenance 
of the fleet for 1911 was 17¥,148/., and 452,236/. was also 
written off for depreciation 2f ships and 3062/. for depre- 
ciation of wharf properties. Including the Thomson 
Line, the fleet stood in the books at the close of 1911 at 
5,571,280/.; wharf properties and buildings at 122,341/. ; 
and movable plant and machinery, stores, coal, &c., at 
129,014l. During the past year the company’s three 
steamers—Ascania, Ansonia, and the Albania—main- 
tained a regular service between London, Southampton, 
and Canada ; and contracts have been placed with Scotts’ 
as and Engineering Company, Limited, 
Greenock, for two more steamers, to be named the 
Andania and the Alaunia, which are also intended to 
be employed in Canadian trade. The tonnage of the 
fleet in service at the close of last year was 267,107 tons. 





SALVAGE DOCK FOR FRENCH SUBMARINES. 


CONSTRUCTED BY THE ATELIERS ET CHANTIERS DE LA LOIRE, ST. NAZAIRE 
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LOCOMOTIVE FOR THE CALEDONIAN RAILWAY FITTED FOR BURNING OIL-FUEL. 
MR. J. F. McINTOSH, LOCOMOTIVE SUPERINTENDENT. 
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| Durine the recent coal strike a number of rail- 
|ways made trial of the Holden oil-fuel-burning 
| system which has been in use for 80 many years 
on the Great Eastern Railway, but which has been 
latterly largely abandoned on that line, since, 
junder normal conditions, the expense of working 
with oil fuel did not compare favourably with that 
| of coal. 

| We give herewith the piping arrangement of a 
| temporary installation fitted up on a locomotive of 
the Caledonian Railway by the locomotive super- 
intendent, Mr. J. F. McIntosh. Two Holden liquid- 
fuel injectors were employed. The oil was stored ina 
520-gallon cylindrical tank on the tender, and was 
sprayed into the fire-box, as usual, by steam. The 
fire-box, in addition to the brick arch, was fitted with 
i brick wall to protect the lewer part of the tube- 
plate. Beyond this and the provision of the holes 
required by the injectors, no alterations were made in 
| the fire-box, and coal could therefore be used at 
any time if it were so desired. The arrangement 
illustrated affords a good example of the readiness 
with which this system of burning oii-fuel can be 
applied when desired, 





























486 


ENGINEERING. 





[APRIL 12, 1912. 





_— 


INDUSTRIAL NOTES. 


THE great coal strike is at an end. On Saturday 
last it was decided by the representatives of the 
miners that the men were to return to work pending 
the fixing of minimum wages for coal-getters in the 
several districts by the dist:ict boards now being set 
up under the Coal Mines (Minimum Wages) Act. The 
majority in favour of a resumption of work was large, 
being about 34 to 1, the actual figures being 440,000 
for the return and 125,000 against. When the result 
of the conference was known the feeling of relief 
throughout the country was great, and it was 
thought that the men would return to the pits at 
once. There was, of course, a feeling of dissatisfac- 
tion in some districts at the decision of the Federa- 
tion, but this has not affected the situation materially, 
and it is thought that by the end of this week 
work will be general. The strike commenced on 
March 1, so that the men were nominally idle 
for five weeks ; but as the pits could not be got 
into working order all at once, and the men did 
not return in a body, the strike practically lasted 
about six weeks. Things generally appear to point 
to the miners having had enough of the strike, which, 
no doubt, lasted far longer than either they or their 
delegates ever anticipated. The loss to the country 
has n very great, and widespread privation and 
suffering have been experienced, and, indeed, will not 
end for some time yet; but there are, at any rate, 
striking elements about the struggle that constitute 
redeeming features—the way in which all the priva- 
tions, sufferings, and inconvenience have been borne, 
and the comparatively small extent to which rioting 
and disorder have taken place. The calm way in 
which the nation has stwod the strain must be 
regarded with great satisfaction, for surely it indi- 
cates a strength and depth of resource that have 
been a surprise even to those who know the character 
of the people of this country well. If the strike 
has done nothing else, it has at any rate shown 
how the country can prepare itself, if need be, 
to meet impending calamity without losing its self- 
control. Although it was thought by many people 
that the country would, to a great extent, be taken by 
surprise, there can be little doubt that the warnings 
as to the coming strike were taken more widely to 
heart than was generally supposed, and people quietly 
prepared for a formidable struggle. There were, of 
course, exceptions, and the advice of those who were 
well informed was ignored, with the natural result 
that much aveliail suffering hus in places been 
incurred. Although the strike has been officially 
ended, there still lie ahead many difficult problems to 
be solved by the district boards, that will require a 
skill and forbearance that may tax severely the 
prtience of both the masters and the men. We feel 
very hopeful, however, that this skill and forbearance 
will be shown. 

On Thursday in last week District Wages Boards 
were arranged for Cumberland, Somerset, and North 
Wales, in the last of which coal-field the appointment 
of a chairman was referred to the Board of Trade. 
On the same day the first meeting of the new Wages 
Board for the Durham coal-field was held in Newcastle, 
when rules of procedure were agreed to, and the 
appointment of an independent chairman was left to 
the Board of ‘I'rade. 

At the pits in South Wales, where the strike of 
engine-winders made a start impossible, there has 
been no resumption of work, and it was expected on 
Tuesday last that the officials of the Enginemen’s 
Union would confer on the following Thursday, and if 
the men’s demands are conceded by the masters a start 
would be made. Concessions have been gained by the 
enginemen in Durham, and work will soon be resumed; 
but in parts of Lancashire and Yorkshire the miners 
are refusing to return to the pits until the minimum- 
wage rates have been fixed by the Board. In Rhondda, 
Merthyr, Aberdare, Maesteg, Llanelly, and the eastern 
and western valleys of Scsmneuthakioa, the men are 
now waiting for the grievances of the enginemen and 
stokers to be settled. 

The ill-advised speech of Mr. Hartshorn on Monday 
last, in which he said that a much greater struggle 
than the one we have just witnessed was likely to 
occur in May or June, has not been received with 
approbation on all sides, and a resolution to the 
following effect was passed by the Penallta men in 
the Rhymney Valley :—‘‘ That we view with grave 
concern the statement of Mr. Hartshorn in reference 
to a greater struggle in May or June next. We also 
apply to Mr. Hartshorn to iead us out of this chaotic 
state before indulging in prophecies,” 





On January 22 last the locomotive drivers on fifty 
railroads east of Chicago and north of the Norfolk and 
Western Railway presented requests for wage in- 
creases amounting to 18.63 per cent. A committee of 
general managers and vice-presidents was appointed 
to represent the railroads in the territory named, and 
on March 14 the conference committee of niavagers 
met in New York a committee representing the 





drivers. The matter was then discussed, and on 
March 14 and 15 the case of the drivers was presented, 
it being then stated that the increase was not sought 
because the cost of living had increased, but because 
increased responsibilities had been placed on the 
men. The managers realised that the public had 
@ great interest in any wage controversy in con- 
nection with the eastern railways, and knew per- 
fectly well their duties to the public as carriers as 
as well as their obligation to their shareholders. 


The moulders’ strike in Sheffield, which was in 
operation for about six weeks, was said last week 
to have terminated, but by the end of the week a 
hitch had occurred in the settlement. The strike arose 
out of the difficulty of defining where the work of 
moulders began and that of coremakers ended. Ac- 
cording to the moulders, the coremakers had work 
given to them which they claimed rightly belonged to 
them. The wages of the coremakers are 8s. a week 
less than the moulders, and the wages of the moulders 
are being reduced. It was deciued on Wednesday 
last week that the men should return to work as soon 
as the difficulties would allow. It was decided that a 
local committee representing both sides is to consider 
the questions in dispute and try to arrive at some 
satistactory arrangement. Should they disagree, 
however, the matter will be referred to two umpires— 
one on behalf of the employers and the other on behalf 
of the men. It was also decided that the moulders 
and the employers should hold a meeting with the 
coremakers for the purpose of defining the boundary 
between the work betecten to each trade. The 
dispute has affected about 1200 men. The men have 
thrown over their leaders, and refuse to return to work 
until they can have better conditions. It is expected 
that the executive of the Ironfounders’ Society will 
refuse to continue strike-pay in consequence. 





The April report of the Associated Iron-Moulders 
of Scotland for April contains particulars of the 
transactions of the society from February 24 to March 
23, which has been a most strenuous time in the labour 
world owing to the coal strike. ‘Ihe number of men 
returned as idle on February 24 was 559, while four 
weeks later, on March 23, this had risen to 1655, an 
addition of 1096, brought about by the closing of 
works in different parts of the country, and this at 
a time when everything pointed to an increased volume 
of trade. During the same four weeks the unem- 
ployment benefit cost 1702/. 12s. 4d., as against 
448/. 18s. 2d. for the four weeks ending on February 
24, 1911, and during the week from February 23 to 
March 30, this year, remittances have been sent out 
amounting to close on 1000/. to meet the demands of 
one district. Glancing at the financial position over 
the trade, we find that the last balance was 
50,828/. 16s. 3d., and the net income for last month 
was 2266/. 14s. 4d., giving an available cash balance 
of 53,0952. 10s. 7d., while the expenditure amounted 
to 3481/. 8s. 1l4d., leaving a balance at March 23 of 
49,614/. ls. 74d., or a loss for the month of no less 
than 1214/, 14s. 7$d., as against a gain to the fund 
during the preceding month of 281/. lls. 24d. It is, 
however, hoped now that peace is restored matters 
will improve. 





During the year ending March | the Amalgamated 
Suciety of Railway Servants has increased its member- 
ship from about 60,000 to over 100,000, the actual 
number of new members during the period being 
41,000. In London and other large cities demonstra- 
tions are to be held to celebrate the occasion. May 1 
has been chosen for these demonstrations if arrange- 
ments can be made in time in conjunction with other 
labour demonstrations that are to be held on that 
day. The goalof the leaders was for many years & 
membership of 100,000, and it is now asserted that 
the number enrolled during the summer will be a 
quarter of a million. 





On Wednesday in last week a lock-out took effect 
in Dandee involving 30,000 jute-workers. A strike 
for higher wages failed after lasting three weeks, but 
the employees of Messrs. Cox Brothers, Limited, 
Camperdown Jute Works, Lochee, to the number of 
about 5000, would not yield. It was agreed that the 
should have another opportunity given them, and, if 
they still refused, a general lock-out should be declared, 
this decision having been come to by the Masters’ 
Association. The men refused to give way, however, 
and the lock-out began. 


It is stated that the re-graded scheme of Con- 





ciliation Boards has been refused by the Great 
Northern Railway men, and the matter was referred 
to the Board of Trade, by whom it was decided, 
without expressing an opinion upon the merits of 
the scheme, that the terms of the settlement do 
not preclude the company from a re-grading scheme 
such as is now proposed. This decision has not been 


accepted by the men, and steps are, it is said, 
being taken to contest it. By refusing to elect repre- 





sentatives to the boards as re- ed, and electing 
representatives to the existing 8, the members 
of the railway unions have meanwhile ignored ihe 
scheme, and have created a deadlock in the concilia. 
tion arrangements. The objection is that, by ye. 
grading and re-grouping, the men are so divided that 
their interests are made to conflict instead of each 
board representing certain common intersts as 
hitherto. It is said that the railwaymen’s societies 
concur in the action of the Great Northern men, aud 
the officials of these societies intend to bring the matter 
before Parliament, where it will be contended that it is 
completely opposed to the spirit of conciliation for one 

yy to demand an entire revision of the concilia- 
tion arrangements without having consulted the other 


party. 


While 1910 showed in Russia a minimum of strikes 
in comparison with any year since the years of 
revolutionary disturbance — viz., only 222 strikes, 
affecting 46,623 hands—the conditions of the labour 
market were less satisfactory during 1911, the number 
both of strikes and hands affected being nearly doubled. 
The greatest number of strikes were in May, June, 
and August, and the fewest in December. Most of 
the strikes in 1911 were within the textile industry— 
viz., 129 strikes, with 55,146 hands; next came the 
metal and machinery industries. The largest number 
of strikes was in the Government of Warsaw, and the 
largest number of hands affected were employed in 
the Government of Wladimir. Most of the conflicts 
arose from questions of wages. In 25 per cent. of the 
conflicts the men gained their point, in 32 per cent. 
&@ compromise upon mutual concessions was 
arrived at, while 43 per cent. ended without any gain 
to the men. 








An advance, equal to 14d. in the shilling, has been 

anted to the Bolton weavers, and an agreement has 
om arrived at that no application is to be made for 
an increase or a reduction by either employers or 
employed before the end of 1913. 





Wiwnipec Exvecrrtc Rattway.—The net revenue of 
the Winni Electric Railway Company for 1911 was 
1,110,573 dols., after provision had been made for the 
city of Winnipeg’s proportion of earnings and other fixed 
char; Out of the net earnings the directors distri- 
Shad eorenncenty dividends, amounting to 690,000dols., 
leaving a surplus of 420,573 dols., which has been 
transferred to the profit and loss account, making the 
total amount at the credit of that account at the close of 
1911, 1,616,773 dols. The ratio of the working expenses to 
the trattic receipts last year was 49.64 per cent., as com- 

red with 50.39 per cent. in 1910. The net earnings for 

t year showed the substantial increase of 2'9,275 dols. 
over those for 1910. 





Rattway AccipENTS 1N RussiA.—Statistics are not 
unfrequently a little slow in appearing, and this is, 

rhaps, even more the case in Russia than elsewhere, 

he appended particulars of railway accidents on the 
Russian railways, which have only just been published, 
apply to the year 1908, and show a material divergence 
from similar statistics in other countries. The aggregate 
number of casualties amounted to 20,045, of which 19,771 
occurred on lines of general importance, and 274 on local 
lines. On the Crown railways in European Russia there 
were 12,938 casualties, and on the Crown railways in 
Asiatic Russia 3302 injured persons. The following addi- 
tional particulars are given :— 

Killed. Injured. Total. 
. we 1209 1441 


Passengers $< ee 

Staff and workmen “a os 3696 4435 

Private persons .. a .. 1957 2060 4017 

By loading and discharging, in 2 = 
workshops, &c. 67 7438 7505 


Accidental, not directly con- 
nected with the railways— 


suicides, for instance -. 1333 767 2100 





German Rartway Revenug.—The receipts of the 
German railways, according to the report of the Imperial 
Railway Department, continue to increase in a very 
marked degree ; the increase for February, as compare 
with the same month in the previous year, being 4,626,959 
marks on passenger and 20,080,560 marks on goods traffic. 
The receipts for 1911 show for every month of the year 
an increase, which, in most cases, is of considerable 
importance, as compared with the corresponding figures 
for the previous year. In per cent. the increase amounted 


y | to — 
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The highest receipts come upon the months of Sept- 
ember, October, and November, with respective aggre 

tes of 168,000,000, 176,000,000, and 173,000,000 marks ; 
the lowest in January and February, with 137,000,000 
marks each. 
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THE MARINE OIL - ENGINE. 
To THE Eprror oF ENGINEERING. 

Srr,—I am very thoroughly in accord with the opening 
paragraph of your editorial of the 8th inst., ‘‘ The Marine 

i]-Hngine.” 

, The Sagimesring Press and numerous papers presented 
at meetings of engineering associations have dwelt parti- 
cularly on the advantages of such engines ; but are there 
not certain inherent disadvantages which have not been 
stated and discussed ? . f s 

Among the principal disadvantages in this category 
which occur to me are the following :— e of pistons 
and valves, causing a reduction of pressure and conse- 
quently a reduction of temperature of compressed charge, 
which would preventrunning atslowspeed,and which might 
prevent restarting the engine in case it was stopped. To 
get the pressure and consequent temperature of com- 

ressed charge in the cylinder that is required to ignite 
the fuel, it is essential to have practically tight pistons 
and valves, and also to make the compression stroke in a 
short interval of time, so that the unavoidable leakage of 
comp charge and the absorption of heat by cylinder 
walls and pistons will not reduce the temperature below 
that required for ignition. This being so, it appears that 
the low limit of speed depends to a certain extent on 
the tightness of pistons and valves, because, if the speed 
of the engine is reduced one-half, say from 100 to 50 revo- 
lutions per minute, the elapsing time for leakage and 
cooling of charge during compression is doubled. 

Now, in service such leakage is liable to develop, and 
may increase quite rapidly on a voyage; and while it 
may not be sufficiently serious to prevent the fuel charge 
igniting so long as the engine is running at full speed, it 
might cause the engine to stop if the speed was reduced. 
a the leakage might be so serious that the engine could 
not be re-started by compressed air, and brought up to 
the speed at which it would ignite the fuel until more 
extensive repairs than are possible at sea had been 
made. The difficulty of starting would be increased 
if the engine was stopped long enough to allow the 
cylinders to cool, as more of the heat of the com- 

charge would be absorbed by the cylinders. In 
stationary practice the engine in this condition would 


velocities and revolutions in accord with the Froude law 
of comparison, and the results are practically identical. 
Both frictional and eddy resistance are operative in these 
experiments, and it is difficult to see why from this agree- 
ment it cannot be argued that the Froude law holds. In 
the case of the model propeller the scale was ,4 the full- 
sized screw, as compared with 4 for the cases given in the 


paper. 

To mee the law of similitude for eddy-making alone 
it would surely appear a simpler procedure to compare 
the resistances of similar plates moving normally, since 
in this case eddy-making is the only resixtance operating. 
The available results of experiments—such as they are— 
show in such cases that the Froude Jaw is applicable. 

Lord Rayleigh’s oe on the ——_ of dynamical 
similarity was published in 1899, the Aeronautical 
Advisory Committee was appointed in 1909, and although 
three years have elapsed, no systematic experiments, so 
far as eddy-resistance alone is concerned, appear to have 
been attempted in order to prove Lord Rayleigh’s law, 
and this in view of the fact that the usefulness of aero- 
dynamical laboratories depends in great part on the 
determination of the true law of similitude. 

To judge from recent announcements, it is not intended 
to build more dirigibles at present, and as the efforts of 
the Aerodynamical Laboratory appear, according to the 
annual reports, to have been almost wholly devoted to 
this type, it may be that time can now be found toexperi- 
ment in the direction of proving Lord Rayleigh’s law of 
similitude or of showing that Froude’s law is sufficiently 
good for all practical purposes. _ 

I am, Sir, yours faithfully, 
A. W. Jouns, R.C.N.C. 

104, Huron-road, Upper Tooting, 8.W. 

April 8, 1912. 





**ENGINEERING EMPLOYMENT.” 
To THE Eprtor or ENGINEERING. 

Str,—I have read with interest the letter on ‘“‘ En- 
gineering Employment” which appeared over the signa- 
ture of *‘ Anti-Influence” in your issue of April 5. I quite 
agree with your correspondent that there are many 
engineers, both young and old, occupying poor positions 


still be serviceable (although inefficient), use the | who ought to be better paid, but I am convinced that a 
engine could be started and brought up to speed by/| large number of such men are devoid of the necessary 
compressed air without its load, the load being thrown | impelling force —ambition— which, added to ability 


on when ignition commeneed. A marine engine, how- 
ever, cannot be brought up to s without its load, 
unless an impossible cut-off coupling is used. A marine 
engine must not be put entirely out of commission by 
such a common derangement a3 leaky pistons and valves. 

Another matter to consider is the injury to pistons, 
cylinders, and bearings (by leakage of oil) caused by 
spraying fuel oil into a hot cylinder which is missing fire. 

A third point, which I believe is more vital than either 
of the foregoing, is the danger of wrecking the engine by 
the leaking, or accidental sticking open, of the valve 
admitting compressed air to the fuel-spray nozzle, which 
would endanger fuel oil being sprayed into a cylinder on 
its compression stroke, causing a pre-ignition. I incline 
to the belief that this was the cause of the wrecking of 
- German engine referred to in your editorial of the 

th inst. 

In closing, I wish to say that I believe that the internal- 
combustion engine is particularly applicable to marine 
propulsion, but that, in order to make it safe and reli- 
able, it will be necessary to use gaseous fuel, and that 
under these conditions it will show advantages over steam 
that will lead to its adoption for moderate powers—sa, 
about 200 to 300 horse-power per cylinder—and that wit! 
further experience the sizes can ine In any 
event, let us ‘* hasten slowly,” but always ahead, lest we 
discourage the shipowner and underwriter by disastrous 
failures. 

Yours truly, 


E. P. Rosrnson. 
East Boston, March 29, 1912. 








“THE LAW OF COMPARISON FOR SURFACE 
FRICTION AND EDDY-MAKING RESIST- 
ANCE IN FLUIDS.” 

To THE EprTon oF ENGINEERING. 

Sir,—In scanning your report of the discussion on Dr. 
Stanton’s paper at the Institution of Naval Architects I 
notice no remarks on the matter contained in the penulti- 
mate paragraph of the paper. It is there stated that 
“considerable evidence has accumulated tending to show 
the eddy resistance of a large structure is not the same as 
that of a small model of it, and it appears ible that 

dy resistance of a full-sized ship may be from 10 to 

15 per cent. different from that of the ordinary sized model 

of it.” TI take it the evidence referred to consists of 

the results of Dr. Stanton’s experiments, in which a coeffi- 
cient of 0.0027 was obtained for a square plate 1.77-in. 

side ina current moving at about 15 miles per hour, and a 

coefficient of 0.0032 for a plate 10 ft. square placed in winds 

of from 5 to 25 miles per hour. It has yet to be proved 
that at corresponding speeds—as given by the Froude law 
of comparison—the same difference exists, and this 

’ppears to be the only point of importance when compar- 

m the eddy resistances of model and ship. 

n the paper Dr. Stanton gives the results of two diffe- 
rent sized models of a dirigible 


’ towed through water, for 
which the results practical 


agree when moving at speeds 
such that V L is constant. io this meets be he con- 
cludes that the accuracy of the law of compari 
8 & constant—for friction and eddy-making is experi- 
mentally verified. 

In the Technical Report of the Adviso 


for Aeronautics, 1910-11, are given the results of experi- 
ments on model and full-sized screws carried out at 





and hard work, ‘‘leads on to fortune,” or, at any rate, 
leads on to a better job and a.higher salary. If one 
takes the trouble to study the biographies of our eminent 
men in the engineering, or any other, profession, he will 
most assuredly find that in nearly every case these men 
have had no influence outside of their own individual 
efforts, and that there was a lot of very hard work at the 
beginning of their careers. Conditions can never change 
so much but that grind, grit, and determination will go 
as far now and in the future towards ensuring success as 
they have always done. Your correspondent explains 
the failures when he speaks of “‘many men. . . devoid 
of ambition,” and when he says “‘ they realise the hope- 
lessness of things,” ‘‘and trust to luck.” No one who 
comes under these categories need expect to get on—he 
will be content to take things “lying down” instead 
of standing up, and asserting himself occasionally as 
he ought todo. I believe that if many of the low-paid 
engineers would put more energy and thought into their 
work, and less into their play, they would qualify for better 
positions and higher salaries. 
Yours faithfully, 

April 10, 1912. KER.aw. 





THE NATIONAL PHYSICAL LABORATORY. 
To THE EprTor OF ENGINEERING. ; 

Srr,—I_ notice that in your account of the National 
Physical Laboratory in 1911 there are two remarks under 
** Metrology,” of which division I am in charge, which 
are likely to be misleading. 

Firstly, from the opening paragraph it would appear 
that it is usual for al! plug cylindrical gauges to be 
about j5,909 in. larger than the rings which they fit. We 
have had a fairly complete set of ring and plug gauges in 
which this occurred, and it has been conclusively proved 
that the difference in size is a true one, and not due to 
the known difficulty of measuring the ring gauges. But 
it would not be correct to suppose that this is true of all 
the sets of ring and plug gauges in ordinary use, and 
engineers who acted on such an assumption would be in 
error more often than not. 

Secondly, under the heading ‘‘ Silica Metre and other 
Standards,” it is the Invar standard, and not the 43 per 
cent. nickel steel, which is now growing at the rate of 
about 0.6 « per metre per year, and the figure deduced 
from the determinations made at Sevres also refers to the 
Invar metre. The 43 per cent. metre has very little 
secular change indeed, and has not yet been in our posses- 
sion long enough for this to be measured. 


Yours es Ag 4 
April 10, 1912. J. Sears, Jun. 





WATER-COOLED AND FORCED-LUBRICA- 
TION BEARINGS. 
To THE EprTor OF ENGINEERING. 
Srr,—We should like to inform your correspondent, 
Mr. Percy Pitman, whose letter appeared on page 450 of 
eg last issue, that this firm is in a position to supply 


im with heavy shaft pedestals fitted with forced lubrica- | w 


tion, and that we made this type of bearing one of our 





Committee | 


standard productions some time ago. With regard to 
bearings having a special pre: tion for a circulation of 
cooling water, we hold that the day for the need of such 
provision has gone past, and that if a user owns bearings 





which constantly, or even occasionally, heat up to such 
an extent that this circulation is we there must be 
something radically wrong either with the lay-out of the 
transmission or the design of individual bearings. 

Referring to our forced lubrication, we should like to 
say that each bearing has its small pump, to the design 
of which we have given much time and thought; and it 
is a thoroughly workable and relisble appliance, being 
psy riven on both suction and delivery strokes. 

ae is only one valve, removable without stopping the 
shaft. 

We should just like to add that we are, and have been 
for some time, in a position to offer to users the choice of 
hall, roller, ring, needle, and forced-lubrication bearings, 
all of which will fit our standard ball-and-socket adjust- 
able shaft fittings and estals. 

ours faithfully, 
THE UNBREAKABLE PULLEY AND MILL GEARING 
Company, Limrrep, 
P. A. Ransom, Managing Director. 
56, Cannon-street, London, E.C., April 10, 1912. 








Tue Ramway YegaR-Book For 1912. London: The 
Railway Publishing Company, Limited, 30, Fetter-lane, 
Fleet-street, E.C. [Price 2s. 6d. net.]—This year-book, 
which has adopted the sub-title of ‘‘ The Whittaker of 
the Railway Service,” is now in its fifteenth year. It has 
been brought down to date with, as far as we can see, a 
care equal to that bestowed upon it in former years. It 
has, moreover, had added to it much additional informa- 
tion, not for the most part of a new class, but supple- 
mentary to that already given. It deals mainly with the 
railways of the United Kingdom, and in addition to 
general comparative matter, such as the best runs of the 
year, the fastest trains, &c., it gives directory informa- 
tion relating to all the important systems of the country. 
Generally speaking, the events of the year as regards 
British railways find place in this book, even to the 
official as of lines, &c. Particulars are also given 
of matters relating to railways, such as institutions 
interested in railway operation, &c. 





Wrre.ess TELEGRAPHY AND ArrR-Crart.—The Mar- 
coni Wireless ee Company have of late been 
working at the problem of providing air-craft with an 
efficient wireless telegraphy apparatus—a difficult task, 
owing, among other considerations, to the limitations 
which obtain in regard to weight. They have recentl 
been conducti experiments at the Army Air-Craft 
Factory, South Farnborough. Towards the end of last 
month an Army aeroplane made a short flight fitted with 
a clockwork sender, and good signals were received from 
it. Karly in the present month, Captain Dawes, of 
the Air Battalion, was carried as a passenger and trans- 
mitted messages to the receiving- station at the 
factory, where they were very clearly received. On 
one occasion the machine flew over an area of about 
4 miles in radius from the factory, and Captain Dawes 
telegraphed reports upon the movements of troops man- 
ceuvring in the vicinity. Ona still Jater circuit Captain 
Dawes Limeelf received the messages which the Marconi 
operator transmitted from the aeroplane. These results 
speak well for the special Marconi apparatus designed 
for the purpose ; they tend toshow that the company may 
expect shortly to arrive at maintaining communications 
both =v with an aeroplane up toa radius of probably 
100 miles. 





Kew.ty’s Drrectrory oF MERCHANTS, MANUFAC- 
TURERS, AND SHiPPERS.—We have received a copy of 
this directory for 1912—the twenty-sixth annual edition 
—which is printed and published by Kelly’s Directories, 
Limited, 182 to 184, High Holborn, -©. It covers 
over 3250 pages, on the majority of which about 400 
names are given. Reference to the book is facilitated 
by indices arranged alphabetically as to trades, and as 
to the towns in which the different trades are carried 
on. There are also trade indices in French, in German, 
and in Spanish, for the use of foreign firms. The head- 
ings in the country divisions are given both in English 
and in the language of the particular country dealt 
with. The book opens with classified addresses of firms 
in the British Colonies and possessions, then gives 
similar information for Europe, Asia, Africa, and Ame- 
rica; London and the United — form two divi- 
sions at the end of the book. We have found it to give 
accurately the name and address of a number of foreign 
firms a | consular agents whom we know. Besides the 
information of a purely ‘‘directory” character, it covers 
statistical and general data which will also  — of great 
service to a great many industrial and commercial 
concerns throughout the world. We should like, how- 
ever, to point out a feature which may prove greatly 
detrimental to British interests; we refer to the incom- 
pleteness of the Index to Trades at the commencement 
of the book. Thus in this index, to take only a very 
limited number of headi: there are no names of 
British towns under the headi ** Steam - Fittings 
Manufacturers ;” under ‘‘Steam-Ploughs,” } eburg 
and Milan only are given; under ‘ Steam-Turbine 
Manufacturers,” there is only Prague; under ‘‘ Steam- 
Turbine Generating Sets,” only Schenectad yi no British 
towns are given under ‘‘Steel-Founders.” It is true 
that the names of British firms can be traced separately 
in the two divisions covering London and the United 
re above referred to; but the value of the book 

ould be greatly enhanced by the addition of British 


names to the index in question, thus giving some 
enco ment to foreign buyers for applying to England 
rather to Ber in, Magdeburg, Moustier-sur-Sambre, 


n, 
or Stockholm for ‘‘steam-turbines and turbo-dynamos,’ 





and so forth. 
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THE CENTRAL HEATING STATION AT THE 
UNIVERSITY OF MANCHESTER. 


Tue first university building was erected on the 
Oxford-road site in 1873-77. This had its own boiler- 
house for ay on part of the site now occupied 
by the Central Heating Station. As new buildings 
were added, each was provided locally with its own 
heating apparatus complete ; but the number of build- 
ings increased so rapidly during recent years (Fig. 1, 
annexed) until the maintenance of and attendance upon 
about 18 boiler fires (the 18 boiler fires were in 15 dif- 
ferent houses, and often widely apart, and not always 
as conveniently housed as boilers should be) became 
s> heavy @ task that it compelled serious reconsidera- 
tion of the whole equipment. As one building was 
added after another, various systems of heating were 
adopted. The major portion was heated by low pres- 
sure hot water in pipes and radiators circulated by 
gravitation ; other portions by low-pressure steam in 
pipes and radiators, while the Christie Library and 
the Whitworth Hall were heated by hot air distributed 
by gravitation through ducts, &c. The latter proved 
to be a dirty and often an unpleasant systém, owing to 
sulphur fumes, soot, &c., which escaped from the s:ove 
flues into the hot-air ducts. 

his multiplication of systems involved the employ- 
ment of a variety of boilers. Amongst them being one 
Lancashire and two Cornish, and a number of sectional 
and saddle boilers for the low-pressure hot water, one 
Lancashire, one Cornish, and one vertical boiler for 
steam ; and several hot-air stoves. This variety of 
boilers in different situations involved many troubles 
and nuisances. Among them was the complicated 
handling of fuel and ashes. The former had to be in 
some cases shifted three times before reaching the fires, 
and the latter had to be stored in large quantities to 
await the carter’s convenience, and then had to be 
carried out by hand. That the practical problem 
was a difficult one under these conditions will be 
readily recognised. 

The new central heating station is appropriately 
situated in the western quadrangle, this position being 
the mosié convenient for working and the most central 
position of the University. It comprises boiler-house 
and engine-room, the floors of both being on the 
same level, but about 9 ft. below ground level. The 
boiler-house contains three Lancashire boilers, each 
28 ft. long by 7 ft. 6in. in diameter, designed for 
a working pressure of 85 lb. per sq. in., and worked 
under induced draught. The fan, which is of the 
‘** Ordinance” type, is placed in the engine-room, 
along one side of which the main flue runs (see 
Fig. 2). An ash-elevator of the bucket type is placed 
at one end of the firing-floor and is designed to 
discharge direct into the carts, &c., that call for 
that purpose. 

A refuse-destructor is placed in a corner of the 
boiler-house to burn the miscellaneous matter that is 
collected from ail departments of the University, it is 
adjacent to the main flue of the boiler, from which it 
receives the assistance of the induced-draught fan, and 
is also provided with a Kérting under-grate blower. 
The coa) bunkers are situated immediately in front of 
the boilers, into which the fuel is tipped direct from the 
carts, and from these the fireman takes it for the fires 
at one operation. 

The engine-room contains a 50-kilowatt generator 
for 400 volts, direct- coupled, three 26-horse-power 
motors, two Roturbo pte, ae os three vacuum 
. two pairs of vertical Worthington duplex 

iler-feed pumps, two live-steam calorifiers, one ex- 
haust-steam calorifer, one 40-in. diameter plate fan 
for ventilating the main building, and the induced- 
draught fan. 

The methods of heating the individual departments 
of the University remain unchanged, owing to the 
enormous cost and great inconvenience to the Univer- 
— — routine which would be entailed by any 
radical change of any of the systems. The buildings 
which are heated by steam are supplied with steam 
direct at a suitable pressure, regulated by reducing- 
valves. The total radiating surface in such buildings 
is 3000 sq. ft. There are, as already stated, two 
buildings which are heated by hot air—the Whit- 
worth Hall and the Christie “Library. These have 
had the local hot-air stoves removed, and in their 
stead an apparatus has been installed by which 
fans pull fresh air through filters and washers 
and over batteries of steam-coils. The air is then 
sent into plenum chambers for distribution through 
the ducts to various parts of the buildings. Water 
is circulated eam the washers by Roturbo 
pumps; these are driven, as well as the fans, by 
motors receiving their current from the central 
station. The total heating surface of the steam- 
coils is 514 sq. ft. The total cubic contents of the 
buildings heated by hot air is 468,500 cub. ft. 

The Puildings heated by low-pressure hot water 


are the most extensive in the University. For these 
the water is heated by the three vertical calorifers 
laced in the engine-room. These calorifers are sur- 
ace heaters, the steam passing through the 3-in. 
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diameter copper tubes which they contain, and so 
heating the water as it passes round them. The first 
is an exhaust-steam calorifer, ge which the 
exhaust steam from the engine of the 50-kw. generator 
and the boiler feed-pumps passes. By a connection 
made to this calorifer live-steam can be passed 
through, if desired. The second and third calorifers 
are live-steam heaters, Allof them are drained by 


traps, and all are so arranged that they may be 
worked in series or ia parallel. The two Roturbo 
pumps in the engine-room are for circulating the 
water through all these buildings. The total heatiny 
surface of the calorifers is 237 sq. ft. The total 
radiating surface in these buildings is 34,800 sq. ft. 
The condensed steam from the buildings heated by 
steam, and from the steam-coils in the ho*-air app 
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ratus, and from the calorifers in the engine-room, 
and from all the domestic water-heaters of the Uni- 
versity, and cooking apparatus in the refectory, 
flows back to the engine-room and passes through 
coolers to the vacuum pumps. It is then discharged 
into a large receiving tank, which is one of the sources 
of supply of feed-water for the boilers. 

These coolers are arranged in the cold-air duct on 
the inlet side of the ventilating-fan, and are designed 
to condense the vapour that arises in the condenser 
main from the building to which steam is supplied, 
80 as to facilitate the efficient working of the vacuum 
pumps that exhaust that main. 

All the distributing mains of both steam and hot 
water pass along subways of ample size to the various 
buildinys. The total length of old subways is 300 


yards. The total length of new subways is 240 yards ; 
grand total, 540 yards. The whole of the subways are 
electrically lighted. 

The electrical equipment consists of a 50-kw. gene- 
rator |r 400 volts, with a direct-coupled steam-engine. 
This :vpplies current to the three motors in the engine- 
toom «nd to the two motors in the hot-air plants. The 
switch. card is arranged to contain an overload circuit- 
breaker ; a double-pole change-over switch from the 
genersior to the Manchester Corporation mains (which 


can be put in cireuit if any accident occurs to generator 
Or envine) ; a single-pole main switch, one fuse ; and 
five « uble-pole switches and fuses, for the three 
Motors in engine-room and the two motors in the 





hot-air apparatus, which latter have pilot lights over. 
The motors in the engine-room are arranged ‘so that 
one will drive the induced-draught fan.and ash- 
elevator; another will drive the circulating and 
vacuum pumps and the 40-in. ventilating-fan. The 
third motor is arranged as a stand-by, and can be 
put to do the work of either of the others in a few 
moments by simply putting on the required belt. 
This motor has a pulley at each end, so as to turn 
either length of shafting, which turns the two jobs 
respectively. The other two motors for the hot-air 
apparatus are situated at some distance from the 
central station. Figs. 3 and 4, above, represent 
respectively the interior of the engine-room from 
different positions. 








Portsmouth Dockyarp.—Rear-Admiral Herbert L. 
Heath, M.V.O., has been appointed to succeed Rear- 
Admiral Alban G. Tate as Admiral Superintendent of 
H.M. Dockyard at Portsmouth. 





Tue Roya Sanrrary InstiruTe.—The twenty-seventh 
congress of this Institute will be held at York from 
July 29 to August 3 next, and a preliminary programme 
of the general arrangements has n issued. There are 
to be five sections: A.—Sanitary Science and Preventive 
Medicine; B.—Engineering and Architecture; O.— 
Domestic Hygiene ; D.—Hygiene of Infancy and Child- 
hood ; and E.—Industrial Hygiene. Further informa- 
tion can be obtained from Mr. E. White Wallis, secretary 
of the Institute, 90, Buckingham Palace-road, 8. W. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 27. 
Wits the ce of one or two top-notch periods 
in 1907 and 1910, the pig-iron output of the country 
for March will exceed all records of a single month. 
The outgo of pig iron into consumption is as great as 
during past periods, when the furnace capacity of the 
country was strained to the utmost, and furnaces have 
been able to recover only a part of the ground the 
have lost since last spring. The activity of the onal 
in pig iron embraces sales of 12,000 tons of Bessemer, 
15,000 tons of basic iron, with 8000 tons in scattered 
sales of foundry grades. Reductions in ore freight 
rates from the head of the Lakes has been announced. 
Dock charges are also reduced. No very heavy trans- 
actions in ore have been closed. Furnace coke has 
advanced 1.50 dols. a ton to2.20dols. Further advances 
are likely in case ofa strike. Everything is uncertain 
at the present writing. The anthracite miners are 
simply standing still awaiting developments. An- 
other conference is being arranged for. The public 
has not been informed as to what concessions the 
operators are inclined to offer. The supply of coal is 
moderate, while furnaces using coke are better supplied. 
There is also talk of a general advance of finished 
products. Western buyers are taking large quantities 
of billets from Pittsburg. Crude-steel production is 
very heavy. Indications point toa general strengthen- 
ing of prices so far as demand is concerned, but mill- 
owners are inclined to grasp all possible business on 
almost any kind of terms. The mills, in a general 
way, have sufficient business to render sharp competi- 
tion unnecessary. Spring has opened, and general 
construction and building operations are now setting 
in with accustomed activity. The large consumers of 
iron and steel have quietly been providing for require- 
ments till the end of June. Only a moderate amount 
of business has been done for third-quarter delivery. 
April 3. 
The unexpected settlement of the bituminous coal- 
miners’ strike, which had been seriously anticipated, 
has caused a tumbling in the prices of coal and coke. 
Furnaces and mills have contracted heavily for sup- 
plies, which ran prices up, and now that the strike 
will not occur prices have collapsed. The anthracite 
coal strike started on Monday, but a meeting is to 
take place on April 10 between miners and operators. 
when, it is believed to-day, an adjuetment will be 
effected which will permit a resumption in that ee. 
Lake Superior ores are selling at from 0.60 dol. to 
0.75 dol. a ton below last year’s levels. The heavy 
purchases of pig iron throughout the Western centres 
has lessened the demand, but the pressure for crude 
steel is now very heavy. The crude-steel capacity 
in Western Pennsylvania is working to the limit, 
and the blast-furnaces making pig steel are also 
running to the top notch. Stocks of pig iron are 
lower in the Western markets than they have been 
for over a year. The buyers of coke are loaded up 
with heavy contracts, and they feel they have made 
a serious mistake in so doing. Heavy orders have 
been placed for steel rails, notwithstanding the fact 
that the differences existing between makers and 
buyers have not yet been definitely adjusted. The 
steel-plate mill industry is the busiest of all. The 
mills are loaded up with orders for a month or two 
to come. Within a short time contracts have been 
placed with Pittsburg car plants for 1600 steel cars. 
Most of these plants have work that will keep them 
busy for about three months. The pipe-mills are also 
well sold ahead, and the wire-mills are similarly active. 
Agricultural demand is now setting in, and all material 
entering into the manufacture of implements is in excel- 
lent request. The spring weather is now definitely 
here, and trade in all iron and steel lines is sizing 
up to most creditable proportions. 








Frencn Coat-Mininc.—The output of coal in France 
is gradually increasing, although it is still relatively 
limited. Last year the production was 39,950,041 tons 
—viz., coal and anthracite 38,643,561 tons, and lignites 
706,480 tons—as compared with 38,349,942 tons in 1910. 





BREAKWATER AT SVANEKE: ADDENDUM. —In our 
description of this breakwater, and of the means taken 
for its construction, we stated, on page 345 ante, that the 
towing of the caissons ‘‘ was not nearly so troublesome as 
had been expected... .” The engineers, Messrs. I. 
Saabye and O. Lerche, ask us to state that this was ‘‘ on 
account of the air, which was pumped down into the 
caissons, bubbling up behind, and thus preventing the 
adhesion of the water.” 





University OF LONDON, UNiIversity CoLLecr.—The 
University College Committee have issued their report 
for the session extending from February, 1911, to 
February, 1912. Among the statements made, we find, 
in regard to engineering, that the College Committee 
have continued for the session the temporary arrange- 
ments for the work of the Chair of Civil Engineering ; 
the lecturers and the subjects dealt with are given. 
Similar information is also contained in the report con- 





cerning other branches of the profession. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below o ie men colonial and Soocten engi- 
neering projects, further concerning which can 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, E.C. 

Canada: Adverting to the notice on 44 of our 
ninety-second volume, relative to posed harbour works 
at St. John, New Brunswick, the rd of Trade are 
notified, og the Colonial Office, that the Canadian 
Department of Public Works have accepted a tender 
for the execution of the following works in Courtenay 
Bay to form a dry dock of the first class:—(1) The 
construction of a breakwater 4570 ft. in length ; (2) the 
dredging of a channel about 6800 ft. in length, 500 ft. 
in width at bottom, and to a depth of 32 ft. below low 
water ; (3) the dredging of a basin to a depth of 32 ft. 
below water ; (4) the construction of about 4890 ft. of 
quay-walls; and (5) the filling-in of an area of approxi- 
mately 28 acres. The Imperial Trade Correspondent at 
Toronto reports that a company has been formed, with a 
o—- of 2,000,000 dols. (about 411,000/.), to manufacture 
a differential railway axle-coupler, which wil] allow the 
wheels on each axle to roll independently of each other. 

Australia : Adverting to the notice on 200 of our 
rg —- relative to we utilisation of the 

urray River for navigation and irrigation purposes, 
the Bulletin of the South Australian Intelligence Bureau 
of February 19 states that an agreement has been 
signed by the Premiers of South Australia, Victoria, 
and New South Wales, which, subject to ratification 
jd the Parliaments of the three States, authorises 
the Government of South Australia to construct storage 
works at Lake Victoria, which is situated in New South 
Wales, 14 miles from the South Australian boundary. 
The agreement also contains provisions for the transfer 
of the site of the proposed works from New South Wales 
to South Australian territory. It is estimated that the 
reservoir which will result from the improvement of Lake 
Victoria will have a storage capacity of 1500 million cubic 
feet, and will approximately cover an area of 30,000 acres. 
There will be two weirs and locks associated with the 
reservoir, the exact sites of which are not yet determined. 

Italy: The Gazetta Ufficiale of March 28 notifies that 
tenders will be opened on April 30 at the offices of the 
Ferrovie dello Stato, Rome, for the construction of the 
seventh section (about 3 miles long) of the railway 
between Sant’ Arcangelo and San Leo. The cost of the 
work, including the erection of stations, the laying of 
tel ph lines, &c., is put at 2,616,000 lire (104,640/.). 
Although this contract will doubtless be awarded to an 
Italian firm, nevertheless the carrying out of the work 
may involve the purchase of some materials out of Italy. 

Bulgaria: The Frankfurter Zeitung of March 24 
announces that a Bill hes been submitted to the Bulgarian 
Legislature providing for the commencement of opera- 
tions this spring on the construction of the following 
railways :—Stanimaka Krumovo-Philippopolis, Somovit- 
Nikopolis, and a military line from Sofia to the Arsenal 
at the foot of the Vitosch. Further, it is proposed to 
put out to contract the construction of a line from Tolovo 
to Kazanlik. 

Russia: The Commercial Gazette (St. Petersburg) of 
March 24 states that the Ministry of Trade and Com- 
merce have submitted to the Duma a programme for the 
carrying out of an extensive scheme of improvements and 
extensions at Russian maritime ports. The amount ear- 
marked for this purpose is put at 90,000,000 roubles 
(about 9,500,000/.), which it is proposed to expend over a 
period of five years. f 

Spain: The Gaceta de Madrid of March 29 notifies 
that Don Félix Gémez Escolar has applied to the General 
Directorate of Public Works for a concession for the con- 
struction and working of a secondary railway from 
Logrofio to Torrecilla de Cameros. 

Mexico: H.M. Consul-General at Mexico City (Mr. C. E. 
W. Stringer) reports announcements appearing in the Jocal 
press to the following effect :—(1) A concession has been 
a by the Mexican Government to the A. B. Adams 

ncorporated Company for the construction of a railway 
between the States of Puebla and to connect the 
city of Puebla and Lake Chacahua, on the Pacific Coast. 
(2) The concession granted to the National Railwems of 
Mexico for the construction of a railway from itas, 
ing through Sombrerete and Chalchihuites to Durango, 
as been modified to allow a branch to be built to Som- 
brerete. (3) The Mexican Government have been peti- 
tioned by a British subject for permission to drain the 
Carpintero Lake at Tampico. The Diario Oficial of 
March 9 notifies that a concession has been granted to 
the Compajiia Explotadora de Coahuayana, San Vicente 
y Anexas to utilise 11,000 litres of water per second of 
the River Tixpan or Coahuayana, State of Michoacan, 
for irrigation purposes. Five years are allowed for the 
completion of the work. Exemption from customs duty 
is granted in respect of any material which it may be 
necessary to import for carrying out the work. The 
Diario of March 12 publishes the terms of a concession 
meg to Sr. Manuel Serrato for the utilisation of the 
iver De la Taja, State of Guanajuato, for irrigation 
purposes, Two years are allowed for completing the 
work. Exemption from customs duty is granted, as 
mentioned above. 

San Salvador; H.M. Consul at San Salvador (Mr. 
W. E. Coldwell) has forwarded a copy and translation of 
a decree, dated February 14 last, authorising the Board 
of Public Works to proceed to the construction in the 
capital of a new sewerage and drainage system on modern 
lines, and also recommending that the paving of the city 
be carried out simultaneously with the construction of the 
sewers. 


Argentina : The Boletin Oficial of February 23 pub- 





+ a decree, ons Sp P come s-y ~s te of 
rrigation, approving the p! rawn up by the engi- 
neer, Don José Cantutti, for the construction of an im- 
portant irrigation canal in the River Negro Valley. The 
canal will be about 19 miles long, reckoned from its junc- 
tion with the Lake Pellegrini feeding cana]. The cost 
of the work is estima at 2,400,000 pesos currency 
(about 210, 0002. ). 2 

Argentina-Chili : With reference to the notice on page 
534 of the Board of Trade Journal of March7 relative 
to the projected railway from the Lerma Valley to 
Huaitiquina, on the Chilian frontier, and thence to Anto- 
fagasta or Chimba, the British Acting-Consul at Buenos 
Aires (Mr. F. G. Rule) has furnished the name and 
address of the representative in Paris of the French com- 
pany to whom Sefior Carrasco is transferring the conces- 
sion for the Argentine section of the line. 








Tue Irauian Navy.—A second series of six Dread- 
noughts is in contemplation for the Italian navy. These 
later Dreadnoughts are to have a displacement of 29,000 
tons each, and they are to steam at the rate of 25 knots. 
The first three of the new series are to be at once 
commenced in private yards. Six super-torpedo-boat 
destroyers are also to be commenced in the course of the 
year; they are to have a displacement of 1000 tons each, 
and a speed of 32 knots. 





KERRAWALLA’S TEXTILE AND ENGINEERING DIRECTORY 
AND YEAR-Book, 1912.—We have received a copy of this 
book, which is published by Mr. C. D. Kerrawalla, 
Kalachowki-road, Parel, Bombay. It gives the address 
of a large number of coal, copper, iron, gold and other 
mines, and those of various industrial and commercial 
firms established in India ; it is combined with a diary. 
The book is a handy one, and will be found of great 
service by establishments in this country doing business 
with the Far East. It is freely circulated, we are in- 
formed, amongst the mill-owners, managers, engineers 
and others throughout the whole of India, China, Japan, 
Ceylon, England, Germany, France and America. 

Rats FoR THE CoLonrgs.—The value of the rails 
exported in 1910 to the various colonies and dependencies 
of the United Kingdom was 1,396,260/. This total would 
have been by no means so large Lut for the fact that it 
included shipments of rails to the value of 480,688/. to 
British India. The Commonwealth of Australia imported 
our rails in 1910 to the value of 392,209/., but the demand 
in other quarters of our colonial empire was com - 
tively unimportant, the imports into New Zealand for 
the year being valued at 138,120/.; into Canada, at 
24,355/.; into ae Colony, at 47,927/.; into Natal, at 
60,719.; into the Straits Settlements (including Labuan), 
at 31,143/.; into Ceylon, at 75,355/.; into West Africa, at 
81,919/.; and into all other colonies at 64,825. 





GerMaAny’s Export AND ImporT OF MACHINE TOOLS. 
—An official report for 1911 shows a continuous material 
increase in the ex cf machine.tools, which is the most 
important speciality in Germany’s export of machinery. 
The exports were :—48,000 tons in 1909, 59,000 tons in 1910, 
and 71,000 tons in 1911. The import of machine-tools 
into Germany certainly also shows an increase, but the 
figures are comparatively modest, being 5200 tons in 1909, 
6100 tons in 1910, and 7300 tons in 1911, so that imports 
remain at about one-tenth of the exports. The value of 
the imports, however, has increased more than the 
weight, whilst the reverse is the case with the exports ; 
the value of the latter was 76,227,000 marks in 1910 and 
77,377,000 marks in 1911, the figures for the imports being 
7,669,000 marks in 1910 and 9,315,000 marks in 1911. 





THe DuNDERLAND Iron Deposits.—The intention of 
the Krupp firm to become financially interested in the 
large Dunderland iron deposits in Northern Norway is 
attracting much interest in this country. Provided the 
result of investigations is satisfactory, which the German 
firm instituted, and which have to be ready by October, 
the Krupp firm puts 200,000/, into the concern, at the 
same time undertaking to receive 100,000 tons of briquettes 
annually, or half of the calculated output of new works 
to be erected at Guldsmedviken. Preliminary examina- 
tions appear to oa satisfactory results, and the 

ment is looked upon as likely to be completed. 
The share capital of the ill-fated Dunderland company 
is to be written down from 2,000,000/. to 450,000/., and a 
number of other financial re-arrangements to be adopted. 





_ Canapian Meratiurcy.—The Canadian Government 
is doing all it can. to encourage Canadian metallurgical 
industry. Since the inception of the bounty svstem in 
1884 to the close of March, 1911, the Canadian Treasury 
has paid in i bounties 18,782,020 dols. At 
the present rate of Canadian metallurgical production, 
the charge for bounties is 1,013,400 dols. per annum, viz. :— 
Dominion Steel Corporation, 324,000 } em Nova Scotia 
Steel and Coal Company, 81,000 dols.; Algoma Steel 
Company, 310,500 dols.; Steel Company of Canada, 
171,900 dols. ; Canada Iron Corporation, 81,900 dols. ; 
Deseronto Company, 18,000 dols. ; Atikokan Iron Com- 
pany, 26,100 dols. The bounties vary, of course, from 
year to year, according to the production of each assisted 
und ing. The present distributions are based upon 
the following annua —— :—Dominion Steel Corpora- 
tion, 360,000 tons ; Nova Scotia Steel and Coal Company, 
90,000 tons ; Algoma Steel Company, 345,000 tons ; Steel 
Company of Canada, 191,000 tons ; tate Iron Corpora- 
tion, 91,000 tons ; Deseronto Company, 20,000 tons ; and 
Atikokan Iron Company, 29,000 tons; or, altogether, 
1,126,000 tons. 





= 


NOTES FROM THE NORTH. ; 

‘ Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was quietly steady, and 2000 tons 
of Cleveland warrants were done at 5ls. 114d. and 59s, 
cash. The wy | prices were 51s. 11d. cash, 52s. 21d. 
one month, and 52s. 9d. three months sellers. There 
was practically no change in the afternoon, when 500 
tons of Cleveland warrants were put through at 51s. 11d, 
cash, with sellers over at that figure, and at 52s. 2d. one 
month and 52s. 84d. three months. Hematite was quoted 
at 67s. cash sellers. The market was closed on Good 
Friday and Easter Monday, but when business was 
resumed on Tuesday morning a firm tone prevailed. The 
dealings only totalled 3000 tons of Cleveland warrants at 
52s., 51s. 11d., and 51s. 114d. cash, and 52s. 9d. three 
months, and closing sellers quoted 52s. cash, 52s. 34d. 
one month, and 52s. 94d. three months. The after. 
noon session was quiet but firm, and Cleveland war. 
rants changed hands at 52s. 34d. one month and 
52s. 10d. three months. The turnover amounted to 2000 
tons, and the closing prices were 52s. 1d. cash, 52s. 4d, 
one month, and 52s. 104d. three months sellers. When 
the market ome | to-day (Wednesday) the tone was 
strong, and although dealings were not heavy, the price 
of Cleveland warrants was 44d. > The business con- 
sisted of 5000 tons, at from 52s. 3d. to 52s. 5d. cash, at 
52s. 74d. one month, and 53s. three months, and at the 
close sellers quoted 52s. 54d. cash, 52s, 8}d. one month, 
and 53s. 3d. t months. One lot of hematite was done 
at 66s. 9d. cash. In the afternoon Cleveland warrants 
were n firmer, and 5000 tons were put through at 
52s. 8}d. and 52s. 10d. one month, and at 53s. 2d. and 
53s. 24d. three months. At the close sellers quoted 52s. 7d. 
cash, 52s. 104d. one month, and 53s. 4d. three months, 

Hematite—500 tons—changed hands at 67s. five days. 


Sulphate of Ammonia.—Business in sulphate of am- 
monia is still quiet, but the market remains firm. The 
resent yee for prompt lots is 152. per ton, Glasgow or 
eith. e total amount ship from Leith Harbour 
last week was 79 tons, and for the previous week 96 tons, 


Scotch Steel Trade.—There has been practically no 
change in the position of things in the Scotch steel trade 
recently, but now that the industrial horizon has cleared 
up a bit there is a —a of an early resumption of 
operations. With the majority of the miners now back 
at work this week, it is hoped that the various steel 
works may get under weigh by next week, and in antici- 
pation of this several squads have already commenced 
preparing for a general start. Inquiries at present in the 
market are fair, but as soon as business is resumed there 
is bound to be a heavy demand for all kinds of material, 
as stocks on hand have almost all been used up. 


Malleable-Iron Trade.—Like other allied industries in 
the West of Scotland, the malleable-iron trade is still idle 
owi to the miners’ strike. Makers, however, are 
hopeful that fuel will soon be in sufficient supply to 
permit of a start very soon now, especially as order-books 
are well filled and as the trade prospects are rather good. 


_ Scotch Pig-Iron Trade.—Little business is being done 
in Scotch pig-iron just now, and most of what is passing 
is small shipment lots, ex-stocks, for the Continent. 
Inquiries are only moderate, but the prospects are ex- 
—_ bright. The number of furnaces in blast in 
Scotland at present still stands at three as against eighty- 
seven at this time last year. Hematite is quite idle and 
the price is round 69s. or 70s. per ton. e following 
are merchants’ current quotations for makers’ (No. 1) 
iron :—Clyde and Calder, 66s. 6d. ; Gartsherrie, Summer- 
lee, and Langloan, 67s. ; and Coltness, 82s. 6d. (all shipped 
at Glasgow); Glengarnock (at Ardrossan), 66s.; and 
Shotts (at Leith), 67s. Prices are all very firm. 


Wages in the Iron Trade Advanced.—Mr. John M. 
MacLeod, C.A., Glasgow, has sent the following intima- 
tion to Messrs. James C. Bishop and James Gavin, joint 
secretaries of the Scottish Manufactured Iron Trade Con- 
ciliation and Arbitration Board :—‘‘In terms of the 
remit, I have examined the employers’ books for Janu- 
my February, 1912, and I certify the —- net 
selling price at works brought out is 6/. 2s. 9.26d. per 
ton.” This means an increase of 2} per cent. in the wages 
of the workmen. 


Shipbuilding.—The Scotch shipbuilding returns for the 
past month are indeed very satisfactory, and March, 
1912, takes its place in history with a very respectable 
output. This fact is all the more gratifying when the 
ane great disorganisation of trade, caused by labour 

isputes, is considered. In the early days of the miners 
strike, and just before it — shipbuilders laid in 
good stocks of raw material and fuel, and in few 
cases has work in the yards had to be stopped. Now, 
however, stocks of steel are getting low, and owners are 
faced with the possibility of having to curtail opera- 
tions unless an early start is made in the steel works. 
That cannot be long delayed now, as the majority of 
the miners having returned to work, fair quantities of 
new-wrought coal are now on offer. The output from 
the various Scotch shipyards for March was :— 





Vessels. Tons. 

Clyde oe - és ms . 2 52,205 
Forth ee eel Be oe 1 740 
Tay eo ies a - ne 1 200 
Dee i ne ~ és - 4 610 
Total .. 26 53,756 


Taking the figures of the Clyde we find that the past 
month is the best for the year to date, and when the 
total for the two previous months is added, a new reco! d 
is established, the output being 8633 tons above the fine 
total for the same period last year, and_6807 tons better 


=~ - oe eee 
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than the record first quarter, 1906. There is plenty of 
work on hand at present, order-books being fairly well 
filled, and if general trade conditions were only back to 
their normal, the prospect of another excellent, if not a 
record year, is almost certain. New business fixed up 
during March amounts to quite a satisfactory tonnage, 
and included in the total are several important Govern- 
ment contracts, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Hull Coal Returns.—It was to be expected that the 
returns of coal dealt with at Hull during March would 
show the effect of the strike in a very marked degree, and 
the amount of coal which passed through the port last 


month was 305,328 tons, as against 523,152 tons for the | N 


same period last year, a decrease of nearly 218,000 tons. 
In the first quarter of this year the total quantity dealt 
with has been 1,344,224 tons, which compares with 
1,490,464 tons for the first three months of 1911. There was 
a very striking decrease in the foreign exports, the figure 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is now a large 
business in pig iron, and values are steadily advancing. 
Prices of Cleveland pig, in fact, are higher than they 
have been since October, 1909, and hematite pig is moving 
upward. Buyers are quite anxious to operate, and the 
fact that they are pre to pay more for forward 
than for early delivery is very gratifying. No. 3 g.m.b. 
Cleveland pig iron is firm at 52s. 9d. f.o.b., whilst 
No. 1 is 56s. 9d.; No, 4 foundry and No. 4 forge each 
52s.; and mottled and white iron, 51s. 6d.—all for early 
delivery, with 3d. more quoted for delivery beyond the 
end of the present month. For this month’s delivery of 
os. 1, 2, and 3 East Coast hematite pig 68s. has been 
paid, and that is now the general market quotation, 
whilst for delivery over the second half of the year up 
to 70s. is named. Though there is nothing doing in foreign 
ore, consumers now having large stocks, values are well 
upheld on the basis of 21s, 6d. ex-ship Tees for best 


for last month being only 83,158 tons, sgainst 205,700 tons | Rubi 


in March last year. The biggest drop was in the exports 
to Denmark, which for the respective two periods were 
1205 tons and 21,653 tons. The foreign exports for the 
first three months of the year were 519,715 tons, whilst 
in the corresponding period of last year the figure was 
692,012 tons. It is a long time since the Denaby and 
Cadeby collieries were not at the head of the list for pro- 
duction, but their output for March which went to Hull 
was only 9488 tons, whilst the highest was that of 
Grimthorpe and Frichley with over 40,000 tons. 


South Yorkshire Coal T’rade.—Had a decision not to 
back been arrived at by the miners’ leaders this would 
have been the sixth week of the strike, and so far as the 
actual coal market is concerned it may still be reckoned 
so, because, in South Yorkshire at any rate, very little 
work has yet been done in the mines. ith the surface- 
men’s dispute in the district practically settled, how- 
ever, it is expected there will be a pretty general ——-. 
tion of activity before the end of the present week. 
Thousands of men have been signing on during the past 
few days. It is generally conside that the ordinary 
consumer is not likely to feel much relief for some 
little time to come. Prices, of course, will be somewhat 
easier, but so much of the available coal will be snap 
up under contracts that the price in the open market 
will probably remain at a substantial figure. Small quan- 
tities have continued to come into Sheffield during the last 
week, but buying has been done only under the pressure 
of absolute necessity. Merchants’ quotations have varied 
between 45s. and 50s. for ordinary coal, and up toand over 
30s. for slack. A considerable call on the first ~—— of 
coal, when the pits re-start, will be made by the Sheffield 
manufacturers, who are naturally anxious to recommence 
operations as early as possible. 


Iron and Steel.—A very busy time is in store duri 
the next few weeks for the producers of pig iron, an 
so heavy is the prospective demand from local con- 
sumers that a scarcity of raw material is inevitable 
for some little time. It is expected that prices will, in 
consequence, rise and remain at a fairly high figure 
for some months. The Lincolnshire and Derbyshire 
makers have so far refused to quote. The hematite 

roducers are already asking advances. The Sout 

orkshire Bar Iron Association has made another increase 
in quotations, and bars have gone up 10s. a ton, bring- 
ing the listed price to 7/. 15s. This substantial advance 
may be taken as one of the indications of a general and 
marked upward tendency in raw materials. Quotations 
have been withdrawn by the billet-makers in the district, 
and their revised prices will, it is anticipated, also show 
increases. Steel scrap is likely to show some improvement. 
The past week has seen the heavy trades of Sheffield come 
practically to a standstill, and many departments, even in 
those firms which had been able to keep some portion of 
their plant occupied, have not reopened this week. The 

enera] re-start will be made as soon as possible, but 

ifficulties in various directions will be experienced for a 
week or two. Not merely will she supply of coal be 
restricted, but it isstated that some of the collieries cannot 
goon with deliveries at the old contract — and will ask 
something like open market figures. en the position 
of affairs on the railways will create difficulties for some 
time, since the companies will not be in a position imme- 
diately to deal with a normal volume of traffic. The 
enforced works stoppage has provided an excellent oppor- 
tunity for extensive repairs and renewals of machinery 
and plant to be made, and in that direction, at any rate, 
the Sheffield manufacturers will be well equipped to meet 
the —T calls which are expected during the coming 
months, both on home and export account. 





GLascow SyHrppinc: Wuo’s WHo.—The Journal of 
Commerce Office, 7 and 9, Victoria-street, Live 1, and 
37, Welbrook, London, E.C., have issued a booklet under 
the above title which forms a complete directory, 
and official, to the shipping and allied trades in the port 
of Glasgow, including Greenock and Port Glasgow. Its 
price is ls., by post 1s. 3d. 





Roya, Huncarian Srate Ratways.—These railways 
have recently issued four illustrated booklets, entitled 
The -_ =~ Lowlands and Transylvania,” ‘‘ Buda- 
t and Environs,” “‘The Trans-Danubian District, 
oatia, and the Hungarian Coast,” and ‘‘ The Northern 
Highlands of Hungary,” which give information for the 
use of travellers and tourists. ey also contain interest- 
ing hi-torical data on the various towns and districts. 
© price of each booklet is 5d. 





ubio. There is as yet little furnace coke on the market, 
but so soon as the output once more becomes normal 
demand is expected to be very heavy. Small odd lots of 
average kinds of blast-furnace coke are reported to have 
changed hands at 20s. delivered at Tees-side works. 


Blastfurnacemen’s Wages.—The ave net selling price 
of No. 3 g.m.b. Cleveland pig iron for the quarter ending 
March 31 last bas been certified at 48s. 4.16d. per ton, as 
compared with 47s. 4.6ld. for the previous quarter, and 
under sliding-scale arrang ts blastfur men’s wages 
on the North-East Coast are raised 1.25 (1}) per cent., 
which raises wages from 19 per cent. above the standard 
to 20.25 (20}) per cent. above the standard. 


Ironstone Miners’ Wages.—A meeting of the Cleveland 
Ironstone Miners’ and Quarrymen’s Association was held 
at Middlesbrough on ‘luesday, when it was resolved to 
seek an advance of 6d. per day on the base rates of the 
face deputies throughout the district covered by the Asso- 
ciation, and a substantial advance on the base rates of the 
back-dye deputies, and alsoa substantial advance in wages 





of the surface men employed in the area of the Arsocia- | had be 


tion. It was decided to instruct the men’s representatives, 
when meeting the owners, to again ask for payment on 
scale to men engaged in hot places, to commence when the 
place had reached 70 deg. of heat instead of 72 deg., as at 
present. 


Iron Trade Statistics.—The quarterly returns of the 
Middlesbrough Chamber of Commerce show that, at the 
end of March, of the seventy-nine blast-furnaces in 
Middlesbrough, only six were in operation. The output 
of pig iron for the first quarter of the year was 420,000 
tons, of which 250,000 tons was Cleveland pig, and 
140,000 tons hematite, spiegel, basic, and other kinds 
of iron, The total make for the previous three months 
was 550,000 tons, of which 360,000 tons were Cleveland and 
190,000 tons other kinds of iron; and for the first quarter 
of last year the production was 600,000 tons, 400,000 
tons of which was Cleveland and 200,000 tons other kinds 
of iron. Imports of foreign iron ore into Middlesbrough 
during last quarter reached 495,218 tons, as compared 
with $54,197 tons for the previous three months, and 
549,742 tons for the first quarter of last year. The total 


h | value of goods, other than coal and coke, exported to 


foreign and colonial destinations from Middlesbrough 
during last quarter was 2,339,571/., an increase, as com- 
pared with the first quarter of last year, of 236,3531. 








Hypro-E.ectric Power 1Nn Icetanp.—So far the 
water-power of Iceland, which is very considerable, 
especially in the interior of the island, has not been 
utilised. A French company has now acquired a portion 
of the Southern Coast for the pur of installing an 
electric-power station at Thorlakshavn, and has also 
secured certain water rights in the interior. Some 
200,000 horse-power will be available, and it is intended 
to build docks for the just-mentioned town and to erect 
works near them. Among the projected works res 
prominently a nitrolim factory on the Birkeland-Eyde 
system. 





Messrs. J. I. THorRNyororr anp Co.—The annual 
report of the directors of this company is exceptionally 
favourable, and will give much satisfaction to those who 
realise the re work done by the founder of the 
company and his colleagues. The trading profit for the 
~y year was 87,190/. odd, and after laying aside 18,095/. 
or depreciation, and paying the debenture interest up 
to the end of last year and the directors’ fees, there 
remained a balance of 57,7091. With this sum the 
directors recommend the payment of 24 years’ interest 
on the 6 per cent. preference shares, which wipes off 
the whole of the arrears on these shares, and, in addi- 
tion, there is a dividend for the ordinary shareholders 
of 5 per cent. Further, the whole of the expenses of the 
recent debenture issue and of the creation of new capital 
is also wiped out, and the balance carried forward to 
revenue account is greater than that brought forward 
from the previous year. This satisfactory result is due 
to a general improvement in all departments of the 
business ; in ocean-going destroyers, small craft—notably 
those fitted with internal-combustion engines—motor- 
vehicles, and marine-motors. The contracts at present 
in progress include seven ocean-going destroyers, one of 
which is of a special design, having Diesel engines for 
cruising pu the first, and at present the only, 


rposes, é ; 
vessel of fs type ordered for the British Admiralty. Two 
powerful tugs and a number of smaller vessels are also 
under construction. 








NOTES FROM THE SOUTH-WEST. 


Cardiff.— Business in steam coal was reduced last week 
within narrow limits in consequence of the uncertainty 
attending the labour question and current production. 
The few odd lots of coal obtainable made higher prices, 
but everything was in a chaotic condition as regards 
forward business. It is still of little use to attempt 
quotations, but business on Monday was beginning to 
spoken of in best Admiralty large at 24s. to 25s. per ton. 
As regards iron ore, Rubio has made 20e. to 21s. per ton, 
upon a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


The ** Dreadnought.”—The Dreadnought, battleship, is 
to receive an extensive refit at Portsmouth. Her ten 
12-in. guns are to be lifted out for examination as well as 
the gun-slides. The propelling machinery is also to 
undergo a careful examination. 


South Wales Electric Power.—At the tenth annual 
meeting of the South Wales Electrical Power Distribu- 
tion Company, Mr. Forster Brown presided, and, in 
moving the adoption of the directors’ report and state- 
ment of accounts, for the year ending December 31, he 
stated that the year’s working showed a material improve- 
ment, notwithstanding the dislocation of trade caused by 
strikes and labour troubles. Not only was the company’s 
progress retarded by the loss of revenue consequent upon 
stoppages of collieries and works which took power from 
the com ay its general development was materially 
hindered. ith reference to the recent strike, the com- 
pany had been able to supply all the demands made upon 
it, although at an increased cost. It might be that the 
fact that they had been able to keep up their supply, and 
had thus enabled many of their consumes to keep their 
factories and workshops employed, while some of those 
dependent on their own resources of power had been 
compelled to shut down, would induce others to appre- 
ciate the benefits of taking current from the company. 


Water Supply of Cardiff.—At the last sitting of the 
Water-Works Committee of the Cardiff Town Council 
Mr. Priestley, the borough water-works engineer, reported 
that the rainfall oe the first three months of this year 

en phenomenal. At Lisbane 13.08 in. fell, while 
in the corresponding quarter of the last 48 years the 
average had been 9.17 in. The increase in the Beacons 
was even still more striking. In the three months ending 
March 31, this year, 28.39 in, fell there, while the average 
for the last 27 years was 19.42 in. The total capacity of 
the Cardiff reservoirs was 1,055,000,000 gallons. The 
consumption in March was 182,250,000 gallons. 


Welsh Coal Exports.—The great coal strike, which is 
supposed to have now closed, although it leaves behind 
it a legacy of difficulties, materially reduced in March 
the exports of coal from the four principal South Wales 
ports—Cardiff, Newport, Swansea, and Port Talbot. The 
shipments of the month were :—Cardiff, 400,000 tons ; 
Newport, 75,000 tons; Swansea, 85,000 tons; Port 
Talbot, 60,000 tons; total, 620,000 tons. This total 
shows a decrease of 1,589,000 tons when compared with 
the exports of March, 1911; but, with a coal famine and 
all its attendant serious consequences, the wonder is that 
no effort was made to suspend, by Order in Council, ccal 
exports altogether. 


Destroyer Orders.—Orders have been placed provision- 
ally for sixteen torpedo-boat destroyers. Of these two 
will be supplied by J. 8. White aod Co., Limited, East 
Cowes, and two by Tho:nycroft and Co., Limited, 
Southampton. 


Keyham.—The Royal Naval Engineers’ College, Key- 
ham, has now been closed for nearly three years, and the 
new naval estimates make no provision for the college 
beyond necessary care and maintenance. The college is, 
however, to brought into use again in 1914 for lieu- 
tenants, and alterations and improvements are expected 
to be then made in the buildings. 


Dowlais.—The Goat Mill and the Big Mill were running 
for part of last week, but they were not on full time. 
The blast-furnaces were kept going until Saturday, when 
they were damped down in consequence of the absence of 
the coal required to carry them on. The Big Mill was 
engaged upon light-weight rails and fish-plates, and the 
Goat Mill was occupied with steel rails and sleepers. 








Ketiy’s Customs Tarirrs OF THE Wort.p, 1912.— 
We have received a copy of this work, which is printed 
and published by Kelly’s Directories, Limited, 182 to 
184 Kigh Holborn, W.C. It covers 1070 pages of closely- 
printed information in two columns, and gives, as its 
name — the tariffs in force in every country of the 
world. Indices for each ee facilitate reference to 
the rate payable for each particular class of goods. The 
new tariffs have been added for Spain, Venezuela, Para- 

ay, and Peru, and those for Sweden, Bulgaria, and 
Soh have been remodelled. 


CanaDIAN CoaL.—The coal production of Canada last 
year compared as follows with the corresponding produc- 
tion in 1910 :— 


Province. 1911. 1910. 
Tons. Tons. 
Nova Scotia .. +“ é 6,994,120 6,431,142 
British Columbia... ei 2,536,502 830, 7: 
Alberta. . ne = - 1,498,067 2,804,469 
Saskatchewan. . 204,253 181,156 
New Brunswick 55,781 55,455 
Yukon Territory 2,840 16,185 


The value of the production last year was 26,378,477 dols., 
as compared with 30,909,779 dols. in 1910. The contrac- 
tion in production last year was due to a long-continued 
strike in Southern Alberta and Eastern British Columbia. 
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NOTICES OF MEETINGS. 


Tae Minixe Instirute or Scornanp.—Saturday, April 13, at 
3.30 p.m., in the rooms of the Institute, 39, Elmbank-crescent, 
Glasgow. Papers to be discussed :—‘‘ The Walker Overwinding- 
Prevention Gear for Colliery Winding-Engines,” by Mr. John Paul. 
“Testing for Fire-Damp and Black-Damp by Means of a Safety- 
Lamp,” by Mr. Henry Briggs. Paper to be read :—‘ The Inglis 
Engine Controller,” by Mr. James Black. 

Tas Norn or ENeLanp Institute OF MINING AND MECHANICAL 
EnGinrers.—Saturday, April 13, at 2 p.m., in the Wood Memorial 
Hall, Newcastle-upon-Tyne. The following papers will be open 
for discussion :—‘‘The Microscopical Examination of Coal, and 
its Use in Determining the Inflammable Constituents Present 
therein,” by Mr. James Lomax. ‘‘ Reduction, Control, and Col- 
lection of Coal-Dust in Mines,” by Mr. Sam Mavor. ‘“ Miners’ 
Baths,” by Messrs. H. F. Bulman and W. B. Wilson. 

THE INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ ASSOCIA- 
TION.— Monday, April 15, at 8 p.m., when a paper entitled ‘‘ Steam 
Tractors” will be read by Mr. Frederic Burge, Graduate. Chair- 
man, Mr. Dugald Clerk, F.R.S., Member of Council. 

THe AERONAUTICAL Society or Great Britain. — Monday, 
April 15, at 8.30 p.m., at the Royal Society of Arts, John-street, 
Adelphi. Paper to be read:—‘‘ Aeroplane Stability, with a 
Description of a New Gyroscopic Apparatus,” by Mr. T. W. K. 
Clarke, B.A., A.M.I.C.E. Illustrated with practical demonstra- 
tion of apparatus. 

Tue Surveyors’ InstituTion.—Monday, April 15, at 8 p.m., 
when a paper will be read by Mr. R. M. Kearns (Fellow) entitled 
** The Cost of Labour in Connection with the Erection and Main- 
tenance of Buildings.” 

Tue CLEVKLAND InsTiTUTION OF ENGINeERS.—Monday, April 15, 
at 7.30 p.m. in the Hall of the Cleveland Literary and Philo- 
sophical Society, Corporation-road, Middlesbrough. A paper on 
“The Diesel Oil-Engine,” by Mr. W. T. Batho, London, will be 
read and discussed. 

THe INSTITUTION OF ELECTRICAL ENGINEERS : MANCHESTER LOCAL 
SecTion.—Tuesday, April 16, at 7.30 p.m., in the University 
(Physical Laboratory), Manchester. Paper by Mr. F. W. Carter 
(Associate Member) on ‘‘ The Mechanics of Electric Train Move- 
ment.” 

Tue ILLrMesatine Encineerine Socrery.—Tuesday, April 16, at 
8 p.m., at the Royal Society of Arts, when papers on “ The 
Lighting of Private Houses by Gas and Electricity” will be read 
by Mr. W. H. Y. Webber and Mr. W. R. Rawlings respectively. 

Tae INstirvTION oF Civit Ex@ineers.—Tuesday, April 16, at 
8p.m. Papers to be read:—‘‘ The Re-Modelling and Equipment 
of Madras Harbour,” by the Hon. Sir Francis J. E. Spring, 
K C.1.E., M.A.L, M. Inst.C.E. ‘*The Alteration in the Form of 
Madras Harbour,” by Mr. Hugh Henry Gordon Mitchell, 
M. Inst. C.£. Students’ meeting, Friday, April 12, at 8 pm. 
Paper to be read:—‘‘ Exminster Sewage-Disposal Works,” by 
Mr. Herbert G. Hoskings, Stud. Inst.C E. Mr. G. Midgley Taylor, 
M. Inst. C.E., will occupy the chair. Students’ visit, Wednesday, 
April 17, to the Constructional Steel Works of Messrs. Joseph 
Westwood and Co., Napier Yard, Millwall. 

Tue Royat Society or Arts.—Wednesday, April 17, at 8 p.m. 
** Municipal Chemistry,” by Mr. John Henry Coste, F.LC., F.C.S 
Mr. Rudolph Messel, Ph.D., F.O.S., President of the Society of 
Chemical Industry, will preside. 

Tue Junior InstiTuTION oF ENGINeERS.—Wednesday, April 17, 
at 8 pm., at the Institution of Electrical Engineers, Victoria 
Embankment. Paper on *‘ The Lay-Out and Erection of Electric 
Power Plant,” by Mr. E. Kilburn Scott, Assoc, M. Inst. C.E., 
M. Inst. E.E. 

Tur Royal Mergoro.oeicat Socrety.— Wednesday, April 17, at 
7.30 p.m., at the Institution of Civil Engineers, Great George 
street, Westminster, S.W. Papers to be read :—1. ‘“‘ Report on 
the Phenological Observations for 1911,” by Mr. J. E. Clark, B.A., 
and Mr. R. H. Hooker, M.A. 2. ‘‘A Method of Summarising 
Anemograms,” by Mr. R. G. K. Lempfert, M.A., and Mr. W. 
Braby, B.A. 

Tue InstiruTion OF ELECTRICAL ENGINERRS.—Thursday, April 18, 
at8p.m. Adjourned discussion on the following subject :—** The 
Oauses Preventing the More General Use of Electricity for 
Domestic Purposes.” 

Tue INSTITUTION OF MrcHANICAL PNnoineERS.—Friday, April 19, 
at 8p.m. Paper to be read and discussed :—* Tenth Report to 
the Alloys Research Committee : On the Alloys of Aluminium and 
Zinc” (with a short appendix on a ternary alloy of aluminium 
with zinc and copper), by Dr. Walter Rosenhain and Mr. 8. L. 
Archbutt, of the National Physical Laboratory, Teddington. 

Tus Royat Institution or Great Brrramn.—Friday, April 19, 
at 9 p.m., a discourse will be delivered by Mr. Alan A. Campbell 
Swinton, M. Inst. C.E., M.1.E.E., M.R.I. The subject is ‘‘ Elec- 
tricity Supply : Past, Present, and Future.” Afternoon lectures 
next week at 3 p.m. :—Tuesday, April 16. Mr. Edmund Gosse, 
LL.D., on * Algernon Charles Swinburne: his Early Life and 
Work” (Lecture I.). Thursday, April 18 Professor A. W. 
Orossley, D.Sc., F.R.S., Sec. C.8., on “Synthetic Ammonia and 
Nitric Acid from the Atm sphere” (Lecture L.). Saturday, 
April 20. Mr. Reginald Blomfield, A.R.A., M.A., F.5.A., on “‘ The 
Architecture of the Renaissance in France: (1) 1494-1547, The 
Amateurs.” 
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OXFORD UNIVERSITY AND 
ENGINEERING. 


Ir is very gratifying to realise that our ancient 
seats of learning are taking an active part in ensur- 
ing that closer association of culture, science, and 
practical work which recent developments in in- 
dustry, and more intense international competition, 
have shown to be so necessary for our national well- 
being, and that Oxford is making an effort to de- 
velop greatly its school of engineering—a scheme 
which is worthy of the fullest support. Largely be- 
cause of the work accomplished at Oxford and 
Cambridge we have maintained our high place in 
the Arts and in many departments of pure science, 
and from these centres of broad culture there have 
come many of the men of intellectual force and crea- 
tive ability who have played a notable part in the 
building up of the Empire. But a great change has 
been steadily maturing in the needs of the Empire, 








and in the qualities requisite for leaders in our 
dominions across the seas. The science of govern- 
ment is unchanged—one might say unchangeable— 
and that training which our public schools, and still 
more our ancient universities, have afforded will, 
from this standpoint, continue to be valuable. But 
the prosperity of a nation, and still more of a 
colony, is now so dependent upon the successful 
applications of the science of engineering in its 
most varied departments, that education for prac- 
tical purposes cannot be considered thoroughly 
adequate without much attention being paid to 
the applied sciences. This is apart altogether 
from the accepted view that the pursuit of scien- 
tific knowledge is an admirable means of deve- 
loping that creative ability which is a first essential 
of the colonial leader. 

Cecil Rhodes, one of the greatest of our colonial 
statesmen and organisers —creators, we might say 
—realised most fully the value of University 
culture to the practical man, and of practical know- 
ledge to the cultured man. He gave evidence of 
this in his will, in which he left a large sum to 
found the well-known Rhodes scholarships, by aid 
of which men already trained in the colonies can 
now spend three years at Oxford University 
acquiring that intellectual strength and indepen- 
dence which marks the leader of men, whether 
he play his part in the Parliament of his country 
or in the management of works or of a mine. 
No one knew better than Rhodes that although 
the success and prosperity of a colony depend 
largely upon engineering science, yet they depend 
still more on their affairs being administered by 
men of broad views and far outlook. So far in 
the history of South Africa it had been difficult to 
find local knowledge, technical skill, and the 
luminous mind of the statesman in the same 
person. When ~~ separated, their pos- 
sessors were apt to be antagonistic, particularly so 
when they were born in different lands. Rhodes’s 
plan, therefore, was to afford the colonist the advan- 
tage of a residence in Oxford during an impression- 
able period of his life, in order that he might 
combine many, if not all, of the qualities needed 
for the advancement of his native country. Khodes 
laid down no curriculum for his scholars. He 
left them to follow the bent of their inclinations, 
under the advice of university authorities, and 
these immediately met the situation by establish- 
ing a school of engineering available for the train- 
ing of our future leading colonists. In so doing 
they gave their official endorsement to the con- 
tention that the study of mechanical science is an 
aid to intellectual culture, and that it may justly 
claim to take its placeas a leading element in a 
university course. This is a point that has been 
much debated, but is now no longer open to dis- 
cussion. 

There is a further important advantage in 
establishing an engineering department at Oxford 
—it will bring prominent colonials into direct 
contact with British engineering education, tech- 
nical and practical. This view, indeed, is really a 
development of a subject upon which we have 
published two articles, enforcing from several 
standpoints the need for more active cultivation 
of engineering trading with our Colomes. As we 
have pointed out, the capitalist can do much, and the 
home manufacturer may greatly inerease business 
by more active propagandism on lines acceptable to 

rospective clients; but much good must accrue 
rom the closer contact of the governing man, as 
well as his engineering assistants, with British 
engineering methods. To Lord Curzon, one of our 

eatest Pro-Consuls, now Chancellor of Oxford 
Jniversity, such valuable media of promoting a 
business bond between the Colonies and the home 
manufacturer must appeal with irresistible force, 
and we are glad to know that he and the present 
Vice-Chancellor of Oxford, Dr. Heberden, as well 
as his predecessor, Dr. Warren, support the new 
school at Oxford from the Imperialistic standpoint. 
All that is required to place it on a sound basis is 
more liberal financial support, and we are persuaded 
that if those having commercial, and particularly 
engineering business, relations with the Colonies 
consider the probable advantage that might result, 
this support will not be lacking. 

We are not unmindful of the splendid work being 
done in engineering education by the other univer- 
sities and colleges—those at London, Liverpool, 
Manchester, Birmingham, Newcastle, Glasgow, and 
other centres of industry ; but these establishments 
primarily serve local requirements, All but a few 
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of the students into the engineering establish- | 
ments of the district, the others finding outlets 
for their well-cultured attainments in foreign and 
colonial countries. Oxford and Cambridge, as we 
have tried to show, serve special requirements, and 
ought to have well-equipped and strongly-supported | 
engineering schools. Not only on the Arts side | 
are they most effective in their work, but they | 
already possess in a very high degree many of the 
facilities for the inculcating of the best learning. 
Mathematical physics is a case in point. The 
addition of engineering laboratories is therefore a 
very natural and necessary development, and one 
for which there is a crying need. 

We have spoken so far as if Oxford were to con- 
fine its technical instruction to those who come 
from the Colonies and intend to return there. But 
England is still the greatest field for the engineer, 
and the more highly educated and cultured he is, 
the wider is the opening that lies before him. We 
have pointed out time and again in these columns 
that men of our profession are frequently too narrow 
in their ideas and too restricted in their outlook to 
attain the position in the world to which they are 
entitled by the grandeur and beneficence of the work 
which they perform. That is partly the effect of 
their daily work. But it also often arises in the 
first instance from a restricted education and a con- 
stricting environment in early years. The eager 
youth often passes through the provincial technical 
college without really gaining an education. He 
assimilates piles of facts, learns to use mathematics 
with the ease and dexterity of a juggler, and is 
spoken of asa brilliant scholar. His career, how- 
ever, belies the promise of his youth, and the 
reason is that he has missed the real end of educa- 
tion, the training of the intellect. Such a result 
could not follow a three years’ course at Oxford. 
The views of life that prevail there are different from 
those in a manufacturing town, and the standards 
of value are on a more generous scale. The train- 
ing of the intellect and the formation of character 
take precedence at Oxford of mere instruction, and 
if Cecil Rhodes considered these of supreme import- 
ance for South African colonists, they are not of 
less value to engineers who have to work in all 
parts of the world. A larger proportion of men 
who have had the advantages of Oxford associations 
is needed in the engineering profession for many 
reasons ; and not least, for improving the relations 
between capital and labour. Politics, law, and 
medicine all gather their most brilliant exponents 
from our old universities, and it is to be hoped 
that the profession of engineering will be recruited 
more and more from the same source. 

To this end a Chair of Engineering Science was 
founded at Oxford by a statute passed on Novem- 
ber 19, 1907, and engineering was added to the 
list of subjects which might be taken in the final 
honours in the School of Natural Science by a 
statute passed on February 2, 1909, so that the 
Honours B.A. degree is now open to engineering 
students. The University authorities were fortu- 
nate in securing the services of Professor Jenkin, 
who, to unique personal qualities for getting the 
best out of the students, added the advantage of 
close direct experience with engineering applica- 
tion. In another direction the University are 
fortunate in that they secured the co-operation of 
several who, to the enthusiasm of the Imperialist, 
added sound practical experience. Lord Hythe was 
amongst these, and, alike by liberal contribution 
and helpful advice, has again proved his interest, 
not only in Imperial affairs, in the profession with 
which his grandfather was so intimately associated 
in many railway enterprises, but in his alma mater. 
In this, indeed, he but follows the splendid example 
of his father, Earl Brassey. 

The course laid down is one which all interested 
in science and industry, and particularly in colonial 
trade, must approve, as it is based on broad lines, 
so that it will be helpful not only to those who are 
to be guiding forces in the Colonies, but direct 
instruments in developing engineering progress at 
home and abroad. e authorities have wisely 
refrained from any attempt to touch technical 
handiwork or trade, or to give instructions in the 

ractical details of engineering manufactures, pre- 
ae to leave the student to — these during 
his term of apprenticeship in works. Instruction, 
however, in the engineering laboratory forms an im- 
portant part of the science instructional work done, 
embracing measurements of all the numerical and 


physical quantities which form the basis of the 





science, and testing of all sorts. In the drawing- 


office graphics and geometrical ——_ form 
important parts of the course, and only the prin- 
ciples of machine design and building construction 
are im d. Instruction in surveying is given in 
the open country during the Long Vacation, a 
feature of special value to those who propuse to 
take up work in the Colonies, because they thus 
acquire an intimate acquaintance with what is per- 
haps the most important feature of engineering 
work in the development of new countries. Physics, 
including electricity and magnetism, is naturally 
taken up in one of the University laboratories. 
Those students who propose to in for mining— 
another essentially colonial industry—have pro- 
vided for them special courses in engineering 
chemistry, metallurgy and mineralogy, and mining 
ventilation and hygiene. In electrical engineering 
advanced applied electricity and magnetism are 

rominent subjects, but it is our aim only to 
indicate the scope generally of the new school, in 
order that some idea may be formed of the strong 
claim it has upon the support of those interested 
in the development of the Empire, and especially 
of engineering firms connected with colonial trade. 

This naturally leads us to a consideration of the 
progress made. When the Chair of Engineering 
Science was founded, Trinity College lent the 
Millard Laboratory to the department, and 
this was used for lectures and laboratory work 
during the first year. At that time there 
were eight original students, aud befoie the 
year closed seven more entered for the degree, 
and five for short courses of training. In the 
second year (1909) these numbers were main- 
tained, while in 1910 twelve students entered for 
the degree and ten for short courses. In the current 
year fourteen have entered for the degree, and the 
number for short courses will, no doubt, grow as 
the session proceeds. Thirty-one students are now 
working in the engineering department, of whom 
ten are Rhodes scholars—from South Africa, 
America, Australia, and the West Indies. Two 
Rhodes scholars have already taken the engineer- 
ing degree. These facts alone show the poten- 
tialities of the school from the point of view 
of colonial development, and indicate that if 
funds were forthcoming a great influence could 
be exercised by Oxford in the future in the engi- 
wang | side of human activity, just as, in the 
past, this great seat of learning has advanced the 
sum of human knowledge on the classical side. 
The work done so far may seem insignificant when 
measured by comparative statistics — to the 
universities in industrial centres ; but there is no 
more illusory application of figures than those used 
in attempts to measure the influence of education. 
At present Professor Jenkin is doing splendid 
service, especially when consideration is had to the 
staff, and to the appliances which he possesses. 
As to the former, he has two assistants, one 
mechanic, and two boys, with an additional assis- 
tant in the Physics Laboratory, who conducts all 
courses for engineering students. Mathematical 
subjects are dealt with by college tutors and by 
mathematical professors, and the Lees Reader in 
Chemistry gives special courses for the engineering 
students. 

As regards the accommodation and appliances, a 
house was rented as an additional laboratory as 
the numbers and work of the students increased, 
the cost being met by the endowment fund; a 
lecture-room * also been provided at the same 

lace. Last year the Museum Delegates granted a 
ree site, and the endowment fund. provided the 
cost of a third laboratory, built of galvanised iron, 
in which there have en fitted lecture - room, 
drawing-oftice, and laboratory in connection with 
the strength of materials. The Millard Laboratory, 
which will not be available after the present year, is 
now used only for thermo-dynamics and hydraulics, 
and is already overcrowded with engines. It is 
scarcely necessary to point out that great incon- 
venience and some loss of efficiency must neces- 
sarily result from the work being distributed in 
three se te localities; as in all schemes of 
activity, concentration leads to efficiency, and 
benefit would accrue if the scheme for concentrating 
the whole of the engineering faculty in one centre, 
with adequate appliances, could be realised. 

The school was started with a fund of 8001. a year 
for five years, raised by Lord Hythe—at Sir 
William White’s suggestion—and this has been 
supplemented by grants from various colleges, and 
the Endowment Fund. Brasenose, New College, and 
Merton have all helped. A Fellow of New College 





gave a personal contribution of 100/. for electrical 
apparatus. New College also gave to the professor 
a fellowship worth 2001. per annum. 

The University has done as much as its limited 
rescurces will permit. The school is now in the 
fourth year of its existence, and the problem of 
placing it on a permanent basis must be faced. In 
the opinion of the University authorities and others 
most able to judge, it meets a real demand, and has 
well justified its initiation. What is wanted is a 

rmanent laboratory with a lecture-room and draw- 
ing-office, which, it is estimated, would cost about 
14,0001., and, in addition, a permanent endowment 
fund of at least the same amount—say 30,0001. in 
all, in round figures—for the upkeep of the 
building and for the staff. It is probable that 
a site would be granted free by the University 
authorities. The Trustees of the Endowment Fund 
have offered to supply part of the capital cost, but 
they are not in a position to provide the whole. 
The sum required is a small one when measured 
against the advantages which must accrue, and we 
hope that our presentation of the claims of Oxford 
will so appeal to engineers and manufacturers gene- 
rally that Lord Hythe’s efforts and munificence 
will be rewarded by the complete success of the 
scheme. Without it the Rhodes scholarship pro- 
ject must be robbed of much of its value to the 
Colonies, especially so far as concerns the develop- 
ment from the engineering point of view. This 
development, in itself, means a closer tie with the 
home country, and a great extension of trade rela- 
tions with our dominions across the seas. 








THE STATE RAILWAYS OF FRANCE. 

ALTHOUGH it is only a little while since the State 
railway system assumed any great importance in 
France—that is, since the purchase of the old 
Compagnie de l’Ouest—the question is already 
before Parliament as to whether the steps taken 
should not be retraced ; in other words, whether 
the operation of the acquired lines should not be 
handed over to a new company as lessees and 
managers. This matter of the State railways has 
become a grave question, and has been the subject 
recently of noisy debates both in the Senate and the 
Chamber of Deputies. Even when the State rail- 
ways of France were only about 3000 km. (1850 
miles) in extent, and traversed a district in which 
the traffic was quite light, and the needs of trans- 
port, whether of passengers or goods, were incon- 
siderable, the organisation distinguished itself by 
a working deficit and by numerous defects, But 
since a new system, comprising some further 
6000 km., has been added, all the faults of adminis- 
trative working have been revealed; these are 
faults from the points of view of operation, of satis- 
faction given to passengers or senders and con- 
signees of goods, and of financial results, the 
management acknowledging a serious deficit, which 
is likely to prove an increasing burden on the 
finances of France. 

We may refer briefly to the constitution of the 
first State railway in France, indicating its begin- 
nings, and the results achieved both then and now. 
It would be easy to prove that the results obtained 
from this first experience were not of a nature to 
create confidence in the ability of the officials 
to be entrusted with the operation of a larger 
scheme. The first State railway of France was 
originated in 1878. At that time there existed a 
series of small secondary lines, having no great 
commercial or industrial interest, and exploited by 
little companies which lacked solidity and did a 
poor business. To avoid the failure of these com- 
panies, or, more precisely, to prevent the entire 
—- of their lines, a State scheme was devised, 
with the object of working, provisionally, as it was at 
first stated, the purchased lines until it was possible 
to entrust them to more important companies. One 
a of the lines purchased has, it is true, been 

nded over to companies of this description, but 
the authorised State scheme comprises the work- 
ing of all the lines in the region lying between 
Poitiers, La Rochelle, Nantes, and rdeaux. 
Naturally, the officials to whom the management 
of this scheme was committed soon developed vast 
ambitions, and began to think of increasing its 
importance and extent. It is due somewhat to this 
feeling, as well as to influences of a political nature, 
that a campaign was made against the Compagnie 
de l’Ouest, with the result that their line was 
purchased in 1908. The working of the older State 
system proved unfortunate from the commence- 
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ment. The ——— of expenses to receipts—the 

working coefficient—amounted first to 78 per cent., 
then to more than 84 per cent. (in 1881). In 1879 
the net receipts were 3,277,000 francs (131,0001.) ; 
in 1883 they had fallen to about 2,500,000 francs 
(100,0001.). Dangerous experiments were made— 
notably in conceding extraordinarily low tariffs for 
goods and passengers, solely with the object that 
the existence of a State railway might be regarded 
with favour. It was maintained that the bad results 
were due to the small extent of the system and 
the comparatively non-industrial character of the 
district served. These excuses were put forward 
until 1908, and it was partly to provide an area of 
operation more worthy of direct control by the 
State, in which real experiments could be carried 
out, that the purchase of the old Compagnie de 
l’Ouest was voted, and a much larger system thus 
created for State administration. 

It has been unhesitatingly asserted that the first 
State scheme, to which we have referred above, 
yielded a good return to the Exchequer. It is true 
that some millions were poured into the public 
treasury by the State Railway Administration ; but, 
without taking into account the considerable capital 
converted for the purchase of the lines, we shall see 
under what conditions this happened. Even during 
the favourable years, such as 1907 or 1909, the net 
yield did not exceed 13 to 13} million francs (about 
520,0007.); and in years like 1908 it fell to less than 
11} millions (about 460,0001.). It should be observed 
that these yields represent a proportion of working 
costs to gross receipts equal to 76 per cent. in 1907, 
66.5 per cent. in 1909, and about 81 per cent. in 
1908 ; such ratios are, of course, very high. In 1910 
the result was even more deplorable, the net result 
of working being le:s than 11 million francs (about 
440,0001.) ; but notwithstanding that the = re- 
ceipts were expanding, rising, for example, between 
1908 and 1910 from 59 million francs (2,360,0001.) 
to more than 63 million francs (2,520,000/.), the 
working coefficient managed (in 1910) to reach 
83 per cent. Again, in this net result there is abso- 
lutely nothing allowed for interest on the capital 
involved or for a sinking fund. According to the 
most reasonable valuations, the cost of construc- 
tion amounted to more than 900,000,000 francs 
(36,000,000/.), and it may be said, without exaggera- 
tion, that the first French State railway cost the 
ee some 40,000,000 franes (1,600,000/.) 
annually. 

The unfortunate result of the working of the 
State scheme is in no way astonishing ; it is self- 
explanatory. The personnel are not subjected to 
much discipline; they are not very industrious, 
and in proportion as they show themselves more dis- 
contented the outlay in their favour is increased. 
In this way the expenses, which, in 1908, amounted 
to about 24,000,000 francs (960,000/.)—involving 
considerable outlay previously made in favour of the 
personnel—have, since the acquisition of the 
Western of France system, been increased by 
9,000,000 francs (360,0001.), which all goes in favour 
of the working staff. This rate of increase is serious; 
yet even prior to 1908 the State laid stress upon 
the fact that as an employer it was more generous 
to the personnel than private companies were. 

Moreover, the State system, which shows such 
deplorable results, is far from satisfying its travel- 
ling and trading clientéle in the matter of safe 
travelling. In the data as to accidents which have 
occurred on the State railway systems, the propor- 
tion attributable to the old system is shown 
together with that of the new. Two years ago 
two extraordinary failures of — happened on 
the old system; two trains fell, under practi- 
cally identical circumstances, into rivers, the 
bridges giving way as the trains were crossing 
them, probably because these bridges were not 
kept in adequate repair, or were too weak for the 
trains sent over them. In the matter of repairs of 
al! kinds an economical policy is adopted. At the 
various seaports served by the old system—Tonnay 
Charante, for instance, well known to English ship- 
owners—there is no weighbridge capable of taking 
wagons loaded up to 20 tons, a circumstance which 
greatly impedes the import and export trade of 
the port. The bad management of this old system 
is evidenced by the fact that the compensation paid 
for loss and damage is annually increasing to a 
remarkable extent. For example, in 1905 the 
total was less than 450.000 francs (18,0001. ); in 1906 
it amounted to 650,000 francs (26,0001.); in 1907 it 
exceeded 1,100,000 francs (44,000/.); while in 1908 
the figure rose to 1,400,000 francs (56,000/.). It is 





clear that before the purchase of the Compagnie de 
l’Ouest the State found itself greatly in arrear on its 
first scheme, and it was n to cover the deficit 
by aloan. The mixing up of the two systems, follow- 
ing the purchase of the Compagnie de 1’Ouest, has 
been utilised by the administration to enable them to 
contract for general purposes a loan in a lump sum 
designed to meet the requirements of both the old 
and the new systems, without, however, the arrears 
in the case of the former being openly acknowledged. 
By mixing up the two schemes it has become 

ible easily to release the earlier scheme from 
its embarrassments, and, at the same time, to mask 
the existence of these difficulties. At the end of 
1908 a loan of about 9 million francs (360,0001.) 
was required for this old system, no provision being 
contemplated for sinking fund. 

The deplorable results which followed the first 
scheme have been surpassed by those which now, at 
the end of three years, have arisen in relation to 
the new undertaking. The French State took 
possession of the lines forming the Compagnie 
de l'Ouest in virtue of agreements formerly made 
with this company. For years a series of French 
parliamentarians, supporters of the nationalisation 
of industrial undertakings, demanded the absorp- 
tion of the system of the Compagnie de 1’Ouest by 
the State. They argued that the company always 
showed working deficits, which the Exchequer, in 
accordance with the agreements, was obliged to make 
good, so as to afford a fixed revenue to the share- 
holders of the company. It should be stated that 
the working deficits were occasioned chiefly by the 
unremunerative services forced by the conventions 
upon the Compagnie de 1’Ouest (as well as on many 
others), while the competition of the improved 
water-borne traffic of the Seine between Paris and 
le Havre was another factor. The deficit, how- 
ever, was falling gradually from year to year. 
But the threat of purchase, which hung for so 
long over the head of the company, had partly 
destroyed its authority over its employees, 
and the operation of the line reflected this un- 
favourable influence. It was at the end of 1908 
that the purchase was voted in the Chambers, by a 
very slight majority, the Ministry then in power 
having made it a Cabinet question. An arrange- 
ment was come to between the Com ie de 
l’Ouest and the State (in friendly settlement of 
the difficulties resulting from the purchase) where- 
by matters had been much facilitated for the 
latter. The State entered into possession of all 
the fixtures, the movable property, rolling-stock, 
stores and implements, as well as the various 
reserves established by the company to provide 
against fires, accidents, &c., and for superannua- 
tion. One detail is particularly curious. The 
Deputies who had taken up the question of the 
purchase, and who were specially hostile to the 
company—as, indeed, to all i ananre 
succeeded in making the shareholders a present 
of 242,000,000 francs (9,680,000/.). In pursu- 
ance of the agreements and of the contract 
signed by the State and the company, and from 
the mere fact of the purchase, the guarantee of 
the dividend to the shareholders (which, in due 
course, without the purchase, would, according to 
the original —— of 1883, have expired in 
1935) was prolonged until the expiration of the 
concession—that is, until 1956. In this way a 
— of 242,000,000 francs has been made, the 

tate having engaged to pay to the Compagnie de 
l’Ouest for each year counting from January 1, 
1909, until December 1, 1956, the sum of 
11,550,000 francs (462,000/.), constituting the 
revenue reserved to the shareholders, plus the 
sinking funds of the shares. It was impossible to 
avoid this, unless the State absolutely violated the 
contract to which it had set its signature, in which 
event. the company would have appealed to the 
Courts of Law, with a certainty of winning the 
case. 
The advocates of the purchase maintained that 
it would not involve the State in any — 
mentary expenses, but the figures just given show 
that the purchase has proved a costly matter for 
the Treasury. Moreover, to judge by the work- 
ing deficits, the financial results of the transaction 
have proved dangerous and costly in another way, 
from the date when the system came under State 
administration. In this respect extraordinary 
illusions had also been entertained. It was asserted 
that the working would cost neither more nor less 
than it did in the hands of the Compagnie de 
Ouest ; this meant that the deficit in working 





would not exceed the tee of interest paid by 
the State to the Compagnie de l'Ouest. But this 

teed interest has never exceeded 28,000,000 
rancs (1,120,000/.) per annum, and it has frequently 
sunk to about 7,000,000 francs (280,000/.). In 
reality, this working by the State, of the system 
of a private company, promptly manifested itself in 
a considerable increase of the deficit when com- 
pared with that which resulted, even in the worst 
years, during the period of private management. 
From the commencement of 1909 it is easy to 
follow the ag oe of this constant deficit, not- 
withstanding the short time which has elapsed. 
Proofs are furnished by the accounts published by 
the administration of the State railways for their two 
systems ; figures of a particularly striking character 
are also given by the two Chairmen of Committees, 
Members of the Chamber of Deputies, both favour- 
able to State enterprise. Some very disturbing 
details have been revealed to the Senate and the 
Chamber of Deputies, and specially authorised 
investigations have been published on this subject 
by M. Colson, Inspector-General of Roads and 
Bridges, and a Councillor of State—a man who, 
perhaps, knows more about the railways of France 
than anyone else. 

Since the year 1909 even those who were most 
indulgent with re to State operation have 
recognised that the deficit has increased by at least 
4 million francs (160,000/.), as compared with the 
former maximum deficit (covered by the maximum 
interest guaranteed). The net proceeds, which in 
1908 approached 66 million francs (2,640,0001.), did 
not reach 62 million francs (2,480,000/.) in 1909. 
The 66 million francs (about) net obtained by 
the ar may de l’Ouest in 1908 was, moreover, a 
very moderate figure, since in 1907 the correspond- 
ing figure was 80 million francs (3,200,0001.), and 
in 1896 it was 89 million francs (3,560,0001.); and 
the mean of the net results during the six years 
preceding the purchase was 78 million francs 
(3,120,0001. ). t has been contended that the 
Compagnie de l'Ouest left the State a legacy of 
arrears. This point, however, has been fully eluci- 
dated by M. Colson, and he has found that, as 
a matter of fact, there was no such legacy. It 
— to be the policy of the present Minister 
of Public Works, and those who defend the manage- 
ment of the State railways, to pretend that the 
bad results of the years 1909, 1910, and 1911 
were due to the bad condition into which the 
Compagnie de l'Ouest had allowed its line and 
material to fall. But the company was supervised 
minutely, and even with hostility, by the State, and 
if it had neglected any repairs, the State and 
its officials would have known how to call it 
to order. To the last the system of the Compagnie 
de l'Ouest was properly maintained, the condition 
of the lines in no way endangering security. 
This was explicitly recognised by a Minister of 
Public Works on the occasion of an accident 
occurring on the system some time after its 
absorption by the State; the Minister acknow- 
ledged that the tracks had been strengthened and 
ballasted and put into excellent condition. 

Reproaches of this kind seem indeed to be 
better suited to the administration of the older 
State scheme, which not only allowed its bridges 
to give way under ing trains, but had for 
some time adopted the practice of carrying to 
establishment charges, outlays resulting from 
normal conditions of work, in order to reduce in 
appearance the cost of operation. In short, 
the net proceeds of the new system (the purchased 
‘*Ouest’”) have been lowered, during the first 
= of operation, by 7 million francs (280,0001.). 

uring this time the percentage of working ex- 
= to receipts rose from 68 per cent. to over 
1 per cent., although the receipts per kilometre 
were materially inc It must be under- 
stood that the net proceeds, of about 62 million 
francs (2,480,0001.), representing the financial 
operations of 1909, do not take into account the 
charges on the system—that is, the annual pay- 
ments to the Compagnie de l'Ouest. These 
annuities amounted to nearly 116 million francs 
(4,640,0001.), although some 14 million francs 
(560,0001.), which would have had to be paid even 
if the purchase had not taken place, must be de- 
ducted frem this figure. There remain, therefore, 
102 million francs (4,080,0001.), by way of charges, 
against a net profit, for. 1909, of approximately 
62 million francs (2,480,0001.). That shows a 
deficit on the financial transactions of 1909, equal 





to 40 million francs (1,600,000/.), notwithstandi 
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that the deficit paid to the company in the form of 
guaranteed interest only reached at most 28 to 
29 million francs (1,140,0001.). But to this deficit 
of 40 million francs there is still to be added the 
interest on and the amortisation of capital already 
borrowed for the improvement or the working of 
the new system ; this would represent an increase 
of more than 4 million francs (160,0001.). Since 
the first year then the purchase of the Compagnie 
de l'Ouest, and, aboveall, its operation by the State, 
has cost France 25 million francs (1,000,0001.). 

Bven when the most optimistic reports are con- 
sidered, and particularly the exposition of motives 
presented by the Minister of Public Works in 
order to defend his Budget, it is evident that there 
has been a growing diminution of net receipts from 
year to year, during the years for which figures are 
available, and as far as can be foreseen these seem 
likely to continue. If, therefore, the Minister, 
in the first place, asserted that the net proceeds 
of 1909 exceeded 66 million francs (2,640,0001.)— 
which was exaggerated—he recognised that those 
of 1910 would be only 59 million francs (2,360,000/. ). 
He hoped to obtain rather more than 61 million 
francs (2,440,0001.) as a result of the working for 
1911, but he scarcely ventured to estimate net 
proceeds of more than 43 million francs (1,720,0001. ) 
for 1912. These alarming figures were, and will 
prove to be, well within the truth. 

If the figures published for 1910 are consulted, 
it will be seen that the system purchased and 
administered by the State has resulted in net 
receipts of less than 49 million francs (1,960,000/.). 
At the same time the percentage of working ex- 
penses, which, in the preceding year, scarcely 
reached 72 per cent., has materially exceeded 78 
per cent. Yet the receipts per kilometre have 
continued to rise more rapidly than formerly. 
Taking the calculations just made as to the charges 
on the system, and allowing that the net receipts 
have diminished to the extent of nearly 13 million 
francs (520,0001.), the deficit for the year 1910 has 
increased by that amount. The total is therefore 
practically 67 million francs (2,680,0001.), taking 
all these charges into account, or at least 63 million 
francs (2,520,0001), leaving out of account the new 
capital sums tied up for the State system. Conse- 
quently it exceeds by 38 to 39 million francs 
(1,540,0001.) the charge laid upon the Public Trea- 
sury by the old Compagnie de l'Ouest during the 
worst years of its operation. 

If we attempt to estimate the results of working 
on the Ouest-Etat for the year 1911 (for which, 
naturally, figures will not be available for some 
time), the conjectures are not consoling, though 
they may be below the actual figures. For the 
year 1911 it is estimated that the gross receipts 
should be about 233 million francs (9,320,000/.), 
representing a considerable increase when regard is 
had to the 215 million francs (8,720,000l.) for the 
1908 receipts, while the net proceeds will not much 
exceed 20h million francs (1,180,0001.). It should 
be stated that in this interval—from 1908 to 1911 
—the expenses are assumed to have increased from 
147 million francs (5,880,0001.) to 2034 million francs 
(8,140,0001.). If this figure of 29 million francs 
net proceeds be not exaggerated, we are faced with 
a diminution of 20 million francs (800,0007.), as 
compared with the net proceeds obtained in 1910, 
which to that extent would increase the deficit, 
burdening the public finances in consequence of the 
State operation of this new system. In attempting 
to figure out the results of the finances in 1911, it 
is necessary to adhere to the official estimates, 
which announce 233 million francs for receipts and 
2034 million francs for expenses, leaving net 
receipts of about 30 million francs (1,200,000/.). 
That would be all very well assuming the 29 million 
francs to be realised ; but this result would only be 
due to the greater receipts for 1911, consequent 
upon increased activity of transport. In only 
three years under State operation the net receipts 
would appear to have diminist ed by38 million francs 
(1,520,0001.) ; this, moreover, in relation to the year 
1908, which, it should be remembered, had been 
sora unfavourable to the Compagnie de 

‘Ouest, in consequence of the continual threats 
to which they were subjected as a prelude to 
purchase. If we compare the present net receipts 
with the mean net receipts at which the company 
had arrived during the ten years peo 1908, 
a shrinkage of net receipts would be shown which 


would amount to, at least, 50 million francs 


(2,000, 0002. ). ' 
At the present moment, the existence of this 





State system represents an annual loss to the 
French Treasury (and the taxpayer) of close upon 
60 million francs (2,400,000/.). The bad practices 
followed in management, which are becoming more 
accentuated from day to day, can only augment 
this figure. The Minister of Finance in his recent 
exposition of the Budget of 1912 has acknowledged 
this formidable charge on the French Exchequer. 
It is no mere guess work to suppose that the 
working ratio of the system will reach 81 per cent. 
during the year 1912, and that the deficit will 
continue to increase at, at least, the same rate 
of progression. It might be imagined that matters 
were being exaggerated were it not for proofs 
supplied by Parliamentarians of the highest autho- 
rity, such as M. Chéron, the Official Reporter to 
the Budget, who has never made any attempt to 
conceal the state of anarchy which exists in the 
new system. But the situation is explained by the 
line of action which is almost inevitably imposed 
on a State administration working railways. 

It has been the endeavour above all, and before 
all, with the new State system, as with the old, to 
satisfy the employees. The latter represent an 
enormous number of electors with whom it is neces- 
sary to reckon, and who know how to defend their 
interests by recourse to strikes, and, if necessary, 
to violence. Sacrifices in their favour had been 
numerous before the strike of 1908, and sub- 
sequently became still more frequent. We have 
already referred to what had been done for 
the original State system. At the time of 
the . the wages and various grants made 
for the benefit of the personnel on the lines of the 
Compagnie de l’Ouest were close upon 72 mil- 
lion francs (2,880,0001.); to this must be added 
6,855,000 francs (274,2001.) as payments for super- 
annuation, making a total of nearly 79 million 
francs (3,160,0001.) expended on the personnel. 
Now it will be seen that in 1912 the corre- 
sponding expenses will reach 122 million francs 
(4,880,0001.), or an increase of 43 million francs 
(1,720,0001.) in just four years. This growth of 
nearly 50 per cent. will comprise approximately 
23 million francs (920,0001.) for wages and various 
allocations, over 3 million francs (120,000/.) for 
payments by way of superannuation, more than 
5$ million francs (220,0001.) for increase in pay 
following promotion, and, finally, 11,700,000 francs 
(468,0001.) to meet an increase in the already very 
large number of employees, which even before 
bore no proper relation to the needs of the system ; 
indeed, this system has a proportion of employees 
which is much greater than that of private com- 
panies. The Minister of Finance, in presenting 
the Budget of 1912, insisted that the enormous 
increase in the expenses of the State railways (new 
system) was due, for the most part, to the impor- 
tant concessions voted in favour of the personnel. 
Yet the working staff has not been satisfied with 
the increases granted ; on the contrary, its agents 
have claimed still more, being convinced that they 
would be able to get it. 

Under the influence of these concessions, made 
in response to threats and strikes, discipline has 
almost entirely disappeared on the State railways. 
M. Wickersheimer, a deputy who has been one 
of the most ardent supporters of the purchase, 
has recently instituted an inquiry, the results of 
which indicate most clearly the disorder pre- 
vailing among the personnel of the new system of 
the State railways. He has not hesitated to attri- 
bute the cause of this anarchy to a mixture of 

litics and favouritism. There is disorder even 
in the actual organisation of the staff, the ad- 
ministration, until quite recently, being ignorant 
of its exact number. Chéron has officially 
affirmed that the administration of the State rail- 
ways did not know on October 29, 1911, the strength 
of its staff, and could not therefore by the end 
of 1911 form any reliable anticipation of expenses 
for 1912; he added that some way out of such a 
state of things would have to be found. It is not sur- 
prising, therefore, to learn that, apart from this ques- 
tion of the staff, the finances of this railway show 
extraordinary confusion. It has constantly to have 
recourse to supplementary credits from Parliament. 
Recently, during the holidays, the Administration 
of Public Works requested the Council of State to 
furnish promptlysome 38 million francs(1,520,0001. ) 
which it needed, and for which it did not wish to 
wait until Parliament reopened. The State Council 
refused to accept the responsibility ; but when 
Parliament met it had to face a demand for a 
supplementary credit, not for 38 million francs, 





but for 503 million francs (2,000,0001.). As a 
justification for this, errors made in estimatin: 
the amount needed were alleged, and it has 
been proved that none of the figures origin- 
ally submitted by the Administration of Public 
Works, and by the State railways, to Parlia- 
ment were actually correct. Mistakes had been 
made also as to the extraordinary expenditure 
which had to be met by loans; the original sum 
was 123,000,000 francs (4,920,0001.), but the 
modified estimates showed 136,000,000 francs 
(5,440,000/.). These estimates, as corrected to the 
end of 1911, raise the total deficit on the working 
to more than 76,000,000 francs (3,040,000/ ), an 
advance of almost 35,000,000 francs (1,400,000/ ) 
on the original figures. It had not been con- 
sidered desirable to avow such a state of things at 
the beginning of the year, for fear of its bad 
effect. This figure of 76,000,000 francs includes 
the 14,000,000 francs (560,000/.) to which we have 
alluded, which would have been paid to the manage- 
ment of the railway had this still been entrusted to 
the Compagnie de 1]’Ouest, this particular expense 
relating to the construction of new tracks. 

It is unfortunate that the results of all this 
disorder do not take the form of financial losses ; 
they are shown in the accidents to travellers, 
losses and damage in the case of goods, and incon- 
ceivable delays of trains. For compensation under 
these heads, the Compagnie de 1’Ouest never paid, 
in the course of any year, more than 2,800,000 
francs (112,0001.). For the year 1911, however, 
the corresponding figure will certainly be more 
than 10,000,000 francs (400,0001.), a material 
increase in the course of three years. The State 
railways have an even more unfavourable distinc- 
tion in the matter of accidents. The six great 
railway accidents recorded in France during the 
past four years—those of Ponts de Cé, Villepreux, 
Saujon, Bernay, Courville, and Montreuil-Bellay 
—have all occurred on the State railways of France, 
three of them on the old system, which has an 
extent of only 3000km. The accident at Saujon 
caused the death of forty persons, at Villepreux of 
eighteen, and at Bernay of six; the Courville 
accident claimed a similar number. Minor acci- 
dents to locomotives and wagons are at all times 
occurring, more or less impeding the traffic, and 
sometimes involving delays of three and four hours 
upon a half-hour journey. 

Speaking generally, the delays have become 
almost inconceivable on the new State system, 
compelling an extension cf the time-tables. Un- 
equal to the task of maintaining its services, 
notwithstanding the slow rate of movement, the 
management has decided to extend the timing, 
putting forward repairs to the road as a pre- 
text; these, however, could only prolong the 
journeys by a few minutes. The distance from 
Paris to Havre, for example, is now accomplished 
in 3 hours 27 minutes, although previously it took 
2 hours 45 minutes. From Paris to Cherbourg 
requires 7 hours 30 minutes, whereas formerly the 
time was 6 hours 35 minutes. From Paris to Brest 
the State railways require 10 hours 59 minutes, 
although under the management of the Compagnie 
de l’Uuest only 10 hours 10 minutes were needed. 
Moreover, the time-tables, whether for the main 
lines or local traffic, are not respected. These 
tables provide 37, 38, and 39 minutes for journeys 
covering some 17km. (over 10 miles) in the 
suburbs of Paris; in practice, however, 42 to 60 
minutes are required. If duration of journey 
(regardless of delays) is compared as between the 
present State railway services and those which 
obtained about 1856 or 1860, it will be seen (as has 
been proved in the Senate and the Chamber) that 
the trains of 1911 took longer in their journeys 
than those of 1856. The express from Paris to 
Cherbourg has a s of 53 km. (33 miles) per 
hour; that from Paris to Granville a speed of 
40 km. (25 miles) per hour. From these figures 
the manner in which the carriage of goods is worked 
may easily be imagined ; commercial and industrial 
associations, as well as all the Chambers of Com- 
merce, are exclaiming against the astonishing way 
in which the transport of goods is conducted. It 
was this general expression of feeling which led the 
Calais Chamber of Commerce, which was in con- 
stant touch with the old Compagnie de 1]’Ouest, to 
pass a resolution to the effect that ‘‘ the Govern- 
ment should, without delay, consider some scheme 
for leasing the State Railway.” 

The Minister of Public Works is constantly offer- 
ing explanations of the deplorable condition of the 
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working of the State Railways, although he never 
admits any faults. He recently informed the 
President of the Chamber of Commerce at Rouen 
that he was dissatisfied with the ‘‘ Ouest-Etat,” 
and would not sing the undeserved praises of the 
administration. He had, he said, made it a point 
of honour to reform matters. Yet in the recent 
discussions in the Chamber and the Senate he en- 
deavoured to charge the old Compagnie de l'Ouest 
with the responsibility, which is in no way theirs. 
It is hardly, therefore, to be expected that there 
will be taken against the pampered staff of the 
system any energetic measures, although such 
measures should be applied at once. 

The main factor which should hasten amend- 
ment is the growth of working deficits, the gross 
and net receipts diminishing continuously. The 
question is, moreover, rendered more serious still 
by the fact that the administration propose to 
expend, over the next few years, more than 500 
million francs (20,000,000/.) on the improvement 
of the Gare St. Lazare and the electrification 
of the suburban lines. 








CONCRETE COLUMN REINFORCE- 
MENT. 

THE subject of reinforced-concrete columns is 
at the present time of so much importance, both 
in the engineering and architectural world, that 
any light thrown upon it is welcomed as a means of 
ending, or, at any rate, reducing the many differences 
of opinion regarding it. That these differences 
exist is easily ascertained by attending any of the 
numerous meetings at which reinforced concrete is 
discussed, for it is there, perhaps, more than any- 
where else, that the champions of the various 
systems of reinforcement fight their battles, occupy- 
ing an amount of time that might well be put to 
other purposes whereby some definite decision might 
be reached. Towards the attainment of this end 
there is nothing that will help so much as experi- 
ments carefully carried out by men who are looked 
upon as trustworthy. A vast number of tests have, 
of course, been made during the last few years, but 
they have not convinced everybody, for there are 
still engineers who consider that, whatever may be 
the advantages of reinforced concrete for beams, 
arches, roofs, and similar constructions, there is little 
or no advantage derived from the use of reinforced- 
concrete columns. There engineers believe that 
nothing can surpass, either for strength or economy, 
well-designed steel stanchions encased in concrete, 
this encasement, however, being only used as a 
protection against fire. That they are wrong is not 
at all clear. At any rate, steel stanchions that 
carry the whole load without any assistance from 
concrete economise floor s very considerably, 
which is, in some situations, of no little import- 
ance. 

Bearing on this subject there were carried out 
during the years 1909 and 1910 at the University of 
Wisconsin some experiments on the strength and 








elastic properties of columns reinforced with spirals 
and longitudinal rods, but the experiments bore 
most directly in the direction of ascertaining: (1) 
the effect of varying the percentage of spiral rein- 
forcement; (2) the effect of varying the percentage 
of longitudinal reinforcement; (3) the effect of vary- 
ing the richness of the mixture ; (4) the effect of a 
small number of repeated loadings ; (5) the effect 
of maintaining a constant load for different time 
intervals ; (6) the behaviour of columns eccentric- 
ally loaded ; (7) the relative value of plain and de- 
formed bars for longitudinal reinforcements ; and 
(8) the effect of differences in end conditions. In 
all 66 columns of commercial size were made and 
tested, the results being published in Bulletin No. 
466 issued by the University of Wisconsin ; but 
interesting as the results are, they can only be sum- 
marised here, the leading particulars regarding the 
materials used being given. Three brands of cement 
were used, having tensile strengths ranging from 
478 lb. to 593 lb. per sq. in. at the end of 7 days, 
and from 629 lb. to 661 lb. at the end of 28 days, 
while one to three mortar ranged from 185 lb. to 
243 lb. per sq. in. strength at the end of 7 days, 
and from 257 lb. to 343 lb. per sq. in. at the end of 
28 days. The sand was of two kinds, and rather soft 
crushed sandstone was used, which was furnished 
from a local quarry. The fractured surfaces of the 
stone were rough, and to these the mortar strongly 
adhered. Both mild and high-carbon steel were 
used, the former having yield-points ranging from 
37,200 Ib. to 45,700 lb. per sq. in., and an ulti- 
mate tensile strength ranging from 52,40 lb. to 
66,400 lb. per sq. in., while the yield-point of the 
latter ranged from 55,600 lb. to 108,000 lb. per 
sq. in., and the ultimate strength from 89,000 lb. 
to 144,000 lb. per sq. in. In making the columns 
great care was taken to ram the concrete thoroughly 
when poured into the moulds so as to obtain as 
dense and homogeneous a mass as possible. The 
columns were about 8 ft. 6 in. long by 10 in. in 
diameter, the longitudinal mild-steel rods being 
reinforced by spiral high-carbon steel wire, the 
spiral reinforcement being wired to the outside of 
the longitudinal rods. 

The results of all the tests justified the follow- 
ing conclusions being made :—(a) If materials can 
be obtained at average unit prices, rich mixtures 
are more economical than lean ones, and, with similar 
materials to those used in the experiments, the more 
economical mixtures will be produced if the propor- 
tion of cement to aggregate by weight lies between 
0.2 and 0.7. (b) Although the yield-point of a rein- 
forced column is practically independent of the per- 
centage of spiral reinforcement, the ultimate strength 
and the toughness are directly affected by it. For the 
reason that excessive deformations accompany loads 
beyond the yield-point, as well as on account of the 
uncertainties that always surround the hypotheses 
adopted in designing, good practice demands that 
only a fraction of the stress producing disintegration 
of the outside shell be adopted as a working stress. 
Therefore only enough lateral reinforcement is 








required to prevent the longitudinal rods from 
bulging outward, and, as an additional factor of 
safety against an overload, by increasing the ultimate 
strength somewhat above the yield-point. The 
tests seemed to show that 1 per cent. of a closely- 
spaced spiral of high-carbon steel is sufficient. (c) 
By the addition of longitudinal steel, the yield- 
point, ultimate strength, and stiffness of a spirally 
reinforced column can be considerably increased. 
In case economy of floor space is desired, if a 
column is so long, or is eccentrically loaded, that 
there is tension on a part of the cross-section, or if a 
dead load has to be sustained while the concrete is 
green, then a high percentage of longitudinal rein- 
forcement may be adopted with advantage, and such 
a reinforcement is often a safeguard against failure 
due to flaws in the concrete. Should the cost of 
cement be very high, it may be economical to use 
a leaner mixture than suggested in (a), and con- 
siderable longitudinal steel to increase the stiffness 
and strength. Cement is, however, in general, a 
more economical reinforcement than steel, and in 
ordinary constructions, therefore, there does not 
seem to be any advantage in combining with a rich 
concrete more than 2 or 3 per cent. of longitudinal 
steel. (d) It appears from the results derived that 
there was practically no increase in set or deforma- 
tion after a few repetitions of loads equal to 40 to 
50 per cent. of the yield-points of the columns 
tested, and the tests showed plainly that there was 
a considerable increase in strength and toughness 
afforded by the spiral after the yield-point of the 
longitudinal steel had been passed. The amount of 
data obtained was, however, considered too small 
to warrant any definite conclusions being drawn on 
this point. (e) A column resting on a footing will 
be found to have about the same strength as when 
bedded on a metal plate, provided considerable 
lengths of the longitudinal reinforcing-bars are 
bent outwards into the slab or footing. (f) Some 
few of the test columns were reinforced with 
corrugated bars of high-carbon steel. The results 
were so uniform, and the strengths so high, as to 
point to this type of reinforcement as worthy of 
careful consideration, for in certain cases deformed 
bars with high elastic limits may be more economical 
than plain round bars of mild steel. 

From the above, it appears that it is economical to 
use a very rich mixture of concrete for reinforced- 
concrete columns, combined with 2 or 3 per cent. of 
longitudinal reinforcement ; and such pe ong cen- 
trally loaded, may be subjected to a static working 
stress equal to one-third of the stress at yield- 
point. 








WEST RIDING RIVERS AND TRADE 
EFFLUENTS.—No. I. 


THREATENED men live long, we know, though 
threats cannot be said to confer longevity. But 
the proverb well illustrates the futility of using 
threats when they are employed in giving expres- 
sion to honest, well-meaning indignation, from time 
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to time, and not with any rooted a poss of destroy- 
ing or even injuring those threatened or their works. 
As it is with man, so is it with vested interests, 
handed down from generation to generation. Unless 
the fulness of time has come, mere threats are, as 
it were, a prelude to longevity. Especially is this 
so if the vested interests are backed by influence 
or votes, or form or obtain the support of a strong 
and united body, the lack of which is apt to cut 
short their comfortable span of life. 

Of things long marked out for extinction, the 
es of industrial streams stands: conspicuous. 

wo generations of reformers have vainly striven 
to induce Parliament to take action in order to 
restore them to something like what they were ; 
not sewage, but clean flowing water. Parliament 
has listened to threats and appeals, unbacked how- 
ever by burning indignation ; supported rather, we 
might say, by a pious opinion that something might 
be done, and without undue haste. Despite the 
somewhat scattered local legislation from 1892 to 
1912, almost wholly confined to Lancashire and 
the West Riding of Yorkshire, where, so far, little 
benefit is visible, at any rate to the lowest reaches 
of our rivers, practically nothing has been accom- 

lished. To adapt a figure which, forsooth, has 
Coscue rather hackneyed of late years, much 
sewage has flowed under Kirkstall Bridge into the 
borough of Leeds with the River Aire since Raw- 
linson’s day, and it has been ever growing fouler 
and fouler, although it is at least a quarter of a 
century since Mr. T. P. Teale laid stress on the 
‘*ineffable” stench at that spot. Bad as it was 
then, for a period of fully four months during the 
last year’s long drought the current of that terribly 
abused stream was daily increasing its load of 
filth, and emitting a stench stronger than ever 
before in its history. This the writer records from 
his own personal, repeated, and special observa- 
tions made at various points throughout the summer. 

To a large extent this state of things, as we have 
shown before, is due to the slow movement, and, 
we fear, the studied obstruction of the cities and 
large towns in the matter of sewage disposal, 
which in all cases involves a large percentage of 
trade effluents along with the domestic refuse. 
Until these—and we name Leeds, Bradford, Shef- 
field, and Halifax as the chief offenders—do their 
duty, the purification of the rivers will not be 
accomplished, even in a moderate degree ; for the 
aggregate population of these towns is no less 
than about 1,300,000 of the total population of 
3,000,000 in the West Riding. Yet, if even these 
four boroughs had purified the rivers of their 
full share of the pollutions they carry down to 
the sea, there still remain to be dealt with the trade 
effluents, which may be reckoned in tens of millions 
of gallons daily. In the woollen districts of the 
Aire and Calder many single works send down from 
a quarter to half a million gallons of effluents every 
working day. As may be seen in a table given 
by Dr. H. M. Wilson in the seventh report of the 
Rivers Commission, and to which reference will be 
made subsequently, there are about 2005 works 
which discharge trade effluents in the West Riding. 
In 941 cases these effluents are received by the 
streams direct, and in 1064 cases they into 
the sewers. Of the former number treatment prior 
to discharge is carried out in 657 cases, while 290 
are untreated. 

Attention must be drawn further to the fact that 
very few of the effluents actually treated, and 
especially of the foulest—-those of the woollen trade 
—even now satisfy the sequirements of the West 
Riding Rivers Board. On the other hand, it must 
be admitted that in the woollen and worsted trades 
a large percentage of the effluent liquid is ‘‘washing- 
off water,’’ much of which by personal care and 
vigilance might be sent harmlessly direct to the 
river after careful settlement and screening only. 

Bad as is this presentation of the great rivers 
problem, the worst feature with respect to that part 
of it which relates to trade effluents still remains 
to be set forth ; to wit, the fact that at the present 
time no progress is being made with regard to 
certain industries. The causes of this stagnation 
were not lost sight of in our columns when dealing 
with this subject two years ago. We then cited the 
West Riding Rivers as having charged the 


Local Government Board with the deliberate ob- 
struction of the important work of rivers purification. 
Other causes, however, have been at work, and 
these, at last, seem to give promise of some prac- 
tical results. To put the matter shortly, the Royal 
Commission on Sewage Disposal, after many years 





of delay, recently issued its seventh report on 
‘*Trade Effiuents.” Before going into this it may 
be well to survey the progress made by the Com- 
mission. 

Historica. 

The Commission was appointed on May 7, 1898, 
by Lord Salisbury’s Government. The following 
were the members :—The Ear! of Iddesleigh, C.B. ; 
Sir Richard Thorne Thorne, K.C.B.; Major-General 
Carey, R.E.; Mr. Charles Philip Cotton; Mr. 
Michael Foster, M.A., Professor of Physiology, 
Cambridge; Colonel Thomas Walter Harding ; 
Mr. Thomas William Killick ; Mr. William (now Sir 
William) Ramsay, M.A., Professor of re 
London University ; and Mr. James Burn Russell, 
M.D., M.S. ; being nine in all, several of whom 
are dead or have retired from their responsible 
duties, which, with long intervals, have now 
covered nearly fourteen years. 

No time was lost in commencing work, the first 
sitting to receive evidence being held on June 22, 
1898. Reports have been issued as follows :— 

1. Intervm Report, issued July 12, 1901.—This 
dealt with the question of the necessity for land 
treatment, urged by the Local Government Board 
up till that date as a sine qué non. Conclusion 2 
of this report declared that the Commissioners, 
after sifting the whole of the evidence, were 
‘* satisfied that it was practicable to produce by 
artificial processes alone from sewage or mixtures 
of sewage and trade refuse, effluents which could 
not putrify, which could be classed as good accord- 
ing to ordinary chemical standards, and which 
might be discharged into a stream without fear of 
causing a nuisance.” 

This was a memorable conclusion, and the Local 
Government Board acted upon it, forthwith relax- 
ing their fixed requisition of land treatment in all 
schemes of sewage disposal laid before them. 

Interim Report (Cd. 686), 1902.—Evidence from 
the first day’s sitting, on June 22, 1898, to the 35th 
sitting, on May 22, 1901 ; questions 1 to 10,256: 
such evidence relating generally to the whole ques- 
tion of domestic sewage and trade effluents, and 
giving the results of the experiments of the 
experts. 

nterim Report (Cd. 686—1), 1902.— se men 
containing reports from experts on the Treatment 
of Sewage and Trade Effluents in the Mersey and 
Irwell and Ribble Basins, and in the West Riding 
of Yorkshire, with statistical tables of sewage works 
at various places, plans, and descriptions of special 
methods of treatment in tanks and filters, with 
analyses, tables, diagrams, &c. 

Second Report (Cd. 1178), 1902.—Chiefly reports 
made by the officers appointed by the Commis- 
sioners for the purpose of their investigations, 
including the oxidation of sterile sewage, the 
Manchester sewage, bacteriological standards in 
relation to streams, anthrax in sewage, &c. ; effect 
of filtration on bacteria, &c. ; the self-purification 
of the Severn, &c. 

Third Report (Cd. 1486), 1903.—On Trade 
Effluents and a New Central Authority. A very 
important report, almost decisive as far as it goes, 
but incomplete by reason of omission of the ques- 
tion of standards. 

Fourth Report (Cd. 1883).—Vol. I. On the Pollu- 
tion of Tidal Waters, with Special Reference to 
the Contamination of Shell-Fish. Vol. II. Evi- 
dence. Vol. III. Report by Dr. Houston on 
Bacterial Investigations, &c. Vol. IV., Parts 1 
to 5. Reports on Land Treatment of Sewage, and 
sundry other reports, each in a separate issue. 

Fifth Report (Cd. 4278), 1908.—Methods of 
Treating and Disposing of Sewage. This is the 
full and copious, but complex, summary of the 
Commissioners’ conclusions with respect to the 
treatment of domestic sewage, with eight appen- 
dices, containing maps, diagrams, summaries of 
evidence, special investigations and experiments, 
effects of rainfall on sewage flow, reports on pollu- 
tion of estuaries, replies on standards for effluents, 
&c., making in all nine separate publications. It 
constitutes the most practical report yet issued, 
inasmuch as it has for the time being revised and 
settled the methods of sewage disposal. 

Siath Report (Cd. 4511), 1909.—Disposal of 
Liquid Refuse from Distilleries. 

venth Report, Vol. I. (Cd. 5542).—Nuisance due 
to Excessive Growth of Green Seaweed in Sewage- 





Polluted Estuaries, with charts, plans, and evi- 
dence. Vol. IT. Part I. (Cd. 5543), Appendices. 
Intto. Charts and plans. Vol, III., Part II. 
(Cd. 5543). 1. Appendices. Ditto. Evidence. This ' 


deals with the whole question of administration and 
procedure, and also with the subject of trade 
effluents from the expert’s point of view. 

This is a long list, not to be contemplated with 
complacency by anyone who may be vainly ambitious 
of mastering the whole art and mystery of river 
purification in a land where the rivers are small and 
the pollution incredibly great. The work reflects 
the patience of its authors, their desire to get at the 
very root of their refractory subject, and their long- 
suffering under a grievous reiteration of the cross- 
examination of witnesses extending to a length 
rarely paralleled before a Royal Commission com- 

of able men conversant with their work. 
Clearly the two Commissions of 1865 and 1868, 
with their three members only in each case— 
Rawlinson, Harrison, and Way in the first, and 
Denison, Frankland, and Morton in the second— 
would have made shorter work of the task. No less 
than nine members were thought necessary in 1908, 
for which increase there was, as a matter of fact, 
good reason. In 1865 there were few men possess- 
ing the authority of experts in engineering and 
matters connected with pollution, and its causes and 
cure ; there were few trained analysts of effluents, 
no — of sewage disposal worth considering, 
and no experimenters in this field, neither was 
there any inspection of rivers pollution basins. In 
short, there existed few men, either in this country 
or.in any other, who had sufficient knowledge or 
experience to enable these matters to be decided. 

It was necessary, therefore, to seek wisdom in a 
multitude of councillors, and there is little doubt, 
so far as things have gone, that the Commission 
will justify its creation. 

One criticism at once arises. Why has the 
recommendation of a central authority and of the 
conditional grant of the use of the sewers, so 
heartily received, not been followed up by a 
decisive pronouncement on the creation of stan- 
dards for all effluents, each in its kind, uniform 
in every stream, regardless of its volume or im- 

urity, and above all, reasonably moderate to 

gin with, and readjustable at fixed intervals 
as science advances? The central authority and 
the trades effluents question were the exclusive 
subjects of the third report, so far back as 1903, 
and, though the latter section of that report dealt 
only with ‘the relations between local authorities 
and manufacturers in regard to the disposal of 
manufacturing effluents in sewers,” no valid reason 
appears to account for the postponement for over 
nine years of the important question of standards, 
which the Denison Commission unhesitatingly 
recommended in 1872. Possibly the inertia of Mr. 
John Burns and the chimera of his oft-proposed 
National Bill have had some effect upon the Com- 
mission. Though this may have been the case, it 
cannot be accepted as an excuse for inaction. The 
Commission’s instructions came not from a Minister 
or a Department. They were issued at the Royal 
Command, and the Commission was authorised and 
appointed to ‘‘forthwith issue and inquire and 
report ;” a command combining force, clearness, 
and brevity, but which cannot justly be said to 
have been strictly complied with. ; 

It is the last report on the list with which we 
shall concern ourselves in the following articles, 
and, in fact, with only Vol. III. of that report, 
that volume containing the whole of the evidence 
specially relating to procedure and to trade efflu- 
ents, from those whose knowledge and experience 
gives them the authority to speak. It contains no 
conclusion ; and thus in a manner it may be said 
to be flung to the critics to work their will upon as 
Swift’s tub was flung to the whale. 

With so long a list of eminent witnesses, the 
failure of the Commission to arrive at conclusions 
capable of being issued along with the evidence, 
implies an indecision for which there scarcely appears 
to bea warrant. Surelyitmight be expected thatfrom 
such evidence clear conclusions must have forced 
themselves upon those who know their work. Pos- 
sibly rough analysis and exposition from outside 
may be the means of accelerating the publication of 
these conclusions. To such analysis and exposition 
we propose to contribute. The evidence in full is 

ked with the best experience and authority, 
including that of the manufacturer, the river autho- 
rities, the engineering expert, and the chemical 
expert, all of whom are directly responsible for the 
purification of trades effluents. Indeed, it can be 
said practically that none of the material from 
which sound conclusions can be drawn is wanting, 
and the area covered is extensive. It includes the 
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West Riding of Yorkshire, the basins of the Mersey 
and Irwell, and of the Ribble ; and in Scotland the 
basins of the North and South Esk, the woollen 
districts of Langholm on the Dumfriesshire Esk ; 
and of Galashiels, Hawick, Selkirk, and other 
places on the Tweed and its branches. 

Two main divisions form the substance of the 
yolume : first, the administration of the law ; and 
second, the consideration of the standards. These 
we shall consider in turn. 





NOTES. 
Computsory Licenses TO Work Patents. 

WHEN the Act which compels a patentee to work 
his patent in this country assumed its final form it 
was predicted in these columns that its interpretation 
would not be an easy matter. Interest has 
naturally been concentrated on the section of the 
Act which provides for compulsory working. Not 
less than four years after the date of a patent, any 
person may apply to the Comptroller for the 
revocation of a patent on the ground that the 
patented articleis manufactured exclusively or mainly 
outside the United Kingdom. Unless the patentee 
can give satisfactory reasons why the article or 
process is so manufactured, the Comptroller may 
make an order revoking the patent. What, then, 
are satisfactory reasons? There have been many 
cases in which Mr. Justice Parker has enume- 
rated reasons, but the most recent and most inte- 
resting came before him last month. We refer to 
Inn Taylor’s patent. Taylor, it seems, took out a 
atent in 1904 for a mechanical stoker. The firm of 
rith’s Engineering Company, Limited, own and are 
now working in Hngland a patent, dated 1899, for 
a somewhat similar invention which is called Daley’s 
patent. In 1908 it was declared in the United 
States that Taylor’s patent was an infringement of 
Daley’s patent. Erith’s Company now my are to 
the Comptroller for an order to revoke Taylor’s 
tent on the ground that it was not being worked 
in England, although to work it in this country 
would probably infringe their patent. The owners 
of Taylor’s patent not unnaturally took the view 
that they had a reasonable excuse for not working 
in England ; and, although the Comptroller made 
an order to revoke, Mr. Justice Parker took the 
other view. He said :—‘‘ Section 27 was passed for 
the benefit of the public, and is not primarily 
intended to confer benefits on individuals. With- 
out laying down any general rule, it must be said 
that in this case the non-application by the appel- 
lants for a voluntary or compulsory license was not 
a sufficient reason for revoking their patent, when 
nothing they could have done in the way of work- 
ing the patent in England could have been done 
without the risk of proceedings against them for 
infringement.” This decision appears to accord 

with good sense. 


PARAFFIN FOR AUTOMOBILE ENGINES. 


A paper read before the Institution of Automobile 
Engineers, on the 10th inst., by Professor W. 
Morgan and Mr. E. B. Wood, in which the authors 
dealt with the use of paraffin oils for internal- 
combustion engines, though discussing the matter 
more particularly from the point of view of the 
automobile engineer, raised several points of more 
general interest. In the opinion of the authors, 
the success attained by engines in which the oil 
is vaporised in the cylinder is of but little interest 
to the motor engineer, since engines of this type 
have a low ‘* weight efficiency ” and are not capable 
of adapting themselves to variable speeds and loads 
on account of the low mean pressures used. As the 
results of their experiments the authors consider 
that carburation is essential for motor-car engines, 
and suggest that the fuel should be entirely 
vaporised and superheated, in the presence of about 
10 to 20 per cent. of the air required, before mixture 
with the main air supply. On mixing the super- 
heated vapour with the cooler air in the induction- 
pipe a form of ‘‘fog” is produced, and thus the 
oil is introduced into the cylinder in the very 
finely divided state essential to attaining complete 
combustion and, consequently, high thermal effi- 
ciency. Paraffin, however, requires much more 
careful adjustment than is the case with petrol, on 
account of the smaller range of explosive mixtures, 
whilst the difficulties of vaporisation and the 
liability to deposition of the vapour increase the 
troubles met with in its carburation. The authors 
show that there is apparently no tendency for 
the vaporised oil to ‘‘crack” when heated to tem- 








peratures ordinarily met with in engines, though 
troubles from this cause would occur with liquid oil. 
Deposition occurs more readily from a vapour 
superheated to 550 deg. Cent. than where a tem- 
perature of 300 deg. Cent. is used, when mixed 
with the main air supply, and the higher tempera- 
ture does not apparently result in a more finely- 
divided ‘‘fog.” As regards the position of the 
vaporiser, better results are obtained when this 
is placed on the engine side of the throttle. In 
the course of their experiments in carburation 
the authors found that there was apparently a 
two-stage process of combustion in the super- 
heater tube. This was shown in the paper by a 
series of curves of the temperature of the vapour 
in passing through the superheater. The tem- 
peratures were taken bya series of thermo-couples, 
and two distinct rises above the temperature of 
the tin bath, in which the tube was immersed, 
were found not only with paraffin vapour, but with 
petrol, benzine, &c. That these rises were due to 
combustion was further proved by the analysis 
of the exhaust. The authors suggest that the 
explosion in an engine takes place in two stages, and 
that there is a distinct pause between the initial 
ignition and the secondary development through- 
out the mass, this latter effect being practically 
instantaneous. In the resulting discussion on the 
paper it was pointed out that sufficient attention 
was not given to the question of lubricating oil in 
recording the results of engine-tests, and in some 
cases it was suggested that its liberal use had con- 
siderably increased the apparent efficiency of the 
engine. It was also mentioned that in one case 
peaks on the working portion of the indicator card 
were traced to the use of lubricating oil in which 
paraffin had been mixed. 

UNPRECEDENTED ACTIVITY IN SHIPBUILDING. 

At the present time there is more merchant 
shipping in course of construction in the United 
Kingdom than at any previous period. In all there 
are in progress 545 merchant vessels, with a gross 
tonnage of 1,686,898 tons. This is 168,000 tons 
more than three months ago, and 312,000 tons 
more than a year ago. The advance to this peak 
has been almost uninterrupted since the summer 
of 1909, when the total was only 750,000 tons, or 
nearly a million tons less than at the present time. 
The rise from this point, marking the trough 
of the wave, has extended over three years. e 
previous wave of prosperity occupied from January, 
1904, to the summer of 1906 — two-and-a-half 
ears—in rising from the trough to the crest. 

he interesting point is that the gradient, or 
rate of advance, a been about the same during 
the three waves in the tide of activity, culmi- 
nating in the crests of 1899, 1906, and now ; but 
the crest of activity has broadened, so that if there 
is to be any regularity in the cycle the present 
activity may continue for some time, although the 
following period of depression on the same law 
of regularity may be longer and more severe. Of 
the total tonnage now on hand, 1,334,839 tons are 
for British owners, and 75,568 tons for the Colonies; 
about 17 per cent. is for foreign owners. It is 
notable, too, that nearly one-fourth of the wa: ship 
tonnage in course of construction is for foreign 
navies. Thus, generally, patronage from abroad 
is well maintained. The warship work totals 
61 vessels, of 429,440 tons, of which 319,740 tons 
are for the British Navy. Of this latter total, 
111,440 tons are in progress in the Royal Dockyards. 
The following table shows the position in respect 
of merchant and foreign work :— 








— | April, 1912, | Jan., 1912. | April, 1911. 
tons tons tons 
Merchant vessels .. -- 1,686,898 1,519,052 | 1,374,964 
H.M. dockyards .. “ 111,440 61,000 | 109,940 
H.M.S. in private works .. 208,300 234,465 | i 300,616 
Foreign warships .. os 109,700 113,200 | ’ 
Totals .. oe --| 2,116,338 1,927,807 1,794,520 





It will thus be seen that, as compared with three | N, 


months ago, the increase throughout the whole 
kingdom, including all types of ships over 100 tons, 
is 188,531 tons, and with a year ago, 321,818 tons. 
Warship work is fairly well distributed throughout 
the kingdom, there being three armoured ships at 
Barrow, three on the Tyne, four on the Clyde, and 
one at Birkenhead, while one unarmoured cruiser 
is building respectively at Birkenhead, Clydebank, 
Dalmuir, Govan, and Elswick. In addition, there 
are at various ports twenty-five torpedo-boat de- 
stroyers and nine submarines. Inthe dockyards the 








work is also equally well distributed. As to merchant 
work the improvement, as compared with a year 
ago, is fairly widely divided, but is most marked 
in the Glasgow district, where there are 118 mer- 
chant vessels, of 387,241 tons—rather more than 
100,000 tons above the total of a year ago. In 
the Greenock district there are 65 merchant vessels 
of 262,331 tons, 40,000tons more than twelve months 
ago. In the case of Belfast there are 26 vessels 
(as usual, of high average tonnage), the total being 
328,550 tons, which is nearly 70,000 tons more than 
in April of last year. On the North-Hast Coast 
there is an improvement, but it is not propor- 
tionately so great, except in the Wear district, 
where there are fifty-five vessels, of 201,050 tons, 
which is 44,000 tons more than in the spring of 
last year. At Newcastle the increase is about 20,000 
tons, from 241,159 to 261,471 tons, the latter the 
measurement of sixty-six vessels. On the Tees the 
addition is only 7600 tons, or 10 per cent., the 
amount of work now in hand being forty-one 
vessels, of 84,077 tons, while at Hartlepool the in- 
crease is nearly 90U0 tons, the work in pr 
including nineteen vessels, of 78,230 tons. At 
Liverpool there are fewer merchant vessels building 
than was the case a year ago, and the tonnage, 
15,688 tons, is less by 5300 tons. Of the total 
merchant tonnage 1,123,338 tons—or two-thirds of 
the total—is under Lloyd’s supervision. Including 
ships in foreign yards, 468 vessels, of 1,408,824 tons, 
are being built under this world-embracing registry 
—the largest total ever reached in the etter of 
the society. 





Rapio-E.ecrric TELEGRAPH SrTaTions 1n Russia.— 
A special conference of the Russian Post and Telegraph 
Department has decided upon the erection of radio-elec- 
tric telegraph stations os Ss borders of the White 
and the ian Sea, for the benefit of the shipping in the 
Arctic Ocean towards the Rivers Ob and Yenisei. 





Tre Torprpo-Boat Destroyer ‘“ FirepRakk.”—The 
fast ocean-going ol gg destroyer, H.M.S. Fire- 
drake, was launched on Tuesday, the %th inst., from 
Messrs. Yarrow and Oo.’s yard at Glasgow. This vessel 
is the first of three special destroyers 255 ft. long by 
25 ft. 7 in. beam, having a contract speed of 32 knots. 
The propelling machinery consists of Parsons turbines 
driving two shafts, steam being supplied by three Yarrow 
water-tube boilers fitted for burning oil fuel only. 





NATIONAL INnsuRANCE Act (UMPIRE ReGuLATIONs).— 
The regulations made by the Board of Trade under 
Section 91 of the National Insurance Act (1911), with 
respect to decisions by the umpire on questions whether 
contributions are Pp sony have recently been published 
for official use, and may now be procured, either direetly 
or through any bookseller, from Messrs. Wyman and 
Sons, Limited, Fetter-lane, E.C.; or Messrs. Oliver and 
Boyd, Tweedale-court, or Messrs. E. Ponsonby, Limited, 
116, Grafton-street, Dublin, price one penny. 


TUNNEL UNDER THE AmuR.—The Technical Depart- 
ment of the Russian Railway Board is at present pre- 
paring the pee for a tunnel under the River Amur at 
the town of Chabarowsk, for the purpose of connectin 
the Amur Railway, now in course of construction, wit 
the Ussuri Railway. It was originally intended to bring 
about this connection by bridging the Amur, but as this 
had to be done at a high level, so as not to interfere with 
the shipping, and consequently necessitated a very long 
bridge, the cost would have been comparatively heavy— 
about 15,000,000 roubles. This plan was therefore aban- 
doned, and preference given to a tunnel similar to the 
one under the River Detroit, in the United States. Great 
importance is attached to the tunnel scheme, and the 
plans will be specially sifted by a number of experts. 





MetaL-Coatep Water-Gaucrk Guiasses.—All users 
of steam boilers know the trouble that is often ex- 
perienced in connection with the glasses used in water- 
gauges as the result of the corrosion or wasting of the ends 
of the glass tubes inside the glands of the fittings. Many 
efforts have been made to get over the difficulty, and 
many different kinds of glass have been tried, but only 
a partial measure of success appears to have attended 
these efforts, while the rapidity with which the glass is 
attacked has increased as steam pressures have me 
higher. The corrosion is always worse at the steam 
end of the tube than at the water end, and has frequently 
led to accidents. In order to prevent this destruc- 
tion of the glass the Metalgias - Gesellschaft m.b.H., 
o. 1 Dessauerstrasse, Berlin, have recently brought out 
a method for protecting the ends of the tubes. This is 
accomplished by providing the tube, on the inside and 
outside of its ends, with a metal protective coating, which 
yields to the expansion of the glass. This is united to 
the glass wall by means of a cement that forms a com- 
pact whole, which, it is claimed, cannot be dissolved by 
the action of the water. These gauge-glasses are being 

laced upon the market in thiscountry by Mr. A. Strauss- 
reer ush-lane, ey ogee f auton, E.C., and are 

6 in two ty : one, type or normal ures, 
with metal coating on the tube at the steam y and 
another, type . for high pressures and for water rich in 
alkalies, these latter having metal coatings at both ends. 
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H.M. TORPEDO-BOAT DESTROYER 
** ARCHER.” 


Tue illustration on page 497 shows the torpedo- 
boat destroyer Archer, built for the British Navy by 
Messrs. Yarrow and Co., Limited, at their works at 
Scotstoun, Glasgow, regarding which special interest 
attaches, in view of the fact that the vessel is fitted 
with the firm’s new type of boiler, with superheater 
in the uptake. The Archer, and the sister-vessel the 
Attack, belong to the Navy Programme of 1909-10, 
when twenty vessels were provided for. Fourteen of 
these were designed by Sir Philip Watts, the 
Director of Naval Construction. The six remaining 
vessels were ordered in pairs from three firms, 
who were permitted to submit designs for both hull 
and machinery. Special interest is centered in the 
type of machinery arranged for by the respective 
firms. Messrs. Yarrow proposed the Brown-Curtis 
turbine, with boilers having their new system of super- 
heater. Messrs. Thornyereft proposed Parsons tur- 
bines on two shafts, the turbines on each shaft being 
independent and designed for the complete range 
of expansion. The Parsons Marine Steam-Turbine 
Company proposed gearing between the high and low- 
pressure turbines, in order that the former might run 
at the highest speed conducive to thermodynamic 
efficiency, while the low-pressure turbine was run at 
a lower speed, with the special view of achieving high 
propeller efficiency. 

For the present, however, we are concerned only 
with the two Yarrow vessels, which have proved 
exceptionally efficient. The Archer was laid down 
on September 1, 1910, the Attack ten days later. The 
former ran her official trials in January, the latter in 
March last. Both vessels have a length of 240 ft., a 
beam of 25 ft. 7 in., and a total weight of hull of 325 
tons. With adraught of 8 ft., the displacement tonnage 
is about 785 tons. As to the design of boiler fitted, 
little need be said in view of the particulars given in 
the paper read by Mr. H. E. Yarrow at the recent 
meeting of the Institution of Naval Architects,* in 
which Mr. Yarrow described the experiments which 
led to the design adopted in the Archer. On the 
full-speed trial of the Archer the degree of superheat 
of the turbines was 94 deg. Fahr. The turbines 
developed slightly over 18,500 shaft horse-power, as 
compared with the 16,000 shaft horse-power provided in 
the contract, and the speed maintained during the six 
runs on the measured mile at Skelmorlie was 30.9 knots, 
while the mean speed upon the eight hours’ continuous 
trials was 30.3 knots. The contract speed, with 16,000 
horse-power, was 28 knots, so that the vessel realised a 
speed of 2.9 nautical miles in excess of that antici- 
pated. The power was 1500 shaft horse-power above 
what would have been regarded as thoroughly satis- 
factory, considering the heating surface, had there been 
no superheater fitted. The Attack achieved similarly 
successful results, the speed on the 8 hours’ run being 
30.6 knots, or 2.6 sea miles per hour above the guaran- 
teed rate. Oil alone is used in the boilers, and at full 
speed the consumption was at the rate of 1 lb. per 
shaft horse-power per hour, while at the cruising speed 
of 13 knots the consumption was 17.4 tons per 24 hours, 
giving a radius of action of 3040 nautical miles—a 
very satisfactory result. The Archer is built to main- 
tain a high speed against heavy seas, having a high 
forecastle. She is fitted with two4-in. breech-loading 
guns and two 12-pounder 12-cwt. quick-firing guns. 








Contracts.—Recent orders to the Scherzer Rolling 
Lift Bridge Company include a double-track railway and 
combined highway bridge for the Great Central Railway, 
across the River Trent, having an opening span of 160 ft. 
and a width of 53 ft. 6 in. Two Scherzer rolling-lift 
bridges have recently been completed for the Dublin 
Port and Docks Board, Dublin, and a large railway and 
highway Scherzer rolling-lift bridge is nearmg completion 
for the Swansea Harbour Trust, Swansea. The large 
Scherzer rolling-lift bridge under construction across the 
Nile at Cairo is rapidly nearing completion, and is 
expected to be in service shortly. ‘The Buenos Aires 
Great Southern Railway Company have recently ordered 
a fourth Scherzer rolling-lift bridge. The South Indian 
Railway Company are having a double-leaf Scherzer 
rolling-lift bridge, the opening span of which is 225 ft. 


PErRSONAL.—Messrs, Curtis’s and Harvey, Limited, 
manufacturers of explosives, have removed to Cannon- 
street House, E.C.—Messrs. Andrew Barclay, Sons and 
Co., Limited, Caledonia Works, Kilmarnock, state that 
they have appointed Mr. Frank Percy, M.I.M.E., 
A.M.1. Mech. E., Monument Cottage, Wigan, to act as 
their representative in Lancashire, Cheshire, and North 
Wales.—The British Electric ?lant Company, Limited, 
announce that they are removing their head office from 
Alloa to 144, St. Vincent-street, Glasgow, where the 
commercial staff will now be located. Mr. R. H. Willis, 
the general manager of the company, has been elected a 
director. The company have also decided to appoint a 
London representative, and for this purpose have opened 
an office at Mansion House Chambers, 11, Queen Vic- 
toria-street, E C., and have es Mr. A. T. Young, 
from their head office, as local manager. 


* See page 465 unte, 





QUADRUPLE-GEARED 


LATHE HEADSTOCK. 


CONSTRUCTED BY MESSRS. JOHN HETHERINGTON AND SONS, LIMITED, MANCHESTER. 
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WE illustrate on this page and on page 492 two} 


examples of the machine-tools recently constructed 
by Messrs. John Hetherington and Sons, Limited, 
Ancoats Tool Works, Manchester, the massive con- 
struction of which is evident from an inspection of the 
illustrations and is characteristic of this firm’s work. 

On page 492 is illustrated, in Fig. 1, a specially- 
arranged duplex wheel-lathe fitted with four rests. 
This machine is belt-driven, with all-gear speed 
changes. The face-plates are fitted with special cast- 
steel drivers and centres for dealing with wheels fitted 
with the Walschaert valve-gear. Special stretchers, 
each fitted with two adjustable rests, having remov- 
able gun-metal bearings, are also provided for sup- 
porting the work from the inside journals of the 
axle when turning these wheels. Additional rests 
are also provided on the cross-stretchers for true- 
ing up these journals preparatory to turning the 
wheels. The face-plates are 5 ft. 6 in. in diameter, 
and the lathe will deal with wheels from 28 in. to 
60 in. in diameter on axles from 42-in. gauge upwards, 
and from 49 in. to 96 in. between the centres. Such 
lathes are built in various sizes for dealing with wheels 
from 30 in. up to 108 in. in diameter, and in place of the 
belt-drive shown they can be alternatively fitted with a 
constant-speed motor. The weight ot the machine 
illustrated is about 25 tons. 

Toe quadruple-geared lathe headstock, illustrated 
above, is representative of a series made up to 
108-in. centres. It is direct-driven by a variable- 
speed Vickers motor of 52 horse-power. It has 25-in. 
centres. The gearing is compactly arranged and is 
enclosed with a sheet-steel guard extending across the 
entire front of the headstock, leaving the gearing 
readily accessible for lubrication and inspection. All 
the gearing is machine-cut ; all shafts are of hardened 
steel, and run in adjustable gun-metal bearings fitted 
with Stauffer lubricators. In the case of the machine 
illustrated the main-spindle bearing is 10 in. in dia- 
meter and 15 in. long, fitted with square collar-thrust 
at the tail end, having hardened steel anti-friction 
washers and fine-thread adjustment. The feed-gear 
is operated from the main drive, but in the larger 
sizes a separate motor is fitted for this purpose. 

The geared drive is arranged as follows :—On the 
first- motion shaft, which is direct-geared to the 
motor, are mounted the wheels A, C, F, and G, the 
two latter being keyed to a loose sleeve running free 
upon the shaft. On the second-motion shaft a loose 
sleeve is mounted carrying the three wheels B, D, 
and E, of which E is fixed, and B and D are free to 
slide on a key fitted in the sleeve. This shaft further 
carries the wheels H and K and a sliding dog- 
clutch, H being free, while the clutch and wheel 
are keyed to the shaft. The clutch engages either 
with wheel E or H, and the wheels B and D can 
respectively be brought into gear with A and C by 
means of the hand-wheel shown. It will thus be seen 
that with C and D in mesh, as shown in the illustra. 





2. 


tion, the first gear is obtained by placing the clutch to 
the left, engaging with wheel E, and the third gear by 
sliding the clutch intocontact with H. The other two 
gears are obtained by putting A and B in mesh, the 
second gear —s given with the clutch to the left, 
and the fourth by putting the clutch to the right. 
The face-plate is provided with a machine-cut spur- 
ring J which gears with the wheel K on the second- 
motion shaft. The capacity of this machine is ,', in. 
cut, with 4-in. feed, at a cutting speed of 65 ft. per 
minute on commercial cuts, or, roughly, | cub. in. of 
mild steel per minute per horse-power absorbed in 
driving the machine. 








Russek.—A special short course of lectures on rubLer 
(from the chemical, botanical, and commercial stand- 
points) will be delivered in the Chemistry Lecture 
theatre of the Royal College of Science, Imperial Insti- 
tute-road, South Kensington, by Dr. Philip Schidrowitz, 
Ph.D., F.C.S., consulting and analytical chemist, and 
Mr. Herbert Wright, A.R.C.S., F.L.S., consulting 
economic botanist. ‘he lectures will be given from 5 p.m. 
to 6 p.m. on Mondays, Wednesdays, and Fridays. Mr. 
Wright will give the first lecture on Wednesday, April 24. 
Thereafter the leccures will be given alternately by Dr. 
Schidrowitz and Mr. Wright. The fee for the course is 
2l. Applications: for admission to the course should be 
addressed to the Secretary. 





GERMAN FOUNDKYMEN’s ASSOCIATION.— A moveting of 
this association was held on Saturday, March 23, at the 
Tonhalle, Disseldorf, when three papers were read. Dr. 
P. Oberhoffer, Breslau, spoke upon the importance of 
annealing steel castings. He stated that resistance to 
shock increased upon annealing, and reached its maximum 
close upon the temperature of the upper critical point, 
when hardness reached a minimum. Mr. C. Humper- 
dinck then gave data collected on a journey he made to 
the United States last year, when he visited about 
forty American iron and steel foundries. The impression 
he had gathered from this journey was that German 
foundries were in no way behind the American ones. The 
third paper was by Mr. U. Lohse; it dealt with the 
improvements in the Bonvillain moulding-machines. 





WEsTERN CaNaDA Power Company.—The Western 
Canada Power Company has commenced the delivery of 
power in Vancouver and New Westminster, and at 
Mission and other points in the Lower Fraser Valley. 
The company hus already signed contracts for the supply 
of 12,000 horse-power, and it is assured further contracts 
to the extent of 4000 horse-power or more. Vancouver 
is the Western terminus of the Canadian Pacific Railway 
and the Canadian terminus of the Great Northern and 
Northern Pacific Railways of the United States. The 
Grand Trunk Pacific and Canadian Northern Railways 
now under construction are expected to have western 
termini in the neighbourhood of Vancouver within the 
next few years. © population of Vancouver inc 
from 40,000 in 1904 to 100,000 in 1911. The high price of 
coal makes steam-power costly in Vancouver, and electric- 
power can be supplied at about one-third the cost of steam + 
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194 knots. This ageod is not so advantageous as higher 
8 for the application of the directly-coupled turbine. 


he company were considering building two similar 
vessels for the Havre and Southampton service. It was 
desired to get all the advantages of the Cesarea and 
Sarnia, but with a considerable reduction of fuel con- 
"The gredual i in the requi f th 
e ual increase in the requirements of the pas- 
sengers in speed and accommodation could not be met 
without increased horse-power and consumption. To 
ive some idea of the growth of horse-power which has 
Coon associated with the development of the cross-Channel 
services of the London and South-Western Railway Com- 
pany the following table has been prepared :— 


| Passenger 





Six Hours’ 
Dis- — Trial. 
ae place- ation. 
Built. ‘ment Remarks. 
Ist. | 2nd. Speed, H.P. 
Alma ..| 1894 1850 102 51 | 18.5 | 3240 LH.P. 
Alberta ..) 1900 1530 135 50 | 19.0 | 4500 LH.P. 
Cwsarea and | 
Sarnia .. 1910 1990 186 114 | 20.0 6670 S.H.P. 


To effect the object of reducing consumption without 
reducing the advantages of and accommodation to 
the travelling public which had been secured in the last 
two steamers did not appear at first sight to be an easy 
problem, because these vessels were very efficiently 
propelled. 

Perhaps it may be permissible to refer to the results of 
the turbine-steamer Londonderry, built in 1904, to designs 
by the author’s firm for the Midland Railway, by Messrs. 
Denny, in order to show how with higher a higher 
turbine efficiencies have been obtained, The London- 
derry attained a speed of 21.6 knots on a six hours’ trial. 
The machinery was of the ordinary three-screw turbine 
type, and the water consumption on the six hours’ trial 
was 15.7 lb. per shaft horse-power per hour. The Cvsarea, 
the London and South-Western Railway Company’s 
three-screw turbine-steamer, already referred to, obtained 
a mean speed of 20 knots on the six-hours’ trial with a 
mean water consumption for all purposes of 17.1 lb. per 
horse-power hour. nm service, the Cesarea was run at 
speeds which aimed at being about 18, 19, and 20 knots 
for each of a series of trips of two double runs across the 
Channel, and the coal used on these runs was carefull 
measured. The shaft horse-powers were not measured, 
but were carefully estima from the revolutions and 
the receiver pressures. The results are given in the 
following table :— 


TABLE A. 
Proposed speed... = - ..| 18 19 20 
Actual sea speed .. ea « --| 1822" 18.88 19.49 
Shaft horse-power. . vik ” ..| 6060 5830 6460 
Coal per shaft horse-power Ib. 1.70" 1.48 1.71 


* During one of the runs at this speed the engines were eased 
for forty minutes in a snowstorm. If this pair of runs be omitted, 
the coal per shaft horse-power is 1.54 Ib. 

The coal used on the builders’ official trial at 20 knots 
of the Sarnia was carefully measured, and showed a con- 
sumption of 1.72 lb. per shaft horse-power. 

The results given in the table are those upon which it 
was desired to improve. 

The dimensions of the Cwesarea and Sarnia are as 
follow :— 


Length over all... en ; 296 ft. 
Length between perpendiculars 284 ,, 


Breadth, moulded ete sa a 39 .. 
Depth, moulded, to promenade deck 23 ft. 10 in. 
The boilers are two double-ended ones of the following 
dimensions :— 


Length 23 ft. 0 in. 
Diameter “a ‘ - | 
Grate surface... .. 838 sq. ft. 
Heating surface 12,985 ,, 
Pressure ... e . 1601b. per sq. in- 


The successful results of the Parsons Company’s works 
in the Vespasian induced us to consider the adoption of 
geared turbines. 

The Parsons Company estimated that a water con- 
sumption of 124 lb. per shaft horse-power for the propel- 
ling engines could be obtained by the adoption of geared 
turbines. Allowing for the auxiliaries the amount con- 
sumed in the Cwesarea, we were able to make a reduction 
of the boiler power, so that one double and one single- 
ended boiler could be adopted instead of two double-ended 
ones. By placing these with their axes at the middle 
line of the ship it was possible to reduce the beam of the 
vessel if a form could be found which would give the 
necessary stability. The principle enunciated by Dr. 
Froude, that resistance depends on the beam of the ship, 
the curve of cross-sectional areas, and the form of the 
water-line forward, enabled us to adopt a water-line on 
a reduced beam which had sufficient moment of inertia to 
as much metacentric height as the wider form of the 

vesarea. In fact, it was found possible to reduce the 
beam from 39 ft. to 36 ft. The 39-ft. beam of the Cesarea 
was necessary to properly contain the two double-ended 
boilers, and with this beam a fine water-line aft was full 
enough to give the necessary stability. The saving in 
weight of the reduced hull and boilers reduced the dis- 
placement and the horse-power necessary to drive the 
vessel. A further reduction in horse-power was made by 


reducing the six-hours’ speed from 20 to 194 knots. These 
figures are given to show to what causes it was looked to 





reduce the horse-power and consumption in the proposed 


vessels, 

The adoption of the geared turbine was recommended 
by us for two reasons: first, for the reduced consumption 
per shaft horse-power ; second, for the adoption of two 
slower-running larger-diameter propellers, in place of 
three small-diameter propellers of the earlier ordinary 
turbine type. The advantage of the present arrangement 
lies in the increased efficiency of the propellers both at 
full speed at sea and at manceuvring speeds when enter- 
ing harbours. Before such advice as this could be adopted 
the directors of the railway had to give the matter most 
careful consideration. The time-honoured objections to 
gearing had to_be taken into account. The chairman of 
the railway, Mr. Hugh Drummond, and the marine 
manager, Mr. Williams, took a trip in the Vespasian, and 
as a result of what they saw they took their courage in 
both hands and gave the order to the Fairfield Company 


highest speed is 0.25 ton per nautical mile. A similar 
figure for the Normannia is not yet available, but it is 
hoped that it will be so before the Freematinns are issued. 

The arrangement of the gearing and turbines are shown 
in Figs. 1 and 2, page 501. 

The author hopes that this description, not only of the 
completed ship, but of the history of the design, may not 
have wearied the members of the Institution. It is 
evident that the adoption of the geared turbine enabled 
an improved design of ship to be produced. The only 
element of doubt present to the minds of those who had 
the responsibility of the decision was the amount of noise 
which the gearing would make. Undoubtedly the run- 
ning of turbine steamers has pleased the travelling public 
by their freedom from noise. The throb of the recipro- 
cating engines has become a thing of the past, and to 
introduce a means of propulsion which is not as quiet as 
the turbine would not be looked on with favour by 

ngers. A careful consideration of the causes of 


to build two vessels with geared turbines. The first of | passenge 


these vessels, the Normannia, has been recently tried, and 


it is with a view of placing the results of this trial before | gea 


this Institution that this paper has been written. 

The revolutions of the three-screw turbine are about 
500, while those of the two-screw geared turbine are 
only about 300. At first sight it may appear that full 
advantage has not been taken of the reduction possible 
in gearing. In reciprocating engines of about the same 
power in similar cross-Channel steamers the revolu- 
tions are 170 to 180, and the propellers are 104 ft. to 
11 ft. in diameter. These propellers have a high effi- 
ciency in smooth water, but with the limited draughts 
of these vessels, they have not much tip immersion. 
Undoubtedly one of the advantages of the three-screw 
turbine in sea work is the great immersion of the screw- 
tips, and the consequent freedom from racing and loss of 

ropulsive efficiency by the screws coming out of water. 

he diameter of the propellers in the three-screw ships is 
only about 54 ft. It is not generally possible with recip- 
rocating engines, in vessels of this size and power, to 
increase the revolutions very much, and therefore the 
disadvantage of racing isaccepted. In the geared turbine 
there is much more elasticity of choice of diameter of pro- 
peller, and it was decided to adopt a speed of revolution 
which would allow of a propeller of 8 ft. diameter to be 
used. This propeller has a tip immersion of 3 ft. more 
than in the reciprocating engines, while the loss of 
efficiency due to its smaller diameter is not serious. 
Judging from model experiments with screws, the rela- 
tive efficiencies of a 104-ft., 8-ft., and 54-ft. diameter 
propeller may be taken as in the ratio of about 1.2, 1.1, 
and 1 respectively. There is reason, however, to believe 
that the efficiencies of the full-sized screws are not so 
greatly different as appears from these figures, though it 
is extremely probable that there is a considerable differ- 
ence between the 10-ft. and the 5-ft. screws. Taking the 
relative efficiencies in smooth water into account, and the 
fact that in sea work the greatly increased tip immer- 
sion would increase the average sea-going efficiency of the 
smaller propeller, it was decided to adopt 300 revolu- 
tions instead of the lower number, which at first sight 
appeared to be the best for geared turbines. 

The dimensions and particulars of the geared turbine 
vessels Normannia and Hantonia are as follow :— 


Length over all we ae ; 299 ft. 
Length between perpendiculars ... 290 ft. 
Breadth, mould i nel sans 36 ft. 
Depth, moulded, to promenadedeck 23 ft. 6 in. 
Boilers. One Double-Ended. One Single-Ended. 


Length 21 ft. 10 in. 11 ft. 4 in. 
Diameter ... .. 17 ft. Oin. 17 ft. 0 in. 
Total grate surface 303 sq. ft. 

Total heating surface 10,221 sq. ft. 

Pressure... ... 160 1b. persq. in. 


The weight carried on the trial of the Normannia was 
the same as on the Cesarea and Sarnia. The trial took 
place on the Firth of Clyde. The vessel was first tried 
progressively, and the relation between revolutions and 
speed was established on the measured mile. The maxi- 
mum speed at which the vessel was run was 20.4 knots 
with 6100 shaft horse-power. To do the contract speed 
of 194 knots it was shown that 4750 shaft horse-power 
would be required. The vessel was run for six hours, 
and maintained an average of 5000 shaft horse-power, 
which corresponds to aspeed of 19.7 knots. The average 
air pressure in the stokeholds was less than 4in. The 
air pressure never exceeded ? in. 

e total coal burnt was carefully weighed out, and 
showed a consumption per shaft horse-power per hour of 
1.34lb. The water consumption for all purposes was 
14.3 1b. per horse-power hour. From the trials of the 
Ceesarea and Sarnia it was found that the water con- 
sumption for auxiliaries was 1.96 lb. per shaft horse- 
— per hour when the total consumption was 17.1 1b., 
eaving 15.1 1b. for propulsion cnly. In this case the 
shaft horse-power was 6 In other cases it was 
measured with confirmatory results. The actual quantity 
of water used for auxiliaries was between 12,500 lb. and 
13,000 lb. When running at 5000 shaft horse-power the 
water consumption for auxiliaries in the Normannia 
would be 11,500 lb., which is 2.31b. per shaft horse-power 
hour. Hence the water consumption for the propelling 
engines was 14.3 — 2.3 = 12.01b., as compared with 15.1 Ib. 
in the Caesarea. 

The total coal consumed in six hours in the two cases 
was 18 tons for the Normannia at 19.7 knots, and 29 tons 
in the Cesarea at 20 knots. 

In the run from the Clyde to Southampton the Nor- 
mannia averaged 134 knots, which would require about 
1250 shaft horse-power. The consumption of coal works 
out at 24 lb. per shaft horse-power hour. 

The coal consumed on service in the Cesarea at her 





what little noise there was in the Vespasian (the only 
red turbine then in existence in a ship) led to the con- 
clusion that the noise would be negligible. The trials of 
the Normannia, and her passage from the Clyde to 
Southampton, have proved to those who were on board 
that the anticipation was a correct one. By listening 
carefully, when in the passenger quarters, a slight whist- 
ling sound, something like a small steam escape, can be 
heard. As to vibrationsor trepidations there is an abso- 
lute freedom from them, and the difference between even 
the ordinary three-screw turbine and this vessel is very 
marked. Altogether, in the opinion of those who were 
on board the vessel, the geared turbine, as it is at present, 
has nothing to fear in comparison with any other method 
of propulsion, so far as comfort of passengers is con- 
cerned. Time only will show whether it maintains this 
position, but, at any rate, a stage has been reached where 
the installation can be judged on its merits, and not upon 
the opinion of optimistic or pessimistic prophets. 








Tue Mireiees Watson Company, Limitep. — The 
annual meeting of the shareholders of this company 
was held in the company’s offices, Glasgow, on 
March 15. The profit and loss account showed that 
the profit available for distribution after bringing forward 
from the previous year the sum of 1995/. 12s. 9d., and 
providing amply for depreciaticn and business contingen- 
cies, was 50,135/. Os. . The directors recommended 
and the meeting approved of a dividend of 10 per cent. 
and a bonus of 5 per cent., both less income tax ; that 
30,0002. be added to the general reserve account, and 
24781. 15s. 10d. carried forward. Last year the company 
paid a similar dividend and bonus. 


CarpirF INcoORPORATED CHAMBER OF ComMERCE.—We 
have received the forty-sixth annual report, for 1911, 
issued by this Chamber of Commerce. It contains, among 
other data, interesting statistical figures on the trade of 
Cardiff during the past year. Among these are returns 
of the registered exports of coal from Cardiff during 
1909, 1910, and 1911. For the latter year the principal 
figures are the following:—Exports of coal to Italy, 
3,251,403 tons; to France, 2,270,536 tons; to the Argen- 
tine Republic, 1,852,525 tons ; to Egypt, 1,491,175 tons; 
and to Brazil, 1,251,879 tons. Information of the same 
nature is given for briquettes and coke ; also the imports 
of timber, ore, grain, &c. 





Tue German (PorasH) Synpicate. — At a_ recent 
meeting of this important combine it was stated that the 
aggregate sales of the German potash industry during 
1911 amounted to a value of about 160,000,000 marks, of 
which 11,400,000 marks were contributed by the works 
of Aschersleben and Sollstedt, which in December last 
joined the syndicate. In the course of January of the 
er a year the following works havejoined the syndicate: 

liekaup- Bebra, Hadmersleben, Waidmanshall, Hallesche 
Kaliwerke, Giisten, Niedersachsen, Heringen and Orlas. 
The aggregate allotments for these works amount to 
5,300,000 marks; apart from the Aschersleben and the 
Sollstedt works the syndicate’s sales last year showed an 
increase of 25,300,000 marks as compared with the previous 
year. The average prices of 1910 were not fully reached 
in all the different groups, and the conditions of freight 
and transport had, in some cases, been less favourable. 
The increase in last year’s sales, in the first instance, 
comes upon the United States, next upon Germany her- 
self, as well as other countries both within and outside 
Europe. New connections had been established in 
Australia, South Africa, the Argentine, Mexico, Pales- 
tine, Greece, Turkey, Roumania and Bulgaria. As tothe 
business of the current year the sales during January 
showed an increase of 1,700,000 marks, as compared wit 
January of the previous year, but this was inclusive of 
the two newcomers Aschersleben and Sollstedt. The 
American business, owing to the stoppage of river trans- 
port until some time in February, was quiet during the 
earliest portion of the year, but the sale within Germany 
and to the neighbouring countries has been extremely 
animated, so a continued increase in the sales as compared 
with last year may be reckoned on. For some weeks the 
syndicate works, as a matter of fact, have hardly been 
able to effect prompt delivery. The statement made in 
the Reichstag that some 15 to 20 works were able to 
supply the world’s requirements therefore betrays ignor- 
ance of the actual state of affairs. Lack of railway 

ons often tend to further retard deliveries, althoug 
the railway authorities are doing their utmost to mend 
matters. The admission into the syndicate of the Wolfshall 
and Dittrichshall works was, in conclusion, passed by the 


meeting. 
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PERFORMANCE ON SERVICE OF THE 
CHANNEL STEAMER ** NEWHAVEN.’* 
By P. Sicaupy, Member. 

SpeED, regularity on service, and rapid manceuvring 
are the most important qualities for passenger steamers 
crossing arms of the sea and establishing communication 
between neighbouring continents, especia'ly on short-trip 
services. From this point of view it will be of interest 
to communicate to the members of this Institution the 
service results of the steamer Newhaven during the first 
five months on the route between Newhaven and Dieppe. 

Briefly the dimensions of this vessel are :— 


Ft. In 
Length between perpendiculars 292 0 
Length over all is =a 302 0 
Beam... 347 
Depth ae : as 22 2 
Maximum draug it as 98 


Accommodation is provided for 1000 passengers. 

The machinery consists of three Parsons turbines ; one 
high-pressure turbine driving the centre screw, and two 
low-pressure turbines driving the two wing screws. The 
reversing is done on the two wing screws. The boilers 
are of the water-tube type. The starting-platform is on 
the main deck level, in a roomy and well-lighted position, 
in which all the controls are assembled. The main regu- 
lating valve, the two manceuvring valves, the by-pass, the 
heating-through valves, and the lubricating system are all 
handled from this central position. The change-over from 
ahead to sstern, or the contrary, is effected in 4 seconds, 
and the vessel can be stopped in a distance of 295 ft. from 
a speed ahead of 12 knots. ; 

The contract trials consisted of a double crossing 
between Dieppe and Newhaven, at a time of tide to be 
selected by the owners, in order to neutralise the effect of 
currents. The duration of the run from Dieppe to New- 
haven was 2 hours 43 minutes 51 seconds, and from 
Newhaven to Dieppe 2 hours 43 minutes 5 seconds, 
giving a mean speed of 23.85 knots, the distance from 
light on pierhead to light on pierhead being 65 nautical 
miles. These trials were run on May 26 and 27, 1911. 

The Newhaven was put in service on June 2, and ran 
till October 20 inclusive, being then withdrawn for inspec- 
tion at the expiry of the guarantee period. Between the 
above dates she made 126 crossings, the mean time of 
which was 2 hours 51 minutes 25 seconds, corresponding 
to » mean speed of 22.70 knots. The fastest trip occupied 
2 hours 43 minutes (slightly less than the trial runs) with 
a fivourable tide. he slowest trip took 3 hours 
6 minutes, in bad weather. The mean coal per trip was 
29 tons 4 ewt., including that consumed in raising steam 
and maintaining the fires in harbour. Although it has 
not been possible to obtain exact information, this quan- 
tity of coal may be approximately divided as follows :— 
5 tons 14 ewt. for raising steam and losses on arrival, and 
24 tons 24 ewt. for the = from pierhead to pierhead. 

These results are notably better than those anticipated 
by the owners, who stipulated that the crossings should 
be made in 3 hours on the official trials. They may be 
attributed in the first place to the turbines of the Parsons 
type; further to the special arrangements adopted for 
the auxiliary machinery, which was worked out on a 
destroyer basis, though with additional scantlings to 
ensure long-continued wearing qualities. For instance, 
the steam-valves are of cast steel, the air-pumps of gun- 
metal, the condenser shells of steel plate, &c. sa 
matter of fact, the inspection at the end of the guarantee 
period proved that all the parts were in perfect condition, 
and showed no signs of fatigue; no damage was found, 
and everything was closed up again without repair or 
renewal. 

It may now be recognised that there is no disadvantage 
in employing for such vessels the same mechanical 
arrangements as for destroyers. Why not also for the 
boilers? Why not fire them with liquid fuel? 

Mr. Milton, in his paper on ‘‘ Diesel Engines for Sea- 
Going Vessels,” read at the meeting of = 5, 1911,+ 
clearly demonstrated the considerable advantages of 
liquid fuel for ships:—Evaporative effect, 50 per cent. 
greater, less space required, and greater facilities for 
stowing the fuel; more perfect combustion and better 
utilisation of the boiler-heating surface ; sag eS regular 
—— of steam at a constant pressure; finally, hand- 

ing of the fuel reduced to its simplest expression, since 
shipping, stowing, and feeding to the fires are carried out 
mechanically by means of pumps. Further, it should be 
taken into consideration that Channel steamers have 
to start under a full head of steam, with the fires already 
forced, that they must keep this head of steam up to the 
moment of arrival, and that the waste of coal is repro- 
duced at each departure and arrival, which may be several 
timesa day. Now, with liquid fuel, these wastages at 
each arrival and departure do not exist. In fact, one can 
compare under these circumstances the firing of a boiler 
with the management of a lamp, which one lights, turns 
up and down, or on and off, without waste of oil. Briefly, 
the economical advantages of this system of firing are the 
greater the less the duration of the trips, and the greater 
their number. 

Were this Institution an association of owners, this 
short note might be completed by a balance-sheet compar- 
ing the two fuels, based, for instance, on trips of 25 nautical 
miles, with four crossings daily; but it will suffice if 
there be given the consumption of fuel and the number of 
firemen in the case of coal fuel and in the case of oil fuel, 

sed on the results of the Newhaven. In the case of 
coal fuel the consumption per trip would be 14 tens 6 cwt., 








* Paper read before the Institution of Naval Architects, 
March 29, 1912. 
t See EnGivegkine, vol. xci., pages 473 and 495, 


including that used for raising steam and losses in port. 
With liquid fuel this figure would be 8 tons 13 cwt. only. 
For coal firing, 18 firemen and 2 leading firemen are 
necessary. For liquid fuel, 4 firemen and 2 leading fire- 
men are sufficient. 

The author will only point out to engineers how attrac- 
tive is the solution. Certainly, liquid firing for boilers is 
the complement to turbines for ship propulsion. 

The plant works without dirt, noise, or apparent 
fatigue, with complete flexibility, and without assistance 
from the human hand, under the control of a few intelli- 
gent mechanics, who watch the pressure - gauges and 
regulate the valves from time to time. 








Directory oF Paper-MaAkeErs, 1912.—We have received 
acopy of thisdirectory, which gives thenamesand addresses 
of the r-makers throughout the United Kingdom. 
It is published at the price of 1s. 4d., post-free in this 
country. It gives information as to the manufactures 
of each firm and the extent of their plant, together with 
specialities. The directory is classified under names, 
specialities, water-marks, and trade names. It can be 
obtained from Messrs. Marchant, Singer and Co., 47, St. 
Mary Axe, E.C., at the above price. 





Rernrorcep ConcretTe.—A lecture on the subject of 
‘** Reinforced Concrete” was delivered by Mr. E. P. 
Wells. J.P., on March 18, at the London County Council 
School of Building, Ferndale-road, Brixton, S.W., when 
over one hundred persons were present. A subsequent 
demonstration was given in the mechanics’ laboratory of 
a new piece of apparatus designed by the assistant prin- 
cipal of the school, Mr. Arthur R. Sage, and Mr. A. E. 
Everett, for the determination of the modulus of elasticit 
of concrete. This machine is used in connection wit 
the course of instruction in the theory and practice of 
reinforced - concrete construction, given by Mr. H. 
Kempton Dyson, secretary of the Concrete Institute, 
and assistants. Mr. H. Kempton Dyson, in proposing a 
vote of thanks, stated that the course of instruction given 
was one of the most complete in the world, although it 
had no competition in England ; he added that the 
London County Council School of Building was first and 
foremost in devoting great attention to the practical side 
by means of lectures and workshop practice, for which 
many tools and apparatus had been obtained. He con- 
tended that, without such practical study, designers of 
reinforced concrete could not be thoroughly efficient. 





Gusset Strays 1N LANCASHIRE Borers. — Various 
devices have been employed with a view to obviating the 
troubles arising from unequal expansion of the flues and 
shells of Lancashire boilers, having for their object the 
provision of more breathing space in the front plate, 
without reducing the strength. In our last volume we 
described such an arrangement, introduced by the Vulcan 
Insurance Company (see ENGINEERING, vol. xcii., page 685), 
in which the holes in the front end of the gusset-plate 
were elongated in diminishing amounts, from the toe 
upwards, thus allowing the front plate to move outwards 
through a certain angle before the load was taken by the 
gusset. Another arrangement adopted is to replace the 
gusset by links with slotted holes having the same object. 
A further modification of the idea was described by Mr. 
Sam. Boswell in a paper recently read before the 
Manchester Association of Engineers, the desired effect 
being obtained in the method of attachment of the gusset 
angles to the front plate. The usual form of gusset was 
used, but the lower rivets in the front plate were replaced 
by studs screwed into the plate. The studs were free in 
the angles, and on their inside ends were fitted with nuts 
leaving a clearance between them and the angles. Thus 
the plate was free to deflect through a given angle, 
according to the clearance provided, before the gusset 
came into operation. 





NITROCELLULOSK.—A. Baschieri in Zeitschrift ges. Schiess- 
und Sprengstoffw, 1912, discusses the process for stabilising 
nitrocellulose, devised by Dr. R. Robertson, of the Royal 
Gunpowder Factory, as described by that gentleman in 
1906. The author considers that process unnecessarily 
lengthy in iis operations, and too costly. He describes 
what he regards as a simpler method, giving, it isclaimed, a 
stable product. After freeing the nitrocellulose from acid, 
it is twice washed with cold water, the final wash-liquor 
containing about 0.05 per cent. of sulphuric acid. ‘The 
nitrocellulose is boiled in this acid water for 2 hours, and, 
after two cold-water washings, it is again boiled for 
2 hours in water containing so much sodium carbonate 
that the whole of the calcium salts are precipitated, leav- 
ing 0.1 per cent. of sodium carbonate in excess. The 
nitrocellulose is again washed twice in cold water, and is 
then finally pulped. During this process the nitrogen con- 
tent of the nitrozellulose fell from 13.3 to 13.02 per cent. 
Mr. N. L. Hansen, in the Zeitschrift ges. Schiess- wnd 
Sprengstoffw, of 1911, gives the results of tests made to 
ascertain the absorption of water by grains of nitro- 
cellulose powders of various diameters. The powders 
ey contained 12.7 to 12.8 per cent. of nitrogen. 
Below a diameter of 0.8 mm. it was found that the 
amount of moisture absorbed was constant at about 2.1 
per cent. Above this size there was variation, the 
amount of which was determined by drying samples in 





their ordinary condition for 3 hours at 80 deg. Cent., 





then placing them in a magazine for 12 days, and sub- 

sequently weighing them daily throughouta year. The | 
ave thus obtained showed that the amount of water 

| absor was proportional to the surface of the powder | 
exposed 


LOAD-EXTENSION DIAGRAMS OBTAINED 
PHOTOGRAPHICALLY WITH AN AUTO. 
MATIC SELF-CONTAINED OPTICAL 
LOAD-EXTENSION INDICATOR.* 


By Professor W. E. Dausy, M.A., B.Sc., Associate 
Member of Council. 


_Tue object of the paper is to show a few load-extension 
diagrams of steel, copper, and iron obtained photo- 
graphically by means of an instrument recently designed 
by the author in which the effects of inertia and pencil 
friction are eliminated. 

The instrument itself is shown in Fig. 1, page 5(4, 
supported on a tripod frame, but when it 1s used to obtain 
a diagram it is taken out of this frame and placed in the 
testing-machine, the nut A of the frame being replaced 
by the upper shackle of the testing machine. 

The instrument, in fact, hangs from the upper shackle 
with the lower end free. The upper end of the spec'men 
to be tested is screwed into the coupling B, and the 
lower end is screwed into the lower shackle of the testing- 
machine. he specimen and the weigh-bar C of the 
instrument are thus placed in series, and when the load is 
applied it is transmitted equally through the specimen 
and the weigh-bar C. The cross sectional areas of the 
specimen and the weigh-bar are so related that the break- 
load for the specimen produces a stress on the weigh. bar 
C well within the elastic limit. The extension of the 
weigh-bar is proportional to the load acting on it, and is 
therefore a measure of the load, not only on the weigh- 
bar, but on the specimen coupled to it. A mirror in the 
instrument is connected to the weigh-bar, so that its 
angular displacement is proportional to the extension of 
the bar, hence its angular motion is a measure of the load 
onguee to the specimen. 

here is a second mirror in the instrument mounted on 
the axis D connected by linkage or by a steel wire 
attached by the arm E to the specimen in such a way that 
the extension of the specimen produces a corresponding 
angular displacement of the mirror. The two mirrors are 
placed in the instrument with their axes at right angles. 
A source of light is arranged in the head F, a beam from 
which is reflected from each mirror in succession to the 
focussing plane of the Camera G. The whole instrument 
is self-contained, and is in contact with the testing- 
machine only at the upper shackle. 

The weigh-bar is calibrated by means of the steel yard 
of the testing-machine in which the instrument is placed, 
For calibrating purposes the lower end of the weigh-bar 
is attached directly to the bottom shackle of the machine. 
The photographic scale of the weigh-bar is obtained by 
balancing the beam of the testing-machine at a series of 
loads, and at each load giving a slight angular motion to 
the . on attached to the axis D by slightly moving the 
arm f%. 

Figs. 3 to 7 and 9, 10 show (three-quarters full size) the 
load scale of the instrument illustrated in Fig. 1. It 
corresponds very nearly to 1 cm. per ton, over a range of 
10 tons. With this particular weigh-bar, the maximum 
load which can be applied to a specimen coupled to it is 
10 tons. If, however, a larger maximum load is required, 
it is only necessary to replace the weigh-bar of Fig. 1 by 
another of larger cross sectional area. For instance, if 
the bar were made ten times the sectional area, the maxi- 
mum load would be 100 tons, but the load scale would 
then be 1 mm. to the ton. A series of woigh-bars enables 
the instrument to be used over a wide range, just as a 
series of indicator springs extends the range of action of a 
steam-engine indicator from the lowest to the highest 
pressures. 

There are several ways of connecting the specimen with 
the mirror on the axis D in order to insure that its 
angular motion is proportional to the extension of the 
specimen. In any case, the extension scale is found by 
placing gauges of known size in the linkage in such a way 
that an angular movement of the mirror is produced 
corresponding to a known rotative linear displacement of 
the gauge points of the specimen. A slight load 
— to the specimen then produces a small movement 
of the spot of light on the photographic plate, which 
serves afterwards as a point of known dimension in the 
extension scale. 

Fig. 2 is a reproduction (three-quarters full size) of a 
negative obtained from a piece of mild steel, and shows 
the lines which appear when the negative is developed. 
The horizontal line A B corresponds to a load of 1 ton. 
It is obtained by balancing the beam of the testing- 
machine at 1 ton and then slightly moving the arm E 
(Fig. 1). Three divisions are shown on the extension 
scale. These were obtained in the manner indicated 
above by means of three gauges inserted in the linkage. 
Each division represents 4-in. extension of tlhe specimen. 
The diagram itself is obtained quite automatically. 
Having obtained the 1-ton line and the scale divisions on 
the extension scale the jockey weight is run cut on the 
beam to about 12 tons, so that the beam falls on the 
bottom stop, and the load is applied through the straining 
apparatus of the machine. The spot of light then moves 
over the plate and photographically records the load- 
extension diagram of the specimen. 

The load corresponding to any point of the curve in 
Fig. 2 is found by placing over the negative a second 
negative, on which the load scale of the weigh-bar has 
been photographically produced in the way explained 
above, so that the 1-ton line of the load scale of the second 
or calibrating negative coincides with the 1-ton line on the 
negative on which the load extension diagram is ‘taken. 
The scale of the calibrating negative may be divided as 
closely as desired, and if a large number of specimens are 


* Paper read before the Institution of Naval Architects, 
March 29, 1912. 
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broken to the same extension scale, it is convenient to | sponding to the diagrams Figs. 3, 6, and 7 form a series | samples. The material simply gives way and draws out 


draw on the calibrating negative a series of lines at right 
angles to the load lines to form an extension scale, the 
two sets of lines forming a network of small squares on 
the calibrating negative. 

Figs. 3 to 7 and Figs. 9 and 10 have been drawn in 
the following way. Prints were taken from the nega- 
tives, and the curves and lines were pricked through on 
to a sheet of drawing paper, and the lines and figures 
completed from the points so obtained. 

The point of interest is the way the apparatus brings | 
out the peculiar relation between the | and the exten- | 
sion in the neighbourhood of the yield- point. This 
peculiarity has been observed by Professor Kennedy, who 
used a weigh-bar with mechanical multiplication to 
obtain both the load and the extension of the specimen ; | 
and also by Mr. Wicksteed, who uses the beam of the 
testing-machine in connection with a spring and mechani- | 
cal multiplication to obtain the curves. The results | 
obtained optically and photographically, with the conse- | 
quent elimination of pencil friction and inertia, as will | 
be seen from Fig. 2, and Figs. 3 to 9, bring out the | 
peculiar phenomenon connected with the yield point | 
with great clearness and accuracy. In the author’s| 
instrument the extension scale can be magnified to any | 
desired extent. In Fig. 3 the extension of the specimen | 
is magnified 34 times.* In ig. 4a diagram is shown in | 
which the extension is magnified 7 times, but, of course, 
in this case the whole of the load-extension curve cannot 
be shown on the plate. By magnifying the extension, 
the peculiarities in the region of the yield point may 
be specially studied. The magnification can easily be 
inc to 200 times, and in this case the extensions of | 
the specimen are brought within the elastic region, and | 
the form of the line just before the yield point can | 
be investigated. | 

Figs. 5, 6, and 7 are load-extension diagrams from steels 
containing increasing proportions of carbon, and form, | 
together with the diagram of Fig. 3, a series of four. The | 
analyses of the specimens corresponding to these diagrams 
are given in the following table :— 


Fig.2. MILD STEEL 012C.DIA.0-625.G6.P.5" 
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MILD STEEL 0-/2C. 
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Fig. 7 MILD STEEL O-5C. 
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Tasx I. 

Load-Extension diagram eid —— ——" . 

near th “ore } Fig. 3. Fig. 5 Fig. 6 | Fig. 7 
Carbon | 0.12 0°38 04 | 0.5 
Silicon 0.03 0.07 0.046 0.036 
Sulphur. 0.031 0.146 0.035 | 0.032 
Phosphorus 0.027 0.045 0.03 | 0.029 
Mangantse 0.56 1.01 0 64 | 0.52 
Original diameter .. | 0.625 in. | 0.65in. 0.447 in. | 0.5 in. 


Disiance between gauge )} 5 5 ‘ 5 
points is ” « » 2 ” ” 





These diagrams are reduced to a common stress-exten- 
sion scale in Fig. 8, the load now being given in tons per 
square inch reckoned on the original area of the bar. 

It will be seen from this figure that the curves corre- 


be The figures here reproduced are three-quarters 
original size. 





their 


Fig4. 


os” 7° +5” 2° 
EXTENSION ON § INCHES. 


| yleld-point exhibi 


in which the effect of the increasing percentage of carbon 
on the stress-extension diagram is well brought out. The 
curve corresponding to Fig. 5 is dotted in Fig. 8, and it 


| without discontinuities in the load-extension curve of any 
kind. This example shows that the irregularities in the 
yield-point regions of the steel and iron diagrams are 





o 











MILD STEEL. 


Fig. &. 
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EXTENSION ONS INCHES. _ 
Fig. 2 





25° 0 


does not appear to fa'l in the series at all. The peculi- 
arity isdue to the much larger proportion of manganese 
contained in this particular sampie. In the case of 
Figs. 3, 5, and 6, the proportions of the constituents of 
the steel other than.carbon remain fairly constant. 

Another point of intere:t in connection with these 
diagrams is that the load on the specimen at the instant 
i bem can be read off without any ambiguity. _ 

The load-extension diagram of a piece of Farnley iron 
is shown in Fig. 9. ai presents the same general 
characteristics as the steel specimens in the region of the 
yield-point. The original diameter of the specimen was 
0.625, and the gauge-point length was 5 in. The diameter 
at the fracture was 0.42 in. 

The load-extension diagram of a piece of copper con- 
taining 0.295 per cent. of arsenic is shown in rig. 10. 
Its original diameter was 0.625, and the gauge-point 
length was 4.5 in. There is with this material nothing 
ap hing the complicated stress-strain relation at the 
by the mild steels and the iron 





MILD ST. 


EXTENSION ON 5 INCHES. 
FARNLEY IRON. 





3° 7 
EXTENSION ON 5 INCHES. 


g.6. MILD STEEL 0-4 C. 













EXTENSION ON 5 INCHES. 
COPPER. 


Fig. 10 





1 a % iS 1% J 23 
EXTENSION ON 4% INCHES. 
not due to any peaitie of the instrument, otherwise 
the same irregularities would appear in the load-extension 
curve for the copper specimen. d 
In conclusion, the author would like to record his thanks 
to Mr. Witchell, University Demonstrator in the City 
Guilds College, for his able assistance in connection with 
the work. 








‘* MASCHINENTECHNISCHES LEx1koN.”—We have re- 
|ceived parts 14 to 18 inclusive of this German illus- 
| trated technical dictionary, which is edited by Felix 
Kagerer, and is published by the Verlag der Druckerei- 
und Verlags-Aktiengesellschaft, vorm. R. v. Waldheim, 
Jos. Eberle and Co., Vienna, at the price of 80 heller 
each part. It is to be completed, as stated in former 
issues, in about thirty parts. The eighteenth issue 
commences the description of cranes—‘‘ Krane”—illus- 
trated, as are the other descriptions, by wood-cuts and 
line-blocks. 
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WORKMEN’S COMPENSATION CASES. 
CourT OF APPEAL. 

Arising out of the Applicant’s Employment.—This was 
an appeal from a decision of the Judge of tho Chorley 
County Court, sitting as an arbitrator under the Work- 
men’s Compensation Act, 1906. The applicant was an 
actor-minder in a cotton-mill of the respondents, and it 
appears that on May 15, 1911, he strained a tendon of 
a finger of his left hand in the course of removing a 
sock. The applicant did his work in bare feet, and he 
injured himself while preparing himself for his work at 
the mill. That it was not essential to remove the socks 
was shown in the evidence, as some of the spinners worked 
in stockings, but the applicant said it was more comfort- 
able to work in bare feet, and that it was a common prac- 
tice to do so. The man was incapacitated for some time, 
and commenced proceedings for compensation. 

It was held by the County Court Judge that the acci- 
dent did not arise out of the employment, and an appeal 
from the applicant followed. The Court dismissed the 
appeal without calling on the respondents. In delivering 
inigment, the Master of the Rolls said that the County 
Court Judge had in this case given a careful judgment, 
and had carefully stated the evidence. He had arrived at 
the conclusion that the accident, which happened ten 
minutes before work began, did not arise out of the 
employment. In the opinion of his lordship, it was un- 
important that the accident happened ten minutes before 
work began. It was true that the accident happened in 
the course of employment, but there was a further ques- 
tion whether the accident arose out of the employment. 
For their own convenience, and, it might be, in order 
to do more efficient work, the workers were, it appeared, 
in the habit of taking off their coats and waistcoats, an 
frequently, though not universally, they worked with bare 
feet. While removing his socks the appellant had injured 
his finger. The question in the present case was a ques- 
tion of fact, and the County Court Judge had not mis- 
directed himself. He said in terms there was no peculiar 
risk to the appellant in respect of this accident, and that 
the accident was incidental to the man’s employment. 
Would it be possible to say that the accident arose out 
of the employment if the appellant had injured himself 
in buttoning or unbuttoning his coat? He thought not. 
It must be shown by the workman that he had met with 
the accident owing to some special and peculiar risk to 
which ordinary mortals were not exposed, and he could 
not do this. The appeal therefore failed, and was dis- 
missed with costs. 

Employer’s Felonious Assault.—This was an appeal from 
a decision of the Judge of the Woolwich County Court, 
sitting as an arbitrator under the Workmen’s ‘~ - 
sation Act, 1906. The appellant was an errand boy, 
who entered the employment of the respondent, named 
Head, in January, 1910, and at that time he was 
warned by his parents that the respondent had been 
in a lunatic elem, and was dangerous, and the boy 
was told that he must not worry the respondent. 
On June 16, 1910, the oppeioss was boiling beetroot 
under instructions from Mrs. Head, and was told by 
her to rake out the ashes of the fire. While the boy 
was carrying out this order the respondent hit him 
over the head with a chopper, producing injuries that 
caused total incapacity. The respondent was, accordin 
to the evidence, subject to periodical fits of melancholia, 
and had since been placed in an asylum. The applicant 
received 10s. a week for twelve weeks after the injury. 
and then the respondent stopped payment. Proceedings 
were at once taken to obtain compensation, but on the 
matter coming before the County Court Judge on 
November 1, 1911, he held that there had been no acci- 
dent, and that in any case it had not arisen out of 
and in the course of his employment. An appeal was 
a by the applicant, but was dismissed by the 
Jourt. 

The Master of the Rolls said that in this case consider- 
able courage had been shown in making the appeal. The 
boy went into the employment of Head as an errand 
boy, and was told by his parents that Head had been in 
an asylum, and that he must be a good boy and not 
give annoyance. The boy was attacked by Head with a 
chopper while doing some work under instructions from 
Mrs. Head. The occurrence was much to be regretted, 
but as Head had been discharged from an asylum, he 
must be taken to be a sane person. The Master of the 
Rolls did not think that there was any accident at all. 
The act was intentional and felonious, and it certainly 
did not arise out of the employment. Had the appellant 
been an attendant at a oui asylum and had been 
attacked by one of the patients, there would have been 
good ground for saying that this was an accident arising 
out of the employment, but in the case before him it was 
different. He could not think why the unfortunate boy 
did not bring an action for assault. 








Tae RHENISH-WESTPHALIAN CoaL SynpicaTE.—There 
has been a brisk demand lately for all kinds of coal, and 
the mines have, in some cases, not been able to keep pace 
with the demand. more especially in respect to coal for 
coking. The output of coal for February exceeds the 
figures for any previous month. The demand for coke 
also has been lively, and the syndicate sales of this com- 
modity almost reached the figures for 1907, when the 
November sales were 37,403 tons per working day. ‘The 
sale of coal in February amounted to 89.04 per cent. 
of the allotment figure, against 84.41 per cent. for Feb- 
ruary, 1911, and 82.49 per cent. for January, 1912. The 
sale of briquettes was also increasing. The te 
output of coal was 7,793,000 tons in January, against 
7,596,000 tons in January, 1911; 7,937,000 tons in Feb- 
ruary, against 6,832,000 tons in February, 1911. 


TURNING CIRCLES.* 
By Professor W1tt1amM Hoveaarp, Member. 
(Concluded from page 436.) 

Tue author will now briefly describe the first part of the 
analysis, which throws further light on this subject. The 
first trials analysed were tho3e for which the drift angle 
was known (see Table II., page 435 ante). © 

From the trial results the value of the rudder pressure 
— were calculated, after 
which the lateral component of the resistance Q, and its 
leverage a, about the centre of gravity were tound by 
means of formule (4) and (6) (page 436 ante) 

In the case of the Valkyrien and Iver Hvitfeldt the indi- 
cated horse-power during the trials was known, and, as 
explained in the Appendix, it was thus possible for these 
two vessels to estimate the propeller thrust T with fair 
accuracy, and the Jongitudinal component of the resist- 
ance, X cxs ¥, could then be found from formula (5). 
Since @ = X sin ¥ had already been calculated, X and y 
could then be determined (see Table IV., 509), 

The resultant resistance X was found to the domi- 
nant force ; it is much greater than either the rudder 
pressure or the pon thrust, and is expended chiefly 
In overcoming the centrifugal force. 

An interesting fact, brought out by the analysis of the 
Iver Hvitfeldt and Valkyrien, was that the resultant 
resistance acts very nearly normally to the centre line ; in 


fact, the angle (5 - v) was found to average only 


P and the centrifugal force — 


about 4 deg. Consequently Q was practically equal to X. 
This result is at variance with the commonly accepted 


d| notion that this resultant forms a small or moderate 


oe with the axis of the ship. 

he most important elements determined by this 
analysis are the lateral resistance Q, and its leverage a ; 
but without further analysis, by means of which they 
are expressed in terms of known quantities, we are unable 
to solve the problem in a complete manner. 

Such analysis was attempted on the basis of somewhat 
crude assumptions and by a tentative process, which, 
however, led to fairly consistent results. Here we will 
merely state the resulting formule, explain their applica- 
tion in the analysis, and finally show how they may be 
used for predicting the radius of the turning circle. In 
the Appendix is found an explanation of how the for- 
mule were obtained, and the analysis is there more fully 
described. 

Let 

S = Area of centre-line plane exclusive of rudder. 

s = G D = Distance of centre of vity, D, of 

centre-line plane forward BR aft (—) of 

centre of gravity of ship. 

b = GO = Distance of pivoting point forward of 
centre of vity of ship. This distance 
is known if the drift angle is known, since 
b= Rsin ¢. 

Then 5 
r2 - - 
Qu Kk, “56-9 (7) 


where K, is a coefficient, which, in the analysis of trials, 
can be determined by this formula, provided the drift 


® | angle and hence 4 are known. We have:— 


7 QR . 

Ki= 25 (6 - 3) - @) 
By means of this formula K, was calculated for all 
the trials for which @ was known, and the results, which 
are given in Table II., were plotted as shown in Fig. 5, 
page 506. The spots so obtained were used as a guidance 
in drawing the curve for K,, which, however, is seen to 
diverge somewhat from their indications. The reason 
for this divergence was, firstly, the irregularities in the 
recorded values of the drift angle, and the consequent 
erratic distribution of the K, points. It was, in fact, 
difficult, or impossible, to discover any law in the varia- 
tion of the drift angle at different speeds or different 
rudder angles in a given ship; and it varied in a very 
erratic manner within the same turning circle. Secondly, 
in adjusting the curve for K,, it was necessary to take 
into account its influence on the curve for-the second 
coefficient Ky, which, as explained hereafter, depends 


largely on K,’ 
it is seen that K, is plotted on the ratio B that W.L. 
Mean draught 


= Hd as abscisse. Other functions, expressing the form 


of the ship, suggested themselves as more likely to be 
contained in K, ; but, after a tentative process, it was 


found that 5 appeared to give the best all-round result. 


The curve for K, rises at smaller and greater values of 
2.7. Bearing in 
mind that ate a coefficient, which should express the 


influence of the form of the ship on the transverse com- 
ponent of the resistance, we may perhaps explain the 


increase of K, at small values of — —i.e., for narrow 
and deep ships—by the increased eddy resistance to 


the transverse flow of water under the bottom, or by 
the increased resistance due to flatness of form, while the 


increase at greater values of B may be explained by the 


increased frictional resistance to the transverse flow under 
very broad and shallow vessels. 


, having a minimum at about 








* Paper read before the Institution of Naval Architects, 
March 27, 1912. 





Possibly further, more accurate observations of the drift 
angle will show that the curve for K, should be drawn 
somewhat differently, although it is ‘believed that the 
general character of the curve would not be changed. 
Such change in the K, curve will, however, cause a corre- 
sponding change of opposite sign in the Ky, curve, and 
when pon Ber the value of R on the basis of the co- 
efficients so changed the result may not be very different. 

The curve for K,, once being drawn, was used through- 
out the analysis for finding the value of this coefficient, 
and thence (b — s) was determined from eqttation (7). 

The leverage of Q about the centre of gravity of the 
ship was expressed by the formula:— 


= K, €[p? — s(b - s)] 

nie late 
where ¢ = — is the coefficient of finenesss of the centre- 
line plane, L being the length of the ship on the water 


line, and D the mean draught ; p is the radius of gyration 
of the centre-line plane about a vertical through its centre 


(8) 


of gravity ‘‘D”; 6 is the cylindrical coefficient:— 
3-5 Ww 
OL’ 


where [J is the area of the midship section. Kg is a 
coefficient, intended to take account of the general form 
of hull ; it is plotted (Fig. 6, page 506) on the ratio 


as abscisse, and a curve is drawn as near as possible 
through the spots. The ratio = was chosen as abscissa 


after a tentative process ; it expresses roughly the average 
angle of entrance and run, which a my | must influ- 
ence the value of a; and it was found, on the whole, to 
give the most satisfactory results. 

he presence of ¢ in the numerator, as well as of 4 in 
the denominator of equation (8), are intended to emphasise 
the deadwood features, which must evidently tend to 
increase the leverage a of the lateral resistance. These 
coefficients were, indeed, found to assist materially in 
bringing about a more continuous and consistent arrange- 
ment of the K, spots. 

From (8) we may find Ky:— 

Ke = 5 a (b—8) 
¢ [es (b-8)] 
which formula was used throughout the analysis. 

A preliminary curve for K, and a number of spots for 
the K, curve having thus been obtained from the trials, 
for which the drift angle was known, the analysis was 
extended to the trials where the drift angle was not 
known. It was here necessary to assume a preliminary 
value for ¢, but otherwise the procedure was the same as 
that descri above: K, was taken from the curve, 
whereafter (6 —s) and K, could be found. The results 
are given in Table III. (page 435 ante). 

The great magnitude of the forces which come into play 
by turning are evidenced, for instance, in case of battle- 
ship A, where the centrifugal force at 18.1 knots reaches 
a value of about 196 tons, while the lateral resistance is 
about 220 tons. 

While the values for K, were simply made to conform 
to the respective curve (Fig. 5, page 506), after this had 
been determined upon, it was not found possible to draw 
a curve exactly through all the spots, which resulted from 
the calculation of Ky. In some cases the discrepancy is 
considerable, and in the case of a number of spots it is 
about 10 per cent. 

Along with Tables II. and III. is given the form of 
stern profiles and rudders, a study of which, in con- 
junction with an meee of the curves for Ky, shows 
that the spots which fell farthest above the Ky curve, 
indicating a relatively large turning circle, belong gener- 
ally to ships with unbalanced rudder and large yt 
aft; while the very low spots, indicating particularly 
good turning qualities, belong to ships with partly under- 
hung rudders, and in which the aoiveed aft is removed. 
Although the K, spots are not, in all cases, consistently 
distributed in accordance with the amount of deadwood 
or the type of rudder, there appears sufficient ground for 
the statement that, in selecting K», its value, as given by 
the curve, may with advantage be modified with due 
regard to these features. The influence of deadwood 
forward, although probably less important, should also 
be considered. 

The determination of the curves for K, and K, com- 
pletes the analysis, and we are now in a position to predict 
the radius of the turning circle of a ship with such approxi- 
mation as this method, and the experimental material on 
which the analysis is based, will permit. 

The steps to be taken are the en | — 

The principal dimensions, elements of form, and other 
data to be used in the calculation, are collected or calcu- 
lated. Table I., page 434 ante, shows clearly what data 
are required. Thereafter K, and Ky are found from the 
curves, and (b — s) is found from 


ep? Ke cosa + 


(8') 


5p Mcos¢ 
K,38 

b-e= a 

: op + es Kecosa (9) 
which is derived from the foregoing formule by elimina- 
tion of yand R. The only unknown quantity in this ex- 
pression is ¢, which has to be assumed provisionally. By 
means of the value of b determined from equation (9), we 
may, however, obtain a more accurate value of ¢, since— 


sind = 5 


and if it differs much from the assumed value, it may be 
well to recalculate (b — s). 
Now the radius of the turning circle can be determined 





506 


ENGINEERING. 





[APRIL 12, 1912, 





— 


from :— 
R= KiS(t - #)~ Moos ¢ 
A cos a f(a) 
which is derived from formula (4) by substituting the 
values of Q from (7), and of P from (1). 

It may here be remarked that an error in Ky will cause 
an error in R of same sign and of about same percen 
magnitude, depending somewhat on the type of ship. If 
good judgment is exercised in selecting the value of Ka, it 
appears that a fair approximation to the radius of the 
turning circle may be obtained by this method for ships 
that do not differ too much from the types here analysed. 


(10) 


SpEcIAL Cases. 
An interesting application of the foregoing formule 
was found in the analysis of some special cases of turning. 
(See Table V., page 509). 


I. The ship was at rest before the trial, when both | 
engines were started ahead, and the rudder was laid | 


counteracting the turning effect of the propeller, whereby , the centre-line plane, may be expressed as the sum of 


| it was subject to the direct impact of the propeller race, 
| was at least three times as great as when the rudder was 
| turned away from the pro ‘lier race, and nearly one and 
|a half times as tas when both propellers were used. 
| (See Fig. 12 in the Appendix.) 

As far as these limited experiments permit any conclu- 
sions to be drawn, they appear to show that, while the race 
of the inner propeller—z.e., the one nearest the centre of 
the turning circle—increases the pressure on the front 
face of the rudder, the outer propeller race causes @ 
counter pressure on the rear fave ; and hence, when both 
propellers are used, the aggregate effect of the propeller 
races on the rudder will be only a small or moderate 
increase in its action. In other words, it appears that 


the rudder, in the absence of the propeller races, would | 


have nearly the same effect as when both propellers are 
going ahead, in spite of the thevretically oblique flow of 
the water due to the drift angle ¢x. 


| Considering the turning circle, it is seen from Table V. 








| elemental pressures on this plane, and that the pressure 


at any point P is proportional to the sine of the drift 
angle at that point, and to the square of the velocity of 
flow in the imaginary circular stream-line through that 


point. Thus 

Q= K, [ov*sin ord 8, (i.) 
where K is a coefficient, which depends upon the form of 
the ship. 


Let the distance of P from the pivoting point O (strictly 


|from the vertical through O) be r (Fig. 9, page 508); 
| then, using the notation of the paper, we have :— 


_ Re, 

R , 
F ay 
a> = 


Ur 


and 


| whence, substituting in (i) we obtain :— 











































































































































































































hard over. : : 7 that, when the propeller counteracts the rudder, the 
Here the speed was increasing during the trial from | radius is greater than if both propellers were used, in K, 2 . 
zero to a certain maximum, but the radius of the turning | spite of the fact that the rudder action is nearly one and a Q= Re Rerds. 
circle was found to be only slightly greater than at uni- half times as great. It appears that this must be due J 
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but increase or reduce the value so found, tf con- 
sidered necessary, to allow for form of Bow and 
Stern profile and for type of Rudder. 
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form speed. Thus a corroboration is found of the state- 
ment made above, that this radius is practically in- 
dependent of the speed. 

fr One engine going ahead at full power, the other 
engine stopped. Rudder amidships. Before the trial the 
ship was going at uniform speed, and was kept on a 
straight course by means of the rudder. 

As explained in the Appendix, the analysis showed in 
this case that the turning effort, to which the ship must 
have been subject in order to make it turn in the observed 
circle, was far in excess of that which could be directly 
caused by the propeller thrust. In fact, in a ship like the 
Iver Hvitfeldt, for instance, a thrust of 99 tons would 
have to be exerted by the propeller in order to produce 
the observed turning circle, while the actual thrust, as 
seen from Table IV., page 59, hardly exceeded 6 tons. It 
appears that the remaining 93 per cent. of the turning 
moment can only be accounted ‘a by the suction on the 
quarter in front of the propeller, which suction is not, as 
when both propellers are going ahead, balanced by suction 
on the other side of the ship. 

III. One engine going ahead at full power, the other 
engine stopped. Rudder hard over. 

Before the trial the ship was kept on a straight course 
by the rudder, and the engine was going at practically 
the same number of revolutions as in Case IT. 

Using the knowledge obtained in Case II., as to the 
turning effect of the propeller, it was found, as explained 


in the Appendix, that the action of the rudder, when 





Scale for § 


chiefly to the unbalanced suction in front of the propeller 
on the inner quarter of the ship, as explained in Case II. 

On the other hand, when the propeller assists the 
rudder in turning, the radius of the turning circle is found 
to be smaller than if both propellers were used, ——- 
the rudder action is here very weak, and although the 
moment of the propeller thrust is very small. Here, again, 
the explanation is found in the suction in front of the pro- 
peller, which suction in this case assists the rudder. 

The author wishes to acknowledge his indebtedness 
to Rear-Admiral R. M. Watt, Chief Constructor of the 
United States Navy, and to Captain I. C. Tuxen, Chief 
Constructor of the Danish Navy, for having so generously 
emg the results of the turning trials, here analysed, at 

is disposal. 

To Mr. Henry H. W. Keith, S.B., of the Massachusetts 
Institute of Technology, the author’s thanks are due for his 
assistance in the comprehensive numerical and graphical 
work involved in the preparation of this paper. 





APPENDIX. 


THEORETICAL ANALYSIS OF THE LATERAL COMPONENT 
OF THE RESISTANCE, Q. AND ITS LEVERAGE, a, ABOUT 
THE CENTRE OF GRAVITY OF THE SHIP. 

It is required to express Q and a in terms of known 
quantities, but this problem can hardly be solved in any 
ut an empirical manner. Let it be here assumed, as 
| rough approximation, that Q, the resistance normal to 








Fig.6. 


CURVE FOR “K; 


Formula “Kenzie s(b 5) 





Now we substitute R for Rp as an approximation, 
arguing that R is roughly the average value of Rr, and 
since f rd S is the moment of the centre-line plane about 
O, we obtain :— salads 
=K ws(o—-8 

<5, — 


bearing in mind that (b — s) is the distance of the centre 
of gravity D of the centre-line plane from O. 

In analysing the results of turning trials we may calcu- 
late Q from the given data, and if the drift angle 18 
observed we may find 8, since ’ = R sin ¢. Thus K; may 
be determined by :— QR 


1 23 (6-8) 


(ii) 


(iii) 


| which equation was used in the first part of the analysis. 


Taking moments of all the elemental pressures on the 
centre-line plane about G, and equating them to Q a, we 
obtain :— 


Qa=K, [resi gr(r — 6) a8, (iv) 
and, substituting as above, 
c, a2 K, . 
Qa= Kit [ re -b)dS= * [Ip - b(b- 8) S} 


where I, is the moment of inertia of the centre-line plane 
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about O. Let I be the moment of inertia of the same 
plane about its centre of gravity D, then :— 
I, =1+S8(b —8)?=S [p? + (0 — 8)?], 
where p is the radius of gyration of the centre-line plane. 
2 
Qa = 88 [a - 5 - 9)) | 

Dividing by (ii) we obtain :— 

PP dn s(b — 8) 
b-s 

As might be expected, this simple formula does not | 
adequately express the actual conditions. It does not 
emphasise sufficiently the influence of deadwood and 
fineness of the ends on the leverage of Q, and does not 
take into account the unknown and complex influence of 
the general form of the ship. 

Now, the greater the amount of deadwood—.e., the 
less deadwood there is cut away at the ends—the greater 
must be the coefficient of fineness of the centre -line 
plane :— - 


~ LD 
and the greater must be the leverage of Q. 


(v) 


€ 





Fig.7. 


Note,- The Curves are 
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Scade for Radius of Turning Curcle,- 
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2 7299) 


r must be a great 


Similar in effect to deadwood pro 
uce a small value of 


fineness of the ends, which will p 
the cylindrical coefficient :— 
g= 8 V, 
OL 


Hence a factor © is introduced in the expression for a. 


Several other factors, consisting of coefficients of fineness, 
principal dimensions, &c., were tried, but ; was found to 


give the best result. 

Finally, in order to allow for the general form of the 
hull, a coefficient Ky was added, which. through a tenta 
tive process, was found to depend essentially on the ratio 
wu 


The Figures give average Rudder 


From which we obtain :— 
R = Ki 8 (b - s) - Moos 
A 00s a f (a) 
From the equation Q a = Py we obtain by substitution | 
from (ii) and (vi)— 4 
R=° K, K, 8 [p? — s (6 - 8) ] 
SpAf (a) 
Equating (vii) and (viii), and solving for (b — 8), 
btain : 


(vii) | 


(viii) 
we | 
re) 
5p Mcos @ | 
te «a (ix) | 
dp + es K, cosa 
which gives (b — s) in terms of known quantities, after | 
K, and K, have been determined from the curves | 
(Figs. 5 and 6). oa 
When (} — s) is calculated, R can be found from (vii) 
or (viii). | 
Tue INFLUENCE OF SPEED ON THE RaDIUs OF THE TURN- | 
ING CIRCLE AND ON THE POSITION OF THE PIVOTING 
Pornt. 
According to the foregoing equations for R and (b—s), 
these elements should be independent of the speed, a 


€ p? K. cosa + 


b-s= 


angle. In the case of several ships, however, ¢ did not 
vary much with the speed, and in the mine vessel n, 
where adequate means were — for measuring the 
drift angle accurately, it was found to be practically the 
same at different speeds. 


ANALYsiIs OF TRIAL Resvtts. 


Anexamination of the records from the trials, for which 
the drift angle was observed, brought out the fact that, in 
spite of the favourable conditions under which the trials 
took place, and in spite of the extreme care and accuracy 
which were exercised in the observations, the observed 
data exhibit several irregularities. The author will now 
discuss these irregularities, and explain how they were 
dealt with in the analysis. 

The trials were generally made in pairs, each pair con- 
sisting of one turn to starboard and one to port, and in 
most cases smaller or greater differences were found 
between the turns to starboard and port. These differ- 
ences were either of a consistent character—i.e., of same 
relative magnitude and same sign in different pairs of 
trials, and were in such case probably due to an inaccurate 
adjustment of the rudder in its midship position, or to a 
difference in the propellers, or they were of a more erratic 
character, in which case they were probably due to irregu- 
larities in the action of the engines or in the wind and 


CURVES OF RADIUS OF TURNING CIRCLE 
PLOTTED ON SPEED BEFORE TRIAL AS ABCISSAE 


drawn through the 
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Angle Degrees 
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on each Curve 
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direct consequence of assuming 
It will be of interest to examine 
is supported by the trial results. 
As to the radius of the turning circle, its relation to 
the speed is clearly brought out in a 7, above, where 
R is plotted on V as abscissee. Generally three spots are 
thus obtained for each ship, and a straight, or nearly 
straight, line drawn as near the spots as possible, would 
robably give the best approximation to the true curve 
& R. The curves are, however, drawn through the 
spots in order to illustrate, in an objective manner, the 
general character of the observed variations in R. 
Afonasieff has given the formula, * 


R « v7.3, 
which indicates a moderate increase in the radius of the 


ay Q a to vary as v. 
ow far this assumption 





<7 on which ratio it is plotted in Fig. 6. 
Thus the expression for a hecomes 


K, (1 - 8 (6 - °)) 


6 (b - é) 9 


4= 
from which 
6a (b — 8) 
e[p? - 8 (b - 8)) 
which was used in the analysis. 


s= . (vi.’) 


FORMUL* FOR FINDING THE RADIUS OF THE TURNING 
CrrcLe BY CALCULATION. 


Equation (4) of the paper may be written 
Q. uoee + Acos af (a). 


72 


Substituting the value of Q from (ii.), 
K,S (b - 8s) =Mcos¢@ + ARcosa (a), 





turning circle with the speed. Thus, when the speed is 
| doubled, R should increase by about 23 per cent. ‘ 
| The curves given in Fig. 7 do not, however, bring 
| out this relation ; some of the curves do, indeed, show a 
rise at higher speeds, but others show the opposite ten- 
dency, and many run nearly horizontally. me curves 
| rise at the ends—i.c., at low and high s is; others 
bend down ut the ends. Thus, on the whole it seems 
| reasonable to sup) . in accordance with formule (10), 
| (vii.), and (viii.), that R is practically independent of v. 
As to (b — 8), the position of the pivoting point, its 
| independence of v implies that also the drift angle should 
| be independent of the speed, since sin ¢ = R It 
| seems quite likely that this rule is fairly correct, but it | 
has not been ible to verify it conclusively on account | 
of the phoned imperfection of he means of observing this | 








* “Le Giration du Navire,” par M. N. Afonasieff. | 
Association Technique Maritime, 1902, 


13 








27 22 23 24 25 26 


currents. In the analysis these sources of error were as 
far as possible eliminated by taking mean values of the 
observed data for each pair of trials. 

In most of the Danish trials the —_ followed by the 
centre of gravity of the ship was laid down from observa- 
tions taken at each octant. The curve so obtained for 
the second half-turn, with which alone the analysis deals, 
was in many cases found to be distorted. The final 
position of the ship, after it had made a complete turn of 
360 deg., was not always found where it would be under 
ideal conditions—t.e., at a moderate distance inside the 
initial course-line. In some cases this distance was 
abnormally great, in other cases it was abnormally small, 
or the last part of the curve might even intersect the 
initial course-line. The chief cause of this irregularit 
was probably wind or currents. Nearly all the Danis 
trials were carried out by Risbec’s method. This method, 
which is described by Sir William White in his ‘* Manual 
of Naval Architecture,” is based on measurements to an 
object, ong | a buoy, floating freely in the water; 
and it is clear that any difference in the drift of the ship 
and the buoy must result in a distortion of the observed 
curve. 

It was therefore necessary to perform an adjustment 
of such distorted curves before measuring the radius of 
the final turning circle. This adjustment was carried 
out as follows :— 

Let the curve 1, 2, 3, &c., in Fig. 10, represent the path 
of the ship as plotted from the observations. Choose 
by judgment a point 8’ as the probable end position of 
the ship under ideal conditions, then the line 8—8’ repre- 
sents the drift of the buoy relative to the ship in direc- 
tion and magnitude. In order to construct the curve, 


such as it would have appeared if the drift of the buoy 
had been the same as that of the ship, divide the line 8 — 8’ 
in eight parts, and number the points of division 1”, 2”, 
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3”, &c., as shown. Mark off from each of the points 1, 
2, 3, &c., a line equal in direction and length to 8—1”, 
8 -2”, 8—3”, &c., and the points 1’, 2’, 3’, &c., so obtained 
will be points on the corrected curve. Relative to this 
corrected curve the buoy has actually drifted from Cy to 
C, during the trial, where C, C, is equal to and parallel 
with 8—8’. 

In general the correction in diameter due to this cause 
was only a few per cent. 

As to the irregularities in the observed drift angle, 
pence A mentioned in the paper, it seems difficult to offer 
any other explanation than that the ship, in its angular 
motion, in many cases oscillated about a certain mean 
value of the drift angle. The observation of the drift 
angle, which took place at the end of each octant, was 
very accurate ; in fact, the error hardly exceeded 1 deg., 
but, being intermittent, it would naturally give diverging 
results, if fluctuations in this angle took place. In the 
Lossen, however, where the drift angle, as explained 
h reafter, was observed continuously, no such fluctuation 
was noticeable, but it is possible that the apparatus by 
which the angle was measured was not suffi iently 
sensitive. 

The humps and flat parts apparent on some of the 
curves were probably due to this variation in drift angle. 

The ition of the ship’s axis relative to the curve 
being given for each octant (Fig. 3), the drift angle was 
carefully measured at each point, with due regard to 
distortion and other irregularities of the curve, and the 
mean value for each pair of turns was calculated. 

The trials first analysed were those of the Iver Hvitfeldt 

Fig. 8. 7 

CURVES OF (2%) PLOTTED ON R’. 
These Carves are obtained trom Ordinary Trials. 
Where ($F) = Apf'fa) ee 
Cal. ing the Value of Apf(a)ftor the Different 
hadder Angles at which R’had been measured 
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and Valkyrien, for which the indicated horse-power 
during turning was known (see Table IV.). The total 

ropeller thrust T was found as the sum of the thrusts 

sand T, of the starboard and port propellers, deter- 
mined from the respective horse-powers and revolutions, 
by making suitable deductions for engine friction and 
losses in the propellers. The thrust being determined, 
X cos Y was found from equation (5), and since X sin v 
= Q could be found from (4), the value of X, the resu!:ant 
of all the hydraulic resistances, as well as ¥, which gives 
its direction, could be obtained. 

The turning moment, L, of the propellers due to un- 
symmetrical action was found by multiplying the differ- 
ence between the thrusts T, and T, with their leverage 
about the centre of gravity of the ship. The results 
of this analysis are given in Table IV., from which it 
appears that L does not show any consistency in sign or 
magnitude, being independent of speed and of the direc- 
tion of turning, whether to starboard or port. A com- 
parison between L and Pp, the turning moment of the 
rudder, which two moments together determine the 
turning motion, shows, however, that L is relatively 
insignificant ; and we conclude, therefore, that L may 
safely neglected, at any rate at large rudder angles, and 
hence that we may use the simple formula (6) instead 
of (6). 

Having thus eliminated or reduced the sources of error, 
regula the values of R and ¢, and simplified the 
formule, the analysis of the trials was carried out as 
follows :— 

First, the cases were ¢ wat known were analysed (see 
Table [I.), Q and a were found from (4) and (6), K, from 
(7'), Ky from (8’). After various quantities had been 


tried, it was decided to use the ratio p™* parameter on 
which to plot K,, and a preliminary curve for K, was 
drawn with — as ubscisse. The values of K, were like- 
wise plotted tentatively on various quantities as abscissie, 
until finally the ratio a was chosen as the most suitable, 
and a curve for K, was drawn provisionally. 


Thereafter the cases where the drift angle was not 
known were analysed (see Table III.). An approximate 


' . . 
cosine, whic’ 








value of ¢ was assumed, Q and a were found, as before, from 

(4) and (6), K, was taken from the curve, and (b — s) was 

calcula from (7). If necessary, this process was re- 

peated with an adjusted value of ¢, but in general this was 

not necessary, since ¢ is small, and occurs in (4) only as a 

varies but little at small angles. Finally, 
was found from (8’). 

Now the curve for K, was adjusted so as to bring about, 
through its influence on (b — s), a still more continuous 
arrangement of the Ke spots, and after considerable 
work of adjustment the curves for K, and K, were finally 
decided upon (Figs. 5 and 6). 

Speciat Casgs. 
[See Table V.] 


I. The ship was at rest before the trial, when both 
engines were started ahead and the rudder was laid hard 
over. 

The analysis was here carried out as in ordinary cases, 
except that the speed, being variable, had to be elimi- 
nated from the equations. This was effected by simply 
dividing (4) and (6) by 2— 


(2) = Mowe, A f (a) cos a 


(2) = Apf(a). 


Instead of determining Q and Q a, as in the analysis 
of ordinary cases, we vbtain here the functions ( Q ) and 
uv 


(x.) 


(xi.) 


moment is produced, we may obtain its value from the 
results of ordinary turning trials. Unless Q and a are 


already calculated, ( ¢ )is best obtained in the follow- 


ing way. In a given ship there corresponds to each value 
of R, irrespective of the speed, a certain rudder angle, 
and hence a certain calculable value of A p f (a), which, 


according to (6), is equal to (23 ). The values of 
J 


( as )s0 obtained from ordinary trials are now plotted 


on R as abscisse. Curves drawn through the spots 

enable us to determine the value of this function also in 

cases, like the present, where R is known, but where the 

turning moment is unknown and is produced in a different 

way. In Fig. 8 are oo such curves for the ships 

analysed under Cases IT. and ITI. 
Having determined the value of ( Q ) from (xii.) and 

ve 


of (2) from the curves in Fig. 8, a may be obtained 
v= 


_ (3) 


(ss) 


from the equation :— 


(xiv. ) 





and the thrust of the propeller from :-- 
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(22), by means of which a and (l)—s), and hence Ky 
may be found. This method is, indeed, applicable also to 
cases where the speed is uniform, and it involves less 
work ; the only reason why it has not been used through- 
out the previous analysis is that it was desired to bring 
out the actual values of the centrifugal force, the rudder 
pressure, and the lateral resistance. For ordinary purposes 
of analysis it is therefore recommended to use formule 
(x.) and (xi.) instead of (4) and (6). 

II. One engine fring ahead at full power, the other 
engine stopped. Rudder amidships. 

Before the trial the ship was going at a uniform speed 
on a straight course, the rudder being used to counteract 
the turning effect of the propeller. 

Formule (4) and (6) in this case become :— 


(3) = Mowe 
abot, 
ra 


(=) =a 


where T, is the thrust of either one propeller, z is 
its leverage about the centre of gravity of the ship. 
Although v is in this case uniform and known, it is con- 


venient to deal with the functions ( g )and ( 22) also 
in this case, whence the division by v*. 
Since (S . ). the function of the moment of the re- 


sistance, must always be equal to the impressed turning 
moment divided by 2°, irrespective of how this turning 


. (xii.) 


. (xiii.) 








: 
T, = ("s)" 


III. One engine going ahead at full nee the other 
engine stopped. Rudder hard over. fore the trial 
the ship was going at practically the same speed as in 
Case Il. 

By division with +? formula (6’) becomes :— 


(22) = Apf(a)+ (73) 


where the sign + is used when the propeller assists the 
rudder in turning the ship, and — where it counteracts 
the rudder. ; es 

The radius of the turning circle being known, it 1s 
possible, as in Case II., to determine the corresponding 


value of = from the curve in Fig. 8. Moreover, 
= 


(xv.) 


(xvi.) 





since the thrust of the propeller and the suction which 

| it produces on the ship may be supposed to be the same 

| function of v®, as in Case II., especially as the engine 
was in both cases going with about the same number of 

| revolutions, conclude that ( 71) must have approxi- 

| 

mately the same value as in Case IT. ’ 

Thus f (a), which is a measure of the rudder action, can 


be determined :— T: 
()*2) 


| f(a) = ip 
As seen from Table V., the result of this analysis, in 





(xvii.) 
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TABLE IV. 
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TABLE V. 
Ship at Rest before Trial. Rudder Hard Over. Both Engines going Ahead Full Power. 
one (S) = Meet + arcaeosats) (22) = Arse@) (xi. 
v2 R v2 
Speed Speed (Radius of Observed Leverage of, Pivoting K, x 106 Ship Turns 
N f Shi before ate F End of| Turning Drift “Q” about Point For- | Assumed K to 8. (Star- 
ae fee T (De | Trial. | Circle, | Angle, “G," —_ wardof*D”| from board) ; 
(Knots). -) | (Knots). | R(Ft.). ¢(Deg.).  a(Ft.). b-s8(Ft.). | Curve. P. (Port). 
Hekla.. _.. 0 35 | 1.7 445 9.2 34.2 | 49.7 433 0.297 8.P. 
Herluf Trolle 0 33 9.9 457 8&1 23.5 | 729 406 0.210 8.P. 
Odin > wel, 2 33 8.3 538 10.0 20.4 | 761 402 (0.228 8.P. 
One Engine going Ahead Full Power, other Engine Stopped; Rudder Amidships. 
Case II. . 8) _ Mcos¢ = es) _ Be ons 
Formule : 7} R (xii) ( <t= a (xiii) 
» e |f |f € 8% > 84 3 | 8214, 
i s& | FI 5 Es 2s 35 ms es ‘Ee 
2 = is ASG _ 2 ~~ Tae eo rt ae © 
{ Sh 3.97. <4 Pa sB + te as 5. SS ~ <= 
Name o' ip. — > ws o s = > . ees Oo: . Sr 2 
- a £2 8) 58 s% cos $s eo Ea Gc Fie F.4 SF Aye 
Ex me sa Bee Sut ge = E52! ss& SEs seh By “Es 
a> Ze 2° FE at hales < = ES See g=4 Sen ES 7F0 
ss 
Herluf Trolle 6 10.4 114 0 |1268' 673) 88 0.152 3.95 260 62.0 7.7 82 406 
{ 
Skjold ( ( 10.5 165 © (15.27 571) 99 O112 260 232 598 61 100 | 357 
n) 4 
+ 
Iver Hvitfeldt 9.7; 92| O (1509 687, 83 0.152 4.14 | 27.1 732 95 | 99 | 332 





One Engine going Ahead Full Power, other Engine Stopped; Rudder Hard Over. 


Both Engines going 





Case TI. (33 )- Apf(a) + [= ) (xvi.) 7 Full 
v2 v2 
: Radius of 
Speed R.P.M. Speed | Radius From From J (a) Turning Normal 
before Rudder During of * Calcu- ; - 
es : _ | before i Fig. 8 Case II. Circle Value of 
Name of Ship. Turn- | Turn- Angle, Turn- Turning 4 Tz lated tro tro 
ing, V | FRt™ a (Deg.) ing, v Circle, (S ) ( 1 ) fom | gor, fone 
(Knots). 8: (Ft-Sec.) R(Ft.) \ 7) (svi) | ee | Pee 
R(Ft.). 
- ——— 
Herluf Trolle ira 0 10.4 114 33 10.0 509 5.43 -3.95 0.000799 406 0.000530 
+ 
- 
10.3 113 33 8.5 802 6.97 +3.95 0.000257 406 0.000530 
* 
Skjold bi ) 9 10.5 165 30 129 557 2.69 += - 2,60 0,000717/  404—-| (0000806 
» 4 
——_ 10.5 165 30 10.4 311 4.36 2.60 0.000238 404 0.000506 
( ' 
Iver II vitfeldt « 9.5 86 85 10.5 886 5.48 +4.14 0.000141 456 0.009545 


4 
(even) 


the cases of Herluf Trolle and Skjold, was roughly that, if 
We take as unity the action of the rudder f (a), when the 
outer propeller was used, the effect when the inner one 
was used was 3, while if both propellers were used the 
effect was only 2. This appears to indicate a counter 
pressure by the outer propeller on the rear face of the 
rudder equivalent to 1, while the positive action on the 


| action in the absence of the propeller races, and, since 
| the action when both propellers were used was accurately 


front face, when only the outer propeller was used, must 
be 2, inorder to produce the aggregate effect of 1. This 
value 2, accurately 1.97, represents then the total rudder 


2.09, the total gain in rudder action due to the propeller 





races was only about 6 per cent. 


In the case of the Iver Hvitfeldt, when only the outer 
propeller was , the value of f (a) was relatively much 
smaller, indicating probably a greater gain in rudder 
action due to propeller races. 

Having regard tothe general crudeness of this analysis 
and the small number of experiments, we can only say, 
that on the whole there appears, in steady turning, to be 
but asmall or moderate gain in rudder action due to the 
propeller races, depending, of course, on the position of 
the propellers relative to the rudder and on other local 
sonlhiane, 


MEASUREMENT OF Drirt ANGLES. 


It is clear from the foregoing analysis that it is of 
great importance to a continuous and accurate 
record of the drift angle. 

This angle may be obtained with fair accuracy by a 
method devised by the author, which, through the 
courtesy of Captain T. V. Garde, then Director of the 
Danish Navy Department, was applied to the Danish 
mine vessel Lossen in July, 1911. 

From the bow of the ship a framework is rigged out, 
which carries the bearings of a light vertical shaft, 
provided with a small rudder or vane at the lower end, 
and a pointer moving over a divided are at the upper 
end. The upper edge of the vane should be about a foot 
below the surface of the water. The shaft should be 
ylaced as far forward of the stem as possible, so that the 
Row of the stream-lines at the vane shall not be too 
much influenced by the presence of the ship: in the 
Lossen the shaft was 6 ft. forward of the stem. The vane 
should be large enough to easily overcome the friction of 
the shaft. 

The vane will place itself in the direction of the stream- 
lines, and the pointer indicates the angle which these 
lines make with the centre line. This angle is the drift 
angle at the vane, from which it is easy to calculate the 
drift angle at the centre of vity of the ship, if the 
radius of the turning circle is known. In Fig. 15 let A be 
the vane-shaft, i¢, the observed drift angle at A; then 
in triangle AG C we know the two sides R and G A and 


the angle G AC, which is equal to = — dr, whence 


angle AG C = ; - ¢can be found. 

By a simple arrangement a continuous record of ¢, , as 
well as of the time, may be obtained. 

In the trials of the Lossen the results were as follow :— 








“ Observed Calculated 
me in Rudder Angle. Drift Angle. Drift Angle at G. 
nots. : $ 
deg. deg. min deg. min. 
6 33 2 53 + 7 46 
10 33 — 5 St + 8 10 
6 10 —1 15 + 4 24 
10 10 2 ll t+ 4 52 


A second method of finding the drift angle suggasted 
itself to the author, when studying the German method 
of obtaining the complete path followed by a ship in 
turning, devised by the late eminent Marine Oberbaurat 
H. Wellenkamp, of the German Navy.* By this method 
a float is towed aft of the ship by a line of known length, 
and the angle between this line and the centre line of the 
ship is recorded continuously. A dynamometer inserted 
on the float line serves to measure the speed of the ship, 
while the angular motion is recorded continuously by 
means of a gyroscope. With the data so obtained it is 
possible to lay down the path followed by the ship and 
the position of its axis at any instant without need of 
-y measurement to a buoy or other external object. 

ow if the instruments for obtaining such a complete 
and continuous record of the ship's position during 
turning are not at hand, we may still in a very simple 
way determine the drift angle in the final turning circle 
by means of a float similar to that used in the German 


method. 

In Fig. 15 M is the float, which will place itself in such 
a position that the float-line MH is a tangent to the 
stream-line through M. If, now, the line is so long that 
M is outside the disturbance caused by the passage of the 
ship, the stream-line at M will be a circle round C as a 
centre. Hence a normal to H M through M will pass 
through C. In the quadrilateral GH MC we know 
M H, the length of the float-line ; H G, the distance of 
the centre of gravity of the ship from the stern, and R, 
the radius of the turning circle. The angle which the 
float-line forms with the centre line is measured, whence 
its supplement, angle M H G, is known. Finally, angle 
HM Cis aright angle. Thus the quadrilateral can be 
solved by graphic construction or by calculation, and the 


angle HGC = ; + @ can be found. 


It is seen that this method, like the first method pro- 

sed, requires the radius of the turning circle to be 

nown. here only the final turning circle is studied, 
the diameter can be obtained, as the sum or difference of 
the maximum and minimum distance of the ship from a 
buoy floating freely inside or outside the turning circle. 
This method was used in the Lossen, where the distances 
were measured by a Barr and Stroud range-finder. 

The accuracy of both methods of obtaining the drift 
angle here proposed depends, of course, on the vane or 
float being outside the disturbance caused by the ship. 


* “Uber Rudermomentmessungen und Drehkreisbest- 
immungen von Schiffen,” Tjard Schwarz; Jahrbuch der 
Schiffbautechnischen Gesellschaft, 1910. 
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CATALOGUES. 


Metals.—We have received from the Metallic Composi- 
tions Company, 333, Gray’s Inn-road, W.C., a list of 
common and rare metals, and various alloys they supply 
in all forms for scientific and commercial pur 
Particulars are also given of nickel ware, aluminium 
evaporating-dishes, flexible metallic tubing, and wire 
gauze. 


Electric Power in Textile Mills.—The British Thomson- 
Houston Company, Limited, of Rugby, have issued a 
pamphlet illustrating the application of electric driving 
to textile machinery. The illustrations show that the 
widely-varying conditions existing in the cotton, flax, 
jute, and woollen industries have been successfully met 

y the company, who have installed plant agerogati 
over 30,000 horse-power in textile mills of the Uni 
Kingdom. 

Belting.—A little booklet which has reached us from 
Messrs. Wallach Brothers, Limited, Royal London House, 
Finsbury-square, E.C., gives some useful hints on the 
care of leather belts, describing methods of remedying 
and obviating belt troubles of all kinds. Directions are 
also given for making cemented and laced joints, cover- 
ing iron pulleys with leather, and other operations con- 
nected with the upkeep of leather belting. Tables and 
rules for finding the length of ae, and the horse- 
power transmitted, are also included. Particulars are 
then given of the various brands of belting — by 
the firm, special attention being called to the ‘ Spartan” 
and “‘ Neptune” brands. It is claimed that the former 
is specially tanned to withstand the effects of steam, 
water, oil, and acid or fumes, while the latter brand 
is said to be quite unaffected by moisture or water. 

Engines, Boilers, Agricultural Machinery, d:c.—Messrs. 
Ruston, Proctor and Co., Limited, Sheaf Iron Works, 
Lincoln, have lately issued a booklet illustrating the 
pocgress of the firm since it was converted into a limited 
iability 


company in 1889. At that time 1800 men were 
employed, while at present the works, which cover an 
area of 52 acres, give employment to 5200 persons. The 


chief productions of the company include steam-engines 
and boilers, winding-engines, gas and oil-engines, suction- 
gas plants, steam and oil traction-engines, road-rollers, 
steam-navvies, centrifugal pumps, corn-grinding mills, 
thrashing-machines, clover-hullers, maize-shellers, and 
other agricultural machinery. It is stated that during 
a under review the output has been more than 
tre . 


Refuse-Destructors.—The Horsfall Destructor Company, 
Limited, of Atlas Works, Pershore, Worcestershire, have 
recently sent us a copy of a catalogue giving particulars 
of installations of their well-known refuse-destructors. 
Several installations are illustrated, including that for the 
Mersey Dock and Harbour Board, fully dealt with in our 
issue of November 17 last, on page 667. This plant is of 
the latest ‘‘tub-feed”’ type, for which several special 
advantages are claimed. Among these advantages it is 
mentioned that a very large —. in labour is effected, 
charging takes place without the liberation of dust and 
fumes from the furnace, and an inclined road or lift for 
the carts is rendered unnecessary. The catalogue gives 
particulars of costs of labour and repairs, the quantity of 
steam produced, &c., and also illustrates accessory appa- 
ratus, such as high-pressure blowers, clinker-crushing and 
screening plant, mortar-mills, tin baling-machines, Xc. 


Oil-Engines.—A temporary catalogue and price-list of 
a new line of oil-engines for driving farm machinery, 

rig sawing, &c., has been received from the Dud- 
a ron Works, Limited, of Stroud, Gloucestershire. 
The engines may be worked with ordinary refined petro- 
leum or lamp oil, or, by a slight modification, they can 
adapted to use good crude petroleum. With the former 
fuel the consumption is stated to vary, according to the 
size of the engine, from } to 1 pint per brake horse-power 
hour at full load. When starting up these engines the 
vaporiser and an external ignition tube are heated by a 
lamp, which is removed as soon as the engine is running 
normally, the vaporiser then being maintained at the 
proper temperature by the heat of the explosions, and the 
charge being fired by an automatic internal igniter. It 
may, however, be necessary to use the lamp when the 
— is running on lightload. Full particulars are given 
of both stationary and portable engines in six sizes ranging 
from 2} to 15 brake horse-power. 


Automatic Stud-Machines.—A booklet to hand from 
Messrs. Alfred Herbert, Limited, of Coventry, illustrates 
and briefly describes their No. 2 automatic stud-machine. 
This machine is fitted with the firm’s patent roller, 
steady box-tool for turning, and with the ‘‘ Coventry” 
oot opeuing die-head for screwing. It is capable of pro- 
ducing studs up to 1} in. in diameter and 9 in. long from 
black bars, 34 minutes being the guaranteed time for 
finishing one stud of the maximum dimensions from good 
machinery steel. The studs are completed in two opera- 
tions, the first of which includes turning the bar, round- 
ing the end, screwing one end and cutting off; the 
cutting-off tool is shaped so as to round the second end. 
For the second operation, which consists of screwing the 
other end, the bar-feeding mechanism is removed, and 
the studs fed from a magazine. They are gripped by 
the plain part between the screwed ends. The machine 
can also S employed for the production of headed 
screws when they only require the three o 
turning, screwing, and cutting off; the h 


rations of 
s would be 


finished on a milling-machine. 

Wave-Subduer for Ships.—We have received from 
Messrs. Loveridge, Limited, Docks, Cardiff, a pamphlet 
relating to Couves’ apparatus for distributing oil on the 
sea in stormy weather. It is claimed that the use of the 





wave-subduer saves damage to the vessel, enables speed 
to be maintained, and adds considerably to the safety and 
comfort of ngers and crew. The apparatus consists 
of a vertical cylinder containing a heavy piston, and having 
an upper extension, which forms a reservoir for the oil. 
When the piston is raised by means of a screw and hand- 
wheel on the piston-rod, oil from the reservoir flows into the 
cylinder through a valve in the piston. The latter, being 
pressed downwards by a spring, as well as by its own 
weight, forces the oil through two small delivery-pipes 
fitted with regulating-cocks. These pi pass through 
the sides of the vessel as near as possible to the bows, 
and a little above the load-line, and the oil issues from 
them in fine jets which extend several feet ahead of the 
ship. The machines are made in three sizes for vessels of 
all tonnages. In the largest size the cylinder holds suffi- 
cient oil to last for four hours with both cocks full open, 
but in certain circumstances only one jet would be re- 

uired. The pamphlet states prices for the machines, and 
or a special oil which is the most suitable for the pur- 
pose, and also reprints a number of letters from s ,* 
masters testifying to the efficacy of the apparatus. It 
may be of interest to mention here that a brief explanation 
of the action of oil in subduing waves is to be found on 
page 497 of our issue of April 9, 1909. 


Micrometer Calipers.—Messrs. Schiiffer and Budenberg, 
Limited, of Whitworth-street, Manchester, have sent us 
a booklet containing a reprint of an article illustrating 
and describing their automatic micrometer calipers. In 
these instruments the measurement is indicated by a 
pointer, which moves round a white silvered metal dial 
graduated in fractions of inches or millimetres. The 
pointer is attached to a pinion gearing with a finely-cut 
rack fixed on the movable jaw, which slides in the frame 
of the instrument. As this jaw is pressed inwards the 
pointer rotates until the jaw comes into contact with the 
object to be measured, when the position of the pointer 
on the dial gives the measurement. In some cases a 
spring is provided so that the jaws open to their fullest 
extent when the instrument is not used. In other instru- 
ments, however, the spring is employed to press the jaws 
together, a lever being provided to open them when it 
is desi to admit an object for measurement. Either 
type can be clamped in any position by means of a screw. 

veral instruments, all embodying the same principle, 
but designed for different classes of work, are illustrated 
and described in the booklet. The ordinary calipers are 
provided with a dial arranged to read to ;}; in., and to 

}, in., the latter scale being for the purpose of reading 
directly in sixteenths. Instruments are also shown with 
metric scales, and othersare arranged to read in Imperial 
standard wire-gauge. Another instrument shown, de- 
signed for measuring paper, thin sheet-metal, &c., has a 
range of } in., and is graduated in zy'55 in. on a dial 5 in. 
in diameter, so that it can be used with great rapidity and 
accuracy. Prices for most of the instruments are stated 
in a price-list attached to the booklet. 


Portable Photometer.—In a small pamphlet we have 
lately received from Messrs. R. and J. Beck, Limited, 
68, Cornhill, E.C., particulars are given of the ‘‘ Holo- 

hane Lumeter ”—a new type of portable photometer. 
The instrument reads directly in candle-feet, and is used 
for determining the brightness of any surface. It consists 
of a small rectangular box having an eye-piece in one end, 
through which the illuminated object is viewed, a small 
window being, of course, provided in the opposite end of the 
box. The object is seen through a circular aperture in the 
centre of a white screen fixed inside the box, and the arrange- 
ments are such that the illumination of the screen can be 
varied so as to be exactly equal to that of the object 
being examined. In the case of a white object, when the 
adjustment is correct, the aperture in the disc will be 
invisible : while, when a coloured object is being viewed, 
the best intensity of illumination for the screen can be 
obtained after one or two trials. The white screen is 
illuminated by a small electric lamp enclosed in a cylin- 
drical casing inside the box, part of the casing being 
made of translucent glass, which can more or less 
covered by a shutter to vary the amount of light falling 
on the screen. The shutter is oe by a lever 
placed outside the box, the end of the lever moving over 
a scale graduated to read up to 2 candle-feet. By means 
of two dark glasses, which can be slid into ition 
between the screen and the object under examination, 
the range of the instrument can, however, be increased 
to 2000 candle-feet. Prices are stated for the instru- 
ment and various accessories. Among the latter is a 
daylight attachment for measuring the relative illumina- 
tion of interiors of buildings. A piece of apparatus for 
rapidly determining the polar curves of electric and other 
lamps by means of the ‘‘ Lumeter” is also dealt with in 
the pamphlet. 


Uses of Aluminium.—A pamphlet recently issued by 
the British Aluminium Company, Limited, 109, Queen 
Victoria-street, E.C., deals with the use of aluminium in 
motor-car construction. The pamphlet calls particular 
attention to the advan of the metal for the con- 
struction of motor-car ies, pointing out its suitability 
for both the framework and panels. The company 
supply a special alloy for casting struts, corner supports, 
and other parts, while angles, channels, and other sections 
are supplied for building up the framework. Aluminium 
is also largely employed for crank-case and other castings, 
dashboards, hand-rails, tread-plates, internal and other 
fittings, and many other motor-car parts. This pam- 
phlet also gives instructions for burnishing, polishing, 
and otherwise finishing the surface of the metal, and gives 
weights and other particulars of aluminium sheets and 
sections. Another phlet which has reached us relates 
to the use of aluminium for the construction of drilling- 
jigs, particularly inconnection with the manufacture of 
various parts of weighing scales. A third pamphlet, 





dealing with aluminium in electric traction service, hss 

m issued. This pe illustrates and gives some 
particulars of the use of aluminium side-panels and 
interior fittings for electric railway coaches, and als> 
refers to aluminium trolley-heads and field-coils for 
tramway-cars. For the latter purpose the coils are 
wound with aluminium wire of rectangular section wit}:- 
out any cotton covering, sufficient insulation being pro- 
vided by the film of oxide formed on the surface of the 
wire. It is stated that this method of winding has been 
adopted and found satisfactory by a large Continental 
firm for the construction of lifting magnets, where the 
high voltages induced when the circuit is broken might 
have been expected to cause breakdowns of the insulation. 
The ae gan claim that aluminium field-coils weigh less 
than half as much as equivalent copper coils, and that 
they cost less, last longer, and are technically superior to 
the latter in many ways. 


Indicating-Gear.—A catalogue section, giving prices and 
particulars of Graham’s patent reducing gear and non- 
stop indicating gear, has reached us from the makers— 
Messrs. Schiffer and Budenberg, Limited, Whitworth- 
street, Manchester. The reducing gear is of an extremely 
simple and convenient form, consisting of a set of three 
accurately-made nickel-plated miniature pulley-blocks, 
two of which have four sheaves each, while the third is a 
single-sheave snatch-block. The method of using the 
e is as follows:—A cord attached to the engine cross- 

ead is threaded round a suitable number of sheaves of 
the two four-sheave blocks, one of which is fixed and the 
other connected by a separate cord to a helical spring 
fastened to the indicator barrel nut; the object of this 
spring is to keep the cord taut while the indicator is dis- 
connected. It will be seen that the movement of this 
cord copies the motion of the crosshead on a reduced scale, 
so that by connecting the cord wrapped round the indi- 
cator drum to a loop in the cord between the pulley-block 
and the spring, the drum will also follow the motion of 
the crosshead. The snatch-block is employed when indi- 
cating engines, the stroke of which is too great to be 
reduced sufficiently by the two four-sheave blocks. In 
such circumstances the cord from the movable block is 
passed round the snatch-block and fastened toa fixed point, 
the cord from the tension spring being attached to the 
snat-h-block, sothat the motion of theindicatordrum isonly 
half as great ss with the previous arrangement. With this 
gear engines in which the stroke varies from 1 ft. to 6 ft. 
in length can be indicated, the maximum length of 
diagram obtained being 44 in. The non-stop indicating 
gear, as its name implies, is a gear that can * attached 
to any engine without Sore provided the engine 
has been previously prepared y fitting a special stud- 
connection to the end of the crank-shaft. The gear would 
be difficult te describe in detail without illustrations, but 
its principle may be gathered from the following par- 
ticulars. The mechanism comprises a crank-disc mounted 
on a metal block, which can be slipped on to the stud, the 
crank-disc being driven by an eccentric pin that can be dis- 
engaged at will. Ac ead sliding between two guide- 
rods fixed in the metal block is driven by a connecting-rod 
from the crank disc, which is drilled with a number of 
holes, so that the crank-pin can be fixed in the correct 

ition for indicating either end of any cylinder. The 
indicator-drum is driven directly by a cord from the cross- 
head, the arrangements being such that diagrams of three 
different lengths can be obtained. Also the gear can be 
adjusted so that the ratio of length of connecting-rod to 
stroke is the same as in the engine, and thus the motion 
of the indicator-drum is an accurate copy of the move- 
ment of the engine piston. The catalogue also illus- 
trates a pneumatic attachment by means of which the 
permanent stud-connection can be dispensed with. With 
this arrangement it is only necessary to cut a chisel slot 
in the end of the crank-shaft to ensure the gear being 
attached in the correct position. 





Tue Unirep States Steet Corroration.—The total 
receipts of the United States Steel Corporation last year 
were 615,148,840 dols., showing a decrease of 88,812,584 
dols. from the record reached in 1910. The working ex- 

mses and taxes last year were 537,528,207 dols., showing @ 
Soma of 45,867, dols. After payments of dividends 
for 1911 at the rate of 7 per cent. per annum upon the 
preferred stock and 5 per cent. per annum upon the 
common stock, there remained a surplus of 4,665,4‘4 dols. 
to be carried to the credit of the current year. The 
corresponding carry-over from 1910 to 1911 was 33,106,888 
dols., so that last year was, in homely language, some- 
thing of a tight fit. The blast-furnace productions effected 
by the company last year was 10,744,897 tons, as compared 
with 11,831,398 tons. The steel ingot production was 
12,753,370 tons, as compared with 14,179,369 tons; and 
the rolled and other steel production was 9,245,000 
tons, as compared with 10,733,995 tons. The quantity 
of coke made was 12,120,212 tons, as_ compared with 
13,640,578 tons in 1910. The quantity of iron ore 
mined was 19,933,631 tons, as compared with 25, 245,816 
tons; the quantity of coal mined was 5,290,671 tons, 
as eel with 4,850,111 tons; and the quantity of 
limestone quarried was 4,835,703 tons, as compared 
with 5,005,087 tons. The output of finished products for 
sale last year was only 67 a cent. of the full normal 
productive capacity of the plants ; the decrease was most 
marked in materials used by railways, including rails, 
track fittings, and steel-car material. The decrease in 
the business done last year, as com with 1911, was 
11? per cent. ; in domestic trade the decrease was con- 
siderably ter, amounting to 184 per cent., but in 
export business there was an increase of 414 per cent. 
From the organisation of the corporation in 1901 to the 
close of 1911 an expenditure of no less than 410,465,266 
dols, was made for construction and development. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE ACT OF 1907. 
mber of views given in the Specification Drawings is stated 
—— A$ pon vad. porn is mentioned the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southam: Buildings, Chancery-lane, W.C., at 


the uniform price of 8d. 
The date of the advertisement of the tance of a Complete 
Specification is, in each case, given after the abstract, unless the 


Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertiseiment of the tance of a Com: ‘ion, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


20,659/11. The British W' use Electric and 

ufac Company, ted, London. (K. C. 
Randall, S. W. Farnsworth, and C. L. G. Fortescue, Pittsburg, 
U.S.4.) Electric Conductors. [9 Figs.) September 19, 
1911.—In insulating from each other two conductors of unlike 
electrical potentials, an insulating body is, according to this 
invention, inte between the conductors, and has its surfaces 
so shaped as to conform to the lines of force representing the 
electric field existing between the conductors. It is frequently 
necessary to bring a conducting lead through a hole or opening 
in a tank or casing, and very expensive bushings have been pro- 
posed and used for preventing a discharge between the con- 
ductor, which is frequently at a high potential, and the casing or 
tank, which is usually grounded. he edges of the opening 
through which the conducting lead extends have ordinarily been 
comparatively sharp, and, consequently, if there is a great differ- 
ence of potential between the casing and the lead, the electric 
field produced is of such form as to concéntrate the stresses at the 
edges in the opening and to render it extremely difficult to insu- 
late between the two. In carrying out the invention, the edges 
of the ee in the tank or casing are modified so as to produce 
an electric field in which the stresses are more uniformly 
distributed, and a conducting cylinder or tube of rela- 





tively large diameter is substituted for the usual lead. As 
shown, the edges of the opening may be merged into a torus 
ring of conducting material, in order that the electric field may 
be more readily determined. In this case, an insulating body may 
be employed which is substantially circular or elliptical in sec- 
tion in any intersecting plane through the axis of the conducting 
rod or tube, and substantially circular in section in any plane 
perpendicular to the central line of the conducting rod or tube, 
and, at the same time, not only avoids intercepting any of the lines 
which represent the existing field, but also intersects the surface 
of the torus-ring in equi-intensity lines. For example: The 
insulating body 11 may serve not only to separate the conducting- 
rod or tube 12 from the tank or casing 13, through which it 
extends, but may also support the tube in the usual manner. By 
employing substantially the form shown, it is possible to reduce 
materially the size and the cost of the insulating body, as com- 
pared with those usually employed for high voltage work, since 
the —_ of the path on the surface of the insulating body 
through the air or other insulating medium in which the parts are 
located is not weakened by the presence of the insulating body, 
and, therefore, it is used at its maximum efficiency as an insulator 
under the existing terminal conditions. (Accepted January 31, 
1912.) 

24,278/10. Evershed and Vignoles, Limited, and S. 
Evershed, London. Telephones. [4 Figs.) October 19, 
1910.—This invention relates to the emission of sound-waves 
from an emitter for reception at a distance, and consists in a 
receiver, including a thin steel or like diaphragm of large diameter 
arranged to be submitted to such a high tensior as will give it 
the desired frequency of vibration. In the form of the invention 
illustrated, a diaphragm m of thin sheet metal is securely clamped 
between the face of the flange f of the case or box a and the 
clamping-ring b, A tuning-ring r, when forced against the disc 
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m by means of the set screws 8, presses the thin sheet of metal 
into a circular flat part d and a conical annular part c, so that a 
high tension is imparted to these of the diaphragm, and the 
central flat part d will accordingly have a natural frequency of 
vibration higher than the frequency of an unstressed disc of the 
same diameter. The sae eo may be put into vibrational con- 
nection with any desired vibratory apparatus inside the case or 

Ox @ by means of a rodt or by any other suitable means of 
transmitting vibration from one body to another. (Accepted 
January 31, 1912.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 

13,079/11. The Hoffmann Manufacturing Com; ° 
Limi don and and G. F Bar. 
rett, Chelmsford. Roller Grin {3 Figs.) May 31, 
!911.—This invention relates to machines for grinding-rollers of 
the class which has been previously described in Specification 
No. 792 of 1909, in which a series of rollers are trave’ in grooves 
or guides adapted to accurately hold and maintain them in align- 
ment over the face of a grinding member, the guides being, in 
some cases, arranged concentrically on the holding device em- 
ployed, and the nding member or dise being eccentric to it, so 


e quantity can be 


movement in close succession, whereby a 1a: 
e, each roller re- 


gradually and evenly reduced at the same ti 
ceiving the same amount of grinding. The nt invention is 
directed to means for grinding-rollers which are tapered or 
form frusta of cones, and, according thereto, the rollers are 
accurately, but freely, held, and move in a guide or holder with a 
rolling or partial rolling movement, the guide or holder being 
curved to a radius corresponding to the amount of taper of the 
rollers, and the rolling surface of the guide or holder, or the 
face of the grinding member or both, being angled to conform 
to the taper of the rollers. The grinding disc a is horizontal 
and the bottom of the ve in the roller holder } is formed 
at such an angle that the exposed faces of the rollers ¢ are 
rallel to the acting face d of the grinding member, which is 
orizontal. The grinding disc @ is suitably mounted on a vertical 








axis and provided, as before proposed, with spring means for adjust- 
ing the pressure on the rollers from the handlee. The disc is 
driven from a long vertical pinion f in gear with a spur-wheel 7 
above the grinding portion, the arrangement allowing of a vertical 
Se eng ge of the grinding member for pressure and wear. The 
holder b, with its groove, which is a circular track, is eccentric 
to the grinding member, so that the rollers travel over the full 
width of the working face of the grinding member, which, as 
usual, is annular, as shown by the dot lines A, Fig. 1, the 
eccentric arrangement giving the rollers a certain amount of skid 
to improve the grinding effect. If the track circle were suffi- 
ciently large, two or more grinding members could be arranged 
at different points on the circle, and one or more driven propelling 
discs or the like could be arranged over the rollers in the groove 
for assisting their movement by positively propelling them. 
(Accepted January 31, 1912.) 


MOTOR ROAD VEHICLES. 


19,560/11. J. Doherty, Birmingham. Mechanically- 
Propelled Vehicles. [2 Figs.) September 2, 1911.—In ay: 
for motor road vehicle driving-wheels, comprising the combina- 
tion of a pair of concentric hubs, the inner one of which has a 
driving-wheel attached to one or both ends, whilst the outer hub, 
which forms part of the road wheel, is supported directly upon 
the plain outer surface of the inner hub, an expansible clutch- 
ring or rings arranged in an enlargement at one end of the outer 
hub, and a clutch-operating lever or levers with axially movable 
actuating elements therefor, the said lever or levers and actuating 
elements are, according to this invention, arranged within the 
hub. In carrying the invention into effect, a plain cylindrical 
inner hub a is employed. This is screwed externally at each end 
to receive ctively a belt pulley and a sprocket which is pro- 
vided with a free-wheel clutch in the ordinary manner. The hub 
is also screwed internally at its ends for the reception of ball- 
bearing cups. Within the hub is arranged the fixed central 

indle b, which, near one end, is slotted to receive a transversely- 
situated sliding-piece c, by which a clutch-actuating element d is 
operated. The element d comprises a split internally-coned bush, 
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which is adapted to engage with the sliding-piece c, and by 
its axial movement is arranged to operate a pair of clutch- 
levers f. The sliding-piece c is actuated by the rod passing 
through a central aperture in one end of the spindle. Upon 
the outer surface of the inner hub or of a sleeve g is 
mounted the outer hub h, which is flanged for the attachment 
thereto of the road-wheel spokes, and is enlarged at one end 
to accommodate one or a pair of expansible clutch-ringsi. Ata 
suitable position each ring is severed and shaped to receive a 
wedge-like expanding piece j, which is actuated by one of the 
levers f. By imparting an inward movement to that end of the 
lever in contact with the bush d an outward radial movement is 
imparted to the wedge-piece j, and in consequenee the clutch-ring 
is expanded so as to grip the outer hub and thereby connect the 
two hubs together. It will be observed that the operating levers 
are pivoted to the inner hub, and the latter is suitably slotted to 
accommodate the projecting ends of the levers. Also the right- 
hand clutch-ring is cut away adjacent to the lower lever to permit 
the necessary movement of the lever in the operation of the left- 
hand ring ; this is not essential, and is only necessitated by the 
particular arrangement illustrated. (Accepted January 31, 1912.) 


RAILWAYS AND TRAMWAYS. 


646/11. way 


H. Cru Birmingham, Tram 

Rails. (3 Figs.) January 10, 1911.—A fae ng grooved tram- 
way rail, according to this invention, comp’ upper and lower 
connected by lapping webs or or my the web or flange of 

ihe upper part resting upon a ledge of the lower part occurrin 

about half-way up from the bottom to top of the combination, an 
the flange or web extending upwardly from the lower part of the 
combination directly su ting that part of the grooved tram- 
way rail which essentially takes the of the wheel 





that the rollers follow each other freely with a travelling rolling 


rim, The lower horizontal flange 1 of the rail is provided with a 


vertical web 2, but the head 3 is separately formed, such head 3 
also having a depending vertical web 10, which, when the two 
parts are fitted together, lies against the web 2 of the bottom 
flange, the underside 5 of the head of the rail preferably lying 
upon the upper edge 6 of the web of the bottom flange, and the 
web 10 of the rail-head resting — a rib7 projecting from the 
side of the rail at a point somewhat above the flange, such rib or 
presen being formed when rolling the lower part of the rail. 

upper part of the rail is fitted to the outer side of the lower 





rtion, and for this purpose the web of such lower portion may 
formed slightly to the inner side thereof; and the parts may 
be secured together by passing bolts through the two webs, the 
head of the bolt being at the inner side of the rail, whilst the nut 
is at the outer side. By this construction it will be observed that 
the part 9 of the rail-head receiving the weight of the vehicle lies 
directly over the web of the lower + whereby the rail is con- 
siderably strengthened, whilst also allowing of the parts being 
firmly connected together. (Accepted January 10, 1912.) 


SHIPS AND NAUTICAL APPLIANCES. 


8852/11. Mechan and Sons, Limited, and 8. Mechan, 
Glasgow. Boats. [4 Figs.) April 10, 1911.—This invention 
consists in the application to each side of the hull of a boat built 
of sheet metal, of a gunwale and upper strake composed of sheet 
metal of sufficient length to extend from the bow to the stern of the 
boat, and formed in cross-section to comprise a gunwale portion 
having an upper strake portion extending downwardly from the 
outer side of the gunwale, the upper strake being corrugated to 
forma projecting belt or belts. In one form, according to this 
invention, a strip of sheet metal of sufficient length to extend 
from the bow to the stern of a boat, is formed in cross-section, as 


AFig.1. 4 
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LH 
(8652) 
shown, to comprise a horizontal or gunwale portion A, having, 
from what may be termed its outer side, a downwardly extend- 
ing or my strake portion B, and one part or parts of the latter 
is, or are, beaded or corrugated to form a belt or belts proni 
from the side of the upper strake. As shown in Fig. 1, a belt 
may be formed adjacent to the juncture which the gunwale A 
makes with the upper strake B, or, as shown in Fig. 2, a belt D 
may be formed at or near the lower edge of the upper strake B. 
The gunwale portion A may be turned down as indicated at A}, 
and, if required, turned under at its inner edge, and the ends of 
the corrugations and beadings closed. H designates the sheet- 
metal side of a boat. (Accepted January 31, 1912.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c, 


3787/11. W. Weir, Glasgow. Feed-Water Heaters. 
(3 Figs.) February 15, 1911.—A surface feed-water heater of the 
type comprising a steam-enclosing casing and two water-heaters 
connec together by water tubes is, according to this inven- 
tion, provided with an arrangement whereby the steam inlet i» 
connected to one of the headers which is so constructed that the 
steam passes through a central hole in this header, the casin 
being attached to this header and clear of the steam inlet, an 
enclosing the other header, which is quite free from the casing, 
and the headers being divided into compartments and connected 
together by the tubes which pass from one header to the other, 
whereby the water is caused to flow to and fro between the 
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headers and to pass ee ~ all the compartments in series and 
through all the tubes. e heater is provided with ap upper 
header a and a bottom header b, Each of these headers is divi ed 
into several compartments, which are separated from each other 
by radial partitions c. The headers are of circular form, and a 
circular d is left in the interior of each. The inner face of 
each header is adapted to act as a tube-plate and is bored to 
receive water tubes ¢, ¢, which are ex led into the holes, one 
end of each tube being expanded into the tube-plate of one header, 
and one end into the tube-plate of the other header. Each header 





is cast solid—that is, in one piece. The partitions in the upper 
header are staggered with respect to the partitions in the lower 
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header, an exception to this rule being the partition c! in the 
upper header, which separates the first chamber in the upper 
header from the last chamber. By this arrangement, the water 
entering at h is —_ alternately downwards and — 
through the several chambers of the two headers and through 
the tubes connecting these, and eventually arrives at the exit 
ete k. The steam-admission pipe m is connected to the upper 

eader, and the steam-enclosing casing n is also connected to the 
same header. This casing encloses, not only the tubes, but also 
the lower header, which is not attached to the casing, but is hung 
from the upper header by means of the tubes, so that relative 
expansion can take place between the tubes and the casing. p is 
the om) for the condensed heating steam. (Accepted January 
24, 191 


14,927/11. J. Stumpf, Berlin, Germany. Valve 
Mechanism. [3 Figs.) June 26, 1911.—This invention con- 
sists in a valve mechanism for double-acting steam-engines having 
separate spring-pressed valves. According thereto, the operation 
of the valves is effected through the intermediary of a horned | 
lever shaped to co-operate with a power-cscillated lever at the | 
ends of the oscillations of said lever. According to the form | 
shown, the exhaust from the steam-cylinder a is effected through | 
the ports b, which are controlled by the piston during its travel. | 
The inlet of steam from the steam spaces e at the ends of the | 
double-acting cylinder is controlled by lift-valves ¢, which admit | 
steam from the spaces e to the cylinder a through the ports d, 
The valves c are shown of the unbalanced type and are pressed to 
their seats by means of springs f. Owing to the high pressure 
which is obtained in engines of the type illustrated, such un- 








balanced valves may be employed without unduly loading the 
valve-operating mechanism. The stems of the valves ¢ are 
arranged parallel with the axis of the geod and extend 
towards one another, so that they are only separated by one 
arm h of an oscillating horned lever pivoted loosely at hl, The 
valve-stems are provided with grooves which assist in the lubrica- 
tion of the parts and also assist in packing the stems. The lever h 
is an idle member, and is provided with two horns h?, h®, between 
which there is a circular part, over which a roller on a lever k may 
roll, The lever & is power-driven and is mounted on an axis m, 
which is caused to oscillate by an arm 0, The horned lever h and 
the roller on lever k are contained in a casing p, which may be 
filled with oi), so that the parts work in an oil-bath. It will be 
understood that during the running of the engine the lever k 
oscillates, so that at the ends of its oscillatory movement it co- 
acts with the horns h2, h2 to oscillate lever h, and thereby alter- 
nately open the valves c against the action of their springs /. 
(Accepted January 24, 1912.) 


24,956/11. Fried. Krupp Aktiengesellschaft Ger- 
mania-Werft, Kiel-Gaarden, Germany. Water-Tube 
Steam-Generators. [2 Figs.) December 31, 1910 —This 
invention relates to that class of water-tube steam-generator 
the furnace of which is situated between two nests of tubes which 
connect one upper steam and water-drum, and two lower water- 
drums, and is partially filledup by the insertion of a structure 
of fireproof material, which simultaneously serves as a guide 
passage for the supplying of the air to support combustion. 
According to this invention, the fireproof structure is constructed 
in the form of a hollow body closed on all sides, the interior of 
which is connected, on the one hand, with the outside air, and, 
on the other hand, with the furnace by a leading under 
the gate, so that the air which enters the hollow space first cools 
the walls of the structure, and can then be supplied in a pre- 
heated state to the steam-generator as air to support combustion. 
The steam-generator consists of an upper steam and water-drum 
A connected by two nests of tubes B with two lower water-drums 
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©. Between the nests of tubes is placed the furnace D. Outside 
the nests of tubes on either side of the steam-generator, and on 
the surrounding eer H, is arranged a superheater E. Built 
into the upper part of the furnace is a structure J of fireproof 
material, which extends from the front wall A! of the masonry 
of the steam-generator through to the rear wall h2. The lower wall 
“1 of this structure is constructed in the form of a supporting 
arch, while the side walls run parallel to the longitudinal 
direction of the nests of tubes B. The hollow space in the struc- 
ture communicates by an openiny #2 with the outer air, and an air | 
pipe K also leads from the said t.ollow space to beneath the fur- 
nace D. Inside the structure J are arranged two anchor bolts L 
which connect the frontjwall h! and the rear wallh2 of the masonry 
of the steam generator to each other. The structure J is so 
arranged that the upper part of the combustion chamber is nearly 
filled up by it, yet to such an extent only that sufficiently | 
passages are still left at the sides for the gases to pass through, 
and that sufficient, space is left above the grate for a good develop- 
ment of flame. (Accepted January 24, 1912.) 


TEXTILE MACHINERY. 


17,668/11. E. Whitehead and A. towler, Man- 
hh: ul da i August 3, | 





chester. ies and Twiners. (3 ge) 

1911.—This invention relates to self-acting mules and twiners, 
and particularly to the easing motion known in the trade as 
** Asa Lees patent yarn-easing motion.” In the patented easing 








motion an arm, and as at present made an approximately Y or 
U-shaped arm, loose upon the counterfaller shaft, is connected 
by a spring to another arm fixed upon the said shaft, and an 
incline fixed upon the floor acts, through suitable connections, 
upon the loose arm, so as to ease the yarn during the backing-off 
operation, and allows the weight of the salmon-head levers to 
come on gradually and smoothly at the commencement of the 
inward run of the mule carri In such easing motions it has 
hitherto been customary to adjust and set the tension of the 
spring and to leave it unadjusted throughout the build of 
the cops. The improvements consist essentially in the provi- 
sion of an extension bracket mounted adjustably upon the VY 
or U-shaped arm, and carrying the wing nut on the screwed 
end of the regulating screw by which the tension on the spring 
is adjusted, such screw being made considerably longer than 
hitherto customary. a designates the mule carriage; b one 
of the spindles; ¢ the counterfaller shaft; c! the counter- 
faller sickle; d the faller shaft; d! its faller sickle; e the 
arm of an approximately Y or U shape, which is fitted loosely 
on the counterfaller shaft; f the curved arm, fixed as usual 
on the counterfaller shaft; g the spring, one end of which 
is connected to the fixed arm /, and the other end to a hook 


| formed on a screwed stud A held by a wing-nut which bears 


upon the projecting end of the extension bracket secured ad- 
justably to the bend of the Y or U-shaped arm e. To the free 
end of the arm e is pivoted the usual rod or lever m, which 
passes through and is guided by a bracket » secured to the 











mule carriage, and to the foot of this rod m is secured adjustably 
a bracket o with a curved foot, which, when the carriage ap- 

roaches the end of its outward run, comes upon and mounts an 
incline p secured adjustably to a bracket q fixed upon the floor. 
The operation is identical with that of the patented easing motion, 
80 far as the action of the spring is concerned, in offering a certain 
resistance to the rise of the counterfaller sickle cl as the weight 
of the salmon-head levers is applied. As the curved foot of the 
bracket o rises on the incline p it lifts the rod m, which pushes 
the arm e upward, thereby extending the spring g, which tends to 
turn the counterfaller shaft ¢ and pull down the counterfaller 
sickle c). Asthe carriage a commences its inward run, the curved 
foot of the bracket o ually leaves the incline p, and allows 
the weight of the salmon-head levers to come on to the yarn 
smoothly and gradually. The arrangement of the extension- 
bracket j, in conjunction with the shape of the Y or U-shaped 
arm ¢ and the length of the screwed stud h, facilitates adjust- 
ment and variation of the tension of the easing spring g through- 
out the entire build of a set of cops, the attendant gradually 
screwing up the wing-nut 7 after the bottoms of the cops have 
been formed, and so increasing the tension of the spring and the 
resistance offered to the rise of the counterfaller sickle c!, and 
thus maintaining a practically uniform and constant tension upon 
the yarn whilst the upper portions of the cops are being built. 
(Accepted January 24, 1912.) 


14,185/11. W. H. Wwatep, Preston. Loom Shuttles. 
{4 #igs.} June 15, 1911.—The improvements relate to loom 


shuttles, and comprise the combination of a weft leading 
to the eye, and formed to permit the introduction of the opera- 
tive’s finger for pushing the weft to the eye, with a guide-piece 


or guide-rail extending wholly or Pe through such weft 
—— towards the outlet thereof. a is the body of the 
shuttle, and ) the weft p: e which extends from the bottom 
entrance 6! to the side outlet c, which, in lieu of the ordinary pot 
or metal eyelet, is, in this case, formed as a plain opening with 
protecting side-wires, one of which is provided by the special 
guide-raild. This latter extends from near the weft entrance b! 
to the outlet c, or thereabout, such rail being also continued 
inwards so as to provide a thread-supporting or retaining bend 
or projection formed by a loop at d!, and a bridge or transverse 
bar d2; but these latter may be formed separately, or, if so pre- 
ferred, be dispensed with. It will be seen from Fig. 3 that the 
thread e, age under the bridge d2, is maintained centrally of 
the shuttle by the protuberance at d!, which also projects suffi- 

















| ciently beneath the weft to form a vertical support or rd, 


whereby the tendency of the thread to “balloon” is uced, 
In threading, the end portion of the weft, a few inches of which 
may be gathered intoa small bunch or ball, is first passed below the 
shuttle, and then inserted into the weft entrance b!, afterwards 
being pressed forward along the passage b by the finger. The 
operative readily feels the projecting wire d, which offers a guide 
for both finger and thread, whereby the latter is conducted to 
the outlet or - ¢, whence it may be drawn readily by hand. 
To further facilitate the operation, the operative may, by a turn 
of the finger resting on the thread, cause the latter to pass round 
over the smooth surface of the guide d at the outlet, and thus 
eme from the shuttle in a direction leading ‘| from the 
opposite side of the eye, as indicated in Fig. 1. Fig. 4 illus- 
trates, separately, the guide-p'ece employed in these exampl 
indicating the transverse bar or bridge d? and sharpen 
extremities for ready insertion into the shuttle body. (Accepted 
January 31, 1912.) 








5780/11. D. Bradshaw, Bury. Bee Mach 
[4 Figs.) March 8, J911.— This invention relates to os 
hi structed witha A 


of fallers or hammers arrange: 
in a frame and successively raised by warpers or lifters, by which 
the fallers are caused to beat on fabrics that are on slowly revolv- 
- beams for the purpose of producing a glossy finish on th: 
fabrics ; these revolving beams are ordinarily caused to be move:| 
also to and fro in a transverse direction when beetling, but by th: 
mechanism hitherto employed for obtaining the transverse move- 
ment there is a constant strain which requires increased power to 
overcome, and to be frequently renewed. raverse 
motion for beetling machines, according to this invention, con- 
sists in the combination with the ordinary bevel-gearing of an 
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eccentric as a and rocking-shaft d. The eccentric a is fitted at 
the back of the pinion }! that is mounted loosely on the shaft /2, 
and gears into the ordinary bevel-wheel ), and the eccentric is 
connected by a rod eto a rocking-shaft d by a stud d*, sliding in 
a slot d2 in the arm d! of the shaft d, the arm d* of the shaft d 
engaging in the ordinary groove e! in the boss of the beam-wheel 
e, whose rotation is reversed when required for the pinion )! being 
allowed to run loose on the shaft U2, and the pinion /* placed in 
gear with the wheel b by a clutch as g. By theee means the wear 
in the gearing is reduced, the length of traverse may be adjusted 
to suit the length required, and the speed of the traverse beirg 
greatly increased causes the fallers to beat the cloth on an ex- 
tended surface. (Accepted January 31, 1912.) 


23,779/11. J.L. Rushton, Bolton. Carding Engines. 
{1 Fig.] October 27, 1911.—This invention relates to mec!.anism 
for rotating and traversing the grinding-roilers of carding engines, 
and consists in the combination with the stationary box (or its 
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equivalent, a fixed bracket) of an arrangement of two bevel-gears 
geared together by an obliquely-set double bevel-gear for rotating 
at the required speed the screw which traverses the grinding- 
roller. In carrying the invention into effect, there is secured 
upon a sleeve 2 a bevel-gear 4 which gears into one set of teeth 
on a double-bevel wheel 5 which is mounted obliquely upon a 
sleeve 6 fitted loosely upon a screw 3. The other set of teeth on 
the double bevel 5 gear into a bevel-gear 7 fixed upon the traverse 
screw 3. The double-bevel wheel 5 is held in position on the 
sleeve 6 by a ring or collar 8 and screw, which passes through the 
gear-box 10. The box 10, which encloses the gearing, is held 
stationary by a projection, not shown, on the stationary framing 
of the machine, resting in a slotted arm 11 secured to the box 10, 
and, when released, the box 10 can be taken off the sleeve and the 
screw without displacing or disturbing the internal arrangement. 
(Accepted January 31, 1912.) 


912/11. R. Riley, J. H. Ashworth, H. Foden, F. W. 
Steele, and L. P. Steele, Burnley. Spindles. [6 Figs. 
January 13, 1911.—This invention relates to spindles having 4 
conical locking or trapping surface for holding the yarn during 
doffing, and provided with circumferential grooves or recesses, 
and with longitudinal and intersecting grooves or recesses. 
According to the present improvements, the spindle is provided 
immediately above such conical locking and trapping surface 
with a projecting rim, flange, or the like, or equivalent part of 
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larger diameter than the adjoining part of the trapping sur- 
face, for the pu of preventing the convolutions o trapped 
yarns slipping off the trapping surface upwards. The conical 
locking or trapping surface A of the spindle B is shown pro- 
vided with circumferential recesses or grooves ©, and with inter- 
secting longitudinal grooves D. In accordance with the present 
invention, such trapping surface is surmounted by a flange E, 
which projects beyond the immediately contiguous part of the 
conical trapping surface. The periphery of such flange may be 
plain or smooth ; in the drawing it is shown as mil ed. The 
upper surface leading from the flange E to the spindle is prefer- 
by in the form of a truncated cone F. (Accepted January 24 
1912. 
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THE LJUNGSTROM STEAM-TURBINE. 


(Concluded from page 483.) 
Ix our last issue we referred briefly to the 


| when the speed rises to about 1400 revolutions the 


exciting current becomes strong enough to cause the 


two generators automatically to synchronise them- 
| selves, and thenceforward to run electrically as one 
| machine. 


The automatic synchronisation can be 


labyrinth packings adopted to secure steam-tight- | easily seen by watching the behaviour of the switch- 


where the shaft passes through the turbine- 
= The glands here have to be packed 
inst very high pressures, and the steam must 
accordingly be wire-drawn at a very great number 
of constrictions if leakage losses are to be kept 
within reasonable limits. This has been very 
successfully accomplished by Mr. Ljungstrém. A 
single constituent of this gland is represented in 
Fig. 24, Plate XXXVII., published last week, 
while Fig. 25, page 514, gives an excellent idea of 
the small dimensions of the packing. 

An enlarged detail of an element of the shaft- 
packing, consisting of one fixed ring and one 
running ring, is shown in Fig. 26, page 514, to 
a scale of twice full size. The rings are turned 
out of solid steel, and are designed to expand 
freely in all directions without distortion. They 
are mounted on feathers, the fixed ones in the side 
disc. There are no less than 158 constrictions for 
the steam, although the packing occupies less than 
3} in. of the shaft. The circumferential labyrinth 
walls of the rings are turned with thin edges. These 
edges are then rolled inwards, thus forming minute 
internal conical flanges, as seen in Fig. 26. When 
first made these flanges exactly fit the walls of 
the next rings, which they embrace; but a few 
minutes’ running suffices to wear a minute working 
clearance, which is maintained unaltered after- 
wards. In fact, when we examined one of the 
packings of the 1000-kw. turbine the clearance 
was hardly detectable, and the fine edges were in 
perfect condition. Actual tests showed the leakage 
steam from both packings of the 1000-kw. machine 
amounted to only about 110 1b. per hour. What 
steam does pass does not find its way into the 
generator or the engine-room, but is led into a 
chamber, in the side discs, around the packing, 
whence it is taken to a feed-water heater or else- 
where by a special Pipe. 

Not only the shaft-packing, but also all other 
labyrinth packings in the turbine, adjust their own 
clearances in the same way. Owing to the thinness 
of the fins, no dangerous heating occurs in case of 
contact, even should the running parts shift out of 
centre. At the same time such an occurrence as this 
is very carefully guarded against by the self-con- 
tained arrangement of the whole plant, its great 
stiffness and its symmetric form affording tempera- 
ture differences the least possible chance of altering 
the central position to which the bearings are 
originally adjusted. This, together with the very 
rigid construction of the rotor-shaft, which will 
later be referred to, seems to constitute the neces- 
sary conditions for the maintenance of small clear- 
ance and leakage in prolonged use and continued 
safe running of the plant. 

According to the inventor, the clearances of the 
labyrinth edges at different radii of the 1000-kw. 
turbine from the shaft-packing outwards to the 
larger blade-rings are easily maintained at 0.004 in. 
to 0.010 in., even with the high superheat used. 
The high pressures being confined to the inner 
parts, which are of small radius, the leakage as 
calculated comes out very moderate, even when 
using steam of very high pressure. The turbine, 
therefore, should be able to economically utilise 
not only high superheat, as already demonstrated, 
but also very high pressures. 

A section through the stop-valve is given in 

ig. 35, page 515. To start the turbine the 
handle at the top is screwed back a few turns, and 
the steam then raises the disc-valve from its seat, 
and equalises the pressure above and belowit. The 
double-beat piston-valve above is a sufficiently easy 
fit in its sleeve to permit of a small amount of 
leakage past it, and this is quite sufficient to warm 


up the small mass of the turbine within a few | 


minutes. The oil-pump in the oil-box at the 
end of the turbine is then wurked by hand for 
4 few strokes until the oil pressure is sufficient to 
Talse the piston on the valve-spindle against the 
downward pressure of its spring. The turbine 


then starts, and within about ten minutes from 
the commencement of warming-up is running at 
its full speed of 3000 revolutions per minute. 

When starting there is, of course, no reason why 
the two sides of the turbine should drive their 
respective alternators at precisely the same speed, 
and, as a matter of fact, they do not do so, 


But 








directly by the governor-spindle. 





board instruments. The fields of the two machines 
are connected in series, so that a single field 
rheostat only is needed, and in ordinary practice no 
more switches or instruments would be required 
than are necessary for the control of an ordinary 
generator. We may here point out, also, that 
should either of the generators become disabled, 
provision is made for bolting it rigidly to the casing, 
so that, if n , the other generator alone may 
be used. The result would be a reduction of output 
by one half, and higher steam consumption per 
unit, but, the frequency and voltage being normal, 
the supply could be maintained in emergency. 

Referring again to Fig. 35, the arrangement of 
the emergency trip-lever, and the valve connected 
to it, which releases the oil pressure and causes the 
main valve to be closed, may be noted. The 
tension cable, already described as causing the 
stoppage of the turbine if it is slackened by any 
cause, such as too high speed or unduly heated bear- 
ings, passes through the small hole in the toe of the 
emergency lever. By turning down this lever into 
a horizontal position the oil pressure is released 
and the turbine stopped. This method of stopping 
can be used whenever desired, as it obviously inter- 
feres in no way with the adjustment of the cable. 
Another point worthy of note is the attachment 
of the Pipe leading from the stop-valve to the 
turbine. This is formed by oxy-acetylene welding, 
and is designed to prevent expansion troubles from 
the high superheat, amounting to nearly 300 deg. 
Fahr., which is normally used. The simple circular 
form of the valves and casing is maintained with 
the same object. 

Fig. 34, page 515, is a vertical section through the 
end of one of the generator casings, showing the 
type of bearing and governor used. The governor 
is driven by means of a worm on the generator 
shaft, and has no special features. It controls the 
stop-valve by means of an oil-relay. The bearings, 
which are shown to a larger scale in Fig. 27, page 
514, are short for their diameter, and consist 
of cast-iron steps, turned cylindrically on the out- 
side, and lined with white metal. The two halves 
are registered by two long pins fitting in holes 
drilled along the sides of the joint when the halves 
are cramped together. The set-screws holding the 
half-steps together prevent the pins from working 
out endways. The pair of steps is located cen- 
trally by four pads fastened on to the spherical 
heads of screws which project through the housing, 
and form a means of adjustment for the position 
of the shaft. It will be noticed that the bearing- 
caps are secured by taper-fitting bolts, with a nut 
at each end. This type of bolt is used throughout 
the turbine, all the casing-bolts being thus made. 
It is claimed that they are very cheaply made and 
fitted, and when in position they serve to locate 
the parts they hold together with absolute accuracy. 
They are easily withdrawn by tightening one of 
the nuts. 

The oil supply is led to the bearing by a pipe 
entering the bottom step. This pipe is placed 
inside the discharge-pipe from the bearing, as shown 
in Fig. 27. The incoming oil passes through holes 
machined in the bottom step, and emerges at the 
horizontal diameter at one end, whence it flows 
to the other end along clearances provided for the 
purpose in the top step. The spent oil returns to 
the pump from the bottom of the bearing by the 
outer of the two concentric pipes shown. ‘There is 
no water-cooling of the bearings, the oil alone being 
relied on to carry away the heat. The circulation of 
oil amounts to a pint per second for each bearing. 

The oil-pump is of the gear type, and is driven 
It maintains a 

ressure of about 34 lb. per sq. in., but this is 
owered to about 15 lb. per sq. in. for the bearings 
by the use of a reducing-valve. The higher pres- 
sure is maintained beneath the piston controlling 
the throttle-valve, this pressure being regulated by 
a slide-valve operated by the governor. Variations 
of oil pressure thus vary the position of the throttle- 
valve, and this, in turn, by means ofa floating lever 
and side-shaft, reacts upon the oil system, so as to 
maintain a constant relationship between the posi- 
tion of the stop-valve and that of the governor. The 
oil-tank and cooler is shown separately in Fig. 33. 
The force available for keeping the throttle-valve 








closed is about 360 lb. ; but the spring tension in 
its working position is double this amount, so that 
should the emergency device or other cause release 
the oil pressure, a force of about 720 lb. is applied 
to the closing of the throttle. 

Figs. 29 and 30 illustrate the proportions of the fan 
and diffuser vanes fitted at the end of each generator 
rotor to ventilate the windings. The position of the 
fan can be seen in Fig. 9 ante and in several of the 
photographs. This fan maintains an air pressure of 
6-in. water-gauge in the end of the alternator casing, 
and thus a tremendous blast is created axially through 
the machine. The air escapes through orifices in the 
casing, above the top of the inner generator bear- 
ings, and notwithstanding the blast, the machine 
runs in a way that compares exceedingly well, as to 
silence, with any ordinary turbo-generator. 

The proportions of the turbine-blades are shown 
ten times full size in Fig. 28, page 514. As has 
already been explained in our previous article, these 
blades are fixed in place by acetylene welding, and 
one stage of this process is represented by Fig. 31. 
Full particulars as to the process have already been 
given, and need not be repeated here. 

In our last issue we described the precautions 
taken to prevent trouble arising from the distortion 
of the pe: won discs, and in Figs. 36 and 37, page 515, 
these discs are shown separately. The deep grooves 
turned in them ensure ample elasticity even with 
extreme changes of temperature. 

There are two criticisms which at first sight 
appear to be justified with regard to the Ljung- 
strom turbine—namely, that it is costly to build 
and that it is difficult to inspect. With regard to 
the former, the inventor points out that the 
material bill is very low on account of the small 
size of the machine, while the labour is almost 
entirely straightforward lathe-work. We may 
add that at the Ljungstrém Company’s works in 
Stockholm we found the machine-tools all of an 
absolutely standard nature, and with the exception 
of a few home-made and simple devices, they could 
be found in any ordinary engineering shop. We 
formed the opinion that no part of the construction 
was beyond the capacity of an ordinary skilled 
workman and an accurate lathe or other machine. 
We may add that during the construction of both 
the 500-kw. and the 1000-kw. machines all work 
has been carried out on a purely manufacturing 
basis, and exact labour, material, and management 
costs have been kept concerning every important , 
detail. The cost-keeping system is, in fact, better 
than in many manufacturing works, and altogether 
unusual in connection with work of a preliminary 
and somewhat experimental nature. From estimates 
formed on this basis, Mr. Ljungstrém is convinced 
that his turbine will prove extremely cheap to build. 

Concerning the difficulty of making inspection, 
we asked, on the occasion of our visit, that the 
turbine might be opened up. It was then exactly 
as when it had been running the previous day, 
with all gauges, pipes, &c., in position, and no 
preparations of any sort had been made. There 
was no overhead crane, but a run-way with chain- 
blocks only, above the plant. Four men were 
called up and instructed to dismantle the turbine, 
without being told that they were to be timed. 
Within half an hour the upper part of the casing 


| was taken away, exposing the low-pressure blades 
| (the diffuser was not being used at that time), and 


the bearing caps next to the turbine were removed. 
Just about half an hour more sufficed to have the 
lifting yoke fixed, the shafts uncoupled, and the 
turbine lifted out of the casing. The turbine was 
then taken to pieces, exposing the blading, 
dummies, and individual pieces of the shaft pack- 
ing, this state being reached easily within two seem 
of the order to begin. We may add that every 
detail of the interior was in excellent condition. 
Three men could probably have taken the turbine 
to ae in practically the same time. 

Ye have indicated in the earlier part of this 
article the main reasons why a high economy might 
be expected in a turbine of the Ljungstrém type— 
namely, the very high relative blade 8 , the 
small internal leakage, and the care taken to 
minimise radiation and other losses. That this 
view is justified is evident from the tests recorded 
in the table on page 516, the first three of which 
were scohenal on October 10 of last year by 
Messrs. G. Oscar Olsson, M.I.N.A., and Axel F. 
Endstrém, of the Elektriska Priifungsanstalten, and 
the last four on December 20 by Professors ©. E. 
Lundholm and Arvid Lindstrém, of the Royal 
Polytechnic at Stockholm, and Mr. Oscar Nycander, 
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1000-KW. LJUNGSTROM STEAM-TURBINE. 
CONSTRUCTED BY THE AKTIEBOLAGET LJUNGSTROMS ANGTURBIN, LILJEHOLMEN, SWEDEN. 
(For Description, see Page 513.) 
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Fig. 31. Fic. 32 Fia, 33. 
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PARTICULARS OF TESTS OF 1000-Kw. Lsunostrém SreaAM-TURBINE. 











Number of Test .. ve we és — - a --| 1 2. 3. 4. 5 6. 7. 
Duration of test, in minutes PS 40 30 40 60 41.4 36.83 41.5 
Revolutions per minute, both shaf --| 3000 3010 807 3018 3019 3019 
Total load on generators .. es = os? 972 788 480 1000.5 751.0 499.9 250.3 
” turbine oe oe oe 7" es B.H.P.; 1405 1150 723 1439.7 1093.2 746.2 43.7 
Steam pressure before governor valve-gauge Ib. per sq. in. | 162 164 167 167 162 164 167 
o after a de « | 130 104 67 154 118 81 41 
Steam temperature before governor valve . deg. Fahr. 667 668 675 69 665 671 676 
os after 99 ; = * 664 662 663 669 663 664 662 
Superheat before governor valve ae iy i “a 297 297 302 296 296 300 303 
9 after Pm oe - 99 | 310 323 351 302 315 348 375 
Absolute pressure in exhaust-pipe in. Hg! 1 34 1.25 11 1.37 1.31 131 1.18 
” ” condenser .. oe ae ee ‘oa | 1.25 1.16 L1 1.34 1.26 1.28 1.13 
Temperature of condensed steam in measuring-tanks deg. Fahr. 56 55.4 54 42.8 41.9 419 41.9 
Temperature of cooling water, inlet .. Py es ” os 39.2 39.2 39.2 39.2 
s 7. outlet .. pte 5? oo” ss 57.4 53.8 50.4 45.2 
Temperature of oil leaving bearings... = “s ” os ae 126 124 127 119 
Steam condensed during trial .. oS be ee .. Ib.} 7429 4638 4123 11,550 6260 4010 2646 
+» escaping from shaft glands a3 es an e 45 28.6 26.4 106 | 61.6 42 26.8 
Total steam used during trial .. oe a ee ne - 7474 4149 11,656 6321 4052 2763 
9 »» perkilowatt-hour . °° ~~ = oud 11.55 11.85 12 98 11.68 12.21 13 23 15.57 
ae »» per brake-horse-power hour . as 8.00 8.13 8.61 8.10 8.39 8 85 9.60 
Efficiency ratio, taking steam as in front of throttle-valve 74.7 72.7 67.7 73 6 71.1 67.2 61.1 
hind ” * 76.9 78.6 76.4 74.6 743 74.1 73.1 


” ” ” ” 





designs for turbo-generators of larger size, including 
machines of 4000 kw. and 7500 kw. output. We givea 
section through the 4000-kw. double-rotation turbine, 
at 3000 revolutions, in Fig. 41, and outline drawings 
showing the general appearance and over-all dimen- 
sions in Figs. 42 and 43, page 519. This machine, as 
will be seen, is of substantially the same design as 
the 1000-kw. machine we have fully described. 
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There is, however, a point of difference involved by 
the increased steam-way required through the low- 
pressure blading. From Fig. 41 it will be seen that 
in the case of the last seven rings of blading the 
requisite blade-length is obtained by using four 
blade-rings, connected rigidly together by joint- 
rings of the nature of the conical joint-rings already 
described. The blading of these seven rings, 
therefore, really amounts to four sets of blading, 
each suitable for a 1000-kw. machine, and used in 
parallel. To confirm his belief, based on calcula- 
tion and experience, that these composite rings will 
be satisfactory, Mr. Ljungstrém has already con- 
structed a ring of the type, and is proceeding with 
experiments to determine its behaviour under all 
conditions of temperature and centrifugal stress. 
An outline scale drawing of one of the rotors of 
the 4000-kw. machine with its turbine-wheel is 
reproduced in Fig. 44. The critical speed of the 
rotor and wheel as a whole is 6300 revolutions per 
minute, or more than double the normal speed. 
Thus the turbine is never subjected to the vibra- 
tion inseparable from machines which have to pass 
through the critical speed, and the risk of damage 
to the dummies or other parts is absent. This 
remark also applies to the 1000-kw. Ljungstrém 
turbine already described. The deflection diagram 
drawn for the rotor of the 4000-kw. turbine is 
based on the supposition that there is an initial 
radial error in centering amounting to 0.004 in., 
both for the rotor and the turbine discs, and that 
these errors are exactly on opposite sides of the 
axis. The magnitude of the elastic deflection, of 
course, depends upon the nearness to the critical 
speed at which the turbine isrunning. The critical 
speed, however, is a fairly well-defined point, as is 
well known, and as the diagram, Fig. 45, annexed, 
indicates. Assuming that the displacement of the 
centre of gravity is represented by E = 1 when the 


turbine is at rest, the shaded curve shows the result- 





ing deflection as the turbine approaches its critical 





speed. The error E in the position of the centre of 
gravity is supposed to exist although the turbine 
may be turned true. The diagram shows that a 
turbine designed to work at only 0.48 per cent. of 
the critical speed, as the 4000-kw. turbine, will 
have a deflection of only 0.3 E; while the turbine, 
if designed to work at 0.8 of the critical speed, 
would om a deflection of 1.8 E, or a deflection six 
times greater. ‘That part of the clearance inside 
the turbine which is due to the centrifugal deflec- 
tion should therefore be very small. Shifts of the 
rotor windings such as frequently arise during con- 
tinuous use would therefore practically have no 
influence upon the necessary clearance inside the 
turbine. The upper curve is merely the flat end 
of the lower one to a more open scale. 

The high efficiency, small size, and light weight 
of the Ljungstrém turbine make it appear as a 
serious competitor to turbines of established types. 
It is possible, and, in the opinion of the inventor, 
eertain, that its introduction will be a powerful 
factor in forwarding the claims of turbo-electric 
marine propulsion. This, however, is a phase of 
the subject which is quite outside the scope of the 
present article. Nevertheless, it cannot be doubted 
that the Ljungstrém turbine constitutes a bold, 
and apparently highly successful, attempt to break 
away from the standard practice to which turbine- 
builders were settling down, and its future, whether 
on land or water, will be watched with interest. 








“ BURNING ON” IN STEEL 
By J. S. Hueues, 

Tue subject of ‘‘ burning on”’ in the foundry will 
never cease to be of interest to foundry engineers, 
as it hasso much in its favour in two vital directions 
—viz., expediency and economy. Popularly, ‘*burn- 
ing on” is a term applied to the act of repairing a 
broken casting in one of at least two measures, as 
(a) repairing a cracked but adhering component part, 
such as the spoke of a wheel or the half-broken blade 
of a propeller, or (b) casting on to an otherwise good 
casting some essential part, entirely broken off, such 
as the neck of a roll. 

Technically, ‘‘ burning on” is a process of fluid 
welding pure and simple by the application of 
molten metal toa solid casting under special condi- 
tions. The methods adopted in ‘‘ burning on”’ in 
the iron foundry are legion, and vary with the indi- 
viduality and initiative of the engineers concerned. 
The object of this article is not to discuss these 
methods, or to suggest others, but to record the 
results of experiments carried out in a novel pro- 
cess of ‘‘ burning on” devised by the author, and 
that in steel as compared with castiron. The parts 
operated upon were neither cracked nor broken, but 
required to be reinforced or strengthened by adding 
to the existing thickness of a perfectly sound manu- 
factured article—a forging which was nothing less 
than the hub or boss of a wagon-wheel. 

The experiments were carried out in an Indian 
works possessing a Tropenas plant working under 
the control of the author, and were the outcome of 
new traffic conditions imposed upon railway com- 
panies in India by the Government. These condi- 
tions took the form of an order that, in view of 
the increasing loads of railway stock to cope with 
growing traffic, the axles used under certain wagons 
were to be of increased section, and the journals in- 
creased by}in. The size of the boss of the existing 
wheel was such as to preclude the idea of boring it 





out to take the new axle, so that a vast number of 
wagon-wheels were rendered obsolete, which repre 
sented a great loss to all railway companies using 
that type of wheel. The subjoined sketch shows the 
type of wheel. It is of the old type 2 ft. diameter 
wheel, taking an axle with a journal 7 in. by 3 in. 
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In preparing the wheel, the tyre, if badly worn, 
was removed, and this greatly facilitated the subse- 
quent handling of the wheel. The wheel-boss was 
then sand-blasted, by which means every particle 
of dirt and rust was removed. Two wooden 
caps or patterns, represeuting the new thickness, 
plus spare metal for machining, were made and 
fitted loosely over the boss, one at the top and 
one on the under side. A corresponding thick- 
ness (about 1 in.) of sand was put into the 
space between the spokes joining the two caps, 
and this indicates the new-pattern boss. The 
wheel was then rammed into a moulding-box 
in such a way that the wheel and one of 
the loose pieces came into the drag and, the other 
loose piece into the cope impression. 
inlet runner was provided in the cope leading 
directly on to the boss, and an outlet runner in the 
drag on the opposite side in the plan of the mould. 
When finished, the sectional plan of the entire 
mould would show the enclosed wheel with an an- 
nular space of 1 in. between the boss and the sides of 
the new boss mould. The mould with the enclosed 
wheel was dried, and closed while still hot from 
the oven. Arrangements were made to cast it over 
another mould requiring about 2} cwt. of steel to 
fill.. The bottom or outlet runner of the experi- 
mental mould came immediately over the ‘‘git” of 
the under mould, which contained a sinking head. 
By this arrangement the hot steel from the ladle was 
caused to strike the black hot wrought iron of the 
wheel-hub and to traverse round the same in two 
directions before reaching the outlet runner at the 
opposite side, thus completely covering the boss 
with fluid steel. Further, by having the inlet twice 
the size of the outlet, it was found possible to fill 
the annular space almost immediately and to main- 
tain a steady supply of fresh hot metal while the 
cooling metal was slowly escaping into the lower 
mould, which never failed to fill or cast cleanly. 
Timings of the filling process showed that the hub 
was in contact with a constantly changing supply 
of hot fluid steel for about 50 seconds. 

In the first experiment it was quite expected 
that cooling cracks would develop on the outside of 
the new metal owing to the unequal rate of cooling 
in the mass. This actually happened, and it was 
found necessary to cut two thin fins or brackets in 
concentric circles in the upper half of the mould 
forming the new boss, which quite prevented 
cracking in any subsequent experiments. These 
fins were afterwards chipped off and the new boss 
machined to size. 

The steel used in the experiments was acid mild 
steel, blown with a view to obtaining the maximum 
heat consistent with the mixture in a 2-ton Tropenas 
converter, and contained generally about 0.17 and 
0.25 per cent. of carbon and silicon respectively. 
The casting temperature, as determined by the use 
of a Féry pyrometer, was in the vicinity of 1625 
deg. Cent. in the early experiments. The cupola 
mixture contained 40 per cent. of British hematite 
pig iron and 60 per cent. of mild steel scrap. The 
wheel boss, when quartered by a {ne cold saw, 
showed no sign whatsoever of a joint, Lut indicated 
a perfect weld throughout its entire cyros’-section. 
The official tests performed on wheels subsequently 
treated in the way described are as follow :—- 

(1) Plug for bursting, 6} in. long, with ,,th taper. 

cracked at 72 tons. 

(2) Plug for bursting, 63 in. long, A,;th taper. Burst 
at 132 tons. 

(3) Plug, 64 in. long, ~yth taper. 
through at 84 tons; no fracture. 

Another plug, s4-in. taper, went through at 154 

A third plug ae ti burst it at 102 ton 
i ug, r, burst i 2 S. 
Cute Shoat 0.21 per cent. 

The wheels were found to take the new axles as 
easily as new wheels, and, to the best of the 
author’s knowledge, many of these wheels are 
running under metre-gauge wagons in India. The 


Plug went 


A vertical - 
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wheel, as stated, is of the 2-ft. diameter type and 
made entirely of wrought iron. 

Apart from purely engineering considerations, 
these experiments prove the possibility of casting 
on to wrought iron a foreign, but closely allied, metal 
in the form of mild steel, under proper conditions. 
It is not contended that the whole of the old 
metal in the boss was raised to a fluid condition, 
but certainly a definite portion at least of the sur- 
face was fused with the production of a compound 
mass consisting of an outside of fine-grained steel 
with an inner core of fibrous metal. Etching of 
the polished surface would no doubt have shown 
this. Why this process was not universally taken 
advantage of is a separate history and has more to 
do with contracts and commerce than engineering. 


LITERATURE. 


Handbuch der Mineralchemie. Edited by Professor C. 
Dortrrr. Vol. I. Part 4. Dresden, 1911: Theodor 
Steinkopff. [Price of Part 4, 6.50 marks. ] 

Tue ‘* Manual of Mineral Chemistry,” edited by 

Professor C. Doelter, chief of the Mineralogical 

Institute of the University of Vienna, is the joint 

work of a number of experts residing in various 

countries, including Great Britain and the United 

States ; each of these last two countries is represented 

by one author. The work is being published in 

parts, and it is hoped that it will be complete by 

1914, when about 3000 large-octavo pages will have 

appeared. Paper, type, and diagrams are excellent, 

and the authors evidently bestow great care on their 
contributions. The part before us covers 160 pages, 
and deals with carbonates, carbides, and silicates. 

The first volume is devoted to carbon, carbonates, 

and silicates, but the second volume wil! continue 

the study of the silicates, with special reference to 
quartz. There is a chapter headed ‘‘ Silicon,” in 
this fourth part, but it is merely introductory 
to silicates, and does not give any information con- 
cerning silicon and its metallurgical importance ; 
mineral chemistry has, of course, not much in 
common with metallurgy. Professor Doelter is 
himself the author of the sections on the synthesis 
of silicates and on the melting of silicates, subjects 
on which he has contributed a series of memoirs to 
the Vienna Academy of Sciences in recent years. 
Professor Th. Dittrich, of Heildelberg, writes on 
analysis of silicates, and Dr. K. Herold, of Vienna, 
on laboratory furnaces. The work is done thor- 
oughly, and the abundant literature references, 
down to 1911, do not appear to miss any recent 
research. There is, of course, no index so far. 
Since writing the above lines we have received 

Part 5 of Vol. I., which is of the same compass and 

price as Part 4. The editor and publishers show a 

praiseworthy desire to secure an early completion 

of the work. 














Power-House Design. By Joun F. C. Sneuu, M. Inst. 
C.E., &. London: Longmans, Green and Co. 1911. 
[Price 21s. net. } 

We gather from a note on the fly-leaf of this book 

that it forms the first of a number of volumes to be 

published under the general title of Longmans’ 

Electrical Engineering Series. Judging both from 

the present book and from the titles of those which 

are announced to follow it, the series promises to 
be a very attractive one, and of an entirely prac- 
tical nature. It is under the general editorship of 

Mr. Charles P. Sparks, and will include works by 

Mr. Sparks himself, Mr. John Shaw, and Mr. 

Miles Walker, and will cover such subjects as the 

electrical equipment of mines and factories, the 

Specification and design of electrical machinery, and 

electrical testing. The present book, both in virtue 

ofits subject and author, is well fitted to open the 
series, and for its plan and general method of 
presentation of its subject we have nothing but 
praise. The book from beginning to end never 
loses touch with practice, and the information given 
by it is likely to be of great assistance to anyone 
concerned with the design or extension of power- 

Stations, 

The book is admirable in many ways, but we 
vould especially commend it in virtue of the 
manner in which it sticks to its subject. It is clear 
‘hat the composition of a treatise on power-house 
cesign offers many temptations for the paren- 
thetical discussion of the details of such part of 
the machinery equipment of power-houses as the 
writer may feel himself to be specially competent 
to deal with. A treatise on power-house design 


< 


cannot, however, be at the same time a treatise on 
the design of power-house machinery, and Me. 
Snell has very rightly confined himself to questions 
affecting the choice, relative proportions, installa- 
tion and connecting up of such machinery, and has 
made no attempt to deal with its design. There is 
naturally some expression of preference for par- 
ticular types of plant—the volume could have 
little character if there were not—but a consistent 
point of view is maintained throughout, and the 
book never loses sight of the fact that its main 
purpose is the consideration of the power-station 
as an entity. 

The book is divided into chapters dealing respec- 
tively with such subjects as buildings, steam-raising 
plant, steam and feed-pipe systems, internal-com- 
bustion engines, switch-gear, &c., and there are 
incidentally many descriptions and illustrations, 
which make a fairly complete record of modern 
power-house plant. None the less, this descrip- 
tive matter is always kept within bounds and sub- 
ordinate to the main subject of the work. These 
incidental descriptions are quite well done, but it 
is in the consideration of such subjects as choices 
of site and system, steam-pipe lay-outs, and the 
size and number of generating units, that the chief 
value of the book lies. In this connection we are 
inclined to think the mechanical portions of the book 
are better done than the electrical. The question 
of steam-pipe lay-outs is, for instance, treated with 
some fulness, and general and consistent policy and 

int of view are presented ; but the question of 

us-bar and switch-gear lay-out, which readily lends 
itself to the same class of treatment, is not dealt 
with very satisfactorily. The chapter on switch- 
gear is concerned in the main with descriptions of 
various installations, and while we have much 
sympathy with most of the few general recom- 
mendations which are made, and particularly those 
in favour of simplicity and ample room in connec- 
tion with such gear, we should have liked to see 
some general treatment of the question of bus-bar 
lay-outs corresponding to that devoted to steam. 
pipe lay-cuts. This criticism, directed against 
relative inferiority of treatment, applies to the 
whole of the electrical parts of the book as com- 
pased with the mechanical. Nothing, for instance, 
is said about the running of interconnecting cables 
in generating stations or the taking out of feeders. 

A feature of the book of which mention should 
be made, and which will probably be of great 
service to many of its users, lies in the figures 
relating to capital cost, which are given throughout. 
These figures are not merely easily accessible ones, 
such as those referring to the cost per kilowatt of 
turbo-generator units, but include such examples 
as the cost per kilowatt of water-softening plant, 
the cost per ton capacity of coal-bunkers, and other 
figures of this class, which can only be available to 
those having much experience in power-station 
design. There are many other figures and tables 
throughout the book which add to its value, and 
which cover the relative proportioning and efti- 
ciency of operation of most of the appliances in a 
power-station. The collection of more or less com- 
plete information of this class will render the book 
of great service to those who actually wish to use it 
as a guide to practical work. It should be said that 
the whole of the information given relates to 
modern plant, and that all examples quoted are 
from actual practice. 

Although we have spoken with praise of the book, 
we cannot allow ourselves to conclude without a 
regretful protest against the carelessness which is 
manifest in many parts of it. This carelessness 
is shown both in the construction and by actual 
typographic errors. It would neither make a 
profitable nor entertaining addition to our columns 
to detail the whole of the mistakes we have noticed, 
but we must refer to some of them in order to 
justify our criticism. As examples of careless 
reference we may point out that on pages 267 and 
283 reference is made to various letters on Figs. 
117 and 121, which do not appear in the figures at 
all, On page 15 a reference is made to Plate II., 
as an example of boilers arranged on two floors, 
but the plate actually does not show any such 
arrangement. On page 400 there is a reference to 
Fig. 166, which certainly does not refer to the 
Fig. 166 in the book. We, indeed, cannot find 
that the figure referred to appears in the book at 
all. There is an incorrect reference to Fig. 28, on 
page41. There are errors or misprints in four of 
the tables which are given. The fiyures given for 








floor space and cubic contents per kilowatt for a 





Manchester Corporation sub-station, on page 401, 
work out to the result that the station is about 
4 ft. high. It is unnecessary to go further with 
examples of this class, but we think it will be 
admitted that, although these are small matters, 
a multitude of errors of this order is quite out of 
place and in every way unjustifiable ina work of 
the class of the present one, and published at its 
comparatively high price. The actual copy of the 
book in our possession is not improved by the fact 
that the binder has shaffled the index so that it is 
divided up into four independent parts, each of 
which is in its wrong place. 





Practice before the Comptroller of Patents. By CARROL 
Romer, M.A. London : Sweet and Maxwell, Limited. 
[Price 10s. net. ] 

THe Patents and Designs Act, 1907, upon which 
the law of Letters Patent for Inventions and the 
procedure thereunder is mainly based, and upon 
which the jurisdiction and powers of the Comp- 
troller depend, is, as we have pointed out on other 
occasions, chiefly a consolidating Act, and effected 
little alteration in the existing practice before that 
officer. It, however, in some measure, added to 
the Comptroller’s duties and powers. The practice 
before the Comptroller is a very large one, and must 
necessarily be so when we remember that the office 
over which he presides is called upon to deal with 
about 30,000 applications for patents every year. 
One cannot therefore be surprised to find that new 
points in practice and procedure are constantly 
cropping up, and that the Comptroller is required 
to solve more or less knotty problems. We cannot 
call to mind at the moment any book, other than 
that under review, published within the last twenty 
years which deals solely and with all points of prac- 
tice before the Comptroller. There have been, of 
course, many books published in the period men- 
tioned dealing with the law of patents, but these 
have treated generally of patent law, and have been 
necessarily occupied with the discussion of other 
questions and of practice before the Courts. 

The Comptroller has very much the duties of a 
judge, and is called upon to exert his judicial 
powers upon the following occasions :—(a) On 
application for a grant ; (b) on opposition by some 
person to an application for a grant ; (c) on appli- 
cation to amend a specification ; (d) on application 
to revoke a patent ; (e) on application to restore a 
lapsed patent ; and (f) on application to register 
a matter in the Register of Patents. 

These matters are considered in detail in the 
several chapters into which Mr. Romer’s book is 
divided. The author has been favoured by the 
Comptroller, and has been allowed to consult some 
of his unreported decisions, and some of these 
unreported cases are dealt with, especially in the 
chapters headed ‘‘ Restoration ” and ‘‘ Revocation.” 
The author is to be congratulated on receiving per- 
mission to deal with these unreported cases; the 
information given will be useful to those who have 
to deal with points on which the decisions have 
been given, and who might otherwise be likely to 
go astray. In addition to chapters dealing with 
the several points mentioned above there is a 
chapter of miscellaneous matters concerning patents 
and the Patent Oftice, and a chapter on the general 
procedure before the Comptroller and on appeals 
from him to the Law Officer. The book should be 
found of much use by members of the legal profes- 
sion and by patentees. 
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1000-KW. LJUNGSTROM SINGLE-ROTATION STEAM-TURBINE. 
CONSTRUCTED BY THE AKTIEBOLAGET LJUNGSTROMS ANGTURBIN, LILJEHOLMEN, SWEDEN. 
(For Description, see Page 513.) 
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AUTOMATIC SUBMARINE MINES. 


Wiruin the t two or three years there has 
grown up a wide and unhesitating recognition of 
the great potentialities of the automatic submarine 
mine. This is a direct consequence of experience 
in recent wars and of the improvements made in 
the mechanical features of these instruments of 
destruction : (1) to ensure safety in handling them 
on land and on board mine-laying ships ; (2) to 
effect precision in laying them, ticularly in 
respect of the depth of submersion below the 
surface; and (3) to achieve efficiency in action. 
Sir George Clarke, a great authority on all matters 
of defence, wrote some years ago that ‘‘the fact 
that the whole question of submarine mine defence 
has been allowed to remain in the hands of experts, 
who ignore naval requirements and the practical 
conditions of war, accounts for much misdirected 
energy and some evident danger.” It is therefore 
well that the question has recently been taken up 
by a firm who make a continuous study of the 

















Fig./4. 





necessities of war as an element in the solution 
of the mechanical problems associated with the 
manufacture and use of war munitions. We refer 
to Messrs. Vickers, Limited, whose aim is to meet 
all *‘naval requirements and the practical condi- 
tions of war.” The success of the submarine mine 
in the Far East compelled them to take up the 
study of such weapons, and the result has been 
most interesting. Instead of attacking the problem 
ab initio, they enlisted the services and worked in 
conjunction with Captain Giovanni Emanuele Elia, 
formerly of the Italian Navy, who had been devot- 
ing his attention to submarine mines since 1890, and 
had been continuously experimenting with succes- 
sive inventions, winning a gold medal from the 
Italian Navy for his scientific work in this connection 
between 1890 and 1900. His system had been 
adopted not only in the Italian Navy, but by the 
Dutch, Belgian, and Roumanian authorities. In 
association with the well-known firm of Breguet 
he had done good work in France, and his designs 
had from time to time been tested by the British 
naval authorities. Now Messrs. Breguet and Messts. 
Vickers have joined forces with Captain Elia. 

For the present we are concerned only with the 
perfecting and testing of that type of mine which 


is laid in waterways and ocean highways to float 
near the surface, and so designed that the charge 
of gunpowder or other explosive is fired auto- 
matically when the mine is struck by, or comes 
into rubbing contact with, a passing ship. Almost 
every conceivable system of controlling and 
actuating the striker to fire the percussion fuse 
has been tested by Captain Elia. It is important 
to preface the detailed descriptions with a brief 
} enunciation of the essential conditions to be ful- 
filled. The firing gear must be delicately adjusted 
in order to ensure explosion of the charge with the 
slightest shock from the contact of the passing 
ship, and yet provision must be made so that the 
mine cannot be fired prematurely either on land or 
on the mine-laying ship, or when being launched 
into a ‘‘ field.” The depth of immersion under the 
surface must be constant, and precisely as pre- 
determined, so far as the rise and fall of tides 
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permit, irrespective of the distance between the 
water surface and the bed on which the floating 
mine is to be anchored. A further desideratum is 
that in the event of one or two mines exploding, 
the adjacent ones should not be fired ; this, it will 
be recognised, is a difticult condition, as the con- 
cussion of the water resulting from the explosion 
| of one mine tends to disturb others as greatly as the 
| contact of a passing ship, and to puta sensitive firing 
mechanism into action, On Plate XXXVIIL., pub- 
lished this week, we illustrate successive steps in 
Captain Elia’s work. Briefly expressed, Figs. 1 and 2 
show the earlier mine, in which safety in handling 
is achieved by an ingenious utilisation of hydrostatic 
pressure to ‘‘unlock” the firing gear and render it 
operative, such pressure being available only when 
the mine is immersed. Figs. 3 to 6 illustrate a mine 
designed to be laid in pairs, with a connecting cable, 
so that when a ship fouled the cable and dragged it, 
the explosive chambers of the two mines would be 
drawn out of their respective flotation chambers, 
and pulled alongside the ship. By the resistance 
of the anchorage medium, it was arranged that the 
charge would be detonated when the chamber was 
alongside of the ship’s hull. In later mines (Figs. 





,7 to 10) the pull due to the anchoring device was 








also made essential to the release of the striker, so 
that until the anchor had reached the bottom, and 
until parts of the mine had been deflected from 
their normal position by the contact of a passing 
ship, the striker was not free to act upon the per- 
cussion-cap of the detonator. But when such 
locking devices were thus mechanically freed, 
a strong spring served to actuate the striker and 
to fire the mine, as will be described later. In 
the final and most widely - approved system 
(Fig. 10) a lever external to the mine is utilised 
for locking the firing-gear. Until the mine is 
immersed, the locking- gear is sealed with sal 
ammoniac ; when the seal melts, the lever is free 
to move. The lever experiences violent shocks 
when the mine is in contact with, or is spin- 
ning along, the hullof a ship. These shocks move 
the lever sufficiently to unlock the firing mecha- 
nism, which is then brought into action by the 
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, resistance offered by the anchor to the drag on the 


mine. Safety is thus ensured until the mine is 
immersed and comes intu contact with a ship, and 
at the same time immunity from danger from the 
explosion of adjacent mines is attained by reason 
of the simplicity of action upon the striker, re 
sulting from the pull from the anchor. The other 
essential—accuracy and constancy of depth of im- 
mersion—has been achieved equally satisfactorily 
in each of these successive mines, as shall be dc- 
scribed later. 

In describing the mines in detail, we begin with 
the first evolved by Captain Elia in recent years 
the single automatic mine—which embodies the 
hydrostatic plate, the anchoring gear to make the 
extent of immersion constant, so far as tidal con- 
ditions permit, and other features common to 
mines for various services. This is illustrated in 
Figs. 1 and 2, on Plate XXXVIII. Fig. 1 isa 
sectional view of the flotation-chamber of the mine; 
to this the anchoring-chamber can be suspended. 
Fig. 2 is a section of the control and striking 
mechanism only, the upper part being in a line 
transverse to the plane of Fig. 1, and with a spiral 
spring instead of the Belleville spring, shown in 
Fig. 1. It may be said at once that experience 
has shown that the latter spring is preferable, as 
temperature changes affect the spiral spring more 
than the others. 

So far as the general construction of buoyancy 
and explosive compartments are concerned, nothing 
need be said. nterest centres in the firing 
mechanism (shown in Fig. 2). It is contained 
within a casing which fits into the centre of the 
mine. The ignition of the detonating charge and 
the main explosive charge is effected through a 
percussion cap, which is detonated by a striker A, 
spring-loaded and mounted horizontally. A lock 
or trigger B retains the striker in ¢he cocked 
position; but when the mine is immersed this 
trigger is free, and when the floating body 1s 
inclined from the vertical by contact with a ship, 
the ball C is caused to oscillate in its concave 
bearing, and the pull then exerted on the chain 
connecting with the lock withdraws the trigger, 
and detonation is the result. 

For ensuring safety—for preventing premature 
firing on land or on the mine-laying ship, or before 
the mine is fully immersed—two safeguards are 
provided. In the first place, the rolling of the 
ball is obviated by the frictional resistance of the 
three-forked clips F, each mounted on one end of 
the bell-crank lever, having its other end secured 
to the spindle G, and its centre _— to the 
casing. When this spindle is in the raised posi- 
tion the clips grip the ball, and it is normally 
supported in such raised position by the spring. 
In the second place, the lock or trigger ‘5 
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in the form of a bell-crank lever D, the arm 
being under the control of a rod E, which is 
fitted at its upper end with a piston working in a 
cylinder, as shown. Prior to submergence the 
piston is set relatively to the cylinder so that the 
bottom end of the rod locks the trigger lever and 
prevents detonation even if the ball C should roll 
in its cavity. The cylinder of the safety-rod is 
attached to the hydrostatic diaphragm H_ sup- 
ported by the spring, so that the depression of the 
hydrostatic plate moves the cylinder. and there- 
fore allows the safety-rod and trigger to be moved 
by the action of the ball C. 

“Only when the mine has been launched and 
immersed does the hydrostatic pressure due to 
immersion exert sufticient downward thrust on the 
diaphragm to overcome the load of the spring, as 
well as to force down the cylinder of the rod locking 
the trigger. To this end the upper compartment 
is fitted with a flap-valve opening inwards to admit 
water. The outlet aperture alongside is very small. 
The diaphragm is fitted to the top of the spindle. 
Fig.i6. 
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When the mine is immersed to a depth of 3 metres 
the hydrostatic pressure overcomes the load of the 
spring; the spindle, with its top plate and the 
safety rod cylinder, is pressed downwards. The 
clips F are thus freed from the ball C, which may 
then oscillate by the inclining of the. mine owing 
to contact between it and a ship. This oscillation 
releases the striker and explosion follows. 

A word may be added about the connection of 
the casing containing the firing gear with the main 
body of the submarine mine. The upper part, 
containing the hydrostatic pressure y oe seg 
projects above the main body. The connection is 
made at I in Fig. 2, and is rendered water-tight by 
the collapsible rings shown. 

Trials were made in November, 1910, with the 
mine illustrated in Fig. 1. It was let loose on the 
surface of the water, and received the shock of 
contact with a ship moving at from 5 to 6 knots. 
As the mine was not immersed there was no hydro- 
Static pressure upon the diaphragm, so that the 
spring locked the firing gear, and there could be no 
detonation It was found that with the clips grip- 
ping the ball, owing to the action of the spring, 
there was no movement of the ball, although the 
mine had been inclined at 90 deg. The same mine 
was next immersed at a depth of 1 metre from the 
surface, and was subjected to shocks by contact 
with ships moving at various speeds. On each 
occasion the gear acted well. 

In his work to devise means for preventing the 
explosion of one mine from firing adjacent mines, 
Captain Elia proceeded in consonance with a deduc- 








tion from experimental tests. Earlier devices 
intended to prevent such ‘* sympathetic” explo- 
sions had been designed on the assumption that 
such explosion only produced upon the adjacent 
mine pressure which was uniform on all sides, 
whereas his tests showed that there was also a 
shock of percussion which placed the inertia masses 
in movement ; and as this latter depended upon the 
velocity of detonation and of the gaseous products 
of decomposition placed in movement, the thrust 
exerted by the percussion upon the surrounding 
water took place during a lapse of time with a 

rind determined by the mass of water. Follow- 
ing this first maximum of pressure due to detona- 
tion was a second maximum at an interval of one- 
twentieth of a second, due to the gaseous products 
during the lapse of time first expanding rapidly and 
afterwards contracting because of the cooling effect 
of water, and to their compression and rising to the 
surface in bubbles owing to their small density 
relative to the weight of water. 

With a velocity of detonation of 6000 to 7000 
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metres per second, there can be no yielding of the 
mass of water, and the effect of percussion assumes 
the appearance of vibrations. The formation of the 
gases takes place at a velocity equal to that of the 
detonation, and their volume during the first few 
moments does not exceed the volume of the ex- 
plosive itself ; in proportion, however, as the water 
is impelled by the pressure of the gases, this volume 
is increased. The expansion of the gases occupies 
|a considerable time, as does their cooling and their 
|escape. Between the maximum pressures there is 
rapid and considerable vibration or wave motion. 

Captain Elia therefore decided to modify his 
mechanism so that the almost instantaneous action 
of the first maximum pressure due to the explosion 
of one mine should be utilised to prevent detona- 
tion in all adjacent mines. The super-pressure 
instantly influences the water in the space where 
the hydrostatic-pressure diaphragm is placed. The 
extra pressure on it drives down the spindle G into 
a cavity on the ball C, the spindle end being convex 
to fit into the cavity. As the water cannot — 
suddenly with any reduction of pressure in the 
surrounding mass of water, except through the 
small aperture, the spindle remains locked in the 
ball throughout the period between the two maxima 
of pressure ; and for a sufficient period after the 
second maximum the ball is prevented from oscil- 
lating even should the mine continue to roll with 
the resultant wave-motion of the water. Conse- 
/quently the action of an explosion itself puts out 
| of action the firing gear of all adjacent mines until 
| such action is dissipated. 








To mine effectively a given area of waterway, in 
order to ensure that all vessels, including those of 
comparatively small beam, should foul one or other 
of the mines, a great number of submerged mines 
would require to be placed at small distances apart ; 
otherwise small ships might adventitiously evade 
contact with every mine. To meet this economic con- 
dition, Captain Elia and Messrs. Vickers, Limited, 
have evolved a system of twin mines, each pair 
being connected by a cable, the specific gravity of 
which is such that it will normally remain taut 
between the mines at a depth corresponding to the 
degree of their immersion. The intention is that a 
vessel proceeding through a mine-field should foul 
this rope, drag it, and consequently the twin mines 
until they came alongside the ship, the drag ulti- 
mately involving explosion. A considerable modi- 
fication in the design of the firing mechanism was 
necessary, as otherwise the drag upon the mines 
would have inclined them, set the ball oscillating, 
and caused the instant explosion of the mine when 
the cable was first dragged by the ship, with the 
result that, because of the distance of the mines 
then from the vessel, their destructive power would 
have been reduced. 

The new design of mine (Figs. 3 to 6, on Plate 
XXXVIII.) is arranged in three parts :—(1) The 
upper central part containing the firing mechanism, 
the detonator, and explosive danger ; (2) the outer 
part or flotation-chamber ; and (3) a detachable 
anchoring-chamber with a winch having a paying- 
out cable. When the connecting cable is dragged 
by a ship the upper central part (1) is withdrawn 
from the outer part (2) of the flotation-chamber. 
It is arranged so that an appreciable period of time 
elapses between the contact of the ship with the 
connecting cable before the explosion takes place ; 
thus, owing to the prolonged drag the ee mor wa 
chamber (1) is drawn close to the ship, while the 
anchoring device (3) prevents the explosive-chamber, 
which is also a buoyancy-chamber, from rising to 
the surface. The result is that ultimately the 
explosive-chamber glides along the side of the ship 
to lie against it at a considerable distance under 
the water-line. Various means are adopted for 
releasing the striker for firing the mine, so that 
detonation takes place when the mine is alongside 
the under-water structure without armour protec- 
tion, and therefore suitably located to cause the 
maximum of destruction to the submerged part of 
the hull. 

The drawings, Figs. 3 to 6, on Plate XXXVIIL., 
illustrate the mechanism. Fig. 3 is a part elevation 
and part section, the latter showing the lower part 
or anchoring-chamber, with a paying-out drum. 
Fig. 4 is the section of a mine transverse to the 
plane of Fig. 3. Fig. 5 is a plan showing the connec- 
tion of the connecting cable at the top. Fig. 6 shows 
in detail the firing apparatus. It will be seen from 
Fig. 4 that the casing containing the bursting 
charge is conical, to fit into a cavity formed in the 
flotation-chamber, which is only the buoyancy 
chamber. The conical drum also contains a buoy- 
ancy air-chamber, as well as a compartment for the 
gunpowder or explosive charge. In the centre 
compartment there is the firing-gear, as shown in 
detail in Fig. 6, the upper ye being packed with 
wood, with a double-hinged cover. Deferring for 
the present the description of the firing-gear until 
we come to the method of operation, we may now 
refer to the method of anchoring the mine in 
position. 

The anchoring system is similar generally to that 
adopted with the automatic mines, and may be 
dealt with here as it is shown in Figs. 3 and 4. 
The system, it will be recognised, fully realises one 
of the essential features of such war apparatus 
already enunciated. Captain Elia began, in 1888, 
the study of anchorage to ensure a uniform and 
constant degree of immersion, so far as tidal influ- 
ence would permit, and the first system was then 
built at the Fonderia del Pignone, Florence, Italy. 
Since then such anchorage has been a feature of all 
his mines. 

The anchor is a chamber, within which is a 
paying-out drum, one end of the cable being con- 
nected to the bottom of the flotation-chamber ; 
while suspended from the anchor - chamber is a 
sounding-line, with a plumb-weight in the form of 
a ring, as in Fig. 3. is sounding-line is free to 
drop 3 metres only, and then it actuates levers 
controlling the paying-out drum. When the mine 





has been floated the weight sinks 3 metres, and then 
exerts a pull immediately on the lever A, which 
releases a pawl on a rachet-wheel on the paying-out 
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drum, as shown in Figs. 3 and 4, while the larger 
ring actuates the rods B, which disconnect the 
anchoring from the flotation - chamber. When 
this disconnecting operation begins the relation of 
the weight on the sounding-line to the mine is 
as in the first position in Fig. 11, on page 520; the 
anchoring-chamber, as well as the plumb-weight, 
sink in the same relative position as in the second 
position in Fig. 11. When, as in the third position, 
the weight touches the bottom of the sea, the pull 
upon the lever A ceases and its pawl enters the 
ratchet-wheel on the drum, which ceases to pay out. 
The anchor-chamber, however, continues to sink, 
and the flotation-chamber is drawn down with it 
and immersed at a depth from the surface of 
3 metres, as in the fourth position (Fig. 11), since 
this was the distance which separated the weight of 
the sounding-line and the anchor-chamber and the 
distance from the bottom of the latter when its 
paying-out drum ceased to revolve and began to 
draw the flotation-chamber from the surface. 

When the mine is first launched the conical 
drum is fitted in the flotation-chamber, and is 
secured by shearing-pins, C, in Fig. 4, the pull by 
the ship in contact with the cable connecting the 
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twin mines being sufficient to shear the pins, and 
thus to release the drum. The connecting cable 
passes round the buckle E in Figs. 4 and 5, and 
engages with a pin actuated by a spring, and kept 
in position before immersion by means of a soluble 
plug of sal-ammoniac, F, in Fig. 3. When the cable 
is submerged to the required depth, the sal- 
ammoniac dissolves, releases the pin, and the cable 
is then free to act upon the conical drum, and also 
the firing gear, when it is dragged by a ship. The 
— then is as shown in Fig. 12, on page 520. 

he distance apart of the mines is, of course, deter- 
mined by the probable dimensions of the ships 
using the waterway. 

When a ship comes into contact with the con- 
necting cable a drag is exerted upon the conical 
drum within each flotation-chamber. This pull, 
being counteracted by the anchorage, causes the 
pins C connecting the drum to the chamber to be 
sheared, and the conical drum is drawn from the 
flotation-chamber. The forward movement of the 
ship tends to bring each drum, with the connected 
lines, alongside of the ship, as shown in Fig. 13, on 
page 520. The drum, which contains the explo- 
sive charge, is, however, secured by a chain con- 


necting it (Figs. 4 and 6) to a shackle in the 
bottom of the flotation-chamher, to which also is 
attached the cable from the winding-drum in the 
anchor-chamber. The cable is thus directly con- 
nected with the striker G, forming part of the 
firing gear, so that the continued drag by the ship 
is directly responsible for the firing of the mine 
This firing gear, Fig. 6, consists of a striker 
actuated by a spring connected to the cable on the 





be comprised within a very short period ; indeed, 
it is probable that, under certain conditions, there 
will be no need for the introduction of a time-fuse, 
as the sequence of action of the release of the 
conical drum, the resistance of the winch within 
the anchor-chamber, and the shearing of the pin I, 
might meet the condition without any need for the 
interposition of a time-fuse. 

Trials have been made with such twin mines. 
In one a pontoon was used, and was towed by a 
steam-launch. For this trial the twin mines were 
moored in water having a depth of 10 metres, the 
immersion of the flotation-chamber from the surface 
being 1 metre. For the purpose of the trials, as 
shown in Fig. 14, on page 520, the two mines were 
connected by a cable, about 30 metres long, run- 
ning at each end through a pulley coupled to the 
respective mines, while the cable was supported 
on cork floats and kept taut by a weight of 10 kilo- 
grammes at each extremity. The tops of the two 
mines were connected to the pulleys by means of 
lanyards, and the whole of the gear was arranged 
so that the conical drums would be dragged from 
the flotation-chambers when a pull of 200 kg. was 
exerted by the towed pontoon. Thespeed at which 
the pontoon was moved was from 5 to 6 knots, and 
|its effect upon the cable is shown in Fig. 15, on 
| page 520. Both conical chambers were, of course, 
| withdrawn from the flotation-chambers. One got 
| into the race of the screw propeller of the steam- 
launch, and the cable fouled the propeller, so that 
it was immediately stopped. When the two mines 
| were recovered and examined, it was found that 
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drum in the anchor-chamber, through a chain, as 
shown in Fig. 4; but this connection is made through 
a shearing-pin H, proportioned to shear when 
subjected toa pull of 400 lb. At the other end of 


the spindle near to the striker there is another pin | 


| 
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the detonators of both had been fired, so that not 
only would the screw-tug have been destroyed by 
| their explosive charge, but so also would have been 
| the pontoon. 
| During 1911 other trials were carried out, and in 


I, proportioned to shear under a pull of 200 lb. | this case the conical drums were dragged close to 
The continued pull of the ship on the conical drum | the hull of the ship without any indication of their 
after it has left the flotation-chamber draws the) presence being disclosed by surface movement, 





drum, with the detonator, away from the striker, 
by reason of the resistance or contrary pull upon 
| the striker owing to its connection through the 
spindle and chain with the anchor. As the 

|continues the shearing pin I gives way. he 
|rebound of the spring drives the striker suddenly 
|against the detonator, which sets in action the 
spiral time-fuse K, whose action ultimately works 
upon the main detonator and explodes the mines. 
By the introduction of the time-fuse the period 
between the contact of the ship with the connect- 
ing cable may be varied, in order to ensure that 
the explosion may take place when the conical drum 
and the explosion-chamber are in the most advan- 
tageous position, preferably in the mid-distance 
between bow and stern, and well under the water- 
line. But the whole action of the twin mine may 





ull | 


while the connecting cable remained well under the 
| water-line. ao 

| Experience with the single automatic mine, in 
which the principle of the hydrostatic plate or dia- 
phragm was utilised for rendering the firing mecha- 
nism operative, demonstrated that the principle 
entailed inherent difficulties, which had more or 
less been anticipated under certain conditions. The 
system proved thoroughly satisfactory where there 
was a small range of tide, notably in the Mediter- 
ranean. Once the mine was anchored, the variation 
in the tide level did not greatly affect the hydro- 
| Static pressure available to overcome the spring 
| actuating the locking gear. Where, however, the 
| tidal range was great, the mine had to be submerged 
at a depth to give the desired hydrostatic pressure 
at low-water level of spring tides. The position of 
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immersion might therefore have been too deep to 
ensure contact with lighter draught ships, which 
might thus pass over the mine-field with im- 
punity. On the other hand, unless the mine 
were submerged:to a given depth the hydrostatic 
pressure cull be insufficient to counteract the 
safety spring and make the firing gear operative. 


Again, it was found during trials that a difference of | 
) | spring-supported spindle, so that the shock must 


20 deg. Cent. in the temperature of the atmosphere, 
of 22 mm. in barometric pressure, or of 4mm. 
in humidity, involved a difference in hydrostatic 
pressure equal to an immersion of the mine to the 
extent of 24 metres. Thus, where there were such 
ranges in atmospheric conditions it wag difficult to 
ensure, at the normal depth of immersion; that the 
hydrostatic pressure would be sufficient. Captain 
Elia made many experiments, with a view to over- 
coming these inherent difficulties. His aim was to 
combine a safety gear with certainty of action when 
the mine was subjected to shock by contact with a 
ship. A scheme at which he worked for a consider- 
able time included the trial of a hydrostatic plate 
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enclosed in a water-tight box, which could only be 
opened to allow the water to act on the safety gear 
at the moment of contact with the ship. The 
system, however, was complicated, and did not 
render the mine as safe as was essential during 
handling, because the lever regulating the intro- 
duction of water was apt to be broken. 

There was one further objection to the single 
automatic hydrostatic-pressure mine. Where the 
trigger was released by the oscillation of a ball, due 
to contact with the ship, it was possible to con- 
ceive, and, indeed, it was demonstrated on some 
trials, that contact between the ship and the mine 
might not create a shock, but rather cause the 
mine to spin along the side of the ship without 
involving the heeling of the mine to a sufticient 
angle from the vertical to cause the ball to move 
far enough from its central position to withdraw 
the locking-pin in the striker in order to fire the 
mine, 

These trials and observations led Captain Elia to 
an important modification in the mechanism for 
actuating the firing gear. The later system is purely 
mechanical, and, moveover, obviates any possibility 
of either the shock or the wave-motion set up by the 
explosion of one mine affecting others. This mine 
is globular in form, and is fitted with a lever which 
projects beyond the mine and is deflected angularly 
from its set position when the mine comes in con- 
tact with the ship and rolls along the side of the 
hull. The action of this contact-lever will be seen 














clearly from the sketches, Figs. 16 and 17, on| 
e 521. 

e first application of the principle of the 
contact-lever, which is known as design No. 6, is 
shown in Figs. 7 and 8, on Plate XX XVIII., and in 
perspective in Figs. 18 to 20, page 522. The method | 
of supporting the lever is shown in Fig. 8, from | 
which it will be seen that the lever is locked by a | 


be one of considerable force. A submerged log, for | 
instance, would not be sufficient to displace the 
lever from its locked position. The lever and its | 
mechanism is placed on the top of the spherical | 
mine. On it there is a stop A, so that only when | 
it is forced laterally through a certain arc by contact | 
with the ship can the locking-pin B be free to 
recede into its groove, a receding action which is | 
ensured by the spring C. When this locking-pin 
recedes, the striker D, by reason of the loaded 
spring behind it, fires the mine through the per- 
cussion-cap E, the flame being transmitted to the 
detonator. 





Fig. 22. 


There have been introduced two means of en- 
suring safety while the mine is being handled, and 
until it has been sunk to the predetermined depth 
below the surface. The first of these consists of a 
forked stop I, arresting the action of the contact- 
lever. This stop is only withdrawn by the pull of 
the anchoring cable overcoming the resistance of 
the spring H, so that until the full pull of the 
anchoring cable is exerted the forked stop cannot 
move. Evenso, there is the sal-ammoniac seal M, 
which secures the extension-rod of the lever in its 
retracted position engaged with the cavity N, thus 
definitely locking the lever to the frame of the 
firing-gear. When the sal-ammoniac is dissolved 
the rod is forced outward by its spring clear of the 
notch N, and the firing-lever is free to rotate. The 
second device for preventing the action of the 
lever, unless the shock of contact is considerable, 
consists of a spring-loaded brake P. The perspec- 
tive view, Fig. 18, shows the mine with its anchor- 
ing-chamber ready to be lowered. Fig. 19, on Plate 
XXXVIII., shows the anchoring-chamber itself 
with the cable-winch, while Fig. 20 illustrates the 
method of lowering the mine from a barge by 
means of tripods. This anchoring gear, however, 
will be described: later, when we have dealt with 
the improvements made in the firing device. 

The next design, known as No. 5, is illustrated 
in Fig. 9. Here the contact-lever is placed on the 
bottom of the mine. Percussion in this case is 


anchoring-cable. This pull would naturally be 
increased as a result of contact between the mine 
and the ship; but until the contact-lever has moved 
angularly through a certain arc, and the projection 
B has cleared the end of the striking mechanism, 
percussion cannot take place. As the firing gear is 
unlocked a direct pull is exerted on the spindle by 
the buoyancy of the mine. It will be seen that at 
C there is a forked crosshead, each arm terminating 
in a bulb to fit into a neck on the striker spindle A. 
As the forked crosshead is drawn outwards, its 
ends drop into the enlarged part D, releasing the 
trigger spindle A, which, impelled by its spring, 
rebounds against the detonator. At E there is 
introduced an elastic rubber joint in order to make 
the firing gear completely water-proof. The con- 
tact lever prevents detonation until it is struck by 
a passing ship. There is the further provision that 
this lever cannot operate until the sal-ammoniac 
seal is melted, as in the design No. 6. At the 
same time there is a transverse rod G at the to 

of the mine which} locks the firing gear until a sal- 
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|ammoniac plug has dissolved, when a spring forces 


the rod out of engagement with the firing gear. 

As a result of the trials of the designs No. 5 and 
No. 6, it was decided to combine the best features 
of the two types, and the resulting design is shown 
in the section, Fig. 10, on Plate XX XVIII., and in 
perspective in Figs. 21 to 23. In this case the pull 
on the anchor-cable is utilised for effecting detona 
tion, but the form of the stuffing-box, with the 
elastic joint E, is slightly modified. In this case 
the detonator can be inserted at the last moment 
from an opening at the top. The perspective 
views show generally the construction. In Fig. 21 
the contact-lever is in the safety position, whereas 
in Fig. 22 it is in the firing position. 

Many trials have been carried out with these 
mines. The particular mine of No. 6 design tried 
had a total weight of 124 kg., designed for a charge 
of 80 kg., while the buoyancy was 120 kg., and the 
midship section 60 square decimetres. the case 
of No. 5 design, the floating chamber weighed 
51 kg., the anchor 250 kg.; while the charge was 
equal to 20 kg., the buoyancy was 51 kg., and the 
midship section 33 square decimetres. 

On October 27, 1910, mines corresponding to 
designs Nos. 5 and 6 were immersed to the required 
depth by the assistance of a pulley secured to a buoy 
rope. A 40-ton vessel, 25 metres long, moved past the 
buoy at a -— of 5 knots, the mine rolling several 
times round its axis along the hull. Subsequently it 
was found on examination that the detonator had 





achieved by the direct pull of the mine on the 
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fired in the case of both designs. A mine of No. 5 
design was tried on April 13, 1911, being immersed 
20 cm. below the surface. A steamer of 50 tons 
passed at a speed of 1 knot, and detonation took 
place successfully. At the same time a mine of 
design No. 6, immersed 40 cm., was by the 
same steamer at the same speed, and on subsequent 
examination the detonator was found to have acted. 
A mine of No. 6 design, immersed to the extent of 
30 cm. below the surface, was passed by the same 
vessel steaming at 1 knot, and it was found on 
subsequent examination that the detonator had 
fired. On November 6, 1911, a tug-boat of 60 tons 
steamed past the mine of No. 5 design, which was 
immersed to the extent of 20 cm. below the surface. 
The speed of traverse of successive trials was 
1 knot, 2 knots, and 3 knots, and the detonator 
was fired in each case. On the same date a mine 
of No. 6 design was tried, first with a vessel going 
24 knots, while the mine was submerged 40 cm. ; 
next with the vessel going 1 knot, and with the 
mine submerged 10 cm.; and finally with the 
vessel going 4 knots, the mine being immersed to 
the same extent. In all cases there was successful 
detonation. 

We have already described the method adopted 
for anchoring the single automatic and the twin 
mines, and may now direct attention to the details 
for enguring in the case of these spherical mines 
the same result—namely, precision, so far as tidal 
influence permits, in the depth of immersion, irre- 
spective of the total depth of water in the mine- 
field. The principle is the same, and the details are 
well shown in Fig. 10, on Plate XX XVIII., while 
the perspective view, Fig. 21, page 523, shows also 
the anchoring-chamber and its winch, with paying- 
out cable. Fig. 22, on the same page, shows the 
exterior, and in Fig. 23 there are seen the weight 
and the sounding-line suspended to the anchor- 
ing-chamber. The paying-out cable is connected 
to the end of the spindle actuating the firing 
gear, and passes through a cursor I (Fig. 10) on to 
the drum of the winch. The cursor is of soft metal, 
being easily removable, while the cable is of steel, 
so that there is no excessive wear of the cable. 

The section, Fig. 10, shows the mine complete in 
transit on a bogie on rails. The projection at the 
bottom is simply a brake in connection with the 
transit arrangement. When launched the weight 
K is detached, and drops for the whole length of 
the sounding-line, which is fixed in any icular 
mine at the depth at which the mine itself is to be 
immersed under the water surface. This weight, 
which acts as a plumb line, is, as seen, supported 
on a spring-loaded spindle fixed in a cavity of the 
anchoring-chamber, in order that, when the weight 
touches bottom and the tension of the spring is 
released, the spindle, actuated by the spring, may 
drive a } oe into the pinion of the paying-out 
drum. As soon as the mine is floated the cable 
begins to pay out, the anchorage-chamber sinking. 

At the end of the shaft of the paying-out winch 
there is formed a threaded extension, mounted on 
which is a square nut M, which, under normal 
circumstances, bears against the spindle carrying 
the pawl for engagement with the toothed pinion 
of the winch. Ultimately this nut clears the 
spindle, but so long as the weight is acting on the 
spindle it cannot rise in the guide. As soon as 
the weight touches bottom, and the pull upon the 
— ceases, the spring forces the spindle 
through the groove up the guide until the pawl O 
enters into one of the teeth in the wheel P, arrest- 
ing the motion of the paying-out winch. At the 
same time, the spring-loaded stop Q advances into 
the spindle cavity, retains the spindle in the 
highest position of its vertical travel, and thus 
aay clamps the geared wheel on the winch. 

he action of this apparatus is thus positive, and 
definitely and permanently stops the winch. In 
this way it is rendered impossible for the winch 
to rotate in any way, so that even strong currents 
have no effect upon the degree of immersion of 
the flotation-chamber of the mine. 

From what we have already written, it will be 
understood that as the winch ceases to pay out 
when the weight of the sounding-line has reached 
the bottom, and as the weight of the winch drags 
the flotation-chamber downwards with it, the final 
mooring position of the flotation-chamber will be 
ata distance from the surface equal to the length 
between the anchoring-chamber and the weight on 
the sounding-line. 

Exhaustive trials have been made of this anchor- 
ing system to determine the accuracy in the depth 





of immersion of mines designed on this principle. 
Four mines were used for this series of tests, and 
the results are given in Table I. In each case 
there was brought into operation a brake mounted 
on the shaft of the paying-out cable at R, and the 
strength of this brake, which regulates the speed 
of the sinking of the anchor, varied from 2 kg. to 
7 kg. The mines were lowered from the deck of a 
ship, as shown in Fig. 20, page 522, and the 
sounding-weight was dropped into the sea at the 
same time. 

The first column shows the date, the second the 
number of the particular mine used, the third the 
depth of the sea, while the fourth and fifth give 
respectively the depth of immersion desired and 
that actually obtained. It will be seen that in no 
case did the degree of immersion obtained exceed 
20 per cent. of that desired. It will be noted, too, 
that in the case of immersion of 3 metres the 
result was in the worst case only 6.66 per cent. in 
excess of that aimed at; with 1 metre immersion 
the excess ranged up to 20 per cent.; with 5 metres 
immersion, 6 per cent.; and with 8 metres immer- 
sion, under 4 per cent. 

TaBLe I.—Tests of Accuracy in Depth of Immersion of 
Mines of No. 6 and No. 5 Design (Figs. 14 to 23). 
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The speed of sinking was tested in several trials 
in a depth of water of 72 to 75 metres. The pre- 


determined depth of immersion was 5 ft. in water | 9 


of a depth of 75 metres, and the time taken to 
anchor was 32 seconds, giving a speed of about 
2.3 metres per second. With a depth of 72 metres 
the time taken was 28 seconds, giving a speed of 
practically 24 metres per second. 

In the case of a mine of design No. 5, a test was 
made to determine the maintenance over a pro- 
longed period of the depth of immersion. he 
depth of water was 10 metres, and the depth of 
immersion was decided upon as 1 metre. After six 
hours it was found that there was no change in the 
depth of immersion, allowance being made for the 
rise of the tide. Upon the mine being dismantled 
it was found that there was no leakage into the 
firing mechanism, The mine designed on the lines 
of No. 6 was similarly immersed for 23 hours, at a 
depth of 9 metres from the surface, and here also 
absolute water-tightness was thoroughly established 
upon dismantling and examination of the interior. 


(To be continued.) 





INDUSTRIAL NOTES. 

As an aftermath of the great coal strike varying 
reports come from different parts of the country. On 
the whole, things appear to have settled down very satis- 
factorily, and work, it is expected, will soon be resumed 
in all diatriota. There is every prospect that the pits 
in South Wales will be all at work by the end of this 
week, and the strike of the enginemen gave way at the 
end of last week, the men having found that it was 
useless to continue a sectional struggle in view of the 
Miners’ Federation’s expressed disapproval. This result 
was also no doubt hastened by the discovery on Satur- 
day last by the Rhondda enginemen that there was 
no further strike pay. In North Wales most of the 
coal raised has so far been supplied to the railway 
companies. According to the Birmingham Daily Post 
the reports that have appeared in the London —_ 
concerning a breakaway of certain of the members of 


the Warwickshire Miners’ Union are exaggerated. The 
principal dissatisfaction appears to have arisen over 
the funds of the union becoming depleted after the 
| recent strike had been in progress only three weeks. 
| If the men who are now complaining, however, had 
|only taken the trouble they might have ascertained 
| the exact financial position of the association. It is 
probable that a reorganisation of affairs at present 
existent may be asked for, but it is doubtful whether 
any association will be established which can wield 
anything like the influence of the present union. One 
proposal is that, instead of one executive sitting, 
as at present, there should be three—one for the 
Tamworth district, one for Nuneaton, and one for 
Bedworth. Nothing is, however, likely to be settled 
just at present. 





It was announced by the Board of Trade on Monday 
night that, up to that time, the following appoint- 
ments of chairmen of joint District Boards had been 

reed to by the parties concerned :— 

South Wales, including Monmouth, Lord St. Aldw yn; 
Nottinghamshire, Mr. F. Y. Stanger, K.C.; Lancashire 
and Cheshire, His Honour Judge Bradbury. 

The following chairmen have been appointed by the 
Board of Trade:—North Wales, Mr. B. Francis- 
Williams ; Scotland, Sheriff A. O. M. Mackenzie, 
Sir Thomas Mason, and Mr. John Burnett ; Northum- 
berland, Lord Mersey ; Durham, Sir Robert Romer ; 
South Yorkshire, Sir Edward Clarke, K.C.; Cumber- 
land, Sir William J. Collins ; Cleveland, Sir Robert 
Romer, G.C.B.; South Derbyshire, Mr. A. A. Hudson, 
K.C.; North Staffordshire, His Honour Judge Brad- 
bury ; Somerset, His Honour Judge Austin, the 
Hon, George Peel, and Mr. Alderman T. Smith; 
Cannock Chase, Sir Clarendon Hyde. 


According to the Board of Trade Labour Gazette 
which appeared on the 17th inst. the state of the 
labour market was as follows :— 

In all industries employment was affected by the 
coal strike. In the pig-iron, iron and steel, tin-plate, 
pottery, glass, and brick trades the effects of the 
dispute were felt at an early date, and became in- 
creasingly marked with each successive week. Employ- 
ment in connection with railways, shipping, and docks 
was also seriously reduced. The influence of the strike 
was less marked in the cotton, hosiery, and lace trades, 
while the linen and shirt and collar trades even showed 
an improvement as compared with a month ago. The 
jute industry had a dispute of its own at Dundee. 

Compa with a year ago most of the principal 
industries showed a decline, due to the coal strike, but 
in the cotton, lace, and boot and shoe trades there 
was an improvement. 

In the 392 trade unions, with a net membership of 
675,535, making returns, 76,144, or 11.3 per cent., 
were returned as unemployed at the end of March, 
1912, compared with 2.8 per cent. at the end of 
February, 1912, and 3 per cent. at the end of March, 

11. 





Returns from firms employing 422,707 workpeople 
in the week ended March 23, 1912, showed a decrease 
of 9.4 per cent. in the amount of wages paid compared 
with a month ago, and of 8 per cent. compared with a 
year ago. 

The changes in rates of wages taking effect in March 
affected 11,000 workpeople, and resulted in a net 
increase of nearly 6002. t per week. The principal in- 
creases affected 1350 painters in the Tyne district, 
1025 painters in the inburgh district, and 5500 
woolcombers in the Bradford district. 

The great dispute in the coal-mining industry, in- 
volving about 1,000,000 workpeople, began on March 1, 
and continued throughout the a oe of the month and 
the early part of April, but came to an end after the 
Easter holidays. Other large disputes in progress 
during March were those involving about 28,000 jute 
workers and 2000 calenderers, &c., at Dundee, 1200 
moulders at Sheffield, and 1100 fitters, turners, &c., 
at Birkenhead. The total number of workpeople 
involved in all disputes in progress during the month 
was 1,040,542, ascompared with 164,650 in February, 
1912, and 46,577 in March, 1911. The estimated aggre- 
gate duration in working days of all disputes in pro- 
gress during March was 24,579,500, as compared with 
463,500 in the previous month, and 723,800 in the 
corresponding month of last year. 

Cases dealt with during the month include the 
national dispute in the coal trade; taxicab drivers, 
London; shoe and slipper operatives, Rossendale 
Valley ; building trade operatives, Coventry; skep 
and basket-makers, Yorkshire ; painters, Southport, 
Birkdale, and Blackburn ; weavers, Congleton; musi- 
cians, provinces; pottery turners, Glasgow ; and 
glove-makers, Dumfries. A collective agreement was 
also arrived at in the case of dock workers at Leith. 


To judge by the monthly report of the Steam-Engine 
Makers’ Society for April, that union has suffered 
heavily from the effects of the coal strike, and the 
society’s unemployed list, which at the end of the 
vious month showed less than | per cent. of the members 
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out of work, at the end of March told a very different 
tale, for there were then as many as 825 men idle—a 
percentage of about 6. Moreover, these figures do not 
give the real position, for they do not include members 
working only from 20 to 30 hours a week in place of 
the usual 53 to 54 hours, not to mention the usual 
amount of overtime. ‘‘ But,” to quote the words of 
the report, ‘‘ chaos prevailed in the engineering trade 
during March, 1912, and every other industry, by reason 
of the fact that there was no machinery in existence, 
notwithstanding the so-called progressive age we live 
in, to prevent an industrial calamity, not merely affect- 
ing those engaged in the conflict, but _— far 
harder and heavier on the many poor and defenceless 
non-combatants the country through.” In addition to 
the men out of work there were at the end of last 
month 329 on the sick fund and 442 superannuated 
members. 





rt of the United Pattern-Makers’ 
Association for March is before us, and from it we 
gather that it must be carefully perused if an 
erroneous estimate of the state of the trade recently 
is to be avoided. If we were to judge only by the 
unemployed roll of 944, we should certainly gain 
a false idea of the real condition of things, espe- 
cially as at the present period of the year improve- 
ment is generally looked for. The fact of the case 
really is that the society has been badly hit by the 
coal strike, which is responsible for the very large 
number of unemployed. Great as the loss has been, 
however, it is not so heavy as is the case with many 
other trade unions to whom steam power and coal are 
absolutely necessary. Sheffield has been most badly 
hit, while the men of Darlington, Middlesbrough, 
Jarrow, and Manchester are not much better off. It 
is expected, however, that matters will now soon 
mend, seeing that the strike is over. The total 
number of members at the end of March was 7696. 


The monthly re 





In Sheffield, on Thursday in last week, the demands of 
the surfacemen for an eight-hour day and a minimum 
wage of 4s. 6d. per day were further discussed. Ata 
conference of South Yorkshire Coal-Owners and repre- 
sentatives of the men and of the Yorkshire Miners’ 
Association, matters which had been brought up on 
the previous Tuesday were discussed at some length, 
and a small committee of six on each side was even- 
tually formed to deal with outstanding questions as 
soon as possible, and in any event within two months. 
It was agreed that any alteration in wages that might 
be decided upon would be retrospective. This time 
limit was named because it was felt that owing to the 
great necessity of proceeding with the work of the 
Joint Distress Board, in order to comply with the new 
Act, the fixing of an earlier date would not be desir- 
able, though there was no reason why the committee 
should not conclude its labours in less than two months. 





It is at any time gratifying to find that there is a 
reverse side to the picture portraying labour as always 
suffering at the hands of the masters, and always 
waging war against capitalists, and it is particularly 
so at the present time, when far too much has been 
done in distorting facts, or, at any rate, in hiding 
them, with the result that in some quarters employers 
are regarded as a kind of being requiring determined 
opposition, if not entire abolition. A glimpse of 
the reverse picture has recently been seen which 
shows a frank and spontaneous recognition of fair 
and generous dealing between masters and men. In 
Sheffield much was done by employers to lessen 
the difficulties of their employees in the times of 
oe during the late coal strike. Efforts have 

en made as far as possible to keep works at 
high pressure, and the men who have been unavoid- 
ably thrown out of employment had the option of 
accepting loans from their employers to help them 
over the period of want. A helping hand has, of 
course, many times been held out by masters to their 
men in the past, but such help has not always 
received recognition. Last week, however, a hand- 
some acknowledgment was made by the employees 
of Messrs. Spear and Jackson, Limited, a Shef- 
field. According to the Sheffield Daily Telegraph, 
a representative deputation waited on the managing 
director, Mr. J. Kensford Wilson, to express workmen’s 
appreciation of the firm’s action in keeping the works 
running throughout the coal strike, and the following 
resolution was conveyed to the directors :—‘‘ The 
employees of Messrs. Spear and Jackson, Limited, 
respectfully wish at this time to convey to the 
directors their high sense of appreciation of their 
efforts, during the crisis through which they have 
passed, to keep them in full employment, recognisin 
the forethought and great expense necessita' 
thereby. Should matters have taken an unfavourable 
turn, your intimation of rendering help to those in 
need showed a kindly feeling towards us. At a time 
like the present, of industrial strife and mistrust, it 
gives us pleasure to place on record an acknowledg- 
ment that such kindly interest on our behalf is 
fully reciprocated, and will tend to promote and 





perpetuate the spirit of harmony and goodwill which 
will be conducive to our wellbeing and prosperity.” 
This resolution was suitably acknowledged by the 
managing director. 





The text of the agreement regarding demarcation 
disputes which has been arrived at between the ship- 
building and engineering federations of employers on 
the one hand, and shipyard trade unions on the other, 
ap in the current number of the report of the 
Boilermakers’ Society. The trade unions concerned are 
to be asked to vote on the question whether they will 
support the agreement or not. It is stipulated by .the 
agreement that there should be no stoppage of 
work on account of a demarcation dispute, that an 
endeavour should be made to settle the dispute 
immediately it arises in the works, and that, fail- 
ing such a settlement, the recognised practice of 
the works should be continued pending a settlement 
by the committee appointed in terms of the agree- 
ment for dealin wit disputes ; that this committee 
should consist of three representatives nominated by 
the employers local association, and three represen- 
tatives nominated by each of the societies concerned ; 
that it should not be competent for an employers’ 
representative to take part in the actual discussion 
and settlement by the committee of any question 
which has arisen in his own work ; that the decision 
to continue for a period of twelve months, and there- 
after until brought up for review on three months’ 
notice, and the application of the decision should be 
confined to the works in which the question arose ; 
that not more than two trades should be repre- 
sented on the committee at one time; that the 
expense of the committee should be borne as to one- 
third by the employers’ local association, and the 
balance by the societies according to the number 
of questions to which they have been parties ; and 
that existing arrangements entered into between 
societies and employers, or recognised by employers, 
for the settlement of questions of demarcation of work, 
should continue in force until otherwise agreed by the 
parties concerned. Other clauses in the agreement 
regulate the procedure which must be taken in sub- 
mitting disputes to the consideration of the committee. 
The representatives both of the employers and the 


men have agreed to recommend acceptance of the 8 


ment to their respective societies. If it is 
accepted, it will come into force on July 1 in the follow- 
ing districts :—Edinburgh and Leith, Clyde, Aber- 
deen, Dundee, Tyne, Wear, Tees, Hartlepool, Liver- 
pool, Barrow, Birkenhead, and Hull. 





The strike among the miners of the Asturias district 
of Spain has been settled, the owners having agreed 
to increase the wages of the men 10 per cent. This 
has not, however, been done without much consulta- 
tion and trouble, for, in order to make the concession, 
the owners had to obtain permission from the large 
industrial concerns with which they had contracts 
to alter those contracts and increase the price of the 
coal. The Government assisted in the settlement of 
the dispute. 





The strike in the Dundee jute trade is at an end, 
an ment having been come to on Sunday last. 
The amount of increase demanded by the workers was 
5 per cent., but the employers submitted an offer of 
2% per cent. increase to the lower-paid workers, and 
the formation of a Conciliation Board, and this was 
accepted by the men. 

According to the Tramway and Railway World, 
there was a notable increase in the traffic returns 
of seventy of the principal tramway undertakings in 
the United Kingdom for the week ending April 6. 
This is said to be due mainly to the fact that the com- 
parison is with the receipts of an ordinary week last 
year. This year the week included Good Friday and 
the closing days of the miners’ strike. Owing to the 
absence of cheap fares on the railways, the tramways 
were more largely patronised by the public, and the 
receipts were augmented. Increases were reported 
from fifty-nine tramway companies, and in the case of 
the remaining eleven companies the decreases were 
generally small. Taking the whole of the under- 
takings, the increase for Good Friday, compared with 
the same holiday last year, was 5239/., or 2} per cent. 
The receipts amounted to 215,468/., or 20,906/. more 
than for the corresponding week last year. 


On Monday night last trouble broke out at the 
Earl’s Court Exhibition, and about 500 workmen 
employed there handed in their notices. The ques- 
tion of the rate of pay for Bank Holidays was the first 
trouble which cropped up last week with the eleo- 
tricians, but the men returned to work. Difficulties 
occurred, however, regarding reinstatement, and the 
union men alleged that only fifteen were taken on out 
of fifty who came out on strike. The dispute was, 
however, settled on Wednesday night, and the men 
arranged to begin work on the following morning. 





The award in connection with the late dispute 
between the British Motor-Car Company, Limited, 
and the London Cabdrivers’ Trade Union was issued 
on Monday last and is as follows :—The Court find that 
although the company, not being a party to the refer- 
ence of Detember 15, 1911, is in no way bound by the 
terms of the award of March 6, the interest of both 
parties would be served by the substitution of the 
terms of that award for the present conditions of 
service and regulations for the drivers of the company; 
secondly, they direct that a separate Conciliation 
Board, consisting of four representatives each of em- 
—_— and drivers, should be set up to deal with 

isputes between the company and their drivers ; the 
representatives of the men to include at least two 
drivers in the actual service of the company. The 
award is to take effect from May 1, and the agreement 
of March 25 is to remain in force until that date. 


It is intended to open the Scottish Trades Union 
Congress in St. Mungo Hall, Glasgow, on Wednesday, 
April 24, at noon. A large volume of business is 
contained in the agenda. Besides the election of 
officers, the chairman’s address, and the Parliamentary 
Committee’s report, notice has been given of sixty-one 
resolutions. Many of these deal with similar subjects, 
and some are covered by resolutions of the Parlia- 
mentary Committee, these being put in the front of 
the long list. Those notified by the Committee refer 
to the miners’ minimum wage, the right to work, old- 
age pension, the Osborne decision, nationalisation of 
mines, and the nationalisation of railways and 
canals. These will be among the principal resolu- 
tions. That referring to old-age pensions is in the 
form of a call upon the Government to reduce the 
age limit under the Old-Age Pension Act, to increase 
the sum paid, and to introduce an amending Bill 
which shall provide that all men and women who 
are incapacitated from earning their living shall be paid 
such sums as will enable them to live in comfort, the 
cost of such scheme to be met by Imperial taxation. 


On Monday last, ata meeting of the Aberdeen Town 
Council, an application from the gas-works employees 
was , asking for an increase of 6d. a shift on their 
wages. The reason given for this request was the 
reat increase in the cost of living which has taken 
place during the past few years, and increasing obliga- 
tions which are falling on the men as a class. The 
matter is to be considered. 








FOREIGN ENGINEERING PROJECTS. 

WE give below a number of foreign engineering projec 
further infcrmation concerning which can be obtain 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. 

Siam: The Bulletin Commercial, Brussels, states, on 
the authority of the Belgian Legation at Bangkok, that 
the Siamese Government have decided to resume opera- 
tions, which were suspended for financial reasons, on the 
construction of the Northern line of the Siamese State 
Railways. The line, which leaves Bangkok and proceeds 
in a northerly direction, will be continued as far as 
Chiengmai, passing by way of Nakoru Lampang. The 
line is already laid as far as Deue Chai, whence the dis- 
tance to Chiengmai is 140 miles. The cost of the work is 
estimated at 720,000/. 

Algeria: The French Journal Offciel publishes a 
decree under the terms of which the authorities of the 
Department of Oran are authorised to arrange for the 
construction and working of a narrow-gauge — athe from 
Sidi-bel-Abbés to Saida, passing by way of Ténira. The 
cost of the work is estimated at 8,600,000 francs (344, 0001. ). 

Spain: The Gaceta notifies that tenders will be opened 
on April 25 at the offices of the Ministerio de Fomento, 
Madrid, for the completion of the construction of No. 1 
dock in the harbour of Cadiz. The upset price is put at 
5,005,897 on ge (about 185,000/.), a deposit of 10 per 
cent. of which amount will be required to qualify an 
tender. The notice states that the first adjudication will 
be for the supply of Spanish materials, but that in the 
event of no award being made, another call for tenders 
will be made, in which foreign competition will be 
admitted. In this latter case, however, Spanish materials 
will be preferred up to a margin of 10 per cent. over 
foreign materials. Five years are allowed for carrying 
out the work. 

Turkey - The Birsen-Zeitung (Berlin) states that a con- 
cession is about to be granted to the Oriental Railway 
Company for the construction and working of a railway, 
394 miles long, from Uskub to Gostivar, passing by way 
of Kalkandelen. It only remains for the concession to 
be ratified by the Turkish Parliament.—H.M. Consul 
at Adrianople reports that a firm at that place are 
desirous of representing a British fire and (or) life assur- 
ance company. 

Mexico: H.M. OConsul-General at Mexico City reports 
that a contract has been entered into between the Mexican 
Government and the National Railways of Mexico for the 
construction of a railway from Vera Cruz to Tampico, and 
thence to Matamoros; a branch line is also to be con- 
structed for the purpose of establishing direct communi- 
cation with Mexico City. Under the terms of the con- 
tract 100 km. of line are to be completed within two 
years, and the entire distance within ten years. During 
the first five years of construction work exemption from 
customs duties will be granted in respect of material 





which it may be necessary to import. 
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OIL-TANK STEAMER DRIVEN BY DIESEL ENGINES. 
CONSTRUCTED BY MESSRS. FRIED. KRUPP A.-G. GERMANIAWERFT, KIEL-GAARDEN. 
(For Description, see opposite Page.) 
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OIL-ENGINE FOR OIL-TANK STEAMER. 
CONSTRUCTED BY MESSRS. FRIED. KRUPP A.-G. GERMANIAWERFT, KIEL-GAARDEN. 
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Tue German-American Petroleum Company, Ham- 
burg, has recently ordered from Messrs. Fried. Krupp’s 
Germania Shipbuilding Yard, Kiel, three oil-engine- 
driven petroleum tank ships, two of which will be able 
to carry 7770 tons, the third having a capacity of 


15,000 tons. The ships are of the following principal 
dimensions :— 
Two of 7770 One of 15,000 
Tons each. Tons. 
Length between perpendiculars 121.92 m. 160 m. 
(400 ft.) (525 ft.) 
Breadth over main frame ... 16.15 m. 20.19 m. 
(52 ft. 11 in.) (66 ft. 3 in.) 
Height upto main deck ... 985m. 10.21 m. 
: (32 ft. 4 in.) (33 ft. 6 in.) 
Speed ... 10.5knots 10 knots 


he arrangement of the engines on board one of the 
smaller ships is illustrated on page 526. The engine- 
room is aft and is separated from the neighbouring 
oil-tanks by a double bulkhead—cofferdam—and by an 
oil fuel bunker. A longitudinal bulkhead runs through 
all the holds and bunkers, with the exception of the 
one right forward, which is designed for the stowing 
of solid cargo. The hold containing the oil-pumps is 











located in the forward part of the ship, at a distance 
of about half the ship’s length from the stem. 

The ship is propelled by two six-cylinder single- 
acting two-cycle engines of, each, 1150 horse-power ata 
speed of 140 revolutions. Each engine is in two groups 
of three cylinders, and each group can be made to run, 
when necessary, independently of the other group. 
The installation is generally similar to that of a steam- 
engine. As will be seen, the cylinders are mounted 
directly upon cast-iron frames of quadrangular section, 
which are stiffened by wrought-iron transversal struts. 
The cylinders are of cast iron; they are cooled b 
water circulation inside the large-capacity jackets wit 
which they are provided. The pistons have a length 
of about three times the cylinder diameter ; there is 
therefore provided, in addition to the crosshead on one 
side, a substantial guide for the working rod. The 
scavenging, cooling-water, and bilge-pumps are driven 
by beams from the crosshead, as also are the two air- 
compressors, which my 4 the compressed air, at 
8 atmospheres pressure, for working the steering gear. 
The compressed air for starting and for injecting the 
oil-fuel is supplied in the present instance by two 
compressors mounted in front of the main engines and 





driven by separate Diesel engines. Each one of these 
compressors is sufficient for running both the main 
engines. The exhaust are made to flow through 
silencers to the funnel and are utilised for heatin C) 
compressed air for the steering gear. A small oil- 
engine-driven compressor supplies the compressed air 
in the first instance, Steam is used for driving the 
warping-winches, a dynamo, and the oil-loading pumps ; 
it is raised in a small cylindrical boiler mounted on the 
main deck aft. 

The staff for working the engines and boiler on this 
ship consists of four engineers, one engineer’s assis- 
tant, three greasers, one man in charge of the pumps, 
and one stoker, a total of ten men ; whilst in a steam- 
ship of the same size there would be eighteen men. 
The saving in wages due to the use of oil-engines for 
propelling the ships is therefore a very important one. 

he larger tank-ship is built on the Isherwood 
longitudinal frame principle. The internal divisions 
and the arrangement of the machinery are similar to 
those of the two smaller units. The main engines, 
which develop, each, 1750 horse-power at a speed of 125 
revolutions, are of the same type as those just de- 
scribed, which develop 1150 horse-power. The larger 
ship requires a complement of twelve men less than a 
steamship of the same class. The tanks take up two- 
thirds of her length. They are divided by transversal 
bulkheads into eleven compartments, which in their 
turn are divided into twenty-two tanks by a longi- 
tudinal bulkhead which pt over the whole len th. 
The tanks extend up to the third deck, thence to the 
second deck, and, taking a quarter of the whole beam, 
an expansion-tank extends over the whole length of 
the tanks, with a view to reduce the shifting area of 
the cargo to one-quarter of the ship’s beam. Other 
tanks are located alongside the expansion - tank, 
partly to increase the loading capacity for a larger 
quantity of cargo in bulk of lower specific weight than 
commonly carried, partly also with a view to meet the 
rules of freeboard, which vary according to the seasons 
of the year. 

In order to ensure oil-tightness in the bow and 
stern compartments, cofferdams are fitted fore and 
aft, built of two transversal bulkheads. An additional 
cofferdam between the tanks marked 2 and 3 allows 
the keeping of different classes of oil separate. A pump- 
ing-room is located between the tanks marked 5 and 
6 ; it contains the steam-driven pumps for dealing 
with the oil cargo. These pumps have cylinders 
380 mm. and 310 mm. (14.9 in. and 12.2 in.) in dia- 
meter, with a 460-mm. (18.1 in.) stroke. They draw 
both from the tanks and from on shore ; suction and 
delivery piping is provided, enabling the pumps to 
draw from any tank and to pump over from any tank 
to another. vious to entering the holds for inspec- 
tion or repair, the noxious gases are removed and 
replaced by an ample supply of fresh air. For this 
purpose the suction-pipes of the holds are connected to 
a steam-driven high-capacity ventilating engine, which 
ina short time exhausts the noxious gases and fills the 
tanks with fresh sir. All the cargo holds are other- 
wise carefully ventilated, the exhaust-pipes being 
taken up along the masts. 

The electric-light and power plant consists of two 
110-volt dynamos, each directly coupled to a 35-horse- 
power engine. The dynamos drive four pumps—fire, 
sanitary, ballast, and oi:-pump. Additional pumps in 
the engine-room are provided for taking in water-ballast 
or oil-fuel; these are driven by steam or by com- 
pressed air. The steering gear can be operated by 
steam ; it is generally driven, however, by compressed 
air. The required steam is raised in a small donkey 
boiler arranged for liquid-fuel firing. 

The ships are designed to the British Lloyd’s rules 
for the highest class + 100 A 1 special survey. 





New AuvsTRALIAN Rattways.—A contract has been 
let for the construction of a railway, 280 miles long, 
from Yeelenna to Minnipa Hill. The approval of the 
Australian Parliament has also been obtained for the 
construction of a line from Cummins to Darke’s Park, 
200 miles in length. These lines will open up some 
3,000,000 acres of land for settlement. A Royal Com- 
mission recommends the construction of a line from 
Brown’s Well to Butcher’s Rockhole, 176 miles, and also 
an extension of a line from Brown’s Well to Paringa, 
The cost of these two lines will, it is estimated, not exceed 
40001. per mile. 





Beie1um Buast-Furnaces.—The number of blast- 
furnaces in activity in Belgium at the commencement of 
April was 45, while five furnaces were out of blast at the 
same date. The number of furnaces in blast at the com- 
mencement of April, 1911, was 41, while six furnaces were 
out of blast. The total of 45 representing the furnaces in 
blast at the commencement of April, this year, was made 
up as follows :—Hainaut and Brabant group, 20: Liége 
group, 19; Luxembourg, 6. The production of pig in 
Belgium in March was 188,320 tons, as compa‘ with 
171,510 tons in March, 1911. The te output for 


the three months ending March 31, this year, was 
555,650 tons, as compared with 505,500 tons. The total 
of 555,650 tons was made up as follows :—Puddling pig, 
8950 tons ; casting pig, 23,600 tons ; and steel pig, 523,100 
tons, 
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THE 700-TON TURBINE-DRIVEN FRENCH 
DESTROYER ‘ BOUCLIER.” 


Accorpine to Le Lloyd Francais, the destroyer | 
Bouclier, built by the Société des Chantiers et | 


Ateliers Augustin Normand, has recently completed 
her trials and has been placed in the service. Her 
principal dimensions are the following :— 
Length between perpen- 
diculars ... — .. 71.200 m. (233 ft. 6 in.) 
Breadth at water-line 7.570 m. (24 ft. 10 in.) 
Breadth amidshi 7.814 m. (25 ft. 7 in.) 
Maximum draught : 2.980 m. (9 ft. 9 in.) 
Displacement in normal 
service conditions 703 metric tons. 

She is divided into teu water-tight compartments. 
Her armament consists of a 100-mm. (4-in.) gun mounted 
on the forecastle, right forward ; two 65-mm. (2.5-in. ) 
guns on the main deck to the rear of the forecastle ; 
two similar guns, mounted one on each side of the 
deck-house aft ; and a 100-mm. (4-in.) gun on the 
said deck-house. There are, further, two double 
torpedo-launching tubes on the main deck. The ship 
has three shafts and one propeller on each, and the 
propelling machinery consists of four Parsons turbines, 
all four in series at low power ; but at full power 
the. cruising turbine is cut out. There is a cruis- 
ing turbine aft, and the low-pressure turbine forward, 
on the starboard shaft, a high-pressure turbine 
forward on the central shaft, and a low-pressure 
turbine on the port shaft. Each low-pressure turbine- 
casing contains the astern turbines. There are two 
condensers, each having a cooling surface of 543 sq. m. 
(5845 sq. ft.). One condenser is placed in the centre 
of the ship between the cruising (starboard) turbine 
and the low-pressure (port) turbine, while the other 
condenser is placed in the port wing alongside the 
high-pressure (ventre) turbine. The machinery is thus 
in two engine-rooms. 

There are four Normand return-tube boilers, in two 

roups of two boilers each, each group being served 
a two oil-fuel pumps and two feed-pumps. The oil- 
fuel drawn from the tanks flows through a heating 
device, whence it is delivered to the burners ; there 
are nine burners to each boiler. The air required for 
combustion is supplied by two double-disc tans driven 
by reciprocating engines ; each fan has an output of 
100,000 cub. m. (3,532,000 cub. ft.) of air against a 
water-gauge of 110 mm. (4 ft. 3 in.). The air enters the 
boilers through self-closing doors provided with a safety 
device ; it flows through tuyeres fitted with bafiles, in 
which it gets intimately mixed with the atomised oil, 
combustion commencing at the exit from the tuyeres 
and continuing in the furnace boiler. The fuel is com- 

letely consumed, and no coke layers are placed on the 

iler dead-plate. 

On the consumption tests at 14 knots the oil fuel burnt 

r mile was 61.262 kg. (135 lb.), instead of 68.3 kg. 
(150.5 lb.), as stipulated in the contract. In the high- 
speed trials, which lasted over six hours, the average 
speed was 35.339 knots, instead of the contracted speed 
of 31 knots ; the oil-fuel consumption was 59,652 kg. 
(58 tons 14 ewt.), instead of 80, kg. (78 tons 14 ewt. 
3 qr. ), on a displacement of 660 metric tons. The 
object of the first test was to determine the oil-fuel 
consumption per mile at the s of 14 knots, in 
order to arrive at the quantity of oil-fuel required for 
a radius of 1170 miles at the said s The figure 
given was 69 tons 17 cwt. 2 qrs. 15 1b., as against the 
contracted quantity of 78 tons l4cwt. 3qrs. The 
Normand Company have at the present time in course 
of completion another destroyer, the Francis Garnier, 
of 750 tons. Her length is 74 m. (242 ft. 9 in.), 
and her contracted speed is also 31 knots. She is 
generally similar to the Bouclier, but more roomy. 
Her propelling machinery consists of two Parsons 
turbines only, driving twin propellers instead of three, 
as in the Bouclier. Each turbine for forward running 
contains an astern turbine. 








FRENCH SteEL-Makine.—Cast-steel ingots were pro- 
duced in France last year to the extent of 3,868,648 tons, 
as compared with 3,413,304 tons in 1910, showing an 
increase of 455,344 tons. In last year’s output the 
Depsrtment of the Meurthe-et-Moselle figured for 
1,860,704 tons and the Department of the Nord for 


737,972 tons. 





OrystaL Patack Enoinggrire ScHoot.—The Wilson 
Premium, for the best paper ead before the Crystal 
Palace Engineering a (affiliated to the Sooiety of 
Engineers, Incorporated), during the present session, has 
been awarded by the Council to Mr. E. C. Coke, for his 
paper on “* The Electrification of the London, Brighton, 
and South Coast Railway.” Other papers read during the 
session were :—‘ Railway Signalling,” by Mr. S. A. 
Hall; ‘‘ Macadam and other 3,” a Mr. J. D. 
Deane ; ** Town Water Supply.” by Mr. A. H. Talhook ; 
and ‘Internal-Combustion Engines,” by Mr. E. G. 
Whelon. The premium was presented to Mr. Coke by 
Rear-Admiral Gordon Wilson Moore, C.V.O., Director 


of Naval Ordnance, on the occasion of the 118th distribu- 
tion of certificates of the above school on Wednesday, 
April 17, at which he presided, 


| MADRAS HARBOUR.* 
| The Remodelling and Equipment. 
By Sir Francis J. E. Sprine, K.C.1L.E., M.Inst. C.E. 


Tue author, who holds the position of chairman and 
chief engineer to the Madras Port Trust, shows how, 
on a sandy coast totally devoid of all natural advantages, 
an artificial harbour with an area of 200 acres had been 
constructed, originally at a cost of nearly one million 
sterling; and yet, when made, and up to seven years 
ago, it was found to be of comparatively little use 
for the easy, cheap, and expeditious transit of cargo 
between ships’ holds and carriers’ carts or railway 
wagons. By a further expenditure of 350,000/. on the 
remodelling of the form of the harbour and the formation 
of a basin for small craft, conditions have been secured 
which enable cargo to be handled between ship and 
shore in all weathers. This remodelling consisted in 
closing the east entrance, which allowed the swell to roll 
in nearly all the year round, and forming a new north- 
east entrance th shelter of a projecting breakwater. 
Finally, at an additional cost of 300,000/., equipment 
has been provided in the shape of works on shore, such 


ample supply of cranes, a large area of shedding, together 
with railways, roads, and everything else required for the 
8 y, safe, and convenient passage of o* through 
the Port Trust’s premises. The direct result of the con- 
struction of the boat-basin referred to has been to bring 
into existence a fine fleet of privately owned lighters, of 
40 to 60 tons capacity. The effect of this extra two- 
thirds of a million expenditure over and above the 
original million is that vessels visiting the port—other 
than what may be called the passenger ferry-boats tradin; 
with Burma and the Malay States—are passing in an 
out of the harbour in about half the time possible five 
years ago; whereby its capacity has, virtually, been con- 
siderably enlarged. 

After a brief summary of the history leading up to 
recent developments, the author deals with the matters 
of engineering interest met with in connection first with 
the remodelling of the harbour and next with its equip- 
ment. He also touches on the important question of 
sand movement. 

The question of wind action is distinguished from wave 
action as a factor affecting the overside working of 
vessels moored in the harbour, and it is claimed to have 
been proved that, as the result of the remodelling, it will 
be safe to build quays at which large vessels may lie and 
work their cargo. As such quays seem to be also need 
in the harbour, a scheme has been prepared for a length 
of 3000 ft. of masonry ship-quay, of which about one- 
fourth is now well in hand. 

The rates at which important parts of the work have 
been executed are given, —- with an explanation of 
how funds were provided. The average incidence of the 
dues levied by the Port Trust is stated, whether on goods 
per ton or on vessels per ton registered—dues which it has 
not so far been found necessary to enhance, as the result 
of the heavy expenditure that has lately been incurred. 

Finally, the manner and conditions of handling cargo 
are described, and the extent of the Trust’s intervention 
between steamers and their customers, together with the 
reasons for such intervention, is dealt with. 


The Alteration of the Form of Madras Harbour. 
By H. H. G. Mircue t, M. Inst. C.E. 


The second paper deals with the method of carrying 
out the actual work of alterations to the harbour. The 
first consideration was the weather, and special precau- 
tions had to be taken to secure the work during the 
cyclonic season. By taking such precautions it was 
possible to proceed continuously with the setting of the 
sloping blockwork. 

he materials used in, and the method of making the 
concrete blocks, are described. In the erection of the 
north sheltering arm the blocks were dealt with by means 
of a Titan crane capable of lifting the 33-ton blocks at a 
radius of 62 ft. The blockwork is in the form of sloping 
slices on a rubble bed, with pell-mell wave-breaker blocks 
on the seaward side. 

The opening of the new entrance presented great diffi- 
culties, as not only had the existing breakwater to be 
removed, but also the remains of a former breakwater. 
By means of the Titan crane and a floating barge fitted 
with a powerful derrick, however, both the pell-mell 
blocks and the sloping blocks were effectively removed. 
The rubble base was dredged by means of a bucket 
dredger, precautions being taken to strengthen the valves, 
shoots, and hoppers against the pounding of the large 
stones pres, up. On the opening of the new entrance 
the old one had to be closed. This was satisfactorily com- 
pleted in September, 1910. 

The author also describes the construction of the slip- 
way, which was made capable of taking vessels up to 500 
tons deadweight. 

Finally, the system of accounts used, and the method 
of payment of labour are dealt with, and details of the 
cost of the work are given in an Appendix. 





Tue German Pic-IRon SynvicaTe.—Ata recent meet- 
ing of this syndicate the following report was issued :— 
The demand for pig iron is very strong. Many of 
the consumers have already covered their requirements 
to the end of the year at the most recently fixed prices. 
The syndicate works can, only with difficulty, execute 
orders for delivery fast enough, and stocks show a further 
reduction. 

* Abstracts of two papers read at the Institution of 
Civil Engineers on Tuesday, April 16, 1912. 








as piers and wharves for lighters, a quay for ships, an | 68s. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a strong tone, and 6000 
tons of Cleveland warrants were put through at 52s. 74d. 
and 52s. 8d. cash, 52s. 9d. -* days, from 52s. 10d. to 
53s. one month, and 53s. 5d. to 53s. 6d. three months. 
Closing quotations were firm at 52s. 94d. cash, 53s. 1d. one 
month, and 53s. 7d. three months sellers. In the after- 
noon there were no cash transactions, but the turnover of 
5500 tons of Cleveland warrants included dealing at 
52s. 10d. fourteen days, from 53s. 0}d. to 53s. 2d. one 
month, 53s. 3d. May 17, and 533. 64d. three months. At 
the close sellers’ prices were up to 52s. 114d. cash, 
53s. 3d. one month, and 53s. 9d. three months. One lot 
of hematite changed hands at 68s. one month, with 
buyers over. The upward movement in Cleveland war- 
rants continued on Friday morning, when 8000 tons were 
- through at 53s. 4d. and 53s. 54d. cash, 53s. 6d. six to 
ourteen days, 53s. 3d. eighteen days, from 53s. 7d. to 
53s. 9d. one month, and at 54s. 2d. three months. Closing 
sellers quoted 533. 6d. cash, 53s. 94d. one month, and 
54s. 24d. three months. Hematite was firmer at 
- one month buyers. The afternoon session 
was also firm, and 3500 tons of Cleveland warrants 
were dealt in at from 538s. 94d. to 53s. 11d. one 
month, with sellers over at 53s. 7d. cash, 53s. 11d. one 
month, and 54s. 6d. three months. Hematite was again 
firmer, with buyers at 69s. 3d. one month. On Monday 
morning Cleveland warrants were strong and active, 
and 30,000 tons changed hands at from 54s. to 54s. 3d. 
and 54s. 2d. cash, 53s. 94d. seven days, from 54s. to 
54s. 64d. and 54s. 54d. one month, at 54s. 5d. two months, 
and from 54s. 74d. to 54s. 10d. three months. At the 
close sellers quoted 54s. 3d. cash, 54s. 6d. one month, 
and 54s. 114d. three months. Cash sellers of hematite 
quoted 70s. The market was quieter in the afternoon, 
and Cleveland warrants were flat. The turnover amounted 
to 3500 tons at 53s. 114d. cash, 54s. seven and eleven days, 
54s. 3d. one month, and 54s. 8d. three months, and the 
closing quotations were 53s. 114d. cash, 54s, 3d. one month, 
and 54s. 8d. three months sellers. Cash hematite was 
called 69s. buyers and 70s. sellers. On Tuesday morning 
the tone was again good, and about 9500 tons of Cleve- 
land warrants changed hands at from 53s. 104d. to 54s. 1d. 
cash, from 54s. 2d. to 54s, 5d. one month, and from 44s. 8d. 
to 54s. 10d. three months. Sellers’ closing prices were 
54s, 2d. cash, 54s. 54d. one month, and 54s. 104d. three 
months. Hematite was unchanged at 70s. cash sellers. 
Cleveland warrants were just the turn easier in the after. 
noon, when a good business of 15,000 tons was done at 
54s. three days, 54s. 4d. twenty-seven days, 54s. 44d. and 
54s. 4d. one month, and 54s. 94d. and 54s. 84d. three 
months. The closing quotations were 54s. 14d. cash, 
54s. 5d. one month, and 54s. 94d. three months, When 
the market opened to-day (Wednesday) Cleveland war- 
rants were much weaker, and 9500 tons were dealt in 
at 53s 74d., 53s. 84d., and 533. 74d. cash, 53s. 8d. nine 
days, 53s. i1}d. and 53s. 104d. one month, 54s. June 6, 
and 54s. 4d. three months. At the close sellers quoted 
53s. 8d. cash, 53s. 114d. one month, and 54s. 5d. three 
months. The market was about steady in the afternoon, 
when 6000 tons of Cleveland warrants changed hands at 
53s. 6d. cash, 533. 74d. fourteen days, from 53s. 9d. to 
53s. 10d. one month, and at 54s. June7. Closing quota- 
tions were 53s. 8d. cash, 53s. 114d. one month, and 
54s. 54d. three months sellers. 


Sulphate of Ammonia.—There has been no change in 
the sulphate of ammonia market since last report, and a 
fair business is passing. The price remains steady at 
15/. per ton for prompt lots, Glasgow or Leith. The 
— shipped from the latter port last week was 
73 tons. 


Scotch Steel Trade: Prices Advanced.—The Scotch 
steel trade got under weigh on Monday of this week, and 
in all respects the start was very satisfactory. The 
different y ancl have been kept going steadily all 
the week, as consumers are pressing for deliveries, and a 
large and increasing output is assured, as order-books are 
well filled. Inquiries presently in the market amount toa 
large tonnage, but fresh business has received a temporary 
check by an advance which has just taken place in prices. 
This advance, which amounts to 5s. per ton, was resolved 
upon at a meeting of the Scotch Steel-Makers’ Assoc »- 
tion held yesterday, and thus the local producers have 
followed the lead of the steel-makers in the North-East 
of England. The following are now the current rates :— 
Ship-plates, 77. 12s. 6d. per ton ; boiler-plates, 8/. 7s. 64. 

r ton; and angles, 7/. 5s. ‘3 ton—all less 5 per cent. 
for Clyde delivery or equal. In light steel there is a 
strong demand and the inquiry is good, and the price for 
sheets has been advanced to 8/. 2s. 6d. per ton, less 5 per 
cent., Glasgow. 


Malleable-Iron Trade.—In the malleable-iron trade of 
the West of Scotland a partial start has been made this 
week, and operations will soon be in full swing. The 
majority of the firms have a large amount of work on 
hand, and prices have again become firmer. 


Scotch Pig-Iron Trade.—Although fuel is daily becoming 
more plentiful, and prices are easing off, the tch pig- 
iron makers are slow to re-light their blast-furnaces. The 
number in blast still remains at three, but there are indi- 
cations that several others will be blown in next week. 
In the meantime onlya moderate business is going through, 
and prices are firmer. Hematite is in r demand, and 
the price is about 69s. to 70s. per ton. The following are 
the market quotations for makers’ (No. 1) iron :—Clyde and 
Calder, 67s. 6d. ; Gartsherrie, Summerlee, and Langloan, 
68s. ; and Coltness, 83s. 6d. (allshipped at G w); Glen- 
garnock (at Ardrossan), 66s, 6d.; and Shotts (at ith), 686, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Moulders to go back.—Following upon their decision of 
last Saturday, most of the Sheffield moulders, who have 
been on strike about seven weeks, have now returned to 
work. Something like 1200 men were affected, and the 
cause of the trouble was connected with the question of 
demarcation of work between moulders and coremakers. 
‘A conference was held with the employers, at which Mr. 
Arthur Henderson, M.P., handled the case for the men, 
and an agreement arrived at, but this agreement the men 
refused to ratify, as it pro) to set up a Demarcation 
Board, upon which the moulders contended | would, 
on account of the equal representation of the three 
parties—employers, coremakers, and moulders—be liable 
to be outvoted. However, at amass meeting, on Saturday, 
it was stated that the employers were willing to set aside 
the principle of equal representation, and the men 
agreed to return to work, pending the holding of another 
conference with the employers to deal with the points 
in dispute. If no agreement is then arrived at, the 
questions will be referred to a Board of Umpires, whose 
decision shall be binding until the formation of the 
Demarcation Board, which will have larger powers. It 
is very fortunate for the East End of Sheffield that the 
moulders have decided to resume. There is a good deal 
of work already in hand, or waiting to be placed, upon 
which the coal strike has had a sufficiently serious effect. 
Any further dislocation of the city’s heavy industries 
would be a matter of the gravest concern. 


South Yorkshire Coal Trade.—The settlement of the 
coal strike relieves the growing anxiety in regard to the 
condition of things in the near future, but does not 
remove many of the immediate difficulties. Most of the 
South Yorkshire pits have got to work again and are on 
substantial production, but the railway companies find 
themselves as yet unable to deal with normal outputs, 
and consequently a quantity of coal is accumulating 
at the colliery sidings. This places merchants in a 
position of difficulty. They fear to find, by the time 
their orders are delivered at the dépdts, that 
retail prices have gone down. There were con- 
siderable reductions made on the Sheffield Exchan 
on Friday, when a price - list was available for the 
first time since before the commencement of the 
strike. Up to to-day there have not been any further 
noteworthy reductions, but a general downward tendency 
is observable. The Sheffield manufacturers are also 
experiencing some difficulties, but most of them have 
got their works started in, and, of course, are re- 
ceiving better coal than the makeshift supplies of the 
last few weeks. So far, since the settlement of the strike, 
there has not been the big rush from householders that 
was anticipated. The weather is warmer, and they 
apparently find themselves able to continue wee | 
until prices come lower. Quotations :— Hand - pick 
branch, 23s. to 24s.; Barnsley best Silkstone, 20s. to 21s. ; 
Silkstone, 20s. to 21s.; Derbyshire best brights, 19s. 
to 20s. ; Derbyshire house, 18s. to 20s. ; large nuts, 19s. to 
20s.; small nuts, 16s. to 17s.; Yorkshire hards, 18s. to 
20s.; Derbyshire hards, 18s. to 20s.; rough slack, 10s. 
to 13s. ; second qualities, 124. to 13s. ; smalls, 10s. to 11s. 


Tron and Steel.—A little business has been done in the 
iron market, but prices are very high, East Coast hema- 
tite in some instances being quoted at as much as 76s. for 
forward delivery. The majority of consumers are holding 
aloof until they see whether a drop or a further advance 
is likely. The indications seem to point to the latter, as 
the iron producers expect to have to pay more for coke. 
The Lincolnshire and Derbyshire makers are still with- 
holding quotations. The Derbyshire furnaces have ex- 
perienced more delay than was expected in making a 
start, owing to coal supplies not coming forward. The 
billet makers also are not quoting. There is a lot of work 
for the bar-iron makers, who are resuming operations 
after being idle practically all through the strike. It is 
expected there will be a long spell of overtime at the 
mills. The heavy industries have made a start again, 
but, owing to the difficulty of obtaining raw material, 
they are not likely to be in full swing for probably another 
week. Some of the rolling-mills, vd were amongst 
the first to be affected by the strike, have resumed opera- 
tions. With the settlement of the moulders’ dispute the 
foundries will soon be busy again. 





Fvugt ON THE GRAND Trunk RatLway.—The quantity 
of coal consumed in the locomotive department of the 
Grand Trunk Railway of Canada in the second half of 
last year was as follows:—July, 91,571 tons; August, 
118,647 tons; September, 133,454 tons ; October, 131,695 
tons ; November, 132,492 tons; December, 155,004 tons ; 
eg an aggregate of 752,863 tons. It will be observed 
that the severity of the Canadian climate greatly in- 
mene the consumption of locomotive coal in the winter 
months, 





British NavaL Constructors IN Spain.—The King 
has granted to the following his Royal licence to accept 
= b pend wy | —. ae have been —~ 
erred upon them by the King of Spain in recognition o 
valuable services rendered by them :—Grand Cross of the 
Order of Naval Merit—Mr. Albert Vickers, vice-president 
of the Spanish Society of Naval Construction. First 
Class of the Order of Naval Merit—Mr. P. G. Muir, 
Chief of the Dockyard of Ferrol; Mr. R. A. Black, Chief 
of the Workshops at the Arsenal of Ferrol. Third Class 
* the Order of Naval Merit—Mr. A. J. Campbell, 
Director of the Works at the dockyards of Ferrol and 
eens Mr. H. J. Spiers, Chief Director of the 
Machinery Departments at the dockyards of Ferrul and 
Cartagena, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There have been many 
buyers in the market this week, and very heavy trans- 
actions might have been recorded if more pig iron had 
been available for early delivery, but, as yet, the output 
is very limited, owing to coke ~~ coming to hand 
less satisfactorily than was looked for with the termina- 
tion of the coal strike. Blast-furnaces, however, are 
a apd being blown in, and production should be on a 
airly good scale next week. At the same time, the 
quality of iron made for some little time is likely to be poor 
after the recent damping-down of furnaces. o. 3g.m.b. 
Cleveland pig, after having realised up to 54s. 6d. this 
week is now 54s, f.o.b., and the other qualities are in 
eae that have ruled for some time past, No. 1 

ing 58s.; No. 4 foundry and No. 4 forge each 53s. 3d.; 
and mottled and white iron each 5: 6d.—all for 
early delivery. East Coast hematite pig is much 
inquired for, but is difficult to obtain, there being no 
stocks, and the output being still very small. Nos. 1, 2, 
and 3 now stand at 70s. for this month’s delivery. 
Business in foreign ore is inactive, and there is not likely 
to be much doing for some little time, for consumers have 
heavy stocks, and further large deliveries due. Market 
values, however, are maintained on the basis of 21s. 6d. 
ex-ship Tees for best Rubio. Average qualities of blast- 
furnace coke are put at 19s. to 20s. per ton delivered at 
Tees-side works. 


Manufactured Iron and Steel.—The various branches of 
the manufactured iron and steel industries are in a very 
healthy state. Producers of all descriptions have very heavy 
contracts made, and there are still good inquiries in the 
market. Under these very favourable conditions values 
all round show a further upward tendency, but, so far as 
can be ascertained, the only actual change in price to 
record this week is an advance of 5s. per ton in galvanised 
sheets. Works are being re-started as fuel comes to hand. 
Prospects are very bright and encouraging, and unless 
further labour troubles arise to disturb the situation the 
output promises to be on a very heavy le for some 
time to come. It is expected that the opening of next 
week will see nearly all the large finished-iron and 
steel works in full swing once more after their enforced 
idleness through the disastrous coal strike. Common iron 
bars are 7/. 5s. ; best bars, 71. 12s. 6d. ; best best bars, 82. ; 
iron ship-plates, 7/. 10s. ; iron ship-angles, 7/. 10s. ; iron 
ship-rivets, 8/. ; iron girder-plates, 7/. 5s.; iron boiler- 
plates, 8/. 5s. ; steel bars, 7/.; steel ship-plates, 7/. 15s. ; 
steel ship-angles, 7/. 7s. 6d. ; steel boiler-plates, 8/. 10s. ; 
steel —_ 61. 17s. 6d. ; steel hoops, 7/. ; and steel joists, 
61. 17s. 6d.—all less the customary 24 per cent. discount. 
Cast-iron columns are 6/. 10s. ; cast-iron railway chairs, 
3l. 12s. 6d. ; light iron rails, 6/. 10s.; heavy steel rails, 
51. 15s. ; and steel railway sleepers, 6/. 10s.—all net at 
works. Iron and steel galvanised corrugated sheets, 
24 gauge, in bundles, have been raised to 121. f.0.b.—less 
the usual 4 per cent. 

Cleveland Ironst Miners’ Wages.—A meeting of the 
Cleveland ironstone mineowners and the Cleveland 
miners’ representatives was held at Middlesbrough this 
week to consider the question of wages to be paid to the 
men during the ensuing three months. Sir Hugh Bell, 
Bart., who presided, pointed out that according to the 
usual formula the men were entitled on the last ascer- 
tainment to an advance of 0.40 per cent. The men’s 
representatives stated that they were not in a position 
to settle the matter at that meeting, but would have to 
consult the men in the district. 








Tur Monaco Moror-Boat Races.—The British motor- 
boat Ursula, built by the Wolseley Tool and Motor-Car 
Company, who held a record which had never yet been 
approached by any other motor-boat, won again this 
season the Prix de Monte Carlo, from a field of sixteen 
competitors, and the Coupe des Nations, defeating French, 
Italian, and Swiss competitors, thus crowning & career 
which has no equal in motor-boat racing. The most 
striking fact about the Ursulais that never in any race has 
she shown the slightest sign of ‘‘engine trouble,” and her 
engines have never yet failed to give off their full power 
when called upon, even in the roughest sea. The same 
pair of Wolseley motors have been in the boat ever since 
she was launched—a fact which speaks well for the 
reliability of the Wolseley Company’s manufactures. 





THE BoyLk MEDALLIST ANDTHE ROYAL DuBLIN Society. 
—The Royal Dublin Society, at their meeting on Tues- 
day, the 16th inst., conferred on Sir Howard Grubb, 
FBS. the highest honour which the Society can bestow 
—namely, the Boyle Medal. The actual presentation 
was e by Professor Joly, D.Sc., F.R.S., the vice- 
president, in the absence abroad of the President, and a 
statement of the reasons of the Council for conferring the 
medal were read by Mr. R. Lloyd Praeger, M. A., chairman 
of the Committee of Science. th Professor Joly and Mr. 
P r referred to the scientific achievements of Sir H. 
Grubb, and to his contributions to literature, especially as 
affecting astronomical , and to the practical work 
he has done in the manufacture of some of the finest re- 
fractors and optical instruments nowin use. Mr. Praeger 
referred to the more important of the instruments made 
at Sir Howard Grubb’s works at Rathmines, and to the 
inventions which have added so much to the efficiency, 
not only of telesco: but of gun-sights. Among other 


appliances in which he has effected important improve- 
ments or introduced new designs, mention was made of 
the micrometer, stereoscope, heliostat, circumferentor, 
and various geodetic instruments 








NOTES FROM THE SOUTH-WEST. 


Cardiff.— Although the great coal strike is ** officially ” 
atan end, the output at the South Wales pits has not 
ne returned to its normal level. The principal disturbing 
actor has been difficulties with the enginemen, stokers, 
and surface-workers. The situation has, however, been 
gradually improving ; and on Monday upwards of 40,000 
men had restarted out of 200,000 generally employed. 
The result has been that colliery owners have experienced 
difficulty in carrying out their contract e' ments, and 
have been unable to offer any considerable quantity of 
coal for disposal. The best Admiralty large steam coal 
has fallen to about 26s. ~ ton ; secondary qualities have 
ranged between 15s. and 17s.; and cargo smalls between 
12s. 6d. and 13s. 6d. per ton. As s house , No.3 
Rhondda large has been quoted at 25s. to 26s. per ton, 
and smalls at 16s. to 17s. per ton. No. 2 Rhondda large 
has realised 18s. to 19s. per ton; and smalls, 12%. to 13s. 
per ton. As regards iron ore, Rubio has made 20z. to 21s. 
per ton, — a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Gold in Wales.—Gold in payable quantities is at last 
being mined in the Welsh hills. any years ago Mr. 
Pritchard Morgan, an Australian ‘‘gold king,” and ex- 
M.P. for Merthyr, conceived the idea of delving into the 
mountains of Merionethshire, in search of the precious 
metal. His efforts were, to some extent, rewarded, and 
a decade ago some 300 or 400 men were bard at work 
extracting quartz for crushing. The time came, however, 
when the quantity of gold obtained was so small as to have 
no payable value. But Mr. Morgan made his fortune by 
his pertinacity in Australia; and, undaunted by his 
previous failure in Merionethshire, he has again opened 
the Gwynfyndd mines, and during the past few weeks 
ee} the value of hundreds of pounds has been extracted 
weekly. 


Newport.— At a meeting of the Newport Town Council 
on Tuesday Mr. R. A. Charles alluded to a proposal of 
the Electricity Committee to make a further capital ex- 

nditure in order to supply current to the Tredegar Dry 

k. Mr. Charles proposed that the subject should be 
referred back to the committee for further consideration. 
The amendment was defeated by 23 to three. 


Cardiff Reservoirs.—A visit of the Royal Sanitary In- 
stitute to the Cardiff Corporation Reservoirs in the Taff 
Fawr Valley was made on Saturday. The visitors were 
accompanied by Mr. Alderman Bird (chairman of the 
Waterworks Committee); Mr. W. Whitaker (president 
of the Institute); Mr. C. H. Priestley (Cardiff Borough 
water-works engineer), who acted as chief guide ; Dr. E. 
Walford (medical officer); Mr. W. Harpur (Cardiff City 
engineer); Mr. F. T. Hurvey (borough engineer, Mer- 
thyr), &c. The company travelled to Merthyr on the 
Rhymney Railway and then to Cefn Coed by brake. 
Here they joined a special train on the contractors’ line 
en route to the site of the new Llwyn On reservoir. The 
depth reached in the reservoir 1s nearly 70 ft., and among 
those who undertook the descent of the ladders was Mr. 
Whitaker, an oc marian. After inspecting the works 
and listening to Mr. Priestley’s explanation, the visitors 
examined drawings in the mission-room, where luncheon 
was served. Leaving Liwyn On, the journey to the 
Beacons was continued by brake. Cantreff reservoir, 
opened in 1892, was first inspected, and after a visit to 
the Beacon reservoir, inaugurated five years later, the 
visitors proceeded to the Storey Arms, near the top of 
the gathering ground. On the return | the party 
drove to Merthyr, where they joined a Cardiff train. 


Pay on the Great Western.—Conciliation boards for the 
traffic and engineering departments of the Great Western 
Railway met in London on Monday. It was agreed that 
the men should be ca peo five days’ pay for this 
week, and subsequently full pay. 


Dowlais.—Holidays and labour difficulties have occa- 
sioned a good deal of interruption at Dowlais, and the 
blast-furnaces have been damped down temporarily in 
consequence of insufficient supplies of coke. 





Tue LATE Mr. Cuartes Berrsrorp Fox.—We regret 
to have to record the death, which occurred on the 16th 
inst., at Toronto, of Mr. Charles Leresford Fox, M.A., 
M. Inst. C.E., a member of the firm of Messrs. W. 
and Fox, 613, Traders Bank Building, Toronto. r. 
C. B. Fox was thirty-seven years of age, and was the elder 
son of Mr. Francis Fox, of Alyn Bank, Wimbledon, and 
a nephew of Sir Douglas Fox. He was educated at 
Harrow and at Trinity College, Cambridge. In 1898 he 
entered the firm of Sir Douglas Fox and Partners, in 
which firm he acquired his practical training. He was a 
member of the said firm from 1904 to 1909. While servin 
with them he took an active part in the carrying out of 
important civil engineering works, among which may be 
mentioned the construction of the Cardiff railway; the Nile 
Barrage at Assiout. Later on, in 1902, he went to South 
Africa, where he carried out surveys for the Matoppo, the 
Gwelo-Selukwe, and the Mazoe lines for the Rhodesia Rail- 
ways, Limited. From 1903 to 1904 he acted as assistant 
resident engineer for these railways, a period during 
which he was en in the preliminary works for the 
construction of the bridge across the Zambesi River at 
Victoria Falls. In 1905 he returned to Egypt, where he 
conducted surveys at the sixth cataract of the Nile, 
returning to England in 1906. He then acted as assistant 
engineer on the works of the Great Central Railway Exten- 
sion to London, and made a special study of large railway 
tunnelling operations, dealing more especially with the 
Simplon Tunnel, which at that time was in course of 
construction. In 1909 h» became a member of the firm 
of Messrs. Wragge and Fox, above refer:ed to, 
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NOTICES OF MEETINGS. 


Tue Instrrurion OF MgcHanicaL Exomeers.—Friday, April 19, 
at 8p.m. Paper to be read and discussed :—‘‘ Tenth Report to 
the Alloys Research Committee : On the Alloys of Aluminium and 
Zinc” (with a short appendix on a ternary alloy of aluminium 
with zinc and copper), by Dr. Walter Rosenhain and Mr. 8. L. 
Archbutt, of the National Physical Laboratory, Teddington. 

Tae InstirvTion oF Civi, Enetnerrs. — Friday, April 19, at 
9 p.m. Special meeting. The Twentieth ‘‘ James Forrest” 
Lecture,” by Mr. —- Mallock, F.R.S. Subject: “ Aerial 
Flight.”—Tuesday, April 23, at 8 pm. Papers to be further 
discussed :—‘‘ The Re-Modelling and Equipment of Madras Har- 
bour,” by the Hon. Sir Francis J. E. Spring, K.C.1.E., M.A.L., 
M. Inst. C.E. ; ‘‘The Alteration in the Form of Madras Harbour,” 
by Mr. Hugh Henry Gordon Mitchell, M. Inst. C.E. Ballot. for 
new Members.—Students’ meeting, Friday, April 26, at 8 pm. 
Lecture on ‘“‘ The Principles and Practice of Accountancy in 
Relation to Engineering Design and Work,” by Mr. T. Frame 
Thomson, M. Inst. C.E. Mr. John Strain, Vice-President, will 
occupy the chair. Members of all classes of the Institution are 
invited to attend this lecture. 

Tue Roya Scorrisu Society or ARtTs.—Monday, April 22, at 
8 p.m., in the Heriot-Watt College, Chambers-street, Edinburgh. 
The following communication will be made:—‘‘On the New 
Equipment in the Electrical Engineering Laboratory at the 
Heriot-Watt College,” with Demonstrations in the Laboratory 
after the paper, by Professor F. G. Baily, M.A., M.LE.E. Mr. 
Alexander Ogilvie, B.Sc., Vice-President, will occupy the chair. 

Tue Farapay Socrety.—Tuesday, April 23, at 8 p.m., at the 
Institution of Electrical Engineers, Victoria Embankment, W.C., 
when a general discussion on ‘Magnetic Properties of Alloys” 
will take place. Sir Robert Hadfield, F.R.S., will preside, and the 
discussion will be preceded by the reading of the following — : 
—‘On the Magnetic Properties of Iron-Carbon and Iron-Silicon 
Alloys,” by Geheimrat Dr. E. Gumlich (Illustrated) ; ‘* The Depen- 
dence of Magnetisation on Composition in Chemical O ds,” 
by Professor E. Wedekind; ‘‘The Magnetic Properties of a 
Variety of Special Steels at Low Temperatures,” and ‘‘ The 
Heusler Alloys,” by Dr. Alexander D. Ross and Dr. J. G, Gray ; 
** The Magnetic Properties of Nickel and Manganese Steels with 
Reference to their Metallographical Composition ” (Illustrated), 
and ‘‘The Magnetic Properties of the Compounds of Manganese 
with Phosphorus, Arsenic, Antimony, and Bismuth” (with Ex- 
periments), by Dr. 8. Hilpert and Dr. E. Colver-Glauert: ‘‘ The 
Nature of the Heusler Alloys:” ‘“‘ The Physical Aspect,” by Dr. 
E. Take ; ‘‘The Chemical Aspect,” by Dr. F. Heusler ; ‘* Varia- 
tion of Ferro-Magnetic Properties of the Heusler Alloys with 
Composition and Heat Treatment,” by Professor A. A. Knowlton; 
‘« The Relations between the Mechanical Hardness and the Reten- 
tivity and Permeability of Ferro-Alloys,” by Professor C. F. 
Burgess and Mr. James Aston; ‘‘ The Magnetic Properties of the 
Iron-Nickel, Iron-Cobalt, and Nickel-Cobalt Alloys,” by Professor 
Pierre Weiss. 

Tae INSTPTUTION OF ENGINEERS AND SHIPBUILDERS LN SCOTLAND. — 
Tuesday, April 23, at 8 p.m., in Rankine Hall, 39, Elmbank- 
crescent, G w. Annual general meeting. Election of office- 
bearers for sessions 1912-13. iscussion on Mr. E. M. Speakman’s 
rel r on “ The Wider Adoption and Standardisation of Water- 

Boilers.” Discussion on Mr. D. B. Morison’s paper on 
“* Steam Regenerative Accumulators.” A paper by Mr. D. M. 
Shannon, on ‘‘Some Features of Diesel Engine Design,” will be 





Tas Instrrvrion oF ELecrricaL ENGINEERS: BIRMINGHAM LOCAL 
SEcTION.— Wednesday, — 24, at 7.30 p.m., in the English 
Theatre, the University, Edmund-street. ‘‘ Yellow Flame Arcs,” 
by Mr. M. Solomon, Member. 

Tue Roya. Society or Arts.—Wednesday, April 24, at 8 p.m. 
“Technical Education in Ireland,” by Mr. George Fletcher, 
Assistant Secretary of the Department of Agriculture and Tech- 
nical Instruction for Ireland.—Thursday, April 25, at 4.30 a=. 
Indian Section. ‘* The Central Provinces,” by Sir John O. Miller, 
K.C.S.I. The Right Hon. Lord MacDonnell, G.C.S.1., K.C.V.0., 
will preside. 

& INSTITUTION OF ELECTRICAL ENGIneers.—Thursday, April 25, 
at8p.m. Third Keivin Lecture, by Professor H. du Bois, Bosscha 
Laboratory, Physico-Technical Institute, Berlin. 

Tue Concrete InstitvTs.—Thursday, April 25, at 8 p.m., at 
Denison House, 296, Vauxhall Bridge-road, Westminster, 8.W. 
A discussion will take place on two reports presented by the Tests 
Standing Committee, entitled (a) ‘“ The Testing of Ooncrete, 
Reinforced Concrete, and Materials Employed Therein ;” (0) ‘‘ The 
Testing of Reinforced-Concrete Structures on Completion.” 

Tue Royal Institution or Great Brirain.— y, April 26, 
at 9 p.m., the discourse will be delivered by Sir George H. 
Darwin, K.C.B., M.A., LL.D., D.Sc., F.R.S., M.R.I. The subject 
is “Sir William Herschel.” Afternoon lectures next week at 
3 p.m. :—Tuesday, April 23. Mr. Edmund Gosse, LL.D., on 
“Algernon Charles Swinburne; his Early Life and Work” 
(Lecture II.). Thursday, April 25. Professor A. W. Crossley, 
D.Sc., F.R.S8., Sec. C.8., on “ Synthetic Ammonia and Nitric Ac 
from the Atmosphere” (Lecture II.). Saturday, April 27. Mr. 
Reginald Blomfield, A.R.A., M.A., F.S8.A., on “‘ The Architecture 
of the Renaissance in France (II.) 1547-1594; Architecture 
and the Court.” 

Tue PuysicaL Society or Lonpon.—Friday, April 26, at 5 p.m., 
at the Imperial College of Science, Imperial Institute-road, South 
Kensington, 8.W. 

Tae Nortu-East Coast Institution OF ENGINEERS AND SHip- 
BUILDERS.—Friday, April 26, in the Lecture Theatre of the Literary 
and Philosophical Society, Newcastle-upon-Tyne, the discussion 
on “ The lative Possibilities of the Diesel Engine, Geared 
Turbine, and Suction-Gas Engine for Marine Propulsion,” intro- 
duced on April 1 by Mr. E. L. Orde, the Hon. Sir Charles Parsons, 
Mr. R. J. Walker, and Mr. A. C. Holzapfel, will be continued. 
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THE “TITANIC” DISASTER. 

In the loss of the Titanic and of so many of her 
ngers and crew, to the number of between 
1200 and 1300, the world is confronted, as the Prime 
Minister so eloquently expressed it in the House of 
Commons on Tuesday, with ‘‘one of those terrible 
events in the order of Providence which baffle 
foresight, which appal the imagination, and which 
make us feel the inadequacy of words to do justice 
to what we feel.” The Titanic was the product of 


the fullest experience, alike in design and construc- 
tion, of one of the premier ship-owning companies 








and one of the most scientific and practical ship- 
building organisations in the world. She embodied 
all that judgment and knowledge could devise to 
make her immune from all disaster. Yet on her 
first voyage Nature, whose sovereign power 
seemed, through her, to be challenged by man, has 
triumphed with a sudden, unexpected, and forceful 
stroke, which, by reason of its appalling magni- 
tude, might be regarded as a demoniacal diver- 
sion for the humiliation of a Titan of man’s 
creation. One can picture in dreadful imagination 
the stately grandeur of the group of icebergs gliding 
southwards like a moving Alpine range amid a 
waste of waters, and the great 45,000-ton Titanic 
ship forging ahead ‘‘fearless of scaith and over- 
throw.” Then came the sudden impact against 
one of these floating ice islands ; the crushing and 
tearing and shearing of metal—bars, plates, and 
rivets—accompanied by a staggering blow; the 
inrush of water; and ultimately, after four brief 
hours of strenuous effort in saving the lives of 
women and children, the sinking of the ship, into 
which, as Ruskin so well put it, man had put so much 
of his ‘human patience, common-sense, forethought, 
experimental ere self-control, habits of 
pom and obedience, thoroughly wrought hand- 
work, defiance of brute elements, careless courage, 
careful patriotism, and calm expectation of the 
judgment of God.” 

In the four hours which elapsed between the 
first contact of the ship with the iceberg, at 10.25 
on Sunday night, and the sinking of the ship, at 
220 on Monday morning (American time), in 
40° 16’ N. and 50° 14’ W., in over 1700 fathoms 
of water, the ‘‘ best traditions of the sea seemed 
to have been observed in the willing sacrifices 
which were offered to give the first chance of 
safety to those who were least able to hel 
themselves,” a fact as to which Mr. Asquith 
expressed pardonable national pride. It seems that 
over 800 members of the passengers and crew were 
transferred to the ship’s boats, and that liners in 
the vicinity, which had been apprised by wireless 
telegraphy of the disaster to the Titanic, hurried to 
their rescue, the Carpathia arriving some hours 
after the sinking of the ship, finding the boats 
with their ngers and a large amount of 
wreckage. This really is as much as can be said 
with any degree of accuracy at the time of writing. 
By the time this article is in the hands of our 
readers more information will be available, as 
survivors on the Carpathia will then have reached 
New York, and it may be possible to gain some 
definite information as to the details of the disaster. 
It must be remembered, however, that under such 
calamitous circumstances the mental control neces- 
sary to accurate observation and interpretation of 
passing events is, as a rule, lacking; and even if 
many of the passengers have been in a position 
closely to observe the significant incidents in the 
early stages of the collision, it will be difficult to 
piece together the results of isolated observations 
in order to make a complete narrative. 

We have not much hope of such an accurate and 
detailed record of events as will enable precise 
deduction to be made, and to allow practical lessons 
to be drawn from this, the greatest catastrophe in 
shipping. It will be of some service to know 
whether in the collision there was a direct-on blow, 
and what effect this had on the structure forward ; 
and whether, as is quite possible, the iceberg shelved 
off under the water-line, but not sufficiently deep to 
clear the bottom of the ship. Under such circum- 
stances the outer bottom would suffer, but it is to 
be remembered that the ship was constructed with 
a double bottom, very wher riveted by hydraulic 
power, and that the centre Losheon was 5 ft. 3 in. 
deep, with a flat keel-plate, 14 in. thick, below it, 
and with a series of twelve heavy ‘tween bottom 
girders extending fore and aft, in addition to the 
transverse members of the structure, so that there 
was possible great structural resistance to the 
action of ice below the ship (see ENGINEERING, 
vol. cxi., page 680). It will never be known, 
now that the ship has sunk, whether the immense 
impact involved any shearing of rivets of the inner 
as well as the outer bottom, and consequently the 
admission of water to many compartments. Or did 
the ship in the first place glide along the berg, or 
ultimately sheer off from the be In such case 
the outer shell-plate along the bilge might get 
ripped, in which event several compartments would 
become flooded. In this connection there will 
necessarily be raised the question of the effect of 
centre-line or longitudinal wing bulkheads in order 
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to confine the water admitted to the interior of the 
ship under such circumstances to a part of the 
width of such large ships. Such longitudinal sub- 
division has 7 mee ste as well as advantages, 
even from the point of view of stability under 
disastrous conditions. So that while we suggest 
that the question may have to be faced, we are by 
no means to be held as judging prematurely the 
position as affecting the Titanic, especially in view 
of inadequate information. Another question on 
which it will be possible, and particularly desirable, 
to have some information is, as to the effect of the 
immense impact on the superstructure of the ship. 
It has become a practice to have two or three decks 
above the moulded structure of all ships. We know 
that in the case of a railway collision the body of 
the carriage is driven from the under-frame, which, 
through the buffers, receives the impact. What 
effect has a collision, of such force as in the case 
of the Titanic, on the ship’s upper structure, which, 
it must be remembered, carries the boat gear and 
practically all the life-saving apparatus? Could 
the boats and launching gear suffer under such 
conditions ? 

This brings us to the question of the life-boat 
accommodation provided, which has, quite reason- 
ably, awakened keen interest, and is worthy of 
fuller consideration than should be accorded to 
agitation born of the panic attendant upon such 
disasters. The Board of Trade calls for the carry- 
ing, by ships of 10,000 tons and over, of a minimum 
of sixteen boats, with a total minimum cubic capa- 
city of 5500 ft. Itis further indicated that ‘‘ if the 
boats placed under davits do not furnish sufficient 
accommodation for all persons on board, then addi- 
tional wood, metal, collapsible, or other boats of 
approved design (whether placed under davits or 
otherwise), or approved life-rafts shall be carried.” 
The carrying capacity of this pe mamas life- 
saving accommodation was to be, in the case of vessels 
of 5000 tons gross and upwards, three-quarters of the 
minimum cubic contents of the life-boats proper, 
so that in the case of all ships over 10, tons 
the total capacity of all life-boats, life-rafts, &c., 
required by the Board of Trade regulations was 
9625 cub. ft., and as 10 cub. ft.:was deemed suffi- 
cient for each passenger, the total provision was 
thus for 962 passengers. Moreover, the Board of 
Trade permitted a reduction to be made pro- 
vided the division of the ship into water-tight 
compartments was efficient, and as this condi- 
tion was undoubtedly realised by the Titanic, 
the law called for only 8250 cub. ft., sufficient 
for 825 passengers. The American law requires 
that in vessels of 20,000 gross tons, the ts 
carried should have a capacity of 12,420 cub. ft., 
with an addition of 225 cub. ft. for each successive 
500 tons above 20,000 tons. There is no doubt 
that the accommodation in the Titanic greatly 
exceeded the requirements of the British law, but 
was less than those of the American law. The 
question naturally raised now is as to whether the 
conditions met the necessities of the case. 

On this and other points considerable light is 
thrown by the very complete description which we 
published of the Olympic and Titanic, the first on 
the occasion of the launch in October, 1910 (see 
ENGINEERING, vol. xc., pages 564, 620, and 693), 
and the second on the occasion of the launch of the 
Titanic, when we published further plans of that 
ship in May, 1911 (see vol. xci., page 678). A 
double-acting type of Welin davit was fitted, so that 
either a single, double, or triple row of boats could 
be dealt with by these davits, and in ENGINEERING of 
July 1, 1910, page 14, there is shown a double 
line of boats at one time contemplated ; but ulti- 
mately, as shown in our plan of the boat-deck, 
published on Page 679 of our ninety-first volume, 
a single line of boats was found to meet the 
requirements of the Board of Trade. Thus the 
ship carried 14 life-boats, each 30 ft. by 9 ft. 
by 4 ft., with a capacity of 9072 cub. ft., 
with two cutters lying alongside the two forward 
life-boats, these cutters being 25 ft. by 7 ft. by 3 ft., 
equal to 630 cub. ft. capacity, so that the total capa- 
city was equal to 970 persons, allowing the 10 cub. ft. 
per passenger required by the Board of Trade. A 
double row of ts would have increased the 
capacity to 1700 persons, and a treble row to 2500 
persons; and having made ——— in the way 
of davits for a double or treble row, the intention 
was no doubt to profit by experience as to the 
ultimate number required. Of course there were 
life-rafts and other similar contrivances, in in 


excess of the Board of Trade requirements ; but the 





position of this Government ve in this 
matter is regarded with very considerable anxiety by 
the general public. If the Government regulations 
did not demand conditions adequate for every pos- 
sible requirement, the public will wish to know why 
these regulations have not been modified. Ob- 
viously they have continued since the maximum 
size of ship was 10,000 tons, but we have long 
since this stage, and as the Board of Trade 
are responsible for certifying the suitability of all 
ships for passenger service, their regulations should 
have been altered from time to time to meet the 
requirements of advancing practice. It is true 
that a revision has been in progress for some time, 
but it should not have required a Titanic tragedy 
to awaken the nation to the remissness of the 
department. 
hile thus pointing to the directions in which 
information is desired in order to assist in pro- 
viding, as far as possible, against such a catastrophe 
as that which has arisen, we wish again to enforce 
the view that no judgment can be come to in the 
absence of very definite practical knowledge. In- 
formation must necessarily be incomplete ; but one 
thing is certain, and that is, that many valuable 
lives have been lost. Reference must here be made 
to the professional officers of Messrs. Harland and 
Wolff, the builders of the ship, who proceeded on 
the maiden voyage of this ship, as of other ships, 
in order to derive that modicum of experience 
which the first voyage of every ship yields to the 
builder anxious to progress in the science. These 
officers, there is only too great reason to believe, 
have lost their lives. One of them is Mr. Thomas 
Andrews, Jun., one of the directors of the firm. 
He was trained by the firm, and advanced by reason 
of innate ability, practical experience, and faith- 
ful devotion to the best interests of the firm, 
and therefore of British shipbuilding. From the 
initial stages of both the Olympic and Titanic he 
took a deep interest, and although negotiations with 
clients at home and abroad, with which he was 
more or less immediately concerned, prevented him 
from taking a continuous part in the supervision of 
the building of the ships, he was nevertheless re- 
sponsible for many of the decisions in connection 
with the work. ere can be no doubt that his 
loss is a great one to the Belfast firm, and because of 
his fresh and buoyant enthusiasm, the staff and men 
will recognise his passing as a personal bereavement. 
Another member of the staff was the chief ship- 
yard draughtsman, Mr. R. Chisholm. He had been 
connected with the firm for a very long time, and 
no one was more conversant with modern practice 
in the building of large merchant ships. e was 
experienced, methodical and enthusiastic in his 
work, a loyal devotee of Lord Pirrie and the firm 
enerally, and his loss also will be much regretted. 
There were other members of the staff equally 
worthy of tribute. Indeed, amongst the 1300 or 
more lives lost there were many to whom we would 
wish to give honourable mention, but we confine 
ourselves to the chief officer, Captain Edward J. 
Smith, to whom no higher commendation can be 
paid than to say that it is said of him that he was 
liked even by his engineers in all his ships, which 
indicates high personal qualities of equity, apart 
from professional ability. The engineers of the 
ship have all been lost, and many will specially 
regret the chief, Mr. J. Bell, who was one of the 
most experienced of Atlantic sea-going engineers, 
excelling in courage, judgment, and tact. As with 
his staff and with all sea-going engineers, their 
claim to recognition is the simplest and best—that 
they did their duty to the end. 








NAVAL AND MILITARY AVIATION. 
Tue details of the proposed organisation in con- 
nection with naval and military aviation have now 
been published by the War Office. After stating 
the necessity for an aviation corps, the War Office 
memorandum deals with the proposed organisa- 
tion. Briefly, the first consideration is to train a 
sufficient number of men. It is not considered 
that at present the requirements of the Navy and 
Army differ enough to call for separate training, 
and, therefore, the requirements of both are to be 
met by the creation of ‘‘ The Royal Flying Corps.” 
This will supply the personnel for a naval and a 
military wing, maintained and administered by the 
Admiralty and War Office respectively. A school 
is to be established on Salisbury Plain. After 
ee here, men will become members of the 
yal Flying Corps, and will then be detailed to 





the Naval Flying School at Eastchurch, or to one 
of the military aeroplane squadrons, or will pass 
into the reserve of the Royal Flyin Corps. The 
mechanical requirements of the Royal Flying Corps 
will by met by the Army Aircraft Factory, now to 
be named the Royal Aircraft Factory. This wil] 
include the reconstruction and repair of machines, 
training of mechanics, tests of engines, &. The 
Aeronautical Advisory Committee will continue its 
research work on present lines. 

In order to encourage private enterprise, it is 
proposed that candidates for commissions in the 
corps should produce Aero Club certificates, and 
be paid 751. on acceptance, and that a small rent 
should be paid to the various aerodromes in the 
country for landing rights, &c. The enlistment 
period suggested is four years, and every member 
will be liable for service either at home or abroad. 

The reserve is to be divided into two classes : 
the first reserve must give evidence of having 
flown nine hours in each quarter of the year, in. 
cluding one cross-country flight of over an hour. 
The second reserve need not give any evidence of 
flight each quarter, but must be available for 
service either at home or abroad. No aeroplanes 
are to be purchased at present for the reserve, but 
a register is to be kept of privately-owned machines 
which could be sustieelt No limit is at present 
fixed for the number of the corps, but it is not 
considered likely that a hundred applications will be 
received in the first year. Twenty-five aeroplanes 
have, however, been purchaced for the flying school. 

It is estimated that the number of flyers required 
for the Navy will be forty per year, and that the 
number of flyers required for the seven aeroplane 
squadrons which are considered necessary for the 
accompaniment of an expeditionary force is 182 
officers and 182 men. Allowing four years’ active 
work for a flyer, this involves passing through 91 
officers and men annually. Adding the naval 
requirements and a margin of 25 per cent. and, say, 
twenty civilians, this makes 180 per annum. A 
four-months’ course is suggested, so that sixty 
pupils will be under instruction each term. 

he naval wing of the Royal Flying Corps will 
be established at the naval flying school at East- 
church. It will at first be used for the elementary 
training in flight. This will eventually be entirely 
taken over by the Salisbury flying school, after 
which the Eastchurch establishment will be used 
for experimental work and higher training. Twelve 
aeroplanes, hydro-aeroplanes, and floats of different 
types, have been mee ee for first requirements. 
The military wing is at present dealing solely with 
the requirements of the expeditionary force. 

The proposed establishment is :— 

Seven aeroplane squadrons, each providing twelve 
aeroplanes ; one airship and kite squadron, provid- 
ing two airships and two flights of kites ; one line- 
of-communication flying-corps workshop. Allowing 
one officer and one non-commissioned ofticer for 
each machine, and adding seven commanders and 
seven serjeants, 182 officers and men are required. 
It is estimated that to provide for wastage through 
casualties, &c.,; during six months, this number 
should be doubled—i.e., that 364 officers and men 
are required. In addition, non - commissioned 
officers and mechanics will be needed. The 
period recommended is four years, with re-engage- 
ment from year to year. It is stated that at 
present the airship is not considered so suitable 
as the aeroplane for an expeditionary force, on 
account of difficulties in housing, &c., and that it 
is not considered desirable, therefore, to increase 
the existing number. As all other Powers are, 
however, still experimenting with airships, the two 
at present in use will be retained, and experiments 
continued with a view of overcoming their difficulties. 
Kites being the only means of observation in really 
high winds, two flights are to be provided. 

The Royal Air-Craft Factory will carry out the 
following functions :— 

The higher training of mechanics for the corps. 
Repairs and reconstruction for the corps. Tests 
with British and foreign engines and aeroplanes ; 
experimental work. Manufacture of hydrogen and 
work for the airship and kite squadron. General 
maintenance of the factory as at present. It is 
stated that the main requirement of the aeroplane 
industry is a perfectly satisfactory engine, and that 
information as to engines is difficult to get. 

It will be observed that in the above scheme 
nothing is said as to the amount of money to be 
paid for the various services, and it appears likely 


'that its success will depend very largely on this 
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It is also not quite clear to what extent the 


int. 
Royal Flying Corps is to be confined to those who are | 


already officers in one of the services. In the early 


inducement should be offered to flying men who do 
not belong to the Navy or Army to join the Royal 
Flying Corps.” Later it suggests that 15 to 20 
civilians should be trained per annum. There is 
no doubt that theoretically those who fly should be 
ofticers of the Navy or Army, as a great deal of the 
work of the aeroplane will be scouting, and trained 
observers are necessary for observations to be of 
great value. It will, however, be a long time before 
there will be an adequate supply of such flyers, and 
meanwhile there is no doubt that all the resources 
of the country in the way of flying men should be 
available, as even untrained observers are pro- 
bably better than none, and in any case a trained 
officer could usually be taken as a passenger for 
observation pw If, however, such men are 
to be induced to join, the inducements offered must 
be enough to make it worth their while, not only 
in the matter of money, but also as regards the 
rank they hold. 

Similarly, with reference to the machines, there 
should be some arrangement by which, for a sub- 
stantial subsidy, flying men would undertake to keep 
efficient machines in commission, available for pur- 
chase by the Government if required. With the 
aid of such subsidies the number of flying men and 
machines in the country might be greatly increased. 
There is no doubt that the provision making all 
members of the Royal Flying Corps available for 
foreign service is a very necessary one, as they 
would be of little use if confined to this country. 
Even for purely defensive purposes it might be 
necessary to cross the Channel, and the best method 
of defence really is superior attack. 

The general scheme of a central school for the 
elementary training of both Navy and Army flying 
men seems very sound. The essential point is 
first of all to train men to fly, and the differences 
in training for the two services can no doubt 
be better considered at a later stage. Stress 
is rightly laid in the report on the fact that 
all the flying men should be available for either 
service. Thus the naval men should be available 
for a purely land war, and vice versd. It seems 
doubtful whether enough stress is being laid on the 
necessity for working up a large industry in aero- 
planes and engines in this coun True, it is 
stated that it will be ‘‘encouraged,” but it is abso- 
lutely necessary that we should have as large 
resources in this matter as other nations, and if 
this is to be the case, very liberal encouragement is 
required. If it were understood that large orders 
were to be given for aeroplanes, and that they must 
be constructed in this country, there is little doubt 
that the best experience of the world would find 
its way here. In the case of the reserve, a higher 
retaining fee might be given for efficient machines 
of home manufacture. 

The main point on which there is doubt is 
whether the scheme is large enough to meet our 
requirements. It seems to us of the utmost 
importance to realise that an aerial navy will have 
to fight in much the same way as a marine navy 
does. That is to say, that its first work will prob- 
ably be to meet the enemy’s fleet and defeat it. A 
maritime navy very inferior to that of the enemy is of 
little use, for it is never allowed to do any effective 
work, being watched and defeated as soon as it 
sets to sea. In a similar way it seems unlikely 
that a force of aeroplanes markedly inferior to the 
enemy’s will be of much use, as it could not even 
a the enemy coming over here. On the other 

and, the value of a fleet large enough completely 
to sweep the enemy from the air would be enormous, 
and would not only ensure that he never had the 
chance of flying over our own country, or any we 
were operating in, but would give us the power of 
going over his ; and, as we have before mentioned, 
every European capital is within some two hours’ 
flight of the sea. 

The aim of our aerial navy ought, therefore, not 
to be just something to ae that we are not 
entirely neglecting aviation, but a serious effort to 
get the same superiority in the air that we have on 
the sea. There can be no doubt that the quality 
of our men is as good as that of any other nation ; 
therefore the problem is simply a matter of devot- 
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ing enough money to the pu . It matters 
little, therefore, what the exact réle of the aeroplane 


| is to be in the next war; we ought to make up our 
pages of the memorandum* it is stated that ‘‘ every | 


minds at once to the ‘‘ two-Power standard.” There 
is no evidence in the present scheme that this view 
is being taken. Other Powers already have larger 
numbers of available flyers than the scheme will 
rovide, and will increase these rapidly in the 
uture. No suggestion is made that we shall even 
equal their present numbers, still less is there any 
for increase later on. In fact, in one place it is 
suggested that economy in the matter of aeroplanes 
may be practised in the future. 





THE WORKING OF THE BOILER 
EXPLOSIONS ACTS. 

THE annual report for the year ending June 30, 
1911, on the working of the Boiler Explosions Acts, 
1882 and 1890, has just been issued by the Board 
of Trade. During the iod named eighty-eight 
preliminary inquiries and twelve formal investiga- 
tions have been held under the provisions of the 
Acts. The 100 explosions thus dealt with caused 
the death of 13 persons and injury to 61 others. 
The 13 deaths were caused by 11 explosions, of 


which 9 occurred on land and 2 on ships, while it | ~ 


may be added that out of the total number of 
explosions 78 occurred from boilers on land, 
and 22 from boilers on board ship. The 
report states that although the number of ex- 
plosions included is considerably above the aver- 
age, it is satisfactory to note that the number 
of persons killed is only half the average (26.2) 
since the Act came into force in 1882. The number 
of injured (61) is slightly above the average (58.1). 
It may also be noted that in one explosion (Report 
No. 2047) there were eleven persons injured, this 
number being a considerable proportion of the total 
for the year. 

An analysis of Appendix B accompanying the 
report shows that twenty-one of the cases of explo- 
sion referred to arose from boilers, &c., which were 
under boiler insurance companies, eleven were under 
Lloyd’s Survey, seven were under marine insurance 
companies, and two under Lloyd’s Survey and the 
Board of Trade. Appendix B describes the 100 
explosions as having arisen from the following 
boilers, vessels, &c. :— 

Horizontal multitubular boilers 
Vertical boilers i ; 
Lancashire or Cornish boilers 
Locomotive boilers 
Water-tube boilers 
Tubes in steam-ovens... 


Heating apparatus... Jam we 
Steam-pipes, stop-valve chests, &c. 
Miscellaneous ... nt a 


— 


_ 
Om On wo 


27 
24 


The causes of the 100 explosions were as follow :— 


Deterioration or sorrssion ... _ sh 24 
Defective design ox undue working pressure 27 
Water-hammer act:cn = a as 12 
Defective workmanship, material, or con- 
struction we ad ae vine wh 15 
jgpesenee or neglect of attendants... 14 
iscellaneous ... <a - 10 


The above numbers amount to two more than 
the number recorded for the year, the reason for 
which is that in one case two separate explosions 
were dealt with, and in another that there were 
two causes for the explosion in question. 

Appendix C gives the number of formal investi- 
gations for the year as 12, relating to the following 
boilers, &c. :— 

Two vertical. 

Economiser. 

Locomotive crane. 

Dye extractor. 

Stop-valve. 

Marine. 

Two portable locomotive. 

Devulcaniser. 

Drying cylinder. 

Steam pipe-joint. 
These explosions resulted in the death of ten per- 
sons and injuries to twenty-three others. e 
report states that ‘‘the causes of these explosions 
have been clearly ascertained, and in no case 
the explosion been attributed to accident, but in 
one case the cause causans was not determined.” 

The findings of the Commissioners in the twelve 
formal investigations were referred to as follow :— 
In two cases owners were found to blame. In one 
case the owners were found responsible for the 
explosion. In one case an engineer-in-chief and a 
superintending engineer were found responsible for 
the explosion, In one case a foreman mechanic was 


found to blame. In one case the user and an engine- 
owner who advised him were found responsible for 
the explosion. In two cases the owners of boilers 
let on hire-purchase agreements were found to 


blame. In one case the owner, who was killed, was 
found responsible. In five cases no one was found 
to blame. 


The following amounts were ordered to be paid 
towards the costs and expenses of the investiga- 
tions :—In three cases owners were respectively 
ordered to pay 100/., 50/., and 261. In two cases 
the users of a boiler, let on hire-purchase agree- 
ment, were respectively ordered to pay 1001. and 


501. In one case an engine-owner was ordered to 
pay 201. In one case a foreman mechanic was 
ordered to pay 201. The gross total amounted to 
3651 


Appendix D gives the total number of explosions 
dealt with since the passing of the Acts, the number 
of lives lost, and persons injured. 


| Personal Injuries. 





























Number aiehialiiios iintited = 
Year. | ° | | 
Explosions. | Number of 
| pane ot Persons Total. 
| | Injured 
1882-83 46 | 35 83 68 
1883-84 41 18 62 80 
1884-85 48 40 62 102 
1885-86 57 32 7 112 
1886-87 87 24 44 68 
1887-88 61 31 62 83 
1888-89 67 33 79 112 
1889-90 77 21 76 97 
1890-91 | 72 32 61 93 
1891-92 | 88 23 82 106 
1892-93 72 | 20 37 57 
1893-94 104 | 24 54 78 
1894-95 114 } 43 85 128 
1895-96 79 | 25 48 73 
1896-97 80 27 75 102 
1897-98 S4 87 46 83 
1898-99 68 | 36 67 103 
1899-1900 | 59 24 65 &9 
1900-1 72 33 60 93 
1901-2 68 30 55 86 
1902-3 69 22 67 89 
1903-4 60 19 465 64 
1904-5 57 14 40 54 
1906-6 54 25 21 46 
1906-7 77 28 65 93 
1907-8 73 23 50 73 
1908-9 93 12 53 65 
1909-10 103 14 62 76 
1910-11 100 18 61 74 
Totals .. 2074 759 1686 2445 
Average of 29 
years 71.5 26.2 58.1 84.3 


It may be noted that many of the explosions 
recorded in the report just issued were very trivial 
in character, but the investigation of all cases, 
important or unimportant, must tend in the long 
run to greater security in the working of steam plant 
generally, and to a material reduction in the number 
of lives lost and persons injured annually. 





THE ALEXANDER PRIZE FOR 
AEROPLANE ENGINES. 

Tue full report of the Advisory Committee on 
Aeronautics of the tests of engines for the Alexander 
Prize has now been issued. It will be recollected 
that in 1909 Mr. Alexander offered a prize of 10001. 
for an aero-engine of British manufacture. Briefly, 
the conditions of test in this case were that the 
engine should develop 35 brake horse-power at a 
total weight, including radiator, &c., not exceeding 
7 Ib. par Laven: wer, and should run for 24 hours 
with not more than three stops totalling 30 minutes. 
The Green engine which was entered succeeded 
in running the 24 hours on a total weight per brake 
horse-power of 6.96 lb., but was disqualified, as 
the brake horse-power developed was only 31.5. 
We pointed out at the time that it was quite 
unreasonable to specify the exact horse-power at 
which the engine was to run, as it would involve 
a maker manufacturing a special engine of the 
exact size required, and that a maker should be 
allowed to enter any engine within a certain range 
of power. 

As the prize on that occasion was not awarded, 
Mr. Alexander again offered a prize, to be open this 
time to all engines, whether of British, Colonial, or 
foreign manufacture, and from 40 to 75 brake horse- 

wer. The weight limit was raised to 8.5 lb. per 
orse-power, including radiator and accessories. It 
is satisfactory to know that a Green engine was 
again successful, and that the previous performance 
was improved upon, for 61.6 brake horse-power was 
developed on a weight of 6.1 lb. per brake horse- 





power. The interest in the competition is, how- 
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ever, somewhat marred by the small number of 
engines tried. Entries were received from the 
following firms :— 

Walter Lawson Adams, Bournemouth; Aero- 
Flight Engine Company, Walthamstow, N.E.; 
E.N.V. Motor Syndicate, Limited, Willesden, 
N.W. ; the Green Engine Company, Berners- 
street, W.; Isaacson Radial Engine Company, 
Limited, Leeds; New Engine (Motor) Company, 
Limited, Acton, W.; and the Reyua Motor Com- 
pany, New York. Of these, however, only two 
firms delivered engines for trial— namely, the 
E.N.V. Motor Syndicate, Limited, and the Green 
Engine Company. 

The E.N.V. engine is of the eight-cylinder 
diagonal type, while the Green engine is a four- 
cylinder vertical. The E.N.V. has valves in the 
side of the cylinder-head worked direct from a 
cam-shaft on the inside of the V. It has ball- 
bearings to the crank-shaft, and has water-jackets 
of electro-deposited copper. There is forced lubri- 
cation, with a ball-valve to keep the crank-chamber 
supplied with oil at a constant level from a separate 
tank. There is also a special ring at the bottom of 
the piston, to prevent oil working up into the 
cylinder. 

The Green engine has the valves in the cylinder- 
heads, worked by rocking-levers from an overhead 
cam-shaft, and has brass water-jackets and forced 
lubrication, all the passages being drilled in the 


TABLE I. 


of this damage, however, the working parts were 
found to be in good condition. 

The Green engine ran its two 12 hours’ runs with- 
out any stops and with no preliminary run between 
them. It did 67.8 brake horse-power at 1210 revo- 
lutions for 7 minutes’ test, and 60.4 and 62.3 in the 
respective tilting tests. After the run it was dis- 
mantled, when the only signs of appreciable wear 
occurred in the helical gear driving the cam-shaft, 
with some slight pitting of the exhaust-valves. 
Undoubtedly this is a splendid performance. 

The dimensions of the engines with the results 
of the trials are tabulated in Table I. below, those 
of the previous trials being given for comparison. 

The weights are also given in detail in Table II. 

There are many lessons from these trials. The 
first is that in spite of the very small weights 
claimed for many aviation engines, only two makers 
actually produced engines for trial. It would un- 
doubtedly have been more interesting had more 
engines been tried, and if these had included some 
of the air-cooled types, especially those with rotating 
cylinders. In this connection it is, as we have 
previously mentioned, a pity that the current of air 

rovided for the engines to work in was at such a 
lee velocity as 30 miles an hour, for aeroplanes gene- 
rally go at nearly twice that speed, and this fact 
might be held to affect the cooling of the air-cooled 
engines. This, however, would hardly affect the 





rotary type. 


| 
| Cylinder 








CYLINDERS, | Revol ‘ 
evolu- J ressure A 
. Total | Ratio: Weight. —— | B.HLP. | tions | Piston | Referred | — 
Number} Diameter. Stroke. | Capa- | Stroke | B.H.P. | ulpute. _ ane | BP. 
| | city. | Diameter | | ycaeld | 
cub. in.| Ih | Ib | | ft. p. min. Ib. p. sq. in.| cub. in. 
ENV. =... 8 | 105mm. | 120mm, | 507 114 418 | 68 | 612 | 1105 870 86 | | 8.25 
(4h in.) | (4 in.) 
Green ‘ 4 140 mm. | 146 mm. 546 1.04 | 875 | 6.1 61.6 | 1150 1100 78 8.9 
(54 in.) | (5}in.) | | 
Previous Test, vide ENGINEERING, January 13, 1911, and February 10, 1911. 
Wolseley* ..| 4 3} in. | Shin. | 243 | 1.46 242 | 669 | 36.2 1445 , 1323 83 6.72 
Humbert .. 4 110 mm. | 120 mm. 277 | 1.00 234 6.18 | 37.8 1230 980 87 | 7.32 
| (47%, in.) | (43 in.) | | | 
Green es 4 105 mm. | 120 mm. 252 | 4114 219 6.96 | 31.5 1212 955 81 8 
(4h in.) | (43 in.) : | _ 
Weight includes radiator, water, and connections. 
* Failed after 3 hours 2 minutes ; white metal melted out of big end. On subsequent trial at 34.8 brake horse-power failed 


after 17 hours 41 minutes ; all four cylinders cracked. 


TaBLe II.—Mean Weights. 
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Weight Calculation.| | aici , | aig | ac | aS 
3 | ¥ = » $ r | & 5 5 » > 
B& | S82 | £8) eB gate | sh 
Ib, Ib. Ib. | Ib. Ib. Ib. 
Engine alone 332.5 6.48 | .. | 301.9) 49 — 
Radiator and con- | 
necting tubes 46.9 0.76 | 41.3) 0.68 - 
Total water in radia- | 
tor jackets, &c, ..| 34.1 056 | $1.9 0.52 — 
Weight as defined | | | 
in regulation4..| 413.6; 68 | .. | 375.1) 6.1 ~ 
Petrol consumed in | 
12-hours’ run ..| 488.7) 80 0.666 435.4. 7.1 0.590 
Petrol tank .. --| 39.7) 0.65 “e 98 1.6 — 
Total oil supply for | 
12-hours’ run .| 25.9 0.4 0.035 | 184.0 3.0 0.244 
Oil tank 9.2 0.15 | es 33.0 05 | — 
Gross weight of | | 
engine for 12-hr. | | 
run oes eT SD }1126.0) 183 | — 
Oil consumed = in | | 
12-hours’ run 12.8 0.2 | 0.017; 130.0) 21 | 0.175 
Water lost .. AV Get GHP i ws | 1.8, 0.08 _ 
gals. | | | gals. 
Capacity of petrol. 70 bes -- | 190 —- |— 
tank oe ea | | | | 
Capacity of oil-tank) 6 | jo | 30 —- |— 





* Some of this was ejected when the water-pump coupling broke. 


crank-case. Auxiliary exhaust-ports are provided 
in the cylinder-walls and are overrun by the piston. 
We illustrated the Green engine in our issue of 
March 18, 1910, page 342. 

In the trials the E.N.V. engine ran its first 
12 hours with one stop of 8} minutes, to replace a 
broken water-pump coupling. In the second 12 
hours’ run, however, one of the cylinders cracked 
after 28 minutes, and thus ended the trial. A new 
cylinder was fitted to make further tests. A maxi- 
mum of 66.4 brake horse-power was obtained for 
7 minutes at 1230 revolutions, and 62.9 brake 
horse-power with the engine tilted 15 deg. for an 
hour’s run. On tilting about a longitudinal axis, 
however, a second cylinder broke, ont considerable 


damage was done tothe engine. With the exception 


t Failed after 11 hours 32 minutes; cylinder broken off. 


Failures are often the most interesting part 


~|of trials, and in this instance it is interesting to 


note. that out of the five engines in the two 
trials three failed from cracked cylinders, while 
one in addition melted out the white metal in 
one of the big ends from defective lubrication. It 
is also interesting that in each case of cylinder 
failure the engine ran over eleven hours before frac- 
ture took place. An examination of the detail of the 
weights shows the importance of economy in con- 
sumption both of petrol and lubricating oil. Thus, 
while the weights of the engines with radiators, &c., 
were 6.8 lb. and 6.1 1b. per brake horse-power for the 
E.N.V. and Green engines respectively, the weights 
of the petrol and oil with tanks were 9.2 lb. and 


11.9 Ib. respectively. For long runs, therefore, it 
is worth while studying economy closely, even at 
the expense of slight additional er in the 


engine itself. This is a matter of great importance 
in comparing the water-cooled engines with the 
air-cooled ones, some of which are very extravagant, 
especially in lubricating oil. 

It will be noticed that the consumption of lubri- 
cating-oil in the Green engines was 0.244 lb. per 
brake horse-power per hour, or nearly half as much 
as that of petrol. The E.N.V., on the other hand, 
only used 0.035 lb., or less than one-sixth as much. 
The petrol consumptions, on the other hand, were 
0.59 1b. and 0.66 lb. respectively. In the previous 
trial the Green engine used 0.503 lb. of petrol and 
0.282 lb. of lubricating-oil per brake horse-power per 
hour. Thatis to say, in these three engines the petrol 
consumption decreases as that of the lubricating oil 
increases. This suggests that some of the lubri- 
cating oil is burnt in the cylinder. It will be seen, 
however, that the low consumption of lubricating 
oil gives the E.N.V. engine a distinct advantage on 
the weight of petrol and oil for a long run, the com- 
bined consumption of oil and petrol being 0.701 Ib. 
per brake horse-power per hour against 0.834 Ib. 
of the Green, and the Green engine would therefore 
be improved if its consumption could be reduced. 


runs auxiliary exhaust-ports. The latter feature of 
construction also involves the impossibility of 





This, however, may be difficult if the piston over- | po 


silencing. It is to be noted that the E.N.V. engine 
was run with a silencer. 

The results of the trial prove conclusively that 
it is now ible to obtain engines in this country 
which will develop 1 brake horse-power for each 
7 lb. weight over long periods, the Green engine 
having done this in both the trials, while doubt- 
less the E.N.V. engine will be made to do so in 
the future. This is a matter of great importance 
in view of the statement in the War Office Memo- 
randum that the main requirement of aviation is a 
satisfactory engine. 





NOTES. 
ACCIDENT TO THE N&GRNBERG Two-Cycie Dovste- 
Actine ENGINE. 

Very considerable interest has been taken in the 
accident to the three-cylinder, two-stroke-cycle, 
double-acting engine, of 6000 horse-power, built at 
the Niirnberg Works, as the first part of a set of 
machinery of six cylinders, collectively of 12,000 
horse-power, for the centre shaft of a triple-screw 
battleship for the German Navy, the two wing 
shafts having turbines. The accident, it will be 
remembered, involved the loss of several lives. 
An inquiry has been held, and we are informed 
that it has been ascertained that the accident was 
caused by the fracture of one of the cam levers of the 
scavenging-valve, and a by part of the lever falling 
in such a position that the scavenging-valve was 
lifted during the firing stroke of the cylinder. 
Hence the combustion gases and flame were blown 
back through the scavenging - valve into the 
scavenging-pipe during several strokes. It so hap- 
pened that the scavenging-pipe had a considerable 
quantity of oil deposited all round inside it, and 
lying at the bottom of the pipe, due to some pre- 
vious experiments and absence of drainage. This 
oil was ignited by the flame from the high-pressure 
gases and burned rapidly back inside the scavenging 
pipe until the extreme ends of this were blown 
out. The discharge-valve covers of the scavenging- 
pump were forced open. The flames issuing at the 
ends of the scavenging-pipes and through the dis- 
charge - valve cover openings of the scavenging- 
pump set fire to a tank of oil in the immediate 
vicinity and to the wooden platforms which had 
been built all round this engine for observation 
purposes. These were saturated with oil, and the 
flames which issued from the broken covers of 
the ends of the pipes, and the deformed covers of the 
discharge-valves, caused the loss of life. There 
was not really an explosion in the ordinary sense 
of the word. 


THe ELEcTRIFICATION OF BERLIN’s LOCAL 
RalLways. 


The plan which has now been laid before the 
Prussian Diet for the electrification of the city and 
suburban railways of Berlin is a very comprehensive 
scheme, entailing an aggregate cost of 123,300,000 
marks, 50,000,000 marks having been asked for as 
a first instalment. The electrification of the 
Prussian State Railways has for years engaged the 
careful attention of the authorities concerned, and 
some considerable distances of railway in northern 
and central Germany are already ens the 
process of electrification. As far as Berlin is con- 
cerned the matter has become one of almost urgent 
necessity, owing to the immense growth of the 
traffic. From 1885 to 1909 the number of pas- 
sengers on Berlin’s city and ring railways rose from 
75,000,000 to 157,000,000, and that on the suburban 
railways from 41,000,000 to 137,000,000. Reckon- 
ing upon an increase at the same rate during the 
next seven years, the number of passengers on 
the city and suburban lines will in 1916, when the 
electrification is expected to be completed, exceed 
that of 1909 by no less than 103,000,000. The 
present steam traction system is altogether unable 
to grapple with the immense traffic, and ‘several 
schemes for improving matters, such as new double 
lines, a new underground railway, or even quite a new 
system of railway lines, have all been discarded as 
impracticable or inefficient. The new electric trains 
are to consist of twelve to thirteen large cars, with 
an electric locomotive at each end, when the trafic 
is most intense. The energy is to be distributed 
from an overhead line, the current being alternate 
and of 15,000 volts. A private company has under- 
taken to supply the necessary current from two 
wer-stations; the one, at Bitterfeld, in the centre 
of the lignite district, is intended to be the prin- 





cipal purveyor ; the other will probably be located in 
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the immediate vicinity of Berlin. The electric cables 
will be placed underground, and be constructed for 
50,000 volts current. The cost of the power-stations, 
cables, &c., is calculated at 90,000, marks, and 
the stations will, in the first instance, be constructed 
for an output of 100,000 kw. each. The contract 
between the electric company and the railway is to 
be for 30 years. Of the aggregate cost of the pro- 

osed electrification, some 50,000,000 marks will 
* absorbed by buildings, altering the lines, and 
other constructive work, whilst the rest will be 
applied to new rolling-stock, &c.; 557 electric loco- 
motives will replace the 573 steam locomotives now 
in use, which will thus be available for other 

arts ; 690 new passenger carriages will be wanted, 
(odie a number of special cars. Owing to the 
extreme cheapness of the fares, the State, in spite 
of the immense traffic, loses money every year on 
the Berlin local traffic; the loss was some 2,000,000 
marks for last year. Simultaneously with the intro- 
duction of electric traction an increase of the fares 
is contemplated. 


Tue Roya. State Ramways or Sram. 


In the report of the Director-General of the 
Royal State Railways of Siam there is interesting 
information as to the conditions of railway working 
and progress in Siam, a country which, as a rule, 
does not receive much attention from engineers, 
but which, like other eastern countries, is becoming 
rapidly permeated with western ideas. The first 
construction undertaken was that of the line from 
Bangkok to Korat, covering a distance of 264.1 km. 
of standard gauge. It was commenced in March, 
1892, and completed in November, 1900. The 
line from Ban Phaji to Pang Ton Phung, a dis- 
tance of 446.7 km. (277 miles), was begun in March, 
1898, and opened for traffic in August, 1909, 
although, at that date, some parts of it were un- 
finished. The Bangkok-Petrin, or eastern line, 
63.4 km. in length, was commenced in November, 
1905, and opened for traftic in January, 1908. The 
Bangkok-Manam River section of 6.5 km. was 
begun in January, 1907, and completed in February, 
1910. On the Bangkok Noi-Petchaburi line (metre 
gauge) 151.4 km., construction began in February, 
1900, and it was opened for traffic in April, 
1903. There are sixty-seven locomotives in all, 
of which eight are the metre gauge. They 
were supplied by Messrs. Kraus and Co., of 
Munich. On the standard gauge the shunting 
and construction engines have been for the most 
part supplied by British manufacturers, although 
the last came from Germany, which is a rather 
significant sign of the competition which exists 
in the East. That is emphasised by the fact that 
all the passenger engines are of German manu- 
facture. The Hannoversche Maschinen-Fabrik has 
supplied the twenty-four locomotives for passenger 
service on the standard gauge. These have outside 
cylinders with a diameter of 15 in.; length of stroke, 
19} in.; diameter of leading wheels, 334 in.; and of 
driving and trailing wheels, 55 in. This company 
also supplied thirteen locomotives for the mixed 
and freight service of a similar type, with the 
increase in the diameter of cylinders and length of 
stroke to 17? in. and 25 in. respectively. Messrs. 
Kraus and Co, also supplied eight locomotives for 
the mixed and freight service, with outside cylin- 
ders 174 in. in diameter and a stroke of 21} in. 
The diameter of the leading wheels is 36 in., and of 
the driving and trailing wheels 494 in. Passenger- 
coaches include twe private saloons for His Majesty 
the King of Siam, and in all number 176 on the 
standard gauge. Including all other cars adapted 
for freight of all kinds, there are 560, besides 
296 ballast wagons. On the metre gauge there 
are thirty-three passenger coaches. The length of 
line opep in the year ended March 31, 1911, was 
932km. (579 miles), the same as in the previous year. 
The report gives details of the financial aspects of 
the railways, which appear to be satisfactory, but 
they are not of special interest to our readers. 


Tue CenrenaRy oF THE First ComMERCIAL 
Streamer, ‘‘ Comet.” 

Considerable interest is being taken in the West 
of Scotland in the fact that this year marks the 
centenary of the Comet, the first commercial 
Steamer to ply on the Clyde, and it is felt that the 
occasion ought to be celebrated with due honour, 
particularly as the vessel was such a great stimulus 
to the early application of steam for the propul- 
sion of ships. The Comet, it will be remembered, 


Was a 25-ton boat, with engines of 4 horse-power, | 


built to the order of Henry Bell by John Wood, of 
Port Glasgow, then and for many years afterwards a 
noted shipbuilder, the yard in which the vessel was 
built being that now occupied by Messrs. Robert 
Duncan and Co. at Port Glasgow. The engines were 
designed by Mr. John Robertson. The vessel made 
her first trip from Greenock to Glasgow on 
August 6, 1812, taking 34 hours for the voyage of 
about 20 miles, The Corporation of the City of 
Glasgow and the Clyde Socata Trust have, 
with the other local authorities in the district, 
decided that the centenary celebration should take 
place on Saturday, August 31, a date more suitable 
than either the date of the launch or of the first 
voyage, because it interferes less with the holidays 
of all classes. This date, too, is the Glasgow 
trades’ holiday, when, in any case, all workmen 
are released from their usual occupations. It is 
hoped that the occasion will be marked by the 
gathering of a fleet of merchant vessels in the 
Clyde, and already the Admiralty is being ap- 
proached to send a warship squadron worthy of such 
an occasion. It is also intended to have some 
form of procession with representation of the 
industries of the Clyde. Arrangements are being 
made for the delivery of a eulogium on Henry Bell 
to an audience representative of the Clyde and the 
West of Scotland, and a luncheon will be given by 
the Corporation on August 30. The item on the 
programme which will most appeal to practical men 
is the proposal that subscriptiuns should be invited 
to provide a fund for the foundation of one or 
more Henry Bell scholarships in the Glasgow 
Royal Technical College. Such a scheme needs 
no commendation. We are, however, doubtful 
about the further proposal that, if sufficient 
funds be forthcoming, a suitable steamship be 
purchased and handed over to the Glasgow Royal 
Technical College to be utilised in the training 
of students in the practical work of engineering 
and seamanship. This involves a trenching on the 
part of the college upon the functions of practical 
works. There is too much inclination to assume 
that sound practical experience can be attained 
by more or less peripatetic incursions of the 
student into work which is not conducted upon 
commercial lines and amid the vicissitudes of 
competitive life, and it would seem as if the 
provision of a training steamship, as proposed, 
would mark a further extension of this move- 
ment. No short cruise in such a training-ship 
could ever yield to the student the experience, or 
the facility for practical contact with sea-going con- 
ditions, that are derivable by making a sea voyage 
in a tramp steamer, or even in a mail liner. In 
the case of the Glasgow Royal Technical College 
the conditions ought to be specially conducive to 
the attainment of such experience in sea-going 
merchant steamers, because so many ships sail from 
Glasgow, that frequent opportunities are pre- 
sented to students to gain experience of such sea- 
going work under the practical conditions which 
will demand the exercise of resource. 








CoaL IN THE Urat.—The production of coal in the 
Ural last year amounted to 33,861,702 Ss, as com- 
red with 34,813,783 poods in 1910. In the course of the 
t four years the coal extraction of the Ural has de- 
clined to the extent of 13,943,313 poods. The decline in 
the output is due to the falling off in the production of 


the Aleamelek and Lazareff mines, which only yielded 
19,823,269 poods of coal in 1911, as com with 
38,000,000 s in 1908. A pood, it should noted, is 
36 Ib. English. 





Moror-Vesset “ Sempttan.”—This ship, which was 
fully illustrated in ENGINEERING (page 348 ante), arrived 
last week at Port Said. On the whole voyage from 
Amsterdam she did not touch at any port, and not the 
slightest trouble was met with. She continued her cays 
at once for the Dutch East Indian Archipelago. On 
leaving Amsterdam she carried a quantity of oil suffi- 
cient not only for running the engines during the whole 
voyage to the place of destination, but for some forty 
days more. 





Tue Institute or Lineuists.—This Institute was 
formed about eighteen months ago for the purpose of 

romoting greater interest in the study of foreign 

nguages. A number of examinations have already been 
held, and the next, which is fixed for August 2 and 3, 
1912, will be, as heretofore, under the direction of the 
University of London. This examination is open to both 
men and women, is divided into two sections, commercial 
and literary, and sets up a ee ee of proficiency. 
The Hon. rer will be glad to answer any inquiries 
| and accept monetary assistance at his offices, 120, London 
| Wall, E.C., which are the headquarters of the Institute 





NOTES FROM THE UNITED STATES. 
Puiapetruta, April 10. 

Tue production of pig iron has increased until it is 
now at the rate of 29,000,000 tons per year. There is 
a@ movement in progress in all iron and steel centres 
looking to the contracting of iron for future delivery. 
All kinds have hardened in price. Steel-making 
irons lead in activity. Bessemer is also very active ; 
last week’s sales at Pittsburg amounted to 55,000 
tons. Of this amount 40,000 tons were taken by the 
Republican Iron and Steel Company. While ore 
is decidedly cheaper than last year, coke is higher 
in price, so that the cost of iron is about the 
same so far as those products are concerned. 
The steel- making furnaces are a record 
outputs. The record was made by the Carnegie 
Steel Company’s plant at Homestead of six furnaces, 
which turned out, in March, 106,041 tons in 31 days. 
The previous record was made by South Chicago fur- 
naces, the same number and same time, producing 
98,047 tons. The rated monthly capacity of the 
Homestead furnaces for that period is 70,000 tons. 
Prices in steel billets and crude bers are held at 
the old level, while tin-plate has advanced because 
of the heavy demand. Merchant bar is improv- 
ing in demand, because of a heavier call from the 
automobile and agricultural interests. The pipe- 
makers are still overcrowded with business, and 
the presentation of new work is encouraging manu- 
facturers in all pipe-making sections. ke is still 
held at the level of two weeks ago. The output of the 
Connellsville region for the week ending March 30 
was 413,141 tons. This was the largest weekly pro- 
duction in eighteen months. Inquiries are again 
crowding in ler furnace coke, but the prices are 
beyond what the furnace interests are dis to 
pay. Coke-makers feel themselves sufficiently strong 
to maintain their present attitude. 





Recent Tests or ZoeLLy TurBings.—Messrs. Escher 
Wyss and Co., of Zurich, have sent us the following 
particulars of tests recently made of Zoelly turbines :— 
I.—Test Result on Two 1250-Kw. Zoelly Turbines, 3000 

Revolutions per Minute, crected in 1911, at the Drammen 

Electricity Works, near Christiania, Norway. 

Date of Test, February 21, 1912. 

















| 
— No. I | No. Il 
| 
l 
Load .. i 4 2 i 
Output of turbine in kilowatts, in-| | 
cluding excitation, excluding out- | 
put for condenser oe es ..| 1275 | 656 | 981 | 1271 
Steam pressure before turbine :— 
In kg. per sq. cm. + -| 128 | 12.22) 12.24) 12.22 
In lb. per » in. - - . |182.4 [174.1 [174.4 [174.1 
Temperature before turbine :— 
In deg. Cent. .. oe _ --|309.0 (244.0 |256.5 [273.0 
In deg. Fahr. .. _ oe .|°88.2 |471.2 [193.7 [523.4 
Vacuum at exhaust branch (baro- 
meter, 735 mm.), percent. .. By. 98.0 | 97.3 | 90.6 
Steam consumption :— 
In kg. per kw.-hour .. 5.71; 6.71) 6.26) 5.97 
In lb. per kw.-hour 12.59} 14.79, 13.80) 13.16 


II. — Test Results on One 5000-Kw. Zoelly Turbine, 
1500 Revolutions per Minute, erected in 1911, at the Elec- 
tricity Works, Hscaut, near Antwerp. 

Date of Test, January 22 and 2%, 1912. 


Load .. 


Output in kilowatts, including excita- | 


tion,excluding output for condenser, 1184 | 3160 4305 , 5418 
Gauge-pressure before turbine :— | } 

In kg. per 8q. cm. + 1.9 12.2 | 118 | 11.7 

In Ib. per sq. in. oe oe 69.5 (73.8 |168.1 |166.7 
Temperature before turbine :— 

In deg. Cent. .. in ve 271.0 , 92.4 291.0 309.0 

In deg. Fahr. .. os ; -. |519.8 [558.3 555.8 588.2 
Vacuum at turbine exhaust branch | | | 

(barometer, 735 mm.), per cent. 98.5 | 97.5 | 96.9 | 96.2 
Steam consumption : — | 

In kg. per kw.-hour .. 6.6; 5.74) 5.6 | 5.42 


In Ib. per kw.-hour 14.71 | 12.65) 12.85) 11.95 





IIL.—Test Result on One 10,000-Kw. Zoelly Turbine, 1250 
Revolutions per Minute, erected in 1911, in the Power 
Station of La Société le Triphase, Asniere, France. 

Date of Test, February 12, 1912. 


Output in kilowatts, including excita- 

tion, excluding output for condenser 3678 10,006 
Gauge-pressure before turbine :— 

In kg. per 8q. cm. se 1L4 10.8 

In Ib. per sq. in. .. oe - 162.6 154 
Temperature before turbines :— 

In deg. Cent. oe os 297 296.5 

In deg. Fahr. »s - - .. 566.6 565.3 
Vacuum at turbine exhaust branch 

(barometer, 735 mm.), per cent. 97.2 95.6 
Steam consumption :— 

In‘kg. per kw.-hour be 6.6 5.45 

In lb. per kw.-hour - ° 14.55 11.01 


‘Lhe turbines for which tests I. and II. are Pen were 
supplied by Messrs. Escher Wyss and Co., Ziirich ; the 
turbine for which tests III. are given was built by the 
Elsissische Maschinbau Gesellschaft, Belfort. The 
1250-kw. turbine has eight stages : the 5000 and 10,000-kw. 





pro tem. 


turbines twelve single stages each. 
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ELECTRIC SHIP PROPULSION WITH 
LJUNGSTROM TURBO-GENERATORS. 
To THE Epitor OF ENGINEERING. 

Srr,—Electrical power transmission for driving the 

ropeller-shafts on vessels recently has been success- 
Fully applied in several cases, and I propose to show in 
what follows that considerable improvements ma 
made in this mode of poopeinen by the adoption of my 
form of turbo-generator. The economy already attained 
with the Ljungstrém turbo-generator for stationary pur- 
poses has been sufficiently noteworthy. For marine 
propulsion, however, the prospects are, I consider, still 
more favourable with respect to size, cost, and efficiency, 
since the voltage need not necessarily be kept constant 
under various loads. Consequently the stator windings 
may be calculated for delivering about 70 or 80 per cent. 
more current than is usual with the same size of the 
generator, with but a comparatively very small increase 
in the total losses and with a corresponding increase in 
effectiveness. _ 

If the electric motors be dimensioned carefully, and for 
a high peripheral speed, the over-all efficiency of the 
electric transmission turns out to very high, and 
exhaustive calculations show that under favourable con- 
ditions 90 to 92 per cent. is obtainable. The thermo- 
dynamical efficiency of the turbine, based on results 
already attained with a 1000-kw. set, and giving due 
consideration for later improvements and the larger 
power, should, for 4500 kw. at 3000 revolutions per 
minute, I consider, reach about 85 per cent. 

A turbo-generator and condenser of 4500-kw. capacity, 
with generators of special design for ship-propulsion, is 
shown in Figs. 1 and 2. The 
main dimensions are: Length, Fug./. 

23 ft. 7 in. (7180 mm.); width, 

6 ft. 7 in. (2010 mm.); — 
including condenser, 14 ft. 6 in 
(4420 mm.). The weight of the 
turbo-generator alone is about 34 
tons, and the total for the whole 
plant, with pumps and water in 
the condenser, is 65 tons, or 
11.5 lb. and 22 Ib. r brake 
horse-power respectively. On the 
exterior the turbo - generator is 
kept at the temperature of the 





the vessels referred to is a 12,500-ton cargo-boat under 
construction, which is to be supplied with an alternating- 
current power plant of 5000 kw. for the propulsion of the 
ship. The discussion following this paper at the British 
Association regarding the comparative merits of mecha- 
nical gearing and electrical transmission did not, however, 
take into account the differences between the two systems 


be | as to the possibilities of speed reduction and the use of 


superheated steam. The advantages in this respect are 
decidedly on the side of electrical transmission, and they 
more than counterbalance the inferiority in efficiency of 
the power transmission. For instance, in the Mauretania 


the speed reduction with electrical transmission and 50 | arrs : 

as high as 1:35, whereas for this vessel | inside the turbine. At the same time its design allows 

i ag ay Py Mr. Westinghouse | of the efficient use of the highest pressure and su 
us in t 


periods may be 
the mechanical gearings 
give about 1:5 or 1:10. 
transmission will allow more efficient s 8 for the pro- 
pellers as well as for the turbines, probably raising the 
total efficiency above that attainable with mechanical 
gearing. In the latter, within practical limits for the 
axial length of the | remap Apne ary the maximum pitch- 
line speed feasible does not admit of the most efficient 
speed to be used for turbines of large power. 
Reciprocating marine engines have been worked with 
steam superheated as high as up to 752 deg. Fahr. (400 deg. 
Cent.). This is fully set out in an article on ‘ Valve- 
Engines for Marine Propulsion,” by Heinrich Mehlis, 
published in the Jahrbuch der Schiffbautechnischen Gesell- 
schaft, vol. xii., and briefly referred to in ENGINEERING, 
December 22, 1911, stating that a great number of ships 
have been supplied with superheaters. The problems of 
superheater design and of the regulation of steam tem- 
perature during the manceuvring, which have been solved 


is case the electrical 











condenser, which has special ad- 
vantages, particularly in tropical 
climates, : | 

The weight and size of the 














electric motors vary considerably 
with the periodicity, peripheral 


























speed, and the proportion of 
Fig.3. 
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(2774.a) 


diameter to length. With 50 periods, in certain cases 
the weight cannot be reduced to less than 38 lIb- 
(17.25 kg.) per brake horse-power, whereas in a de- 
stroyer, with 100 periods and with the rotors running at 
400 to 500 revolutions per minute in a light framing of 
steel casting or autogenously-welded plating, the weight is 
about 9 Ib. to 10 Ib. (4.08 kg. to 4.54 kg.) per brake horse- 
wer. In this case the turbo-generators, without con- 
ensing machinery, aud running at 6000 revolutions per 
minute, will show about the same weight per brake horse- 
power. With asynchronous electric motors on the pro- 
ller-shafts, manceuvring does not involve any difficulties. 
wo or three motors may be built together in one casing, 
and by coupling them in cascade the shaft is caused to run 
at one-half or one-third of its normal speed. Other speeds 
are obtained by slowing down the turbines. On reversing 
resistances should be switched into the rotor circuits. If 
these resistances are made adjustable and of ample 
dimensions, they also may be used exclusively for vary- 
ing the speed of the motors, thus doing away with the 
necessity for geese or variation in turbine 
8 . The same result would be obtained by varying 
the voltage. A demonstration of how the different 
arrangements mentioned may be applied or combined 
in ships for various purposes is beyond the scope of this 
letter. 

The present development of electric ship propulsion 
was the subject of an article by Mr. H. A. Mavor, pub- 
lished in ENGINEERING on September 8, 1911. Accor 
to this article, the results gained with F . - designed 
for this system afford evidence of considerable economy 
in cost of construction, as well as in dead weight and fuel 
consumption. One vessel therein mentioned was the 
American cargo-boat Frieda, of 5000 tons, equipped wi 
electrical power transmission for 1500 kw. Another of 





in connection with these valve-engines, need no further 
investigation when introducing the steam-turbine, as 
no new features involving particular difficulties can be 
attributed to the turbine. 

The manceuvring of ship machinery implies, however, 
working conditions of a new character so far as regards 
steam-turbines either  aenme coupled to the propeller- 
shafts or combined with mechanical gearing. If; reversing 
is effected by means of admitting steam to special astern 
turbines, work is delivered from these to thesteam, which 
thus is superheated till the motion is actually reversed. 
Similarly, the same takes place when steam again is 
admitted to the ahead turbines. Were it not for the heat 
capacity of the blading, the steam in the low-pressure part 
of the turbine would consequently vary in temperature 
between that corresponding to the condenser pressure 
and, may be, hundreds of degrees above the admission 
temperature. The internal surfaces are thus, in such a 
case, alternately giving off or absorbing heat, thereby 

tly reducing the variations of the steam temperature, 
ut at the same time are themselves undergoing changes 
in temperature of a very sudden character, on account 
of the high steam velocities. These will give rise to 
thermal stresses, and may be one of the reasons for the 
rapid deterioration of high -percentage nickel bladin 
observed in turbines on board ship. If cupechented 
steam be for marine turbines, the fluctuations in 
temperature when reversing will be considerably in- 
creased, resulting in still greater stresses on the blading. 
It thus seems doubtful, to the writer, whether considera- 
tions of safety will permit the use of highly superheated 
steam in marine steam-turbines of the reversing ty 
unless a new blade material of a very supericy quite be 


th | invented. 





Electrical power transmission presents a considerably 








less difficult problem. With this system of ship-pro. 
pulsion the turbo-generators may be run continuously in 
the same direction at full speed, the propellers being 
reversed by the electric motors. The steam consequently 
will be subject to the same conditions as in stationary 
electric power plants. A comparatively moderate supe- 
riority in the capacity of using superheated steam will 
fully compensate for the inferiority in efficiency of the 
power transmission with electric propulsion. 

The Ljungstrém Langeiak ne ag is, I believe, specially 
suitable for extensive isation of the inherent advan- 
tages of electrical transmission. By the double-rotation 
arrangement a speed reduction of 1 : 2 is effected already 


rheat 
which can be safely controlled at the boilers. The high 
thermal a attainable by the Ljungstrém turbo. 
generator, if en full advantage of, will therefore 
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materially reduce the weight of boilers and bunker coal. 
Due to this saving and the small weight of the turbo- 
generators, the machinery, including the electric motors, 


will show considerably less weight per horse-power than 
ordinary plants. @ power required is, moreover, 
decreased use of the reduced displacement of the 
vessel and the increased propeller efficiency due to its 
reduced speed of rotation. The reduction of the dis- 
placement is the result of the less weight per horse- 
power and the reduction of power required. It is evident 
that for fast vessels with comparatively heavy power- 

lants the advantages thus obtainable will be essential. 

n Figs. 3 and 4 a comparison is made of the Cunard 
liner Mauretania with her actual equipment and as she 
would be if fitted, on my system, for electric propulsion 
at the same speed of the vessel. For this eight 4500-kw. 
Ljungstrém turbo-generators of the type illustrated in 
Fig. l are fitted. The eight engines being independent 
and of the same pattern, the security of the whole plant 
is greatly increased, and the storing of spare parts will be 
rendered an easy matter. The electric motors are four in 
number, coupled in pairs on the two shafts. They would 
be required to supply only 45,500 shaft horse-power as 
against close en 69,000 in the actual plant. 

The saving in coal burned would amount to more than 
49 per cent., practically half the boiler plant thus being 
done away with. The reduction in weight of machinery 
and coal would be some 7000 tons, and 35 per cent. of floor 
space would be saved. The reduction in running expenses 
would, I consider, reach more than 3000 tons of coal per 
voyage, or some 100,000/. annually. This would, in fifteen 
years, amount to more than 2,000,000/., calculated at 4 per 
cent. interest, on the whole cost for the construction of 
the ship. The cost for the electric installation would be 





about half that of the present plant, and probably be 
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repaid by the savings in about three years, not counting 
the cost of vessel lying idle during its re-engining. 

The figures given below of the weight of the actual 
equipment have been rather difficult to collect from 
information published, and therefore may only be 
regarded as approximate :— 


S.S. MAURETANIA. 
Specifications Relating to the Directly Coupled Steam- 
Turbines Actually Installed in the ship. 

These specifications are taken from ENGINBERING, from 9of 
the reprint, from ‘The Evolution of the Parsons Steam-Turbine,” 
by Alex. Richardson, and from the engineering manual Des Inge- 
nieurs Taschenbuch “ Hiitte.” 

Working Conditions. 


Steam pressure at high-pressure turbine _—145 Ib. per sq. in. 


(10.2 atmos.) 
Moisture of steam at turbine (assumed). . 2 - cent. 
Temperature of feed-water .. - -. 59 deg. F. (15 deg. C.) 
Vacuum in the condenser, 28in. .. 93.4 per cent. 
Shaft horse-power, totar .. 68,850 S.H.P. 
Steam per shaft horse-power* 11.5 Ib. (5.22 kg.) 
Thermodynamical efficiencyt ; 67.7 per cent. 
Steam consumption per hour, total{ 793,0u0 lb. (360 tons) 
Heat supplied from boilers per 1 kg. of rane 


steam .. ° . oe wt oe 
Total heat per hour, generated in steam 
from boilers . . ; ee 


: eS ys 232 mill. cals. 
Speed of propellers (approximately) 


188 revs. per min. 








Efficiency of propellers ee 55 per cent. 
Speed of vessel = oe 25.4 knots. 
Weights. 

Turbines complete, including condensers§ 3,000 tons 

Twenty-four boilers, including water§ .. 5,500 ,, 

Bunker coal (average during voyage) 5,350 ,, 
Total 13,850 tons 

Displacement of vessel 36,000 tons 


* “ Parsons Steam-Turbine,” 122. This steam consumption 
is remarkably favourable ; being the best official figure, it is here 
used for calculating the thermodynamical efficiency, which, con- 
sequently, also turns out to be rather high. 

+ Appears to be too high for @ marine steam-turbine working 
with saturated steam (probably error of measurement). 

t ‘The Parsons Steam-Turbine,” 22. 

§ Hiitte and information given in 


Specifications Relating to the Installation of Turbo-Gene- 
rators of the Ljungstrim System as Propelling Machinery. 
Working Conditions, 

Steam pressure at stop-valve of turbo- 

generator ee oe ee 
Temperature of steam 
Temperature of feed-water .. 
Vacuum in the condenser .. on os 
Brake horse-power (total) of steam- 
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213 Ib. (15 atmos.) 

.. 662 deg. F. (350 deg. C.) 
. 59 deg. F. (15 deg. 0.) 

95 per cent. 


turbines ae ji me oe 50,000 B.H.P. 
Shaft horse-power at propeller-shafts 45,500 8. H. Pe. 
Steam consumption per hour, total -. 353,000 Ib. (16u tons) 
Steam per brake horse-power at turbines 7.04 Ib. (3.2 kg.) 
Steam per shaft horse-power at turbine: 7.76 ,, (3.52,,) 


Thermodynamical efficiency ‘ os 83.5 per cent. 
Efficiency of electrical transmission on 91 o 
Heat supplied from boilers per 1 kg. o 
steam .. pet . 739 cals. 
Total heat generated 
from boilers* ; 
Speed of propellers 


‘per hour in steam 
; és - 118 mill. cals. 
86 revs. per min. 








Efficiency of propellers 70 per cent. 
Speed of vessel. . se = ee 25.4 knots 
Weights. 

Eight turbo-generators of 4500 kw. oe 270 tons 
Eight surface-condensers for 20,000 kg. 

of steam per hour, including water and 

auxiliaries oe ee i - 250 =, 
Turbine machinery complete os se 520 tons 
Four electric motors of 11,400 horse-power a 
Water resistances, &c. we ae ie 120 ,, 
Switching arrangements 2, 
Electric conduits w ,, 
Electric transmission complete 1,455 tons 
Twelve boilers, including water .. 2,750 ,, 
Bunker coal (average during voyage) 2,720 ,, 

F Total 6,925 tons 
Displacement of vessel 29,075 ,, 


* The steam-pipes being required to transmit 
quantity of steam consumed by the actual machinery of the 
Mauretania, their total length will be reduced to about one-third 
the actual length of steam-piping. The loss of heat by radiation 
fron: the steam-piping will hence only amount to about one-half 
of the present loss due to this cause, and need not be considered 
in our comparative calculations. 


45 per cent. of the 


3. Comparison between the present system of duvrect- 
coupled steam-turbines and electric transmission with turbo- 
generators of the Ljungstrim system. 


Reduction of the Propulsive Power. 


Shaft horse-power required with the pre- 
sent arrangement of turbines and for a 


_ Speed of 25.4 knots oe +. 63,850 S.H. P. 
Efficiency of the actual propellers oe 55 per cent. 
Efficiency of the pr propellers .. 70 
Corresponding reduction in shaft horse- 
‘power... ee es ee ee * 14,700 S.H.P. 
Displacement of vessel, actual 36,000 tons 
i. » Proposed... 29,075 
Reduction = es - ee + 6,925 ,, 
Corresponding reduction in shaft horse- 
«power i is a “ ¥ 8,650 8. H. P. 
Shaft horse-power required for a 
of 25.4 knots with the new propelling 
machinery ., ~ . al oe 45,600 ,, 
Shaft horse-power calculated for the 
electrical system .. es es ee 45,500 ,, 
Saving of Coal, 
Actual consumption of steam heat per 
....... a Me is i = 232 mill. cals. 
Consumption for the proposed system 
with turbo-generatore .. sa oe 18 » =o» 
Saving of fuel .. sah te os oe 49.2 per cent. 








Reduction in Weight. 








Bunker coal, actual average nt -. 5350 tons 
om » average for the new system 

of machinery “ a ae ” 
Reduction in average weight of coal ‘ 2630 tons 
Weight of steam-turbines and con- 

densers, &c., in the actual system 3000 tons 
Weight of electric power plant complete, 

including condensers, c. ac .. 1455 ,, 
Reduction in —. ‘ a - nv 1545 tons 
Weight of actual boiler plant = SDP « 
Weight of proposed boiler plant .. 2750 ,, 
Reduction in weight. . <a o “ 2750 tons 
Total reduction in weight 6925 tons 


Reduction in Floor Space. 
Floor space occupied by the actual 
system “ os es - - - 36,600 sq. ft. (3400 8q. m.) 
Floor space required for the proposed 
. as ee 5 cf .- 28,700 ,, (2200 ,, ) 
uction in floor space .. oa a 35 per cent. 
Saving of Fuel Capitalised. 


Number of ocean crossings annually 33 


Saving of coal per voyage .. * - 2630 tons 
Price of coal per ton (assumed for high- 
amo ae eve om es . 16s. 6a. 

Yages paid to engineers, stokers, an 

coal-heavers, &c., per ton of coal* .. 6s. 64d. 
Saving per voyage in firing expenses 30551. 
Annual saving. . we “se - i 100,700/. 
Saving during fifteen years, including 

interest at 4 per cent. on the annual 

savings os ee: tt ‘ os 2,010,000/. 
Cost of construction of the whole ship .. 2,000,000/. 


* Calculated in proportion to the wages supposed to be 
to the engineers pa ct of the po athe. and onan 
aggregating 393 men. 

The writer has made a similar comparison for the 
Swedish destroyer Hugin, of 348 tons displacement, pro- 
pelled by Curtis turbines directly coupled to the propeller 
shafts and developing 10,400 shaft horse-power at 850 revo- 
lutions per minute and 31.21 knots s of vessel. In 
this case the comparison leads to the following result :— 
Propelling power reduced to 6500 shaft horse-power, and 
coal consumption to 42 per cent. of its present value, 
weight dec’ by 75 tons, and floor space by 33 per 
cent. The pro plant would consist of three turbo- 
generators, and the electric motors would be run nor- 
mally at 500 revolutions per minute, all generators bein 
working. At cruising s the motors would be coupl 
in cascade and supplied with current from only one 
generator, running at about full load. At the full speed 
of the vessel this smaller plant would be as useful as the 
rest of the machinery, whilst at the same time it would 
render the economy and radius of action at cruising rs 
much greater than with the present installation. If the 
vessel were loaded to its original displacement by supply- 
ing it with more powerful engines or with more 
either the speed could be materially increased or its radius 
of action doubled or trebled. 

In Figs. 5and6 isillustrated an electric plant proposed for 
the cargo-boat Vespasian. The electric motors, intended 
for 100 periods, are two in number and geared to the 
shaft. This arrangement was found to be the best for 
slow-speed vessels of small power, as the speed reduction 

uired is very great. In ordinary cargo-boats the pro- 
pellers, in fact, are run too fast for their best efficiency, 
considering the propeller alone, and excluding the steam 
engine. In the present case the propeller speed has been 

uced from 70 to 55 revolutions per minute, with a sub- 
stantial gain, while the turbo-generator is running at 
6000 revolutions per minute, the actual speed ratio, in- 
clusive of the double rotation, being 55: 12,000 = 1 : 218. 
The gearing would be small, and have to work under very 
ordinary conditions, the tooth-s; being only 20 ft. per 
second (6.1 m.). Asa result, the total efficiency of the 
plant turns out to be very good, both turbine and pro- 
peller being run at their best speeds. The coal consump- 


tion would amount to only 46 per cent. of that required by 
the reciprocating ay / ee A fitted. nly one 
boiler being necessary, and the coal-bunkers correspond- 


ingly reduced, the s occupied by the machinery will 
be diminished by about 32 percent. In the above pro- 
the steam | is fixed at 662 deg. Fahr. 
350 deg. Cent.) or deg. Fahr. (50 deg. Cent.) less 
superheat than that in use for se engines. The 
steam pressure is 213 Ib. (15 atmospheres) absolute, except 
in the case of the destroyer, where it is 270 Ib. (1 
atmospheres). The vacuum is taken at 95 per cent. 
When comparing steam plants of the above descrip- 
tion with Diesel engines for ship propulsion, the differ- 
ence in propeller efficiency should, first of all, be con- 
sidered. The Diesel motors are run much too fast for a 
good efficiency of the propeller, especially in cargo 
vessels. The fuel a per indicated horse-power 
is therefore altogetber misleading as an exponent for the 
fuel consumption required for the propulsion of the ship. 
The above estimates indicate that electric transmis- 
sion, if properly carried out, with Ljungstrém turbo- 
generators or with other equally suitable generators, will 
prove to be more economical than any other form of 
transmission for the propulsion of ships. 
Yours truly, 


Bercer LsoncstrOm. 
Stockholm, April 12, 1912. 





‘*ENGINEERING EMPLOYMENT.” 

To THE Eprror oF ENGINEERING. : 
S1r,—I have read with interest the letter on Engineer- 
ing Employment which appeared over the si ure of 
“ Anti-Influence,” and also the answer by “‘ Kerlaw,” in 
our issues of April 5th and 12th instant respectively. 
My experience is that influence does play an important 
part in securing a place, especially in the case of a man 


g | Tings. 


looking for a first position. The hard work, “‘ grind, grit, 
and determination,” that have been spent in acquiring a 
sound scientific and practical training then seem to count 
for nothing. What more can be done to obtain the best 
training for a mechanical engineer than to work at first 
in the shops, and then to go to a German Technical 
University to take the whole four years’ course and pass 

the examinations there? One hears of the necessity 
of introducing asimilar system into England to cope with 
modern “yee gy but I am still looking for a firm 
willing to k this opinion by giving a chance to such 
hard work, “grind, grit, and determination ” as I have to 
place at its disposal. 

Yours faithfully, 
AMBITIOUS. 
South Hampstead, N.W., April 16, 1912. 





To THE Epitor OF ENGINRERING. 

Srr,—May I ask if you will grant me the favour of 
replying to ‘* Kerlaw ” on the above question? 

[ quite agree that ambition is an indispensable acquisi- 
tion to any unknown engineer, and that along with this 

ion he must also put forward his best endeavours 
if he is to assert himself ; but ‘‘ Kerlaw ” must not forget 
that the fire of ambition, even in the most ambitious, is 
uenchable. People I have met and studied have, in 
their younger days, been fired with ambition, and coupled 
with this they have worked hard, burning the candle 
until the early hours of the morning ; but the continued 
disappointments, seeing other people of inability carried 
above them by influence, have gradually deprived them of 
all the youthful spirit which urges one on to success. 

I have very little faith in what your correspondent says, 
that ‘‘ If = of the low-paid engineers would put more 
energy and thought into their work and less into their 
play, they would qualify for better posts.” If the mere 

ualification of an engineer is such a sure passport into 
the territory of prosperity, why is it that, even to-day, 
there are men who have had workshop experience and in 
—?— of the highest engineering diplomas working 
or less than the paltry pittance of 2/. per week? If this 
less play and more work is the necessary and only wa 
of obtaining the best posts, why is it that those men— 
am now takin majorities—who have practised this are 
my brother unfortunates, whilst those who have ignored 
this principle mostly are the successful ones’? An eminent 
engineer once told me that when he worked he made no 
money, but when he left off working he began to make 
his fortune. 

I write thus with the hope of wiping out the stigma 
that has unfortunately been cast upon the reputation of 
struggling engineers by eminent men who apparently are 
not conversant with the true position of things, as the 
limit of absurdity is reached when such statements are 
made as ‘‘it is difficult to find men for 5/.-a-week posts ;” 
and if ‘‘Kerlaw,” along with these men, would cease 
to elect a friend’s son to a post which uires ability 
merely because he is his friend’s son, and choose inst 
a man whose qualifications justify his election, then the 
unalterable conditions your correspondent speaks of would 
soon be eliminated, =a the law of justice fulfilled. 

I remain, yours truly, 


April 18, 1912. ANTI-INFLUENCE. 





“THE MARINE OIL-ENGINE.”’ 
To THe Eprror or ENGINEERING. 

Sir,—No doubt the letter from Mr. E. P. Robinson, 
which appears in your issue of April 12, interests man 
readers. To discuss the disadvantages of internal- 
combustion engines is a very practical way of ascertain- 
ing the “‘pros” and ‘“‘cons” of these engines compared 
with their older competitor—the steam-engine. 

Leaky Pistons.—I can s; of several years’ experience 
with the Bolinder ‘‘hot-bulb” low-compression type of 
internal-combustion engine, and, due to the special 
grinding of the cylinder and the arrangement of the 
piston and rings, there has been no trouble with an engine 
of 80 brake horse-power that has worked a distance of 
22,000 or 23,000 miles. 

With the increased number of rings and their proper 
relation to the cylinder walls, they should last for a 
number of years, and, should they want to be replaced, 
it is a very inexpensive matter to put in a new set of 
i There are now over 6000 engines at work of 
the type mentioned, and although there are only 150 
at work and under construction for this country, I do 
not know of any case of stopping the engine or even of 
stopping the reversing of the engine due to the leakage 
of pistons. 

e question of leaky valves is probably a more serious 
one, as it is er mf difficult to get a valve and seat 
subject to considerable heat to remain pe for any 
period, and as the Bolinder hot-bulb type of engine has 
not a valve of any description, this objection is obviously 
avoided. 

Reduced Power.—This type of engine can be run 
successfully at about 50 or 60 per cent. of its full power 
without the loss that Mr. Robinson mentions, or, if there 
is a loss, it is almost negligible. After a voyage this year 
of a 30-brake-horse-power engine across the Atlantic the 
engine was opened out, immediately closed up again, and 
put to work, apparently without being affected in the 
slightest oe | by a run of 4500 miles with only one stop. 

ing-Up.—The Bolinder type of engine has a 
powerful clutch, which is used for taking off and putting 
on the load ices eth the eye reversin =i 
engine accom es with greatest of ease. e clute 
facilitates the starting of the engine, the load only being 
taken up when desi for going ahead or going astern. 





A further advantage is that there is a neutral ition 
which enables the engine to run without propelling the 
vessel either way. Further, the engine can run ata 
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airly good speed, and full power with load obtained, in 
a very few seconds. 

Missing Fire.—No doubt with an engine of eight cylin- 
ders per shaft there is a serious risk of damage if fuel oil 
is sprayed into a cylinder which is missing fire, but with 
a two-cylinder engine this can be easily detected by an 
intelligent man, and the danger avoided. 

Sticking Open of Valves.—As your correspondent states, 
this is more vital than either of the points that he raises, 
but with the hot-bulb type of engine this danger is 
avoided by the fact that valves are non-existent. 

‘*Hasten slowly” is excellent advice, and owners of 
steam craft would be wise in accepting the same; they 
should not be ambitious with regard to the horse-power 
per cylinder. There are a number of proved oil-engines, 
suitable for marine work, of smaller sizes, but it is yet to 
be proved whether all the engines will continue to main- 
tain the success claimed for them. 

Yours web. 
ALTER POLLOCK. 
3, Lloyd’s-avenue, London, April 15, 1912. 








SUPERHEATERS IN MARINE BOILERS. 
To THE EpiTor OF ENGINEERING. 

Srr,—-At the meeting of the Naval Architects which 
was recently held, Mr. Harold Yarrow read a very in- 
teresting and instructive paper* on the results of experi- 
ments with a water-tube taller. with special reference to 
superheating. Owing to the shortness of time open for 
discussion, I regret I was unable to take part. 

There are one or two points which I[ should like to 
refer to—firstly, with regard to the damper arrangement 
described for controlling the superheat in the Yarrow 
boiler, and secondly, the effect of the adoption of super- 
heated steam when applied to certain auxiliary machinery 
on torpedo-boat destroyers. 

During the last ten years we have had experience in 
our power house in working four of Messrs. Babcock and 
Wilcox boilers. Each boiler is constructed for 300 lb. of 
steam and each fitted with a horizontal U-tube super- 
heater. 

The average working pressure, however, has seldom 
exceeded 230 lb., and the average steam temperature 
recorded daily varies between 435 deg. Fahr. and 
485 deg. Fahr., according to the load on the boilers. 

We have experienced little or no trouble with these 
U-tube superheaters, and no accident due to the tubes 

ming overheated. 

Last year a new Babcock and Wilcox boiler of the 
three-drum land type was installed, and has recently 
been put into operation. This boiler is also titted with a 
horizontal U-tube superheater, and provided with a hori- 
zontal damper the width of the whole boiler, similar to 
that shown in Fig. 1, Plate I., of Mr. Yarrow’s paper. 
This damper is controlled by hand in such a way as to 
prevent any of the gases passing through the superheater 
when satura steam is required, the damper being 
closed if superheated steam is necessary. 

It is a very simple arrangement, and we have found the 
po ad to be of the greatest use and advantage, and it 
enables us to control the superheat from 0 to 150 deg. 
Fahr. Up to the present time we have not had any 
trouble due to overheating or going out of shape. The 
damper is constructed of cast iron. 

With regard to the suggestion of adopting superheated 
steam for the auxiliary machinery, such as high-speed 
forced-lubrication engines, for electric light machinery, 
circulating pumping engines and fan engines, I see no 
objection, provided that every care is taken in the design 
of the steam cylinders and in the selection of the materials 
used, which is of the first importance. 

The experience which we have gained by the use of 

superheat, with steam-pressure up to 220 1b., and with a 
total temperature of 550 deg. Fahr., in connection with 
reciprocating engines, of various types and sizes, for land 
oo has been in every way satisfactory. 
_ Mr. Harold Yarrow mentions the percentage of saving 
in steam consumption on page 2 by the use pte ste 
and from the results of the many steam-consumption 
trials we have carried out with reciprocating engines, I 
can confirm these figures. 

I trust the effect of Mr. Harold Yarrow’s pa 
the adoption in the near future of superhea’ 
marine work. 


r will be 
steam in 


Tam, yours faithfully, 
RicHarp W. ALLEN. 
Queen’s Engineering Works, Bedford, April 15, 1912. 








“THE STEREOPHAGUS PUMP.” 
To THE Eprtor oF ENGINEERING. 

Sir,—We notice in your issue of the 5th inst. a descrip- 
tion of the special centrifugal pump designed by the 
Hon. R. C. Parsons for pumping sewage. 

From an experience of many years in the manufacture 
of pumps for sewage it has always seemed to us that the 
rights way to pump a liqui’ liable to contain a large 
quantity of solids of a more or less hard or stringy nature 
is to provide ample space for them to pass; but evidently 
the designer is not of this opinion, as, from the drawings 
of the => the internal passages are so small and so 
carefully filled up by exceedingly tortuous arms and 

ieces of metal that a ‘‘turnip-cutter” becomes necessary 

fore the sewage can be pommges. 

We admit it to be a special form of ingenuity to desi 
devices to get over difficulties which ought never to 
allowed to arise, and not infrequently such devices serve 
to impress inexperienced folk with the idea of being *‘ up 
to date,” ‘‘ modern developments,” and so forth. This is 
surely the case with several so-called modern centrifugal 








* See ENGINEERING of April 5 last, page 465. 





umps, and in the one under examination the whole 
Sooke would appear to have evolved from the use of 
pumps with unnecessarily small internal passages. That 
these must give trouble when pumping sewage will be 
obvious to all who have had experience in this class of 
work, but that it should be sought to get over such 
trouble by introducing a special device to cut up the 
solids is surely to beg the whole question. A thoroughly 
efficient centrifugal pump which will pass anything that 
can come up the suction-pipe has been a commerci 
article for many years. Sewage of all classes is daily 
being dealt with 4 such pumps with great success and 
with no trouble whatever; any suggestion to the con- 
a would be | nega misleading. 

e believe that neither Professor Capper nor Mr. 
Parsons will claim a specially high efficiency for the 
‘* Stereophagus”’ pump, and it is presumed that the test 
figures relate to a new pump. ‘he true test, however, 
in sewage work is the actual efficiency after the pump 
has been doing duty for a year or two, and it becomes an 
interesting speculation as to what the condition of the 
‘*turnip-cutter” will be after a year’s work on the gritty 
matters constantly found in a Probably, however, 
it will be answered that such a difficulty can easily be got 
over by relays of spare cutters or by the use of some very 
special material in their manufacture. It would not be 
surprising if we then had another contribution from some 
learned source on ‘‘The Choice of Proper Metals for 
Centrifugal-Pump Impellers.” In aiming at progress, 
however, it is above all things necessary to distinguish 
between the real thing and a vicious movement in a 
circle. From this point of view what real advantage does 


the *‘ Stereophagus” pump ? 
Youn faithfully, 


CLAYTON AND SHUTTLEWORTH, LIMITED, 
E. W. SARGEANT. 
Lincoln, April 11, 1912. 








ROYAL HUNGARIAN STATE RAILWAYS. 
To THE Eprror oF ENGINEERING. 
S1r,—Will you kindly allow me to state that the four 
illustrated booklets on ey gd mentioned in your last 
issue, although marked at 5d. each, will be sent gratis and 
seg free to any of your readers who may send a request 
or them on a post-card bearing a penny stamp to the 
Director, Royal Hungarian State Railways, Budapest. 


ours —, 
W. H. SHRUBSOLE. 





“THE AUSTRALIAN RAILWAY GAUGE 
PROBLEM.” 
To THE Eprtor OF ENGINEERING. 

Str,—In your article on the above subject in the last 
issue it is sta that: ‘‘The adoption of this gauge 
(4 ft. 84 in.) would therefore relieve KN ew South Wales of 
all expenses for conversion,” and this is given as the reason 
for the alleged preference of that State for that gauge as 
the standard for Australia. 

The late Mr. Eddy, Chief Railway Commissioner for 
New South Wales, initiated the first serious consideration 
of the question of unification in his s h at the opening 
of the Hawkesbury Bridge in 1887, when he proposed that 
the cost of conversion, in whatever State it should take 
place, should be debited to all of them benefiting thereby. 
As far as I know, this obviously sound principle has never 
been contested. Hence, New South Wales cannot have 
any preference in the matter on the grounds stated. 

Again, the writer seems to assume that the great 
blunder in the original adoption of diversity of gauge lies 
with New South Wales. I think that if he examines the 
history of the case he will find that this is decidedly 
disputable. 

The question of the best gauge now for unification is 
quite arguable, but it does not depend in any way on the 
past history of the original —— of any gauge. This, 
however, if introduced, should be correct. 

Yours faithfully, 
C. O. Burer, M. Inst. C.E. 
Late Principal Assistant-Engineer, 
Chiswick, April 9, 1912. New South Wales Railways. 


[Our correspondent’s case for his contention that New 
South Wales is ready to assist other States in meeting 
the cost of conversion is purely negatave, and for this 
reason is not, we are afraid, very convincing. Granting 
the accuracy of thestatement attributed to Mr. Eddy, we 
may be permitted to point out that the expressed opinion 
of even a Chief Commissioner would not accepted as 
committing the State toany policy in this connection. Com- 
missioners have, we believe, no authority on such points. 
They are responsible to the Minister of Railways, from 
whom any authoritative expression should come. Again, 
whatever may have been the views, expressed or unex- 
pressed, of the latter in those days, without recent reitera- 
tion they cannot be accepted as the policy of the present 
State Government, when all the changes incident to the 
intervening twenty-five years of Australian politics are 
conside We have looked in vain through the speeches 
in the debates on the Transcontinental Railway Bill in 
the House of Re mtatives and in the Senate of the 
Commonwealth Parliament for a definite authoritative 
statement on this point, either by the Federal Govern- 
ment or by some responsible representative of New South 
Wales, such appeals by members for Victoria having 
been met by evasion. 

In spite of what our correspondent suggests above, 
we do not usually commit ourselves to statements with- 
out taking some care to satisfy ourselves as to their accu- 
way As we understand the early epee Ae Australian 
railways, the position is as follows:—Railways were 
first considered in 1846, and the Home Government, on 
being asked for advice, recommended the 4-ft. 84-in. 





gauge. In1848 the Sydney Tramroad and Railway Com. 
y was formed, the first sod being cut by Sir C. A. 
itzroy in 1850. Instead of adopting the Home Govern- 
ment’s recommendation, at the advice of Mr. Shields, 
their engineer, the aaeey adopted the 5-ft. 3-in. gauge, 
and on representations being made this was sanctioned, 
the Secretary of State for the Colonies communicating 
the change to Victoria and South Australia, with a view 
to these two colonies adopting a similar gauge. The New 


al | South Wales Legislature went so far as to pass, in 1852, 


an Act making it unlawful to construct any passenger 
railway on any other gauge, imposing a seuite of a 10/1, 
fine per diem for every mile of railway so built so long as 
it should socontinue. Victoria and South Australia both 
agreed to the change to the 5-ft. 3-in. gauge. The former 
commenced work on the Hobson’s Bay lines and the Mel. 
bourne and Geelong line, the first section being opened in 
the State in 1854. South Australia began with the 
Adelaide to Port Adelaide line, opened in 1856. After 
these lines had been commenced and material ordered for 
them from abroad, Mr. Shields having given place to Mr. 
Wallace, a compaign was successfully carried through in 
New South Wales in favour of the 4-ft. 84-in. gauge, and 
the Act of 1852 was repealed. At that time Victoria had 
one line actually in operation, and another nearly ready 
for opening, while South Australia also had one nearly 
ready. When the movement in New South Wales was 
understood in Victoria a commission was appointed. It 
reported in 1853 to the effect that New South Wales had 
changed its gauge from 5 ft. 3 in. to 4 ft. 84 in. after the 
other States had commenced operations, and had done so 
without ‘‘ first having obtained the concurrence of the 
Government of the adjoining colony to a measure fraught 
with so much importance to the general interests of the 
whole of them.” Mr. Latrobe, Lieut.-Governor of Victoria, 

rotested to the Home Government against the action of 

ew South Wales, and petitioned that the sanction of the 
Crown to that action might be withheld, but without 
effect. Subsequently, Mr. Whitton, who replaced Mr. 
Wallace, and Mr. Martindale, a Chief Commissioner, and 
others, endeavoured to get New South Wales to change, 
but failed. Such, according to our light, is the history 
of the case. If it is inaccurate, we shall be quite pleased 
to correct it; but the Commission’s report and the 
Governor’s protest are, in our view, proof that the 
present situation 1s, as we stated, mainly due to the 
vacillation of the State of New South Wales in these 


early years.—Eb. E.] 





“THE LAW OF COMPARISON FOR SURFACE 
FRICTION AND EDDY-MAKING RESIST- 
ANCE IN FLUIDS.” 

To THE EpiToR oF ENGINEERING. 

Str,—I notice in your issue of April 12 that Mr. 
A. W. Johns, in his criticism of my paper on the above 
subject, recently read at the Institution of Naval Archi- 
tects, makes a statement to the effect that it has yet to 
be proved that, at the corresponding speeds given by the 
Froude law of comparison, the resistances due to pure 
eddy-making of similar bodies are not the same. 

With reference to the statement I should like to make 
the following remarks :— 

1. The Froude law of comparison is a means of com- 
paring the relative resistances of two similar bodies 
moving in the same fluid and under the assumption that 
these resistances are dependent on the system of gravita- 
tional waves set up by these bodies, and that any viscosity 
effects are neglected. 

2. Resistance due to pure eddy-making, such as that of 
a thin plate normal to a current of air, depends on the 
viscosity of the air, and is independent of any gravita- 
tional effect due to varying depth of immersion. It is 
therefore difficult to understand Mr. Johns’ apparent 
belief that the Froude law of comparison can be applied 
to cases of pure eddy-making, unless this is due to an 
imperfect appreciation of statements 1 or 2, or both. 

Mr. Johns appears to consider that, because nearly 
identical results were obtained in the case of a model and 
a full-sized propeller. when run at the corresponding 
speeds given by the Froude law of comparison, this 
law should be used in experimental propeller work. This 
attitude would be quite justifiable if the Froude law of 
comparison were a purely empirical rule, and not, as it 
is, a direct consequence of the laws of motion. It 
appears to me that all that can be assumed in the case of 
these two experiments is that the resistances followed the 
“square law” sufficiently nearly to lead to practically 
identical results. 


April 17, 1912. 


I am, Sir, yours faithfully, 
T. E. Sranron. 








CaNApDIAN Inon Ornz.—The Canada Iron Corporation 
mined 85,000 tons of iron ore in 1911 in Gloucester 
county, New Brunswick. The company has erected sixty 
houses at the mines, where it is already employing several 
hundred men, and it is expected that operations will be 
carried on upon a larger scale this year. 





Tue InstiTvTIon or Civ, Enoineers: STUDENTS’ 
MexTiNGs.—At the students’ meeting held at the Insti- 
tution on Friday, April 12, at 8 e. Mr. W. J. E. 
Binnie, M. Inst. C.E., in the chair, Mr. H. G. Hoskings, 
Stud. Inst. C.E., read a paper on the ‘‘ Exminster Sewage- 
Disposal Works.” The author, after outlining the prin- 
ciples of the treatment adopted, gave details of the general 
design or = work. —e ner — bre 
trated by di and a large number of lantern-slides 
posing the o-ont and construction of the tanks. In 
the discussion which followed, the 7 | — 
took part :—Messrs. R. J. Samuel, B.Sc., H. V. Hutt, 
A. V. Cole, H. E. Denny, and J. F. Hay. 
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AY 
VACUUM GAUGE FOR TURBINES. 


As is well known, the ordinary Bourdon type of 
pressure gauge is not a satisfactory instrument as 
applied to the accurate measurement of vacua. The 
forces actuating it are then small, and what is some- 
times known as “‘sticktion ” is accordingly very likely 
to cause large errors. The ordinary mercury column is 
also not entirely satisfactory. Water often finds its way 
to the top of the mercury column, and there is, more- 
over, some danger of the mercury being accidentally 
drawn over into the condenser, to the ruin of the tubes. 

The gauge illustrated below has been introduced b 
Messrs. Brady and Martin, Limited, Northumberland- 
road, Neweastle-upon-Tyne, under the name of 
‘«‘ Kenotometer,” to obviate the draw-backs above men- 
tioned. It consists of a LJ-tube provided witha scale, 
as shown on the right. The right-hand leg of this 
tube is closed at the top, and there is there a baro- 
metric vacuum. The left leg of the (J-tube is 
swelled out into a vessel of comparatively large dia- 
meter, as shown. The opening into this limb at the 

















top is through a fine nozzle, up which it is practically 
impossible for the mercury to be drawn. This left leg 
of the J-tube is coupled by a rubber connection to a 
drying tube, as indicated. This contains sufficient 
desiccating material to last for months, and is connected 
up in its turn with the second mercury trap on the 
left, the top of Which is connected to the condenser. 
The scale with which the instrument is provided 
is fitted with a rack and pinion adjustment. On the 
one side it is graduated in ,'; in., and on the other in 
percentages of the absolute vacuum. The latter scale 
has the advantage that it can be used without correc- 
tion, in the case of high vacua at any rate, even when 
the barometer stands above or below its normal value. 

Rubber-tube connections are used between com- 
ponents of the instrument, as these keep tight under 
high vacua, and they can be readily renewed as 
required. The whole instrument is mounted in a 
solid teak case measuring 17 in. by 104 in. by 4 in. 

A special form of the instrument is made for use at 
sea, but a seamless iron tank is provided at the bottom 
of the casing to prevent loss of mercury should the 
glass be broken. A ‘‘ Kenotometer ” of this type has 
been successfully used in recent torpedo-boat trials, 
which were carried out in very rough weather. 











THE KFFECT OF BILGE-KEELS ON THE 
ROLLING OF LIGHTSHIPS.* 
Part I. By Grorcr Ipite, Member. 
Part II. By G. S. Baker, late R.C.N.C., Member. 
Part I. 
_ BILGk-KERLS have for a long time been a characteristic 
‘eature of lightships. Suggested by experience and 
necessity, they were designed in the interest both of the 
crew and the lighting apparatus, and were intended to 
minimise the motion of the small and helpless vessels 
which have for more than a century marked the dangerous 
submerged rocks and sand-banks around our coasts. On 
the wooden ships, which, of course, were originally the 
only type, _two wooden bilge-keels on each side were 
invariably fitted, one on the lower turn of bilge, and the 
other about midway between that point and the main 
keel. Later lightships were built of iron, as well as on 
composite principles of various designs. 





* Paper read bef. h aoa . 
March 9g, 1a. ore the Institution of Naval Architects, 


The author believes that double bilge-keels were 4 
rule until some twenty-five = ago, when they weT® 
finally discarded in favour of the single bilge-keel fitted 
at the centre of the bilge, as the universal practice is 
to-day. Recently the materials of construction for light- | 
ships have been iron and steel, and in Ireland the bilge- | 
keels have been V-shaped, and from 2ft. to 2ft. 9 in. in 
depth. Lightships of al! the above-mentioned types are 
still in active service, and have therefore been available 
for observation and experiment. 

In the course of the last seven years a large quantity of | 
data relating to the behaviour of Irish lightships on their | 
stations, under all conditions of sea and weather, has | 
been collected. The information so obtained includes | 
rolling and pitching amplitudes (taken by means of 
mercurial clinometers). periods of oscillation and of | 
waves, the force and direction of wind, the character and | 
direction of waves, the positions of ships with to 
waves, &c. When analysed, these records reveal some 
interesting facts and phenomena, which may be new to 
those members of the Institution who usually deal with 
larger problems than the design of lightships. For 
instance, it is found that 

1. The greatest rolling amplitudes are attained by the 
old a of the wooden or composite class, having the 
double bilge-logs, and which have er small initial 
stability and a low metacentre. In other words, the 
G.M. does not by itself give any indication of the ship’s 
probable behaviour in a heavy sea. 

2. Largeamplitudes are reached when the sea is ‘‘ break- 
ing” (therefore steep), or, as it is termed, ‘‘ confused,” 
and when the waves are advancing on the bows or quarters. 
Maximum amplitudes have, in fact, been recorded when 
the ship has been nearly ‘‘ head to” the advancing wave. 

The differences between the amplitudes obtained under 
the above-mentioned circumstances and those that are 
attained when the sbip is riding exactly ‘beam to” a 
heavy swell, are very marked, averaging 16 deg. to 20 deg. 
for the single oscillation in favour of the ‘‘ beam to” 
position. This suggests that there are causes productive 
of heavy rolling other than mere assonance between the 
ship and the wave. 

3. The greatest angle of heel in a bad sea is always to 
the ‘‘lee side”—that is, ‘‘away” from the advancin 
wave, no matter what the direction and force of the win 
may be. 

4. Where the hilge-keels are efficient, we find that the 
ship’s normal period of oscillation is increased by 1 up. to 
3 seconds, and sometimes more. When the ship 1s rolling 
in this increased period her amplitudes of roll are gene- 
rally moderate. There is, of course, between the actual 
period of the ship and that of the wave a certain corre- 
ee, but no continuous synchronism, even when 
the normal period of the ship and the period of the wave 
are identical. All that can be definitely said on this 
point is that there is apparently an attempt on the part 
of the wave to bring the ship to its own period. Here is 
seen the chief function of the bilge-keel. It prevents 
assonance between the ship and the wave. Indeed, it 
may be safely asserted that without bilge-keels, inefficient 
as they may be in some cases, these small vessels could 
hardly live in the seas that they are sometimes exposed 
to. The foregoing statements, it must be understood, 
refer particularly to maximum amplitudes of roll, which 
are the chief concern as affecting the maintenance of the 
lighting and timing apparatus in perfect order and 

ularity. 

‘ollowing these preliminary and practical investiga- 
tions, a series of model experiments was determined upon, 
which it is the purpose of this paper to describe. The 
experiments were undertaken last year at the William 
Froude National Tank. In presenting the results to the 
members of the Institution, the author may be allowed to 
express the opinion that they demonstrate the practical 
usefulness of the work so ably carried on at Teddington 
by Mr. Baker and his assistants. The model of an actual 
ship, the third of her class, built for the Commissiuners | 
of the Irish Lights, was selected. 

The principal dimensions and particulars of the ship 
are as follow :— 


Length between perpendiculars on 





water-line ... 2a 100 ft. 
Beam moulded ... a on aa 24,, 
Depth from top of floors to top of 

a su sas ae ob - Be a‘ 

Mean draught of water ae a et 
Displacement ve ; S 332 tons 
Glas. +. ia " *s ne 2.37 ft. 
Bilge keels V-shaped (on the actual 

ship) ... hi oe ‘ne ... 2 ft. 9 in. deep 


The lines of the ship are given in Fig. 1, page 541. 
The model was made of paraffin wax, an eighth of the 
ship’s dimensions, and was therefore :— 





| 
In length bea cee sage ae 124 ft. =| 
In beam ... vee : ae a w “a 
In draught forward... ie > “Ss 
In draught aft ... = aa ae 1.219 ,, 
In total weight... as nt Xe 1409 lb. 


The ported object of the experiments was to ascertain | 


if ible— 

r The absolute effect of bilge-keels. __ 

2. The effect in changes of position of bilge-keels. _ 

3. The effect of variations in depth of bilge-keels in a | 
fixed ition. : ; 9 

4. The effect of variations in metacentric height with | 
a given bilge-keel. : | 

5. The effect of adding flanges to the edge of the bilge- | 
keels, and of perforating them so as to allow the passage 
of water through the keels and ; : 

It would, of course, have been extremely difficult, if 
not impossible to reproduce, or even imitate the actual 





sea conditions under which the observations referred to. 





at the outset of this paper were made. The only plan 


| considered practicable was to roll the model in still water 


for the purpose of obtaining extinction curves. To this 
end the model was provided with a heavy long-period 

ndulum, hung on narrow knife-edges at a height of 
for the ship) 11.25 ft. above the bottom of main keel, 
and 0.76 ft. (for ship) above the normal C.G. The pen- 
dulum, by means of a light-balanced wood rocking-lever, 
operated a pen for recording the oscillations on a revolv- 
ing drum of paper. Another pen, actuated by an electrical 
clock, recorded the time in quarter-seconds. The model 
was ballasted so as to have a metacentric height and a 

riod of oscillation equivalent to those of the ship, the 
ormer being tested by inclining the model previous to 
each set of rolling experiments. 

The position selected fer the various bilge-keels and 
their sectional dimensions and appearance are shown in 
Fig. 2, e 541. They were made of deal, 59 ft. 6 in. each 
in length for the ship, and the outer surface in each case 
was kept in a diagonal plane all fore and aft. 


I.—Tue AssoLure Errsect or Biter-KEg.zs. 


In this connection the intention was to finda criterion 
for judging the value of bilge-keels generally, and espe- 
cially the deep keels, ranging from 2 ft. to 2 ft. 9 in, in 
depth, fitted in recent lightships, which experience has 
shown to be extremely effective. For this reason it was 
determined to make the bilge-keels of the experiments 
in the first instance equal to 2ft. 6in. in depth. The 
model was first rolled without keels of any sort (Fig. 3, 
curve 1, page 541), then with the main bar-keel fitted (9 in. 
deep), curve 2; then with the bilge-keels in the C posi- 
tion (curve 3); afterwards the main keel was removed, 
and curve 3 was reproduced exactly by the U keels alone. 

The ratios that these curves bear to each other may be 
stated thus :—Starting from a common angle of heel, the 
decrements of roll are— 


For the naked model ... ... 6 deg. in six complete 
oscillations. 

With the main keel alone... 8 deg. in five complete 
oscillations. 

With the C keels ... 9deg. inthreecomplete 
oscillations. 


(With and without main keel). 
Or 1: 2: 44, the equivalent proportions. 


It is a significant fact, which I shall refer to later, that 
the curves for the C keels, with and without the main 
keel, are identical. The main keel effect is apparently 
eliminated when the C keels are in action. This, how- 
ever, cannot be correct, for we have to consider that the 
ends of the main keel (or about one-half its total length) 
project beyond the ends of the bilge-keels, and must, 
therefore, have a positive effect. It follows that there 
must be a reduction in the efficiency of the C keels, 
equal to the positive efficiency of the ends of the main 
keel. There is loss of resistance therefore on both sides, 
owing to the interference which the main keel and the 
bilge-keels exert on each other. 


Il.—Tue Errect or CHANGES OF POSITION OF THE 
BiLGe-KEE.s. 


The curves resulting from the various positions A, B, 
C, D, and E (Fig. 2, page 541) (the bar-keel being re- 
tained in every case) are shown on Fig. 4 (curves 4 to 6) 
for A, B, and C keels, which were each 2 ft. 6 in. deep, 
and on Fig. 5 (curves 7 to 9) for C, D, and E keels. The 
last group of keels were 3 ft. deep. Fig. 6, page 541, 
shows the curves for the keels in the five positions, 
referred approximately to a common basis, for the pur- 

of comparison, If we take a point in these curves, 
say, at the end of the third oscillation, we get the follow- 
ing approximate efficiency ratios :— 


A keel .. ; = 13.5 
» « s 11.5 
; 7.75 
pee 5 : 6.67 
ta : ; 5.7 
Bar keel alone e : 4.0 


Here it will be observed that while C, D, and E keels 
vary in efficiency directly with the angular interval from 
the middle line, there is a sudden accession of efficiency 
between OC and B. The same phenomenon is very clearly 
shown by the cross curves on the same figure, where there 
gees a lacuna or break between the positions of C and 

, which can only be explained on the assumption that 
the keels at A and B and those at C, D, and E are acting 
under totally different conditions. 


IIl.—Tue Errect or VARIATION IN THE DeEpTuHs or 
Biter. Kees. 


The B keels were reduced in depth from 2 ft. 6 in. to 
1 ft. 9 in. and 1 ft. gay and the resulting curves 
of extinction (5, and 5,,;) are to be found in Fig. 7, 
page 541. Cross curves, which it is unnecessary to indi- 
cate, show that the resistance of the keel in this position 
increases directly as the depth. 

Incidentally, we may learn that the 1 ft. keel at B is 
equal to a 2 ft. 6 in. keel at D, and that the 1 ft. 9 in. 
1 B is much more effective than the 2 ft. 6 in. keel 
at U. 


IV.—VaRIATIONS OF THE MetTacentric HEIGHT. 


These were tested with the bilge-keels in the two 
positions B and C, the variations being effected by raising 
and lowering weights in the model. In both cases, the 
values of the G.M. were 1.12 ft., 2 37 ft. (the normal), 
and 3.91 ft., for the ship. The resulting curves are in 
Fig. 8, page 541. It will be observed that the extinctive 
effect varies but slightly in the three positions of 
C.G. with C keels, and that the curves are praetically 
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identical in the case of the B keels, which are in the 
better position for resisting rolling. | 

It follows that while extreme variations of the G.M. 
with a given bilge-keel will alter the ship’s period, and 
therefore favour non-synchronism with a given sea, the 
extinction of the oscillations is not greatly affected, and 
this fact agrees with experience in so far as lightships are 
concerned, the G.M. having less influence on the rolling 
than the position and design of the bilge-keels. It may 
be that the curves will diverge to a greater extent if the 
bilge-keels are in the lower positions D and E ; but this 
investigation was not carried further. : 

The effect of adding flanges to the edges of the bilge- 
keels at C was tried (Fig. 2). The flanges were each 
1 in. wide, equal to a total width of 16 in. for the ship. 
The resulting curve is shown in Fig. 9. Comparing 
this curve (3,) with that for C_ keel (3) it is seen that 
the effect of the flanges is slightly to diminish the 
extinctive effect of the keels. A similar result might 
have been obtained if, instead of adding flanges, the 
keels had been made 2 in. thick (16 in. for the ship) for 
their full depth. The probability of the assumption is 
strengthened by the fact that wooden bilge-keels, which 
always have considerable width, have proved to be less 
effective than plate-keels. It is possible that the flanges 
reduce the effective area of the keels by enclosing water. 
The C keels were afterwards drilled with holes.* The 
extinction curve (3,) obtained under this condition is 
practically the same as that obtained for the solid keel, 
and indicates either that the perforations were not suffi- 
cient to produce any effect, or that loss of area is counter- 
balanced by a corresponding gain of frictional disturbance 
of the water. 

Subsequent drilling of the flanges with closely pitched 
holes made no alteration in the curve (3,), and this fact 
supports the theory that water is enclosed | the flanges, 
and does not easily pass through them and around the 
edges of the keels. ; 

A general consideration of the characteristics of these 
extinction curves, from a practical point of view, leads, 
the author thinks, to a simple conclusion which may be 
stated as follow:—The amount of the resistance to roll- 
ing of a bilge-keel of given depth is determined by its 
effective area ; the effective area being that part of the 
keel on either face which moves through the arc of its 
oscillation in free or unenclosed water. The latter con- 
dition seems to be fairly attained in position B where the 
bilge-keels, as we have seen, appear to be nearly equally 
effective for every inch of their depth (Fig. 7). It is 
likely that a similar condition prevails at the position A, 
with the added advantage that the bilge-keels here are 
nearer to the water line, and perhaps therefore cause 
more surface disturbance. 

The cross curves in Fig. 6 clearly indicate that the 
bilge-keels at A and B may be grouped together as 
acting under similar conditions, while the keels at 
C, D, and E form another grcup, quite detached from 
A and B. There is, in fact, a great loss of efficienc 
between the positions B and C, a loss of efficiency whic 
increases directly with the angular interval from C to 
and even to the main keel acting alone. The author 
attributes this loss of efficiency largely to the reduction 
of the effective area of the bilge-keels, caused by enclosed 
water, or as it is called, perhaps improperly in this case, 
‘‘deadwater.” The water is naturally enclosed to a 
greater extent as the bilge-keels on each side approach 
nearer to each other and to the main keel, and. water is 
also enclosed between the lower turn of bilge and the 
bilge-keel. It may be that the action (or reaction) of 
this deadwater is to return energy to the ship in the same 
direction, and so to resist the extinctive effect. This is 
merely a suggestion ; but some assumption of like nature 
seems to be required to account for the low efficiency of 
3-ft. keels at E compared with the considerable efficiency 
of the 9-in. main keel acting alone. 

We have a clue to the amount of the reduction of effec- 
tive area in the case of C keel in the experiment detailed 
above in connection with Fig. 3, and from this result may 
be calculated roughly the probable reduction for D and 
EK. In any case we see the inexpediency of placing bilge- 
keels below the turn of bilge, and if such are to be fitted 
a bar-keel may be omitted. 

It may be of interest to note that the extinction was 

ractically the same whether it was obtained after several 
orced rolls of the model or by releasing the latter at once 
after inclining it. The fact would indicate that the water 
round the model within the radius of the bilge-keels does 
not vary at the moment of release, and that the super- 
fluous energy produced by the forced rolling is imme- 
diately transferred to the surrounding water. An excep- 


tion to this was found in the case of C keel, when, after p 


forced rolling and release, a curious and sudden baulk in 
the motion of the model was occasionally observed and 
meen | indicated by the pen. This baulk always occurred 
immediately after the model had passed the upright on 
the return swing, and its effect was quickly to reduce the 
oscillations. No fault could }e found with the pendulum, 
but it is conceivable that the model may have been given 
aslight inclination longitudinally, or a push sideways. In 
the case of lightships in a seaway rolling is accompanied 
by “ pitching,” and a baulk similar to that referred to 
above is of frequent occurrence. It is particularly notice- 
able in a special ship where the bilge-keels, 2 ft. 6 in. deep, 
are ial aout the position B on the section, and it mate- 
rially contributes to her steadiness. Thisarrest of motion 
may be caused by the indepandent action of the water 
around the ship—by ‘* independent action” the author 
means motion of water other than that which can only 
be due to the transverse movement of the ship and her 





* This was done on the suggestion of a friend, who had 
observed the remarkable ease with which Chinese junks 
are turned by lattice-work rudders. 


keels. In the case of the ship such motion may be the 
effect of waves and currents, and in the case of the model 
the fore and aft oscillation. If there be any truth in the 
theory that the deadwater enclosed and controlled by the 
keels returns energy to the ship, then the act of ‘‘ pitch- 
ing and ’scending” may release the deadwater, and so 
produce the ‘‘ biulk.” 

Some diagrams illustrating recent rolling records taken 
from the ship referred to (which has a G.M. of 2.65 ft., 
and a still-water period of about 8 seconds) are given on 
page 542, Fig. 15. They represent the number and 
amplitude of consecutive oscillations during a period of 
4 minutes precisely. The number of wave crests passing 
under theship — same period and other particulars 
are attached to each diagram. Examples Nos. 1 and 2 show 
the peculiar behaviour of the ship under conditions 
favourable to assonance, the wave period in Example 1 
being nearly equal to two of the ship’s periods, and in 
Example 2 slightly greater than the time of one normal 
oscillation. 

It is found generally, when the amplitudes vary so 
considerably, that the largest oscillations are performed 
in the ship’s normal period, or closely approximating 
thereto, while the moderate oscillations occupy some 3 
or 4 seconds longer, and from this the period of zero 
rolling may be roughly calculated. The dotted line on 
Fig. 15 indicates approximately the variations in the 
ship’s period corresponding to the rolling amplitudes, 
shown on Example 2. 

It is to be noted, with reference to this ship that the 
maximum oscillation recorded in the diagrams not 
been exceeded by more than a few degrees under any 
circumstances during her history of six years. Light- 
ships having double bilge-keels, with metacentric heights 
of 16 in. to 20in. only, have frequently exceeded these 
amplitudes by 15 deg. to 20 deg., and there is one case 
recorded of an oscillation from port to starboard reaching 
90 deg. Records of consecutive oscillations for other 
ships are not yet available, but are in process of making, 
eat the author hopes at some future time to furnish a 
complete set of diagrams showing the behaviour, under 
all conditions, of the various types of lightships fitted 
with bilge-keels. 

Part II. 


The éxperiments detailed on the precedin were 
extended at the time [ota those required v the Com- 
missioners of Irish Lights in order to obtain a little 
more information on the subject. It is generally held 
that the decrement of roll per single swing of the ship is 
given by the equation— 

-60=a0+ 60, 


@ being the mean angle of swing port and starboard, a and 
b coefficients which depend, the former on the wave- 
making resistance, and the latter on friction and head 
resistance. 

In order to test the accuracy of these assumptions, the 
surface of the model was artificially roughened over a 
—— of 5 ft. 6 in. amidships (the mode a being 
12 ft. 6 in.) by tightly stretching a linen cloth over it. 
For this experiment the model had neither barge nor 
bilge-keel, and was ballasted to the same displacement, 
trim, and metacentric height as in the other naked-model 
experiment. The result is given in the tabular statement, 
which shows the a and 6 values for the majority of the 
curves on page 541. It will be seen that the a value 
remained practically unaltered, and the } value increased 
from 0,004 to 0.C064. This increase can be due only to 
the added friction of the surface, the period being prac- 
tically unaltered. Calculation shows the } value due to this 
to be: 0.00014—1.¢., one-seventeenth the realised value. 
No adequate explanation of this can be given. In part it 
may be due tu the water being in motion, in part to an 
under-estimate of the frictional coefficient of the cloth (the 
increase of coefficient was taken as 0.004 in f.s. units), and 
pay to slight errors in the experiment ; but the dif- 

erence is too great to allow the assumption that this last 
factor is the predominant one. 

An attempt was also made to obtain a value for the 
virtual mass of water moving with* the ship. The 
experiments were made with the 2-ft. 6-in. C keels, the 
model having a 9-in. bar-keel as well. The bilge-keels 
were made of wood, and loaded so that each displaced 
its own weight of water. They were so fastened to the 
model that they could be removed with the model in the 
water without disturbing anything else on it. In this 
way the stability was kept the same with and without 
the keels. As the keels affect the inertia, whether the 
are buoyant are not, their inertia was carefully ww aor | 
and when they were removed weights fitted for the 

uu were winged horizontally to compensate for 
their absence. 


Writing : 
M = mass of model, including keels. 
K = radius of gyration of above. 
m, = mass of water moving with model without 
keels. 
k, = radius of gyration of above, m and & corre- 


sponding values with keels. 
the periods T and T,, with and without the keels, are 


given by— Pie 
T= Ke + We a ue 
g (GM) g (GM) 


In the experiments G. M. was 2.37 ft. for ship, and the 





* It is not intended to convey the idea that all this 
mass is moving with the same velocity as the ship. Part 
of the virtual mass is due to the setting up of the stream 
motions in the surrounding water, which shows itself by 
| #0 apparent increase of inertia of the rolling ship. 








values of T and a found to be 4.06 and 3.94 seconds 


respectively. Substituting these values in the above 
equations, we get— 

K2 + 4 2 = 127.2. 

K2 + u ky? = 119.2. 


_Assuming* k = k, = 11 ft.—i.e., the mean radius of the 
bilge-keels, we have— 


m—-mMm = 0.06 M, 


so that the ship drags with it a mass of water which 
over a complete period averages 0.06 M, in addition to 
what it drags when the keels are not fitted. 

Assuming m equal to 0.land 0.3m we get m= 0.067 M 
and 0.086 AL. respectively, and these are considered to 
be the probable limiting values of the virtual mass of 
water carried by the ship with the keels. 

An interesting sidelight on the action of bilge-keels was 
obtained by observing the rolling through the observation 
window in the tank wall, condensed milk in small quan- 
tities was dropped into the water to render the motion 
visible. The rough sketches, Figs. 10 to 13, page 542, 
were drawn from these observations. The shaded patches 
on Fig. 10 show the solid mass of water which, having a 
length equal to that of the bilge-keels, would have a mass 
equal to 0.067 times that of the ship, as obtained by the 
experiments already mentioned. is dead water carried 
by the keels, particularly on the faces square to the ship's 
side, was one of the most singular features of the experi- 
ments. It could also be seen that some of the water 
between the two C keels remained locked in, as it were, 
as the ship rolled. The water moving in front of the 
keels was thrown off at the end of the roll. That which 
was thrown upwards struck the surface and returned—in 
the case of the B keel to form the large eddy at the back 
of the keel, in the case of the C keel to strike the ship's 
side and glide off at the turn of the bilge, never, how- 
ever, actually reaching the keel again. Part of this 
water thrown up and out by the keel was probably the 
cause of the eddying streams which after a few rolls could 

seen on the surface amidships moving away from the 
ship’s side. It will also be noticed that on these diagrams 
a line has been marked ‘‘ undisturbed.” It is intended to 
show the area over which the keel disturbance appeared 
to extend at any period between the beginning and end 
of the roll—at the latter periods no such clear line of 
demarcation was possible. 

A considerable number of the curves of declining angles 
were differentiated. Assuming the usual formula already 
quoted for such extinction curves, the value of the con 
stants a and } are given in the following table :— 


| 




















si|s e | Initial. Small. —_ Larger Koll. 
Sticas : } 
Ss i\+#%0/. : a = 
3. ao 5 a & | 
“£° a< | é o| & |e" b*la.| db. « | b. 
fe. in lsecs. ft. | 
A | 2 6 [4.29 |2.37) 43.6 14 024.01, .09 Nega- .03 
to, to .05 tive 
B 2 6 |4.17 |2.37/ 41.3 |.09 .022).015, .083 0 047 
C | 2 6 {480 |2.37/ 43.8 |.04 .01 |.01 | .0193 | .01  .0593 
D —§ 8 O /4.28 |2.87/ 42.4 |.065.013).064; .013 10 UL 
E | 3 0 |4.22 |2.87/ 42.2 |.04 |.01 058] .009 | .058  .00 
Bs 2 G /4.17 |2.87 41.24 |.09 |.022| 015) .043 0.047 
B 1 9 (4.24 |2.37/ 42.6 |.05 |.018).036| .022 | .036 .022 
B 1 © |4.27 (2.37) 48.2 | 0 |.022).07 01 .07 01 
B | 2 6 |3.39 |3.91/ 44.9 |.09 |.02 |.02 | .035 0 | .037 
Bs 2 6 /4.17 |2.37/ 41.2 |.09 |.022|.015| .043 O | a7 
B | 2 6 (6.36 |t.12/ 45.3 |.095|.024/.013/ .012 O13, 042 
C | 2 6 |3.35 /3.91) 43.9 |.035|.009).036) .Ul4 (2 -O15 
C | 2 6 |t.80 /2.37/ 43.8 |.04 |.01 |.012) .0193  .012 | .0195 
None, .. |4.016/1.54/ 24.84) .. 025) .004 | .025 | .004 
fitted ' | | | 
Asabove, /4.02 |1.54/ 24.83) .. .. .025 0064 — 
with linen | } | 
cloth for | | | 
5 ft. 6 in. of | 
length | | 
Bar 0 9 |$29 /154/28.3 .025 011.029) .012 | .046 | .O11 
only | | 
2 6 4.20 54 27.2 .07 .028/.031; .037 | .031 = .03i 


{ 
* For 6 in degrees and 6 @ for roll from out to out. 
The a » values under the heading “Initials” are obtained 
by producing the curves to zero angle, ard are put forward on)) 
as rough approximations. 


Looking at the results for the same keel at different 
immersions we see that the falling off of extinction 1s 
mainly due to a general falling off in / value for all 
amplitudes. The same falling off in ) value occurs 
when the area of keel in a fixed position is reduced, but 
now as b decreases a increases instead of remain 
ing fairly coustant as before. This increase in a value 
with shallow keel can also be seen by comparing the 
results of the model naked and with bar-keel only. 
Varying the metacentric height+ while retaining the 
same value of T2m leaves the ) constants practically 
unaltered, the a value increasing with m, a result 
which we should expect from general reasoning. 

Tt can be seen that with deep keels, for amplitudes of any 
magnitude, nearly the whole of the extinction is due to 
the 6 coefficient, and it is only when the keel becomes 





* If k= 10 ft., the radius of the bar-keel, the result is 
(m-0.8 m = 0.06 M), with but very little difference to 
the final figures. 

+ The periods were adjusted throughout the experi 
ments by rolling the model with very small amplitudes 
before starting any experiment, and adjusting the weight 
as necessary, keeping the G. M. at the desired value ; and 
the comparison here made is strictly true only for ships 
whose virtual inertia remains constant. 
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comparatively shallow that the a coefficient becomes 
of any real importance in extinction. 

One other fact with reference to this table should be 
put on record here. It was found that the formula :— 


60=a0+b 


when the model was fitted with bilge-keels held for rolls 
of quite moderate amplitude only. The curve of 6 @ 
begins to fall off in almost every case at the large ampli- 
tudes. The angles at which this begins are approxi- 
mately :—10 deg. (from the upright) in the C position, 
8 deg. in the B position, 6 deg. in the A position. When 
the model was naked or fitted with bar-keel only, the 
law held very closely for amplitudes up to 15 deg. 

The examination of these results has led the author to 
consider the manner in which bilge-keels transfer the 
ship’s energy to the surrounding water. One great differ- 
ence between a plate advancing at uniform speed and a 
keel-plate as it moves with a rolling ship, is the fact that in 
the latter case there is nothing of the nature of steady 
motion in the water. In the first half of the roll the water 
movements are being ‘‘ speeded up,” and the effect of this 
is to increase the pressure on the keel ; during the latter 
part of the roll there is a tendency to a corresponding 
relative fall in pressure due to the slowing down of the 
keel. When the roll is reversed the keel is moving 
through a stream opposed to its motion, and having a 
velocity which becomes less as the ship moves towards 
the upright. This movement in the water increases the 
relative velocity of the keel considerably, more particu- 
larly in the early stages of the return roll. There is the 
possibility of a compensating loss at the latter end of 
the roll, but the eddying water behind the keel gives a 
check to this and prevents the following stream from 
impinging on the keel before the motion is reve ; the 
diagram for keel B shows fairly well what then happens. 
The net effect of all this is to increase the work done 
by the keel by an amount which is unfortunately beyond 
calculation, depending as it does upon the position of 
the keel on the ship’s side, and upon the angle* of roll. 

Again, the pressure on the keel along a line at right 
angles to the ship’s side is fairly constant over the ter 
portion of the keel’s width, and the water is pushed up 
or down more or less bodily by any keel which has its 
advancing face approximately horizontal. As hasalready 
been stated, this ily movement was clearly visible in 
the experiments. With the keels near the surface of the 
water, part of the water so pushed up forms a wave. The 
a represented by the wave cannot be recovered, and 
is a distinct addition to the energy lost by the keel when 
more completely immersed. Moreover, the area of 
broken water behind the keel increases as the keel 
approaches the surface, the dividing line between eddy- 
ing and streaming water spreading more so that more 
energy is probably dissipated in this manner also. 

One other factor appears to have some influence on the 
efficiency of keels in different positions. If the keels are 
below the bilge turn, the water pushed forward by the 
rear keel in the arc of motion interferes with the stream- 
ing flow around the other. The nearer the keels are to 
each other the ter this interference becomes, and we 
ultimately reach the condition when the two keels act 
even less efficiently than one. Good examples of this are 
the 3-ft. keels in the D and E positions. The values 
of a and b for these keels are only three and one 
and a half times those for a 9-in. bar-keel with the same 
ship conditions. If the keels are above the turn of the 
bilge, or if they are below and their inboard faces are 
inclined at a fair angle to each other, so that the rear 
keel cannot so easily bank up water, this loss of efficiency 
is largely avoided. 

These general considerations lead to this conclusion 
amongst others :—The energy dissipated by the keels in 
the form of waves may be partly due to pressure and 
partly to the mass of water pushed upwards and down- 
wards by the keels. In hydrodynamic works it is shown 


that a periodic force P cos r acting on a water surface 
does work in creating waves at a mean rate varying 
2 


88 pg» OF the work done per wave-length varies as iT? ° 
There is a certain similarity between the action of such 
a force and the pressure action of a bilge-keel on a ship’s 


side, and we assume that the energy dissipation is similar. 
This gives a decrement of roll varying as 


- 0 
as P varies as (+) 
in this way varies as 6°, The similarity cannot be pressed 
too far, owing to the hydrodynamic assumption made, 
but the result may be taken as a fair indication that wave- 
making varying as 6° does exist in the ship, if the keel 
is sufficiently near the water-line. 

The water pushed up by the keel can be treated dif- 
ferently. Writing— 


w = width of keel. 

r = radius from centre of oscillation. 

8 = inclination of keel to horizontal when ship is 
upright. 

64 = maximum roll. 

a = inclination of line from bilge-keel to centre of 
oscillation. 


the water moved upwards as the ship rolls through an 
angle 5 @ may be taken as proportional to— 


w (r 58) cos (8— @) cos (a- 6) 


TW mo md 
the decrement due to waves formed 





* The greater the amplitude the greater is the shift of 
the keel from the position in which it was moving with 
its test velocity, and the more remote is the possi- 
bility of any current set up at this time reaching the keel 
at the end of the roll. 


increased immersion is also in part explained by the ahove 
results. The curves for the 2-ft. 6-in. keels at different 
immersions have n treated on these lines with the 


—t.e., to the vertical movement of the horizontal eng oA 
tion of the keel. The total volume will therefore be 
proportional to— 











84 following results :— 
wr cos (8 — @) cos (a-- 0) d @, 
wr 6. "( \ Position of Keels. a. b. ¢. 
=. a v 2 si i + + 7 | - —- 
7 [ | C08 (a + 8) + 2sinasin By ry fs . a — a — 
sin 2 Aa ge B 0.063 0.0307 0.00085 
=~ (a + 8) + sin® 6. sin (a + )| c 0.012 0.0193 0 


The relative importance of the two positions of keel 
when the ship is rolling amongst waves is shown in 


For small angles of roll this becomes— 
wrcosacs 8 6, , 


MODEL WITH TWO CC KEELS AND BAR KEEL 


Fig Mt. 
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MOOEL WITH TWO SB KEELS AND BAR KEEL 
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Fig. 14. RELATIVE EFFECT OF BILGE KEELS ON ROLLING AMONGST WAVES 











3% SHIP ASSUMED TO HAVE PERIOD +4. 25 SECS. 6 M.-2 37 FEET 
cy ; WAVES ” , ” = 4 75 SECS MAXIMUM SLOPE 10 6 CEGELES 
ithe ae --- AMPLITUDE OF ROLLS WITH 2 6 KEELS IN “B” POSITION 
A ” + ” ” ” ” « ° 
u b — — WAVE Preorne (VERTICAL ORDINATE MULTIPLIED BY 4 FOR CLE ARNESS) 

D nes” \ 

Fe , oe 

‘A / = \ 
8 _ P y 
L LA Jy 
‘ad Oo = i -— ~ 
. - oi ‘ / uf 

“ / 4 ARN 

| ea * a vf a ~ 

o eS 4 a Se = % _ - * a o “ * se Nn ‘oe 2, 2 : ie Z 

4 \ \ [Y SCALE OF TIME IW SECONDS \ ' " a iy “ 
+ Oe i A Ra asl 
\ - \ —T 
cael c 
te _ 
LIGHTSHIPS 


Fig. 15. THE EFFECT OF BILGE KEELS ON THE ROLLING OF 
ex: 


eorr 











A@PROKIMATE VARIATION 
Jor anh PERIOD 
ex. ¥ OF Sem s 
we OF BOLLS 4 EES SLA SHOT BROKEN ComrustO 
w* OF waves ah wind roece & . 


pA 
NYVVV 7 “sa” 
¥ 


and, as the waves formed will have a period twice that of ; Fig. 14, above. The curves of amplitude have been 
the ship, their height will vary as | obtained by graphical integration, the ship being assumed 
wr cos a cos B Ba upright and at rest momentarily in the trough of a wave 

T r having a period of 4.75 seconds and maximum slope of 


, d | 10 deg., the ship’s period being taken as 4.25 seconds. It { 
and the decrement will be proportional to— can be seen from the diagram that the ship’s amplitude is 4 
cos? a cos? 8 Oa. 33 ae cent. less with keels in the B position than it 1s 
These two features vary in importance with the initial | 74 


the same keels in the C position. — 
immersion of keel and the angle of roll, and if we turn to| Le @uthor’s thanks are due to his assistants, Mr. Millar 
the analysis of the curves of extinction, it will be seen 


|and Mr. Kent, for their help in the preparation of the 
that. the absence of « 6° term in the assumed formula | PP: f 
has led’ to a slow robbing of the a term and a corre- } 
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sponding increase in the b term, as the amplitude in-| Qj, FurL ron CANADIAN Locomorives.—The Canadian 
cumed* The general falling off of a and 6 value with | Pacific Railway Company has decided to use oil fuel for 
its locomotives in Vancouver Island. The reason for 


this is afforded by the stringency of local forestry regula- 
tions, which make a railway company responsible for fires 
originating on its right-of-way. Recently, in the Supreme 
Court at Nelson, a jury found that the Canadian Pacific 
Railway Company was responsible for damage done to 
timber limits of the King Lumber Company, and awarded 


* This may in part be due to movement of the centre of 
oscillation. If this point ish feet above the water-line as 
the ship rolls, the sides move transversely an amount 


in? 
Se ws port as the ship rolls to starboard, and the 
result will be a small decrement due to this varying 








cos 0 
as h? 6°, 28,000 dols., the amount of compensation claimed. 
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ON THE MEASUREMENT AND AUTOMATIC 
RECORDING OF DEAD RECKONING.* 
By F. RK. S. Brrcwam, Associate. 

Sowe three years ago it occurred to the author that 
torpedo attack in a more or less tortuous channel, in which 
all buoys and lights had been removed or altered, would 
be well nigh impossible at night, unless carried out by 
ships fitted with a device for aut»matically indicating in 
terms of distance and direction the course to be followed 
from a given starting-point and bearing. Such a course 
should have been previously determined at various states 
of tide and wind, to make all possible allowance for these 
variables. Further, it appeared extremely difficult to 
keep the exact position of an attacking torpedo vessel, as 
at such times speed and course are continually being 
altered, while the officer’s attention is entirely taken up 
by the all-important consideration—time of discharge of 
his torpedoes. Having done his work, an accurate tion 
is essential, particularly in narrow waters, to enable him 
to extricate himself and rejoin his fleet quickly and safely. 
Attention was thus drawn to the question of dead 
reckoning generally, and it appeared curious that a con- 
tinuous record of such importance had always been left 
to watch-keepers, without the advantage of any automatic 
assistance. he author went, therefore, fully into the 
question, and obtained a record of the few attempts that 
had been previously made (as shown by the Patent Office 
records), and obtained information and advice from various 

uarters. 

, It appeared that the keeping of a dead reckoning could 
be automatically carried out with accuracy, but with 
certain limitations necessitating hand correction, these 
limitations being caused by the variables—viz., wind, 
tide, and currents. As, however, these variables have to 
be taken into consideration in any case, it appeared that 
an instrument recording automatically distance and 
direction through the water would save what may be 
termed the ‘‘mechanical” part of an officer’s duty in the 
keeping of the dead reckoning, and thus allow him more 
time to give to the consideration of the variables. It 
may be of interest to shortly consider a few former 
inventions of this kind. 


Previous INVENTIONS. 


In 1898 Carl Jaeger patented an invention for record- 
ing direction, distance, speed of the ship, and particulars 
of the properties of the compass course thereon. This 
record was obtained by means of suitable connection to the 
compass and electric transmission to the recording-strip. 
There was no actual contact formed, but a record was 
kept by meansof aspark. Time was recorded electrically 
from a chronometer and distance by a special log. Speed 
was calculated by counting spark marks against time. The 
course record “a by these marks, coinciding with 
lines ruled on the recording-strip representing various 
points of the compass. This instrument, apparently, was 
not designed to work out the dead reckoning, but merely 
to keep a record of what occurred. In 1906 the same 
individual patented certain improvements, again with a 
view to recording the courses. 

In 1906 Thomas Whittle, and in 1908 Joseph Frey 
patented inventions for recording the movements of a 
ship on charts for the use of passengers. In the former 
case a fixed track is proposed, made from the average 
course of the ship on a given voyage. The latter was 
almost similar in that the chart was formed on a solid 
base having a slot cut therein again according to the 
course proposed. 7 

These patents are mentioned as they are of interest, 
owing to the fact that both patentees connect their — 
ratus to a log for measuring the distance travelled, and it 
is curious to note that both entirely miss the possibility of 
the track being formed on the chart by the ship’s direction 
instead of using a formed track. 

The next patent of interest is that of Theodore Foote 
in 1907. This patent is for means of recording direction, 
distance, rman gy and time. The method adopted is a 
special apparatus attached to the compass giving inter- 
mittent contacts in order to avoid friction on the card. 

The record of direction is kept on a strip of paper 
ruled with parallel lines of the cardinal com points. 
Alongside the strip are printed the time and distance, as 
transmitted by a log and clock. The speed has to be 
worked out from the relation of time to distance. It will 
be seen, therefore, that here again this instrument does 
not attempt to carry out anything but a record of course 
and distance, and that as much labour would be required 
to locate a position from the record as is at present 
necessary from notes of change of course, time, and 
distance, 

Leonid Dunajeff, in 1909, patented a very similar appa- 
ratus, but he moves the paper strip in relation to the 
distance travelled, and revolves its axis according to the 
direction of the moving body, controlling this movement 
by a special compass. 

The last patent, until those covering the instrument 
jevised by the author, is that of Messrs. Anschutz and 
Co., of 1910. Itis the first which provides for the resolution 
vf the ship’s course into components N.S. and E.W. 
[his patent further provides for marking the course on a 

hart direct. The method of resolving the angles between 


intersection of their planes, and this spindle is rotated by 
hand or by a compass transmission, according to the 


course. 

It will Le obvious that the surface speed of the sphere 
decreases from its equator to its poles (the poles being the 
points about which it is revolved by the distance trans- 
mission), and this variation is in accordance with the law 
of sines. The speed of the wheels will, therefore, cap 
from zero at the oriee to the speed of a point on the 
equator of the ball. The ball is arranged so that either 
its equator or axis is lineable with the head of the ship. 

The writing device is so formed that it can move above 
a chart in two directions, N.S. and E.W. These move- 
ments are controlled synchronously with that of the 
friction-wheels, and therefore, starting from a given point, 
a true course is plot Means are also provided for 
attaching counters to the friction-wheels. e defect of 
this arrangement is the large size required for the plotting 
chart and writing device, owing to plotting being neces- 
sary in all directions, while another is the use of three- 
phase synchronous elec‘ ric motors. 


REQUIREMENTS FOR THE AUTOMATIC MEASUREMENT OF 
Deap REcKONING. 


These patents, as far as the author is aware, are all that 
exist on the subject, and none fulfil the requirements 
necessary for the keeping of an accurate dead reckoning. 
The importance of this is obvious. For ordinary shippin 
the sole object in view is to keep the ship in safety an 
to make the port of destination as te A as possible. 
In warships, oi the dead reékoning is not solely 
used for navigational purposes, but is of the utmost im- 
portance in reporting the exact position of an enemy, for 
a small error in an enemy’s position may render it im- 
possible to intercept him. This is particularly the case 
when opposing battle fleets have approximately the same 
speed at their disposal, as there is ia little or no margin 
of speed to correct errors. Cruisers, destroyers, and sub- 
marines on outpost duty require to know their position 
at any moment in order to report the enemy’s position 
quickly and accurately. 

At present the position given by destroyers and sub- 
marines can seldom be regarded as accurate, owing to the 
difficulty in keeping an accurate dead reckoning in these 
vessels. This is:a well-known fact, as the captain is 
frequently the only officer on the bridge. His attention 
is principally occupied in developiig his attack, — 
station, or avoiding an enemy, a therefore the 
reckoning must suffer, particularly in time of stress. His 
other officers are sufficiently occupied by other duties. 
Even in large ships the question of physical strain is of 
importance, as navigating officers of ships on blockade or 
scouting duty are worked at very high pressure in 
attempting to cope with the numerous alterations of 
course and speed which occur night and day during war. 
This state of things may last for days, out of sight of 
land and with few or no observations. 

In small craft the strain is proportionately greater, and 
when attacks or reconnaissances are made by day or night 
it is frequently impossible to collect the data from which 
the ship’s position can afterwards be deduced. 

In the keeping of a dead reckoning there are various 
allowances impossible to make in the present state of 
knowledge, and these may be termed ‘“ unavoidable 
errors.” They include the following :— 

1. Error in course and speed of the ship due to the wind 
and sea, after allowance has been made for the same by 
reference to the patent log, horse-power developed, &c. 

2. Error in the estimation of the tide or currents after 
the Admiralty publications on these subjects have been 
consulted and an allowance made. 

3. Errors in the course due to unknown or changeable 
deviations. 

There are also what may be termed “‘ avoidable errors,” 
which include :— 

1. Allowance for turns. 

2. Error in distance while the ship is altering her speed, 
the speed being then uncertain owing to the time taken 
to work ups or decrease it. 

3. Error in course when following. Warships of all 
classes, but particularly cruisers and small craft, are 
almost continually under helm when manceuvring or 
attacking. Under these circumstances the course steered 
is uncertain, and entails a very laborious estimation of 
the mean course steered. 

In practice none of these avoidable errors are allowed 
for, with the exception of No. 1, which in the service is 
allowed for by careful plotting or by taking the time of 
helm over and steady. A fair allowance can be thus 
made for advance and transfer of a ship. This would be 
obviously impossible in times of stress. It is possible to 
partly correct for No. 3 by noting the course every minute 
orso. These points being taken into consideration, it is 
apparent that a machine, to be accurate, must contain 
certain features :— 

(a) It should be controlled in relation to the speed of 
the ship through the water. This is possible either by 
means of a log measuring distance accurately or a speed 
indicator or by the ship’s propeller-shafts. If by the 
latter a correcting device is a necessity, so that by means 
of observation or checking on the part of the navigating 
officer the ratio of revolutions to distance may be cor- 


the N.S.E.W. lines is extremely interesting, as herein | rected 


lies the great difficulty of constructing a satisfactory 
apparatus. Herr Anschutz uses a sphere revolved in a 
given ratio to the ship’s propeller or to the distance 
travelled. On the surface of the sphere two friction-wheels 
are arranged at an angle of 90 deg. to one another, their 
planes intersecting at right angles. The wheel spindles 
are secured to a rotatable carriage pivoted at the point of 





* Paper read before the Institution of Naval Architects, 
March 29, 1912, 


(b) The course must be set on the machine by hand or 
by compass automatically. It is interesting here to note 
that the gyrostatic compass has meh simplified this 
automatic setting, as it enables synchronous motions to 
be applied with ease. 

(c) If hand-setting is used, the method must be ex- 
tremely simple, so that the setting can follow the head of 


the ship when turning. 
(d) Poaedilens oe be possible for deviation and 





variation. 





To these must be added certain stipulations :— 

(ec) The machine must be very easily understood and, 
as fur as possible, purely mechanical, and what electrical 
apparatus is used should be of the simplest and crudest 
nature, easily understood by a ship's electrician. 

(f) No frictional gear should be used in the resolution 
of the course or in correcting the distance ratio, if the 
propeller shafts are used. 

(9) The result should show in figures easily resettable 
to zero. 

(k) Attachments should be available, if desired, for :— 
(a) Plotting on a chart direst ; (6) printing a record of 
course, revolutions, distance, and time at least every 
minute, 

(t) The instrument should be either controlled hy hand 
or synchronised with a compass. 

( 2 The instrument should be universal and portable. 

Theauthor believes that in the instrument now described 
all these stipulations are complied with. 


DESCRIPTION OF INSTRUMENT NOW DesIGNED. 


The machine is arranged for connection to the propeller 
shaft, either direct to one shaft or through a mean shaft 
speed gear. This was adopted owing to the variable 
inaceuracy of logs or Pa indicators, particularly at 
high speeds. It is ible, by moving a thumbh-screw, 
to instantly correct the ratio of revolutions to miles, the 
thumb-screw being engraved to show the percen of 
distancé lost. The course is set by a lever having a 
pointer working over a dial engraved as a compass. 
Means are allowed for connecting this lever to a source 
of power, synchronous with the compass. The lever is 
easily moved, and the ship’s head may be followed with 
ease. The engraved dial is movable, and is adjustable 
for deviation and variation. The whole of the calculating 
gear is positive and mechanical, the revolution-trans- 
mitting r only being controlled electrically, and the 
electrical gear being of the simplest nature. 

The result appears in figures under the heads ‘‘ Total 
Distance” and *‘* Distance Made Good, N., S., E., W.” 
The course is not recorded unless a printing or plotting 
attachment is used, as it is deemed unnecessary unless a 
check is required on the helmsman. It is obvious that, 
by combination with a clock, the a can easily be 
obtained, and, further, that by using N., S., E., and W. 
counters, the total area covered is apparent ; whereas, 
should two only be used, the final position would appear, 
but not the area covered. 

Having described the various possibilities and difti- 
culties in the keeping of a dead reckoning automatically, 
it becomes apparent that a suitable machine will— 

1. Place small craft on the same level as larger ships in 
regard to dead-reckoning position and enable that position 
to be read off instantly at any moment. 

2. It will enable any person, irrespective of his know- 
ledge of navigation, to work the machine, which in the 
manual type only entails at most keeping the ‘* course 
bar” set to the compass course. he recorder, however, 
should be set for variation and reduction of s due to 
weather or foul bottom by a responsible officer.) Thus 
an accurate dead reckoning is obtained and easily main- 
tained for long periods of time without excessive strain 
or knowledge. 

3. It will work out a position more accurately than is 
at present possible when the course and speed have been 
frequently altered. 

4. It will, with the printing attachment, obtain a record 
of alteration of course on a strip of paper, and the number 
of miles steamed and time will be frequently stamped on 
the strip. It is possible, therefore, to work out the 
reckoning afterwards and notations of any kind are un- 
necessary. 

This part of the machine is independent of the final 
result, and enables the navigator to work out his reckon- 
ing independently if he so desires. 

A written permanent record of the course can be 
obtained for future reference. 

5. When working up from one position-line to another, 
it can be of great assistance in showing the “run” 
between sights by noting what the indicator shows at 
each sight and taking the difference. 

6. As the indicators are resettable, the recordér can be 
corrected from time to time as observations are obtained. 

The author acknowledges the great help given him by 
his collaborator, Lieutenant F. G. 8. Peile, R.N., to whom 
the credit for the instrument here described is due. 





APPENDIX. 

The details of the machine itself will now be given. It 
may be divided into four parts :— 

1. The transmitting apparatus in the engine-room, and 
the receiving apparatus in the instrument, controlling the 
ceiving spent 

2. e resolving gear. 

3. The counting gear. 

4. The recording gear. 

1. The transmitting apparatus in the present instru- 
ment is electrical, asubstantial make-and break apparatus 
with twin rubbing-contacts being orgie! driven in each 
engine-room (Figs. 1 and 2, page 544). Either set can be 
used at will. Should it be found better in ships with 
more than one propeller, this transmitting gear can be 
arranged with an apparatus to transmit the mean revolu- 
tions of all the shafts. It is not at present arranged to 
transmit when travelling astern. 

The transmitting gear can be fitted into any ship, it 
being only ary to ge the ratio of the driving 
wheels in proportion to the number of revolutions of the 
particular es gp per sea mile of the ship. ‘The trans- 
mission could, if desired, be carried mechanically to the 
instrument instead of eloctrically. The receiving appa- 
ratus in the electrical transmission instrument consists 








of a single step-by-step gear in series, with a second 
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magnet. The whole of the electrical circuits are in series, further apart a number of irapulses will be lost in propor- 
so that if any fault develops the apparatus stops com- | tion to the distance apart. This distance may be set by 
pletely and an indication of the fault is thus given. The| a thumbscrew on an extension of the second wheel’s 
whole circuit is of low resistance, being arranged to be | shaft in one of 75 positions, but in terms of 100 impulses. 
in series with lamp or non-inductive resistances, and Thus shaft impulees may be cut out at will in a varying 
thus to suit any voltage without alteration of the coils. | proportion, and in terms of percentage up to 75 per cent. 
The whole instrument is driven by means of a small| A dial is fitted to the step-by-step ana shaft, and 
electric motor, which drives, by means ofa friction clutch, | graduated accordingly, and a pointer on the second-wheel 
the shaft operating the counter gears. This motor runs| thumbscrew. Thus, should a navigating officer consider 
continually at a speed in excess of that required. On the | he is losing 4 per cent. of speed through a head-wind or 
side of the coupling, remote from the motor, is fitted a | dirty bottom, he merely sets the thumbscrew to 4. 
reducing gear of suitable proportion. The number of| It will be seen that the original setting must be such 
revolutions of this shaft relative to the engine are’ that the least possible number of revolutions per knot 
controlled by means of a wheel geared 1 to 5, having five possible for the ship are provided for, as one is able to 
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Then A F and A D will represent the distance made go. 
to ~ East (departure) and North (T. D. lat.) respec- 
tively. 

The principle on which the machine 
form, works is precisel 
imagine A B to be th 


h t , in its simplest 
similar to the above. In Fig. 4. 
e course bar and C a pin on it 
carrying a roller. Also imagine N S or E W to be slotted 
bars, constrained to move at — angles to one another, 
and always parallel to North-South and East-West lines 
respectively. The roller C works in the slots in these 
bars at their point of intersection. It will be apparent 
that the circumferential movement of A C will make the 
slotted bars take up positions in relation to the sines of 
the angles. For instance, if A B is pointing due North 


Fig. 3. 
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END VIEW OF MOVING MEMBER OF 
CLUTCH FROM THE RIGHT. 

















SONGITUDINAL SECTION THROUGH MEASURING DEVICE. 


catches formed thereon. A small pawl is so arranged | 
that, during each revolution, it falls into these notches 
five times, and is held therein by a catch on the armature 
of an electric magnet in series with the engine-room 
transmitter. Thus, unless the magnet is energised, the 
shaft cannot revolve. It will be obvious that if the 
magnt is energised the shaft will be released, and will 
revolve one fifth. This occurs, the magnet beir g energised, 
every given number of engine revolutions, and the motor 
speed is so arranged that the shaft always overruns the 
impulses. Its motion, therefore, consists of a series of 
one-fifth revolutions and stoppages. The driving .shaft, 
to which this control wheel is geared 1 to 5, therefore 
makes a series of complete revolutions and stoppages. 
This shaft, in the standard instrument, is arranged for 35 
revolutions per yy knot. There is a plain step-by-step 
gear operated by coils in series with the electro-magnet 
also fitted. The step-by-step wheel has 100 teeth, and on 
it a pin, and also a face-wheel having 100 teeth. 

On the same shaft, but movable longitudinally, is 
another wheel, having a similar pin and face-wheel, so 
arranged that it can revolve relatively to the step-by-step 
wheel and be set in one of the hundred positions. On 
an axis parallel to these wheels’ axes are fitted two small 
toothed wheels, one opposite each pin. They are of such 
proportion that on each revolution they are moved on one 
tooth by each pin—two in all. On the same shaft there 
is a specially-formed notched wheel, having half the 
number of notches. Taking a fixed point near the cir- 
cumference of the wheel, it is appareot that one tooth | setting is done by means of the ratio of shaft speed to 
travel of the shaft brings a notch opposite the point, and | transmitter ponte | the only variable for the instrument’s 
the next brings a projection. This is so arranged that | application to any ship. 
the projection prevents the release of the pawl above The resolving gear is based on the simple resolution of 
mentioned. triangles (see Fig. 3). 

The setting is such that the step-by-step wheel pin| Let A be the starting position. 
prevents the pawl's release, while a second pin enables it! Draw North-South and East-West lines intercepting 
totake place. From this it will be seen that the pawl is | at A. 
rel by the magnet catch every impulse, unless pre- Let the course steered be A B, and the distance travelled 


Figs. 
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s 
| cut out distance recorded, but not to add to it. This 


vented by a 


END VIEW& SECTION OF PARALLEL 
GEAR DRIVE DISCS. 


END VIEW OF CLUTCH SHAFT DRIVE 
FROM THE RIGHT. 


the N S bar is in the centre of its travel ; similarly, if the 


| course bar is as shown, N S will be parallel to C F and 


EWtoDC. From the position of these bars relative to 
imaginary N 8, E W lines through A, the proportion of 
the total distance made good along the course A B is 
mechanically calculated for the four cardinal points. 
This movement is carried out in the actual machine in a 
slightly different manner, as it was desired to have a more 


| rigid parallel motion and to make the calculation positive 


and not dependent on friction, as would have been the 
case had the above parallel gear been used. _ : 
The following description and accompanying drawing 
wiil make the action clear :— ; 
The drawing, Fig. 9, 545, shows an imaginary 
view of the mechanism required to resolve the angles and 
to set the instrument, so far as course only is concerned. 
The dial A 3 is uated according to the compass 
card. This dial can be revolved against a North line on 
C3 to make a correction for variation. Thereis a further 
lever B3, having a small scale on it at C3. This lever 
and scale can be revolved agvinst the North line on the 
frame of the instrument for a correction for deviation. 
Both these corrections can be made on the final result by 
hand, but it is preferable to set them on the instrument. 
The course lever D3 may be revolved by means of its 
handle against the dial A 3, and may be locked there by 
means of a friction or other form of lock. This lever D3 
is connected to a crankshaft E3, having on it a smal! 
crank and crank-pin. wae AS 
F 3 is the frame of the instrument, and it will be 
observed that the crank E 3 runsin a ring in F 3, 
and the dial A 3 revolves on the outside of a bearing of 
3 


There are two similar cranks G 3 at a known distance 
apart, and all the cranks are geared together, and are 
single ended, so that what we may call a connecting-rod, 
H 3, is revolved by means of the centre-crank and course- 
lever completely round the path of the crank-pins on E 3 
and G3. We have thusa parallel motion. and it will be 





rojection. If the pins are close —s along course A B be A C. 
moved and no release is Jost, but if' Draw CD parallel to EW, and C F parallel to NS. 


two teeth will be 


seen that the displacement endways or sideways of the 
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anecting-rod H 3 will be in direct proportion to the 
ps of the angles of the cranks to their original line, 
or, in fact, directly proportional to the properties of the 
angle formed between the course-bar and the North-South 

“i 
— the connecting sod H 3 are fitted two racks J 3 
and K 3. These racks gear with long pinions, L 3, M 3, 
and one of the racks is so much deeper that one of the 
shafts can run underneath the other shaft. The rack J 3 
operates its pinion by its travel in one direction ; that is 
to say, the direction across the axis of the pinion, and 
the rack K3 operates its pinion M3 in a transverse 
direction. Thus, through the medium of the connecting- 
rod, or rather parallel bar, and the racks, we have turned 
the rotary motion of D3 into a rotary motion of L3, M3, 
but this motion is in proportion not to the rotary motion 
of D3, but to the sines and co-sines of the angles between 
D3 and the North and South line. ; ; 

It will be readily seen that the motion of L3, M3is 
reciprocating ; that is to say, they travel a certain dis- 
tance in one direction and then return, and so on. | The 
ratio of M3, L3to K3, J3 is such that these pinions 
travel rather less than two revolutions for the full stroke 
of the racks. This is necessitated by the fact that the 
counters require a certain time for their return to a 
normal pesition, as will be further described. 

It must be realised that the machine resolves the 
distance travelled into distances to the North, South, 
East, and West. Therefore, should the course be to the 
North, the South counters must not be worked; and 





say, itis revolved rather less than one revolution for each 
cardinal point of the compass, North, South, East, or 
West. is shaft is connected to a disc A. This disc A 
has on it a finger P, and also a small plunger O. Run- 
ning oataide the bearing of the shaft is a free-cup disc B. 
This disc B has a stop-pin Q, and a stop M. The stop 

is a so that it can come up against a per- 
manent stop M1 on the base of the instrument. A 
spiral spring J is arranged to keep the pin x up 
against the finger P, and, similarly, the stop up 
against the stop M1. Taking the position as shown 
in the section (Fig. 6) of the parallel gear drive, the 
normal position is shown with the stop M up against 
the stop M1. If we now consider this as being the 
Southerly counter of the North-and-South pinion, our 
course lever will be in an East-and-West line. 

If the course lever is moved North, the dise A will 
revolve in a clockwise direction, and as M is up against a 
permanent stop, the plunger O will be forced out of its 
notch N, and the finger P will revolve clear of Q, leaving 
Q fixed. Thus the counter will not work, as Q controls 
the gear to be described presently. If, however, our 
course lever is moved in a Southerly direction, the disc A 
will revolve contra-clockwise, and the finger P will take 
QalJong with it in a contra-clockwise direction, so that 
the stop M leaves the | M1, and the amount that Qis 
displaced from the normal will be the amount our gear 
counts, as will be described. The stop M 1 gives a small 
adjustment for manufacture and for the peutral point. 
The plunger O is simply to ensure that A and B revolve 





















































Works North, South Counters 
(2741.8) 


similarly, if to the East, the West counters must not 
work. Thus, if the course was due North, none of the 
other counters would be working; or if to the South- West, 
the North and East counters would not be working, and 
soon. The above explanation is necessary to understand 
the counter-gear setting from the course lever. 

The pinions each operate two calculating gears, one at 
either end. Taking one pair only. Pinion L 3. The 
rack for its full travel makes the pinion revolve 1? revolu- 
tions. The full travel of the rack is divided on the 
calculating gears, so that half travel operates one and the 
other half travel operates the other. hen in the centre, 
both are doing nothing, as obviously the course lever 
would be at due East or West. Directly it moves away 
from due East or West, one begins to calculate while the 
other remains cut out. ‘Thus we have seven-eighths of a 
revolution of the pinion operating one counter gear to 
its full extent, and the other seven-eighths of a revolution 
operating the opposite gear to its full extent, and each 
seven-eighths of a revolution stands for 180 deg. of the 
course bar, or half the travel of the rack. 

Having now described the mechanism for the resolution 
of the angles, the calculating counters can be described. 
The counters for measuring the amount of the sine of any 
ang'e are quite positive. As the above-mentioned pinions 
turnin proportion to the sine of the angle, it is obvious 
that the counters have to measure the amount the pinion 
has turned. Each counter is driven from the controlled 
shaft above mentioned, and completes one revolution— 
i¢., On€ Measurement—every one-tenth of a mile. They 
are aH controlled as described for varying engine revolu- 
tions per mile. 

_ Should the vessel be doing the best possib!e, every 
impulse will be transmitted to the counter gears; but 
should the vessel be, say, dirty, and taking more revolu- 
tions per mile, the correct excess proportion will be cut 
out, as described above, and prevented from operating 
the counters. This, in effect, means that, although the 
engines are doing more than the normal revolutions per 
mile, only a mile will be recorded or accounted for. 
calculator is similar to the other, so that one only need be 
described. We use four, one for each cardinal point, but 
two could be arranged so that one counted North and 
South and the other East and West. The result would 
avoid the mental subtraction necessary in the case of four, 
vut four give more information, pom | as the total area 
overed by the vessel. 

In the counter-gear, Figs. 5, 6, 7, and 


; 8, 

the broken shaft represents an end of L3 and M3, and, 
's before described, this is revolved slightly Jess than two 
revolutions for the total travel of the racks; that is to 
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together when revolving in the contra-clockwise direction. 
This gear just above described is really the setting gear 
for the amount of travel of the counter proper, and B will 
never revolve a full revolution owing to the ratio of the 
racks and pinions being as above described. In the 
counter gear proper, the wheel T is driven by the con- 
trolled shaft above described, and is so proportioned in 
this particular instrument that one revolution of T, if the 
correcting gear is at the maximum, will record just one- 
tenth of one knot. : ; 

As shown by Figs. 5 and 7, the wheel T is made solid 
with a face-wheel D. This face-wheel has a notch D1 in 
it. Tand D are continuall em | There is a shaft 
G, having on one end the disc C, and on the other end 
the disc KE. This shaft can revolve, and can also move 
endways ; it is continually pressed in one direction by the 
end spring U W. It further has a spiral ny A fixed 
to it, always tending to rotate it in a clockwise direction, 
so that the stop R of the disc C is always up against the 
stop Q in the disc B. The disc C has on it a stop and 
finger S, the stop being arranged to come against a stop 
O O on the base of the machine P P, being adjustable for 
normal, like the former one. The disc C has also a pin R, 
which is always against the stop Q, as already mentioned. 

The action of this gear is as Bde :—The stop 8, nor- 
mally, is held by the spiral spring V up against the stop 
O O, and the finger S is p endways on the face of 
the wheel D. As T revolves the notch D1 will come 
underneath the finger 8S, and as § is trying to fall into it, 
directly it comes underneath it does so; thus C is carried 
along with T against the spring V. It continues until 
the stop R meets the stop Q on B, when C cannot go any 
farther, and the finger 8 is forced out of the notch D 1, 
owing to D continuing to revolve. As Q can be set in 
amy position, C can therefore do any amount of travel up 
to the maximum allowable, which, as before described, is 
just under one revolution. : 

If Bis in the position shown in the end view (Fig. 7) 
at the normal, directly S falls into the notch it is forced 
out of action, as Q is up against R, and no rotary motion 
of C takes place. Also when P, revolving clockwise, 
leaves Q in the normal position, this particular counter is 
inoperative ; also it is quite clear that the farther the 
finger pushes Q in an anti-clockwise direction, the farther 
R will he able to travel. eos 

The disc E is on G, and is revolved by C, and it is also 
moved endways as the finger S in and out of the 
his disc E is made in the form of an end- 
clutch working against X (Fig. 8). X is made solid | 
with the gear-wheel Y, and as the finger S falls into the | 
notch D1 the clutch is coupled up and revolves the wheel ' 








Y withit. Directly S is knocked out, however, the clutch 
is disconnected, and therefore, when C revolves back 
against its stop OO by means of the epring V, the wheel 
Y does not revolve back with it. 

The wheel Y is connected through a wheel N N to the 
resettable counters proper. It will be remembered that 
the wheel B can never do a full revolution, so that, 
although one revolution of T measures one-tenth of a knot, 
slightly less than one revolution of C will measure the 
same amount. 

It is necessary by means of the ratio of Y to N N to 
correct back, so that rather less than one revolution of 
the wheel Y will make one revolution of the wheel N N, 
according to the proportion adopted. This describes 
the wheel counter-gear, and the counters may con- 
nected in any convenient position to the spindle of the 
wheel NN. 

The clutch on disc E, working against X, which has 
been adopted, is a positive one, and a difficulty was caused 
by the fact that to resolve an angle of 1 deg. the motion 
of C was so slight that it had either to be a clutch of 
a friction type, which was not thought reliable, or else 
one with teeth so small that it was not practical. This 
was in order to transmit the motion to the counters in 
small enough increments. X therefore was cut on its face 
with 300 teeth ; the clutch disc E, instead of having the 
same number of teeth also, has a spring Z with six arms. 
These arms have a small turned-down piece arranged to 
mesh with the teeth on X, and any one of these ends 
will drive X. The turned-down ends are slightly out of 
their proper division, so that the six only take up the 
space of one tooth. Normally the spring presses up 
against Ek, and the ed, of the turned-down ends are 
ground parallel to E. Thus, as the six ends spread over 
only one tooth, we have a positive Vernier clutch, for if 
one is opposite it will fall into the tooth when FE travels 
endways, and the others will spring and not engage. 
This spring-clutch is shown in section in Fig. 5, and in end 
view in Fig. 8. For the normal instrument ordinar 
resettable counters are used geared, as described, to Y. 
These are so arranged that they may be reset at any time, 
and the last figures shown on them are decimals of sea- 
miles, the instrument reading to one-tenths. 

A printing mechanism is arranged if desired, in which 
case an attachment is made to the course lever so that the 
course is also printed, and by means of a clock these indi- 
cations are made each minute. Where connection is 
required to a gyrostatic synchronous compass system, a 
worm and wheel are attached to the course-lever spindle 
FE of a suitable ratio for driving by a synchronous three- 
phase motor, thus making the whole course calculation 
automatic. 

The above description is of considerable length, but the 
mechanism is somewhat difficult to describe in a concise 
manner. 








Larck Hypro-E.ecrric Powrr-Station 1n Russia. 
—At the instance of the Russian Government an expert 
has undertaken a survey with the object of bringing 
about a better waterway between Lake Ilmen and Lake 
Ladoga, and thereby making an improved connection with 
the Baltic ports. The scheme comprises the exploita- 
tion of available water-power, the energy in the first 
instance being intended for the Government factories in 
St. Petersburg, and ultimately providing the capital 
with electric light and energy. The detailed plan 
embraces the construction of locks, dredging work, and 
regulation of the river, and the building of a water- 

wer station of 70,000 horse-power capacity. The regu- 
ation of this waterway is also intended to facilitate the 
supply of cheap fuel to St. Petersburg from the vast 
forests in the government of Novgorod and the general 
transport of merchandise, in addition to which the 
— factories will become independent of foreign 
fuel. The cost is estimated at 22,000,000 roubles, and the 
plan has received the unanimous approved of the Imperial 
Society for Shipping. 


Iron AND Street Institure.—The annual meeting of 
the Institute will be held at the Institution of Civil 
Engineers on Thursday and Friday, May 9 and 10. The 
following is the list of papers that are expected to be 
submitted for reading A discussion :—1. ‘* Notes on the 
Solubility of Cementite in Hardenite,” by Dr. J. O. 
Arnold and Mr. L. Aitchison, Sheffield. 2. “On the 
Chemical and Mechanical Relations of Iron, Vanadium, 
and Carbon,” by Dr. J. O. Arnold, Sheffield, and Pro- 
fessor A. A. Read, Cardiff. 3. ‘‘ Notes on a Bloom of 
Roman Iron from Corstopitum re 5 8 by Sir 
Hugh Bell, Bart., Middlesbrough. 4. ‘‘ The Influence of 
Carbon on Corrosion,” by Mr. C. Chappell, Sheffield. 5. 
“The Manufacture and Treatment of Steel for Guns,” 
by General L. Cubillo, Valladolid, Spain. 6. ‘“‘The 
Corrosion of Nickel, Chromium, and Nickel-Chromium 
Steels,” — J.N. Friend, Mr. J. Lloyd Bentley, and 
Mr. W. West, Darlington. 7. “‘On the Mechanism of 
Corrosion,” by Dr. J. N. Friend, Mr. W. West, and Mr. 
J. Lloyd Bentley, Darlington. 8. ‘‘ Sinhalese Iron and 
Steel of Ancient Origin,” by Sir Robert A. Hadfield. 
F.R.S., Sheffield. 9 * “a & Rolling-Mill Practice,” 
by Mr. J. W. Hall, Birmingham. 10. ‘‘The Influence of 

eat on Hardened Tool-Steels,” by Mr. E. G. Herbert, 
Manchester. 11. ‘‘Improvements in Electric Steel 
Furnaces and their Application in the Manufacture of 
Steel,” by Dr. H. Nathusius, Friedenshiitte, Upper 
Silesia. 12. ‘‘A New Process for the Investigation of 
Fractured Surfaces of Steel,” by Mr. F. Rogers, Shef- 
field. 13. ‘“*The Welding Upof Blow-Holes and Cavities 
in Steel Ingots,” by Dr. J. E. Stead, F.R.S., Middles- 
brough. 14. ‘*Note on Some Remairs of Early Iron 
Manufacture in Staffordshire,” by Professor T, Turner, 
Birmingham, 
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SELECTED ABSTRAOTS OF RECENT PUBLISHED 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the peg Saas 

in each case ; where none is mentioned the Specification is not 


tlustrated. 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 
a of Specifications may be obtained at the Patent Office, Sale 
nch, 25, Southam: Buildings, Chancery-lane, W.C., at 
the uniform F tap of 
The date of the advertisement of the ti a Complete 
a is, in each case, given after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months the date of 
the advertisement o, t a Complete Specification, 
ive notice at the Patent Ofice of ition to the grant of a 
‘atent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


3996/11. H. Evans and St. Helens Cable and Rubber 
Company, Limited, Wasringee, Electric Con- 
ductors, (4 Figs.) February 16, 1911.—This invention, which 
has reference to electric cables employed where the conditions 
met with are unique in difficulty and severity, comprises an insu- 
lated cable provided with an outer protecting cover of tough or 
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hard rubber. A are the conductors, each of which is individually 
enclosed in an exterior covering B of insulation. These insulated 
cores A, B have the interstices ¢ between them filled with the 
special tough rubber compound, and the whole cable is com- 
pletely sheathed with a covering C of the same material. This 
compound is pressed or squeezed in between the cores at ¢ and 
around the cores at C. (Accepted February 7, 1912.) 


11,140/11. The British TI homson-Houston Company, 
Limi Lon (General Hlectric Company, *chenectady, 
U.S.A.) Mercury Vapour Lamps. [8 Figs.) May 8, 
1911.—In a mercury-vapour lamp, according to this invention, 
there isan inner tube in communication with an outer envelope, 
an anode and a liquid cathode therefor, the inner envelope being 
so constructed at one or both of its ends as to form a barrier 
when the tube is tilted to break the continuity of the electric 
circuit through the liquid outside the inner tube at one electrode 
before contact is established with the other electrode by the 
stream of flowing liquid. The outer container 1 consists of trans- 
parent material, and is provided with an inner envelope 2 of quartz. 
Openings are provided in the inner tube in order to allow the 
same to be easily evacuated, and to permit the return of 
vaporised electrode material. As indicated, each end of the 
device is bent at an angle so as to form ekets for bodies of 
mercury forming the electrodes of the device. Contact is made 
with the body of the mercury forming cathode 4 by means of a 
chain 5 of platinum. When the device is assembled this chain 
is slipped through an opening in the cathode chamber. Its flexi- 











bility ensures electrica contact at all times with the mercury. 
Contact is made at the anode end by means of the platinum wire 7, 
projecting into the body of mercury 8, through a re-entrant portion 
of the quartz envelope, thereby ensuring that the arc will at all 
times be struck with the mercury, and not run to the platinum 
wire. The space intervening between the inner and outer en- 
velope is so proportioned, and the openings in the inner tube are 
80 tioned, that when the tube is tilted to start the arc by 
———— mechanism, a portion of the wall of the inner tube 
will break the continuity of the electrical circuit of the receding 
body of mercury outside the inner envelope and the adjoining 
electrode before the mercury stream flowing outside the tube has 
come into contact with the other electrode. This construction 
avoids the possibility of the completion of the electrical circuit 
by the mercury outside the inner tube. The mercury inside the 
tube, however, does complete the electrical circuit when the 
tube is tilted. As the tube is tilted back the interruption of the 
circuit starts the arc. ‘The arc a short time after it is started 
ceases to fill the entire space within the inner tube, and concen- 
trates itself at its centre, taking up, perhaps, one-third to one- 
half of the cross-section of the tube: (Accepted February 7, 1912.) 

2926/11. J. A Hirst and P. 8. Brook, Chester. 
Electrical Resistances. [4 Figs.) February 6, 1911.—This 
invention relates to electric resistances of the type in which the 
resistance wire is a spiral, and is supported in helically disposed 
et pa as, for instance, where a resistance wire is supported in 

elical grooves formed on the periphery of an insulating supportin 
core, or a resistance band is supported in helically Geanget 
grooves formed in bars supported as to lie at the corners of regular 
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polygons. In the known types the wire or band is wound into 
place in the groove such construction precludes the use of a 
resistance strip of width considerable in proportion to its thick- 
ness hee | wound on edge unless the grooves are almost as deep 
as the width of the strip and the separating walis sufficiently 
thick, and the material of the core of sufficiently tongh material 
to resist fracture under the stress resulting from the ot 
the strip. According to the present invention, t‘e strip is wou d 





on edge on a suitable mandrel, and it is distinguished from the 
known types above referred to inasmuch as the section of the 
strip is such that the convolutions are sufficiently rigid trans- 
versely to retain their circular shape. A is the strip, which is in 
the form of a thin tape of ce metal of the desired cross- 
sectional area. The strip is wound on edge on a mandrel in 
the form of a spiral of fine pitch, and after removal from the 
mandrel it is provided with terminal connecting lugs a!, one at 
each end, and one or more intermediately located on the spiral 
as may be required. The strip so formed is screwed on to the 
helically threaded surface of an incombustible core B, the thread 
b1 being shallow and of fine pitch, so as to separate the successive 
convolutions of the metal spiral by an amount just sufficient to 
prevent them: from — contact. The core B is preferably of 
china, porcelain, or the like, and in order to admit air to the 
interior of the strip, the periphery of the core may, at intervals, be 
cut away or grooved as at b2 ; in the drawings four such grooves are 
shown ; the screw-threads ! are, of course, formed in the remain- 
ing parts, and serve to maintain the strip in position. ( ‘ccepted 
February 14, 1912.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


2213/11. Stuart Turner, Limited, and A. F. Plint, 
Henley-on-Thames. Internal-Combustion Des. 
(2 Figs.) January 28, 1911.—This invention relates to the con- 
struction of crank-shaft discs for use also as fly-wheels in two- 
stroke cycle internal-combustion engines. According to this 
invention, hollow fly-wheel discs are provided, having the weight 
of material at their peripheries and the hollow closed by air- 
tight plates. The weight of metal is required at the periphery of 
the discs A, B to give the maximum fly-wheel effect ; accordingly 
hollows O, D are left on the outside of each disc, the necessary 
material for connecting the bosses and peripheries of the discs 
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being formed as thin flanges E, F on the inside faces of the discs. 
As, however, the suction effect of the piston H would be mate- 
rially diminished if the spaces D, C have to be filled and emptied 
at each stroke, they are closed by means of light plates K, L, 
which are expanded into overhanging recesses M, N turned in the 
bosses and peripheries of the discs so as to make air-tight joints 
therewith ; the recesses being turned accurately, the plates K, L 
are turned with a square edge so as to fit into the recesses, and 
are formed of a suitable material, such, for instance, as alu- 
minium, so that with the aid of aspinning tool it can be expanded 
and compressed within the overhanging ledge, and will thus form 
an air-tight joint therewith. (Accepted January 31, 1912.) 


7942/11. J.S. Matthew and Argylis, Limited, Alex- 
an Internal-Combustion Engines. [5 Figs.) 
March 30, 1911.—This invention has reference to internal-com- 
bustion engines of the type wherein the admission and exhaust of 
the working fluid is contfolled by a single sleeve-valve which is 
independent of the working piston and is arranged concentrically 
with and adapted to receive a combined reciprocatory and oscilla- 
tory or partial rotary motion relatively to the cylinder, so that 
the ports in the sleeve register at the proper times with corre- 
sponding ports in the cylinder. According to this invention, 
the link or connecting-rod which imparts the vertical movement 
to the valve is not connected directly to the valve, but to a collar 
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which is mounted loosely thereon and is prevented from axial 
movement relatively thereto by annular flanges, the arrangement 
being such that the valve, while being reci ted vertically by 
means of the collar and its connections. free to oscillate or 
partly rotate relatively to the collar under the influence of the 
other link or connecting-rod. 2 nte the valve, 3 the 
cylinder, and 4 the valve-shaft wh is driven from the 
crank-shaft 5. The valve shaft 4 is mounted adjacent to the 
outer end of the sleeve-valve 2 and carries two cranks, 6, 7 for 
each valve. The crank 6, from which the reciprocatory move- 
ment of the sleeve is derived, is, ferably, arra centrally 
opposite the latter and has a plain cylindrical crank-pin 8. 





The movement of this crank is imparted to the valve so as to 
give the same a reciproca’ movement by means of a con. 
necting-rod 9, the big end of which works on the crank-pin 8 
while its other end is pivoted on a pin 10 carried by the valve 
parallel with the crank-shaft 5. The pin is mounted in lugs 11 on 
a collar 12, which loosely surrounds the lower part of the valve 
and is prevented from axial movement relatively thereto by 
annular flanges 13. The second crank 7, from which the oscilla- 
tory or partial rotary movement of the valve is obtained, is prefer. 
ably set so as to rotate in a plane tangential or approximately 
tangential to the sleeve valve, and has a spherically-farmed crank. 
pin 15. The movement of this crank is imparted to the valve so 
as to give the same an oscillatory or partial rotary movement by 
means of a connecting-rod 16, the big end of which is formed 
to fit and work on the spherical crank-pin, while its other end ig 
pivoted on a pin 17, which is See ng parallel with the crank- 
shaft 5 and —- a rotatable yoke 18, or the like mounted on 
the va've. (Accepted February 7, 1912.) 


2566/11. The Wolseley Tool and Motor-Car Com. 
y, ited, and A. J. Rowledge, Birmingham. 
ternal-Combustion Engines. [4 Figs.) February |, 1911. 
—This invention relates to valve-gear for operating a slide, sleeve 
or piston-valve used in an internal-combustion engine, and, accord. 
ing thereto, a member is rotated directly from the half-speed 
shaft, and is mounted in relation thereto in a manner which 
allows its centre to move in relation to the centre of the shaft 
the movement of this member being transmitted toa rod which 
operates the valve, and a member turns about a fixed centre which 
is eccentric to the shaft, and is rotated by the first-mentioned 
member, and controls the movement of the axis of such first-men- 
tioned member in relation to the axis of the shaft. A is the half- 
speed shaft, B is a sheave which is eccentric to the shaft A, and is 
itself fixed, and consequently remains stationary while the shaft 
revolves. B! is a strap on the sheave B. C is an annular sheave, 
which is rotated by the shaft A. It isslidingly mounted ona bar D, 
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which is rigid with the shaft A, and at right angles thereto. The 
sheave C is rotated by the shaft through the medium of the bar, 
and is capable of sliding endways of the bar. (! is a strap on 
the sheave C. The strap B! has an arm b, with the outer end of 
which the sheave C is pivotally connected, so that the sheave 
C turns the strap B! as it is itself turned. The strap C! 
has a lug by which it is pivotally connected with the valve-rod E, 
this rod being suitably guided as shown. Assuming that the 
shaft A is revolving in the direction of the arrow (Fig. 1), it will 
turn the bar D, and consequently the sheave C, and the sheave C 
will turn the strap B!. The turning of the strap B! around the 
fixed sheave B will cause the sheave C to be constantly moving 
along the bar D, and therefore constantly varying the position of 
its own axis in relation to that of the shaft A, with the result that 
movements will be imparted to the valve-rod E by the strap C!, 
which are compounded of the movement of rotation of the 
sheave C around the axis of the shaft A and of the movement of 
rotation of the strap B). (Accepted February 7, 1912.) 


41/12. A. W. Reeves, Manchester. Internal-Com- 
bustion Engines, [1 Fig.) January 1, 1912.—This invention, 
which relates to valves for internal-combustion engines, com- 
prises a sliding cylindrical admission-valve having its seating on 
a stationary part carrying the ignition-plug and fixed concen- 
trically in the power-cylinder, and a sliding cylindrical exhaust- 
valve within which the admission-valve is fitted and slides, the 
exhaust-valve having its seating upon the bevelled face of the 
exhaust-ports in the main cylinder casting. The piston N is 
shown within the power-cylinder O, which embodies at its upper 
end the arrangement of valves peculiar to this invention. A cylin- 
drical form of inlet-valve is employed, and has within or upon 
its circumferential shell, ports C for the ingress of the explosive 
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mixture. The inlet-valve is also arranged in such a manner that 
its inner circumferential area slides upon a stationary cylinder- 
head D, which forms the valve-face seating at E and carries the 
king-plug F for the ignition of the working charge. Sliding 
concentrically with, and outside of, the inlet-valve A is a cy lin- 
drical exhaust-valve H, having ports J formed in its circumferen- 
tial area for the passage of the i explosive mixture to the 
inlet-valve. The exhaust-valve seating K is a bevelled face formed 
upon the main cylinder casting 0. For the admission of the 
explosive mixture an annular e L is cast in the main _ 
der casting O, such ge being in direct connection with the 
fuel supply. For the exit of the exhaust gases an annular pas 
sage M is similarly cast in the cylinder casting, such prenge con- 
necting with the atmosphere. (Accepted February 14, 191 ) 




















AprIL 26, 1912.] 


ENGINEERING. 





547 





— 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

An ordinary general meeting of the above Institu- 
tion was held on Friday last, the 19th inst., at the 
Institution House, Storey’s Gate, Westminster, 
the President, Mr. E. B. Ellington, occupying the 
cnalr. 

ALLOYS OF ALUMINIUM AND ZINC. 

The formal business of the meeting having been 
transacted, the President called upon Dr. Rosenhain 
to read the ** Tenth Report to the Alloys Research 
Committee on the Alloys of Aluminium.and Zinc 
(with an Appendix on a Ternary Alloy of Aluminium 
with Zine and Copper),” by Dr. Walter Rosenhain 
and Mr. S. L. Arehbutt, of the National Physical 
Laboratory, Teddington. We print a summary of 
this report on page 578 of the present issue. 

Sir William H. White, K.C.B., was the first 
speaker. He thought the tenth report of the series 
would bear comparison with any of its predecessors. 
The series of reports was remarkable in the range 
and character of the results it had given to the 
world. He could speak as one having an intimate 
knowledge of what the work had involved to the 
workers, and as to the value the results had been 
to engineers throughout the world, as well as to 
those engaged in the practical work of metallurgy, 
particularly in relation to non-ferrous metals, 
Remarkable advances had been made as a 
result of these reports, in this and in other 
countries. In former times, in that very room, 
he had heard men eminent as steel manufac- 
turers referring to microscopic details — now 
generally accepted as meaning so much—in terms 
of distrust. He could not blame those men, who 
were, many of them, pioneers in steel manufacture, 
and whose whole training and life-work had been 
of such a character that it was not easy for them to 
think that the results of high magnifications could 
have a meaning such as we were, in the present day, 
bound to attach to minute differences in structure, 
crystalline formation, &c. Whether in engineering 
or metallurgy, the best results depended upon 
minute differences which escaped the ordinary 
observer, and some of the mysteries of the past 
were due to circumstances not perfectly intelligible 
until the wonderful effect produced by small 
variations of temperature, physical condition and 
chemical constitution, and also by impurities, was 
appreciated. 

There had been a remarkable change in profes- 
sional opinion amongst both practical metallurgists 
and engineers. The time had passed when the scien- 
tist neglected or depreciated the work of the practical 
man, or vice versd, and the two had drawn together. It 
was customary to think that we had to go abroad, 
particularly across the North Sea, to get the best 
results ; that we lagged behind and did not initiate 
any longer ; that we were wanting in the power of 
scientific investigation. The reports of the Alloys 
Research Committee, however, which had been pre- 
sented to the Institution in the past had shown 
some of the most remarkable advances made in 
practical metallurgy, and the authorities in Ger- 
many and France whose opinions were best worth 
consideration have been among those who most 
fully acknowledged this. He most heartily despised 
the man who depreciated the work and qualities of 
the nation to which he belonged. 

Sir Gerard A. Muntz was the next speaker. The 
subject of aluminium was of interest tohim. He had 
dabbled with it for a great many years. It was a 
metal about which, up till now, very little had been 
known. Manufacturers were very much on the 
fringe of things, and were always running against 
something that they had not previously anticipated. 
From his own knowledge of duralumin, that alloy 
was a mystery. After rolling hot, if allowed to lie 
on the ground for a few minutes and cool, it 
would be more or less ductile, or plastic and soft. 
{f allowed to lie longer, the longer it remained 
the harder it became. It was in directions like 
‘his that scientists, such as Dr. Rosenhain, were 
soing to be of assistance to practical men who 
had not time to go thoroughly into matters. 
he phenomenon he had referred to was generally 
attributed to the presence of magnesium in the 
loy. He had previously cast alloys with magne- 
“um—not for rolling sheets, but more especially 
‘or motor-car castings—and had had no trouble 
with regard to hardness, so that it was not alto- 
sether the influence of that, although it probably 
had something to do with it. Another point of 


tuLerest to the speaker was the percentage or addi- 








tion of zinc. In his own experience he stopped at 
20 per cent. of zinc, because if more zinc were added 
the specific gravity rose above what customers 
would consider. Purchasers were wedded to the 
idea of lightness, and that it was desirable to get as 
near as possible to the theoretical specific gravity 
of pure aluminium. Dr. Rosenhain’s researches 
had revealed the fact that mere lightness was not 
everything, and that with the alloy with 26 per 
cent. zinc probably the highest result of all was 
obtained. He thought that better results, weight 
for weight, or rather money for money, would be 
got with the 20 per cent. alloy than with the much 
lighter alloy, more commonly used, containing about 
10 per cent. of zinc. The user, however, in his 
anxiety to get the lightest thing, had to pay more in 
the end because he had to adopt a heavier section. 
In the matter of rolling rods containing 5 and 
15 per cent. of zinc, the research had revealed an 
interesting fact. He did not know whether Dr. 
Rosenhain had experienced, as manufacturers had 
done, a difficulty in understanding what happened 
when rolling down aluminium rods when hot. The 
paper had opened the speaker’s eyes upon this point. 
n the figure giving the structure of a {-in. bar of 
5 per cent. alloy, Dr. Rosenhain had shown a close 
grain of metal with elongated crystals, while in the 
section showing a 1}-in. bar of 15 per cent. alloy 
the metal was of undistorted crystalline forma- 
tion. In rolling down rods, starting from a 4-in. 
billet, by the time 2 in. was reached a very 
curious result was arrived at—viz., a formation 
such as that illustrated in the sketch subjoined. 
The outer surfaces were somewhat similar to the 
Z-in. bar above mentioned, and in the middle 
the appearance was similar to that of the 1}-in. 
bar. The effect was extraordinary, and he had 
known rods break in two, with a fracture like 
that shown in the sketch. An elongated piece, 








absolutely pulled out from the inside, composed of 
the larger grain material. That occurrence had 
seemed inexplicable. It only happened in certain 
processes and certain sections of metal of particular 
size ; it was, moreover, only found now and again, 
Dr. Rosenhain’s paper had, however, assisted him 
to understand what happened. 

Another point mentioned by Dr. Rosenhain related 
to the use of pure aluminium. With regard to the 
manufacture of alloys for casting and rolling pur- 
poses, for the making of rods and tubes, for ordinary 
practical purposes, it was perfectly feasible to use a 
good quality of zinc, without having resort to 
qualities of extreme purity. That was an unneces- 
sary expense to incur in the manufacture of ordi- 
—_ commercial articles. Special Silesian zinc 
could be used, which was rather superior to the 
ordinary brands, though it might not be good 
enough for the class of alloys dealt with in the 
paper. With regard to corrosion tests, he had no 
experience in the case of aluminium, but it struck 
him as curious that the use of pure zine should’ give 
better results. With other alloys his experience 
had shown that the pure metal was more likely to 
give trouble than the common alloy. 

Professor A. K. Huntington observed that one 
point which had struck him was the question of 
making sand castings for all test-pieces. ow such 
castings were satisfactory, but usually many were 
not. That involved great loss of time and temper, 
and much expense. He thought the only way to 
get comparable results was to cast in an iron 
mould, with the sand head preferably placed in 
the centre of the test-piece, at the part at which 
the bar might ultimately be expected to break. He 
had found that a bar about 6 in. long, with a 
measure of 2 in. for elongation, was ample for all 
agen purposes and was much more economical. 

n making castings for testing purposes, the real 
object was to compare cast with wrought metals ; 
and the aim should be to get a cast metal in the 
very best condition. That could not be accom- 
plished by casting in sand, and he would be glad 
to see that method abandoned. [Dr. Rosenhain 
here pointed out that in the research the sand and 
chill methods were both used.| Professor Hunting- 
ton, continuing, said that his object in practice was 
to cast the metal under the best conditions and to 
anneal it in order to get comparable results. He 





thought the substitution of such methods would be 
a great gain. 

Mr. W.M. Morrison, after congratulating Dr. 
Rosenhain and Mr. Archbutt on the excellence of 
the research, said he agreed with Sir William White 
in thinking that practical men and men of science 
were nearer together than was the case formerly. 

Mr. H. Fowler said that Dr. Rosenhain had not 
mentioned the uses to which the alloys could be 
put. If samples of the alloys could have been 
furnished to users, he felt sure that the latter would 
have been pleased to try them, and then, on coming 
to the meetings, those who had had oppor- 
tunities of so doing, might have related their ex- 
— He thought if some such course could 

e adopted, it would be of great assistance to 
those who hoped to make use of the set of alloys 
later on. The speaker did not-agree with Professor 
Huntington’s remarks ; casting tests must of neces- 
sity be of great assistance to those who had to use 
the metal in that state at a later period. 

Sir William White here added a few remarks to 
the effect that Dr. Rosenhain had justly said that 
local pitting in corrosion, especially where zinc was 
present, was a matter frequently of the utmost 
practical importance. He wished to know whether 
in the corrosion experiments, so far as they had 
been carried out, there had been any indication of 
severe local pitting. The question of the best way 
of testing, whether by loss per unit of surface, or 
by tensile test on the reduced specimens, was 
a matter of great scientific interest. It was of 
practical importance to know whether the alloy 
would wear fairly uniformly or whether there was 
marked tendency to local pitting. He also desired 
to know whether there had been any indication of 
galvanic action set up. He wished to call attention 
to the fact that the help received in the way of the 
provision of materials for this research and in other 
ways, had been most generous from the start. 

Mr. L. Archbutt was the next speaker. With regard 
to the corrosion tests, he wanted to know whether he 
correctly understood that it was not the intention 
to make any further experiments in measuring by 
loss of weight, but to replace these with experi- 
ments made with test-pieces. [Dr. Rosenhain, inter- 
posing, observed that it was the intention to do 

oth in future.] Mr. Archbutt thought that both 
should be done, because local pitting would at 
once destroy the strength of the test-piece, and 
yet would not have the same effect as general 
corrosion. He did not know in what direction 
it was proposed that these alloys might be useful, 
but he had noted that the corrosion experiments 
had so far been made in sea-water, suggesting their 
ultimate use of the metals in the sea. If that were 
so, sea-water was the proper medium for testing. 
He would suggest that further experiments should 
be mado with alloys brought into contact with oils 
containing fatty acids, and that warm water should 
be experimented with. 

Sir H. F. Donaldson, K.C.B., said that certain 
points stood out in the paper, and suggested that 
particulars of collateral experience might be useful. 
It was true that, in the instances he proposed to cite, 
the zinc was of the commercial quality, and there- 
fore some of the differences might be due to that 
fact. The point which mainly interested him was 
the distinct reference to temperatures which the 
authors had made. Whether due to impurities or 
not, the speaker’s experience did not follow the 
same lines, but was, in fact, in the opposite direc- 
tion. Under the heading of ‘‘ Melting of Alloys” 
the authors had referred to temperatures of cast- 
ing, stating that they should be kept as low as 
possible. With that he agreed, but regarded the 
temperatures quoted by the authors as too low for 
manufacturing practice. It was true that his alloys 
were not strictly comparable, because they were 
ternary alloys to the extent of having 1 per cent. of 
copper, being of 19 per cent. zinc, 1 per cent. 
copper, and 80 percent. aluminium. With such an 
alloy and a casting temperature of 850 deg. a yield- 
point was obtained of 64 tons, an ultimate stress of 
9.1 tons per sq. in., and an elongation of something 
under 2 per cent.on 2in. Casting at the tempera- 
ture of 800 deg. Cent. the figures were :—yield, 7.8; 
ultimate stress, 13.1; and elongation, 4 per cent. 
Again, at 700 deg. Cent. the yield-point was 7.5, 
the ultimate stress 9.8, and the elongation about 
2.5 per cent; while at a temperature of 650 deg. 
Cent. the results showed 6.6 for yield, 9.1 for 
ultimate stress, and 0.75 per cent. for elongation. 
Compared with alloy No. bo in the report, having a 
yield-point of 7.8, an ultimate stress of 13.82, and 
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and 4 per cent. elongation, there was a good deal 
of similarity, which might, however, disappear with 
the removal of the 1 per cent. of ag On 

Turning to rolling temperatures, he would cite 
the case of an alloy (again with 1 per cent. of ome) 
which, with temperatures ranging from 500 deg. 
to 450 deg. Cent., gave excellent results. e 
had also very recent experience of rolling an 
aluminium alloy with 15 per cent. zinc and 85 per 
cent. of aluminium, and in this case—which was 
strictly comparable with the author’s results, being 
a binary alloy—when hot-rolled at 450 deg. Cent. 
to 500 deg. Cent., from 3 in. to 1? im., the 
yield-point was 4.2, tensile strength 12.7 tons, and 
elongation 28 per cent. on 2 in. This bar was sub- 
sequently rolled to 13 in., when the yield‘point 
rose to 11.2, the tensile strength to 14 6, and the 
elongation was 14.5 per cent. Hot-rolled at 
350 deg. Cent., from 3 in. to 1fin. the figures were 
6.5, 13.5, and 20} per cent. The bar was sub- 
sequently rolled cold to 1% in., when the results 
showed 11.2 for the yield, 14.3 for the tensile 
strength, and 15.5 per cent. elongation. These 
alloys had been made on a commercial scale and 
with commercial materials. Turning to the remarks 
of the authors on cold rolling, it would be seen that 
the tensile strength was reduced. Tv quote again, 
the ternary alloy to which he had referred, with 
1 per cent. of copper, which, when hot-rolled from 
3 in. to 14 in., gave 8 tons as the yield-point, 20 as 
the ultimate stress, and 214 per cent. for elongation, 
a part of the same bar, cold-rolled from 1% in. to 
14 in., gave 11.5 tons as yield-point, 18.3 as ultimate 
stress, and 17 per cent. elongation. That would 
compare with one of the alloys tested by the 
authors, and generally, in one place or another, the 
results he had experienced appeared to touch those 
shown by the report. 

Early in the report the authors had stated that 
when very hot the alloys were weak and brittle to 
shock. While they could not be forged at tempera- 
tures much above 400 deg. Cent., they still 
exhibited an exceptional amount of ductility. They 
had gone on to say :—‘‘It is this abnormal be- 
haviour which makes it possible to roll into bars 
alloys which are brittle in the cast state, but at 
the same time it renders an accurate control of 
the rolling temperature an essential condition of 
success.” This statement Sir H. F. Donaldson 
regarded as inconsistent with another which the 
authors had made much later, to the effect that 
their own experience at the rolling-mills indicated 
clearly that above 400 deg. Cent. these materials 
were too brittle to withstand the process of rolling 
into bara. He (the speaker) might have misunder- 
stood the bearing of these two remarks, but at 
present they seemed to him to disagree. 

The President then announced that the discus- 
sion on the report would be adjourned until the 
evening of Friday, May 3, when a — meeting 
would be held for its continuance. He hoped that 
Dr. Arnold, of Sheffield, would re-open the dis- 
cussion, and probably Dr. Rosenhain would have 
additional information to give. 





THE LONDON, BRIGHTON, AND SOUTH 
COAST RAILWAY ELECTRIFICA- 
TION.—No. VI. 

Tests AND WorkKiNnG Resvutts. 


As these articles are in no way comparative, and 
are concerned only with the description of an actual 
electrification, we do not propose to enter into the 
controversy which has arisen around the question 
of the respective merits of direct-current and single- 
phase operation in electric railway practice. In 
this, the final article of the series, we shall accord- 
ingly confine ourselves to a record of the actual 
results which have been obtained on the electrified 
part of the Brighton line, leaving any arguments 
or deductions which may be based on these results 
for consideration later. We appreciate the import- 
ance of the direct-current and single-phase contro- 
versy, and realise that the working results of the 
Brighton line are of much value in connection 
with it ; but the present descriptive articles are not 
the proper place to take any part in that contro- 
versy, or in which to institute comparisons be- 
tween these results and those obtained on other 
railways. 

The 115-horse-power motors which were fitted to 
the South London stock were tested on load at the 
works of the firm which built them—the Allge- 
meine Elektricitiits Gesellschaft—by coupling them 





up to an induction motor. The torque was varied 
by changing the resistance in the rotor circuit, and 
measured by having the stator carefully balanced 
and measuring the force tending to make it follow 
the rotor. This method was found to allow fine 
control and to give accurate results. Tests were 
made to determine the interrelation between trac- 
tive effort, speed, efficiency, power factor, and 
current for the various controller steps, the results 
obtained being set out in Fig. 78, subjoined. The 
starting torque which was found when the con- 
troller was on the first notch was 182 kg.-m. 
(1319 1b.-ft.), the current taken being 210 amperes 
at 450 volts, which is equivalent to 15.8 amperes 
at 6000 volts. This figure, which gives a start- 
ing current of 126 amperes for an eight-motor 
train, was subsequently confirmed by actual running 
tests with communal trains. The largest starting 
torque measured under any conditions was 255 kg.-m. 
(1847 Ib.-ft.). 

Tests were also made to ascertain the heating of 
the motors under various loads. These were carried 
out in the shops with the covers of the motors open, 
the system being to run the motors under constant 
loads until the temperature rise in any part reached 
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75 deg. Cent. (167 deg. Fahr.). The following 
results were obtained, but the figures do not include 
gear friction, for which an allowance of 4 per cent. 
should be made :— 


Load in Time for Temperature 
Horse-Power. Rise of 75 Deg. Cent. 
187 eid ae an 17 min. 
149 ie ea ~ - 
129 oer na ion ee 
1174 es oF ..  Lhour4 min. 
91 oa nee oe a ae Oe we 
634 - . ” ” 
57 tae o sas Continuous 


The behaviour of the motor under service con- 
ditions was tried as far as possible in the shops by 
rigging up a complete equipment, and arranging an 
artificial load for the motor. With this arrange- 
ment some severe tests were made, a load of 
180 horse-power being suddenly thrown on and off 
several times without the motor exhibiting any 
tendency to flash over. The supply circuit of the 
motor was also interrupted for periods of 1, 3, and 
5 seconds at loads of 65, 80, 115, and 130 horse- 
power. On the most severe of these tests—i.e., a 
5-second — at 130 horse-power—the 
motor very nearly came to rest; but when the 
circuit was closed again it started up again without 
conspicuous sparking. Tests were also made for 


|separating the losses in the motors by coupling 


them up to a 15-horse-power direct-current motor 
of known losses, and proceeding in the usual way. 
The pressure test consisted in subjecting the motor 
to a voltage of 2500 for 5 minutes, the maximum 
working pressure being 750 volts. The trans- 
formers were put through the usual short circuit 





and open-circuit tests, and their full-load efficiency 
proved to be 97 per cent. 

It was one of the terms of the contract for the 
supply of the electrical gear that the three-coac); 
trains should make forty-four single journeys 
between Battersea Park and Peckham Rye 
stopping at the four intermediate stations, jy, 
12 hours. The intermediate stops were to be of 
20 seconds duration, and each single trip was to 
be completed in 11 minutes. The single distance 
is 3.945 miles, so that the scheduled speed was 
21.5 miles an hour. The average length of run 
was 0.79 mile, and the average running speed 
24.1 miles per hour. For the purposes of these 
tests the weight of the trains was made up to 
146.5 tons, in order to represent an average pas- 
senger load. When this test was first carried out. 
with the first train, there was a delay of 56 minutes, 
about half-an-hour after starting, owing to an acci- 
dent to the brake-rigging of one of the trucks. It 
was found necessary to disconnect the brake gear 
entirely from the coach on which the accident 
happened and to complete the test with brake- 
power on one motor-coach and the trailer only. In 
spite, however, of this handicap, and the delay 
mentioned, the forty-four journeys were completed 
in the specified time. The conditions, as far as the 
motors were concerned, were even worse than the 
statements above indicate, since it was found 
impossible to allow the full stopping time at the 
stations which the schedule had showed. 

During these runs various curves were taken, 
with Elliott recording instruments, on the trains, 
and from them the results given in the following 
table were obtained :— , 

Average acceleration from 0 to 25) 1.75 ft. per sec. 


miles per hour : = j per sec. 
Maximum acceleration, which is) , 

the sameas the average accelera- | 7-6 ft. per sec. 

tion from 0 to 12.5 miles per hour | itd 
Minimum acceleration from 0 to 25) 1.1 ft. per sec. 

miles per hour Pe te j per sec. 
Average time for trip, including 20 

seconds stop at each intermediate 

station... ... ‘ja a .- 10 min. 57.2 sec. 
Weight of train... 146.5 tons 


Over-all power-factor as taken from 

the curve areas of k.v.a. and kilo- 

watts taken on train . 80.8 p.c. average 
Maximum current at starting 126 amperes 


Maximum current taken by train ... 192 amperes 


Power consumption for twelve) 73 watt-hours per 
measured trips dd i j ton-mile 
Maximum rise in temperature in 
rt of equipment above at- | 66 deg. C. 


any pe 
mosphere, which was 18 deg. C. (151 deg. F.) 
(64deg. F.) ... as me J 
All these results were within the specified 
guarantee tests. 

The test to which the above figures refer was 
made on June 20, 1909, with the first train de- 
livered, and similar subsequent tests were made on 
later dates with the remaining seven trains. All such 
tests gave results which came within the guaranteed 
figures, in one case the consumption coming out at 
only 66.75 watt-hours per ton-mile. Some curves 
from one of the tests, which was made on July 18, 
1909, are reproduced in Figs. 79 and 80, on page 549. 
The figure 66.75 watt-hours per ton-mile, quoted 
above, which was made with a new train, was sub- 
sequently improved on when the trains had been 
for awhile in service, and on one occasion a con- 
sumption of 65.7 watt-hours per ton-mile was 
obtained on a run from Victoria to London Bridge 
at a scheduled speed of 22 miles an hour, and 
stopping 20 seconds at nine intermediate stations. 
A return run, from London Bridge to Victoria, in 
connection with this test, gave a consumption of 
63.1 watt-hours per ton-mile. The difference in 
these results may be explained by the fact that 
there is a net rise of 25 ft. in level from Victoria 
to London Bridge. This is shown in the profiles 
of the South London line, which formed Figs. 2 
and 3 of these articles, and appeared on page 106 
of the present volume. 

Various tests were also made to determine the 
energy consumption on non-stop runs over the line. 
In these cases the watt-hours per ton-mile natu- 
rally came out considerably lower than in the runs 
with intermediate stops dealt with above. There 
was a difficulty in arranging for non-stop runs of 
this class, owing to the general traffic conditions 
of the railway; but such a run was made from 
Victoria to London Bridge on November 13, 1910. 
The time taken, from start to stop, for the 8.7 
miles was 14 minutes 8 seconds, giving an average 
speed of 37 miles an hour. The energy consump- 
tion measured at the Denmark-hill switch-cabin 
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Weight of motor-bogie com- Tons. Cwt. Qr. Lb. 
plete, fitted with two 
motors, gears, and gear- 

Weight of motor-coach body 
and underframe complete, 
but without electrical gear 


12 = = oo 


Ht 3H he 
\,405| Las. 


per day would not represent an exceptional con- 
dition on the line, and that such a number of stops 
would be equivalent to an extrastation, It may be 
added that although signal stops are so frequent, the 
trains are easily able to keep time. There is, indeed, 
| such reserve in the motors that a train has been run 


1375 LBS. 
185 LBs. 
16 L 











<pt/9 LBS 





4,680 LBS. 
srs 


124 LBS. 


|some extent on the skill of the drivers and the 
, make-up of the trains. An attempt has been made 
| to eliminate the driver’s personal judgment as fir 
as possible, and to prevent racing with steam-trains 
| by indicating points on the line at which current 


/must be cut off and coasting commence. It has 
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Fig.83. 





Fig.84. xi,owarrs ar 


KILOWATTS AT POWER 


60:0° Length Overall 








1910, 1-21 TO 1-33 PM. 


20™ 1910, 6.8 TO 6.21 RM. 





Weight of motor-coach com- Tons. Cwt. 
plete, with all cables and 
electrical gear, but without 


Qr. Lb. | 


68... ct “i an” 14 1 2% | 
Total weight of all electrical 
gear, including bows, wires, 
compressors, Xc.... 7 oe 
Total weight of motor-coach 
complete as it stands on 
ral ces ees eee eee 
Weight of trailer bogie __... 
Weight of first-class trailer 
complete... is 7 
Weight of three-coach train 

on rails ies his aus 0 0 0 
During the first eight months of 1910 the energy 
consumption, metered at Queen’s-road, including 
losses in transmission, worked out at 75.4 watts 
per ton-mile for the trains. Some detailed figures 
relating to this for various weeks during this time 
are given in the following table : — 


53 3 
4 0 
30 2 


o oo 


Peckham Rye Shops. 





Week 3 g § g § § | 
ee £ Pe 
Ending— _ 4 é g aE = BS 
2am S229 Light- , Shunt- $= @EE 
° sam ing. | Power. | “in rt. ee &eS 
watt-hr. watt-hr. 
1910. kw-hr kw.-hr. kw.-hr. kw.-hr. per ton- per ton- 
| mile mile 
March 20 89,700 143 767 1935 (8597 75.3 69.6 
April 17 .. 90,645 275 825 1530 (8525 76.7 71.6 
May 22 ...84,065 156 615 2420-17 76.2 | 70.6 
June 26 ..|91,435 216 642 3250 (8717, 75.7 70.8 
July 17 ..|93,380 216 691 3310 (8710) 77.5 71.9 
Aug. 1 ..|87,410 274 | 777f NO \\eno 725 67.7 
Sept. 18..|90,210 154 799 | Sirea | 3697; 75.0 69.8 
Oct. 23 ..'94.160 239 926 3195 [8944 75.8 70.2 


In connection with the train consumptions given 
in this table, it should be said that 180 signal stops 


\temperature rise in the motors varied between 


85. RESULTS OBTAINED IN THE 5 RUNNING 


Fig. 
9 POSITIONS OF THE CONTROLLER. 


§ 





100 120 260 340 


#2763.F.) Amperes 

all day on seven motors without overheating, and 
for several hours on six motors without serious 
overheating. Some temperature tests on an eight- 
motor train, on August 12, 1910, when the air 
temperature was 72 deg. Fahr., showed that at 
8 p.m., when the train had run 213 miles, the 


100 deg. and 140 deg. Fahr. 
The en consumption per ton-mile, as given 
in the previous table, will obviously depend to 








(2763.6) 


been found that unskilful and improper driving 00 
the line may lead to an increased current con- 
sumption of as much as 4.3 watt-hours per ton- 
mile. An experiment to illustrate the effect of 
train make-up on the consumption was carried out 
by running two trains, the first consisting of one 
ob the original South London motor-coaches coupled 
to one of the re-formed trailers, to which reference 
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was made in a former article, and the second con- 
sisting of two such units coupled together. Test- 
runs made with these two trains on the same day 
showed that while the two-coach trains consumed 
76.1 watt-hours per ton-mile, the corresponding 
fivure for the four-coach train was only 73.7. 
In connection with the total energy consumption 
at Queen’s Road as given in the table above, 
it should be noted that during the winter months 
the lighting of the trains by carbon filament lamps 
accounted for about 3 to 34 watt-hours per ton- 
mile. This consumption is not included in the 
train watt-hours given above. Some curves show- 
ing the kilowatt output at the power-station for the 
whole supply of the railway at times of light and 
heavy load during December, 1910, are given in 
Figs. 83 and 84, on the opposite page. 

‘As stated above, tests for the whole service, 
including that to the Crystal Palace, have not as 
yet been possible ; but the following table gives 
the total consumption and the watt-hours per ton- 
mile for the combined South London and Crystal 
Palace services during last year. It will be noted 
that the energy consumption per ton-mile given by 
the table comes out higher than that given for the 
South London line only in the previous table. 
This is to be explained by the more difficult nature 
of the road, and the heavy gradient- up to the 
Crystal Palace Station. The table is as follows :— 














Units | Units tnt Watt- 

Month — for for : = Train Hours 
1911. Con- oe — Shunt- | Miles. . 
sumption. Shops. | Shops. ing. Mile. 

January .. 364,810 2200 | 4108 14,610 | 39,396 79.1 
February .. 327,415 845 3181 11,595 36,147 80.8 
March © 364,265 427. | 3623 12,510 40,578 | 788 
April 344,425 368 | 3420 11,470 37,124 73.8 
May 473,735 | 285 3510 13,055 51,166 74.3 
June 924,810 277 3135 9,690 79,952 71.8 
July 972,095 397 3890 9,775 | 83,522 7L4 
August 913,200 456 4442 11,388 | 51,891 72.9 
September 890,905 517 5688 12,949 80,808 73.9 
October . 877,110 2463 7776 20,743 78,196 | 781 
November.. 887,040 2925 8628 | 20,661 | 77,5382 | 79.8 
December .. 879,260 8232 7902 | 23,296 76,669 79.7 


As is well known, the results of the Brighton 
electrification, from the point of view of the effect 
on passenger traffic and receipts, have been most 
satisfactory, and such a point of view is the one 
from which the work must finally be judged. Some 
figures relating to the early months after the open- 
ing of the South London line are given in the 
table below. It may be said that although the in- 
auguration of the electric service on this line was 
accompanied by a reduction of fares in order that 
the railway might more effectively meet the tram- 
way competition which existed, the increase of 
passengers carried, which is shown below, was 
accompanied by a practically corresponding in- 
crease in receipts. The table shows the percentage 
increase in passengers carried over the last year of 
steam working. It is as follows :— 


Per Cent. 
December, 1909 ; 54.89 
January, 1910 70.83 
February, ,, 90.7§ 
March, a ; 73.16 
April, = om ... 104.64 
May, »» (King Edward’s funeral) 111.23 
June, ai sh << hs ee 99.67 
July, si ct . oe .. 102,82 
August, =i : er on ae ae 
September, ,, a ie - .- 110.85 
October, m aa y a . 193.29 
November, ,, 124.70 


Some curves embodying the figures on which the 
above table is based, and showing the relative 
number of passengers carried on the South London 
line from December, 1908, to November, 1911, are 
givea in Fig. 86, on page 550. These curves well 
show the great increase over the steam traftic which 
tollowed electrification, and also indicate the con- 
tinued progress of the electric traffic. The fall 
shown in August, 1911, is, of course, to be explained 
by ‘he railway strike. 

cme comparisons between the services worked 
by the steam and electric trains respectively, to 
wich the table given above and Fig. 86 refer, are 
given in the table immediately below, as are also 
some similar particulars for the Crystal Palace line : 

\verage schedule speed on South Steam. Electric. 
London line ie ss « 268 22 
-\verage distance between stations 


_ on South London line in feet... 4600 4600 
Increased speed (per cent.) : a 48.7 
Average acceleration during total 
period of acceleration in miles 
perbourpersecond ...  ,.. 0.4 1.0 





Time of journey, Victoria to Steam. Electric. 
London Bridge, in minutes ... 35 
Average schedule speed, stop- 
ping trains, Victoria to Crystal 
alace, in miles per hour 
Time of journey, Victoria to 
Crystal Palace, in minutes 
Increase in speed, per cent. 
Time required at Victoria as pro- 
vided per time-table, in minutes 6 1 
The actual number of passengers carried during 
the last year of steam working on the South London 
line was 3,889,627, while during the first complete 
year of electric working the number was 7,918,059 
—an increase of 103.57 per cent. In the second 
year of electric working the number of passengers 
rose to 8,941,481—an increase of 129.88 per cent. 
over steam. The Crystal Palace service was opened 
on May 12, last year, and from that date until the 
end of the year 5,870,241 passengers were carried 
as compared with 4,182,396 ngers for the 
corresponding period of 1910. In this case the 
increase amounted to 40.36 per cent. 


22.2 


23 
34.5 


16.5 
31 
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Ia Résistance de V Air et l Aviation. By G. E1rre.. 
Second Edition, revi and augmented. Paris: 
Dunod and Pinat. [Price 12 francs. } 

THE remarkable progress in aviation during the 
last few years has n accompanied by many 
experimental investigations into the laws governing 
the resistance of air. Some have been carried out 
with the aid of grants from the Government inte- 
rested, but many others have been made by and at 
the expense of private individuals. Amongst the 
latter M. Eiffel has certainly been the most inde- 
fatigable, and his experiments the most systematic 
and comprehensive of any yet published. He has 
already written three books dealing with air-resist- 
ance. The first, published in 1907, described the 
apparatus and mode of experiment, with details of 
results obtained by him with his chute apparatus 
at the Eiffel Tower. The second, which appeared 
in 1910, dealt with the experiments and results of 
most observers before him. The third book—the 
second edition of which is now before us—describes 
his aerodynamical laboratory, and gives the results 
of numerous experiments made in it. 

The speedy recognition of the importance and 
practical value of M. Eiffel’s experiments can be 
judged from the fact that, although the first edition 
of the work was published a little over twelve 
months ago, a second edition had become necessary. 
This contains, in the form of a ‘‘ complement,” the 
results of many importantexperiments made between 
the dates of publication of the two editions. 

Objections have been raised to the ‘‘chute” 
method of experiment which M. Eiffel first 
employed, the most serious perhaps being that the 
bodies were moving with accelerated motion, thus 
introducing an unknown factor into the results. 
Further than this, the latter when closely scanned 
differed in some important respects among them- 
selves, and there was no independent method of 
verification. M. Eiffel possibly recognised the 
limitations of this method of experiment, and lost 
no time in building a laboratory, and adopting 
apparatus and modes of experiment against which 
no serious objection can be brought. 

The laboratory, which contains many original 
features, is a building 20 metres long, 12 metres 
wide, and 9 metres high. At one end a 69-in. 
Sirocco fan, driven by a 70-horse-power motor, is 
mounted with its axis parallel to the longer sides 
of the building. ‘This fan delivers air through a 

ge running along one side of the building, 
into a large antechamber at the further end. Be- 
tween the antechamber and the fan-room is an air- 
tight apartment, 3.6 metres long, and extending 
nearly the whole depth and width of the building 
in which the experiments are carried out. The 
air is led from the antechamber into the observa- 
tion-room by a large curved bell-mouth, 2.5 metres 
long, with its larger and smaller diameters 3 and 

1.5 metres respectively. The smaller end of the 

bell-mouth is flush with the end of the observation- 

room, and is divided into a number of cellular 
spaces by thin partitions, thus guiding the streams 
of air entering the room into parallel lines. Directly 


opposite, at the other end of the observation-room, 
is a second bell-mouth, which leads the air back to 
again circulated. The body under 
laced at about 1} metres from the 
By the use of such an observa- 


the fan, to be 
experiment is 
first bell-mouth. 











tion-chamber the whole of the column of air is 
accessible, and the velocity of the streams is uni- 
form throughout it. This is a great improvement 
on most laboratories, in which the air traverses a 
long tube, whose sides influence the velocities of the 
air streams, and to which one or more small trap- 
doors give access. 

The most important apparatus used in the labora- 
tory is the ‘‘ aerodynamic balance,” by which the 
lift, drift, and position of the centre of pressure 
are simultaneously observed. It consists of a 
straight horizontal lever with a fulcrum at each 
end. At its middle is rigidly connected the upper 
end of a vertical rod, carrying at its lower end a 
horizontal sliding rod, to which ‘the body under 
experiment is attached by a short arm. A second 
and smaller horizontal lever working on a knife- 
edge is fitted above the main lever, and carries a 
scale-pan at one end, and at the other is connected 
to the main lever by a vertical rod working on 
knife-edges at both junctions. The main lever and 
the vertical rod below it are both cased, to screen 
them from the air current, and the whole apparatus 
is carried on a truck running on rails across the 
observation-room. 

The balance is used in the following manner :— 
The force on the body under experiment is balanced 
by adding weights to the scale-pan until the whole 
is in equilibrium. This is done in succession for 
both fulcrums of the lever, a simple cam motion in 
the connecting-rod throwing one fulcrum out of 
action when the other is in use. The horizontal 
sliding-rod, with the short arm and body attached, 
is then turned through 180 deg., and a third 
balance about one fulcrum secured. In this way 
three equations of equilibrium are obtained, and by 
their solution the three unknowns—lift, drift, and 
centre of pressure. The lift and drift being known, 
the amount and direction of the total pressure are 
deduced. 

The position of the centre of pressure is checked 
by mounting the body on a vertical axis, which can 
be shifted along the side, and noting the angle of 
repose. 
A check on the total pressure, and a further one 
on the centre of pressure, are obtained by measur- 
ing the pressure at various points on the front and 
back aot integrating the results. To measure the 
pressure on the front, small holes are drilled through 
the body, and into these in turn is fitted at the back 
one end of a branch-pipe of a sensitive manometer. 

The directions of the air currents in the vicinity 
of the body are observed by using a light thread 
attached to one end of a thin rod, which can be 
held near the body. A figure gives the directions 
of the currents around a square plate placed normal 
to the current. These are exactly similar to those 
obtained by Dr. Ahlborn for plates moving through 
water. 

The velocity of air obtained with the fan is from 
5 metres to 20 metres per second, but 12 metres is 
the velocity generally employed. This is measured 
by observing the difference of pressure between the 
antechamber and observation-room by an inclined 
alcohol manometer. 

M. Eiffel gives a typical set of observations and 
calculations for an inclined curved plate. These 
occupy about ten pages, and afford some idea of the 
labour involved in obtaining the multitude of 
results given in the book. 

The first results quoted are the pressures on 
square plates for normal impingement. Plates of 
10 cm., 15 cm., and 25 cm. sides were employed, 
the last being the largest size shown desirable for 
the cross-section of the air column. The mean 
coeflicients are respectively 0.065, 0.066, and 0.067 
for velocities between 9 and 15 metres per second. 
The largest value compares with 0.07, obtained with 
the same plate moving at 20 to 40 metres per 
second in the chute experiments. 

Rectangular plates of 225 sq. cm. area, with 
aspect ratio varying from 1 to 50, are next dealt 
with, giving coefficients which vary from 0.066 to 
0.097, a result agreeing with Dr. Stanton’s experi- 
ments. The coefficients are shown plotted to a 
base of aspect ratio, but the resulting curve is not 
so uniformly fair as that given by Stanton. This 
may be due to the thickness of plates being con- 
stant, thus introducing a slight edge effect, for 
at the larger aspect ratios the thickness is equal 
to the breadth. Results given for plates of con- 
stant breadth and thickness, but varying length, 
give a more uniform curve. 

The total pressures for inclined rectangular plates 
of aspect ratios 9, 6, 3, 2 14, 1, }, and } are next 
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given. ‘he irregularity or hump in the pressure | 
curve is very pronounced in all but the two) 
extreme ratios. The square plate has a hump at | 
37 deg., where the pressure is 45 per cent. greater | 
than at 90 deg , at 35 deg. itis 40 per cent. greater. | 
With ratios 14, 2, 3, and 6, humps—getting less 
pronounced as the ratio increases—occur at 26 deg., 
21 deg., 20 deg., and 15 deg. respectively, giving 
values of the pressures 110, 93, 77, and 70 per cent. 
of that at 90 deg. For 4 ratio the hump is more 
rounded and extended, and has a maximum ordi- 
nate at 43 deg., where the pressure is } greater 
than at 90 deg. For } ratio the hump is flattened 
out, having a maximum at 55 deg., at which it is 7 
per cent. greater than at 90 deg. For aspect ratio 
9 the curve is straight up to 7 deg., where the 
pressure is one-half that at 90 deg.; it then bends 
quickly away, being slightly concave to the base- 
line from 20 deg. to 90 deg. 


The pressure at 35 deg. for a square plate has been 
checked in two ways: First, by measuring the 


pressures at various points on the front and back 
when inclined at 35 deg. and 90 deg., and integrat- 
ing. The results are as follow :— 

At 35 Deg At 90 Deg. 


mm. mm. 

Mean pressure on back . 69 — 2.15 

99 ve front se 2.3 4.45 
Total ... ae 9.2 6.6 


we & 
eee 2 1,90. 
giving K 


90 
In the second method two equal square plates 
were used, one being placed at 90 deg. and the 
other at 35 deg. to the air current. Each was 
carried by a horizontal arm attached to a sleeve 
fitting over a vertical standard, and the lengths of 
arms varied until a balance was obtained. This 


method gave = = 1,40. 


#0 

Experiments were also carried out at 30 deg. 
inclination with the square plates of 10cm, 15cm., 
and 25 cm. edge, and although the coefficient was 
different in the three cases, yet its ratio to that at 
90 deg. was the same—viz, 1.24. From this 
E.ffel concludes that although for similar plates at 
the same inclination the coeflicients will differ, yet 
the ratio to that at 90 deg. is constant for all sizes 
In an introduction to the ‘‘ Complement,” 
M. Eiffel states that the laboratory at Gottingen 
claims to be the first to discover and publish the 
fact that irregularities occur at about 35 deg. to 
40 deg. in the pressure curve for a square plate. 
He points out that he discovered this in March, 
1909, but was under an obligation not to publish it 
at the time. This claim for priority of discovery is 
surely a mistake, since Dines’ curve showing it was 
published in 1890; Langley’s results, which 
properly interpreted show it, in 1891 ; and R. E. 
Froude, experimenting with water in 1900, found 
that an irregularity occurred not only in square, 
but also for many other shapes of plates, both 
plane and curved. R. E. Froude’s results were 


not = until 1910, but neither Gottingen or 
M. E 


itfel can justly claim priority of discovery. 


It is interesting to compare Eiffel’s results for 


rectangular plates with those obtained at Gottingen, 
Koutchino, and by Mr. R. E. Froude with water. 
In the latter case the results have been divided by 


the ratio of the densities of the two media. The 


values of K are for metric units :— 





| 
Values of K. Angles of Incli- 








Size ae nation. 
Observer. _ of Experi- — 
Pla ment. | 
10/20/80 35 381 40! 45 
in. in ae we 
Eiffel .. 10 x10 12 m..sec. .024 .054) .083 .094 .098|.078| .072 





Gottingen 14 x14 _ 088) 057 .098 .108) .115)-127| 072 
Froude . 6 X 6 24-5 f.-sec, .027 059.085 .. |.097|.070| .071 

6° | 10° | 20° | 23° | 25" | 30") 40" 
Kiffel .. 12 x 6 12m -sec .018 0380 .064 .053 .049 .050 .055 
Froude .. 84x 4} 24-5 f.-sec .O18 .083|.056 .056 .055 .054 .060 


021 .037 |.065 .058 .056).057 .069 


Gottingen 28 x14 4 


6° 10°| 18° 20°! 25°| 80" 60" 


Fiffel ...18 x 6 | 12 m.-sec. .022 .085|.052 .055 .052).054 .067 
Gottingen 42 x14 | oa | 027 .045 058 .058 .066 .060 — 
Koutchino 12 x 4 ‘Ge m.-sec, 017.028) .. OB) 8 -058 .062 





This comparison shows that even yet there is no 
ment in the results of different observers 


close 


using the most refine] apparatus. One explanation ! 


may be found in differences in size and velocity, ; between the chord and the yeauliant. A ith, 


and another (which would apply to small angles) in 
the shape of the plates at the edges ; Eiffel’s plates 
are of uniform thickness throughout, whilst those 
used by the others are bevelled away on the back 
to give sharp edges. It is noteworthy that on the 
whole Froude’s results show the closest agreement 
with Hiffel’s. 

For angles of inclination up to 10 deg. or 12 deg., 
and for aspect ratios 1 to 6, M. Eiffel gives the 
following simple relation :— 


K; m\ @ 

x (32 + 3) ia 
where n is the aspect ratio and i the inclination in 
degrees. This also applies to aspect ratio 9 up to 
7 deg. The results given by the formula agree 
almost exactly with the results. 

Curves showing the position of the centre of 
pressure for aspect ratios 6, 3, 1, 4, and 4 are next 
given. These show that for ratios 1 and above, the 
centre of pressure slowly approaches the lead- 
ing edge as the inclination is decreased from 
90 deg. to the angle at which the hump in the pres- 
sure curve occurs. Below this angle the centre of 
pressure rapidly approaches the leading edge, and 
for very small fe of the square plate is , the 
breadth from that edge. For } aspect ratio the 
centre of pressure slowly approaches the leading 
edge as the angle is decreased from 90 deg. to 
60 deg.; from 60 deg. to 43 deg.—the angle of 
maximum pressure—there is a much more rapid 
advance, with a much slower one between 43 deg. 
and 10 deg. Below 10 deg. the centre of pres- 
sure rapidly approaches the leading edge, and 
at ioe angles is the same percentage of the 
breadth from that edge as for the square. The 
curve for aspect ratio } is very similar. 

In the ‘‘Complement” the resultant pressures 
on inclined plates of the same size and shape as 
the rectangular plate, but bent into circular arcs 
and cambered .#, of the breadth, are given. The 
curves are very similar to those for the plane plates, 
except that in all cases there is an appreciable 
pressure at 0 deg., and the irregularities are much 
more elie tthe For the square plate the maxi- 
mum pressure occurs at 38 deg., and is 67 per cent. 
greater than at 90 deg.; for aspect ratio 2 at 27 deg. 
and 12 per cent. greater; for aspect ratio 9 at 
15 deg., where the pressure is slightly greater than 
at 90 deg. For aspect ratios 4 and } prominent 
well-rounded humps occur at 47 deg. and 62 deg. 
respectively, giving pressures 45 and 38 per cent. 
greater than at 90 deg. For normal motion the 
camber increases the pressure by from 3 to 5 per 
cent. 

With the concave side facing the wind, the 
centre of pressure gradually approaches the leading 
edge as the inclination of the chord decreases from 
90 deg. to about 10 deg. above the inclination at 
which the irregularity occurs on the pressure curve. 
Through the next 10 deg. the centre of pressure 
rapidly approaches the leading edge, but is never 
nearer than 36 per cent. of the breadth. At the 
angle corresponding to the irregularity, the centre 
of pressure begins to move away from the leading 
edge, and, as the inclination is further reduced, 
moves very rapidly towards the trailing edge, being 
at small angles very close to the latter. With the 
convex side towards the wind, the centre of pres- 
sure gradually —— the leading edge as the 
inclination is reduced. 

The effect of curvature is further studied by 
comparing the results for four plates, each 36 in. 
by 6 in. One is plane, the others are bent into 
circular arcs giving cambers respectively of sy, +, 
and + the breadth. At the end of the book 
separate sets of figures are given, showing for each 
i the whole of the aeronautical elements. 
| There are eight figures in each set. One shows to 
scale the geometrical properties of the plate con- 
sidered, whilst another shows the eoefticients of 
lift, drift, and resultant pressure, the position of the 
centre of pressure, and the direction of resultant 
pressure at 6 deg. inclination of the chord. Two 
other figures—one with rectangular and the other 
polar co-ordinates—show the position of the centre 
of pressure as the inclination alters. Of two other 
figures with rectangular co-ordinates, one shows 
curves of coefficients of lift, drift, and resultant 


pressure, and the other values of i for angles up 
i 
to 16 deg. A diagonal line through the origin of 


the latter figure gives, by measuring the intercept 
between the curve and the diagonal] line, the angle 











figure shows to scale the distribution of pressure 
on the back and front at a medium line of the plate 
at 6 deg. The eighth figure, which is by far the 
most important for comparative purposes, is a polar 
curve constructed as follows :—Through the pole 
is drawn a line in the direction of the resultant 
ressure, and the coeflicient of the latter is set off 
rom the pole along the line. A curve. is drawn 
through the points so obtained, and at various 
points on it are marked the inclinations of the chord 
corresponding to the resultant pressure. 

By projecting any point of the curve on to the 
vertical or horizontal polar lines, the coefficients of 
lift and drift are obtained. The closeness of the 
curve to the vertical, and its height above the 
horizontal, give an idea of the aeronautical efti- 
ciency. This useful method of showing results is 
due to Lilienthal, who first employed it in his 
classical work on ‘‘ Bird Flight.” By plotting the 
results for various plates on the same figure, 
the advantages possessed by them are readily 
compared. In the case of the 36-in. by 6-in. plates 
the results show that for the angles usual in 
aviation the plate cambered ;, is the most efticient 
of the four. It gives, for inclinations between 
2 deg. and 7 deg., an almost constant ratio = 

ift 
of ;. This compares with a minimum value of 
0.16 at 6 deg. for the plane plate, ,'; at 2 deg., 
rapidly rising to } at 6deg. for .\. camber, and ! at 
6 deg., for } camber. By utilising the results of 
the four plates, curves are given from which, for 
small angles of inclination, the lift and drift of 
circularly-curved plates of aspect ratio 6 can be 
obtained when the camber is known. 

Experiments have been carried out with two sets 
of biplanes, one set being formed by 36-in. by 6-in. 
plane plates, and the other with the same size 
plates bent into circular ares cambered .~. The 
spacing between the plates in each case was succes- 
sively 4in., 6in., and 8in., the two plates being 
connected by six circular struts of } in. diameter. 
In all cases the coefficient for lift is decreased, as 
compared with a single plate. For the planes the 
decrease is 35, 30, and 25 per cent. for angles 6 deg. 
to 10 deg., and for the curved plates 26, 23, and 
18 per cent. The drift coefficient for the plane 
biplane is practically the same as for the single 
plate, but for the curved-plate biplane it is greater, 
and increases with the spacing. The net result is 


that the minimum value of = for the plane 
i 


biplanes is respectively 0.21, 0.22, and 0.23, com- 
pared with 0 16 for the single plate, and for the 
curved plates 0.13, 0.135, and 0.15, compared with 
0.095. These results are utilised in the calcula- 
tions for full-sized biplanes referred to later. 

Chapter II. concludes with some information as 
to the pressures on the back and front of plates. 
From this it appears that for a square plate the 
pressure at the back is, for inclinations between 
0 deg. and 40 deg., about 75 per cent. of the total. 
Between 40 deg. and 45 deg. this proportion rapidly 
decreases, being at the larger angle 55 per cent. 
Between 45 deg. and 90 deg. it uniformly decreases 
to 32 percent. For a plate of 34 in. by 6 in. the 
percentage is 80 at 5 deg., decreasing uniformly to 
70 at 30 deg. ; it then decreases rapidly to 60 deg., 
where it is 40, and at 90 deg. 33. For a curved 
plate 36 in. by 6 in. cambered 7, the corresponding 
percentages at 0 deg., 10 deg., 15 deg., 30 deg., and 
90 deg., are 80, 63, 67, 64, and 28. 

Chapter III. deals with results obtained with 
various forms of aeroplane wings, the models em- 
ployed being aie 36 in. by 6 in. The cross- 
sections are of the following forms :—Uniform thick- 
ness cambered ,'; at 2 the breadth, the front half 
being a circular arc and the trailing half straight ; 
the first section reversed ; plane face with circular 
back cambered ,}, at the middle ; crescent shape, 
face cambered A and maximum thickness _,'; 
breadth at ? breadth ; section similar to a bird's 
wing ; a Wright section, blunt leading edge and 
thickness uniformly diminishing to trailing edge, 
camber ,), at the breadth; a Voisin section of 
uniform thickness camber ;; at 3? the breadth ; a 
Maurice Farman section, camber ,}, and maxi- 
mum thickness ,1, the breadth at 4 the latter ; a 
Blériot (cross-Channel type) section, dipping front, 
camber of face ,/; at about } the breadth, and with 
a maximum thickness zy at + the breadth ; and 
finally, a later and flatter Blériot section, camber 
of face 1, at } the breadth with a maximum thick- 
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ness of 4, the breadth at } the latter. The two 
Biériot wings have an aspect ratio of 4, with the 
after corners well rounded and the front corners 
slightly. The Wright wing has an aspect ratio 
slightly greater than 6 and the rear corners are 
rounded. For each wing a plate at the end of the 
book summarises in graphic form the whole of the 
acronautical elements. The polar curve of each— 
the construction of which was described earlier— 
has placed on it for comparison the curve for the 
plane cambered #,. . : 
The elements of the various wings differ greatly, 
rift 
but comparing by the minimum value of lift 


in each case, the Maurice Farman section appears 
the best. The value at 2 deg. is 0.065, rising to 
0.09 at 6 deg. The others compare with this as 
follows :—Voisin, 0.07 at 2 deg, rising to 0.1 at 
6 deg. ; Blériot (later type), 0.075 at 4 deg., rising 
to 0.08 at 6 deg. ; Blériot (cross-Channel type), 
0.11 at 4 deg. to 0.115 at 6 deg. ; Wright, 0.095 at 
3 deg. to 0.10 deg. at 6 deg. ; plane face and curved 
back—similar to a propeller section—0.07 at 2 deg. 
and 0.09 at 6 deg. e curved plate cambered 
compares exceedingly well with the others. The 
polar curve is for small angles coincident with the 
Wright wing, and is more efficient for larger angles ; 
whilst it is almost the same as the cross-Channel 
Blériot for angles 0 deg. to 15 deg. The — 
ri 
section is very inefficient, the minimum value ie 
being } at 6 deg. 

The centre of pressure is nearest the leading 
edge at an angle which varies with the cross-section 
of the wing, and which for the Voisin and Farman 
is 7 deg., Blériot 16 deg., and Wright 11 deg. For 
larger angles it at first rapidly —— the 
middle, and then far more slowly, but for smaller 
angles, it rapidly —— the trailing edge, 
except for the later Blériot, where from 16 deg. to 
8 deg. the centre of pressure is practically stationary, 
but below 8 deg. it travels aft quickly. 

Following the experiments with wing models, 
complete models of the R.E.P. and of the Nieuport 
monoplanes have been tried. The results show 
that the resistance of the portions of the full-sized 
monoplane, other than the wings, is equivalent in 
the first case to a plane 1 square metre, and in the 
second to a plane of % square metre moving nor- 


. adrift 
mally. For the R.E.P. monoplane the ratio ~ji7, 


at 3deg. for the whole machine (minus aviator) is 
0.21, compared with 0 16 for the wings alone, and 
for the Nieuport the figures are 0.20 and 0.14. 

From the wing results, and also those of the 

model machines, M. Eiffel proceeds to calculate 
the various elements of the full-sized R.E.P., 
Nieuport, and Blériot monoplanes, and the Wright, 
Farman, and Breguet biplanes. In the ‘‘ Comple- 
ment” results of experiments on models of, and 
calculations for, the Nieuport, Balsan, Paulhan- 
Taten, and Letellier monoplanes, and Farman 
military biplane, are also given. The results of 
these calculations are compared with the actual 
elements, such as speed, power of motor, weight 
and lifting capacity, and these agree extremely 
well. The power of the motor must, of course, 
depend on the efficiency of the screw, and this in 
one case must be 0.9, and in another (given in the 
““Complement”’), 0.83, for the calculated horse- 
power to agree with the nominal horse-power of 
the engine. 
_ The most interesting portion of these calculations 
is that by which M. Eiffel passes from the model to 
the full-sized machine, and deduces the lift and 
drift. This is a question on which there is still 
much doubt. If Lord Rayleigh and the National 
Physical Laboratory are correct, the law of simili- 
tude to be followed in such cases is that the product 
\ Lis constant for model and full-sized machine. 
lu M. Kiffel’s experiments the speed of model 
wes 12 metres per second, and the scale of model 
about 2, giving a corresponding speed of machines 
of 1.2 metres per second, or 3 miles per hour. 

On the other hand, if the Froude law of com- 
parison is applicable, the speed of machine corre- 
sponding to 12 metres per second for the model will 
be 38 metres per second, or 82 miles per hour, 


(0.135 sq. m.). The coefficients for lift and drift 
given for the model results are therefore increased 
10 per cent. in applying them to the full-sized 
machines. As al y mentioned, the calculations 
made on this basis for actual machines compare 
very closely with the particulars supplied by the 
builders. From this agreement M. Riffel argues 
that although the procedure adopted cannot be 
rigorously verified, yet it appears sufficiently 
correct for practical purposes. The ratio in 
is of course taken the same as for the model, since 
the numerator and denominator are both increased 
10 per cent. 

Later experiments described in the ‘‘Comple- 
ment” give results which appear to have raised 
some doubts in M. Hiffel’s mind as to the correct- 
ness of the procedure given above. Que set cf 
experiments made with a wing of ogee section of 
uniform thickness show that as the speed was 
increased from 5 to 18 metres per secund, the 
coefficients of lift and drift decreased. Also in 
passing from 7 to 13 metres per second the ratio 


he decreased 12 per cent. 
ordinary section of wing with slightly turned-up 
drift 
hift 
decreasing from 0.14 at 6 deg. and 6 metres per 
second to 0.13 at 14 metres per second. Further 
experiments on a complete model of a Nieuport 
monoplane showed that as the speed increased from 
5 to 18 metres per second the coefficients of lift 
and drift decreased, and at 3 deg. inclination the 


ratio ig fell from 0.26 to 0.23. From these 
1 


results M. Eiffel concludes that the question is 
more complex than he at first considered, and pro- 
eed to go more fully into the matter in his new 

boratory, where as of 30 metres per second 
will be available. It is evident that until the exact 
law connecting size and speed is finally settled by 
experiment, the promiscuous application of model 
results to full-sized machines must be attended 
with considerable doubt. 

Some experiments made with a fusiform body, 
and also with struts of elliptical and peg-top 
section, show a similar diminution in the coefficient 
of resistance as the speed increased. 

At the end of the ‘‘Complement” M. Eiffel 
describes his apparatus for screw experiments, and 
gives some results obtained with one model screw. 
A 2-horse-power motor and its shaft, which turns 
and supports the screw, is suspended from below 
the truck, which carries the aero-dynamic balance, 
by two V-shaped transversely-placed wire slings, 
each of which is fitted at its lower end with a 
bearing, upon which rests a knife-edge bearing on 
the motor and shaft. These knife-edges lie along 
the middle plane of the motor and are in the same 
horizontal plane, which is slightly above the centre 
of gravity of the suspended weight. With the pro- 
peller working, the twisting moment turns the 
suspended weight about the knife-edges. The angle 
of inclination is’: measured, and with the weight and 
distance of centre of gravity below the knife-edges 
gives the torque on the shaft. The thrust of the 
screw is measured by connecting the.casing of the 
motor by a horizontal rod to the vertical rod of 
the aerodynamic balance. A model of a screw con- 
structed by M. Drzewiecki has been tried and its 
results compared with those of the full-sized screw. 
The latter was 2.715 metres in diameter, working at 
540 revolutions to attain a speed of 13 metres per 
second. The model screw was one-third the size, 
and the revolutions corresponding to the full size 
1620 (540 x 3), the speed of air current being 
13 metres, as for the large screw. The results are 


plotted to a base of ma , the four curves being 
n 


Experiments on an 


trailing edge gave similar results, the ratio 


thrust turning moment horse-power , and effi- 
n? Dt’ n? D* : n® 

ciency. According to M. Eiffel these should be 
the same for similar screws at the same value of 


The efticiency curves for the model agree 





—=r « 


n 
fairly well with the full-sized screw, but the other 





which is not greatly in excess of ordinary speeds. 
M. Eiffel, however, 


roceeds on a more practical | 


curves are not in close agreement. Here again the 
law of similarity must play an important part, and 


basis. He found in the chute experiments that for | one would like to see the results for model and screw 


areas about 1 metre square the coefficient for 
uormal motion was about 10 per cent. greater 


compared by using the Froude law of comparison, 
which gave such good results at the National 


than for areas equal to those of the model wings Physica: Laboratury in a similar investigation. 





In the foregoing a few only of the many experi- 
ments given in the book have been refe to. 
The remainder are just as important, and interest- 
ing alike to the student of aeronautics and the 
designer and constructor of aeroplanes. Through- 
out the book M. Eiffel advances no theory, but 
contines himself to a description of the apparatus 
and statement of results, with any deductions 
which he thinks are practical and useful. No ex- 
periments have been carried out on models of 
dirigibles, so that apparently it may be concluded 
the writer has no 1 opinion of their future. 

In conclusion, M. Eiffel must be congratulated 
on the admirable and accurate apparatus which he 
employs, the thoroughness of his experiments, and 
the lucidity with which the results are presented. 
It is to be hoped that in his newest laboratory he 
will be able to further investigate the important 
—- of similitude, upon which much has 
recently been written with little practical result. 





FOUNDRY PLANT AND MACHINERY. 
No. XLIV. 
By JoserH Horner. 

Tue engravings, Figs. 672 and 673, page 554, illus- 
trate a pulley-moulding machine manufactured by 
the Laissle Maschinenfabrik und GiessereiG.m.b.H., 
of Reutlingen, which is of the grouped or telescopic 
pattern. The two views are respectively a vertical 
section and a plan. But the upper view is drawn 
to combine two sections at right angles, as may be 
seen by a comparison of the hand-wheels Q and T 
in the two views, shown asin one plane, in Fig. 672. 
The machine is carried by a treme casing A built up 
of three main portions, on the upper face B of which 
the moulding-boxes are carried. It is built in six 
sizes, each one moulding a number of pulleys rang- 
ing from ten to nineteen in different sizes. The 
pulley-rings lie in the machine permanently, and 
either one which happens to be required is raised 
by a selective piece of mechanism, and its height of 
lift corresponding with the depth of the mould is 
also determined by a scale without the necessity for 
direct measurement. The pattern-arms are loose, 
and two similar half-moulds are taken. 

A series of pulley-pattern rings C is seen arranged 
concentrically on four brackets D, which project 
inwards from the lower portion of ‘she main 
casing A. All the rings C are of the same width, 
and normally their upper edges lie level with the 
plane of the moulding-table B,as seen. All the 
rings have four dovetailed slots a, equidistantly 
arranged on their lower edges, within which fit 
dovetails on the four ring brackets E, which, on 
being moved radially, inwaids or outwards, engage 
with the pulley-rim that is selected for moulding, 
which selection is made, as stated, by means of a 
scale at b outside the main casing. The simul- 
taneous movements of the ring brackets E are pro- 
duced by a hand-wheel F actuating gearing seen 
in Fig. 672. The hand-wheel F is on a prolonga- 
tion of one of the ring brackets. It actuates all 
these brackets E simultaneously through the 
screwed spindles G, which turn in bronze nuts H 
attached to the lower ends of the ring brackets, and 
are all moved in unison by the central nest of bevel 
gears J. 

The ring brackets are carried radially by four 
guides K in a cross L, which cross is screwed 
down to a cylinder M. The cylinder moves the 
cross and its attachments up or down by means of 
the rack N, the gear O, the spindle P, and the 
hand-wheel Q. A scale shows to what height a 
ring has been lifted, corresponding with the width 
of pulley-mould required. 

‘To withdraw the pattern, inclined planes are em- 
ployed. A ring R on the interior of the casing 
carries four inclined planes S. The ring is revolved 
by means of the hand-wheel T and worm and bevel 
gearing. On each of the inclined planes is a roller, 
or a sliding-piece, which is pressed upon the plane S 
by means of a spiral spring. It carries on its upper 
end a pin c, the upper end of which is level with 
the moulding-table when the sliding-pieces are in 
their lowest position. By revolving the ring R all 
the four sliding-pieces lift the box, simultaneously 
and gently, so high that the arms become free, and 
the lugs of the box come out of the pins U. The 
box can then be lifted off without disturbing the 
mould. 

The operation of moulding is as follows :—-The 
arm pattern, with its boss, is placed upon the 





machine-table B, By means of the scale for dia- 
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v7 Fig. 672. 





Figs. 672 anv 673. Puttry-Moutptine Macuine; By THE LalssLe 
MASCHINENFABRIK UND GIESSEREI G.M.B.H., REUTLINGEN. 


meters b, the desired ring is selected and is lifted 
through the medium of the large hand-wheel Q 
until the pointer on the scale of widths indicates 
half the width of the pulley to be moulded. The 
ring now raised is kept by means of an automatic 
stop at the height to which it has been adjusted, 
and the half-box is placed over it and rammed. 
The ring is then wibinewe through the table by 
means of the hand-wheel Q and its gears, and the 
box lifted off by turning the hand-wheel T, and 
taken away by the crane. Only the loose boss 
remains in the mould, and, being lifted by it, is 
withdrawn after the box part has been turned over. 


The second half of the movld ‘is similar, with the | 


addition of the runners for pouring. The makers 
of the machine described ave represented in this 
country by Mr. Alfred Votteler, of Muscovy House, 
Trinity-square, London, E.C. 

A telescopic pulley-moulding machine is shown 
by Figs..674 and 675, being one by the Badische 
Maschinenfabrik und Eisengiesserei, of Durlach. 
It is built in four sizes for pulleys ranging respec- 
tively from 8 in. to 24 in., from 28} in. to 392 in., 
from 41 in. to 59 in., and from 59 in. to 78} in. 
in diameter. The machine is shown in Fig. 674, 
with its upper portions in section, with a pulley-rim 
A raised above the table-face B to the half-width 
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required for moulding, enclosing its set of arms 
and boss, and covered by its moulding-boxD. The 
selection of any particular pulley-rim is made by 
turning the hand-wheel E until an indicator on a 
scale shows the diameter required. This scale is 
situated behind wheel E, and seen in the photo- 
graph, Fig. 675, though not on the drawing. The 
mechanism of selection is indicated sufficiently in 
the drawing and photograph. Turning the hand- 
wheel E gives motion to a pair of mitre gears Gand 
H, which actuate a worm a and a wheel, the latter 
only being seen in the photograph. The worm-wheel 





in rotating turns a sleeve on which are cast four 
lugs b, which actuate four levers c, to the opposite 
ends of which sleeves d are attached. The levers c 
are also coupled by rods, seen in the pe. 
| which control their movements in such a manner 
| that the sleeves d are moved in unison over the 
four turned arms e, which form across. Attached 
to the sleeves d are the selective and lifting blades f, 
which, engaging in a recess under the pulley-rim 
selected, seen to the left of Fig. 674, in all the 
rims, lift it above the moulding-table. The draw- 
ing shows a pulley-ring having been lifted up by 
the blades f. This is done by the turning of the 
hand-wheel J ; this turns a worm-gear enclosed, and 
| horizontal shaft carrying gears at its other end 


| 


| 
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turning in a rack cut on the central spindle K, 
to which the cross e is attached. The sleeves d 
with the blades f, being on the cross, are lifted 
with it, carrying the pulley-rim up with it. After 
the mould has been rammed, the pulley-rim is 
withdrawn by the reversal of the direction of 
motion of the hand-wheel J. The mould is then 
lifted by turning the hand-wheel L. This actuates 
& worm and worm segment, seen only in the photo- 
graph, Fig. 675, which in turn actuates inclined 
= or cam-like edges, by which the pins which 
ift the moulding-box up are moved. In the 
drawing an alternative method, now discarded, is 
shown. The hand-wheel L turns a spiral gear on 
one of the lifting pins, which pins are screwed into 
the table of the machine. All are actuated simul- 
taneously by pitch-chain, indicated at j, j, turning 
and lifting in a steady and regular manner. The 
inclined plane method, however, being found more 
effective, has been substituted in the latest designs. 





Tue Great NortH oF Scortanp Rartway.—This 
railway has issued a booklet giving a map of the North 
of Scotland, and brief descriptive sketches of some health 
resorts onitssystem. It Ho contains detailed lists of 
the lodgings which are available to visitors in the different 
townships. The booklet can be obtained from the general 
manager’s office, Aberdeen. 
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DETAILS OF 7500-HORSE-POWER MARINE STEAM-TURBINE. 
CONSTRUCTED BY MR. FRANCO TOSI, ENGINEER, LEGNANO. 
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THE TOSI STEAM-TURBINES. 


AMONGST the earliest of Continental firms to 
un lertake the manufacture of compound steam- 
urbines was that of Mr. F. Tosi, of Legnano, 
italy, and on Plate XX XIX., the present page, and 
pages 556, 557, 558, and 564 we give, this week, 
'lustrations of turbines recently constructed by 
him, both for ship propulsion and for the driving 
oi electric generators. The marine turbine illus- 


crated by Figs. 1 to 8, Plate -» is one 
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of a pair recently fitted on board a twin-screw 
senna bait destroyer built for the Italian Navy. 
| Each turbine drives one of the two screws, and is 
designed to complete, within the one casing, the 
} . 2 4% 

|expansion of the steam from an initial pressure 
lof 233 lb. per sq. in. (gauge) down to a 27-in. 
|vacuum. In the same casing, moreover, a reverse 
| turbine is fitted, as shown on the right in Fig. 1. 
| The forward turbine develops, at its maximum out- 
| put, 7500 horse-power when running at 600 revolu- 
tions per minute, whilst the astern turbine is 
designed to generate 3450 horse-power at 400 
revolutions per minute. As will be seen, both the 
main and the astern turbines are of the ‘‘ mixed ” 


|type. The main turbine comprises six velocity- | 
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compounded stages followed by a drum ing 
fourteen rows of reaction blading. The first of the 
wheels in question has four rows of — blades, 


and the others three rows each, the mean diameter 
of the blade-path of this impulse section of the 
turbine being 60 in. The blading of the first 
wheel and of the second is represented to an 
enlarged scale in Fig. 2; and, as shown in Fig. 3, 
the blading for the last of these velocity-compounded 
stages is carried on the forward end of the drum. 
The use of velocity - compounded stages for the 
high-pressure end of the turbine makes it possible 
to reduce considerably the length of the casing in 
comparison with what would be necessary were 
reaction blading used throughout. This casing is 
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of cast iron, and is made in four parts, firmly bolted 
together. Of these four parts, two constitute the 
casing for the high-pressure section, whilst the 
other two accommodate the reaction drum and the 
whole of the asternturbine. The casing is strongly 
ribbed, and the flange-bolts located as closely as 
possible to the shell, so as to reduce to a mini- 
mum any possibility of distortion. The risk of 
this is, moreover, much minimised by the large 
diameter and relatively short length of the tur- 
bine. The high-pressure casing has turned internal 
seats to take the nozzle castings, and the latter in 
their turn are machined to form seats for the 
diaphragms, which are secured in place by bolts 
which pass, as shown in Fig. 2, through holes 
formed half in the nozzle castings and half in the 
diaphragms themselves. The fixed guide-blades 
are mounted in castings turned to slide on to 
dovetailed seatings machined for them in the 
main casing, as shown in Figs. 2 and 3. 

The feet by which the casing rests on the seatings 
on ship-board are low, so as to reduce the leverage 
between these seatings and the centre line of the 
turbine. The after end of the casing is securely 
fixed against longitudinal movement, but provision 
is made for the free expansion of the casing trans- 
versely. At the forward end the feet can slide 
both longitudinally and transversely. The exhaust 
opening is well stayed. As shown in Fig. 1, drains 
are provided to keep clear of water the six impulse 





compartments. In order to ensure an absence of 
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casting strains in the casing, the latter is, after 
rough machining, carefully annealed at a high 
temperature, and on final assembling it is tested to 
a pressure of 323 lb. per sq. in. 

e general construction of the rotor is clearly 


illustrated in Fig. 1, and some details are shown to 
It will be seen that 


a larger scale in Figs. 2 to 5. ‘ 
it consists essentially of a very stiff hollow shaft, 








Fie. 19. 


made in two parts, which are bolted together near 
the right-hand end, as indicated. The joint, which 
is shown separately in Fig. 5, is thus close to a 
bearing, and is consequently under but a very 
|small bending stress. The drum is shrunk on to 
|the shaft just at the joint, and is secured from 
| turning by means of set bolts, screwed half into the 
| drum and half into the joint flange, to act as keys. 
At its forward end the drum is simply supported 
from the shaft by means of a somewhat thin dia- 
| phragm, as illustrated, and this is sufficiently elastic 
toallow of slight differences in the expansion of the 
'drum and the shaft. Like the casing, the shaft and 
drum are both thoroughly annealed after rough 
machining. , 

The wheels are mild-steel forgings, having, 4s 
shown in Fig. 2, large openings in their discs, to 
secure lightness, and also to equalise the pressure 
on both sides. They are forced fits on their seats 
and prevented from turning by means of two 
keys ‘‘on the flat,” one of which is represented 
at the top of the shaft in Fig. 4. The whole 
series of wheels are secured against longitudinal 
motion by a clamping-nut at the forward end, which 
is clearly shown in Fig. 1, and to a much larger 
scale in Fig. 2. This nut is, moreover, shown 
also at O in Fig. 15, page 555. It is prevented 
from unscrewing by means of a cheese-headed 
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DETAILS OF 4500-HORSE-POWER STEAM-TURBINE 


CONSTRUCTED BY MR. FRANCO TOSI, ENGINEER, LEGNANO. 
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but merely a nozzle-box, of which details are shown | 


in Figs. 6 to 8, Plate XXXIX., and Fig. 38, page 
564. In this nozzle-box there are fifteen nozzles, 
each controllable by an independent valve. Of this 
total, however, only eleven are in use at full speed, 
when the power to be developed and the total 
steam to be passed is very much greater than at 
cruising speeds. To get this large volume of steam 
through the turbine the pressure in the first com- 
partment must be much greater than suffices to 
pass the smaller weight traversing the turbine at 
low speeds. Hence, if the same nozzles were used 
in both conditions, they would have to be either too 
divergent for economy at full load, or insufficiently 
divergent for economy in cruising conditions. Hence 
at cruising s the main nozzles are completely 


closed, and the steam enters the turbine through 
four special cruising nozzles. The difference between 
these and the nozzles used at full load is clearly 
indicated in Fig. 6, where the widely-flaring nozzles 
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shown on the right are those used at low powers, 
whilst the nearly parallel nozzle on the left is one 
of those used at full speed. To still further aug- 
ment the economy, provision is made for shutting oft 
some of the nozzles in the first diaphragm by means 
of a circular sluice-valve operated by rack and 
inion. This arrangement is clearly shown in 
igs. 9 to 11, and can also be seen on the diaphragm 
shown to the right in Fig. 35, page 564. As will 
be seen from Fig. 10, the blading in these inter- 
mediate diaphragms is all of the non-divergent 
type, the pressure drop being for these stages below 
the critical value. 
The rotor blading is fitted into slots turned on 
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the wheels anddrums. The sides of these slots are 
grooved, and with these grooves engage teeth 
machined on the roots of the blades. The arrange- 
ment is perhaps best seen in Fig. 37, page 564, 
where a blade and distance-piece are shown sepa- 
rately. In assembling, these are inserted through 
* lights” provided in the slots turned on the 
rotor, as can be seen in Fig. 26. The blades are 
shrouded, the punched shrouding strip being fitted 
over snugs machined on the tips of the blades, and 
secured by riveting over these snugs. The stator 
blading is of the same pattern, and secured in 
the same way to a base-block which fits over a 
dovetail, machined for the purpose in the turbine 
casing, as best seen to the left of Fig. 3, Plate 
XXXIX. : , 

The glands are made tight by carbon packing- 
rings, the whole arrangement being clearly shown 
in Figs. 12 to 17, page 555, whilst the complete 
stufling-box is represented separately in Fig. 39, 
page 564. These rings are each made in four 
parts, and are held in place by springs, as indi- 
cated. To reduce wear, they are more supported 
from below by coach springs, being cut away for 
this purpose, as indicated in Fig. 17. In the 
case of the high-pressure gland, a ‘‘leak-off” is 
provided, as shown at P in Fig. 12, to prevent 
the leakage escaping into the engine-room. A 
similar arrangement is used in the case of the 
low-pressure gland to supply packing steam. A 
special feature of this packing 1s that the rings do 
not bear directly on the shaft, but on an independent 
sleeve, which is bolted to the hub of the first wheel, 
as shown in Fig. 2, and serves also, as can be seen 
in Figs. 12 and 15, to cover the nut O, by which the 
wheels are clamped into place. Since this sleeve 
stands quite clear of the shaft, any non-uniform 
heating of the gland arising, say, from the accidental 
presence of foreign bodies cannot give rise to dis- 
tortion. At the worst the sleeve may be damaged 
and the steam leakage increased until the sleeve 
can be replaced by a new one, an operation which 
is easily effected. 

The various components of the gland are held 
in place by long bolts, best seen in Fig. 39, page 
564. These are secured at their inner ends by 
cotters, as indicated in Fig. 12. The main bear- 
ings of the turbine are kept as close to the gland 
as possible, so as to shorten the length of the 
rotor, and thus increase its stiffness. As shown 
in Fig. 12, they are water-cooled. They have cast- 
iron bodies, lined with white metal. The lubrica- 
tion is ‘*forced.” An oil-thrower, shown on the 
right in Fig. 12, checks the creeping of oil, and to 
the right of this again wipers are provided, so as to 
further guard against the entrance of oil into the 
gland, and thence to the condenser. 

A special feature of the turbine is the method of 
taking up any difference between the steam-thrust 
forcing the rotor astern and the propeller-thrust in 
the opposite direction. At full power this residual 
thrust amounts to about 20 per cent. of the maxi- 
mum thrust, but at eruising speeds the rotor is 
very nearly balanced. This thrust is taken by oil 
pressure exerted on a piston fixed on the right-hand 
end of the shaft, as represented in Fig. 1, and in 
greater detail in Fig. 18, page 556. This piston 
is represented by Q, and, it will beseen, is packed 
by means of a labyrinth. Oil under pressure is 
constantly forced into the chambers on both sides 
of this piston, and has to escape between the collars 
of the thrust-blocks in each, shown on each side of 
the piston. If the thrust is in one direction, then 
the distance between the collars of the one block 
is diminished, whilst the clearance at the other 
block is increased. As a consequence the 
oil leaks away more easily from one chamber 
than the other, and difference of pressure is thus 
established between the two faces of this piston. 
The latter, therefore, moves so as to diminish the 
clearance on the one side and increase it on the 
other, thus automatically preventing any contact 
between the collars of either thrust-block, which 
accordingly remain free from wear indefinitely. A 
bastard section through one of the thrust-blocks is 
shown toa smaller scale in Fig. 1. The block is, 
it will be seen, water-cooled. Very complete work- 
shop tests were made of this thrust-block before 
it was finally fitted on shipboard. 

The oil for this block and for the bearings is 
supplied by an independent steam - driven oil- 
pump. The discharge from the thrust-block and 
bearings is collected and filtered and is then drawn 
through a cooler, and pumped again into the 
bearings. 








The Tosi turbine as designed for electric generator 
driving is represented in Figs. 21 and 22, on page 557. 
It is of the so-called disc and drum type, having a 
velocity-compound impulse wheel at the high-pres- 
sure end of the drum, followed by rows of reaction 
blading. The machine is designed to develop 4500 
horse-power when running at 1500 revolutions per 
minute, but ‘‘ on overload ” can generate 5600 horse- 

wer for an indefinite time. The casing is of cast 
iron and the rotor shafting of forged steel. Owing 
to the adoption of a velocity-compounded stage the 
total distance between bearings is very short. The 
turbine has been designed to work with high steam 
pressures and high superheats, and hence in con- 
structing the rotor ‘‘ shrunk” fits have been avoided 
and the drum secured tw the stub ends by flanged 
joints. These, it will be observed, are registered 
against both external and internal surfaces, so that 
in case the drum heats quicker than the flange, 
it is still tight on the latter, and cannot get out of 
truth. 

The governing gear forms a special feature of the 
turbine. The steam supply is led to a nozzle-box 
from a Ferranti type stop-valve. In the nozzle- 
box are four independent valves, each of which 
controls the supply of steam to a separate group 
of nozzles. Of these, three are used at full load, 
whilst the fourth comes into action when an over- 
load has to be taken. One of these valves can be 
seen in position at the top left-hand corner of 
Fig. 21, and their arrangement on the end of the 
casing is also illustrated by the key view, Fig. 32, 
page 558. They are of the equilibrated double-beat 
type, and are operated by oil relays controlled by 
the governor. Details of this gear are shown in 
Figs. 23 to 31, page 558. The governor, Fig. 23, 
operates a piston valve d, which controls the 
passage of oil from the port a to the port 6b. In 
the position shown the communication between 
the two is fully open, and the oil leaving at b would 
+. to the valve-boxes, and entering by the port 

. Fig. 28, would lift the valve against the pres- 
sure of the spring shown above the oil piston. The 
valve, it will be seen, is of the double-beat type, 
and, as shown in Fig. 28, is made into two parts, 
so that it can be fully equilibrated. Oil leaking 
past the oil piston escapes by the port T back to 
the pump. if it leaks off faster than it is supplied 
by the port R, the valve is closed by the action of 
the spring already mentioned. These springs are 
so adjusted that the four valves are operated in 
succession. Thus, if three are in work, two will 
be fully open, whilst the third will attend to the 
governing. 

As already mentioned, the sour is controlled 
by the governor. It enters from the pump by the 
port a, and on reaching the port b puts under 
pressure the space beneath the piston c, raising it 
against the pressure of the spring above it. If this 
rise is sufficient, the ports through which the oil 
passes to b will be completely closed ; but in the 
working condition this closure is only partial, the 
amount of opening provided being regulated by a 
cylindrical valve d, which is raised or lowered by 
the governor, according as the speed diminishes 
or increases. An increase of speed thus tends to 
throttle the supply of oil to the port b. The pres- 
sure there is, accordingly, reduced, and. the piston c 
is forced down by its spring. This tends to open 
the ports, and consequently raise the pressure 
belowc. There is thus a differential motion between 
this piston and the valve d, which has practically 
the same effect as the ‘‘overtaking” motion 
obtained by means of a floating lever, which is 
commonly used with steam relays. The lever 
for the emergency governing device is shown 
dotted at e, Fig. 23, and can also be seen in Fig. 26. 


Should the speed rise 15 per cent. above the| yw 


normal, this lever opens a valve on the oil-supply 
pipe. The pressure there is thus relieved, and the 
admission-valves to the turbine close under the 
action of their springs. 

Attention may be drawn to the turbine glands, 
which are of the labyrinth type, but are arranged 
on sleeves independent and some millimetres clear 
of the turbine-shaft. By this device, as in the 
case of the marine turbine, it is possible to work 
with very small clearances, since an accidental touch 
will only heat up this sleeve, and will practically 
have no effect upon the shaft proper. The bearings 
are of the spherical-seated type, as shown in 
Fig. 21, and are water-cooled. The steam thrust 
is for the most part balanced by a dummy, as 
indicated on the left of the velocity-compounded 
wheel (Fig. 21), but any residual thrust is taken 





up by oil pressure in exactly the same way as in 
the case of the marine turbine. 

The condenser is bolted direct on to the turbine 
casing, without the use ofa ‘‘concertina” pipe. This 
is rendered feasible by supporting the condenser on 
springs, which, whilst supporting its weight, allow 
it to follow up any changes due to the expansion, 
by heat, of the casing or of the exhaust-pipe. 

The condenser is of the contra-flow type, and 
the covers are free from all water connections, so 
that the tubes are accessible with a minimum of 
trouble. The air is extracted by the combination 
of a steam and of a water-ejector, due to Professor 
Josse. The steam-ejector is shown at f, Fig. 33. It 
draws the air from the main condenser, and, com- 
pressing it to about 3 lb. per sq. in., delivers it 
into the auxiliary condenser g. In this, the steam 
coming from the ejector f is condensed by a jet 
furnished by the small centrifugal pump h. At 
the top of the auxiliary condenser g is a water- 
ejector operated by the circulating water discharged 
from the main condenser. This draws off all the 
air in the auxiliary condenser g, whilst the con- 
densation here is removed by the centrifugal 
pump j. Tests made by the builders show that 
very high vacua are realised with this system, and, 
in fact, the hydraulic ejector in ordinary conditions 
is itself sufficient to secure an adequate vacuum. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 17. 
An order of 50,000 tons of plates and shapes has 
just been placed with the Steel Corporation, the 
material to be used in the manufacture of 7500 cars 
for the Canadian Pacific Railway. The cars will be 
made by the Canadian Car and Foundry Company. 
The Harriman lines have placed an order for 65,000 
tons of rails, which was divided between three com- 
panies—one in the South, one in Colorado, and one 
with the Illinois Steel Company. The anticipation of 
a further advance in structural material has brought 
about quite an active demand for material for cars, and 
some mills have as much work as they can handle from 
now until summer. Prices of bars, shapes, and plates 
have been advanced 1 dol. per ton, and this fact has 
stimulated inquiry and demand. An advance in 
tin-plate is quite probable, as the mills are largely 
sold up, and extensive requirements remain un- 
filled. The tone of the market is very strong, 
and the last element of weakness has been appa- 
rently eliminated. The car works have been very 
heavy buyers, contracts for 60,000 tons of plates and 
shapes for cars having been placed for delivery during 
the summer and as late as October 1. Quite a number 
of plate-mills are now running to their fullest possible 
capacity. A large amount of structural material has 
been purchased for bridge-building. Eastern ehip- 
builders have secured contracts for three large vessels, 
and these requirements will absorb between 4000 and 
5000 tons of plates and shapes. Canadian, English, 
and German inquiries for culling billets are crowdin 
into the market, and large blocks will be purchas 
for export. These inquiries are stimulating domestic 
demand, and an advance in prices is generally looked 
for. Orders for 6500 freight-cars have been recently 
placed, and the Harriman lines are in the market for 
10,000 cars. 





Tue “Trranic” Disaster : Erratum.—In our article 
on page 531 ante, instead of ‘‘(see ENGINEERING, vol. cxi., 
page 680)” in the twelfth line from the bottom of the last 
column, the reference should read ENGINEERING, vol xci. 





Conrracts.—The Rochdale Corporation has ordered a 
second motor fire-engine of the Merryweather ‘‘ Hatfield” 
design, with reciprocating pump, of a capacity of 450 
gallons per minute ; it is to be driven by a 55-horse-power 
four-cylinder petrol-engine. The new machine is to have a 
chassis arran; to carry a 50-ft. telescopic fire-escape. — 
The London County Council have accepted the tender of 

essrs. Ham, Baker and Co., pm! Green, for the 
supply of all fire-hydrants required for their area during 
the next three years. As several thousands of these 
hydrants are used, the contract will provide a good deal 
of work. The same firm have contracts in hand in con- 
nection with sewage works at Eastbourne, Cairo, Toronto, 
and Rio de Janeiro.—Meassrs. J. W. Brooke and Oo., 
Limited, Lowestoft, have recently completed an order 
received from the Greek naval authorities for six search- 
light sets, each consisting of a 25-horse-power six-cylinder 
Brooke marine motor, complete with reverse gear, a swivel- 
ling automatic marine type searchlight, and a 4-horse- 
power Brooke generating plant, the motor being mounted 
on a cast-iron bed-plate, and direct coupled to a Crompton 
dynamo, giving 25 amperesat 70 volts. These sets are to be 
fitted in Greek revenue-boats. Thesearchlight plant has a 
projection of 700 metres. The contract includes also the 
necessary switchboards, regulating resistances, provision 
for the lighting of the boats by incandescent lamps, pro- 
pellers, tail-shafts, stern-tubes, &c., necessary ~ the 
complete fitting out of the boats in question, 








560 


ENGINEERING. 


[APRIL 26, 1912. 








THE ITALIAN SUBMERSIBLE BOAT 
‘* ATROPO.” 


WE illustrate in the views on this page the sub- 
mersible boat Atropo, which Messrs. Krupp have built 
in their Germania yard, Kiel, for the ftalisn Navy. 
This boat was launched on March 22. 

Her principal dimensions are the following :— 

Length... ia ie .-- 44.5 m. (146 ft.) 
WE c0 <i as ... 4.4m. (14 ft. 5 in.) 
Displacement (submerged) 320 tons 
When the boat is run on the surface, her two pro- 
liers are driven by two-cycle oil-engines of Messrs. 
Crupp’s own ty Pe, and aggregating 600 effective 
horse-power. When submerged, she is driven by two 
electric motors, as is the case with all submarine ts. 
The contract speeds are 12.5 and 8 knots respectively 
on the surface and submerged. Her radius of action 
on the surface is 1300 miles, and under water 40 miles. 
Fig. 1 shows the boat ready to leave the covered 
building-slip, and Fig. 2 illustrates her being towed 
back to the a after launching. Besides this boat 
ten submersibles for the German, four for the Russian, 
two for the Austrian, and four for the Norwegian 
Navy, generally on the same lines, have been built or 
are in course of completion at Messrs. Krupp’s 
Germania Yard. 





ROYAL METEOROLOGICAL SOCIETY. 

Tue monthly meeting of this society was held on 
Wednesday evening, the 17th inst., at the Institution of 
Civil Engineers, Great George-street, Westminster, Dr. 
H. N. Dickson, President, occupying the chair. 

The ‘* Report on the Phenological Observations for 1911” 
was presented by Mr. J. E. Clark, B.A., and Mr. R. H. 
Hooker, M.A. The outstanding features of the weather 
during the year were the severe cold of early April ; the 
summer of abnormal eg heat, and sunshine ; and 
the continuous rainfall when once the drought thoroughly 
broke—about mid-October. After referring to the flower- 
ing of plants, the appearance of insects, and the song and 
migration of birds, the authors dealt with the yield of 
farm crops, and showed that potatoes and wheat were 
above the average, but most of the other crops were below 
the average, especially beans, roots, and hay. Through- 
out Great Britain harvest n generally a fortnight to 
three weeks earlier than usual, and the duration was very 
short, the result being that the termination of the harvest 
was fully a month earlier than the average. 

Mr. if G. K. Lempfert, M.A., and Mr. H. W. Braby, 
B.A., contributed a joint paper on ‘‘A Method of Sum- 
marising Anemograms.” The tabulation of the hourly 
values of wind velocity and of wind direction as recorded 
by many anemometers in the British Isles forms part of 
the routine work of the Meteorological Office, but little 
has been done hitherto to summarise the tabulations. 
The authors have made a preliminary consideration of a 
few records, and in this paper they gave the results in 
the form of wind-roses for four stations, which had been 
selected as being typical of the extreme north, the ex- 
treme south, the east coast, and the west coast of Great 
Britain—viz., Deerness, Scilly, Yarmouth, and Holyhead. 








RoyaL AGRICULTURAL Society OF ENGLAND: TRIALS 
or Corn AND SEezD Dritis.—The awards of the judges, 
Mr. Charles P. Hall and Mr. Heber G. Martin, in 
the trials of corn and seed drills held by the Royal 
Agricultural Society of England on April 18 and 19, on 
land kindly lent by Mr. C. D. Nicholson, of Stainton 
Manor, Rotherham, are as follow :—Class I., Drills for 
corn and pulse: first prize to Francis Walker and Sons, 
Tithby, Bingham, Notts, for corn and seed drill, 13-row, 
“* Anglo-Colonial ;” second prize to Francis Walker and 
Sons, Tithby, Bingham, Notts, for corn and seed drill, 
12-row ; highly commended to Kell and Co., Limited, 
Gloucester, for corn drill, 13-row or lever, ‘‘ John Bull.” 
Class II., Drills for grass and clover (coulter and broad- 
cast): first prize to Francis Walker and Sons, Tithby, 
Bingham, Notts, for drill for clover and rye 
26-row. The Society’s stewards, the Hon. John E. — 
and Mr. F. S. W. Cornwallis, in conjunction with the 
consulting engineer, Mr. F. S. Courtney, and the secre- 
tary, Mr. Thomas McRow, who were also present, carried 
ont the arrangements connected with the trials. 





IMPERIAL INSTITUTE.—We have received a copy of the 
latest bulletin of the Imperial Institute, No. 1 of vol. x., 
for April. The bulletin is published quarterly at the 
price of 2s. 6d. net per copy, or 2s. 9d. by post, by Mr. 
John Murray, Albemarle-street, W. The issue in question 
contains over 180 pages of subject-matter, edited by the 
director and prepared by the scientific and technical 
staff of the Institute and by other contributors. It gives 
interesting data upon the rubber resources of Uganda ; 
the cotton soils of Uganda and Nyassaland ; diatomite 
in East Africa; cocoa-nut planting; the cultivation of 
hemp for the production of fibre and seed, &c. The 
bulletin is now enlarged, and is to contain the results of 
the chief investigations of new raw materials from the 
Colonies and India, carried out by the Institute; also 
recent particulars concerning developments in tropical 
agriculture, and in the commercial utilisation of natural 
resources, especially those of the Tropics. The large 
amount of information given will be found useful by a 
large circle of industrial and commercial men, but refer- 
ence to it would be greatly facilitated by an index in 
each individual issue. 








THE ITALIAN SUBMERSIBLE BOAT 


“ ATROPO.” 


CONSTRUCTED BY MESSRS. FRIED. KRUPP A.-G., GERMANIAWERFT, KIEL, GERMANY 





Fic. 1. THe VeEsset on THE LauncHING- Ways. 























Fic. 2. THe Vesset AFLOAT. 


Pawama'CanaL Dreporr.—The bucket-ladder dredger, | builders in America. The dredger is built to work to 4 


jw amaweLOrs 





constructed by Messrs. Wm. Simonsand Co., Limited, for depth of 50 ft., and the ladder, with its steel — 
the Panama Canal has reached Callao on her voyage to links, and pins, weighs 240 tons. The capacity of the 


the Pacific end of the canal, and will shortly arrive at 
her destination. The dredger, it may be remembered, 
was ordered because of the favourable character of the | 
terms quoted, and much against the desire of opposing | hour. 





hoppers is 1200 tons. It may be added that Messrs. 
oes have also delivered a dredger at Lyttleton, New 
Zealand, with a dredging capacity of tons per 
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CONSTRUCTED BY MESSRS. A. 





Fig. 7. 


3-FT. 6-IN. RADIAL DRILLING-MACHINES. 


A. JONES, POLLARD AND SHIPMAN, LIMITED, ENGINEERS, LEICESTER. 
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_ We illustrate above two types of radial drill- 
‘ng-machines manufactured by Messrs. A. A. Jones, 
Pollard and Shipman, Limited, Church Gate, Leicester, 
either of which may, if desired, be fitted with a box 
table, as shown in Figs. 6 and 7, or with a tilting- 
table, as shown in Figs. 4 and 5. The machine illus- 
trated in Figs. 1,2,and 3 is arranged for belt-drive, and 
has a radius of 3 ft. 6in. The machine illustrated in 
Figs. 6 and 7 is similar in most respects to the one 
relerred to above, and is fitted with an all-geared 
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drive, this being contained inside the main column. 
This machine has a radius of 3 ft. 

The column or pillar of the machine is formed in one 
casting, of rectangular section, which is heavily ribbed 
to resist distortion, the lower portion, in the case of 
Fig. 6, being formed into a gear-box. The drive here 
is obtained through one belt on fast and loose pulleys to 
the gear-box, and is transmitted thence through bevel 
gears to the spindle-head. In the gear-box eight 
changes of speed are provided, which are operated by 





the levers on the side of the gear-box. These levers 
actuate clutches, and all the changes can be made 
when the machine is running. The gears all run in 
oil and the bearings are self-oiling. The operator can 
at any time see the required positions of the levers 
for any desired r by means of a 8 -plate fixed 
on the column. The saddle is raised and lowered by 
means of an elevating mechanism and may be readily 
locked in any desired position ; a colt tat is 
provided at the top and the bottom of the travel to 
prevent the possibility of over-running The elevating- 
screw is mounted on ball-thrust bearings and has an 
accurately-milled thread. The loose pulley revolves 
on a fixed bush with the view of eliminating wear on 
the shaft, and phosphor-bronze sleeves are provided 
for the clutch-spvols in the gear-box to slide upon, all 
the gears being milled from solid blanks. The bevel 
gears throughout the machine are also acourately 
generated and planed from solid blanks. 

The swinging arm is designed for strength and 
rigidity, and is provided with a wide machined slide, 
on which the spindle head is mounted. The arm 
swings easily and can be locked at any desired angle, 
and rigidity has been provided for by the ample length 

iven between the trunnion centres. The spindle 

racket is provided with a lateral traverse through 
a hand-wheel and a machine-cut steel rack and pinion, 
and it can be locked at any point in its travel. The 
spindle is a tough high-carbon steel forging, accurately 
ground and fitted with a ball thrust, with a long bear- 
ing in its sleeve. By means of a circular weight at 
the top, which may be clearly seen in our illustrations, 
the spindle is balanced, and a ball-thrust bearing at 
the top of the spindle eliminates friction as much as 
possible. 

There is a reverse motion for tapping which is 
actuated by the lever shown at the left of the spindle 
bracket. ‘This lever starts, stops, or reverses the 
spindle instantly as desired. There is a ged auto- 
matic feed to the drill-spindle with three-speed 
changes, which are obtained through the box on the 
head, the change being effected while running, by 
sliding the change-speed sleeve. The feeds and the 
ae positions of the sleeve are shown on an 
index-plate fixed to the gear-box. A lever feed and 
quick-return motion are provided. 

A fine feed is obtained through a hand-wheel, a 
worm and a wheel being arranged for facing and 
similar operations. The machine can be set to drill 
holes of any desired depth within its capacity by 
means of an automatic trip mechanism and adjustable 
stop. The levers and hand-wheels are all within 
easy reach of the operator, and the work-table is 

laned on the top, the bottom and one side, and has in 
it machine slots on the top and the side. If desired, a 
tilting-table may, as before stated, be supplied to 
accommodate work to be drilled at any angle from 
0 deg. to 90 deg. It is fitted with positive stops at the 
horizontal and vertical positions, and has a full machine- 
divided scale, which enables the operator readily to 
wind the table to any required angle by means of a 
hand-wheel and worm-gear. A powerful locking device 
renders the table absolutely rigid at any angle. 
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THE ENGINEERS OF THE “ TITANIC.” 


Tue following letter from Lord Charles Beresford 
appeared in the 7'imes of April 22, and calls attention 
to one aspect of the wreck of the Titanic which had 
not received the notice that it deserved :— 


Sir,—In the late appalling disaster to the Titanic, 
perhaps the greatest in maritime history, attention has 
rightly been called to the bravery, resolution, and chival- 
rous gallantry of Captain Smith, the officers, seamen, 
band, and passengers, who were true to the spirit of 
manly duty of the English-speaking races in a sudden 
and terrible emergency. 

Many comments have been justly made regarding the 
heroism on deck, but nothing has been said of the heroism 
below. 

I respectfully submit that unintentionally the dauntless 
heroism of those employed in the engine and boiler-room 
departments, and artisan departments (such as the 
carpenter and his crew), have been passed over without 
comment. 

Nothing can exceed the heroism of the captain, officers, 
and seamen of the ship, but officers and seamen are the 
first to offer a whole-hearted tribute of unbounded admira- 
tion to those working below, as they well know how often 
the real grit and courage of the officers and men of these 
departments is called upon in moments of emergency. 

fe is stated that the lights were burning until a few 
minutes before the ship took her final plunge. This 
proves that the officers and men below remained at their 
posts when they must have known that a death—the 
most terrible and painful that it is possible to conceive— 
awaited them at any minute, either by the bursting of a 
steam-pipe or water rising in a compartment. 

It is certain that those working below must have known 
the awful danger the ship was in long before anybody 
else, but they remained at their posts, resolving to die 
sooner than come on deck and create a panic or attempt 
to save themselves. 

Those below must have heard the muffled sound of the 
ice tearing through the ship’s side. Within ten minutes 
or a little more they knew that the pumps woild not 
check the rising water, yet for over two hours they 
remained at their posts, as was evinced by the lights 
burning and the few of them who were saved being picked 
up after the ship went down. 

That so many people were saved was due to the fact 
that those working below remained at their posts working 
the dynamos and kept the lights burning, and never came 
on deck to state what had really happened. 

Again and again the indomitable pluck and discipline 
of those who work below in the engine and boiler-rooms 
isillustrated when some terrible disaster of the sea occurs, 
but on no occasion have these traits been more brilliantly 
shown. 

It should be remembered that those below work in con- 
fined spaces, water-tight doors closed, often in intolerable 
heat, with a roar of machinery making orders difficult to 
understand. 

A man will face death with greater equanimity on 
deck than when working below under the incidents I 
have mentioned. 

Working below really requires more fortitude and pluck. 

All honour and respect to those men whose names will 
be recorded on the roll of fame for gallantry in a sudden 
and unlooked-for disaster. But I am sure the survivors 
of this shocking catastrophe will agree with me in placing 
those who worked below on ‘‘ The right of the line.” 

I have the honour to be, Sir, your obedient servant, 

Cuar.es BeresrorD, Admiral. 
1, Great Cumberland-place, W., April 21, 1912. 


We give below the names of the engineer officers 
on board the Titanic, the great majority of whom lost 
their lives while attending to their duty to the very 
last moment :— 

J. Bell, 51, Southampton, chief engineer. 

W. Farquharson, 39, Southampton, senior second 
engineer. 

ss H. Hesketh, Liverpool, and N. Harrison, 38, 
Southampton, junior second engineers. 

G. F. Hosking, 36, Itchen, senior third engineer. 

E. C. Dodd, 37, Southampton, junior third engineer. 

L. Hodgkinson, 45, Southampton, senior fourth 
engineer 

J. M. Smith, 35, Itchen, junior fourth engineer. 

B. Wilson, 28, Shirley, senior assistant engineer. 

H. G. Harvey, 30, Woolston, and J. Shepherd, 35, 
Southampton, junior assistant second engineers. 

C. Hodge, 28, Woolston, and F. E. G. Coy, 26, 
Southampton, senior assistant third engineers. 

J. Fraser, 29, Southampton, junior assistant third 
engineer. 

. R. Dyer, 24, Southampton, senior assistant fourth 
e igineer. 

. Ward, 
engineer. 

enny Dodds, 27, Southampton, junior assistant 
fourth engineer, substitute for A. Haveling, who 
signed on but was not on board, having been transferred 
to another vessel. 

T. Kemp, 43, Southampton, assistant fourth engi- 
neer. 

F. A. Parsons, 26, Southampton, senior fifth engi- 


23, Romsey, junior assistant fourth 


neer. 
W. D. Mackie, 30, Forest Gate, E., junior fifth 
engineer. 
f. Millar, 26, Alloa, fifth engineer. 


W. Moyes, 23, Stirling, senior sixth engineer. 


W. M. E. Reynolds, 22, Belfast, junior sixth engi- 
neer. 

H. Creese, 44, Woolston, deck engineer. 

T. Millar, 31, Belfast, assistant deck engineer. 

G. Chisnall, senior boiler-maker. 

H. Fitzpatrick, junior boiler-maker. 

A. Rous, plumber. 

W. Duffy, writer. 

The electricians were :— 

P. Sloan, 31, Southampton, chief electrician. 

A. 8. Alsopp, 34, Southampton, second electrician. 

H. Jupe, 29, Southampton, A. Middleton, 26, 
Sligo, A. Ervine, 22, Belfast, and W. Kelly, assistant 
electricians. 

According to a statement made by Mr. F. J. Blake, 


7 


.N.K., superintendent engineer of the White Star 
Line, Southampton, as soon as the accident happened, 
and the telegraph rang from the bridge either to 
stop or reverse the engines, a call-bell would be rung 
from the engine-room to the engineers’ quarters, inti- 
mating that all engineers were wanted below. At 
such a time, this would be recognised by the watch-off 
as an emergency call, and they would be down below 
in a few minutes. They would then be under the 
direct orders of the chief engineer, who would depute 
the engineering staff to the different duties necessitated 
by the exceptional circumstances, and st these duties 
the men would remain until ordered out of the engine- 
room by the chief engineer. They would be working 
surrounded by miles of live-steam pipes, and would be 
superintending or assisting in drawing-out fires where 
everything was under a steam pressure of 200 lb. 
There can be no doubt, added Mr. F. J. Blake, that it 
was entirely due to the heroic devotion of these engi- 
— that the ship remained afloat as long as 
she did. 








TRIALS OF AGRICULTURAL Motor APPLIANCES. — 
Accordiug to ths Bourd of Lrade Journai trials of agri- 
cultural motor appliances are to be held in Algeria from 
May 26 to June 16 next, under the Directorate of Agri- 
culture. The trials will be open to foreign manufacturers, 
and applications will be received up to April 30 by the 
Director de!’ Ecole d’ Agriculture, Maison-Carrée, Algeria. 
Particulars of the regulations may be obtained at the 
Commercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, E.C. The Association Rural del 
Urugay has also organised an international competition 
for agricultural motor-machines, under the Ministry of 
Industry, to be held between May 1 and October 1 next. 
The competition will embrace the following classes :— 
Steam-ploughs, motor dragging ploughs, motor traction 
ploughs, soil-cultivation machines, motor cultivators and 
spades, motor seed-planters, and motor mowing-machines, 


IMPERIAL COLLEGE OF ScIENCE AND TECHNOLOGY.— 
The fourth annual report of the Governors gives a very 
full account of the activities of the several departments. 
An executive and finance committee have been formed to 
take over the duties of several committees originally 
dealing with matters of organisation, and in order to 
obtain more correlated action in the several departments 
the courses of instruction are now arranged by a board 
of studies comprising all the professors in place of sepa- 
rate boards for the various departments. In order to 
prevent overlapping in the advanced courses of engi- 
neering at the Imperial College and the associated 
schools of the University of London, a joint standing 
committee has been formed to arrange a programme 
each year for consideration by the several autho- 
rities concerned. In like manner separate bodies will 
deal with chemistry, mathematics, geology, &. A 
resolution has been by the Governors that 
‘*incorporation with the University of London should 
not take place ;” and, further, that some method be found 
whereby students of the college ‘duly qualified by 
research, advanced study, or in other approved ways, may 
obtain degrees without further examination.” The report 
deals fully with the research work carried out at the 
college, and mention may be made of the investigations 
of Professors Callendar and Dalby in connection with the 
fundamental constants of water and steam. Professor 
Callendar, having now confirmed his previous experiments 
on the variations in the specific heat of steam, has now 
arranged to extend his researches to higher temperatures. 
Reference is made to Professor Strutt’s measurements of 
geological time by radioactive methods, from which ages 
as great as 700 million years are indicated. A new type 
of resonance transformer, designed by Mr. Eagle to give 
0.3 ampere at 10,000 volts, is also mentioned. Colour 
vision tests have been carried out in conjunction with a 
Board of Trade committee, not only in tne laboratories, 
but with ships’ lamps at sea. In this connection, Dr. 
Watson has devi a new method of ascertaining the 
extent of colour-blindness. Advanced courses on ** Petrol- 
Engine Thermodynamics,” ‘‘ Railway Engineering,” 
‘Structural Engineering,” ‘‘ Timber for Engineers,” and 
a'so ‘Business Transactions” in connection with the 
Mining Engineering course, have been instituted during 
the past year in the several departments. A students’ 
union has recently been completed, and a committee of 

st and present students and members of the staff has 
peen arranged for its control. The new buildings of the 
Royal School of Mines are nearing completion, and 
the laboratory, which has been equipped by the Bessemer 
Memorial Committee, is now in use. Extensions to the 
City and Guilds College are also in progress, and consider- 
able additions have been made to the equipment. Build- 
ings are also in hand for the department of Botany, &c. 





| NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a strong tone, and 6000 
| tons of Cleveland warrants were put through at 54s. and 
| 54s. 04d. thirteen days, 54s. 1d. twenty-one days, 54s. 24d, 
| and 54s. 2d. one month, and 54s. 9d. and 54s. 8d. three 
months. The closing quotations were 53s. 11d. cash, 
54s. 24d. one month, and 54s. 8d. three months sellers ; there 
| were also sellers of hematite at 70s. cash. The afternoon 
| session was not quite so firm, but 8000 tons of Cleveland 
warrants were done at 533. 9d. cash, 53s. 94d. eight days, 
54s. 14d. one month, and 54s. 6d. three months. Closing 
| sellers quoted 53s. 10d. cash, 54s. 14d. one month, and 
| 54s. 74d. three months. Hematite was unchanged at 70s. 
| cash sellers. On Friday morning the market for Cleveland 
| warrants opened steadily, butsubsequently fell away. ‘Ihe 
dealings consisted of 8000 tons at from 53s. 10d. to 53s. (4d. 
cash, 53s. 6d. five days, 54s. one month, and 54s. 5d. three 
months, and at the close there were sellers over at 
6d. cash, 58s. 94d. one month, and 54s. 44d. three 
months. Two lots of hematite changed hands at 70s. and 
69s. 104d. one month, with sellers over at 69s. 9d. In the 
afternoon the tone was inclined to be easy, but the close 
was firm. The business amounted to 5500 tons of Cleve- 
land warrants at 53s. 6d. cash, 53s. 8d. twenty-one days, 
53s. 9d. and 53s. 94d. one month, and 54s, 44d. and 54s. 4d. 
three months, and closing quotations were 53s. 64d. cash, 
53s. 10d. one month, and 54s. 44d. three months sellers. 
On Monday morning the market was quiet but firm, and 
5500 tons of Cleveland warrants were put through at 
53s. 8d. cash, 53s. 94d. and 53s. 10}d. eighteen days, 
53s. 114d. one month, 54s. 14d. June 13, and 54s. 5d. 
three months. Sellers’ closing prices were called 53s. 84d. 
cash, 54s. one month, and 54s. 54d. three months. Hema- 
tite was quoted 70s. sellers and 69s. 6d. buyers, one 
month. In the afternoon Cleveland warrants were easier, 
and 4000 tons were done at 53s. 7d. and 53s. 64d. cash, 
53s. 84d. seven days, and 54s. 4d. three months, and at 
the close there were sellers at 53s. 64d. cash, 53s. 10d. one 
month, and 54s. 4d. three months. Sellers of hematite 
quoted 69s. 9d. one month. On Tuesday morning busi- 
ness in Cleveland warrants was limited to 4500 tons at 
53s. 5d. cash, 53s. 53d. seventeen days, 53s. 7d. twenty 
days, 53s. 7d. and 53s. 8d. one month, and 54s. 3d. three 
months. The closing quotations were 53s. 6d. cash, 
53s. 94d. one month, and 54s. 34d. three months sellers. 
Two lots of hematite changed hands at 6s. 6d. cash and 
70s. 6d. three months. Theafternoon session was a shade 
firmer, and 7000 tons of Cleveland warrants were dealt in 
at 53s. 64d. three days, and 54s. 34d. three months, with 
sellers over at 53s. 7d. cash, 53s. 10d. one month, and 54s. 4d. 
three months. One-month hematite was quoted at 69s. 9d. 
buyers, and 70s. sellers. "When the market opened to-day 
(Wednesday) a fairly strong tone prevailed, and Cleveland 
warrants amounting to 6000 tons were done at 53s. 9d. 
cash, 54s. 0d. one month, 54s. 14d. June 14, and 54s. 74d. 
three months. The close was firm, with sellers at 53s. 10d. 
cash, 54s. 1d. one month, and 54s. 7}d. three months. 
Cash sellers of hematite quoted 70s., and one month 
buyers named the same figure. In the afternoon the 
market was very strong, and Cleveland warrants changed 
hands at 54s. cash, 54s. 14d. five days, 54s. 34d. and 
54s. 4d. one month, and between 54s. 8}d. and 54s. 10d. 
three months. The turnover amounted to 12,000 tons, 
and closing sellers quoted 54s. 14d. cash, 54s. 44d. one 
month, poe | 54s. 104d. three months. Buyers of hematite 
offered 70s. 14d. one month, with sellers at 70s. 1d. cash, 
and 70s. 5d. one month. 


Sulphate of Ammonia.—The sulphate of ammonia 
market keeps steady, and without any change in value. 
The current quotation is still 15/. per ton for prompt 
business, Glasgow or Leith. The total amount shipped 
from Leith Harbour last week was 1318 tons. 


Scotch Steel Trade.—The recent advance in prices has 
meantime checked the flow of new business, and conse- 
quently few new contracts have been fixed up during the 
past week. All the same, there is no lack of work at the 
present time, and the Scotch steel-makers are being kept 
hard at it in the endeavour to cope with the pressure from 
consumers. Not only are shipbuilders calling out for 
supplies, but users of all kinds of heavy material generally 
are very pressing in their demands. The same state of 
affairs does not rule in angles and structural sections, the 
makers of which could be busier, but there are signs of an 
improvement in demand. Activity is general among the 
makers of light plates and sheets. Inquiries for export 
lots of most kinds of steel material are very good, and 
several lots of ship and boiler-plates have just been sold 
for shipment to the Continent. 


Mallcable-Iron Trade.—Normal conditions have not yet 
been assumed in the malleable-iron trade of the West of 
Scotland, and it is reckoned that a little time must yet 
elapse before the trade is again in full swing. At the 
end of last week, however, it was decided by the 
malleable-iron-makers in the West of Scotland to advance 
their prices by 7s. 6d. per ton. The new basis price for 





crown bars will now be 7/. 7s. 6d. per ton—less 5 per 
cent. delivered locally. 


Scotch Pig-Iron Trade.—Little change has taken place 
in the Scotch pig-iron trade during the past week, and 
only a few more furnaces have been blown in. The re- 
starting of operations is indeed slow, but it must be 
remembered that a number of the makers have no coal 
supply of their own, and would require to purchase fuel 
at the present exorbitant prices. Stocks of iron on hand 
are being steadily reduc to meet shipment and loca! 
requirements. Prices are firm, and the same remark 
applies to hematite, which is quoted round 75s, per ton 
for local delivery. The following are the current quota- 
tions for makers’ (No. 1) iron:—Clyde and Calder, 68s. ; 
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Gartsherrie, Summerlee, and Langloan, 68s. 6d.; and 
Coltness, 83s. 6d. (all shipped at Glasgow) ; Glengarnock 
(at Ardrossan), 66s. 6d.; and Shotts (at Leith), 68s. 6d. 
Institution of Engineers and Shipbuilders in Scotland.— 
Mr. E. Hall Brown presided at the annual general meet- 
ing of the Institution of Engineers and Shipbuilders in 
Scotland, which was held last night lenge | at the 
headquarters of the Institution in Glasgow. The office- 
bearers for next session were elected as follow :—Presi- 
dent—Mr. E. Hall Brown ; vice-presidents—Mr. W. W. 
Lackie and Mr. F. J. Stephen ; members of council—Mr. 
A. Cleghorn, Mr. W. J. Luke, Mr. D. A. Mathieson, 
Mr. C. R. Smith, Mr. A. Wilson, and Mr. T. Whimster. 
The report of the committee appointed to frame defini- 


tions of coefficients of displacement was submitted, and | @ 


Mr. D. M. Shannon read a paper on ‘‘Some Aspects of 
Diesel Engine Design.” 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Railway Rates.—A marked and ee ievance 
was indicated in some remarks made by Mr. T. W. Ward, 
President of the Sheffield Chamber of Commerce, at 
the annual meeting in Sheffield of the Sheffield and 
South Yorkshire Navigation Company. He said he was 
pleased the company’s canal was making headway. In 
view of the attitude which some railway companies had 
adopted, he thought it a very a thing for Sheffield that 
the canal had been keptopen. He did not include the Great 
Central Railway in that, he went on to say ; but there 
was one company whose idea was that what trade they 
had got they were guing to carry at the highest legal rates. 
For certain things, of course, they must use the railway, 
but for coal, pig iron, and coke it did not matter how long 
the journey took, and he believed the canal would, in the 
future, play an important part. 


South Yorkshire Coal Trade.—The coal market is now 
assuming a much more nor appearance. On the 
Sheffield Exchange last Friday prices all round ae 
by between 4s. and 7s., and, though there have not been 
quotable reductions since, the market has a decidedly 
easier tendency. The rush for house coal, in consequence 
of these lower prices, has not been so t as was 
anticipated. Warmer weather is also tending to keep 
down consumption, and householders are inclined to wait 
tor further price reductions. Brisker business is expected 
in May, but afterwards it is thought most likely that 
the issue of the summer lists, which will probably 
be about a month later than usual, will see prices 
stiffen again, as the collieries will be feeling the inci- 
dence of the new Act. At present manufacturers are 
buying fairly heavily, but supplies are not coming 
through as freely as is desired, largely, no doubt, because 
of railway difficulties and the fact that there is such a 
large accumulation of empty wagons at nearly all the 
colliery sidings. This is somewhat inconveniencing 
merchants, who have to move, under these conditions, 
with caution. Latest quotations are :—Best hand-picked 
branch, 17s.to 18s.; Barnsley best Silkstone, 16s. to 17s.; 
Silkstone, 16s. to 16s. 6d. ; Derbyshire best brights, 15s. 
to 16s. ; Derbyshire house, 13s. to14s. ; large nuts, 13s. to 
14s. ; small nuts, 12s. to 12s. 6d.; Yorkshire hards, 12s. 
to 13s.; Derbyshire hards, ils. 6d. to 12s. 6d.; rough 
slack, 10s. to 11s. ; seconds, 8s. to 9s. ; smalls, 7s. to 8s. 


_ Tron and Stecl.—The resumption of work in the local 
iron and steel industries is steadily proceeding. Last 
week operations in some quarters were hindered for lack 
of coke, but supplies are now coming forward. Coal is also 
coming in with regularity, and, acccordingly, the rolling- 
mills and the Siemens furnaces have all mn able to get 
into steady running. The -mills are at work upon a 
large accumulation of orders, which will keep them busily 
employed for probably two or three munths. A few 
deliveries of pig iron are coming forward now that fur- 
naces in Lincolnshire and Derbyshire have re-started, but 
no official quotations have yet been made. For imme- 
diate delivery in this neighbourhood 763. is being asked 
for Kast Coast hematite, and 78s. on forward orders. A 
considerable advance is demanded in West Coust brands. 
There is a difference of opinion in rd to price ten- 
dencies. Makers expect a cousbdonsiie advance in the 
next few months, whilst buyers are of opinion that some- 
thing like old rates will rule. There is not much doing 
in billets, as most of the consumers are well provided. 
The lighter steel trades have not been so active on 
account of shortage of coke for melting. There are 
prospects of a busy time all round for the rest of the 
year. New orders are coming forward fairly well, and 
there are heavy arrears to be dealt with. ‘There is a 
considerable demand for edge tools and agricultural im- 
plements. The Board of Trade Returns show that in 
regard to unemployment the Sheffield district had a 
happier experience during the coal strike than many 
other industrial centres. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

‘ MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The market is steady and 
hrm, and a large business would be doing if more pig 
_ was available for early delivery; but the blast- 
one ees are getting to work very slowly after their en- 
= ved idleness through the recent coal-strike, and those 
ve have been restarted are producing very poor quality 
. ‘ron, so much so in some cases that it to be put 
‘rough the furnace again. No. 3 g.m.b. Cleveland pig 
bens ace oaths “4 a figure a few sales have 
» despite efforts of buyers to keep the price 
below that figure. No. 1 is 58s. 6d.; No.4 touniey. 


iron, each 53s. All the foregoing quotations are for 
this month’s delivery, higher rates being asked on 
forward account. There are good inquiries for East 
Coast hematite pig, but as yet there is very little to be 
had. Buyers are quite prepared to pay 70s. for early 
delivery of Nos. 1, 2, and 3, and that is the general market 

uotation, whilst for May delivery the price is put at 71s. 

here is nothing passing in foreign ore, consumers having 
accumulated huge stocks during their enforced idleness 
through the recent disastrous coal strike. Market rates 
are still based on 21s. 6d. ex-ship Tees for Rubio of 50 per 
cent. quality. Sellers take a very firm stand notwith- 
standing the absence of transactions, and, indeed, some of 
them are inclined to quote rather above the foregoing 
uotation. Coke is in good request for local consump- 
tion, and the supply is inadequate. Prices are strong. 
Ave blast-furnace coke is put at 20s. delivered at 
Teesside works. 

Stocks and Shipments of Pig Iron.—The 400,000 tons of 
Cleveland pig iron in the public warrant stores here is 
practically all the stock of iron there is. There is no iron 
stored in makers’ yards. So far this month the public 
warrant stores have m drawn upon to meet require- 
ments at the rate of nearly 3000 tons per working day. 
Shipments of pig iron to date this month average 4100 
tons per working day, as compared with a daily average 
of 31 tons to the same date last month, and an 
average of 5678 tons per working day for the corres- 
ponding part of April last year. 


Manufactured Iron and Steel.—Very satisfactory and 
encouraging accounts are given of the various branches of 
the manufactured iron and steel industries. Most of the 
works are once more very actively em and 
prospects are bright, for not only have producers of all 
descriptions g order-books, but continued substantial 
inquiries are reported, and unless labour troubles arise to 
disturb the situation, output promises to be on a very 
heavy scale for some time to come. Following advances 
for other material, iron bars have been put up 10s. per 
ton. Principal market quotations now stand :—Common 
iron bars, 7/. 15s. ; best bars, 8/. 2s. 6d.; best best bars, 
8!. 10s. ; packing iron, 5/. 7s. 6d. to 5/. 10s. ; iron ship- 
as 7l. 10s. ; iron ship-angles, 7/. 10s. ; iron ship-rivets, 

.; iron girder-plates, 7/. 5s.; iron boiler-plates, 8/. 5s. ; 
steel bars, 7/. ; steel ship-plates, 7/. 15s. ; steel ship-angles, 
7l. 7s. 6d.; steel boiler-plates, 8/. 10s.; steel strip, 
61. 17s. 6d. ; steel hoops, 7/. ; steel joists, 77. ; cast-iron 
railway chairs, 3/. 12s. 6d. ; light iron rails, 6/. 10s. ; heavy 
steel rails, 5/. 15s.; steel railway sleepers, 6/. 10s. ; and 
iron and steel galvanised corrugated sheets, 12/.—sheets 
less 4 per cent. f.o.b., railway material net, and all other 
descriptions less 24 per cent. discount. 








THE INTERNATIONAL CONGRESS OF APPLIED CHEMISTRY. 
—According to a bulletin issued in April, 576 papers 
have been promi in various sections, and the titles 
of most of these papers have been published. Some of 
the sections will be overcrowded with papers, and we 
should think that the Congress might suitably discuss 
the question whether the presentation of detailed 
accounts and of rehashes of already published researches 
is y desirable at international congresses, though 
that step would make the list of papers still longer. 


Tue Rainway Crius.—The Railway Club (founded in 
1899) has recently acquired new and more commodious 

remises at the same address, 92, Victoria-street, S.W. 

he club will now be open to members from 10 a.m. till 
10 p.m., during which hours the extensive historical and 
reference library will be available. The following papers 
will be read py o present session :—May 14, The 
Formation of a Railway Library,” by Mr. G. W. J. 
Potter; June 11, “*The State Railways of Northern 
Italy,” by Mr. E. J. Miller. A number of intermediate 
meetings, at which short papers will be given, have also 
been arranged, and visits to centres of railway interest 
are made frequently. 








University CoLircr, Lonpon.—The summer term at 
University College in the Faculty of Engineering begins 
on Tuesday, April 30. Mr. A. H. Barker will begin 
again his lectures at University College on ‘‘ Heating and 
Ventilating ne moray mel on Nefmnengee May 1, at 
7p.m. Mr. Barker’s lectures this term will deal specially 
with ‘‘The Determination of Pipe Sizes,” and in con- 
nection with them experimental tests will be made with 
the apparatus in the College buildings. Full particulars 
can be obtained from the Secretary of the College. On 
May 10, at 5.30 p.m., Mr. Leslie Robertson, M. Inst. 
C.E., will deliver, at University College, a public lecture 
on “‘ The Importance of the Business Side of Engineering.” 





Tue InstituTIon oF Civit ENGIngers.—On Wednes- 
day, the 24th inst., the London Students of the Institu- 
tion of Civil Engineers held their 37th annual dinner at 
the T ero Restaurant, Dr. W. C. Unwin, the Presi- 
dent of the Institution, being inthe chair. In responding 
for the toast of the Institution, Dr. Unwin referred to 
the number of students who had passed under his eye, and 
thought the Institution was taking care that only pro- 
perly-educated engineers entered the profession ; he dwelt 
upon the facilities for education which existed now and 
the lack of same in his early days; he was sure that 
science had not come to a pause, so that engineers must 
rogress and find fresh openings for their skill. Dr. 
nwin thought that there were still plenty of oppor- 
tunities for young engineers who were men of education, 
ability, and character, and suggested that each student 
should take for his motto ‘‘I will find a way or make 
one.” An excellent musical programme brought a success- 





53s. 6d.; No. 4 forge, 536. 3d.; and mottled and white 





ful evening to a close. 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has still not altogether 
regained itsnormal tone. Colliery production is reported 
to have increased more — than had been anticipated, 
but this is not universally the case ; and vessels in the 
loading berths have not been despatched with quite the 
ordinary speed. There had accordingly been some irregu- 
larity in the prices of ie coal, The best Admiralty large 
has made 22s. to 22s. 6d. per ton ; secondary qualities have 
ranged between 20s. 9d. and 21s. 9d ; best ordinary smalls 
between 14s. and 14s. 6d.; and cargo smalls between 


lls. and 12s. per ton. The best house coal has made 24s. 
to 25s. ; good households, 22s. 6d. to 23s. 6d.; No. 3 
Rhondda , 228. to 23s. ; and smalls, 15s. to 17s. per 


ton. No. 2 Rhondda large has been quoted at 17s. to 
17s. 6d. ; and No. 2 smalls, 11s. 6d. to 12s. 6d. per ton. 
As regards iron ore, Rubio has realised 20s. to 21s. per 
ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 

Gold in Wales.—Gold-mining prospects in Merioneth- 
shire are encouraging. During the last few days some 
rich stone has been taken out at the Cefn Coch mines, 
behind Tynygroes, in the Gaullwyd Valley. 


Coal at Swansea.—A real resumption of work was 
noticeable on Friday at the coal-tips at Swansea docks. 
There were eighteen vessels under the coal drops, one 
ship taking 2500 tons of coal for Italy. Business at the 
general o wharves, which kept up well during the 
strike, but fell off recently, seemed also restored to some- 
thing like vigour on Friday. The Great Western Rail- 
way Company’s order suspending night work at the tips, 
issued some time before the strike, has been rescinded, in 
order to enable long-delayed vessels to get away with coal 
car Prices of coal are assuming normal proportions, 
and freights are decidedly lower. A dispute which is 
keeping Tirdonkin colliery idle is still unsettled. 


Anti-Rolling Tanks.—The sor ay | to excessive rollin 
ina heavy sea-way was recently felt on the Orion; an 
to guard against battleships of the Centurion class being 
similarly affected, they are to be fitted with anti-rolling 
hydro-pneumatic tanks. 


The South Wales Engineers.—The fifty-fourth annual 
meeting of the South Wales Institute of Engineers was held 
at Cardiff on Thursday, Professor Galloway presiding. 
There was a large attendance, including several coal- 
owners, ny | the latter being Mr. Stewart, President 
of the South Wales Coal-Owners’ Association, Mr. D. A. 
Thomas, &c. The Council reported that the membership of 
the Institute had risen to 684, as compared with 672 in 
1911. In connection with the Lewis prize competition, it 
was stated that the subject chosen for the year was, ‘‘ The 
Most Approved Methods of Hauling from the 
Working-F aces to the Pit-Bottom.” A first prize of 20/., 
and a second prize of 10/. are to be awarded. The Gold 
— = year had —— Fr ony 4 a G. G. 

ann for his paper on ‘“‘ The Sinking an uipping 
of Penallta Colliery.” Several technical papers were 
afterwards discussed, Mr. W. W. Hood, replyimg to a 
discussion on his paper on “ British Coal-Dust Experi- 
ments at Altofts,” said it was astonishing what a small 
amount of gas could propagate an explosion. 


Dowlais.—The blast-furnaces have been stopped by 
want of coke. Coal-washing has been restarted, but 
there has not been much trade to report. 


Oil-Fuel at Portsmouth.—The Lords of the Admiralty 
are making extensive additions to oil-fuel storage at 
Portsmouth, the amount proposed to be allocated to this 
purpose having been increased from 13,0001. to 50,000/. 
Of this amount 28,300/. is to be expended this year, 
leaving about 21,000/. to be devoted to completing the 
storage and plant in 1913. The oil-tanks are on land 
abutting on Forton Creek, and the oil is conveyed by 
pat steel pipes from the tanks to a pier off which the 
argest vessels can be berthed. 





Tue Irauian Navy.—The cost of the ironclads about to 
be built for the Italian Navy is estimated at from 
3,400,000/. to 3,600,0002. 





Str W. G. ArRmsTRONG, WHITWORTH, AND Co., 
Luitep.—The annual meeting of this company was held 
at Newcastle on Thursday, Sir A. Noble in the chair. 
The chairman said although the company had m able 
to declare an extra 24 per cent. dividend, the directors 
had not relaxed prudent finance, and they had provided 
for the usual depreciation, and carried 50,000/. to the 
reserve. The company launched last year the Monarch. 
She was laid down in March, 1910, launched in March, 


1911, and handed over to the Admiralty in March, 
1912. The Monarch was the largest and most powerful 
battleship which the company had constructed for the 


British Admiralty ; but the Brazilian Rio and the Chilian 
Valparaiso, which they were now building, were both 
larger and more powerful. Continued growth in the 
dimensions of Lapa had forced the company to pro- 
ceed with a new warship yard at Walker. Apart from the 
anxiety of getting large vessels through the bridges, 
they could not allow designs to be hampered in m 
by a bottle-neck below their shipyard. The transfer of 
plant and machinery would be gradual, and it would 
poets be two years before the compeey closed its 

Iswick yard. At the merchants’ shipbuilding yard at 
Elswick the company had now under construction three 
of the largest tank-steamers yet designed. Sir W. H. T. 
Stephenson said 120,000 pes le were dependent upon 
the Elswick Works, or a third of the population of New- 
castle. The company paid one-thirtieth of the whole 





rates of Newcastle. 





564 





ENGINEERING. [Aprit 26, 1912. 








DETAILS OF STEAM-TURBINES. 


CONSTRUCTED BY MR. FRANCO TOSI, ENGINEER, LEGNANO. 





(For Description, see Page 555.) 














Fie, 34, Fie. 37. 








Fic. 35. 














Fic. 38. 




















Fic. 39. 


Tur Cotp Storace anp Ick Association.—Mr. J. T. Milton, 
the chief engineer surveyor of Lloyd’s ister of British and Foreign 
Shipping, has been elected President of the Cold Storage and Ice 
Association for the year ending March 25, 1913. The thirteenth 
anniversary dinner of the Association will be held at the Hotel Cecil 
on Monday, May 13, when the guests of the evening will include 
Sir Richard Solomon, K.C.B., K.C.M.G., the High Commissioner 
for the Union of South Africa, and Sir J. Alfred Ewing, K.C.B. 
Director of Naval Education. 























lei 
[3F) IPNWLDIIS 
ee ae 
2 
| 
' 


1-9 }-— KE F.6D S-—pb-D— 





S 
. = 
= 
H 


———— 
ee 


—2-— 


~——= 095 -~ 





(orp) g'ynols23s 
‘p Ory 











i 
| 

! 

' 
~ 
On 
NS 

ai) 


(‘eee abog aas ‘uoudiwsaqy 40g) 


‘ATVLI ‘ONVNOUI “‘YRANIONA ‘“ISOL OONVUA “YW AMA GALONULSNOO 


‘AAVN NVIIVLI AHL WOR ANIGUVIL ANINVN WHMOd-ASYOH-OE! 











‘XIXXX BLVId ZI61 ‘9c Tidy ‘ONINADANIONG 























2) 


3. 
2 lis 





We 


Fr 





secrTria. 


















































































































































































































ae ; Se aa eine ana wen h iy Yj; | 
I _--——-- p< ———----—----—---_-—- -—- 996 Ld 7/7 $I 
Uj Lj 2 
i -—---- j---------------—----—-~---~--- 91% 
ES AE a SS MS «: 
if ! 
j ‘ : cancers emeannee a 
j <_< eo... nae sist! —~ 
-—-----------——--------—--- oes x WA 
---—--~-~--- AAY---—-----—-------------------- ry 7 
aa siseistmmmnbeiitielsnial oat} > 
Ry 
----_}------------------------------WY------ —---olvt 
Iq------~—~-~-—~-—~———-—-————— --- RIAA -|-- - — - - -- - - - + Ost 
| ~------------------ <iaiininieiniieminimiimisieaia, Sceemeteneeemien 03 
re Ss .FHrH Qn a eee 
= ES TATE 
Ss —S = 69S 
4 ssSSSM FG RWWOOO-------------------- ors} 
——d ~-I SSI. WY - ---- +--+ ----------- ove 
-------+} --~~— ppp ose th WANU.WNN------------------ 9961 
oF : BY pe 
———--f----==-—---—-----------f------ s - sie Si | 
EE — as. ! 4 9. 
------$-------—~~--~- as siesetiliaiedl IZZNUZ.NN .-------------------- 0z9t} 3 eh | 
———-+ --___-- ANZ: WNNV- ------------------- oger|® 
——}—---—-— = ozse a | 
; ~ | 
a: WG NT? o- wy 
UN Y) | ” 
= m7 Y Ye J|_nkr6o ra 
KR NZ ogo =e J | 
= ESSN — ~—--4- 2901 pom 
== —4————- RW SSx“z ESV any r+ eS S4. Lk ah — —— — an - 4 
SSA yy | | 
AMS Tt \7 ad af vw | 
SHF 2 | | iI NQAWY7ZX | I 4 
-i | INJAYW7A |: ik ~ 
sr a “7 \ 7 Yy — .— $95 ----~ 4-44 
3 | SYNC. - OBEN) 
~ ——---+__i NY Ne vy) ~——-+ (eet ‘ Paws” “ZZ 
; ¢ INYVYVZ a (> Sn aS IO My 
— tm! \\ \ Oecd ZR Spy 
ees war = at \GY, =e Last Zi “Se ig “Ay Hf; ~, 4 
= Ghat yo Gye = 
“NN WN N SS RQ Oe. a 5 oes | oer EN , y & SWRA 
SAW =a a7 y Y i > ; vo ASG Pe 
ac | Uv UlcLU6LSN = 
| Se 1, A > £& . 
< CEN N Orr WHEE ; _— 2 6, ‘fed / ee 7 
NN YS \\Y Y VAG Vi, ety PSs S 
> M7) oe a es, bi 
aS Se oS , 
> SS ee 
a NN WW -. = CX \ A\V¥) ==> OF oe a ar ‘ ze VO . | ig 
MSG -—=—_ | |} NN RIA\VVYye “0-2 out |e ‘' SS 
oa W JU) $ , <b - 








ee 
































AprIL 26, 1912.] 


ENGINEERING. 





565 





AGENTS FOR “ ENGINEERING.” 


Gordon and Gotch, Limited, Melbourne; Sydney; Brisbane ; 

Perth. Turner and Henderson, ~ N. s.W. z. Willmett and 

, Townsville, North Ww. C. er Adelaide, 

Melville and Mullen, Melbourne, Victoria. 

avereta-Huweary, Vienna: Lehmann and Wentzel, Karntnerstrasse. 

Beroiwm: E. F. ~~, “?< de la Bourse, Brussels. 

Casapa, Toronto, Ont. : wsen and Sons, Manning Chambers. 

EpissorcH: John Menzies and Oo , 12, Hanover-street. 

Fraxce, Paris: Boyveau and Chevillet, 22, Rue de la Banque. For Subscrip- 
tions and Advertisements, Librarie B. Tignol, 53bis Quai des 
Grands-Augustins, _— Also for Advertisements, Agence Havas, 


3, Unter den Linden. Leipzig: F. A. 





AUSTRALIA ¢ 





rockheus 
GLascow: William Love. 
lopts, Calcutta: Thacker, Spink, and Co. Bombay : Thacker and Co., Ltd. 
IraLy: U. Hoepli, Milan, Uanding Bago ce. 
Liverroot: Mrs. Taylor, Landi: 
MancuesteR: John Heywood, 18 
New ZeaLtanp: Gordon and ‘Goteh yo Limited, Wellington, Auck- 
land, and Christchurch. 
Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans Gade, 41 and 43. 
Rorrerpam: H. A. er and 
Sours Arrica: Central News ‘Agency, Limited, Head Office—Johannesburg : 
and Pretoria, Cape Town, Port Elizabeth, Bloemfontein, Dw bin, 
and their various b hes and hout fouth 
Africa. Also Cape Town : Wm. Dawson and Sons, 31, Long-street. 
Tasmanta: Gordon and Gotch Proprietary, Limited, Launceston ; Hobart. 
Unitep — New York: W. H. Wiley, 43, East 19th-s treet. Chicago 
V. Holmes, 957-958, Monadnock Block. a. (Be Deatvora tor 
Advertisements: The Wm. 8. 
street, Chicago, and 366, Fifth-avenue, New ¥ Ton Us. 








ADVERTISEMENT RATES. — 


The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven WO! Payment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside may be obtained on application. The 
are 12 in. deep and 9 in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING ” can be supplied direct from the Publisher 
post free, for twelve months, at the following rates, payable in 
advance :— 








For the United Kingdom ............ £1 9 2 
For Canada— £1 11 6 (97.65) 
Thin apes CD ddccssees < 
EG. cite’... eeninteewekes £1 16 0 ($8.75) 
For all other ciel ‘abroad— 
Thin paper copies .......... £1 16 0 
Thick te ee £2 06 
Wnen foreign subscriptions are sent by Post-Office Orders, 


advice should be sent to the Publisher. 

Foreign and Colonial subscribers receiving incomplete copies 
through ne ts are requested  afarecnenymen ps = fact to the 
Publisher, together with the agent’s name and ad 

All accounts are payable to ** ENGINEERING.” 1 ” LIMITED. 
Cheques should be crossed ‘‘ Union of London and ‘gmith’s ie 
Limited, Charing Cross Branch.” Post-Office Orders should be 
made payable at Bedford-street, Strand, W.C. 

Offices for Publication and Advertisements, 
35 and 36, Bedford-street, Strand, , London, w.c. 

We desire to call the attention | of our readers 
to the fact that the above is our SOLE Address, 
and that no connection exists between this 
Journal and any other publications bearing some- 
what similar titles. 


Teusoraruic Appress—* ENGINEERING,” LONDON. 
TELEPHONE NumBers—3663 and 8598 GERRARD. 














READING - ‘Casus.—Reading -cases which will hold twenty - six 
numbers of “‘ ENGINEERING 5 may be had of the Publisher or of 
any newsagent. Price 6s. each. 


CONTENTS. 


PAG 

The Institution of Mechani- 
cal Engineers............ 
The London, Brighton, and 
South Coast Railway Elec- 


E ae, 
mm Suppl 
7 esent, and a, 
Weat Riding Rivers en 
Trade Effluents.—No. II. 569 
7 


trification.—No. VI. (dl- Industrial Notes .......... 5 

WOES siccscavassecs 548 |“ The Stereop! Pump” 571 
een rag One 551 Superheaters in Marine 
Foundry Plant and Mac SG hciiid-ocieanndianne 571 

nery—No. XLIV. Cites ) 553 The con of the ‘‘ Titanic” 571 


The Tosi Steam - Turbines = Installations on Modern 


(lllustrated) ............ 555 Ttbteseieansedasens 
Notes from the United “The Art of Procuring 

ta SO A ER SR I vv ends cnctaves 571 
The Italian <r e ** Water-Cooled and Forced- 

Bos vat “Atropo” (Illus.).. Lubrication Bearin . 57 
The Royal pan no ay The Design of Warships . 572 


Soc slety 


Save pecpotsie tiieis 560|| ‘‘Gas-Engines for Colliery 
|| Power-Stations” ........ 
“nln aoe (tue) 561 || Governing Steam-Turbines 
_ gineers of the “ Ti- 2 - of Diesel 
Notes trom the North:-.2. S02||Kaports--cuc eres. 572 
-- otes from South Yorkshire 565 | | Halliwell’s Wind-Direction 
b ong from Cleveland and || Recorder (Illustrated) .. 
” the Northern Counties .. 563/|Hollow-Cone Foundations 
otes from the South-West 563 || 


The United States Navy De- | — 73 
partment and Sue Aerial Flight (JUustrated).. 573 
The eggs a ae 565 -~ of Aluminium and 
ue Lessons of the 1. eee 578 


tani Disaster... . 
The k allwayeat Australia... 
The Valuation of an Engi- 
ams Property 
0 


Ww 


Zin 
. 566 Colonial and Foreign Engi- 
567.‘ neering Projects 
Catal 


(lust 


Core ee eeseseescesese 581 


ith @ Two-Page Plate of a 7500-HORSE-POW BR MARINE 
TURBINE FOR 1HE ITALIAN NAVY. 





1| ment Boards. 


572 | or in the United States.” 





NOTICES OF MEETINGS. 


THE JUNIOR INSTITUTION or , ENotnmmns,—Saturday, April 27, at 
3 p.m. Visit to the Engineering Workshop and Laboratory and 
—— Laboratory of the Pi Slytechate, 307-311, Regent-street, 

on. 

THe AgRONAUTICAL Society or Great Briratn. — Monday, 
— 29, at 8.30 p.m., at the Royal United Service ae 
hitehall, when a paper will be read on “ Aerial a pm 

Captain C. H. Ley, F.R. Met. Soc. Dr. W. N. Shaw 

Tus Surveyors’ InstiruTion.—Monday, April 29, at 8 p.m 
when a paper will be read by Mr. G. T. Loban (Fellow), entitled 
“Some Dey in the Valuation of Land and Buildings.” 

Tus Royat Society or Arts.—Monday, April 29, at 8 
Howard Lectures :—‘‘Heavy Oil- Engines by Captain H. Riall 
Sankey, R.E. (ret.), M. Inst. C.E. (Lecture I.). Wednesday, May.1, 
atSp.m. ‘‘ Ancient Egyptian Ceramics,” by Mr. William Burton, 
M.A., F.C.S. 

Tue LxstiruTioN or Civi, Enemnsers. — Tuesday, April 30, at 
8p.m. Annual General Meeting of corporate members only, to 
receive the report of the Council, and to elect the Council and 
Auditors for the ensuing year. 

Tue IxstiTuTion oF ELECTRICAL ENGINeERS.—Thursday, May 2, 
at 8p.m. Adjourned discussion on the following subject :—‘* The 
Causes Preventing the More General Use of Electricity for 
Domestic 

Tus INSTITUTION OF MkCHANICAL ENGINEERS. — Friday, May 3, at 
8 p.m., an extra meeting will be held, when the yore 1 Ra will be 
resumed by Professor J. O. Arnold on ‘‘ The Tenth Report to the 
7 Research Committee : On the Alloys of Aluminium and 

inc.” 

Tus Royat Iystirvtion or Great Brirain.—Friday, May 3, at 
9 p.m., a discourse will be delivered b Mr. W. C. Dampier 
Whetham, M.A., F.R.S. The subject is ‘The Use of Pedigrees.” 
Afternoon lectures next week at 3 o'clock : —Tuesday, April 30. 
Mr. Frank Balfour Browne, M.A., F.Z.S., on ‘‘ Insect Distribution, 
with Special Reference to the British Islands” (Lecture I. ). 
Thursday, May 2. Professor J. Norman Collie, Ph.D., LL.D., 
F.R.S., on ‘Recent Explorations in the Canadian’ Rocky 
Mountains” (Lecture I.). Saturday, May 4. Mr. Reginald ad 
field, A.R.A., M.A., F.8.A., on “ e Architecture of the Renais- 
sance in France. “UIL) 1594-1661 ; Architecture and France.’ 
Wednesday, May 1, at 5 p.m. Annual Meeting. 


ENGINEERING. 


FRIDAY, APRIL 26, 1912. 


preside. 


THE UNITED STATES NAVY DEPART- 
MENT AND “ENGINEERING.” 


THE United States Navy Department has taken 
the very unusual course of referring an ‘‘ Editorial 
in London Enerineerine, of October 6, 1911, for 
consideration and comment to the United States 
Joint Army and Navy Powder Board.” Thisarticle 
was on ‘The Liberté Disaster and Propellant 
Powders,” and in it we entered into a review *‘ of 
the important points of comparison between the 
two classes of propellant powders used in the 
respective navies in order to set at rest any mis- 
givings which may exist in this country as to the 
likelihood of similar accidents in our own ships.” 
The report of the United States Board on this 
article is published in the current issue of the pro- 
ceedings of the United States Naval Institute, 
occupying forty-seven pages of the book, and is 
signed by six members of the Board, ranging in 
rank from a rear-admiral to a lieutenant of the 
navy, and from a lieutenant-colonel to a major of 
the army. There is, therefore, some justification 
for our returning to the subject, although we are 
indisposed to do so, as insistence on our views may 
seem to be harping on the misfortunes of a friendly 
Power, particularly as our aim was fully met in 
allaying the anxiety which had been ‘‘raised in 
this country owing to inadequate information as to 
the immunity or otherwise of our ships ftom similar 
563 | Catastrophe.” 

We lay emphasis now upon the purpose of our 
former article, because there is in the report of the 





©! United States Board on our article on the Liberté 


disaster a remarkable lapse from that judicial fair- 
ness which should characterise all controversy on 
scientific questions, and especially reports of Govern- 
We are charged with having tried to 
influence ‘‘South American Powers having large con- 
tracts for war material to be placed either in England 
e had no knowledge of 
such prospective orders; we have not any now, 
but accept the acknowledgment of the Board that 
“|they know of such orders, and their belief that 
articles, or mayhap reports, when prepared with such 
intent, influence suc orders. Our former article 
had only one single reference to the United States. 
That country was included generally with France 
and Russia as using a propellant powder of the nitro- 
cellulose type, and, be it noted, not necessarily of 
the same type as the French powder, and not neces- 
sarily with the same stabilising medium. The Board 


580| seek to force the view that we assumed that ‘‘all 


nitro-cellulose powders are of necessity identical.” 
What we wrote was ‘‘ there is a broad distinction 
between the types of propellant powders used in 
Great Britain and France, the one being what is 








known asa nitro- glycerine type, the other the nitro- 
cellulose ty; We give italics only now. Later 
in the article, in deacribin the general properties 
of the two types, we stated ‘* A nitro-glycerine pro- 
— powder contains, ” &c., and ** A nitro-cellu- 

ose powder consists,” &c. Of course we ised 
variations, and differentiated between French and 
other powders. Indeed, our case was against the 
nitro-cellulose powders used in the Liberté, and we 
accept the United States Board’s corroboration of 
our view in stating that ‘‘ there are good and bad 
nitro-cellulose powders, just as there are, doubtless, 
good and bad nitro-glycerine powders, and that the 
powders which have caused the recent terrible 
disasters in France may fairly be classed as bad upon 
evidence derived entirely from official sources.” In 
this sentence, indeed, our article in its dominant 
aim is justified. 

As further indicative of the methods adopted by 
the Board it should be noted that in making many 
quotations from our columns they attribute to us 
views expressed in papers read at institutions and 
published in extenso under the author’s name, 
and in other expressed views simply recorded in 
ENGINEERING. In other cases the views attributed 
to us have been editorially expressed. There is, 
again, an appendix to the report quoting the views 
of authorities on explosives in support of the nitro- 
cellulose types of powder, or against the nitro- 
glycerine types, to which cordites belong. Such 
method of controversy assumes that there has been 
no change of opinion on the part of the authors 
quoted, and no alteration or improvement in the 
respective ‘explosives. Surely there is room for 
change of opinion in respect, for instance, of chemical 
compositions. The proportion of constituents and 
the stabilising medium used considerably alter the 
properties of propellant powders. A nitro-glycerine 
type of epee made now may be very superior 
to one of ten or eleven years ago, when some of the 
views quoted were expressed. Moreover, other dicta 
by the same authorities put a very different com- 
plexion on the general views of those authorities. 

Lieutenant (now Sir Trevor) Dawson is quoted 
as having advocated, in 1901, the use of nitro-cellu- 
lose powders ; but it should be remembered that that 
was in the old days of ordinary cordite, and before 
the introduction of M.D. cordite and other more 
recent types of nitro-glycerine powders, which 
are an improvement even upon M.D. cordite. 
Likewise, in 1901, the British Explosives Committee 
had only just commenced their work, which cul- 
minated two years later, after a very careful series 
of comparative stability and other trials between 
nitro-cellulose and nitro-glycerine powders, in the 
retention for British services of the latter (cordite) 
in a modified form, owing to its greater stability 
and efficiency. This Explosives Committee, which 
numbered amongst its members Lord Rayleigh, 
Sir Andrew Noble (who is quoted in support of the 
Board’s remarks respecting erosion with nitro- 
glycerine powders), Sir William Crookes, and Mr. 
(now Lord) Haldane, can hardly be said to have been 
influenced by any such ulterior motives as are in- 
sinuated by the Joint Board when they imply that 
our previous views have changed owing to the fact 
that formerly ‘‘ British versus United States powder 
was not under consideration by South American 
Powers having large contracts for war materials to 
be placed either in England or the United States.” 

It is interesting also to note that, among the 
other authorities quoted by the Joint Board in 
support of their contention that a nitro-cellulose 
powder is better in every way than a nitro-glycerine 
powder, is Dr. Robertson, who has been for some 
years head chemist of the Research Department, 
Royal Arsenal, Woolwich. Although while there, 
he has had ample opportunities of giving weight to 
any views he may have as to the relative merits 
of the two classes of powders, it would not 
appear as if he shared the opinion of the United 
States Joint Board, as the British Government still 
adhere to a nitro-glycerine type of powder. Dr. 
Silberrad, who is also largely quoted, was actually 
the head chemist of the Research Department and 
principal chemical adviser to the British Explo- 
sives Committee at the time the Committee advised 
against the adoption of nitro-cellulose powder for 
the British services. M. Jacqué, also quoted, is 
an eminent Spanish chemist, whose Government 
have just recently decided to adopta nitro-glycerine 
powder for its navy. So much for testamentary 

ccrroboration of the views of the Board. We turn 
now to the views of the Board. 

A complete analysis of the contentions of the 
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Board would require too much space, and involve 
a repetition of the views we formerly expressed. 
The Board themselves admit that ‘‘the general 
subject of the decomposition of smokeless powder 
is too technical to be considered very fully,” and 
they rely largely on the quotations from experts, 
to which we have already alluded. 

Much is made of the accidents due to the 
spontaneous combustion of cordite in the Revenge, 
the Mikasa, the Fox, and on Indian stations. 
The Revenge mishap was due to the gun-cotton 
dust in the primer having decomposed owing to 
the constant high temperature of the magazine. The 
cordite on the Mikase was some in which, unknown 
to the Japanese Government, a certain so-called 
stabiliser had been incorporated, which gave mislead- 
ing test results, as so many stabilisers do. The 
powder had been purchased in a hurry, as it was 
in stock and war was imminent, so that here, in 
the most notable case in which cordite is blamed 
for the loss of a ship, the actual cause is ex- 

lained otherwise than on normal conditions. 

he cordite in India and on H.M.S. Fox, 
which caused trouble, was old Mark I. cordite, 
which had been subjected to extremely high 
temperatures for many years; the Fox, it should 
be remembered, was on an Indian station at the 
time of the trouble. Had the powder in question 
been a nitro-cellulose powder, don, to judge from 
the Woolwich results to which the report refers, it 
would not have stood such treatment for nearly so 
long, as after ten months’ storage at 140 deg. Fahr. 
(equal to 60 deg. Cent.) a large mass of nitro- 
cellulose powder spontaneously ignited, whilst the 
cordite, stored under similar conditions, was still 
intact after three years. 

A fact which is almost unanswerable, and with 
which the report makes no attempt to deal, is that 
up to recently the United States nitro-cellulose 
called for re-working at the end of three years. 
Professor Charles EK. Munroe, Ph.D., Washington, 
in his paper on the development of explosives in 
the United States during the last three years, read 
at the Seventh International Congress of Applied 
Chemistry in 1909, stated that ‘‘ the United States 
adopted for its service powder one made only of 
cellulose nitrate of low nitration, and in common 
with such other services, it has suffered severely 
from flarebacks, due to the excessive production of 
carbon monoxide from the incompletely nitrated 
cellulose, and also from progressive deterioration in 
storage, which is characteristic of these powders. To 
ensure stability provision is made for re-working the 
powder every three years.” Inthe annual report of 
the Chief of the Bureau of Ordnance to the Secretary 
of the Navy for the fiscal year 1910, it is stated that 
‘*the re-working plant at Indian Head is effecting 
great economies in transforming defective powder, 
which a few years ago would have been a total loss, 
into material which is fully equal to the best of 
the new product. Cooling systems for magazines 
are being installed in new ships with a view to 

rolonging the life of the powder and keeping the 
yallistics uniform, and similar systems will be 
installed in the older ships as rapidly as possible. 
The bad effects of unfavourable conditions of heat 
and moisture upon the stability of powder have 
engaged the attention of the Bureau, and special 
efforts are being made to counteract these effects 
by care in the manufacture of containers and in the 
design and care of the magazines.”’ 

Thus, up till recently it was recognised that the 
United States powder required re-working at the 
end of three years. On the other hand, the British 
Ordnance regulations lay down that ‘‘every lot of 
cordite, M.D. or M.D.T., on board His Majesty’s 
ships and in store is to be heat-tested as soon as 
possible after it becomes eight years old;” the italics 
are in the regulations. The British Ordnance 
regulations further go on to say that ‘‘ samples 
of each lot of cordite, Mark t., M.D., and M.D.T., 
twelve years old and upwards on board ship and in 
store at each dépdét are to be tested each year.” The 
meaning of these two comparative statements seems 
obvious—namely, that the United States authori- 
ties up till recently did not trust their nitro-cellu- 
lose powder for more than three years, whereas 
the British powder was trusted for at least eight 
years, and the mere fact of twelve years being 
mentioned indicates that the authorities anticipated 
that the powder would last for that period. Surely 
there is here some testimony that the British 
Government, at any rate, expect that their nitro- 
glycerine powder should last twelve years. 

It is right, however, to point out that a new 





system of stabiliser has been introduced, the United 
States authorities having accepted diphenylamine, 
a substance ‘‘ used in German powder for many 
years with complete satisfaction, and our [United 
States] own tests of its efficiency have been 
entirely convincing.” Again, a new system of 
re-working the older powders has been intro- 
duced when diphenylamine is incorporated. The 
belief is expressed that ‘‘ powders which in 
themselves would have a safe life of six or seven 
years, can be confidently counted upon, if con- 
taining diphenylamine, for a life of twenty years, 
and perhaps much more than this.” As the prac- 
tical behaviour of this combination can only have 
been experienced for a few years in the United 
States Navy, it remains to be seen whether this 
belief will be fulfilled. It may not be out of 
place to hear what is said on this stabilising 
question by one of the authorities relied on 
by the Joint Board—Dr. Silberrad. In dis- 
cussing aminolysis in comparison with hydrolysis, 
he states: ‘‘Amines are also reactive towards 
nitro-cellulose, their action being analogous to 
that of ammonia. . . . The reaction, being quite 
distinct from hydrolysis, is independent of the 
presence of water. As before, the development of 
gas at ordinary temperature was measured, and it 
was found that a considerable decomposition 
occurred. . . The majority of the amines (aniline, 
diphenylamine, toluidines, &c.) greatly prolong 
the test (Abel) . . . Since the reaction between 
nitro-cellulose and amines takes place so rapidly at 
ordinary temperatures, the amine will soon become 
exhausted with considerable deterioration to the 
nitro-cellulose . . . Such amines therefore cannot 
improve the stability, as might be thought from 
their power of destroying nitrous acid. So long as 
they are present they react destructively, and the 
propellant power of the powder will be decreased 
owing to the destruction of nitric groups.” 

The United States Joint Board, in quoting the 
British regulations, seems to have entirely mis- 
understood the reasons for making certain packing- 
cases for cartridges water-tight, and cases for quick- 
firing fixed ammunition air-tight. The object is 
not, as implied by them, for the purpose of protect- 
ing the cordite itself from climatic influences, but 
to protect the black-powder igniters of the made-up 
cordite cartridges from any chance of getting wet 
during handling, transportation, &c. ; and, in the 
case of the quick-firing ammunition, to protect the 
caps and metal of the cases themselves. As a 
matter of fact, cordite in bulk is sent to out-stations 
in various parts of the Empire, packed simply in 
wooden cases with paraflin-wax paper liners, which, 
of course, are by no means water-tight. This 
entirely disposes of the idea, which apparently is 
entertained by the Joint Board, that cordite, in 
order to retain its properties, must, like the United 
States nitro-cellulose powder, be kept in hermeti- 
cally-sealed cases. Indeed, the British regulations 
lay dewn instructions for dealing with cordite 
which has become wetted accidentally. These 
instructions state that :—‘‘(I.) Cordite which has 
been wetted (except that of unknown lots or from 
cartridges which contained powder-igniters), is, 
(a) if wetted with fresh water, to be dried in a well- 
ventilated building and tested by heat, and, if 
necessary, by silvered vessel; and if it passes the 
test, is to be re-packed and issued fit for service 
in all respects ; (b) if wetted with salt water, to 
be first washed thoroughly in fresh water, then 
proceed as in (a). Every care is to be taken 
that during these operations the cordite is not 
exposed to direct sunlight. (II.) Cordite which 
has been wetted when in cartridges containing 

wder-igniters is to be dealt with as follows :— 

he cartridges to be broken down and the cordite 
thoroughly washed in fresh water, to get rid of all 
powder or sulphur as far as possible. 
as in I (a), except that the cordite is to be issued so 
as to be used for practice at an early date.” 

As to erosion, it is true that under normal 
conditions the nitro-cellulose powder will certainly 
produce less erosion than a nitro-glycerine powder, 
as is claimed in the report. But the reduction of 
the percentage of nitro-glycerine to reasonable 
limits in recent nitro-glycerine powders—from 58 
to 23.5 per cent.——has resulted in the fact that the 
erosion caused by the latest types of such powders 
is extremely small ; and even if the advantage still 
remained to a slight extent in favour of the nitro- 
cellulose, the advantage from other points of view 
of the nitro-glycerine types of powders might more 
than outweigh this disadvantage. The British 


Then proceed | 


Explosives Committee, already mentioned, carefully 
tested nitro-cellulose from this point of view, and 
came to the conclusion that the nitro-glycerine 
= on a balance of qualities, preferable. 

e Joint Board point out that *‘ there is 
no doubt that nitro-glycerine powders have cer- 
tain rather marked advantages in convenience, 
and it happens that these advantages are such 
as to be specially important on  ship-board. 
Other things being equal, the energy desired is 
obtained with material of the smaller weight and 
bulk of cordite than of nitro-cellulose powder. This 
means not only that more rounds can be carried in 
a magazine, but that the charges can be handled 
more easily and in smaller space, from which 
condition there follows the possible saving in 
the size and, therefore, in the weight of the 
turret. A small charge calls for a smaller powder 
chamber, and this permits of a shorter gun.” It 
is contended that those Powers only which use 
British guns adopt nitro-glycerine types of powder; 
but surely if the nitro-cellulose was so much 
superior, as the Board seems to think, the new 
ships being built would be fitted with guns suitable 
for using nitro-cellulose types of powder. The pro- 
cedure in considering such important questions is 
to take the relative merits and demerits from every 
standpoint, to give a certain numerical value to each 
advantage and disadvantage, and, finally, to make a 
true balance of all units in order to determine which 
powder, on the whole, integrally is the most suit- 
able for the circumstances under which it will be 
used in actual service conditions. 





THE LESSONS OF THE “TITANIC” 
DISASTER. 

Tue dearly-bought lessons of the Titanic disaster 
are already yielding profit. The Board of Trade 
have been awakened to the serious nature of their 
remissness of duty in not revising their regulations 
to meet the rapid advance in the size of ships, and 
a conference of steam-ship owners has resulted in 
a decision immediately to arrange that lifeboats 
will be carried to accommodate every soul on board 
of an ocean ship. We hope that the same prin- 
ciple will be applied in the case of all Channel and 
coasting passenger ships. Special provision is being 
made to ensure that the most competent wreck 
commissioner will be appointed for the Board of 
Trade inquiry held as a consequence of the loss of 
any ship, and general satisfaction is entertained 
at the choice of Lord Mersey as the presiding 
authority, because he has been more intimately 
identified with shipping cases, and particularly 
with shipping casualties, than any other living 
judge, while his knowledge of sea practice and his 
discrimination are unequalled. He will, of course, 
be assisted by assessors, and in their selection also 
care will be exercised, so that the inquiry will be 
of the most searching nature. 

The Board of Trade Advisory Committee are to 
investigate the situation disclosed by the conditions 
prevailing on the Titanic, and to assist the Govern- 
ment Department in so modifying their regula- 
tions that the maximum provision for the saving 
of life will be available on board under similar 
disastrous circur...ances. Their first meeting for 
the special consideration of the situation which has 
arisen out of the disaster is to be held to-day, and, 
in addition to the main question as to the changes 
required in the regulations as to life-saving appli- 
ances, the agenda includes the subjects of the 
routes to be traversed by steamers on the North 
Atlantic, the speed to be maintained where danger 
exists, and the provision of searchlights for use in 
emergency. 

The line of investigation thus formulated and to 
be followed in this country is in sharp contrast 
to that adopted in America, not only because of 
the importance attached to experience on the 
| part of the investigators, but also because of the 
decision to dissociate inquiry from public excite- 
ment as far as is possible. The difference in 
British as compared with American practice is, 
|perhaps, in some measure to be attributed to 
national characteristics and to legislative procedure; 
but in any case only national courtesy prevents 
severe criticism of the premature and sensational 
| character of the inquiry now in progress at Wash- 
|ington under the direction of the United States 
Senate. The lack of knowledge and experience of 
shipping matters, and even of simple details in 
steamship construction, has been repeatedly demon- 
strated, notably by the questions propounded by the 
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presiding senator. The consequence has been that 
not only has public opinion continued excited, but 
the feelings of those connected with the ill-fated 

assengers and crew have been greatly harrowed. 

hat searching inquiry should be made is accepted 
universally, because it is important that respon- 
sibility should be brought home to those failing in 
their duty to the public, that the lessons so dearly 
paid for should be thoroughly analysed, and that 
action should be taken so that, as far as possible, 
there should be secured for the future immunity 
from like consequences in similar disasters. 

Moreover, by the clear establishment of the 
sequence and influence of events, those responsible 
for the design and construction of ships may be 
enabled to improve future ccean liners. In our 
article last week we hazarded the suggestion that the 
contact between the Titanic and the iceberg was in 
the form of a glancing blow, resulting in the ripping 
of the side of the ship. This view has since proved 
correct and justifies the contention we then made, 
that the question of the advantages and disadvan- 
tages of longitudinal bulkheads or divisions, espe- 
cially in broad-beamed ships, should be most care- 
fully considered. 

It would be premature, however, at this stage to 
go beyond a general acceptance of the advantages 
which must accrue from a full inquiry conducted 
by the most experienced authorities, and with 
adequate means of arriving at the truth in every 
detail ; and we leave the subject for the present 
with the expression of the hope that the play upon 
sensationalism will cease, and that the calm spirit 
which characterised nearly all the unfortunate 
passengers, officers, and crew, will find reproduction 
in the public mind, since such a spirit is most con- 
ducive to the evolving of truth in correct perspec- 
tive and to the development of improvements to 
meet future needs. 








THE RAILWAYS OF AUSTRALIA. 

THe State railways of Australia all have to report 
for the last complete year for which statistics are 
available, 1910-11, results of a more satisfactory 
nature than have ever previously been achieved. 
This was due to a most favourable season, with its 
accompaniment of a bountiful harvest and heavy 
traftic. The year saw several changes in the rail- 
ways as regards working. Construction was con- 
tinued, and new projects authorised, though the 
departure of greatest note was the embarcation 
of the Commonwealth Government itself on the 
troubled waters of the public ownership of railways. 
This step was taken when the long-delayed plan 
of taking over the Northern Territory from South 
Australia became an accomplished fact. This 
transfer not only carried with it the Palmerston 
and Pine Creek Railway, which has been such an 
incubus to South Australia, but also the Port 
Augusta and Oodnadatta Railway, which forms the 
southern portion of what, it is hoped, will one day 
become the North and South Trans-Continental 
trunk line. This latter line is now leased by the 
Commonwealth, and is worked by South Australia, 
but its transfer has, of course, resulted in a re- 
distribution of the capital involved in the State 
railways, and, so far as South Australia is con- 
cerned, it is not strictly correct to compare the 
last report with the results shown in previous 
years. 
_ The total capital involved in the State and 
Commonwealth railways amounts, it seems, to 
149,376,9501., of which sum 50,971,894I. is 
accounted for by the New South Wales system, 
44,180,7741. by Victoria, 12,676,240. by South 
Australia, 12,019,9271. by Western Australia, 
27,288, 1041. by Queensland, and 2,240,0111. by the 
Commonwealth ownership of the two portions so 
far constructed of the North and South Trans-Con- 
Unental line. This capital represents about 15,588 
miles of railway of various gauges in operation, 
made up of 3760 miles of 4-ft. 8}-in. system in 
New South Wales, 3397 miles of 5-ft. 3-in. gauge 
and 108 miles of 2-ft. 6-in. gauge in Victoria, 622 
miles of 5-ft. 3-in. gauge and 830 miles of 3-ft 6-in. 
gauge line belonging to South Australia, 2375 miles 
of » it. 6-in. gauge forming the Western Australian 
Government system, 3868 miles of the same gauge 
forming the Queensland Government system, and 
625 miles of similar gauge now belonging to the 
Commonwealth. The total railway mileage is thus 


made up of about 7701 miles of 3-ft. 6-in. -gauge, 
4019 miles of 5-ft. 3-in., 3760 miles of 4-ft. 84-in. 
line, and the remaining 108 7 


miles of 2-ft. 6-in. It 





must be remembered that in addition to the above 
mileage there are some 1760 miles in various States 
and of various gauges pertaining to private com- 
panies. 

It is difficult to summarise the net results of 
the working of these railways, because the various 
States do not include in all cases similar items 
in their accounts. It may be stated, however, 
that the gross revenues of the systems, excluding 
the Commonwealth lines, together amounted to 
17,528,446l., of which New South Wales figured 
for 6,042,205/., Victoria for 4,896,210/., South 
Australia for 2,015,1821., Western Australia for 
1,844,4191., and Queensland for 2,730,4301. The 
purely operating expenditure, made up of expenses 
in the permanent- way, traffic, and locomotive 
departments, amounted to 10,493,383/., in which 
the working expenses in New South Wales stood 
for 3,691,061/., those in Victoria for 2,800,2871., 
in South Australia 1,222,439/., in Western Australia 
1,216,4771., and in Queensland 1,563,1191. There 
was thus left an amount of 7,035,0631. to be dis- 
tributed, part of which was absorbed in paying 
interest on the capital loans, and in other ways. 

In the State of New South Wales the balance, 
after paying working expenses, amounted to 
2,351,1441. Of this, 1,797,146/. went in payment 
of interest on capital, leaving a net balance of 
553,998/. The gross earnings of this system have 
never been so high as in the year under review, 
and the net earnings likewise exceeded previous 
records. The surplus, after payment of interest, 
was over 30,0001. above that of the previous 
year, and so satisfactory was the general position 
that it was deemed safe to make reductions in 
goods and live-stock rates to an amount estimated 
at 60,00U/. per annum, and in passenger rates 
to 70,0001. per annum. ‘The increase in traftic 
in the year was remarkable, being greater than 
has ever been known before, amounting to over 
half a million sterling, or nearly two million tons. 
The wonderful development of the State during the 
recent favourable seasons may be gathered when it 


coaching traflic have increased 74.4 per cent.; 
from goods and live stock, 90.4 per cent. ; and 
coal and coke, 74 percent. In amount traffic has 
developed as follows in the same period :—Pas- 
sengers, 88 per cent. ; goods and live stock, 78 per 
cent. ; coal and coke, 44.8 per cent. In the same 
period the capacity of the passenger stock has been 
increased 68.5 per cent., and of goods vehicles 63.23 
per cent., a corresponding increase having been 
made in motive power. The average capital cost 
per mile shows a tendency to increase owing to 
duplication and deviation works, which have become 
a necessity on account of the volume of traffic. The 
non-paying lines of the State have a length of about 
1663 miles, of which, however, 153 miles have been 
opened since 1909, and are therefore still in an early 
stage of development. 

The Commissioners for the Victorian Railways 
likewise reported an unprecedented year. Their 
net revenue was 1,904,5361. from the railways. 
After payment of 1,516,764/. out of the net revenue 
from all sources in interest and 107,8301. in pen- 
sions and gratuities, a surplus of 282,975l. re- 
mained, compared with 155,097/. in the year before. 
This surplus remained after 100,0001. had been 
devoted to the rolling-stock replacement fund and 
91,3861. paid to the accident and insurance fund. 
Owing to the good results of this year the Commis- 
sioners decided to forego the payment usually made 
to them by the Government for the carriage, in 
conformity with Act of Parliament, of agricultural 
produce at low rates, and of Victorian coal, and 
it was expected that further reductions in rates 
would be possible in the present year. 

After paying 477,6321. in interest on capital, South 
Australia had a surplus of 315,111/. The profit and 
loss account of this system shows that the adverse 
balance has been reduced now to 400,0111/., no less 
than 1,278,4491. having been wiped off since 1906 
as a result of the railway-working. This reduction 
must be viewed as satisfactory, and one or two more 
good seasons should clear the deficit off. Pros- 
pects for the current year, however, do not seem 
to be quite so good as in recent seasons. Owing 
to the reduction of mileage and capital, due to the 
transfer to the Commonwealth of part of the South 
Australian system, the gross earnings, which were 
larger than in the previous year on the larger 
| mileage, were much higher per mile—viz., 12021. per 
| open mile in 1911, compared with 9721. in 1910. Ex- 
| penses were, however, also very much higher—viz., 








is stated that, since 1903, the earnings from} 





7291., against 565/.—so that the increase in surplus 
was not nearly so appreciable as would at first sight 


appear. 

The surplus, after paying 403,5011. in interest on 
capital, was 224,4411. in Western Australia. This, 
again, is a figure nevér before reached. It is, in 
fact, more than 70,000l. above the surplus for the 
previous year. The year was one of very heavy 
traffic, and this, in the opinion of the Commis- 
sioners, was likely to continue. As noted above, 
however, the climatic conditions prevailing since 
the report was issued have not been quite so favour- 
able, and it will exceed our expectations if similar 
results are shown for the current year. Practically 
all classes of traffic showed an increase in 1910-11, 
with the exception of coal and coke. The increase 
is attributed to the activity resulting from the 
Government’s policy of encouraging immigration 
and land settlement. This State system now shows 
a credit balance of over 1} millions sterling in its 
profit and loss account. 

Queensland had a revenue, after payment of 
working expenses, of 1,167,311/. The final net 
revenue worked out at a rate of 5.07 per cent. on 
the capital expended on opened lines. This State 
does not think it necessary in its report to give an 
account of the railways’ position for the year, 
though it is evident that this rate must easily cover 
the actual rate of interest to be paid on the railway 
loans. Neither does this State give any profit and 
loss account in its report. In fact, the only States 
which honestly go into this matter are South 
Australia and Western Australia. The others make 
little or no attempt to work the railways on a, so to 
speak, self-contained financial basis. 

As a result of the increased activity in develop- 
ment and of the good seasons in recent years, the 
various States are steadily increasing their railway 
mileage. Progress made during the year 1910-11 
was, however, comparatively small in some States. 
Some 567 miles of 1 new line were opened during 
that year, in which, however, Victoria only figured 
for 32 miles and South Australia for 23. The 
rest of the mileage was divided as follows :— Western 
Australia, 233 miles ; Queensland, 163 miles ; and 
New South Wales, 116 miles. Under construction at 
the time of the issue of the reports there were 
some 2762 miles of line. Of these, the bulk was in 
Queensland, which had 1616 miles then building. 
At the same time 354 miles were in hand in 
Western Australia, 293 in New South Wales, 289 
in South Australia, and 210 miles in Victoria. 
Further extensions have been authorised, but not 
put in hand, to an extent of over 1611 miles, the 

reater part of which is again in Queensland and 

estern Australia, these States figuring for 611 and 
for 671 miles authorised respectively, while New 
South Wales has 243 miles and Victoria 86 miles 
authorised but not commenced. To these must 
be added the trans-continental lines of the Com- 
monwealth, of which that from Port Augusta 
to Kalgoorlie will represent some 1060 odd 
miles. 

The trans-continental line of the Commonwealth 
is perhaps the most important railway undertaking 
now in hand or contemplated in Australia at the 
present time. In New South Wales the chief work 
in hand is the North Coast Railway, which will 
open communication between Lismore and Grafton 
and Newcastle. In Western Australia most of the 
proposed increase in mileage will take the form of 
cross-connections, and the completion of a network 
of lines in the south-west corner of the State, 
though a line is to be commenced 190 miles long, 
running parallel to, but further inland than, the 
privately-owned Midland Railway system. This 
line, when completed, will join up two sections of 
the State system at present connected by a private 
line. Again, another important departure is the 
114-mile line building from Port Hedland to Marble 
Barinthenorth. This, for many years, is bound to 
be an isolated line. In Queensland, which is show- 
ing at present greater railway enterprise than any 
of the other States, the railways under con 
struction include the prolongation of four impor- 
tant lines into the interior, for distances ranging 
from between 250 and 360 miles. It is further 

lanned to connect at some future time all the 
inland terminals of the up-country lines by a line 
which would form a diagonal across the South-West 
corner of the State. Another important enter- 
prise in Queensland is the North Coast Railway. 
It is unquestionable that many of the difticulties 
which the system of this State has had to encounter 
in the past have been at least in part due to the 
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isolation of its various sections. The gradual link- 
ing up cannot but be conducive to greater efficiency 
in operation. 





THE VALUATION OF AN ENGI- 
NEERING PROPERTY. 

Ir frequently happens that an estimate of the 
value of an engineering or manufacturing property 
is required for one or other of several purposes, as, 
for instance, when it is desired to turn the property 
over to a company to be formed, or when it is 
desired to raise fresh capital for a company which 
may already own it. Or, again, a valuation may be 
required on the occasion of an inquiry into the 
adequacy or otherwise of the depreciation funds 
which may have been set aside over a period of 
years in connection with a property, or when it is 
desired to mortgage the whole, or part, of such a 
preety as security fora loan. In any case, and 
or whatever purpose a valuation is required, there 
are many factors which have to be taken into con- 
sideration in arriving at an estimate of the capital 
sum which the property is actually worth, and the 
matter in general is one of much complexity. 

Some of the factors affecting the en of proper- 
ties, and more particularly the legal and semi-legal 
ones in reference to clauses in leases, the rights of 
tenants in their fixtures, and similar matters, offer 
no great difficulty to a competent professional valuer, 
but others are more elusive, and put great difficulties 
in the way of making a fair estimate of value. Among 
such elusive factors we would put obsolescence and 
management. By obsolescence, in this connection, 
we do not mean depreciation, which lends itself 
readily to approximate estimate, but the fall in 
value of manufacturing buildings and plant which 
may take place owing to the introduction and 
advance of newer methods of manufacture, for 
which the buildings or plant have not been con- 
structed. By management we mean the value which 
attaches to the ability of the personnel in charge 
of the engineering or manufacturing property, as 
it is obvious that one man, or set of men, will earn 
a greater returu with a plant than would another, 
or others, so that with the former in charge the 
plant would actually have a greater capital value 
than if it were in the hands of the latter. 

The valuations of manufacturing and engineering 
plants which come to the notice of the general 
public are in the main those which are made pre- 
paratory to the formation of new companies, and it 
would appear that even the most conscientious of 
valuers must, in such cases, base his estimate on an 
examination of the building and plant it is pro- 
posed to acquire, and a consideration of their 
suitability for the purpose in hand, together with 
an examination of the legal obligations which the 
possession of the plant may entail, and that he 
can make no estimate of the adequacy of the pro- 
posed management. Presumably he can but assume 
that the plant on its acquirement will be managed 
in an able way, although if, in practice, he does 
work on such an assumption, the later history of 
many manufacturing companies suggests that in this 
particular at any rate his valuation may be at fault. 

On the valuation of a manufacturing property as 
& going concern, preparatory to the advancement 
of a loan against a mortgage on the business, it is 
obvious that any proper consideration of the cir- 
cumstances will demand that some estimate of the 
standing and ability of She personnel of the business 
should be made. This point was brought out very 
clearly in an able and interesting paper on ‘‘The 
Value of Buildings and Machinery as a Lender’s 
Security,” which was read by Mr. G. Humphreys- 
Davies before the Institute of Bankers at the 
London Institution on the 23rd inst. ; and although 
Mr. Humphreys-Davies did not directly state that 
the ability or otherwise of the management of a 
business was the most imoortant item in deter- 
mining its value, such an assumption was implied in 
his paper. In practice, as Mr. Humphreys-Davies 
pointed out, a responsible valuer in such circum- 
stances would either satisfy himself as to the stand- 
ing and ability of the management of a business he 
was dealing with, or would advise the lender to whom 
he was reporting that his valuation was concerned 
only with the plant, buildings, and stock-in-trade, 
and involved no assumption as to the ability of the 
management. In the majority of cases the lender 
would doubtless be in the ion of better 


information on this latter point than the valuer 
could hope to gain ; if he were not, he would hardly 
be likely to entertain the advancement of a loan ; 





but, in any case, either the lender or valuer should 
have access to such information before the valua- 
tion could be any proper guide to the security which 
the business 4 afford. 

The question of the prime position which the 
management holds in a manufacturing business is 
one to which we have referred, in one way and 
another, on many occasions, and it is not neces- 
sary to dwell on the matter at length at the 
present time. It is interesting, however, to find 
the point so clearly brought out in a paper by a 
professional valuer. There is no question but that 
the greatest asset of many manufacturing firms lies 
in some man, or men, who form part of their 
boards or staffs, and while it is, of course, impos- 
sible to estimate such assets in cash, it is none the 
less certain that their possession is equivalent in 
many cases to a very considerable return on the 
capital in the businesses. It is clear that a valuer, 
acting, say, for a banker in connection with nego- 
tiations for a loan, will not make his task any 
easier if, in valuing the business of a firm, he 
attempts to include a figure for the personnel in his 
estimate of the value of the assets, and yet it is 
clear that he cannot ignore the value or otherwise 
of such personnel if he is to make a fair report on 
the security which the firm is able to offer against a 
loan. The most that can be done in practice 
is to state the value of the tangible assets, 
the progress or retrogression of the firm over 
some years, and the ability of the management as 
it appears to competent observers. The last factor 
is a very elusive one, but its negligence may render 
an otherwise careful valuation quite useless as an 
index to the future career of a firm. A case which 
might easily arise in practice would be that of a 
firm which had been successful in the past and which 
had come into the hands of a new management 
anxious to extend its scope. Such a management 
might wish to negotiate a loan for this purpose, 
and it is clear that a valuation based only on the 
plant and past history of the firm, and altogether 
neglecting the character of the new management, 
might give no true indication of the security which 
the business of the firm would offer against the loan. 








ELECTRICITY SUPPLY: PAST, 
PRESENT, AND FUTURE. 

Tue first Royal Institution discourse after the 
Easter recess, delivered on Friday, April 19, by 
Mr. A. A. Campbell Swinton, M. Inst. C.E., M. 
Inst. E.E., on ‘‘ Electricity Supply : Past, Present, 
and Future,” had largely historical interest. It is 
characteristic of the rapid development of elec- 
tricity that many of Mr. Swinton’s early facts and 
his interesting exhibits appealed strongly to the 
elder generation, whilst they had little meaning for 
the young electrician. The magneto machines of 
Holmes, which lighted the Dungeness Lighthouse 
in 1853; the Jablochkoff candles on the Embank- 
ment, at which London stared in 1878 ; Lord Arm- 
strong’s private hydro-electric installation at Crag- 
side, of 1879; the first Swan lamps at Alnwick 
Castle, to which a fused wire set fire in 1881 ; Lord 
Kelvin’s gas-engine, dynamo, and Faure battery 
plant at Glasgow, of the same year; Sir William 
Crookes’s house installation of 1881—old familiar 
reminiscences to many of us, text-book lumber to 
others. The young electrician hardly realises what 
the introduction of electric light and power meant. 
Some of Mr. Campbell Swinton’s further state- 
ments will bring it home to him. 

Mr. St. George Lane Fox drew up a general scheme 
of electricity supply by mains, branches, and sub- 
branches, with accumulators to assist the dynamos, 
in 1878, but he made no provision whatever for 
switches. The Corporation of Liverpool considered 
themselves in 1879 in aspecially advantageous posi- 
tion to supply electricity, as they had a 20-horse- 
power engine working a fountain in daytime, but 
doing no work at night. Sir William Siemens, in 
1882, suggested feeding the low-pressure lamps 
then in use from low-pressure generating stations, 
of which the St. James's district would want one for 
every quarter of a square mile, and London alto- 
gether about 140. r. Swinton stated that at 
present London was supplied by fourteen companies 
and thirteen local authorities, and Sir William, 
mistaken in this estimate, had been much more 
happy in the estimate of the capital required, which 
he put at 14 million pounds for London and 64 mil- 
lions for Great Britain and Ireland ; some 20 mil- 
lions had actually been spent on the London supply 
and 67 millions for the United Kingdom. Owing 





tothe haneful effects of the Electric Lighting Act 
of 1882, which limited licenses to a period of seven 
years and provisional orders to 21 years, only 
100,000/. were invested in electric supply under- 
takings till 1888, when the Act was amended, and 
500,0001. till 1890. 

In those days distribution by high-tension alter- 
nating currents with the aid of Goulard-Gibbs trans- 
formers was first attempted for lighting the Gros- 
venor Gallery ; but before Mr. Ferranti could 
reorganise the great power-station of the London 
Electric Supply Company at Deptford, in 1888, 
short circuit destroyed the Grosvenor Gallery. 
That success was finally achieved, Mr. Swinton 
attributed chiefly to the substitution of the Parsons 
turbine, upon which he dwelt at length, for the 
reciprocating engine. As an example of present 
supply, he selected the electricity distribution from 
Newcastle-upon-Tyne, due to Mr. Charles Merz. 
Steam-turbines aggregating nearly 200,000 horse- 
power were driving three-phase generators for 
currents of 40 cycles at from 3000 to 12,000 volts, 
and these currents were sent north as far as Mor- 

eth, west as far as Consett, and south down to 
eee Remo, Man Middlesbrough, and Cleveland. 
That private enterprise, the lecturer averred, 
could never have been risked by a single muni- 
cipality, as it covered large portions of two counties, 
and could not have become successful either, if 
Newcastle had been cut out of the district. For 
this reason similar undertakings on the Clyde, in 
Lancashire and Yorkshire, had failed to go ahead at 
equal rapidity. In most cases of high - tension 
distribution, consumers were connected in parallel. 
Thury, of Geneva, joined the consumers in series, 
and his system had now been adopted by Mr. 
Highfield for the Metropolitan Company in the 
outskirts of London. In this case 7 miles of cables 
were to carry 100 amperes of continuous current at 
120,000 volts maximum pressure ; the sub-stations 
were all coupled in series, and the earth was used 
as return, the earth connections being made 40 ft. 
down to avoid corrosion by stray currents. 

As regards the future, Mr. Campbell Swinton 
remarked that the lessons of the past showed how 
dangerous it was to prophesy. The steam-turbine 
would probably hold the field in large generating- 
stations ; for moderate units of 500 kw. or 1000 kw. 
the internal-combustion engine was gaining ground, 
and it might conquer. If the gas-turbine were 
to become an efficient competitor, the gas would 
have to be raised to very high temperatures, 
and no metal was known at present for making 
blades that would not fail at red-heat. Coal 
would not merely be burnt in the future, pro- 
bably ; it would have to be turned into gas, in 
order to save the by-products, to be burnt either 
under boilers or in internal-combustion engines. 
Sir William Ramsay’s somewhat revolutionary 
scheme of igniting the coal in the seam itself 
looked, at any rate, very interesting, and a practical 
trial seemed desirable. Nineteen years, Mr. Swinton 
continued, had still to elapse before the purchase 
of the London electric companies could take place 
under the Act of 1888. He would hazard the 
suggestion that the purchasing authority might do 
well, in time to come, to confine itself to distri- 
buting the pert | which they would be able to 
buy at cheap rates, but not to manufacture electri- 
city, which would then be gained on a large scale 
in the coal-fields alongside of chemical and metal- 
lurgical manufacture, and of other processes of 
which but little was known. 

It will be seen that Mr. Swinton spoke mainly 
of matters concerning this country, as he had 
announced in his introduction. The time-limit made 
that necessary. We did not follow him, however, 
in his concluding statement that all the many 
interesting developments which he had been able 
to discuss had been made within the walls of the 
Royal Institution, with the identical pieces of 
historical apparatus lying on the table. The col- 
lection was interesting, but the general statement 
might be misinterpreted. The great discoveries of 
Faraday lie, in a sense, at the foundation of all 
electrical apparatus, but they have been developed 
in many places. 








NOTES. 
Exectric Deposits iN FLAMES. 
Some peculiar phenomena, recalling electrolysis 
of solutions, have been described by Bruno Thieme, 
of Berlin, in the Zeitschrift fiir Physikalische Chemie. 
He places two copper wires in the sooty flame 
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of a burner or candle, the one wire above the 
other, about 1 cm. apart. Both become black with 
carbon. When they are joined to a battery, how- 
ever, the carbon deposit forms a growth, a kind 
of trunk, from which fine branches extend into the 
flame, on the cathode, as soon as the potential 
difference exceeds 12 volts. It is no use to raise 
the potential above 25 volts, however, and the 
phenomena are hardly more pronounced in the 
much more sooty acetylene flame than in an ordi- 
nary coal-gas flame. When the current is reversed, 
the carbon particles separate off, and appear at the 
other electrode. The soot is very fine and soft, 
and Thieme, therefore, designed an apparatus for 
the continuous production of such soot. For this 
purpose he uses & long flame produced by 
letting the gas escape from a series of holes 
in a horizontal tube; in these jets he suspends 
a horizontal wire, and above this a piece of wire 
gauze. The wire is attached to an electro- 
magnetic relay which attracts and shakes the wire 
as soon as the carbon deposit reaches over to the 
wire gauze and short-circuits the current. Other 
experiments were made with an influence electric 
machine or with an induction apparatus as source 
of current ; the passing spark caused the deposition 
of carbon, sometimes, however, at the anode. 
While, therefore, the phenomena on the whole 
resemble electrolysis, and also the transference 
of carbon particles from the electrodes by and 
through the carbon arc, there are peculiar anomalies 
which Thieme wishes further to investigate. He 
also obtains metallic deposits. In this case he 
melts some salt on a platinum wire and holds 
the wire with its bead of fused salt in the flame 
between plate or wire electrodes, joined to an 
induction apparatus or to a high potential battery. 
Copper sulphate then deposits metallic copper, but 
mostly on the anode, while copper oxide and some 
more copper appear on the cathode, or also on the 
platinum. Mercury nitrate similarly gave drops of 
mercury, and potassium and sodium salts were also 
decomposed, to judge by the intense yellow or 
purple colouring of the flame near the cathode. 


Carson Dioxipt DETERMINATION. 


The apparatus of Dr. Ernst Miiller, which is 
being put on the market by the well-known firm of 
Keiser and Schmidt, of Berlin, determines the 
percentage of carbon dioxide in flue gases, air, &c., 
automatically, on a novel principle. The various 
apparatus so far in use may all be said to deduce 
the carbon dioxide percentage by measuring the 
diminution in the gas volume which takes place, when 
a given volume of gas is passed through a solution 
of caustic potash which absorbs the carbon dioxide. 
Dr. Miiller also absorbs the gas by caustic potash ; 
but instead of measuring the volume diminution, he 
determines the rise in temperature which accom- 
panies the absorption. The apparatus appears 
more complicated than the practical modifications of 
the Orsat apparatus, but it works automatically and 
seems to be independent of the ordinary variations 
in air-pressure and temperature. The point is that 
the caustic potash drips on to a glass tube which 
is covered with a silver wire netting and which con- 
tains a thermo-electric battery consisting of thirty 
copper-constantan couples joined in series. The 
vessel, in which this dripping takes place at the 
rate of about eight drops per minute, is connected 
with the potash receptacle on the one side, and 
with the flue gas-pipe on the other, and liquid and 
gas circulate under the same adjustable pressure 
of about 2in head of water, the apparatus being 
joined to a water-jet pump. The caustic potash 
passes from a 2-litre vessel roe an overflow cup 
ito a glass capillary, consisting of five U tubes, 
15 in. high about, mounted in series on a zinc 
plate ; the diameter of the tube is 1.3 mm., and 
from it the liquid is discharged on the thermo- 
couple tube, as explained. The flue gas, arriving 
from the other side, flows through a copper coil of 
forty turns; the coil diameter is 46 mm., the tube 
diameter 4.2 mm., and the wall thickness (copper) 
0.75 mm. The U tubes and the coil serve the 
Same purpose, to bring the liquid and gas to 
the temperature of the atmosphere, and to en- 
Sure @ uniform rate of flow. A pressure-gauge 
is inserted in the system. The instrument is cali- 
brated with the aid of an Orsat apparatus. The 

vtlections of the recording galvanometer, joined to 
the thermo-couple, are those of the moving-coil 
type, and hence the scale divisions are not equal ; 


they become smaller as the percentage of carbon 
dioxide increases, There is also variation due to the 








losses of heat caused by conduction and radiation. In 
ordinary practice, a gas containing 15 per cent. of 
CO, would produce a temperature rise of 15 deg. 
Cent. In testing his apparatus, Dr. Miiller has varied 
the density of the caustic potash, the water head, 
the number of drops per minute, the tempera- 
ture and pressure of the atmosphere, and other 
features ; and from what he says in his description 
in the Zeitschrift des Vereines Deutscher Ingenieure 
the apparatus would appear to adapt itself to the 
various changes. A rise of temperature, for in- 
stance, dilutes the gas, diminishes the friction of 
the liquid in the capillary, and increases the 
number of drops falling per minute ; on the other 
hand, the heat evolution is greater when the 
carbon dioxide and the liquid potash combine 
at higher temperature, and the different effects 
balance one another so well that the curves 
obtained at 9 deg., 16 deg., and 25 deg. Cent. 
were practically identical. The caustic potash 
should have the density of about 1.27, which corre- 
ag to 28 per cent. of caustic ; slight changes in 
the density matter little. 








WEST RIDING RIVERS AND TRADE 
EFFLUENTS.—No. II. 

In 1897 and 1904 we dealt with the subject of 
the law’s delay. Even then that matter had 
become serious, as experience had already revealed 
loopholes to offenders. Eight years more have 
done nothing to improve the law. On the contrary, 
these breaches have been widened and increased in 
number, added to which difficulties there is now 
the obstruction of the Local Government Board, 
and the increasing influence of the West Riding of 
Yorkshire Millowners’ and Occupiers’ Association, 
a powerful, wealthy, and well-organised body, ably 
advised and resolute in action. 

In 1904 the basis of our treatment of the subject 
was the Third Report of the Royal Commission on 
the Disposal of Sewage, which dealt solely with 
the two subjects of ‘‘Trade Effluents” and ‘A 
New Central Authority.” Reference to these 
articles will be made hereafter, and it will be inte- 
resting to note from time to time the evolution of 
facts and views which we trust may prove the basis 
of a clear and concise codification of the law relating 
to the pollution of rivers. Moreover, during the 
eight years’ interval, several private Acts have been 
passed, giving increased facilities to traders in 
certain boroughs and urban districts, to discharge 
effluents into the sewers, after preliminary treat- 
ment, on payment of such amounts, where deemed 
necessary, as may be settled by agreement or arbi- 
tration. It is true that some of these too sanguine 
authorities have found that they have overshot 
the mark, and their Acts are at present almost a 
dead letter for this reason. Nevertheless, they at 
least serve as precedents, paving the way to the 
complete treatment of all trade effluents, and in 
the long run will help to open many a door, as the 
river authorities come to realise their power and 
use it with resolution. 

We now propose to consider the evidence in 
the Seventh Report, Vol. III., 1911, which began 
on the 87th day of the sittings, January 26, 1909, 
and ended on the 96th sitting, October 29, of the 
same year ; ten sittings being taken up wholly by 
this branch of the Commission’s work. The sitting 
was opened by the examination of Mr. H. F. Atter, 
clerk and solicitor to the West Riding Rivers Board, 
whose difficulties, naturally greater than those of 
any other Rivers Board yet formed, have, on the 
one hand, as we have seen, been accentuated by the 
obstruction of the Local Government Board and 
the West Riding of Yorkshire Millowners’ and 
Occupiers’ Association, and, on the other hand, 
have not been lessened, as in the Mersey and Irwell 
Basin, by any fortuitous circumstance, such as the 
construction of a ship canal cutting, by a party 
unanswerable for rivers purification. 

Mr. Atter had already prepared and submitted 
to the Commission a statement characterised as ‘‘ an 
exceedingly clear and reasonably short document,” 
by the Chairman, Colonel T. N. Harding, who was 
one of the first members of the West Riding Rivers 
Board, and who had, as chairman of the Leeds 
Sewage Committee, conducted, along with the 
borough engineer, the late Mr. Thomas Hewson, 
the important series of experiments in the bacterial 
treatment of the Leeds sewage at Knostrop. 

The following are the heads of this statement :— 

New sources of pollution. 

Abuse of purification works, 





Short tenancies. 

Liquid refuse dealt with by contractors. 

Ochre water. 

Samples. 

Discharges by joint outlet. 

Procedure. 

We will take these suggestions seriatim, bringing 
the pros and cons together in each case. 

New Sources of Pollution.—On this point the 
suggestions made in Mr. Atter’s statement were as 
follows :—The law to be amended so as to make it 
possible to prevent or regulate the creation of new 
sources of stream pollution. Persons who propose 
to make discharge to give notice of their intention 
to the Sanitary Authority and to the Rivers Board 
of the district, specifying their means of preventing 
pollution. Either of these authorities to have power 
toreject the proposal, subject to appeal tothe Central 
Authority, as proposed in the Commission’s Third 
Report. Failure of notice, or the discharge of 
polluting effluents after a proposal has been rejected, 
to entai — recoverable in County Court or 
a Court of Summary Jurisdiction. Provision for a 
limit of time in which decisions of the Sanitary 
Authority, Rivers Board, and Central Authority are 
to be given. 

Mr. Atter cited several river authorities 88 - 
ing special powers for dealing with new pollutions, 
such as the Lea Conservancy Act, 1868, Thames 
Conservancy Act, 1894, &c. In his vivd-voce evidence, 
Mr. Atter was unable to affirm that his statement 
expressed the deliberate opinion of his Board as a 
whole, before whom the propositions had not been 
laid. The statement had been drawn up by Dr. 
Wilson, the Rivers Board’s chief inspector, and him- 
self, and submitted to the chairman. Dr. Wilson, 
in his evidence two days later, gave reasons of a 
strikingly interesting and weighty character in 
support of these suggestions. The details of this 
are well worth reproducing. He told how a colliery 
was opened on a small stream, one of the sources 
of supply for the borough of Rotherham, within 
his district, and that before the colliery was opened 
the company was warned that polluting liquids 
would result, and that steps would have to be taken 
to purify those liquids before any were discharged. 
This it promised to do. The colliery was opened, 
and the processes of coal-washing and coke-making 
in patent ovens established, with the inevitable 
discharge of chemical refuse. Certain measures of 
a futile character, chiefly settling-tanks, were 
adopted, but the discharge was, from the first day to 
that, grossly polluting. That had gone on for years. 
The polluters had been cited before the Rivers 
Board, and had undertaken to carry out proper 
works; but a year before—that was, in January, 
1908—the Board had been compelled to apply 
to the Local Government Board for their consent 
to take proceedings. As he had testified in his 
evidence two days before, they had never re- 
ceived any reply from that Board on that case. 
As a consequence, the Rotherham Corporation felt 
themselves bound to apply for an injunction against 
the authors of this pollution of one of their 
sources of water supply. ‘‘ This,” said Dr. Wilson, 
‘tis one of the instances of what was once a clear 
stream of drinking water being foully polluted by a 
new discharge, and the present powers of the Rivers 
Board are not sufficient to prevent such cases.”’ 

These are some of the fruits of a policy, no matter 
what its origin, under which a Government depart- 
ment steps in between the law and the offender, and 
disturbs the balance of justice. Such examples as 
these, Dr. Wilson’s evidence continued, made him 
feel strongly that if new legislation were to be pro- 
moted, it should be made to include provision for 
absolutely preventing the creativn of any polluting 
discharge in certain streams, unless the manufac- 
turer could show previously that he was adopting 
the best-known means for the prevention of pollu- 
tion. Dr. Wilson considered that the veto which 
this would place upon the establishment of a busi- 
ness would be of rare occurrence, and it is probabie 
that we may safely conclude that, in view of the 
power of such a veto, manufacturers would think 
twice before selecting pure streams into which to 
discharge their impure effluents. Moreover, the 
right of appeal is a strong check on abuse of the 
power. Such power and the right of appeal against 
a veto are in force in Germany. 

Mr. Willis, the Secretary of the Commission, 
drew attention to a supposed case in which a process 
of considerable novelty was to be established. A 
Board would be undertaking serious responsibility 
in either approving or disapproving of proposed 
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purification works in such circumstances, and he 
suggested the fixing of a special standard to which 
the plant must attain, as the safer course. This is 
doubtless the right course where sanction to a new 
scheme is to be given, the novelty or otherwise of the 
process being immaterial. But Dr. Wilson’s point 
was, that due notice must be given to both the local 
authority and the Rivers Board, and that either 
should have the power of forbidding the works. 
From the context this appears to mean that both 
should have the power of veto. If so, it may be 
asked, Is it necessary, or even desirable, that this 
power should be given to two authorities? With 
deference, we submit that it is not. Anything tend- 
ing to the creation of needless friction should be 
avoided, and friction between opposing interests 
could not fail to arise. Increase of rateable value 
might tempt the rating authority, especially where 
industrial interests prevail and ss trades 
rule ; while the rivers authority should regard the 
question only from the point of view of the purity 
of the stream. 

But, in addition to this, there is a still more 
important aspect of the question of new works. 
The proposed Act itself should secure the purity 
of all domestic water supplies from open streams 
by a clause absolutely forbidding the creation or 
increase of polluting works of any kind within any 
basin or drainage area whose waters are impounded 
for that purpose. Finally, it may be remarked that 
the mere permission to construct works embodying 
a plan or scheme of treatment, or a plant, does not 
imply responsibility for its results ; the standard 
should be complied with. 

Objections to these new powers were raised by 
the West Riding of Yorkshire Mill-Owners’ and 
Occupiers’ Association. Their solicitor, Mr. Charles 
Mills, of Halifax, in the first instance, thought it 
was doubtful whether the Conservancy Acts of the 
Lea and Thames, &c., gave the kind of powers sought 
by the Rivers Board ; but that, apart from this, the 
proposals were petitioned against by a number of cor- 

orations and other authorities in the West Riding, 

esides certain assoziations, traders, mill-owners, 
lessees, and occupiers on the River Don, and also, 
it may be emphasised, by the Mining Association of 
Great Britain. The whole mining interest enjoyed 
immunity, even down to the Act of 1894, from 
all responsibility for damage done to the waters of 
the purest natural streams arising from the addition 
of any kind of mineral waters pumped from below 
the earth’s surface—waters which are often in them- 
selves noxious, nauseous, and even poisonous, and 
frequently contaminated to a greater or less degree, 
by reason of the presence below ground of large 
numbers of miners. With such a record of immunity 
they not unnaturally are averse now to interference. 

Mr. John H. Hanson, M. Inst. C.E., the consult- 
ing engineer and principal witness of the West Riding 
Mill-Owners’ Association, took the view that when 
building plans of new works were submitted to a 
local authority in the usual course, it should be 
the duty of such authority to call attention to the 
requirements of the Acts relating to the pollution 
of rivers. What sort of a plant should be put 
down, however, or whether one should be put down 
or not, should be a matter not within the powers 
either of the local authority or of a Rivers rd. 
“‘T think the work of a Rivers Board should not 
commence until there is pollution.” It should be 
possible for the manufacturer to know what was 
required of him, and he should be expected to make 
provision accordingly. 

It appears to be clear that the object of the 
Rivers Siest is to differentiate between a brand- 
new polluter and one who has a vested interest. 
The latter has two months’ notice before being 
liable to prosecution, but the former is to have 
none. As soon as he violates the standard he is to 
be liable. The notice required of him and the 
consent to be obtained for the erection of the build- 
ings, with the interval elapsing during the construc- 
tion of his works, are to be taken as sufficient to 
ensure that efficient purification plant must go hand 
in hand with such works. Therefore he is assured 
of fair play, and his duty is to make sure of his 
treatment so far as he can, for which he has ample 
time. Given the absolute prohibition clause in the 
Acts as we have suggested, the exercise of a veto 
by the Rivers Board would be, as Dr. Wilson stated, 
of rare occurrence. 

In dealing with this question, two things must 
always be kept in view : first, the right of appeal ; 
and second, the inevitable certainty of all purifica- 
tion works to go wrong at times by neglect, decay, 





or accident, no matter how complete and perfect 
they may be. This is one imperative reason for 
the veto on catchgrounds. 








INDUSTRIAL NOTES. 

On Monday last a long sitting of the South Wales 
Coal Board took place in Cardiff, Lord St. Aldwyn 
residing ; no agreement was, however, arrived at. 
The original schedule was reverted to by the men, 
while a series of proposed rates was presented by the 
owners, there being an average difference of about 
3s. per man per day between the two sets of figures. 
The rates of the day-wage men were taken first. 
Further consideration of these was postponed till to- 
day and to-morrow. An entirely new agreement is 
involved, and the interpretation of the Act is a 
difficult question between the two parties. The 
average wages are what the men think should be 
considered, while the owners maintain that the Act 


provides that the Board shall have regard to the | P® 


‘daily rate of wages toga and that not the average 
earnings of all colliers, but only day-rate wages, should 
be considered. 


On behalf of the executive committee of the North- 
umberland Miners’ Association a circular was issued on 
Friday last with regard to payment for out-of-work 
benefit after the end of the strike. From this we gather 
that the question of the payment to men for time lost 
after the strike, owing to causes over which they had no 
control, has been carefully considered. Several reasons 
have contributed to the difficulty of the problem, among 
them being the fact that the pits did not all recom- 
mence at the same date, and also to the circumstance 
that several men at some of the pits did not find room 
when work recommenced. The very limited amount of 
the funds at the disposal for the purpose had also to be 
considered. Asa result the following resolution was 
passed :—‘‘ Payment of out-of-work benefit after the 
end of the strike :—(A) Pays ending April 13. That 
as we were on strike up to Saturday, April 6, members 
cannot be paid any out-of-work benefit for that fort- 
night, as we cannot count, for the purposes of Rule 40, 
the first week of the pay during which we were on 
strike. (B) Pays ending April 20. That in order to 
deal as equitably as — between men working at 
pits whose pays ended on the 13th, we may not pay 
more than half of one fortnight’s out-of-work benefit to 
members working at pits which will end their pay on 
April 20. (C) Pays ending on April 27 and after to 
be paid full out-of-work benefit as per rule 40. (D) 
Shifting allowance. This will be paid as usual.” 
These resolutions were recommended to lodge secre- 
taries for use when making out their lists for stop- 
page, &c. 


It has been decided by the Manchester Team- 
Owners’ Association not to re-open negotiations with 
the United Carters’ Association in a dispute, on the 
ground that the carters have refused the only terms 
on which a settlement can be arrived at. A resolu- 
tion was therefore drawn up by the Manchester dis- 
trict council of the transport workers pointing out 
that this decision compelled the transport workers to 
continue to work with men called ‘‘ blacklegs,” and 
that consequently they recommended the national 
executive to withdraw the whole of the transport 
workers in the district, for in this way it is hoped to 
bring the dispute to an end. 





Many disturbing rumours are going about regarding 
the prospects of another great railway strike during 
the coming summer. The conciliation boards appear 
to be the cause of the difficulty, the companies being 
charged by the men with threatening to split up the 
boards, which action the men consider contrary to the 
official conciliation scheme arrived at last summer. It 
is reported that the attempt to increase the number of 
boards was causing great dissatisfaction among the 
men, because only certain men would, it is said, 
derive any benefit, those who profit being em- 
ployed in the more responsible positions, the lower 
grades not being affected. More uniform treatment is 
what the men want. On the other side, it is stated 
that the companies have accepted the scheme of 
August last, as amended by the agreement arrived 
at in December last. The companies say that, under 
pressure from a large number of men, they suggested to 
the Board of Trade that the number on the Conciliation 
Board should be increased, and they still await a 
decision on this point. An official of the South- 
Eastern and Chatham Railway is reported to have 
said that they had reinstated every man in the grade 
he occupied before the trouble of August last, and the 
men have not been penalised in any way, nor have 
they lost anything by the action they took. 


According to Dr. Paul Marcure, of the Berlin Bar, 
when the German Courts were reformed in 1879, 
complaints were frequently heard from the working 
classes that justice was not received by them in the 
Courts in disputes with employers. There may have 





been some truth in this, because the judges, owing to 
their education and process of reasoning, were more 
familiar with the ideas of the employers than with 
those of the men, and consequently the may un- 
wittingly have favoured the former. That justice 
was too slow and expensive was also a complaint 
of the men, who gained the sympathy of the public, 
with the result that in 1890 a law was passed 
giving the jurisdiction in law suits between parties 
to special Courts, called ‘‘Gewerbegerichte.” In 
1904, fourteen years afterwards, the commercial em- 
loyers also succeeded in getting legislation, and a 
urt, called the ‘‘ Kaufmannsgericht,” was_insti- 
tuted, where disputes between an employer and his 
commercial employers could be decided. These 
organisations are compulsory in every community 
with more than 20,000 inhabitants. They have 
over them a presiding officer, who, as a rule, must 
have had a legal training, and four associate judges, 
who are elected to their office and receive no coni- 
nsation. It is an obligation on the Court that 
it must try to settle all cases, but, if not successful, 
decision must be given at the first hearing, if possible, 
which hearing usually follows a fortnight after the 
service of the complaint. Lawyers do not repre- 
sent the parties, for the reason that the employee 
would be handicapped against the employer on 
account of not being able so well to bear the 
expense. The fees are very small, being about 2s. 
in cases involving less than 21s., and 12s. 6d. in cases of 
201. Cases of less than 5l. 4s. at the ‘‘ Gewerbegericht ” 
and of less than 15/. 12s. at the ‘‘ Kaufmannsgericht ” 
cannot be appealed, otherwise appeal may be taken to 
the ordinary Court. These Courts also finally act as 
arbitrators in strike matters and furnish the Govern- 
ment with any information that may be required. 
Public opinion regarding these Courts does not 
appear to unanimous, but much good is said to 
have been done by them as arbitrators, and there is no 
doubt that they have been the means of «settling 
many disputes. Of all cases pending before them they 
have settled fully one-third. Employers, however, 
do not agree as to the benefit, for they think that the 
jurisdiction of these Courts has been partial to the 
men, and due consideration has not been given to the 
masters’ claims. It is stated that some of the em- 
ployees have been induced to put in outrageous 
demands. It seems that the men have during the last 
few years restrained themselves, and their complaints 
have been less frequent. 





According to the quarterly circular issued by the 
Labour Party for the three months ending March 30 
last, the management of the proposed new daily labour 
paper, the Daily Citizen, has passed from the hands of 
the ss committee of the Labour Party Executive and 
the N.A.C. of the I.L.P. to the board of directors of 
‘* Labour Newspapers, Limited,” whose office is now 
32, Victoria-street, London, S.W. Great hopes are 
expressed with regard to the new paper, the Labour 
Party having taken 6000/. of the capital. It ap- 
pears that the board of directors of ‘‘ Labour News- 
papers, Limited,” have allotted 50,000 shares of the 
company, and will shortly allot another 20,000, which 
have since been applied for. As to the future of the 
venture, it is expected that as there are 2,500,000 trade 
unionists in the country, the circulation of the Daily 
Citizen should, with the help of the general public, 
‘* be large enough to ensure a commercial success.” It 
is expected that circulars regarding it will be issued 
shortly. 


Mr. R. Williams, divisional officer for the North- 
Western Division of the Labour-Exchanges, read 4 
— before the Liverpool Economic and Statistical 

iety on Monday last, dealing with a scheme for 
the solution of the problem of casual labour at the 
Liverpool Docks. The scheme is one which has been 
agreed to by the shipowners of that port. According 
to the Times, the particulars of this scheme are as 
follows: — January last was the busiest season 
known for years, and there was a surplus of at least 
7000 men at the port. ‘This,” says the Times, 
‘*meant waste of money to shipowners and ratepayers, 
and misery and demoralisation inflicted on the men by 
the sharing out of jobs. But to the employer also the 
system had many Setocte. The spreading of the work 
meant small average wages, and, therefore, workmen 
insufficiently nourished ; it caused much petty bribery, 
and there was very little check on the wastrel. The case 
for reform was therefore strong, but countless years 0! 
casual work had bred a race of casuals, many of whom 
did not want regular work; there were also the ph ysical 
difficulties of the docks themselves, and the employers 
fear that any system of organisation might too greatly 
reduce the reserve of labour and interfere with 
business. The scheme which had been adopted, how- 
ever, seemed admirably to meet all these objecticns. 
Five clearing houses were to be established outside 
the docks and linked together by telephone, which 
would deal with the registration of the men. There 
would be two classes of registered men, ‘ company's 
men and ‘ Clearing House’ men. Firms wishing to 
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have a nucleus of more or less permanent men would 
give these men the preference at their own stands. 
There would be Clearing House committees, composed 
each of five representatives of employers and men, 
which would practically control the labour supply of 
the port. and would decide when it required augmen- 
tation. Some arrangements would be made for moving 
men rapidly from dock to dock by the Overhead Rail- 
way, and in course of time this scheme should succeed 
in the two main essentials of dock organisation— 
namely, the reduction of the unnecessary reserve, and 
the mobility of labour along the whole line of the docks. 
It would also do much to remove the curse of under- 
employment, which too long had sullied the fair fame 
of Liverpool.” 





In connection with the application of the locomo- 

tive drivers on the railways of the United States for 
higher pay, on account, it is claimed, of greater respon- 
sibilities having been placed upon them, the exact 
meaning of this application viewed from a financial 
standpoint and bearing on the capacity of the rail- 
ways to grant it, is very clearly bronght forward by 
the Commercial and Financial Chronicle. We alluded to 
the subject a fortnight ago in our Industrial Notes, 
but did not bring forward any figures to show what a 
very important bearing the matter has on the financial 
prospects of the railway companies. It appears that 
the advance in pay asked for by the drivers on 
the roads concerned would amount to 1,510,700. 
per annum, or 18.63 per cent. This increase is, of 
course, a very serious matter, and would, it is 
stated, be equivalent to placing on the railways 
a lien of 188,844,818 dols. of 4 per cent. securities, 
which would have preference over first mortgage 
bonds, and to just that extent would lessen the 
ability of the roads to make the improvements neces- 
sary to increase the efficiency of their service and to 
ensure greater safety to the public and the employees. 
It is less than two years since the drivers’ wages in the 
Eastern district were raised, the annual increase then 
being 3,923,680 dols. (784,736/.), or 10.73 per cent. per 
annum. The article goes on to say :—‘‘ Bearing on 
the ability of the railroads to meet these recurring 
demands for higher pay, some conclusive figures in the 
negative are represented. It is stated that the re- 
duction of the net revenues by the constantly increas- 
ing expenses of operation has so narrowed the margin 
which is essential to the solvent existence of many of 
the roads that further increases in operation costs are 
to be viewed with ve concern. To illustrate the 
truth of this statement a little table is introduced to 
indicate the late year’s results on the 52,000 miles 
of road involved. From this statement it appears 
that while the gross earnings between 1910 and 1911 
increased from 1,095,467.589 dole. (219,093,518/.) to 
1,114,027,248 dols. (222,805,450/. ), net earnings actually 
fell away from 357,810,109 dols. (71,562,022/.) to 
330,159,909 dols. (66,031,982/.). In other words, 
though gross earnings increased 18,559,659 dols. 
(3,711,9327.) in 1911, net earnings were reduced an 
amount of no less than 27,650,200 dols. (5,530,040/. ). 
Furthermore, though the number of men employed 
was 8197 less in 1911 than in 1910, the amount paid out 
in wages increased 39,416,802 dols. (7,883.360/.), and 
the total pay to engine-drivers from 479,364,934 dols. 
(95,872,987/.) to 518,781,736 dols. (103,756,347/.).” 
In the face of such figures the prospect of an advance 
in wages to the locomotive drivers does not appear 
promising. 
_ The Pennsylvania Railroad Company have issued 
information to the public showing how, owing to the 
Increase of their expenses for material and to the 
growing calls upon them for improvements, they are 
unable to comply with the demands of the drivers. 








RecENT Tests or Zortty TurBINES: ERRATUM.— 
Messrs. Escher Wyss and Co., of Zurich, inform us that 
there was an error in the figures they sent us, describing 
tests of Zoelly turbines, and published on 535 of our 
last issue. In the case of the full-load test of the second 
1250-kw. turbine at the Drammen Electricity Works, the 
vacuum in the exhaust branch should have read 96.6 
instead of 90.6 per cent.. as in the fourth column of the first 
table originally sent and reproduced in our last issue. 





Tue Instrrvrion oF MecuanicaL ENGINEERS.—The 
annual dinner of the Institution of Mechanical Engineers 
wes held in the grand hall of the Hotel Cecil on the 
evening of the 18th inst., the President, Mr. Edward B. 
Ellington, being in the chair. There were some 250 
— and guests present, the latter including many 

olonial representatives, members of Government de- 
se — i + sister institutions. After the 

Sua! loya 8, “The Empire” was proposed by Sir 
‘ F. Donaldson, and replied for by Sir Goce H. Reid. 
toast of ‘‘Our Guests” was pro by the Presi- 

ent and responded to by the Right Hon. Lord Montagu 
of Beaulieu and Dr. T. Gregory Foster, and ‘‘The In- 
stitution was proposed by Sir William Ramsay and 
soplied to by the President. At the conclusion of the 

‘nner an adjournment was made to the Victoria Hall for 


music and conversation, and this concluded a successful 
evening, 





‘*THE STEREOPHAGUS PUMP.” 
To THE Eprrorn or ENGINEERING. 

Srr,—My attention has been called to the letter of 
Messrs. Clayton and Shuttleworth, Limited, which ap- 
peared in your issue of the 19th inst., with reference to 
the above pump, and as this communication seems to have 

m written without a correct knowledge of facts, I shall 
be much obliged if you can find space to insert the follow- 
ing reply in your next number :— 

t is well known to sanitary engineers who have con- 
structed works in which the pumping of sewage is neces- 
sary, whether by means of centrifugal pumps, as con- 
structed up to the present time, or by reciprocating 
plunger-pumps having numerous valves in the suction 
and delivery, that the fluid requires to be very carefully 
screened so as to remove fibrous and other matter. 

The cost of installing these screens, and, further, that 
of maintaining and operating them, is very considerable, 
yet it is found to be an absolutely necessary expenditure, 
so as to prevent the blades of the centrifugal, or the bars 
of the valves of the reciprocating pumps, from being 
clogged with the solid matter which is always one of the 
components of sew: When this is of a fibrous nature 
a very small quantity adhering to those parts in the 
interior of either form of pump rapidly reduces its effi- 
ciency. 

Again, assuming that the fibrous and floating material 
is removed, there still exists a considerable quantity of 
detritus washed into the sewers from the surface of the 
streets ; this rapidly damages the cylinders of plunger- 
pumps and the valves of the same, whilst in the case of 
ordinary centrifugal pumps it rapidly grinds away the 
sides of the impeller. This wear in either case soon spoils 
the efficiency of the pumps. 

Expensive catch-pits for arresting this detritus are 
ma ~ adopted, and special machinery installed for 
removing the solid matter from these pits. 

The ‘‘ Stereophagus ” pump was designed to overcome 
both these ‘difficulties, which were met with in dealing 
with sewage of any large town, and I am not aware that 
any centrifugal pump previously constructed possessed 
these qualities, as doubtless it would have been exten- 
sively employed, although your correspondents assert that 
such is the case. 

Your correspondents speak of the of the 
‘‘Stereophagus” pump being made small, soas to require 
a cutting blade to be inserted in order to prevent their 
becoming choked, which indicates clearly that they are not 
aware that there exist perfectly definite laws which regu- 
late the form and dimensions of the so as to 
— a pump with the highest efficiency, and these 

ave been complied with in the designs of the pump in 
question. 

Again, your eee eo speak of the efficiency of a 
centrifugal pump as being that which it will yield after 
** doing duty for a year or two,” and if they had carefully 
read your article describing the ‘‘ Stereophagus ” pump, 
they would have understood that its efficiency is not only 
high when it is new, but will not be impaired after con- 
siderable wear has taken place between the blades and 
the casing, as the impeller can be advanced, without 
stopping the pump, so as to take up this wear. 

e wear of the cutting-blade is found to be practically 
nothing, as it is not necessary to bring it into actual con- 
tact with the impeller blades so as to remove any solid 
substance attached to them. 

Having explained the various points referred to by 
your correspondents, I would add, in conclusion, that as 
the ‘‘ Stereophagus” —. has passed beyond the 
experimental stage, ao is being installed in numerous 
places, they can probably have the opportunity of = 
one in operation, and can then satisfy themselves, whic 
your lucid explanation has apparently failed to accom- 
plish, that it is capable of performing work which no 
other centrifugal pump previously constructed has been 
able to do. 

hfully, 


t 
R. C. Parsons. 
39, Victoria-street, Westminster, S.W., April 24, 1912. 


I remain, Sir, yours fai 





SUPERHEATERS IN MARINE BOILERS. 
To THE EpiTor OF ENGINEERING. 

Srr,—I should be glad if you could afford me space for 
a few remarks on Mr. Yarrow’s most interesting paper 
before the Institution of Naval Architects, published on 
page 465 of your issue of the 5th inst. 

notice there are no figures given relating to the 
amount of moisture present in the steam entering the 
heater; this is to be regretted, as one cannot form an 
accurate idea as to the efficiency of the superheater apart 
from the boiler. The heating surface of the superheater 
seems to be rather large compared with the heating 
surface of the boiler, since no more than 93.5 deg. 
Fahr. superheat was obtained, unless, of course, the 
steam was very wet, the superheater having consequently 
a lot of water to evaporate. 

With the prospect of the use of superheats of 250 deg. 
Fahr. and upwards, it is obvious that with Messrs. 
Yarrow’s arrangement, even that shown in Fig. 6, a 
superheater of very large proportions would be required, 
while, if hotter gases were passed through the super- 
heater, so as to keep down the size of same, plain steel 
U-tubes would soon burn and give trouble. 

Mr. R. W. Allen, in your last issue, gives some figures 
relating to the Queen’s Engineering Works plant. A 
superheat, however, which varies between 35 deg. and 
85 deg. Fahr. cannot be considered very satisfactory, and 
hardly shows the damper arrangement to advantage ; the 
fluctuations of steam temperatures with a superheater of 
the ‘‘ masscontro] ” type—such as the Foster, for instance 
—can be kept within very much narrower limits without 
the aid of dampers and other devices, 





It would appear to be highly probable that the trouble 
which has necessitated the use of cast steel for valves, 
high-pressure end of turbine casings, &c., has been due 
to a very great extent to fluctuations in the degree of 
superheat, such fluctuations causing the stresses due to 
expansion to vary frequently, so that rupture is simply 
a question of time. 

Yours faithfully, 
OHN COATES. 

Consett Chambers, Pilgrim-street, Newcastle-on-Tyne, 

April 23, 1912. 








THE LOSS OF THE ‘“ TITANIC.” 
To THE Eprror or ENGINEERING. 

Srir,—The circumstances attending the sinking of the 
Titanic make it certain that the question of boat accom- 
modation will receive at least a sufficiency of considera- 
tion. Might I then urge the greater importance of the 
ponping Somonss. The dangers attending the lower- 
ing, ing, and management of the boats are such that 
the sequence of events in this, as in all other shipwrecks, 
was to resort to the boats only after it had been found 
that the pumps were failing to keep the water under. 
There appears to be a danger of it being assumed that 
pumps of a capacity sufficient to deal with the inrush of 
water following the Titanic’s collision are beyond the 
bounds of what is practical. 

This, however, is far from being the case. The Titanic 
took over two nours to sink, and installations of elec- 
trically-driven pumps of a capacity greater than would be 
required to clear the inflow which such a rate of sinking 
represents are in everyday use on land, and would take 
up on ocean liners a relatively small amount of space. 
Such pumps would preferably (in fact, almost necessarily) 
be of the three-phase vertical-spindle type, located in 
different compartments of the ship, but started, stopped, 
and controlled from the main engine-room or some similar 
central point. 

The system of electrical distribution at present used 
on a ship is not in any case the most suitable, even 
for lighting and small power. If, instead, the three- 
phase system were adopted, all the auxiliary machinery 
might safely be electrically driven, and in this case the 
emergency pumps refer to would be well within the 
capacity of the generating plant installed for other pur- 
poses. The extra cost, therefore, of such pumps would 
probably not exceed 1 per cent. of the cost of the vessel. 

f course, under certain circumstances even these 
pumps might be overpowered ; but if it be readily practic- 
able to instal prey which would have “ lived through” 
the severity of the Titanic’s collision, it is certain, in the 
vast majority of cases, that such an emergency pumping 
installation would be ample. I assume that the ship was 
provided with the usual equipment of steam-driven pumps, 
and that the circulating-water pumps for the condensers 
were, in actual fact, used for discharging the water. 

Yours truly, 


April 24, 1912. VicroriA STRERT. 





**BOAT INSTALLATIONS ON MODERN 
SHIPS.” 
To THE Eprtor OF ENGINEERING. 

Srr,—Mr. A. Welin’s ron ‘The Arrangement of 
Boat Installations on Modern Ships,” read before the 
Institution of Naval Architects, not being reproduced in 
your last issue, the possibility remains that the facts to 
which I wish to draw attention have been mentioned 
already by Mr. Welin. 

It may be of interest, however, to publish in your 
columns, that the necessity on passenger steamers to 
lower the boats on the high side, as referred to by Mr. 
Welin in his reply, has been eliminated by an ingenious 
design applied on board of the new Cross-Channel 
steamers of the Zeeland Steamship Company. 

The Prinses Juliana, Orange-Nassau, and Mecklen- 
burg running in the Flushing-Folkestone night service, 
each have an arrangement for lowering all boats, carried 
on the boat-deck amidships, on the most suitable side of 
the vessel, ¢.g., the low side. The high-side boats are, 
with this end in view, traversed on special rails across 
the boat-deck. a 

It is obvious that the arrangement has a special import- 
ance on this type of steamers, the number of passengers 

ig 


carried being h in relation to the tonnage of the 
vessel, 
Yours truly, 
Delft, April 14, 1912. W. H. van Leeuwen. 





“THE ART OF PROCURING TENDERS.” 
To THE Eviror or ENGINEERING. 

Srr.—I was interested greatly in the article that 
appeared in your issue of the 5th inst. under this title, 
for the system in vogue in some departments for obtain- 
ing tenders is nothing but a crying scandal and great un- 
fairness to those who quote. 

Omitting for the moment the farce of inviting a tender 
when the order had been pay placed with a firm 
previously decided on, a farce in itself exceptionally scan- 
dalous, take the system of inviting tenders which may 
be used for the purpose of obtaining revenue—+.e., de- 
posits or fees. In the shipping trade, many overseas 
importers—railways, municipalities, public bodies, mer- 
chants, and others—employing an agent in England, 
invariably pay that servant 5 per cent. commission on 
the value of all merchandise that he ships to them. If 
the overseas buyer is able to gain full particulars from the 
advertisement in the trade paper, or from the illustrated 
catalogue or pamphlet of the manufacturer, the overseas 
buyer generally orders firmly ffrom the particular maker 
whose advertisement or price-list he can understand. If, 
on the other hand, the overseas buyer cannot understand 
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or is unable to fix a definite price to the order, he sends 
an open order to the shipping agent in England to buy from 
the best source. Then the shipping agent invites tenders 
and quotations. Owing to the excellent manner in which 
manufacturers now invariably advertise and quote their 
productions, tenders for common-place articles should be 
a practice of the hoary past. Yet we still find some 
export agents inviting tenders for the most common-place 
articles, and charging a guinea or half-guinea, not return- 
able, for the geiviege of quoting. Why is this sometimes 
done by some export agencies? Simply as an additional 
form of income for the export agent. ete agents buy 
from several hundred manufacturers in the course of a 
year, and if the bulk of the orders are placed by tender, 
and a dozen or more makers quote for each tender, which 
may cost a guinea or so, such a system is a veritable gold 
mine to agents practising these old-fashioned methods. 
It is a system most unfair to the maker quoting, as often 
the firm is decided on before the tender is invited ; and it 
is well known that in some export agencies the successful 
tenderer, especially if he be a personal friend of the 
agents, is shown the tenders of all the competitors! Such 
a proceeding is neither confidential, nor are the metnods 
equal to an ‘‘open” market. A few pence are quite 
sufficient to cover the cost of an application form, con- 
sidering the speed with which copying apparatus will make 
coples, 

‘or ordinary and common-place articles, the market 
price of which can easily be obtained, to ask a supplier to 
pay for the privilege of quoting is an out-of-date pro 
ceeding that may often be buried. 

I came across last week one of the worst examples of 
this procedure I have ever encountered. Said a London 
maker tome :—‘‘ We have executed that contract for the 
last eighty years.” The contract was for goods for a 
most important public body, that always invites tenders ! 
Notwithstanding for eighty years one firm has always 
executed the order, yet this public body still invited 
tenders! 

It isa problem that many manufacturers and suppliers 
have a just complaint against, as it is unfair all round 
when practised in this manner, and it would be easier to 
obtain an iceberg than an order under such conditions. 

Your obedient servant, 
SHIPPER. 





*WATER-COOLED AND FORCED-LUBRICA- 
TION BEARINGS.” 
To THE Epitor oF ENGINEERING. 

Srr,—I have read the letter in reply to my communi- 
cation on above subject (see 450 of your issue of the 
5th inst.) sent to you by the Unbreakable Pulley and 
Mill Gearing Company, Limited (page 487). I am well 
a quainted with the first-class work which this company 
turn out, but I must take exception to one of their state- 
ments as follows :-- 

With regard to bearings having a special preparation for a 
circulation of cooling water, we hold that the day for the need of 
such provision has gone past, and that if a user owns bearings 
which constantly or even occasionally heat up to such an extent 
that this circulation is necessary, there must be something radi- 
cally — either with the lay-out of the transmission or the 
design of individual bearing. 


In reply to this statement, I think many engineers will 
agree with me that the day for water-cooled bearings has 
not gone past. 

There are many cases, such as the bearings of hot 
rolls, &c., where water cooling is absolutely essential, 
and where the heating is produced from an entirely 
different source to that of mere bearing friction. In 
this particular case I required the bearings for a turbine 

lant where the Pelton wheel runner was actually bolted 
irect to the armature shaft, and owing to the combined 
weights of armature and Pelton wheel, in addition to the 
heat transmitted from the armature, it was important to 
— the heat down. In this particular instance heating 
could not have been entirely overcome by the most 
- a a : 
can only repeat that, when a special requirement of 
this sort is po oe for, it would pay English manufac- 
turers to consider it, instead of letting the orders go 
abroad, as they have done in this instance. 
I am, yours faithfully, 
Percy Pitman, 
3, Willcott-road, Acton, London, W., April 22, 1912. 








*“*GAS-ENGINES FOR COLLIERY POWER 
STATIONS.” 
To THE Eprror or ENGINEERING. 

Str,— Under the heading of ‘‘ Gas-Engines for Colliery 
Power Stations,” in your issue of February 2, e 148, 
there is a letter by Mr. Jas. Dunlop, in which he refers 
to mine plants in California and South Africa operating 
on the compressed-air return-pipe system. 
_ There were a few such plants in California for operat- 
ing rock drills, and one was installed in Arizona for mine 
pumping. The details of some of these are given in a 

per which I read before the Transvaal Institute of 

fechanical Engineers (now embodied in the South 
African Institute of Engineers) entitled ‘‘The Return- 
Pipe System of Compressed-Air Power Transmission,” « 
— which I have pleasure in sending you. 

There is only one oversight in this paper to which I 
would like to draw your attention—viz., in the example 
iven for a winder, the distribution-pipe was proportioned 
or average flow, whereas it should have been propor- 
tioned for maximum flow. The formule given are 


correct, the error occurring only in the capacity required 
in the example given. 

The comparisons made in the reply to the discussion, 
where costs are given, applied, of course, to the time 





when the paper was read, at which period the cost of 
electric power was much higher than it is now. 

In South Africa the system has been used in two cases 
for operating underground winders. The first of these 
was designed and installed by Mr. A. M. Robeson, then 
consulting mechanical engineer to the Rand mines— 
Eckstein group of mines. It has now been replaced by 
an electrically-driven plant, this group having entered 
into a contract whereby all its plants are to be electrically 
driven. The other plant was installed by myself at the 
Simmer Deep, Limited, and has now been in operation 
for over four years. No tests have been made on either 
of these plants, so that the actual efficiency in operation 
is not definitely known, 

The winder at the Simmer Deep, however, operates 
under very unfavourable conditions, since the length of 
pipe-line to the winder is nearly 6000 ft., which entails a 
considerable drop in pressure. Otherwise there has been 
no trouble in its operation. The winder is quite a large 
one, hoisting a useful load of 5 tons of rock on a slope of 
38 deg. from a depth of 3500 ft. In this installation the 
exhaust from the winder takes place at the pressure 
used for operating the drills, but when these are not 
running the air returns automatically by way of the drill 
main to the high-pressure compressor at the surface, 
which recompresses it. When the drills are running, 
and the exhaust is therefore not returned to the winder 
compressor, fresh air must be supplied to the winder 
compressor by the ordinary drill compressor, which 
automatically serves the drills when the winder is not 
running. 

Under the conditions which this winder has been 
installed, an electric winder would, in my opinion, have 
been preferable ; but electric power was not available at 
that time, and a separate installation for generating 
electric power was out of the question, as the company 
had entered into a contract with a power supply com- 
pany to furnish all the electric power it required, which 
supply, however, did not commence until some time after 
the winder was required. 

The price of electric current at that time was con- 
siderably higher than it is now, and this fact also mili- 
tated against the adoption of an electric winder. : 

For shorter distances of air transmission, especially 
where the air is used at close proximity to the com- 
pressor, as in Mr. Dunlop’s locomotive, and as pointed 
out in - publication above referred to, the system has 
many vantages and should operate economically. 
While not so convenient as electric power, it affords 
another means of power transmission which is not as 
wasteful as ordinary compressed air, and not as incon- 
venient or objectionable as when compressed air used 
in the ordinary manner is reheated underground in order 
to secure better economy. It depends much on local con- 
ditions whether it is advisable to use the system. 

Yours ee 
; BEHR. 
Johannesburg, Transvaal, April 1, 1912. 








THE DESIGN OF WARSHIPS. 
To THE EpiTor OF ENGINEERING. 

Srr,—It is scarcely wise for the layman to criticise the 
paper of Admiral Custance on ‘“ Military Principles 
which Bear on Warship Design ” (ENGINEERING, March 29, 
1912, page 431 et seq.), yet the opening paragraph of his 
argument seems scarcely logical. This is as follows :— 


From this comprehensive study will spring a knowledge of 
principles without which the imagination is apt to run riot, and 
the lessons drawn either from isolated actions or from peace experi- 
ments are liable to be wrong and misleading. Many inst of 
the truth of this statement could be given, if time permitted. The 
famous action between the Merrimac and the Monitor, fought in 
Hampton Roads just fifty years ago, must suffice. The former 
had already destroyed two helpless sailing ships of 50 and 24 guns, 
at anchor, the one by ramming, the other by gun-fire, when the 
latter appeared. The two ships fought for three and a half hours, 
and then a poten having suffered the trivial loss of eleven 
men wounded on one side and three on the other. Each ship was 
covered with impenetrable armour, but carried a very small 
number of guns. Each side had made itself safe against the gun 
at the expense of power to injure the enemy, as subsequent actions 
in the war confirmed. Men concluded that the ram was more 
reliable, and the gun less so. Had they paused to inquire, they 
would have found that the ram could not be used as easily against 
a ship in motion as against one at rest, and that, if the war was 
looked at as a whole, the gun was reliable. The sacrifice of guns, 
with the consequent uced volume of effective fire, initiated 
after Kinburn and accelerated by this action, was opposed to the 
whole teaching and experience of war both by land and sea 
throughout all ages. These preliminary remarks may perhaps 
justify the present paper. 

In the first day’s battle at Hampton Roads, the 
Merrimac, 10 guns, engaged the Cumberland, 30 guns, 
and the Congress, 50 guns, besides being under fire from 
the Federal shore batteries at Newport News, and ex- 
changing shots with the Minnesota, 40 guns. The Cum- 
berland and Congress were both destroyed, the Minnesota 
saved by fading daylight and the Merrimac’s heavy 
draught. It is difficult to see wherein the Merrimac 
could have bettered this record had she sacrificed armour 
to armament. 

In the second day’s fighting the Monitor and Merrimac 
struck each other repeatedly, and at times at so close a 
range that the vessels touched (as when the Merrimac 
rammed the Monitor). It would be interesting to know 
upon what theoretical grounds the sacrifice of armour by 
either of these vessels for more guns of a size which was in- 
sufficient to penetrate theother’s armour would be justified. 
It might be ed that both vessels should have had 
larger guns. True, but both vessels represented fairly 
advanced artillery for their day. The bow and stern 
aap guns of the Merrimac were 7-in. rifles, reinforced 

yy shrunk-on steel bands; there were also two 6-in. steel 
rifles, similarly made, and six 9-in. smooth-bores, while 
the Monitor carried 11-in. guns. 








Further, on this same question might be instanced 
the fight between the Atlanta and Weehawken, and the 
destruction of the Nashville by the Montauk. In the 
first instance, the Atlanta, with 4 in. of armour, was put 
hors de combat by four shells from the Weehawken. In 
the second case the Montauk took up position deliberately 
under the Confederate guns on Fort McAllister, and 
without even replying to them, fired on the Nashville 
until that vessel was aflame. 

Does not this indicate that in the days while armour 
was still in advance of guns that armour was a thing 
which could not be sacrificed to guns, and that, on the 
contrary, was not the sacrifice of guns for armour proved 
correct ? And do not these instances show that not only 
may one defend Admiral Custance’s thesis that ‘‘ weapons 
govern tactics,” but also that ‘* weapons govern construc- 
tion”? for now that guns seem to have passed armour 
permanently in the race for supremacy, one may even 
think, as Maxim does, that armour might be dispensed 
with entirely, while the lesson of the Civil War certainly 
seemed to be that while armour was ahead of guns, the 
latter were properly sacrificed to secure impregnability. 

Yours truly, 
Donatp M. Lippe tt, 
Associate Editor, Engineering and Mining Journal. 

P.S.—I notice the figures I have for the armament of 
the Cumberland do not agree with Admiral Custance’s by 
six guns. He has probably obtained official figures, and 
correct; however, the time that the Merrimac and 
Monitor hammered away at each other is usually given 
at 6 to 8 hours, against the 34 hours quoted by Admiral 
Secu 








GOVERNING STEAM-TURBINES. 
To THE EpIToR OF ENGINEERING. 

S1r,—In your reference to the governing arrangements 
of the very remarkable Ljungstrém steam - turbine 
(page 513, April 19), we notice you speak of the governor 
as having no special features. The governor shown in 
the illustration is a Chorlton- Whitehead governor supplied 
to the Aktiebolaget Ljungstriém Angturbin some fittle 
time ago, and it is hardly correct to speak of it as having 
no special features. It 1s, on the contrary, quite unique 
(the figures given on page 516 showing a rise in speed from 
full load to one-quarter load of less than 0.7 per cent. is 
sufficient proof of this), and we are not aware of any but 
Whitehead and Chorlton-Whitehead governors which are 
capable of approaching isochronism so closely, while 
maintaining at the same time entire freedom from 
hunting. 

We are, yours faithfully, 
For the Monovet GoveRNoR CoMPANY, 
F. O. L. CHorton, 

Bury, Lancashire, April 22, 1912. 





THE MANUFACTURE OF DIESEL ENGINES 
IN ENGLAND FOR EXPORT. 
To THE EpiTorR oF ENGINEERING. 
Srr,—May I call the attention of your readers through 
your valuable paper to the fact that not a single speaker 
during the recent debates on Dr. Diesel’s paper (page 375) 
even mentioned the importance of the manufacture of 
Diesel engines in England, as the exporting country of the 
workshop of the world. ° 
In connection with this it would be interesting to note 
whither the stream of Diesel engines is directed from 
Continental works. In the list of references issued by 
Messrs. Sulzer Brothers, of Winterthur, it is shown 
that, of their given output of 77,836 brake horse-power, 
24 per cent. were built for their own country—1.e., 
Switzerland—17.3 per cent. went to Great Britain, 14.4 
per cent. went to Italy, 12.7 per cent. went to South 
America and Mexico, 10.1 per cent. went to Roumania, 
8.2 per cent. went to British Colonies and Dominions, 
4 per cent. went to Egypt, and the rest to eleven other 
different countries. y 
From my own experience in Russia I can state that 
many cotton mills are replacing now their old steam- 
engines with Diesel engines or turbines, and I have 
never seen a single English Diesel engine in Russian 
mills. 
Yours respectfully, 
JouN H. Grsson. 
37, Charteris-road, Kilburn, London, N.W., 
April 11, 1912. 





Tue Ravine or Coitiertes.—At the Staffordshire 
Quarter Sessions the appeal of the Talk o’ th’ Hill Colliery 
was entered for trial, Bat at the last moment the Court 
was informed that a settlement had been to, by 
which an order would be made to reduce the rateable 
value by 52 per cent. The appeal was conducted by the 
solicitor to the Machinery Users’ Association (Incorpo- 
rated), of which the company are members. 





Roya. InstrrvTion.—On Tuesday next, April 30, at 
3 o'clock, Mr. F. Balfour Browne begins a course of two 
lectures at the Royal Institution on “* Insect Distribution 
with Special Reference to the British Islands ;” on Thurs- 
day, May 2, Professor J. Norman Collie gives the first 
of two lectures on “ Recent Explorations in the Canadian 

y Mountains ;” and on Saturday, May 11, Mr. H. 
Plunket Greene begins his course of three lectures on 
‘Interpretation in Song,” with vocal illustrations ; Mr. 
8. Liddle will be the accompanist. The Friday evening 
discourse on May 3 will be delivered by Mr, W. 
Dampier Whetham on “‘ The Use of Ped and on 
May 10 by Professor W. Stirling on ‘‘The Gaumont 
SS) ing Cinematograph Films ” (illustrated by the aid 
of M. Gaumont). 
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HALLIWELL’S WIND-DIRECTION RECORDER. 
CONSTRUCTED BY MESSRS. NEGRETTI AND ZAMBRA, LONDON. 








Tue wind-direction recorder which is shown in the 
accompanying figure forms en example of a singularly 
simple solution of an awkward problem. The instru- 
ment, as will be gathered, consists of a pen which 
moves in a vertical plane, and traces a recording curve 
on the surface of arevolving drum. The pen is driven 
from a cam which is connected up to and actuated b 
a wind - vane, while the drum is driven by self- 
contained clockwork. The wind-vane is not shown in 
the figure. It is mounted at the top of the vertical 
spindle, which is made of such length as may be 
necessary to enable the vane to be situated in an 
exposed position above the building in which the instru- 
ment is placed. Wind -direction recorders of other 
types than the present have, of course, been constructed. 
In one of these the chart is connected to the drum, and 
the pen isdriven by clockwork, while others use two pens 
in various ways. The advantage of the present-ty 
lies in its extreme simplicity and in the fact that the 
movements of the pen are vertical and the charts 
rectilinear. It is obvious that an instrument having 
a simple and continuous groove in the cam could not 
be constructed on the lines of the figure, since with 
backing and veering winds the vane, after making a 
complete revolution, would cause the pen to so alter 
its zero in reference to the chart that the readings 
would become meaningless. In other words, if the 
vane is to be free to make complete revolutions in any 
direction—and this is, of course, essential—then there 
must be, at some point, a means of re-setting the pen 
on the chart. The simple method which has been 
devised for this purpose forms the main point of 
interest of the recorder under notice. As wil] be 
seen from the figure, the cam groove is in the 
form of a spiral, so that as the vane moves round, one 
way or the other, with a wind of varying direction, 
the pen either rises or fallson the chart. The zero 
adjustment is arranged for by the vertical slots at the 
ends of the cam groove, one of which can be seen in 
the figure. If, owing to continuous progression in one 
direction, the roller on the pen lever reaches one end 
of the spiral groove, it immediately moves through 
the vertical slot into the upper, or lower, part of the 
groove, as the case may be. The effect of this is 
naturally to trace a vertical line on the revolving chart, 
and at the same time to alter the zeroof the pen. The 
chart, as will be seen, has a portion of its direction 
scale duplicated, so that after this vertical movement 
the pen still indicates correctly the direction in which 
the wind is blowing. The instrument produces a 
broken curve of the type shown in the figure, but it 
is clear that such a curve presents no difficulties in 
reading. The details of the instrument are well shown 
in the figure. The pen lever is counterweighted and 
is also controlled by a spring. Its downward move- 
ment, when its roller travels in the vertical slot in the 
side of the cam remote from that shown in the figure, 
is brought about by its own weight ; while its upward 
movement, when its roller is in the slot shown, is 
brought about by the spiral spring, which is com- 
pressed at the right moment by means of a lower lever, 
which has a roller working on the underside of the 
can. This underside of the cam is formed to en 
the roller of the second lever only when required. 
The pen lever is fitted with a dashpot to prevent 
shock when it makes its quick vertical movements. 

he instrument is manufactured by Messrs. Negretti 
and Zambra, of 38, Holborn Viaduct, London, E.C. 





HOLLOW-CONE FOUNDATIONS IN 
REINFORCED CONCRETE. 


A NovEL method of constructing foundations in rein- 
forced concrete has recently been devised by M. Con- 
sidére, which, it is claimed, shows considerable economy, 
both in material and if the cost of construction, over 
the ordinary methods now in use. The fundamental 
idea is the formation of a thin cone of reinforced 
concrete having a base area sufficient to limit the unit 
load on the ground to whatever figure may be thought 
desirable, the apex of the cone forming the point of 
support to the column itself. ~The amount of excava- 
tion for the foundation is also economised, as the earth 
beneath the cone is not disturbed, but is left roughly 
in the form of a pyramid. A glance at our illustra- 
tion below will, however, make clear the construc- 
tion, the method of which is the following :—On 
the surface of the pyramid formed in the ground a 
few inches of plain concrete are deposited, and this 
forms the matrix for the cone of reinforced concrete. 
The cone is circular in plan, so that the thin covering 
of concrete has the form of an inverted saucer. 
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As an example of one of these cone foundations 
actually completed, we may select one having on it 
the exceptionally heavy load of 612 tons in a newly- 
built boiler-house in France. The allowable pressure 
on the soil was 5000 lb. per sq. ft., so that the required 
base area of the cone was 275 sq. ft., and the diameter 
18 ft. 8in. The angle of the generatrix of the under- 
side of the cone with the horizontal was 30 deg. 

We need hardly say that great care has to be 
exercised in designing these cones, for the vertical 
load from the column produces not only a bursting 
pressure on the cone, which varies in intensity from 
the apex to the circumference, and which has to be 
carried by a proper number of circular rings pitched 
at varying distances, but, in addition to the primary 
bursting effect, there is a compression varying also in 
intensity from the apex downwards, to withstand 
which the concrete must be of sufficient thickness at 
each point. Adequate concrete and steel must also be 
provided to prevent the column from perforating the 
top of the cone by shearing it through vertically. 
These considerations, however, do not affect the prac- 
tical construction, which is simple, no temporary 
shuttering being required. 

We understand that although the method has been 
invented and perfected by M. Considére for only a short 
time, a number of important buildings have already 
been erected on these foundations, among them being a 
new dock warehouse at Havre, where the column loads 
are 195 tons; a boiler - house near Paris, with column 








loads of 612 tons; and a warehouse at Alexandria, with 
column loads of from 140 to 180 tons. All the English 
rights are controlled by the Considére Construction 
ow Limited, 5, Victoria-street, Westminster, 
S.W. 








AERIAL FLIGHT.* 
By Henry Reernatp ARNULPH MALvocg, F.R.S. 


WHEN the President and Council of the Institution of 
Civil Engineers did me the honour of asking me to deliver 
the James Forrest Lecture for the year 1912, on Aero- 
nautics, I thought, although having some first - hand 
knowledge, that it would be right to examine, as far as 
time anes, the literature bearing on the subject. 
The Bibliography of Aeronautics published by the 
Smithsonian Institute of Washington, in 1910, contains 
a list of nearly 14,000 books and papers all dealing with 
ballooning or flying ; and at the present time I suppose 
that this number has greatly increased, and I feel that 
the short hour at my dis will be better employed in 
sketching the principles involved than in attempting to 

ive a historical view of the progress of these two 
ae into ih age meeps has ae divided. — 
ginning wit oons, as having priority in point 
of time, it may be remarked that the whole subject is 
included in the last 130 years, dating from the experiment 
of the Montgolfiers, who made their first ascent in 1788, 
but were at work for some years before this, and that 
other designs quickly followéd containing in principle 
most of the appliances which are in use to-day. The 
ballonet, for instance, was proposed and tried by Charles 
and Robert. We find also designs for dirigible balloons 
of much the same shapes as are now familiar to us. 

All attempts at propelling these vessels naturally failed 
for want of adequate power, and in some cases the pro- 
posed form of propulsicn was impracticable, but in others 
a screw of nearly the same proportions aa that now in use 
was actually tried. It was soon found, however, that the 
speed which could be develo by man-power or by any 
— that the balloon could lift only amounted to a few 
miles an hour—less, that is, than the speed of a very light 
breeze. Thus, so far as directing the course of «a vessel 
was concerned, the mechanism was almost useless, and 
few further attempts at mechanical propulsion were made 
until the advent of the internal-combustion engine. 

Within the last twenty years much has been learnt on 
the subject of air resistance, both with regard to form and 
surface friction, and it is now possible to predict with 
some certainty the power which is required to give any 
particular form a specified speed. 

The power which can be carried depends on the avail- 
able lifting force of the balloon, and the resistance on its 
size and shape, and it will not be amiss to devote a short 
time to the consideration of the available lifting force 
of varions types of balloons, and how this force depends 
on, and changes with, the altitude. 

Independently of outward form, balloons may be 
divided into two classes, according as the lifting gas 
carried is : (a) constant in mass, or (b) constant in volume ; 
and these again may be subdivided according to the rela- 
tion of the pressure or density of the enclosed gas to that 
of the surrounding air. 

All the conditions, however, may be conveniently 
represented by supposing that the gas is contained in a 
massless vertical cylinder, closed at the top by a fixed 
cover, and below by a movable piston. The piston may 
be supposed to be free or clamped, and to be acted on by 
ans gaseous pressures only or by any other additional 
orce. 

1. Taking first the case of a constant mass of gas. If 
the piston (Fig. 1a) is free, the pressure on both sides of it 
is always the same, and equal to the pressure of the atmo- 
sphere at that level. The lifting force acting on the 
cylinder is, therefore, the difference of the weights of a 
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column of air and of the enclosed gas, of the area of the 
cylinder and of the height of that part of it which the gas 
occupies. 

_ This is true no matter what the absolute pressure of the 
air may be. A balloon of constant mass and unlimited 
extensibility would be realised in the case of a soap 
bubble if its size was sufficient to make the pressure due 
to surface tension negligible. Such a bubble, therefore, 
would always be acted on by a constant lifting force as 
long as the atmosphere outside had the ney oe ge usually 
ascribed toa gas; and if the atmosphere the same 
temperature at all levels, there would be no limit to the 
height to which the bubble would rise. If, on the other 
hand, the distribution of temperature was adiabatic, there 





* The James Forrest Leoture, delivered at the Institu- 
tion of Civil Engineers, April 19, 1912, 
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would be a definite upper limit to the atmosphere, which 
in dry air on this earth would be 20 miles above sea level. 
(Appendix I.). 

2 In a balloon made of any known solid material the 
expansion of the gas is resisted by the tension in the 
pes and if these are inextensible ; the piston must be 
supposed to be clamped in its original position. If the 
walls are elastic, the effect on the density of the gas is 
the same as if a pressure were applied to the piston corre- 
sponding to the stress-strain curve of the material at each 
stage of expansion. 

In both these cases the balloon will rest in stable 
equilibrium when such a height is reached that the differ- 
ence of the densities of the internal gas and of the exter- 
nal atmosphere, multiplied by the volume of the cylinder 
at the time, is equal to the load carried, or, if there is no 
load, when these densities are equal. . 

3. A balloon with constant volume and constant in- 
ternal pressure is represented by supposing the piston 
to be dlataped in its initial position (Fig. 1b). Such a 
balloon would be in stable equilibrium in the case (2), 
but at a lower level (Appendix I.). But it is impossible 
with any known material, except on a small scale, to 
make an envelope strong enough to withstand the differ- 
ence of internal and external pressure at great altitudes, 
and at the same time light enough to be lifted by the gas. 

4. Balloons with constant volume and with internal 
and external pressures nearly the same are the only forms 
used on a large scale. 

The conditions of the ordinary balloon are represented 
by supposing the piston to be clamped, but perforated 
(Fig. 1b), so that the gas can escape when the pressure is 
reduced. 

The limit to the height which can be attained in this 
case is reached when the difference of the weight of the 
enclosed gas and the same volume of outside air is equal 
to the load ; but the equilibrium is then unstable, for any 
loss of level, however small, will cause the heavier outside 
air to enter the cylinder and thus diminish the lifting 
force, which at the highest level was only just sufficient 
to support the load. 

An ordinary balloon, therefore, if left to itself, would 
rise to the maximum height and then come down with a 
constantly accelerating velocity, and it is only by parting 
alternately with ballast and gas that any desired altitude 
can be maintained. 

5. Another form of constant-volume balloon consists 
essentially of two compartments, one containing the lift- 
ing gas, and the other being in communication with, but 
at a slightly higher pressure than, the air outside, the 
difference being maintained constant, usually by a centri- 
fugal pump. This is the plan adopted in all non-rigid 
dirigibles, where constancy of external form is a matter 
of importance. To represent these conditions we must 
suppose that the piston is free, and that the cylinder is 
closed at both ends, enclosing therefore a constant 
volume, but that the cover at the lower end is perforated 
and provided with a means of maintaining a small con- 
stant difference between the internal and external pres- 
sures. As far as lifting force is concerned this type of 
balloon is similar to one of constant mass, the only Wiffor- 
ence being that, owing to the expulsion of the slightly 
compressed air in the ballonet, the lift, instead of aon d 
onan, increases with the altitude, but the increase is 
small. 

If such an altitude is reached that the whole of the air 
in the ballonet is expelled, the balloon is in the position 
described in case (3)—namely, constant volume and con- 
stant mass. 

If, as in the 9 — of dirigible, the outward form 
is kept constant by a framework, it is not necessary to 
maintain an excess of pressure in the ballonet; but in all 
other ways, as far as lift is concerned, the rigid and non- 
rigid dirigibles are alike. 

The working altitudes of such ballooris are limited by 
the volume of the ballonet, which must never be com- 
pletely collapsed. For instance, if they are intended for 
use up to 5000 ft., at which level the atmospheric pres- 
sure is reduced by about one-fifth part, the volume of the 
ballonet must not be less than one-sixth of the whole 
volume of the dirigible, leaving five-sixths for the lift- 
ing gas. 

I do not propose here to go into the questions of the 
relative merits of the rigid and non-rigid forms, questions 
which turn on structural details rather than on general 
principles ; but something may be said on the nature of 
the envelope u for retaining the hydrogen which is 
now usually employed for lifting purposes. 

The t information on the ~) is due to work 
recently carried out at the National Physical Laboratory 
at the request of the Advisory Committee for Aeronautics 
and will be found in detail in their published reports. 

It appears that among the fabrics in use there are 
enormous differences in their retentive power (that is, in 
the rate of the diffusion of hydrogen through them irres- 
pective of actual leaks), differences of nearly two 

undredfold appearing between the worst and best 

specimens. 
_ India-rubber coatings are the least satisfactory, allow- 
ing an escape in some cases of more than 0.7 a ft. for 
every square foot of material in 24 hours when new, and 
deteriorating as time goes on. The most retentive 
hitherto tested are various oiled silks, goldbeaters’ skin, 
and some other artificial membranes. 

When the large surface, which all dirigible shapes 
expose to the air, is considered, it wil seen how 
important is the choice of material, and that with the 
best the necessary hydrogen renewal is not a small 
matter, even if no ascents are made, and may well be over 
1000 cub. ft. a day for a large vessel. 

Much more than this, however, must be lost when the 
dirigible is in use. A thousand cubic feet of hydrogen 
gives a lifting force of about 75 1b., and the engines of 





one of the 1a: dirigibles will part with many times this 
weight in fuel and other ways in less than twelve hours. 
To keep the vessel at a constant height the lift has to be 
diminished or the downward force increased at the same 
rate. While travelling this may be effected to some 
extent by steering, but when’ stationary the balance can 
only be obtained by allowing the equivalent amount of 
gas to escape. To rise again an equal amount of ballast 
must be a oa The number of ascents therefore 
which can be ie without a fresh supply of hydrogen is 
limited by the quantity of ballast which can be carried. | 

It is of some interest to inquire what engine power is 
required to propel such vessels at the —_ they are 
credited with—namely, 35 to 45 miles per hour. 

Model experiments indicate that for ‘‘fair” shapes the 
resistance actually encountered is about one-tenth of the 
normal resistance of a plane whose area is the maximum 
cross-section of the vessel. The greater part of this 
resistance is due to surface friction, but for cylindrical 
shapes with long parallel sides the proportion is somewhat 
greater in consequence of the wake. : 

As will be mentioned again later, the normal resistance 
of a plane in air is about 0.00135 72 lb. per square foot, 
where rv is the speed in feet per second. If we take the 
case of a vessel with “fair” lines whose maximum dia- 
meter is 40 ft., the area of the cross-section is 1250 sq. ft. 
nearly, and the resistance at 40 miles an hour (that is, at 


about 60 ft. per second) is in x 0.0035 x 1250 x 3600 = 
1600 lb. The power required for the thrust therefore is 
alae 60 _ 199 horse-power. 


The engines are not likely to convert much more than 
half their nominal horse-power into thrust, so that 
240-horse-power engines would be required to give a speed 
of 40 miles per hour to an airship of this size and form. 

This rough calculation probably under-estimates the 
power required even for a ship with fair lines, and for 
cylindrical shapes, which leave a considerable wake, the 
defect will be greater. 

The general steering qualities of dirigible balloons are 
unsatisfactory, and this is perhaps more aeons in the 
large cylindrical vessels than in those which are fish- 
shaped, but in all cases the steering may be improved by 
the addition of fins. Even with these, however, it is 
difficult to keep a straight course. 

The appearance of the various types which have been 
tried is so well known from illustrations and photo- 
graphs that no description is required. I have, how- 
ever, a few Seuhennalidien illustrative of French and 
German vessels of recent construction. 

We may now turn our attention to the more promising 
field presented by true flying-machines—machines, that is, 
which are heavier than air and are supported by the reaction 
of a downward current of air called into existence by the 
engines, in ordinary flying, or by the diversion of natural 
upward components of the wind in soaring. It is theo- 
retically possible also to maintain flight (without expen- 
diture of work on the part of the flying-machine) in a 
horizontal wind whose velocity increases with the altitude 
or varies from place to place at the same level. In this 
case the flying-machine has to descend in the direction of 
the wind and then turn and ascend against it. In each 
such cycle work is gained, and the work is obtained from 
the difference of wind velocities (Appendix IT.). 

It is not improbable that birds in some circumstances 
may actually soar by this means, but there are no detailed 
observations, as far as I am aware, on the subject. 

When a body falls without change of attitude either 
vertically or obliquely under the influence of gravity, it 
acquires in time a constant velocity, and when this is 
reached the resistance is equal to the weight. 

The downward momentum imparted to the air in the 
unit of time is then wv/g, where v in this case is the 
vertical component of the velocity. 

At the same time the resistance to the vertical motion 
is w v®/2g, and the power expended on the air is wr*/2g. 

The terminal velocity itself depends on the shape and 
area of the surface exposed to the air and on the manner 
in which it is presented to the current. 

Thus, it would seem at first sight that by increasing 
the area of the surface, and so diminishing the velocity 
of descent, the power expended might be reduced without 
limit. As will seen later, however, air-friction places 
a limit on the reduction of power necessary for Right, 
independently of other practical limits imposed by sizes 
of the resisting areas which can be actually constructed. 

One or two examples may be given illustrating the de- 
pendence of the power required on the terminal velocity. 

First take the case of a parachute, which may be sup- 
posed to be massless and to carry a long ladder, up which 
aman climbs (Fig. 2). If the man is to maintain a con- 
stant elevation above the ground. he must be able to climb 
as fast as the parachute falls. Now it is known from ex- 
periment that a surface such as a parachute experiences 
a resistance while falling through the air equal to about 
rhés Of a pound for every square foot of area at a speed 
of 1 ft. per second. If we give the parachute a diameter 
of 36 ft., its area will be about 1000 sq. ft.; and if we 
suppose the man to weigh 150 lb., the terminal velocity 


will be given by x2 = - , or v = 3.3 ft. per second. This, 


of course, is much more than a man can do. 

If we take a man-power as one-tenth of a horse-power, 
55 ft. per minute, or, at the outside, 1 ft. per second, may 
be taken as the rate at which he can raise his own weight 
for any considerable length of time. The area which, 
when loaded with 150 Ib., drops at the rate of 1 ft. per 


second ee or 10,600 sq. ft.—that is, a circle of 


113 ft. in diameter. With such a parachute a man could 
by climbing keep himself stationary in the air. 





It is not necessary, in order to impart this moment): 
to the air, that the surface should itself have this _ of 
10,600 sq. ft. Thesame momentum may be given by a 
much smaller inclined surface moving horizontally. 

If a perfectly efficient screw or inclined plane were a 
physical possibility, there would be nothing to prevent 
people from flying by their own muscular effort, and it is 
worth while to examine the causes which prevent the 
realisation of such a result. 

The reaction on an inclined plane in a current of air 
will sufficiently illustrate this without the introduction 
of complications which surround the question of the very 
similar reactions on screws. 7 
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Take the case of a thin flat plate placed edgewise in a 
wind. If there is no surface friction between the fiuid 
and the plane, the latter offers no resistance, the pressure 
on both sides is the same, and the flow of the air-stream 
is unaltered by its presence. 

If, however, the plane is inclined to the current, the 
mathematical solutions present two possible forms of 
flow, one of which would indicate that the plane ex- 
perienced no resistance, but that the pressure was so 
distributed over the two surfaces as to form a couple 
tending to turn the plate broadside to the stream (Fig. 3) ; 
the other indicating a resistance, the pressure on the 
up-stream surface being raised, while on the down-stream 
surface the pressure remains unaltered, equal, that is, to 
the general pressure in the air at a distance. This form 
of flow is shown in Fig. 4, and it will be seen that behind 
the plane there is a body of still air, separated from the 
current by a surface of discontinuity. 

Neither of these theoretical flows represents what 
actually takes place, but the second is sufficiently close to 
Nature to give a rough measure of the real resistance when 
the iaclination of the plane to the direction of the current 
is a moderate angle, say not less than 8 deg. or 10 deg. 

Assuming for the moment, however, that the second 
solution is correct, we may calculate the wind speed 
required and the angle which a plane of given area must 
make with the direction of flow if a given quantity of 
momentum is to be generated in a direction at mght angles 
to the stream. 

From the theory of the flow, shown in Fig. 4, it appears 
that the average normal pressure on the unit area of the 
° ° Wsin a . 
plane is proportional to v? ry sore where 2 ° the 
velocity and a the angle which the plane makes with the 
stream. When this angle is small, this expression may 


be replaced by v? 7 sin a, and the actual normal force 


is p v? 7sin a per unit area of plane, p being the density 
of the air. Hence the components parallel and perpen- 


dicular to the fiow are pv? sin? a and p vaisin a cos 4. 


The first of these is the resistance, and the second the 
lifting force, and their ratio is cot a. The downward 


: 3 : 
momentum generated is then p ~~ iz sin? a cos a, thus 


leading to the conclusion tkat there is no limit to the 
lifting force which may be called into existence by a given 
resistance or by a given power by sufficiently reducing the 
angle a. 

The general relations connecting the normal force 
lateral force, resistance, and power expended when * 
stream of air flows obliquely past a long narrow plane 
(the long dimension being across the stream) are given 1" 
the following formule :— 
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7 denote the velocity of stream. 
“ angle between the stream and plane. 


a ” 


s ne area of P e. 

N * norma! force on plane. 

R a resistance. 

# a lateral force. 

H a power required in ft.-lbs. per second. 


i 9 density of air. 
Then on the theory of the flow shown in Fig. 4:— 


aa 2m sina 
N =t0* Ti eane (1) 

27 sin? a 

= 2 2 lanl 
R=ipe 4+ rsina (2) 
L =}pr? _# Sin @ COS a . (3) 


4+ sina 
When the angle is small enough for a to be sensibly 
equal to sin a, and cos a is nearly unity, if we put 
9 


2 
3p 4 =A, 


L=N=ASr%a. , . (4) 
R=AS8? a? ; ; . (5) 
H=vR=ASra . . (6) 
L/R=l1/c . ‘ , ; ~ 


As before said, according to this theory, any power, 
however small, would be sufficient to carry any weight at 
any speed, provided there was no limit placed on the area 
of the plane. If the area were given, it would always be 
possible to find a speed at which the load could be carried 
with the specified power. ’ 

For instance, if it is asked what area of must & 
man weighing 150 Ib. have in order to fly at 10 ft. per 
second (6.8 miles per hour), pw he can develop 1/10 
horse-power (roughly about t.-lb. per second) :— 

The value of the constant A for air is 1/510, and from 
the ations (4) to (7) we find that the required area is 
8 tA va = 11,400 sq. ft.; also that a = H/ypL = 
2.3 deg. 

If 4 assume a wingarea of 150 sq. ft.; we find that for 
the same power, the velocity required to support 150 lb. 
is L?/ASH or 1270 ft. per second with a = H? AS/L’ = 
1.1 minutes of arc. Or, again, if we assume a velocity as 
low as 60 miles per hour (88 ft. per second) we find that 
the power required is L?/ASv=860 ft.-lbs. per second, 
or 1.55 horse-power, and the corresponding value for a 
(namely, L/ASv2) is 3.7 _ 

These examples, in which no resistance except that of 
the wings is taken into account, and which, it must be 
remembered, depend on a theory which excludes frictional 
forces, show clearly that even on these favourable assump- 
tions flight by muscular power would be ienquestheatio 
for human beings, if only on account of the great wing 
area or great speed which is required for the purpose. 
When, however, the actual forces which act on plane 
surfaces are examined experimentally, it will appear that 
it is not only impracticable but impossible. 

The difference between the theoretical and experi- 
mental results will now be considered. 

In Fig. 5 the ordinates of the curves are the L and R 
of the equations just given, and they refer to a plane 
whose breadth parallel to the stream is small compared 
to its length. 


Fig. 5. 
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The units in which these curves are plotted are such 





the: | corresponds to the weight of a column of air 0 
sectio c I 
for the velocit _ eight is the dynamic head required 


The ratio L/R, which measures the proportion_of the 


ae force to the resistance (or, in the case of fiying, 
li 





the lifting force to the propulsive effort) is simply a curve 
| of cotangents, M. 

In Fig. 6 the curves and their ratio are the result of 
| experiments made with planes moving in air and in water, 
| and it may here be noticed that for most purposes the 
results obtained from water may be applied to air, and 
vice versd, provided, of course, that the relative densities 
of the two fluids are taken into account. 

Three points in particular stand out clearly in the 
experimental curves, namely :— 

. That the actual resistance and lifting force are 
greater than the theoretical values. 

2. That their ratio ceases to be a curve of cotangents, 
and that it has a large and distinct maximum when a is 
somewhere about 5 deg. 

3. That both the resistance and lift are very uncertain 
by a is within 10 deg. or 15 deg. on either side of 
45 deg. 


It appears that the M curve ( __lift ) is always 
resistance 
less than cot a, but that it approaches cot @ fairly closely 
when a exceeds 15 deg. 

The curve of - lift or — lift ee 2 OR oe 

resistance propulsive force 
the most important matters in principles of flight, for 
the angle at which its maximum occurs indicates the best 
angle at which the wings can be set with reference to the 
path of the machine through the air, and the actual 
value of the maximum is a measure of the efficiency. 

In most of the experiments which I have made this 
maximum had a value of 7 or 8—that is, the load sus- 
tained was about 7 or 8 times the propulsive force. 
Though occasionally considerably hi values were 
obtained (as much as 12), and though I have seen similar 
numbers recorded by other experimenters, I look on 
these results with suspicion. 

The fact is that when the experiments are made with 

small models the quantity R is very small for the small 
values of a where the maximum occurs, and a very small 
error in the determination of this small quantity has a 
great effect on the ratio L/R. 
_ It will be readily seen that since a propulsive force R 
is capable of supporting a load L when the angle of the 
supporting planes with the path is a, then, if the propul- 
sive force is due not to the engines, but to the path having 
a downward inclination, so that R = La, the minimum 
value of R/L is the tangent of the least angle to the 
horizontal down which the flying-machine or loaded 
plane can glide. 

I think I am right in saying that no flying-machine has 
been made with a gliding angle as flat as 1 in 7, and that 
1 in 5 is more nearly what may be expected. Of course 
in actual flying-machines the resistance of the body and 
other parts not contributing to the support has to be 
overcome as well as the resistance of the supporting 
wings, and this, of course, makes the gliding angle less 
flat than it would be were there no extraneous resistance. 
The difference, however, between 1/5 and 1/7, which 
roughly is somewhat less than one-third of the propulsive 
force, will in most cases more than cover the loss due tu 
body resistance, &c., and it may be concluded, therefore, 
that the evidence given, as far as regards actual flying- 
machines, is in favour of a maximum value of L/R not 
exceeding 7. 

We will now consider more closely the causes which 
produce the very marked difference between the theoreti- 
cal curves given in Fig. 4 and the corresponding quanti- 
ties as determined by experiment. 

It is well known that the fluid with which mathe- 
maticians deal, and which is ~ = y to surround the 
plane in Fig. 4, is an ideal body which is without viscosity 
(that is, opposes no resistance to shear), and that in con- 
tact with a solid it experiences no frictional retardation. 

In such a fluid pressure and velocity are connected by 
an invariable law, the sum of the potential and kinetic 
energies of any portion of the fluid remaining constant 
for all time. 

This law, together with the necessary condition of con- 
tinuity, which, for an incompressible fluid, merely implies 
that the volume of a given mass of fluid remains constant, 
no matter what shape it takes, constitutes the foundation 
of all the propositions regarding the stream lines of a 

rfect fluid which have hitherto been worked out, and 
or such a fluid the stream lines indicated in Fig. 4 are an 
exact solution of the problem. 

Now real fluids differ from the perfect fluid in having 
both viscosity and surface friction. They require that 
work should be done if distortion is going on, and they 

here to the surfaces of solids immersed in them. Thus 
a plane which, if moving edgewise in a perfect fluid, would 
meet with no resistance, does meet with resistance in a 
real fluid on account of the adherence of the fluid to the 
solid surface and the co uent distortion produced in 
the neighbouring layers of the fluid. 

It is true that for fluids such as water and air the 
viscosity is 80 small that the direct effects would hardly 
be noticeable. Indirectly, however, they have immense 
influence, and it is not too much to say that the most 
remarkable features in the flow of the winds, tides, and 
streams are due to the modification of stream-line motion 
set up by fluid friction and viscosity. 

The indirect action referred to depends on the fact that 
when a stream is retarded by friction, the velocity is re- 
duced although the pressure remains unchanged, and 
thus the fundamental! relation which connects velocity 
and pressure in a perfect fluid is violated. As long as 
the stream concerned is of constant section and is neither 


f | accelerating nor retarding—as, for instance, when the 


flow is through a straight pipe of uniform bore—the effect 
of friction shows i merely by rendering the stream- 
lines irregularly sinuous, in a way which has not yet been 








investigated, and as giving rise to a resistance which is 
a ene to a power of the velocity something rather 
ess than the square—t.e., to the 1.85th or 1.9th power. 

hen, however, the stream is divergent (so that in the 
absence of friction the velocities and pressures, although 
constant across each section, change from one section to 
another, but keep the total energy of the flow across each 
section the same), the effect of friction and viscosity is 
much more conspicuous. 

In Fig. 7 fluid is supposed to be flowing outwards in a 
wedge-shaped channel, and the stream-line pressure and 
velocity at each section for a perfect fluid are shown in 
the curves. This relation is the only one which will allow 
a portion of fluid at P, » to overcome the resistance due 
to the pressure gradient and arrive at P, with the velocit 
vo. In a frictional fluid these relations hold fairly well 
for the central streams, which are little influenced by the 
sides ; but the side streams, which have had their velocity 
reduced by friction, ane thestream-linereduc- 
tion, find themselves o y a ure which is 
sufficient to reverse the direction of their flow, and these 
reversed streams by usurping part of the channel alter 
the character of the aoe abensiben, the result being that 


instead of an outward flow over the whole section of the 
channel, a rapid current traverses the central part with 
well-marked eddies on either side (Fig. 8). 


Fig.? 




















Fricriovat Frow: Stream Ostique To Pate. 


The exact nature and form of these eddies are not at 
present amenable to mathematical treatment, but their 
general character and the fact that they are due to the 
reversal of streams whose potential has been d ied by 
friction was pointed out by the late Mr. W. Froude 
before the British Association meeting at Bristol in 1875. 

Turning again to Fig. 4, which shows the discontinuous 
flow of a perfect fluid past a plane, and comparing it with 
Fig. 9, the actual flow of water or air in the same circum- 
stances, we see, at any rate, some of the reasons for the 
difference between the forces calculated and found. 

On the up-stream side of the plane friction does little 
to modify the conditions except in the neighbourhood of 
the edges; but down-stream we find, instead of a pond of 
still fluid, a complex wake consisting of a central current 
moving forwards towards the plane, bordered by a series 
of eddies whose origin is of the same nature as those just 
referred to in the expanding channel—namely, to d - 
dation of the streams passing round the edges of the plane 
which, having insufficient velocity to follow the stream- 
line path of Fig. 4, are deflected inwards and become 
involved with the reversed central stream, about half the 
fluid in each eddy being supplied from up-stream-and half 
from the wake. 

The eddies are formed periodically, growing to a certain 
size, and then, breaking away from their place of birth, 
they form of the train which borders the wake 
current. The wake current itself is due to the constant 
removal of fluid in this way from the back of the plane ; 
and the fact that the outflow from the back has its 
maximum velocity close to the edge, where the composite 
eddy is being formed, shows that the pressure on the back 
of the plane is lower at the edges than in the centre. 
Hence it could be stated with certainty, even without any 
experiment, that the total resistance of a plane must be 
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greater than p v? - : 

4+ 7sina 
pressure over the rear surface is uniform, and equal to 
the general pressure at a distance. ; 

Experiment, however, is required to determine the 
actual resistance, and when the plane is broadside to the 
stream this is found to be about half as much again as 
the head resistance alone, or about 20 or 25 per cent. 
greater than the dynamic head x the area of the plane. 

When the angle a is small, as it always is in flight, the 
character of the wake takes the form shown in Fig. 10. 
Here the wake stream is only recognisable as a reversed 
current quite close to the plane, and the small eddies as 
fast as they are formed are so rapidly degraded that after 
travelling a short distance they are merely recognisable 
as slight variations in the direction of the agen current. 

The abstraction of wake water by eddy-making con- 
tinues, however, even for very small values of a, and has 
the effect of deflecting the upper boundary of the wake 
as shown. ‘ 

The deflection may be considered from another point 
of view as the outcome of the defective pressure on the 
down-stream surface of the plane. , 

This short account gives a general explanation of the 
observed difference between results calculated for the 
discontinuous flow of a perfect fluid and those actually 
found by experiments in air and water, and if the nature 
of the flow over the back surface were accurately known, 
the value of a for the maximum of L/R could be pre- 
dicted. Even in the absence of this knowledge, the 
assumption that surface friction varies as v?, and acts 
only on the up-stream side, leads to a value of a that is 
not far removed from truth. : 

Let A B, Fig. 11, be the plane making a small angle a 


» which assumes that the 








Fig.M. A : 
—_ 
B 
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with the stream, and let L and R be the lateral force and 
resistance which would be experienced if there were no 
friction. 

If L' and R’ are the same quantities, taking friction 
into account, and putting F 2»? as the frictional force 
parallel to A B, we have L’ = L — Fa, and R’=R 
+ F v?, and since L = Rna, and R = R»a?, R» being the 
normal resistance A +? : 

L'=L—Fa=avr?(A, - F), and RK’ =R+F22?=22 
(A a2? + F); hence L’/R’ = a(A- F)/(a2 A + F) and this 


is a maximum when a = ./F/R. 
Lanchester’s experiments make F/R = 0.0075, 
Zahn’s a = F/R = 0.00387, 


which correspond to a = 6.5 deg. or 3.5 deg. respectively. 

The actual value found from direct experiments on L 
and R lies between these two, and although 6.5 deg. is 
nearer the truth than 3.5 deg., this does not imply that 
0.0075 is the more nearly correct value of F/R, for the 
complete theory must take into consideration the action 
of the streams on both sides of the plane. 

I may add that the work done in eddy-making, and 
therefore the total resistance, varies with the stage of 
growth of the eddy, and that the resistance of a plane 
in a real fivid is not a constant, but a fluctuating quan- 
tity, the period of fluctuation being the time occupied in 
the formation of each eddy. 

The whole subject of eddy production—real eddies, it 
must be remembered, are very different from the closed- 
circuit vortices of mathematics—presents a wide field for 
— investigation, in which very little has as yet been 

one. 

The curves in Figs. 5 and 6 refer to the properties of 
plane surfaces. In flying-machines the wing surfaces, as 
is well known, are slightly curved. The typical reactions 
of such a curved surface are shown in Fig. 12. In this 
particular diagram the surface exposed to the stream is 
one-eighth of the circumference of a circular cylinder. 

Here, if the inclination to the stream (the angle a) is 
measured from the chord, a is negative when the lifting 
force vanishes, and the resistance is not a minimum in 
this position. The curve showing the ratio of lateral force 
to resistance is of the same type as shown in Fig. 6, but 
with rather a flatter top, so that the region of best effi- 
ciency is not confined within such narrow limits as it is in 
the case of a plane. In Fig. 13 the curves relate to a 
body whose back surface is part of a cylinder, but with 
a plane front. Here again the L/R curve shows a flat- 
tened top as compared with a plane, although not in such 
a marked way as when the front is concave; but by 
making the section of the body a meniscus as good results 
can be obtained as from a single concave surface. Many 
more or less fanciful benefits have been claimed for sec- 
tions in which the bounding curves are not parts of circles, 
but apart from considerations of this kind, the increase in 
the range of efficiency given by any reasonable form of 
curve and the facilities offered by the meniscus section for 
the introduction of stiffening girders in the substance of 
the wings are sufficient reasons for the adoption of the 
forms actually in use. 

From the curves just given it may be calculated that 
with such a fluid as air, allowing 1/7 as a ible gliding 

le, it would require 3 horse-power as of 27 
miles per hour to cee a weight of 150 Ib. on 150 sq. ft. 
of vig surface, so that even if the wings and frame-work 
of a flying-machine were weightless, it would require 


something like thirty times the power of a man to make 
such a machine fly. 
It is clear, therefore, that human beings will never be 








able to fly by their own muscular exertion, and it was not 
until the internal-combustion engines had been developed 
in connection with motor-cars that sufficient proportion 
of power to weight was available for ascents in still air. 

If ascending currents can be found or if use can be 
made of differences of speed in the wind at different 
levels, there is no reason why engineless flight should not 
succeed, but the opportunities are rather limited. 

The heaviest birds which can fly (great bustards, 
turkeys, and some of the vultures, eagles and pelicans) 
weigh between 20 and 30 lb. Of these, bustards and 
turkeys are short-winged and the load is over 2 lb. to the 
square foot of wing. But their flights are short and | 
their wing movements rapid, and the power expended 
while rising from the ground must be very great in pro- 
portion to their size. 


12. | 
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The large birds which make long flights have _— 
ene a load of less than 2 lb. per square foot, an 
are all adepts at making use of ascending air currents, so 
that for the most part of their time in the air they have 
but little work to do. 

Much controversy has arisen on the question of the 
sufficiency of upward currents or upward components of 
currents of air to account for such flights, but the more the 
circumstances are examined the more clearly it appears 
that soaring is in most cases effected in this way, although 
the origins of the ascending currents are very various. 
Sometimes they are caused by natural obstructions in the 
path of the wind, such as cliffs, hills, the sides or sails of 
a ship, or the slope of waves, but on a larger scale they 
are chiefly the result of air ascending after having been 
warmed by contact, direct or indirect, with the ground. 
At low levels such vertical movements are very small, 
and at the surface of the ground any motion must, of 
course, be parallel to the surface, but at considerable 
heights, especially in sunny countries ; these convection 
currents must always exist even when the weather is calm, 
except in the rare event of large tracts of sea or countr 
— the same temperature as the air in contact with 
them. 

It was by experiments on pans in a wind blowing up 
a hillside that the Brothers Wright got sufficient experi- 
ence to control the wings of their machine and maintain 
its balance in the air, and, this accomplished, true flying 
followed almost as a matter of course when a suitable 
engine was added. 

do not propose to devote much time to the relative 
merits of the various types of flying-machines which have 
been introduced since the first success of the Wrights. 

Practically the monoplane and biplane are the only 
candidates in the field at present, and each has advan- 
tages for special pur ; but, given the necessary engine 
power, ther with a supporting surface appropriate to 
the intensity of the load, it is merely a — of skill 
on the part of the pilot to be able to iy whatever the 
disposition of the surfaces may be; the degree of skill, 
however, required, and the chances of accident, are much 
greater with some forms than others. : 

With monoplanes and biplanes now in use, it appears 
to be not much more troublesome to learn to fly in still 
air ora uniform wind than to manage a —— in spite of 
the extra degrees of freedom introduced by the absence 
of any fixed support, but in gusts and eddies the diffi- 
culties of balancing are formidable and of many kinds. 

To anyone flying at a height the sense of true vertical 
which we have, and by which we — our balance when 
standing or moving on the ground, is replaced ~ | the 
direction of the resultant force of gravitation and any 
acceleration which the machine may be subject to. In 
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still air or in a uniform wind acceleration can only be the 
result of an alteration of level or of the engine speed, and 
the effects due to the latter cause cannot be very large or 
rapid. When, however, the machine passes quickly from 
a region of still air into a wind, or vice rersd, which is 
what happens practically in gusts, the sensation of 
vertical di ion is lost, and although the speed and 
direction of travel of the machine only change gradually, 
the resultant of the forces acting on it does so instanta. 
neously, not only in direction, but in magnitude. 

The three diagrams in Fig. 14 show the direction in 
which a short pendulum at the centre of gravity of the 
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machine would point (a2) when the flight is in uniformly 
moving air, (6) when in an overtaking gust, (c) in an 
opposing gust. 

e connection between the angle (#) which the pen- 
dulum makes with the true vertical being 


tan @ = Propulsive force — Resistance 
Lifting force 

It is hardly to be wondered at that such changes in the 
ape vertical should be confusing to the pilot, and 
that accidents which are often fatal should happen while 
experience is being acquired. 

Side gusts may produce still more embarrassing effects, 
the character of which depend on the class of machine 
and the disposition of the wings to a greater degree 
than is the case with gusts in or against the direction of 
motion. 

Nevertheless, when there is sufficient distance between 
the machine and the ground, and provided the airman can 
keep his head and his seat, it ought to be possible to cor- 
rect any upset due to these causes if the various parts 
will stand the stress of the necessary manceuvres. 

These stresses may be very large compared to the ordi- 
nary flying stresses, as, for instance, when a machine 
plunges and has to be brought rapid!y into a horizontal 
path in order to avoid striking the ground. 

At the present time the wings and framework of all 
machines are made as rigid as possible by wire stays, Xc. 
with the result that the of any one part is likely 
to wreck the whole ; and it is probable that as time goes 
on more attention will be paid to increasing their pli- 
ability so as to allow a reasonable amount of distortion 
without crippling the structure. The — of deter- 
mining the greatest possible flexibility which can be given 
to a structure of a definite shape, size, and weight, which 
is also to have a definite initial stiffness, is thoretically 
capable of solution in terms of the strength, density and 
dynamic worth of the materials(by dynamic worth is meant 
the worth which can be sto: elastically in the unit 
volume), and although I am not aware that any case has 
been worked out, the subject is worthy of investigation. 

The most important questions which can be rai-ed about 
flying-machines relate to their stability in flight and 
the ease or difficulty of startin 





or stopping them, and 
on each of these questions I will say a few words. First, 
as to the theories of stability which have been given from 
time to time. Some of these I believe to be correct as far 
as they go, but none of them are anything like complete, 
since they are all based on the pressures and variations 
of pressure acting on the up-stream surfaces of wings, and 
omit the variations due to the eddy formation which goes 
on on the down-stream side. ; 
Before proceeding further it will be as well to define 
what I mean by stability in connection with flight. A 
flying body is stable if, when acted on by a propulsive 
force and the reactions of the air (but not steered), any 
small angular velocity imposed about a horizontai 4x1s 
tends to die out, and any small displacement about « 
vertical axis to reach a constant value. Or, in other 
words, any accidental motion of the nature of pitching or 
rolling must tend to disappear, while an arbitrary twist 
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to the right or left must put the machine on a new but 
straight course. ==. : : 

Technically, stability is compatible with the presence 
of forces which produce increasing oscillations as the 
result of disturbance, but for the present purpose not only 
must the average force so called into play be a restituent 
force, but the disturbing motions must also tend to die 
out. The oscillations, in fact, must be damped, and not 
maintained. eae 

The variation of pressure caused by the periodic for- 
mation of eddies, however, is frequently of a kind which 
will maintain or increase a disturbed motion until some 
other cause puts a limit to its magnitude. ; 

An example of this may be seen in the spinning-plates 
which are sometimes used for advertisements Here a 
long rectangular plate is mounted on an axis parallel to 
the long side and passing through its centre of gravity, 
and is therefore in neutral equilibrium if gravity is the 
only force which acts on it. In a wind, however, the 
p'ate spins, and spins in either direction indifferently, 
and if started gently accelerates until the linear = 
of the edge bears a certain proportion to the speed of the 
wind. 

This would not happen if the only forces in action were 
those on the windward surface, and the rotation is pro- 
duced by the distribution eddies at the back, which change 
in a remarkable way in the course of each revolution. 

This can be well observed if astream of smoke is allowed 
to flow past the a —_ and is intermittently 
illuminated at a rate slightly different from the half- 
period of revolution. ae j 

From observations of this kind, which I made about 
twenty years ago, Fig. 15 "has been prepared, showing 
the eddies during the various stages of their growth. 

Many other cases might be adduced where, for 
similar reasons, a perfectly symmetrical body sym- 








x oS 


Epple8 FORMED aT THE REAR OF A PLATE 
SPINNING IN A CURRENT OF Arr, 


(2778) fe) 


(9) 


metrically meus will spin in either direction in a 
current, but the example given above is sufficient to show 
the importance of the 
stability. 

_ None of the flying-machines at present in use are stable 
in the sense in which the word is here used, but in the 
ordinary conditions of flight the eddies formed behind 
the wings are small and their period of formation so rapid 
that the change in the attitude of the wings (that is, in 
the angle a) which they can ae in one period is in- 
considerable, and the stability or instability depends 
chiefly on the distribution of pressure on the up-stream 
surfaces ; but the case is very ii 


k pressure in the theory of 


; ; ifferent when the machine 
is passing through variable currents and the angle at 
which the air meets the wings is liable to large and rapid 
changes. The alterations im the arrangement of the 
pressures on the back surfaces are then much greater and 
take longer to go through their phases—long enough, in 
a, to make the process of correction ex ingly 
ing. 

That flying-machines should be unstable in ordinary 
circumstances is really of very little consequence. The 
same objection applies to walking. No conscious effort, 

Owever, is required to keep upright on terra firma, but 
on the deck of a small vessel ina seaway we all know that 
an legs are only got by practice, often involving many 

The flymg-machine, in gusty weather, is much in the 
— condition, but the falls have more serious conse- 

uences, 

I think it very unlikely that any type of flying-machine 
will be evolved which, without ph adhe will safe in 
bad weather; but it is _ possible that the necessary 
corrections should be applied by an automatic device, and 
if fight is to be anything but a fair-weather pastime 
something of the kind will probably be found necessary. 

h hat 1s requ is an apparatus which will so trim 
the wings as to keep the machine related in a definite 
manner, rr to the true vertical, and, secondly, to the 
direction of the resultant force at the time. 

; The various wage in which this could be done might 
furnish subjects for several lectures, and I will only say 

ere that the many proposals which have been made to 
use pendulums or gyrescopes to act directly on the correct- 
ing mechanism are certainly bound to fail. 


It is essential to the success of any automatic control 
that the forces called into play to make the corrections of 
trim should not react on ‘the director of those forces, 
whether this is a pendulum or gyroscope, or any other 
equivalent device. The only instance in which this con- 
dition has been fulfilled is the ‘‘ steady platform” of the 
late Mr. Beauchamp Tower. In this Mr. Tower caused 
& gyroscope (which in effect was a pendulum with a very 
long period) to direct an axial jet of water on a group of 
openings connected by pipes to a series of rams, in such 
a way that if the openings did not face the jet sym- 
metrically, water flowed into one or other of the pipes, 
and so altered the position of the openings until symmetry 
was restored, the restituent force having no tendency to 
alter the direction of the axial jet. 

There may be other methods of attaining the same 
object in the case of wing-trimming or control for flying- 
machines, but any device in which the correcting force 
tends to alter the position of the corrector is more likely 
to do harm than good. 

The question of stability also becomes important when 
the flying-machine is coming to the ground. _In alighting, 
the machine either has to touch the ground at full speed 
and trust to retardation supplied chiefly by the ground 
for coming to rest, or it must alter the wing attitude with 
reference to the path so as to experience a greater resist- 
ance for a given lift. This latter method is adopted by 
birds when pitching on the ground, and in their case at 
the last moment is generally supplemented by flapping 
the wings when the velocity is so much reduced that the 
greatest lift the wing area is good for will nob sustain 
their weight. Birds, when pitching on any elevated 
= such as a bough of a tree or a rock, nearly always 

nish their flight in an upward direction, but neither 
this nor wing-flapping is at present open to flying- 
machines on account of the mechanical difficulties of 
construction. 

Alteration of the trim of the wings, however, presents 
no great constructional diffioulty, but when the angle 
between the wings and the path is the effect of 
accidental variations of pressure due to eddy formation is 
more serious, and the instability is greater than when the 
angle in question is the gliding angle ; and here, there- 
fore, automatic correction would be very important. If 
this could be used successfully, a machine whose flying 
speed was 40 miles an hour and which had a gliding angle 
of 1/7 could, as may be found from the resistance dia- 
grams, reduce its velocity by alteration of the trim of the 
wings to 25 miles per hour Catone the weight ceased to be 
air-borne. Further, since for the whole time the resist- 
ance would average about one-fourth of the whole weight, 
the time taken in effecting the reduction of speed would 
be four times that required for gravity to generate the 
difference between 40 and 25, being 4 miles per hour. 
During this time—2.7 seconds—the average speed would 
be 32 miles per hour, and the machine would cover about 
120 ft. These rough figures can be easily corrected from 
the curves giving lift and resistance for any particular 
machine, but there can be no doubt that it would bea 
substantial gain if the high speeds, which are becoming 
more and more common, could be quickly and safely 
reduced before reaching the ground. 

No corresponding aid to starting, however, can be given 
except by some source of power external to the machine, 
and this will always limit the uses of the present types of 
flying-machines in much-enclosed and rough country. 

It is quite possible to imagine a flying-machine made 
with lifting-screws which would rise vertically from the 
ground and remain poised and stationary in the air, but 
no success his hitherto attended any attempts in this 


the very lorge blade area necessary for reasonable economy 
of power ne way of realising the stationary condition 
would be to connect two flying-machines travelling at the 
same speed in opposite directions with a length of rope, 
and letting them circle round oneanother. No ‘‘banking” 
would take place, as the centrifugal force of each would 
be taken by the pull of the rope. If the latter were 
shortened as far as possible, the pair would, in effect, 
form —— machine with a lifting-screw. The experi- 
ment would be dangerous, and is not recommended for 
trial, but is mentioned rather as indicating the size of the 
screw-blades which the hovering type of machine would 
require. 

Something may be said about the trials now being made 
both here and abroad to rise from and pitch on water. 
The floats attached to the machine for this purpose should 
be of the type with which Sir J. Thornycroft’s skimming 
boats have made us familiar, but with well-shaped floats 
the difficulties are chiefly concerned with the fact that 
the centre of gravity and line of applied force are at a 
considerable height above the plane of resistance of the 
floats, so that both in starting and stopping there is a 
couple tending to make the machine dive, which, especi- 
ally as coming down on the water, may cause 
accidents. A monoplane in which the lines of propulsive 
effort and water resistance are not far separated seems 
most likely to be successful, but in any case calm water 
isa tae Waves of the-length of the fore and aft 
spacing of the floats (such waves would have periods lying 
between 14 and 2 seconds, and s 5 to 7 miles per 
hour) if at all — would make rising from the water or 
coming down a difficult operation, though a long, smooth 
swell might be an assistance. ois 

In taking a general view of the t condition of the 
art of flying it must be admitted that much remains to be 
done before it ceases to be a fine-weather sport, and I 
think the right course to pursue would be to try to evolve 
a type of machine which is fairly safe even in turbulent 

i and which can arise and alight on the smallest 
possible area. When the essential features of the design 
which secures these results are recognised, the machines 





may be specialised fur war or other purposes, and addi- 


direction, partly because the inventors have not realised P 


tional improvements may be introduced for convenience, 
comfort or speed. 

The opinion seems to be gan got that flying- 
machines are more likely to usefully developed than 
dirigible balloons, and in this opinion I fully concur, more 
especially as regards the larger dirigibles, which I have 
always considered too frail and too liable to accident to 
be of much real service. 

All air-craft, whether heavier or lighter than air, will 
for some time to come be designed for the purposes of 
sport or war rather than for commerce, and although for 
war-machines cost takes a second place, it must be 
remembered that a dirigible costs rather more than a 
torpedo-boat, whilst a flying-machine costs rather less 
than a torpedo. Further than this, there are very few 
services to be performed by a dirigible which could not 
be carried out as well, or better, by a flying-machine ; the 
only, and rather dearly purch , advantages attachi 
to the balloon being its power of rising bye 4 and o 
leaving the ground without the necessity of taking a run, 
and I think the best policy for us would be, while recog- 
nising the occasional usefulness of dirigibles of moderate 
size (and building a sufficient number for experiment), 
to devote our attention chiefly to the elaboration of the 
most efficient means of destroying them. 

From the purely scientific point of view it cannot be 
said that the ascents of any large balloon have added 
much to our knowledge. 

The small balloons, however, recently used for carrying 
self-recording instruments have ascended to heights 
(60,000 ft. or more) at which personal observation is im- 
possible, and have brought back valuable information 
which could hardly have been attained in any other way ; 
and although the records as a rule only deal with pres- 
sure and temperature, there is no reason ay solar radia- 
tion should not also be measured by suitable apparatus. 
Such measures would give a better knowl of the 
temperature of the sun than could be got by direct 
observation even on the highest mountains. 

In conclusion, and speaking generally, I may say that 
it seems desirable to encourage experiment on the widest 
scale, even if much of the work is not on strictly scientific 
lines; bearing in mind that great improvements may 
result from the working out of ideas which as originall 
conceived were unsound or even absurd ; and that this 
is the more likely to be the case in such a subject as 
flight, for which, as I have endeavoured to point out, a 
considerable part is not yet subject to accurate theoreti- 
cal treatment. 





APPENDIX I. 

The relative densities of different gases at the same 
altitude may conveniently expressed in terms of 
heights of homogeneous atmosphere of each. 

he height of the homogeneous atmosphere for a gas is 
defined as the height of a column of the gas of uniform 
density (equal to that which it has at sea-level) whose 
weight produces the atmospheric pressure at its base. 
Thus the height of the homogeneous atmosphere Ha for 
air is in feet the number of cubic feet which weigh 
2100 Ib. nearly, and since 1 cub. ft. of air weighs 0.080 lb., 
Ha = 26,000 ft. nearly. 

For hydrogen Ha = Ha x the ratio of the densities of 
the two gases (namely, 16), so that Ha = 416,000 ft. 
nearly. 

If the distribution of temperature in the atmosphere is 
isothermal, the actual height h above sea-level at which 


the pressure is pis h=H log”. Thus when h= H the 


ressure is p)/e, and the pressure does not vanish until an 
infinite height is reached. 

If, on the other hand, the temperature decreases accord- 
ing to the adiabatic law—that is, if the temperature of the 
air at height h and pressure p is what it would be if with 
surface temperature to start with it was lifted without 
loss or gain of heat to the given height— 

y 


haw (1- (2) 7) ott ¥(1-(2)). 


In this case, therefore, there is a definite upper limit to 
the atmosphere, for when p = 0, h= H y 1 (rather over 


y — 

17 miles for air, and 275 miles for termem 

What the actual upper limit of the atmosphere may be is 
not known, but experiment shows that for the lower strata 
at any rate the adiabatic distribution of temperature is 
not very far from the truth. 

If we have two short columns, one of hydrogen and one 
of air, of the same length, and both at height h, then 


(putting H 2 = Ka for air, Kx hydrogen, and N for 
y- 

the ratio of the densities, Pal Pu at sea-level) the density 

of the air at h is pa (Ka-— h, and of the hydrogen 
1 


pu(Ku — hy” 
If the balloon carries no weight, it will ascend until the 
densities are equal, which occurs when 
y Nv-!-1 
k= N Ka ——— — 5 
(N=) 
or, since N = 16 for air and hyd n, and y =1.41, 
Nv-! = 3.1, Nv = 51, and K, = 17 miles, 


h = 16 mor xe, or 11.5 miles, 


and no hydrogen-filled balloon could ascend higher than 
this if the temperature was the adiabatic temperature. 
The ascents of the balloons with recording instruments, 





however, lead to the belief that at heights exceeding 
6 or 7 miles the temperature is constant, or nearly so, 
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so that the practicable height of ascent way very con- 
siderably exceed the 11.5 miles just mentioned. 


APPENDIX II. 

The fact that, if a bird can enter at will winds of 
different velocity, it is theoretically possible for it to 
extract work from the air, has been pointed out by Lord 
Rayleigh, W. Froude, and others; but I do not know 
that any calculation has been e in order to see whether 
in such circumstances as are likely to occur, the work so 
obtained is sufficient to enable a bird actually to soar or 
maintain its level. 

It has usually been supposed that the variation of wind 
velocity occurs at different levels, the wind being slower 
nearer the ground ; but in one way this complicates the 

uestion, and it is simpler to suppose that the field of 
flight is divided into two regions by an imaginary vertical 
boundary, on one side of which there is a uniform velocity 
of + v, and on the other of — v at all levels. 

On this supposition I have computed an example for 
a bird whose wings bear a load of 1 lb. per square foot, 
with a gliding speed of 60 ft. per second, and gliding 
angle of 1/7. rhe wind in the two parts is supposed to 
have velocities of + 10 ft. per second, and the bird to 
have aspeed of 60 ft. per second over the ground. 

On entering the first region against the 10-mile wind, 
the relative velocity of the wind and bird is 70 ft. per 
second, and under these conditions it experiences a lifting 
force greater than its own weight. and therefore begins 
to rise. As it requires upward velocity, it alters its trim 
so as to always meet the resultant wind at the gliding 
angle. At thesame time it meets with greater resistance, 
and therefore loses velocity in the path of flight. 

This loss may increase to 10 ft. per second, at which 
time the path will be level and the weight just air-borne. 

If at this point the bird can turn instantaneously through 
180 deg. and immediately enter the other region where 
the velocity is -10 ft. per second, it will again have a 
velocity of 70 ft. per second relatively to the air, and the 
whole process of elevation can be re , 

If the bird cannot turn instantaneously, or if the two 
regions are separated by an interval, level is lost at the 

liding angle while ing from one to the other in 
Teton at the gliding angle. Thus, if a constant 
average level is to be maintained, the length of the path 
traversed during the turns must not exceed 1/a times, the 
height gained between the turns. 

In the computed example the force normal to the path 
between the turns is taken to be A a v, the air-resistance 
in the path a? v*, and @ the inclination of the path to the 
horizontal. 

Then the acceleration normal to the path is 


1 
a #—___. |}, 
. (a cus (a + 5) 
and the retardation along the path g (A a?7?). A is 
assumed to be 5}, lb. per sq. ft. 

Integration for velocity and position leads to long and 
cumbrous expressions, but by computation and plotting 
it is found that the gain in level, while the relative 
velocity of the bird and air is reduced to 60 ft. per second, 
is about 10 ft., and that this reduction takes place in 
rather more than 110 ft., and occupies about 2 seconds. 

Thus, if the two regions are sharply divided, and on 
one side to the other of an imaginary vertical plane the 
wind velocity varies from + 10 to — 10 ft., a bird, if it 
could turn instantaneously, might, without expending 
any work on its own part, rise 300 ft. per minute. 

if, on the other hand, the effective distance between 
the two regions is 70 ft., the bird would drop as much in 
passing from one to the other as it gained in each, and 
could just maintain its average level. } : 

It may be noted that the difference in the relative 
energy of a bird which is just air-borne at 60 ft. per 
second, and enters a region where the relative velocity is 


70 ft. per second, is ‘ a, °or® little over 20 ft.-lb. per 


pound of bird. If there were no resistance, therefore, 
the bird could rise 20 ft. in each region, while its speed 
was being reduced 10 ft. per second by the action of 
gravity, the difference between the actual gain—10 ft. 
—and this being due to the air-resistance. 

The figures obtained in the example rather favour the 
idea that differences of wind velocity may occasionally 
be of practical use to birds. 
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Summary of the Tenth Report to the Alloys Research 
Commattee of the Institution of Mechanical neers: 
On the Alloys of Alwminiwm and Zinc. (With an 
Appendix ona Ternary Alloy of Aluminium with Zinc 
and Copper.)* 

By Dr. Water Rosgnnain and Mr. S. L. Arcusutt, 
of the National Physical Laboratory, Teddington. 
Summary oF Report. 

General Introduction.—The Ninth Report to the Alloys 
Research Committee contained an account of the influence 
of manganese upon the alloys of copper and aluminium ; 
the consideration of manganese was regarded as the first 
step in a general investigation of the ternary alloys of 
copper and aluminium with other metals, and the Alloys 
Research Committee decided that the next step in this 
investigation should deal with the effect of zinc. As it 
had been found, however, that the previous reports deal- 
ing with the useful alloys lying at both ends of the copper- 
aluminium series were undesirably bulky, it was decided 
in the first place to confine the investigations to alloys 
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consisting principally of aluminium, which may be con- 
veniently grouped under the term “light alloys.” 

Before the systematic study of the ternary alloys of 
aluminium, copper, and zinc could be undertaken it was, 
however, necessary to investigate the new base-line of 
this system—namely, the alloys of aluminium and zinc. 
In practice the investigation of the binary alloys, and of 


the ternary alloys derivable from them, has been carried | gra 


on side by side, but tne well-known difficulty which 
arises in all investigations of ternary alloys, from the 
large number of combinations which have to be studied, 
has made it desirable to publish the results of the investi- 
gation of the binary alloys without waiting for the 
completion of the study of the ternary system. The 
present report, therefore, deals principally with the 
constitution and properties of the binary alloys of 
aluminium and zinc. At the same time the investigation 
of the ternary system has alread m carried to a 
considerable extent, and has revealed the existence of a 
group of —_ which promise to be of considerable prac- 
tical value. hile, therefore, it is impossible to publish 
a systematic report on the ternary system at the present 
stage, an appendix has been added to this report, in which 
some of the more remarkable results already obtained for 
certain of the ternary alloys are stated. 

The alloys of aluminium and zinc have been the subject 
of a considerable number of experimental investigations. 
As regards their constitution the have been studied by 
Heycock and Neville,* Shepherd,t Ewen and Turner,t 
and D. V. Plumbridge,§ || while as regards some of their 
mechanical properties important papers have been pub- 
lished by C. R. Carpenter, {| W. D. Bancroft,** Ewen and 
Turner, and M. Portevin.t+ It is not proposed to give an 
account of these papers here, but the results obtained by 
the various authors mentioned will be referred to and 
discussed in detail wherever they are comparable with 
those obtained in the present investigation. 


_ From the point of view of practical use, the aluminium- 
zinc alloys have received considerable attention. For 
casting pu the fact that an addition of zinc to 


aluminium facilitates the production of sound castings is 
widely ised ; at the same time, these alloys are 
credited with undesirable properties in two important 
directions. The first of these is the tendency which they 
are said to to crack in ~" - particularly if the 
castings are of a shape liable to that form of defect. 
Further, the alloys are generally regarded as being liable 
to rapid corrosion, and actual examples of such corrosion 
have come under the notice of the present authors in the 
case of industrially prepared alloys. The experience of 
the present authors, however, in dealing with these alloys 
does not confirm these widely held views of their pro- 
perties ; the authors have had no difficulty in avoiding 
the cracking of castings which is said to be due to the 
tenderness of these alloys when hot. As regards corro- 
sion, the experiments and tests described below indicate 
that the alloys, as prepared by the authors, are by no 
means liable to the severe and excessive corrosion which 
the general reputation of the alloys would lead one to 
anticipate. The authors supposed—and experiment has 
justified the supposition—that the rapid corrosion (par- 
ticularly in moist air) of many commercial samples of 
aluminium-zinc alloys is due to the presence of impurities 
derived from the spelter employed in their manufacture. 
The authors’ alloys, prepared from pure zinc, behaved in 
a much more satisfactory manner. 

With regard to the mechanical properties of the 
aluminium-zinc alloys, the statement is sometimes found 
that they are particularly weak under the action of 
vibratory stresses and of shock. Here again the results 
of the present research do not confirm this previously 
held view ; the exhaustive tests under shock and alter- 
nating stresses described in this report clearly show that 
these alloys are not abnormally weak in this respect, and 
that in effect they exhibit properties in these circum- 
stances which are in normal correspondence with their 
general mechanical behaviour. 

As regards the general mechanical properties of the 
aluminium-zine alloys, the outstanding result of the 
present research is perhaps to be found in the very large 
effect produced upon them by hot work. It has been 
found possible to roll out into and even to draw into 
wire, an alloy containing as much as 25 per cent. of zinc, 
in spite of the fact that this same alloy, in the sand-cast 
condition, shows no a ductility. This alloy 
attains its maximum tensile strength when in the con- 
dition of rolled bar 1} in. in diameter, the maximum 
stress being 27.5 tons per sq. in. It is very interesting 
to find thatrolling down the same alloy to j-in. diameter 
while hot, so far from improving the properties of ‘the 
material, brings about a reduction in the tensile strength 
of several tons per square inch, and similar phenomena 
are met with throughout the whole series of alloys. It 
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may be added here that by the addition of a small per- 
centage of copper to these aluminium-zine alloys, as 
indicated in the appendix to the present report, the 
tensile strength of the hot-rolled material may be raised 
to 32 tons per sq. in. while retaining a reasonable de,ree 
of ductility. In the form of wire the maximum tensile 
strength obtained is 34 tons per sq. in. The specific 
vity of alloys having these high tensile strengths lies 
in the neighbourhood of 3.2, so that they may stil] fairly 
be regarded as light alloys; in comparison with other 
light high-tensile alloys containing magnesium, the 
present series have the advantage that no special heat 
treatment or quenching is required to develop their 
special properties, 

Both the binary and ternary alloys just referred to 
differ in one important respect from the majority of non- 
ferrous alloys by the fact that in the rolled condition 
they exhibit a definite and well-marked yield-point, their 
behaviour in the ating oeune showing the sudden 
dropping of the beam which is familiar in the testing of 
mild steel. This behaviour may, perhaps, justify greater 
confidence in the pegneiee of these alloys than that 
which engineers usually repose in materials having a 
gradual indefinite yield. 

If the results of the present investigation are viewed 
in the light of current practice in the application of 
aluminium-zine alloys, the most important point is that 
the alloys richer in zinc—namely, those containing from 
15 to 25 per cent. of zinc (with or without the addition 
of copper)—are deserving of much closer attention and 
of more widesp: use a8 compared with the lower 
alloys, containing less than 15 per cent. of zinc, which 
are much -more -widely used in present practice. If 
dynamic as well as tensile tests are taken into considera- 
tion, the outcome of the present report is to show that 
the alloy containing 20 per cent. of zinc is the most 
generally useful of the simple binary alloys. 

In this brief notice of the outstanding results of the 
investigation mention must now be made of what is prob- 
ably the most serious defect of this group of alloys— 
namely, their t sensitiveness to rise of temperature 
in relation to their tensile strength. Thus the alloy con- 
taining 25 per cent. of zinc, whose tensile strength at the 
ordinary temperature is 27.5 tons per sq. in., at a tem- 
perature of 100 deg. Cent. has a tensile strength of only 
18.5 tons per sq. in., and the rapidity of this drop in 
strength with rising temperature increases as the tem- 
perature is further raised. When very hot the alloys are 
accordingly very weak, but while they are brittle to shock 
and cannot therefore forged at temperatures much 
above 400 deg. Cent. (752 deg. Fahr.), in the testing- 
machine they still exhibit an exceptional amount of 
ductility. Itis this somewhat abnormal behaviour which 
makes it possible to roll into bars alloys which are brittle 
in the cast state, but at the same time it renders an 
accurate control of the rolling temperature an essential 
condition of success. 


SvuMMARY OF THE Principat Resvvts. 


The principal results obtained in the investigations 
described in the present (Tenth) Report to the Alloys 
Research Committee are briefly summarised as follows :— 

1. The Constitution of the Alloys.—This is only briefly 
dealt with in the report, since a full account of the 
metallographic study of the aluminium zinc system has 
already been published elsewhere. The new equilibrium 
diagram arrived at by the authors is reproduced, showing 
the occurrence of reactions and the formation of a definite 
compound (Al,Zn;) whose existence had not previously 
been established. From the equilibrium diagram it 
appears that all the alloys containing more than 40 per 
cent. of zinc undergo transformation at a temperature of 
256 deg. Cent. (493 deg. Fahr.). As regards the alloys 
at and near the aluminium end of the series, the new 
equilibrium di m establishes their ‘‘solidus curve’ 
or temperature of complete solidification, and also exhibits 
certain minor transformations which, although shown 
not to be due to a change in the pure aluminium-zinc 
system, always occur in commercial alloys at temperatures 
near their melting-point. The alloys containing less than 
40 per cent. of zinc are shown to be — homogeneous 
solid solutions, although it is possible that the inversion 
at 256 deg. Cent. also occurs at this end ef the series. 
When cast in chill moulds, the microstructure of these 
alloys exhibits the sharply ‘“‘cored” structure usually 
found in rapidly-cooled solid solutions having a long 
range of solidi cation. In sand-castings this coring is 
less sharply defined and the whole microstructure is on & 
larger scale. The ‘‘ cores” are entirely removed by pro- 
ae annealing at such a temperature as 400 deg. Cent. 
(752 deg. Fahr.), but they are removed rapidly and com- 

letel the rolling process. Photomicrographs of the 

ot-ro led alloys, especially after annealing, containip 

up to 25 per cent. of zinc, exhibit the typical polyhedra 
structure of a perfectly homogeneous solid solution, 
although the scale of the crystals varies considerably 
according to the exact mode of treatment which the 
material has undergone. Photomicrographs of sand and 
chill castings of the whole range of binary alloys are given, 
together with some additional photographs of specially 
annealed and quenched specimens illustrating the typi al 
features of the constitution of the system. Photomicre 
graphs of typical examples of the structures of the rolled 
and drawn alloys are also given. : 

The Study of the Cast Alloys.—Tensile tests on sand and 
chill castings of a series of alloys covering the entire range 
of the binary system are given, both in tabular and 
graphic form. The tensile strength of sand-castings shows 
a steady increase up to a concentration of 50 per cent. 0! 
zinc, when an ultimate stress of 18.7 tons per sq. 1. 1s 
reached ; there is then a slight fall of strength with further 
increase of zinc-content, followed by « rise to # second 
maximum near 75 per cent. of zinc, a concentration which 
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orresponds approximately to the composition of the 
nem "aly ns. The highest ultimate stress reached 
is 18.9 tons per sq. in. The table and curve representing 
the results of tests on chill castings is somewhat different 
in type, three maxima being observed—namely, the first 
at 20 per cent. of zinc with an ultimate stress of 17.9 tons 
<q. in., the second at 50 per cent. with 21.6 tons per 


per 0 - 

in.. and the third at 75 per cent. with 20.1 tons per 
4 in ‘The yield-points for both sand and chill castings 
are recorded as observed, but the observations were found 


to be somewhat uncertain in the case of the cast alloys. 

In discussing the results of tensile tests on the present 
series of alloys the authors have used the term “‘ specific 
tenacity ” to denote a A sare which is proportional to 
the tensile strong. and inversely to the specific gravity ; 
this has been calculated by dividing the ultimate stress of 
a given alloy in tons per square inch by the weight of a 
cubic inch in pounds. The quotient is the breaking load 
in tons of a bar of the material whose cross-section is such as 
to make the weight of the bar 1 1b. per inch length. From 
the point of view of tensile strength alone this figure may 
be regarded as representing the value of any structural 
material, and allows of comparisons on a correct basis 
between materials of widely different specific gravity, 
such as these light alloys and steel. In the castjalloys the 
specific tenacity is found to reach its maximum for both 
sand and chill castings in an alloy containing approxi- 
mately 26 per cent. of zinc. The value attained is just 
over 150, as com with a maximum value of 126 
reached by the light alloys described in the Ninth 
Report. In the light alloys of aluminium with Sager 
alone the specific tenacity of castings does not ex a 
value of 99. 


Compression tests on a number of chill and sand castings’ 


of the alloys, including some of higher zinc content, 
have been made. These tests show that in general terms 
the behaviour of the castings under compression is ap- 
proximately proportional to their behaviour under ten- 
sion, The highest yield-stress under compression was 
obtained with alloy No. 55 in the chill-cast condition, 

iving a stress Of 22.96 tons per sq. in. It is curious to 

nd, however, that the chill castings are decidedly inferior 
to the sand castings until a zinc content of about 50 per 
cent. is passed. 

The question of the possible ‘‘ ageing” or even gradual 
spontaneous disintegration of the aluminium-zinc alloys 
has also been studied in connection with the sand-cast 
material, tensile tests on some of the alloys being repeated 
on specimens which had been kept for over fifteen months, 
but no signs of any change were observed. 

Study of the Wrought Alloys.—Billets of the alloys con- 
taining up to and including 26 per cent. of zinc were cast 
at the laboratory and were rolled and drawn to various 
sizes, including wire and sheet, at the Milton Works of 
the Briti-h Aluminium Company. Hot rolling was found 
possible with all these alloys, but not with an alloy con- 
taining 30 per cent. of zinc. ; 

Tensile tests on a representative series of alloys lying 
between the limits of composition just named were 
made on material in the form of (1) bars hot-rolled 
to J}in. in diameter, (2) bars hot-rolled to §-in. 
in diameter, (3) bars hot-rolled to }-in. in diameter, 
(4) bars cold-drawn to }in. in diameter, (5) bars drawn 
with annealing to }# in. diameter, (6) cold-drawn wire 
0.1285 in. diameter, and (7) sheet of 0.14 in. and 0.07 in. 
thickness. In addition, the material in the form of {-in. 
bars hot-rolled, }# in. cold-drawn, hot-rolled 4 in., and 
wire, as well as sheet of both thicknesses, was also tested 
after annealing for one hour at 400 deg. Cent. The ten- 
sile tests on all the hot-worked material gave very uniform 
and consistent results, which can generally be represen 
by reasonably smooth curves when the data are plotted 
against zinc content. The yield-points in these tests, as 
contrasted with those on castings, are well defined and as 
regular as the results for ultimate stress. 

In the form of 1}-in. hot-rolled bars, the alloy No. 26 
attains a tensile strength of 27 tons per square inch, with 
& yield-point of 25 tons per square inch and an elonga- 
tion of 16.5 per cent. on 2 in. th the tensile tests on 
1}-in. and on {-in. hot-rolled bars give curves of ultimate 
stress, plotted against zinc content, which are very similar 
to one a other ; but it is a striking feature of these alloys 
that the curve for the smaller section lies above that for 
the larger only up to a zinc content of about 12 per cent.; 
above that concentration the 1}-in. bars give higher 
ultimate stresses than the j-in. bars. The results of tests 
on stil! smaller sizes of material, even including the hard- 
drawn wire, show corresponding results, although the 
crossing-point of the respective curves differs from one 
size of material to another. The general conclusion is 
demonstrated that the beneficial effect of ‘ work” on 


these alloys diminishes steadily with increasing zinc 
content, until the 25 per cent. and 26 per cent. alloys are 
reached, in which we find that the highest ultimate 
Stress is always given by the 1}-in. hot-rolled bars. These 


alloys, richer in zinc, therefore, present the unusual 
property that cold-drawing a bar from 1} in. to i? in. 
diari ter, although it raises both yield-point and elastic 
lim.:, and lowers elongation and reduction of area, actually 
reduces the ultimate stress. 

lhe condition (excluding wire) of highest tensile 
Strencth, together with the yield-stress and elongation 
corrs-ponding to that condition, are given for a series of 
tye! alloys in the summary table in the next column. 

‘Le tensile tests on annealed material were undertaken 
principally to ascertain whether the peculiar effects of 

wo mentioned above persisted after annealing, and 
the ‘csults are discussed with reference to the resulting 
Micr structures. It was found that the “‘hot-rolled ” 
materials exhibited a considerable amount of deformation 
in their constituent crystals, and that this deformation 
Was entirely removed by annealing, although the scale of 
the resulting structure differed widely according to the 





treatment which each specimen had received. In 
general terms, it was found that the tensile strength of 
the annealed materials was not strictly proportional to 
crystal size, but that the more severely worked material 
always exhibited better results after annealing than less 
severely treated metal. The highest ultimate stress in 
annealed material of the present series of alloys was 
obtained from alloy No. 20 in the form of annealed cold- 
drawn wire, the value being 21.1 tons per sq. in., but it 
must be noted that the higher alloys of the series (Nos. 25 
and 26) eens not included in all the tests on annealed 
material. 








Tasie I. 
No. of the! se | 
Alloy (also, 5, Condition for Ultimate Yield- | Elongation 
per Cent. | 8 r ntong Stress. Point. | on 2 In. 
Zn). | | 
| tons per tons per) per cent. 
sq. in, | sq. in. | 
5 | Z-in. hot-rolled bar .. 89% | 74 | 26.0 
9 | 4-in, a a~-« foe 6.98 | 38.u* 
a ide sar Toate | fo 9.42 | 35.0" 
13 —s |} g-in. cold-drawn bar = 14.7 12.80 | 19.5 
17 hans hot-rolled bar.. 19.85 13.20 | 22. 
20 |1}-in. o oe 22.64 17.3 | 20.5 
26 1}-in. »» o» --| 27.00 | 26.0 16.5 
* On 1 in. 


The tests on wire and sheet gave results which have 
already been referred to in connection with the effect of 
work and of annealing. Sheets were rolled from alloys 
Nos. 15 and 20; the former rolled well, but the latter 
cracked somewhat at the edges. The tensile tests show 
considerable variations as regards yield-points between 
longitudinal and transverse tests, although these are 
obliterated to a considerable extent after annealing. The 
yield-stresses, however, gave very erratic results, and this 
is probably to be ascribed to slight surface cracking of 
the metal. In the cold-rolled condition, alloy No. 20, in 
the form of sheet 0.07 in. thick, gives an ultimate stress of 
23 tons per square inch, but there is little or no elonga- 
tion in this condition. After annealing the ultimate 
stress falls to 18 tons per square inch, but the elongation 
reaches LO per cent. on a longitudinal and 6.25 per cent. 
on a transverse test. 

As regards the tests on the alloys in the form of wire, it 
was found possible to obtain even alloys Nos, 25 and 26 
in this form, but the results given by these were dis- 
appointing, since they were lower than the tests obtained 
with 1}-in. hot-rolled bars. In the annealed condition, 
however, these wires give results which appeared to be 
promising ; thus No. 19 gives an ultimate stress of 21 
tons per sq. in. with 17.7 per cent. of elongation. It is 
interesting to note that the tests on annealed wire exhibit 
a well-defined maximum in tensile strength at or near a 
concentration of 20 per cent. of zinc. 

Tensile tests at high temperatures were made on a 
series of the alloys in order to ascertain the effect of 
zinc content on the rate of loss of strength of these alloys 
with increasing temperature. Most of the alloys were 
tested up to —— Cent. (392 deg. Fahr.), but in two 
cases considerably higher temperatures were employed 
(up to 595 deg. Cent,). In every case it is found that 
there is a rapid fall in the yield stress and ultimate stress 
with rising temperature, even 50 deg. Cent. producing 
a marked effect. The rate of loss of strength varies 
according to the composition of the alloy ; thus at 100 deg. 
Cent. the alloys containing up to 13 per cent. of zinc 
have lost about 36 per cent. of their tensile strength 
at the ordinary temperature ; the alloys containing from 
15 to 17 per cent. show a loss of 44 to 52 per cent., but 
this figure again diminishes to 26 per cent. for alloy 
No. 26. These relative rates of loss are confirmed at 
higher temperatures. At still higher temperatures the 
strength of the alloys becomes exceedingly small, but they 
exhibit a remarkable degree of ductility as measured by 
elongation and reduction of area; the latter in some cases 
is so great that the fracture is drawn down to a shar 
point, while the elongation in one instance reach 
133 per cent: Forging tests, however, show that this 
extreme ductility exists only under ‘‘static” loads, and 
that the alloys which draw out to fine points in the 
testing-machine are broken into small fragments if struck 
sharply with a hammer at the same temperature. 

The elastic properties of the alloys have been deter- 
mined both for the hot-rolled and cold-drawn materials. 
They exhibit a satisfactory elastic behaviour and show 
well-defined elastic limits, which increase larly with 
the zinc content and consistently with the ordinary yield- 
point determinations. The elastic moduli of all the alloys 
are almost identical, lying near the value 9 x 10°, a low 
value, which may prove a disad vantage for certain possible 
uses of the alloys. Autographic stress-strain diagrams 
have been taken from 8-in. specimens ; the diagrams show 
well-defined yield-points, and they also exhibit the stepped 
appearance which is typical of the mode of plastic exten- 
sion of many non-ferrous materials. The comparison of 
the results of these tests on 8-in. test-pieces with those 
made on the standard 2-in. specimens shows that the two 
series of tests are in gc od agreement. 

Torsion tests have been carried out on specimens cut 
from the alloys in the form of 1}-in. hot-rolled bars ; 
comparison of the results with those of tensile tests shows 
that the torsional strength, although it increases con- 
siderably with increase of zinc content, yet does not 
increase as rapidly as the tensile strength. The ratio of 
the maximum stresses under the two forms of test falls 
from 1.10 for alloy No. 9 to 0.76 for alloy No. 25. 

The hardness numbers of the alloys, again in the form 
of 1}-in. hot-rolled bar, have been determined by the 
Brinell method under loads of 1000 kg. and 3000 kg. 





respectively, and by the Shore scleroscope. The propor- 
tionality between the hardness num and Neusile 
strength is found in these alloys to be only of a general 
kind, the shapes of the respective curves being notably 
different. 

Compression tests have also been made on the wrought 
alloys. The results are in strict conformity with those of 
tensile tests, although the compression yield-stresses are 
always slightly higher than those found in tension. 

Dynamic tests have been carried out on the alloys, both 
with the mashines designed for that purpose at the 
National Physical Laboratory, under the direction of 
Dr. T. E. Stanton, and also by the kindness of Professor 
J. O. Arnold, at the University of Sheffield. The tests 
made at Teddington include direct alternations of stress, 
repeated-bending, impact, and single-blow impact. 

he tests in alternations of direct stress give a series of 
results for the safe range of alternating stresses for the 
alloys, and this curve lies considerably below that of the 
static elastic limits. These ran although low when 
compared with the ordinary tensile test results, yet indi- 
cate a very decided advance on other light alloys which 
have been described in the Ninth Report. The best of 
those alloys (of aluminium with copper and manganese) 
showed a safe range of 9.4 tons per sq. in., while the 
best of the present series has a range of 3 tons per sq. in. 

Alternate-bending impact tests were made with a weight 
of tup of 4.71 lb., and heights of fall of Lin. and 0.71 in. 
respectively. Both sets of tests give curves of very similar 
shape, which show that after 15 per cent. of zinc the re- 
sistance to this test is strictly proportional to the zinc 
content of the alloy. Of the present alloys, No. 9 shows 
a resistance practically equal to that found in the best of 
the light alloys de cribed in the Ninth Report (about 600 
blows with a fall of 0.71 in.), while the best alloy of the 
— series (No. 25) required 3400 blows for fracture. 

his power of resisting repeated impact is particularly 
noteworthy in view of the fact that the aluminium-zinc 
vw are frequently spoken of as being weak under 
shock. 

Single-blow impact tests, made on the Izod machine, 
show chat the work absorbed by fracture reaches a maxi- 
mum for a zinc content lying between 15 and 20 per 
cent. This isin accordance with the fact that such tests 
are affected by both tensile strength and ductility, so that 
the Sessenanl tensile strength of the alloys containi 
more than 20 per cent. of zinc is more than outweigh 
by their lower ductility so far as this test is concerned. 
As compared with the light alloys previously studied, 
the present series are decidedly superior, although the 
difference is not so marked as under some of the other 


tests. 

Under Professor Arnold’s alternate-bending test the 
alloys gave remarkably uniform results, but the curve of 
number of alternations endured falls rapidly with increase 
of zinc. Professor Arnold remarks that the resistance of 
these alloys to his test varies from one-eighth to one-quarter 
that of heat-treated best mild structural steel. It is 
interesting to note, in comparing the results of the three 
last-mentioned forms of dynamic test, that the curves 
representing their results are closely related to the curves 
of ultimate stress and elongation or reduction of area as 
shown by tensile tests. Thus the repeated-bending 
impact tests give a curve which is closely proportional 
to that of ultimate stresses, while the results of Professor 
Arnold’s tests are proportionate to the ductilities of the 
alloys as shown by elongation or reduction of area. The 
single-blow impact tests, on the other hand, appear to be 
proportional to the sum of these two properties. 

In view of the results of all the mechanical tests the 
authors arrive at the conclusion that an alloy containing 
about 20 per cent. of zinc probably represents the best 
combination of properties obtainable in the simple binary 
aluminium-zinc series. 

Corrosion tests on specimens of these alloys exposed to 
the sea have been carried out for a period of over 500 
days, and the results show that the rate of loss of weight 
under such exposure increases with increasing zinc con- 
tent. The actual rate of loss, however, is not as great as 
might have been anticipated, varying, when allowance for 
the difference of density is made, from 14 times that of 
naval brass to 14 times that of Muntz metal. The authors, 
however, —_— their corrosion tests as purely prelimi- 
nary, since the alloys were used in the cast state, while 
subsequent study suggests that annealed material would 
show considerably less corrosion. The method of measur- 
ing corrosion by loss of weight is also ed as inade- 
quate for the study of these alloys, and further corrosion 
tests are being undertaken. : 

A general feature of some importance in connection 
with all the alloys described in the present Report, and 
particularly with those containing from 10 to 30 per cent. 
of zinc, is the great o—, with which they can be 
worked by machine-tools of all descriptions, in most cases 
without the use of any lubricant. Turnings of exceptional 
length and strength have been obtained from several of 
these alloys. The machined surfaces retain their bright- 
ness in the air of the laboratory for many months without 
protection of any kind. 

Attention is directed to the Appendix, in which the 
authors givea preliminary account of the properties of a 
ternary alloy of aluminium with zinc reel copper (alloy 


No, 25/3) containing approximately 25 per cent. of zinc * 


and 3 per cent. of copper. This alloy, which can be rolled 
hot, although some te care is required in dealing 
with it, gives remarkable results under mechanical tests. 
An ultimate stress of 34 tons per square inch has been 
nee = this material, ye resistance to 
re - ing impact is over ows, as compared 
with 3400 of the best of the binary alloys. Tabulated 
results of tests made on this alloy are > but a fuller 


discussion of its properties is ned until a systematic 
study of these ternary alloys Sten completed. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a number of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning these projects can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. 

Canada ; H.M. Trade Commissioner for Canada reports 
that sealed tenders will be received at the Public Works 
Department, Ottawa, up to noon on July 2, for the con- 
struction of adry dock in the port of Quebec. The dock 
is to be not less than 1150 ft. long, 110 ft. wide at the 
entrance, and at least 37 ft. in depth over sill and keel- 
blocks at ordinary high-water spring tide. It is in- 
tended that the dock should situated either at 
Luwuzon or in the estuary of the River St. Charles, or on 
the Beauport flats, and tenderers must submit, together 
with plans and specifications and detailed estimate of the 
cost, the respective advantages from the point of view of 
shi ing interests of the suggested sites. A deposit of 
50,000 ‘ols. (about 10,300/.) must accompany each tender. 
With reference to the proposed construction of a dry 
dock and of a floating dock at Owen Sound, Ontario, the 
Imperial Trade Correspondent at Ontario (Mr. F. W. 
Field) reports that the scheme has now been extended to 
include a shipbuilding plant. 

New Zealand: A Press extract forwarded by H.M. 
Trade Commissioner notifies that a contract has been 
awarded to Mr. J. M’Williams, of Wellington, for the 
construction of a tunnel, in connection with the Lake 
Coleridge electric-power scheme, which is to run from 
Lake Coleridge, through an adjoining hill, to the Rakaia 
River. The length of the tunnel will be about one mile, 
and is to be cut through solid rock, and lined internally 
with concrete. The value of the contract is 53,172/., and 
the work is to be completed by August, 1913. 

Egypt : With reference to the drai of the Egyptian 
Delta, the following particulars on the subject are extracted 
— the or = the gem Chamber yy = 
of t for April:—‘‘It is proposed to deepen the 
thee. val drains in the Behera Province, and the drainage 
rom these will be pum into the sea at Mex, a suburb 
of Alexandria. It is also pro to dry up completely 
the large lake, known as Lake Mareotis, near Alexandria, 
which means that an extent of about 60,000 acres of land 
now under water will be brought under cultivation. It 


is further proposed to deepen all the drains in the Central 
Gharbieh Roviees, and to erect large pumps near Baltim, 
by which the drainage will be lifted into e Borillos, 


which is directly connected with the sea. The above- 
mentioned works will probably take about four years to 
complete, and will cost about 24 millions sterling. 

Spain: With reference to the call for tenders for the 
completion of the construction of No. 1 dock in the har- 
bour of Cadiz, it is notified that a statement of the 
conditions governing the contract has now been received 
from the British Vice-Consul at Cadiz. Tenders were to 
be received up to April 20 at the offices of the Ministerio 
de Fomento, Madri . The first adjudication will be for 
the supply of Spanish materials; but in the event of no 
award being made, another call for tenders will be made, 
in which foreign competition will be admitted. In this 
latter case, however, Spanish materials will be preferred 
up toa margin of 10 per cent. over foreign materials. 

Italy : The Gazzetta Ufficiale states that tenders will be 
opened on May 4 at the offices of the Ferrovie dello Stato, 

me, for the laying of a section, 34 miles long, of the 
railway in course of construction between Fossano, Mon- 
dovi, and Ceva. The work will include the laying of the 

rmanent-way, the erection of telegraph lines, fencing, 
Ke The upset price is put at 6,655,000 lire (366, 2001.) 
With reference to the construction of a section of line, 
about 8 miles long, of the Bivio-Greci-Cattolica Railway, 
the Gazzetta states that, as no award has been made in 
respect of this contract, tenders are again invited, and 
will be opened on May 17 at the office of the Ferrovie 
dello Stato, Rome. The upset price is put at 2,150,000 lire 
($6,000/.). Although the above two contracts will prob- 
ably be awarded to Italian firms, nevertheless the carrying 
out of the works may involve the purchase of some mate- 
rials out of Italy. 

Mexico: With reference to the proposed construction 
of a railway from Ba.sas to Zihuatanejo, on the Pacific 
Coast, H.M. Consul-General at Mexico City has for- 
warded an extract from the local press announcing the 
award of the contract to the Mexican Pacific Company. 
The construction is also under consideration of a branch 
line from Las Palomas, ‘in the State of Guerrero, to 
connect with the projected railway at El Organal. By 
the terms of the contract the company must complete 
100 km. (62 miles) of track from sas and 50 km. 
(31 miles) from Zihuatanejo during the first year, and 
50 km. of the branch line from Las Palomas (if decided 
upon) within twenty months. The Diario Official con- 
tains notices of the grant of the following :—(1) A ninety- 
nine years’ concession to the national railways of Mexico 
for the construction and working of a railway from Allende 
to San Carlos, in the State of uila, with an option to 
extend the line to the United States boundary. Five 
years are allowed for the importation, duty free, of 
construction materials ; (2) a contract granting to D. A. 
Crispi and Co. a concession to utilise, for irrigation pur- 

, 81 litres per second of the waters of the River 
ravo del Norte. Exemption from customs duty 
is granted in respect of any material which it may 
be necessary to import for the work. With refer- 
ence to the issue of bonds, under State guaran- 
tee, up to an amount of 200 million pesos (about 
20,400,000/.) for irrigating and draining lands and dis- 


> 


ing of them in small holdings to farmers for agricul- 
at es H.M. Legation at Mexico City have now 


forward 


a translation of an agreement, signed there 


on February 26, butween the Mexican Minister of Finance 
and persons representing the Loan Bank formed for the 
issue of bonds. is agreement lays down the conditions 
to be observed by the bank, which has a capital of 
10,000,000 pesos (about 1,020,000/.), with respect to the 
advance of funds to companies and private persons 
engaged in farming, irrigation, or other agricultural 
pursuits. 





CATALOGUES. 


Lighters, Tugs, &c.—We have received from Mr. J.-S. 
Watson, of Gainsborough, a catalogue illustrating 
examples of steel lighters, tugs, and other craft 
constructed by him. Many of these vessels have been 
shipped in parts and marked for reconstruction abroad. 

Packings, &c.—We have received from the New York 
Belting and Packing Company, Limited, whose London 
address is 11 to 13, Southampton-row, W.C., a copy of 
their latest catalogue, in which particulars, with prices, 
are given of a great variety of packings and jointing- 


materials manufactured by them for all conditions of | P 


service. 


Iron and Steel Sashes and Casements.—From the General 
Iron Foundry Company, Limited, Brooks Wharf, Upper 
Thames-street, E.C., we have received a circular illus- 
trating wrought-iron and wrought-steel sashes and case- 
ments and cast-iron pavement-lights. Another circular, 
in which particulars of cast-iron windows are given, has 
also come to hand. 


Turbine-Driven Boiler-Feed Pumps.—We have recent] 
received from the A.E.G. Electric Company, Limited, 
133-135; Oxford-street, W., a —_ of a catalogue illus- 
trating and describing steam turbine-driven centrifugal 
pumps specially designed for boiler feedi The pump, 
which is of the single-stage type, is capable of working 
against pressures up to 350 lb. per sq. in. Particulars are 

ven of five sizes, the outputs of which vary from 

0,000 to 34,000 gallons per tnd 


Diesel Engines.— A catalogue of Diesel oil-engines has 
been received from Hick-Diesel Oil-Engines, Limited, 
11, Queen Victoria-street, E.C., who are sole agents for 
the engines of this type manufactured by Messrs. Hick, 
Hargreaves and Co., Limited, of Bolton. The catalogue 
contains a brief description of the Diesel system, and 
illustrates and describes a typical installation. Dimen- 
sions and some general ticulars are given of nine 
sizes, ranging from 80 to brake horse-power. 


Druing Plants for Lawndries.—We have received from 
the James Keith and Blackman Company, Limited, 27, 
Farringdon-avenue, E.C., a booklet giving full parti- 
culars, with prices, of drying plants for small laundries. 
The plant consists of a Blackman fan arranged to deliver 
air into the drying-room through a battery of vertical 
pipes heated by live or exhaust steam. A special form of 
clip-bar to support the rods from which the articles to 
dried are suspended is also illustrated. It is stated that 
by the use of this clip-bar the capacity of the room is 
practically doubled. 


Switch Gear.—The British Westinghouse Electric and 
Manufacturing Company, Limited, Trafford Park, Man- 
chester, have sent us a copy of their latest catalogue of 
switch gear. The catalogue gives very complete par- 
ticulars, including prices, dimensions, and shipping 
weights, of generator, motor, and feeder panels for 
alternating -current and direct-current circuits up to 
800 amperes at 650 volts, and also deals with bus-bars and 
fittings, switches and fuses, circuit- breakers, and all kinds 
of switchboard instruments. With the information given 
it is possible to estimate accurately the total cost of com- 
plete boards of all sizes and for all purposes. 


Bolts, Nuts, Telegraph Ironwork, 4:c.—Messrs. Bayliss, 
Jones, and Bayliss, Limited, of Wolverhampton, have 
sent usa copy of their latest ee. No. 11 8, in which 
prices and particulars are given of black and bright bolts, 
nuts, coach-screws, set-screws, studs, spring and plain 
washers, ‘“‘Helicoid” lock-nuts, split-pins, joint-pins, 
&c. Prices are also quoted for black and galvanised 
ne ironwork, such as insulator spindles, cup- 
holders, stay-rods, and tighteners. The catalogue also 
illustrates several other of the firm’s productions, includ- 
ing hook-bolts and nuts, rag-bolts, coupling-boxes or 
turn-buckles, pier and harbour ironwork, haulage-clips, 
‘*Eureka” lock-nuts, weldless tie-bars for tramway 
tracks, iron fencing, gates, &c. 


Induction Motors.—From Messrs. Crompton and Co., 
Limited, Salisbury House, London Wall. E.C., a cata- 
logue of induction motors for single-phase, two-phase, 
and three-phase currents, has come to hand. These 
machines are particularly suitable for use in mines for 
haulage and other heavy work. The standard windings 
of the polyphase motors are arranged for 25, 40, 50, and 
60-cycle circuits, and for pressures ranging from 110 to 
500 volts. Single-phase machines are lis for 50-cycle 
circuits only; they can, however, be supplied to work 
with other frequencies. The particulars given, which 
include a general specification, speeds, capacities, prices, 
and shipping weights and dimensions, refer to machines 
of the protected type up to 200 horse-power, but semi- 
enclosed, dust-proof, pipe-ventilated, and totally-enclosed 
motors are also made. The catalogue also states prices 
for starters and controllers of various types. 

High-Pressure Gas-Lighting.—Messrs. James Keith and 
Blackman Company, Limited, of 27, Farringdon-avenue, 
E.C., have sent us copies of their latest catalogues of 
Keith high-pressure gas-lighting apparatus. The first of 
these catalogues illustrates and gives prices and particu- 





lars of lamps and fittings for indoor and outdoor use, the 
lamps ranging from 60 to 4500 candle-power. 


at a pressure of 2lb. per sq. in., these lamps are clair 

to give a light of 60 candle-power with a aitcnemeten 
of 1 cub. ft. per hour. A second catalogue deals with 
rotary gas-compressors suitable for use with the Keith 
lighting system, illustrating machines driven by belts 
electric motors, and gas-engines. Prices are stated, and al] 
necessary particulars given. We have also received from 
the same firm a pamphlet illustrating and stating prices 
for soldering irons by high-pressure gas. Two 
patterns are listed for light and heavy work respectively. 


Oxy-Acetylene Cutting and Welding Apparatus.—The 
Thorn and Hoddle Acetylene Company, Limited, of 151, 
Victoria-street, Westminster, S.W., have recently issued 
a supplement to their general catalogue of apparatus for 
cutting and welding metals by means of the oxy-acetylene 
blow-pipe. The supplement gives full particulars of 
special portable acetylene generators and oxy-acetylene 
plants designed so that they can be easily conveyed to 
the work—an important advantage in some circumstances. 
It is claimed that, while these plants are almost as 
portable as acetylene in cylinders, the cost of the gas 
roduced by them is very much less. The catalogue 
itself, of which we have also received a copy, gives full 
rs including prices, of generators, purifiers, 

low-pipes, oxygen-pressure regulators, hydraulic valves, 
and all accessories for cutting and welding. It also con- 
tains a considerable amount of useful information re- 
lating to the work. 


Trucks, Carts, Barrows, &:c.—Mr. H. C. Slingsby, of 
Old-street House, E.C., has sent us a copy of his latest 
catalogue containing nearly 500 and illustrating a 
very large variety of trucks, hand-carts, barrows, trolleys, 
and accessories used principally for handling merchandise 
in warehouses and factories, and for the delivery of 
tradesmen’s ls. Many of the trucks illustrated run 
on four wheels, which are mounted on three axles, one in 
the centre and one near each end of the truck. The 
central axles carries two wheels, one at each end, and the 
end axles are each fitted with a single wheel which is 
free to slide along the whole length of the axle, in a 
transverse direction, in order to facilitate the negotiation 
of curves. The wheels can be fitted with rubber or felt 
tyres, the latter being specially recommended. The felt 
tyres are claimed to last three times as long as rubber, to 
be unaffected by temperature changes or moisture, and 
to be fixed in such a manner that they cannot work loose 
and come off. The catalogue also includes particulars of 
steel rails, sleepers, trucks, trolleys, tipping-wagons, and 
other forms of rolling-stock for narrow-gauge industrial 
one Prices are stated for all the goods included in 
the list. 


Brushes for Electrical Machinery.—Messrs. W. Christie 
and Co., of 50, Wellington-street, Glasgow, have sent us 
acopy of their new catalogue of brushes for dynamos, 
motors, &c. Pliable brushes are first dealt with, three 
patterns, known respectively as theordinary, turbo, and 


slip-ring patterns, being illustrated and described. These 
be cea bend ~ 4 


lia hes are m up of alternate layers of electro- 

tically-deposited copper and graphite, and it is claimed 
that this arrangement combines the advantages of both 
carbon and copper brushes without their respective draw- 
backs. y yee type of brush illustrated consists of a 
number of very thin sheets of copper embedded between 
layers of carbon. The copper laminations are arranged 
so that their planes are parallel to the axis of the com- 
mutator, which they meet radially, the result being that 
the radial resistance of the brush is much less than its 
resistance in a circumferential direction. The brush is 
thus capable of carrying a heavy working current without 
increasing the current in the armature coils when they are 
short-circuited during commutation. For voltages higher 
than 220, copper dust is incorporated with the carbon in 
place of the copper laminations, but the arrangement 
is such that the characteristics of these brushes are 
similar to those described above. The catalogue contains 
a number of di relating to both types of brushes, 
showing the variations of the coefficients of friction, con- 
tact resistance, and other physical properties under 
different conditions. Some particulars are also given of 
graphitic brushes, all-carbon brushes, ‘‘ Galva” commu- 
tator compound, and a device for polishing the surfaces 
of commutators. 








Tue Copper Market.—In their report, dated the 16th 
inst., Messrs. James Lewis and Son state that standard 
copper had been subject to some fluctuations during the 

t fortnight. From 70/. 17s. 6d. on the Ist inst. cash 
fell to 701. bs., but recovered to 71s. 5s. next day, three 
months realising 72/. 2s. 6d. With free selling to realise 

rofits on the part of dealers, the value declined to 
9. 2s. 6d. on the 3rd inst. for cash, and 69/. 18s. 9d. for 
three months; 70/. 12s. 6d. was paid forcash on the 9th inst., 
and down to 691. 5s. accepted on the 10th inst., the 
American statistics published that day being considered 
by some operators disappointing. With the settlement 
a the coal strike, and consequent expected increase 
deliveries from stock to English manufacturers, values 
improved again, with an active speculative demand, to 
701. 12s. 6d. on the 12th inst., closing on the 16th inst. at 
702. 12s. 6d. cash, and 71/. 10s. three months prompt. 
The sales for the fortnight amounted to about 32,500 tons. 
A large business had n transacted in refined copper, 
European consumers buying electrolytic freely for early 
delivery, and considerable quantities being acquired by 
American manufacturers, resulting in an advance in pro- 
ducers’ quotations to 16.10 cents per pound, large sales 
being made by them at 74/. per ton c.i.f. for export. 
24/. 10s. per ton had been Ee for sulphate of copper for 
e 





Working , 


rompt, and 24/. for May delivery. American shipments 
om the northern ports for the fortnight amounted to 
9740 tons. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE ACT ae 
b views given in the Specification Y 
a 4 "each cat where 9 none is mentioned the Speci 
illustrated. 
whee inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
_= neh, 25, Southampton Buildings, Chancery-lane, W.C., at 





is stated 
‘ion is not 


the uniform of 8d 
The date of the advertisement of the nce of a Complete 
Specification is, in each case, given , unless the 


Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months the date of 


the advertisement % the of a Com: Speci 
give notice at the Patent Ofice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


10,747/11. W. T. Ht ‘s Telegraph Works Com- 

any, Limited, and E. E. Judge. London. Electric 
Bwitches. (2 Figs.) May 3, 1911.—This invention relates to 
electric switches adapted to effect a quick break under sprin 
action, and the object of the invention is to provide a switc 
adapted to automatically break the circuit immediately its case 
is opened. According to this invention, a'switch of the kind set 
forth is provided with a circuit-closing member mounted in a 
hinged cover, and so arranged therein that it is normally in such 
position, and always has a tendency to return to such position, 
that the circuit is opened by a quick break when the switch is 
operated manually, or when the cover is opened when the switch is 
‘‘on,” and so that the circuit can be completed only when the said 
cover is closed. The switch proper is enclosed in a metal case 
formed in two parts a, b, hinged together at c. The part b is 
adapted to be fixed to a wall, and contains two pairs of cable 
terminals /, fand g,g having spring arms f1, f1 and g!, g! respec- 
tively, the terminals being arranged between partitions h of 
insulating material. Within the part a of the case, which forms 
the cover, is revolubly arranged a drum j of porcelain or like 
insulating material carrying two pairs of oppositely arranged 
studs k, kand m, m, adapted to contact with the terminals /, f and 
g, 9. The drum j is grooved at n to receive the partitions h 
when the cover @ is closed, and it is provided with two aper- 
tures o, 0, through which fuse wires, joining the oppo- 
site studs k, am and k, m. e drum j itself is adapted to be 
partially revolved against the action of a coiled spring p secured 





to the drum at g, which tends to hold the drum in such angular 
sition that the circuit is broken, the said jal revolution 
veing effected by an insulated handle r situated outside the case, 
the handle being ted on a spindle s loosely connected to the 
drum j by a pin ¢t engaging projections u, uv on the end of the 
drum for a purpose which will be hereinafter more fully set forth. 
The faces of the studs k, k, m m are flat, and when the drum j 
is partially revolved to close the circuit, the flat faces engage the 
flat spring arms f1, f1 and g! ,g! of the cable terminals /, f and 
99, and hold the drum against the action of the spring p. When 
it is desired to break the circuit, the handle r first revolves idly 
until the pin t en @ projection wv on the drum; the drum 
is then partially revolved until the flat faces of the studs, dis- 
engaging from the spring arms of the cable terminals, release the 
drum to the action of the spring p, thus effecting a quick break. 
The drum j being loosely connected to the handle 7, permits of 
instantaneous partial revolution as soon as the studs disengage. 
It will be clear, therefore, that if the cover a of the switch-case 
be inadvertently opened whilst the circuit is closed, the disen- 
gagement of the studs will at once effect a quick break of the 
circuit, and, further, the drum  h.. automatically assume such 
& position that on the cover @ being closed, the circuit will remain 
broken uutil the drum is again partially revolved. As the fuse- 
wires are arranged within the Tem, and are inaccessible when 
Po ng is —, ee foe can only ao egies when the 
ult is broken, thus obviating any possibility of shock. c- 
cepted February 14, 1912.) — ; a 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
3682/11. F.W. 





, Birmingham. Internal- 
Combustion Engines. {5 Figs.) February 14, 1911.—This 
oe relates to a tus for eliminating certain forms of 
vidration in the running of high-speed multi-cylinder engines, 
such as the four-cylinder and six-cylinder internal-combustion 
po ore used for the propulsion of motor-vehicles. The invention 


enc a ey for eliminating torsional vibration in the 
ank-shaft of a high-speed reciprocating engine, and comprises 


the tail of the crank-shaft—i.e., the end remote from the main 


fly-wheel. The action of this device is as follows :—When at rest 
the ents d rest y on the flange ¢ and partly against 
the interior of the drum b, the flange e being made of slightly 


smaller diameter than the inside diameter of the segments. Upon 
rotation of the crank-shaft @ the segments d move outwards 
radially against the inner surface of the drum b under centrifugal 

















TOOTS < 
V7 se RY 


ZZ 


4 









> 


Y 
Vee 


4s! 







Z 














A. 

a 
action. As long as the rotation of the crank-shaft a is regular, 
the segments d and drum b rotate as one, owing to the friction 
develo between them under centrifugal action. When, how- 
ever, the crank-shaft is subject to acceleration, the heavy segments 
d, owing to their inertia, lag, and by friction tend to retard the 
acceleration of rotation of the drum 6, thus damping out torsional 
vibration. (Accepted February 14, 1912.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


1. B.S. Be Middleton-St. George; J. T. 
W: -on-Tees; and Head, 

and Co., » Thornaby -on - Tees. . 
{8 Figs.) November 9, 1911.—A bearing for shafts and shafting 
comprises, according to this invention, a bearing piece of sleeve 
formation having an oil-box at one end, a block adapted to carry 
the bearing sleeve, a loose plate fitting in or on the block, and 
adapted to be fixed in position by a tapered key, projections on 
the bearing sleeve adapted to engage with recesses in the block 
and the plate carried by it, the engaging faces being shaped to 
form a universal joint between the sleeve and the block. The 
bearing proper consists of a sleeve A having at one enda pocket 
a, which is shay and adapted to form and act as an oil-box, and 
its upper part is — with an opening closed by a lid for the 
introduction of the lubricant. The interior of the sleeve A has 
circumferentially arranged grooves a*, which are connected by a 
longitudinally arranged groove a4 for the distribution of the oil 
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which is fed into the groove by a dipper or lifter B, which con- 
sists of an ordinary split pin mounted loosely in a hole in the 
end of the shaft. The sleeve A is mounted in the block C so 
that it may be self-aligning by a form of universal joint which 
is constructed in the following manner :—On the sleeve A 
are two bosses a’, a7, one of which engages with a boss ¢ on 
block C, and the other of which engages with a plate D adapted 
to be fixed inor to the block O, the engaging faces of the bosses 
and plate respectively being of curved formation, struck from the 
centre of the bearing. To keep the movement of the sleeve A 
relative to the block C within limits, the bosses a7 of the sleeve 
earry pins or projections a® which fit loosely in holes or recesses c! 
and d in the boss c of the block C and in the plate D respectively. 
To hold or fix the plate D in position in or on the block ©, its 
ends are adapted to engage tapered faces c?,c2 on the block, and 
the plate is held up to its work by a tapered key. (Accepted 
February 7, 1912.) 


19,936/11. F.Humphris, Eastleigh. Toothed Gear- 

{3 Figs.) September 7, 1911.—This invention relates to 
toothed gearing of the kind wherein cup-shaped recesses on one 
member are engaged by correspondingly shaped teeth on the 
other member, and wherein each individual recess is provided 
with aliner presenting the requisite wearing surface or surfaces, 
and projecting through the rim of the wheel or member, and 
rey oy to besecured at the inner periphery thereof. According 
to this invention, the liners are each secu by a plug or the 
like engaging the interior surface of the inner end of thé liner, and 
adapted to be operated by a tool through said liner. The 
interior surface of the inner end of each of the liners ) is threaded 





as at p, and is engaged by a threaded plug or bush gq having a 
squared te poy = J r, and also having a shoulder s, The shoulder s 
is adapted to bear against the inturned rim ¢ of a tubular distance- 
piece u, which, in turn, abuts against the inner sen ory dl of the 
rim @ of the wheel. In use, the liner } nserted in posi 
tion in its recess, and the tubular distance-piece u is disposed 
around its inner end which projects through the rim of the wheel, 
a plug or bush q is then passed through the tubular distance- 
piece u, and engaged with the inner end of the liner and 
tightened up from outside by means of a T-key having a squared 
end “) is inserted through the said liner. (Accepted February 
14, 1 


MINING, METALLURGY, AND METAL- 
WORKING. 


9708/11. W. E. Garforth, Pontefract, avd G. W. 
usfi Coal - C es. 


laterally projecting rotary cutter-bar and means whereby the 
height of the latter can be varied relatively to the surface upon 
which the coal-cutting machine is drawn along, the applicants 
provide a rearwardly projecting bracket capable of — 
adjustment about the axis of a driven shaft, and carrying a 
cutter-bar shaft towards its rear end to which the cutter-bar is 
connected, in combination with mechanical means for adjusting 
the bracket about the axis of the shaft during the travel of the 
machine, and which mechanism re 8 the bracket in position, 
A box bracket 11, 12 supporting the cutter-bar shaft 15 is pivoted 
about the axis of the crank-shaft 4 of the prime mover; the 
shaft 15 together with its bracket and intermediate shaft 18 can 
be moved through an arc of a circle in a plane at right angles to 
















































































the axis of the crank-shaft 4, the spur-wheels 20, 19, 21 remaining 
in gear, so that the height of the cutter-bar from the level of the 
floor of the mine can be readily adjusted without disturbing the 
main body of the machine. The mechanical means provided for 
adjusting the box bracket 11, 12 about the axis of the crank- 
shaft 4 consist of a toothed sector 22 attached to the box bracket 
and adapted to be engaged by a vertically arranged worm 23, the 
shaft of which is carried in rings on the main frame of the 
machine; the upper end of the worm shaft being squared to 
enable the worm to be rotated, and, through the sector 22, to 
turn the box bracket about the axis of the crank-shaft 4, and 
thus adjust the height of the cutter-bar 16. (Accepted Feb- 
ruary 14, 1912.) 


MOTOR ROAD VEHICLES. 


26,813/11. 8. Cooper, Solihull. Detachable Rims. 
(7 Figs.) November 30, 1911.—This invention relates to wheels 
having a fixed rim carrying a detachable rim on which the tyre 
is mounted, the detachable t being held in place by bolts. 
According to this invention, the removab’e rim is wed tightly 
on to the fixed rim by a series of bolts having wedge-shaped 
heads, whose nuts work loosely in holes in the fixed rim 80 as to 
allow the bolts to swing slightly. The inner side of the bolt-head 
is recessed deeply, so that when the nut is eased the bolt can be 
swung inwards out of the way of the detachable rim, the recess 
taking over the edge of the fixed rim in such a way that when 
the nut is again tightened the bolt is held in this position. The 
fixed rim A is formed on the rear side with a ring having an 
inclined seating at B, and upon this fixed seating one side of the 
detachable rim bears. Attached to the fixed rim on this side are 
brackets C, each of which has in it a hole, in which lies the reduced 
portion of a collar D formed on a wing nut E. This wing nut 
screws on the screwed portion of the claw-bolt F, the head G of 
which is elongated. The fixed rim A is slotted for the passage cf 
the head of the bolt. The detachable rim H is adapted to bear 
on the seating B on the rear side of the wheel, and on the front 
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edge has attached to it a bead or ring which seats on the bead of 
the fixed rim at that in which are formed the slots A® for the 
head of the bolt. To stiffen up the bead of the fixed rim a 
filling-piece A’ may be used, or the rim may be ially con- 
structed. The ring J is slotted to nd with the slots A2, 
and the head of the claw-bolt lies y in the slot A® and partly 
in that in the ring J. Obviously, it is not necessary to cut away 
both parts. It will be seen that the detachable rim H is held in 
y screwing up the wing nut E which draws the head G into 
ition between the flat surface K and the inclined surface L. 
forces the rim H on to its seating Band at the same time 
holds it firmly. Obviously, either, or both, of the surfaces K, L 
may be inclined relatively to the wheel axis, and the shape of the 
head G of the bolts ma: modified accordingly. To detach the 
rim H the wing nut E is slacked off, and, owing to the shape of 
the collar D which en the bracket O, it forces the claw-bolt 
F, G out of place, so t no difficulty is experienced in freei 
the rim H. To hold the claw-bolts out of the way during remov 
of the detachable rim, they are so shaped, and the collar D pro- 
vided with such a clearance in the hole in the bracket C, that the 
bolt can be turned down into the position shown in Fig. 2, and 
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eg nal damper, consisting of a body of adequate moment of 
ae onnected to the crank-shaft by a yielding frictional or 
a : ‘sional coupling operated thro’ the centrifugal action 
red od teavy body, In carrying the invention into effect, according 
a. ', and as shown, there is keyed to the crank-shaft a a 
ae vw ich may be composed of two parts bolted together for 
with ‘in assembling. The drum has an inwardly-projecting flange c. 
ther... . 2rum and between its inner surface and the flange c 
admitted 1 1) Sepmente d. A certain amount of oil or grease is 
ane ed te the interior of the drum, which has a flange ¢ to 


* oil or grease. The drum b is, preferably, keyed to 





e -Cu 
{2 Figs.) April 21, 1911.—In a coal-cutting machine having a 





when in this position the wing nut C can be screwed up slightly 
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80 as to cause the head to bind on the rim A. Thus all the claw- 
bolts may be held securely out of the way of the rim H during 
removal or replacement thereof. (Accepted February 14, 1912.) 


259/11. S. A. Currin, Bristol. Detachable Rims. 
(4 Figs.) January 4, 1911.—This invention relates to detachable 
rims for pneumatic tyres, and a to multi-tyred 
wheels for heavy motor vehicles. Accord thereto, the ‘‘ cap- 
tain” principle is extended so that a multiple detachable rim is 
provided wherein the rims are detachable individually or collec- 
tively. In the ‘captain ” wheel a detachable rim is provided in 
which the wheel proper or large hub forming the standing portion 
of the wheel has at the Dag sang! of the felloe a metal plate of 
larger diameter at one side than at the other. The inside peri- 
phery of the detachable rim is also made of two diameters to 
correspond with those of the felloe, so that it fits and beds 
thereon. An internally-projecting flange on the side of the 
smaller diameter forms part of, or is secured to, the detachable 
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rim, and through this and the felloe a suitable number of bolts 
or screws , screwing into nuts or internally-threaded tubular 
members in or upon the felloe, so as to securely hold the rim in 
lace. An intermediate member is made up of a plate A and two 
elloes Al, A? secured to the plate A. h of the felloes is 
formed at A® so as to receive a detachable rim, such as B, con- 
structed with an internally-depending flange B? through which 
pass the fixing-bolts B4. Depending from the intermediate 
member A is a flange A‘ of angle section, which is arranged to 
correspond with the felloe D! of the wheel D, in turn constructed 
with the curved portion D? and fixing-bolts D*® to form, in con- 
junction with A+, a detachment device for the intermediate 
member A and the various parts borne thereby. (Accepted 
February 14, 1912.) 


RAILWAYS AND TRAMWAYS. 


6136/11. W. Gatwood, Hale, and H. E. O’Brien, 
Horwich. Spring Buffers. (9 Figs.) March 11, 1911.— 
This invention has reference to self-contained spring buffers of the 
caseless type, having the last coil of its volute spring formed as a 
ring, the bottom edge or base of which is either parallel with the 
top or edge, or has a small amount of coil in the opposite direc- 
tion to that of the main volute, and consists in securing such 
volute spring to the buffer base-plate by means of an outer ring or 
sleeve flanged inwardly at the front to clip the top edge of the 
last coil or ring of the spring, and flanged outwardly at the bottom 
where it is secured to a base-plate. In the construction illus- 
trated, the volute spring is so formed that the last coil or ring r 
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orms acylinder, with the top edge parallel with the bottom edge, 
which bears against the base-plate or a deep-cut washer. is 
coil r forms part of the strip of which the spring c is made, 
but is not affected when the spring is compressed. The volute 
spring c is, according to the present invention, secured by this 
base-coil to the base-plate of the buffer by means of an outer 
sleeve b, preferably of pressed steel, and formed of a depth corre- 
sponding to that of the coil r, the outer sleeve » having an inner 
flange b2 on the front end, which bears on, and grips the top edge 
of, the ring. The bottom flange of the outer sleeve » is bolted or 
riveted to the base-plate e, and the spring ¢ is thus held securely 
in position. (Accepted Fi ry 14, 1912.) 

2980/11. R. Sawyer. Brighton. Rail -Carriage 
Hea’ 8 {6 Figs.) February 6, 1911.—In low- 
pressure steam heating systems, wherein each radiator is con- 
nected with the main steam-pipe by a separate branch, in which 
is interposed a valve whereby the admission of steam to the 
radiator is manually controlled, and usually also a pressure- 
reducing device, the arrangement, according to this invention, is 
such that the steam-inlet valve is not opened and closed manually, 
but is merely shifted out of and into an operative position in 
which the valve is closed on its seat to cut off the steam from the 
radiator, and held closed by the pressure of the’steam in the main 
steam-pipe. The radiator is of that type in which the radiator 
consists of a tubular shell closed by caps at each end and 
having the steam inlet and outlet at the same end thereof, the 
inlet being preferably central and the steam being led therefrom 
along a pipe or duct opening near the farther end of the shell. As 
shown, it consists so a horizontal metal pipe a closed at 
each end by metal caps b, 61, and havingthe steam-inlet ¢ sub- 
stantially at the centre of one cap, the inside of which is prefer- 
ably formed with a socket for the reception of one end of a tube d 
which is open to the steam inlet and extends longitudinally there- 
from to the other end of the radiator pipe a. This end of the inner 
tube d is closed by a screw or plug 1, which plug is arranged to 
be slidable within the bore of the cap b!, which is preferably 
itself enclosed by means of a cap b2 screwed into the end of this 
bore, and serving as an abutment for a spring d2 adapted to 
urge the inner tube d firmly into the socket at the inlet end of 
the radiator. Openings are provided near the outer end of the 
tube d for the passage of the steam, which consequently first 
traverses the inner tube d from the inlet end towards the farther 
end, and returns around the tube and within the radiator tube 
towards the front or inlet cover b, which is pierced at its lowest 
point with a hole or holes to allow the escape of water of conden- 
sation and any small amount of condensed steam, either freely 
to the atmosphere or to the inner tube / of a thermostatic device, 
the tube controlling an inlet-valve g, which is preferably a ball- 





valve seated in a cup-shaped recess on the top of a cap f! which 
closes the upper end of the expansion-tube /, and which tube is 
normally urged by means of a spring f° so as to support the ball- 
valve clear of the seating in the pipe, through which the steam 
enters to the radiator. The inlet-valve which controls the admission 
of steam to the inlet-pipe g! of the radiator comprises a casing h, 
which is attached by a packing-gland to the pipe g!, and within 
this casing is mounted a ball-valve i adapted to be closed by 
steam pressure upon its seating. This valve is arranged to be 
shifted horizontally over or away from its seating by means of 
a device actuated by the passengers, the steel ball being loosely 
«ncircled by a sleeve or frame 7? at the end of an arm j which can 
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be actuated by means of a lever j! attached to a spindle which 
carries the arm j and ses through a stuffing-box in the valve- 
casing, so that the ball-valve can be shifted clear of the steam 

e by mechanism within the railway carriage and can be 
restored to the operative position by the same means so as, under 
pressure of the steam supply, to be forced against the seating 
and so cut off the steam from the radiator. By arranging a valve 
of this kind in a horizontal or substantially horizontal steam 
passage, when the steam pressure is cut off the valve will allow 
any water of condensation to pass, although it is still in the opera- 
tive position, while it isimmediately forced tightly on to its seating 
when the steam pressure is again applied. (Accepted February 


14, 1912.) ; 
TEXTILE MACHINERY. 


2757/11. W. T. Baron, Oldham. Under-Pick Looms. 
(3 Figs.) February 3, 1911.—This invention relates to the loose 
finger-picking motions for under-pick looms in which the picking- 
shaft is at an incline to the picking-arms. According to this in- 
vention, the strap connecting the picking-shaft with the picking- 
arm receives a pull in a straight line when picking, instead of a 
twist as has hitherto been the case. By this means the strap 
connection and picking-shaft, as well as the loom generally, are 
subjected to less strain and fewer breakages, and a lighter and 
shorter strap may be used. In carrying out the invention, the 





quadrant or curved arm hitherto formed on the picking-shaft a 
is dispensed with, and in lieu thereof a straight arm b is provided 
on the left side of the right-hand picking-shaft, and vice.versd, the 
free end of which arm has a slot and — so positioned in rela- 
tion to the picking-arm e that the pull on the strap f which con- 
nects the two is exerted in a straight line. One end of the strap f 
is passed around the picking-arm e, and the other through the 
slot in the arm b and around the pivot in the picking-shaft arm b, 
and then the two ends are bolted together in or about the middle 
of the strap. (Accepted February 7, 1912.) 


11,675/11. E. Helljngwerth, Dobcross. (The Crompton 
and Knowles Loom Works, Worcester, Mass., U.S.A.) Weft- 
Replenishing Looms. [6 Figs.) May 15, 1911.—This in- 
vention refers to a self-threading shuttle for weft-replenishing 
looms in which the bobbin or filling carrier is adapted to be 
engaged by a filling feeler or detector, and comprises the combi- 
nation with a self-threading shuttle having an opening therein 
for the entrance of the filling detector, of a threading device 
having its delivery eye near the lower edge of the shuttle, and a 
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longitudinal groove extending from the delivery eye, whose out- 
let end is within the groove, and below the feeler opening toward 
the other end of the shuttle. 1 is the body of the shuttle, open 
ae its central part for the bobbin in the usual way, and 
provided with bobbin-holding jaws at one end to receive the head 
of the filling carrier or bobbin 3; 5 is a longitudinal ning in 
the front 1 of the shuttle for the entrance of the filling feeler 
or detector, to allow it to engage with the filling 4 on the bobbin 
3. The delivery end of the shuttle is provided with a recess to 
receive the threading device 6, which is secured in place by a 
screw-bolt 7, The threading device 6 is adapted to receive the 





filling and direct it to the delivery eye of the shuttle. All 
of the above-mentioned parts may be of any usual con-truc. 
tion. The delivery eye 8, according to this invention, jg 
located near the lower edge of the shuttle, and is pro- 
vided with a separate thread-guide 9 which is adapi-d to 
properly direct the filling thread through the delivery eye s. The 
thread-guide 9 is secured within the opening in the shuitle by 
two wings 9! and 9? which extend upwardly from the lower ¢urved 
portion, leaving the guide-eye open at its upper end. The shor: wing 
9? is covered at its upper edge by the wood portion 1! of the shuttle 
body. This portion of the shuttle body is rounded on its upper 
side to guide the filling thread into the opening of the guide-eye 
A third wing 9 extends upwardly from the lower portion of ihe 


guide-eye 9 and beyond the wing 9!, and forms a directing member 
for the a thread to the lower portion of the guide-eye 9. In 
the front wall of the shuttle, at the lower part thereof and below the 
opening 5 for the feeler, is a groove la which extends from the 
guide-eye 9, the outlet of which is wholly within the same, nearly 


to the other end of the shuttle, or beyond the end of the feeler 
opening 5. The filling thread 4, as it passes out of the guile-eye 
9 and through the delivery eye 8 in the shuttle, and extends 
towards the fabric, when the shuttle is thrown towards the 
—— end of the loom, extends in the longitudinal groove 1g 
and is retained therein and held below the feeler opening 5, and 
consequently prevented from being engaged and accidentally 
broken by the filling feelers as it enters the said opening 5. (Ac. 
cepted February 14, 1912.) 


MISCELLANEOUS. 


3287/11. Heenan and Froude, Limited, G. H 
Walker, and J. oe Manchester. Lubricators. 
(2 Figs.) February 9, 1911.—This invention relates to sight-feed 
lubricators of the type for feeding oil against a high pressure 
and is designed to feed oil to a rotary absorption dynamometer, 
the lubricator being open to the pressure of the water at both 
sides of the lubricant, which can rise and flow forward through 
the water in the sight-feed glass. The invention consists in the 
particular construction and arrangement of the parts of the 
lubricator. The apparatus is constructed with a cylindrical oil- 
container A fitted with a lid B, through which oil-passages /) are 
formed, radiating from a central passage /! and extending to 
outlet passages, to one of which an outlet-pipe or feed C is con- 
nected, which conducts the lubricant to the dynamometer. To 
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the outlet passage is fitted an outlet-valve chamber D, with a 
valve and spindle d, by which to regulate the outward flow of 
lubricant. Above the valve a water-chamber E is formed, fitted 
with an oil-delivery nozzle e, and, preferably, a sight-feed glass ¢!. 
The outlet-pipe C is connected thereto by a union coupling c. 
The bottom of the cylinder A is also connected by apipe F to the 
dynamometer, the pipe F being, preferably, fitted with a stop- 
valve G. The cylinder A and fitting are sufficiently strong to 
withstand the pressure in the parts to be lubricated. In opera- 
tion, the cylinder is filled with oil, and the valves in the outlet- 
pipe C and the bottom pipe F are opened to the desired extent to 
regulate the flow required, and the oil rises through the water in 
the pipe D to the bearings ; these bearings being subjected to the 
pressure of water, the oil would otherwise be prevented from 
reaching them. (Accepted January 31, 1912.) 








Our Locomotive Exrorts.—The movement of British 
locomotives to British Colonies and foreign countries has 
shown no important change this year, but an increase 1s 
observable in the ag; te value, which would appear to 
indicate that higher prices have been current of late for 
engines. The value of the locomotives exported to 
March 31, this year, was 211,716/., as compared with 
169,439/. in the corresponding period of 1911, and 163,717I. 
in the corresponding period of 1910. In the three months 
ending March 31, this year, engines were exported to the 
aggregate value ef 542,935/., as compared with 4°1'),2061. 
and 456,468/. respectively. 





Rattway ConstrucTION IN SwEpEN.—At the end of 
1911 the$Swedish State Railways opened to traffic had an 
te length of 4260 km. (2647 miles), the Ostersund- 
Higgenis section of the inland railway having been 
opened in the course of the year. The aggregate length 
of private railways at the end of 1911 was 9564.5 km., 
open for traffic; in the course of last year 86.1 km. of 
private railways were certificated for traffic. Amongst the 
new private lines were some narrow-gauge lines—gauge 
0.891 metre (35 in.), and in one case 0.600 metre (23.(' in.). 
At the end of last year there were in course of construction 
338.3 km. State railways, of which 91.3 km. were in con- 
nection with the inland railway, and 116.4 km. with the 
Norrképing-Jiirna line. Of private railways there were 
in course of construction 336.1 km., of which 99.5 km. 
were for the Niissjé-Siifsjéstrém line, and 81.1 km. for the 
Kil-Torsby line. At the end of 1911 concessions had been 
granted for 43 new railways, upon which work wus not 
commenced, and which had an aggregate length © 
1468.3 km., including the Gefle-Hiirnésand line, with 
293.9 km. ; the Timmersdola-Askersund Railway (gauge, 
0.891 metre), 96.5 km., &c. At the end of the year 
1911 there were applications for concessions pais or 
an te of 53 railway lines, of a total length of 
2029.6 km. (1261 miles), including the Kilafors-Hirniss”d 
line, of 232.6 km. 
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RADIAL-FLOW STEAM-TURBINES. 

For the most part modern steam-turbines have 
been constructed on the axial-flow system, the 
theory of which may now be considered fairly 
well worked out. 


The very remarkable results | 


‘shaft will be :— 


1 
—t; rT. 
gg” 


| Similarly, when the fluid is discharged through the 
next row of blades, its tangential momentum will be 


obtained with the Ljungstrém steam-turbine, which | — ¢, r,, where ¢, denotes its new tangential momen- 
has recently been illustrated in our columns, how- | 9 


ever, will probably cause renewed atte 


ntion to be | tum, which, as this row of blades is moving, will be 


directed to the possibilities of the radial-flow type | given by the relation :— 


of machine, the theory of which differs in some 
particulars from that of the axial-flow type. Wi 
a radial-flow turbine the passage of the fluid throug 


the blading is in part due to centrifugal forces, and | 


thus the simple diagram of velocities which suffices 


to be replaced by another method of treatment. 

Provisional estimates of the output and capacity 
of a radial-flow machine may, however, be made 
in the same way as with axial-flow machines, by 
means of the formula :— 


ad} fR.P.M.} 
; _ i = X, 
ali [ +0] [ 100 


where d is the outer diameter in inches of the smallest 
ring of blades, R.P.M. the number of revolutions 
of one disc taken relatively to that of the other, 
and N denotes the number of rows which would he 
required on one disc for a given value of the co- 
efficient \ if all these rings had the same diameter d. 
If \ beassumed as 180,000, which, from the curve, 
Fig. 1, will correspond to a brake efticiency ratio 
of somewhere about 74 per cent., the value of N, 
taking d as 10 in. and R.P.M. as 6000, is 50. In 





tg = Yo COSA — 12, 


- where » denotes the angular velocity of the disc. 


Generally ¢, and ¢, will be directed in opposite 


directions, so that the change effected per second 


for the analysis of an axial-flow machine requires ee of momentum of the pound of fluid 


LU - (4 %) + tet). 
g 


Now by a well-known principle in theoretical 
mechanics this is numerically equal to the torque T, 
which has acted on the pound of fluid during its 

e from r, to 7, and since action and reaction 
are equal and opposite, this represents also the 
torque acting on the moving row of blades. The 
work done by this row per pound of fluid passed 
per second is therefore :— 


W = Tw = 2 (tr, + te re) ft.-Ib. 
g 
The equations governing the flow of the steam 
through the blading are perhaps most easily estab- 
lished by equating the total energy of the steam 
before it enters a row of blades to the work it does 


EFFICIENCY RATIOS FOR DIFFERENT TURBINES TAKING DRY SATURATED STEAM AT 
165 LB. ABS. BELOW GOVERNOR VALVE AND EXHAUSTING TO A VACUUM OF 28° 


0 
(2760) 


that case, the velocity of inflow through the first 
row of blades is, as a rough approximation, given by 
the semi-empirical relation :— 

= 2675 


Ix = 380 ft. per second nearly. 


N 
From this the steam-way needed at the first row 
can be determined in the usual way. The above 
equation, it may be added, is applicable to reaction 
turbines of every type. 

Actually, of course, the different rings of blading 
are necessarily of different diameters, so that the 
number of rows really required will not be N, but 
a much smaller number, N, say, which is given 
approximately by the relation:— 


n,. @+@ 5 (d+ D? _ wqe_ } (D? - d), 


where D denotes the outer diameter of the outer- 
most ring. If this be 30 in., for example, we get :— 


N; . 00+ 100 + 1600 — 5000 — } (900 ~ 100), 
whence 


6 x 4600 
N, 5800 11 nearly, 
80 that eleven rings of blades per disc would suffice 
to give the high coefficient of 180,000. 

Having thus obtained the general dimensions of 
a radial-flow turbine, its performance can 
analysed in detail by making use of the rela- 
tion between torque and changes in angular 
momentum, which are given in treatises on theo- 
retical mechanics, 

Suppose that a pound of fluid is delivered 
per second from a ring of fixed blades with a 
velocity of outflow equal to v, Then this velocity 
can be resolved into a tangential component 
t; = v, cosa, where a is the blade angle at dis- 
charge, and a radial component a, = v, sin a. 
The tangential momentum of the pound of fluid 


as delivered will be equal to Ss. t,, and if r, be the 


: ; 9g 
radius of the discharge edges of the blades, the 
moment of this momentum’about the centre of the 








in the next row plus its total energy after dis- 
charge. 

Thus, let H, be the total heat, measured in foot- 
pounds, contained in 1]b. of steam as it issues from 
row No. 1, which may, without loss of generality, 
be considered to be a fixed row. If its velocity on 


2 
issue is v,, its total energy is H, + 3 . If H, be 
g 


its total heat on discharge from row No. 2, and 1 its 
then absolute velocity, its total energy on discharge 


2 3 
will be H, + bs . At the same time as No, 2 isa 
moving row, work has been done by it equal to :— 
2 (n 4 + rst) = @ (rim 008 @ + 12%. cosa — ro), 
g g 
Hence 
»? 1° o 
H, + =H,+2 + (rim cosa+ry my 008 a-retw)S. 
29 29 ; g 


Since 
1,2 = 12 + w? ro? — 2re %. W. COB a, 
This reduces to :— 
v2 _ V2 rq? we 
This equation holds whether there are frictional 
losses or not in row No. 2, since any such friction 
goes to increase the value of H,. Let H,' be the 
value which H, would have if there were no fric- 
tional losses. Then we get :— 
H, + "1? H,! + of _ oft Sn v, cos a + friction. 
29 29 29 @g 
The frictional losses are equal to (1 — m) (H, — H,') 
+ (1-—M) x the ‘‘carry over” from row No. 1, 
where mand M are coefficients. 
This ‘‘ carry over” from the first ring taken re- 
latively to the second is equal to :— 


w 
+ —. fT) V; COB a, 
y 


a(n + 7,2 w?—-2 vr). wcos a). 


Substituting this value and rearranging the terms 
of our equation we get finally 
v2 ry2w2 7-2 w? 
~ i= *3 ee at, ae ~~ 
m (H, — H,') Ss” 29 29 
2 v, 7; w cos a), 


M (1,241,202 - 
29 


If we next take a fixed row, say row No. 3, the 

total energy of the steam on discharge from row 

No. 2 is as stated above. 

H. + rg? + w re?  2ret,w. cosa 
_ 2g 29 29 

whilst on discharge from row No, 3 its total energy 


2 
will be H; + Me . Since the row is fixed, no energy 
q 


is abstracted in the form of work on the shaft, and 
we thus have :— 
+0 +e - = H, + ™ 
e 2g) (2g 29 * "2g 
As before, let H,' denote the value which H, would 
have if there were no frictional loss. Then 
7 aot - iseme) = 
H, +(F “ 29 29 
Hy! + "= + (1-m) (H_- Hy!) + 
29 


272% wena 


(1 _ M) x “earry over” from row No.2 This carry 
over from row No. 2 is :— 
te + w® ro2—2 ro ry w COS a 
29 
Hence, on substituting this value and rearranging, 
we get :— 


m (H,-Hy;!') = r? _ M (12 + 12 w? —2 rq vg w COS a), 
5s 29 24 
Forming similar equations for each row we get :— 
2gm(H, — H,') = ry? 
29 m(H, - Hy!) = 12 4+ 12a? — 7.2 w? — M (0,2 + r,2w? - 


2 vy, 7, w Cos a) 


2.9 m (Hy ~ Hy!) = v2 - M (14? + ry? wt - 
2 tT, w COS a) 
2.9m (Hx —2 — H'y- 1) = ex) — M (@x—2 + reo w* 
Ux —2 . Tx —2 w COB a) 
2gm(Hx-~1 — H's) = wy + 22s—1. w® - ry w? - 
(vy —1 + 72y —1 w? — Qry—1. Tx—1 W COB a) 


The sum of all the quantities on the left is equal 
to the total heat energy theoretically available in 
the turbine multiplied by the reheat factor. If this 
is equal to U heat units, we have, finally :— 


_N-2 _ 
N a=". a=% 

29IS.mU = ¥ vt + w. SF rengi — w S rn 
1 n=0 n=1 


n=N-1 
— MS (e2n + 72, w? — 2rn ew . cos a) 


n=1 


In applying this equation two cases naturally 
arise. ‘Thus the blade may be of constant length, 
or else have its length adjusted so that the ratio of 
blade speed to steam speed is constant throughout. 
Where feasible this latter arrangement is obviously 
desirable, and it is that which will be considered 
here. In that case we may put v = Cr, and we 
then get :— 


N n=N-? n=N 
2¢I3.m.U = C? > r2 + w? > 7. 41 — wi > r%,, 
: 1 n=0 n=1 
n=N-1 
- M(C* + w - 2Cw) Fr, s » & 
n=1 


As an example, assume the steam to be supplied 
dry and at 1651b. absolute, and exhausted at 28 in. 
vacuum. Then the heat theoretically available is 
about 321 B.Th.U. If the reheat factor be 1.057, we 
get for, U, the total heat, which becomes available 
during the passage of the steam through the 
turbine, U = 1.057 x 321 = 339 B.Th.U. per lb. 

From a careful analysis, by the method of 
least squares, of the results obtained on test of a 
large high-pressure marine turbine, the followin 
values were obtained for the coefficients m and 
—viz., m = 0.90, M = 0.52. Since, however, it is 
preferable to under-estimate rather than over- 
estimate efficiencies, we shall take m = 0.89 and 
M = 0.50. 

It is, moreover, convenient to take the pitch of 
the rows in even dimensions, so that we will take 
the radius of the outer row as 154 in. insted of the 
15 in. originally assumed. This will sligttly increase 
the coefficient A and, consequently, the efficiency ; 
though with such a small change as this the altera- 
tion will be hardly appreciable. 

If the pitch be taken as uniform at 4 in., the 
various summations in equation (1) can easily 
effected by means of the calculus of finite differ- 
ences ; but with such a small number of rows, this 





| is hardly worth while, and it is really simpler to 
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tabulate the quantities involved as below, and add 
them up direct : — 























| 
No. of | Radius of (Radius of soup rene 110 
Row. Ring. Ring? [Odd Radiif?. [Even RidiiP. 
| in. sq. in. sq. in. 8q. in. 
» 7 6.0 25.00 25.00 | 
2 | 6.5 30.25 “<* 30.25 
3 } 6.0 36.00 36.00 
4 | 6.5 42.25 <i 42.25 
5 | 7.0 49.00 49.00 
e..4 7.5 56.25 nn 56.25 
ay S 8.0 64.00 64.00 
& | ome 72.25 ss 72.95 
9 9.0 81.10 81.00 
10 9.5 90. 25 o 90.25 
ll 10.0 100.00 100.00 
12 10.5 110,25 as 110,25 
13 11.0 121.00 121.C0 
l4 11.5 132.25 ee 132.25 
15 120 144.00 144.00 
16 12.5 156.25 ie 156.25 
17 13.0 169.00 169.00 
18 13.5 182.25 . 182.25 
19 14.0 196.00 196.00 
2 | 14.5 210.25 a 210,25 
21 } 15.0 225.00 225.00 
22 15.5 240.25 ee 240.25 
Total .. 2532.75 1210.00 1322.75 


Since the radii have been taken in inches instead 
of in feet, the totals arrived at should be divided 
by 144, but it is simpler to multiply the left-hand 
side of equation (L) by 144 We thus get :— 

144 x 64.4 x 778 x 0.89 x 339 = 2532.75 C2- 
w® [1322.75 - 1210] 
—0.50 x 2292.50 [C? + w?-C cosa} 
.*. 144 x 64.4 x 778 x 0.89 x 339 = 2532.75 C?- 
w? [1322.75 — 1210] 
—0.50 x 2292.50 [C2 + w®-C wcosa). 

If the relative motion of one disc to the other is 

6000 revolutions per minute, then o= = —- 
y) 
628.3. Hence, if ais taken as 20 deg., the above 
equation reduces to :— 
1,570,000 = C2 - 
Whence 


294,260 + 1038.9. 


C = 940, 


Hence the speed of inflow through the first row 
of blades is 940 x ,5, = 392 ft. per second, as 
against 380, given by the approximate rule. 

The indicated work done per pound of steam 

N 
n= 


passed is equal to 
2 


N 

= _ Sr 

w fS rveosa oa I . . 
1 n=1 


g 
Putting v = rC. 
This becomes :— 


=. [ 940 x 0.9397 x 2632.75 - 628.3 x 1322.75 | ft.-Ib., 
144 x 32.2 
or 244.9 B.Th.U. 

Hence, if there were no leakage losses, the indi- 
cated efficiency ratio would be :— 


244.9 
——- == Q, 
321 vin 


which es very well with the brake efficiency 
ratio deduced from the curve, Fig. 1, above. 

No allowance has, however, been made for 
leakage losses ; but, as against this, it will be 
remembered that the values of m and M were 

ur ly taken a little small, and further that 
bot coefficients increase with increases in the 
steam speed. Hence the detailed calculation and 
the curve may be considered to be in very satis- 
factory agreement. ; 

From equation (2) it is evident that the efficiency 


will be a maximum when ‘ 


x 2 
C cosa. >7= 20> Tn, 
1 n=1 

which in this case gives o = 846 radians per second. 
The corresponding best ratio of blade speed to 
steam 8 is about 0.9. The coefficient A would 
then be about 340,000, and the corresponding indi- 
cated efficiency ratio would be increased to about 
82 per cent. The use of superheat would, as is 
well known, increase this. 

It was assumed in the foregoing that the blade 
lengths were adjusted so that the blade s was a 
constant fraction of the steam speed. is adjust- 


ment is best made by means of the approximate 
equation to the expansion of the steam—viz. :— 


p VY = » Vo" 
Initially we have p)=165, and V,=2.757 cub. ft. 


r lb. As originally supplied, the steam had a 
feat content of 1192.9 B Th U. per lb. Of this 
total energy, 244.9 B.Th.U. were removed from the 
steam as useful work done by the blades, so that on 
discharge the heat c mtent of the steam was 1192.9 
—244.9 = 948B.Th.U. A reference tothe Mollier 
diagram shows that the steam was therefore about 
0 842 dry, so that V, = 340 x 0.842 = 286 cub. 
ft. per lb. The exhaust pressure being 2 in. abso- 
lute, we have p, = 0.98 lb. Hence, to determine 
y, we have :— 
0.98 x 286” = 165 x 2.757 
so that 

-, — log 165-log. 0.98 _ 1.1041. 
log 286 — log 2.757 
The total energy developed by the expansion of 
the steam is then equal to :— 
ae ee ~~ eee 

aoa «(Po Vo—Px Vs ) = 0.1041 Py Vo(1—As ). 
Now from the fact that the ratio of the blade 
speed to the steam speed is kept constant it will 
be obvious that the total energy expended after 
passing through the nth row is equal to :— 
Ux r;? + Te + &e. + fn? _ 1.1041 P Vo (1 ~ i 


= 0 


rT)? + To + &e. + rx? = 0.1041 
n 
> r. 
Whence iz a. = _ 
aN > r2 
1 
Now 


— Px Vw _ 28028 _ 9 gigi4, 
po Vo 454.90 
n 
0.38386 Sr? 
1 


As 


Therefore An =1- 


r2 


~ Me 


Hence the value of A corresponding to row 


number 8 is :— 
0.38386 x 375.00 


Ae Te = mst. 
Similarly, 
bu%t~ ae 1310.00 =0.80146. 


The volume of the steam at any point is then 
given by the relation :— 


1 1 
Vn= Vp [AP a Vs [a f lost 


Hence 
Vz, = 4.837, and V,,_ = 23.11 cub. ft. per lb. 


The steam speeds at each radius are equal to 
Cc sd if r be taken in inches, so that we get :— 


vg = 665 ft. per second, v,, = 979 ft. per second, and 
Veg = 1173 ft. per second. 

The area available for flow at any ring is, of 
course, 2 7 r h sin a, where h denotes the blade 
length. The corresponding steam speed is C r. 
Hence, if w be the weight passed per second, we 
must have at every row 2 7 rh sina x Cr = 


wV. Hence h varies as 5 \ 


If for convenience we assume an imaginary row 
corresponding to a radius r, = 4.5 in., then if hy 
be the length of blade which would be required 
here, we have :— 

2 Vs = p, 20-25 4.837 


hs = hy. % . 


; = 0.542 hy. 
ra’ Vy 72.25 ° 2.757 . 


20.25 23.11 
Iie = ho- , B11 — 1086 by. 
16 = hos 156.95 ° 2 751 a 
hep = hy. 2, 2 - gran, 


240.25 2.757 

Intermediate values may be found with sufficient 
accuracy by drawing a smooth curve through hy, 
Nigy hyg, and yy. 

In the foregoing it has been assumed that a 
‘* double-rotation ” turbine can be replaced for the 
purpose of calculation by a ‘‘single-rotation” 
turbine running at double the speed. This is true 
everywhere save at the first and last rows of blades; 
but unless special provision is made, the loss at the 
last row by ‘‘carry over” to the exhaust will be 
greater with the double-rotation type than with the 
equivalent single-rotation turbine. 

In concluding this article it may perhaps be of 
use if reference is again made to the curve given in 





Fig. 1, in order to point out that though for low 


values of different types of turbine have practi- 
cally the same efficiency ratios, this will not be the 
case for high values of the coefficient. In fact, it 
appears from the curve that a value of \ equal to 
100,000 is already too high for a velocity-com- 
pounded turbine designed to work with dry steam 
supplied at 165 lb. absolute and exhausting at a 
28 in. vacuum. Again, with impulse turbines work- 
ing under the same conditions the maximum 
efficiency will be reached with a value of  cer- 
tainly less than 190,000, and a departure from the 
curve shown will be evident before this limit is 
attained. 

It should further be borne in mind that super- 
heating does not merely diminish the steam con- 
sumption per kilowatt-hour, but increases the 
efficiency ratio, and allowance for this should 
always be made in comparing turbine perform- 
ances. 





AUTOMATIC SUBMARINE MINES. 
(Concluded from page 524.) 

APPARATUS FOR Laytnc anpD Moorine Mines. 

Or equal importance is the design of suitable 
mechanism for launching or laying and mooring 
the mines in waterways, and Messrs. Vickers, 
Limited, and Captain Elia have devoted much ex- 
perimental research to the devising of satisfactory 
mechanism. Tests have been made with four dif- 
ferent apparatus :—(1) With the rolling of the mine 
along the deck and tipping it over the stern without 
any appliance ; (2) with a tilting-tray projecting 
from the stern ; (3) with the application of pivoted 
levers used as tongs for supporting the two sides of 
the mine, while the lever or tongs move from the 
vertical through about 90 deg. until the mine drops 
from the end of the tongs of its own accord by 
reason of their inclination from the horizontal—a 
method which secures the placing of the mine in 
the water smoothly ; and (4) the substitution for 
the tongs of a projecting carriage with rails from 
the stern, whereby the mine is dropped into the 
water. 

As a prelude to the detailed description of these 
methods, there is given on page 585 (Figs. 24 and 
25) an elevation and plan of a mine-laying ship 
fitted with machinery to attain a high speed. 
There are, as will be seen, bow and stern chasing 
6-in. quick-firing guns, while forward on each 
broadside there are two 4-in. quick-firing guns. 
Lines of rail are laid along the deck on each side, 
connecting with two sets of launching gear aft. 
This gear may be of any of the types which we have 
already enumerated. 

The simple system of tipping mines from the 
deck was adopted in the Italian Navy in 1888. The 
mine, with its anchoring-chamber, formed practically 
a barrel, and was rolled without rails along the deck 
and over the stern. Once in the water, the mine 
took a vertical position owing to the heavier weight 
of the anchoring-chamber. The plumb of the 
sounding-line at once began to sink, followed by 
the anchoring-chamber, as has been described in 
our previous article. 

The next development in launching gear was 
tested at Toulon, and is illustrated by Figs. 26 to 37, 
on the opposite page. In this case the mines 
are rolled along the deck, finally entering upon 
a path of steel plating, supported on H joists with 
angles along the sides, The path terminates on 
a tilting-tray projecting beyond the structure of 
the ship, as shown generally in Figs. 26 to 28. 
A is the path, B the mine, D the anchoring end, 
while C is the tilting-tray, the arrow E showing 
the direction of movement of the mine from the 
tray. The tilting-tray is illustrated in detail by 
Figs. 29 to 31. It is constructed of channel irons, 
those supporting the steel platform plate being 
curved at the outer extremity to prevent the mine 
from rolling off. The tray is mounted on a shaft 
carried on a suitable bearing projecting beyond 
the deck, and on this shaft the tray can tilt from 
the horizontal to the vertical plane, the greater 
weight of the anchoring end of the mine sufficing 
to effect the tilting motion. The end of the tray, 
which moves downwards, is normally held in place 
by a locking-pin, which enters a strongly formed 
recess on the tilting-tray, as shown in Figs. 32 to 
34. This pin is withdrawn from the recess by an 
ordinary locking-lever, as shown. Under the tray 
there is formed a supporting triangular arm, in 
which fits a counterbalance weight, so that immedi- 
ately the mine leaves the tray the latter is brought 





back into a horizontal position, the locking-pin being 
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Fics. 24 anp 25. Murne-Layrixe Sup. 


Fig.29. END VIEW. SECTION A.B. Fig.31.__ PROFILE, SECTION C.0. 
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thrown back into the recess in order to ock the | intervals to make them effective against vessels of | sion, although the sensitiveness of the detonator 


tray in this position. ordinary beam. If mine-laying, however, were | might, under certain conditions, be susceptible to 
The engravings (Figs. 35 to 37) show the trials| required to be done at a speed of 30 knots, four | effects from such shock. A method was therefore 
of this tray when fitted to a barge at Toulon. The| such tipping-trays would be required. devised of placing the mine smoothly on the surface 


first view shows the mine being rolled on to the} In laying mines by the two methods we have just | of the water, so that it would be in a position to 
tray; the second, the tray ready to be released | described, a certain degree of shock was involved | sink gently by the gravity of the anchoring-chamber, 
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Fic. 38 anp 39. Lever Tones ror Layinc Mines oN THE WATER SURFACE. 
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by the removal of the locking-bolt. The photo-| when the mine came in contact with the water, as | with the sounding-line in advance of it. The appa- 
graph reproduced in Fig. 37 was taken as the mine|is suggested by the view in Fig. 37, and it was/|ratus designed with this end in view is illustrated 
entered the water, the tray, after the mine has/|always possible that some breakage might occur, | by Figs. 38 and 39, above. The mine is moved 
been es returning to the horizontal position Sa in the case of any parts which projected | to the stern of the ship in its vertical position, the 
and being locked in place. With two such apparatus | beyond the main line of the structure of the mine. | anchoring-chamber, of course, being at the bottom. 
mounted on a vessel steaming 15 knots it was found | Little damage could be done to the mine itself,|This is done on rails which terminate between 
possible to lay the mines from two tilting-trays at | nor could there be any chance of premature explo-' two uprights. For transit four wheels are pro 
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vided at the corners of the anchoring-chamber, 
marked A on Fig. 38 ; these run on rails B. Near 
the top there is secured on each side of the anchor- 
ing-chamber a wheel C, and as the mine advances 
near to the stern these wheels come into contact 
with the rail D on the uprights, which project 
beyond the stern of the ship. By means of these rails 
the mine is run on to the upper ends E of two levers 
F pivoted at their bottom ends G to a strong frame 
forming part of the structure projecting beyond the 
stern of theship. The upper ends of the levers over- 
lap the projecting upper rail, as shown on the plan, 
Fig. 39, and are braced together at mid-distance, 
while at the bottom the pin G forms a connecting 
stay. As soon as the mine reaches the curved lodg- 
ment at the top of these tilting levers, its weight 
causes the levers to tilt on the centre G through 
90 deg. To prevent too rapid motion there is con- 
nected to the centre stay between the levers a cable 
I, which, passing over a pulley, is connected to the 
piston of an hydraulic buffer having a connection 
between both ends controlled by valves. The buffer 
offers sufticient resistance to make the movement of 
the lever to the surface of the water gradual and 
gentle. A spring, as will be seen, is combined 
with the hydraulic cylinder, so that its compression 





ing-line weight, is moved sternwards on wheels A, 
travelling on rails B. There are, however, two 
upper wheels, marked C C, at different levels on 
each side, and these wheels come in contact with 
the rails at corresponding levels. The aim in having 
rails at different levels was to enable all four upper 
wheels to disengage simultaneously from the rails 
at the end of the travel on the structure projecting 
beyond the ship, so that the mine coal have no 
tilting movement when dropped overboard. This 
will easily be grasped by reference to Figs. 40 and 
41. It will be noticed that at their ends the rails 
have a slight decline towards the water-line, so that 
the mine drops easily. 

As will be seen from Fig. 40, there is a pro- 
jection on one of the upper rails which releases the 
weight of the sounding-line, so that it drops from 
the anchoring-chamber and is extended to its 
fullest length before the mine leaves the upper 
rails. 

Since the trials of this gear, which proved 
thoroughly satisfactory, a modification has been 

e, as it was found possible to dispense with 


the intermediate wheels E, utilising the rear lower 
wheels and the — wheels C, for traversing 
the mine along the 


unching-frame. 
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Fic. 43. Pickine Up Mings. 


is utilised to draw the lever tongs by the medium of 
the same wire rope k to the vertical position 
ready for receiving another mine. This combination 
of spring and cylinder follows generally the lines 
which have proved so satisfactory in taking up the 
recoil of guns and subsequently running them out 
again to the firing position. By adjustment of the 
valves, and the length of rope connecting the piston 
to the tongs, the angle of the tongs in the bottom 
position can be varied, so that, irrespective of the 
freeboard of the ship, the mine will leave the end 
of the tongs at the surface, as shown in Fig. 38. 
It will be seen that the weight of the sounding- 
line H is sinking in advance of the anchoring- 
chamber. 

Trials made with this system proved very satis- 
factory. The time taken for the lever tongs to 
descend through the 90 deg. was two seconds, and 
to return to receive another mine one second, so 
that the mines could be laid in the water quietly 
at intervals of a little over three seconds. All 
vibration and shock are practically obviated, and 
the fitting of the system to the stern structure of 
any ship is a simple matter. 

Fuller experience, however, showed that no 
danger need arise from shock in dropping the 
mines from the level of the deck of the ship, par- 
ticularly with the type of mine having a radial lever 
for controlling the charging gear—a system which 
we have described as the design 5a (Fig. 10, 
Plate XXXVIIL., in our issue of April 19). Here 
everything is so securely locked, until a ship comes 
in contact with the lever and causes it to rotate 
angularly on its pivot, that it was felt that the 
dropping of the mines could not cause any prema- 
ture explosion, or damage to the structure when 
well made. It was therefore decided to revert to 
this arrangement of dropping the mines over the 
stern of the ship, because of its great simplicity. 
The system ultimately devised is illustrated by 
Figs. 40 to 42. 

The mine, with its anchoring-chamber and sound- 





Captain Elia, in the course of his research, has 
given consideration also to the best method for 
rapidly picking up mines from a mine-strewn field. 
Earlier in his research he determined that the most 
effective method was to connect the anchoring- 
chamber of each mine when it was launched toa 
general connecting cable, so that through this con- 
necting cable the mines could easily be recovered. 

To the end of the cable first dropped into the 
water an anchor is secured, and the cable is con- 
nected to the anchoring-chamber of each mine by 
an eye-bolt fitted to the anchoring-chamber for this 
pu . Onthe cable at distances corresponding 
to the pitch of the mines, there are stops too large 
to pass through the eye-bolt on the anchoring- 
chamber, so that as the cable is hauled on to the mine- 


recovering ship by means of a winch or capstan, | P 


the anchoring-chambers of the mines are succes- 
sively dragged towards the ship, and by this means 
are raised on deck, the flotation chamber following 
the anchoring-chamber. Fig. 43 illustrates this 
arrangement. Care, of course, is taken to obviate 
any possibility of the contact lever releasing the 
firing apparatus. 

The general conclusion, which results from a care- 
ful consideration of the designs, and of the exhaus- 
tive trials which have taken place, is to establish 
the superiority of the spherical mine with a contact 
lever attached to the bottom of the mine. This 
design is known as No. 5a, and is illustrated by 
Fig. 10, on Plate XXXVIII., published with our 
issue of April 19. 

As regards the launching gear, the system which 
has proved the most satisfactory is that illustrated 
by Figs. 40 to 42, on page 586, and already fully 
described. 

The record of Captain Elia’s work, apart alto- 
gether from the conclusions which emerge from 
consideration of the subject, shows great mechanical 
ingenuity, and affords a guarantee of the successful 
character of the design. The wide experience of 
Messrs. Vickers, Limited, further gives confidence 





in the view that the details of the design will be 
carried out, in respect of materials used and of 
precision in manufacture, in a way to obviate any 
possible accident through fracture or faulty work- 
manship. 





THE SWEDISH STATE POWER. 
STATIONS. 


We have on several occasions dealt with the 
hydro-electric power-stations which are now in 
course of construction by the Swedish Government. 
Of these stations, that at Trollhiittan, though not 
yet by any means brought up to the full capacity 
contemplated, has been in operation for some time. 
The Swedish Government is acting at once with 
laudable promptitude and circumspection in the 
exploitation of the country’s large latent resources 
of water power. The question of the State’s right 
of ownership of a multitude of falls or portions 
of falls and streams is at present being pressed to 
definite legal decision in a great number of cases. 
This question is frequently one which it is difficult 
to solve. 

Perhaps the most interesting work of the kind 
on the part of the Swedish Government, is the 
construction of the large power-station at Porjus, 
in Lapland, intended in the first instance to supply 
current needed in connection with the electrification 
of the Kiruna-Riksgriiusen Railway, but also sure 
to prove a highly important factor in the metal- 
lurgical industry of these distant regions. The 
natural, and, more especially, the climatic, con- 
ditions under which this work is being carried on 
are somewhat exceptional. In the course of the 

resent winter the thermometer at Porjus has been 

own to as low a figure as —57 deg. Cent. This 
undertaking consists of a dam across two branches 
of the River Lule, which are separated by an 
island. The dam is continued across the island and 
also on the north side of the river, so that it will 
have a total length of rather more than 1000 yards. 

The power-station is situated about 600 yards below 
the dam, water being conveyed to it through a 
tunnel. The machinery of the station is placed in 
an excavated chamber about 160 ft. underground, 
and the discharge from the turbines is led k to 
the river-bed by a tunnel over 1200 yards in length. 

In the course of last year the preparatory work 
for the construction work proper was completed. 
Thus good temporary housing accommodation has 
been arranged for the whole staff, including the 
otticials and employees, and the necessary buildin 
for catering, for hospitals, &c., have been mre 
The temporary water-power station, for 600 horse- 
power, which was commenced in 1910, came into 
operation, June 25, 1911, its object being to supply 
electric current for driving machinery and for light 
ing at the works. The permanent houses required 
for the power-station staff are mostly completed 
and are occupied by the officials in charge of the 
undertaking. A considerable amount of plant 
has been collected at Porjus for use on the works, 
such as concrete-mixers, hoists, electric cranes, 
machine-tools, excavator, locomotives, air - com- 
pressors, stone-crushing machine, steam - roller, 
pumps, electro-motors, transformers, Decauville 
portable railway plant, &c. 

During 1911 the work on the power-station itself 
roceeded satisfactorily. For the dam the removal 
of soil on the northern side has been completed, as 
has been also part of the stonework. The rock-blast- 
ing for the concrete wall of the dam has likewise 
been finished, and a considerable portion of the con- 
crete work completed. Those portions of both the 
southern and northern river-beds, in which work 
on the dam was to be carried on during the past 
winter, were closed by coffer-dams. The removal of 
earth, and rock-blasting for the concrete wall, have 
also been commenced on the island separating the 
two river-beds. Blasting operations for the inlet 
have been completed, and about 180 metres of the 
inflow tunnel had been blasted up to the end of last 
year. The blasting for the first distribution-basin, 
has been completed, and similar work has been com- 
menced for the second basin. The vertical shaft 
for the spillway tunnel had been nearly finished, and 
the tunnels and shafts were being proceeded with. 

With regard to the power-station, the so-called 
cable-shaft down to the machinery hall has been 
completely, and the large hoist-shaft partly, blasted. 
The machinery hall itself is completely excavated 
in the rock. A considerable amount of blasting in 
connection with the outlet tunnel has also been 
done. Some work has also been done in the matter 
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of roads and lines. All the surveys and alignment 
for the transmission lines between Porjus and 
Kiruna have been completed, and a quantity of 
material for the construction of the lines has been 
accumulated. The number of men employed during 
last year varied from 350 at the commencement of 
the year to about 970 in October, exclusive of 
foremen ; some forty men were employed by con- 


The electric plant comprises three single-phase per cent., and maintenance at 1.65 per cent. of the 
enerators, each with a maximum capacity of 10,500 cost, or altogether 9 per cent. The cost of this 
orate gael aly and three three-phase generators, part of the plant on the above basis will be :— 


each with a continuous capacity of 10,800 kilovolt- Three single-phase units of 10,500 £ 
amperes. One of the single-phase generators and — oa eae 70,000 
one of the three-phase generators will be mounted pelt may — Tr er $3,000 


on the same turbine shaft, and will form a reserve. 
The generator voltage will be transformed for the | 
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tractors. Towards the end of the year the number 
of men was somewhat reduced. 

It may be remembered that at the inception of the 
scheme there was some discussion as to whether the 
power-station should be placed at Vakkokoski or 
at Porjus, the latter locality, however, being 


ultimately chosen. Illustrations of the scheme are | 


given in Figs. 1 and 2, herewith, of which the 
former shows a map of the river at this point, the 
position of the power-station, and the alignment of 
the tunnels. the latter gives a sectional drawing 
of the power-station. 

Views giving some idea of the conditions and 
locality are shown in Figs. 3 and 4, page 589, and 
also in Figs. 5 to 8, page 596. Of these, Figs. 3 
and 4 show the Ruotekartje Falls, which are the 
highest of the Porjus Falls. There are two falls, 
each of them of a height of 8 metres. Fig. 3 shows 
the appearance of one of them in winter, while 
Fig. 4 shows both falls in summer. Fig. 5 shows 
the excavation in rock for the intake, and Fig. 6 
the preparation of the site for the dam with the 
trench for the concrete core. Fig. 7 shows the 
excavation for the distributing basin. A view of 
the cofferdam closing part of the river bed, to 
enable work on the dam to be proceeded with, is 
shown in Fig. 8. The estimated cost of the power- 
station in its first stage of development of 50,000 
horse-power is as under :— 


Engineering work and power - 











station :— £ £ 
Dam at Porjus ... & 144,800 
Canal intake 23,300 
Inlet tunnel i oe c 19,200 
Distribution basin, tube intake, 
with building and inlet con- 
duits.... at ka ais 40,000 
Power-station and suction-tube 52,000 
Outlet tunnel, &o. a wee 70,500 
Hoist, shaft, and building 
tunnel from instrument-house 
to passenger -hoist, cable- 
tunnel, and board outlet- 
tunnel ... are ade wn 11,400 
Instrument-house ‘ah se 27,800 
—_ 389,000 
Buildings :— 
Permanent houses ai me 12,400 
Temporary houses eh sad 9,450 
Temporary power-station _.... 11,200 
23,050 
Roads and compensation for land. 
&e. ne 7 sei ee 8,340 
420,390 
Administration and unforeseen 
expenses (about 15 per cent.) 64,500 
484,890 
Turbines and regulators :— 
For five units”... ons ea 25,000 
Fixing, &c. ; a 3,610 
Dam x, a is > 1,390 
—- 30,000 
514,890 


Fig. 2. 
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single-phase system to 80,000, and for the three- The annual cost for the three-phase system works 


phase system to 70,000 volts. | out as under :— 

The cost of the single-phase plant, including all | £ 
equipment ens to it within the station, such Plant, 9 per cent. Crete. aes 5,620 
as generators, transformers, switches, instruments, | ic a ast a 972 
&c., has been estimated at 40 kr. (2.221.) per kilo-| Lubrication, &.... .. —... 1,110 
volt-ampere of the generator’s maximum load | Total 7,702. 


capacity, the revolutions of the turbines being put | 


at 180 per minute, and for the three-phase plant| Table I., on page 589, shows the calculated annual 





expenditure for the State power-station at Porjus 





35 kr. (1.941.) per kilovolt-ampere, with 187.5 revolu- 


tions per minute. Interest on the electric equipment | when plant for 37,500 horse-power is installed. 
‘has been allowed at 4 per cent., writing off at 3.35 These costs do not include the interest, working 
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TaBLe 1.—Annual Cost of 37,500 Horse-Power Plant. | 
| ; 
| Single-| Three- | 
— cect. | Phase | Phase | Total. 
ent. System. System 
Interest— _ ictal £ £ £ 
sngineering works, % 

— corbines aA > .., 40 10,440 | 10,250 20,690 

Electric equipment .. --| 4.0 a 1,680 1,680 

Writing off- . A ‘ 

Engineering works and houses; 0.5 1,237 1,237 2,474 

Turbines .. o ‘ --| 24 360 222 5s2 

Electric equipment ..| 3.35 on 1,400 1 405 

ntenance— 2 < e 

Me ngineering works and houses) 0.5 1,237 1,237 | 2,474 

Turbines .. a Le o>} 2.8 225 139 364 

Electric equipment 1.65 708 | 708 

“ys: “ 972 972 

Lubrication, &c. is oa 556 556 

Cost of icing, &c. il 893 487 1,385 

Totals 14,397 18,893 | 33,290 


| 





TasieE II.—Annual Cost of 50,000 Horse-Power Plant. 

















Singe- | Three- 
— a. Phase | Phase Total. 
* System.) System. 
Interest — & £ £ 
Engineering works, houses, 
and turbines .. - --| 40 10,440 | 10,440 20,880 
Electric equipment 4.0 “ 2,52 2,520 
Writing off— 
Engineering works and houses 0.5 1,237 1,237 2,474 
Turbines .. - - 1.5 360 360 720 
Electric equipment 1.65 a 2,150 2,150 
Maintenance— 
Engineering works and houses 0.5 1.237 2,474 
rbines .. a aa 1.5 22h 450 
Electric equipment 1.65 1,040 1,040 
Staff at station .. os 972 972 
Lubrication, &c. 7 ; 1,112 1,112 
Cost of icing, &c. 4.0 898 922 1,820 
Totals 14,397 | 22,215 36,612 


sist of 20 mm. copper lines on masts of iron. All 
the masts are so constructed that they can accommo- 
date six lines, although it is intended to instal only 
three at the start, with the exception of a length 
|of 18} miles near the power-station, where double 
| lines will be installed from the outset. 
| The subjoined Table III. shows the loss in the 
lines with a power consumption of partly 3000, 
partly 4000 kw. high-voltage current, cos ¢ = 0.8, 
at each place. V, stands for voltage at the point 
of delivery; Vx loss of voltage in the line; KW, the 
user’s consumption of energy ; KW: the loss of 
‘energy in the line ; KWx the energy required at 
|the point where the mains leave the power-station. 
With regard tothe cost, the costs of masts, 
laced in position, &c., without insulators and earth 
ine, is calculated at 400l. per mile. The cost 
| has’ been! fixed with due consideration to the work- 
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aud maintenance of the railway, nor interest, depre- | power. These costs do not include the interest, 
ciation, maintenance, or cost of staff, &c., at the &c., exempt from the previous table. 

electric single-phase equipment or lines, nor | 
allowance for interest during the time of construc-/|lines for the three - phase electric current from 


tion. 


With reference to the cost of the transmission 


Porjus, the lines are intended to transmit, at a 


Table II., above, shows the calculated annual voltage of 70,000 volts, from the Porjus power- 
costs for the Porjus power-station when the installa- | station to both Gellivare and Kiruna between 3000 
tion has been increased to 50,000 turbine horse-|and 4000 kw. of three-phase current. They con- 








ing conditions in Lapland and the high voltage. 
For the earth line of 55 sq. mm., steel line is cal- 
culated at 17.8/. per mile, inclusive of mounting. 
Suspension insulators will be adopted, and the 


TABLE III.—Losses in Line Transmission. 

















- Va Vv. KWa KW,. KWx, 
At 3:09 kw. p.c. 
Gellivare .. 67,600 344 3000 130 3130 
Kiruna 64,100 8.42 3000 344 3344 
Total 6000 474 6474 
At 4000 kw. 
Gellivare 66,800 4.61 4000 236 4236 
Kiruna 61,900 11.6 4000 640 4640 
Total 8000 876 8876 
cost for these is calculated at 8.9l. .per mile, 


inclusive of mounting. Copper wire, 20 sq. mm. 
section, is estimated at 10.7d. per lb., including 
mounting. 

The annual charges for the transmission lines 
have been allowed for as follow :— 














Interest Writing Off. Maintenance. Total. 

per cent. per cent, per cent. per cent. 
Copper line 4 0.55 0.15 4.7 
Masi line. 4 14 2.5 7.9 


The cost per mile for the complete line of three 
transmission lines conseyuently amounts to :- 








£ 
Masts, erected 400 
Earth line 17.8 
Insulators 26.7 
444.5 
Copper line, 3 x 20 q. mm. 84.4 
528.9 


The cost for six lines, involving only the doubling 
of the two last items, would amount to 6401. 
The aggregate cost of the lines to Gellivare and 
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Kiruna will in consequence amount to :— 
£ 
Masts erected, 89.4 miles... FS .-- 35,790 
Earth line, 89.4 miles — de ... 1,589 


Insulators for 108 miles 2881 
40,260 
Copper line, 108 miles 9,140 
49,400 


Tae annual costs are calculated as follows :— 


£ 
Line without copper, 7.9 per cent. 3,180 
Copper, 4.7 per cent. * ~ 429 
Workmen ies 199 
3,808 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a series of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data’ concerning these can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

Canada: With reference to the construction of a section 
of the Hudson Bay Railway, H.M. Trade Commissioner 
for Canada reports that supplemen 
submitted to the Dominion | mee x tne dl included a vote of 
1,500,000 dols. (about 308,300/.) towards the construction 
of this railway, and it is expected that the contract for 
the completion of the line will shortly be given out and 
work begun on terminal facilities, elevators, and harbour 
improvements. The Minister for Railways states that, 
as far as possible, preference will be given to Canadian 
rails and materials. 

Spain: The Gaceta de Madrid announces that tenders 
will be opened on May 20 at the offices of the Director- 
General de Obras Pitiblicas, Ministerio de Fomento, 
Madrid, for the completion of the railway from Avila to 
Salamanca, and for working the entire line. The amount 
of rolling-stock required will be 3 pomon and 5 goods 
locomotives, 29 passenger coaches, 10 luggage vans, 12 goods 
wagons, and 8 tenders. A deposit of 52,861 tas (about 
195u/.) will be required to qualify any tender. The first 
adjudication will be for the supply of Spanish materials, 
but in the event of no award being made, another call for 
tenders will be arranged, in which foreign competition 
will be admitted; in this case, however, Spanish 
materials will be preferred up to a margin of 10 per 
cent. over foreign materials. 

Sweden : The Post och Inrikes Tidningar, Stockholm, 
announces that the communal authorities of Dalarne have 
applied for powers to construct a standard-gauge railway 
between the Hosji Halt, near Getle-Dalabanan, and 
Linghed, in the parish of Svirdsjé. The cost of the work 
is estimated at 870,000 kronor (about 48,300/. ). 

Russia: The Commercial and Industrial Gazette, St. 
Petersburg, states that the Committee of New Railways 
discussed, on April 16, the following schemes :—(1) The 
construction of a railway from Slo koi to Zagorye, 
submitted by the Branch Railways Company ; (2) the 
construction of various branch lines in the eA. district; 
and (3) the construction of a tramway between Ekaterin- 
oslav and the outlying villages. 

Mexico: The British Vice-Consul at Ensenada reports 
that a company, with a capital of 5,000,00U dols. gold 
(about 1,03v,000/.), has been formed for the construction 
of a railway connecting San Diego, California, U.S.A., 
with Ensenada, Lower California, Mexico. The com- 
pany have already purchased outright two local United 
States Railways—the San Diego and Southern, and the 
San Diego, Cuyamaca, and Ezstern. The company also 
control the San Diego and Yuma Railway, which crosses 
the United States-Mexico boundary and runs through 
the rich delta lands of the Colorado River, connecting ut 
Yuma with the American trunk lines. 

Brazil: With reference to the call for tenders for 
harbour works, &c., at Paranagud, State of Parana, the 
Acting British Consul-General at Rio de Janeiro tele- 

phs that the time for the presentation of tenders has 

n postponed to June21l. Tenders should be addressed 
to the Ministerio da Viagéo e Obras Publicas, Rio de 
Janeiro. representation is necessary. The Diario 
Official publishes a decree (No. 9435) granting permission 
to Dr. José Mattoso Sampaio Gorreia, Henrique Palm, 
and Paul Affonso Orozimbo de Azevedo to construct the 
first 124 miles of the railway from Mogy das Cruzes to the 
Fazendo do Rio Claro. The cost of the work is estimated 
at 552,485 milreis (about 37,000/.). The Nachrichten fiir 
Handel, Berlin, states that for some years the Brazilian 
Government have been considering the question of build- 
ing an up-to-date military harbour in Brazil, as it has 
on. been recognised that the harbours in the Ba 
of Rio de Janeiro, and also at other points, ou 
as Bahia and Pernambuco, are antiquated and totally 
inadequate for modern requ.rements. In any case it is 
not held convenient to convert Rio de Janeiro into a 


central m litary base. The present idea is to fix on a base | 60,000 


somewhere south of Rio de Janeiro, and the Bay of Ilha 
Grande has been mentioned as the most suitable. A Bill 
for this purpose passed the third reading of Congress last 
December, but has remained in abeyance owing to the 
prorogation of the Senate. Under the terms of this Bill 
it is proposed to give out to contract the construction of 
a naval station at a point yet to be determined, includ- 
ing the erection of docks and buildings, the cost of which 
is at 4,000,000. The carrying out of defence and 
kindred works, which do not come under the above- 
mentioned proposed concession, is estimated at a further 
2,000,0002. The Commission entrusted with this enter- 


tary estimates recently | pan 





prise emgetene the opinion that it wiil be expedient 
eventually to put the various sections of the work under 
the control of foreign experts. 

Argentina : Adverting to the scheme for irrigating vast 
gg aoe districts of Argentina, it is notified that 
H.M. Legation at Buenos Aires has forwarded a trans- 
lation of a memorandum by the Argentine Directorate- 
General of Irrigation, according to which the following 
progress has been made :—In 1909, the sum of 27,000,000 
pesos paper currency (about 2,362,000/.), representing the 
proceeds of the sale of the Andine Railway, and the sum 
of 25,000,000 pesos gold (about 5,000,000/.) in bonds bear- 
ing 5 per cent. interest and having a cumulative annual 
sinking fund of 1 per cent. (wogether making 7,362,000/.), 
were set apart for the purpose of drawing up plans an 
for the construction and working of irrigation works 
throughout the Republic. Such works were to be carried 
out by the National Government, provided the various 
Provincial Governments concerned accepted the condi- 
tions laid down. The provinces which up to the present 
have accepted the benefits conferred and the conditions 
imposed are those of Jujuy, Salta, Tucuman, Santiago del 
Estero, Catamarca, La Rioja, San Juan, Cordoba, San 
Luis, and Buenos Aires. The territories which will benefit 
most by the irrigation Jaw under which the works will be 
constructed are those of Rio Negro and Neuquen, as the 
waters of the River Negro can be utilised on a large scale. 
The law provides that the construction of the proposed 
works shall be carried out by the private railway com- 
ies at cost price; or where outside the sphere of 
influence of any company, either administratively or by 


public tender, but, in all cases, under the direct supervision 54s. 


of the Directorate-General of Irrigation of the Ministry of 
Public Works. The National Government shall own and 
exploit the works until their cost has been repaid. In 
accordance with the provisions of the law, each irrigation 
project will comprise water-supply works, storage dam or 
canal head works, main, second, and third-class canals, &c., 
reaching to each property or group of small properties. 
At the commencement of 1910 the Directorate-General 
of Irrigation began to put into force the provisions 
of the law, and various projects which had been 
submitted were examined. The following is a state- 
ment of the schemes which are either being carried out 
or have been approved :—(1) Dam works on the River 
Neuquen, and subsidiary works at Lake Pellegrini— 
estimated cost, 3,000,000 pesos (about 262,500/.); (2) an 
irrigation canal in the territory of Neuquen, on whic 
an amount of 300,000 pesos (about 26,200/.) has been 
expended up to the present; (3) canal construction 
in the Upper Rio Negro—estimated cost, 9,160,000 pesos 
(about 801,500/.); (4) irrigation works at Lujan, in the 
Province of San Luis—estimated cost, 120,000 pesos (about 
10,5002.) ; (5) irrigation works connected with the River 
Tercero—estimated cost, 6,300,000 pesos (about 551,200.) ; 
(6) irrigation works in the valley ot Catamarca—estimated 
cost, 850,000 pesos (about 74,000/.) ; (7) irrigation works 
at El Carmen, Province of Jujuy—estimated cost, 
8,201,000 pesos (about 717,000/.) ; (8) dam works on the 
River San Juan—estima cost, 950,000 pesos (about 
83,000/.). Surveys are being made, or are projected, in 
connection with:—(1) Irrigation works in the valley 
of the Upper Rio Negro; (2) canal from the River 
Negro to San Antonio—estimated cost, 16,000,000 pesos 
(about 1,400,000/.); (3) a canal in the Lower Rio Negro; 
(4) a canal for irrigating lands at Patagones ; (5) irriga- 
tion works at Choele-Choel—estimated cost, 577,162 
(about 50,000/.); (6) irrigation works at La Florida on 
the upper portion of the River Quinto—estimated cost, 
4,500,000 pesos (about 394,000/.); (7) irrigation works 
on the River De los Sauces—estimated cost, 4,000,000 
pesos (about 350,000/.); (8) a storage dam on the River 
Quines; (9) irrigation works at Santa Rosa—estimated 
cost, 200,000 pesos (about 17,000/.); (10) irrigation works 
at Tinogasta ; (11) irrigation works at Andalgala, in 
the Province of Catamarca; (12) irrigation works at 
San Carlos, Province of Salta—estimated cost, 736,000 
(about 64,000/.) ; (13) irrigation works at Mojotoro, 
rovince of Salta; (14) a storage dam on the Cadillal, 
Province of Tucuman ; and (15) a storage dam at Huaco, 
Province of La Rioja. 

Siam: The British Acting Vice-Consul at Bangkok 
reports that tenders are invited for the supply to the 
Royal Siamese State Railways of (1) 12,400 tons of steel 
rails, and (2) 1355 tons of permanent-way accessories, 
required for the extension of the Northern line. Tenders, 
on head ga yy forms, will be received by the Director- 
Gene of Railways, Royal Railway Department, 
Bangkok, up to to 10 a.m. on July 15 and 17 respectively. 
A deposit of 5 per cent. of the value of the contract will 
be required with each tender. 








ELECTRIFICATION OF MELBOURNE SuBURBAN RalILways. 
—The Agent-General for Victoria is prepared to receive 
tenders for certain works in connection with the eleetrifica- 
tion of the Melbourne Suburban Railways. The tenders 
now invited will cover plant for the equipment of electrical 
working of about 300 miles of single track, including the 
construction of a generating-station of a capacity of 
kw., sub-stations for supplying current to the 
trains, and the electrical equipment for a large amount 
of rolling-stock ; each part of the work may be tendered 
for separately. Tenderers may submit proposals for the 
supply of either continuous-current equipments or single- 
phase equipments, and in the case of the power-station 
tenders may be submitted for turbo-alternators of either 
10,000-kw. or 20,000-kw. capacity each. The Victorian 


Government have arranged with Mr. Charles H. Merz, 
the consylting engineer for the work, to leave England as 
soon as the tenders have heen received, in order to advise 
them in connection with the placing of orders for the 
| different works. 


d | Closing 


hb | month, and at 54s. 7 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a firm tone, and 4000 
tons of Cleveland warrants were done at 54s. 24d. cash, 
54s. 44d. eighteen days, 54s. 6d. one month, and 55s. three 
months, with sellers over at these figures. Cash hema- 
tite was quoted at 70s. 1d. sellers, and there were buyers 
at 70s. one month and 70s. 6d. three months. he 
afternoon session was nominally steady in tone, and 
6000 tons of Cleveland warrants were dealt in at 54s. 14d. 
and 54s. 2d. cash, 54s. 4d. eighteen days, 54s. 44d, 
and 54s. Od. one month. and 54s. 11d. three months. 
sellers quoted 54s. 24d. cash, 54s. 54d. one 
month, and 54s. 114d. three months. Hematite was 
uoted 703. cash sellers, and 70s. one month buyers. 
n Friday morning Cleveland warrants were the turn 
easier, and 4000 tons changed hands at 54s. 04d. and 54s. 
cash, 54s. . one month, and from 54s. 11d. to 54s. 10d. 
three months. At the close sellers named 54s. 14d. cash, 
54s. 5d. one month, and 54s. 11d. three months. Hema- 
tite was unchanged at 70s. cash sellers. In the afternoon 
the market was quiet, and dealings were limited to 
3000 tons of Cleveland warrants at 54s. 1d. cash, 54s. 4d. 
one month, and 54s. 104d. three months, and closing 
sellers quoted 54s. 14d. cash, 54s. 5d. one month, and 
54s. 11d. three months. On Monday morning Cleveland 
warrants were dull, and business was put through 
at 54s, 14d. and 54s. 1d. cash, 54s..1d. four days, 54s, 24d. 
eleven aye, 54s. 5d. and 54s. 4d. one month, and at 
94d. three months. The turnover was 7500 tons, and 
sellers’ closing prices were 54s. 1d. cash, 54s. 44d. one 
month, and 54s. 10d. three months. The afternoou session 
was easier in tone, and only 3500 tons of Cleveland war- 
rants changed hands at 54s. seven and eleven days, and 
54s. 8d. three months. At the close there were sellers at 
54s. cash, 54s. 34d. one month, and 54s. 84d. three months. 
On ——— Sa Cleveland warrants were again 
inclined to be easier, and business was limited to 3500 
tons at 53s. 94d. , 54s. one month, and 54s. 74d. 
and 54s. 8d. three months. Closing sellers quoted 53s. 11d. 
cash, 54s. 24d. one month, and 54s. 84d. three months. 
One month hematite was quoted at 70s. buyers and 
70s. 6d. sellers. Weakness prevailed in the afternoon, 
and 8500 tons of Cleveland warrants were put through at 
from 53s. 104d. to 53s. 9d. cash, from 54s. 2d. to 54s. one 
3d. three months. The session 
closed with sellers at 53s. 9d. cash, 54s. 04d. one month, 
and 54s. 7d. three months. Sellers of hematite quoted 
70s. 3d. one month, and buyers 70s. When the market 
opened to-day (Wednesday) the tone was rather better, 
and 7500 tons of Cleveland warrants were done at 
53s. 9}d. and 53s. 104d. cash, 54s. 14d. and 54s. 2d. 
one month, 54s. 3d. July 3 and 4, and at 54s. 8d. 
three months. At the close sellers quoted 53s. 11d. 
cash, 54s. 24d. one month, and 54s. . three months. 
Sellers of hematite asked 70s. 6d. one month, and buyers 
quoted 6d. less. The market was quiet in the afternoon, 
but Cleveland warrants were stronger, and the dealing 
amounted to 3000 tons at 54s. cash, 54s. 24d. one month, 
and 54s. 84d. July 22. Closing sellers quoted 54s. 1d. 
cash, 54s. 4d. one month, and 54s. 10d. three months. 
Hematite—1000 tons—changed hands at 7Us. cash and 
70s. 3d. one montb, with cash buyers over at that figure 
and sellers at 14d. more. 


Sulphate of Ammonia.—The sulphate of ammonia 
market has recently shown little change, and with a 
moderate inquiry, prices are unchanged. The current 
quotation is still 15/. per ton for prompt delivery, Glasgow 
or Leith. The amount shipped from Leith Harbour last 
week was 2328 tons. 


Scotch Steel Trrade.—In the Scotch steel trade during 
the past week the activity of demand has been very 
marked, and steel for shipbuilding purposes especially 

s been in most urgent request. Plant is all running 
full, and as order-books are exceedingly well filled, this 
state of matters is likely to continue for many months 
to come. The fixing up of new business is very slow 
owing to the stiffness of prices, but there are a number 
of inquiries in circuit for forward delivery. Export 
inquiries are very satisfactory, and particularly so for 
structural sections for Australia and the Far Kast, and 
several large lines have already been booked for forward 
shipment. Makers of black and galvanised sheets are 
very busy, and prices are very firm. All round the tone 
is exceedingly healthy, and steady employment is 
general. 


Malleable-Iron Trade.—In the West of Scotland malle- 
uble-iron trade business is once again in full swing, and 
makers report considerable pressure for delivery of 
material. The recent advance in prices has caused & 
slight check on new contracts, but specifications on hand 
are ample toensure the full running of the works for some 
time, and order-books are also well filled. 


Scotch Pig-Iron Trade.—An increase in the number of 
furnaces in full blast has now to be recorded. This 
week there are nearly forty in operation, with the pros- 
pect of others heing relighted very soon. Makers report 
a very demand for pig iron, which is being met 
largely out of stocks. The prices are firm, and dealing 
is mostly a matter of arrangement. The following are 
the oe quotations for makers’ (No. 1) iron :—Clyde 
and Calder, 69s. 6d.; Gartsherrie and Summerlee, 7(s.; 

loan, 68s. 6d.; and Coltness, 83s. 6d. (all shipped 
atG w); Glengarnock (at Ardrossan), 69s.; and Shotts 
(at Leith), 69s. 6d. 

Shipbuilding : Record Output. — Once again the word 
weoed” may be applied when writing of the latest 
month’s output of new tonnage. This year has already 

mn a remarkable one in several ways, and if shi}- 
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i mtinue to launch new vessels at the same rate 
ae oe t four months, then new figures wi 
be set up for this year which will be hard tosurpass. The 
following table shows the Scotch output for the month 


of April:— 


Vessels, e. 

Clyde cs os ee = i ae 63,764 
Forth le a a) ies me 1 750 
Dee oe . . = oe 8 945 
Total .. as a es 43 66,379 


se figures are eminently satisfactory and create a new 
— for the month of April. The Clyde output is 
nearly 5000 tons above the previous best for the same 
month—April, 1907—while for the year to date a new 
record total has been reached. During the first four months 
of the year 1907 the Clyde output was 180,146 tons, 
whereas the figure for the past four months amounts to 
199,104 tons, which is only 42 tons short of being 19,000 
tons above the previous fine tonnage. For the year 
to date the output is over 35,000 tons ahead of the 
same period of last year, which came next to 1907 
with 163,540 tons. ow with regard to new orders 
it cannot be said that these were very plentiful during 
the past month; but, nevertheless, several important 
contracts were fixed up. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The local coal market has 
shown some improvement during the past few days, and 
the weakening price tendency is likely to bring more 
buyers forward. An immediate drop of about 6d. per ton 
is expected, and this, together with the fact that house- 
holders are running short of supplies, should influence 
trade favourably. The manufacturing demand is good. 
and a fair tonnage is going for shipment. Coke and slacks 
are still difficult to obtain, and thisscarcity hasa restrictive 
effect upon local manufacturing operations. The iron works 
are handicapped and the price of iron is influenced. A 
better supply of these fuels is expected, however, shortly. 
The present demand for house coal is better than it has 
been since thestrike. The most recent og quotations are 
as follow :—Best hand-picked branch, 16s. to 17s. ; Barns- 
ley best Silkstone, 15s. to 16s, ; Silkstone, 13s. to 14s. ; 
Derbyshire best brights, 12s. 6d. to 13s. 6d. ; Derbyshire 
house, 11s. 6d. to 12s. 6d. ; best — nuts, 11s. to 11s. 6d. ; 
small nuts, 10s. to 11s. ; Yorkshire hards, 11s. 6d. to 
12s. 6d. ; Derbyshire hards, 11s. to 12s. ; rough slacks, 
8s. to 9s. ; second qualities, 6s. to 7s. ; smalls, 3s. 6d. to 
4s, 6d. 


Iron and Steel.—The resumption of normal conditions 
in the iron trade is taking more time than was anticipated. 
Very little common iron has been turned out by the 
Lincolnshire and Derbyshire furnaces, and their official 
quotations have not yet come forward. Advances have 
been asked in all cases where an attempt has been made 
to do business. A fair amount of hematite has been 
delivered. Prices are ruling high, and are —_— to 
keep at a fairly big figure for some time. The quota- 
tion for East Coast hematite is 76s. for immediate deli- 
very in the district, and from 77s. to 78s. for forward 
deliveries. West Coast has been quoted as high as 
87s. The bar-iron works have been running full time, 
and will be tremendously busy for a month or two. 
The rolling-mills also have been well employed, and 
the quantity of arrears on their books, together with new 
orders, will keep them on full time. With the exception 
of some inconvenience occasioned by shortages of coke 
and iron, the majority of the Sheffield works have been 
very actively employed. Orderson railway, engineering, 
and shipbuilding account are said to be coming forward 
satisfactorily. With the present tendency in raw mate- 
rials prices of various steels are showing an upw 
movement. Both light and heavy branches of the local 
industries have good prospects. Edge-tool manufac- 
turers are full up with aoe and makers of agricul- 
tural implements and machinery have plenty of work. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron T'rade.—More inclination to do 
business is shown. Buyers are now much in evidence, 
and transactions would be on a very extensive scale if 
more iron were available, but the blast-furnaces are still 
working only indifferently after their enforced idleness 
through the coal strike. Nearly all the furnaces are now 
blowing again, but some very poor quality of iron is being 
turned out. This was to be expected, and, in fact, 
it will be some little time yet before the furnaces 
get into proper working order. The tone of the 
market is cheerful, and a report to-day of a 25 cents 
advance in iron in America assisted to strengthen the 
situation here. No. 3 g.m.b. Cleveland pig is firm at 
4s, Gd. f.0.b.; whilst No. 1 is 59s.; No. 4 foundry, 53s. 9d. ; 
No. 4 forge, 53s. 3d.; and mottled and white iron each 
53s.—all for early delivery. East Coast hematite pig is 
very strong at 70s. for immediate delivery of mixed 
numbers, and some makers put the price at 71s. For 
delivery over the second half of the year nothing under 
72s, 6d. is named. Though business in foreign ore is at a 
standstill, consumers having very heavy stocks, values 
are upheld on the basis of 21s. 6d. ex-ship Tees for best 


ubio 
The Warrant Stores.—Cleveland pig iron in the public 
warrant stores has been reduced to 392,090 tous, the 
withdrawals during April being officially returned at 
59,785 tons. There are warrants in circulation for 375,400 
tons of Cleveland pig iron. 





Manufactured Iron and otcel. — Excellent accounts con- 
tinue to be given of all branches of the manufactured iron 
and steel industries. Not only are producers full of work, 
but there are good inquiries in the market, and orders are 
still coming to hand. Quotations all round are very firm, 
and prices of ship-rivets and heavy steel rails have been 
advanced, the former by 10s. per ton and the latter by 5s. 
per ton. Output in all departments is large and increas- 
ing. Common iron bars are 7/. 15s.; best bars, 8/. 2s. 6d.; 
best best bars, 8/. 10s.; iron ship-plates, 7/. 10s, ; iron ship- 
a 71. 10s.; iron ship-rivets, 8/. 10s. ; iron girder-plates, 
71. 5s.; iron boiler-plates, 8/. 5s.; steel bars, 7/.; steel ship- 
plates, 7/. 15s.; steel ship-angles, 7/. 7s. 6d.; steel boiler- 
plates, 8/. 10s.; steel strip, 6/. 17s. 6d. ; steel hoops, 7/.; and 
steel joists, 6/. 17s. 6d.—all less the customary 24 per cent. 
discount. Cast-iron columns are 6/, 10s.; cast-iron railway 
chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s. ; heavy steel 
rails, 6/.; and steel railway sleepers, 6/. 10s.—all net at 
works. Iron and steel pm Bee corrugated sheets, 24 
gauge, in bundles, 12/. f.0.b.—less the usual 4 per cent. 


A Huge Casting.—A consignment unusual in its dimen- 
sions and of abnormal weight was successfully handled by 
the North-Eastern Railway Company on Sunday last. The 
load consisted of cast steel stern frames and brackets, 
manufactured by the Darlington Forge Company for the 
Acquitania, the Cunard Company’s new 50,000-ton 
trans-Atlantic steamship now being built at Clydebank. 
These castings are the la t ever constructed in the 
annals of shipbuilding, as the aggregate weight of the 
rudder, stern-frame, and brackets approximate 220 tons. 
The stern-frame and rudder in completed condition weigh 
130 tons, whilst the main stern part (which was cast in 
one piece) weighs 50 tons, the after brackets 33 tons, the 
forward brackets 35 tons, and the rudder 70 tons. 
Although the stern frame was loaded upon a specially 
designed 54-ton po lg, its dimensions were of 
such an exceptional size as largely to exceed the railway 
loading-gauge, the “‘ wing ” of the frame apn my the 
wagon side by 10 ft., whilst the overhang on the other 
side was 5 ft., the overhang being balanced by heavy 
steel ingots. The distance from the rail level to the top 
of the load was over 13 ft. It was found impracticable to 
transport the castings by railway from Darlington to 
G w. The only alternative was to convey the 
articles to Middlesbrough, to be there shipped by 
special steamer to Clydebank. Taking advantage of 
oy lull in the ordinary traffic, the loads were success- 
fully transported to Middlesbrough last Sunday. In 
view of the abnormal weights and dimensions, a maxi- 
mum speed of 4 miles per hour was observed, the traffic 
on the adjoining lines being meanwhile suspended. Con- 
siderable interest was aroused in the passage of the train, 
and large crowds congregated at various points along the 
entire line of route. 


Tron and Steel Shipments.—Official returns show only 
moderate shipments of iron and steel from the Tees 
during the month of April. Clearances of pig iron are 
given at 108,374 tons, 106,864 tons of which have gone 
from Middlesbrough, and 1510 tons from Skinningrove. 
For the previous month the total loadings reached 133,430 
tons, vod during April last year the despatches amounted 
to 130,761 tons. All the iron ee at Skinningrove 
during the past month went to Scotland. Of the pig iron 
loaded at Middlesbrough during the month just ended, 
77,213 tons went abroad, and 29,651 tons coastwise. 
Germany was the best customer, taking 26,838 tons, and 
other principal receivers were :—Scotland, 23,760 tons ; 
Japan, 9795 tons ; Sweden, 8627 tons; Italy, 7,323 tons ; 
Belgium, 4641 tons; Russia, 4450 tons; the United 
States, 3350 tons ; and France, 3265 tons. Of the 13,600 
tons of manufactured iron sent from the Tees during 
April, 10,890 tons went to foreign ports, and 2710 tons to 
coastwise customers ; India, with an import of 7511 tons, 
being by far the largest customer, Lagos being the second 
largest Coe, with an import of 2499 tons. Of the 22,216 
tons of steel shipped from the Tees during the month just 
ended, 19,923 tons went abroad, and tons coastwise. 
West Australia was the largest importer, receiving 5653 
tons, and other ——- customers were:—The Argentine, 
3295 tons; India, 2750 tons; Cape Colony, 1662 tons; 
Japan, 1322 tons; and New South Wales, 1111 tons. 


Cleveland Ironstone Miners’ Wages. — A meeting between 
the Cleveland ironstone mine-owners and the miners’ 
representatives was held at Middlesbrough on Monday 
afternoon, Sir Hugh Bell, Bart., presiding, to consider 
the wages to be paid for the ensuing three months. The 
men’s representatives asked for an advance of 1} per 
cent. The owners said they could not entertain the re- 
quest. There were legislative enactments shortly coming 
into force which would place additional heavy burdens 
on the cost of the getting the ironstone, and havin 

to all the circumstances the mine-owners coul 
not offer a fraction more than 1 per cent. Eventually 
it was agreed that the advance should be 1 per cent. 








Tur Gkro.ocists’ AssociaTION.—Friday, May 3, at 
8 p.m., at University Coll Gower-street, W.C., a 

per will be read on ‘‘ The | of Sunderland and 

istrict,” by Mr. David Woolacott, D.Sc.. F.G.S. 


Recent Practice iN DiAMOND DRILLING AND Bork- 
HOLE SuRVEYING.—An interesting paper on the deviation 
of deep boreholes from the vertical, by Mr. John I 
Hoffmann, of the firm of Messrs. Johnson and Hoffmann, 
mining engineers, 216-217, Moorgate Station Chambers, 
E.C., was read and discussed at the last meeting of 
the Institution of Mining and Metallurgy, held in London 
on Thursday, the 18th ult., in which were described an 
ringing the holes back 





ingenious invention used for b 
to the vertical after they had deviated, and the latest 
instruments for surveying the deflections. 





NOTES FROM THE SOUTH-WEST. 


Cardi(f.—Colliery owners have been quoting steady 
figures for both large and small steams for early shipment. 
Forward business has, however, remained inactive, buyers 
pursuing a policy of caution. There have been fewer 
complaints of congestion, and it is considered that normal 
conditions are gradually being restored. The best Admi- 
ralty large steam coal has made 21s. 6d. to 22s. per ton; 
ay eee have ranged between 20s. 6d. and 
21s. 6d ; t bunker smalls between 13s. 6d. and 13s. 9d. ; 
and cargo smalls between 11s. and 12s. per ton. House 
coal has shown little change, but buyers are looking for 
some reduction this month ; the best household descrip- 
tions have made 24s. to 25s. per ton. No. 3 Rhondda 
large has brought 21s. 6d. to 22s. ; and smalls, 15s. to 16s. 
per ton. No. 2 Rhondda large has been quoted at 17s. 6d. 
to 18s. ; No. 2 smalls have made lls. 6d. to 12s. ton. 
As regards iron ore, Rubio has realised 20s. to 21s. per 
ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Swansea Tramways.—The report of the Swansea Im- 
provements and Tramways Company for 1911 states that 
the total revenue of the tramway undertaking for the 
year amounted to 62,450/., being an increase of 3151/. as 
compared with 1910. The traffic receipts amounted to 
60,479/., an increase of 3010/. After deducting all ex- 
penses chargeable to revenue, including debenture and 
other interest, there remained a surplus of 12,763/. The 
directors recommend placing to depreciation and reserve 
account 3000/., and a dividend on ordinary shares 
at the rate of 5 per cent. for the year, carrying for- 
ward 17131. 


Dowlais.—There has been no great activity at Dowlais 
of late. Last week the furnaces were out of blast, and 
the Goat Mill was alsoidle. The Big Mill was, however, 
engaged for part of the week upon slabs, tin-plates, and 
light material. The collieries have shown sowe return 
of activity. 


After the Great Strike.—The after effects of the great 
strike are being felt at Swansea Docks, there being a 
slackness in the amount of tin-plates, &c., available to 
complete the loading of liners. Stocks of tin-plates at 
the warehouses are low. 





AERIAL TopoGRaPHy.—At a meeting of the Aeronau- 
tical Society of Great Britain, held at the Royal United 
Service Institute on Monday last, the 29th ult., a lecture 
was given by Captain C. H. Ley, F.R. Met. Soc., on the 
subject of ‘* Aerial ty oe om ll The conclusions drawn 
by Captain Ley were upon some 800 observations of 
air velocities in the lower atmosphere—+t.e., up to about 
5000 ft. This was, the lecturer said, about the limiting 
height of the constrained atmosphere subject to influence 
by topographical features. The difficulties of this form of 
study were very numerous. For instance, the observer was 
dealing with motion in two planes, and he had to endeavour 
tocombine thetwo. In flatopen s such as Blackpool, 
he found that almost the full gradient velocity—that was, 
the theoretical velocity for any pressure distribution—was 
reached at a height of less than 100 m. In hilly districts, 
such as Hereford, however, the records showed irregu- 
larity, and often a lower velocity at the greater altitudes. 
The direction of the wind was supposed to be along the 
isobars, and in the free atmosphere this was the case, but 
there was a rotation generally in a clockwise direction as 
the altitude increased. — That rotation, the iecturer 
thought, was connected with topographical features, and 
therefore it was sometimes in a counter-clockwise direc- 
tion. Another complication to the study was the presence 
of an oscillatory motion of the wind, due to the introduc- 
tion of resistance of some form. Oscillations regularly 
occurred at certain levels. With regard to vertical velo- 
cities, comparatively little had been recorded. The 
rainfall was due to the vertical movement of air. There 
was a striking resemblance between the lines of equal 
rainfall on a map and the contour levels. Vertical 
velocity might be the result of a convergence of stream- 
lines of pressure, or the result of actual collision be- 
tween two currents of air, or of the heating up of the 
surface layer, or, again, of some mechanical cause, such 
as obstruction by hills. Oaptain Ley proceeded to show 
that his records proved the existence of oscillations and 
ch of vertical velocities at certain levels. At 
Blackpool the changes were noted at altitudes of about 
0.6 km. and 1 km., and these, the lecturer showed, were 
respectively the prevailing heights of the Pennine range 
in Cumberland and of the hills in North Wales. One 
balloon showed a change occurring at the lower level, 
0.35 km., and this coincided with the height of a ga 
through which the wind at that particular time woul 

There was a further record at Blackpool of 
a change at 1.5km. Variations in horizontal velocities 
were also observable at these levels. In Hereford there 
were hills on one side from 0.2 km. to 0.3 km. in height, 
and on the other from 0.7 km. to 0.75 km. in height. 
The balloons sent up there took deviating courses. Air 
was compressed in front of the hills, and the balloons rose 
rapidly. Again, the changes coincided with the levels of 
the to’ phical characteristics of the district. Records 
from Limerick and Glossop showed similar effects, and 
convinced him that topographical features had, therefore, 
a controlling effect on the lower atmosphere. Downward 
mov ts, d ‘ous to aeronauts, were recorded on a 
very large number of days. A downward movement 
must occur if a vertical movement occurred, and such a 
movement might be accompanied by horizontal motion, 
which would also give rise to danger. He thought the 
levels he had indicated should be treated with caution by 
aeronauts. 
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FOUR-COUPLED (4-4-2 TYPE) TANK LOCOMOTIVE; NORTH BRITISH RAILWAY. 


CONSTRUCTED TO THE DESIGNS OF 








MR. W. P. REID BY THE 
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WE illustrate on Plate XL., published this week, 
and on the present page, one of a series of thirt - 
senger tank locomotives constructed by the Yorkshire 
Engine Company, Limited, Sheffield, to the designs of 
Mr. W. P. Reid, locomotive superintendent of the 
North British Railway. Of our illustrations, Figs. 1 
and 2 give rans 0 att | a sectional elevation and half 
plans of the engine, Figs. 3 and 4 half cross-sections 
at various points, while Fig. 5 is a reproduction of a 
photograph of one of these locomotives. 


These engines are intended for working short-dis- | 


tance express passenger trains to the coast and else- 
where, necessitating the provision of a liberal water 


- 
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and coal capacity. Wherever possible details have 
been kept standard with existing parts, notably in 
the case of cylinders, motion, wheels, bogie, and 
boiler. 

The engines are fitted with the Westinghouse auto- 
matic air-brake and apparatus for working trains 
equipped with the automatic vacuum brake. 


The leading particulars are :— 
Cylinders 18 in. in dia., with 
a 26-in. stroke 


Wheels—bogie, diameter 3 ft. 6 in. 
i coupled ,, : ” : *” 


Heating surface—tabes 
cz fire-box 


ra total 
— —, rs ov 
apacity of tanks 
pa bunker 
Weight in Working Order: 
On bogie-wheels 
», driving-wheels 
+, trailing wheels 
»» radial wheels 


Total we 


poooc000 of 


YORKSHIRE ENGINE COMPANY, LTD., 


0900000 0% 





SHEFFIELD. 





1214 sq. ft. 


Teng ,, 
3: :. 
199 ) gallons 
44 tons of coal 
tons cwt. qr. 
7 56 2 
19 6 3 
16 12 1 
15 ll 0 
68 15 2 
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THE MICHELL THRUST-BEARING. 


Ir is now many years since Mr. Beauchamp Tower 
obtained definite proof that in a well-lubricated cylin- 
drical bearing the journal and the brass were separated 
by a film of oil dragged in between the two, in 
spite of the weight carried, which naturally has a 
tendency to extrude the oil. In one of Mr. Tower’s 
experiments, the head against which the oil was thus 
automatically pumped amounted to no less than 
625 lb. per square inch, and it is, of course, a common- 

Jace that with well-lubricated bearings very high 
oads can be carried without wear. When, however, 
we come to the case of collar and thrust bearings 
of the ordinary type, effective lubrication is a much 
more difficult matter. The lubricant may, by means 
of oilways, be given every chance of getting between 
the opposing surfaces, but unless these be very lightly 
loaded, or unless the oil is supplied under very consider- 
able pressure, it is impossible to maintain a continuous 
oil-film. The surfaces come into direct contact ; the 
coefficient of friction is that of slightly greasy surfaces, 


Fig.t. € Paul 


























lower, as indicated in Fig. 2, then the film can sustain 
@ pressure. Assuming this to be the case, when the 
steady state is attained, as much lubricant must enter 
across the line P, Q, as leaves across the line P, Qs. 
The upper surface of the film is stationary, whilst the 
lower moves with a velocity equal to v, which is the 
same at both points. Since the same quantity passes 
each section per second, the mean velocity v, and 
must be such that 


v, P, Qi = v2 Pe Qe. 


Hence the curve of velocities at the two sections is no 
longer represented by straight lines, such as P; R, 
and P, Ry, but at the first section it lies to the right of 
P, R,, having a form similar to the curve P, 8, R,, 
whilst on the left the bulge is in the other direction, 
as represented by P, 8, Ry. The hatched areas, making 
due allowance for the negative portion in the case of 
section P, Q,, must be the same at both sections, since 
the volume passing is the same at both. This bulging 
of the velocity curve right and left can only be pro- 


Pressure in Lbs. per SquareInch. & 
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and if the speed be high, rapid wear results. Whya 
plain journal should be able to act as its own oil-pump, 
whilst a collar-bearing will not, is far from apparent on 
the face of it. 

The explanation, discovered by the late Osborne 
Reynolds, lies in the fact that no well-lubricated 
— is concentric with its bearing when running. 
f,it were, the film of lubricant on it would be am 
wiped off or squeezed out by the pressure carried, and 
this is exactly what happens with collar and pivot 
bearings. One gets in that case the contact of two 
slightly greasy surfaces, and Morin’s laws of friction 
apply. The difference between the two cases of 
surfaces inclined to each other and parallel surfaces 
was beautifully shown by Osborne Reynolds in his 
paper published in the Philosophical Transactions in 
1886. Suppose, for instance, that there are two 
parallel surfaces, the lower one of which, AB (Fig. 1), 
18 moving relatively to the upper with a velocity of 
vfeet per second. If the surfaces are merely adja- 
cent, and there is rfo pressure squeezing them together, 
& film of lubricant between them will adhere to both, 
and be subjected to a shearing action. A line pq, 
which was vertical before the motion commenced, will 
be dragged out into the position p*, and there 
Will be a certain resistance due to the viscosity of the 
lubricant, but the film between the plates is under no 
greater pressure than it is outside them. 

If load bs now applied, the lubricant will simpl 
be squeezed out right and left, and the surfaces wil 
ultimately «o ne into contact 





If, however, the upper surface is inclined to the. 





duced by an internal pressure, and it is this pressure 
which supports the load and keeps the surfaces from 
coming into contact. The bulging of the velocity 
curves takes place right and left of the line of maximum 

ressure, P ( say, and at this section the velocity curve 
is a straight line, as represented by P R, and the hatched 
area P R Q is equal to the other two hatched areas. 
Thus when two surfaces are inclined to one another 
the resistance of the lubricating fluid to shearing is 
transformed into an hydraulic pressure. If the flow 
of the lubricant becomes turbulent, then the velocity 
curves are no longer steady, and the condition of affairs 
represented cannot be maintained, and lubrication 
ceases. The narrower the channel way and the greater 
the viscosity of the fluid the higher the speed at which 
turbulence begins to make its appearance. Professor 
Osborne Reynolds not merely gave the above qualitative 
explanation of lubrication, but worked out mathemati- 
cally from the viscosity of the lubricant the best value 
of the inclination between the two opposing surfaces. 
In the case of journals well bedded in their brasses, 
this inclination is, of course, very small. 

Although this theory of lubrication was published 
in 1886, it was not until many years later that any 
attempt was made to apply the discovery to the con- 
struction of self-lubricating collar-bearings. This 
was finally effected by Mr. Michell, and of this bear- 
ing we have already given a brief description in Eno1- 
NEERING. To his agent in this — Mr. 
Newbigin, A.M.I.C.E., St. Nicolas-buildings, New- 
castle-on-Tyne, we are indebted for some data giving 
results recently realised with these bearings, and for 


the illustrations of a turbine thrust-block which we 
illustrate in Fig. 5. 

The essential factor in obtaining self-lubricating pro- 
perties is to secure that the two opposing surfaces 
shall be slightly inclined to each other. Theangle is, 
however, a very small one, corresponding, say, to an 
inclination of 1 part in 3000. Mr. Michell therefore 
constructs his bearing in such a way that the surfaces 
adjust themselves automatically to the required incli- 
nation. This he effects by transmitting the pressure 
from the moving to the standing collar through a series 
of segmental blocks. These are cut away, as shown 
in Fig. 3, so that the resultant of the load P, at each 
sliding surface intersects the area involved at a point 
bor b,, such that a, b, = 26,¢,andab=2bc. As 
a consequence the pressure is unequally distributed 
over the surfaces a c and a, ¢,, and the block auto- 
matically takes a slight tilt, establishing the condi- 
tion necessary for automatic lubrication. 

The cap on the running part of this bearing is repre- 
sented on the left of Fig. 5. To the right of this is 
shown the collar or box segments in place. One has 
been removed, and is shown separately below. They 
are held in the proper relative positions by small set- 
screws as shown. The standing part of the bearing 
abuts on the spherical seat represented on the extreme 
right. 

, some recent tests of the bearing a load of 800 lb. 
per square inch was successfully carried. The block 
was merely immersed in oil, and attended to its 
own lubrication. It ran quite cool, and the frictional 
resistance was too small to be recorded. A parallel 
test made with an ordinary collar bearing, loaded to 
50 lb. per sq. in. only, showed a coefficient of friction 
equal to 0.06, or practically Coulomb’s value for sur- 
faces merely greasy. 

The diagram, Fig. 4, shows what loads can be 
carried with different lubricants and different running 
8 s, the coefficiency of friction being uniformly 
0.0036. 








THE RIGHT EDUCATION FOR THE 
SHOP-MAN. 
To THe Eprror or ENGINEERING. 

Srr,—Under the above title, it is my object distinctly 
to differentiate between the value, to a shop-man, of tech- 
nical education, as it is generally understood, on the one 
hand; and a logical and practical subservience of that 
which one has learned casually, though studiously, from 
books and experience on the other. It is an acknowledged 
commonplace that in the profession of engineering we 
cannot all be foremen, managers, &c., but it 1s at the same 
time emphatically true that every man who has a desire to 
excel, whether he he a fitter, an erector, a turner, plater, 
boiler-maker, smith, or coppersmith, possesses a valuable 
ally if he is able to acquire persistently and incisively, and 
to conserve, various bits of technical knowledge, and to 
use them for all they are worth in the solution of pro- 
blems connected with his every-day work. 

It is true there is no finality in our profession ; it is 
ever evolutionary and progressive, but there are hasic 
and fundamental principles connected with every phase 
of the engineer’s profession, and the mechanic’s art, which 
are unchangeable. These are the things, the invaluable 
assets I refer to; and with an experience of over thirty 
years, as apprentice, fitter, erector, and machinist and 
works superintendent, I have proved the inestimable 
value of the study of the unalterable principles connected 
with the engineer’s profession. 

I submit there is not one class of artisan among those I 
have mentioned which would not be directly benefited by 
the acquisition of technical knowledge, and its tical 
application. How many erectors of engines and boilers 
know anything about the mechanical theory of heat, 
latent heat, convection. point of saturation, relative 
volume, and superheat ? The erectors of pumps would have 
a valuable ally in a familiarity with pneumatics, hydro- 
statics, and hydraulics—all interesting and absorbing sub- 
jects. Those whose work it is to erect Fae we for heating, 
ventilating, and blast production would find their work 
doubly easy, and the problems connected with such work 
simplicity itself, if supported by a familiarity with pneu- 
matics and convection, the laws of radiation, exchange of 
heat and specific heat. 

The fitter and liner-off in a large works is in a position 
to make or mar the success of any machine-shop with 
which he may be connected, and unless he possesses a 
knowledge of geometry and angular measurements, 
&c., his work, besides taking far too long to do. and of 

uestionable accuracy when done, is a burden to himeelf. 

ut with a familiarity with some of the simpler axioms 
of metry, &c., his job is, tically, a sinecure, 
and his work economical and fully dependable. I have 
found, in ry ogee of this, that an apprentice who 
has acquired the geometrical knowledge referred to is 
more to be depended upon than nine out of ten of the 
fitters around the shop; in fact, one or more may profit- 
ably be taken off the lathe or from other work in some 
shops, to perform a difficult job of lining-off, and ~~ do 
it in about the time the average man would be looking 
for a place to start from. 
And does one need to advocate a knowledge and use of 
figures for the general turner and the miller? Shop 
managers quickly discern the man who thinks arithmeti- 


T. cally ; and we see the result in excellent work, and in Jess 


trouble to ourselves. To the coppersmith who takes 





particulars of outside work, a knowledge of drawing and 
geometry is of the utmost value. A case came under my 
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direct observation where a man had been sent from a 
large copper-pipe works to take particulars of a set of 
piping for a large passenger-boat. I received him on the 
ship, a scholarly, gentlemanly young fellow. He was 
provided with a bundle of } in. diameter common mild- 
steel rods; and with the aid of these, a ket-book, and 
a simple home-made protractor, he made rod templates 
for every oe in the ship in one day. When finished, 
the templates were bundled up ther and sent to the 
works by train. I superintended the erection of these 
pipes, which varied from j in. gas to 10 in. diameter, 
and only one flange had to be slightly set. I met the 
man subsequently y fact, I had the pleasure of bringing 
his truly wonderful expertness to the notice of his em- 
ployers), and 1 found he was a fine geometrician as well as 
a coppersmith. 

As to the value of technical acquirements to the ship- 
plater and the boilermaker, to attempt to do their work 
without them is anomalous and a drudgery. I have 
employed men without such acquirements, and have paid 
dearly for such work. One may see the burly plater, who 
bungles through a job of a repair to the hull of a 
damaged ship, and who succeeds with a process of trial 
and error, and a lot of hard work, in getting new plates 
to fit in place of the damaged ones. But at what a cost. 
I have put similar work out to young fellows, skilled in 
the science which underlies good plating, and it mattered 
not whether the plates were for sheer, garboard, or keel- 
strake, mid-ship, counter, or stem-plates, they would 
take dimensions, make a few bar templates, strike out 
the job, and bend and drill such plates, and think it 
a es to offer one up to its place more than once for 
trial. 

Another man, a boilermaker, and truly worthy of the 
name, was in charge of the replacement of the bottom 
half of each of a battery of Lancashire boilers. He was 
sc sure of his methods that he only visited the boilers 
once, and returned to the works, provided and rolled 
every plate to form, drilling every hole before leaving the 
works. This man had, in his early days, been a close 
student of geometry and conic sections, as well as plating, 
&c.; and the result of the boiler repair was a healthy 
surprise to the Board of Trade inspector as well as to 
myself. 

All these facts, I think, go to prove that which it is the 
writer’s desire to convey —that it is not wise to cram our- 


selves with a surfeit of what is generally known as tech- | P 


nical education, but discreetly and thoughtfully to choose 
that which we are positive will be good for us as me- 
chanics. To acquire and put into use intelligently on 
every possible occasion, in fact, to cultivate a habit of 
applying the technical knowledge we do should be 
the aim of all who pretend to be mechanics, and espe- 
cially those who have a desire always to rank among the 
élite of such an honourable profession. 

I think the ultimate result of such a following after the 
best way of doing work would be that the majority of 
workmen would be thoroughly efficient, and would put 
forth their best mental as well as physical efforts; we 
should have a most desirable ‘‘ free trade” in labour, the 
abolition of vexatious restrictions in the administration 
of our workshops, increased production at reduced cost, 
although on higher wages, a stimulus to invention, trade 
unions fulfilling their only legitimate function of lookin 
after their members’ best interests by co-operating with 
employers for the benefit of all; the exclusion, as far as 
is possible, of other than competent workmen for the 
highest rate of Pay and the distinct — of others not 
so industrious. The settlement of labour questions with- 
out the disastrous consequences inseparable from that 
most barbarous and brutal of all methods—strikes. These 
are but some of the beneficent results which would 
accrue from a whole-hearted effort towards improvement, 
while the general effects would be incalculable, and by no 
means the least would be a substantial elevation of the 
national character, joined to a greater share in the benefits 
of international trade. 

I remain, yours truly, 
J. T. Tow.son. 

50, Newland-street, Silvertown, London, E., 

April 14, 1912. 








“TITANIC” DISASTER AND THE 
BOARD OF TRADE. 

To THE Eviror or ENGINEERING. 

Str,—The article in your issue for April 26 on the 
lessons of the Titanic cisaster su ts that while some 
of the lessons have nm learned, the most important 
question of all has not even been hinted at, and that is, the 
constitution of the Board of Trade, whose remissness, as 
you point out, has been so glaringly evident. Most of your 
readers have come into contact with the Board of Trade’s 
rules and their surveyors in the course of their business, 
and will be aware that while the surveyors are practical 
men who puy do their difficult work in a straightfor- 
ward and reasonable fashion, the rules by which they are 
bound are very far from being either straightforward or 
reasonable. Should the shipcwner or shipbuilder demur 
to any particularly stupid requirement, he is promptly 
told that the ‘* Board” is responsible for the safety of the 
travelling public, and with that he must be content. How 
far the regulations of the Board have fallen short of 
meeting that responsibility has been shown, unfortunately, 
a recent disaster. It is true that a shipowner is at 
liberty to add indefinitely to his life-saving appliances, 
but aah Se keenness of — soy ngs it ie hardly 

ible for one owner to indulge in a large capital expen- 
Rivare on his vessels which is not also borne by his oe = 
titors. Besides the Marine Department of t of 


THE 


Trade there are others where the methods adoptedare quite 
Gilbertian. When a railway disaster occurs, the Board 
of Trade investigation is carried out by a soldier, the reason 





being probably, as Kipling states it, *‘ because of the gold 
on his breeks and the subjects wherein he must pass. 
Because in all matters that deal not with railways his 
knowledge is t.” Just exactly what constitutes the 
Board of Trade no man seemingly knoweth. True, at 
the top there is a Cabinet Minister as President thereof ; 
and presumably far down the scale we again come into 
human contact with “‘ the Board ” in the persons of the 
surveyors ; but neither the party politician nor the 
Government official is a proper person to be entrusted with 
the destinies of our great land and sea transport systems, 
with which are bound up, not only the lives and proper- 
ties of the lieges, but our national existence. There 
is a committee of experts whose services are at the dis- 
posal of the Board, but this committee is only advisory, 
whereas it (in an enlarged form) should be executive. 
Our most successful commercial undertakings are 
managed by a board of trained and experienced men, 
generally representing the various interests concerned. 
Such a board might easily be appointed from the leading 
institutions. If presided over by a neutral chairman, it 
would practically be a board of directors, and with full 
power to deal with its officials—as the directors of a 
company would deal with their employees—it would 
bring about an efficiency such as has never yet been 
seen in any Government Department. If such a re- 
formation be effected, bringing with it regulations 
which will safeguard life and property, while removing 
many of the present-day absurdities, the loss of the 
Titanic might be turned into a national gain, and those 
who mourn the loss of relations and friends, and to whom 
our sympathy goes out so sincerely at this time, will have 
the consolation of knowing that, as far as humanly 
possible, such a disaster will not happen again. 
I enclose my card, and remain, 
Yours truly, 
Critic. 








THE ENGINES OF THE “TITANIC.” 
To THE EpiTor OF ENGINEERING. 
Sir,—There is one feature in the design of the pro- 
— machinery of the Olympic and Titanic which has 
m overlooked in the correspondence relative to the 
loss of the latter vessel. 
These ships are fitted with three propellers; each wing 
ropeller is driven by reciprocating engines of 15,000 
indicated horse-power, while the central propeller is 
driven by an exhaust turbine of 16,000 shaft horse-power, 
but no astern turbine is fitted. 

Assuming the rather high mechanical efficiency of 
90 ie! cent. for the reciprocating engines, there is 
available 43,000 shaft horse-power for going ahead, but 
in case of emergency only 27,090 shaft horse-power, or 
less than two-thirds of the full power, is available on 
reversing for astern work. 

In the case of the Titanic it would appear from the evi- 
dence that the obstruction was sighted some minutes before 
she struck. Whether the other 16,000 shaft horse power 
would have prevented the disaster or not in this case is 
not known, but it would seem on the face of it to be false 

licy to provide in any steamship only a fraction of the 
ull power for astern work when sudden demand arises 
—as it is bound to do under modern conditions of ocean 
travel—and this is especially the case in very large ships, 
where the momentum of the moving vessel is enormous. 
Is there any reason beyond that of extra complication for 


this omission ? 
Yours a 
Pendleton, April 28, 1912. . DANIELS. 


{When the reciprocating engines are reversed they are 
connected direct to the condenser, and their power is 
thus increased by a reduction of back pressure of about 
8 lb. per sq. in. over four low-pressure cylinders 97 in. in 
diameter.—Eb. E.] 





THE WRECK OF THE “TITANIC,” 
To THE Eprtor oF ENGINEERING. 

S1r,—Now that the safety of great ocean liners is at 
oe a topic, may I venture a few remarks on this 
subject. 

When the Board of Trade take this matter up let them 
not forget the pumping facilities which might be arranged, 
so that enormous quantities of water may be dealt with, 
thus averting disaster. 

In the machinery spaces this has been thought of, as 
the main circulating-pumps are fitted with a Tilge suc- 
tion two-thirds the diameter of the main sea inlet. 

I would suggest that the full capacity of these pum 
be utilised for any one or more compartments in the 
vessel, by building a water-tight trunkway fore and 
aft, either through or above the double bottom, with a 
suitable sluice-valve in each compartment worked from 
the deck above the L. W.L. 

Liners with propelling machinery of 20,000 indicated 
horse-power and upwards are specially suited for this 
arrangement on account of the enormous capacity of 
their pumps. 

Take the Titanic, for example; roughly speaking, she 
would have main circulating pumps capable of dealing 
with 10,000 to 11,000 tons 4s water per hour, at, say, 
oh. ana Sh Sotee hone. , . ‘ 

upposing the capacity of each water-tight compart- 
ment was ens 3000. tons, and that four of these had 
been ruptured, she would ship 12,000 tons of water 
during the time between her striking the iceberg and 
sinking, which was about four hours; therefore she 
would fill at the rate of 3000 tons per hour ; this quan- 
tity of water, it will be seen, could have been dealt with 
comfortably by these pumps, thus keeping the ship afloat 
indefinitely. 

The pumping arrangements are, no doubt, perfect, as 


they are at present for ordinary bilge and ballast-tank 
uses, but something on a gigantic salle is needed to cope 
with an accident such as befel this magnificent ship. 

The foregoing figures are only approximate, but near 
enough to illustrate the possible advantage of such a 
scheme. 

Yours faithfully, 
Jas. T. Peraie. 

206, Albert-road, Jarrow-on-Tyne, April 25, 1912, 





SHIPS’ LIFEBOATS. 
To THE EprToR oF ENGINEERING. 

Sir,—I should be glad if some of your shipbuilding 
readers would express their opinion on the following pro- 

in connection with the working of ships’ lifeboat»:— 

In place of the usual davits or patent devices would it 
not be possible to employ a steam jib-crane running on a 
fairly wide gauge in addition toa rack-rail running along. 
side of the funnel and deck-casings; if necessary, the 
carriage of the crane could be made of sufficient height 
to enable the crane to pass over the ship’s lifeboats 
las between the rails. This system would leave 
the ship’s sides entirely free from boat’s gear, which 
would therefore offer an uninterrupted promenade for 
the mgers. I suggest that the boiler of such a crane 
might be of the water-tube type, which would enable 
steam to be raised in ample time to work the boats, 
the boats to be lifted by means of a sling, each sling being 
— with a slip hook, the keep of which could be 

ept in place by a lashing which could be cut. A boat 
suspended by means of a sling would have a far better 
chance of reaching the water safely than with the present 
system of rope falls, which are likely to jam, to say 
nothing of the possibility of inexperienced hands lowering 
one fall quicker than the other, and tipping the occupants 
out. All that would be necessary to keep the boat from 
spinning with its load in mid-air would be the provision 
of a long painter. This system would enable the boat 
to be loaded according to circumstances, either before it 
left its chocks or not until made fast outside the rail, and, 
under certain conditions, the jib of the crane could be 
lowered so as to lower the load well a:vay from the ship’s 
side. Such cranes might also be employed to deal with 
the ship’s cargo, and under favourable conditions could 
transport the lifeboats from one side of the deck to the 
other, to enable the crane or cranes on the lee side to 
launch all the lifeboats carried. 

I further suggest that the use of a crane would enable 
a much larger type of lifeboat to be employed, and, if 
necessary, boats might be stowed on deck one inside the 
other, with a view of economising space. 

From a cost point of view I should be inclined to think 
that the steam-crane arrangement would come out cheaper 
than the numerous davits that would be required to deal 
with a number of boats. I should not, however, advocate 
electric cranes or any arrangement where the power 
required was derived from the steam supplied from the 
main boilers, as a breakdown would put all the lifeboats 
out of use. The speed at which the boats could be got 
away would be infinitely quicker ; it would also enable 
a greater number of seamen to be told off to steady the 
boats. On a big ship two such cranes on each side 
could deal with a very large number of passengers in an 


our. 
I shall be glad to hear what any of your readers have 
to say on this proposition. 
I remain, yours truly, 
April 30, 1912. AN ENGINEER. 





‘“*GAS-ENGINES FOR COLLIERY POWER 
STATIONS.” 
To THE EpIToR OF ENGINEERING. 

Str,—The letter of Mr. H. C. Behr in your issue of the 
26th ult. is most interesting. I find myself quite in 
agreement with his opinion that for a long-distance trans- 
mission of 6000 ft. electric transmission is more efficient 
than ‘isothermal closed-circuit” air transmission. At 
the same time, I maintain that ‘adiabatic closed-circuit 
air transmission is much more efficient than electric trans- 
mission for such cases as surface winding-engines, rolling- 
mill engines, locomotives, and marine engines, when the 
prime mover happens to be an internal-combustion en- 
gine, and can be placed adjacent to the engine, which 
it is to operate. : 

What surprises me very much is to find that many 
engineers, when dealing with ‘closed-circuit ” calcula- 
tions, omit to take into account the most important fact 
of all—viz., that a “‘closed-circuit” has a definite and 
invariable cubic capacity. So far as I have followed Mr. 
Behr’s paper, he ap to neglect the circuit enpacity 
in his efficiency calculations. In all other respects 
believe his paper is the most complete that has yet been 
written on the subject. ae ; = 

As a consequence of a “closed-circuit” having a definite 
and invariable cubic capacity, it follows that compression 
of any part of the air contained in the circuit can only be 
accomplished simultaneously with expansion of the other 
part, with the result that expansion is complete before 
any transmission of power takes place. It follows. there- 
fore, that the efficiency of transmission is independent of 
the range of expansion in the air-engine cylinders. The 
power developed, of course, varies with the range of 
ex ion, but the efficiency of transmission depends 
por on the pressure of the artificial atmosphere and the 
working pressure used. , > i 

When, as in my own system, adiabatic conditions of 
working are used, and maintained by the waste heat in 
the exhaust gases of internal-combustion engines, the 
efficiency of transmission may be greater than 100 per 
cent., this apparently impossible result being due to the 





fact that compressed air constitutes a convenient medium 
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for developing power by expansion through the heat of 
xhaust gases. 
vith regard to the convenience of the system, Mr. Behr 
is surely mistaken in supposing that in the case of the 
locomotive he refers to, any corresponding electric in- 
stallation could be as conveniently put into the same 
space, or for an thing approaching equal weight for the 
same power. far as handling is concerned, the air- 
engine is certainly the simplest in all respects. 
Although at the commencement of this I stated my 
agreement with Mr. Behr’s opinion, that for long-distance 
transmission electric transmission is more efficient than 
“isothermal closed-circuit” air transmission, I would 
point out that the difference is not a great one, and for 
fiery mines is of comparatively little moment, compa: 
with the immunity from disastrous explosions such as 
have already happened through defective electric appa- 
ratus. 





Yours truly, 
Jas. DUNLOP. 
190, Bellfield-street, Dennistoun, Glasgow, 
April 27, 1912. 








“ELECTRICITY SUPPLY: PAST, PRESENT, 
AND FUTURE.” 
To THE EprToR OF ENGINEERING. 

Str,—May I correct your report of my lecture on the 
above subject, in which you say that I stated that all the 
many interesting developments which I had been able to 
discuss had been made within the walls of the Royal 
Institution, with the identical pieces of historical appa- 
ratus lying on the table ? : 

My actual words were as follow :—‘‘ In conclusion, I 
should like to point out that all the many interesting 
developments which I have been able to discuss this 
evening are based upon discoveries made within the 
walls of the Royal Institution, with the identical pieces 
of historical ap’ tus which lie before me on the lecture- 
tible. With these simple coils of wire and these small 
magnets, in this very building, Faraday, in 1831, dis- 
covered the induction of electric currents and their gene- 
ration by the motion of conductors in magnetic fields. 
The working of all dynamo-electric generating plant is 
based upon these discoveries.” 

As you will see, I did not say that all the developments 
which I had been able to discuss had been made within 
the walls of the Institution, but that these developments 


are based wpon discoveries made within these walls—a | }, 


very different proposition, which I do not think anyone 
will venture to dispute. 
Yours truly, 
A. A. CAMPBELL SwinTON. 

66, Victoria-street, 8.W., April 27, 1912. 

| We certainly owe Mr. Campbell Swinton an apology 
for accidentally omitting the words ‘‘based upon dis- 
coveries.” But we retain the opinion we expressed. The 
development of applied electricity has involved many 
fundamental discoveries, including those of Oersted and 
Ampere, as well as those of Faraday. Certainly the 
Parsons turbine, to which Mr. Swinton devoted muc 
time, was not based upon discoveries made within the 
walls of the Royal Institution.—Ep. E.] 





THE BLOWING PRESSURE OF SAFETY- 
VALVES. 
To THE Epitor oF ENGINEERING. 

Sir,—A discrepancy between the calculated pressure 
and the actual pressure at which some lever safety-valves 
lifted induced me to investigate the cause. As it is a 
subject of interest to all those who have to deal with 
steam, and I venture to think the effect of wide safety- 
valve faces is not generally understood, I send you the 
result of some tests I carried out. The experiments were 
carefully made, the five valves being directly loaded with 
the same deadweight; the hole under the valve in each 
case was 18 in. in diameter; the pressure at which the 
valve lifted was ascertained by means of a Bourdon gauge, 
with large divisions, which had been Bg tested 
against a standard duplex test-gauge. Valves Nos. 1 and 
2on the attached list had the usual 45-deg. mitre, and 
the diameter of the valve was measured at the outer edge, 

Tests to Ascertain the Effect of Wide Safety-Valve Faces. 














| 
| Hole Valve Hs Weight | 5 Differe 
Under Across 7 per §6| 83 a 
a Valv F. Z Square | 5 in Pressure. 
5 ve. ace. = Inch. & 2 
@ =< ae —— 
. $e ee 
ol g = 4 | mel gs }&S| « Pi 
24 g £33 2/2/22) = 
S255 4 Sie? ce lst| = | é 
ineqin in. sqin) Ib. | Ib. Ib. | Ib. Ib. Ib. 
1* 45° 182.073 19d 2.355/66,924/32.28 28.41 28) - 3.78 +0.09 
2*| 45° 182.073 149 2.571/66,924/32.28/26.00} 28  - 4.28 +0.20 
3 Flat 1g 2.073 1} 2,405/66,880 32 28/27.81 | 7 - 5.78| +1.30 
4 ,, 122078 19 2.761/66,902 32.2824 23) 244 - 7.78) +0.27 
5 ,, 182073 2 $,141/66,913 32.28 21 30) 22 10.98 +070 


* The diameter of face in these cases was measured to the outer 
edge of the mitre, 
or larger diameter of contact with the faces. Nos. 3, 4, 
and 5 had flat faces, and were bedded to the seat from 
the inner to the outer edge, the inner edge being the same 
diameter as the hole under the valve. 

The results, as given in the table, show that the 
difference in pressure in terms of the area covered by the 
valve itself varies very little from the calculated pressure, 
but the difference in ure at which the valve lif in 


‘ good bearing all over the face, it is not at all clear to me 
why the valve must be loaded according to the area 
covered by the valve itself, and not according to the area 
of the hole under it. Perhaps some of your scientific 
readers may be able to explain. 

Yours faithfully, 


Soulina, Roumania, April 25, 1912. 


KORGE Nutt. 








THE LAW OF COMPARISON FOR SURFACE 
FRICTION AND EDDY-MAKING RESIST- 


ANCE. 

To THE EprTor oF ENGINEERING. 

Sir,—Referring to Dr. Stanton’s reply to my previous 
letter, I fail to see that his statements (1) and (2) have 
anything to do with the point raised. The residuary 
resistance, which includes eddy-making and wave-resist- 
ance, of model and ship are compared at the corresponding 
8 s given by Froude’s law of comparison. Dr. 

tanton’s experiments in air show that at about the same 
absolute speed the coefficient of eddy-resistance of a small 
plate is 10 to 15 per cent. less than that of a similar large 
plate. With our present knowledge it is somewhat 
misleading to say that this difference is maintained at 
corresponding speeds a small and large plates. 
Eiffel’s latest experiments show that an appreciable 
reduction in the coefficient of eddy-resistance occurs as 
the speed increases. This corroborates other experimental 
results, and it is quite possible that, if Dr. Stanton had 
ex his large plates to winds with a speed of, say, 
100 to 120 miles per hour, a reduction in the coefficient 
would be obtained equal to the 10 or 15 per cent. quoted 
in his paper. 

I did not suggest in my letter that Froude’s law of 
comparison should be used for propeller-work. That has 
been done for years, and was suggested long before the 
writer was born. I quoted the propeller results to show 
that for a greater difference in ale. Froude’s law gave 
as results as the example given in Dr. Stanton’s paper. 

y difficulty in connection with Rayleigh’s law of 
similitude as applied to eddy-resistance is that, although 
mathematically correct, no conclusive experimental 
evidence has yet been brought forward to support it. 
On the other hand, although Froude’s law of comparison 
applied to such resistance may not be mathematically 
correct, yet experimental evidence is accumulating to 
show that it gives correct results when employed. It 
as the advantage of being practical for experimental 
work, whereas Rayleigh’s law is not. 

I am, Sir, yours faithfully, 
A. W. Jouns. 
104, Huron-road, Upper Tooting, April 29, 1912. 





UNITED STATES NAVY DEPARTMENT 
AND ‘* ENGINEERING.” 
To THE EprTor oF ENGINEERING. 
Sir, — The report of the United States Board, to 
which you refer in the leading article of your issue of the 


h | 26th ult., has been printed in Spanish, French, and, I 


believe, other langu and very freely distributed 
amongst naval and military Governments and their ord- 
nance committees and officials the world over; and I 
think that, in common justice to such a matter of great 
concern, the United States Naval Institute should publish 
your present editorial in reply, with an undertaking that 
at shall reach the hands of all to whom their pamphlet has 
been sent. 
Yours obediently, 
Marten Hace. 
Furzedene, Kinnaird-avenue. Bromley, Kent, 
April 29, 1912. 

[We are obliged to our correspondent for his letter and 
the information it contains. e have no objection what- 
ever to our article on page 565 of last week’s issue being 
reproduced in different langu and distributed in the 
same way as the report of the United States Board. The 
action taken, indicated by Mr. Hale, shows that the report 
is not so dissociated from commercialism as its authors 
would like the public to believe, and we doubt if, for this 
reason, they will give ‘‘ naval and military Vag ape 
and their ordnance committees and officials the world 
over” the privilege of reading our reply to their report 
in criticism of our original article. But ENGINEERING 
subscribers include all such Government officials ; indeed, 
those who have distributed the report ‘‘the world over” 
seem to realise this.—En. E.] 





‘THE STEREOPHAGUS PUMP.” 

To THE Eprror oF ENGINEERING. 
Si1r,—The remarks contained in the Hon. R. C. Parsons’ 
letter in your current issue are useful as giving further 
support to the statements made in our previous letter, if, 
indeed, support should be required. 

We have written from the point of view of a long con- 
nection with centrifugal pumps supplied for sewage 
pumping. It would appear that Mr. Parsons’ experience 
of this class of work is not of an extensive character, and 
that therefore he has set out to surmount difficulties 
which longer experience will show him do not exist in 
just the way he at present imagines. ’ ' 

We quite agree with him that his pump is an improve- 
ment on reciprocating pumps for raw or unscreened 
sewage, because the reciprocating pump, with its numerous 
valves, tortuous and wearing plungers, has long 
been held to be the most unsuitable form of pump for 
dealing with sewage containing large quantities o stringy, 
ropy matters, to say nothing of grit and other solids. On 
the other hand, it does seem strange to us that, at this 
date, when the centrifugal pump is dealing in a most 


of pumping-stations, and has been doing so for many 
years past, we should find it seriously suggested that its 
use involves difficulties which make it necessary to intro- 
duce the ingenious details of the “‘ Stereophagus” pump. 

If Mr. Parsons wishes to test the accuracy of our state- 
ments, we are quite prepared to furnish him with fuli 
information which may be of service to him. 

Yours faithfully, 
For CLaYTon AND SHUTTLEWORTH, LimITED, 
Lincoln, April 30, 1912. E. W. Sarceant. 





GOVERNING STEAM-TURBINES. 
To THe Eprror oF ENGINEERING. 

S1r,—We notice in your issue dated April 26, page 572, 
a letter from Mr. F. O. L. Chorlton cchevian to steam- 
turbines, in which the rise in speed from full load to one- 

uarter load was less than 0.7 per cent. He states that 

@ engine was controlled by a Chorlton-Whitehead 
governor, and that this governor is quite unique, and 
that he is not aware of any but the Whitehead and 
Chorlton-Whitehead governors which are capable of 
epgvenciios isochronism so closely, while maintaining at 
the same time entire freedom from hunting. 

In order to prevent further expression of this erro- 
neous impression, we would like to draw your readers’ and 
Mr. Chorlton’s attention to a composite governor and 
speed-regulator, known as *‘ Lumb’s system of govern- 
ing,” which is very extensively used. his governor will 
maintain pa | the same speed of engine, whether the 
load be full | or one-quarter load, and is entirely free 
from hunting. 

We are, Sir, yours faithfully, 
For James Lums anv Sons, Limirep, 
Levi Lump, A.M.I.M.E., Director. 
Perseverance Works, Elland, Yorks, May 1, 1912. 





ACCELERATED SeErvick To Beruin AND Nortu Ger- 
maNY.—The Great Eastern Railway, London, ask us to 
announce that, on and from May 1, the service to and 
from Berlin and many North German towns has been 
ou accelerated by the Harwich route, with the result 
that the journey from Berlin to London is now reduced 
by 1 hour 25 minutes; the journey occupies 17 hours 55 
minutes only. There is also a saving of 1 hour 43 minutes 
in the journey to Leipsic, and 1 hour 39 minutes to 
Dresden. Through carriages and restaurant cars are run 
between the Hook of Holland, Hamburg, Berlin, Leipsic, 
and Dresden. Passengers are able to breakfast, lunch, 
and dine en route, and can have a night’s rest on the 
turbine-steamer. 





THE MacpONALD SUBMERSIBLE ELEcTric Moror.— 
A demonstration with the Macdonald submersible 
electric motor, which is manufactured by Submersible 
and J. L. Motors, Limited, of Southall, was held at the 
Hammersmith Works of Messrs. Gwynnes, Limited, on 
the 29th ult. The demonstration consisted in pumping 
out and raising a sunken barge by means A a sub- 
mersible motor coupled to a centrifugal purp, and 
operated by a two-phase supply from the shore. We 
described the Macdonald motor in vol. xci., page 312, 
and at the present time it will suffice to say that it is of 
the squirrel.cage type, and has its electrical parts so pro- 
tec that it will stand continuous immersion in water ; 
further, that arrangements are made to pass a stream of 
water between the rotor and stator during working, so that 
a forced cooling and consequent higher rating is secured. 
The latest form of apparatus has the motor and pump 
arranged in a single casing, so that a very portable and 
convenient device is secured, which should be especially 
valuable for marine salvage work. The whole apparatus 
is capable of being slung by a chain, and the only rigid 
or semi-rigid connection to it is formed by the discharge 
pipe. The pump is, of course, drowned at all times, so 
that there is never any difficulty in starting up. The 

ump, which forms part of the apparatus, is supplied by 

essrs. Gwynnes, J.imited, while the electrical portion is 
built by Submersible and 2 & Motors, Limited. It is 
stated that orders for plants have been placed by the 
Admiralty and by the Liverpool Salvage Association. 





Contracts.—The Falcon Railway Carriage and Wagon 
Works, Loughborough (Brush Electrical Engineerin 

Company) have secured a contract for the supply o 
12 covered goods wagons, 8 open wagons, 10 rice wagons 
(all of steel construction), 12 cattle wagons, and 8 timber 
and rail trucks, for the Royal Siamese State Railways 
(southern line).—The British Humboldt Engineering 
Company, Limited, Dixon House, Lloyd’s Avenue, E.C., 
report that they have a plant for roasting tin wolfram 
concentrates, at the present time in course of erection at 
the Straits Trading Company’s works near Singapore, 
which contains one of their multiple-hearth Humboldt 
roasting furnaces.—Meesrs. Pratchitt Brothers, Denton 
Tron Works, Carlisle, have received the order to equip 
a colliery in the north of England with hydraulic deckio 

and ears apparatus. — Messrs. Yd. Bennis an 

Co., Limited, 28, Victoria-street, Westminster, S.W., 
send us a list of recent contracts for ninety-one stokers, 
sprinklers, cokers, and chain grates, and three coal- 
handling plants. Among the customers are electrical 
undertakings, gas-works, collieries, iron and steel worke, 
chemical works, paper mills, flour mills, biscuit works, 
oil and cake-mills, glue works, cotton-mills, spinning- 
mills, textile works, dyeing works, &c., while there is a 
fair proportion of repeat orders. Among the names the 
following firms of engineers are noticeable as customers : 
—Messrs. H. Bessemer and Co., Limited, Sheffield ; 
Messrs. Steel, Peech and Tozer, Limited, Rotherham ; 
and the British Insulated and Helsby Cables, Limited, 








terms of the area of the hole under the valve, is consider- 
able. As the valves were carefully fitted, and had a 





perfect manner with raw sewage at au immense number 
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oCOMOTIVE; NORTH BRITISH RAILWAY. 


\TENDENT, BY THE YORKSHIRE ENGINE COMPANY, LIMITED, SHEFFIELD. 
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Avustratia : Gordon and Gotch, Limited, Melbourne; Sydney ; Brisbane ; 
Perth. Turner and Henderson, Sydney, N.S.W. T. Willmett and 
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Tue InstrruTion oF Mecnanical Enowesrs.—Friday, May 3, at 
8 p.m., an extra meeting will be held, when the discussion will be 
resumed by Professor J. O. Arnold on ‘‘ The Tenth Report to the 
owe Research Committee : On the Alloys of Aluminium and 
Zinc.” 

Tue Socrsty or Enemvesrs.—Monday, May 6, at 7.30 p.m., at 
the Institution of Electrical Engineers, Victoria Embankment, 
W.C. A paper will be read on “ The Effect of Intermittency in 
Limiting Electric Traction for City and Suburban Passenger 
Transport,” by Mr. W. Yorath Lewis, A.M.I. Mech. E., A.M.LE.E., 
M. Am. Soc. Mech. E. 

Tue Roya Socmty or Arts.— Monday, May 6, at 8 a=. 
Howard Lecture: ‘“‘ Heavy - Oil = ”" by Captain H. Riall 
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Colonial Section. ‘Colonial Vine Culture,” by Mr. Alan Bur- 
goyne, M.P. Wednesday, May 8, at 8 p.m. ‘* British Rule in 
Nigeria,” by Mr. E. D. Morel. Colonel Sir Edouard Percy C. 
Girouard, R.E., K.C.M.G., D.8.0., Governor of Northern Nigeria 
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preside. 

Tar Rontegen Socrety.—Tuesday, May 7, at 8.15 p.m., at the 
Institution of Electrical Engineers, Victoria Embankment, W.O. 
A paper will be read on “ The Education of the Brain, Considered 
as an Electrical Machine,” by Mr. W. Deane Butcher, M.R.C.8. 
Eng.. illustrated by lantern-slides. 
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s only (New Articles of Association), to be 
followed by an ordinary g J ting. ‘‘The Behaviour of 
Direct-Current Watt-Hour Meters, more especially for Traction 
Loads,” by Mr. 8S. W. Melsom (Associate Member), and Mr. H. 
Eastland. ‘‘ Electric Meters on Variable Loads,” by Professor D. 
Roberston, Member. 

Tue Iron anp Steet Instituts.—Thursday and Friday, May 9 
and 10, at the Institution of Civil Engineers, Great -street, 
Westminster. Thursday, May 9, at 1030 am. The mer 
Gold Medal for 1912 will be presented to Mr. J. H. Darby. The 
President, Mr. Arthur Cooper, will deliver his inaugural address. 
A selection of papers will be read and discussed (Nos. 11, 13, 3, 
8,and 14). The meeting will teadjourned at 1 p.m.; resumption of 
meeting at 2.30 p.m. Papers Nos. 2, 1, 6, 7, and 4 will be read and 
discussed as far as time permits. At 7 p.m. the annual dinner 
of the Institute will take place at the Connaught Rooms, Great 
Queen-street, W.C. Friday, May 10, at 10.30am. The Andrew 
Carnegie Gold Medal ~~ 1911) will be presented to Dr. P. 
Goerens (Aachen), and the award of Research Scholarships 
for the current year will be announced. A selection of papers 
will be read and discussed (Nos. 9, 10, 12, 5). The following 
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ture of Steel,” by Dr. H. Nathusius, Friedenshiitte, Upper Silesia. 
12. ‘** A New Process for the Investigation of Fractured Surfaces 
of Steel,” by Mr. F. Rogers, Sheffield. 13. ‘“‘ The Welding-Up of 
Blow-Holes and Cavities in Steel Ingots,” by Dr. J. E. Stead, 
F.R.S., Middlesbrough. 14. ‘‘ Note on Some Remains of Early 
Iron Manufacture in Staffordshire,” by Professor T. Turner, 
Birmingham. 15. ‘‘ Further Notes on the Early Use of Iron in 
India,” by Mr. H. G. Graves, United Service Club, Calcutta. 

Tue Junior InstiruTion or ENGineers.—Friday, May 10, at 
8 p.m., at the Institution of Electrical Engineers, Victoria Em- 
bankment. Paper on ‘‘ Notes on Telephone Exchange Equip- 
ment,” by Mr. Alex. J. Gayes, Durham Bursar. 

Tas Royal Inetrrvtion or Great Brirain.—Friday, May 10, at 
9p.m. ‘The Gaumont Speaking Cinematograph Films,” by 
Professor W. Stirling, M.D., LL.D., F.R.S., illustrated by the 
aid of M. Gaumont. Afternoon lectures next week at3 o’clock:— 
Tuesday, May 7. Mr. Frank Balfour Browne, M.A., F.Z.S., on 
“Insect Distribution, with Special Reference to the British 
Islands” (Lecture II.). Thursday, May 9. Professor J. Norman 
ollie, Ph.D., LL.D., F.R.S., on ‘* Recent Explorations in the 
Canadian Rocky Mountains” (Lecture II.). Saturday, May 11. 
Mr. H. Plunkett Greene, on ‘‘ Interpretation in Song : (I.) Equip- 
ment.” (With vocal illustrations. Accompanist, Mr. 8. Liddle.) 
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peratures,” by Mr. J. A. Harker, D.Sc., F.R.S , and Mr. G. W. ©. 
Kaye, D.Sc. 4. ‘Calibration of Wave-Meters for Radiotelegraphy,” 
by Professor G. W. O. Howe. 
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ECONOMY IN STEEL-WORK. 








THE question of first cost constitutes only one 
factor in determining the choice of machinery, 
whatever its nature, and may be, and frequently 
is, outweighed by such considerations as efficiency, 
reliability, and cost of maintenance. In the case 
| of structural steel-work, however, the lowest tender 








is nearly invariably the successful one, and con 
tractors have accordingly every inducement to 
reduce to a minimum the cost of manufacture. 
On the whole this tendency has made for good. 
Certain risks have been run, and certain disasters 
have followed, but, on the whole, a satisfactory 
bridge, girder, or crane can be obtained now ata 
lower price than was ible twenty years ago, 
This has resulted in the main from the gradual 
weeding out of inefficient types of truss, and not 
from reductions in the cost of material, or to any 
large degree from improvements in workshop 
appliances. 

n a highly interesting and very valuable r 
entitled ‘‘La Recherche de la Légéreté tay , 
Constructions Metalliques,” first contributed to the 
Revue Universelle des ‘Mines de la Metallurgie, and 
since published in a separate form by the author, 
M. G. L. Gerard has discussed very fully the means 
and methods by which engineers and contractors 
have in recent years effected a saving in the weight of 
structural steel-work. In work of this class weight 
forms by far the most important element in the 
total cost. The mechanical operations involved are 
relatively simple, and hence a moderate increase in 
labour costs may well be permitted if it will result 
in a substantial saving of weight. It is this fact, 
as M. Gerard points out, which has forced con- 
tractors into refinements of calculation which a 
quarter-of-a-century ago would have been considered 
absurd. At that epoch the, theoretically unassail- 
able, maxim, that rough assumptions were permis- 
sible so long as they were on the safe side, was 
made frequent use of in the actual preparation of 
designs. It was usual, for instance, to proportion 
bridges for a uniform rolling load, but the allowances 
made and the types of girder used were such that 
structures thus designed proved quite satisfactory. 
With the growth of the system of demanding com- 
petitive designs, however, a change was found to be 
necessary. By departing from established practice 
it was possible to design bridges satisfying all the 
requirements of a specification, based upon the use 
of a uniform rolling load, with a truss much less 
costly than established patterns, but at the same 
time very likely to be, in parts, seriously over- 
strained by the passage of heavy concentrated 
loads. As Professor Unwin has remarked, all 
design is based upon the principle of similarity, 
and, accordingly, the circumstance that a bridge 
of one type, designed for a uniform rolling load, 
has proved satisfactory under concentrated loads, 
is no guarantee that a dissimilar bridge equally 
strained by a uniform load will equally well take 
the actual traffic of a railway line. Hence has arisen 
the now very general practice of specifying typical 
train-loads. These have much increased the work 
of the computer, but have undoubtedly made it 
possible to reduce the cost of railway bridge- 
work. 

In other respects, however, the greater reliance 
on computations pushed to the utmost limit of 
accuracy has been less satisfactory. There has been 
a tendency to estimate the value of a particular 
form of truss, rather from the facility with which 
the stresses in it could be computed, than by refer- 
ence to past experience of it in bridges under traffic. 
In Germany this tendency would seem to have been 
pushed to an extreme. M. Gerard states that the 
terms of reference of the commission, appointed 
there, to report upon structural steel-work makes no 

rovision for an examination into the behaviour of 

ridges under traffic. Hence, he says, statically 
indeterminate structures are not favoured in Ger- 
man practice, although the experimental research 
of M. Rabut have shown that the actual stresses 
in such bridges may be in much better agree- 
ment with calculation than they usually are in the 
case of trusses with a single system of triangulation, 
Experience with bridges having a double system of 
latticing has certainly been remarkably satisfactory 
and goes to confirm M. Rabut’s results, unwelcome 
as such a conclusion may be to the computer who feels 
security in the absence of uncalculable stresses. In 
actual fact, however, calculated stresses form but an 
imperfect criterion of safety. Whilst the results of 
Wohler and Bauschinger must not be pushed to 
extremes, there is no doubt that within a consider- 
able compass the security of a structure depends 
upon the range of stress rather than on its actual 
intensity. This fact goes far to explain the very 
satisfactory record of well-built continuous girders 
under actual traffic. It is, of course, easy to show that 
with such bridges a small settlement at a pier may 





make very considerable alterations in the absolute 
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value of the stress attained, and this circumstance 
is disturbing to the of mind of the mere 
computer. Nevertheless, though the value of the 
stress may be altered by the settlement, its range 
is uneffected, and consequently only a really serious 
settlement would involve danger to the structure. 

The bridge which carries the Western Railway 
of France over the Seine, near Asnieres, consti- 
tutes a remarkable example of the efficiency of a 
well-built continuous girder. The bridge consists 
of five box girder spans, four of which are con- 
tinuous. The three central spans are each 107 ft. 
between centres of piers, and the shore spans a 
little less. There are four tracks, the roadway 
being above the girders, of which there are five 
lines strongly braced together. It was erected 
in 1848, to the designs of M. E. Flachat, and has 
continued to carry the steadily increasing traftic 
of the railway ever since that date. Some doubt 
having arisen as to the safety of this structure 
under loads much heavier than those for which 
it was computed, M. Rabut, in 1892, made an 
exhaustive examination into the actual intensity 
of the stress on the metal, both under the 
ordinary traffic and under the 120-ton Heilmann 
locomotive. These showed the perfect capacity of 
the bridge to carry the traffic, in spite of the great 
increase in the weight of the rolling-stock. In fact, 
it was found that, owing to the careful manner in 
which the girders had been interbraced, the load on 
any one track was to no inconsiderable degree dis- 
tributed over the whole five girders. Of course, 
if all four tracks were simultaneously loaded with 
the very heaviest stock, no reliance could be placed 
on the assistance each afforded the others ; but 
such a condition of affairs is, in practice, impos- 
sible, and a continuous record of the deflections 
under traftic during a period of 24 hours showed 
no exceptional increase of deflection even when 
several trains passed simultaneously over the bridge. 
When, therefore, it became necessary to provide 
new tracks, it was decided to let the old structure 
stand, and add two new tracks to one side of it. 
In designing these new girders M. Rabut took full 
advantage of the data acquired in his measurements 
of the actual stresses developed by the latter under 
traffic, which were notably less than indicated by 
the ordinary theory, and this new bridge is accord- 
ingly perhaps the most scientifically designed struc- 
ture existing. A description of it, by M. Rabut 
himself, will be found in Le Genie Civil for May 13, 
1911, to which we are indebted for the foregoing 
particulars. 

A drawback to the plan of designing structures 
in accordance with experience rather than on 
theoretical assumptions is that the method is diffi- 
cult to teach. Any intelligent lad can be quite 
easily taught to compute the stresses in simple 
structures, and can accordingly be quickly made 
useful in the computing department of a bridge 
works. In fact, the plan of avoiding all indeter- 
minateness of stress enables structures to be got 
out with a minimum of intellectual effort, so that 
the steadily increasing popularity of the system 
is easily accoun for. Some railway engineers, 
however, still insist on having stiff structures, 
owing to their satisfactory behaviour under traffic. 

We have already in ENGINEERING called atten- 
tion to M. Rabut’s researches into the deflection 
of bridges under traffic. These seem to be almost, 
if not quite, the only accurate determinations yet 
made of the dynamic action of a moving load. If 
crude apparatus is used in experiments of this kind, 
a very large ‘‘impact”’ effect will be found. Thusa 
marble resting on the plates of a girder traversed by 
a fast train will, owing to its inertia, be jumped 
clear of the girder, and much of the apparatus used 
at different times to measure the impact has been, 
in actual fact, little better than some system of 
measuring to what height such a marble may be 
jerked during the e of a train. To get 
accurate results, the moving parts of the an 
must have practically no :nertia, and apparatus of 
this kind designed by M. Rabut has demonstrated 
the exceedingly low value of the impact factor. 

M. Gerard, in the article to which we have 
already referred, makes a comparison, which we 
reproduce in the next column, between the impact 
aipwek for by the specifications of the American 
Bridge Company and the true values as determined 
by M. Rabut. Of course, no one disputes the fact 
that certain observers have recorded deflections 
which apparently ora the enormous factors in the 
second column of this table, but the point remains 


that these observers were merely measuring the 





inertia of their apparatus, and not the true deflection 
of the bridge. 
Comparison of Impact Factors. 


Impact Factor. 





Spans, ielilipeainiianniinaasnanigmaaiiins 
American Bridge Company. M. Rabut. 
ft. per cent. per cent. 
33 90 14 
160 85 0.6 





M. Rabut has conclusively shown that the indi- 
vidual members of a bridge cannot be considered 
as acting independently of the rest. The very 
roadway does in actual fact act partly as a chord 
member, and so do also the diagonals of the wind- 
bracing. The most scientific method of saving 
weight in bridge design is, therefore, to take ad- 
vantage of these facts. Perhaps the most notable 
example of what is possible in this direction is 
afforded by the agihouieg of the bridge which 
carries the Rue Legendre over the Western Rail- 
way tracks in Paris. This is described by M. Rabut 
in the article already cited. The structure in ques- 
tion consisted of five lattice girders strongly in- 
terbraced, and carrying a roadway on the top. The 
span was 40 metres, and had to be increased to 
48 metres. At first sight, it would seem impossible 
to avoid the complete rebuilding of the bridge. 
On measuring, however, the stresses developed by 
the traffic, M. Rabut discovered that the roadway 
was acting as a very substantial reinforcement of 
the top flanges. The compressive stress on the 
latter was greatly reduced, and at the same time, 
owing to the consequent change in the position of 
the neutral axis, the tensile stresses in the lower 
chords were also found to be very much less than 
had been calculated. Hence it was found quite 
possible to increase the span by the 8 metres 
required, without overstraining the metal or adding 
to it any reinforcement, the girders being simply 
lengthened at one end. 

If an allowance is made in new structures for 
the reinforcement provided by the floor, the amount 
of metal in the chords can be substantially reduced, 
or, on the other hand, the effect of the floor may 
be omitted from consideration in the first instance, 
and held in reserve as a safeguard against over- 
strain from the continuous increase in the weight 
of the rolling load. As a matter of fact, it is 
to this almost unsuspected effect of the floor 
that the longevity of many of the bridges erected 
in the early days of the railway is to be attributed. 
In order that a corresponding benefit shall be reaped 
in the future it is essential that the floor shall be 
designed with a somewhat liberal factor of safety, 
since concentrations which have little effect on the 
main girders are much more serious for the cross- 
girders and longitudinals. The latter are often 
calculated as if they formed independent spans. 
As a matter of fact, however, they are practically 
invariably riveted for their full depth to the cross- 
girders. Hence they must, in actual fact, act as 
continuous girders; and if no provision is made for 
this by cover-plates over the cross-girders, the rivets 
are exceedingly likely to work loose. Similarly, in 
plate-girders the web cannot help taking its share 
of the bending moment, and the joints in it should 
be proportioned accordingly. 

hilst M. Rabut’s methods constitute the most 
scientific method of securing lightness in bridge 
design, they are not, as already suggested, suitable 
for universal use, since they require the exercise 
of judgment, and not merely a knowledge of graphic 
statics and arithmetic; hence most bridge contractors 
will probably continue to secure economy along 
other lines. In this connection M. Gerard makes 
some interesting comparisons between the relative 
economy of different forms of truss. Thus he states 
that the Polonceau, or, as it is sometimes called, the 
Fink type of roof truss, weighs some 5 to 10 per 
cent. less than other types, provided always that the 
tie-bar is kept approximately horizontal. Again, 
he quotes the following figures showing the differ- 
ence in the weights of crane girders constructed by 
the Duisberg-Maschinen A.-G. :— 





Weight. 
Load. Span. 

Plate Girder. Truss. 
kg. m kg. kg. 
60,000 24 13,500 12,300 
80,000 14 6,300 5,700 
50,0 0 22.70 3,100 2,500 
30,000 19.40 6,650 5,400 








M. Gerard states that the truss weighs less than 
the plate girder, even for spans of as little as 
10 metres. Whether the two types of nominally 
equal strength are really equally effective in practice 
is, however, we think, another matter on which a 
good deal might be said. 

For railway bridge spans of 150 ft. or so, M, 
Gerard states that parabolic girders weigh some 
10 per cent. less than those with parallel flanges, 
since the economical depth is then about one- 
seventh in place of about one-tenth. 





SECOND-CLASS CRUISERS FOR THE 
BRITISH NAVY. 

Tue Dublin, which was launched on Tuesday 
from the Naval Construction Works at Dalmuir, of 
Messrs. William Beardmore and Co., Limited, js 
the first of the contract ships of the class of the 
1910-11 programme to be launched, the work 
having been considerably delayed owing to labour 
troubles. Of this type of unarmoured ship we have 
in recent years built quite a number—three have 
been constructed by Messrs. Beardmore. Early 
in 1909 five were laid down—the Bristol, Glasgow, 
Gloucester, Liverpool, and Newcastle. In January 
and February of the following year four more 
were put in hand — the Dartmouth, Falmouth, 
Weymouth, and Yarmouth. All of these nine 
ships are completed. In the spring of last year 
three were given out by the Admiralty, the build- 
ing of one of them—the Chatham—being entrusted 
to Chatham Dockyard, and the work on her 
began at a much earlier period than in the case 
of the Dublin or of the Southampton, the last- 
named being ordered from Messrs. John Brown 
and Co. This year three more were provided for, 
one of which—the Birmingham—was laid down at 
Elswick some weeks ago, and the two others—the 
Lowestoft and Nottingham—are to be built in the 
dockyards, one at Chatham and one at Pembroke. 
This makes fifteen in all for the Imperial Fleet. 
In addition there are at present being constructed 
two ships of the same class for the Australian 
Fleet—one at Messrs. Cammell Laird and Co.'s 
yard, and the other by the London and Glasgow 
Company, while a third will be constructed in 
Australia. All of these ships, it will be noted, 
are named after towns in the United Kingdom so 
far as the Imperial Navy ships are concerned, while 
Sydney, Melbourne, and Brisbane give their names 
to the Australian ships. 

The designs of all are by Sir Philip Watts, K.C.B., 
the Director of Naval Construction, and the excel- 
lent results got fully justify the large number 
built on the same general lines. Improvements 
have been effected in successive ships without 
materially increasing the size. Throughout, the 
length has been kept to 430 ft., but the beam has 
been increased in gradual steps from 47 ft. to 
49 ft. 6 in. in the case of the ships recently ordered, 
while the draught has been augmented from 
15 ft. 3 in. to 15 ft. 10 in., the displacement rising 
from 4800 tons to 5440 tons. The earliest ships 
were designed to give 25 knots, with their turbine 
machinery developing 22,000 indicated horse - 
power. , all cases this speed has been exceeded, 
the average rate being nearly 26 knots. The newest 
vessels have an arrangement of twin-screw turbine 
machinery, each shaft having independent units 
for the complete range of steam expansion, from 
boiler pressure to condenser vacuum. The power 
in the latest ships is 25,000 horse-power when 
running at 380 revolutions. Some of the vessels 
are fitted with Brown-Curtis turbines, but most of 
them have Parsons turbines,.and these also, in this 
year’s ships, have an impulse-wheel at each high- 
pressure end, alike for ahead and astern work, with 
reaction blading for the remainder of the expan- 
sion. It would seem as if experience pointed to the 
suitability of this design for the twin-screw arrange- 
ment. nder those conditions 25 horse-power 15 
realised per ton of machinery. The boilers are of 
the small-tube ‘‘express” type, with 2 sq. ft. of 
heating surface per shaft horse-power developed. 
The tubes are of 1} in. external diameter, and 
the power to be realised per square foot of 
grate is close upon 30 horse-power. The power 
has only increased in the same ratio as the dis- 
placement, the addition to beam and draught, 
and therefore to displacement, having been decided 
upon largely to augment the gun-power. 

The earliest ships had two 6-in. guns—a bow and 
stern chaser—with ten 4-in. weapurs on the brow:- 
side, but in the second series of ships the armament 
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was made uniform, eight 6-in. guns being fitted, 
and this is the nang adopted in the Dublin. In 
the later ships there is a further development, as 
the number of 6-in. guns is increased to nine, and 
in addition, there are four 3-pounders carried. The 
two submerged tubes are 21 in. in diameter. These 
changes greatly increase the offensive power of 
the ships, which are bound to give a very good 
account of themselves. The fuel capacity, too, is 
such as to give a wide radius of action. It is 
remarkable that, notwithstanding the increase in 
size and power, there has been an actual reduction 
in the cost of the ships, the earliest vessels working 
out at an average of about 350,0001., or about 731. 
per ton displacement ; whereas the later ships, 
sufticiently far advanced to enable a definite esti- 
mate to be made of their cost, work out at an 
average of about 335,000 , or about 62/. per ton. 
Obviously there is either keen cutting or superior 
economy in construction in shipyards ; probably 
the former is more operative than the latter. 





AMMONIA AND NITRIC ACID FROM 
THE ATMOSPHERE. 

Ix two lectures on ‘‘Synthetic Ammonia and 
Nitric Acid from the Atmosphere,’ delivered at 
the Royal Institution, on April 18 and 25, Professor 
Arthur W. Crossley, D.Sc., F.R.S., reviewed the 
present state of the technical fixation of atmo- 
spheric nitrogen, a problem, he stated, which 
almost every country except the United Kingdom 
was working to solve on a practical scale. Referring 
in his introduction first to the importance of nitrogen 
for agriculture, Dr. Crossley quoted Liebig’s saying, 
that agriculture without manuring was robbery of 
the soil. What could be achieved had been estab- 
lished in Germany, which forty years ago had im- 
ported 50 per cent. of its cereals, and which now 
imported only 10 per cent., and hoped to export. 
The cycle of the changes of nitrogenous matter 
in the household of Nature was the following :— 
Plants took up nitrates and ammonia salts from 
the soil and Duilt up organic compounds, which 
formed the food of animals. In the animal 
system the nitrogenous matter was transformed 
into proteins to form tissues, and some nitrogen 
was secreted again as urea and returned to the 
soil ; there the compounds were broken down and 
retransformed into nitrates and ammonia again by 
bacterial action. Unfortunately, the wastage in 
this cycle was enormous at several stages, especially 
as regards the sewage ; some nitrogen was also 
liberated as such and returned to the atmosphere. 
Electric discharges in the atmosphere and certain 
bacteria could fix part of the atmospheric nitrogen; 
but these sources of supply were quite insufficient, 
and other sources had to be looked for. The guano 
beds (excrements of birds containing ammonia and 
calcium phosphate) were practically exhausted; the 
Chili saltpetre might last, according to various 
estimates, another twenty or forty years; but the 
raw material at present being mined was already 
inferior. The ammonium sulphate recovered from 
gas-tar, coke-ovens, producer-gas, &c., in this 
country had in 1909 amounted to 349,000 tons. 
These sources were unable to meet the need of 
nitrogen compounds for manure, acids for explo- 
sives, cyanide, &c. The atmosphere contained 
some 4000 billion tons of nitrogen, and the air 
above each acre about 32,000 tons of nitrogen, 
and that nitrogen had to be utilised. 

The synthetic formation of ammonia did not, 
the lecturer considered, look very hopeful so far. 
The process of Haber, taken up by the Badische 
Anilin und Soda-Fabrik, brought hydrogen and 
nitrogen together in presence of a catalyser at 550 
deg. Cent., under a pressure of 175 atmospheres ; 
equilibrium was soon established, unfortunately, 
when only 8 per cent. of the gases had combined 
to form ammonia. The very expensive osmium 
had first served as catalyser, until a substitute 
was found in uranium (reduced from its oxide by 
carbon in an electric furnace); the nitrogen was 
obtained by Linde machines, the hydrogen from 
the action of steam on hot coke or iron ; the chief 
ditheulty seemed to be one for the engineer, to 
construct compression chambers which would bear 
the high pressure and temperature. 

That magnesium bound the nitrogen of the 
atmosphere Dr. Crossley demonstrated by passin 
nitrogen through a glass tube filled with pupdenel 
magnesium and lime. As soon as the proper tem- 
perature was reached, almost all the nitrogen was 
absorbed to form magnesium nitride, which, when 





decomposed with steam, yielded ammonia. Alumi- 
nium nitride might—Dr. Crossley thought—be 
prepared in a similar way. He then turned to the 
fixation of nitrogen by the carbides of the alkaline 
earths, now worked all over the world except in 
Great Britain. We have dealt with this problem 
on various occasions, and we described the Alby 
United Carbide Factories and the nitrolim works 
of the North-Western Cyanamide Company at 
Odda, Norway, in detail, in 1909. Dr. Crossley 
particularly referred to these, the largest works 
of their kind. The kalkstickstoff, or nitrolim, he 
explained, was the mixture of carbon and calcium 
cyanamide resulting from the reaction between 
calcium carbide (CaC,) and nitrogen :— 

CaCl, + N, = CaN CN +C. 
That reaction was exothermic and reversible. The 
calcium carbide had to be cooled first, because it 
had to be powdered and reheated, as the reaction 
took place at 1300 deg. Cent. Once started, the 
reaction would proceed by itself, but the right 
temperature had to be observed, the nitrogen had 
to be pure, free from oxygen, and the presence of 
steam, carbon monoxide, and carbon dioxide were 
all detrimental.* There were, hence, great diffi- 
culties, as Dr. Crossley explained, but they had been 
overcome, and the hydro-electric power station at 
Alby was being enlarged to 56,000 horse-power, the 
production of carbide was being raised from 32,000 
tons annually to 60,000 tons, and that of calcium 
cyanamide from 12,000 to 20,000 tons. 

At Piano d’Orte, Italy, the carbide had been 
heated in a kind of gas-retort ; but the temperature 
could not be controlled there, and the overheated 
product stuck to the walls like hardrock. In order 
to reduce the temperature of the reaction, Polzenius 
and others had added calcium chloride (10 per 
cent.) or calcium fluoride to the carbide, with good 
results. At Westeregeln, near Magdeburg, 10,000 
tons of stickstoffkalk were made, of similar com- 
position as kalkstickstoff, by the Polgenius process. 
At Odda 196 electric furnaces were used, and charged 
with 800 kg. of carbide each. They looked like big 
tins ; the actual furnace was a drum of fire-proof 
material inside an iron shell. The heating current 
was passed through the axial pencil of carbon, 
and the heat proceeded from the core outward ; 
the cores were joined to a transformer giving 50,000 
amperes at 50 volts. The absorption of nitrogen 
(from Linde machines) lasted 30 or 40 hours, and 
was controlled by a gas-meter. 

The nitrolim was utilised as such as manure, 
which should be particularly valuable in India, or 
was transformed into other chemical products. 
With water it yielded ammonia, which was absorbed 
by sulphuric acid (Westeregeln), or turned into 
nitric acid. The latter was effected by a process 
suggested by Ostwald, at Gerthe, near Bochum ; 
ammonia and air were passed through hot iron 
tubes charged with platinum as catalyser, and the 
resulting nitric acid (of 58 per cent., concentrated 
up to 92 per cent.) was condensed in aluminium 
tubes packed with earthenware. The Nitrate 
Products Company was introducing this process 
into England. Potassium cyanide (of 99 per cent. ), 
dicyandiamide, carbamide, sulphocarbamide, and 
various guanadine salts, were other nitrolim 
products. 

In the second lecture Dr. Crossley discussed the 
direct oxidation of nitrogen by the electric dis- 
charge, first observed by Priestley in 1784, and 
Cavendish, later studied by Rayleigh and many 
others, but not attempted on a practical scale until 
the very last years of the last century, although 
patents had been taken before those years. The 
chief process, which the lecturer described in detail, 
was that of Birkeland and Eyde, with which we 
have dealt on several occasions, also in connection 
with communications brought by Professor K. 
Birkeland before the Faraday Society and the 
London Congress of Applied Chemistry. The hydro- 
electric installations on the Meswand ke, 
Rjukan Falls, Svaelgfos, &c., and the factories at 
Notodden and Sasheim (in Telemarken, South 
Norway) have also been described in our columns. 
Dr. Crossley had a fine model of a Notodden furnace 
on the lecture table, and also one of the electrodes, 
or J-tube of copper, 8 ft. long, capped at the bend 
with a triangular piece of copper, from which the 
arc started. Two of these tubes, almost joined to 
form a horizontal diameter, were the electrodes for 








* See Dr. N. Caro’s paper, read before the Chemical 
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the flame disc, which in the small, old furnaces had 
a diameter of 6 ft. The new furnaces, Dr. Crossley 
mentioned, absorbed 3000 horse-power each, and 
thirty-six furnaces and their turbo-alternators had 
now been running for 3$ years, day and night 
witheut interruption of the generators, except \ 

uarter of an hour now and then for lubrication, 

he arc flames burned steadily, but made a terrific 
noise ; the air was drawn into the furnaces by Root 
blowers ; a small furnace absorbed 800 kw. at 5000 
volts, and the gases escaped at a temperature of 
800 deg. or 1000 deg. Cent., while the temperature 
in the furnace might exceed 3000 deg. Cent. 

Passing to other furnace systems, Professor 
Crossley said that the long arcs (up to 6 yards in 
height) of Schénherr and the Badische Anilin und 
Soda-Fabrik, which justifiably excited so much 
attention some years ago,* seemed to have been 
given up. The great advantage of the Notodden 
plant was that no coal was burnt there at all, whilst 
the Schénherr plant at Ohristiansand did want 
some coal. The Pauling system of the Salpeter- 
saiire Industrie Gesellschaft was being worked near 
Innsbruck and in Southern France ; we have also 
described these ares, which are of the type of horn 
lightning-arresters, as well as the system of Kovalski 
and Moscicki, of Freiburg, Switzerland, briefly 
referred to by the lecturer. 

Dr. Crossley accentuated the chemical features 
the various processes. At Notodden the gases were 
cooled to 250 deg. Cent., so that the NO obtained 
could take up oxygen to form NO,, and further 
cooled to 50 deg. Cent. in aluminium tubes, finally 
to be absorbed in three systems, each of five towers. 
In three of these towers, 60 ft. in height, the 
acid was bound by water to nitric and nitrous acids, 
and in the two last towers the rest of the acid 
vapours were absorbed by alkali. For some years 
these latter towers, our readers may remember, 
were charged with milk of lime, so that calcium 
nitrate (Norwegian saltpetre) was ar ag and 
much ingenuity was displayed in solving the diffi 
cult problem of securing a good circulation of the 
lime in the towers. Dr. Crossley did not mention 
this saltpetre as one of the actual Notodden pro- 
ducts, however, the products being the nitrates 
and nitrites of sodium and of ammonium, and a 
double compound—a sodium nitrate-nitrite, utilised 
in nitric acid works. The nitrites were dried in 
the cyclone blowers which we described two years 
ago in connection with the first Chemical Engineer- 
ing Exhibition, held at the Agricultural Hall. 

roughout his lecture Professor Crossley em- 
phasised the earnestness with which these impor- 
tant problems were being attacked, especially in 
Norway and Germany. 








LABOUR: A RETROSPECT. 

Tue lst of May has just gone by, and, being 
regarded in the labour world as a sort of red-letter 
day, this may be a fitting time to look back over 
the year that is past, and gather, if we can, some 
fruit from its teachings. And what has it taught’? 
One thing, at any rate, which stands out above 
all others and makes us think. This is the way 
in which Syndicalism and Socialism have been 
absorbed by the trade unions of this country. 
We say this country, though it is clear that the 
influence of these two ‘‘isms” spreads far wider 
than our own shores and affects vast areas of the 
civilised world. It is our own country, however, 
with which we are immediately concerned, be- 
cause, in the first place, things near to our door 
attract our notice more than those far off; and, 
secondly, the effect produced by Syndicalism and 
Socialism in the ranks of labour at home has been so 
rapid that it is impossible to ignore it. Only a 
very few years ago most of us would have thought 
the events that upset the labour world during the 
past year were a practical impossibility. We were 
much mistaken, and now is perhaps the time to 
consider what these things mean. 

That the upheavals in the labour world were the 
result, on the whole, of something rooted far 
deeper than the simple desire for increased wages 
or shorter hours is clear, for they constituted 
avowedly a far-reaching conspiracy against society 
in general and an attack on existing law and order ; 
and the question is, how far such attacks on society 
can in the future be tolerated. There are many 
people, who are by no means alarmists, who consider 
that there has been far too much toleration already. 


* See ENGINEERING, vol. lxxxvii,, page 749. 
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Whatever may be the opinion on this point, how- 
ever, there can be no doubt that Syndicalism and 
Socialism have, during the past twelve months, 
received so much consideration, not to say defer- 
ence, in high quarters, that their advocates have 
gathered boldness to such a degree that they appear 
now to think that there is hardly any limit to what 
they can compel the country to grant them. Let 
us glance briefly at the chief incidents that took 
place in the labour world since May 1, last year. 

First of all, trade and industriés were much 
upset, at any rate locally, by strikes that broke 
out in Hull, Bristol, Cardiff, and Glasgow, the 
trouble commencing in July. These strikes occurred 
among the transport workers, and grew to serious 
dimensions, particularly in Cardiff, where on July 21 
the mob ra! ion of the city and compelled 
men willing to work to abstain from doing so. 
‘* Peaceful picketing” was victorious. This fact is 
worth remembering, for the coercion of willing 
workers is a feature of almost every strike, and 
is, above all things, the one that requires the 
most serious consideration. The strike com- 
mittee was for the time supreme, the City of 
Cardiff being very much atits mercy. Attempts 
were made to starve the city, and flour was not 
allowed to be delivered to the bakers. Soldiers 
eventually arrived, and mob rule was checked 
amidst indignant protests by the mob leaders 
against the use of such force. The dispute, how- 
ever, was considered generally to have ended in 
favour of the men, the Syndicalist movement in 
other parts of the country gained strength thereby, 
and it was not long before the results appeared. 
There was at that time a strike in progress in South 
Wales at the coal-pits of Nantgwyn, Ely, and 
Pandy, and up to the time that the Cardiff dispute 
was ended the strike had been conducted with 
comparatively little disorder. This state of things 
soon changed, however, and on July 25 the pits we 
have named were attacked by a disorderly mob, 
and work was stopped. Here again the military 
had to be called into requisition. This was another 
case of willing workers being molested. 

The end of July brought no peace, for in August 
the great transport workers’ strike in London caused 
widespread loss and suffering. Here again attempts 
were made to attack the general public by holding 
up the food supplies of the Port of London. The 
attempt was partially successful, for many com- 
modities reached famine prices. It was at this 
time that an incident occurred probably unique in 
the history of this country, and indicating clearly 
the extent of the power attained by the leaders of 
disorder. This was the strange exhibition of a 
Government accepting a ‘‘ permit” from the 
strikers’ committee to allow the mails to be dis- 
tributed. The effect of this manifest weakness on 
the part of the Government must have been great ; 
in fact, so obsessed with the idea of their own 
importance did the men’s leaders become that they 
objected to the War Office using the Army 
Service Corps for the purpose of carrying military 
supplies through the streets of London while the 
strike lasted. 

London, however, did not bear the brunt of the 
trouble alone, for the tactics adopted at the 
London docks were employed in Liverpool, where 
the Syndicalist element compelled the trade unions 
to declare a strike, the same methods being em- 

loyed as in London—namely, the stoppage of the 
food supplies. As is well known, fee rioting and 
destruction of property took place before mob-rule 
was put down, and the military had to be employed 
before this could be done, otherwise there is little 
doubt that famine would soon have followed. 
Here, again, the temporary success of the mob was 
only possible because men willing to work were 
tyrannised over and coerced. Things reached such 
a pass in Liverpool on August 15 that the soldiers 
had to fire on the mob before food supplies could 
be distributed in the city. Similar unfortunate 
scenes occurred in several other large towns in 
the country. 

Matters had hardly settlec down in Liverpool, 
when on August 18 the railway strike commenced, 
heralded by a great deal of clap-trap about ‘long 
years of bondage,” &c., through which the railway- 
men were said to have passed. This strike would, 
to judge from all the facts of the case as now 
known, have proved a great success for the 
Syndicalists had not the Government, none too 
soon, recognised its first duty of protecting life and 
property, and sent soldiers to enable men willing to 
work to carry on their operations. For this reason 


the forces against law and order did not accomplish 
all they hoped to do, and the strike came to an end 
after the country had, for some days, been subjected 
to considerable inconvenience. 

The unrest still continued, passing quickly to the 
cotton trade, where the men went on strike because 
they objected to work with operatives who were 
non-unionists, and showed their love of freedom 
and their chivalry by molesting and abusing women 
who wished to work ; they, moreover, displayed an 
absolute callousness as to the sacredness of an 
agreement entered into with the masters. Unfortu- 
nately, the result of their tyranny was that the non- 
unionists, not being sufficiently protected, had to 
give way, and lawlessness and disorder triumphed. 

Quickly following one another after May 1, 1911, 
came the Syndicalist strikes, to be crowned in 
March last by the great coal strike, which paralysed 
the country and caused untold suffering in many 
parts. Here, again, was war against society, a war 
utterly regardless of the misery inflicted on tens 
of thousands of innocent people. As we all know 
now, this five weeks’ strike cost the country many 
millions sterling, and produced the Minimum Wage 
Act, which really settled nothing except that some- 
thing had to be settled, the actua 
being left to the District Boards. 

It undoubtedly 


settlement 


Now what does all this teach ? 
teaches that willing labour must be protected, and 
that all the forces that the Crown possesses must 
be used for this purpose, otherwise there are in 
store for us greater troubles than we have yet ex- 
perienced. It is, indeed, a grievous thing that men 
should not be allowed to work, if they wish to do 
so, as freely as men who wish to strike can 
remain idle. This, however, can never be so 
long as so-called ‘‘ peaceful picketing” is allowed, 
and little or no improvement can be looked for 
until the Trades Disputes Act is amended ; other- 
wise Syndicalism must grow until it becomes a 
much more serious menace to the country even 
than it is at present. If thetroubles and the losses 
of the year ended May 1, 1912, lead to this amend- 
ment, it will, indeed, be a result that will go a 
long way to make up for what we have passed 
through. 





HEAVY-OIL ENGINES. 

Tue first of a series of four lectures under the 
Howard Bequest, on the subject of ‘‘ Heavy-Oil 
Engines,” was delivered by Captain H. R. Sankey, 
before the Royal Society of Arts, on the 29th ult. 
Captain Sankey began by pointing out that some 
twenty years ago there was only one form of oil- 
engine, of which the Hornsby-Akroyd and Priestman 
could be taken as types. These engines required 
external heat at starting for the evaporation of their 
fuel, and worked on paraftin. In 1890 Daimler 
invented the petrol-engine, which worked with 
petrol having a specific gravity of about 0.68, and 
which required no external heat for the evaporation 
of its fuel, while in 1897 Diesel introduced his 
engine, which worked with heavy oil and required 
no external heat, as the fuel was mechanically pul- 
verised instead of being evaporated. 

Oil-engines at the present time were, Captain 
Sankey said, usually considered as divisible into 
two classes: the light-oil engines, which used fuel 
capable of forming explosive mixtures at ordinary 
temperatures and having a specific gravity ranging 
from 0.68 to 0.72, and heavy-oil engines, which 
used fuel requiring high temperature, or mechanical 
pulverisation, for the formation of explosive mix- 
tures and which had a specific gravity ranging 
from 0.8 to 0.9. He proposed in his lectures to 
confine himself entirely to the heavy-oil class. In 
the Diesel engine the compression took place 
entirely on a charge of air, into which the fuel was 
afterwards injected, so that there was no danger of 
pre-ignition, and compression pressures up to from 
450 lb. to 500 lb. per sq. in. could be used. It was 
in its high compression that the great efficiency of 
the Diesel engine lay. In the semi-Diesel ty 
of engine, in which, after compression of air, the 
fuel was injected into a hot bulb, there was no 
danger of pre-ignition, but compressions up to 
about 200 lb. per sq. in. were usually found 
sufficient to ensure ignition. 

Captain Sankey, after pointing out that the 
Diesel engine was the most important of the 
heavy-oil class, and stating that he proposed to 
| devote the ter part of his four lectures to it, 





then gave a brief history of its development, begin- 
| ning with Dr. Diesel’s first example of 1897. As, 





however, the whole of the historical matter was 
contained in Dr. Diesel’s paper which we reprinted 
in our issue of March 22 last, it is not necessary to 
repeat it here. Incidentally, and in connection 
with his historical summary, Captain Sankey suv. 
gested that the relative backwardness of this 
country in the development of the Diesel engine 
was due to the cheapness of our coal. He thought, 
however, that great progress was likely to take 
place in the future, particularly in connection with 
marine work. 

Captain Sankey then dealt in a comparatively 
elementary way with some theoretical aspects of 
the Diesel engine. He drewa comparison between 
water-wheels, or water-turbines, and heat engines, 
oe ra Sage that while the possible work which 
might obtained from the former depended 
only on the height of the head of water, the 
possible work which might be obtained from 
the latter did not depend merely on the head 
of heat available—i.e., on the temperature—since 
the question of the specific heat of the work- 
ing substance had to be taken into account. 
Captain Sankey illustrated this point by means of a 
heat-chart, and compared the efficiency of the 
Diesel cycle with the Carnot cycle. He pointed 
out that the Carnot cycle involved both admission 
at constant temperature and exhaust at constant 
temperature, and stated that Dr. Diesel’s original 
idea had been to construct an engine working on 
the Carnot cycle and using pulverised coal as a fuel. 
In the Diesel engine admission took place at con- 
stant pressure and exhaust at constant volume, as 
compared with the gas-engine and petrol-engine, in 
which admission took place at constant volume. 
This difference gave the Diesel engine an advan- 
tage, since there was a greater difference between 
the upper portions of the actual and theoretical 
diagrams in the two cases. The economy of the 
Diesel engine was also largely accounted for by 
the high compressions, up to from 450 lb. to 500 lb. 
per sq. in., which could be used. These figures 
compared with from 130 lb. to 150 Ib. per sq. in. 
for gas-engines, and 70 lb. to 80 lb. per sq. in. for 
petrol-engines. In the latter cases the figure had 
to be kept low for fear of pre-ignition. 

Captain Sankey then referred to the temperature 
reached in the cylinder of a Diesel engine. This 
was usually stated to be about 1000 deg. Fahr., but 
he thought the figure too low. He did not know 
that the temperature had ever been directly 
measured, but the formula for the temperature of 
compression of air showed that the temperature 
should be about 1500 deg. Fahr. No doubt it 
would be less than this in practice, owing to con- 
duction loss, but he suggested that it was usually 
nearer 1200 deg. or 1300 deg. than 1000 deg. He 
thought the temperature of 1000 deg., which was 
so frequently given, might be explained on the 
assumption that, in calculating the matter, the 
lower temperature of the air had been taken as that 
of the outer atmosphere, but, arguing from gas- 
engine practice, it was likely that this lower tempera- 
ture was nearer that of boiling water than of the 
atmosphere. Captain Sankey then traced through 
the various operations of the four-stroke cycle and 
two-stroke cycle of the Diesel engine. He pointed 
out that with a two-stroke cycle gas-engine there was 
danger that some of the new working charge might 
be blown out of the exhaust by the scavenging air, 
but that in a Diesel engine this could not happen, 
so that the Diesel might be looked upon as essentially 
a two-stroke engine. It was usual practice in such 
engines to admit scavenging air to about 80 per cent. 

eater amount than the volume of the cylinder. 

he four-cycle Diesel was more economical than 
the two-cycle, owing to the slight loss at the toe 
of the diagram with the latter, consequent on the 
entry of the scavenging air. 





NOTES. 
THe CorROsION OF ALUMINIUM. 

In the course of a research on the corrosion of 
aluminium, Professors E. Heyn and O. Bauer have 
come to the conclusion that two kinds of corrosion 
must be distinguished. The aluminium is either («) 
uniformly attacked over the whole surface with 
formation of aluminium hydroxide, or () local 
attack is observed accompanied by blistering and 
scaling and by comparatively little formation ot 
hydroxide. The interesting novel feature brought 
out is that hard aluminium is particularly subject 
to the (b) attack, while soft aluminium will undergo 
a more uniform corrosion of the (a) type. The 
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research was conducted in the K6nigliche Material- 
priifungsamt at Gross Lichterfelde, near Berlin, 
and is fully explained in the ‘‘ Mitteilungen des 
Materialpriifungsamts.” Some fifty samples of the 
metal in the form of sheet or utensils, especially 
cooking utensils, were examined in the cold and 
hot in distilled water and town’s water and in 
various salt solutions. Like iron, it would appear, 
aluminium does not corrode when merely exposed 
to air or to water; both must be present, and 
alternating exposure to air and water, as well as 
the presence of carbonic acid, is particularly 
injurious in both cases. Hard aluminium is apt to 
blister and to exfoliate in lines concording to the 
direction of the previous stress under rolling or com- 
pression, and the decayed metal looks almost wiry 
in some of the excellent photographs illustrating 
the account of the research. The chemical compo- 
sition, or the presence of other substances, does not 
seem to have much influence on the corrosion ; but 
it must be pointed out that the samples examined 
were all fairly pure. Carbon, arsenic, antimony, 
phosphorus, and sulphur were absent ; lime and 
silicon—the latter up to 0.85 per cent.—were almost 
the only impurities found. These were never 
absent in the hard metal. The hardness is mainly 
due to the rolling and working in the cold, and the 
investigators distinguish soft, moderately hard, and 
hard aluminium. In distilled water all the specimens 
underwent the (a) corrosion; the efflorescence con- 
sisted essentially of alumina hydrate, water and the 
silica and lime; blisters would be filled with hydrate. 
In town’s water the hard metal would be locally 
attacked, and the efflorescences would be concen- 
trated along lines which were straight in the bottom 
of cylindrical vessels and curved in the walls. In 
solutions of salts and acids the corrosion increased 
with the concentration of the salt, up to a certain 
limit ; this is again as in the case of iron. The 
corrosion can be prevented or reduced by anneal- 
ing the aluminium between 400 deg. and 450 deg. 
Cent.; such annealed metal will only undergo (a) 
corrosion. But the annealing reduces the mecha- 
nical strength of the metal; the remedy cannot 
always be recommended hence, and it is in general 
advisable not to overdo the cold rolling. Utensils 
not in use keep well when greased with vaseline ; 
that, again, is not an unobjectionable remedy, 
however. 


JAPANESE SHIPPING AND SHIPBUILDING. 


The annual report of the Japanese Mercantile 
Marine Bureau tothe Minister of Stategives elaborate 
tabular records of the existing condition of affairs, 
and shows that at the end of the fiscal year 1910-11 
there were 2545 steamers, of 1,233,909 gross tons, 
and 6392 sailing vessels, of 413,720 tons, along with 
22,643 junks, in the Japanese Mercantile Fleet. 
This shows an increase of 179 steamers, of 35,715 
tons, as compared with the previous year ; while ten 
years ago the tonnage was considerably less than 
half that now owned, or only 583,532 tons. The 
year’s increase in sailing ships numbers 455 ; there 
has, however, been a decrease in the tonnage of 
these vessels as compared with ten years ago. The 
number of junks has in ten years advanced from 
18,264 to 22,643. The year’s additions, owing to 
new construction, numbered 101 steamers, of 77,730 
tous, 302 sailing vessels, of 18,567 tons, and 263 
junks. Of the 6661 steam and sailing vessels ‘‘ regis- 
tered,” 41 exceed 5000 tons, two of them being over 
10,000 tons, one between 9000 and 10,000 tons, and 
six between 8000 and 9000 tons. As regards the 
speed of ships, of the 1703 ‘‘ registered ” steamers, 
two (between 3000 and 4000 tons) exceed 21 knots, 
while between 20and 21 knots there are two, total- 
ling 26,880 tons ; between 18 and 19 knots there are 
two, totalling 3036 tons. Itis surprising to note that 
of * registered” steamers there are 66, of 79,652 
tons, over 30 yearsold ; 108, of 138,276 tons, between 
25 and 30 years; between 20 and 25 years 161, of 
187,938 tons; thus over 20 years of age there are 
335 steamers alone, of 405,866 tons, equal to more 
than half the steam tonnage registered. As regards 
shipbuilding, there are 230 yards engaged in the 
building of vessels, excluding junks, nine less than in 
the previous year. The number of vessels con- 
structed during the year included 77 steamers, of 
24,479 tons, and 147 sailing vessels, of 11,097 tons. 
This is an increase of 19 steamers, but a decrease 
in tonnage of 38,996 tons, as compared with the 
preceding year ; the sailing vessels built numbered 
58, and the tonnage was 4519 tons, less than in the 
previous year. Of the vessels built only two 
steamers, totalling 12,120 tons, were over 5000 tons. 
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As is well known, the Japanese Government pay 
|premiums for the development of shipping and 
a caney and the number of vessels for which 
‘**shipbuilding encouragement certificates” were 
granted was four, of 15,817 tons. Six others, of 
32,300 tons, participate, although not yet completed 
within the fiscal year. ‘‘ Navigation encouragement 
certificates ” were granted to 19 vessels, ag ting 
77,294 tons, engaged in trade with Europe, North 
America, Hong Kong, ocean islands, Singapore, 
Bombay, and China. Twenty-four lines are subsi- 
dised by the Government, and of these the Nippon 
Yusen Kaisha, with a fleet of 69 vessels, of 281,233 
tons, showed a profit of 4,050,583 yen, or 1,431,021 
yen more than in the previous year. The Toyo 
Kisen Kaisha, with a fleet of nine vessels, of 70,025 
tons, had a net profit of 1,078,561 yen, or more 
than double that of the previous year. The Osaka 
Shosen Kaisha, with 108 vessels, of 135,324 tons, 
had a net profit of 1,240,499 yen, or 103,772 yen more 
than in the previous year. The Nisshin Kisen 
Kaisha, with 12 vessels, of 27,422 tons, had a net 
profit of 563,480 yen, or 72,540 yen better than in 
the previous year. These four subsidised lines own 
198 vessels, of 513,994 tons, but only two of the 
vessels exceed 10,000 tons, while 32 are between 
6000 and 10,000 tons. 


Zinc Dross ror GALVANISING. 


Instead of dipping the iron or steel articles to be 
galvanised into molten zinc, Professor Charles F. 
Burgess, of the University of Wisconsin, at Madi- 
son, proposes to apply the suitably treated zinc 
alloy, commonly known as zinc dross, in a granular 
form, and to heat the iron in contact with it for 
about two hours to dull redness—i.e., a tempera- 
ture of 700 deg. or 800 deg. Fahr.—until a 
coating is obtained. The new process, which has 
been taken up by the United States Sherardising 
Company, of Newcastle, Pennsylvania, after test- 
ing it on a tonnage basis, is said to be more 
economical as regards zinc consumption ; and it 
is further claimed that uniform deposits may 
more easily be produced than by the old pro- 
cess. Zinc dross is formed when iren is dipped 
into molten zinc. In ordinary galvanising this is 
done in an iron receptacle, with a layer of sal 
ammoniac floating on the top of the zinc. The zinc 
dissolves some iron, and an alloy containing from 
3 to 7 per cent. of iron settles to the bottom of the 
tank, and has to be removed from time to time, 
lest the bath become dirty, and not remain suffi- 
ciently fluid for continued galvanising. In order to 
utilise the commercial dross, the dross is crushed 
or broken into lumps and placed in a rotating iron 
drum together with a quantity of relatively pure 
iron, small pieces of wrought iron or electrolytic 
iron. At red-heat (about 850 deg. Fahr.), which 
is well below the melting-point of the dross, the 
iron and dross combine, and an alloy of the 
composition FeZo,, is formed. This alloy is 
exceedingly brittle, and as the drum is rotated 
whilst the alloy is being formed, the particles 
grind on one another, and the alloy is formed in 
grains which may be heated up to 1300 deg. Fahr. 
without fusing or even sintering into a cohe- 
rent mass. The alloy is thus very different in its 
behaviour from pure zinc, which fuses at 419 deg. 
Cent. (about 740 deg. Fahr.). The grains of the 
alloy are crystalline and of a gray colour. Some- 
times Mr. Burgess finds it desirable to work with 
zinc-iron alloys containing more zinc than would 
correspond to the formula Fe Zn,,; such alloys 
can be produced by adding further zinc to the 
drum contents after they have assumed the grainy 
condition. An addition of 5 per cent. of zinc is 
recommended. The iron articles to be submitted to 
this new process are first cleaned by sand-blasting 
or pickling, and then put in a rotating iron drum 
together with the alloy, in which they are heated 
up to 700 or 800 deg. Fahr for about two hours, 
as stated above. This feature reminds us of the 
| sherardising process of Mr. Sherard Cowper-Coles. 
It is stated that the air need not be excluded from 
the drum, and that carbon (for instance, from oil) 
may be present, but that its presence is not essen- 
tial. 
resembling matte silver in ap nce rather than 
zinc ; it is said to be harder than zinc, quite uni- 
form, and to be electro-positive to iron, but only 
slightly so, the potential against the standard 
calomel electrode ing 0.23 volt, instead of 0.56 
volt for pure zinc. While protecting iron against 
corrosion, the alloy should therefore itself be less 
attacked than pure zinc would be. We have no 





he zinc coating obtained is described as | ° 


information concerning the points which chiefly 
interest the engineer—the durability of the alloy 
and its adhesion when the iron is under stress, 
especially when bent or cut and perforated. 





THE BOARD OF TRADE INQUIRY ON THE 
“TITANIC” DISASTER. 

Tue Board of Trade inquiry on the loss of the Titanic 
was — esterday in London. The Commissioners 
are :—Lord Mersey (President), formerly Mr. Justice 
am and President of the Admiralty Court ; Rear- 
Admiral the Hon. 8S. A. Gough-Calthorpe, who acted as 
Naval Attaché at St. Petersburg during the Russo- 
Japanese war, and was Captain of the Fleet in the Home 
Fleet in 1909-10; Captain A. W. Clarke, a Board of 
Trade inspector and an expert on boat accommodation ; 
Commander F. ©. Lyon, who has attended many 
inquiries concerning steam shipping casualties, and is 
nautical assessor of the Admiralty Court ; Professor J. H. 
Biles, of Glasgow University ; Mr. E. C. Chaston, New- 
castle-on-'T'yne, who may be said to represent marine engi- 
neers. The Law Officers of the Crown represent the Board 
of Trade, and counsel and others appear for the White 
Star Line, the Allan and Canadian Pacific Lines, the 
National Seamen’s and Firemen’s Union, the Imperial 
Merchant Service Guild, and others. There is provided, 
for guidance in interpreting evidence, sectional and 
other models, and plans and sections of the Titanic. 
After the various counsel and Lord Mersey had delivered 
addresses of sympathy, the Attorney-General outlined 
the scope of the inquiry, which is to be most extensive, 
and an adjournment was made until to-day, when he 
will open the case preparatory to the calling of evidence. 








ASSOCIATION OF Rartway Compantrss’ SIGNAL SupPER- 
INTENDENTS AND SiGNaL ENGINgERS.—We are asked to 
state that this association will hold its forty-fourth con- 
ference on Thursday, May 9, at the Railway Clearing 
House, London. 


Evxctric-Moror Tasies.—The Langdon-Davies Motor 
Company, 110, Cannon-street, E.C., have sent us a copy 
of their booklet, giving various tables of watts and Kilo. 
— with horse-power equivalents in English and 

rench. 





ELecTrICAL EXHiBITION, OtymptA, 1911.— We have 
received a copy of the income and expenditure account 
for this Exhibition, dated March 29, from which we 

ther the following figures: International Trade Exhi- 
xitions, Limited, 40 per cent. share of profit, 4375. 17s. 8d. ; 
British Electrical Allied Manufacturers’ Association, 
60 per cent. share of profit, 6563/. 16s. 6d. 





Tuk Mrip.anp Institute or Mining, Civil, AND 
MECHANICAL ENGINEERS.—A joint excursion meeting of 
the members of this Institute and of the Midland Coun- 
ties Institute will be held at Maltby Main Colliery, near 
Rotherham, on Thursday, the 9th inst., when Mr. A. 
Thompson will read a short paper on ‘*The Colliery and 
its Equipment.” 

LauncH or H.M.S. ‘* Marpstongr.”—Messrs. Scott's 
Shipbuilding and Engineering Company, Limited, of 
Greenock, launched on Tuesday a submarine dépdt ship, 
the Maidstone, which has been built by them from the 
design of Sir Philip Watts, K.C.B. She is intended as 
a dépét ship for submarine boats. She will be fitted 
with salvage plant and large workshops for under- 
taking the repairs of submarine-boats. The vessel 
has a length of 320 ft., a beam of 45 ft., and a draught 
of 16 ft., with a displacement of 3600 tons, of which 1860 
tons is due to the weight of the hull. The engines, 
designed at the Admiralty, are practically of the torpedo- 
boat type, with steel columns, and the power to be deve- 
loped is 2800 horse-power, in order that the vessel may 
have a speed of 14 knots, which is suitable for convoying 
submarine-boats when running on the surface. 





ImpeRiAL CoLiecGk oF ScrENCR AND TECHNOLOGY: 
Lectrurges ON Russer.—The fourth of the special short 
course of lectures on rubber arranged by the Imperial 
College of Science and weg a | was delivered in the 
Chemistry Lecture Theatre of the Royal College of 
Science on May 1 by Dr. Philip Schidrowitz. The 
lecture was on ‘The Chemistry of Crude Rubber,” and 
dealt more especially with the constitution of the rubber 
molecule and its synthesis. After referring to the earlier 
work on the products of dry distillation by Greville 
Williams and others, the relationship between isoprene 
(one of the products of dry distillation) and rubber was 
discussed. Various methods of producing isoprene and its 
homologues from such raw materials as turpentine, acetone, 
and alcohol were considered, and it was made clear by the 
lecturer that substantially all the efforts to produce com- 
mercial synthetic rubber were based on the production of 
isoprene or a homologue of that ay as an intermediary 
- After dealing with recent work on the constitution 

f the rubber molecule and its synthesis, the possibilities of 
commercial synthetic production were discussed, and the 
lecturer pointed out that, in his opinion, the problem to 
be solved would ultimately be that of producing an article 
as good as the plantation product at a price of something 
like 8d. or 9d. per lb. In the opinion of Dr. Schidrowitz 
this was very unlikely to be achieved, mainly on account 
of the cost of. any conceivable raw product which appeared 
to be at all suitable for the purpose intended, the enor- 
mous quantity of such raw material that would be re- 
quired, and the low basis price of the plantation article, 
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INDUSTRIAL NOTES. 


Tue dockers’ strike at Ghent is over, work being 
resumed on Saturday last. The strike had been in 
pense since March 29, about 2200 men being out. 

he conclusion of the strike was due to a practically 
unanimous resolution adopted by the Dockers’ Union, 
on account of an agreement with the masters having 
been arrived at. According to this an increase of 
of 1 franc will be granted to the men earning 5 francs 
per day ; half of it will be allowed at once and the 
remainder on May 1, 1913. The agreement is expected 
to remain in force for six years. 





On Saturday last, the 27th ult., the District Board 
for the South Wales Coaltield concluded its fifth sitting 
at Cardiff. The meeting was conducted under the 
presidency of Lord St. Aldwyn, and there was prac- 
tically no advance towards fixing the minima. The 
owners’ case affecting the lower-paid workmen was 
completed first, after which the representatives of the 
workmen brought forward evidence to show that 
these workmen ~— to receive at least 5s.a day. It 
was pointed out that this sum had now been paid at 
many of the smaller collieries, and the workmen con- 
tended that the same minimum ought to apply to 
other concerns that were more profitable. The ques- 
tion of the increase in the cost of living also came u 
for notice, after which the Board adjourned unti 
Monday. 

The adjourned meeting was continued on Monday 
last, when evidence on statistics of, and customs at, 
the collieries in the coalfield was considered. There 
was also a deputation of the owners of the ‘‘ South 
Crop,” who claimed exemption from the operation of 
the Act, exceptional circumstances being claimed 
similar to those which apply to the Forest of Dean, 
where separate treatment is allowed. The point 
brought forward by the owners was that their col- 
liery made very little profit, and therefore was not 
able to bear any additional charges. On this point 
the miners’ representatives differed among themselves, 
and no decision was given ; but there appears to be a 
possibility that some special arrangement may be 
made. Some progress was made in facilitating the 
future work of the Board. On the sitting of the fol- 
lowing day (Tuesday) another application was made 
by the colliery-owners for special treatment, the coal- 
owners of Pembrokeshire urging that their pits were 
not so profitable as those in other parts of the coal- 
field, and as a result of their not being able to work 
the pits profitably they had to be cl and hundreds 
of colliers thereby rendered idle. The next meeting of 
this Board will take place on Monday, May 6, when a 
decisive vote will probably be taken. It is expected, 
however, that the final decision will fall on the chair- 
man, Lord St. Aldwyn. 

On Saturday last the first meeting of the North 
Wales Board was held under the presidency of Mr. 
B. Francis - Williams, K.C., Recorder of Cardiff. 
In this district it is understood that several weeks 
will probably elapse before a minimum wage is 
arranged. ‘The first meeting of the Cumberland Board 
was held at Workington on Tuesday last, under the 
presidency of Sir William J. Collins. The schedule 
of demands for the minimum wage was presented b 
the miners’ agent. These, however, will not be con- 
sidered until the rules dealing with safeguards have 
been arranged. 

On Monday last the Wages Board for Nottingham- 
shire met at Nottingham, but comparatively little 
progress was made. The next meeting of the Board 
will be held at Derby on Monday next. 

The Northumberland Joint Wage Board resumed 
their sittings at the Coal Trade Office, Newcastle-on- 
Tyne, on Saturday last, in order to hear the miners’ 
claims under the new Act, Lord Mersey being in the 
chair. The men’s side was represented by Mr. Burt, 
M.P., and Mr. Fenwick, ME. and the schedule of 
amounts for different grades of workers underground 
was again discussed. The price to be paid to the 
hewers was not the contested point so much as the 
prices to be paid to other workmen. Opinion differed 
7 considerably regarding the latter. Some days 
will, it is expected, elapse before the proceedings end, 
and it will probably be some time before Lord Mersey 
issues his award. At the meeting held on Tuesday 
last Lord Mersey ruled that the deputies are to be 
included in the term ‘‘ workman” under the Act. 
‘* They will therefore be entitled to send a represen- 
tative to the Board to give evidence on any question 
affecting them.” The inquiry was concluded on 
Wednesday. 





The widespread feeling now occupying peoples’ 
minds that the ill-fated ‘Titanic should have carried 
rae | more boats than she did has speedily led to 
treuble in shipping circles, and there are evidences 
that there is a fear (probably in many cases quite 


unreasonable) of going to sea in steamers that are | 


thought to be short of the number of boats suffi- 
cient to carry all the rs and crew .in.case of 
acvident. Asan instance of this, the firemen on board 


up the full complement of boats necessary. 


Y | enough, although they had been inspected and passed | 


by the Board of Trade. The vessel should have started 
at noon on Wednesday, last week, but shortly before 
this time the men left the ship with their kits, stating 
that they were not satisfied with the twenty-four 
extra Berthon boats that the company had supplied, 
though this arrangement of the company had been 
accepted by the union leaders as satisfactory. Endea- 
vours were made to get a fresh crew, but these failed, 
and the Olympic remained at anchor off Ryde. The 
following afternoon a number of delegates from the 
men came on board, and demonstratiuns for their 
benefit were given of the launching and manipula- 
tion of the boats, with the result that the delegates 
recommended the men to return to work if the com- 
pany would replace one of the collapsible boats which 
eaked slightly. This the company agreed to do, and 
it was hoped the matter was ended. Fresh trouble 
was, however, in store, for the men who had left the 
previous day refused to return unless the company 
dismissed 17 men who had remained loyal to them. 
This the company refused to do, and they obtained a 
crew of firemen elsewhere. After all, however, the 
voyage had, for the time, to be abandoned, because 
the seamen refused to sail with the new firemen. 
Fifty-three of these seamen were afterwards arrested 
for mutinous behaviour, and brought before the magis- 
trates at Portsmouth, where they were charged with 
wilfully disobeying the command of their captain, and 
they were remanded till the oe Tuesday. Some 
of the Olympic passengers returned to London. No 
decision was come to on Tuesday with regard to these 
men, and their case was adjourned till to-morrow. 

Since the end of last week the trouble has spread, 
and sailors and firemen in Liverpool threatened to 
strike. Meetings of the men were held on re 
in Liverpool, Birkenhead, Garston, and Bootle, at whic 
resolutions expressing sympathy with the victims of 
the Titanic were passed. The delegates then decided 
that on and after the beginning of the following week 
the sailors and firemen of every ship leaving Liverpool 
would insist on the right to inspection of lifeboat 
accommodation by an accredited representative of the 
union and on the wages of sailors being raised to 4/. 10s. 
and those of firemen to 5/.a month. This decision 
was afterwards ratified by the local officials of the 
union, but a strike was obviated on Tuesday. On 
that day the shipowners met representatives of the 
seamen, firemen, cooks, and stewards, and arranged 
for a joint conference to discuss all matters in dispute. 
The men agreed to return to work on existing condi- 
tions, as the decision of the conference will be retro- 
spective. 





The feeling at the Scottish Trade Union Congress 
in Glasgow, last week, appears to have been hostile to 
the attitude taken up by Mr. McKenna, the Home 


Y | Secretary, towards the Parliamentary Committee when 


he was asked to receive a deputation on questions that 
affected the working classes. In a resolution proposed 
by Mr. Robert Clunie, Kilmarnock, the speaker stated 
that he was convinced that the Home Secretary was 
being influenced by some of the permanent officials, and 
some explanation was demanded from Mr. McKenna 
for his refusal to meet the Parliamentary Committee 
of the Congress. It was not thought that the British 
Trade Union Congress fully represented Scottish trade- 
union opinions on all questions; but the feeling was 
that even if it did represent Scottish opinion, the 
Home Secretary ought to receive a deputation from 
Scotland or any other part of the country. 





The monthly report of the National Union of Boot 
and Shoe Operatives for April shows that the month 
of March proved an indifferent one on account of 
the great coal dispute. This, however, was an experi- 
ence felt almost universally by other trades. The 
general unsettlement has made it difficult to arrive 
at any accurate figure as to unemployment. One 
thing, at any rate, is certain—that out-of-work pay 
has gone up very considerably, but this will we b> J 
be more marked in next month’s report. p to the 
end of March employment in the boot and shoe trade 
was fairly good, but after that time it was adversely 
affected by the coal strike. It was better than a year 
ago. Returns from firms employing 66,548 work- 
people in the week ending March 23 showed an in- 
crease of 0.4 per cent. in the number employed, but a 
decrease of 0.8 per cent. in the amount of wages paid, 
compared with the previous month. Compared witha 
year ago there was an increase of 4.4 per cent. in the 
number employed, and of 6.3 per cent. in the amount 
paid. The reports from different localities 
until the end of the month employment was 





show that 


| good at Leicester, but it was then affected by the onal 


the Olympic, the sister-ship to the Titanic, refused | strike. 
to sail with her just as the vessel was about to leave ampton and Kettering employment was fairly good up 
Southampton last week on her voyage to New York, | 
because they said there was not sutlicient boat accom- | 
modation, in spite of the fact that a number of collap- | 
sible boats had been sent on board in order to make | 
The | 
men complained that these boats were not strong | largely owing to the coal dispute, and employment 





It was better than a year ago. At North- 
to the end of March. There was an improvement in 
Northampton in the case of army bootmakers; at 
Norwich employment was fairly good, and much 
better than a year ago. Much short time was, how- 
ever, reported at Bristol, Kingswood, and Leeds, 


was worse than a year ago. Employment declined in 
Scotland, but it was better than a year ago. The 
total number of members at the end of March was 
36,311, of whom 6571 were probationary members. 





The monthly report of the Society of Amalgamated 
Toolmakers for April shows that there was an increase 
of 1484 in membership during the year ending March 
last ; the actual figures being 4929 at the end of 
March, 1911, and 6413 at the end of March, 19ly, 
There was, however, an increase of 91] in the number 
of the unemployed during the same period—the actual 
figures at the same dates, reepectively, being 103 and 
194. The reserve funds showed an increase of 51(0/. 
in the twelve months, the funds standing now at 
26,2000. 

By 15,986 votes against 110, the members of the 
General Railway Workers’ Union have decided in 
favour of the scheme for the proposed fusion of the 
railway unions. The Signalmen and Pointsmen’s 
Society is, it is understood, also in favour of the 


scheme. The Amalgamated Society of Railway 
Servants has extended its time of voting until the 
end of May. 





The railwaymen of the Great Northern Railway do 
not appear ever to have really settled down since the 
strike of August last. and the unrest in the Doncaster 
district increases. What is known as ‘‘the Doncaster 
programme ” was recently adopted by them, and about 
three weeks ago strong expression of this unrest was 
given. The men themselves declare that they are in 
earnest, and their leader, Mr. W. E. Crawford, Chair- 
man of the General Conciliation Board, has said that 
the men must make a stand or be entirely put down. 
Many matters have, it is said, led to this state of 
affairs. 


The dispute at the pottery factory of Messrs. W. H. 
Gridley and Co., of Tunstall, came to an end last 
week. The dismissal of eight girl aerographers was 
the cause of the trouble, 1200 operatives coming out 
in consequence. On the understanding that the case 
of the aerographers would be dealt with at a confer- 
ence between representatives of the firm and the 
National Society of Pottery Workers, the operatives 
went back to work a fortnight ago, and since then the 
differences have been discussed and adjusted, the 
aerographers being all reinstated. 





A rather interesting case, in which the illegality of 
an association of working men was put forward as a 
reason why a just claim should not be paid, came 
before the Blackburn County Court on Monday last. 
An overlooker named George Nuttall sued the Darwen 
Weavers’ Association for 21s. ‘‘ stoppage pay ” due to 
him as a member of the Association. Toles Hans 
Hamilton, referring to the defence set up—namely, 
that the Association was an illegal one under the 
Trade Union Acts—said that this was unworthy of 
any body of working men who loved liberty. It 
sought to deprive a brother member of the cherished 
right of the citizen of a civilised country to have 
justice done between man and man. An appeal was 
not allowed. Eleven other actions are stated to have 
depended on this result. 


A strike of about 8000 tailors began in London 
on Wednesday, and at the time of going to press it 
was thought that more men might soon out. The 
chief complaint of the men appears to be that work- 
shop accommodation is not ae it ought to be. A 
revision of the log or tariff which schedules the various 
rates of wages to be paid for different classes of work 
is also demanded. 








Tue INSTITUTION OF MECHANICAL ENGINEERS: ERRA- 
TUM.—We regret that the sketch illustrating Sir Gerard 
Muntz’s remarks at the meeting of the Institution of 
Mechanical Engineers held on the 19th ult. was repro- 
duced, on page 547 ante, by our engraving department in 
a manner which is not calculated to convey a correct 
impression of the meaning of the original. Sir Gerard 
Muntz’s sketch showed ry of two distinct crystalline 
structures. The interior was of coarse-grained crystals, 
while the material surrounding this core had a structure 
which showed crystals elongated and flattened out by 
the rolling process. Our engravers have, unfortunately, 
fallen into the error of making the outer material appear 
to be of a fibrous nature which resembles nothing what- 
ever to be seen in the original from which the block was 
made. The difference between the correct and incorrect 
structures is, of course, of considerable importance 12 
such a case as that to which Sir Gerard Muntz intended 
to draw attention. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of Londen Metal and Scotch Pig-Iron Warrant Markets.) 


FEBRUARY. Marcu. APRIL. 


14. 
19. 
(2807) FEBRUARY. 





MARCH. APRIL. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents Is. in the case of tin-plates, hematite, Scotch and Cleveland iron, and Ll, in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 











Roya. Instrrution.—The annual meeting of the mem- 
bers of the Royal Institution was held on Wednesday 
afternoon, May 1, Sir James Crichton Browne, Treasurer 
and Vice-President, in the chair. The annual report of 
the Committee of Visitors for the year 1911, testifying 
to the continued prosperity and efficient management 
of the Institution, was read and adopted, and the report 
on the Davy Faraday Research Laboratory of the Royal 
Institution, which accompanied it, was also read. Forty- 
Six new members were elected in 1911. Sixty-three 
lectures and nineteen evening discourses were delivered 
in1911. The books and pamphlets | a amounted 
toabout 281 volumes, making with 677 volumes (includ- 
ing periodicals bound) purchased by the managers 
& total of 958 volumes added to the my | in the 
year. Thanks were voted to the President, Treasurer, 
and the Honorary Secretary, to the Committees of 
Managers and Visitors, « to the Professors, for 
their valuable services to the Institution during the past 





year. The following gentlemen were unanimously elected 
as officers for the ensuing year :— President: The Duke 
of Northumberland; Treasurer: Sir James Crichton- 
Browne. Secretary. Sir William Crookes. Managers: 
Dr. Henry E. Armstrong, the Right Hon. Lord Ave- 
bury, Mr. J. H. Balfour Browne, Mr. W. A. Burdett- 
Coutts, Sir David Gill, the Right Hon. the Earl of 
Halsbury, Dr Donald W. C. Hood, Mr. Alexander C. 
Ionides, Sir Francis Laking, Bart., Mr. Henry F. 
Makins, the Right Hon. Viscount Iveagh, Sir Alexander 
C. Mackenzie, Mr. Alan A. Campbell Swinton, Mr. Alex- 
ander Siemens, and the Right Hon. Sir James Stirling. 
Visitors: Mr. Dugald Clerk, Mr. Francis Darwin, Mr. 
William A. T. Hallowes, Dr. A. Croft Hill, Mr. 
Adams Frost, Mr. H. R. Kempe, Mr. Joseph G. Gordon, 
Mr. Charles Edward Groves, Mr. Robert Kuye Gray, 
Sir Robert Hadfield, Mr. Carl E. Melchers, Major ro 
A. MacMahon, Mr. William Stone, Major . J. W. 
Noble, and Mr. Harold Swithinbank. 





NOLES FROM THE UNITED STATES. 
PHILADELPHIA, April 24, 

AN advance of 1 dol. per ton in the price of coke 
since March | is working to the disadvantage of a 
large class of buyers who fail to take advantage of 
prices previously a The coke companies are 
promising six months’ s y employment in order to 
get more workers to the ovens, and work has already 
gone to European sources of labour supply and a rush 
may be expected in a short time. The largest week’s 
output of coke in the Connellsville region was 
415,000 tons. The largest business in steel for the 
year has just been closed for agricultural steel, and 
contracts have been placed which will supply the 
trade until June 30, 1915. This great contract 
usually amounts to over a half-million tons, and 
material is distributed among the various manu 
facturers, whose aggregate requirements are placed as 
one order at a corresponding reduction in price. Last 
year the contract price was 1.05 cents per lb., but this 
year’s contract was placed at 1.15 cents. ‘Ihe steel- 
rail mills have secured quite a number of large orders, 
totalling for the week at least 60,000 tons, of which 
the Erie Road placed 35,000 tons. The Harriman order, 
which will be placed very soon, will be for 50,000 tons. 
The St. Louis and San Francisco road will soon order 
25,000 tons. Other roads will follow with orders, and 
this accumulation will put the rail-mills in better posi- 
tion than they have been for some time. New railroad 
construction is also coming into view, a portion of it 
in Canada and some in Suuth American countries. In 
structural material a large business has been done for 
the week, much of it incidental to steel-car construc- 
tion. The railway systems uf the country are making 
preparation for the more complete equipment of rolling- 
stock, engines, terminals, grade-crossings, and elevated 
work, he railroads’ demand is the only lacking 
factor in a profound stimulation of the steel industry. 





THE INSTITUTION OF CIVIL ENGINEERS. 

AT the annual general meeting of the Institution of Civil 
Engineers, held on Tuesday evening, April 30, the result 
of the ballot for the election of officers was declared as 
follows :— President: Mr. Robert Eiliott-Cooper (London). 
Vice-Presidents: Mr. Anthony George Lyster, M. Eng. 
(Liverpool), Mr. Benjamin Hall Blyth, M.A. (Edin- 
burgh), Mr. John Strain (Glasgow), and Mr. George 
Robert Jebb (Birmingham). Other Members of Council : 
Mr. John A. F. Aspinall, M. ene, Saves 1), Mr. John 
A. Brodie, M. Eng. (Liv 1), Mr. William B. Bryan 
(London), Colonel R. E. B. Crompton, O.B. (London), 
Mr. J. M. Dobson (London), Sir Frederick H. Donaldson, 
K.C.B. (London), Mr. E. B. Ellington (London), Mr. 
W. H. Ellis (Sheffield), Mr. W. Ferguson, M.A., B.A.T. 
(Australasia), Sir Maurice Fitzmaurice, C.M.G. (London), 
Sir John Purser Griffith (Ireland), Mr. C. A. Harrison, 
D.Se. (Newcastle-upon-Tyne), r. Walter Hunter 
(London), Mr. Harry E. Jones (London), Mr. EK. H. 
Keating (Canada), Sir Thomas Matthews (London), Mr. 
Ww. Maw, LL.D. (London), Mr. C. L. Morgan 
(London), Mr. Basil Mott (London), the Hon. Sir Charles 
Parsons, K.C.B. (Wylam-upon-Tyne), Mr. F. E. Robert- 
son, C.I.E. (London), Mr. Alexander Ross (London), 
the Hon. Sir Francis J. E. Spring, K.C.1I.E. (India), 
Mr. A. M. Tippett (South Africa), Sir Philip Watts, 
K.C.B. (London), and Mr. W. B. Worthington (Derby). 
This Council will take office on the first Tuesday in 
November, 1912. The Council of the Institution of Civil 
Engineers have made the following awards for papers 
read during the Session 1911-1912 :—Telford Gold Medals 
to Messrs. Ernest and Walter Mansergh (London); a 
George Stephenson Gold Medal to Mr. er T. Smith 
(London); a Watt Gold Medal to Mr. A. H. Roberts 
(Leith); Telford Premiums to Messrs. John Goodman 
(Leeds), A. B. McDonald (Glasgow), G. Midgley yd 
(London), D. C. Leitch (London), W. C. Easton (Glas- 
ow), and D. H. Morton (Glasgow); and the nby 

remium to Mr. 8. H. Ellis (Liverpool). The award for 
papers published in the Proceedings without discussion 
and for students’ papers will be announced later. 








Tue InstiTuTE OF Merats : May Lecrurg.—On Friday, 
May 10, the third May lecture of the Institute of Me 
will be delivered by Sir J. Alfred Ewing, K.C.B., F.R.8., 
on ‘‘ The Inner Structure of Simple Metals.” The meet- 
ing will take place at the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W., and the 
chair will be taken at 8.30 p.m. ¥ the President of the 
Institute of Metals, Professor W. Gowland, F.R.S., 
Assoc. R.S.M. Cards of invitation admitting to the 
lecture can be obtained on application to Mr. G. Shaw 
Scott, M.Sc., the Secretary of the Institute of Metals, 
Caxton House, Westminster, 8.W. 





Tue Roya Merroro.ocicat Socirty.—This Society 
will hold a meeting at Southport on Saturday and Monday, 
May 11 and 13, when a lecture entitled ** A Chat about 
the Weather” will be given on the llth by Mr. W. 
Marriott. Visits have also been arranged to the 
Marshside Anemograph Station, and to the Fernley 
Observatory, Hesketh Park. The pa to be read on 


pers 
W. | the 13th inst. are:—(1) ‘‘ Results of Hourly Wind and 


Rainfall Records at Southport, 1902-11,” by Mr. J. 
Baxendell, F.R. Met. Soc; and (2) ‘‘The South-East 
Trade Wind at St. Helena,” by Mr. J. 8. Dines, B.A. 
F.R. Met. Soc. Further particulars can be o ained 
from the secretary, 70, Victoria-street, London, S.W. 
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H.M. SUBMARINE-BOAT TENDER 
CONSTRUCTED BY MESSRS. CAMMELL LAIRD AND CO., 


——<—__— 


“ADAMANT.” 


LIMITED, SHIPBUILDERS AND ENGINEERS, BIRKENHEAD. 
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THERE has just been delivered to the Admiralty by 
Messrs. Cammell Laird and Co., Limited, of Birken- 
head, a new type of ship for the Navy from designs 
by Sir Philip Watts, K.C.B. This vessel, which is 
named the Adamant, is the first of two submarine- 
boat tenders laid down in January last year, and 
specially arranged as ‘‘ mother” boats for submarine 
craft. itherto this function has devolved upon semi- 
obsolete cruisers, in which the necessary re 
and machine-tools were improvised to carry out light 
repairs to the machinery of the submarines, whose 
dimensions precluded them from having any repair 
facilities on board. Two such vessels have been 
ordered, in addition to a large dépét ship from Scotts’ 
Shipbuilding and Engineering Company, Limited, 
of Greenock. This latter is of 3600 tons and 2800 
horse-power ; the two ‘* tenders,” the Adamant, illus- 
trated above, from a photograph by Mr. Stephen 
Cribb, of Southsea, and the Alecto, also ordered 
from Messrs. Cammell Laird and Co., of Birken- 
head, are each of 935 tons displacement when draw- 
ing 11 ft. of water, the hull alone weighing 490 tons. 
The length of each vessel is 190 ft., and the beam 
32 ft. 6in. They are fitted with reciprocating engines 
of 1400 horse-power, which gives them a speed of 14 
knots. The general characteristics of the Adamant 
will be appreciated from the photograph reproduced 
above. nternally, she has large accommodation 
for storing torpedoes, and workshops for carrying 
out repairs. The sheerlegs fitted aft—of about 5 tons 
capacity—are to enable torpedoes to be lifted out 
of the water, and, on occasion, weights out of the 
submarine boate in connection with repairs at sea. 








Recent Tests or Zortty Tursines: Erratum.— 
Our attention has been called to another error in the test 
figures sent to us by Messrs. Escher Wyss and Co., pub- 
lished on page 535 of our issue of April 19. A slip has 
been made in reducing kilogrammes to pounds in the 
case of the full-load trial of the 10,000-kw. unit. In the 
last line of the table of tests the full-load consumption is 
thus stated to be 11.01 Ib. per kw.-hour, in place of 12 Ib., 


which is the correct equivalent of the 5.45 kg. givenin the 
jine above. 








INTERPRETATION OF A LUMP-SUM 
CONTRACT. 

Tue case of Relf v. Armfield, which was heard by Mr. 
Justice Bray in the King’s Bench Division on April 3, 
throws much interesting light upon the proper method of 
interpreting what is known as a ‘‘ lump-sum” contract. 
It is a general Ea that where works are to be put 


in, or an installation of any kind laid down, for a lump 
sum, the contractor can recover nothing unless he com- 
pletes the whole work. He cannot do nine-tenths of the 
work and then sue, as the lawyers say, on a quantum 
meruit. The application and the limitation of this prin- 
ciple was well illustrated by the case in question. The 
plaintiff undertook to instal certain water-heating appa- 
ratus in the defendant’s hotel according to a specification 
which provided for his making use of a certain exist- 
ing flue. The learned Judge found as a fact that the 
laintiff warranted that the system would be efficient. 
he work having been done, it was found that, owing 
to insufficient draught, the water could not be pro- 
perly heated, and although the defendants were con- 
strained to accept the installation, they refised to pay 
the price, on the ground that the contract was to put 
in an efficient system for a lump sum, and that, as 
the = had failed to perform it in a materia] par- 
ticular, he was entitled to nothing. Mr. Justice Bray, 
however, saw a way out of the difficulty. In the case of 
Cutler v. Close, which was tried so long ago as 1832, a 
similar defence had been raised. In that instance the 
plaintiff sued to recover 70/.—the agreed cost of putting 
up a hot-water apparatus inachapel. The defence was 
that it was useless, and that no payment was due. Lord 
Chief Justice Tindal, in charging the jury, said: “If the 
stove is altogether incompetent and unfit, the defendant 
is not honnd to pay; if itis perfect, the plantiff is entitled 
to the full price. But if the apparatus is in the main 
substantial, but not quite so complete as it might be, 
according to the contract, and in that case if it can be 
made good at a reasonable expense, the proper course 
will be to give your verdict for the plaintiff, deductin 
such sums as will enable the defendant to do that whic 
is requisite to make it complete.” Applying this prin- 
ciple, Mr. Justice Bray gave judgment for the plaintiff 
for the amount claimed, less an amount which he estimated 
it would cost the defendants to make the ap tus fulfil 
the warranty. It is important to notice that the appa- 
ratus was complete in itself, the only variation from the 
contract being the non-fulfilment of the warranty. 





i 





PrrsonaL.—The British Electric Plant Company, 
Limited, announce that, in order to enable them to deal 
more promptly with the commercial side of their business, 
they have decided to remove their head office from Alloa 
to 144, St. Vincent-street, Glasgow.— Messrs. Loveridge, 
Limited, Docks, Cardiff, state that they have appointed 
Messrs. H. M. Lang and Co., 342, Argyle-street, Glas- 
gow, their agents for Glasgow and the West of Scotland. 
—Messrs. William Fox and F. W. La Trobe Bateman, 
civil engineers, 5, Victoria-street, Westminster, S.W., 
inform us that they have taken into partnership Mr. J. 
R. Fox, A.M. Inst. C.E., son of Mr. William Fox, who has 
been their assistant for several years, and has acted as their 
resident engineer on works of sewerage and water supply. 





THE LATE Mr. GILBERT S. Goopwin.— We regret to have 
to record the death at the advanced age of eighty-one 
of Mr. G. S Gvodwin, who was a well-known consulting 
engineer. He was apprenticed with Messrs. John 
Holiday and Co., Glasgow, in 1845, and served in their 
workshops and drawing-office till 1852. In 1852 Mr. 
Goodwin was engaged with Messrs. Coats and Young, 
Belfast, and Messrs. George Forrester and Co., engl- 
neers, Liverpool. He then became chief assistant to 
Mr. Douglas Hebson, consulting engineer and naval 
architect, Liverpool, who was also chief engineer-sur- 
veyor to the Board of Trade. Mr. Goodwin served as 
his assistant-surveyor by direct appointment of the 
Board till 1856, when exclusive surveyors were appointed. 
He continued with Mr. Hebson until 1864, when he 
accepted the position of chief surveyor to the Liverpool 
Underwriters’ Registry. In 1866 he started the business 
now known as G. 8. Goodwin and Co., and as naval 
architect and consulting engineer was from that time 
onnene in designing and superintending the building ot 
a large number and variety of nger, cargo, and 
cattle-carrying steamers. He also held the position of 
chief surveyor for the United Kingdom to the Bureau 
Veritas Register of Shipping from 1868 to 1886. In 
addition to general private practice, Mr. Goodwin was 
resident and consulting engineer to various important 
English and foreign steamship companies. In 18% he 
formed his business into a company, and took into 
partnership Mr. Andrew Hamilton, M.I.N.A., C.E., 
and Mr. illiam F. Lambert, M.I. Mech. E.; a few 
ears later Mr. Alexander Adamson joined as partner in 
is firm. Of recent years Mr. Sevkeln had not taken 
an active part in the business, 
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SOME ASPECTS OF DIESEL ENGINE 
DESIGN.* 


By D. M. SHannon. 


hey age in ; 
the last meeting of the Institution, a am in 
a an remarkable, and here reproduced (Fig. 2), 
was shown. A similar diagram for a Diesel oil-engine 
installation is given in Fig. 2. One would naturally 
think that a motor which can convert Fig. 1 into Fig. 2 
would have engaged the attention of marine engineers in 
this country in a much more serious manner than that 
which has been made evident during the last two years. 
This comparison, of course, is not altogether a fair one, 
for Fig. 1 does not take into account boiler losses, and it 
is probably not the best that can be done by the steam- 
engine. The transformation naturally follows from the 
fact that the energy is being directly taken from the fuel 
on top of the engine piston, and not passing through the 
series of losses and leakages shown in Fig. 1. This 
rime mover promises to work greater changes for the 
efit of man than those which the steam-turbine has 
wrought. The pity is that the changes now going on are 
chiefly of Continental origin. 
In passing, it might be well to warn those about to take 
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wp the manufacture of the Diesel engine that nothing but 
the best materials and workmanship will suffice. Other- 
wise there is the danger of doing a promising motor great 
harm in its infancy. These are points that are usually 
brought home very wore steam engineers on first 
taking up the oil-engine. The reason for greater accuracy 
and better material is, of course, due in the first instance 
to the high pressures that have to be dealt with; and, 
secondly, to the small volume occupied by the power 
medium. In an oil-engine 1 cub. in. of oil for power 
purposes is, on an average, equivalent to 5500 cub. in. of 
steam used in a steam-engine. Hence the measuring and 
ng arrangements must be made with greataccuracy; 
any slight variations from which might mean large varia- 
tions in power and efficiency of the machine. Experience 
has shown that only a few thousandths of an inch here 
and there makes the difference between a good running 
motor and complete failure. : en yt 
. the oil-engine, it should be remembered, is still in its 
infancy, and the test care is required in its design and 
manufacture. l-engine workers recognise that the 
piston-engine is only a temporary solution to the problem, 
and that a reversion to the turbine principle will be the 
natural outcome of the inherent limitations and disadvan- 
= of the reciprocating form of motor. fh 
reat efforts are being made with engines of the turbine 
form, and only those engaged in the industry know how 


enormous are the difficulties to be overcome. It is in- 
teresting to note that the only reason why oil-engines 
have been practicable for so many years is the fact that 
the surfaces coming into contact with the flame receive a 
little rest between the explosions in which to dissipate 
the heat. 

If the process be made continuous, as in the turbine 
form of motor, then trouble from this source might be 
overcome by allowing one set of blades to cool down while 
another set carried on the work, or by trying a turbine of 
the bladeless form. Again, the steam-turbine only shows 
superiority over the reciprocating engine when it is made 
condensing, and this advantage cannot be gained in the 
internal-combustion turbine over the reciprocating engine. 
There is also the difficulty of obtaining an efficient com- 
pressor of the turbine form, and it is not logical to carry 
out one part of the process with a piston machine and 
the other part with a turbine. This difficulty would be 
minimised with a producer which would produce gas at 
a pressure of, say, 150 1b. per sq. in., or make a fixed 
gas from any class of cheap oil. Facts seem to point 
strongly against the success of the internal-combustion 
turbine working on any of the present cycles, and until 
a new cycle or a new heat-carrier can be found, there is 








* Paper read before the Institution of Engineers and 


ders in Scotland on April 23. 


little hope of much progress being made in this direc- 
tion. 


—_ were attempted, and they prove that the two-cycle 
ouble-acting type is the only one that can be seriously 
considered. It is certain that the motor warships sug- 
gested by Mr. James McKechnie are much nearer realisa- 
tion than most engineers thought possible at the time. 
Some of the claims made on behalf of the Diesel engine 
are not quite accurate. The absence of ignition-gear is 
not an advantage to the engine, but constitutes what is 
probably its greatest disadvantage. In place of simple 
electrical ignition-gear there isa very high pressure to deal 
with in the working cylinder, and a complicated two or 
three-stage compressor to provide injection air at a pres- 
sure of 800 lb. or 900 lb. per sq. in. This demands the 
| finest workmanship and t Fe we care in handling, 
}and has proved the only w point in some jobs that 
| have otherwise been faultless. 
use the charge is not admitted until the piston is 
near the top dead-centre, it is argued that it is impossible 
to obtain pre-ignitions. It is only necessary to have a 
leaky fuel-injection valve in order to obtain them, 
although in the Diesel aie they are not so violent as in 
engines working on the Otto cycle, for the reason that the 
pressures are much higher, and the chan in pressure 
are not therefore so noticeable. Further, the temperature 
to cause ignition is only reached when the piston is near 
the top dead centre. The real danger is that the high- 





Fig.3. TWO-CYCLE SINGLE-ACTING ENGINE, 24,000 B.H.P. 
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A question that is greatly exercising the minds of | 
engineers is: How big can the Diesel engine be made? | 
Steam installations have already reached the enormous | 
total of 90,000 horse-power concentrated in one ship, and | 
at first sight this would seem quite hopeless to attempt | 
with oil-engines. Experiment and the present means of | 
manufacture seem to be the determining factors, and it is | 
probable that the size of the crank-shaft, and not the size 
of the cylinder, will limit the power of the oil-engime. 
Considering that 2500 horse-power has been put into one 
cylinder, I have assumed, for the sake of argument, that 
it is possible to put 2000 horse-power into one single- 
acting two-cycle cylinder, or 4000 horse-power into one 
Senlipaiahan two-cycle one. Since the volume of the 
cylinder rises as the cube of the dimensions, and the area 
of the exhaust-ports is roughly ng sees to the square 
of the dimensions, it follows that there is an economic 
limit to the size of the cylinder, on account of the in- 
creasing length of the ports in proportion to the stroke of 
the pistons. This limit is certainly over the powers 
assumed. By combining twelve single-acting two-cycle 
cylinders, as in Fig. 3, or six double-acting ones, as in 
Fig. 4, then a total of 24,000 horse-power is reached for 
one shaft, and if three shafts are used, this would amount 
to 72,000 brake horse-power in one ship. The pistons of 
this motor would be about 45 in. in diameter, and the 
stroke 60 in. The crank-shaft would be 27 in. in dia- 
meter, stressed to 11,000 Ib. per sq. in. The over-all 
dimensions of these motors would as shown in the 
illustrations, the two halves of the single-acting motor 
being in separate engine-rooms. By using high-tensile 
steel and a judicious arrangement of cranks, it would be 

ible to increase the power up to 30,000 horse-power 
> ae same diameter of shaft by adding two extra 
double-acting cylinders, thus giving 90,000 brake horse- 
power in one ship. = | Helens : 

The diameter of shaft given is limited by bearing pres- 
sure considerations ; and the power, as already suggested, 
that can be passed through it can only be increased by 
using a better quality of steel and increasing the nunfSer 
of cylinders in a line, instead of increasing the diameter 
and stroke of the pistons. The large diameter of shaft in 
proportion to the throw would necessitate the pins, webs, 
and shaft being forged solid, thereby increasing the diffi- 
culties of manufacture. 

Figs. 3 and 4 are interesting, as showing where advance- 
ment along existing lines would lead to when really large 








Fig.5. FOUR-CYCLE CARD. 
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pressure air would leak into the cylinder if the needle- 
valve were to stick open, and the piston on rising would 
enormously increase the compression pressure. At least, 
to my knowledge, two engines have been completely 
wrecked by causes which could only be traced to this, and 
it is therefore imperative that Diesel engines of any size 
for marine purposes should be fitted with relief valves on 
all the —. Again, there are no violent explosions 
in the Diesel engine when working, for although the 
changes in pressure are great, they are gradual, and do 
not give rise to shocks, as are experienced in engines 
working on the Otto cycle. 

One of the greatest advan of the Diesel engine is 
that, however small the quantity of combustible matter 
injected into the cylinder ma it is certain to burn. 
Hence no weak charges can sent into the exhaust 
system to cause trouble. This fact makes the Diesel cycle 
eminently suitable for dealing with gaseous fuels, espe- 
cially for reversing engines, and I think that this is the 
correct line to work along in developing gas plants for 
ship-propulsion. In a reversing engine working on the 
Otto cycle there is always one or two cylinders full of 
mixture, and at the point of reversal explosives are dis- 
charged into the exhaust. Then, again, it is wrong to 
introduce the fuel into the cylinder before the exhaust 
ports are closed, for no matter how great the precautions 
or attempts at stratification, it is quite impossible to 
prevent the escape of fuel during charging. Ab the finish 
of charging there is always some gas in the ports and 
clearances, and this is swept out through the exhaust 
during the next scavenging period. These things tend to 
make the efficiency of the large two-cycle gas-engine 
rather r, and any development must take place by 
—— ding the gas until the exhaust ports are quite 
c R 

I am not aware if Diesel engines have been run with 
gas, but all that is necessary to test the idea is a pressure 
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intensifier in conjunction with the existing multi-stage | twisting and bending moments occur at the same instant. 
injection air-compressor. | As to twisting moments, Tables I. and II., page 607, 
| contain a fairly complete analysis of all engines of the 

Crank-Suarts. four and two-cycle single-acting types that have actually 

Cranks should be arranged with regard to the following | been built or = The results of the four-cycle 
points, which are given in order of importance :— | engines are rather curious, and these will be taken first, 
1. Uniform twisting moment. although it is rather late in the day to be considering a 
2. Balance of the engine asa whole. | type that has not found favour for marine work. In 
3. Unbalanced couple between any two or more adjacent | drawing up these tables the effect of the compressor and 
cranks to be as small as possible. scavenging cranks has been neglected chiefly on account 


4, The angle between two adjacent cranks to be as large | of the .great variety of positions these can be, and are, 





Fig.7. FOUR-CYCLE TWISTING-MOMENT FOR ONE CYLINDER. 


connecting-rod 4.5 cranks long as representing average 
practice. 

Figs. 7 and 8 show the primary twistin 
moment curves from which all the resu 


Land bending 
.- cidentall h adie 
ncidentally it should be noted that balancing is 
easier problem than in steam work, on account of the 
greater number and flexibility of arrangement of cranks, 
and it is possible in nearly every case to obtain excellent 
balance without disturbing the —— phase difference of 
the working cranks, or adding balance weights to them. 




















































































































































































































Fig. 9. RUNNING LOADS ON MAIN BEARINGS. 
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Fig.10. FOUR-CYCLE EIGHT-CYLINDER ENGINE, TWISTING-MOMENT CURVES. 
Inertia~ 100 Lbs =-----------------------=------ 
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Fig./1. COMBINED BENDING & TWISTING MOMENTS. 





CAM AND ROLLER GEAR. 





jlaced in. The constants, although quite good for pre- 
iminary design work, are given rather for purposes of 
comparison. 

In order that the effect of inertia on torque may be 
studied, three sets of constants have been given for each 
case, the first neglecting inertia, and the second and 
third allowing for inertias of 1001b. and 200 1b. per sq. in. 
of piston area respectively. In all cases the curves from 
which these ratios were taken were carefully calculated 


as possible, so as not to have them both firing on the down 
stroke, and causing excessive pressure on the bearin 
between them. If there are two ings between eac 
crank, this point has little significance. 

5. If the shaft is made in pieces, these should be 
interchangeable, in order tokeep down thenumber Of spare 


parts. 
6. In four-cycle work adjacent cranks should not be 
on the same centre line, on account of concen- 





mm ) Fig. 8. 
Kelwle DL be: | BENDING-MOMENT CURVES. 
N nervia 200 Lbs | Inertia-olbs.| | | 
> BNI AN At inertia 1001s! Inertia-2001 TY | nertia=200 Lbs 
mertiar 100Lbs ~~ erm 4222 | t4 - mertia* 100Lbs 
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Fig. 12. TWISTING-MOMENT CURVES. 
Fwo-Gele Fight Glinder Engine, Inertia -0 
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To meet condition 1, the working cranks are always 
arranged at equal angles, and this in every case, excepting 


| | that one, two, and three-crank engines, gives complete 
| primary balance. The compressor and scavenging cranks 


are usually arranged to give the minimum disturbance to 
uniformity of twisting moment, and are balanced sepa- 
rately with the aid of balance-weights. 

Condition 4 can best be investigated graphically, and 
for this purpose Fig. 9 is given. e resultant is due to, 


a. Inertia loads of the reciprocating parts. 
b. Centrifugal loads of revolving parts. 

c. Weight of parts. 

d. Gas pressures. 


This is given for one cylinder, and since there are two 
bearings, the vertical scale will require to be halved to 
obtain the result for one bearing. ence, by combining 
curves like (a) Fig. 9, for two adjacent cylinders at the 
roper crank angle, the combined effect on the bearing 
tween can be ascertained. In two-cycle a having 
one bearing of normal length between the cylinders, it is 
_~ safe to arrange the cranks nearer to each other than 
eg. 

Condition 6 is satisfied by most engines, the only exce 
tions being the four, six, and eight-cylinder four-cycle 
motors. In the four and six-cylinder engines the only pro- 
vision that can be taken is to make the centre bearing long 
enough, but in the eight-cylinder motor there is an alter- 
native arrangement to that usually adopted in practice. In 
Table I., the first arrangement ” the eight-cylinder motor 
is that used on the engines of the ship Selandia, and the 
second, giving theoretically the same Tolan, has no two 
adjacent cranks on the same centre with only one bearing 
between them. ; 

Fig. 10 gives the maximum pateting moments in each 
case, and in Fig. 11 is given the combined bending and 
twisting moments. It will be noted that in cases 1 and 2 
the maximum twisting moment occurring in the shaft is 
that due to the first five cylinders, and that case 2 gives 
the lower twisting moment of the two. Also, in case 2, 
there is a further advantage, since the peak of the twist- 
ing-moment curve is at a point where the bending moment 
is least, whereas in case 1 the peaks of the bending and 
twisting moments coincide, stressing a shaft, at a parti- 
cular point, to 3000 Ib. per sq. in. more than in case 2. 
In a great many instances shifting of the peaks was very 
marked, and advantage should be taken of this fact so to 
arrange the cranks to give a minimum diameter of shaft. 

In columns 5, 7, and 9, Table I., the ratio R_ of 
maximum twisting moment in the shaft to mean twist- 
ing moment has been given, and the small number 
in brackets immediately under denotes the number of 
cylinders giving this maximum. In columns 6, 8, 40 
10, R, is the ratio of the twisting moment for the total 
number of cylinders to the mean twisting moment. 
Ratios R will therefore be used for crank-shaft design, 
and ratios R, for tunnel-shaft design. Columns 11, 12, 
and 13 show how slowly the twisting moment increases, 
due to piling on cylinders in the case of four-cycle engines. 
It will also be noticed that in a number of cases inertla 
makes very little difference in R,, that in four-cycle work 
inertia cannot be neglected, and that in some extreme 
cases there is an increase of 60 per cent. in the twisting 
moment due to inertia. A difference of 2000 1b. per sq. 12- 
in the stress of a shaft seems to be treated lightly in 





from the indicator-cards shown on Figs. 5 and 6, page 605, 
which are rather above average practice, and assuming a : 


trating the centrifugal and inertia loads. . 
7. As far as possibie avoid making the maximum , 


some designs of Diesel engines 
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P,,» = maximum pressure in cylinder at instant of maxi- 
mum twisting moment. 
= 420 lb. per sq. in. approximate 
n = number of working cylinders. 


Fig.78. VALVE-GEAR CURVES. 
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Load Scale Lbs. 


Speed Scale. Lift Scale. 
S 





Acteleration Scale Ft. per Sec* 


(2789. ™) 


a maximum twisting moment. 

minimum twisting moment 
_ distance between centres of bearings 
* diameter of cylinder ’ 
= 2 for most engines. 

piston stroke 

diameter ot cylinder 
= 1.2 for high-speed engines, and 

1.4 for low-speed engines. 


b= 


P bn Rm for four-cycle single-acting engines. 

2 Pbn R» for two-cycle single-acting engines. 
. P bn R,,, for two-cycle double-acting engines. 
_ Pana 


Te 


u 
Then 


3 : = 
d=D\/* {0.35 y + 0.65 Jv ue} 


f= a x {0.35 y + 0.65 /* +0.4\ 


These formule, although rather complicated, take into 
account all the variables and constants; x and y can be 
worked out for a particular type of engine and tabulated 
for use. It is deduced from the usual equation :— 


M. = 0.35 Ms + 0.65 Ma 2 + M: 2 w 
the amount of bending allowed for being equal to ao 


where W = piston load and L = distance between centres 
of bearings. 


Mary Bearing ANvp Connectine-Rop Caps anp Bouts. 


At (a) in Fig. 9, page 606, is shown the upward loads on the 
main bearing caps and bolts of a four-cycle motor, 
assuming that there are no balance-weights on the webs. 
In a formula the upward load for one cylinder will be :— 


1 
P = 0.000028 Rv[ Ww (1 +<)+ w, | 
where 
R = crank-throw in inches. 
N = revolutions per minute. 
om length of connecting-rod 
crank-throw . 
W = total weight of reciprocating masses in pounds. 
W, = total weight of a pa masses—t.¢., crank-pin, 
part of webs and revolving part of connecting- 
r 


Tn practice the load caused by W, is generally neglected 
or forgotten, although in many cases it amounts to 45 per 
cent. of the total load. 





For the connecting-rod bolts 
| 
P = 0.000028 RN? [w (1 +} ) + Ws} | 


n 
where W, = weight of revolving part of connecting-rod 
minus weight of bottom end cap. Here, again, We is 
generally neglected, although its effects in high-speed | 


“oe are serious. 
n two-cycle single-acting engines these loads do not | 
exist, but it is well to design the parts to withstand them, 

since there is always the chance of a epee ag ae 

spring breaking and letting the valve stay open, thereby 

relieving all compression and allowing the full inertia and 

centrifugal loads to come into play. 





; and is consequently of a muffied nature. For noiseles 
Vatve-Gear Diacrams. running, the flat part of the cam profile should alide 
The noise caused by some cam and rolle gears is due under the roller at a tangent, and should grip the roller 
principally to two causes, the first and greatest being the | with no velocity. If this is done, the valve can then be 


Fig.t. VALVE-GEAR CURVES. 





Acceleration Scale Ft.per Sec? 
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77. VALVE-GEAR CURVES. 





Speed Scale. 


Fig. 20. 
ECCENTRIC 
VALVE-GEAR 

CURVES. 


Fig.21. LOADS ON VALVE LEVER OR PUSH ROD. 
EXHAUST VALVE. 
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Gas Pressure on | 
Exchaust Valve 
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Valve Gear 





Fig. 22. LOADS ON VALVE LEVER OR PUSH ROD. INLET VALVE. 
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speed with which the cam strikes the roller, and the| pushed open as rapidly as desired. The same remarks 
second the valve striking the seat. If the first can be | apply to the closing of the valve. 

eliminated, the second will naturally vanish, or at least | The general method of making cams is to let the fiat 
cause no inconvenience. since it occurs inside the cylinder, | part of the cam profile run tangent to the cam circle as 
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606. Owing to the high surface 
8 of the ca’ ives rise to a violent knock when 
ae flat face engages the roller. To’ overcome this the 
flat part of the cam should run tangent to the clearance 
circle (>), a8 shown by Fig. 14, and should then fillet into 
the cam circle. 

Diagrams an 


at (a), Fig. ‘rs. 


d actual measurements for the opening 


Cams like Fig. 13 are nearly noiseless in operation if l diagrams like Figs. 23 and 24. It is also desirable to get 
the roller be held in contact with the cam by means of a/ rid of the exhaust gases as quickly as possible by pro- 
light spring, and not given clearance, as shown. Unfortu- | viding free passages and valve openings. Con- 
nately, the roller is then running under load all the time, | sidering the exhaust cam shown in Fig. 17, the effect of 
and the wear on the pins is heavy. Push-rods should be putting on the dotted piece is indicated in Figs. 23 and 
avoided, since these introduce more joints between the 24, the former showing the gas speeds for the full-line 
cam and its work, and there is always noiseand vibration | cam, and the latter those for the dotted line. This has 


sides of a cam like Fig. 13 are shown in Fig. 16, page 608. | by the cam taking up the slack every time the valve is the advantage of bringing the gas speed down from 


The abrupt start of the speed and acceleration curves is | opened. 


very marked, and forms a contrast to the curvesgiven by 
Fig. 17, which also gives the curves for the closing side. 
These curves are for a cam of a form similar to Fig. 14 
The effect on the acceleration curve of putting a piece on 
to the cam profile, as indicated by the dotted line, is 
shown in Fig. 19. This concave curvature cannot be 
carried out on high-speed cams, use the acceleration 
is so great as practically to amount to a blow. Since 
force = mass x acceleration, it follows that the accelera- 
tion curve is simply a force curve to a suitable scale. 
The equivalent mass of the valve-gear parts at the valve 








23. 


Piston-+> 


TABLE ITI.—AIR-COMPRESSOR FORMUL®. (For Symbols, see 


Cylinder Diameters. | 














630 ft. per second to 420 ft. per second. The final effect 
|of this can only be obtained by actual trial, but without 
drawing such diagrams any attempts at varying the 
shapes of the cams must be largely a matter of guesswork. 


Offsetting the roller, as in Fig. 15, givesaslightly quicker 
opening of the valve, and allows it to seat a little quieter, 
but these effects are small. This practice, however, 
should not be followed on account of the lateral thrust and 
heavy wear thrown on the valve gear. Reducing the size 
of the roller in proportion to the valve lift is beneficial, | 





Arr-COMPRESSORS AND SCAVENGING AIR. 
General Formule. 


but this cannot be carried far, as the pins become too! Let 

small. Increasing thediameter of the cam in proportion | x = number of stages in compressor. 

to the valve lift has much the same effect, and for high- | k = number of any particular stage. 

8 work the cam diameter should be from 6 to 7 times x = diameter of cylinder for k stage in inches. 
the valve lift. For the same class of work the diameter D, = diameter of first-stage cylinder. 





GAS-SPEED CURVES. 
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Out Centre 


Piston —> 
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Cylinder Diameters, taking Clearance into Account. Intermediate Pressures, 








No. of | 
Stages. 
Do Ds. Dy. Do. Ds. D,. P). Po. Ps. 
a2 2 l apres ME pr epcors 
9 p, (2 p, (2 1+¢, -¢() 2 4 
(=) (=) ae 1 P(a) 
1+ €2 — €2 (a) Zn 
, " ; ——— meron RE CASTS ES 
1 1\° 1 l+¢ - 7 1)° -e 4 
3 D, (= am f= D, (= + ¢ — €) (@) Fu i jr +¢, -¢(@) » 4 4 
(5) (=) (5) / aye he ae (3) 4 1 | Pea) P (a) 
1 + ¢ - ¢2 (a) Fn L+¢3-¢3(a)~n | 
z } § i ae Ly } eS ae 3 i ae aenen Sa! mae 
1 1 1 | 1\°" Y 4 . : 
4 D, (= = D; (-— | oy #4 1+ - ¢ (@) a i 1 +e) - ¢) (@) dn D i fr +c) - ¢ (@) an } 4 } 
(3) D(z) (3) (4) - — D: (=) tate | i(-) \ P (a) P (a) P (a) 
1 + ¢ - e2(@) an 1+¢3-¢3(@) an | 1+ ey ~ ¢4(@) in 
No. of Intermediate . _ , Work in Foot-Pounds uired per Stroke of Work in Foot-Pounds Required per Cubic Foot of 
Stages. Temperature t, Volumetric Efficiency. pm ag Piston Displacement. 
0.962 D,28 = \ 2116 os 1 
= 1 1 n—l 1 js LU 
i t = n n-1 { n 1 la (. n yj n-t " atke (1- )\ 
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centre must be calculated and the curve calibrated to 





of the roller should be at least 2.5 times the valve lift. 


S = stroke of piston in inches. 


suit. Fig. 18 shows the acceleration curve of Fig. 19| Asa rule eccentric gear with rolling links is very much P = atmospheric pressure = 14.7 Ib. per sq. in. 
converted and the spring-load curve plotted above it. | quieter in working than cam gear, on account of the low P, = absolute pressure at end of any stage k. 

The spring-load curve should always be considerably in | speeds of the contact surfaces. Although theoretically «a = ratio of compression. 

excess of the acceleration curve, so as to make certain that | cam gear should be as noiseless as eccentric gear, in prac- final gauge pressure + 14.7 Ib. 

the roller will not fly off the cam when the valve is open- | tice this has not been found to he the case, for reasons aa 1471 

= and closing. The friction at the lever pivots and! which are pone constructional, and as time goes on tlc ‘ —_ 
valve stem helps the spring on opening, but retards it on | more engines will be fitted with eccentric gear, on account t = absolute temperature of air at the beginning 
closing, and has co uently to be allowed for. This of its superior running qualities and the quicker and of first-stage compression, 

amount can only be obtained from practice, since it is | variable openings it can give to the valves. = approximately atmospheric temperature + 
largely a question of lubrication and workmanship. On| In calculating the strengths of push-rods and valve- 460 deg. 

examination of a large number of cases I find that the | levers, the loads are best arrived at by graphical construc- tx = absolute temperature at end of any stage. 
strength of the spring should be from 2 to 2.5 times the| tion. Fig. 21 shows curves for an exhaust-valve, and c, = clearance in first-stage cylinder expressed as a 
accelerating force for ay mm engines. | Fig. 22 those for an induction-valve. In the former the fraction of the piston stroke. 

Similar curves may rawn for eccentric gear or a principal load is, of course. that due to the gas pressure nm = exponent to the compression curve = 1.35 for 
combination of eccentric and cam gear, and an example on the valve at the point of opening, and this amounts to . high-speed Diesel engines. . 
of this latter, giving a variable opening to the valve, is about 401b. per sq. in. of valve area. The resultant V = volume of free air delivered per stroke in 
shown in Fig. 20. It is not necessary to draw the com- | will have to be increased by an amount already given to cubic inches, 

lete acceleration curve, because when the speed curve allow for frictional resistances, and the push-rod or lever Then 

as been drawn it will be seen that the maximum accelera- | designed to suit this total. For the induction-valve the / Vv 
tion occurs at the eins where the speed curve is steepest, | gas pressures are so low that they have been neglected ~—— j 
and this can ily be calculated. The speed of the altogether. jedi j 1 \ 
valve at closure is also easily determined from the valve-| The effect of varying the cam profile on the gas speeds / r8f14 ec, (l-a) zn J 
lift curve. These points are indicated on the curves, | through the valves is very important, since this greatly \ 
which are self-explanatory, although they are rather | affects the efficiency and power of the motor. The power k-1 
mere difficult to construct than those for cam and roller depends upon the volumetric efficiency of the working D = D, ( 1 ) oz 
gear | cylinder, and how best to increase this can be studied by a 
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Taking cylindrical clearance into account, 


Di = D, (= ee 1+ — o (a)*” 
a 1 
1 + cx —cx (a)*" 
zB 
Pr = P (a)” 


1 
Volumetric efficiency = 1 + ¢, (1-0*" ) 


Work done per stroke of compressor 


7 Oe a. |. 
eal, 


— 0.962 D,2 J. at 
n-1 


an 
Work done per cubic foot of free air delivered 
n-1 1 


an rn 
= 21164 (a) -1 1+¢, (1- ) 
n-1 


an 


Assuming that the air is always cooled back to atmos- 
pheric temperature after each stage, 


n-1 
zn 
&=t(a) ° 


These rules are deduced from the fact that for the most 
economical compression tne intermediate pressures are 
in geometrical progression, and in the form given they 
are suitable for a compressor having any number of stages. 
For tandem compressors the equivalent diameters must, 
of course, be found, and in all cases the stroke of the 
pistons for the several stages has been assumed to be the 
same. If these vary in any way, allowance must be made 
when finding the various diameters. The value of the 
exponent to the compression curve varies from point to 
point of the curve, on account of the variable rate of heat 
transmission to the jacket water, and the value given is 
only an average one calculated from a number of actual 
indicator cards. In order to get rid of the suction-valves, 
the practice of allowing the piston to overrun the ports is 
sometimes resorted to. This is very often done in the 
first stage of small compressors, and the induction-pipe is 
tuned up to such a length that, when the piston overruns 
the ports, oscillations are set up, and it has been found 

ible to start compressing with a pressure of about 
9 lb. per sq. in. absolute, instead of at atmospheric pres- 
sure. In this way a reduction can be made in the 
cylinder diameter. The effect is the same as if the com- 
pressor was working in a denser atmosphere, and P in 
the formula will have the value of 14.7 + super-pressure. 
The practice is not defended except for the express pur- 
pose of simplifying the compressor ; for although much 
of the energy lost during the suction stroke is recovered 
in the form of super-pressure, a good deal is lost due to 
heating up the air as it rushes through the inlet ports. 

Table III., page 609, gives a complete set of formule 
for air-compréssor design, extended to include compres- 
sion in one, two, three, and four stages. In that table the 
symbols employed have the significance given below :— 
D,, Dg, Ds, Dg = diameter of first, second, third, and 

fourth stage cylinders. 


P,, Po, Ps = absolute pressures at end of first, 
second, and third stages. 
P = atmospheric pressure = 14.7 lb. per 
sq. in. 

C,, Ce, C3, Cy = clearances of first, second, third, and 
fourth stage cylinders expressed as 
fractions of the piston stroke. 

tx = absolute temperature at end of any 


8 k 
= absolute eo pe temperature 


460 deg. + 60 deg. = 520 deg. Fahr. 
a=ratio of compression = 
gauge pressure + 14.7 lb. 
14.7 Ib. 
nm = exponent to the compression curve. 


uoul 


1.35 for high-speed Diesel engines. 
$ = stroke of compressor in inches. 


For the scavenging air the compression line is straight, 
because of the low compression pressure required, and con- 
sequent small heat losses to the cylinder-walls. The 
calculation of the aged required by scavenging-pumps 
is therefore a simple matter, and requires no particular 
formule. 

GENERAL. 

The following notes and suggestions on marine require- 
ments may not be without interest. They refer prin- 
cipally to two-cycle engines, 

he use of the stepped-piston engine is not advisable 
for marine work, chiefly on account of the amount of gear 
that has to be dismantled | efore a piston can be examined. 
In all designs this means the removal of a cylinder, and 
in some the cam-shaft and gear extending over two 
cylinders, in addition. The advantages claimed for the 
design are that balancing is much easier and better, and 
that if the scavenging part for one cylinder breaks down, 
it only affects the working of that cylinder. The latter 
reason is quite sound, but with regard to balancing, an 
addition of weight to the reciprocating masses is “oe 


and aggravates any unbalanced forces and couples there | - 


In some 7 such as the four- 
cylinder t pe with cranks at 90 deg., it is desirable to 
have an a itional crank, since this can be arranged to 
good balance without disturbing the equal phase 


may be in the ne. 


givea 


difference of the working cranks. It also makes a cheaper 
engine to have a se te scavenging-crank, although the 
oy inders do not all receive the same measured quantity 
of air. 

Some of the stepped-piston engines have only one fuel 
oil-pump for supplying all the icin and if it breaks 
down or gets choked up, which is by no means uncommon, 
the whole engine stops working. The better method is 
to have a separate pump for each cylinder, so designed 
that it can be overhauled without stopping the engine. 
Higher powers have been obtained from engines so 
arranged, because the supply of oil to the cylinders is 
better under control. This design advantages 
from the standpoint of governing, which is a most im- 
portant feature in nrarine engines. In a six-cylinder 
engine with one oil-pump, one stroke of the pump delivers 
six — of oil. Now, supposing that the governor was 
required to act immediately after the pump had made a 
delivery, it cannot affect the six charges which have gone 
beyond its control, and must go through the cylinders, 
even although the propeller may be out of the 
water. With six separate oil-pumps delivering at 
intervals to suit the crank arrangement, it would have been 
able to act upon five of the charges, and would, conse- 
quently, be much more sensitivein itsaction. Theoilshould 
be withheld from the Diesel valve until it is just about 
to open, so that the governor has a chance to act upon it 
right up to the point at which it is required in the 
cylinder. With oil-engines there is not the slightest fear 
of racing taking place on account of the propeller | 
out of the water, for it is possible to throw the whole | 
instantly off the engine, and there is no perceptible 
variation in s . The usual method of starting up 
these engines is to admit air to all the working cylinders, 
and when a certain speed has been reached, to cut the 
air off from half the number, and turn the oil on. 
When this half has commenced firing, the air is shut off 
from the other cylinders and oil turned on, when the 
whole engine will be running on oil. Instead of this 
method all the pumps may be dropped into gear at the 
same instant that the starting air is turned on, and as 
soon as firing has commenced the starting air should be 
shut off all the cylinders. By this method, as soon as the 
engine begins to move, the oil-pumps begin delivering, 
which results in quicker starting, nm effects a saving in 
starting air. 

If the ship is fitted with an auxiliary set of engines, 
provision should be made for sending the hot water dis- 
charged from it through the cylinders of the main engine. 
This preliminary warming up would prevent the engine 
being subjected to sudden variations in temperature. 

In twin-screw vessels, the gear on each cylinder need 
not be handed, because each cylinder is a complete unit, 
and there are no great structural changes such as exist in 
steam jobs. It is rather a convenience for a man to turn 
from one engine to the other and find it exactly the same. 
It also means less first cost, and only half the number of 
spare parts are necessary. 

In order to increase the power for purposes of overload, 
or in cases of emergency, it is only necessary to create a 
denser atmosphere in the engine -room by the usual 
forced-draught appliances, the engines having first been 
designed to suit the increased compression pressure. With 
four-cycle engines this is all that is required, but with 
two-cycle engines the case is different, on account of 
the cylinders being open to the outside atmosphere 
during charging. The back pressure in the exhaust 
would require to be increased, which can be done 
by means of a water seal, an arrangement that 
permits any desired back pressure to be u If scaven- 
ging-pumps are separately driven, it is not necessary to 
increase the atmospheric pressure in the engine-room. 
The speed of the pumps would be increased instead, 
thereby increasing the scavenging air pressure, and at the 
same time the k pressure on the engine would be 
artificially increased. 





RADIOTELEGRAPHY WITH SPECIAL 
REGARD TO SHIP INSTALLATIONS.* 
By Director Brepow, of Berlin. 


Wuen Count Arco read a paper on radiotelegraphy 
before this Association in 1907, it did not appear possible 
that Germany could successfully compete with Great 
Britain, but during the past four years the Telefunken- 
Gesellschaft has not only established a ag equiva- 
lent to that of Marconi’s Company, but has improved its 
technics to such a degree that it now leads with respect 
to the number of stations installed all over the globe. 
The Telefunken-Gesellschaft and its sister companies have 
during the present year (1911) received orders for 252 
radiotelegraphic stations on naval and mercantile vessels, 
for 66 land stations and for 72 portable field stations, a 
total of 390 stations, all on the singing-spark system, while, 
according to official statistics, 1300 radiotelegraphic work- 
ing installations had actually been fitted up on the spark 
system during the ten years ending 1910. In 1907 it looked 
as if the continuous-oscillation system of Poulsen would 
supersede the spark system. Arco, however, exp 
the belief that an improved spark system would hold the 
field, and this success has indeed m achieved by the 
‘*musical quenched sparks.” The theoretical basis was 
laid down by Professor Max Wien, and the system 
has been worked out by Count Arco and his engineers, 
The three chief features involved are:—The high fre- 
quency, which permits of using large amounts of oscil-. 
latory energy and of obtaining large ranges ; the trans- 





* Abstract of a paper read in German before the 
thirteenth meeting of the Schiffbautechnische Gesell- 
schaft, held at Berlin, November 23 to 25, 1911, and 





reproduced, with a few figures, by permission of that body 





mission of musical notes, which minimise the effects of 
external disturbances, and render tone resonance possible ; 
the quenched-spark excitation, rendering a la wave. 
length range available, and ensuring higher efficiency and 
rapid damping. 

mge ; Wave-Length ; Influence of Earth and Atmos. 
phere.—In the old system from 15 to 20 per cent. of the 
primary energy was carried to the transmitter antenna : 
in the new system from 50 to 80 per cent. of the energy 
is rendered useful. Asa consequence, a range of 2400 km. 
(against 1000 km.) can be guaranteed for a 35-kw. station 
(see Fig. 1). The old apparatus suffered greatly from 
atmospheric disturbances, on account of the rapid damping 
of the transmitted waves, and the receivers had to be in 
close coupling ; the new system avoids both these disad- 
vantages, and the note is easily distinguished, moreover, 
from acoustic effects of atmospheric disturbances. The 
range depends on the primary energy and on the wave. 
length employed, and is limited chiefly because the antenna 
capacity has to be increased at the same time as the 
primary energy; that is to say, the horizontal area of 
the antenna and its distance from the earth have to be 
increased. In the old station (now enlarged) at Nauen, 
the antenna plane was 100 metres (with an average of 
80 metres) above the ground; it covered an area of 
31,400 square metres, yet it could not absorb more than 
35 kw. or 40kw. As regards the wave-length, the old 
system gave two oscillations, only one of which the 
receiver was able to render useful ; part of the energy was 
hence wasted. 2 

_The electro-magnetic waves do not decrease in intensity 
directly with the square of the distance. hey are 
absorbed by the earth and by the atmosphere, and the 
components of this loss cannot yet be separated. Moun- 
tains, forests, and sunlight increase the energy losses, 
especially the latter ; and all the remarkable ranges that 
have been recorded have been obtained at night. These 
influences affect long waves less than short waves; but 
the relations are not fully understood, and there may be 
for every station a time of day, a distance, or direction, 
a special wave-length most favourable for satisfactory 
working. In practice, the night range is assumed to be 
two or three times that of the day range. Fig. 2 shows 
the range attained between Nauen and the steamer 
Eleonore Woermann, on her way out from Hamburg to 
Cameroon ; messages were despatched every day between 
4 and 4.40 (both a.m. and p.m.) with constant energy and 
a wave-length of 2000 metres. During day time the 
efficiency of the service fell off rapidly as soon as the 
ship had rounded Brittany, where the waves had to cross 
land and mountains; at night time the weakening was 
gradual. Fig. 3 illustrates the peculiar influence of the 
time of day. Messages were exchanged between Madrid 
and Barcelona, Barcelona and Madrid, and Barcelona 
and Ceuta (Morocco). The distance, Barcelona-Madrid, 
is 500 kilometres, and the waves had to travel over moun- 
tainous ground. In all three cases the energy received 
about mid-day was weak ; it increased as the sun went 
down, and still more during the night to a maximum at 
midnight ; but there was a sharp depression both about 
sunset and again about sunrise. These curves represent 
averages as registered by different observers, who may 
differ considerably as to the extremes, but are in agree- 
ment as to the general trend of the curves. It is custom- 
ary to insert in the receiver a resistance in parallel with 
the poy noon and to vary this resistance until the sounds 
are no longer audible ; from the adjustment necessary 
the efficiency may be judged. In this paper ‘“‘range” is 
understood to mean that distance in kilometres at which 
an antenna of the same size as the transmitter antenna 
will still produce sounds of sufficient intensity. In reality 
most ship stations have much smaller antenne than the 
land stations, and the ships are at considerable disadvan- 
tage when the land station transmits long waves of 4000 or 
6000 metres. 

Primary Power.—A daylight range of 50 km. is obtained 
in small stations with 100 watts in the antenna. The 
largest existing stations, at Clifden and Glace Ba 
(Marconi, Ireland-Canada) and at Nauen, work wit 
30 kw. or 40 kw. of oscillatory energy. The Nauen 
station has recently been enlarged. The antenna, a skeleton 
tower, formerly 100 metres in height, has been raised to 
200 metres,* and eighteen wooden masts, 30 metres in 
height, have been erected in a circle of 400 metres radius 
to support the umbrella wires; the effective area is now 
120,000 square metres. The Allgemeine Elektricitiits- 
Gesellschaft is building a 100-kw. generator for Nauen ; 
the currents are of a frequency such that they can directly 
be fed into the antenna without spark discharges. Another 
100-kw. generator is to work with spark-gapsas before, and 
the two outfits will serve for comparative trials. * 

The Clifden-Glace Bay line maintains a regular service 
over a distance of 3100 km. Large ranges have been 
realised, but only occasionally. Thus the steamer Bosnia, 
of the Hamburg-Amerika line, remained in communica- 
tion with the Nauen station (which is experimental, there 
being no equivalent receiving-station) for fully 5000 km. 
at night, the curve descending less steeply than in Fig. 3. 
The signals were no longer distinguishable on the follow- 
ing night at 5600 km. distance, and during day-time the 
range was only 1700 km. The Bosnia is fitted with an 
ordinary small antenna. : 

Distribution of Stations ; Finances.—The International 
Radiotelegraphy Convention rendered the development 
of the new service ible, but it was not ratified by 
Italy and the United States. As far as the Suez Canal 
ships can now easily keep in touch with the home 
stations ; in the Red and in India stations are sparse 
or not apen to the general traffic. The Dutch Kast 
Indies and the Philippines are better provided on the 





* Part of the new structure was destroyed by a gale on 
March 30, 1912, 
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Telefunken system ; Japan has adopted the same system ; 
Australia is establishing two Telefunken stations at 
Sydney and Fremantle, and the Telefunken-Gesellschaft 
itself has stations at Sydney and Melbourne. The United 
States reserve the Govamees stations for their own 
use, and the numerous private companies only accept 
messages from shipping companies with which they have 
entered into agreements ; the Telefunken-Gesellschaft has 
recently erected a station at New York. Mexico, Central 
America, and South America make better provision for 
the public; forty-nine of the sixty-six shore stations of 
Fastern South America are on the Telefunken system. 
The Southern Pacific isstill behind. About 1000 mercan- 
tile vessels are at present fitted with radiotelegraphic 
apparatus (against 468 in 1910), and the United States, 
Austria, Italy, and the Argentine Republic oblige pas- 
senger boats of certain carrying capacity to provide such 
apparatus. According to the international statistics 
there were in existence, in July, 1911, 713 stations on 
warships, 673 on merchant vessels, and 197 land stations, 
a total of 1583 stations. These were distributed as shown 
in the list below. It will be seen that several countries, 


Fig.]. RANGES OF THE OLD AND NEWSYSTEMS 
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including the United States and the Argentine Republic, 
are not represented, and in some cases full information 
was not available. 

Radiotelegraphy Stations. 


Land 











| 
Country. | Navy. | ——- | Stations. 
Belgium we as - = 20 1 
Brazil . . ~ ia ise 25 * ll 
a ae ee a 9 32 
Ree R Ee 9 “ 4 
Denmark .. ca na 13 4 8 
Germany (excluding tor- 
pedo-boats) rod 98 156 16 
France - e a 140 38 18 
Great Britain i : 220 296 40 
Greece ‘a - og 13 3 = 
SR a is: 87 48 19 
Japan... a ae ? 20 6 
Monaco a bs : 1 = 
Netherlands. ..  .. 18 33 6 
Norway ms ie bs 138 5 4 
Austria-Hungary .. —.. 37 5 3 
Portugal ; ae ms 5 _ 2 (Azores) 5 
Roumania_ . — 5 1 
Russia ae oe ae ? 2 17 
Sweden. oh 27 — 2 
Spain... | 7 26 a 
Uruguay 1 8 2 
Totals .. e a 678 197 


Of the installations in the German mercantile fleet, 


the chief shipping lines own :—Hamburg- Amerika Line, 
0 


46 stations; deutscher Lloyd, 46; Hamburg-South 
America Line, 10; East Africa Line, 7; Woermann Line, 6; 
Kosmos Line, 7; Roland Line, 7; H Stinnes, 10; 
Cuxhaven High- Fisheries, 5; Kiel-Kersir, 3; Nord- 
deutsche Seekabelwerke, 2. German ships, representing 
780 voyages, had dealt with 127,000 messages during the 
portion of 1911 under review. 

The development been hasty, the international 
difficulties are very great, and the experiments exceed- 
ingly expensive ; the manufacture of standard instruments 
has not yet been organised, and the financial position 
of the surviving companies is hardly satisfactory. 

Station Types.—Four types may be distinguished :— 
Land stations, antenna energy ranging from 0.5 kw. to 
35 kw.; shipstations, antenna energy ranging from 0.1 kw. 
to 5 kw.; portable military stations; stations for auto- 
mobiles ; balloons and aeroplanes. 

The following remarks concern chiefly ship stations :— 

Ship Stations ; Antenne.—A distinction is made by the 
Telefunken-Gesellschaft between installations for war- 
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When the station has to be placed in the interior of the 
vessel, an open shaft should be provided for the antenna 
leads, leaving at least 0.5 metre clear space between the 
leads and the walls. (Having given some particulars con- 
cerning the equipment of the stations, the author passed 
to the antenne.) Whether or not the iron masts and wire 
ropes absorbed a sufficient amount of the radiated energy 
to justify attempts to insulate them or to subdivide them 
into insulated sections, is a disputed question. Masts 
can, perhaps, be insulated, but not without impairing 
their strength. Stay insulators are apt to corrode, espe- 
cially in tropical climates. The general arrangements 
of the antenne are illustra in Figs. 5 to 9% In 
the T antenna (Fig. 5) the leads go down from the 
middle; in the antenna (Fig. 6) from the one 
end ; Fig. 7 illustrates a lightship antenna, Fig. 8 a 
warship double T antenna, which is extended beyond 
the mast-head (in order to secure large capacity for lon 
waves), and kept taut by hemp ropes from the bow an 
stern. Emergency stations are frequently supplied with 
a special antenna. The material of the antenna is gene- 
rally bronze wire; copper cables with steel cores are 
mechanically strong, but very liable to rust. Suspension 
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Fig. 8. WARSHIP- ANTENNA 
































= Fig.9 LLOYO STEAMER-BREMEN WITH TWO ANTENNA 
—— =< Bs y 























——s 





2 &) 

ships, which should have a large range and a powerful 
reserve and should be capable of quickly changing the 
wave-length, and those for mercantile vessels, which 
latter should be simple and relatively inexpensive, while 
expense must be a secondary consideration for the naval 
installations. The smallest stations of the Telefunken- 
Gesellschaft, for tugs, target-boats, —_— &c., weigh 
0.53 kg., the accumulator battery weighs 5 kg., and the 
rangeis5 km, The normal installation for the merchant 
service works with an antenna energy of 1.5 kw.; larger 
vessels with an antenna energy of 2.5 kw. (primary 
energy, 5 kw.). small war-vessels the station does 
not occupy more than 60 cm. by 60 cm. (24 in. by 24 in.) 
floor space ; by the aid of the variometers waves of up to 
2000 and 3000 metres wave-length can be used. Fig. 4 
gives the average ranges for different outfits, and the 
elevation of the antenne above deck ; the ranges, it should 
be understood, are a ranges in this case, such as 
can be relied upon in exchanging messages with an equi- 
valent land station. Curve a concerns large warships ; 
curve 6, medium-size warships and the largest mger- 
boats ; curve c, large merchant vessels ; curve d, medium- 
size merchant vessels and small warships ; curve ¢, small 
mercantile vessels. The mail steamer Kleist, on her 
first journey through the Mediterranean, fully realised 
the range given in curvea. Immediately after leaving 
Bremerhaven the ship communicated with Algiers, 
1970 km. distant, although the Alps and Spain had to be 
crossed by the waves; off Algiers the Kleist worked 
through a distance of 1870 km.; off Alexandria, — 
a distance of 2490 km.; in these instances, however, the 
messages were sent at night. 





and stay insulators are made in great variety, but only 
a few of them have answered. Glass is too brittle ; lar, 
porcelain surfaces afford the wind too much hold. e 
much-used Rendahl insulator consists of a rod of wood, 
which takes up the strain, and which is provided with a 
sleeve of porcelain, an oil space being left between the 
wood and the porcelain. Suitable combinations of hard 
rubber, porcelain tube, and oil have been introduced by 
Clouth, of Kéln-Nippe. So-called egg-insulators of porce- 
lain have also proved reliable since 1907, but the steel 
rope must be wien through a perforation in the egg, and 
not merely be placed in external grooves, out of which 
it is apt to work free. 

Generators and Instruments.—Small installations are 
worked directly from the electric mains of the ship by 
direct currents of 24 to 220 volts by the aid of suitable 
apparatus supplying high-tension alternating currents. In 
larger installations a rotary converter, having an output 
of 2.5 kilovolt-amperes at 220 volts and 500 periods, is 
used, and is mounted outside the operator’s room, so 
that it can be run continuously during receiving without 
disturbing the operator by its noise; some current is 
wasted by this arrangement, but no time is lost in re- 
starting the machine. The frequency of these currents 
(1000 alternations per second) has to be raised about 
1000 times, and the transmitter circuit comprises for this 
purpose a transformer py bene up to 20,000 volts), 
a condenser consisting of a battery of Leyden jars, and 
self-induction. 

Not more than one ten-millionth of the energy radiated 
by the transmitter antenna may the receiver, which 


therefore requires a detector. When working with short 
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waves, the arriving currents from the antenna are sent 
through the primary of the receiver and thence to the 
condenser and earth. The detector and block condenser, 
in parallel with the telephone, and the telephone are in the 
secondary. For long waves, primary coil and condenser 
are coupled in parallel; a throttling coil is again in 
parallel with them between antenna and earth to deflect 
static charges. The secondary forms an aperiodic cir- 
cuit, which, with this simple arrangement of ship’s in- 
stallations, alone requires to be tuned The modern 
detectors are no lenger coherers, but electrolytic detec- 
tors of the Schlimilch type, or contact detectors con- 
sisting of two materials (¢.g., galena and graphite), under 
adjustable pressure. These contact devices act as recti- 
fiers, and they cut the arriving waves up into groups 
corresponding in rhythm to the transmitted Morse 
signals. The reliability and range of working have been 
much improved by these means; but the devices will not 
work a call-bell, and the operator has constantly to keep 
the telephone to his ears. This implies a severe strain 
especially on cargo-boats, where the telegraph has to be 
attended to by one of the officers. There is hence an 
urgent demand for a suitable call apparatus. On land 
stations the Telefunken-Gesellschaft uses a sensitive 
galvanometer which moves up to a stop and closes a bell- 
relay when waves of the same wave-length have been 
acting for 10 seconds. On board ship this galvanometer 
is suspended in gimbals, This apparatus does not 
finally solve the problem, however, for it responds to any 
series of uniform waves, and a ship ing through the 
British Channel almost constantly hears calls, none of 
which may be intended for itself. There is still, therefore, 
a demand for a good call apparatus. 

Fig. 10 is a reproduction of a photograph showing the 
arrangement of a ship installation of ordinary large size 
for a primary energy of about 3 kw., and an antenna 
energy of 1.5kw. The Telefunken-Gesellschaft has installed 
122 stations of this pattern during 1911; the guaranteed 
day range is 650 km. (400 miles), the normal night range 
1200 km. (750 miles). The photograph shows the motor- 
generator underneath the table, but this machine is 

nerally placed outside the room (as already stated) 
est the noise it makes disturb the operator. Apart 
from the generator, which weighs 600 kg. (1320 Ib.), the 
whole installation as represented weighs 300 kg. (660 lb.), 
and would fit into a space about 2 m. (64 ft.) cube. The 
motor, A, is a direct-current machine of about 5 horse- 
power; it drives the alternator, B, at 1500 revolutions, and 
currents of 220 volts and 500 periods per second are gene. 
rated ; the frequency can be varied within wide limits for 
changing the note .of the singing spark. This is done 
with the aid of the sliding rheostat, C, on the table, which 
regulates the voltage of the exciter of the generator, and 
thus the number of sparks produced per second. The 
switches, fuses, and other accessories of the primary 
circuits are mounted on the board, D, on the right-hand 
corner of the figure, whilst the Leyden jars, which secure 
the generators against reactions of the high-frequency cur- 
rents, can be seen under the table to the left of the motor, A. 

The alternating currents generated are raised to a 
pressure of 8000 volts in the ironclad transformer, E (on 
the extreme left of the table); the throttling coil, F, which 
serves for keeping the low and high-frequency system in 
tune, is under the table, just below the transformer and 
above the accumulator. The operator’s key, G (on the 
table, right-hand corner), is inserted in the leads between 
the generator and the transformer. The primary of the 
transmitter comprises the capacity of four Leyden jars, 
(in aniron frame), and above them the multiple spark-gap, 
J, consisting of eight pairs of plate-electrodes in series, 
which will not all be used when the maximum energy is 
not required ; the self-inductance coil of this circuit, K, is 
mounted in front of the jars, and is provided with various 
plugs to adjust the coupling and the wave-length ; this 
coil is joined to the antenna and to the self-inductance 
of the antenna. The antenna is tuned by means of the 
variometer, L, consisting of three induction coils; the 
middle one of these three coils is made movable in order 
to adjust the mutual positions of the coils, because the 
electric paces of the antenna are apt to alter in the 
course of time owing to external influences. 

With the aid of these apparatus the wave-length may 
readily be altered from 300 to 900 metres. An additional 
coil would enable the production of waves of 1600 metres; 
for steamers of the mercantile service the wave-lengths 
300, 450, and 600 metres are generally sufficient. Before 
the operator begins to send, he convinces himself that his 
transmitter is in order by switching in the hot-wire 
ammeter, M (next to the coil K). The receiving circuit, 
N (right hand of table), comprises a variable-plate con- 
denser, a transformer, detectors, and the central switch 
for the whole station, which is mounted at the back of N. 
The receiver can be tuned to any arriving wave length, 
from 200 metres up to 2500 metres, by tuning the variable 
condensers and by adjusting the transformer; even waves 
of 4000 and of metres can be received. In exchanging 
communications with distant land stations the ship will, 
as a rule, receive waves of about 2000 metres, use the 
big land stations do not tran:mit with short waves, whilst 
the ship is itself sending out waves of about 600 metres. 

To meet cases of breakdown in the mzchinery and of 
disablement, emergency radiotelegraph installations have 
to be provided. They are fed from the accumulator battery, 
O, which works an induction coil P, With a battery 
giving 500 watts a range of 200 km. (daylight) can be 
maintained for several hours. Wherever possible this 
emergency station is made quite independent of the other 
station; the Telefunken -Gesellschaft supplies such 
stations, consisting of a switchboard with transmitting 
end receiving apparatus and a battery. 

Recent German International Agreements.—The installa- 
tion of radiotelegraph stations on German ships has been 
much hampered by the fact that the numerous British, 
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Italian, and American stations refused to communicate 
with vessels carrying apparatus of other systems. The 
Hamburg-Amerika Line and the Norddeutsche Lloyd 
were obliged to adopt the Marconi system ; other lines 
hesitated to tie themselves. The International Con- 
vention only removed some of these difficulties. After 
nearly a year of negotiations between the Allgemeine- 
Elektricitiits Gesellschaft, the A.G. Siemens and Halske, 
the Telefunken Gesellschaft (their daughter institution) 
on the one hand, and the Marconi Company on the other 
hand, the following agreement has been arrived at :—(1) 
The German Telefunken and Marconi stations, so far 
separate, are joined in one German undertaking, which 
is managed by one of the directors of the Telefunken 
Gesellschaft, and (2) which may use either system ; (3) all 
reservations so far made by the Marconi Company with 

rd to communication with other countries are aban- 
doned for ships under the German organisation ; (4) the 
Italian Government opens its stations to telegraphic 
communication with German ships. 

Schools of Radiotelegraphy.—Training schools for radio- 
telegraphists on board ship have been established in the 
navigation schools at Hamburg, Bremen, and Elsfieth 
(Oldenburg), and at the State Technicum at Hamburg. 
The Elsfleth station has been built by the Telefunken 
Gesellschaft. During the last eighteen months forty-two 
officers passed the Government examination, which com- 
prises legal and commercial matters. 

Official Time and Other Signals.— From the shore station 
at Norddeich, near Emden, radiotelegraphic time signals 
are given daily at 1 a.m. and 1 p.m., Central European 
time (15 deg. east of Greenwich) ; the time is controlled 
from the Observatory at Wilhelmshaven. Between 
12.53 and 12.55 the signal . . . — is repeated uninter- 
ruptedly ; then follows the real time signal, given twice 
in three groups of 5 seconds; the last signal marks 
1 o’clock. Weather forecasts are also issued. All ships 
fitted with radiotelegraphic stations are obliged to com- 
municate those signals to non-equipped boats. This 
service has already proved very useful to fishing fleets, 
and the Telefunken-Gesellschaft has constructed a small 
receiver of the size and price of a chronometer, to enable 
small boats directly to profit from these signals in the 
North Sea and Raltie. Ships returning from foreign parts 
have to give radiotelegraphic notice of infectious diseases 
on The German lightships have been fitted with 
radiotelegraphic outfits since 1911. The Prussian Govern- 
ment has also conducted promising experiments for en- 
abling ships out at sea in a fog to determine their position 
with the aid of directed signals coming from two shore 
stations which are provided with 16 or 32 antenne cor- 
responding to a wind-rose. The transmitter at the shore 
station is automatically connected with the successive 
antenne. Theship ascertains first which station is trans- 
mitting, and then which signals are the most and which 


the least intense. In this way the locations of the two 
stations are determined. The ship itself does not require 
any additional complicated devices for receiving directed 
signals, and in this respect the system under trial is 
superior to others. 








GEOLOGISTS’ ASsOCcIATION.—This Association have 
issued their programme of excursions for the session, 
applications for which should be sent to the secretary, 
Mr. Alfred C. Young, F.C.S., 17, Vicar’s Hill, Lewisham, 
S.E. Among the excursions arranged for are the follow- 
ing :—to Farnborough, via Keston, on Saturday, May 4; 
to Clandon, Newland’s Corner, and Silent Pool, on Satur- 
day, May 11; to Chiltern Hills, on Saturday, May 18; 
to Sunderland and Tyaemouth during Whitsuntide. 


Tue JAPANESE Navy.—The Japanese ironclad Kawachi 
is to be ready for service in the course of May. Three 
sister-ships of the Kongo, the cruiser being built by Vickers, 
Limited, have been laid down as follows :—Fuso, at the 
Kuré arsenal ; Haruna, at Kobé, and Kirishima at Naga- 
saki. The Settsou, launched in March, 1911, is expected 
to be completed in July ; the Chikuma, cruiser, launched 
in April last year, is now practically completed ; the 
Yahagi, launched in October, 1911, will be completed in 
1913 ; and the Hirado, launched in June, 1911, will also 
be completed in 1913. 





WIRELESS TELEGRAPHY AND LIGHTING PLANT ON THE 
‘*Mgcantic.”—Messrs. Mirrlees, Bickerton and Day, 
Limited, Hazel Grove, near Stockpert, inform us that, on 
behalf of the White Star Company and Messrs. Harland 
and Wolff, they installed a short while ago on the White 
Star liner Megantic a plant for driving the Marconi appa- 


;ratus and a portion of the lights, independently of the 


steam supply. The installation is located on an upper deck, 
and consists of a 45-brake-horse-power Mirrlees-Diesel 
engine, made by them, directly coupled to a dynamo. 
A separate circuit is taken round the ship and connected 
with a number of lights and with the Marconi apparatus. 





Tue British ACETYLENE AssocraTion.—This Associa- 
tion have arranged with the Northern Polytechnic, Hollo- 
way, to hold instruction classes in oxy-acetylene welding 
at that Institute. These classes are intended for men 
who propose taking up oxy-acetylene welding as a trade. 
The course will extend over a period of one month. 
Working hours, 9 till 5 daily. Workmen desirous of 
joining these classes should apply to Dr. Clay, Northern 
Polytechnic, Holloway-road, N., or to the Secretary of 
the Association, 103, Cheapside, E.C. A nominal fee of 
one guinea (ll. 1s.) is charged for the month’s course. 
This fee is reduced to ten shillings and sixpence (10s. 6d.) 
if the workman is in the employ of a member of the Asso- 
ciation. 
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Steam-Turbine Design, with Special Reference to the Re- 
action Type. By Joun Morrow, M.Sc., D.Eng., 
lecturer on Engineering, Armstrong College, New- 
castle-on-Tyne. London: Edward Arnold. [Price 
16s. net.] 
TroveH the Parsons steam-turbine is by far the 
most extensively adopted in various industries, it 
cannot, we think, be contended that it has yet 
received anything like adequate treatment in the 
numerous theoretical treatises on the subjecthitherto 
published. In most cases the bulk of such volumes 
is devoted to a discussion of the impulse turbine, 
and at the end a few pages, mainly descriptive, are 
devoted to a more or less perfunctory treatment of 
the reaction type, although the actual output of the 
latter is, we believe, more than equal to all the rest 
put together. This state of affairs has resulted from 
several causes. In the first place, the theory of 
the impulse turbine is very simple, and that of the 
Parsons type very difficult ; and in the next place, 
in pursuance of a policy which has been justified 
by the results, accurate data as to the details and 
performances of particular Parsons turbines have 
generally remained unpublished. In the case of 
simple, straightforward impulse turbines, manu- 
facturers have not had the same motives for 
secrecy, though this has not prevented them 
from attempting it; but since there is so little 
to conceal, the writers of text-books have had no 
difficulty in obtaining data sufficient for their 
needs, and, aS a consequence, any competent 
engineer can design an impulse turbine ab initio 
with practical certainty that his original estimates 
of output and steam consumption will be very 
approximately realised. It is natural for an 
author to write mainly on matters as to which he 
feels he can speak with some certainty, and hence 
has arisen the relative prominence given to the im- 
pulse type in most text-books. 

Dr. Morrow has had, therefore, nearly a virgin field 
for his own treatise, which is almost exclusively 
devoted to the Parsons turbine. The volume opens 
with a general description of the reaction type, 
which is illustrated by an excellent series of dia- 
grams, and general arrangements both of marine and 
electric-generator turbines. The principal clements 
are described in turn, so as to make clear to the 
student the main features and the mechanical con- 
struction of the machines he is invited to study. In 
the next chapter the author states the fundamental 
hydraulic and thermo-dynamic principles involved, 
and establishes the usual equations for deducing 
the velocity of efflux of steam under a given pres- 
sure difference. In this chapter the author also 
gives his definition of the ‘‘stage” of a turbine, 
which, in accordance with common practice, he 
holds to include, in the case of a reaction turbine, 
a pair of rows of blades—one fixed and one moving. 
Unfortunately, this definition is, perhaps, too well 
established in current practice to be uprooted, but 
from the thermo-dynamic standpoint it is open to 
objection and has, in our opinion, not infrequently 
led to misconception. In fact, we believe that it is 
the fons et origo of what we think is a slip made 
by the author in discussing losses by tip-leakage 
in a subsequent chapter. Thus he states ‘‘ that 
the steam which escapes (by tip-leakage) over a 
fixed row cannot do work on the next moving 
row.” That this is incorrect is obvious when it is 
remembered that there is a pressure drop through 
the moving blade. The steam which escapes over 
the tips of the fixed blades expands through the 
moving blades, and, in doing so, assists in impel- 
ling them. 

In Chapter IV. there is a clear description of the 
Rankine cycle, or, as the author appears to call it 
by preference, the Clausius cycle. This practice 
is, we regret to say, somewhat common, and is 
probably due to the great influence exerted by 
German text-books. It is, however, very unfair to 
Rankine, whose publication dates some years before 
Clausius, and whose paper reached the Royal Society 
some months before the latter even claims to have 
lectured on the subject. In this connection reference 
may, perhaps, be made to the author’s heat chart. 
That most commonly in use is the now well-known 
Mollier diagram, in which the various curves are 
plotted with entropy as one co-ordinate, and the 
heat contents of 1 lb. of steam as the other. This 
diagram is undoubtedly most useful, but, in using 
it, 4 separate calculation is necessary to find the 
Spec‘ic volume corresponding to any point on the 


chart. The author selects as his co-ordinates the 
total heat and the volume of 1 lb. of steam, 
the latter being plotted to a logarithmic scale. 
The curves plotted to these co-ordinates are entropy, 
pressure, temperature, superheat, and dryness 
fractions, It. would seem that the chart should 
therefore prove very handy and convenient in use. 

In the next chapter the author has collected 
together a number of useful data as to general 
practice in marine and land installations, showing 
the speeds of revolution most usually adopted. 
With respect to electric-lighting generators, how- 
ever, there is a marked tendency to increase rates 
of revolution, and the table, accurate when it was 
originally compiled, hardly represents the current 
practice of to-day, where instances of 750 and 
1000 kw. machines running at 3000 revolutions 
per minute are not infrequent, a speed which has 
indeed been also attained with an output of over 
3000 kw. 

Another useful table in the book is one giving 
the over-all efficiency ratios to be expected from 
turbo-driven generators of different sizes. These, 
it is stated, range from 0.39 for small units 
to 0.56 for large ones. These appear low, but 
they are based on the condition of the steam 
above the governor valve instead of below, so 
that the turbine is saddled with wire-drawing 
losses, which may be very serious if, as has 
not infrequently been the case in the past, it 
is somewhat too large for its nominal output. 
Taking the steam in its state below the governor 
valve, and with a moderate superheat and high 
vacuum, an efficiency ratio (steam to electric) of 
723 per cent. has been recorded in independent tests 
with a fairly large reaction machine. With a super- 
heat of half-as much again, such as has frequently 
been used in certain widely advertised Continental 
trials with other turbines, a still higher efficiency 
ratio would no doubt have been reached, to be 
still further enhanced had the vacuum been lowered 
to 28 in. 

The author’s method of fixing blade proportions in 
its final form is essentially that first deneieed by Mr. 
E. M. Speakman, who, in his paper read before the 
Engineers and Shipbuilders of Scotland in 1905, 
gave for the number of moving rows in a turbine 
the formula N s* = C, where N denotes the number 
of moving rows, and C the blade speed. Rules of this 
type are exceedingly convenient, but suffer from 
the drawback that they give no indication of 
what the steam consumption of a turbine is likely 
to be. They therefore require supplementing 
by data drawn from experience with similar units. 
To complete the design of a turbine it is further 
necessary to know the speed of flow of the steam 
into the first row of the turbine. Following many 
other writers, Dr. Morrow makes this to be depen- 
dent upon the total heat available between the 
first row of blades and the exhaust-pipe. The 
objection to this procedure lies in the circumstance 
that with any particular turbine this relation holds 
only for one definite ratio of expansion. Thus 
with an initial steam pressure of, say, 155 lb. abso- 
lute, and a pressure in the exhaust-pipe equivalent 
to a 26 in. vacuum, the heat available along the 
actual condition line is about 300 B.Th.U., whilst 
with a 29 in. vacuum the corresponding figure 
would be some 375 B.Th.U. Nevertheless, in spite 
of this enormous range in the value of the heat 
available, the velocity of inflow into the first row 
of blades will remain practically constant. What 
really governs the rate of inflow is the ratio of ex- 
pansion over the first group of blades, and this 
remains very approximately constant, through 
wide variations either in the pressure below the 
governor valve or in the exhaust - pipe of the 
turbine. 

We rather fancy that Dr. Morrow has not had an 
opportunity of making detailed analyses of actual 
tests with marine steam-turbines, since, in a nume- 
rical example worked out by him, he calculates 
that, with a blade height ratio of 1.33 in the 
high-pressure turbine, 45 lb. of steam supplied 
at 165 lb. absolute will pass per second through a 
group of 24 blades lin. high, taking the effective 
area as one-third of an annulus of 1.59 sq. ft. 
This is, we believe, a very considerable over- 
estimate, and that the weight passed per second in 
the conditions stated would be below 40 lb. Data 

roper for the checking of theoretical formulie are, 

owever, very difficult to secure, and when obtained 
necessitate much labour in making the numerous 
corrections for dummy, gland-leakage, and the like. 
The proportion of the total steam which is by- 








passed through the high-pressure dummy is often 
a very substantial fraction of the whole supply. 

We believe that Dr. Morrow's book contains the 
first description given in any detail of the sc- 
called heat-accumulators. The history of the 
latter is very peculiar. It appears that some 
thirty years or so ago the idea was patented of 
leading the steam from the high-pressure cylinder 
of a compound engine into an accumulator before 
passing it into the low-pressure cylinder. What 
the inventor hoped to gain by such a device is not 
apparent on the face of it, but still there was the idea. 
The use of these heat- accumulators was next 
revived, with a somewhat different purpose, by 
Mr. Druitt Halpin, and in this modification proved 
of considerable service. Finally, the original idea 
of interposing an accumulator between the exhaust 
from the high-pressure cylinders and some form of 
a prime mover using this steam was again brought 
forward by Professor Rateau, and, owing to the 
peculiarities of the steam-turbine, has proved highly 
useful, although the original conception naturally 
fell stillborn. Dr. Morrow gives a very full descrip- 
tion of Mr. Morison’s form of accumulator, one 
special feature of which is that only that portion 
of the steam which is not immediately required 
is passed into the water, the rest flowing direct to 
the turbine. Another advantage claimed for this 

ttern lies in the design of the nozzles, which 
Mr. Morison has succeeded in perfecting, so that 
the loss of pressure in them is only about } lb. 
per sq. in. 

A section of Dr. Morrow’s work which is likely 
to prove of great use is devoted to the discussion of 
turbine scantlings. The plan followed has been in 
the main to determine by theoretical considerations 
the ‘‘ form” of the formule and rules given, and to 
determine the coefficients involved by comparison 
with practice. This must have involved much 
labour, which we fear will be inadequately realised 
by those who use the relatively simple rules which 
embody the final results. Not the least valuable 
part of this section consists of the numerous draw- 
ings of turbine details by which it is illustrated. 
Almost all have been specially prepared for the 
work, and in many cases illustrate points not 
generally known. The discussion given includes 
turbine-casings and their details, turbine-rotors 
and their details, shafts, bearings, thrust-blocks, 
and adjusting-gears, glands, dummies, governors, 
and valves; in fact, the whole of the constituent 
elemenis of a complete turbine. The descriptive 
matter is also clearly written, and the rules and 
formule given cannot fail to be of the greatest 
service in the drawing-oftice. Some trial results 
of steam-turbines are given in Chapter XV., but 
we believe that the author is in error in stating 
that at full power the Dreadnought turbines took 
(turbines sales 14.41 lb. per shaft horse-power. It 
was very much less. 

Another section of the book likely to prove of 
service is that devoted to surface condensers. The 
study of these useful and, in the case of turbines, 
practically indispensable auxiliaries has long been 
a speciality at the Armstrong College, Newcastle- 
vo tye, and Dr. Morrow has been able to make 
use of notes lent him by Professor Weighton. The 
theory of the subject has been greatly developed 
of late years, but much that has only recently been 
published was actually worked out years ago by 
Sir C. A.. Parsons, and applied extensively in his 
practice. The device of cooling the air-pump, for 
instance, so as to increase its effective capacity, was 
actually adopted in the case of that supplied with 
the Elberfeld turbine. 

An excellent feature of Dr. Morrow’s work con- 
sists in the numerous references to contemporary 
literature, where supplementary data may be 
obtained by those desirous of pursuing some par- 
ticulars further than was consistent with the scope 
of the treatise under review. This will undoubtedly 
enhance the value of the volume to the draughts- 
man engaged in the detailing of marine turbines 
and their accessories, to whom the work promises 
to be indispensable. 
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By JoszrH Horner. 


Srur-cear patterns are moulded on any ordinary 
machines having pull-down mechanism, stripping- 
plates being of necessity employed. The pulley- 
moulding machines also lend themselves specially 
to this class of work, because the circular table and 
the pull-through mechanism are precisely adapted 
to gear-wheels. The engraving, Fig. 676, shows 
one of the pulley-moulding machines, by the London 
Emery Works Company, which was recently illus- 
trated, modified to mould spur-toothed gears. A 
gear pattern is seen on the table, one of its castings 
on the ground to the left, a stripping-plate in front, 
and sundry castings and moulding-box parts are 
lying about. A reasonable range of diameters can 
be made ona machine of one size, of which four 
are built. On the smallest: machine the gears which 
can be moulded range from 5 in. to 14 in. diameter, 
on the largest from 24 in. to 60 in. 

Another machine, Fig. 677, by the same firm, 
combines the function of gear-wheel moulding with 
the performance of other kinds of work which re- 
quire astripping-plate. These are of small dimen- 
sions, taking boxes from 16 in. to 20in. long. The 
‘geen is withdrawn through the stripping-plate 
by means of a lever. The photograph shows 
sundry patterns, stripping-plates, moulds, and cast- 
ings for various cenilll ante On the tables of the 
machines the runners for the gears are conspicuous ; 
they are also seen with the ingates at the right 
hand, on the ground, previous to fettling. Two 
moulds are standing up on edge against the wall, 
and stripping-plates in the foreground. 

Several years ago the subject of gear-wheel mould- 
ing-machines was treated at considerable length in 
Enornerrine. Although the value of these ma- 
chines has been somewhat lessened in the case of 
the smaller gears, in consequence of the growing 
practice of gear-cutting, they still maintain their 
place in the heavier gears and in those of moderate 
dimensions, for a large number of which moulded 
gears are quite satisfactory. Two examples only 
of machines need now be given, being designs 
which were not illustrated in the series on ‘‘ Machine- 
Moulded Wheels.” They show the two leading types 
used, the floor machine and the table machine, the 
first for the larger, the second for the smaller gears, 
both being by the London Emery Works Company. 

Figs. 678 and 679 illustrate the floor moulding- 
machine. Its range lies between wheels of 3 ft. 3 in. 
to 15 ft. diameter and 16 in. face. Small gears 
cannot be moulded on this type, because the central 
post occupies space. On the next design the 
smallest can be made. The base A of the floor 
moulding-machine is bolted down to a founda- 
tion of masonry or concrete, and it is thus abso- 
lutely stable. Above the floor level the ‘‘ centre” 
stands up to receive the upper portion B, which 
turns freely around it, and which can be lifted 
off to permit of the fitting of sweeping-boards to 
the central pivot, such boards being required for 
sweeping beds and copes. The upper portion B 
comprises a circular seating, within which the 
dividing worm-gear C is enclosed, and above which 
vee’d guides coerce the radial movements of the 
arm D, at the end of which the arm E, which 
receives the carriers F, or G for the tooth-blocks is 
movable vertically. The arm D, rotated by the 
worm-gear ©, provides for the pitching, the arm E 
lowers and withdraws the tooth-block. The details 
of the operating movements are as follow :— 

The worm-gear C is actuated by its worm, en- 
closed in a box H having a cover hinged for oiling. 
It is turned by the handle J, rotating the worm- 
shaft K. By means of the change-gears L the 
locking-disc M is turned until the hinged latch N 
enters the notch in the edge of the disc. The 
number of rotations of the disc is determined by 
the change-gears, and thense the number of turns 
or portion of a turn of the worm by the handle J. 
The radius of the tooth-block is set by the hand- 
wheel O turning a screw in a nut in connection with 
the arm D. 

The vertical movements of the arm E are effected 
by the hand-wheel P operating a pinion and rack. 
The carrier F is used for the larger gears, G for 
the smaller. Both are adapted either for vertical 
or horizontal delivery. The first is produced by 
the direct lifting of the arm E, the second by 
turning the little hand-wheel seen on each carrier, 
which moves the slide. The latter is employed 


| carrier, the jib is locked by the bolt N. The arm 
D is lowered and raised by the hand-wheel O, which 
actuates worm and rack gear; the ring clamp I’ 
prevents the arm from being jammed down after 
the tooth-block has come into contact with the 


when moulding helical and worm-gears. Two bases 
A are often laid down for one machine, which can 
be changed over alternately. 

The next illustrations, Figs. 680 and 681, are 
those of a table machine for moulding gears up to 





28 in. in diameter. It comprises a base in two 


parts, 
machine, 


bottom of the mould. The carrier M has provision 


one of which, A, forms the table of the | for horizontal withdrawal by means of a slide, rack, 
the other, B, the support for the arched! pinion, and hand-wheel. At the bracket for the 
































Fig, 677. 
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jib C, by which the movements of the tooth-block 
are controlled. The table carries the moulding- 
box, and receives the movements of pitching. 
Radius is imparted to the tooth-block by slewing 
the jib on its base in preference to giving it a tan- 
gential movement. To compensate for the effect 
of this movement on the tooth, the carrier for the 
latter also has a slewing adjustment on the vertical 
arm D, both being suitably indexed. 

The mechanism for operating is composed of the 
following details :—A worm gear is enclosed in A, 
actuated by a worm E in a closed box having a 
hinged cover. It is turned by the handle F and 
shaft G, the precise number of turns or portion of 
a turn being controlled by the change-wheels H, 
dividing disc J, and hinged latch L, dropping into a 
notch in the edge of the disc J. The radius having 
been set by the slewing of the jib C, and the 
necessary correction having been made at the 





attachment of the sweeping -board for drag and 
cope is seen. The stem is lifted out from the 
tapered hole in the table when the teeth are being 
moulded. 





CANADIAN WestTiIncHousE Company, Limitep. — The 
balance-sheet of this company for 1911 shows that the 
operations of the year resulted in a profit of 1,010,153 
dols, This profit exhibits an increase of 45 per cent. as 
compared with 1910, which in its turn was a maximum 
year. From the profit of 1911 regular quarterly dividends 
were paid at the rate of 6 per cent. per annum, increased 
by a bonus to 8 per cent. per annum. An addition of 
100,000 dols. has been also made to the general reserve to 
provide for depreciation of property and plant. The 
general reserve was thus carried to 500,000 dols. A 
reserve of 50,000 dols. has been further created as an 
insurence fund, as well as an inventory adjustment 
reserve of equal amount. A final balance of 324,231 dols. 
was carried forward to the credit of 1912, which starts 
with an unapportioned surplus of 1,050,844 dols, 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

A SPECIAL meeting of the Institution of Mecha- 
nical Engineers was held on Friday last, the 
3rd inst., at Storey’s Gate, Westminster, the chair 
being occupied by the President, Mr. E. B. 


Ellington. 
ALLoYs OF ALUMINIUM AND ZINC. 


It will be remembered that on Friday, April 19, 
the ‘‘ Tenth Report to the Alloys Research Com- 
mittee on the Alloys of Aluminium and Zinc (with 
an Appendix on a Ternary Alloy of Aluminium with 
Zinc and Copper),” by Dr. Walter Rosenhain and 
Mr. S. L. Archbutt, of the National Physical 
Laboratory, Teddington, was read and partly 
discussed, the meeting being adjourned until the 
3rd inst. 

Mr. S. L. Archbutt, prior to the resumption 
of the discussion, submitted some further data 
to the meeting. The first point related to the 
use of ordinary zinc instead of specially pure zinc. 
Results obtained showed fairly conclusively that 
— zinc gave worse results than pure. Alloys 

been made containing 10, 15, 20, and 25 
per cent. of zinc, and the yield-points were on 
va the whole rather higher with the impure than 

with the pure zinc. In one case the difference 
was 1.4 tons—in the 25 per cent. alloy ; but the 
ultimate stresses in the case of the pure zincs 
were generally a good deal higher—from 1 to 
3 tons. On an average there was about 2 tons 
difference, and in one case, that of the 25 per cent. 
alloy, of 3 tons. Part of that difference might 
have been due to working with a small quantity of 
the metal. The elongations showed considerable 
drop in the case of the impure zinc, especially with 
the smaller quantities of zinc, such as 10 per cent. 
The speaker next referred to the thermal expansion 
of these alloys. By the kindness of Messrs. Sears 
and Johnson, of the Metallurgical Department, 
this had been measured for alloys containing 5 per 
cent. to 15 per cent. of zinc. 1 metre long 
had been used and compared with the laboratory 
standards. These experiments had only been 
possible with bars drawn and annealed; all the 
rolled material had been used up. The results 
showed on the average a coefficient of expansion of 


Fig. 681. 
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0.000023. In the case of the 5 per cent. zinc the 
figures were 0.0000227, and 0.0000231 in the case 
of 15 per cent. zinc. It had been possible to com- 
pare those results with rolled bars containing 20 per 
cent. zinc, rolled to 7; in., which gave 0 34. 
A smaller diameter bar, containing 20 per cent. 
zinc and 3 per cent. copper, gave the same figures. 
Those were roughly twice the value of the coefficient 
for steel. 

In order to measure the total contraction for 
pattern work a rectangular bar had been cast, with 
two small points at the ends. In one case the points 
had been made on the pattern, and in the second 
case the pattern was removed, and indentations 
were made in the sand with the points of a beam 
compass ; they were quite small. The casting was 
removed from the sand as soon as possible after it 
was set. When sufficiently hardened, the distance 
between the points was measured on the pattern, and 
then on the casting when quite cold. Alloys con- 
taining 20 and 25 per cent. of zinc and 3 per cent. of 
copper were tried; contraction in both cases was 
found to be somewhere near 1.04 per cent. The 
25 per cent. zinc and 3 per cent. copper gave rather 
higher results—about 1.1 per cent., but the order 
was 1 per cent. Those were figures which would 
be expected for aluminium alloys. He had been 
informed that with an aluminium alloy the con- 
traction allowed was , in. in 1 in., or about 
1.04 per cent. In the case of brass and gun-metal 
the percentage worked out at about 1.66. For cast 
iron the pattern-maker allowed ,45th, or 0.833 per 
cent. 

Professor J. O. Arnold re-opened the discussion, 
stating that the subject of alloys of aluminium and 
zinc was of great interest, especially in connection 
with aviation. The authors had correlated in the 
report, chemical and microscopic analyses, recalesc- 
ence curves, and the mechanical tests—static and 
kinetic. There was a tendency among many phy- 
sical chemists to ignore mechanical tests, whether 
kinetic or static. The important thing, however, 
was to know the ultimate result from an engineering 
and metallurgical point of view. Some of the 
results were very interesting. It appeared from 
Table XLII. of the report that at 100 deg. Cent. 
the maximum stress > pond of the alloys was 14 
tons, and the elongation was 18 per cent. Ata 
temperature of 595 deg. Cent. the maximum stress 
was 0.35 ton, and the elongation 130 per cent. 
He presumed that these figures referred to the 
alloy of which samples were shown drawn out toa 
point. An elongation of 130 per cent. was very 
remarkable, but, of course, the strength had abso. 
lutely gone. That reminded him of an experience 
they had some years ago at Sheffield University with 
reference to the influence of bismuth on gold. If 
0.1 per cent. or one-thousandth part of bismuth 
were added to gold, the mass became absolutely 
brittle. In attempts to explain this phenomenon, 
some experiments had been made by which it 
was shown micrographically—for the first time so 
far as gold was concerned—that a eutectic alloy of 

old and bismuth was formed, and during crystal- 
isation was thrown off in aliquid state to the edge 
of the pure gold crystals. ere was thus, as it 
were, a solid wall of good gold bound together 
with rotten mortar. A remarkable circumstance 
was that at a low temperature, such as a black 
heat, the alloy softened, so that the crystals of 


gold could be freed from the cement, and beaten | had 


into gold leaf. The majority of the mass was quite 
ductile, but was entirely spoiled by the brittle 
cement. It would be interesting to know if Dr. 
Rosenhain could ofter any explanation as to this 
great fall of tensile strength with rise of tempera- 
ture, and could say whether there was any analogy 
to the phenomenon just referred to. 

Turning to the curves in the report representing 
the elasticity observations, he desired to congratulate 
the investigators on the great accuracy there shown. 
Hardly a single observation point fell off the propor- 
tionality line, and when what he styled range B of 
the stress-strain curve was reached, quite a good 
curve clean off the proportionality line was obtained. 
He would like to know whether data were available 
which would enable a correlation to be established 
between these elastic limits and Wohler tests. 
With regard to the alternating-stress tests made by 
himself, and set out in Table LV. of the report, it 
would be noticed that when the alloys were in 
alternation the values varied from about 4 to 
+ that of properly treated mild steel. That 
was an important result. He considered that 


static tests were of relatively little importance in 





the work to which the alloys would probably be 
applied. The best alloy appeared to have a specific 
gravity of 3.2; that was less than half the specific 
gravity of steel. What was really necessary was a 
knowledge of the area needed with these alloys in 
order to replace steel. He would urge the practical 
metallurgist and those engaged in physical chemistry 
at the Universities to work together on these sub- 
jects, when, he was convinced, valuable results 
would accrue. 

Mr. William Mills said that he had himself done 
something in the way ef research, and for it had 
had the assistance of Professor Ferry, now at the 
Bristol University. He had made the alloys, and 
Professor Ferry the tests. It had been difficult to 
know where to start, but they began with copper 
and aluminium. Aluminium-zinc was next tried, 
and interesting results were obtained, although 
not such as Dr. Rosenhain showed. Difficulties 
arose in casting the metal. The castings referred 
to in the report were exceptionally simple ; but 
such castings, for instance, as motor-car crank- 
cases were very difficult. He had heard many 
steel-founders say they would not attempt to cast 
them. Provision had to be made for stresses 
antagonistic to each other, and there was a ten- 
dency to develop cracks in all directions unless 
special means were taken. He intended shortly to 
make trials in this direction with the aluminium- 
zincalloys. In some of his earlier work he had come 
near to the special alloy of which the authors gave 
particulars in the Appendix, and which showed the 
best results. In that work he had employed pro- 
portions within 2 and 3 per cent. of aluminium, 
2 per cent. of copper, and 3 per cent. of zinc, used 
by the authors, and he had obtained 20 tons and 
more tensile strength. He had made, and was still 
making, a large number of casts in that alloy ; but 
a lighter alloy was usually demanded, nearer the 
specific gravity of pure aluminium, and, in spite of 
arguing the question, he had had to work to the 
specifications submitted. The alloy required by his 
customers was of the order of 2.86 specific gravity at 
most. This was, however, too light, and not nearly 
rigid enough. He did not think that the report more 
than touched the fringe of the subject of these alloys, 
and he was convinced that better results would be 
ultimately attained. Heagreed that the aluminium- 
zinc alloys were credited with undesirable qualities ; 
but not, he considered, without reason. He had 
recently seen in Paris aluminium-zinc castings which 
were warped and cracked all over, and had been told 
that they had been perfect when cast, and their 
present bad condition was due to the operation of 
time. Dr. Rosenhain thought that with pure zinc 
such difficulties would be overcome ; perhaps that 
might be so. He hoped shortly to make some 
intricate castings and hand them over to Dr. Rosen- 
hain for investigation. 

With regard to contraction, his experience 

inted to 1 in 72 as the best contraction rule 

tween pattern and casting. The mechanical 
gin of the zinc alloys were rather surprising. 

e would like to know how they would stand 
differences of temperature which were encountered, 
for instance, in the case of heat passing from the 
cylinder to the crank-cases of motor-cars. With 
regard to corrosion, he would like to see the results 
between the sea-water and air. Inside cabins the 
alloys appeared to resist corrosion. The speaker 
made corrosion tests with samples hung out 
in the open within half-a-mile of the sea, and 200 
or 300 yards of a river, but not in water. After 
six years’ exposure there had been practically 
no corrosion. Though not surprised to find that 
after being kept fifteen months a higher figure was 
obtained with these alloys for the yield-point, he 
was surprised that the difference was so great. He 
had found that newly-cast aluminium alloys were 
difficult to machine, but that after being left for a 
few weeks or months, the dragging of the mate- 
rial ceased, and then it machined quite easily, 
like a good brass. The report revealed a great 
difference between chill and sand castings. The 
secret of chill casting was to know the right tem- 
perature for the chills. With greater care in this 
direction better results might thus be obtained. 

He congratulated the authors on the term 
‘* specific tenacity.” Since the introduction of these 
light alloys workers had needed such a term to 
make comparison with steel and brass, &c. He 
could not, however, entirely agree with the authors’ 
formula. Taking alloy No. 26, giving about 17 tons 
ultimate stress, the ‘‘specific tenacity” was 150 
tons. If such terms gained currency, inquiries 





would soon be made for Dr. Rosenhain’s ‘ spectic 
tenacity” alloy giving 150 tons per sq.in. He 
would rather the comparison were made with some 
well-known material, and he would define ** specific 
tenacity” as ‘‘the breaking load in tons on a bar 
whose weight is 1 lb. in a 3.16-in. length.” He 
arrived at that as being the length of a bar of iron 
1 in. in section, weighing 1 lb., roughly speaking. 
With this standard all material would compare 
with iron, which would result in a great simplitica- 
tion. When comparing these aluminium alloys 
with copper, it had been his practice to multiply 
the tenacity test by 3.3, brass by 3.1, iron and 
steel, roughly, by 2.9. This gave a rough-and- 
ready comparison. He only disagreed with the 
authors’ ‘* specific tenacity”? formula on the 
question of length. A better comparative idea of 
the material would be afforded by using 3.16 in. A 
17-ton aluminium would then not be 150 tons, but 
17 i ae, by 8, or about 52 tons. 

Mr. F. W. Harbord spoke next. He said the 
authors stated that they experienced no difti- 
culty from the cracking of castings. A certain 
amount of caution should be exercised in such 
generalising, as they had — only been able 
to make small castings. They might have found 
the results go different with larger and intricate 
work. With regard to the influence of impurities 
in the zine affecting corrosion and ageing, such 
impurities were principally iron and lead. He 
would like to ask whether the authors had any data 
leading them to the conclusion that either of 
these caused corrosion of the alloy. For many 
purposes impure zinc in alloys gave quite as good 
results as pure zinc. There was a certain amount 
of iron in aluminium, but it was unlikely that 
such small amounts would cause corrosion, and 
he doubted if the lead would do so either. It was 
curious to note that the bars rolled down to { in. 
gave a lower tensile strength than bars 1} in. in 
diameter. It was very important to know how much 
work could be put on a billet before a reduction in 
strength came about. He thought the results of 
duplicate tensile tests should be given in the report. 
It was important to know what was the ordinary 
error between tests of the same material. As the 
matter stood, the mean of two results was given 
as one result, the error due to the material itself 
being unknown. In mild steel, for instance, an 
error of 1 ton on the same plate was not un- 
common. In the case of one casting (No. 30), the 
authors indicated a difference of as much as 1.6 ton. 
That roughly represented the difference between 
the alloys Nos. 19 and 20, in Table XII. It was 
important to know what was the difference between 
two duplicate tests in considering the figures. 

He noticed that the preliminary tests were 
made on 2 in. with the cast bars. This did not 
matter much in the case of cast bars, because the 
reduction of area was very small ; but in the case 
of rolled sections these preliminary tests were also 
made on 2-in. bars, with the exception of the 
very thin }4-in. bars, when the elongation was 
taken on | in. In the case of material in which 
the reduction of area ranged from 46 to 68 per 
cent. it was impossible to picture what the 
true elongation taken on 1 in. would be. It 
would, he thought, have been better if 8 in. had 
been taken. The authors explained that a ratio 
of diameter to length in the case of the }-in. bar 
had been taken conforming to the recommendation 
of the Engineering Standards Committee. This, the 
speaker thought, was a mistake ; that Committee 
nowhere recommended less than a 2-in. length. He 
was speaking of mild steel and ductile materials. 
The Coumitiests recommendation was that, in cases 
where the bar was very thin, the gauge length 
should be eight times the diameter of the bar. In 
this instance that would have given a gauge length 
over 2in. In Table XLVII. of the report in two 
cases the yield-points were given as the mean 
of two results—viz., of 10.36 and 14.40, and of 
11.40 and 20. Hedid not think that the mean 
result should be taken between 11 and 20 ; dupli- 
cate results should have been obtained in such a case. 
He regretted that the corrosion tests were contined 
to sea-water. There was a tendency to attempt to 
secure results as quickly as possible. With sea- 
water results were got sooner than in air, even 
when there was exposure to strain. It was also 
misleading to make these tests under special con- 
ditions. A metal which had to be isolated from 
wood, or even string, did not seem to be much 
good. It would be better, he thought, to try and 
get reasonably practical conditions. Of course, 
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metallic contact, electrolytic action, &c., should 
be prevented, but otherwise the experiments 
should be under practical conditions. 

Mr. E. F. Law said that quite early in this 
report the authors referred to two undesirable pro- 
perties attributed to these aluminium-zinc alloys 
with regard to casting. The matter was dismissed 
somewhat perfunctorily. He would like to hear 
other people of practical experience give their views 
on this matter. As Mr. Harbord had pointed out, 
more information was wanted on the question of 
corrosion. The authors attributed abnormal cor- 
rosion to impurities. It was of considerable im- 

rtance to manufacturers to know more of the 
effect of these impurities. Sir Gerard Muntz had 
pointed out that zine of special Een was often 
unnecessary. Manufacturers had to make very 
complicated castings, and at the same time could 
not use specially pure zinc. He thought with Mr. 
Harbord that the precautions taken to insulate the 
alloys pointed to their liability to corrosion. In 
practice such careful insulation was impracticable. 
On the subject of ageing the authors stated that 
no signs of change had been observed in 15 months. 
In Table IV., however, he found very distinct 
changes had taken place, and in every case the 
yield-point and the ultimate stress had risen. He 
thought there was a misprint in regard to alloy 
No. 30, in Table IV. The yield-point was there 
given as 8.11 tons per sq. in., whereas in Table IIT. 
it was given as 16.5. 

Captain H. Riall Sankey said that his experience 
with aluminium-zinc alloys was connected with the 
casting of automobile crank chambers some years 
ago at Messrs. Willans and Robinson’s works. The 
15 to 20 per cent. zinc alloy proved the best. They 
had no difficulty in securing sound castings. The 
chief point was careful attention to casting tem- 
perature. That had to be only just above the point 
of solidification, so that the metal would just run 
into the mould, and no more. If the temperature 
were too hot, the casting cracked. 

Mr. R. F. Graham stated that one or two hap- 
hazard experiments with these new alloys had been 
carried out in their foundry, and they had found the 
metal to produce castings of exceptional toughness. 
The alloys seemed to be fairly easy to cast, if care 
were taken with regard to temperature. 

Mr. P. J. E. Armstrong stated that his firm had 
tried various percentages of the alloy, including, 
roughly, 20 per cent. of zinc. When the castings 
were machined, about five hours after cooling, it 
was found that it was almost impossible to cut a 
good thread on them, but by allowing the casting 
to season this difficulty was overcome. Care had 
to be taken in respect to lubrication in cutting ; 
turpentine and paraflin were found to give the best 
results for aluminium. It was also discovered that 
this alloy did not allow casting to very close limits 
and sharp corners. After a casting had been allowed 
to season for about two or three weeks, cracks would 
develop at sharp corners. They had endeavoured 
to make pressings. They had found it best to press 
warm, and the temperature of the dies was kept 
at dark blue. The metal, when placed in the press 
accommodated itself to the tool much better than 
when cold. They had also tried making the metal 
hot and forcing it into hot dies; in every case, 
however, the metal burst into small pieces. They 
could not get as good results by heating the metal 
externally as when allowing it to take the heat 
from the die, owing, he thought, to the fact that 
the exterior of the metal had to be raised to too 
great a temperature, and defects were set up. 
Another point of importance was the conductivity 
of the metal, and he would ask Dr. Rosenhain if 
any experiments had been made in this direction. 
His experience seemed to show that the alloys 
practically offered no higher resistance than alumi- 
nium. Abrasion was also a matter of great im- 
portance. Aluminium when used against other 
aluminium, for plug work, gave considerable trouble, 
but he had found that the zine alloy offered a better 
wearing surface. 

The President, before calling on Dr. Rosenhain 
to reply, remarked that it was a source of great 
Satisfaction to have heard from practical men like 
Sir Gerard Muntz and Mr. Mills such good opinions 
of the results of the research. Some criticisms had 
been made of the method of carrying out parts of 
the research. Such researches, however, must be 
carried out mainly on scientific lines, but it was 
one of the merits of Dr. Rosenhain’s work that in 
it he had never lost sight of the fact that the end in 
view was practical utility. The applications of the 





alloys must be made by those who were engaged in 
working with them, and the researches would serve 
as foundations for the ultimate practical results. 

Dr. Rosenhain, in replying to the discussion, said 
the remarks of Sir Willian White and the President 
were words of kindness and encouragement, and 
showed that the efforts made in the research to 
keep in touch with the practical side of things had 
been appreciated. This was essentially a pioneer re- 
search into a system of alloys which, although used 
by many people, had not previously been subjected 
to exhaustive or systematic study. There were 
many different methods of testing to choose from, 
and if in some cases those selected would not have 
been chosen by others, it was open to others to 
make similar experiments on their own lines, and 
—- results. They did not contend that their 
methods were the best, but he thought most of the 
methods of working could be justified. Sir Gerard 
Muntz had referred to the remarkable properties 
of hardening shown by duralumin after a certain 
kind of heat treatment, and had asked whether 
that was due to the presence of magnesium, as was 
generally supposed, because in the case of castings 
containing magnesium such hardening was not found. 
It was well known that castings did not show that 
property ; but had Sir Gerard rolled billets of the 
material, he thought he would have found that 
the phenomenon referred to did occur. That pro- 
perty of undergoing a slight change was not con- 
fined to the aluminium-magnesium alloys. The 
remarks made by Mr. Mills and by others, since 
the report was read, led the speaker to take a view 
which he had not originally entertained—namely, 
that there was a slight change in pure aluminium, 
and in all aluminium alloys, for the first few hours 
after casting, and possibly after reheating. 

With regard to ageing, there was no change which 
compared with the experimental errors in such 
tests. The actual variations found were all of the 
order of a maximum of 1.8 tons, the majority of 
cases being little more than 1 ton. Duplicates, as 
the report stated, varied by that amount frequently. 
Although it happened that, speaking generally, the 
results of tests after fifteen to eighteen months 
were slightly higher, that might be accounted for 
by the effect of turning to a slightly different dia- 
meter, and possibly a systematic error. The appa- 
rent changes which aluminium underwent a short 
time after first being cast seemed to suggest that 
though it might be the fact that there was a real 
change, it was a change in the direction of 
improvement, and it remained to be shown that 
there was subsequent deterioration. He had had 
an opportunity of testing one of the alloys a con- 
siderable time after it had undergone such a 
hardening process as had been deonsthed, but had 
found no change whatever. After two years the 
alloy was as good as a few months after making. 

It had been suggested by Mr. Fowler that oppor- 
tunities should be given to engineers to make full- 
sized trials of the alloys, so that the results might 
be compared when the reports were presented. 
That seemed a ‘‘ counsel of perfection.” Such trials 
could not well be made until after the presentation 
of the report, unless there was to be undue delay. 
It was for the practical engineer, and not for the 
experimental metallurgist, to suggest the best uses 
for thealloys. There were all sorts of possibilities in 
the direction of large structures. Theirapplication in 
the building of a railway bridge might be considered ; 
the question of price might for the moment be left 
on one side, as it was one often affected by the time 
element. Possibly the alloys might be employed for 
the underframes of railway wagons and the chassis 
of motor-cars. He had got out some data as to 
the relative strength of rolled beams and girders 
made of these materials as compared with steel. 
Although Professor Arnold denied the utility of 
figures for static tests, he believed that any one 
having to design ooneee and beams would place 
reliance on staticdata. He did not wish to underrate 
the value of kinetic tests, as the report would show, 
but they were not the only things to be considered. 
They were valuable in questions relating to machines. 
In large, heavy structures, in which vibration and 
alternating stresses were factors of less 7? 
static tests were of real value. In Table I., an- 
nexed, Dr. Rosenhain had worked out the strength 
of a beam made of the alloy, on the assumption that 
the working stresses were similar to those of a 
30-ton mild steel. Some of the alloys had an ulti- 
mate strength of about 30 tons, which was a rough 
approximation to the order of yield-point met with 
in steels, 





Taste I. 
For Beams of — Cross-Sections 
ai 


» iy ae Be ; | 
Equal 
Dae. eg | Bama, | tg 


1 | 1.55 1 | 1.85 
| 





Linear dimensions of cross- 
section of beam for alloy 


Ditto for steel 
Weight of beam for alloy 
Ditto for steel 


Strength of beam for alloy 
— 1 | 374 1 2.46 


} as 0.574 | 3.33 1 





—— 


| 
0.415 1 0.415 0.757 





— 


~~~ Ditto for steel 
Deflection of beam for alloy | 


Ditto for steel | 


—— 








There were three or four ways of looking at the 
question. It might be considered from the point 
of view of dimensions, weight, strength, or rigidity. 
Supposing, first, that the material dealt with con- 
sisted of rolled H or I sections of equal dimen- 
sions—that was to say, the ratio of depth to 
flange, and so on, was the same. In the first 
column of Table I. the linear dimensions of cross- 
section of the beam of alloy and the ratio of 
that to the linear dimensions for steel had 
been calculated, and for beams of equal dimen- 
sions the ratio was, of course, unity. The ratio of the 
weight of the alloy beam of equal dimensions to the 
weight of the beam in steel was0.415. The strength 
ratio, using the same working stress, was unity, and 
the deflection—which he would define as the incre- 
ment of deflection due to a given increase of load, 
once the load was applied—showed a ratio of 3.33 
times. Next, taking the case where the beam of 
alloy was of equal weight, but, being of lower 
density, was of considerably larger cross-section, 
the linear dimension ratio was 1.55, as derived 
from the square root of the ratio of the densities. 
The weights of the beams were equal; and the 
strength of the beam of alloy, with equal work- 
ing stresses, was 3.74, or about 3} times that 
of the steel. The deflection ratio for equal weight 
was 0.574—a deflection which, owing to the 
greater depth and_ greater stiffness, more 
than counterbalanced the lower elastic modulus. 
With beams of equal strength the same results 
were obtained as with beams of equal dimensions. 
Finally, with equal stiffness the alloy showed the 
figure of 1.35 for the linear dimensions. In this 
case the figures for weight and strength were 
respectively about yy 23, the deflection, of 
course, being equal. If, therefore, these alloys were 
used as fixed members of a structure in the form 
of beams and girder sections, it would be seen that 
their relative value was enormously higher than 
indicated by their specific density. The beam 
strength of these alloys was calculated to be such 
as might be applied to compression members. The 
limiting span of a bridge built of these alloys would 
be very much greater than the limiting span of 
steel. [Mr. Patchell here inquired if the speaker 
had taken wind pressure into account, to which 
Dr. Rosenhain replied that he had not considered 
the matter in detail. Wind pressure would be 
—— & question of arranging the material. | 

ith regard to ‘* specific tenacity,” he would put 
its significance in another way. If a bar of the 
material were suspended vertically, the specific 
tenacity would be a measure of the length of 
the material which could be hung before it broke 
by its own weight. That meant that a wire ro 
of this material could be made of an enormously 
greater length for a given working stress than if 
made of steel. The alloy did not the 
characteristic of steel of very high tensile stress on 
wire-drawing. Mine ropes, however, for instance, 
should not be made of such material—at all events, 
without further investigation ; corrosion entered 
largely into that question and also fatigue. 

e first people to criticise the corrosion tests 
had been the authors themselves; they did not 
consider them satisfactory, though they might be 
defended against some of the charges made by others. 
Endeavours were being made to get practical results 
from small quantities of metals. If a plate 20 ft. 
square were held up by rope or wood at the edges, 
the edge effect would be small; but when dealing 
with areas 3 in. square precautions were neces- 
sary. Although they would have preferred to 
work with plates 3 sq. ft., physical difficulties 
placed it out of their power to do so. The fact 
that they proposed to make a series of tensile tests 
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for corrosion proved that they were alive to the 
defects of the measurement by loss of weight. 
Several practical foundrymen had stated it was 
necessary to keep the casting temperature low in 
order to produce good castings. That supported 
the view put forward by the authors tentatively, 
that it was possible to get sound castings out of the 
alloys. Sir H. F. Donaldson had put forward 
figures relating toa number of ternary alloys which 
happened to coincide with some that the authors 
had already investigated as a portion of the work 
which they hoped would form part of the Eleventh 
Report to the Committze. He would anticipate 
some of that data. Sir H. F. Donaldson had 
compared an alloy containing 19 per cent. of zinc 
and 1 per cent. of copper, cast at various tempera- 
tures, with the authors’ alloy No. 20, containing 
20 per cent. of zinc. The speaker had a better 
comparison to put forward—an alloy of 20 per 
cent. of zinc and 1 per cent. of copper—not de- 
scribed in the Tenth Report. With this alloy a 
yield-point of 7.24 tons was obtained, an ultimate 
stress of 14.6 tons per sq. in., and an elongation 
of 3.5 per cent. hese figures represented the 
higher of two duplicate tests ; the results were 
within 1 ton of each other. That compared with Sir 
F. Donaldson’s figures for a casting at 800 deg. 
Cent.—namely, yield, 7.8 tons; ultimate stress, 
13.1 tons ; and elongation, 4 per cent.—the elonga- 
tion might be regarded as practically as good, while 
the ultimate stress was 14 tons higher. For an 
alloy (sand cast) containing 15 per cent. zinc and 
1 per cent. of copper, Sir Frederick’s figures were 
4.8, 8.6, and 4.5 respectively, for yield-point, ulti- 
mate strength, and elongation. Against that he 
could set a 16 and 1 per cent. alloy, giving 5.32 
yield, 12.68 ultimate strength, and 7 per cent. 
elongation. The chief difference appeared to be 
due to the fact that Sir Frederick thought it neces- 
sary to cast at higher temperatures. They had 
made some experiments on the effect of casting 
temperatures on some of the alloys. For this they 
had prepared an alloy containing 20 per cent. 
zinc and 1 per cent. copper, with the following 








results :— 
Taste II. 
Casting ; : Ultimate Elongation on 
Temperature. | Yield-Point. Stress. | 2 In. 
deg. Cent. tons per sq. in. | tons per sq. in. per cent. 
850 | 7.69 10.19 | 2.5 
800 8.39 13.97 4.0 
750 7.99 14.27 8.0 
700 8.19 14.38 4.0 
6£0 8.35 14.02 5.0 





It would be seen that with a casting tempera- 
ture of 850 deg. Cent. the figures were very 
low indeed ; at 800 deg. they were slightly higher ; 
by the time 750 deg. was reached the results were 
the best of all. It was interesting, and perhaps 
instructive, to see that from 750 deg. to 650 deg. 
Cent. the results were in very close agreement. 
Much, however, depended upon the particular 
article being cast. ith intricate or with very 
narrow and thin castings, it was necessary to pour 
fairly hot, although, undoubtedly, at the expense 
of the mechanical properties of the resulting 
castings. 

In respect to —< temperatures, the speaker 
thought that Sir Frederick Donaldson had 
slightly misunderstood the authors’ remarks. 
The contention that 4 rolling temperature generally 
below 400 deg. Cent. was needful for good rolling 
applied to the higher alloys, such as the 25 per 
cent. of zinc and 3 per cent. of copper. Alloys 
containing 15 per cent. of zinc, and lower than 
that, could be, as Sir Frederick had said, rolled 
at very much higher temperatures. He would like 
to hear how Sir H. F. Donaldson measured the 
temperatures ; whether the furnace temperature 
was taken or that of the billet. The authors, when 
dealing with 3-in. bille’s, had measured their 
temperature by setting on the top of them in 
the muffle a saddle made of aluminium, or 
of aluminium containing a little zinc. In this 
there was a groove, and in the groove was inserted 
a thermo-couple, in a small silica protector. By 
leaving the saddle on the billet in the muffle, 
and taking the temperature without displacing it, 
the authors had obtained the approximate tempe- 
rature of the billet. The precise temperature of 
the billet could only have been obtained by getting 
the thermo-couple right into it; but he thought 
they thus cbtained a very close approximation. 


Sir H. F. Donaldson had given figures for an alloy 


which showed a yield 4.9, ultimate strength 10.6, 
and elongation 25 per cent. The authors’ alloy, 
of the same composition, and rolled to 1} in., 
showed 6.88 yield, 13.24 ultimate strength, and 
28 per cent. elongation. They could duplicate 
several other results in a similar way, generally 
proving that the pure zinc alloys they had used 
were decidedly superior to the commercial zinc 
alloys used by Sir Frederick. He had no doubt, 
from these comparisons, quite apart from those 
given by Mr. Archbutt, as to the superiority 
of pure zinc. A sample of commercial zinc bought 
in the open market had been found to contain 
pot He consisting of 0.19 per cent. of iron 
and about 2 per cent. of lead. There was no doubt 
that castings made from zinc containing lead were 
subject to more severe corrosion in sea-water than 
those made with pure zinc. 

The authors hoped to make a correlation of the 
elastic limits with Wohler tests, but they had not 
had any Wohler tests made. Direct alternating 
stress tests had been made, but the results were 
so low as compared with the static-elastic limits 
that the authors attached little importance to 
them. Some factor, perhaps the low elastic 
modulus of the alloys, tended to affect the results. 
He agreed with Mr. Mills that they might hope 
finally to get something better than the 25—3 alloy. 
If it were found that the hardening action of 
magnesium with subsequent heating was applicable 
equally to aluminium-zine alloys as to the alumi- 
nium-copper-zine alloys, it ought to be possible 
to double the tensile test of ail these alloys, and 
that would be an achievement worth having. Mr. 
Mills had criticised the ‘‘specific tenacity” 
formula. When dealing with people who did not 
understand technical terms, it was, of course, 
necessary so to modify such terms as to make 
them easily understood. For the purposes of 
accurate technical comparison and scientific dis- 
cussion, however, Mr. Mills’ definition would not 
be at all satisfactory. It was, after all, only a 
question of dividing the figures which had been 
given by 3.16 ; that done, the specific tenacity would 
be approximately 80 tons instead of 250 tons. 
Specific tenacity was not a property ‘‘ per square 
inch ;” what was spoken of as a ‘‘ specitic tenacity 
of 250 tons” was a property of the material inde- 
pendent of dimensions. For the sake of illus- 
tration, specific tenacity had been explained as the 
breaking load of a bar of a certain cross-section ; 
but that was only one way of putting it. The 
reason for adopting that formula was to make it 
comparable with other properties, such as specific 
conductivity and specific resistance, which were 
independent of dimensions. The quantity was 
an actual measurement in tons ; it represented the 
dimensions of the forces, but was not a stress. 

In most cases the errors of the duplicates had 
been stated in the report wherever they were 
appreciable ; in the great majority of imstances 
they were not, and the errors had only been stated 
in the one or two cases to which Mr. Harbord 
referred, because they were so abnormally large. 
Repetition of those tests was not possible, because 
the material was not available. It had been neces- 
sary in many cases to make separate heats of the 
metals, and the authors had not always succeeded 
in hitting them quite exactly. Alloys Nos. 19 and 
20 were intended for repeats, but as the analysis 
had shown them not to be identical, they had been 
recorded separately. With regard to the test- 
pieces, it had been decided to adhere to dimensions 
which gave comparable results so far as ultimate 
strength was concerned ; the results as regarded 
elongation were therefore not comparable. The 
expense of making 8-in. pieces was much greater than 
for 2-in. pieces. The 2-in. pieces were therefore used 
throughout, except in a few cases for rolled material. 
Dr. Rosenhain could not follow Mr. Armstrong’s 
difficulty with regard to machining the alloys. 
Several hundreds of pieces had been screw- 
threaded in the workshops of the Laboratory, there 
being no difficulty in so threading them without 
lubricant. He thought, therefore, that it was a 
question of knack in handling. The turnings to 
which the speaker had already directed attention 
could be easily taken without lubricant—of course, 
from the rolled bar, not the casting ; turnings could 
be taken from the castings, but would not be so 
long. He would have expected a difficulty in 
stamping the metal cold, elaine from its general 
mechanical properties. It was interesting to learn 
that Mr. Armstrong had found it easier to stamp 





with a hot die. It appeared, however, that when 





the metal had been previously heated it flew to 
pieces, much in the way the speaker had shown in 
the experiment at the previous meeting. Lither, 
therefore, the metal was too hot or the speed of 
the die too fast. With slow stamping it should })e 
quite possible to take the desired shape. With 
drop camping regulation was difficult, and the 
temperature had to be kept fairly low. He 
imagined the temperature of boiling water would 
be sufficient to give the desired effect. 

The President, in bringing the proceedings to a 
close, said that operations on the new building were 
in progress, and it was hoped that by next session 
it would be completed for the use of members. 








BRITISH MACHINERY MANUFACTURERS 
AND RUSSIAN TRADE. 


By Joun H. Gipson. 


THE relations between Great Britain and Russia 
become closer day by day, and therefore it is interest- 
ing to observe what British machinery manufacturers 
have done to increase their export to Russia, and what 
could be done. 

Dealing in the present case with the power-driving 

lants only, it must be pointed out that many of the 

ussian cotton-mills were driven originally by English 
horizontal or vertical single-cylinder steam-engines. 
The boilers were of different types, partly English, 
partly Russian. During the last fifteen years cheap 
wood fuel, increasing in price owing to its exhaustion, 
has been replaced by dear crude oil, peat, or even 
coal ; the latter had to be carried 500 miles by rail, 
and the former, 1700 miles by tank, sea, and river 
vessels. This eventually forced the owners to realise 
the importance of economy, and obliged them to 
replace their old steam-engines with new economical 
tandem compound engines, with drop-valves, or with 
Diesel engines (Sobinskaja mill, Skwortzowskaja mill, 
Chludowskaja mill, &c.), or to introduce an electri- 
fication of their mills, and fit them with turbo- 
generators. These new power-driving plants, together 
with the electrical installations, cooling-towers, econo- 
misers, feed-water heaters, condensers, pumps, &c., 
were entirely German, Swiss, or Russian. As to the 
boilers they were almost always made in Russia. 

Russian cotton and woollen mills are fitted mostly 
with British machinery as far as machinery for the 
manufacture of the goods is concerned, but even in 
that case English machinery had no participation in 
the electrification of the same mills. 

There are now about eighty town electric supply 
stations, and practically all the electric part of them 
is of German or Russian origin ; the same applies to 
the prime drivers. As to the municipal town stations 
there is, as far as I know, only the St. Petersburg tram- 
way station with English turbu-generators and equip- 
ment. I must state further that British electric motors 
and other electric appliances are scarcely known in 
Russia atall. The two last Moscow loans were floated 
in England, and even in this particular case only one 
of six Moscow sub-stations for the tramway was 
equipped with English electric machinery, while a few 
English tram-cars were put on the lines. All the 
remaining machinery was German, Swiss, or Russian. 

Russia is a country with an enormous quantity of 
crude oil and peat available, yet the British crude- 
oil engine and peat-gas producer makers did nothing 
whatever to push forward their machines in Russia. 
The Russian peat industry is still waiting for deve- 
lopment, and the t is used under the boilers in 
its dry but crude form, whereas there is an enormous 
market for peat-gas producers and corresponding gas- 
engines. The peat-bogs are situated in the middle of 
what is known as Russian Lancashire—that is, the 
Moscow-Vladimir industrial district, and the power 
electric stations erected on these bogs could supply 
with power hundreds of establishments. The Electric 
Lighting Company of Moscow has just bought some 
large peat-bogs in the vicinity of Bogorodsk (district 
town of the government of Moscow), where it is going 
to erect a large power-station and to supply with 
current of 30,000 volts three surrounding governments 
—Moscow, Vladimir, and Nijni-Novgorod. 

Notwithstanding that practically all the British 
portable-engine makers have their representatives and 
offices in Russia, such German firms as Wolff, Lantz, 
&c., are doing very good business with their stationary 
locomobiles fitted with superheaters, feed-water 
heaters, and so on, because not a single British firm 
could offer such an engine for a considerable time. 
The same relates to the Diesel engine, the importance 
of which for Russia, the second crude-oil-producing 
country in the world, is enormous. As regards water- 
turbines, they are, if not of Russian (simple types), 
mostly of American, German, or Swiss origin. The 
same relates to steam-turbines, which are entirely 
German or Swiss. 

Turning now to small steam, petrol, and oil-engines, 
only a few British firms are represented amongst tens 





of German, while everybody must agree that Russia, 
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with her great area, represents one of the greatest 
markets in the world for this kind of machinery. 

It is well known that Belgian and French concerns 
have secured the hold of South Russia, with its immense 
resources of coal and iron ore, and all their plants are 
equipped with Belgian or French or Russian machinery. 
Some large machine works in the same part of Russia, 
constructing a great deal of the machinery required 
for mines, iron works, rolling-mills, &c., are working 
now in connection with great German machinery firms, 
like the Duisburg Works, Borsig Works, and Klein 
Brothers. 

Now we come to what is the weak point of the 
policy of British machinery manufacturers, as far as 
their exports to Russia are concerned. We must admit 
that Russia is a poor country as regards capital, 
and therefore the owners of factories prefer to buy 
everything on extended credit. The usual German 
and Russian terms are as follow :—One-third is pay- 
able when ordering, the second third is payable when 
the ordered goods leave for Russia, and the third part 
is payable when the plant has been tried on the spot 
and accepted. But in many cases the terms are even 
easier. As the Germans and the rest make headway 
in this direction, it remains for the British manufac- 
turers to follow their example. 

In the second place, the requirements of Russian 
buyers must be considered. In general, the British 
manufacturers offer their standard types without any 
alteration to suit Russian conditions and requirements, 
while the Germans are always doing their best to 
satisfy the buyers. Some years ago, when the trade 
in Siberia was booming, German manufacturers organ- 
ised a committee and sent it there to investigate the 
Siberian market, and an exhaustive report was read 
on its return, as to the conditions of market, the kind 
and size of goods required, terms of business, and so on. 

The tariff treat tween Russia and Germany will 
expire shortly, and in addition to an official commission, 
many private organisations especially connected with 
agriculture are working on the revision of the above- 
mentioned tariff, with the intention to lower it where 
possible. Besides that, the commercial treaty between 
Russia and the United States has ceased to exist. 
Russia is also near to a tariff war with the United 
States, and already many prominent provincial officials 
advise local people not to buy American machinery. 
All this shows that the opportunity for British 
manufacturers is now at hand, and that they must 
take some steps in the above-mentioned direction if 
they are going to extend their business in Russia. 





fur West Country.—The Homeland Association, 
Limited, Chandos Chambers, 15, Bedford-street, W.C. 
(Frederic Warne and Co.), have recently issued, at the 
price of 1s., an illustrated reference-book dealing with the 
West Ceuntry, Somerset, Dorset, Devon, and Cornwall. 


It contains a large amount of interesting information for | 


the use of tourists. This is No.4 of the series, and is 
= by Messrs. Prescott Row and Arthur Henry 
nderson. 





ENGINES AND BOILERS FOR A DUTCH 
COLONIAL GOVERNMENT STEAMER. 


A COMPLETE equipment of steam propelling machi- 
nery has recently been supplied by Messrs. McKie and 
Baxter, Glasgow, to the Dutch Colonial Government. 
for one of their steamers, and of this we give illustra- 
tions on Plate XLI., the present page, and pages 620, 
621, and 630. The general arrangement of the plant is 
shown in Figs. 1 to4, on Plate XLI., from which it wili 
be seen that the boat is of the single-screw type. The 
two Yarrow boilers are placed centrally in tha ship 
and are fitted with Howden forced-draught apparatus 
working with closed ashpits and heated air supply. 
The fan, which is driven by an enclosed forced- 
lubrication steam-engine built by the engineers, is 
placed on the maiu deck, as shown in Figs. 1 to 3. 

An interesting feature of the boiler plant is the 
arrangement of firing, since coal or oil fuel can be 
alternatively used with very little modification to the 
stoking arrangements. On account of the poor quality 
of coal obtainable in the East, the boilers are excep- 
tionally large for the power demanded, but this results 
in amply large combustion-chambers being available 
for satisfactory working with oil fuel when desired. 
The two oo reproduced in Figs. 6 and 7, 
annexed, and the drawings in Figs. 8 to 16, page 620, 
show the design of the boiler furnaces in detail, and 
also the modifications necessary for the alternative 
systems of firing. The oil-fuel apparatus is on the 
Wallsend Slipway Company’s system, and works in con- 
junction with the ieee diana system and heated air 
supply. Detailsof the fuel-pumps, strainers, and heaters 
will be seen in Figs. 17 to 20, on page 621. Two sets 
of feed-pumps are fitted, the one shown in Fig. 4 being 
situated on the forward bulkhead of the engine- 
room, and working in conjunction with a float-tank ; 
the second set is placed on the port side of the stoke- 
hold, as seen in Figs. land 2. On the starboard side is 
placed the ash-ejector, whilst on the same side and in 
the engine-room are the bilge and sanitary pumps. At 
the aft end of the engine-room, respectively on the 
starboard and port sides, are placed the evaporating 
plant and feed-water filter, which latter works on the 
suction principle, whilst on the forward bulkhead a 
Westinghouse air-compressor is fitted for use in con- 
nection with the cleaning of boiler-tubes. 

The engines are of the four-cylinder triple-expansion 
type, having cylinders of 16 in., 26 in., 30 in., and 
30 in. in diameter and 24-in. stroke, and are balanced 
on the Yarrow - Schlick - Tweedy system. The 
condenser, which is placed on the port side of the 
engine-room, has 4 cast-brass body, and is constructed 
on the Morison ‘‘ Contraflo” system. The centrifugal 
circulating pumping plant was also built by Messrs. 
McKie and Baxter. he main engines, which develop 
1500 indicated horse-power at 200 revolutions per 
minute, are shown in more detail in the elevation, 
Fig. 21, on page 621, and in the general view, Fig. 22, 


on page 630. The main aS of solid-drawn | th 


steel, the more important steam-chests and boiler- 
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mountings are of cast steel, and the‘ whole work was 
carried out under Board of Trade special survey and 
the superintendence of Mr. W. W. Campbell, M.I. 
Mech, E., Glasgow. 





SINGAPORE WaTEeR Works.—We have received a pro- 
gramme of the opening ceremony of the new water works 
at Singapore, which took place on Tuesday, March 26. 
The programme gives the history of the works undertaken 
since 1857 for the supply of water to Singapore, and gives 
an illustrated description of the new reservoir, known as 
the ‘‘Kalang River Reservoir,” which has been formed 
by constructing an embankment across the valley of the 
~ oye River. The total supply now available from both 
the old and new works is 9,000,000 gallons per day in the 
driest season. An additional supply of at least 3,000,000 
= per day will be obtained he the works in the 

letar Valley to be constructed later. Mr. Robert 
Peirce, M. Inst. C.E., the municipal engineer, was engi- 
neer for the Kalang works in question, with Mr. Stephen 
G. Williams, Assoc. M. Inst. O.E., as chief assistant and 
resident engineer. 





New Livesry Prorgssor or Coat Gas AND Fug. 
INDUSTRIES AT THE UNIVERSITY OF Lerps.—On the 
recommendation of the Livesey Memorial Committee, 
the University Council have appointed Mr. John William 
Cobb, B.Sc., to be Livesey Professor of Coal Gas and 
Fuel Industries from the end of the present academic 
year, when the chair will be vacated by Dr. W. A. Bone, 
F.R.S., who has accepted the professorship of Fuel and 
Refractory Materials at the Imperial College of Science 
and Technology. Professor Cobb received his early edu- 
cation at the Leeds Modern School, and is a former 
scholar and prizeman of the University of Leeds and 
Exhibitioner and B.Sc. of the University of London. 
Since 1891 he has been engaged with the Farnley Iron 
Company, in the first instance, as chemist, and more 
recently as technical assistant to the managing director, 
Mr. R. Armitage, M.P. 





THe Economics or Larcker Locomorives.—Some in- 
teresting figures have recently been published in the 
Railway Age Gazette relating to the saving effected by the 
use of Mallet compounds, on the Hinton Division of the 
Chesapeake and Ohio Railroad. In the direction of the 
greatest traffic there is continuous uphill work for over 
100 miles, culminating in 13 miles of up grade of 30 ft. to 
the mile, after which there is a down —_ The Mallet 
compounds in use haul trains of 3200 (short) tons over this 
division. The consolidation type of locomotive previ- 
ously used could only handle 2250 tons at the same average 
8 As a result, 25 Mallet compounds have replaced 
44 consolidation engines, and the number of trains over 
the division has been reduced by 17 per diem. This has 
effected a saving in train and engine crews’ wages. The 
net result is a saving of 37.55 per cent. in the cost of 
handling the freight traffic on this division. If it be 
assumed that the 25 Mallets cost 125,000 dols. more than 
the 44 consolidations, and 13 per cent. be allowed for 
interest and depreciation, an additional annual charge of 
16,250 dols. would be involved by their use. The yearly 
traffic over the division is approximately 1,591,750, 400 ton- 
miles, and a saving of 37.55 per cent. in the cost of handling 

is would amount to 91,360 dols., so that a net annua 
saving, in round numbers, of 75,000 dols, would be realised 
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ELECTRIC FURNACES FOR STEEL 
MANUFACTURE. 
Improvements in Electric Furnaces and their Application 
in the Manufacture of Steel.* 
By Hans Naruusivs, Dr.-Ing. (Friedenshiitte. ) 
THE various systems of electric furnace are so well 
known that it is unn to describe these apparatus 
in detail. The author will therefore confine himself to a 
few general remarks with — to the two most impor- 
tant systems—the induction furnace and the arc furnace 
—and to a detailed description of some recent improve- 
ments in the latter type, with special reference to the 
combined arc-resistance furnace. The subject is one 
which cannot fail to be of special interest to metallurgists, 
since it appears in the light of recent experience that so 
far as the manufacture of steel by electric means is con- 
cerned the arc furnace is the furnace of the future. 


Tuk INDUCTION FURNACE. 


The hearth of a simple induction furnace consists of an 
annular trough in which the ring of metal constitutes the 
secondary winding of an alternating-current transformer. 
The source of heat is the electric current, which is induced 
in the metal by the alternating current in the primary 
circuit of the transformer. 

The idea of generating the requisite heat in the very 
material which is to be melted and of introducing heat 
by induction of an electric current, thus avoiding the use 
of electrodes, seems highly promising, at least in theory. 
Unfortunately, however, this system of furnace has shown 
many serious defects in practical map 

The above-mentioned advan of the induction fur- 
nace can only be realised to the full when the furnace is 
used as a crucible, that is when small charges (1 to 2 tons 
in weight) are to undergo a pure and simple smelting pro- 
cess. As a refining furnace the induction furnace is, for 
the following reasons, quite unsuitable. 


The restricted space within the ring of molten metal is | 8% 


inconvenient for any metallurgical work such as rabbling 
the slag, the regular distribution of additions, sampling 
and controlling the process of one The molten 
metal is also ex to a considerable cooling action, due 
to extensive cooling surfaces, and the slag is apt to solidify 
in consequence. 

The electrically induced heat can, of course, only be 
generated in the metal bath and not in the , which 
must therefore be heated indirectly by the underlyin 
metal. Now it must be evident that it is against al 
principles of economy to heat the slag by means of the 
molten steel, the melting point of which is considerably 
lower than that of the slag. Consequently a much higher 
temperature has to 
necessary for the desired reactions. 

The entire design of the induction furnace — which 
rather resembles an electrical apparatus than a metal- 
lurgical furnace—makes it impossible to work with large 
fluid masses of slag capable of producing reactions. The 
magnetic field of the transformer sets up lines of forces 
n the liquid steel and causes it to rotate at such a speed 
that the slag is thrown against the sides of the channel, 
causing it to cool to a temperature below that at which it 
can react on the charge. Further, the s of rotation 
causes the surface of the bath of metal to slope at an 
angle, so that only a small portion of the metal in the 
ring is covered with slag, and the reactions are thus 
preven The lining of the furnace is also injuriously 
affected by the whirling of the particles against the sides 
of the furnace, due to the centrifugal force, an action 
which results in their being both mechanically and chemi- 
cally attacked. Further, it is impossible to treat entirely 
cold charges in an induction furnace, for unless a portion 
of the preceding charge is allowed to remain in the furnace 
the charge does not form a sufficiently perfect conductor 
for the secondary current. This is a partioular disad- 
vantage in cases where it is desired to produce steels of 
very different qualities. 

A further disadvantage noticeable in some ty of 
induction furnace, for instance, in the Réchling Roden 
hauser furnace, consists in having two heating channels 
which form the secondary coil of the furnace transformer, 
the latter being built into the furnace in such a manner 
that one leg of the transformer passes through a corre- 
sponding opening in the hearth. 

From a purely metallurgical point of view it is desirable 
that delicate apparatus such as a transformer should not 
be attached to the furnace, which, when hard pushed, 
may become red-hot, nor should a transformer be exposed 
to risk from — of molten metal, dust, and rough 
handling. The conditions are not greatly improved 
even when it is most carefully protected and cooled by 
an air current supplied by a somewhat expensive com- 
pressor plant. @ air-cooling on the transformer side 
necessarily increases the heat losses. To this must be 
added the unpractical shape of the hearth due to the 
presence of the transformer, which increases the length 
of time between heats due to the increased difficulty of 
making repairs. = ‘nay be mentioned, a most vital 
disadvantage of the induction furnace as compared with 
the arc furnace—namely, the cost of installation. Not 
only is the induction furnace more costly on account of its 
complicated construction and its character as an electric 
rather than a metallurgical ap tus, but also because 
the current supply is considesctiy more expensive with 
this class of furnace than with arc furnaces. All large 
induction furnaces, with a capacity of more than 3 tons, 
require motor generators, or separate generators when 
the frequency of the generating plant is higher than 25 
cycles per second. It is evident that the instalment of 
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be imparted to the bath than is]. 


.|of the lip. But the electric current is then o 





motor generators must add to the cost of the electric 
= and of the necessary foundationsand buildings. 

he electric generator for an induction furnace must, 
even with installations of medium size, be designed for 
a frequency of 20 or less, and for a power factor of 
between 0.6 to 0.7. The machine must therefore be in 


the ratio of Pa or + to, or 1.54 times larger than, an 


0.7 
equaliser for a three-phase arc furnace. On account of 
the lower frequency the alternator will be considerably 
more expensive. The cost of an equaliser for a three- 
phase are furnace with an output of 750 kilovolt-amperes 
at 750 revolutions and 50 cycles is only 43 per cent. of 
that of a generator for an induction furnace of the same 


capacity. The lower speed which is required to produce | ¢ 


the low frequency of the generator for an induction 
furnace influences the price of the machine the more 
unfavourably the greater the output of the machine. 

When the current is not supplied by a separate alter- 
nator at the generating station, but by a motor generator, 
the price is scarcely affected, on account of having to 
instal a motor for the furnace transformer. In fact, if 
anything, it may be increased, as such a motor is more 
expensive if desired to run at lower speeds, and it must 
in any case be adjusted to the maximum permissible 
speed of the generator. 

The first cost of an induction-furnace installation may, 
of course, be reduced by making an extension to the cen- 
tral power-station instead of transforming existing electric 
current. In that case, and if the prime movers are blast- 
furnace gas-driven engines, the electric generators for arc 
furnaces must also 5 designed for slow ——. e 
difference between the cost of an induction furnace and 
that of an arc-furnace installation will then disappear, 
but only under the above-mentioned conditions. The 
induction-furnace transformer always requires a separate 
set of conductors for low frequency, and also a regulating 
transformer or tension lator unless a decentralisation 
is to be carried out, which is not always possible and 
werally introduces economical disadvan . Buteven 
in the latter favourable case it will hardly possible to 
equip an induction furnace at the same cost as an arc 
furnace, and certainly not at a less cost. 

In addition to the greater cost of an induction furnace 

there is that of the plant for compressing the air for cool- 
ing. There also has besides to be added to the workin; 
expenses of an induction furnace the wages of two skill 
attendants (for day and night shifts) for the special 
machines—be it a separate generator or a motor genera- 
tor—and to carry out necessary repairs. In this respect 
the working expenses of an induction furnace are con- 
siderably higher than those of an arc furnace, which can 
be equip with static oil transformers. 
Further, rotary machines are likely to run hot, and the 
insulation of the moving coils is also more liable to punc- 
ture than that of the windings of a static transformer 
built for the same voltage. An oil transformer when 
once ins requires no attention beyond overhauling 
once a year. Generally speaking, the chance of a break- 
down with a rotary-furnace transformer is double that 
with a machine in the generating station. When the 
current is delivered direct from the generating plant— 
with or without a transformer—a breakdown is of less 
consequence, as the whole plant is kept in reserve, and, 
if necessary, another generator may be switched on to the 
furnace circuit. The time required to remedy any fault 
is therefore considerably shorter. 

Finally, the working expenses with induction furnaces 
are much increased by the low efficiency which, including 
transformer losses, amounts to 72 to 82 per cent., whereas 
the efficiency of a corresponding arc-furnace plant is 95 
to 99 per cent. 

That the above-mentioned defects of the induction 
furnace are admitted by those who have developed this 
system of electric furnace is clearly proved by the 
numerous new remedying devices which are always bein 
patented. Rodenhauser has, for instance, introdu 
dams or lips in the channel-bottom in such a way as to 
allow only the layer of slag to rise above the up) M _ edge 

1 » at 
these points, to through the thin and comparatively 
bad conducting layer of slag. Another Sovsster kan plensd 
bridges below the surface of the molten metal at the 
entrances of the narrow lateral channels of the hearth, 
with the object of retaining the slag, so as to prevent it 
altogether from entering them. In another modification 
of this device the lower edges of these bridges are placed 
at the level of the surface of the bath, or just below it. 
By this contrivance the slag is prevented from entering 
the channels, and any which may have penetrated into 
them can easily be removed. In order to facilitate repairs 
spare interchangeable channels of compressed material 
with special coatings of alumina or silicates are kept in 
readiness for use. How far these and other improvements 
will really prove successful in practice remains to be seen. 
It is nevertheless interesting to observe that the induction 
furnaces have lately been so much modified as to have 
Jost their original character by making them approximate 
more and more to the arc-furnace type. 





Arc FURNACES. 


The construction and method of operation of arc fur- 
naces are now well known, and a considerable number 
of them have withstood several years’ practical test 
in every respect in numerous metallurgical works. 

The principal advantage of the arc furnace consists in 
the ease with which the heating of the charge can be 
regulated to any desired temperature from above by 
electric arcs directed upon the which covers the 
metal bath. This method of heating, combined with 
other advan of the electric furnace—such as a 


neutral atmos: in the melting chamber and absolute 
eating agent—have enabled 


purity of the the produc- 





tion of reactions between the slag and the metal, with 
respect both to oxidation and reduction, which it wag 
impossible to obtain with the resources previously 
available, and after a long experience in the working of 
electric furnaces the author gained the conviction 
that absolutely new processes will in time be developed 


to supplement or perfect the present ones. This question 
will be referred toagain later in the paper. 
The readiness with which the arc furnace has been 


adopted is not only due to the above-mentioned advan. 
tages, but also to the fact that the electric conditions 
— its construction to resemble closely that of the 
amiliar converters and open-hearth furnaces. The usual] 
type of arc furnace, such as the Héroult, Girod, Keller 
tassano, and others, resemble the gas-fired furnaces 
in that the heat is applied to the charge at the surface, 
the gas-flame being replaced by an electric arc. 

The author has for many years made a special study of 
arc furnaces and their working conditions, and he was 
soon obliged to acknowledge the great advantage of 
electric-arc heating. At the same time the idea occurred 
to him that it might be possible to combine the advantage 
of the arc furnace (good heating of the slag) with the 
advantage of the induction furnace (heating in the charge 
itself), and thus to avoid the disadvantages of both 
systems. It me evident to him at once that the 
electric current offered the possibility of applying heat 
not only at the surface of the charge, but at any part 
where an intense heat is required, such as in the charge 
itself or especially at the-bottom of the furnace. 

The transformation of the electric energy into heat in 
the substance of the material which is to be heated is 
neither a contact nor a transmission phenomenon, but a 
thermo-dynamical frictionless heating, with 100 per cent. 
efficiency even at the highest temperatures. The only 
losses are those due to radiation and conduction. Hence, 
in this process of heating, the question is not—how much 
heat is imparted to the charge, but how much of the heat 
generated within the charge itself can be retained therein. 


In the author’s opinion it would be a mistake not to 
take this advan into consideration. Besides, the 
natural method of heating consists in applying the heat 


not from above but from below. If this could be effected 
by some simple means then a most substantial advantage 
over other arc furnaces would be gained, as the following 
thermo-technical considerations will show. 

From the practical point of view, the best method of 
heating is undoubtedly that which can be applied with 
the least possible loss, with the greatest possible regularity, 
and is so adjustable that the temperature of the furnace 
can be regulated at will between the required maximum 
and minimum. 

These conditions are badly fulfilled in the simple arc 
furnace. The losses through radiation and conduction 
are considerable, being greater than those in a gas-fired 
furnace, on avcount of the much higher temperature. 
The over-heating of the surface is also greater for the 
same reason. On the other hand, the heat losses due to 
the heating of quantities of air passing through the furnace 
are avoided in an electric furnace. 

All these disadvantages are more or less eliminated in 
the induction furnace, which certainly best fulfils the 
required conditions, and the question then arises as to 
why the arc furnace has made more rapid headway than 
its rival. Theanswerissimple! The problem of electric 
furnaces in technical metallurgy is less concerned with 
the thermo-technical side than with the metallurgical 
side, and the metallurgical requirements must always 
determine the choice of the system of furnace. 

The processes which the steel metallurgist has to carry 
out in his furnace may be divided into three groups. 

1. The melting process. 

2. The refining process (oxidation by means of atmos- 
pheric air or by iron ore). : 

3. Deoxidation or finishing process (alloying), degasi- 
fying, quietening. 

The induction furnace is only to be recommended when 
it is a question of a melting process, and when its other- 
wise serious defectsare not preventive. Notwithstanding 
its higher thermal efficiency, the working of an electric 
furnace is too costly to enable it to be w ordinarily for 
a melting-down process. For purely economical reasons 
the less perfect but cheaper gas-fired furnace is prefer- 
able for this purpose. On the other hand, for a process 
of refining metal already melted, the arc furnace is parti- 
cularly well adapted. To produce reactions which depend 
on the reciprocal action of the slag and the metal, it 18 
requisite to have a very hot slag, and to be able to work 
with fluid masses of slag in large quantity. This cannot 
be done in the induction furnace, and the arc furnace 
alone lends itself to such operations. In finishing the 
charge, however, the steel has to be alloyed with other 
metals, and must remain quiescent for a period. For 
this pur heating by an ordinary electric arc is 1ess 
favoura le. The reactions take place only within the 
bath ; the slag has ceased to react, has become neutral, 
and serves now only as a protecting cover. 

It is, however, impossible to make use of an arc furnace 
for one part of the process and an induction furnace for 
another. The difficulty can only be met by means of a 
combined arc and resistance furnace. 


Tue Natuusius FURNACE. 


In the author’s furnace the charge is heated on the sur- 
face by several electric ares, so distributed that the heat- 
ing is effected as equally as possible. Heating by means 
of a single are is absolutely impracticable, because the 
-_ though a very intensive, is a highly localised source 
of heat. 

It has been said with some truth that the arc in the 
electric furnace is a necessary evil. It is necessary for 
heating the slag, but its disadvan is that its tempera- 
ture must at least be that required to volatilise carbon 
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(3000 deg. Cent.), since this is the essential condition of | the current it is possible to transfer a larger amount of 


its existence. 


|energy to the arcs at the surface, or to the bottom elec- 


Since the maximum desired temperature of the furnace | trodes as desired. 


is between 1900 deg. and 200 deg. Cent., it has been the 


From Figs. 1 and 2, below, it will be seen that the 


author’s endeavour to weaken the intensity of the arc as | furnace is circular in form. The radiation and conduc- 
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much as possible, and to reduce the unavoidable over- | 


heating on the surface of the charge toa minimum. In 
order to effect this he transferred as much as possible of 
the energy required for a particular furnace to the Lath, 
or rather to the bottom of the bath, and the method of 


tion losses are thus reduced to a minimum, and the 
doors allow of a convenient access to the hearth for the 
performance of the required metallurgical operations, 
such as drawing off the slag, sampling, or repairs to the 
bottom. The furnace can be tilted by electric or hydraulic 


heating thus approximates to that of an induction fur-| means. Small furnaces up to 6 tons capacity are tilted 
hace. By the aid of special means for the distribution of ' on trunnions resting on vertical supports (in the same 





manner as converters), and larger-sized furnaces have 
rockers resting on rollers (like tilting open-hearth fur- 
naces and mixers). 

_ The characteristic of the furnace, as illustrated, is that 
it has three carbon electrodes above the surface of the 
charge, which project through the roof into the furnace, 
and three, ora multiple of three (3, 6, 9) bottom electrodes 
of mild steel rammed in the hearth. The upper as well 
as the bottom electrodes are arranged in a regular 
triangle. No regulating devices or other electrical appa- 
ratus, such as transformers or motors, are attached to the 
furnace itself, but these are installed in a se te well- 
closed room behind the furnace, as shown in Figs. 1 and 2. 

The furnace is purely a metallurgical ap tus, and all 
operations may be performed without risk of burning a 
motor or transformer, or exposing a regulator to dust. 

The carbon electrodes, which require continuous adjust- 
ment, are suspended by cables from overhead runways, 
and are either adjusted electrically or by means of hand- 
wheels from the switchboard. rom the room where 
these are installed a good view of the furnace is ible. 
The independent suspension of the carbon electrodes com- 
prises a number of advantages; first, it allows of tilting 
the furnace without having to tilt the electrodes. The 
breaking up of the electrodes is thus considerably reduced, 
as this generally takes — when the furnace is being 
tipped. When tilting the author’s furnace the electrodes 
are simply drawn up; ey suspending the elec- 
trodes from runways, they can be readily drawn away to 
one side by means of a chain, and quickly changed. 

The —— | of the furnace may be either basic or acid, 
and the roof is built of silica bricks. In a basic furnace 
the bottom and the side walls are lined with dolomite and 
tar rammed in the usual way. It is a good practice to 
lay a few courses of magnesite bricks where the roof and 
side walls meet. The required repairs to the side walls 
when renewing the roof can then done very quickly. 
In the furnace under consideration, owing to the good dis- 
tribution of the arcs and their reduced intensity, the local 
over-heating of the surface is not so great. hen it is 
required to renew the arch, the side walls must also in 
most cases be repaired, as the roof and the sides bind 
together. Approximately, 100 heats may be obtained 
under one roof when only cold metal is charged, an 
nearly double that number when hot metal is charged. 
The fact of the current flowing through the bottom in- 
creases its durability considerably, for it is well known 
that a thorough burning at high temperature is the best 
security for a high degree of refractoriness. As the bottom 
itself is heated to a high temperature it becomes burnt 
automatically. For the same reason repairs can easily 
be made, because the dry dolomite mass when thrown on 
the bottom is immediately burnt on. Any holes retain- 
ing puddles of liquid metal, which might prevent the 
ay | of dolomite, are emptied to the last drop by tip- 
ping the furnace to a sufficiently steep angle. Slight 
repairs to the furnace can conveniently be done during 
the interval between two charges. Heavy repairs to the 
bottom are never required, 

Coming now to the electric installation of the furnace : 
the current employed is a three-phase alternating-current 
of any convenient frequency. This kind of current is the 
most convenient for metallurgical work, and in its appli- 
cation economical as well as electrical and thermo-tech- 
nical advantages are involved. A three-phase-current 
of any frequency may be u Even in the case of melt- 
ing down cold charges it is not required to put down a 
motor-generator or a separate generator. The furnace 
can be connec direct to a step-down oil-transformer, 
which reduces the voltage of the mains to that of the fur- 
nace (110 volts). The saving in first cost, as well as in 
working ‘expenses, has already been commented on. 
Different systems of connection are employed according 
to the particular uirements of the furnace. The sim- 
plest and most useful connection when working with 
fluid charges is shown in Fig. 3. It will be seen that 
there are three surface carbon electrodes which are con- 
nected to the outer terminals of the secondary windings 
of the furnace transformer, and three bottom electrodes 
connected to the three inner terminals of the secondary 
coil. The three inner terminals of the transformer are 
obtained by separating the windings at the neutral point 
where the three secondary windings of an ordinary three- 
phase transformer are connected. By this means the 
neutral zone—if it is permissible for the sake of a clearer 
understanding thus to represent the electric conditions— 
is transferred to the bath itself, and the current must 
gravitate from all points of supply towards this neutral 
zone. Inother words, the current, though — from 
a single source only, is forced to flow not only between 
the upper and bottom electrodes, but also between any 
upper electrode and any bottom electrode. It is thus 
possible, with a single source of current, to heat the 
charge in all parts, provided that its resistance is suffi- 
ciently high, or that the current is strong enough to 
1? sufficient heat in the charge when the resistance 
18 low. 

Experts have expressed doubt as to whether any current 
flows through the bottom electrodes or even between the 
bottom electrodes of this furnace. In Fig. 5, in which (in 
two phases) the course of the current, flowing from the 
outer terminal (1) of the secondary winding of phase I., 
is indicated by arrows and numbers, it may clearly be 
seen that it is impossible for the current to return to the 
starting point if it passes only between the surface elec- 
trodes. ion, with this connection, no closed circuit 
can be established through the surface electrodes only. 
Since the neutral point is disconnected and transferred 
to the bath, a circuit can only be established when an 
equalising current flows through the bottom electrodes as 
well as through the upper electrodes towards the neutral 
zone in the bath. According to the first law of Kirchhoff, 
the sum of the currents entering the surface electrodes 
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must be exactly equal to the sum of the currents leaving 
the bottom electrodes. This proves, without doubt, that 
there must be a passage of current between the bottom 
electrodes when current passes between the surface elec- 
trodes. Otherwise, the sum of the currents in the 
conductors of the surface electrodes could not be equal to 
that in the conductors of the bottom electrodes. It 
might be said that the currents are only flowing between 
the surface electrodes and the bottom electrodes, without 
also flowing between the individual surface electrodes and 
the individual bottom electrodes. This is, however, 
impossible, as the current must flow between two points, 
between which there is potential gradient and a conductive 
connection. Since there is a fall of potential between 
any two electrodes, and since the electrodes are all 
mutually in conductive connection through the metal 
bath, there must be a flow of electricity between the 
upper electrodes and also between the bottom electrodes. 
To obtain a clear conception of the electric conditions, 


Fig.3 
Tr S 


Lid 











II. Exposed bottom electrodes : 
1. Resistance of one air space. 
2. Resistance of metal bath. 
3. Contact resistance between slag and metal bath. 
4. Contact resistance between metal bath and bottom 
electrode. 

The tension between the upper electrodes and between 
the upper and the bottom electrodes is constant, whereas 
the tension between the hottom electrodes depends on 
the resistance between the bottom electrodes. It is now 
theoretically possible that in the case of covered bottom 
electrodes, and with a cold hearth at the beginning of a 
run, the tension at the bottom may also reach 110 volts, 
under which condition no current could flow between the 
| electrodes. Such a condition, however, does not occur in 

practice, because, as with an open-hearth furnace or a 
convertor, a relined electric furnace must be heated 
| before it can be started. The bottom will therefore soon 

besome a good conductor; its resistance will diminish 
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material, as shown in Fig. 1. This material will then 
act as a heating resistance, and the comparatively low 
resistance of the bath can be increased by taking advan. 
a < contact resistance, hysteresis, eddies, or skin 
effect. 

If this increase of resistance does not suffice to 
produce the necessary heat effect in the charge, then the 
current flowing between the bottom electrodes may he 
strengthened by inserting a booster transformer in the 
circuit of the electrodes, as shown in Fig. 4. By this 
means the heat produced by the bottom electrodes may 
be regulated from zero to any desired maximum, just as 
the arc-heat may be regulated by lifting or lowering 
the carbon electrodes. By using the booster transformer 
in connection witha tension regulator (see diagram of 
connections, Fig. 4), the energy delivered at the upper as 
well as at the lower electrodes can be regulated to any 
desired degree. The regulation is based on changing the 
voltage, is independent of the actual resistance of the 
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Switch in O position = zero point in the bath. 
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A = Amperemeter. 
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oo » oa = zero point in transformer with low tension in hearth electrodes. = i 

ae ne = zero point in transformer with high tension in hearth electrodes. V = Voltmeter. “ 5. in eer cee. 
Z = Meter. Tu = Main transformer. W = Wattmeter. Tr. 8. = Separatingswitch. 
U = Switch. Tr. 8. = Separating switch. Z = Meter. hs il tuandiomer ; 
A = Amperemeter. O. 8S. = Oil switch. Tu = Main transformer with fixed Ms. Tr. jon Measurin transformer. 
V = Voltmeter. Ms, Tr. = Measuring transformer. neutral. Bhs ght 8 , 
W = Wattmeter, H. Tr. = Booster transformer. 


Fie, 3. 


it will be well to consider the various resistances and 
tensions in the furnace. 
In a 5-ton Nathusius furnace the tensions are under 
normal conditions, as follows :— 
Between the upper electrodes 110 volts. 
lower electrodes . F 10 
eo « 


” ” 


, the upper and lower electrodes. 


The resistances are: 
A. Between the upper electrodes— 
1. Resistances of two air spaces. 
2. Res.stance of two layers of slag. 
3. Resistance of the bath or charge. 
4, Contact resistance between slag and metal bath. 


B. Resistance between the bottom electrodes— 
I. Covered bottom electrodes : 


1. Resistance between two layers of hearth material. 

2. Resistance of the bath or charge. 

8. Contact resistance between bottom electrode and hearth 
material. 

4. Contact resistance berween hearth material and bath. 


II. Exposed bottom electrodes : 


1. Resistance of the metal bath or charge. 
2. Contact resistance between bottom electrode and metal 
bath. 


C. Resistance between a surface electrode and a bottom 
electrode— 
I. With covered electrodes : 


Resistance of one air space. 

hesistance of one layer of slag. 

Resistance of the metal bath. 

Resistance of the hearth material. 

Contact resistance between slag and metal bath. 
Contact resistance between metal bath, or charge, and 


Poe wor 


hearth. 
Contact resistance between hearth material and bottom 
electrode, 


Wiring diagram for Nathusius furnace, arranged for working with high-tension 
alternating current, and transformer without neutral. 
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gradually as the furnace becomes warmer, and the ten- 
sion will fall to 10 to 15 volts. 

It is evident that the distribution of the current will 
be considerably influenced by any alteration of the air 
spaces, and of the resistance of the layer of slag or of the 
bottom material. If the charge consists of ore or of 
scrap iron with large air spaces, then the electric resist- 
ance of the charge is quite high enough to generate a 
sufficient heat in the charge, with the usual current of 
3000 to 4000 amperes. 

A better contact with the charge is obtained with ex- 
posed electrodes. These are made of mild steel, and, to 
prevent their melting, it is necessary to cool the portions 
outside the furnace with water. 

If the charge consists of fluid metal, such as mild steel, 
then the heat in the bath may be increased by employing 





bottom electrodes covered with a layer of the hearth 





Fic. 4.—Wiring diagram for Nathusius furnace, with tension alternating current, main 
transformer with fixed neutral and potential regulator for variable hearth heating. 


current, and is effected by the use of a double push- 
button without disturbing the working of the furnace and 
without switching the transformer out ; it is also indepen- 
dent of the main transformer. The tension regulator is 
worked by a small auxiliary motor, supplied with energy 
by 1 small low-tension three-phase transformer. The 
circuit of the auxiliary motor is closed by manipulating 
one or the other push-button, and by means of a worm- 
gear the motor turns the tension regulator in either direc- 
tion, whereby the tension of the transformers is either 
augmented or decreased. On the release of the push- 
button the motor and the tension regulator stop in the 
desired position. By means of a contact relay the regu- 
lation of the tension may be done automatically. The 
same operation may, of course, be carried out without 
the booster transformer. The main transformer must 
then have an adjustable neutral, whose position may be 
adjusted so as to increase the supply of energy to the arc 
circuit or to the bottom circuit, as required. A connec- 
tion of this type is shown in Fig. 5. 

The electric current can thus be compelled to flow 
through the bottom lining and the bath or charge, as 
well as through the slag, and a comparatively large 
resistance is brought into the electric circuit. The 
resistance acts as an electric buffer by diminishing the 
unavoidable jumps in the arc current, and thus enables 
the furnace to be worked either direct from the supply 
mains (if 110 volts is available), or on the circuit of an 
ordinary static transformer. The installation of an 
expensive motor-generator and complicated choking coils 
is saved. The furnaces which have been in continuous 
work for many years at Friedenshiitte bear out these 
statements. th the 5-6-ton furnace and the 2-3-ton 
furnace are connected direct to the supply mains, and 
have never caused trouble at the generating station. 

The load-curves opposite also show that the favour- 
able methods of connection adopted by the author 
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eliminate the violent fluctuations in the arc current. 
The curves have been determined by means of a register- 
ing wattmeter with unequally loaded phases, whereby 
the effects of the self-induction in both circuits (arc and 
bottom) are eliminated. : : 

As may be seen from Fig. 6, in recording the measure- 
ments taken on the 5-6-ton furnace, the total working 

riod of each heat is divided into two or three s 
each marked by adding new slag either once or twice. 
Small discrepancies in the curves are not caused by 
unsteadiness of the arc current, but are due to fiuctua- 
tions of the primary tension or to manipulations of the 

urnace. 

. It will be plainly observed that the state of the bath 
influences to a certain extent the fluctuations which occur 
shortly before slagging off—that is, when the bath is 
particularly hot and boils while giving off gases; the 
fluctuations are also considerable after adding slag, 
because then the strongest reaction takes place. 

The curves show that at an average load of 350 kw. at 
the arc electrodes, an average load of 60 kw. to 65 kw., is 
available at the bottom electrodes, Fig. 10. When the 
electrodes are bare the power in the bottom electrode 
circuit is reduced to 42 kw., Figs. 6and11. The curve in 
Fig. 7 is the secondary load-curve of the are circuit of the 
2-ton ferro-manganese furnace when melting down cold 
charges. 

Fig. 8 shows a load curve from the primary side of the 
transformer for the 5-6-ton electric steel furnace with 
fluid charge. The curve shows the fluctuations in the 
load, which is of importance to the generating station, 
and indicates that the furnace causes considerably less 
fluctuation of the current than a simple arc-furnace, 
although it is only on the circuit of a simple transformer. 


individual or local conditions as to how the electric 
furnace can be applied to the best advantage. 

Taking the case of large blast-furnaces and steel works, 
where there is available blast-furnace gas, and therefore 
also comparatively cheap current and liquid steel, either 
from a converter or an open-hearth furnace, and where 
the required grades of steel are not tool-stee), but ordinary 
steel, such as hard material for rails, structural steel, pro- 
jectiles, or soft material for tu plates, hydrogen 
tlasks, &c., in large quantities, an electric furnace of the 
same capacity as the converters or the open-hearth 
furnaces is the most suitable, as undivided and partially- 
refined charges can then be used. Whether this is possible 
depends upon whether there is a sufficiently good market 
for the grade of steel to be produced in the electric 
furnace. At Friedenshiitte, however, a 5 to 6-ton 
furnace had to suffice, and this was in continuous work 
for more than two years in combination with basic-steel 
works. The converters there have a capacity of 12 to 15 
tons, of which 5 to 6 tons are charged into the electric 
furnace, and the remainder is cast into ingots. The 
results given in Table I., page 626, show this disadvan- 
tage very clearly by the long duration of the heat and 
the high current consumption. 

The partially refined initial charge of the electric fur- 
nace was of the following average composition :— 


Per Cent. 
Carbon... re fs ms nn ... 0,067 
Manganese... Am ois ae ~ Oe 
Phosphorus RS die sia ... 0.065 
Sulphur den ‘s - .. 0.07 


After completion of the refining operation it had the 
following average composition :— 




















Heat No, 1067. 
Charge on - eo 
Yield .. oe ee oe 
Length of heat a = -_ -_ oe 
Total energy consumed (including transformer | 
Fie. 6.—Load curves of a 5-6-ton Nathusius furnace. (Exp 


August 19, 1911. 
: 5620 kg. liquid basic steel. 
5950 kg. material higher in silicon. 
- sin 2 hours 35 minutes. 
losses) .. 1300 kilowatt-hours. —_— 
osed hearth electrodes. Curves taken on secondary circuit.) 
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The weekly average of 21 successive working weeks with this furnace was as follows :— 
o 


Ferro-manganese treated 


Energy consumption (including transformer and conductor losses) 

Energy consumption per ton of ferro-manganese melted .. os x 

Fie. 7.—Load curves of a Nathusius furnace, specially arranged for melting ferro-manganese, with moderate bottom 
heating. (Rammed hearth electrodes.) 


The curve in Fig. 9 clearly shows the difference in the 
fluctuations in the case of a simple .arc-furnace and those 
of a combined arc-resistance furnace. The Nathusius 
connection is applied in Diagram I., and that of a simple 
arc-furnace in Diagram II. 

The cause of these differences will be understood on 
considering the tension diagram. When the neutral 
point of the main transformer in the Nathusius connec- 
tion is removed to the bath, the tension between the 
bottom electrodes is a function of the current flowing in 
the arc-circuit—i.e., certain tension fluctuations will be 
measurable at the bottom electrodes when great oscilla- 
tions occur in the are-circuit. Since the secondary phase- 
tension is at constant primary tension, the tension at the 
arc-electrodes must drop when the electrodes are short- 
circuited. Thus the oscillations due to short-circuiting 
of the arcs are damped, and this has a greater effect than 
the increase of the energy supplied through the bottom 
electrodes. 

The putting in of a booster transformer does not alter 
these conditions, and it is therefore to be observed on the 
curves, Figs. 9 and 10, that each load-peak in the are- 
circuit corresponds to a load-peak in the circuit of the 
bottom electrodes. 

The lines of force traversing the molten-steel bath pro- 
duce a rotary magnetic field which causes a rotation of 
the material. In the author’s furnace a moderate rota- 
tion of the bath is attained by leading the current through 
the large cross-section of the bath and in different 
directions. It is also obvious that by distributing the 
current in the depth of the bath, as a on the surface, 
the rotary magnetic field is produced throughout the 
entire bath. In this way not only a very uniform heating 
of the bath is obtained, but also an extremely homo- 
geneous product. This advantage is especially important 
in producing alloyed steels. 

© question is now, How can an arc-resistance furnace 
i) economically applied in metallurgy? To givea general 


< 29,150 Ke 
24,700 kilowatt-hours, 
841 kilowatt-hours. 


Per Cent. 
Carbon... rer ” ss . 0.05 
Manganese ... = : me .. 0.10 
Phosphorus .. sik ... 0.005 
| Sulphur ie os ia a .. 0.01 


The method of working is, of course, unfavourable, 
because the deoxidising additions, such as manganese, 
must again be removed, which means waste of time and 
current. 

One question, then, arises—whether it would not be 

ible under certain circumstances to work the electric 
Seeane economically in direct connection with the blast- 
furnace or mixer and thus dispense with the converter 
or the open-hearth furnace altogether. 

In the present state of the electric furnace the author 
is of opinion that such a step would be premature. 
In large metallurgical works cheap producer - coal is 
generally available. In such cases gas-firing is always a 
cheaper heating agent than the electric current, even 
| when the latter is generated by blast-furnace gas-engines. 
| There is no object in performing operations in an electric 
| furnace which can be done sufficiently well in a cheaper 
gas-fired furnace. 

But even if coal is expensive and electric power very 
cheap, say, 0.07d. r kilowatt-hour, the question 
must still be answe: in the negative. In working up 
direct metal in an electric furnace by @ process similar 
to the ore process in the open-hearth furnace, the refining 
would take too long a time, on account of the large 

uantities of ore and slag which would be required in 
the neutral atmosphere. e control of the large quantity 
of slag by heating from above with arcs would no doubt 
be a most difficult problem, and the refining would be 
indefinitely prolonged. Even with the cheapest possible 
power su As the cost of transformation would unques- 
tionably & higher than that of heating an ordinary 
tilting open-hearth furnace. 


by electric means may economically be performed in a 
heated mixer or tilting open-hearth furnace. When an 
open-hearth furnace is charged with hot iron, either direct 
from the blast-furnace or from a hot mixer, it is a well- 
known disadvantage that the whole bath must be kept 
unnecessarily hot for a long time after adding the cold 
slag additions before an energetic reaction can take place 
between the metal and the still unfused slag. 

The slag additions might, however, with advantage be 
melted in a separate furnace, and for this purpose the 
electric furnace, and particularly the combined aro-resis- 
tance furnace, is better suited than any other use of 
the high temperature attainable and the high resistance 
of the charge. The fluid slag of the proper composition 
can then be charged direct on to the metal bath. A 
violent reaction and disturbance will then take place in 
the bath, and the refining will be completed in a very 
shorttime. In large steel works, with a row of open- 
hearth furnaces at work, and where the demand for. fluid 
slag is continuous, the electric furnace may be arranged 
as a kind of slag-mixer, which can alwaye deliver slag 
capable of reaction. This method might, perhaps, be 
usefully applied in the Talbot, Bertrand-Thiel, or Hoesch 
processes 


In any case, the time of the refining process would be 
considerably shortened, while it is evident that the two 
molten masses can react more rapidly on each other. The 
reaction is also certain to be more complete than when 
the slag is charged cold. Under these conditions it 
may become possible to convert direct metal into mild 
steel in an electric furnace, assuming the electric energy 
is generated by means of blast-furnace gas. 

The same method may also be used with advantage in 
combination with a heated mixer and a tilting open- 





MEAT N® 980 Fig.é. 














L i i i = i J 
o 20 40 7 20 4 2 HOURS 
220:.@ 
Heat No. 980. (Rammed hearth electrodes. ) 
Charge .. be - .. 6460 kg. liquid basic steel. 


Yield... - ee .. 6230 kg. material high in silicon. 
Energy consumed, including 
losses in transformer and 
secondary conductors 1100 kilowatt-hours, 
Fie. 8.—Load curve of a 5-6-ton Nathus‘us furnace. 
(Primary circuit, with combined surface and bottom heating.) 


hearth furnace. A third furnace—an arc-resistance 
furnace—may be added with advantage. Such a combi- 
nation of furnaces is shown in Fig. 12, It will be seen 
that there are three furnaces. Furnace C represents the 
hot mixer, B the tipping open-bearth furnace, and A the 
arc-resistance furnace. 

The three furnaces are intended to work together in 
such a manner that furnace A contains steel (refined 
metal IIT.) which has undergone a preliminary refining in 
the two furnaces C and B. For the removal of the 
remamder of the impurities the hearth is charged with a 
highly oxidic slag (1). 

Furnace B contains pig iron (medium metal IT.), which 
has already been partially refined in a mixer (furnace C). 
The further refining is effected by slag 2, now lower in 
oxygen, from furnace A. 

hen the reaction is finished in furnace B the metal 
(II.), the refinement of which is now fairly advanced, is 
charged into furnace A, while the pig-iron bath I. is 
treated in furnace C with slag 3, now comparatively low 
in oxygen. The slag in furnace C is then poured off, and 
is a most valuable one if the pig iron used is phosphoric. 
At the finish the slag consists chiefly of lime, silicic acid, 
and phosphoric acid. 

This method possesses many advantages. First, the 
phosphorus contained in the pig iron, and valuable in 
the slag, is not lost. Secondly, all the iron in the slag 
is reduced, and the yield can thus be increased. Thirdly, 
very little or no worthless slag need be produced. which 
saves the expense of transport to the waste heap. Lastly, 
the refining of the metal can be carried practically to 
perfection. 

For the melting down of ferro-alloys electric furnaces 
may also prove highly useful in large iron and steel works. 
For this purpose the arc-resistance furnace has special 
advantages. In order to melt down the expensive alloys 
quickly and without waste or evaporation losses, the 
heating must be as uniform as possible—conditions which 
can be realised fully with an arc-resistance furnace. The 
West German Thomasphosphate Works have a method 
for melting down and working these ferro-alloys in which 
the material, such as ferro-manganese, is to some extent 
overheated, is kept molten for some time in a mixer under 
the one slag, and is overheated somewhat without loss of 
manganese through burning or evaporation. 

This process has been used for more than a year at 
Friedenshiitte in Upper Silesia, using an arc-resistance 
furnace of 2 to 3 tons. e furnace is in continuous 
operation, and is employed to melt down ferro-manganese 
for use in the basic Bessemer converter. The gain 
obtained by this process amounts generally to 0.35s. net 
oa ton of steel, and has at times risen to over 0.4s. It is 

sed on the saving of ferro-manganese, which amounts 
to about 30 per cent. of the former consumption when 
using cold ferro-manganese The saving is effected by 
the taking up of all the molten ferro-manganese into the 








susWer 1s, of course, impossible, as it depends entirely on 





The author is of opinion that the conversion of pig-iron 


bath, and the logses in the slag are eliminated, The 








































































EP oe AON 


— 


anti ASR e 


ee EERE 


a eT 


11 ee RETR cen tiny on 











626 


ENGINEERING. 


[May 10, 1912. 











molten ferro-manganese reacts much more vigorously, 
and a smaller quantity is therefore required to yen 
the same reducing effect as a larger quantity of cold ferro- 
manganese. tly, ferro-manganese which has crumbled 
to powder through stor: for a long time may be 
without disadvantage, whereas formerly it was considered 
valueless, 

In Table IV. it is stated that the cost of the former 
method of heating the ferro-manganese in a reverberatory 
furnace was 4s. 2d. per ton, and that that of the present 
melting-down process in an electric furnace is 19s. 1d. 
Table 2 shows that by saving 30 per cent. on the former 
annual consumption of 3300 tons of ferro-manganese, the 
gross saving amounts to 8208/. 15s. This is a considerable 
saving in less than one year, due to the introduction of 








the electric furnace. 
Tasie I. 
io & : 
| Be 3 
End Analysis. foe] x. 
Heat Leng | 2 i] & 
Ne of | Charge 3a \/"@ 
° Time Bee vz E 
2ss Zé 
P. | Mn. | ©. 8. [Z9OR, 
hr. min | 
1863 0 Liquid. | 0.008| 0.16 | 0.05 | 0.01 
189 3 O . 0.01 | 0.14 0.05 0.01 
348 | 2 10 . 0.003 | 0.10 0.07 | 0.014 
388 3 40 0.002 | 0.11 | 0.058) 0.018 
409 «3 «(10 ‘ 0.005 | 0.08 | 0.058) 0.01 
485 2 45 es 0.008 | 0.115 0.06 | 0.017 
541 3 O me 0.01 | 0.22 | 0.05 | 0.01 
556 3 30 - 0.002 | 0.093) 0.05 | 0.008 
659 3 10 a 0.003 0.10 | 0.05 | 0.1 
662 3 30 8 Sp. | 0.01 | 0.05 | 0.1 
564 3 20 i 0.003 | 0.13 | 0.05 | 0.1 
567 | 3 20 ie 0.001 0.18 | 0.05 | 0.1 
618 | 2 45 za 0.008 | 0.07 | 0.05 | 0.1 
627 | 2 10 a 0.004 | 0.09 | 0.06 | 0.1 
628 | 2 40 ns 0.005 | 0.69 | 0.05 | 0.1 
630 | 3 0 »» | 0.004 0.10 | 0.05 | 0.1 
638 | 3 15 ‘a 0.003 0.59 | 0.13 | 0.1 
636 | 3 10 »» | 0.01 | 0.13 | 0.06 | 0.1 
638 | 2 650 oa 0.003 0.12 | 0.06 | 0.1 
639 | 2 45 as 0.005 | 0.09 | 0.05 | 0.1 
641 2 40 0.015 | 0.14 | 0.96 | 0.1 
647 | 2 30 a 0.003 | 0.11 | 0.05 | 0.1 
648 2 30 es 0.05 | 0.15 | 0.05 | 0.1 
848 | 2 20 ra 0.004 | 0.54 | 0.07 | 0.15 
927 | 2 2 od a 0.78 | 0.05 | .. 
918 | 2 30 Re 0.59 | 0.05 
9282 0 na 0.20 | 0.05 | 
1529 | 4 30 Solid 0.74 | 0.09 | 
16266 O “ 0.22 | 0.095 
1517 5 30 ied 0.25 | 0.157 
1418 5 40 EH 0.18 | 0.16 
1458 | 5 30 a 0.15 | 0.085] 
1543 | 6 20 fi 0.165) 0.16 | 
1520/6 0 ve 0.25 | 0.126 
1477 | € 50 is 0.17 | 0.10 693 5650 
1472 | 5 650 i 0.20 | 0.068 680 5300 
1420 | 6 15 ‘a me 018 | 0.085 695 | 5600 
659 | 7 55 pi 0.009 | 0.27 | 0.86 | Sp. 510 | 4900 
468 | 7 56 fs 0.019 | v.40 | 1.09 | Sp. 747 | 4880 
470 | 5 35 oR 0.009 | 0.35 | 0.59 | Sp. 478 | 6480 


But even if the costs of current, ferro-manganese, and 
other items were such that there would be no net saving, 
it would nevertheless be of advantage to erect an electric 
furnace for the process. By the use of molten and some- 
what overheated ferro-manganese, important improve- 
ments are obtained in the quality of steel, and the working 
is facilitated. 

The speed of diffusion with molten and slightly over- 
heated ferro-manganese is, of course, much greater than 
that of cold ferro-manganese, the reason being that the 
reactive capacity of the molten ferro-manganese is much 
greater, and the deoxidation of the steel is consequently 
much more thorough. This is proved by the fact that 
overblown charges can easily remedied with molten 
ferro-manganese. Further, material containing 0.25 to 
0.3 per cent. of manganese can be easily rolled without 
cracking when the charge has been reduced by molten 
ferro-manganese, while the material from similar charges 
reduced with cold ferro-manganese containing up to 0.3 
to 0.4 per cent. have broken in the rolling-mill. 

Further—what is very important in the manufacture 
of rails—the portion of the molten ferro-manganese, which 
is required to alloy w'th the steel, distributes itself much 
more regularly in the ‘ron, as the alloying capacity of the 
molten ferro-manganese is much greater than that of the 
cold ferro-manganese. The segregation of the manganese, 
which otherwise easily occurs, is thus eliminated. Also 
the reducing back of phosphorus from the slag into the 
bath when cold ferro-manganese is used, is avoided. The 
molten ferro-manganese does not come into contact at all 
with the slag of the steel charge, because it is poured 
straight into the clean stream of metal while the converter 
is being poured. The result is that the desired chemical 
composition of the final product is obtained with much 
greater certainty, and spoiled charges are avoided. 

Since the adoption of the molten ferro-manganese pro- 
cess at Friedenshiitte, the analysis of the converter 
charges have shown a much greater uniformity. 

The foregoing clearly shows that the melting down of | 
ferro-manganese in an electric furnace, and its application 
all at once in the liquid state for the deoxidation of basic- 
steel charges, is an important metallurgical improvement 
on the Bessemer process. The technical progress of the 
latter method has of late years been more in a purely con- 
structive direction, such as an improved arrangement of 
converters or transport of materials. In the metallurgical 
sense, a certain stagnation seems to have set in which, 
rightly or wrongly, has brought the old process into dis- 
credit. The author hopes that this new method of reduc- 
tion will serve the purpose of restoring its former credit. 
Among basic-steel works in Germany which have adopted 




















TABLE ILI. 
| | END ANALYSIS. TENSILE STRESS. 
| j ieepeneae = Kilowatt- | yieiq . 
Heat | Length | Kilo- Limit of |Hours Con-| © j\,, 
No. | Time ange gramme Elonga- | Contrac- | Elasticity, sumed = iprammes, 
P. Mn. C. 8s. Ni. | Cr per | tion per | tion per | _ Kilo- per Ton. 
Square UOent. Cent. grammes 
| m. |per Sq. Mm. 
| h. m 
.. | B O | Liquid 0.014 1.06 0.48 0.006 0.90) 0.45 84.0 10.5 40.32 es 8 
os a 0004 1.0 0.44 0.008 1.09 0.38 ; : 7 i 8x0 
974 4 0 ee 0002 0.36 0.83 0.014 4 46 - si ee 750 
1168 3 40 a Sp. 0.03 0045 0.005 238 32.0 oe 5409 
1170 3 30 - 0.015 | 1.32 0.66 0.015 96.5 10.5 oe “se 1 
1161 3 40 an 0.01 1.56 0.85 0.02 as 100.0 12.0 10.75 i 0K) 
1127 S * ni 0.005 | 0.76 0.°8 O.0L 2237 112.2 13.5 61.2 : 4! 
1546 3 40 a 0.009 0.70 0.21 0.014 1.64 50.4 18.5 51.2 37.7 0 
1528 3 O a 0.006 0.69 0.178 O17 = 1.63 62.0 19.0 49.9 36.2 00 
463 8 35 Solid 0.017 040 06.16 0.022 3.93 A.92 ha me we ad 4830 
467 9 40 a 0.017 1.09 0.44 0036 4.07) L6l os 4690 
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Heat No. 1025. July 21, 1911. 


Charge 5800 kg. liquid basic steel. 
Yield. ke oe 6000 kg. low silicon material. 
Energy consumed, including 

losses in transformers and 


secondary conductors. . 1400 kilowatt-hours. 


Bare hearth electrodes. 


Fic. 9.—Load curves of a 6-6-ton Nathusius furnace. 

















Heat No. 1056. August 15, 1911. 
. se .. 6570 kg. liquid basic steel. 


Charge 
5890 kg. materia higher in silicon. 


Yield te << ne 
Energy consumed, including 
losses in transformer and 
secondary conductors 
Exposed half electrodes. 
(Arc electrode circuit—secondary). 


1300 kilowatt-hours. 


I ARC ELECTRODE CIRCUIT 
ff 3° 2 ge a 
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— TT HEARTH ELECTRODE CIRCU/ 
Heat;No. 1248. October 31, 1911. 
Charge 29 ee we ae ~ 4860 kg. liquid basic steel. 
Yield .. 5150 kg. material higher in silicon. 


Length of heat bs me 


Total energy consumed, including transformer losses. rer 
(Rammed hearth electrodes. Curves taken on secondary circuit. 


Fie. 10.—Load curves of a 5-6-ton Nathusius furnace. 
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2 hours 51 minutes. 
1100 kilowatt-hours. 
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600 
I ARC ELECTRODE C/RCUI 


Il HEARTH ELECTRODE CIRCUIT 


Nors.—The two curves were taken with two Wattmetersin exact agreement with each other, which were simultaneously reversed. 


Charge 
Yield .. a 
Length of heat 


Total energy consumed, including transformer losses. — 
(Exposed electrodes in the hearth. Curves taken on secondary circuit.) 


Fie. 11.—Load curves of a 5-6-ton Nathusiz1s furnace. 


Heat No. 1238. October 27, 1911. 


5330 kg. liquid basic steel. 

5630 kg. material higher in silicon. 
2 hours 21 minutes. 

1200 kilowatt-hours. 


the new process may be mentioned the Friedenshiitte | armour-plates, may with advantage be melted down in & 


Works and the Hasper Works. 

It is obvious that the same process may be applied to 
the basic open-hearth furnace or the Talbot process, when 
a large number of these furnaces are working continuously. 
The saving in ferro-manganese will ea J be as great 
in these cases, and an improvement in the quality of 
steel would result. The new method would also prove of 

t advantage in cases where reduction must take place 
in the ladle, as in the Talbot process. 

Instead of ferro-manganese alone, one might also melt 
down mixtures of ferro-manganese and ferro-silicon or 
aluminium, according to requirements. The result is 
always the same—namely, improved qualities and saving 
of expensive flux. 

The author believes that steel alloys of pan nome chro- 
mium, molybdenum, &c., as used for ordnance and 








small electric furnace, and charged in a molten condition. 
This method ought also to be useful in the production of 
high-silicon steels and high-manganese steels. 

n conclusion, the author must not omit to refer to the 
following applications of the electric furnace :— 

There is a great deal of waste at large tool-steel works 
of valuable steel alloys, such as turnings of nickel, chro- 
mium steels, tungsten steels, or high-silicon steels. This 
waste cannot be melted down with advantage in an open- 
hearth furnace or in a crucible furnace. The reducing 
slag and the oxygen of the open-hearth furnace gases 
would cause a great waste of valuable material. In 4 
crucible furnace the material may absorb carbon from the 
crucible, and, being too open, it is not suitable for 
charging crucibles. The crucible furnace is also too ex- 
pensive. 
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TABLE II1.—Cost of Conversion of 1 Ton of Liquid Electric 
Steel in the 5-6-Ton Nathusius Furnace. 
With Liquid Charge. 


Additions :— s. 
Ores (at 29 15s. per ton), 25 kg. .. ae ; . 0.72 
Lime (at 128. per ton), 30 kg. . bn 0.36 
Sand (at 2s. per ton), 3 kg. os ; ate .. 9.08 
Fluorspar (at 26.208. per ton), 4 kg. : 5 a ~~ 2 
Petroleum coke (at 38s. per ton). . = “5 he -. 0.12 


Deoxidising Agents: — 


Ferro-manganese (60 per cent. at 158s. per ton), 6 kg. -- 0.95 

Ferro-silicon (75 per cent. at 310s. per ton), lkg. .. -- @81 

Aluminium (at 671. per ton), 0.5 kg... ars . . Cf 
Refractory :— 

Roof (at 12.108. per ton), 100 heats per ton . 0.50 

Crushed magnesite (at 50s. perton),4kg. .. . 0.20 

Crushed fireclay (at 15s. per ton), 4 kg. ; 0 06 

Basic material (at 348. per ton), 15 kg. a 0.51 

Crushed fire-brick (at 17.508. per ton), 4 kg. .. 0.06 
Electrodes :— 

(At 141. 10s. per ton), 5.7 kg. : - 1.65 

Holder (at 1.508. per ton) .. 0.09 
Wages :— 

Six hands om on ‘ = api ow z . 180 
Current :— 

250 kw.-hours at 0.03s. - ay oa 7: . 7.50 


Depreciation and Interest :— 
10 per cent., and 5 per cent., on capital outlay of 5000/., 
patent royalties and management charges notincluded 1.70 





17.33 





OIRECTION OF SLAG 
<< 


MEDIUM SLAG 


TABLE V.—(continued.) | 
£s a4 


Representing a gross value of 990 x 8/. 5s. 10d. 8208 15 0 
From which deduct— 


Present cost of melting, 2310 &2«e66d¢ 
x 198. 14d. So ae, o> a 

Less—former cost of heating, 
3300x 48. 23d. .. 2 =o. ww OT OC 


——- Ll4 ll 3 





6694 3 9 
Estimate of profit, assuming that a saving of not more than 
20 per cent. is made by liquid admixing—that is, that with 
liquid ferro-manganese the annual consumption is 2640 tons. 
Former consumption of solid ferro-manganese Tons 
perannum .. on 3300 


Annual net saving 


Present consumption of solid manganese per 
annum oe ee ee oe ot 7 2640 
Annual saving in ferro-manganese .. 660 a 
£ «6 a 
Representing a value of 660 x 81. 5s. 10d. 547210 0 
From which deduct— 
Present cost of melting, 2640 &a 4. 
x 198. 14d. ppg? .. 252410 0 
Less—former cost of heating, 
3300 x 48. 2hd. .. oe ai 7 6 
—-—_ 1830 2 6 
Annual net saving ai - .. 3642 7 6 


In the electric furnace the material may be melted 
down under a neutral slag and in a neutral atmosphere, 
practically without any waste and without changing the 


HIGHLY OXIDISED SLAG 
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onee.e METAL AS CHARGED 


With Solid Charge. 


Lime (42.8 kg. at 1.208. per 100 kg.) 0.51 
Sand (5 kg. at 0.20s. per 10U kg.). . oa . 0.02 
Dolomite (52.5 kg. at 3.408. per 100 kg.) 1.78 
Fluorspar (6.4 kg. at 2.6’s. per 100 kg. 0.17 
Refractory material aa ae = oe 3.39 
Coke (2.3 kg. at 3.80s. per 100 kg.) ae = ma 0.09 
Coal for heating ladle (36.6 kg. at 2.03s. per 100 kg.) 0.77 
Electrodes (13.3 kg. at 30s. per 100 kg.) ‘ ‘ 4.00 
Current (790 kw.-hours at 0.03s.) za 23.70 
Wages .. oe oe we os 8.54 
Repairs - es 3.70 
Various materials .. én wi ae rr - .. 0.48 
Depreciation and interest on 5v00/. (15 per cent.), patent 
royalties and management charges not included. . << 
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TABLE 1V.—Comparative Statement of Costs. 
A.—For THE Pre-Heatine Or 1 Ton OF FERRO-MANGANESE IN 
THe FurNAcE with Direct Coa.-FiRine. 


. Consumption of coal in pre-heating of 1 ton ferro-man- s. d. 
ganese when coal costs 11s. 84d. per ton on oo 1 


_ 





2. Wages per ton ferro-manganese sae = si os 7 
3. Cost of relining and repairs of furnace per ton of ferro- 
manganese... o- es “s - - -- O 5} 
4. 10 per cent. sinking fund and depreciation of furnace at 
2441. value and 3300 tons annual consumption of ferro- 
manganese, per ton mS ee ee a — 
Heating cost per ton ferro-manganese — & 


B.—For Megutine 1 Ton or Ferro-MANGANESE IN THE 
NaATHUSIUS FURNACE, 


. Consumption of current per ton of ferro-manganese, 

800 units, at about jd. per unit .. vs i ~~ 
Consumption of electrodes per ton ferro-manganese .. 1 3 
Wages per ton ferro-manganese ov és “a Ss 2 
Relining and repairs of furnace per ton of ferro-man- 

ganese .. - és - - ‘a ee « @ & 
10 per cent. sinking fund and depreciation of plant of 

1952/. capital value and 2310 tons annual consumption 

of liquid ferro-manganese per ton oe oe ° 


eer op 


oO 


1 8} 





Melting costs per ton of ferro-manganese .. 19 14 


A.—Cost per ton of steel with a consumption of 7.8 kg. of 
pre-heated ferro-manganese, with 80 per cent. ferro- 
manganese at 81. 5s. 10d. ¢ ton.. - + — 

B.— Cost per ton of steel with a consumption of 5.5 kg. 

(30 per cent. saving) of liquid ferro-manganese, 80 per 


cent. ferro-manganese, at 8l. 5s..10d. per ton .. 0 





Saving per ton of steel with liquid ferro-manganese 0. 4 


TaBLE V.—Estimate of Saving. 


Based on an annual consumption of 3300 tons of solid pre-heated 
a and 80 per cent. ferro-manganese at 8i. 5s. 10d. 
er ton, 

By using one 2-3-ton electric furnace of the special type described, 
and adding the ferro-manganese liquid, a saving of 30 per cent. 
is effected—that is, with liquid ferro-manganese the annual 
consumption is reduced to 2310 tons. 


Cost of heating according to statement A= 4s. 24d. per ton. 
B=19s. 1}d. 


ed melting ” ” ” ” 
Former consumption of solid ferro-manganese Tons. 

perannum .. ee ae ~ es oe 3300 
Present consumption of solid ferro-manganese 

perannum .. ee oe os ee e 2310 


990 


Annual saving in ferro-manganese 
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chemical composition of the charge. The electric furnace 
is also more suitable for open material on account of the 
easy access and its greater capacity compared with the 
crucible. 

There is hardly any metallurgist who will deny that 
the electric furnace is more perfect than any other fur- 
nace of the present day. If, nevertheless, the results in 
many cases have not been so good as might have been 
expected in the hands of an experien metallurgist, 
then the reason is—as has often been the case in the past 
—that the development has advanced at a greater speed 
than the requirements. 





Lanepon-Davies Motor Company.—The Langdon- 
Davies Motor Company desire to deny the rumour that 
the firm is no longer in existence. They are very busy, 
both at their h office, 110, Cannon-street, E.C., ani 
their new works, Dermody-road, Lewisham, S.E. 





Str W. G. ArMsTRONG, WHITWORTH AND Co., Lrp. 
—The directors of this company have appointed a 
Works Board, which will deal vith departmental ques- 
tions. The members of the new Board will be styled 
local directors; they have had long service with the 
omeny and the new arrangement is expected to work 
well. The members of the new Board are: Mr. Arkwright, 
Mr. Brakenburg, Mr. Carter, Mr. Cochrane, Mr. D’Eyn- 
court, Mr. Gledhill, Mr. Hadcock, Vaptain Lloyd, Mr. 
Marjoribanks, Mr. Matthews, Mr. Orde, Mr. Perrett, 

Spencer, Mr. Saxton White, and Major Lowe, 
secretary. 





INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS, 
—At the instance of Dr. A. von Rieppel, Nuremberg, a 
meeting of Committee IA of this Association was held 
on Wednesday, the 8th inst., at the offices of the Iron 
and Steel Institute. Its object was to consider proposals 
for the introduction of international specifications for 
structural steel, steel for shipbuilding, and rails, for 
export, with a view to making recommendations to the 
sixth International Con to be held in New York 
from September 3 to7 next. With regard to Wednes- 
day’s meeting, the American members had submitted 
five points for discussion dealing with the above-named 
material. The meeting was presided over by Dr. Unwin, 
and the speakers who took t in the discussion were 
Dr. von Rieppel, Mr.Greiner, Mr. H. J. Skelton, Mr.Schal- 
tenbrand, Mr. Harbord, and others. The result of the 
meeting was that it was certainly desirable to arrive at 
international specifications, particularly in the case of 
countries which were not producers of steel. Engineers 
of such countries had an insufficient knowledge of steel 
manufacture, and were inclined to draw up their specifi- 
cations on a purely theoretical basis. But Dr. von 
Rieppel, who had been studying the subject for the last 
fifteen years, stated that he was not yet able to make a 
proposal. It was therefore decided that the time was not 
ripe for the Sixth American Congress to entertain the 
matter of the international specifications in question, 
the Committee IA being maintained and continuing its 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was strong, but dealings were confined 
to 3000 tons of Cleveland warrants at 54s. 3d. cash and 


| 54s. 114d. three months, with sellers over at these figures, 


and at 54s. 6d. one month. The afternoon session was 


| dull, and Cleveland warrants were done at 54s. 5d. one 


month and 54s. 10jd. three months, and at the close 
there were sellers at 54s. 1d. cash, 54s. 44d. one 
month, and 54s. 104d. three months. The turnover 
was 3000 tons. On Friday morning a decidedly weak 
tone prevailed, and 6500 tons of Cleveland warrants 
were put through at 53s. 104d. and 53s. 10d. seven days, 
from 54s. 24d. to 54s. one month, and from 54s. = to 
54s. 6d. three months. Closing sellers quoted 9d. 
cash, 546. one month, and 54s. 6d. three months. In the 
afternoon Cleveland warrants were the turn easier, 


and business amounted to 5500 tons at 53s. 9d 
| 58s. 94 


. seven days, 53s. 104d. seventeen days, 54s. 
and 114d. one month, and 54s. 6d. three months. 
At the close sellers quoted 53s. 84d. cash, 53s. 114d. 
one month, and 54s. 6d. three months. The market 
was closed on Monday — the first Monday in May 
being a Scotch Bank Holiday—and when business was 
resumed on Tuesday morning Cleveland warrants were 
flat. The turnover included tons at 53s. 64d. three 
days, 53s. 6d. six days, 53s. 74d. seventeen days, 53s. 10d. 
one month, 54s. 2d. July 26, and 54s. 3d. three months, 
and closing sellers quoted 53s. 64d. cash, 53s. 94d. one 
month, and 54s. 34d. three months. One lot of hematite 
changed hands at 70s. one month. A weak tone again 
prevailed in the afternoon, and 4500 tons of Cleveland 
warrants were done at 53s. 3d. cash, 53s. 34d. three and ten 
days, 53s. 7d. one month, and 54s. 04d. three months. At 
the close sellers’ quotations were 53s. 34d. cash, 53s. 64d. 
one month, and 54s. O4d. three months. Hematite 
was quoted at 69s. 74d. cash and 70s. one month sellers. 
When the market opened to-day (Wednesday) Cleve- 
land warrants were the turn firmer and business amounting 
to 8000 tons was put through at from 53s. 34d. to 53s. 44d. 
cash, 53s. 8d. one month, bas. 84d. June 20, and 54s. three 
months. Closing prices were called at 53s. 5d. cash, 
53s 8d. one month, and 54s. three months, sellers. The 
afternoon market was steady, and Cleveland warrants 
were dealt in at 53s. 44d. cash, 53s. 74d. twenty-six 
days, 53s. 8d. one month, 53s. 9d. June 20, and 54s. 14d. 
three months. The turnover was 6000 tons, and the 
session closed with sellers at 53s. 5d. cash, 53s. 8d. one 
month, and 54s. 2d. three months. 


Sulphate of Ammonia.—Rather an easier tone has pre- 
vailed in the sulphate of ammonia market during the 
past week, and the price has become a little easier. The 
current quotation is from 14/. 15s. to 14/. 17s. 6d. per ton 
for prompt lots, Glasgow or Leith. Shipments from Leith 
Harbour during the week ending last Saturday amounted 
to 51 tons. 


Scotch Steel Trade.—The condition of affairs in the 
Scotch steel trade is as brisk as ever, and there is no 
falling off in demand, and consumers are still pressing 
for delivery of material. With the improvement in 


orders, with the result that, despite the recent advance 
in prices, a fairly large tonnage of new business has just 
been fixed up. The date of delivery is the main diffi- 
culty meantime, as specifications are so plentiful, against 


d | old contracts, that fresh orders can only be taken in 


rotation. Quite a healthy inquiry exists for export 
lots of material, and this is specially noticeable in the 
black and galvanised sheet trade. Makers of sheets are, 
indeed, exceedingly busy on home as well as export 
orders, and these conditions are likely to prevail for some 
time tocome. Prices have been advanced, and are very 
firm, which latter remark applies generally to all branches 
of the steel trade. ’ 


Malleable-Iron Trade.—In the malleable-iron trade of 
Scotland there is little change to report, as the various 
works are all exceedingly well supplied with specifica- 
tions, and consequently are very well employed. The 
placing of new orders was somewhat checked by the 
advance in prices recently intimated, but the demand for 
material has increased, and some fresh engagements have 
now been entered into at the new rates. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
there exists a fairly good inquiry, but new business is 
limited, owing to the high level of prices. Stocks are 
getting smaller, but each week sees an increase in the 
number of furnaces in blast, and now there must be 
between 50 and 60 in full operation. The process of re- 
lighting is very slow, but makers have had quite substan- 
tial stocks to fall k upon. Hematite is called 75s. 
per ton, but dealing is small. The following are the 
market quotations for makers’ (No. 1) iron:—Clyde and 
Calder, 69s. 6d.; Gartsherrie and Summerlee, 70s. ; Lang- 
loan, 68s. 6d.; and Coltness, 83s. 6d. (all shipped at 
Glasgow); Glengarnock (at Ardrossan), 69s. ; and Shotts 
(at Leith), 69s. 6d. 








“* THe NavAL ENGINEERING Revirw.”—This is the new 
title of the *‘Royal Naval Artificer Engineers’ and 
Engine-Room Artificers’ Review.” The issue, No. 30, 
vol. vii,, part II., for April, states that, as it was neces- 
sary to make a new block for the cover, the opportunity 
was taken to change the title. The old title was found 
somewhat cumbersome, and tended to limit the circle 
which the Review should reach. The editors remain the 
same. The wholesale agents are also still Messrs. W. H. 
Smith and Son, Strand, London, and the Review will 
continue to appear quarterly, at the annual cost, including 





work in the meantime. 





postage, of half-a-crown. 


general business, buyers are more willing to place fresh ~ 
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THE LATE CHIEF INSPECTOR OF MACHI- 
NERY SIR JAMES ROFFEY, K.C.B. 


THERE has just passed away in the person of Sir 
James Roffzy, C.B., in his eightieth year, an engi- 
neer who was for over forty years in the last century 
identified with the machinery of our naval ships, and 
who still had, up to the time of his death, many friends 
in the Service, so that although he belonged to a past 
generation, his death awakens feelings of regret. He 
was born on February 5, 1833, and served five years, 
from 1847, as an engineer student at the engi- 
neering factory which then existed at Woolwich. 
He passed into the service in 1852, when nine- 
teen years of age, as assistant engineer of the third 
class, and served on board the Encounter, receiving 
his baptism of fire at the naval operations in the 
China Seas, two years later, in 1854, securing, as a 
result, the China Medal. He was specially promoted to 
chief engineer in September, 1858, for services during 
the operations in the Gulf of Pechili. His next sea 
appointment was as chief engineer of the Sutlej, on 
the Pacific station, and in this vessel he served five 

ears, from 1862 to 1867, proceeding thence to the 
Mediterranean, where he was chief engineer in the 
Lord Warden from 1869 to 1874. On returning home, 
he was appointed for service at the Admiralty, where 
he continued for three years, going afloat again in the 
Minotaur in 1877. ‘or two years this ship was 
in the Channel and Mediterranean Squadron, and in 
October, 1879, the subject of our memoir was pro- 
moted to the rank of inspector of machinery. He 
went to the Mediterranean station in this capacity in 
January, 1880, and was on board the battleship 
Alexandra at the bombardment of Alexandria on 
July 11, 1882. He continued on board the ship during 
the whole of the Egyptian War, and was specially 
mentioned in despatches. He was created a C.B., 
and received the Egyptian medal, the Alexandria 
clasp and the Khedive’s bronze star. 

In January following he was promoted to the rank 
of chief inspector of machinery, and served in the 
Chatham Keserve from November, 1883, to March, 
1888. On his retirement their Lordships formally 
expressed their appreciation of his long and meri- 
torious services. e was not forgotten in his retire- 
ment, however, because in June of last year, on the 
occasion of the Coronation of King George, he was 
created a Knight Commander of the Bath. 








THE LATE MR. JOHN GWYNNE. 

WE regret to have to record the death, which 
occurred at his residence, Kenton Grange, near 
Harrow, Middlesex, on Thursday, the 2nd inst., of 
Mr. John Gwynne, chairman of Messrs. Gwynnes, 
Limited, Hammersmith Iron Works, London, W., and 
* 81, Cannon-street, E.C. Mr. Gwynne was in his 
seventy-sixth year. He was born in 1837; he was 
educated at Bruce Castle and Esher, and entered his 
father’s Essex-Street Engineering Works as an appren- 
tice in 1853. In 1867, in conjunction with his brother 
Henry, he founded the Hammersmith Iron Works for 
the manufacture of centrifugal pumping machinery, 
the title of the firm being J. and H. Gwynne. They 
carried on the business under this title for 30 years. 
In 1897 the concern was converted into a limited com- 
pany, and six years later—in 1903—the ancient engi- 
neering works of Messrs. Gwynne and Co., Essex- 
street and Brooke-street, were united with the firm 
of Messrs. J. and H. Gwynne, Limited, under the 
direction of Mr. John Gwynne, the present name of the 
firm, Gwynnes, Limited, being then adopted. 

Mr. Gwynne was elected a member of the Institution 
of Civil Engineers and a member of the Institution of 
Mechanical Engineers in 1870. In a paper read before 
the latter Institution in January last on ‘‘The Evolution 
and Present Development of the Turbine Pump,” by 
Dr. Kdward Hopkinson and Mr. Alan E. L. Chorlton, 
and which we reproduced on page 111 anée, the name 
of Gwynne—the father of the deceased—is coupled 
with that of the celebrated French physicist, Denis 
Papin. As will be seen by reference to the paper in 
question, and to the report upon the discussion which 
we gave at the time (see page 107 ante), the authors 
stated that, after the early work of Papin, little had 
been done with the centrifugal pump until 1851, 
when Mr. Gwynne, senior, brought out his invention. 
Interesting data are given in the paper as to this 
invention ; they atford a p-oof of the enterprise of 
the firm under its former management. It continued 
actively to progress under the direction of the 
deceased, who personally carried out in various parts 
of the world many important and successful contracts, 
in conjunction with several of which he received a 
number of distinctions, of which he was justly proud. 
Mr. Gwynne was a capital business man, a most 
capable works manager, and a man with many friends. 





A Lanour Dispute Serriep.— Work was resumed in the 
new seam at the International Colliery, South Wales, on 
Monday, the men accepting the cutting prices offered by 
the management at the outset. 





INDUSTRIAL NOTES. 


THE thirtieth annual report of the Ship Construc- 
tors and Shipwrights’ Association for 1911 has recently 
been published, and shows very clearly that the year 
was one of wonderful activity in the <4 ee 
trade. The output of tonnage was a record, being the 


highest ever known, amounting to 700,000 tons over | 


that of 1910. The actual figures for the British Isles 
show that the number ot vessels constructed was 1478, 
amounting in all to 2,080,397 tons. Out of this total 
413 vessels were due to the Clyde, the tonnage of these 
being 630,583 tons ; the Tyne contributed 125 vessels, 
of 417,175 tons; the Wear 86 vessels, of 286,834 tons ; 
the Tees 134 vessels, of 279,245 tons; and Belfast 
20 vessels, of 184,608 tons. From the Royal Dock- 
yards there came seven vessels, of 59,260 tons. 

With regard to wages in the industry, advances were 
received under the Shipping Trades Agreement by 
members of the association in almost every part of the 
country. Two general advances of wages in terms of 
the agreement were conceded, one amounting to ls. 
per week on time in February, and jd. per hour in the 
case of payment being made by the hour, and 5 per cent. 
on piece, and in the other c1se a further advance in 
October of ls. per week on time, and jd. per hour 
where payment by the hour was made, and 5 per cent. 
on piece. In addition to these two general advances, 
a question of equalising rates paid in Scotland to 
those paid on the North-East Coast was settled, with 
the result that on the Clyde, in Dundee, Aberdeen, 
Leith, and Grangemouth a special advance of jd. per 
hour was granted; so that in Scotland all the members 
of the association had their wages advanced by 3s. 44d. 
es week, which was eS the men as very satis- 

actory, particularly as the advances were conceded 

without any loss to the members individually or to the 
society as a whole, and without any stoppage. In 
Belfast wages were increased during the year by #d. an 
hour, while an increase of 2s. a week was obtained at 
Lytham and Wyvenhoe. The men obtained an 
increase of 4d. an hour at Ipswich and Dartmouth, 
while at Lowestoft they secured a reduction of 24 hours 
a week on the normal working week. At Southampton 
the rates were increased by Is. a week on new work, 
and 2s. 6d. a week on old work. Newport rules were 
secured at Grimsby, in addition to an advance of 1s. 6d. 
a week on the rate of wages. In London also the men 
obtained improved conditions of labour, as they 
secured a 48-hour week and a substantial advance on 
the old work rate, as well as advantageous arrange- 
ments as to overtime rates, docking, travelling time, 
&c. An advance of ls. a week was obtained at Winsford, 
and at Dublin the port rules were adjusted, and an 
advance of }d. an hour made. 

The total income of the association from all sources 
during the year was 67,135/. 7s. 10d., which was the 
highest income ever recorded by the association, being 
nearly 10,000/. more than the income for 1910. The 
total outlay for the year was 43,732/. 3s. 4d., or 
nearly 24,000/. less than the total expenditure for 1910, 
so that the net gain during 1911 was 23,403/. 4s. 6d., 
which, when added to the reserve fund of 79,098/. 
1ls. 84d. at the beginning of the year, brought the total 
reserve fund up to 102,501/. 16s, 24d. at the end of 
December, 1911, representing an average worth per 
member of 4/. 93. 64d. 





The amount expended on unemployment and special 
benefit was 1017/. 17s. 4d. during 1911, but almost the 
whole of it was paid out during the first month of the 
year. The total amount was the smallest that had 
been paid for unemployed benefit since 1901. There 
was rather more than 1000/. less paid on sick and acci- 
dent benefit than was the case in 1910, the actual 
amount being 15,420/. 1s. 4d., which was the smallest 
amount expended under this head since 1907. The 
amount spent on superannuation benefit in 1911 
reached 3126/. 16s. 10d., which was an increase of 671/. 
over 1910. The membership grew during the year 
from 2] ,631 to 22,901, an increase of 1270. 

On Tuesday last the first stage of the prolonged 
deliberations of the South Wales Coal Trade District 
Board under the Coal Mines (Mimimum Wage) Act 
came toan end at Cardiff, and the following proposition 
by Mr. F. L. Davis, on behalf of the owners, was 
carried by the casting vote of Lord St. Aldwyn: 
That a minimum standard rate of 3s. per day on the 
1879 standard should be paid to labourers plus per- 
centages decided on from time to time under the 
Conciliation Board agreement. After this the pro- 
ceedings were adjourned till Monday next. 

This decision does not appear to have met with 
the approval of the men, whose representatives have 
suspended further negotiations under the Minimum 
Wage Act, till they have consulted a delegate con- 
ference, which has been convened for to-morrow. It 
will be remembered that the demand of the South 
Wales Miners’ Federation, as well as that of the 
Miners’ Federation of Great Britain, was for a mini- 
mum of 5s. a day for labourers, which the Govern- 





ment declined to embody in the Bill, as well as the 


minimum of 2s. a day for boys, which the men’s leaders 
brought forward. In the South Wales coal-field the 
labourers represent from 10 to 12 per cent. of the men 
| employed underground, and a considerable portion of 
, them receive 5s. and more a day. The wages of a large 
, number of them, however, average between 4s. and 
| 4s. 6d. a day, and some of the miners’ leaders main- 
tain that the primary object of the minimum wage 
was a levelling up of the wages of those lower-paid 
men. The owners, however, worked on the lines 
that the rate to be established as a minimum should 
approximate to the average of the standard rates 
sanctioned by the Conciliation Board of 1910. The 
ruling of Lord St. Aldwyn means that labourers’ waves 
will range between 4s. 2d. and 4s. 9}d.a day. The 
general impression appears to be that this decision 
indicates the personal view of Lord St. Aldwyn to be 
that the coal trade of South Wales must continue to 
be controlled by the Conciliation Board Agreement. 


There are at present signs of dissatisfaction in the 
building trade, and there is a feeling abroad that the 
labourers, at any rate, should receive higher wages, on 
account of the increase in the cost of living. The 
matter was the subject of a demonstration held in 
Trafalgar-square on Sunday last. Some of the speakers 
urged that the labourers were worse off now than they 
were ten years ago, on account of the rise in the price 
of food, &c., without any corresponding increase in 
wages. It was stated that there was no desire to 
strike, but the men ought to join under one banner, so 
as to be able to give unanimity to their demand, and 
a resolution was passed to this effect. 





The Olympic seamen who were tried last week for 
disobedience to their captain, in refusing to go to sea 
because some nen-unionist firemen had been taken on 
board, received no punishment, although the charge 
was proved. The Bench, although they found the 
charges had been proved, did not consider it expedient 
to send the men to prison, or to fine them, and the 
information was dismissed on the ground that the 
offence was committed at a time of great excite- 
ment, following on the loss of the Titanic. It can 
be a matter of uo surprise, after what recently hap- 
pened on board the Olympic with regard to the 
question of boats, that trouble is brewing on other 
liners, more particularly after the failure to secure 
punishment on the mutinous crew of the White Star 
liner. The P. and O. Steamship Company had some 
trouble in this respect, their men demanding a more 
effective manning of the boats. On Monday last the 
National Sailors’ and Firemen’s Union sent a deputation 
to the company’s representatives at Tilbury, asking for 
certain guarantees with regard to the manning of ships’ 
lifeboats. Among other things they asked that tor 
every lifeboat there should be two effective seamen. 
It was stated on Tuesday by the men’s representatives 
that a refusal had been given to this request. The 
company, however, had made no statement ; it appears, 
however, that they are not inclined to fall in with 
the men’s demands. It is stated that, should they 
do s), it would mean about forty white men on a first- 
class ship instead of about ten, though on lesser boats 
the number would be correspondingly small. On 
Tuesday night it was announced that the trans- 
port workers of London had decided to support the 
men’s union and the Cooks’ and Stewards’ Union in 
their action. At the time of going to press, however, 
the matter had been settled. A strong protest and deep 
regret have been expressed by the Council of the Mer- 
cantile Marine Service Association at the decision ab- 
solving the men of the Olympic from punishment, on 
the ground that, in view of the mutinous conduct of 
the men, the decision would be fraught with great 
consequences in the safe navigation of ships. 





The much-talked-of strike of locomotive engine- 
drivers on the American railways, which looked a short 
time ago as though it might become an accomplished 
fact, has fortunately been averted, for it was last week 
agreed between the men and the companies that the 
matters in dispute should be brought to arbitration. 
This arbitration will be carried on by a committee of 
seven, one of whom will represent the railroads and 
one the drivers, and these two will select the remain- 
ing five members. In case these men cannot come to 
an agreement, the Chief Justice of the United States 
Supreme Court, the presiding Judge of the Commerce 
Court, and the United States Labour Commissioner 
acting together, will make the appointments. The 
selection of the arbitrators has to be made within 
fifteen days from the time that arbitration was settled 
upon, and the award of the Board is to be binding for 
one year. 





On Monday last a new feature in strikes was wit- 
nessed at Garston, where trouble in a bobbin factory 
was expected, but did not take place. The reason why 
there was no strike was that a strong force of mothers 
and wives picketed the works in order to make eure 





that their husbands and sons did not neglect their work. 
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They appear to have been successful on the whole, 
though some workers stayed away. 








The financial secretary of the Northumberland 
Miners’ Assoviation has issued a circular in which it 
isstated that over a period of two and a quarter years 
the expenditure of the association has been greater 
than the income by 150,458/., and that it is impossible 
to pay the present benefits unless the contributions of 
the members are increased. The coal strike, which 
cost 70,0001., had the effect, after the first fortnight’s 

ay, of reducing the funds to such an extent that only 
half strike benefit was paid for the second fortnight. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 1. 

Crupe steel and all kinds of pig iron have once 
more shown an upward tendency for delivery during 
the third quarter because of the heavy purchases which 
have been made during the past week. The Carnegie 
Steel Company will purchase 25,000 tons of Bessemer 
pig this week from the merchant furnaces to protect 
their reserve. The Pittsburg Steel Company, which 
consumes 14,000 tons of basic iron a month, is arrang- 
ing to purchase 100,000 tons for delivery during the 
next seven months. Low prices for basic pig have 
been withdrawn, and other kinds are now quoted at 
stronger prices than since the opening of the year. 
Billets have advanced 1 dol. per ton in consequence of 
the heavy purchases, and new buyers are finding the 
new price firmly held. Merchant bar has also advanced 
Idol. per ton, and this fact has brought in a large volume 
of business for forward requirements. The custom of 
purchasing small lots forimmediate necessities is notsafe 
to maintain any longer. The mines resumed operation 
this week, and this means an abundance of coal, with 
a possible reduction in the price of coke. Hundreds 
of coke workers are arriving, and the ovens will soon 
be manned to full capacity. There is an improving 
demand for rails, locomotives, and cars, and agri- 
cultural implement steel has been purchased in large 
quantities. Pipe-line construction continues to call 
for large quantities of low-grade iron fit for casting 
urposes, All the pipe foundries continue to work to 
ull capacity. The business in malleable iron this 
week amounts to over 50,000 tons, one large interest 
purchasing 40,000 tons in one transaction, to be 
delivered during the remaining months of the year. 
All signs of doubt and of weakness in the course of the 
iron and steel market appear to have been eliminated. 








“THE STEREOPHAGUS PUMP.” 
To THE EprTor oF ENGINEERING. 

Str,—I observe from the letter of your correspondents, 
Messrs. Clayton and Shuttleworth, in your current issue, 
that they are not satisfied with my reply to their first 
letter with reference to the above pump, and I should 
therefore be obliged if you will kindly insert the follow- 
ing in your next issue, which I hope may be the last on 
this subject. 

It would appear, as I stated in my previous letter, that 
your correspondents are not only unacquainted with the 
laws which must be observed in the design of centrifugal 
pumps, but that they now exhibit a surprising ignorance 
of the literature on the subject. 

My experience of this matter is not so short as they 
appear to imagine, as it dates back to before the year 
1876, when a paper by me was presented to the Institution 
of Civil Engineers, and was published in vol. xlvii. of 
their Proceedings. Thirty-six years have therefore 
elapsed since that paper was read, and, further, it is now 
quoted in the text-books on the subject. 

I am obliged to your correspondents for the offer they 
make to furnish me with information establishing tne 
correctness of their statements. It would, however, 
appear preferable if, instead of endeavouring to establish 
the inexperience of the undersigned, which is of no public 
interest, they would publish facts confirming the correct- 
ness of the assertions they have made as to ordinary cen- 
trifugal pumps dealing in a most perfect manner with 
unscreened sewage at an immense number of pumping- 
Stations, as this would be of general interest. 

I remain, Sir, yours faithfully, 
oP ek at R. C. Parsons. 

39, Victoria-street, Westminster, S.W., May 6, 1912. 








‘““ WATER-COOLED AND FORCED-LUBRI- 
CATION BEARINGS.” 
To THE Eprror oF ENGINEERING. 
Sin,—Mr. Pitman in his letter in your issue of April 5 
referred to manufacturers of mill-gearing, and we supposed 
that he was referring to bearings for ordinary shafting. 


- now appears by his letter in your issue of April 26 that 
1¢ had in mind :— 


1, Bearings for hot rolls. 
. His particular case of a Pelton wheel runner bolted 
direct to the armature shaft. 


a The makers of hot rolls also make the bearings, and 
mill gearing manufacturers are not asked to supply them. 
2. If the heat transmitted from the armature did not 
poe d, say, 300 deg. Fahr., either ball or roller-bearings, 
a ith hard steel rollers and surfaces (in which the heat 
eveloped increases little, if at all, with the load) would 
ave been eminently suitable, and would have saved at 


least 80 per cent. of the friction of a water-cooled bearing, 
with bronze or white-metal bearing surface. As the ball- 
bearing cannot be made in halves, it might not be possible 
to get it into position, but the roller bearing is made 
entirely in halves. : 

In conclusion, may we say that we do not think that 
the making of an occasional odd bearing to a special 
design, never likely to be used again, is likely to ‘‘ pay” 
English manufacturers. 

Yours faithfully, 
Tur UNBREAKABLE PULLEY AND MILL- 
GeaRING Company, LIMITED, 
P. A. Ransom, ey ig | Director 
56, Cannon-street, London, E.C., May 6, 1912. 





GOVERNING STEAM-TURBINES. 
To THE Eprror OF ENGINEERING. 

Sir,—In reply to Mr. Lumb I would mention that I am 
quite familiar with the arrangement made by his firm, 
which, as he says in his letter, is a composite governor 
and speed-regulator. 

I believe I am correct in saying that the governor (of 
the pendulum type) employed with this mechanism is 
constructed with considerable variation, and so far as 
regards this my remarks, which referred specifically to 


Mr. Lumb’s give fairly good results where the change of 
load is slow and of small amount, conditions which are 
found in most textile mills; but by reason of their slow 
action I hardly think they are a plicable to the rapidly 
varying loads experienced in electrical work. On the 
other hand, the Whitehead and Chorlton-Whitehead are 
om ogandly any purpose for which a rotary governor 


ma used. 

Sloslar regard to the fact that the correspondence is 
on the subject of governing steam-turbines which are 
usually at work with varying loads, it would be of interest 
and to the point if Mr. Lumb gave us some example of 
results obtained by his arrangement under these condi- 
tions. 

I am, yours faithfully, 
F. O. L. CHORLTON. 
For THE Monovet GovERNOR COMPANY. 
Bury. Lancashire, May 6, 1912. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The coal trade is steadily 
recovering its activity, and with the sbarp reduction in 

rices considerably more business has come forward. 

erchants have experienced during the t few days 
a brisk inquiry for house coal. Although the weather has 
been warmer, the fact of very depleted stocks has com- 
pelled householders to come into the market. The London 
demand is stated not to be very good. Great activity 
obtains in the steam-coal trade, both for shipment and 
for manufacturing purposes, although some difficulty 
continues to be experienced in getting through supplies. 
The following are the latest pit quotations :— Best 
hand-picked branch, 16s. to 17s. ; Ba ey best Silkstone, 
14s. to 15s. ; Silkstone, 12s. 6d. to 13s. 6d.; Derbyshire 
best brights, 12s. to 13s.; Derbyshire house, 10s. 6d. to 
lls. 6d. ; large nuts, 10s. to 11s. ; small nuts, 9s. to 10s.; 
Yorkshire hards, lls. to 12s.; rough slacks, 7s. 6d. to 
8s. 6d. ; seconds 5s. 6d. to 6s. 6d.; smalls, 3s. 6d. to 4s. 6d. 


Tron and Steel.—There has been a manifest scarcity of 
pig iron during the last few weeks, and consequently 
recent high prices are maintained. There were delays 
and difficulties in re-starting the furnaces, and the 
m supply of iron hampered operations at several 
of the Sheffield works. Rather more Lincolnshire iron 
has been received, but only very small quantities of Derby- 
shire. The quotation is about 56s. for forge and 57s. 6d. 
for foundry (Lincolnshire). Hematite is up from 1s. to 
2s. on prices a week ago, the figure for East Coast mixed 
numbers being 78s. 6d. for immediate district delivery. The 
steel trades are very busy. New orders are coming in 
with freedom, whilst many manufacturers have not yet 
cleared off arrears ; consequently a good deal of overtime 
working is the rule. The prices of finished steels of all 
kinds have gone upall round. The bar-iron makers are 
very busy, and prices of these and billets continue moving 
upwards. There is a big demand for gas and oil engines; 
their manufacture is now becoming an important sub- 
sidiary branch of Sheffield trade. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The statistical position of 
the pig-iron trade is excellent, and is improving day by 
day so far as Cleveland pig is concerned, and yet there 
is extreme quietness in this branch. Prices are easy, 
the only apparent reason being a fall in warrants due to 
holders selling out. Blast-furnaces are not running 
smoothly yet after their enforced idleness through the 
coal strike, and though there is more coke on the market, 
supplies are not fully sufficient to meet requirements, 
and in consequence of this, one or two furnaces are 
reported to have had to be put on slack blast, which, of 
course, reduces the output considerably. Many fir.ns, 
however, hope to have their furnaces running ordinarily 
next week, and the supply by that time should be 
fairly ample. Several consumers of pig iron are now 
pressing for deliveries that should have been made when 
the coal strike stopped supplies, but producers are a 
_ way short of getting even with their contracts. 

mand at present is a good deal in excess of the power 
of supply. Small odd lots of No. 3 g.m.b. Cleveland pig 








iron are said to be obtainable at 53s. 9d. f.o.b., but few 





governors, are quite in order. Such arrangements as/ p 


makers will name below 54s. No.1 is 58s, 6d. ; No. 4 
foundry, 53s. 3d.; No. 4 fo 53s. ; and mottled and 
white iron, each 52s. 9d. All the foregoing prices are 
for early . East Coast hematite pig is in good 
demand, but there is very little to be ‘had. Mixed 
numbers are 71s. for delivery to the end of June, and 
over the third quarter of the year the price is 72s. 6d. 
There is nothing passing in foreign ore, consumers having 
very heavy stocks, but values are nominally upheld on 
the basis of 21s. 6d. ex-ship Tees for Rubio of 50 per cent. 
oe. Average blast-furnace coke is firm at 19s. 
elivered at Teesside works. 


Stocks and Shi; 8 of Pig Iron.—Practically the only 
stock of pig is the Cleveland iron in the public warrant 
stores, and that is being substantially drawn open daily to 
meet current requirements. The stock to-night (Wednes- 
day) stands at ,737 tons, 11,353 tons having already 

m withdrawn this month, and the stock now stands at 
over 000 tons below the recent maximum quantity 
held. Shipments of pig are on a very satisfactory scale, 
and promise to continue heavy. To date this month they 
average 3533 tons per working day, the total loadings 
pay | returned at 24,736 tons. The lower Baltic ports 
are fully open, and brisk deliveries of pig iron are 
likely to be made to Russia. In consequence of the 
short home production of pig iron in that country, the 

ussian Government have Solleaed the heavy duties that 
were charged on imported pig iron. This concession, if 
not renewed, comes to an end at the close of June, and 
before that time large quantities of pig iron are likely to 
be sent into Russia. Cleveland should get a good share 
of the trade, and, in fact, a fair quantity of pig iron for 
Russia has already been bought in this district. 


Manufactured Iron and Steel.—Very excellent accounts 
are given of all branches of the manufactured iron and 
steel trades. Output is very heavy, and not only have 
firms made large contracts, but orders are still coming in. 
Quotations all round are firm, and further advances may 
be announced before long. Common iron bars are 71. 15s. ; 
best bars, 8/. 2s. 6d.; best best bars, 8/. 10s.; iron ship- 
as 71. 108.; iron ship-angles, 7/. 15s.; iron ship-rivets, 

. 10s. ; iron girder-plates, 71. 5s.; iron boiler-plates, 8/. 5s. ; 
steel bars, 7/.; steal ship-plates, 7/. 15s.; steel ship- 
angles, 7/. 7s. 6d.; steel boiler-plates, 8/. 10s.; steel strip, 
6l. 17s. 6d.; steel hcops, 7/. to 7/. 5s.; and steel joists, 
6l. 17s. 6d.—all less the customary 24 percent. Cast-iron 
columns are 6/, 10s.; cast-iron railway chairs, 3/. 12s. 6d.; 
light iron rails, 6/. 10s. ; heavy meen | rails, 6/.; and steel 
railway sleepers, 6/. 10s.—all net at works. Iron and 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
stand at 12/. f.o.b.—less the usual 4 per cent. 





NOTES FROM THE SOUTH-WEST. 

Cardi{f.—Conditions in the steam-coal trade have been 
the turn in favour of buyers. Tonnage arrivals have 
been disappointing, and buyers have shown a continued 
inclination to adopt a waiting policy, as they anticipate 
a further decline in prices. On the other hand, colliery 
owners are indisposed to make concessions as foreign 
coaling dépédts are bare of supplies, while they consider 
that other consumers will shortly have to place orders. 
The best Admiralty large steam coal has made 20s. to 
20s. 6d. per ton ; secondary qualities have ranged between 
19s. and 20s.; best bunker smalls between 12s. and 12s. 6d.; 
and cargo smalls between 10s. 6d. and 11s. perton. House 
coal has shown scarcely any change; the best ordinary 

ualities have been making 17s. 6d. to 18s. 6d.; No. 3 

hondda large, 19s. to 20s.; and smalls, 13s. to 14s. per 
ton. No. 2 Rhondda large has brought 16s. to 17s.; and 
No. 2 smalls, 10s. 9d. to 11s. 3d. per ton. As regards iron 
ore, Rubio has realised 20s. 6d. to 21s. per ton, upon a 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Wales and Belgiwm.—It is announced that, in deference 
to pressure brought to bear upon it by Belgian colliery 
aa eye the Belgian Government has decided that in 
uture the coal requirements of the Belgian State Rail- 
ways are to be met, as far as possible, in Belgium, and 
that only orders for limited quantities of special descrip- 
tions not produced in Belgium are to be sent abroad. 
This decision particularly affects South Wales, as for 
some years the Belgian authorities have imported from 
200,000 tons to 500,000 tons of Welsh small steam coal 
annually. 


Welsh Coal Abroad.—It is noticeable that since the 
great strike in the South Wales coal trade foreign pur- 
chasers have adopted a more cautious policy. The Paris, 
Lyons, and Mediterranean Railway Company, for in- 
stance, is inviting tenders for May only, instead of for 
the usual longer period. The municipality of St. Peters- 
burg, which requires 170,000 tons of steam and gas-coal, 
is endeavouring to conclude contracts in Germany. 





INTERNATIONAL EXHIBITION OF Non-FERROUS MRTALS. 
—In consequence of the dislocation of business occasioned 
by the strike, the Council unanimously decided to 

tpone the exhibition for a few weeks, ond: it will now 
9 held from Saturday, June 15, to Friday, June 28, both 
dates inclusive. 





Waces Carcutator Carp.—We have received from 
Messrs. McCorquodale and Co., Limited, 40, Coleman- 
street, E.C., a copy of their new Hours Wages Calculator 
Card, which they issue at the price of 3s. ; by posi, 3s. 4d. 
This card has been specially compiled by Mr. C. H. 
Rutter, of the Brighton and Hove General Gas Com- 
pany, for the use of gas companies. The calculations 





roceed by farthings from 2d. to 11#d. per hour, from 
alf an hour to 80 hours, 
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Inductances,” by Mr. 8. Butterworth, M.Sc. 2. “‘The Conversion 
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ratures,” by Mr. J. A. Harker, D.Sc., F.R.S., and Mr. G. W. O. 
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by Professor G. W. O. Howe. 
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in the Cupola, and Cupola Practice.” Saturday, May 18, at 
7p.m., M. J. H. Stansbie, B.Sc., F.1.C., will read a paper, giving 
also practical demonstrations, on “The Production of Iron and 
its Alloys in the Electric Furnace.” 
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May 15, at 8 p.m. ‘‘ The Manufacture of Nitrates from the 
Atmosphere, ” by Mr. Ernest Kilburn Scott, Assoc. M. Inst. C.E., 
M.’.E.E. Sir William Ramsay, K.C.B., Nobel Laureate, F.R.S., 
will preside. Thursday, May 16, at 4.30 p-m. Indian Section. 
“Indian Railways,” by Mr. Neville Priestley, Managing Director, 
South Indian Railways. 

InstrTUTION OF ExecrricaL Enemvesres: Scottish Locau 
SecTion.—Tuesday, May 14, at 8 p.m., at the Rooms, 207, Bath- 
street, G w. Annual neral meeting. Business : Annual 
report and election of office Seavera, Paper : ‘‘ Power Generation 
and Distribution in the Clyde Valley Electrical Power Company’s 
Area,” by Mr. David A. Starr, Member. 

Tue INSTITUTION OF MINING AND Mk&TALLURGY.—Thursday, 
May 16, at 8 p.m., at the Rooms of the Geological Society, Bur- 
lington House. The following papers will be discussed in the 

er in which they are given:—‘ Illogical Precision in Mine 
Saperts,” *by Mr. F. Percy Rolfe, Aesociate. ‘‘The Law of the Pay- 
Streak in Placer Deposits,” by Mr. J. B. Ty rrell, Member. ‘Gold 
and Platinum Alluvial Deposits in Russia,” by Mr. Leon Perret, 
Member. “A Plant for the Enrichment of Pyritic Blende Con- 
centrates,” by Mr. E. C. Hugon, Member. 

Tae Roya INstiruTion oF Great Britain.—Friday, May 17, at 
9 p.m. Mr. W. Duddell, F.R.S., M.R.L, on ‘“‘ High-Frequency 
Currents.” Afternoon lectures next week at 3 o’clock:—Tuesday, 
May 14. Professor W. Bateson, M.A., F.R.S., Fullerian Pro- 
fessor of Physiology, R.I., on ‘‘ The Study of Genetics.” (Lec- 
ture L.). Thursday, May 16. Professor Howard T. Barnes, M.A., 
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Geared Turbine, and Suction-Gas Engine as compared with the 
pores simannctn ons for Marine Propulsion.” 
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BATTLESHIP DISTRIBUTION AND 
BATTLESHIP DESIGN. 

Tue King this week is putting to the test, so far 
as peace conditions permit, the crucial question as 
to whether our Navy is capable, to use the words of 
the First Lord of the Admiralty, of ‘‘ making 
manifestation, at some special place, during the 
compass of a few months, of shattering, blasting, 
overpowering force.” As Mr. Winston Churchill 
himself pointed out at the Royal Academy dinner, 
this may not seem a very amiable object to which 
civilised men should devote so many hours of their 
lives ; but, as he said, we must consider what lies 
behind the development of force and war power— 
namely, the absolute security of the country and the 
power to put our own characteristics and distinctive 
mark upon the unfolding of the civilisation of 
mankind. This does not mean essive action ; 
indeed, the First Lord succeeded in evolving an 
admirable phrase when he pointed out that ‘* the 
best way to make war impossible is to make victory 
certain.” In attending t the Fleet exercises in the 
639] Channel, which to some extent reproduce the 
manceuvres of war, His Majesty is therefore pro- 
640 | moting the national ambition to preserve peace ; he 
is only ascertaining whether—and, if necessary, 














3| indicating the direction whereby—we can ‘‘ make 


victory certain.” 

We do not propose to enter into any review of 
the composition, power, or a gene poo of the 
great squadron of about 120 ships and many aero- 

lanes which has been gathered together, not 
or mere ceremonial e, but to pass through 
the severe ordeal of fleet manceuvres—of attack 
and defence by night and day. It may be noted, 





however, that, in their fleet reorganisation, the 








Admiralty are giving promise in a high degree 
of ensuring certainty of victory. The changes 
being made will, in a few months, give us six 
battle squadrons, each homogeneous — comprised 
of almost identical units. The first and second 
will consist of ships of the Dreadnought class, with 
the exceptions of the Lord Nelson and the 
Agamemnen, and even these will soon be re- 
placed by Dreadnoughts, as soon as the latter are 
completed, which will be before another year 
expires. The third squadron includes eight ships 
of the King Edward VII. class. These three 
squadrons are to be utilised in home waters, 
and will constitute practically the first line of our 
defence. The fourth squadron, which will be based 
at Gibraltar, will consist for the present of ships 
of the Duncan class, of which thereare four. These 
have no doubt been selected because of their speed 
—21 knots—although their protection is deficient 
when compared with the Formidable class, The 
other ships, notably those of the Formidable and 
Majestic classes, are being placed now in the other 
or reserve squadrons with nucleus crews. The aim 
is to make up four reserve squadrons of the older 
ships, and to these reserve fleets ships displaced 
from the full commissioned fleets by new ships will 
be added, so that ultimately we shall have eight 
squadrons, four of which, with thirty-two battle- 
ships, will be in active continuous service with full 
crews, the four other squadrons being in reserve 
with nucleus crews. All the ships, however, will 
take part in mancuvres as fully-manned units. 
A corresponding system is being adopted with 
battle and other cruisers, destroyers and squadron 
units necessary to make up a fleet. It seems, 
therefore, as if there were sound justification for 
the First Lord’s assurance that the Board ‘see 
no difficulty in maintaining the main security of 
the country, and in providing an effective margin 
for our security at all the decisive points, without 
adding very greatly to that generous provision 
Parliament has made for the Navy this year.” 

It is pertinent to consider, however — and 
this is our main purpose in writing—the ten- 
dency in battleship design, because it is not 
enough to know that we have a sufficiency of 
squadrons and of ships; we must be certain 
that each unit is thoroughly efficient as a fight- 
ing instrument in comparison with that pro- 
vided in the squadrons of opposing nations. No 
doubt the King, when taking part in the Fleet 
exercises of our latest ships, will direct attention 
to this particular matter. The tendency has been 
~ | steadily to increase the size of the —_ not only in 
the British Fleet, but in practically every fleet. 
Thusthe original Dreadnought, of which the designed 
displacement was 17,900tons, has been out-distanced 
by the ships of the Wellington class, which are of 
25,000 tons displacement. Without entering into 
invidious comparisons, it may be said that in the 
case of other Powers still higher tonnages are 
reached, ranging up to 28,000 tons. In the case of 
Germany it is 23,000 tons ; of Russia, 23,300 tons; 
of the United States, 27,000 tons ; and of France, 
23,500 tons. Even with the smaller Powers—for in- 
stance, those in South America—there is the same 
advance, the Argentine ships being 27,600 tons; the 
Chilian, 27,400 tons; and the Brazilian, 28,000 tons. 
It is not enough, however, to say that as all other 
Powers are increasing the size of ships, we are 
justified in doing the same. Such a fact must, 

owever, carry great weight; indeed, our ships 
must always excel in power, if we are to make 
‘* victory certain,” and this involves increased size. 

In the first place, we must have superiorit 
the power of our guns, separately, if not a Aa 
tively. It is not now so much a question of effective 
range, because the 12-in. 50-calibre gun is sufficient 
to penetrate armour of the greatest thickness per- 
missible under practical soulithens but to attain 
this penetrative power with an 850- Ib. projectile the 
velocity has to be great, and the erosion of the gun 
has consequently been quickened. By adding to the 
bore of the gun and to the weight of the projectile, 
it is easy to get the same striking energy for a less 
velocity, which in itself leads to a prolonged period 
of accuracy in firing and a longer fife for the gun. 
The larger projectile accommodates a bigger explo- 
sive charge, with the result that when the projectile 
penetrates the armour there is immensely greater 
destruction in the interior of the ship. If we take 
the case of the 12-in. 50-calibre gun, where the 
muzzle velocity is 3000 ft. per second, we have a 
muzzle energy of 53,000 foot-tons, equal to pene- 
trating at 3000 yards, according to the Gavre for- 
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mula, a steel plate of 22 in. The 13.5-in. gun, which 
is adopted in the newer ships, and the performance 
of which in firing will be watched by the King 
on the Neptune, uses a 1250-lb. projectile, 
and it has been possible to reduce the muzzle 
velocity to 2700 ft., and yet to get a higher 
penetrative power with a greater explosive charge, 
the muzzle energy being over 63,000 foot-tons. 
Thus, although the energy per ton of gun is 
only increased from 810 foot-tons to 830 foot- 
tons, the destruction within the opposing ship is 
greatly increased. In the 14-in. gun of 45 udlleee 
the projectile is increased to 1488 lb., and here we 
have a still further reduction in velocity to 2500 ft. 
per second, without loss in penetrative power, the 
muzzle energy being increased to nearly 66,000 foot- 
tons. Again, too, there is advantage in the greater 
area of destruction due to the bursting of the explo- 
sive charge in the shell. It will be seen from the 
results given that the dominant consideration is to 
effect the same penetration in armour, and to increase 
the destruction due to explosion within the ship, 
while reducing the velocity and therefore the ero- 
sive effect upon the gun. It is possible, too, that 
accuracy in fire will be maintained for a greater 
period by thus limiting the velocity. It would 
seem, however, as if 13.5-in. or 14-in. calibre marks 
the limit. One shot from such a gun, planted within 
the hull in a position vital to the buoyancy, or even 
the working, of the ship would, as a result of the 
bursting of the explosive charge, put out of action 
any ship afloat. 

With the increase in calibre of guns, ships must 
be made larger, not only to carry the heavier 
ordnance machinery and to accommodate a sufti- 
ciency of weightier ammunition, but to enable 
the guns to be placed effectively in order to 
ensure the widest arcs of training. The alterna- 
tives are to reduce the number of guns, the 
speed, the armour protection, or the radius of 
action. To what extent are such reductions or 
limitations in fighting efficiency involved if the 
ships are to be smaller? As a foundation for the con- 
sideration of this question, we may take the latest 
ships for the British Navy, those of the Wellington 
or rane class, just laid down at the Ports- 
mouth and Devonport Dockyards respectively. 
These ships, designed by Sir Philip Watts, con- 
stitute, it may be said, his highest achievement in 
destructive power, all things considered. They are 
580 ft. long, 90 ft. beam, and displace 25,000 tons. 
They have machinery of 29,000 shaft horse-power, 
to give a speed of 21 knots, with the use of turbines 
on four shafts and of water-tube boilers. Each 
ship carries ten 13.5-in. guns and twelve 6-in. 
guns, and is protected by main armour of 12-in. 
thick amidship, tapering to 6 in. and 4 in. at 
the ends, the side armour above the main belt 
being 9 in. to the main deck, and 8 in. above this 
to the upper deck. The 6-in. guns are for the 
most part placed behind the latter armour, while 
the 13.5-in. guns are in pairs in five barbettes 
having 10-in. armour. It may be accepted that the 
fighting qualities are the maximum obtainable on a 
displacement of 26,000 tons. If the designer were 
limited to 21,000 tons, what would be the effect ? 
Beginning with the hull, he might be able to 
reduce the length of his ship by 35 ft., or nearly 
6 per cent., and the beam proportionately. The 
consequent reduction in the weight of the hull 
would enable a given speed to be maintained with 
machinery of from 4900 to 5000 shaft horse- 
power less power, with a corresponding reduction 
in the weight of the machinery installation. This 
reduced weight of hull and machinery would only 
amount to about 1200 tons, so that, apart alto- 
gether from the difficulties of finding accom- 
modation within the lessened dimensions for the 
guns, Xc., there arises the necessity, on the score 
of displacement weight, to sacrifice some of the 
fighting elements. There might be a reduction 
in the fuel carried, but this would be a severe 
tactical handicap, especially to a British ship, whose 
frontier must necessarily be tle coast of the enemy. 
The protection of the ship, again, is a matter on 
which there is sharp difference of opinion, but how- 
ever much the irresponsible critic may advocate 
any serious reduction in the area or thickness of 
armour, the responsible authorities must adopt 
a more conservative practice. Let us assume, 


however, that it were possible to reduce the 
12-in. armour of the Wellington by 2 in., and 
the thickness of the protective decks by 25 per 
cent., and to take off 350 tons from the fuel carried, 
we might then have aship of 21,000 tons, as against 





one of 25,000 tons, without affecting the arma- 
ment. There are those, however, who consider 
that even 21,000 tons is too great, and if the 
demand were made fora ship of 19,000 tons, two 
of the ten 13.5-in. guns would have to be omitted, 
and each 6-in. gun would require to be reduced to 
4-in. bore, and the number limited to ten instead 
of twelve. 

Would the difference in first cost and the working 
charges justify such a reduction? We find that our 
later battleships cost initially between 1,800,000/. 
and 1,900,0001., while the earlier Dreadnoughts 
cost 1,750,0001., so that the maximum difference is 
about 8 percent. As to the maintenance of the 
ships in commission the difference between the 
25,000-ton battleship and the 21,000-ton, or even 
19,000-ton ship, is comparatively little. The largest 
items of cost are wages and fuel, and the difference 
in personnel may be said to be inappreciable. Again, 
as most of the steaming is done at moderate speeds, 
and as the reduction of 5000 horse-power at full 
speed does not mean anything like the same pro- 
portionate reduction at the lower speeds, the saving 
in fuel charges is not large. The difference in first 
cost and in total working charges may be neglected, 
particularly as the monetary question is entirely 
subsidiary to fighting efficiency. It would be court- 
ing disaster to send to sea a squadron of ships to 
oppose a fleet, even of less numbers, whose compo- 
nents were each superior in the elements which make 
for success in war. To reduce the calibre of guns 
below 13.5 in., to diminish the number in any ship to 
less than ten, would seriously militate against that 
concentration of fire in line of battle which is 
regarded as one of the most important tactics in 
naval engagements. It is easy to understand that 
a line of ships with eight guns opposed to a line of 
ships with ten guns has 20 per cent. fewer guns per 
mile of line of battle. Again, it is dangerous to have 
ineffective armour protection, particularly against 
attack by the powerful rapid-firing secondary 
guns now fitted in all ships. Speed is of the highest 
importance, not only from a strategic, but from a 
tactical, standpoint, and 21 knots seems to be the 
minimum for ships of the line. Secondary Powers 
may adopta smaller ship; the Espaiia type, preferred 
by the Spanish authorities, is, for instance, emi- 
nently suitable for that country. But tactical 
conditions and the strength of possible combatants 
compel us to adopt quite another type, in order, by 
sufficiency of ships, each of superior design to all 
others, and efficiently maintained in service, to 
make ‘‘victory certain,” and thereby to make 
‘* war impossible.” 








SURFACE COMBUSTION. 

Tue ‘‘ special lecture” of the Cavendish Society 
of Leeds University was delivered on Tuesday 
evening last by Professor William A. Bone, D.Sc., 
F.R.S., who took as his subject some of the newer 
applications of the principle of surface combustion 
which have recently been developed by Mr. C. D. 
McCourt and himself. 

His chief object on the present occasion would, 
he said, not be an inquiry into the nature and 
causes which gave rise to surface combustion, but 
he would devote his lecture rather to a description 
and demonstration of some of its practical applica- 
tions. It might, however, be of interest if at the 
outset he briefly explained certain principles and 
described the successive stages which had led up 
to the remarkable results now secured. The in- 
fluence of hot surfaces, such as that of metallic 
platinum, in promoting combustion at low tem- 
peratures had, during the first third of the last 
century, occupied the attention of Sir Humphrey 
Davy, William Henry Thomas Graham, Faraday, 
and de la Rive in England, and in France of Dulong 
and Thénard, and also of Doébereiner, but not 
one of these distinguished men had succeeded 
in finding a satisfactory explanation of the pheno- 
menon, and the Doébereiner lamp constituted the 
only practical outcome of the whole investigation. 
A long controversy on the subject between Faraday 
and de la Rive terminated in 1836, and interest in 
the subject then dropped. 

Indeed, whilst the power of platinum in inducing 
combustion was recognised as a scientific anomaly, 
in technical circles the belief prevailed that con- 
tact between gases and hot surfaces should be 
avoided. This conviction was mainly due to the 
work of Mr. Frederick Siemens, who was the first 
to recognise the importance of radiation in 
furnace operations, but was under the erroneous 





impression that contact with hot surfaces would 
retard combustion by lowering the temperature of 
dissociation. Professor Bone’s own connection with 
the subject arose during the course of an investiga- 
tion into the mechanism of the combustion of 
hydrocarbons at low temperatures, which he had 
carried out at Owens College in conjunction with 
Mr. R. V. Wheeler. The subject proved so 
attractive that it was extended into an inquiry as 
to the behaviour of a variety of hot surfaces in pro- 
moting combination at temperatures below the 
ignition point. As a result of these and subse- 
quent researches it was possible to state definitely 
that all hot surfaces accelerated combustion, but 
the extent of their action was dependent on the 
temperature and character of the surface, and was 
perhaps connected with corpuscular discharges. 

Combustion, Professor Bone continued, micht 
proceed ‘‘ homogeneously,” that was to say, equally 
throughout the system as a whole; or “‘hetero- 
geneously,” that was to say, in layers immediately 
in contact with an incandescent surface. The 
latter was a far more rapid process than homo- 
geneous combustion, but the activity of a surface 
could, it was found, be accelerated or retarded at 
will by means of previous special treatment. Thus 
the combination of hydrogen and oxygen or of 
carbon monoxide and oxygen, in contact with a 
non-oxidisable metal, might be greatly stimulated 
by previously putting the metal into contact with 
the combustible gas, or, conversely, it might be 
diminished by letting the surface have previous con- 
tact with oxygen. There was, Professor Bone pro- 
ceeded, evidence that surface combustion was 
dependent on a prior absorption or condensation 
of the combustible gas, and perhaps also of the 
oxygen, but to what extent this occurred was not 
yet clear. Nevertheless, in some way or other the 
condensed gas became ‘‘activated,” probably ionised, 
and this activity increased according to the com- 
pound interest law. There were, moreover, certain 
other important differences between homogeneous 
and surface combustion ; thus the presence of water 
vapour accelerated the homogeneous combustion of 
carbon monoxide, but it retarded the surface com- 
bustion of this gas if the surface was that of fire- 
clay. Again, in ordinary combustion, methane had 
a greater affinity for oxygen than hydrogen had, but 
the — of a hot surface reversed the position 
of the two gases in this regard. This was a very 
remarkable fact, and afforded proof that surface 
combustion was a real phenomenon. 

As stated, all hot solids accelerated combustion, 
and this acceleration was the greater the higher the 
temperature, becoming especially marked when 
the surface was incandescent. At low temperatures 
there were, the lecturer said, great differences in 
the efficiency of different surfaces, but this differ- 
ence diminished much at high temperatures. 

If, Professor Bone continued, an explosive 
mixture were forced through a porous, refractory, 
and hot material, the rate of combination was accele- 
rated at the surface in contact with the escaping 
gases. There was no flame, and this method of 
causing the gases to combine would, he believed, 
greatly increase the efficiency of industrial heat- 
ing operations. He had satisfied himself that 
this was the case in 1897, and since then he had, 
in conjunction with Mr. McCourt, put the system 
into practical operation. The methods they 
had developed were based upon a number of con- 
siderations which might be specified as follows: 
In the first place, all surfaces, it was found, would 
act equally well, the combustion was flameless, 
the temperatures attained were higher than in 
ordinary combustion, and there was a great 
economy of fuel. Secondly, in considering this 
process it was necessary to think in molecular 
dimensions, discharging from the mind all ordinary 
measures of time and space. Thus, when the com- 
bination was spoken of as occurring within the pores 
of the material, these pores must be understood 
as being of molecular dimensions, since a body 
might be very dense and yet quite porous in the 
sense in which he was using the word. Only 
vitreous substances, such as glass, could be 
considered as non-porous from this standpoint, 
and even glass became porous when devitrified. 
Further, the incandescent solid must not be con- 
sidered a mere idler or looker-on at the crowd of 
reacting molecules ; actually it galvanised into life 
the dormant aftinities, with the result that the stately 
minuet of ordinary flame combustion gave place 
to the wild intoxication of the Venusberg. This 
fact could no longer be disputed. At the meeting of 
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the British Association in 1910, Sir J.J. Thomson 
insisted that combustion was not a matter in which 
molecules and atoms alone were concerned, but 
that the electrons played a very important part ; 
and he then suggested that the effect of hot surfaces 
in promoting combustion might be due to the emis- 
sion of charged particles from such surfaces. These 
particles were given out at high velocities from incan- 
descent surfaces, and the effect of the latter might 
therefore be due to the formation of an electritied 
layer of gas in which chemical changes proceeded 
with extraordinary velocity. 

Leaving this theoretical aspect of the question, 
Professor Bone said he would next describe some 


face combustion which supervened. The 4 
sure required in the feeding chamber was § in. 
of water. Where a supply of air under pressure 
was not available, the apparatus might be worked 
with an injector, the gas drawing in the air neces- 

| sary for its own combustion, but to do this the gas 

| had to be supplied ata pressure of 1 lb. to 2 Ib. per 

'sq.in. The layer in which the combustion pro- 
ceeded was, the lecturer said, very thin, extending 

/not more than jin. to } in. below the surface. 

| There was no development of heat elsewhere. 

With the air and gas properly adjusted the com- 
bustion was perfect, no gas escaping unburnt. The 
temperature could, moreover, be varied by altering 


method was, he said, also applicable to completing 
the evaporation of other highty concentrated liquids. 

Another application of the method was to the 
heating of a smith’s hearth, as shown in Fig. 2, or 
to the heating of muffles and crucibles, as illustrated 
|in Figs. 3and 4. Here the interspace between the 
walls of the furnace and the muffle, or of the crucible, 
was filled with fragments of porous refractory 
material. After having heated up this by means 
| of gas, supplied alone, air was turned on, forming 
|an explosive mixture, which, however, was fed in 
|too fast for back-firing to occur. Surface combus- 
| tion then arose, there being no production of flame, 
|but the combustion was so rapid that very high 


of the more important features of the two systems | the rate of feed, and the response to this change was | temperatures were attained. 


of effecting surface combustion which had been 
developed by his colleague and himself at the 
works of Messrs. Wilson and Mathiesons, Limited, 
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of Leeds. The distinguishing feature of their method 
of heating was thatan explosive mixture of gas and 
air was burnt without flame in contact with a 
granular incandescent solid, and in this way 
a large proportion of the potential energy of the 
gas was converted into the radiant form. The 
rate of combustion was greatly accelerated, and 
the heat developed could be concentrated just where 
required. Perfect combustion was attained with a 
minimum of air, and very high temperatures could be 
reached without the use of regenerators, while the 
radiant energy liberated was, moreover, transmitted 
very rapidly to any object exposed to it. In this 
way a new system of heating had been developed, 
which was, he said, very economical of fuel, as well 
as very easy of application. 

The first heater shown by the lecturer was a 
plate of fireclay, which (see Fig. 1) formed the 
front side of a flat cast-iron chamber, to which air 
and gas were admitted under pressure. The 
plate of fireclay was porous, and easily traversed 
by the air and the gas. In starting up the heater, 
gas only was turned on in the first instance, and 
ignited on the front face of the fireclay. Air 
was uext turned on, and the flame first became 
colourless, and, as the surface heated up, finally 
disappeared from the face of the fireclay, which 
grew brighter, and glowed vividly under the sur- 
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| instantaneous, there being no temperature lag. The 
highest temperature attained was dependent, of 
course, on the conditions of working. With free 
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radiation and with coal-gas as the fuel, tempera- 
tures of from 1500 deg. Fahr. to 1600 deg. Fahr. 
were readily reached. The diaphragm would, the 
lecturer said, work with any gas; coal-gas, water- 
gas, natural gas, and Mond gas being all well 
suited to its operation. Exhaustive experiments 
had been made at Armley with one 4 sq. ft. in area, 
and had enabled them to vouch for its durability 
in prolonged use. 

It was important to note, he proceeded, that the 
incandescence was in no way dependent on the 
outer atmosphere. Once started, a diaphragm 
would work as well in an atmosphere of carbon 
dioxide as in air. 

The fact that the diaphragm could be operated 
in any position made it possible, Professor Bone 
said, to evaporate liquids by a supply of heat from 
above. Thus a solution of sodium silicate could be 
readily evaporated by one of these diaphragms, a 
feat very difficult to accomplish with flame-contact 
heating. With a top heat supplied by the diaphragm 
the sodium silicate which separated collected on the 








top of the solution and could be skimmed off. The 


~ Pressure 17-3 WG. 


| In another method of applying the same prin- 
ciple the refractory material was placed in tubes 
immersed in the material to be heated. This 
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method was applicable to water-heating, steam- 
raising, and to the melting of metals having a 
fusing-point below 700 deg. Cent.; but for the 
highest temperatures the plan first described was 
adopted. With this the upper limit of temperature 
attainable was, in the case of rich fuels such as 
coal-gas, fixed by the nature of the refractory 
material available. A No. 39 Seger cone had, for 
example, been melted in a crucible furnace of this 
kind, the temperature being 1880 deg. Cent. 
Platinum was easily melted, and an alundum 
crucible consisting almost wholly of pure alumina 
had been melted down. At one stage of their 
experiments they had, indeed, had difficulty in 
obtaining material which would withstand the 
temperatures attained, but this had been over- 
come, and they now could run muffles steadily at 
a temperature of 1500 deg. Cent. 

The bed used must, of course, not be such that 
it would flux either the crucible or the furnace 
walls. With coal gas as the fuel, they now used 
magnesia for the packing, or else a neutral refrac- 
tory material specially prepared to meet their 
requirements. 

In starting up one of these furnaces, the gas 
was first turned and lighted, and then the air 
supply admitted. This caused the flame to strike 
back, heating the refractory packing to incan- 
descence. When this condition was reached, the 
flame disappeared entirely, being replaced by 
surface combustion. The maximum temperature 
attained depended on the conditions of working. 
With coal-gas, water-gas, or natural gas a tem- 
perature of 2000 deg. Cent. could be reached with- 
out the use of regenerators, and with Mond gas in 
the same conditions a temperature of 1500 deg. 
Cent. was attained. By providing for a little 
recuperation of the waste heat in warming up the 
air, this limit could, however, be exceeded. 

With a small muffle furnace heating a muffle 
measuring 9} in. by 5} in. by 3} in., the results re- 
corded in the Table on the next page were obtained. 
The most noteworthy point, Professor Bone said, 





was the eye: low temperature of the escaping 
products of combustion. This was in every case 
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Results of Test on a Muffle Furnace. 
Dimensions of Muffle, 94 x 5} x 3}. 


| Gas Consumption to 
Maintain Temperature 
Constant. 


Temperature of 


Temperature in 
Products. 


Middle of Muffle. 


deg. C. deg. F. 
44 


cub. ft./hr. at 15 deg. C.| deg. C. deg. F. 
$15 1a 21.0 540 «1004 


1004 1840 35.3 645 1195 
1216 2201 58.0 870 1598 
1424 2596 79.@ 1085 1985 


Mean net cal. value of gas = 540 B.Th.U. per cubic foot at 
15 deg. Cent. 


considerably lower than that of the muftle. Thus 
with a temperature of 1424 deg. at the middle of the 
muflle, the temperature of the products of combus- 
tion was some 300 deg. Cent. less. There was no 
appearance of flame at the vent even with the 
highest temperatures. In some comparative experi- 
ments with a good specimen of the ordinary type 
of muffle furnace, the maintenance of a tempera- 


air-supply was very little in excess of the theo- 
retical requirements, but the combustion was abso- 
lutely completed within a distance of about 6 in. 
from the point of entry. The remainder of the 
packing then served to baffle the flow. Though the 
temperature of the material in the zone of combus- 
tion was very high, the boiler tubes there never 
attained a red heat. The supply of gas to the tubes 





| was at the rate of 100 cub. ft. of coal-gas per hour, 
|or an equivalent amount of a power-gas. A ten- 
tube boiler therefore took 1000 cub. ft. of gas per 
hour and 5000 to 6000 cub. ft. of air. The tempe- 
rature of the escaping gases was never more than 
some 70 deg. Cent. above the temperature of the 
| water in the boiler, and this was further reduced 
by passing them through a feed-heater consisting 
of water-tubes immersed in a bed of refractory 
‘material. From this the products of combustion 
‘escaped at a temperature of less than 100 deg. 
| Cent. 

On a test of this boiler the air and gas pressure was, 


he stated, 17.3 in. water-gauge, the drop of pressure | 














ture of 1057 deg. Cent. required the consumption 
of 105 cub. ft. per hour of the same gas. ith 
surface combustion a consumption of 43 cub. ft. per 
hour would have sufticed. In a series of competitive 
trials made in the United States with American gas- 
fired furnaces, the flameless combustion system re- 
quired only half the gas to maintain a given tempera- 
ture. Averyimportant application of the principle to 
a large muffle furnace was, he said, illustrated in 
Fig. 5. The mutftle in question measured 8 ft. by 3 ft. 
by 3 ft. internal dimensions. The gas and air were fed 
in at the front to a bed of granular material. On 
escaping from the top of the furnace the products 
of combustion were led down through a second bed 
of refractory fragments, embedded in which was 
the pipe furnishing the supply of air, which was 
thus preheated to a temperature of 300 deg. to 
500 deg. Cent. This resulted in a saving of 20 to 
25 per cent. of the already low gas consumption. 
Thus, if a surface-combustion furnace without this 
regenerator required 50 cub. ft. of gas per hour, 
with the regenerator in use 37 cub. ft. to 40 cub. ft. 


of gas would suffics. Further, this regenerator 
made it possible to reach temperatures with 
‘**poor”’ gas which were otherwise only attainable 


with gas of high calorific value. 

An important adaptation of the system, he con- 
tinued, was to boiler firing. Gas-fired boilers had 
hitherto been far from satisfactory. The efficiency of 
a good water-tube boiler thus fired did not, he was 
informed, exceed 55 per cent. or so, and in some 
experimente made with Lancashire boilers, similarly 
operated, the thermal efticiency did not exceed 
30 per cent., although economisers were fitted. 
A small experimental boiler, arranged to work 
with surface combustion, was illustrated in Fig. 6. 
This was a cylindrical boiler, 3 ft. in diameter by 
3 ft. long, traversed by 10 horizontal tubes, 3 in. 
in diameter. These tubes were fitted at the inlet 
ends with a plug of fireclay as indicated, this plug 
having a }-in. hole through its centre, through which 
the explosive mixture was forced ata speed which pro- 
hibited the possibility of back-firing. The remainder 
of the tubes was packed with refractory material, on 
which the surface combustion was effected. The 























by 110 tubes 3 in. in diameter, packed, as 
already explained, with fragments of firebrick. 
The draught reyuired is supplied by a suction fan, 
behind the feed-heater, giving a 20-in. water- 
gauge. On test the mean evaporation was 2) |b, 
per sq. ft., but of this 70 per cent. was effected 
in the first part of the length of the tubes, and 292 
per cent. over the next third. This steep tempera- 
ture gradient along the tubes promoted circulation, 
| Experience, Professor Bone stated, had further 
|shown that scale would not adhere to the tubes, 
| Once the thickness became about ,\, in., it scaled 
off, falling to the bottom of the boiler. 

Another application of the system was to the 
melting of readily fusible metals. One of the London 
newspapers required to keep 20 tons of type metal 
molien for 16 hours out of the 24. Coal-firing was 
inconvenient for this purpose, and gas-firing had 
hitherto been costly. The apparatus they proposed 
to use is illustrated in Fig. 9. It consists of an 
iron tank lagged outside with asbestos, whilst inside 
is a3-in. tube stopped at the bottom with a fire- 
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Gas Consumption 
~ 100 Cub.F*per Hr. 
at NTP 
Cal. Val. of Gas 


- 559 B.Th U* per 
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Lead at 15. 
Heated to INC. 
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being about 15 in. in the boiler and 2 in. in the 
feed-heater. The steam pressure was 100 lb. per 
Sq. in., corresponding to a temperature of 168 deg. 
Cent. The products of combustion left the boiler 
at a temperature of 230 deg. Cent., and the feed- 
heater at a temperature of 95 deg. Cent. The 
total gas supply was 996 cub. ft. per hour, the 
calorific value being 562 B.Th.U. per cub. ft., so that 
559,800 B.Th.U. were supplied per hour. The actual 
evaporation was 450.3 lb. per hour, equivalent to 
550 lb. evaporated from and at 212 deg. Fahr. 
The heat transferred to the water was thus 527,800 
B.Th.U., so that the efficiency was 0.943. The 
carbon-dioxide in the escaping gases was 10.6, as 
against a theoretical value of 11, and the free 
oxygen was only 1.6 per cent. The rate of evapo- 
ration was 21.6 lb. per sq. ft., or double that of a 
locomotive. 

Since last November a 110-tube boiler had, the 
lecturer said, been at work with coke-oven gas 
at the Skinningrove Iron Works, Cleveland The 
boiler was built to the designs of Mr. Michael 
Longridge, by Messrs. iieéemn, Westgarth 
and Co., Limited. This boiler is illustrated in 


Figs. 7 and 8. The drum is 10 ft. in diameter and 





It is traversed 


4 ft. long from back to front. 
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clay plug, on which rests the column of refractory 
material A }-in. hole in the plug admits the 
supply of gas and air, which is fed in through the 
down tube on the right. Ina test of the apparatus 
lead was melted at the rate of 1176 lb. per hour, the 
gas consumption being 100 cub. ft. The efficiency 
worked out at 0.686 per cent. The gas left at only 
130 deg. above the temperature of the lead, and if it 
were assumed that the temperature of the latter 
was a limit to that of the escaping gases, the efli- 
ciency was really greater than was represented by 
0.686 per cent., being actually about 80 per cent. 
of what was theoretically possible. 





THE ROYAL SOCIETY SOIREE. 

THE first soirée of the Royal Society for the year 
was held on Wednesday, May 8, at Burlington House, 
the President of the Society, Sir Archibald Geikie, 
K.C.B., receiving the guests. In view of the great 
preparations which are being made for the celebra- 
tion of the 250th anniversary of the Royal Society 
in July, a particularly large display of scientific 
novelties was, perhaps, hardly to be expected. Yet 
matters of interest were by no means lacking. 
Though it is not possible to adopt a systematic 
classification with miscellaneous apparatus and 
exhibits, we will attempt to observe some order in 
our notices. We will Seat with matters in which 
the engineer takes a direct interest. : 

In Room I. there was an exhibit by Dr. H. 5. 
Hele-Shaw and Mr. F. Leigh Martineau. This 
was concerned primarily with a form of radial 
variable-stroke pump, which has been put to various 
uses, and which was described fully in a paper read 
by the exhibitors before the Institution of Naval 
Architects in April, 1911.* The pump consists of a 
number of pistons arranged radially round a centre, 
and working in cylinders carried by a floating mng. 








* See ENGINEERING, vol. xci., page 516, April 21, 1911. 





May 10, 1912.] 


ENGINEERING. 


635 __ 





If the centre of the floating ring coincides with 
that to which the pistons are attached, there is no 
pumping action. If the centres are relatively dis- 
placed in one direction there is a movement of the 
pistons in the cylinders, resulting in a pumping of 
the fluid. If the displacement is in the opposite 
direction, the direction of pumping is reversed. The 
exhibit consisted of various pieces of apparatus. A 
small model, in section, illustrated the relative move- 
ments of the piston and cylinders on thedisplacement 
of the floating ring. Another model was used to 
show the principle of the floating ring itself. A third 
showed the application of the pump to steering- 
gear mechanism in the form in which it is being 
applied to ships, while another set comprised an 
electric motor, pump, and rotary motor, and was 
employed to show the ease of control attained by 
the variable-stroke pump system in the transmis- 
sion of power either at high speeds with small 
effort, or at low speeds and large torque, without 
any great variation in the motive power employed. 
This set of apparatus was fitted with a winding- 
drum, from which a rope passed over a pulley, and 
was attached to a cradle in which weights were 
placed. It was shown how by the relative dis- 
placements of the pump floating-ring and pistons 
fast or slow hoisting or lowering could be easily 
effected. The special rotary motor employed was 
constructed on a principle also embodying radial 
pistons and cylinders similar to the pump. 

Another exhibit in this room consisted of a 
variety of applications of electrically-driven and 
hand-spun gyrostats. These were shown by Dr. 
J. G. Gray and Mr. G. Burnside. The larger 
examples consisted of motors of the Gramme ring 
type suspended from frames or otherwise fitted up 
for demonstration purposes. In one piece of appa- 
ratus an electrically-operated gyrostat was sus- 
pended by two chains to a frame consisting of two 
stretched wires, the level of which could be altered. 
If, after reaching the proper speed, the frame were 
tilted, the box containing the gyrostat walked arm 
over arm along the wires. A somewhat similar 
effect was obtained with a hand-spun gyrostat in 
a box fitted with legs. In this case, when the 
gyrostat was running, if the box were tilted, 
the legs were raised and moved forward alternately. 
A smaller model of some interest consisted of a 
gyrostat mounted on the saddle of a bicycle, and 
fitted with a yoke or cross-bar connected with the 
handle-bars. This model showed the machine to 
be under automatic control when moving forward 
with the gyrostat at work. If the bicycle tended 
to fall over to one side or the other, the gyrostatic 
control of the handle-bars enabled the necessary 
correction to be made, the model being thus self- 
righting. Another model was intended to illustrate 
tosome extent the gyroscopic effect of the propeller 
and rotary engines of an aeroplane. In this a model 
aeroplane was fitted with a gyrostat in the position 
usually occupied by the propeller and engine. 
When suspended and the gyrostat at work, if the 
aeroplane were acted upon by a force tending to 
turn it to one side, it was demonstrated that the 
gyroscopic effect forced the aeroplane down by the 
front in one case, or up into the air if the force 
were in the other direction. It is suggested that 
this may be a contributory cause in many of the 
accidents which have occurred in aviation. 

A group of Lag wy also in the same room was 
exhibited by Mr. John Dewrance. This apparatus 
was illustrative of an adhesion pump in which a 
viscous fluid worked its way round a spiral groove 
in a revolving plug. The plug was tapered and 
had a shallow spiral groove cut in it from end to 
end. It revolved in a plain tapered body. The 
tlud adhered to both the revolving and fixed sur- 
faces and progressed a distance equivalent to half 
the relative movement of the surfaces of the plug 
and body. A pump was shown worked by a small 
electric motor. In this case the plug at one end 
was cut with a right-handed am groove, and at 
the other with a left-handed one, the two meeting 
in the centre in a common groove opposite the 
delivery port. Very considerable pressures are 
reached with a pump of this kind, that shown on 
Wednesday evening being capable of delivering oil 
against 1000 lb. pressure. We understand that 
the little apparatus exhibited was capable of de- 
livering about twen!y-four drops per minute against 
600 lb. pressure. The pressure at the pot of 
delivery was well maintained after stopping the 
pump. The power absorbed is said to be small, as 
there is always a film of oil between the plug and 
the body, and they are not in direct metallic con- 





tact. Mr. Dewrance illustrated the principle of 
his pump by means of two pieces of glass kept apart 
by the thickness of a piece of paper. 
coloured oil were placed between the two plates, and 
one plate were moved over the other, the drop of 
oil was seen to move half the amount of the relative 
movement of the plates. 

The gyroscope of Professor A. E. H. Love, of 
Oxford, was described by us in connection with a 
paper* which he brought before the British Associa- 
tion in 1910. The gyroscope is designed to illustrate 
the kind of motion which corresponds to the varia- 
tion in latitude on our earth due to the very slight 
turning of the earth about its centre of gravity, 
which makes the axis describe a very small irregular 
spiral not more than 60 ft. in diameter, probably. 

wo equal bicycle wheels are fixed to a shaft, which 
projects beyond one wheel to carry a wooden 
pulley, by the aid of which the axis is set spinning. 

he other wheel bears a card divided into coloured 
squares (red, blue, yellow) ; the whole is supported 
so as to turn freely about its centre of gravity. 
When the axis of maximum moment of inertia is 
displaced from coinciding with the axis of the 
shaft by screwing two small bolts into the rims of 
the wheels at opposite ends of parallel diameters, 
the instantaneous axis is varied, the position of the 
axis at any given moment being shown by the 
coloured square on the screen with which the axis 
at the time coincides. 

Mr. G. Burnside, of Glasgow University, showed 
by his exhibits that copper and platinum wires may 
be sealed into glass bulbs and tubes without any 
risk of cracking, provided a proper method of cooling 
be adopted. He fuses his wires into glass in the 
usual way by the aid of a blow-pipe, and first allows 
the joint to cool down to dull red in the air ; then 
he immerses it several times in an oil bath—the 
oil which is particularly recommended being sperm 
oil—each time for two or three minutes until the 
glass has attained the temperature of the bath. A 
“— wire, 0.5 mm. in diameter, thus sealed into 
a bulb, had been heated up to 100 deg. Cent. for 
six hours and the bulb then evacuated ; the joint 
afterwards stood heating by 16 amperes for 30 
minutes. A platinum wire sealed into the Jena 
glass bulb of a mercury lamp had kept its vacuum 
unimpaired for six months. 

Some of Sir Robert Hadfield’s ancient specimens 
of Sinhalese iron and steel, a nail and a chisel, from 
Sigiriya, dated from the fifth century ; others, the 
native billhook or ketta from the Kandy district, 
from the medizeval ages, in which iron was probably 
smelted very much as illustrated in the photographs 
of actual iron-makers. Sir Robert further exhibited 
again some of the specimens which he brought to 
the discussion on magnetism at the Faraday Society 
a fortnight ago. It is not a little remarkable that 
a strongly magnetic alloy of iron with 5 per cent. 
of manganese should be as brittle as sand-stone, 
while the 14 per cent. alloy is quite tough. His 
manganese-steel bars, magnetic at one end and not 
at the other, were also very interesting. The pair 
of compasses, belonging to Sir Christopher Wren, 
which Sir John Wolfe Barry exhibited also have 
historical interest ; they bear Wren’s name, and 
the date—February, 1697—and consist of 15-in. 
brass compasses with a graduated arc of chords and 
a graduated arc scale of ? in. to 1 ft. 

Mr. S. Cowper-Coles showed specimens of fused 
and electro-deposited metals, the work of some 
twelve years of investigation, for the purpose of 
demonstrating that the true value of a metal as to 
tensile strength, electric conductivity, &c., is not 
dependent upon mechanical treatment and heat, 
because the wet, cold processes may yield higher 
values with less expenditure of energy. 

Sir William Crookes, O.M., showed crystallised 

latinum obtained in the following way. A porce- 
fain tube is wound with very thin platinum ribbon 
and heated for many hours by the electric current ; 
the tube is surrounded by a fireclay tube, about 
4 in. off the former, and triangular crystals of 
platinum are depusited on the fireclay, and can be 
examined after breaking this tube. A thermo- 
couple in the furnace does not indicate more than 
1400 deg. Cent., but we need not accept that as 
definite evidence that the temperature may not 
have risen much higher. Iridium similarly treated 
evaporates (and oxidises) also, and the crystalline 
structure can be seen in the residue as a beautiful 
moirée surface; the metal is not sublimated. Iridium 
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furnaces directly heated by alternating currents, our 
readers will remember, were introduced by Nernst 
ten years ago, but proved too expensive on account of 
this loss by evaporation and oxidation. Sir William 
further showed a little rod of boron, like a piece of 
brown stout wire, about 1 cm. in length, in circuit 
with a glow-lamp. In the cold this boron has a 
resistance of something like a million ohms; gentle 
heating with a — lamp sufficed to reduce 
the resistance visibly, but not enough to keep the 
current flowing ; when the boron was really warm, 
however, the lamp flashed up. The boron had been 
prepared by Dr. Weintraub, of the General Electric 
Company, West Lynn, Mass., by decomposing a 
volatile boron compound in the arc, and depositing 
the boron on water-cooled copper electrodes ; the 
material can be fused in a quartz-mercury arc, and 
forms a very hard crystalline substance, which 
scratches corundum. 

Messrs. Car] Zeiss, Limited, of 13 and 14, Great 
Castle-street, Oxford-circus, exhibited their im- 

roved apparatus for demonstrating with polarised 

ight the beautiful phenomena of liquid crystals. 
The beam of an arc-lamp for 5 amperes (formerly 
30) passes through a tube and a water-trough to a 
mirror, which sends the light upwards through the 

lariser and condenser to the slide, which rests on 
our steel pins, the centre of the table being open. 
The beam then proceeds through the objective, a 
mica film, and the analyser to a mirror, which 
throws the image on the screen. The slide itself 
is directly heated by a small gas-jet, fed from 
a gas-holder for compressed air and gas; this 
jet is carried by an arm which swings over 
a graduated arc, so that the gas feed can regu- 
lated and a temperature of 800 deg. Cent. be 
obtained. There are also terminals for passing 
an electric current across the stage. The phe- 
nomena of liquid crystals were shown with 
cholosteryl acetate and various anisols and phene- 
tols. The levelling instrument with the bisected 
reflected bubble of the firm has been noticed 
before in our columns. An optical device divides the 
bubble longitudinally into two halves, which, with 
any deviation from the horizontal, travel in opposite 
directions until theyare brought to coincidence again 
bysettingthe bubble. The instrument, with its rever- 
sible telescope, which can be turned about the optical 
axis together with the bubble, and inclination and 
tangent screws of remarkable sensitiveness, has 
been found most useful in surveying, and deserves 
further notice on another occasion. The gas 
and water interferometer of Messrs. Zeiss is a 
novelty, intended for analysing gas mixtures by 
means of their refractive indices. Such gases are 
air, commercial hydrogen (usually contaminated 
with oxygen), CO,, CO, CH,, &c., and these yases 
can be estimated within 0.01 or 0.02 per cent.; the 

rtable instrument is thus of value for miners. 
pee of a cylinder about 18 in. high, on the 
top of which are mounted a small telescope and a 
glow-lamp ; the latter is fed from a battery also 
carried by the experimenter. Looking down the 
telescope the observer sees two diffraction spectra 
parallel to one another; the one ray producing a 
slit-spectrum passes through air, the other ray 
passes though a tube, about 10 cm. in height, filled 
with the gas mixture in question ; the latter slit 
is moved until the lines of the two spectra are in 
coincidence, and the gas percentage is then read off. 
The simplicity of the manipulation of the apparatus 
is very striking. 

Professor E. G. Coker’s polariscope for examining 
engineering models when under stress, which we 
described on January 6, 1911, page 1, has now 
been modified so as to be large enough for examin- 
ing girders of 40 in. length, 10 in. deep, in glass 
apparatus, without the aid of Nicols, but with the 
aid of the quarter wave plates (for circular polarisa- 
tion) of Professor 8. P. Thompson, which now 
come in very useful in their large (so far not 
utilised) sizes of 40 in. by 10 in.; the analyser con- 
sists merely of a set of glass sheets. 

The colour photography of Messrs. J. and E. 
Rheinberg by the micro-spectra method, or by 
prismatic dispersion, is exceedingly interesting, 
though it only shows a photograph (an ordinary 
negative in black and white) in its natural colours 
and only in the special camera, but cannot be 
utilised for reproduction. The camera, made 
by Mr. A. B. Allen, 20, Endell-street, W.C., is 
rather long. It contains the object (the negative 
to be examined), the first objective, a line screen, 
the second objective, a prism and the focus screen. 
The chief feature is the black-line screen, which is 
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made by Levi, in Philadelphia ; on the screen black 
and white lines alternate in grating fashion, the 
black lines being three times as wide as the white 
spaces between them ; there are 372 lines to the 
inch. A beam of white light is by this grating 
spread into a complete spectrum, the spectra being 
png eg on the focussing screen; if coloured 
ight falls upon the line screen, only those spec- 
trum colours of which the plate (the negative) line 
consists appear on the screen. In taking the 
vhotograph, the image of the object is projected 
by means of any ordinary lens on to the line 
screen, the image of which is again projected by 
the second lens, with a prism in front of it, on 
to the photographic aren which at that moment 
is in the position of the focussing screen. The 
lenses used are Zeiss microplanars. In the demon- 
stration, ordinary negatives of butterflies, land- 
scapes, &c., or slides made therefrom, were used 
as objects, and they appeared then, in the light 
of the lamp beyond the focussing screen, in their 
own natural colours. 

The apparatus of Mr. C. T. R. Wilson, F.RS., 
of Cambridge, for rendering visible the tracks of 
ionising particles by vapours condensed upon them, 
was described by Sir J. J. Thomson in his lectures 
on molecular physics, and noticed by us then. 

Mr. H. S. Ryland’s apparatus for measuring 
the distance between the centres of rotation of 
the two eyes consists essentially of three vertical 
pins on a frame; the observer has to set four 
pins in line with them, two with his left eye, 
and two with his right eye ; two triangles are thus 
formed having their apices at the centre of rotation 
of the two eyes. 

The appliances by which Mr. C. C. Paterson and 
Mr. B. P. Dudding, of the National Physical 
Laboratory, have been measuring the visibility of 
point sources of light, and of ship lights in, parti- 
cular, have been mentioned by us. The portable 
apparatus may roughly be described as a long 
narrow box, 2 metres in length, for binocular vision. 
The standard source is an illuminated pin-hole, 
the intensity of which can be varied at will by 
calibrated absorption wedges; the image of the 
distant source is seen in the same field below the 
other, and is adjusted to be equally visible. The 
standard will be on a black background, the source 
to be compared on the sky, and the background of 
the standard can be varied so as to become equal 
to that of the source in question. The visibility of 
the standard is expressed in terms of a point source 
of one-millionth of a candle at 1 metre distance, 
and a point of light reasonably visible on a clear, 
dark night is equivalent to about one-tenth of this 
unit. 

Mr. C. G. Eden’s apparatus for studying fluid 
motion in air and water are also known to our readers 
from our notices of the work of the National Physical 
Laboratory (page 393 ante). They made a very 
attractive exhibit. In the water-trough the water 
flows past obstacles (plates, model balloons, aero- 
plane struts, &c.); a thin film of coloured liquid 
introduced through a fine tube flows with the water, 
or the plates are smeared with condensed milk, &c., 
or a mixture of anilin (lighter than water) and 
toluene (heavier), such that the mixture is of the 
density of water, is injected to mark the stream- 
lines. In this latter case of the oil mixture the 
injection is effected by an atomiser, so that the little 
globules of oil give bright specks in the light of an 
arc lamp ; when a photograph is taken, the paths of 
the globules are seen as more or less curved lines, 
and the length of a line (which depends upon the 
exposure, of course) is a relative measure of its 
velocity. These photographs are very instructive. 
When the flow of the water is very slow, no eddies 
are seen beyond a plane plate normal to the direction 
of flow; the central core of the fluid is quiet, and 
it is enveloped by portions showing spiral motions 
like scrolls of paper ; when the velocity is increased, 
the spirals separate into inlependent loops. 
photographs taken by Mr 





tance of his instrument, the various harmonics of 
1600, 3200, &c., periods per second could be 
utilised, the observers listening to telephones. 

The Einthoven string galvanometer, of the Cam- 
bridge Scientific Instrument Company, was this 
time arranged not to render the beats of the heart 
visible, but for recording the heart sounds, and 
several electro-cardiograms were exhibited together 
with the apparatus. In using the instrument the 
stethoscope is connected by a flexible rubber tube 
to a microphone, which is supported by a heavy 
metal ring suspended by three spiral springs from 
the ceiling. The microphone, together with a 
4-volt battery, is in circuit with the primary (of low 
resistance) of an induction coil, and the string of the 
galvanometer is in the secondary of high resistance. 
With the noises in the room the string was seen in 
constant jerky movement. The camera in which the 
deflections of the string are photographed deserves 
mention. The camera is divided into an upper and 
a lower compartment; the film is continuous. When 
the exposure has been made in the upper compart- 
ment, the film drum is turned so thatthe exposed por- 
tion passes down into the lower box ; two horizontal 
shutters, the one mounted above the other, are then 
pushed home soas to grip the film in both compart- 
ments, and the film is then cut by a knife which 
moves in the space between the two shutters. The 
lower box can afterwards be taken into the dark 
room and developed. 

The apparatus of Mr. J. Goold for the deter- 
mination of absolute pitch by harmonic measure- 
ments is based upon the idea that, measuring from 
a note with a pitch x, a note with pitch «n/(n +1) 
is produced, and the small interval between these 
two notes is determined by counting the beats B, 
when « = B(n+1). The harmonics are generated 
on discs of paper stretched over ring frames and 
held over the vibrating steel bar emitting the 
sound ; the beats are produced in small steel bars 
of nearly similar pitch. 

Astronomy was well represented, although there 
was nothing from the solar eclipse of April 17, at 
which astronomers were not more successful than 
they had expected considering the very short time 
available. Pasienee H. F. Newall showed the 
photographs of the Nova Geminorum (2) (dis- 
covered by the Norwegian astronomer Enebo on 
March 12), taken at Cambridge by Mr. Stratton on 
thirty-six nights, between March 15 and April 29, 
with a two-prism spectrograph attached to the 25-in. 
equatorial. The light of the new star has fluctuated 
and faded, and the spectra also show peculiar fluctua- 
tions. To bring out these fluctuations Mr. Stratton 
blocks out the two iron spectra, between which the 
star spectrumappears, and projects the star spectrum 
on a screen, so that it falls through a slit in the 
screen on a film which is rocked to and fro; these 
rocked spectra show some lines widened out very 
prominently, but the identification may be very 
difficult. 

Drawings of the spectrum of the new star were 
also exhibited by the Royal Observatory of Green- 
wich, together with some very fine photographs of 
the comets 1911c (Brooks) and 1911 f (Quenisset). 

Very remarkable and beautiful were also the 
soe pe of Saturn, taken by Dr. Percival 

owell and Mr. E. C. Slipher last year at the 
Lowell Observatory in Arizona; they were two 
positives and enlarged copies. The original photo- 
graphs of Mars, also shown, are about 5 mm. in 
diameter, and the canal system exhibited had been 
drawn from a close examination of the unenlarged 
photographs. From an examination of the spectro- 
grams of Uranus, taken last September by Dr. V. 
M. Slipher (one with the camera to the west, one 
with the camera to the east of the telescope, so 
as to reverse the direction of the tilt), the rotation 
period of Uranus has been estimated at 10 hours 
45 minutes, retrograde, as was to be expected; the 
slit was parallel to the satellite’s orbital plane. Dr. 


The | Lowell had also secured photographs of Halley’s 
den forcibly bring | comet when last seen in June, 1911, and of Brook’s 


out the similarity of the phenomena in water and | comet ; the tail of the latter seems to have consisted 


air. 

Mr. A. Campbell gave a very convincing demon- 
stration of the efficiency of his wave-form sifter for 
alternating currents, which we also noticed in our 
last review of the work of the National Physical 
Laboratory (page 411 ante). His wave-source was 
an electric trumpet, which had been placed in a 

dded enclosure to keep off the direct sound. The 
undamental note of this instrument—800 pe 


per second—was totally suppressed, and by further 
varying the capacity and adjustable mutual induc- 
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entirely of carbon monoxide, while cyanogen and 
hydro-carbons were prominent in the head of the 


A. L. Cortie, S.J., exhibited the 
transparencies of eclipse a of April, 
1911, obtained by the British Government expedi- 
tion and the Australian Government expedition 
last year at Vavau, Tonga Islands. 

Mainly of geological interest were the exhibits 
of the Geological Survey of Great Britain, speci- 
mens of palwozoic rocks obtained in deep borings 


| comet. 
| The Rev. 





under London and the Eastern Counties, and the 
colour-printed 1-in. maps of the Geological Survey, 
marking glacial deposits on the ‘‘ drift editions,” 
but not on the ‘‘ solid editions.” 

Biology was more strongly represented. Dr. 
C. J. Patten had a rather melancholy collection of 
birds which had perished at the Tuskar Rock 
Lighthouse, County Wexford, while he had stayed 
there for eight weeks; there were among them 
wrens, pipets, and finches, birds which are hardly 
supposed to migrate. On behalf of the Marine 
Biological Association of the United Kingdom at 
Plymouth, Dr. Allen and Mr. J. H. Orton showed 
the feeding and respiration of molluscs in a very 
instructive way; the American slipper limpet 
which has spread on the oyster-beds of West 
Mersey (Essex), and threatens to starve the oysters, 
because the limpet has the same fancies and habits, 
attracted considerable attention. Dr. H. B. Fant- 
ham and Dr. Annie Porter showed the nosema apis, 
a parasite which, they discovered, causes the Isle 
of Wight disease in bees and resembles the orga- 
nism which ruins silkworms. Mr. F. Enock illus- 
trated the life history of ovivorous parasites. Mr. 
J. H. Mummery explained the distribution of the 
nerves in the dental pulp of man; Professor (G, 
Elliot Smith exhibited the desiccated brain of an 
aboriginal ge ge the last of its kind 
in existence. Mr. H. R. A. Mallock showed 
photographs of what may hardly be considered a 
unique case, a branching date palm tree ; yet there 
is only one doubtful case of such a date palm on 
record. Mr. Mallock also demonstrated in a very 
simple way that the fascinating iridescent colouring 
of butterflies is in most cases merely due to the 
structure of the scales, but not to any colouring 
matter. Professor E. B. Poulton exhibited further 
examples of butterfly mimicry and mutation, and 
Professor W. A. Herdman and Dr. W. J. Dakin 
a of marine plankton from the Irish Sea ; their 
collection of specimens and apparatus was very 
instructive for all interested in fisheries. 

Three discourses were delivered during the course 
of the evening. The first, by Mr.C. V. Boys, F.R.S., 
proved the irresistible charm of ‘‘ Soap Bubbles.” 
Mr. Boys can make them 31 in. in diameter with 
the aid of a kind of a glass trumpet and warm 
air. When such bubbles were used as mirrors and 
photographs taken of landscapes and of London 
streets, very beautiful effects, though curiously 
distorted, of course, were obtained. The possible 
size of the bubbles depended upon the surface 
tension, and the surface tension of soap films might 
be varied within 20 per cent., he explained. He 
also demonstrated how it was that a bubble could 
be squeezed and bounced, and he showed appa- 
ratus by means of which the final breaking of a 
soap film could be watched ; the process was very 
slow with mixtures of saponin and glycerine. When 
a bubble was exposed to the vapours of ammonia, 
it tried to escape, because its surface tension was 
altered, and would almost wriggle out of the wire 
ring to which it was attached. Very curious were the 
egg-shell experiments. A soap-film stretched over 
a ring would hold a piece of a sparrow egg-shell, 
which would settle on it, so that the less curved 
portion rested against the ring; when the whole 
ring was turned, the shell would rise and slide 
back to keep its position, and roll over finally when 
the rotation was too rapid. With a very light egg- 
shell similar experiments could be made with the 
ring held horizontally. 

The second lecture, by Professor the Hon. R. J. 
Strutt, F.R.S., ‘‘ Further Studies on Active Nitro- 
gen,” may be described as a continuation of the 
researches upon which Mr. Strutt discoursed before 
the Physical Society last December.* The new 
experiments comprised some with glass bulbs, placed 
within a coil so as to excite a glow in the nitrogen 
they contained by the discharge passing through 
the coil. The one of two bulbs which had received 
the same treatment was immersed in liquid air ; the 
glow was much more rapidly extinguished in this 
cold bulb than in the other, not cooled, which 
served as comparison standard. Further to exem- 
plify this influence of cooling, the lecturer took 
a bulb with a tail, and immersed only the tail 
into liquid air ; the glow remained much brighter 
in the bulb than in the tail. The reversion of the 
active nitrogen to ordinary nitrogen was thus 
accelerated by cooling. The sweeping out of the 
dark space from a long and wide discharge-tube 
by introducing a cushion of fresh gas, as we de- 








* See ENGINEERING, vol, xcii., page 837, 
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scribed last year, made a very striking experiment. 
Dr. J. S. Haldane, F.R.S., gave the last dis- 
course, on **Mountain Sickness and Acclimatisa- 
tion to High Altitudes,” which was based upon 
observations made at Pike’s Peak in 1911. 








THE IRON AND STEEL INSTITUTE. 

Tue forty-third annual general meeting of the 
Iron and Steel Institute commenced yesterday, 
May 9, and is continued to-day. The meeting 
opened at half-past ten yesterday morning, His 
Grace the Duke of Devonshire, the retiring Presi- 
dent, occupying the chair. 


REPORT OF THE COUNCIL. 


The report of the Council for the past year was 
read by the Secretary, Mr. G. C. Lloyd, and com- 
menced by stating that His Majesty the King, who 
for many years had, as Prince of Wales, honoured 
the Institute with his support in the capacity of 
honorary member, and on his accession to the 
Throne became patron of the Institute, had been 
graciously pleased to receive, and to express thanks 
for, an illuminated address of congratulation on the 
occasion of their Majesties’ Coronation. The roll 
of the Institute, it was stated, numbered 2133 
names on December 31 last, being 485 in excess of 
the number on December 31, 1901. 

The report next dealt with the honorary dis- 
tinctions conferred on different members of the 
Institute during the past twelve months. Amongst 
them we note that Sir William T. Lewis, Bart., 
K.C.V.O., Vice-President, was created a Peer of 
the United Kingdom, and had assumed the title 
of Lord Merthyr of Senghenydd; Mr. A. B. 
Markham, M.P., was created a Baronet; the 
Grand Cross of the Victorian Order had been 
bestowed upon His Excellency Admiral Arvid 
Lindman ; Professor J. A. Ewing, F.R.S., and 
Mr. H. F. Donaldson, C.B., had been created 
Knights Commanders of the Bath; and the 
honour of Knighthood had been conferred upon 
Colonel C. J. Stoddart. We note also that the 
honorary degree of Doctor of Metallurgy had 
been bestowed by the University of Sheffield upon 
Sir Robert Hadfield, F.R.S., Past-President ; and 
that of Master of Metallurgy on Mr. B. W. Winder. 
Sir Robert Hadfield had also been elected a Foreign 
Member of the Royal Swedish Academy of Science, 
Stockholm ; he had also been appointed, together 
with Sir Hugh Bell, Bart., Mr. G. Ainsworth, Mr. 
G. H. Claughton, Mr. F. W. Gibbins, and Mr. 
Alexander Siemens, a representative of employers 
on the new Industrial Council of the Board of Trade; 
Colonel Leandio Cubillo, of Trubia, Spain, had been 
Ca to the rank of General ; and Professor A. 

fcWilliam, A.R.S.M., D.Met., had been appointed 
Analytical Inspector of Steel in India. The report 
then gave the death-roll of the Institute, which 
included the names of Lord Airedale, Past-Presi- 
dent, and Baron Fernand d’Huart, Honorary Vice- 
President. 

Dealing with the financial accounts for the year 
1911, the report stated that the income amounted 
to 6398/., and the expenditure to 66251., the excess 
of expenditure over income being due to liabilities 
incurred on behalf of the members who intended to 
take part in the proposed meeting in Italy. On the 
abandonment of this meeting the Council decided 
that the whole of the liabilities in question should 
be defrayed by the Institute. The report further 
reviewed briefly last year’s proceedings, and stated 
that the Council had unanimously elected Mr. 
Giorgio E. Falck, Milan, an Honorary Vice-Presi- 
dent of the Institute. 


STATEMENT OF ACCOUNTS. 


In the absence of the Hon. Treasurer, Mr. W. 
H. Bleckly, the statement of accounts for 1911 
was presented by the Secretary. 


New Members. 


Scrutineers were then appointed for examining 
the voting-papers for the election of members to 
fill vacancies on the Council, and for the election 
of new ordinary members. The following gentle- 
men were elected on the Council :—Messrs. C. J. 
Bagley, J. H. Darby, W. H. Ellis, W. H. Hewlett, 
and C, P. E. Schneider. 


Vore or THANKS TO THE PRESIDENT AND CounciL, 


Mr. Frederick Mills proposed a vote of thanks to 
the President and Council, and stated that he was 
hot a very great lover of popular suffrage, and 


thought that the Institute would do well to con- 
tinue to elect their Members of Council as in the 
past. In this, he jocularly stated, he could be 
reckoned upon to speak impartially, since his name 
had been excluded, when a modification in the 
appointment of Council was contemplated some 
years ago. Mr. Saniter seconded, and the Duke 
of Devonshire, in briefly acknowledging the vote, 
made reference to the aid which the Council always 
received from the Secretary and his staff. 


Tue New PRESIDENT. 


The Duke of Devonshire next proceeded to induct 
the new President of the Institute, Mr. Arthur 
Cooper, into office, and said that the Institute was 
fortunate in having a gentleman of Mr. Cooper’s 
capacity to continue inthe chair. Mr. Cooper had, 
however, like many of the members, already more 
work than he could. do, and His Grace thanked 
him on behalf of the Institute for taking, neverthe- 
less, upon himself the duties of their President. 

Mr. Arthur Cooper briefly replied. 


BessEMER Gotp MEDAL. 


The first business which fell to the new Presi- 
dent was the announcement of the presentation of 
the Bessemer Gold Medal to Mr. John Henry Darby, 
Member of Council, M. Inst. C.E., Sheffield, who 
had worked so actively in introducing in this 
country the basic open-hearth process. In the 
unavoidable absence of Mr. Darby, it was decided 
to hold over the medal for a future meeting. 


THe PRESIDENTIAL ADDRESS. 


The next item on the programme was the Presi- 
dent’s address. In this he remarked that as the 
years rolled on, the selection of a theme for an 
address became increasingly difficult; there were 
but two alternatives—i.e., the taking of a special 
subject which interested a portion only of the 
members, or one of more general interest upon 
which much had already been said. After mature 
consideration, Mr. Cooper had decided upon the 
latter course, and proposed to review the de- 
velopment of the heavy -steel industry during 
the forty years he had been associated with a 
branch of it. 

Mr. Cooper then showed the gradual develop- 
ment of the chief steel-making processes in the 
different countries since 1870. Steel-makers had 
realised the great advantages in point of cost of 
using molten iron direct from the blast-furnaces, 
and of the utilisation of the waste heat and surplus 
gases from their coke-ovens in their steel works 
boilers. By-product coke-ovens as well as blast- 
furnaces came to be regarded as necessary adjuncts 
to the steel works, and most of the recently-built 
large steel works, where conditions were favourable, 
were so equipped. 

By-product coke as originally made in this 
couutry had a very uphill fight, chiefly because it 
was much softer than the excellent beehive coke 
then in use. Its density of late years had been 
much improved by building the ovens of a width 
most suitable for the coals and by varying the time of 
coking ; and coke-makers who had hada lengthened 
experience maintained that by stamping the coal 
into a eake or block just large enough to fill the 
oven when pushed in, coke equal to that from 
beehive ovens could be produced from equal coals. 
The modern regenerative ovens, with their very 
economical methods of regulating the combustion of 
the gas in flues, so as to obtain a perfectly uniform 
heating of the walls, provided a surplus of fully 50 
per cent. of the gas produced for outside uses, such 
as fer furnace heating, for lighting, or for power. 
This, from a plant making 5000 tons of coke per 
week, would mean upwards of 200,000 cub. ft. of 
spare gas per hour, equivalent to about 8000 indi- 
cated horse-power if used in gas-engines, or to 
750 tons of coal per week if used for metallurgical 
or heating purposes. 

The chief improvements which had taken place 
in blast-furnaces during recent years, following the 
use of larger volumes of air at higher temperatures, 
had been in the perfecting of the mechanical 
charging appliances, and the construction of the 
boshes and of the stacks, both now frequently 
cooled by water sprays or troughs, or by bronze or 
some other pattern of water-cooled blocks, by which 
means the life of the furnace lining had been 
materially increased. Probably one of the most im- 
portant developments in connection with blast-fur- 
naces had been the cleansing of the whole of the 








gases. In regard to blowing, Mr. Cooper added that 


in a blast-furnace plant producing, say, 5000 tons 
of iron per week, with a consumption of 20 cwt. of 
coke per ton, it had been established that by using 
modern gas blowing-engines and gas electrical gene- 
rators for driving outside machinery, such as hoists, 
charging apparatus, and pumps, there would be 
sufficient surplus gas, if w in gas-engines, to 
generate about 22,000 indicated horse-power ; or, 
if used for heating or metallurgical purposes, equi- 
valent to about 1600 tons of coal per week. If, on 
the other hand, turbo-blowers and turbo-electric 
generators using high-pressure steam were em- 
ployed instead of gas-engines, on the assumption 
that the turbine required not more than double the 
quantity of gas required by the gas-engine to supply 
it with steam, there would be sufficient sone 
gas to generate about 7500 indicated horse-power ; 
or, if used for heating or metallurgical purposes, 
equivalent to probably 1150 tons of coal per week. 

Since their introduction in 1889 the use and 
value of metal-mixers had greatly increased. It 
soon became clear that the single mixer of about 
150 tons capacity, as originally erected, was far too 
small ; for whenever the demand upon it, even for 
a short time, was increased, or the supply of 
molten iron was checked, the store was so much 
reduced that the metal often left the mixer of 
practically the same composition as it entered it, 
probably only a few minutes before. The problem 
of how to ensure more uniform iron for the steel 
plant, and how to save the cost of remelting the 
Sunday pig, had been solved by greatly increasing 
the mixer capacity, and most large works were now 
provided with either one or two or more mixers of 
from 400 tons to 1100 tons capacity, sometimes of the 
simple cylindrical tank type without regenerators, 
but frequently supplied with coke-oven or blast- 
furnace gas burned over the top of the bath. 
Another design of mixer which found most favour 
in this country, and which was also used in Canada 
and France and in Germany, was of the gas-fired 
regenerative tilting open-hearth furnace type. This 
type of mixer involved extra cost in working over 
that of the simple cylindrical-tank type, but it was 
held that the extra cost was more than compen- 
sated for by the advantages. In the converting 
and melting departments great changes had taken 
place. Instead of the pair of 5 to 8-ton converters 
operated by steam blowing-engines from coal-fired 
boilers, with the wasteful cupola plant as an adjunct, 
turning out from 600 to 800 tons of ingots per week, 
and instead of the 10 to 15-ton open-hearth furnace, 
with an output of 100 to 200 tons per week, there 
would be found in the most recent plants from three 
to six 25 to 35-ton Bessemer converters, with an 
output of upwards of 10,000 tons of ingots weekly, 
operated by gas blowing-engines ; and open-hearth 
furnaces of from 40 to 120 tons capacity, with a 
weekly output per furnace of from 600 to 1200 tons 
of ingots. 

In the rolling-mill department the heating fur- 
nace now almost universally used was that arranged 
to heat the ingot in its vertical position; it was 
fired with either coal, producer gas, or waste gas 
from the blast-furnace or coke-ovens. The mills 
themselves had been greatly increased in capacity 
and power to deal more expeditiously with the 
larger production. For driving reversing-mills where 
steam was used, two-cylinder engines were being 
displaced by engines with three cylinders, either 
simple or compound, exhausting into a condenser 
or into a turbo-blower or turbo-generator. The 
former provided blast for the blast-furnaces ; the 
latter, electric current for driving outlying ma- 
chinery. Another form of drive for reversing 
mills was by electric motor, which method had 
recently been adopted, both for cogging and 
finishing-mills, by many important works on the 
Continent—chiefly in Germany—and by several 
in this country, numbering about thirty in all; 
whilst about twenty more such equipments were 
at the present time being laid down. 

During late years it had been demonstrated 
beyond all question that both coke-oven and blast- 
furnace gases could be economically applied, not 
only as the motive power for driving large engines 
and for generating electric power, but also as fuel 
for mixers, open-hearth furnaces, and heating 
furnaces. The President confidently believed the 
day was close at hand when in the best-managed 
large works, equipped with modern by-product 
coke-ovens and blast-furnaces, the whole of the 
converting, heating, rolling, and finishing opera- 
tions would be carried out with no other fuel than 





their own surplus gases, and that if any of the 
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ironmasters failed to utilise their resources to the 
fullest extent, unless exceptionally situated, they 
would be left behind in the race. 

His Grace the Duke of Devonshire then moved a 
vote of thanks to their new President ; he felt sure 
that with men like the latter in the iron and steel 
trade this country would not be left behind in the 
race in connection with that industry. 

Sir Hugh Bell, who seconded, stated that there 
were many points in the address which he and many 
others also could have discussed ; they were, how- 
ever, debarred from doing so, Sir Hugh Bell jocu- 
larly added, since the points in question had been 
put forward in a presidential address, which 
they might not discuss. He (the speaker) then 
referred to the contents of ores in phosphorus, 
which ingredient was formerly recognised as dele- 
terious, and is now being paid for, since it has been 
found valuable. He thanked their new President 
for his valuable contribution. 

After Captain Howden had spoken in support of 
the motion, the President, Mr. Arthur Cooper, 
thanked the meeting for their cordial reception. 
He was certain in advance, before he wrote out his 
address, that all he would say was known to over 
half the members in the room. He felt gratified 
that his remarks had been so cordially received, 
and this he took as a mark of the indulgence which 
would be shown him during his term of office. 


IMPROVEMENTS IN Evectric Steet FuRNACES, AND 
THEIR APPLICATION IN THE MANUFACTURE OF 
STEEL. 

The first paper on the list was the one having the 

above tithe, by Dr. H. Nathusius, Friedenshiitte, 

Upper Silesia. It was read in abstract by the 

Secretary ; we reproduce it in full on page 622. 
The first speaker on Dr. Nathusius’ paper was 

Mr. A. Windsor Richards, who said that every 

paper on electric steel furnaces was scanned by 

manufacturers to see whether any reduction in costs 
had been brought about. He thought that until 
something material in this direction was effected 
such furnaces would not be likely to succeed, 
except under special conditions where large de. 
posits of ore were available. He did not think 
suitable conditions obtained here. The author 
spoke of molten oxides. That was of interest 
to all workers, as they were of advantage to 
all. In the paper it was suggested that they might 
be melted in a separate electric furnace, and then 
poured into the furnace containing the metal. That 
would admittedly expedite the process, but he 
thought it would add to the cost. The author then 
spoke of two metal furnaces, and finally of a com- 
bination of three, with a maze of operations. That 

did not commend itself to the speaker. He thought 

the author’s figures for cost were about correct. 

Mr. E. C. Ibbotson, who spoke next, said the 
author had primarily dealt with the arc furnace. 
The Kjellin furnace, which was turning out tool and 
special quality steels successfully, was an induction 
furnace. In Italy the Poldi furnace, also of the 
induction type, was doing good work. Messrs. 
Réchling were using the Kjellin furnace as a re- 
fining furnace, and steel castings were being turned 
out by them. Induction furnaces were turning out 
high-carbon steels which no arc furnace would. He 
thought that the pinch effect and the heating of the 
slag were exaggerated in connection with induction 
furnaces. The Réchling - Rodenhauser furnace, 
he thought, would hold its own with others. In 
Sheffield an induction furnace had been put down 
some time ago ; but, owing to too small a supply of 
current for the sizeinstalled, had not been successful. 
Another pattern tried had had the disadvantage 
that it was difficult to renew the lining. In a 
third, which had turned out 300 tons of steel, the 
furnace had been altered in the installation. The 
alterations had proved to be the reverse of improve- 
ments, and when these had been changed he thought 
the furnace would be all r‘ght. 

Mr. E. Saniter had had the advantage of seeing 
Dr. Nathusius’ furnace. He thought the arrange- 
ments complicated, but the furnace was un- 
doubtedly doing good work and making steel in a 
satisfactory manner. When he saw it the elec- 
trodes were buried in the bottom—in the hearth 
material. In the paper the author spoke of elec- 
trodes both buried and bare. He would like to 
hear which of the two proved the better : the covered 
or bare electrodes ? He thought with cold charges 


the bottom might suffer with covered electrodes. 
The author’s costs, he thought, were justified. 
An amount of 52} tons of dolomite was spoken 





of as being used in repairs. That was a serious 
item. He considered the melting of ferro-manga- 
nese good in the case of basic Bessemer steel, 
but in the case of open-hearth work he doubted 
whether it would result in economy. 

Mr. E. Kilburn Scott spoke on the low power 
factor of the induction furnace. That was a 
feature which militated greatly against that type 
of furnace, for, as the author stated, generating 
plant was required of a capacity 1.54 times larger 
than was needed for an arc furnace. If this 
were not provided, some other expedient, such as 
a rotating equaliser, had to be resorted to. The 
author had omitted to mention the seriousness of 
the pinch effect, in which two lines of current 
tended to draw in until they met. He would 
like to draw attention to an induction type of 
furnace introduced by Mr. Herring, in which it 
was claimed this was overcome. Mr. K. Scott 

roceeded to sketch on the blackboard a furnace 

ving two short tube-shaped projections on the 
underside arranged radially. ‘The electrodes were 
placed at the bottom of these recesses, and 
the effect was that the metal flowed down round 
the sides of the recess and up from the centre, 
and came up with such a rush that the surface 
of the molten bath was disturbed. The stream 
of metal rising from the electrode shot up at 
about 45 deg., raising the surface under the 
blanket of slag in the shape of a_ hillock. 
The pinch effect was very serious in some cases. 
From his own experience he knew it to be 
impossible to melt aluminium in an induction 
furnace owing to this effect. With regard to Mr. 
Herring’s furnace there were two important ques- 
tions. One was as to whether the lining at the 
mouth of the recess would stand in use. Fused 
magnesite was used, and after six months’ work- 
ing, instead of wearing, there actually a red to 
be a slight accretion round the recess. There was 
no trouble from this source. Another question 
was whether, if the metal were allowed to freeze, 
if left in the furnace over-night, it would break off 
at the mouth of the recess, and so interfere with 
the restarting of the furnace. This was found not 
to happen. One of the chief objections raised 
against arc furnaces was that the electrodes were 
troublesome to renew. Something more continuous 
was desirable. They also broke off in lumps, and 
they were expensive. The paper mentioned 0.07d. 
as the cost of current per kilowatt-hour. The 
lowest contract price for current in this country, 
to his knowledge, was ;4d. In Norway current was 
available at a rate of 20s. per kilowatt-year, which 
worked out at about ;4,d. Nothing like that figure 
could be reached here, and he did not see that it 
would be possible to come down to it with gas- 
engines. It might, however, be possible to make 
a very considerable reduction in present prices by 
the use of extremely large turbine installations, 
such as that for which an order was recently given, 
in conjunction with the new form of boiler 
suggested by Professor Bone. 

Mr. C. Grow thought that the furnace described 
in the paper differed from other furnaces merely in 
that it used three-phase current, and this naturally 
introduced complications. Apparently the only 
important advantage it had was that great heat 
was generated in the body of the bath itself during 
the alloying period, but the period usually only 
lasted about 10 minutes. 

Mr. A. Greiner said that there had been a 
4-ton Girod furnace in use for about three years 
at the Cockerill Works, into which iron was intro- 
duced direct from the Bessemer producer. He 
would be glad to send in some particulars of its 
working for the Proceedings. e thought the 
Nathusius furnace very ingenious, but was afraid 
that in practice it might be difficult to arrange 
for the regulation of the various voltages which 
were used. At the same time he must admit that 
if some of the figures given in Table I., such as 
0.008 of phosphorus and 0.01 of sulphur, repre- 
sented reliable results in commercial working, then 
the furnace was a most important one. The adapta- 
bility of the furnace for the melting of ferro- 
manganese was also a very important matter. Such 
melting was a difficult matter in ordinary working. 
The cost of current might be a difficulty, but this 
cost varied so much that it would no doubt be no 
bar in some districts. Even dear current might 
7” used in places where ferro- manganese was 
cheap. 

Me. Walter Dixon, the next speaker, said that 
the time had passed when steel-makers looked on 





the electric furnace as a fad. There was no doubt 
but that it had come to stay, and specially in con- 
nection with the preparation of the higher quality 
alloys. As to whether it would ever replace the 
blast and open-hearth furnace was, however, as 
yet an open question. The chief claim of the 
author seemed to be that his furnace had three 
ares instead of one, but unless it could be shown 
that three arcs could do work that one could 
not, he did not see that there could be any advan- 
tage in increasing the number. The ultimate 
furnace would certainly be that which would vive 
the required results with the simplest means. 

The Chairman, in closing the discussion, and 
passing a vote of thanks to the author of the 
paper, said that although it was certain the electric 
furnace had come to stay, it was so bound up with 
the cost of electric energy that its ultimate develop. 
ment must depend upon such cost. 


WE tpine Biow-Ho tes anp Cavities 1n Incors. 

Mr. J, E. Stead then read his paper entitled 
‘*Note on the Welding up of Blow-Holes and 
Cavities in Steel Ingots.” We reprint this paper 
on page 639 of this issue. 

Professor J. O. Arnold was the only speaker on 
the paper. He said that, broadly, he agreed with 
the views put forward by Mr. Stead. The point 
mentioned in the paper about low-carbon steel 
welding badly was of importance in connection 
with the tubes of water-tube boilers. A blow-hole 
in an ingot afterwards drawn out into tubes might 
result in a roke in a tube ; this might not be dis- 
covered on pickling, but, in the end, would certainly 
result in a burst tube. 


AncrenT Roman, INDIAN, AND BritisH Iron. 


The Chairman, after ing a vote of thanks 
to Mr. Stead, then oi Sir Hugh Bell to 
read his paper, entitled ‘‘ Note on a Bloom of 
Roman Iron found at Corstopitum (Corbridge).” 
We reprint this paper on page 640. The only 
speaker was Professor Louis. He agreed with Sir 
Hugh Bell’s idea that the Romans knew nothing of 
cast iron as such, and thought the bloom had been 
made by a direct process. Cast iron, indeed, was 
not known until well on in the sixteenth century. 
The direct production of wrought iron was still 
going on in India, and as recently as 1880 was in 
full swing in the Lake Champlain district of the 
United States. Direct-made iron was of very 
uneven composition, and three micro-sections from 
an Indian specimen taken within } in. of each 
other had proved to be: one pure ferrite, one ferrite 
and pearlite, and one pure pearlite. 

Sir Robert Hadfield then read his paper on 
‘*Sinhalese Iron and Steel of Ancient Origin,” 
which we will reproduce in a later issue, and 
Professor Thomas Turner read his paper entitled 
‘*Note on Some Remains of Early Iron Manu- 
factures in Staffordshire.” We print this paper 
on page 643 of this issue. There was no discussion 
on either of these papers, and after the usual votes 
of thanks the Chairman announced that the autumn 
meeting would be held at Leeds, on October 1, 2, 
and 3 next. The meeting then adjourned for lunch. 
We will continue our report of the proceedings in 


our next issue. 
(To be continued.) 








Tue “ Lamric” WasHER.—We have recently had our 
attention called to a new form of spring-washer, which is 
manufactured by the Harvey Spring-Lock Washer Com- 

y, Limited, Norfolk House, Laurence Pountney Hill, 

.C., and which the makers claim is particularly suited 
for use on bolts in connection with permanent way, 
though also well adapted for mining-machinery, motor- 
cars, aeroplanes, &c. It is made in a variety of sizes, 
from # in. up to very large sizes, and each washer is 
tested before leaving the works. The washer is stamped 
out of sheet steel and is circular in form with a hole 
in the centre for the bolt, like the ordinary type of bolt- 
washer, but in the process of er - the metal between 
the outer circumference and the edge of the hole is, at 
about half the distance between these two edges, partially 
severed by a circular cut parallel to the circumference. 
If the cut continued the whole way round the washer 
there would, of course, be two rings formed, but the cut 
is discontinued at two points diametrically —— to 
each other, and, at right angles to these points, the outer 
ring is cut through sadially and the two ends are slightly 
bent in opposite directions, so that the ends project from 
the opposite faces of the washer. These two radial cuts 
are made at an angle, so as to forma cutting-edge on 
each of the turned-up ends. These cuttmg-edges catch 
the nut and also the body on which the nut is screwed, 
and prevent the former from slacking back. When the 
nut is screwed tight the washer, of course, springs, and 1s 
quite flat. 
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NOTE ON THE WELDING UP OF BLOW- 
HOLES AND CAVITIES IN STEEL INGOTS,* 
Part II. 

By J. E. Strap, D.Met., F.R.S. (Vice-President). 

In the previous note,t experimental data, obtained by 
heating and mage heme bars in which cavities had been 
made by drilling, showed that if the walls of the cavities 
were clean and bright perfect welding was easily obtained. 
No actual trials had at that time been made to determine 
whether the real blow-holes in crucible steel ingots could 
be as perfectly welded up. Experiments have therefore 
been made to determine this question, and also whether 
cavities with oxidised walls can be welded up. It is to 
describe these further trials that this second note has been 

yritten. : 
a HoneYcoMBED CRUCIBLE-STEEL INGorTs. 

Experiments with a honeycombed ingot of 0.5 per cent. 
carbon crucible steel were made at the works of Messrs. 


es SECTION OF 
/BLE INGOT. SOUND CRUCIBLE INGOT. 


a 


Fig.7. DIAGRAMMATIC SKETCH SHOWING SECTION 
AROKE INASTEEL AXLE, WITH SURROUNDING 
OF REDUCED SCALE. 


Fig.l. SECTION OF ‘ON 
Mowe YCOMBED GRUC: 















J. H. Andrew and Co., Limited, with the assistance of 
the manager, Mr. J. L. Potts, and his melter, Mr. 
Duckenfield, 

Two steel ingots from the same mixture were melted in 
such a way that one was honeycombed and the other 
sound. The sections of these are shown in Figs. 1 and 2. 

The honeycombed steel rose to nearly 10 per cent. of its 
length after teeming, whilst the sound ingot did not rise, 
but contracted down its central axis. 

We may assume that about 9 per cent. of the volume of 
the honeycombed ingot was occupied by blow-hole cavities. 
The ingots were forged to a smaller size after heating to a 
wash-welding temperature, estimated at not less than 
about 1100 deg. Cent., sufficient to melt the scale on the 
surface, and were divided into two parts. Half of each 
set of bars were reheated to 1100 deg. Cent. for one hour. 
and were then rolled to bars 1 in. in diameter. The 
remaining halves were heated in the usual way without 
“soaking,” and were also forged to 1 in. round bars. All 
the bars were ‘‘reeled” after forging. Portions of each 
of them were turned down to prisms of { in., § in., ? in., 
and } in., and through each a hole was drilled, so as to 
make a series of cylinders with walls ,; in. in thickness. 
A similar hole was drilled through portions of the bars 
which had not been reduced in diameter by turning. The 
cylinders thus prepared were cut up into a series of rings 
about } in. in = 

he object of making these rings was to determine the 
degree to which they could be expanded before breaking, 
and to see if at their outer polished surfaces they would 
open out into seams on being slightly strained. e outer 
parts of the rings were brightly polished, and the rings 
were expanded by a hard taper steel drift. 

Ihe results need not be given in detail. It is sufficient 
to state that in no single ring after slight expansion was 
any unwelded steel detec and in every case when 


fracture was effected the steel on each side of — 
showed evidence of contraction or plastic flow. e may 
conclude, therefore, that the surfaces of the rings were 


4s sound in the steel from the bars of the honeycombed as 
they were in the steel from the sound ingot, and as there 
was no difference between the bars with and without 
Soaking, we may be certain that soaking after wash- 
welding, in this case at least, was of no advantage, 


Vaper read before the Iron and Steel Institute, 
May 9, 1912, 


because the forging in the first instance produced as 
perfect welding as was ible, and no soaking after- 
wards could improve what was perfection. Although 
the welding up of the blow-holes was apparently good, 
there was, however, a great difference in the physical 
"> of the rings from the respective ingots. 

The rings from the sound ingot expanded on the 
average about 50 per cent. more before breaking than 
those from the honeycombed ingot, a peculiarity sug- 
gesting at first sight imperfect welding of the blow-hole 
walls. A careful examination of the Dacian revealed 
the presence of dull lines of microscopic fineness in the 
rings from the honeycombed ingot, while nothing of the 
kind could be detected in the steel from the sound ingot. 

Further, on bending the broken rings from the honey- 
combed ingot, it was found that some portions of them 
could be bent to a greater extent without breaking than 
others, whilst there was not such variation in the steel 
from the sound ingot. In the cases where fracture 
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occurred on slight bending these dull lines could almost 


been fully proved ; we are, therefore, satisfied that the 
inferior ductility in cross-sections of the bars made from 
the honeycombed ingot was due to the presence of 
sulphide of manganese threads, which prevented the 
metallic faces from completely coming into contact. 


Biow-Hoies with Oxipisep WALLS. 


During the latter part of the year 1911 « series of trials 
was made, with the assistance of Mr. Parkin, to deter- 
mine whether or not artificially-formed cavities with 
oxidised walls could be welded up. It was taken for 
granted that, if no carbon were present in the steel, 
oxidised blow-holes could not be perfectly welded. In 
the first experiment with a 2-in. square steel bar, about 
8 in. in length, containing 1.2 per cent. carbon, a small 
hole was drilled nearly to the bottom, along the central 
axis. The bar was then heated to redness, and oxygen 
gas was blown down the hole, so as to oxidise the walls 
of the cavity. After heating to about 900 deg. Cent. it 





was hammered, so as to bring the sides of the cavity into 








Fag. Fig: Fig. 5. 
- : . o~ 
Steed with 12% C. 











Fie. 3.—Section through 
closed-up oxidised 


cavity. Black part re- hours at 950 deg. ©. 
presents cinder ; white Dark parts are actual 
part, metal. 8 


slag inclusions. 





























that the 


Fie. 9,—Section along a drawn-out blow-hole showin 
crystals are continuous from one side to the other. 


always be detected on the broken surfaces, but none 
were present in the portions of the same rings which 
could be bent to a much greater degree before fracturing. 
Obviously these dull lines and reduced ability of the steel 
to extend were co-related. 

As the steel contained only 0.02 and 0.03 per cent. of 
sulphur respectively, it seemed improbable with such 
a small amount of sulphur that there could be any 
material tion of manganese sulphide in the blow- 
holes. To determine whether there was or not, cross- 
sections of the inch bars from the sound and honey- 
combed steels were cut and polished, and auto-sulphur 
prints were obtained on bromide paper. The results 
showed that the sulphur was distributed evenly in 
the bar from the sound ingot, but was segregated in 
the places where there had been honeycombs in the 
unsound ingot. Sulphur prints taken from a cut section 
of the honeycom ingot itself also proved that the 
cavities contained sulphides. We may, I think, be satis- 
fied in concluding that the dull lines are co-related in 
some way with the sulphide tion. Finally, 
sulphur prints of the fractures proved that the dull lines 
were rich in sulphides. 

t clean faces of cavities in crucible steel can be 
perfectly welded together, 


that to which the honeycombed ingot was subjected, has | 





Fie. 4.—Same as Fig. 
after heating for three 


s and unreduced 8 





once separa 





3 Fie, 6.—Same as Fig. 5 
after heating to 1100 
deg. OC. and forging 
down to smaller size. 
Dark parts are 
inclusions. 


Fie. 5.—Same as Fig. 4 
after heating for one 
hour at 1100 deg. C. 
Dark parts are actual 

ees and unreduced 

slag inclusions. 





Fie. 10.—Longitudinal section of a drawn-out blow-hole con- 
hh and bendi 





taining sulphide segregation, after pol 4 g 
The dark irregular line illustrates where the steel opened out 
along a sulphide thread. The dark lenticular-shaped portion 
is a cavity once filled by sulphide of g , which 
became loosened on bending and dropped out afterwards. 





sition. The bar was then heated to and main- 
at a temperature of about 1100 deg. Cent. for one 
down to a smaller size. 


juxta 
tain 
hour, and was at once forged 


| When cold it was nicked at intervals and broken at the 
| nicks, and the fractures examined. The 


indicated im- 
perfect welding near to what was originally the open end 
of the bar, but below this for two-thirds of the length 
the welding appeared to be perfect. ‘ 

On microscopic examination of the polished cross- 
sections of the parts where welding appeared to be good 
it was found that the seam, originally consisting of oxide 
of iron, had been practically reduced to the metallic 
state, with the exception of minute globular dust-like 
inclusions, probably of iron or manganese silicate—the 
residue of the oxidised steel which was incapable of being 
reduced by thecarbon. But for these excessively minute 
inclusions the welding was perfect. On bending a 
polished and etched section to open the joint, the metal 
at this point being lower in carbon than the surrounding 
mass, extended and then broke, — a pony 
—— fracture, a proof that good welding had been 
effected. 


In the second experiment with the same steel a bar was 
prepared as above described, with the exception that 


|after the cavity was oxidised and closed, the bar was 


heated to 950 deg. Cent. for three hours. It was then 
cut in half ; one half was retained for examination, the 
other was reheated at 1100 deg. Cent. for one hour, and 
without forging it was allowed to cool. It was again cut 
into two portions, one of which was heated to 1100 deg. 
Cent., att then for, down to a smaller size ; the other 
part was reserved for examination. Each of the three 


specimens was sectioned, polished, and examined micro- 
-— —%! without etching. 
i 


gs. 3 and 4, representing magnifications of 220 


diameters, show that by heating at 950 deg. Cent. the 


carbon of the steel reduced the iron scale to metallic iron, 
which remained in separate grains, surrounded either by 
some slight amount of unreduced oxide, or gaseous spaces, 
or by both. : . 

On attempting to bend the specimens, the grains at 
; there was no cohesion, they had not 
etely crystallised together—a result not surprising, 
e me hen of metallic iron is less than that of its 


com 
for 


under treatment identical to oxide. 


Fig. 5 represents the same bar as the last after heating 
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to 1100 deg. Cent. for one hour. The drawing shows 
that the ter mass of the reduced iron grains had 
eryetallinel together and pressed to one side the inter- 
vening gases, and compelled them to te into rela- 
tively large bubbles at a considerable distance from each 
other. The microstructure of the jomt in the third ion, 
which had been reheated to and forged from 1100 deg. 
Cent., was identical with that in the bar of the first 
experiment, which had been heated to 1100 deg. Cent. 
for one hour and then fo: to a smaller size, and is 
represen in Fig. 6. The welding was perfect, with 
the exception of the minute globular inclusions previously 
referred to. 

In a third experiment the steel bar was treated exactly 
as in the first, but the bar itself contained only 0.50 per 
cent. carbon. The welding was found to be complete, 
but the joint previously occupied by the scale now con- 
sisted of carbonless ferrite, and the adjacent steel con- 
tained less carbon than the mass of the steel itself. These 
results show, as was anticipated, that if the walls of the 
cavities are not too thickly scaled and a sufficient quan- 
tity of carbon is in the steel, the scale itself can be 

uced practically entirely to the metallic state, and 
this can be welded up to the sides of what was originally 
the cavity. ; 

It is generally assumed that blow-holes, which termi- 
nate on one side through the outer skin of the envelope 
of steel ingots, having access to oxidising gases, do get 
so severely oxidised on their walls that no welding of the 
cell walls occurs, and that in rolling out they are simply 
extended and appear at the surface of the rolled sections 
as rokes, which penetrate to the full depth of the ex- 
tended blow-holes. 

The presence of the microscopic dark inclusions ob- 
served in the welded joints, Fig. 6, led to the examina- 
tion of many sections of steel which had evidently been 
rolled from honeycombed ingots. It was believed that if 
any of the oxide initially filling the blow-holes had been 

uced to the metallic state and welded to the sur- 
rounding steel, similar inclusions would be discovered. 
The results of these examinations proved beyond doubt 
that in a very large number of cases in steel containing 
0.25 and 0.5 per cent. carbon these microscopic inclu- 
sions were present, and were located in the surroundin 
layer of ferrite immediately below the lower part o 
the surface rokes. It is only necessary to describe a single 
instance. This was a railway axle, on the surface of 
which there was ample evidence of pre-existing cutaneous 
blow-holes in the ingot, for at intervals there were longi- 
tudinal lines or fine ves an inch or more in length. 
A cross-section vertical to the surface, after polishing, 
was sufficient to reveal the position and depth of these 
rokes. The depth varied from one-hundredth to one-fifth 
of an inch. The outer envelope was completely decar- 
burised, as is usual in low and medium carbon steels 
which have been reheated in an oxidising atmosphere 
previous to forging or rolling. 

There was a complete absence of the minute inclusions 
in this ees the steel contained no carbon, but the 
ferrite immediately in contact with the scale, and for a 
little distance beyond, contained minute globular inclu- 
sions, whilst at a greater distance the crystals of iron 
contained none. 

The crystals of one zone penetrated into the other, and 
were common to each ; in other words, one part of the 
crystals at the border-line contained inclusions, whilst 
the other contained none. 

The following diagrammatic sketch (Fig. 7) explains 
better than words the appearance under the microscope. 
The photograph, Fig. 8, taken at the point correspond- 
ing to A in the sketch, clearly shows the globular inclu- 
sions. 

There can be little doubt that the ferrite containin, 
the inclusions surrounding the remaining unredu 
oxide was at one time oxide or scale in a blow-hole, that 
this was reduced practically entirely to the metallic state 
by the carbon in the adjacent steel, and that the par- 
ticles of reduced iron had erystallised together and to the 
steel itself, producing a practically perfect weld ; in- 
deed, on straining, su as to bend the steel, there was no 
opening out at the junction of the twozones. The minute 
inclusions are the residual portion of the scale which 
could not be reduced by carbon or carbon monoxide at 
be renee at which the steel had been heated and 
rolled. 

In conclusion, it seems reasonable to believe that under 
the ordinary treatment to which honeycombed ingots of 
steel are heated and rolled, internal small cavities or blow- 
holes do become perfectly welded up, provided there 
is an absence of sulphide segregations, and that even 
when these segregations are t, as they are not in 
continuous lines but occur y at intervals, the clean 
— faces between them come into contact and weld 

ther. 

t seems also justifiable to conclude that surface blow- 
holes, which become oxidised on their walls during the 
heating and —s of the ingot, do become more or less 
completely welded. The conditions favourable to this 
welding must be a sufficiently high temperature, and 
maintenance of the steel at that temperature for a long 
enough period after the cavities have been closed, to 
admit of the carbon in the adjacent steel being afforded 
the opportunity to reduce the oxide scale. 

It must be pointed out that much more work is still 
required, and trials made with other classes of steel and 
similar steels which have had treatment varying from 
what described in this note, as it is certain under 
some conditions the blow-holes may not be welded up. 

The methods described and the observations made will, 
it is hoped, facilitate the work of others who take up this 
branch of research. 

Finally, I must acknowledge the assistance of the 
gentlemen mentioned in the text of this report. 





NOTES ON A BLOOM OF ROMAN IRON 
FOUND AT CORSTOPITUM (CORBRIDGE).* 
Presented by Sir Hucu Brut, Bart. (Past-President). 


Dorine the recent exploration of the Romano-British 
site of Corstopitum, one of the largest masses of Roman 
wrought iron ever found in England was unearthed, and 
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1. Corstopitum. 

2. Ridsdale. 

3. Hareshaw. 

4. Bellingham Toll. 


5. The Belling. 
6. Chesterholm., 
7. Chesterwood. 








8. Apperley and Hedley. 


Northumberland as president, the Right Honourable 
Viscount Ridley as vice-president, and Mr. W. H. 
Knowles, F.R.1.B.A., as secretary. Mr. R. H. Forster, 
M.A., acted in_the capacity of superintendent to the 
actual works. Excavations were conducted during the 
years 1907, 1908, 1909, 1910, and 1911. 

An excellent account of what was done and discovered 
in the years 1907-8 and 1909 has been written by the 
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The principal outcrops of iron ore are shown thus am 
XXX Many outcfops of clay ironstone on these moors, and remains of ancient slag heaps. 


Map showing position of Corstopitum and best known Iron Ore Outcrops in the surrounding country. 
After G. A. L, Lebour, D.S.C., F.G.S. 


Fig.2. SECTION THROUGH FURNACE SHOWING 
PROBABLE METHOD OF FORGING THE MASS OF IRON. 
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that this note was prepared. 


The exploration was organised by a committee of 
prominent gentlemen, with His Grace the Duke of 
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superintendent and secretary. In this report* an intro- 
ductory statement is given describing the position of 
Corstopitum. This, together with other particulars 
about the bloom of iron, I now pro to quote. 
“The Roman Corstopitum (Fig. 1), t = it is situated 
about two and a-half miles to the south of the line of the 





* “‘Corstopitum : Report on the Excavations in 1909.” 
By R. H. Forster and W. H. Knowles. Newcastle-upon- 
Tyne: Andrew Reid and Co., Limited, 1910. 
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Murus, owes its importance to, and no doubt acted as, a 
supply base for the soldiers who garrisoned the wall. It 
lies immediately to the west of the village of Corbridge, on 
the north bank of the Tyne, at the point where a Roman 
bridge, half-a-mile west of that now in use, carried Dere 
or Watling-street across the river. It was obviously so 


placed to command the great Roman road, which formed 

the line of omnes between bi? (Eboracum), nee 
arters of the Sixth Legion, and the eastern part o 

eens This road enters county Durham 


the northern province. 





Fic. 4.—Roman iron from Corstopitum. 
diameters. Polished and photographed by J. 
November &, 1909, (Louis and Dean.) 














Fie. 7.—Bloom of Roman iron found at Corsto- 
pitum. Length of metallic portion freed from 
rust, 89 in. ; thickness, 7 in. by 8 in. and 44 in. 
by 5 in.; weight, 3 ewt. 8 Ib. 


at Piercebridge, Binchester (Vinovia), Lanchester, 
and Ebchester 7 wey and here crosses the Tyne 
to Corstopitum. Thence it continued northwards by 
Risingham (Habitancum), High Rochester (Bremenium), 
and Chew Green into Scotland, and reached Newstead 
and the wall of Pius beyond it. 

‘The name Corstopitum occurs in the Antonine 
Itinerary, or Road Boo 
mansio, or halting-place, south of Bremenium, which 
seems, at the date when this part of the Itinerary waa 
conipiled, to have been on the northern frontier.” 

In conclusion, in the first report, the authors state 





Magnified 210 
Kerr, 


Fie. 8.—Auto-sulphur print from specimen 
previous to etching. (J. E. Stead.) 


of Roman Britain, as the first | th 


that ‘“Corstopitum was not an ordinary fortress, but 
rather a town penetrated by militaryelements. The two 
buttressed granaries, of — size, are ney 
military features, as is no doubt the large, massive build- 
ing to the east of them. These appear rather to have 
been intruded on the city, thereby converting the place 
into a large dép6t, a service which it probably continued 
to fulfil from the time when Antoninus Pius made his 
advances northward, until Septimius Severus similarly 
‘conducted expeditions against the Caledonians. The 


Fie. 5.—Roman iron from Corstopitum. Section showing 
slag and ferrite. Magnified 120 diameters. (Louis and 
Dean.) 


presence of numerous coins of later date than A.D. 200 in 
the naries possibly occurs in consequence of these 
buildings being subsequently used for other purposes than 
the storage of grain. The repeated finds of burnt coins 
dating up to a.D. 340, and a scarcity for a period thereafter, 
denotes a destruction z fire, while the absence of coins 
after about the year narrows to within a few years 
@ period when the city was abandoned. It is, of course, 
not possible to assign these dates to the periods when the 
various road and floor levels were constructed, but it is 
all new evidence to be carefully noted as revealing the 
history of the occupation of n Britain. 





Fic. 9.—Photograph of drawing showing 
how the Roman bloom was built up. 
One-seventh natural size. (J. E. Stead.) 


**In an historical account of the manufacture of iron in 
the north of land, by I. Lowthian Bell,* it is pointed 
out that “the labours of Hodgson, Wallis, and others. 
leave little or no doubt that the smelting or reduction of 
iron ore was carried on to a considerable extent in this 


art of the country during its occupation by the Romans. 
Vast heaps of iron scorise may be seen on the moors in 
the gustan of Lanchester and Chester-le-Street, in the 
county of Durham, and in the valleys of the 
the Ty 


and 
ne ; on the mountain limestone in Northumber- 








Fie, 6.—Roman iron from Corstopitum. Section show- 


ing ferrite only. 


Magnified 120 diameters. (Louis and 
Dean.) 





Fie. 10.—Photograph of drawing showing 
how the Roman bloom was built up. 
One-seventh natural size. (J. E. Stead.) 


land. It is remarkable that none of these are very remote 
from one or other of the Roman stations which are 
scattered over these two counties. The same observa- 
tions respecting an early use are, to some extent, applic- 
able to the lias ironstone, and no doubt proper investiga- 
tion would indicate a similar state of things wherever 
iron ores were near the surface, and the state of society 
required the metal they contained.” 





aie Industrial Resouress of the Tyne, Wear, and 
Tees” (reports read before the British Association in 
1863), page 82. Second Edition. London, 1864. 
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The following yay notes by Professor H. 
Louis were included in the general report, in which he 
gives the results of his personal investigations, and an 
opinion as to the origin of the iron bloom. 


Norges ny Proressor Henry Lovis. 

‘*The most interesting object found was a block of 
iron (see Fig. 7, page 641), 3 ft. 4 in. long by 7 in. square 
at one end, which was rough and rather spongy, tapering 
down to about 4} in. square at the other end, which was 
well rounded. Inorder toget samples for metallograpbic 
examination, pieces were cut out with chisele and hac. 
saws; underneath a superficial skin of hard rusty scale, 
about } in. thick, the metal was found to be quite clean, 
sound, soft and tough. To obtain samples for chemical] 
analysis, }-in. holes were drilled about 10in. from the 
male end and 2 in. from the edge of the block ; for the 
first 1} in. the metal was clean and sound, but on drilling 
deeper the interior of the bar was found to be honey- 
combed and spongy. Only the outer sound portion of the 


metal was subjected to a complete analysis,* which gave 
the following results :— 
Per Cent. 

Carbon a ae _ se sai 0.061 
Silicon © s ; nil 
Manganese .. = a bé 4 nil 
Sulphur of es ” es aes 0.008 
Phosphorus ... i eee = 0.063 
Silica in the form of slag ... poe fe 0.32 


“The inner spongy portion of the block contained 
0.14 per cent. of carbon. 

‘“‘The microstructure showed characteristic grains of 
ferrite, with the planes of separation of the crystals ver 
well marked. Some of the grains of ferrite show a well- 
defined series of parallel lines running across the crystals. 
The outer edge of the sample shows a small quantity of 
pearlite between the grains of ferrite; there are also 
numerous patches of slag, generally elongated in the 
direction of the longer axis of the block (see Figs. 4 to 6, 
page 641). 

“*T have little doubt that this block was made by 
welding together comparatively small lumps of iron pro- 
duced by a direct reduction process in small charcoal] 
fires ; there is no reason why the ores employed may not 
have been the local blackband ironstones of the car- 
boniferous series, some of which outcrop in this part of 
the country. The block of iron was probably used for 
an anvil, and I am inclined to think that the iron was 
probably smelted in the woods, near the outcrop of a 
seam of ironstone, and was brought into the Corbridge 
settlement to be there worked up and forged into various 
articles; the anvil-block would in that case have been 
used for such forgings.” 

Chemical analyses and microscopical investigations on 
the bloom were carried out by Dr. J. E. Stead, F.R.S., 
who has kindly supplied the following details. 


Nore sy Dr. J. E. Sreap, F.R.S. 

The bloom measured 39 in. between the extremities of 
the metullic portion ; its diameter at the widest part was 
7 in. by 8 in., and at the smallest part 5 in. by 44in. It 
weighed 3 cwt. 8 Ib., but as it was thickly coated with 
rust, and contained oxidised slag in the hollow upper 
part, also much imprisoned slag, it is probable that the 
net weightof the metallic part was not more than 3 cwt. 

On close examination of the external surface, there 
was evidence that the bloom had been built up and welded 
in sections, as “won by Professor Louis, as the termi- 
nations of some of the laps could be easily seen. 

As it was of great interest to find out exactly how the 
mass had been built up, whether the several pieces used 
in its construction were homogeneous, and whether the 
welds had been well made, the committee decided to have 
the bloom sawn through its entire length, sothat a thorough 
examination could be made. The bloom was therefore 
sent to Middlesbrough, and Messrs. W. Shaw and Co. 
having kindly consented to do the sawing by the aid of 
their powerful band saw, it was removed to the Welling- 
ton Foundry. where it was cut, under the superintendence 
of myself and my assistants. 

Owing to the presence of enclosed slag there was diffi- 
culty in sawing it, so much so that before the sawing was 
completed no less than six band saws were required. The 
sawings from each 6 in. of bloom cut were reserved for 
separate analysis. 

he cut faces were planed, polished and photographed, 
and were afterwards etched with a 20 per cent. solution 
of nitric acid and water, and were in pho phed. 
An auto-sulphur print was taken of one of the faces 
previous to etching with nitric acid, and this showed 
considerable darkening corresponding to the parts where 
the imprisoned slag was located, but a very slight and 
uniform colouration throughout the whole area of. the 
metallic portion. This is reproduced in Fig. 8, page 641, 
showing that, while the metal contained a very minute 
quantity of sulphur, the slag was rieh in that element, a 
result confirmed afterwards by analysis. After the faces 
had been strongly etched, it was easy to trace the lines 
of welding, not because of the imperfection of the weld- 
ing, which was generally very good indeed, as can be seen 
by the photographs, but on account of the slight physical 
difference in character of the metal on the sides of the 
junctions. In order to show how the mass was built up, 
careful tracings were made by Messrs. Harrison and 
Jobson, of Middlesbrough. These are reproduced in 
Figs. 9 and 10, page 641. From these sections it is per- 
fectly clear how the pieces were joined together and the 
bloom built up. In general terms slabs approximately 
lenticular in section were employed. After the smaller 
end was made the piece at this stage probably had a 

* Analysis by Mr. H. Dean, M.Sc., A.R.S.M., in the 
Metallurgical Laboratory, Armstrong College. 











ROMAN IRON FOUND AT CORSTOPITUM. 








Fie, 11. 


Figs, 11 AND 12.—Sections from Roman bloom steel containing 1.6 nd cent. of carbon, showing evidence of segregation of Fe.C, 
and that the last heating of the bloom was prolonged between 700 deg. and 800 deg. O. (J. E. Stead.) 





Fie. 13.—Section, five-sixths of natural size, from portion of Fie. 14.—Section, five-sixths of natural size, from portion of 
bloom marked B in Fig. 10, showing that included slag is bloom marked A in Fig. 10, where enclosed slag is 
almost completely absent. (J. E. Stead.) excessive. (J. E. Stead.) 





« Fre. 15,—Remains of furnace in which the bloom was found. 
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imilar @ rance and shape to the upper end of the 
= in & e condition in which it was found in the fur- 
nace with projecting taper pieces. After forming the 
foundation piece, two slabs must have been inserted 
vis-a-vis and the mass then heated to welding temperature, 
after which it was removed and welded by hammering, 
but by what kind of implements there is no evidence. 
Step by step this process was repeated until the bloom of 
the size and dimensions as described were obtained, plus, 
of course, the portion which had been removed by subse- 
quent rusting. : 

It seems probable that the bloom was in course of 
further development at the time it was left in the furnace, 
a conjecture justified by the projection of the pieces of 
metal at the upper or thick end, the fact that it was this 
end that was uppermost in the furnace, and also to its 
very unfinished character. The presence of large cavities 
in the central shaft of the bloom clearly proves that the 
mechanical force used in welding it was not great, probably 
because there were no powerful agencies available. _ 

On examining the etched sections there were noticed 
certain areas coloured brown, and these on microscopic 
examination were proved to contain between 0.5 and 1.5 per 
cent. carbon, and analyses taken from these areas by 
drilling gave carbon respectively 0.75, 0.80, and 1.6 dal 
cent. (See photo-micrographs, Figs. 11 and 12.) The 
metal at these points is really steel, possibly ~~ by 
the carburisation of the spongy iron initially produced 
when the ore was or | reduced in a charcoal fire, and 

robably the result of accident rather than design. 
Whether the slabs were reduced from the ore at Corsto- 
pitum or at some distance away, the upper central por- 
tion of the bloom was little better than a mixture of iron 
and cinder, similar’ in character to a spongy ball of 
puddled iron. The analysis of the interposed cinder 
proves that the cinder itself is not a refuse slag, but 
probably oxide produced by the oxidisation of almost 
pure iron, which might be the result of heating a large 
number of small piecesof the iron preparatory to welding. 

The photographs in Figs. 13 and 14 represent the 
character of the metal at points A and B, natural size. 
In Fig. 13, showing the homogeneous part, there is —s 
evidence of the almost complete absence of includ 
slag, which is most remarkable in view of the fact 
that the thickness of the metal at this part was so great 
(measuring 4in.); and one can only conclude that the 
whole of this was obtained from a single mass of spongy 
material worked up in the furnace itself by pressing and 
squeezing during a considerable period, and not produced 
by the welding together of several separate pieces. 

Fig. 14 indicates a very different character, as the 
amount of enclosed cinder is excessivé. It probably 
represents what the sounder metal really was previous 
to the process of squeezing and proper working. 

The Furnace in Which the Bloom was Fownd.—J udging 
from the description in the ye ocr by Messrs. Knowles 
and Forster, the furnace was about 6 ft. in diameter, cir- 
cular in form, with a narrow yy | in front ; the depth 
is not given, but judging from the illustration shown in 
Fig. 1p, it was about 5 ft. from the top of the wall to the 

earth. 

In a communication received from Professor Louis, 
who was privileged to examine the furnace and sur- 
rounding, he states, when referring to the so-called 
“furnace ” 

“* Whatever it was, I am convinced of one thing it was 
not, and that is, a smelting-furnace. The walls were 
made of rough stone set in common clay reddened by 
heat ; that is to say, which had been heated somewhat 
above the temperature of dehydration of the clay, but had 
not been thoroughly burnt in the sense that an ordinary 
brick is. If this clay had been exposed to a welding heat, 
it would have been fused, or at any rate vitrified. It is 
barely possible that the structure as it stands might have 
been the outer wall of the furnace, from which the inner 
lining or furnace proper had been removed, but the 
absence of tuyere holes seems to me definitely to dispose 
of this hypothesis. I now imagine it to have been the 
substructure of a forge used in welding up the bloom; the 
bloom will have been stood upright in the middle of the 
wall and secured with stones, clay, &c.; round the upper 
part of the bloom that was being forged, a light wall, 
probably of clay, will have been built, and into this clay 
will have been built two or three of the clay nozzles found 
at Corstopitums(see sketch, Fig. 2); by this means a 
welding heat will have been got round the upper part of 
the bloom, when the upper wall would probably be pulled 
down and the bloom hammered. A number of these clay 
nozzles were found, a sketch of one of which I append 
(Fig. 3, page 640) ; they are very like what I have seen used 
in the Far East for similar purposes. I alsosend you three 
micro-photographs (Figs. 4 to 6, page 641) taken in our 

ratory, which enabled me to determine the nature 
of the iron. I have little doubt in my mind that the 
ore smelted was from the outcrop of the local black- 
bands; there is, for example, a famous bed of ironstone 
just below the hase of the coal-measures proper that 
was worked for many years in the Derwent vale , not 
many miles from Corstopitum, and other similar deposits 
outcrop all round about that site (see map, Fig. 1, 
page 64). The well-known Ridsdale ironstone, men- 
tioned above by Sir I. Lowthian Bell, forms a conspicuous 

d that actually runs across the Roman and is close 
to the site of the Roman station, Habitancum; this could 
well have been a source of the iron in question. Obviously 
if iron were made direct from an ore such as I have sug- 
gested, the iron would be low in phosphorus, whic 
element would a direct into the slag (vide analysis of 

Cinder from Cavity.’). I have conjectured that this 
block of iron was intended to be asa stake anvil, 


and I still hold this to be quite possible. In this case the 
end would have been undergoing repair or being 
lengthened at the time it was left. 





“*T am quite convinced in my own mind that the origin 
that I have assigned to this iron is correct, and can see no 
ment at present against it. It is quite certain, from 
what I have seen of direct process work, that if this were 
a smelting furnace site there would have been a consider- 
able accumulation of slags round about it, and I cannot 
believe that the careful search I made would not have 
found any had such existed ; it seems to me much more 
natural that the Romans smelted their little balls of iron 
with charcoal at or near the outcrop of the local ores, 
and transported the cakes of spongy iron thus produced 
into the town of Corstopitum, to be worked up. I have 
seen quite similar operations in India ; the famous Delhi 
Pillar* is supposed to have been made in the same way 
as I am supposing was used for this Roman bloom. 
There seems to be no good reason why the practical 
Romans should have brought their ore and charcoal into 
the Soe © smelt them there, instead of building 
smelting works on a more convenient spot, as the condition 
of the country appears to have been peaceable enough to 
allow them to carry on their smelting operations in the 
woods.” 

The sawings, as they left the machine, were mixed 
with the lubricating water solution of soap and particles 
of free cinder. After separating the free metal with a 
magnet the cinder-freed iron was washed with water, then 
alcohol, and finally with ether; and after drying was 
analysed. The six separate portions were tested for 
carbon and es, and equal portions of each were 
mixed together for more thorough analysis. 


Analysis of Separate Portions. 


Lower End. Top End. 





- ™ ~ 


1. 2. 3. 4. 5. 
Per Cent. Per Cent. Per Cent. Per Cent. Per Cent. 
0.025 0.075 0.295 


Carbon .. 0.07 0.02 
Phosphorus 0.038 0.046 0.051 0.046 0.041 
Average Analysis. 
Per Cent. 
Carbon .. 0.097 
Manganese 0.040 
Silicon 0.046 
Sulphur .. 0.025 
Phosphorus 0.044 
— — 
r .010 
Cinder 0.380 


Analysis of cinder separated from the metal at point A 


on the diagram and from one of the cavities :— 
Point A. From Cavity. 
Per Cent. Per Cent. 
Iron 69.30 - 
Silica ‘ wa 0.60 10.60 
Phosphoric acid. . 0.09 0.42 


Rust and Cinder Mixed from Top End. 








Per cent. 

Peroxide of iron . 58.000 
Protoxide of iron < 21.407 
Protoxide of manganese 0.209 
Alumina ad ; 1.240 
Lime 2 0.800 
Magnesia .. 0.595 
Silica os 7.450 
Sulphuric acid 0.170 
Sulphur = 0.264 
Phosphoric acid .. 0.174 
Oxide of copper trace 
Potash es : 0.077 
Soda 0.199 
Arsenic 0.030 
Chlorine 0.985 
Carbonic acid... 2.200 
Combined water . . 6.180 

99.980 

Per cent. 

Iron 57.26 
Sulphur 0.068 
Phosphorus 0.076 








NOTE ON SOME REMAINS OF EARLY IRON 
MANUFACTURE IN STAFFORDSHIRE.+ 


By Professor THomas Turner, M.Sc. (University of 
irmingham). 

ApovuT a year ago, Mr. Benton, who at that time was 
in charge of the art classes at Bournville, and who is 
much interested in archeology, drew the author's atten- 
tion to some ancient remains of iron manufacture met 
with in various parts of the districts around Birmingham, 
and particularly in the vicinity of the site of Little Aston 
Forge. The ruins of this forge are situated at a distance 
of rather more than a mile to the south-west of Shenstone. 
Its position is indicated by a crosson the map (Fig. 1). 

In September, 1911, Mr. Benton was good enough to 
pay a visit to the locality with the author, where they saw 
a number of lumps of iron, or ‘“‘ham-bones.” Some of 
these were in heaps, some had been used as road metal in 
the bye-lanes, and others were scattered about in various 
places. Mr. Benton stated that a few years ago there 
was a heap containing many tons of such iron, but this 
had been removed since his previous visit. / 

He further stated that ‘‘ham-bones” were certainly 

roduced at Old Witton Forge, near Birmingham. 
he site of this forge is now t of Kynoch’s works, 
which include a corner of the old Roman camp at Perry 
Bar. dwell Mill, on the River Tame, where it is 
crossed by the lane from Newton to New Inns, is another 

* See the interesti per by Sir Robert Hadfield on 
**Sinhalese Iron alt Bieel of Ancient Origin,” con- 
tributed to the present meeting of the Iron and Steel 
Institute. ‘ 

+ Paper read before the Iron and Steel Institute, 
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locality near Birminghan where ‘“‘ham-bones” are to be 


seen. 

A —— in excellent preservation was found in the 
farmyard of Mr. Grundy near Little Aston Forge, and 
he was good enovgh to forward it to the Metallurgical 
Museum of the University. Mr. A. S. Keep was after- 
wards requested to make further inquiries into the 
subject, and the result of these inquiries are incorporated 
in the following observations. 

Although iron was undoubtedly produced in Stafford- 
shire on a limited scale at a much more remote period, 
the history of the iron trade in the county appears to 
have begun with the dawn of the seventeenth century, or 
say half a century prior to the work of Dud Dudley. It 
has, however, been conjectured, from the scoria at West 
Bromwich and other places, that Staffordshire was the 
seat of the iron trade in the time of the Romans. 

















Itis of course well known that the Romans conducted 
iron smelting on a very large scale in the Forest of Dean 
and other localities, and it is stated that iron was also 
smelted at Worcester, but the ore was probably brought 
from Coalbrookdale. Iron was smel at Uttoxeter in 
the thirteenth century, and this was ibly in a survival 
of the very early furnace. Iron was made at Cannock 
Forest in 1588. In 1560 a decayed forge with a chafery 
existed at Little Aston, near Soeutons, but there does 
not appear to have been a furnace there. It is with this 
ancient forge that we are at present interested. 

As setts son | stated, around the site of this old forge, 
for a considerable area, large quantities of metallic iron 
have been found, the total amounting to hundreds of 
tons. The occurrence of these lumps of iron are so 
frequent as to be a source of trouble to the ploughmen. 
The lumps or pieces are all approximately of the same 

meral shape, and vary in wen from about 20 lb. to 

alf-a-hundredweight or more. When perfect, each has 
around or basin-sha| lower surface and a level top, 
with a projecting piece somewhat of the nature of a 
handle. From their peculiar shape they are known 
locally as ‘‘ham-bones,” a name which aptly describes 
their appearance (Fig. 2). 

Samples were taken from several of these ‘‘ ham-bones”’ 
for the purpose of analysis. The metal drilled easily, and 
the turnings were dark in colour and blackened the skin 
when rubbed on the palm of the hand. At first it was 
supposed that the metal was soft grey cast iron, resem- 
bling the‘ancient Sussex iron elsewhere described by the 
author, * but it was found that the blackening of the hand 
was different in character to that noticed with grey iron, 
as there was an absence of the characteristic plumbago 
polish commonly produced by the graphitic carbon. 

The analysis gave unexpected results, the composition 
being as follows :— 


Analysis of ‘‘ Ham-bone” from Little Aston. 


Per cent. 
Graphitic carbon nil 
Combined carbo: 0.31 
Silicon... ae 0.05 
Phosphorus 0.31 
Sulphur ... 4.93 
Manganese nil 


It will be observed that the sulphur is extremely high, 
so high in fact that considerable difficulty was at first met 
with in connection with the estimation. On attempting 
to dissolve in regia, in the ordinary way, globules 
of sulphur were liberated and floated to the top of the 
liquid. Ultimately it was found best to treat the turnin; 
with bromine and hydrochloric acid, which dissolved the 
sample and gave accurate determinations. 





* Journal of the Iron and Steel Institute, 1903, No. 1, 








page 295. See also ENGINEERING, vol. Ixxv., page 700. 








644 


ENGINEERING. 





[May 10, rerz. 





After the high sulphur the most characteristic point to 
be noted in the composition is the very low carbon and 
silicon. The material is certainly not cast iron, and it is 
difficult to understand how so high a proportion of sulphur 
was obtained. There is no cause for wonder that the old 
workers threw their ‘‘ham-bones” away. 

In order to throw some light on the method of manu- 
facture, a photomic ph was pre from a sample 
cut from the centre of a ‘‘ham-bone” (Fig. 3). In the | 

hotograph the white ground consists of ferrite, while the | 
Seskor portions are iron sulphide with patches of pearlite. | 
It will be noted that the enclosures of iron sulphide are | 
largely separate from each other. A portion of the 
material was then remelted in a crucible and slowly | 
cooled. The properties of the metal were thereby 
entirely altered, and thematerial was rendered sufficiently 
brittle to readily break with a light blow of a hammer | 
when held in the palm of the hand. The fracture showed | 
a beautiful dendritic structure, a photomicrograph of 
which is given in Fig. 4. From this it will be seen that | 
the brittle iron sulphide, which solidified last, is now | 
largely present as a continuous network, and this change 
of structure is doubtless connected with the increased 
brittleness. sea 

It may therefore be assumed that the original ‘* ham- 
bones” were never really fluid, but that they were 
accumulations at the bottom of a furnace employed for 


Bar, for permitting Mr. Keep to make extracts from 
the original lease and for his ready assistance in con- 
nection with the historical part of the inquiry. 


Extract from Lease, dated September 29, 1600. 


Roger Fowke of lytle Aston in Coldfeilde County of 
Stafford gent and Lucye hys wief of thone partie and 
Thomas Parkes of Wednesburye of the other partie. In 
conson of 40/. demises and leases for 21 years at annual 
rent of 6/8. : 

All that the forge Chaferie and Hamer Mill now 
beinge very Ruynous and latelie decayed scituate and 
being w’thin the ee of lytle Aston aforesaid 
County of Stafford in a close “po or grounde then 
comonlie called or knoewn by the name of Annyells or 
by whatsoever other name or names the same close 
pasture or ground ys called or knowen. 

And all that and those poole and pooles, fleame or fleames 
and trenche and trenches heretofore used as a le or 

les fleame or fleames trenche or trenches for the lead- 
igne course Runoingeor Conveyinge of any water or waters, 
springes streames or water courses to or for the saied forge 
Chaferie and Hammer Mill or any of them together 
with all dames stancks and bancks of the same poole or 
pooles and also the said parcell of land together with 
all that parcell or piece of the said close or pasture 

















Fie. 2.—Photograph of ‘‘ham-bone”’ from near Little Aston, with slag on the upper surface. 











Fie. 3.— Ebateoieonars h of iron as found, showing large 
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quantity of iron s 


= de collected in pools, and also some 
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pearlite. 66 diameters. 

the production or manufacture of wrought iron. The 
shape of the “‘ham-bone ” also clearly suggests that they 
were produced in the small hearth or bottom of a primi- 
tive furnace, as the a piece corresponds with a 
tapping or flowing hole. Apparently as soon as the 
accumulation at the bottom of the furnace reached the 
height of the top hole, the process was suspended. The 
iron rich in sulphur was doubtless more fluid than the 
rest of the material ,; it was thus se ted and collected 
in the bottom of the furnace. e metal which so 
collected appears to have been much richer in sulphur 
than the main product, and the regulus was thrown away 
each time the working of the furnace was stopped or 
interrupted. 

It is difficult to determine the date at which these 
‘**ham-bones” were made. Their period is probably at 
least two centuries ago, and it may perhaps have been 
three centuries or even more. There is, however, so far 
as the author is aware, no evidence to connect them with 
Roman workings other than the fact that they occur 
in the neighbourhood of well-recognised Roman roads. 
The original forge at Little Aston must have been at 
a much earlier date than 1600, as a lease, from which an 
extract is given below, states that the works were then 
in a very ‘ Ruynous and latelie decayed” state. The 
**ham-bones” were, sengmag produced after the 
reconstruction of the forge by Thomas Parkes, as there 
does not appear to have m an iron furnace at Little 
Aston, though there had been a fo a chafery, and a 
hammer-mill. It is, of course, possible that the ‘* ham- 


bones” may have been residues from the working of 
the forge or chafery, or even of some special process of 
which no record has survived. 

In conclusion, the author takes this 
expressing his indebtedness to Mr. J. 


Wht of Perry 








Scale about }. 





Fig. 4.—Iron had been thoroughly melted and slowly cooled. 
— completely surrounds the crystals of iron. Etched 
with picric acid. Magnified 66 diameters. 


adjoininge and Jying in lengthe betwene the said forge 
Chaferie or Hamer Mill and the meadowe called the 
Hamer meadowe at the one ende and a waie leading 
from a plancked bridge heretofore used for waynes 
horses and such lik to passe and go over parte of the 
said poole fleame or trenche alonge after the ende corner 
or a piece of the said meadowe called the hamer 
Meadowe at the other ende and in the breadethe betwene 
the poole fleame or trenche descendinge from saied 
bridge to the saied forge Chaferie and hammer mill on 
o one side and the meadowe aforesaid on the other 
side. 

And also another part of the same parcell called 
Annyells from the waie aforesaid leading from the saied 
bridge to or right over against the next corner of the 
hedge or dytche bancke of the hammer meadow towards 
the saied bridge and from the saied corner of the same 
hedge or dytche of saied meadow direvtlie and straighte 
as convenientlie maie be over the olde water course 
now runing or descendinge into the said meadowe in and 
through the said close pasture to a lytle Woller or 
Woller bush whereof the toppe was latelie cutt of for a 
marke where now a stake for a marke is set and placed 
and from thence to another woller or woller bush (top 
lately cut off and stake, &c.) in the hedge or an adjoin- 
inge to another meadowe called heymore meadow now 
the holding or occupation of dyvers of th’enhabytants of 
Lytle Aston aforesaid. 

Power and authoritie is given by Roger Fowke and 
his wief to Thomas Parkes to Repaire Reedyfie or make 
new the said Forge Chaferie and Hamer Mill and to 
erecte builde make and sett upp on lande one or two 
fynerie or fyneries and one house or shopp commonlie 
called an Iron House or Iron Shoppe for the kepinge 
and layinge in of iron to be adjoininge to the said forge 


or Hamer Mill and a reasonable or necessary house of two 
bayes for the workmen or servants of the saied Thomas 
Parkes todwell in which shall work at the saied forge 
fynerie chaferie or hamer mill or to make pooles dams 
stancks and to impownde heighen raise and quaire up the 
water and for that purpose to have digg gett and take in 
sufficient and convenient turves and clodds but so as not 
toquarye up in parcel or meadow towards aldridge above 
the meere marks or bounds before mentioned. 








FURTHER NOTES ON THE EARLY USE 
OF IRON IN INDIA.* 


Communicated by H. G. Graves (United Service Club 
Calcutta). ; 
At the time when Sir Robert Hadfield was describing 
before the Royal Society of London, the ‘‘ Early Use of 
Iron in Ceylon and in India,” the present author was at 
Kanarak, where he made notes on the subject of the big 
iron beams found in that locality, with the intention of 
sending a description of them to the Iron and Steel 
Institute. The two largest are, approximately, 35 ft. 
long by about 8 in. square, and 254 ft. long by 11 in. 
cuewe respectively. The latter beam has one end broken 
off, so that its original length is uncertain, but the piece, 
as it now lies, weighs about 9000 lb. The end shows its 
method of construction by welding up of billets, and 
further particulars in this connection are given in 
this note. 
In these circumstances, the author felt that the accom- 
nying further notes, relating to the early use of iron in 
ndia, might be of interest to members of the Iron and 
Steel Institute, and of no less interest to Sir Robert 
Hadfield himself, as a supplement to his own valuable 


Phe ‘ , ‘ 

ere are three instances in India of very large forged- 
iron columns and beams, which can be soothed to a period 
prior to A.D. 1000. The exact dates of their production 
are not ascertainable with any approximation to certainty, 
and as other details of their size are not readily available, 
the following notes have been written. 

The best-known example is the iron column at Delhi. 
Roughly, it is 23 ft. 8in. high, and ranges in diameter 
from 164 in. to 12in. Its weight is estimated at about 
6 tons. The column at Dhar, in Central India, which is 
now broken into three pieces, is, however, larger, being 
about 43 ft. long and square, to octagonal, in section of 
11 in. to 10 in. side. Its weight may be taken as 7 tons, 
or a ton heavier than the Delhi pillar. The third, and 
least known, is at the so-called Black Pagoda at Kanarak, 
or Konarak, in Orissa, possibly the most noteworthy of all, 
as the pieces are so numerous, and all are of very con- 
siderable size. The largest is a rectangular bar, 234 ft. 
in length and 11 in. by 104 in. in section. It is part only 
of a longer bar, one end being broken off and missing, but 
in its present state it must weigh over 4 tons. The next 
largest is an unbroken rectangular bar, 35 ft. long and 
7 in. to 7} in. square, weighing about 6000 lb. Altogether, 
scattered around the temple, are twenty-nine pieces in 
all, some of them less than 5 in. square in section. 


Tue Iron Piviar at Duar. 


_ A full and_ accurate account of the iron pillar at Dhar 
is gee | Mr. Henry Cousens on pages 205 to 212 of 
the Ann en ny 1902-3, of the Archeological Survey 
of India, issued in 1904 from the Government Press at 
Calcutta. From this report, which is illustrated by views 
of the four faces of the pillar, the following details are 
taken. The pillar is in three portions, which are now 
scattered in the town. The longest portion is 24 ft. 3in, 
and somes in section throughout ; the second is 11 ft. 7in., 
of which 8 ft. 6 in. is square and 3 ft. 1 in. octagonal ; 
and the third piece, 7 ft. 6 in. in length, is of octagonal 
section, except for a circular section, at one end 8 in. 
deep. The octagonal section is very irregular in form. 
The total length is 43 ft. 4 in., and the average section is 
10} in. square. One end of the longest piece, which was 
originally the base, is slightly bulbous, being 11 in. to 
11} in. wide at 2 ft. from the end, whilst the least 
measures 10} in. to 104 in. Although the length is given 
as 43 ft. 4 in., it is quite possible, from consideration of 
the proportions and sizes of the octagonal and square 
portions, that there is a fourth and missing piece, which 
would bring the total length up to 50 ft. 

An inscription, dated in the forty-fourth year of 
Akbar’s reign, A.D. 1600, was engraved on the fallen 
column, so that it would be upside down if the column 
were re-erected. Inscriptions earlier than this, yet later 
than the fourteenth century, had been engraved the right 
~ up near the foot of the column before it fell. 

pon the masonry basement, where the larger piece 
reclines, are three great rock boulders, which were bound 
together by iron bands, and had a socket in the top 20 in. 
deep, in which the fcot of the pillar was gripped. The 
iron bands securing them passed through them hon- 
zontally, and their pressure was spread over the boulders 
by vertical flat iron bars, inserted at intervals under the 
bands in slots cut for the purpose. 

One curicus thing about all three sections is the presence 
of a number of holes at intervals varying from 1} to 3 in. 
in depth, and in diameter about 1} in. They run up each 
of the four sides of the square shaft and corresponding 
faces of the oc’ m. They are too far apart and too 
irregular to have been used for climbing purposes. Mr. 
Cousens suggests that these holes were intended to hold 
tommy-bars for turning the mass while it was being 
jenn One hole still retains, immovably jammed in it, 
the broken end of a bar, while al] the rest are empty. 
At the bottom end is a hole 3 in. deep, which probably 
fitted over a socket-peg during erection. 


+ Paper read before the Iron and Steel Institute, 
May 9. 1912, 
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The very meagre details of the history of this pillar | 
give no clue as to who caused it to be made, or for what) 
purpose it was forged. Most ‘mgeven | it was designed to 
carry an image or symbol on the circular neck at the top, 
and it was set up before a temple as a special gift, or as 
a ‘‘jayastambha ” or column of victory. The form, with 
a square base and octagonal upper portion, is analagous 
to columns of the Guptu period (date a.p. 320 and on). 
but there are no original inscriptions on the column 
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|in the thirteenth century. In 


itself, or sufficiently definite references elsewhere, to 
sive a basis for anything but the vaguest conjecture. 

The pillar was probably entire in a.p. 1304, when it | 
stood at Mandu, some twenty-two miles from Dhar. It | 
_ thrown —_ A the eg ag ee and broken in| 

1eces, ter ears the r piece w: | 
toD - oe 1405, any nel gin ae 
down an 


these dates are somewhat uncertain, and later accounts 
vary considerably in details. | 





| removal or colla 


Tue Iron Beams aT KANARAK. 


Although the largest mass of iron at the Black Pagoda 
at Kanarak was probably smaller than the Delhi pillar, 
yet the place is specially remarkable because of the 
number of large beams atill existing and lying scattered 
around the building. 

This is hardly the place in which to enter on a disquisi- 
tion as to the age of the temple. That matter ya 
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TABLE or Beams in GunpicHA-BArt, on GARDEN 
TemPie AT Port. 


No. 


Length. | Breadth. Height. 








poy | discussed from time to time. Fergusson, relying | 
on the comparative architecture, ascribed it to the latter | 
half of the ninth century, but others have placed it as | 
late as A.D. 1241. The latest and fullest description of | 
the temple is Y ag by Bishan Swarup in a work entitled | 
‘* Kanarak, the Black Pagoda of Orissa,” published by 


| the Government of Bengal in 1910. This work is illus- 


trated by s, elevations, and pho phs. He 
inclines to the middle of the ninth century for the incep- 
tion of the building, and the completion of the later parts 
is opinion the temple 
was completed, and its fall was caused mainly by the 
of the heavy ‘‘amla” forming the to; 
of the corbelled-in roofs, which then gradually san 
inwards and fell. ’ eae 
The temple lies some 20 miles from Puri, which is 
twelve hours by rail trom Calcutta. It can only be 


t where it was erected, but knocked | reached across the loose sandy dunes and plains in a 
again broken into two pieces about 1531. Even | pikee or on horseback. Riding ponies are not available 


in Puri except by special arrangement. 





Near the me 
there is a small rest-house, but very few supplies are 


1, At the Lintels of Doors in the Outer Compound Wall. 


ft. in. in. 


. in. 
1 10 5 3 4 
Back door.. ‘ { ¥ 7 7 3 4 
{ 1 9 8 3 4 
= an | 1 8 5 3 a 
. { 2 ll 4 5 3 
Front door | 2 98 5 3 
{ 2 8 0 5 3 
= "1h 1 12 6 5 3 
12 
2. At the Lintels of the Outer Doors of the 
Garden Temple. 
9 f q 
Door [ 2 67 H 3 
j 2 7 6 6 4 
\ 2 98 6 4 
| 2 6 8 6 4 
: 1 56 0 6 4 
(4 5 0 3 4 
a 6 8 3 4 
"a" 2 5 0 4 % 
{ 1 5 0 4 4 
a 2 42 4 q 
{ 2 6 9 5 4 
* . 2 5 0 5 4 
9 8 5 5 
ia \ 2 7 6 5 3 
f 2 6 8 4 4 
\ 2 5 0 5 3 
{ 2 6 4 4 & 
| 2 5 0 4 4 
{ 2 6 4 4 3 
' 2 5 0 3 3 
338 
3. At the Lintels of the Inncr Doors of the Garden 
Temple. 
9 0 
Door 7 0 
10 3 


3 


4 
i— 
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4, Pillar Plates (Within the Temple). 


12 17 2 5 4 
4 | 1010 5 4 

he ait = 

5. Beams Below Temple. 
7 6 0 j 5 4 
53 38 0 3 3 
16 2 0 3 3 
17 30 | 3 3 
2 1 6 3 3 
1 1 0 3 3 
16 2 0 3 3 

= ~ 112 = 
6. Beams at the Corner of the Temple Room. 

4 20 3 2 
4 1 0 3 2 
4 20 3 2 
4 1 0 3 2 


16 
(A) Number of Beams at the Lintels of the Doors. 


12 





Item 1 
» 8 


= a 3 ES 3 Se « eS 
Total oe oe = 96 

(B) Number of Beams Below Temple, Pillar-Plates, dec. 
Item 4 a ‘ - 16 
ow © 112 
ie 16 
Total 144 


available from the small adjacent vil The traveller 
has to rely entirely upon what he brings with him, so 
that at the time of the author’s visit it was im ible to 
got samples of the iron. Even the camera failed to pro- 

uce more than one picture, and that not of the best, so 
reliance is placed on rough sketches made by the author 
and his friend, Mr. J. W. Meares. 

Originally the beams were used as supports under the 
lintels of the doorways and to expedite the corbelling-in 
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of the roof. Ona very much smaller scale similar beams 
can now be seen in the so-called garden temple at Puri, 
which is one of those accessible to the non-Hindoo public. 
As far as the author's recollection serves, these are 
2 in. to 3 in. square, and 8 ft. or 7 ft. long, or possibly a 
little more. They are much rusted. 

The Kanarak Temple has been closed up and filled in 
with masonry and sand to prevent further falls, so it is 
not possible to say exactly where the beams were origi- 
nally placed, and whether there are any left in situ. 
Nearly all the beains have been broken by the fall. Some 
are very heavily rusted, but many are scarcely affected, or 
have a very thin and closely adherent coating. One beam 
which is now lying on the portico has evidently been 
partially exposed for a long period to the sandy winds, 
for it is worn down at least an inch in depth, enabling 
the defective structure to be seen. 

This particular beam and the fractured ends show very 
clearly that the method of manufacture was by welding up 





ported very much more than their own weight. All the 
same, they are wonderful productions, into which labour 
must have been poured like water, irrespective of cost. 





APPENDIX. 

Since writing the above, the annexed list, made by 
Mr. N. C. R. Chandhuri, the district engineer at Pum, 
has come to hand, showing a much more extensive use of 
iron in the Gundichabari, or Garden Temple, at Pari than 
theauthor had supposed. This is the temple where the 
images of Jagganath (Juggernaut) and his brother and 
sister, Balabhadra and Subhadra, are taken on three cars 
for ten daysin June or July each year. _ q 

The list shows the dimensions of 239 pieces, ranging up 
to 124 ft. long and up to 6 in. by 4 in. or 5 in. by 5 in. 
section. Apparently there is a similar extensive use in 
the:main‘%temple, which is not accessible to non-Hindoos. 
It is said that the false roof in the tower is supported by 








Fic. 8.—Photograph, by J. W. Meares, of two iron beams lying on the portico of the Black Payoda at Kanarak, Orissa. The 


one against which the walking-stick stands is deeply weat. 


ered as if by sand-blast, except at the ends. The central lines 


are holes with intervening thin bits of metal bridging the sides of the hollow all down the centre of the beams, into 


which a stick can be thrust. 


(rack Beam about il 'square 
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Fig. 9.—Top of beam lying near front entrance shown in Fig. 8. 
Plan of part near handle of walking-stick. An attempt was 
made to polish the weathered surface without rubbing too 
hard and removing too much material. On another beam (the 
long one broken through) there were evident signs of trans- 
verse welding, which sometimes ran nearly across the beam. 


small blooms, generally about 3 1b. or 41b. in-weight. The 
blooms are commonly 2 in. by 1 in. in section, but occa- 
sionally 2 in. by 2 in. or 1 in. by 1in., and a common 
length is about 6 in. Ina few cases the blooms may have 
been larger or the welding was done more effectively. 
The rough sketches appended to this paper show with 
fair accuracy the relative sizes and disposition of the 
blooms in several beams. Many of the broken ends 
show the existence of irregular and sometimes uniform 
cavities. It is possible to thrust a stick down some of 
them toa depth of 7 ft. or 8ft., and the sand-blasted speci- 
men shows a cavity nearly the whole length of the beam. 
From these hollows bits of cinder can be raked out. 

The author regrets that he is not a sufficiently good 
smith to say definitely how the blooms were welded in 
situ, but it seems more than likely that the blooms 
were welded singly, or possibly two or three at a time, 
on to the end of the work. In some places, however, it 
looks almost as if the blooms were welded together in 
strings to form short bars, which were then in turn 
welded into place. Either method and the large size of 
the beams would account for the very defective interior 
welds. Nocare has been taken to make the blooms break 
joint either en or in cross-section, though the 
longitudinal welds generally show as lap rather than butt 
welds. Externally the beams are well finished, though 
the cracks and lines show where joints were. 

The beams are nearly all of uniform size, and square in 
section from end to end, varying not more than half an 
inch except at the extreme ends. The greatest variation 
in size is in one beam, which is 7 in. square at one end 
and increasing to 9 in. square at 3 ft. from that end. It 
is 14 ft. long, but the end which is broken off has a 
section 8in. by 8}in. There is no indication that the 
makers had any idea of using a ter depth of section 
in the centre of the | h or of disposing the metal to 
attain its proper s sare simply square 


per . The 
bars, so imperfectly welded that they could not have sup- 














nay as one of which, about 20 ft. long, fell in 1877 
or 1875. 

The garden temple is probably contemporaneous with 
the main temple, which was built not later than the first 
half of the twelfth century, and ibly a little earlier. 
The surrounding walls, in which the beams are also 
found, are contemporaneous, but the main temple cer- 
tainly had considerable additions up to the fourteenth or 
fifteenth century. Whether these contain iron or not the 
author is unaware, nor does he know whether the great 
temple at Bhubaneswar (closed to English), between 
Cuttack and Puri, contains iron. It was built probabl 
in the eighth century, and from its size and style it 
would appear to have beams. The smaller temples at 
Bhubaneswar, which the author has seen, of somewhat 
later date, do not contain iron, to the best of his recollec- 
tion ; but if they did, they would not be big pieces. Nor 
do the temples at Khujarahs (also seen by him), which 
are still later, but of the same style (see Fergusson’s 
‘**Indian Architecture”). In any case it may be assumed 
that from the ninth to twelfth century, and possibly one 
or two centuries before and after, in the Orissa districts 
there were smiths capable of forging large masses of iron 
in quantities. The list on the previous page shows on 
what a scale forging could be carried out. 








ScanDINAVIAN Exursition.—The forthcoming Motor 
and Fishery Exhibition, to be held in Copenhagen in 
July and 4 for which the entries have now closed, 
bids fair to be one of considerable interest. It has met 
with universal support ; in fact, the intending exhibitors 
will only be accommodated with ome A space of 
1000 square metres has been reserved for the motor 
section, and 3000 square metres for the fishery section, 
in addition to which a number of separate buildings 
will be erected. The Jutlandish Life-Saving Institution 
will be ee a in a special section, as will the Swedish, 
from Go burg ; motor life-boats will be seen in action, 
and there will be wireless telegraphy exhibits, &c. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a series of colonial and foreign engi 
neering projects, for several of which tenders are asked 
Further information concerning these can be obtained 
from the Commercial Intelligence Branch, Board of 
Trade, 73, Basinghall-street, E.C. 

Canada : With reference to the proposed new Welland 
Canal, H.M. Trade Commissioner in Canada reports 
that supplementary estimates recently submitted to th 
Dominion Legislature included an item of 200,000 dols 
(about 41,1007.) for this work, which it is considered 
will be sufficient to meet the cost of the preliminary work 
to be undertaken during this season. The present pr 
posal is to reduce the number of locks from 27 to 6 or 7, 
with a depth of 30 ft. over the sills, dredging the reaches 
to perhaps 24 ft. It is not expected that tenders will le 
invited earlier than September. 

Italy: The Gazzetta Ufficiale notifies that, no award 
having been made in respect of the contract for the carry 
ing out of harbour works at Viareggio, tenders are again 
invited, and will be opened on May 20 at the offices of 
the Direzione Generale delle Opere Marittime, Ministero 
dei Lavori Pubblici, Rome. The upset price is put at 
973,700 lire (38,948/.) Note.—Although the above two 
contracts may be awarded to Italian firms, nevertheless 
the carrying out of the works may involve the purchase 
of some materials out of Italy. The Gazzetta also pub- 
lishes a decree authorising Les Tramways de Bologne 
Company to construct and work various sections of electric 
tramway in Bologna. The Gazzetta further notifies that 
tenders will be opened on May 25 at the offices of the 
Consiglio Comunale, PalazzoComunale, Benevento, for the 
laying of a water-main in connection with the water 
works for Benevento and the parish of Cautano. The 
upset price is put at 972,000 lire (38,880/.), and a deposit 
of 50,000 lire (2000/.) will be required to qualify any 
tender. 

Rouwmania: With reference to the Bill for the raising of 
a loan of 30,000,000 francs (1,200,000/.) by the municipality 
of Bucharest, the British Acting Consul at Bucharest has 
now furnished the following details of the works to be 
carried out under the Act, which was passed by the Legis- 
lative Assembly, and promulgated on April 21 :—Con- 
tinuation of the canalisation and sewerage, (6,000,000 
francs (240,000/.); building and furnishing the Municipal 
Palace (besides the 2,000,000 francs, or 80,000/., granted 
by the State), 3,000,000 francs (120,000/.); reconstruction 
of the water-filters, 2,500,000 francs (100,000/.); complete 
installations of motor-power required for different public 
services, 1,500,000 francs (60,000/.); construction of schools, 
markets, &c., 3,000,000 francs (120,000/.); completion and 
construction of slaughterhouses, 2,500,000 francs(100,000/.); 
paving and opening new thoroughfares, &c., 5,000,000 
rancs (200,000/. ). 

Peru: Adverting to the construction of the Pucalpa 
railway, H.M. Consul at Iquitos reports that, according 
to the local Press, the Peruvian Senate has approved a 
modified form of the contract fcr the construction of this 
railway. The effect of the modifications is to convert 
the project for the line from Gollarisquisca to the port of 
Pucalpa into a public work, which will be carried out at 
a cost of 2,000,000/. sterling. According to a report on 
this railway by the Belgian Legation at Lima, work will 
be begun at once, and it is hoped to complete the line 
within five years. The railway will have a gauge of 
1 metre, but the tunnels will be made to admit of a 
gauge of 144 centimetres. The completion of the line 
will establish connection between the capital and the 
eastern part of Peru. 

Bolina: H.M. Legation at La Paz report that the 
Bolivian Government propose to construct a port some 
75 miles below Corumba. The present port, Puerto 
Suarez, has a yearly revenue of some 350,000 bolivianos 
(about 28,000/.), but is wholly unsuitable for its purpose, 
as the depth of water is not sufficient to allow anything 
larger than rowing-boats to enter. 

Argentina: H.M. Legation at Buenos Aires report 
that the Argentine Budget for 1912 provides for the 
ro apn of 8,865,000/. on the carrying out of various 
public works, the chief items being as follow :— Ministry 
of the Interior :—New telegraph lines, 106,000/.; memo- 
rial school, 90001. ; e hospital at Rosario de la Frontera, 
70002. Ministry of War:—Construction of barracks, 


Y | 88,0007. Ministry of Marine :—Construction and equip- 


ment of naval arsenals,78,000/. Ministry of Agriculture :— 
Technical schvols, 65,000/.; boring and workimg of petro- 
leum wells at Comodoro Rivadavia, 88,000/. Public 
Works Department :—Hydraulic works, 509,000/.; roads 
and bridges, 267,000/.; public buildings, 565,000/.; sani- 
tary wor 440,000/.; irrigation works, Law No. 6546, 
438,000/.; works provided for under Laws Nos. 5126, 6011, 
6341, 6779, 8115, and 8117, warehouse construction, har- 
bour works, railway construction, erection of new law 
courts, &c., 1,225,000/.; equipment of State railways, 
1,200,000/.; works (railways, &c.), in the National Terri- 
tories (Law No. 5559), 1,795,000/.; enlargement of port of 
Buenos Aires, 748,000/. The Boletin Oficial publishes a 
decree approving the plans and specifications submitted 
by Don Hector Zaldariaga for the construction and work- 
ing of a section of the Puerto San Nicoldés-Rufino Rail- 
way—viz., from the 12th kilometre to Rufino. From San 
Nicolas to the 12th kilometre comprises that portion of the 
line which will run into the harbour of San Nicolas, the 
construction of which is at present under consideration. 





More Wetsu Coat.—The Bedwas Navigation Colliery 
Company is fitting upits north pit with permanent guides, 
carriages, &c., for coal-raising. The south pit is being used 
for working both shifts. mping-engines are being 
erected and-large lodge rooms for water are being pre- 
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CATALOGUES. —~ 


Machine-Tools.—Messrs. Midgley and Sutcliffe, of 
Richmond-road, Bradford, have sent us a copy of their 
catalogue, section B, illustrating and stating prices for 
hand-power and belt-driven drilling-machines, bending- 
machines for tyres and other sections, tyre-welding and 
upsetting - machines, punching and shearing-machines, 
and plate-bending rolls. 

Slotting-Machines.—From Messrs. J. Butler and Co., 
Victoria Iron Works, Halifax, we have received a 
booklet illustrating and giving particulars of slotting- 
machines which they manufacture in nine sizes, ranging 
from 8-in. to 26-in. stroke. The booklet also illustrates 
a crank-shaft slotting attachment and a circular slotting 


attachment. 

Motor-Car Accessories.—We have received from Messrs. 
§, Smith and Sons, Limited, 9, Strand, W.C., a copy of 
their latest catalogue of motor-car accessories, including 
speed-indicators, mileage-recorders, motor watches, pro- 
jector lamps, acetylene-generators, electric horns, and 
various interior fittings. The catalogue is very fully 
illustrated and prices are stated for all the articles dealt 
with. 

Heat Treatment of Tool Steel.—A_pamphlet recently 
issued by Sir W. G. Armstrong, Whitworth and Co., 
Limited, Ashton-road, Openshaw, Manchester, gives full 
instructions for annealing, forging, hardening, and tem- 

ring tools and cutters made from the various brands of 

igh-speed and carbon steels manufactured by the firm. 
The pimphlet also illustrates and describes gas-fired 
furnaces for use in this class of work. 


Engineering Models. — From the Rheinische Modell- 
bauanstalt A. Schumann, of Diisseldorf, rmany, we 
have received a copy of a book illustrating numerous 
examples of engineering models constructed by them for 
use by commercial travellers and in connection with 
patents, as well as for exhibitions, museums, technical 
schools, &c. The illustrations, which are collotype re- 
productions of photographs, show models of bridges, 
cranes, railway rolling-stock, steam-engines, refrigerating 
lant, rock-drills, mine winding plant, blast-furnace 


foista, and other machinery, structures and engineering Co 


work. The printed matter of the k is given in 


English, French, German, and Spanish. 


Railway-Carriage Ventilator.—A booklet relating to 
the Keith patent ventilator for railway carriages has 
come to hand from the James Keith and Blackman 
Company, Limited, 27, Farringdon-avenue, E.C. The 
ventilator consists of a 5-in. centrifugal fan direct coupled 
toa small electric-motor (with a vertical shaft) operated 
by current from the train-lighting system. The whole 
arrangement is fixed into a port-hole in the carriage-roof 
in such a manner that the fan is outside, while the motor 
depends from the ceiling inside the carriage. The motor 
is surrounded by an ornamental casing of perforated 
brasswork, while the fan is covered by a hood or cowl, in 
which are two discharge channels, designed to prevent 
back-draught and exclude cinders and smuts when the 
fanis not in use. The vitiated air extracted by the fan 
is replaced with fresh air entering through the ordinary 
ventilating openings, the action being independent of the 
motion of the train or the direction of the wind. 


Sugar-Making and Refining Machinery.—We have 
received from Messrs. James Buchanan and Son, Cale- 
donia Foundry and Engine Works, Liverpool, N., a copy 
of their latest catalogue, in which particulars of all kinds 
of machinery for sugar factories and refineries are given. 
The first part of the catalogue, which is very well printed 
and illustrated, deals with cane-crushers and mills, cane 
and begasse carriers, pumps and tanks for juice, clarifiers, 
filter presses, evaporating-pans, vacuum-pans, vacuum- 
pumps, crystallisers, ae. and other plant for 
factories. The remainder of the catalogue relates princi- 
pally to refining plant, and includes particulars of sugar- 
melting pans, bag filters, charcoal filters, charcoal-making 
and reburning plant, band-conveyors, plant for making 
cubes and Continental tablets, centrifugal and recipro- 
cating pumps, stills, engines, boilers, &. Weights, 
ueaniaan, and capacities are given for most of the 
plant. 


Plant for Rolling-Mills, Wire-Mills, and Tube-Mills.— 
Messrs, W. H. A. Robertson and Co., Limited, of Lynton 
Works, Bedford, have sent us a copy of a catalogue illus- 
trating examples of the class of machinery they manu- 
facture for rolling-mills, wire-mills, and tube-milis. The 
catalogue illustrates rolling-mills of all sizes for hot and 
cold rolling all kinds of metals. Among them the Mathey 
patent rolling-mill is included. In this mill the two main 
rolls, which are of ee small diameter, are 
supported for the whole of their length by four larger rolls. 

he pressure is thus taken by eight bearings instead of 
the usual number of four. It is claimed that by this 
arrangement more accurate work is produced. The cata- 
logue also deals with continuous wire-drawing machines 
and draw-benches for wire, tubes, and rods. It also 


includes patenting frames, swaging machines, straighten- 
ing machines for strips and wire, winding reels, diamond 
dies, circular shearing machines for sheets, bar and plate 
Shears, punching and shearing machines, steam-engines, 


and othe Prices are stated in some cases. 
Heating, Ventilation, and Dust-Extraction.—We have 
received from the James Keith and Blackman Company, 
comes, 27, Farringdon-avenue, E.C., copies of their 
test cat ilogues of rar for heating, ventilation, 
and dust. xtraction. One of these catalogues gives prices 
and full particulars of “Challenge” and other types of 
noe rs, radiators, and various accessories for hot-water 
ting. Another deals with Keith open-type centrifugal 


plant. 


fans, which are made in four sizes—25 in., 40 in., 48 in., 
and 80 in. in diameter respectively. The fans have been 
specially designed to work without a casing, and are suit- 
able for delivering large volumes of air at pressures not 
exceeding 1}-in. water-gauge. The illustrations show 
the fans coupled to electric motors with vertical shafts 
intended to be employed for ventilating and cooling 
large apartments, such as electric power-stations, by 
drawing in air from the outside. The fans can, however, 
be used equally well for extracting air, and may be driven 
by belt, rope, or other means. They are claimed to be 
noiseless in action and highly efficient. A third catalogue 
illustrates and describes apparatus for extracting dust 
and fumes arising from various processes connected with 
the pottery industry. This catalogue also deals briefly 
with the lighting and ventilation of potteries. 


Reinforced - Concrete Construction.—A booklet which 
come to hand from Messrs. Richard Johnson, 
Clapham and Morris, Limited, of Manchester, illus- 
trates and describes the ‘* Keedon ” system of reinforced- 
concrete construction. In this system the shear members 
or stirrups, which are made of drawn steel wire, are 
tirmly secured to the main reinforcing bars by means of 
wedges or keys. Among the advantages claimed it is 
mentioned that this method of construction permits of 
the variable spacing of shear members, and also that 
the stirrups can be used with ordinary merchant bars 
of square or circular section. It is also claimed that 
the projections formed by the wedges and the parts of 
the stirrups surrounding the main bar prevent the latter 
from slipping in the concrete. The stirrups, bars, and 
keys are delivered separately in order to facilitate 
handling in transport, and are assembled as required. 
This arrangement is especially convenient for export 
orders, as in countries where ordinary merchant bars are 
obtainable it is only necessary to ship the stirrups and 
wedges. The booklet illustrates the application of the 
system to beams and columns, and states that it is — 
suitable for floors, foundations, piles, and general con- 
struction. Some illustrations of buildings in course of 
construction, in which this form of reinforcement has 
been adopted, are also included. 


Cascade Induction Motors.—The Sandycroft Foundry 
mpany, Limited, of Sandycroft, near Chester, ve 
recently issued a catalogue of Hunt’s patent cascade 
induction motors. The special feature of these motors is 
that a high starting torque with » moderate startin 

current is obtained by means of special windings an 

without the use of slip-rings usually employed to insert 
resistance in the rotor-circuit. The machines thus com- 
bine the starting and speed-regulating qualities of slip- 
ring machines with the strong and simple construction 
of the squirrel-cage type. It is also pointed out that 
low-s machines can be made of much smaller dimen- 
sions than would be possible with windings of the ordi- 
nary focm. The particulars given, which include prices, 
refer to single-speed motors ranging from 5 to 200 horse- 
power, having synchronous speeds of 509, 333, 250, and 
200 revolutions per minute on 50-cycle circuits at 110 to 
3000 volts pressure. Machines can, however, be made up 
to 2000 horse-power for other frequencies and for any 
voltage. Prices and particulars are given of liquid and 
metallic starters, which, it may be mentioned, are con- 
nected to tappings from the stator windings. Cascade 
motors are especially suitable for driving pumps, haulage 
gears, and other mining machinery, several examples of 
these applications being illustrated in the catalogue. 
Motors for driving printing-presses, textile machinery, 
&c., are also illustrated. Further particulars of these 
machines, and of multi-speed motors on the same prin- 
ciple, will found in an article published in our issue 
of August 4 last, on page 173. 


Mechanical Lubricator.—We have received from the 
Bosch Magneto Company, Limited, 40-42, Newman- 
street, Oxford-street, W., a pamphlet illustrating and 
describing the Bosch mechanical lubricator for steam- 
engines, internal - combustion engines, machine - tools, 
and other machinery. This lubricator consists of an 
oil reservoir containing a vertical shaft driven by 
worm gearing from the machinery to be lubricated. 
Two to eight feeds are provided, each being supplied b 
a separate pump. The pumps are all contained in the oil 
reservoir, and are arranged concentrically around the ver- 
tical shaft, with their axes parallel to it. Two helical cam- 
discs carried by the shaft operate the pump-plungers and 
valves respectively. The cam operating the plungers 
is loose on the shaft, and is driven by a pin arran sO 
that if the direction of rotation is reversed, the cam will 
take up such a position as to operate the plungers and 
valves in the correct sequence. The quantity of oil 
delivered by each pump can be easily and accurately 
adjusted by means of screws which vary the strokes of 
the pump-plungers by allowing more or less lost motion 
between them and the cam. Among the other advan- 
tages claimed it is mentioned that the feed is positive, 
there are no springs or delicate parts to cause trouble, 
and that, as the mechanism is all carried by the cover of 
the casing, it can easily be lifted out for examination by 
removing a few screws. The lubricators are e in 
various patterns, with and without sight-feeds, and can 
be arranged to be operated by either reciprocating or 
rotary motion. A special type of lubricator for use on 
locomotives is also made. 

Steel Railway Wagons.—Messrs. McKerrow and Co., 
Limited, of 38, Victoria-street, Westminster, S.W., have 
recently issued a catalogue of Sheftield-Twinberrow steel 
railway wagons. The illustrations in the catalogue, 
which is a very creditable production, consist of repro- 
ductions of Ng and drawings of wagons supplied 
to railways in India, South America, and other parts of 





wagons, single and aegs rial wagons, high-sided 
wagons, and special wagons, of the ae and four- wheeled 
types, with capacities up to 45 tons, for use on lines vary- 
ing from 2-ft. to 5-ft. 6-in. gauge. It is pointed out that 
these wagons combine great strength with low tare weight, 
and that the running and maintenance costs are reduced 
toa minimum. Only British standard steel sections are 
employed in their construction, and only four to six 
different sections are used, so that repairs can be effected 
quickly in the event of serious damage occurring from 
collisions. In some cases the bent parts can be heated 
in situ and hammered back into shape. Some photo- 
graphs of Sheffield-Twinberrow improved diamond- 
frame bogies for passenger-coaches and wagons, are also 
reproduced in the catalogue. Several special features are 
claimed for these bogies. Among them it is mentioned 
that the ow of the wagon is transmitted to the tran- 
soms through two groups of coiled springs situated at a 
distance, which varies according to the gauge from 18 in. 
to 24in., from the bogie centre. The bending moment in 
tke transom is thus much less than it would be if the 
load were applied at the centre. Another point men- 
tioned is that the compression members of the diamond 
frames consist of standard channel sections instead of the 
usual rectangular bars. 








Navticat Pocket-Dicrionary.—Mr. J. Barten, Ham- 
burg, has recently prepared ‘‘A Complete Nautical 
Pocket - Dictionary in English-German and German- 
English,” which is published by Dietrich Reimer (Ernst 
Vohsen), Berlin, and can be obtained from Mesers. Asher 
and Co., 14, Bedford-street, Strand, W.C., at the price 
of 8s. The book appears to have been very carefully 
prepared. 





WIRELESS TELEGRAPHY ON THE British Gop Coast. 
—Marconi’s Wireless Telegraph Company, Limited, 
inform us that they have contracted to supply and erect 
a radiotelegraph station at Accra, a port on the Gulf of 
Guinea, about 80 miles east of Cape Coast. The station 
will be equipped with a 5-horse-power oil-engine set ; it 
will be capable normally of a sending wave 300 metres in 
length, and also capable of transmitting waves varying 
in length from 600 to 900 metres. Five masts in all will 


be provided, the main mast being of the sectional type, 
200 ft. in height, the remaining four masts being each 
60 ft. in height, of the tubular steel type arra sym- 


metrically on the circumference of a circle, having the 
main mast for its centre. The main aerial will be of the 
umbrella type, the second being a twin-type aerial. The 
oil-engine will drive direct a 3-kw. continuous-current 
dynamo, having a pressure regulation suitable to enable 
it to be used to charge the accumulator battery of 
64 cells. The motor alternator is to comprise a con- 
tinuous-current motor designed to run off the accumu- 
lator battery, and to drive a disc-discharger mounted on 
an extension of its shaft. The transformer is to afford a 
transformation ratio of either 300 to 10,000 or 300 to 5000, 
as desi There will also be provided a transmitting 
jigger and aerial tuning inductance; the manipulating 
gear will consist of a Morse hand-key actuating an electro- 
magnetic relay-key in the transformer primary circuit. 
The receiver will be of the standard telephone magnetic 
detector pattern working in conjunction with the multiple 
tuner, the combination | ae capable of syntonising the 
receiving circuits to all wave-lengths between 100 metres 
and 2300 metres. The Accra station is designed mainly 
for communication with ships, and its erection will be 
watched with interest, inasmuch as it will afford further 
proof of the ease with which wireless telegraphy may be 
worked in tropical climates. 





Tue Cost or Lasour IN CONNECTION WITH THE 
ERECTION AND MAINTENANCE OF BourLpines.—This sub- 
ject was brought forward in a paper read by Mr. R. M. 
Kearns at the Surveyors’ Institute, Great George-street, 
on Monday, the 29th ult., and wasdiscussed. The subject 
is an important one, bearing as it does on a very large 
industry in the country, and it was treated by Mr. 
Kearns in a very able and interesting mamner. One 
of the most valuable features of the paper was a table 
showing, as far as it has been possible to ascertain 


Y | them, the rates of pay which are at present current 


in many towns in the United Kingdom, the towns 
named being placed according to their geographical 
latituds, working from north to south; London, Edin- 
burgh, Dublin, and other important centres being 
printed in large type for ready reference. This table 
18, unfortunately, too large to include in this notice, 
but it is well worth perusal by contractors and builders 
who may have to tender for work in places far 
removed from their headquarters. Another very inte- 
resting feature of the paper was the effect on the cost 
of buildings when men are paid by the hour or on the 
piece-work system. In the discussion following the 
reading of the paper there was some difference of opinion 
expressed as to the extra cost added to building construc- 
tion by day labour when compared with piece-work ; but 
on the whole there can be no doubt that estimates based 
on day-work must almost invariably be considerably 
higher than those founded on piece-work prices. Another 
interesting point brought out was the varying proportion 
of the cost of labour in a structure to the total cost of the 
building. The author gave the cost of labour in rein- 
forced-concrete buildings as something between 50 and 
60 per cent. of the total cost of the structural work, as 
compared with an approximate 40 per cent. in the case 
of ordinary brick and stone buildings. He further main- 
tained that the chief cause of the cheapness of reinforced 
concrete was the thinness permissible of the walls. Some 
very useful rules were given for the benefit of the junior 
members of the Institute, as a guide to them in their work 





the world. They include examples of open and covered 


and in their dealings with contractors and their men. 
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SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 

SOS 200 5 ES Re IS the Speci, ‘ion is not 
8 : 

Where inventions are communicated from abroad, the Names, £c., 
of the Communicators are given in italics. 

— of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 





the uniform price of 8d. 
The date of the advertisement of the mee of a Complete 
Specification is, in each case, given after the abstract, unless the | 


led, when the date of sealing is given. 


‘atent has been sea 
‘hs from the date of 


“= person may, at any time within two mont. 

the advertisement of the t of a Complete Specification, 

ive notice at the Patent Ofice of opposition to the grant of a 
‘atent on any of the grounds mentioned in the Act. 


RAILWAYS AND TRAMWAYS. 


4067/11. J. W. Cloud, London, Fluid-Pressure | 
3 Figs.! February 17, 1911.—This invention is 
particularly applicable to the measurement of the volume of the 
train-pipe of fluid-pressure brakes for the purpose of indicating 
to the driver the approximate length of such train-pipe which is 
properly coupled and freely open so as to be available for effecting 
the usual braking operations. The volume indicator operates in 
accordance with the following general principle :—If fluid under 
pressure be admit to, or permitted’ to escape from, a recep- 
tacle which is maintained at a pressure different from that of the 
atmosphere until a predetermined change in the pressure in 
the r tacle is effected, the volume of fluid thus transferred 
into or from the receptacle will be a measure of the volume of 
the receptacle practically regardless of the initial pressure 
therein. The invention comprises essentially a valve (preferably 
a slide-valve), the operation of which is controlled by means of 
an auxiliary valve operated by a diaphragm subjected on one 
side to the initial pressure in the train pipe, and on the other 
side to the gradually varying pressure in the latter, as fluid is 
supplied thereto or withdrawn therefrom during the measurin 
operation. The valve mechanism comprises a piston 1 locat 
in chamber 2 subject on one side to the pressure of a light 
spring, and controlling the moyement of a slide-valve in a 
valve chamber 5 per tly ted to the train-pipe. A 
controlling chamber 8 is attached to the valve ane and is 
separated from the passage 7 leading to the train-pipe by a dia- 
hragm 9 adapted to control an auxiliary valve 10 normally held 
nits open ition by a spring. The valve 10 controls com- 
munication between a space 12 connected with the piston- 
chamber 2 anda e 14, terminating in a port in the seat of 
the slide-valve. 18 isa manually controlled plug-cock capable of 
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being set in one or other of two positions by a handle 19. When 
the plug-cock 18 is in the normal position, as shown, the measur 
ing chamber (not shown) is connected to the atmosphere, and 
the controlling chamber 8 is connected to the train pipe; both 
sides of the diaphr: 9are at this time exposed to train-pipe 
pressure, and the valve 10 is held in its open position by the action 
of its spring. When it is desired to effect a measurement of the 
volume of the train-pipe the plug-cock 18 is moved from the 
ition shown to the measuring position indicated in dotted lines 

n Fig. 1, and during this movement-the chamber 2 is tarily 
ted to atmosphere, the fluid under pressure on the oppo- 

site side of the —— 1 moving the piston and slide-valve. the 
movement of the plug-cock from its normal position cuts off 
communication bet the chamber 5 and the controlling 
chamber 8 so that the latter is entirely isolated and contains 
fluid at the initial train- pipe pressure. The plug - cock 
having reached its measuring position, communication between 
the measuring chamber and the exhaust outlet is cut off, 
and communication is established between the valve-chamber 
5and the measuring chamber, Fluid under pressure from the 
train-pipe therefore flows into the measuring chamber, and the 
flow continues until the = ressure on the right-hand 
side of the diaphragm 9 is sufficiently less than the pressure in 
the controlling chamber 8 to permit the diaphragm 9 to move 
towards the right and close the valve 10 against the action of the 
spring. As soon as the valve 10 is closed the escape of fluid 
from the chamber 2 to the measuring chamber is prevented, and 
the piston 1 moves back to its original position, so as to cut off 
the flow of fluid under pressure from the eer The con- 
trolling spring is adjustable, so that the flow of fluid under pres- 














sure from the train-pipe is mopped as soon as a predetermined 
reduction in pressure therein occurred—for example, 5 Ib. 


per sq. in.—and the volume of fluid which has entered the 
measuring chamber is indicated in any suitable way, thereby 
affording a measurement of the volume of the train-pipe. 

(Accepted February 21, 1912.) 
5287/11. Nettlefold_and Sons, Limi and J. W. 
Lon Railwa: Locks. 


% y e r- 
(3 Figs.] March 2, 1911.—This invention relates to slam-locks in- 
tended for use = railway carriages and to the special type of such 
lock wherein a throw-over bolt, directly carried by aspindle extend- 
ing to the outside of the door, and adapted to be also operated from 
a handle on the inner side of the door, is employed, and wherein 
the-throw-over bolt is arranged in conjunction with a trigger 
which releases the throw-over bolt when the door is slammed. It 
is weil known that with carriage-locks — to be operated by 
means of an inside handle there is a possibility of a door being 
inadvertently opened. Now, the invention has for its object to 
adapt to slam-locks of the kind referred to means for a 
the door from being inadvertently opened, and to this end the 
——- construct the striking-plate with a stop in addition to 
the usual slot into which the bolt is engaged when the door is 
closed, so that if the throw-over bolt is disengaged from the slot 
in the striking-plate, the door will be prevented from opening 


| owing to the engagement of the trigger with the stop on the 
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striking-plate. a is the door and » the outer lock-handle, shown 
by dotted lines ; ¢ is the lock-spindle, d the throw-over bolt, and 
e the trigger designed to hold the bolt d in the raised position 
when the door is opened by engagement of the parts @! and e! on 
the bolts d and e which are controlled by the handle}; / is the 
striking-plate having the bevelled surface y against which the 
nose h of the bolt d impinges and is caused to rotate slightly on 
its pivot when the door is being closed; i‘ is the incline on the 
plate f over which the nose of the trigger e¢ rides to disengage it 
from the bolt d, also when the door is being closed, and ) is the 
main locking-slot in the plate f with which the bolt d engages 
when the door is quite closed. All the foregoing parts are well 
known. k is the stop which the applicants form upon the 
striking-plate / to act as a safety-stop for the trigger e, the stop 
being arranged in the ~r- of the nose of the trigger, so that if 
the door locked by releasing the bolt d from the slot j, the 
trigger ¢, unless held at its full height by the handle +, will 
impinge against the stop as the door is opened and arrest further 
movement of the latter. (Accepted February 28, 1912.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


190/11. J. Macleod and A. Macfarlane, Glasgow. 
F Pumps. (3 Figs.) January 4, 1911.—This invention 
relates to ported distributing valves of the kind adapted to be 
applied to the motors of feed-pumps, particularly direct-acting 
er fe wd and of the kind adapted to receive a reciprocatory 
and oscillatory movement, the oscillatory movement serving to 
cut off the supply of steam to act on the piston of the 
pump motor when the valve is in either of its end itions, 
and the reciprocatory movement serving to admit the steam 
supply to act on the piston of the pump-motor. The inven- 
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rimarily in providing a construction of valve in 
which the valve ports for istering with the valve-casing 
ports which communicate ith the pump-motor cylinder 
are adapted to register with ports in the valve-casing so as 
to permit the actuating fluid to enter between the ends of 
the valve the valve-casing, and thereby cushion the 
valve towards the ends of its ee ee y movement in both 
directions. Connections are pro for imparting oscillatory 
movement to the steam-distributing valve A, the connections 
preferably including a forked member B carried on a spindle O 







tion consists 








== 
to which movement is imparted by lever devices co; trolled 
by any moving part of the pump, the fork member B encagin 
a projecting part or lug D formed on the valve, so that «s the 
pindle C is recip ted the valve A is rocked within its 
casing E, and ports or openings in the valve are brought out of 
register with ports H and I in the casing E, which ports H and I 


communicate with the inlet ports and passages in the :, 

cylinder. E! is the exhaust port. The fork like cumanies 
between the spindle C and the valve permits the valy« to be 
readily withdrawn from one end or other of the valve casing 
Another pair of ports in the valve, a corresponding pair of ports 
in the casing E, and also corresponding connecting passages Q 
and R in the casing, are provided for permitting steam to act on 
one or other end of the valve A to reciprocate the valve \ ithin 
its casing, while the firstly-mentioned ports in the valve are 
adapted to register with another pair of ports in the casing, so ag 
to permit the actuating steam to enter between the ends of the 
valve and the valve-casing, and thereby cushion the valve towards 
the end of its reciprocatory movement in both directions. Ag 
shown, the passages Q and R communicate with the interior of 
the valve-casing at its ends by means of grooves ()! and RI 
respectively in the end covers of the casing. (Sealed March 7 
1912.) , 


12,334/11. H. Fowler, Chollaston, and J. E. Ander. 
son, Derby. Steam-Superheaters. [3 Figs.) May ° 
1911.—This invention relates to superheaters for locomotive boilers 
of the type in which the superheater-tubes are accommodated 
within one or more enla flue-tubes of the boiler, the ends of 
the superheater-tubes being bent upwardly and connected with 
two horizontal headers or steam-chambers, one end of each tube 
with the saturated-steam chamber, and the other end with the 
superheated-steam chamber of the steam-chest. The invention 
relates to means for connecting the ends of the superheater-tubes 
to a steam-chest so as to form asteam-tight connection with the 
saturated-steam chamber and the 1 ferrari pees chamber 
respectively, and comprises collars rigidly attached near the ends 
of the superheater-tube, and a double-winged gland for each tube 
whereby the collars thereof are drawn tight against packing 
interposed between them and the outer surface of the steam-chest 
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by means of a nut on the end of a stud screwed into the wall of 
the header, and passing through a central aperture in the gland. 
@ represents one of the enlarged-fire-tubes provided for the 
accommodation of the superheater-tube }, similar fire-tubes being 
ome to receive the coil portions of the superheater-tubes /)!, 
b2, Brazed or otherwise rigidly secured near the end of each of 
the tubes are collars c, between which and the outer surface of 
the casting d forming the steam-chambers ¢, / are interposed 

king-rings g. Encircling the two limbs of each of the super- 
Doster sections is a double gland h, the central portion of which is 
pierced to receive a stud i screwed-into the casting, and a nut j 
on the end of the stud serves to draw the gland tightly against 
the collars c and compress the king g so as to form a steam- 
tight joint between the ends of the superheater-tubes and the 
chambers e, f, with which they respectively communicate. (4e- 
cepted Fe‘ruary 28, 1912.) 


MISCELLANEOUS. 


8186/11. F. W. Mellowes and W. A. Price, Shef- 
field. Glazing. [6 Figs.) April 1, 1911.—Tnis invention 
relates to a mode of, and means for, securing glass to frames or 
supports, and, according thereto, a short length of soft metal wire 
or similar member is provided, and is passed through a hole or 
perforation in the frame or support; and has its extremities or 
projecting parts turned so as to lie at right angles to the glass, 
or the like. According toa convenient embodiment of this inven- 
tion, the webs A of the steel frames supporting a glass pane C are 
provided with holes, which may be drilled at suitable intervals 
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therealong. Into these holes short lengths of lead or otter soft- 


metal wire a? are , and in the case of a web having panes 
on both sides thereof, the wire a2 is bent down to lie against 
either side of the web A, the ends a* of the wire abutting - 
the glass e © to firmly hold the same in position. I" tne 
case of a lead wire it will be readily understood that the bes:!ing 
can be very readily effected and the wire firmly bedded against 
the web A, in addition to which the end of the wire can be easily 
caused to abut on the glass C in a manner which prevents the 
ay = member formed by bending the wire from rotatin: 10 
the drilled holes. (Accepted February 28, 1912.) 
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May 17, 1912.] 


THE IRON AND STEEL INSTITUTE. 
(Concluded from page 638.) 

In our last issue we gave an account of the 
preliminary proceedings at the recent meeting of 
the Iron and Steel Institute, which was held last 
week, commencing on Thursday, May 9, and being 
continued on Friday, the 10th. We now conclude 
our report. On Thursday afternoon, in the absence 
of the President, Mr. A. Cooper, the chair was taken 
by Sir Robert Hadfield, one of the Past-Presidents. 


Tae CHemicaL AND MecHanicaL RELATIONS OF 
Iron, VANADIUM, AND CARBON. 


The first paper taken on Thursday afternoon was 
one having the above title, by Dr. J. O. Arnold 
and Mr. A. A. Read, M.Met., Professors of Metal- 
lurgy in the Universities of Sheffield and Wales 
respectively. We eae to print this paper in full 
in an early issue. In this communication the authors 
described the method they followed in the manu- 
facture of their alloys; they gave their chemical 
composition, and stated the treatment they used 
for separating the carbides, down to the total dis- 
placement of iron carbide. The mechanical pro- 
perties were also dealt with in detail. Recalescence 
observations led them to announce discoveries with 
regard to the position of the critical points ; this 
was, however, a provisional announcement only, 
which they intended to amplify later on. 

This paper was immediately followed by one 
entitled :— 


Notes ON THE SOLUBILITY OF CEMENTITE IN 
HakRDENITE. 


This, which was put forward by Dr. J. O. Arnold 
and Mr. Leslie Aitchison, M.Met., of Sheffield 
University, we also propose to reproduce in full. 
It was announced as a preliminary paper briefly 
describing the results arrived at by the authors in 
regard to two qualities of steel—cast and subse- 
quently treated. They described the textures and 

inted out the changes they had noted in these. 
Both papers were read in abstract by Dr. Arnold, 
and they were taken together for discussion. 

Mr. Saniter, who spoke first, stated that he was 
more particularly interested in the ‘‘ vanadium” 
paper. In connection with the experiments referred 
to by the authors, it was advisable to bear in mind the 
former contribution made to the Institute by Mr. 
H. Moore, on ‘‘ The A, Point in Chromium Steel.” 
Messrs. Arnold and Read had stated that in the 
steel containing 0.63 per cent. of carbon and 
2.32 per cent. of vanadium, the Ar, point appeared 
at 791 deg. Cent. and the Ar, at 720 deg. Cent., and 
they found this latter point very small for a 0.63 
per cent. carbon steel. According to Mr. Saniter, 
if the carbide was a mixed carbide, this was to be 
expected. Mr. Moore in his paper had pointed 
out, in regard to his investigations concerning 
chromium steel, the positions and the ible varia 
tions in the critical points for this alloy (see Enar- 
NEERING, vol. Ixxxix., page 794), and Mr. Saniter 
found that the phenomena Messrs. Arnold and 
Read called attention to with reference to their 
experiments with vanadium-carbon steel were 
similar in nature to those shown by Mr. Moore. 
He found the papers most interesting and would be 
glad to see the later additions referred to by the 
authors. 

Dr. F. Rogers, alluding to the appendix of the 
paper on vanadium steel, found this of great im- 
portance, adding that further data would be required 
to discuss fully the points raised. He also referred 
to Mr. Moore’s experiments and compared the 
variations in critical points indicated by the latter 
with those found by Messrs. Arnold and Read, and 
asked what the 8 range of temperature, which the 
latter had mentioned, really meant. Professor 
Arnold seemed to be reopening afresh the allotropic 
and carbonist controversy. He had used the appel- 
lations Ar,, Aro, &c., which applied to carbon steels; 
this was confusing and new names were wanted for 
the steel alloys. 

After a few remarks from Mr. John Parry, an 
original member of the Institute, who was imper- 
fectly heard, the discussion was continued by Dr. 
Rosenhain, who, although expressing his admiration 
for the work carried out by the authors, and 
his conviction that the study of the ternary steels 
was of the highest importance, added that he 
disagreed with a great portion of the papers. He 
asked what was ‘“‘hardenite;” he (the speaker) 

never seen an exact definition of it, and he 
could not accept it, eventually, until he knew really 


what it was. He fully admitted that Professor 


Arnold should not be coerced in re to terms ; 
but why should terms be used other than those 
which were accepted? He protested against the 
introduction of such new terms as, for example, 
‘** vanadium cementite,” and ‘‘ vanadium pearlite,” 
a term also used in the paper, was worse still 
and was entirely misleading. With regard to 
solubility, the result was obvious; in every-day 
practice, in order to. dissolve a large quantity 
of crystals more water or a higher temperature 
was required; a similar case obtained with the 
authors in their experiments alluded to. The 
appendix was as yet too op see ye for discussion, 
and he (the speaker) would look forward with great 
interest to its completion by the authors. Messrs. 
Arnold and Read had stated that their conclusions 
would form a direct proof of the correctness of the 
views so long held by Professor Le Chatelier and 
Sir Robert Hadfield. Dr. Rosenhain was sur- 
prised to find Professor Arnold and Professor Le 
Chatelier holding views in common ; he also re- 
ferred to the terms used by the authors in regard 
to the critical points, and concluded by saying that 
the vigour with which he had discussed the paper 
was a proof of the interest which he took in it; 
he ho the authors would take his remarks in 
that light. 

Dr. Stead, who followed, stated that the work 
which the authors had carried out in separating all 
the carbides mentioned by them had been very 
great, and he congratulated them for having 
brought forward two interesting contributions. He 
deprecated the introduction of new names. There 
was no justification for the new names given in the 
‘vanadium ” paper, and Professor Arnold should 
no longer criticise the names given by Osmond. 
He (the speaker) would like the authors to deter- 
mine what were the magnetic and electric conduc- 
tivity changes in the vanadium steels they inves- 
tigated. In regard to the second paper, dealing with 
the solubility of cementite in hardenite, he was 
sorry it had not been more amplified; as it had been 
condensed, it was liable to lead to confusion. The 
term ‘‘supersaturated” gave one ‘‘the cold 
shivers,” and in the case stated by the author, 
there was no saturation at all ; the substances were 
side by side. The term ‘“‘eutectoid” was quite 
sufficient. The authors had said that in their 
experiments the quenchings, made in an ample 
tank of cold water and brine, did not occupy more 
than one second ; this statement would lead any 
aoe man to reply that this was impossible. 

ey could not have the material cold in one second. 
It was very difficult to quench, and if even low-carbon 
steel could be chilled sufficiently rapidly, it would be 
considerably hardened; during the time it was being 
quenched it was gradually becoming annealed. He 
(Dr. Stead) hoped to show later what really chilled 
material was. He thought the authors had meant to 
say that the time from the taking out of the bath to 
the putting in cold water was only one second. Dr. 
Stead also asked further information concerning the 
statement to the effect that the specimens were 
etched with a 5 per cent. alcoholic solution of 
picric acid or with 1 per cent. nitric acid solution, 
as was most convenient ; it was most useful to use 
the solution the best adapted to the purpose in 
view. He referred here to Mr. Osmond’s book on 
structures, adding that he had repeated every one of 
Mr. Osmond’s researches, and was able to confirm 
all that the latter had written. He showed photo- 
graphs of structures which he (the speaker) had 
obtained, and gave the proportions of alcoholic 
acid solutions which he used. One of the micro- 
graphs given by the authors looked likea photograph 
of the sun; it was not etched, the acid had not 
been allowed to remain long enough for etching to 
take place. There was no structure, and this view 
could not compare with these of Osmond. How, 
he asked, could the black spots be due to reflection ? 
This naturally depended upon how the specimen 
had been illuminated, and the authors should 
have given more explanations upon these points. 
In regard to the micrograph referred to, they did 
not say whether the rays were oblique or vertical ; 
but if they were oblique, this would account for the 
black lines shown in the view. The authors had 
also referred to ‘‘ ranges,” but A,, &c., were points, 
not ranges. Dr. Stead then showed & specimen 
he had treated and etched, on which a line was 
apparent to illustrate his remarks. He congratu- 
lated Professor Arnold in having confirmed a 
point in his cooling curve which was exactly that 








found in Professor Carpenter’s diagram. He added, 





further, that the quenching phenomenon was 
not remarkable, as Messrs. Arnold and Aitchi- 
son had stated ; Osmond had found that the steel 
remained soft in the centre, and it was difficult to 
obtain it of the same texture throughout the mass. 
In conclusion, Dr. Stead asked the authors kindly to 
amplify their paper and give micrographs showing 
a structure. 

Mr. C. A. Edwards, who followed, referred to the 
variations in the critical points with the introduc- 
tion of vanadium. There was also, perhaps, a 
splitting of the Ar, point, which would lead to a 
modification of the curve, there being thus a range, 
and not a point. 

Professor Turner showed on the blackboard how, 
in heating in a vacuum hard steel in contact with 
soft iron, the carbon had migrated from the former 
to the latter, the weight lost by the one being 
exactly that gained by the other. This would tend 
to show that carbon existed in the free form at high 
temperatures. 

r. Hatfield said that we desired new facts, and 
the papers which had been read, being full of new 
data, would prove extremely valuable. He referred 
the authors to his (the speaker's) paper of last year 
with reference to points of stability with increasing 
temperature. Dr. Rosenhain said he did not know 
what ‘* hardenite” was ; he (the speaker) knew and 
Sheffield also knew, and he added that martensite 
was a structure, not a constituent. 

Sir Robert Hadfield, reverting to a remark made 
by Dr. Stead, referred to the projectiles made by 
his works in Sheffield, and stated that these were as 
hard in the interior as on the outside. 

Mr. Foster asked a number of questions concern- 
ing the separation of the constituents; he also 
referred to blast-furnace practice, and added he 
would go fully into the matter by correspondence. 

Professor Arnold, in replying briefly to the dis- 
cussion, said that he would ) Be fully by corre- 
spondence with the different points raised. With 
reference to Mr. Saniter’s question on the critical 
points, he showed on the blackboard the relative 
positions of the Ar, and Ac, points, adding that 
they occurred always in the way he showed. He 
was very pleased to see Mr. John Parry again, and 
would reply in writing to the questions he sent in. 
Dr. Rosenhain had asked what was ‘‘ hardenite.” 
He (Professor Arnold) could have asked what 
‘*martensite’’ was. With regard to names, it was 
difficult to please all the members, some asking for 
new names, whilst others asked what was meant by 
the names introduced. He had used the term 
**convenient ” in regard to the reagent, since picric 
acid occasionally clouded a specimen. But, as 
stated, he would reply fully to the discussion in 
writing. 

On the motion of the Chairman, Sir Robert 
Hadfield, a hearty vote of thanks was given the 
authors for their contributions. The proceedings 
were then continued with Dr. Stead in the chair. 


Tue Corroston oF [Ron anp STEEL. 


Three papers relating to corrosion were next 
dealt with. The first, entitled ‘* The Influence of 
Carbon on the Corrodibility of Iron,” was read in 
abstract by its author, Mr. C. Chappell, B.Met., 
Sheffield. The two others were respectively on 
‘The Corrosion of Nickel, Chromium, and Nickel- 
Chromium Steels,” and on ‘‘The Mechanism of 
Corrosion,” and they were both by the same authors 
—namely, Dr. J. Newton Friend, Mr, J. Lloyd 
Bentley, and Mr. Walter West, of Darlington. They 
were read in abstract by the Secretary. 

The three papers were taken together for discus- 
sion. This was opened by Professor Armstrong, who 
said he was not satisfied that the authors had proved 
that light did promote corrosion as such. He con- 
gratulated the Institute upon the fact that this sub- 
ject was now being investigated on practical lines ; 
formerly it had been dealt with academically only. 

Professor Turner explained the action of acids 
and alkalies upon iron, and pointed out that it 
would be extremely interesting to prepare slides 
illustrating how iron behaved when exposed to both. 
On the motion of Dr. Stead a hearty vote of 
thanks was given the authors of the three papers in 
question. 


THe ANDREW CARNEGIE GoLD MeEpat. 
The proceedings were resumed on Friday morn- 
ing, the 10th inst., the President, Mr. A. Cooper, 
occupying the chair. The first business was to 
announce that the Andrew Carnegie Gold Medal for 





the year had been awarded to Dr. Paul Goerens, 
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of Aix-la-Chapelle, for his investigations on the 
influence of cold-working on the properties of iron 
and steel. The Chairman, before handing the medal 
to Dr. Goerens, said that this year they had found 
great difficulty in making a selection among the 
papers, and they would have liked to have at their 
disposal seven medals rather than one. They had, 
however, finally decided to award it to Dr. Goerens 
for his work above referred to, which had been 
greatly appreciated. 

The President then announced that as General L. 
Cubillo had come over from Spain expressly to be 
present at the meeting, his paper would be taken 
first. This dealt with the 


MANUFACTURE AND TREATMENT OF STEEL 
FoR Guns. 


The paper was read in abstract by the Secretary. 
We reproduce it in full on page 673. 

The discussion was opened by Mr. Greiner, who 
stated it was rather difficult to add anything to 
the paper of his friend, General Cubillo, whom 
he had great pleasure in seeing at the meet- 
ing; he thought, however, that a few remarks 
of his would be found of interest. At the Cockerill 
Works they also made guns, but these were not of 
large calibres. The author had given data upon the 
class of steel used in gun construction. The first 
discussion, concerning the use of crucible steel as 
against the use of Siemens- Martin steel, had 
occurred a long time ago, and there was not much 
now to add to the subject. Mr. Greiner did not 
entertain the same opinion as General Cubillo in 
regard to the quality of Siemens-Martin steel ; the 
latter had said that Siemens-Martin steel could be 
obtained equal to crucible steel. If the charges in 
the Siemens-Martin furnace consisted of first-rate 
material, and the process were carried out at a high 
temperature, results could, it was true, be obtained 

ractically equal to those yielded by crucible steel. 
There was, however, a process which was not always 
going on in the Siemens-Martin furnace—i.e., the 
boiling of the steel before teeming into the ingot 
moulds. All the members knew what the boiling 
of steel was, and this was precisely what obtained 
in the electrical furnace. the process in the elec- 
trical furnace was therefore the one to compare with 
the crucible process. Siemens-Martin steel was 
different from crucible steel, but the Siemens- 
Martin furnace gave excellent quality steel, and the 
Cockerill Works used this steel for the guns they 
manufactured. He (the speaker) was glad that the 
Siemens-Martin steel gave good results at Trubia. 
The author had not touched upon one question: In 
all the specifications they worked to in Belgium, 
both for guns for that country and for foreign 
buyers, clauses were inserted stating that the 
steel should show such and such mechanical pro- 
perties, both upon specimens taken longitudinally 
and crosswise. If the elements were cast hollow, 
there would not be enough metal available in the 
case of small calibre guns to take a sufficiently long 
test-piece crosswise ; this, however, would not con- 
stitute a difficulty in the case of large-calibre guns. 
General Cubillo had found it difficult to obtain a 
good ingot when this was cast in a refractory mould, 
as he explained ; in stating this he had confirmed 
what was common experience. Steel cast in such a 
mould was certainly not so sound as that run into 
a cast-iron mould, and he (the speaker) explained 
by a sketch on the blackboard why this was so. He 
showed in this sketch the way in which crystals 
appeared close to the outer surface, both in a cross- 
section and longitudinally—black lines occurred 
longitudinally—and added that these were not 
cracks, but that they led to the formation of cracks 
in the subsequent treatment. The large ingots 
had, therefore, to be cast into cast-iron moulds. 
General Cubillo did not speak very favourably re- 
garding fluid compression, but he (the speaker) had 
heard that the Harmet fluid compression process 
was a very good one inieed. With reference to 
the construction of guns at Bofors with elements 
which had been simply cast, and then subjected to 
heat treatment, Mr. Greiner said he had seen this 
done at Bofors, but only in the case of small- 
calibre guns, and not in that of large - calibre 
ordnance. By practice it might become possible 


to use the process also for large guns ;_ the difficul- 
ties, however, must certainly be very great. For 
example, in the case of a 12-in. gun, the tube alone, 
allowing 50 ft. of useful length, plus one-third the 
total length at top as waste end to allow for segrega- 
tion, would give a tube forming a casting ef about 
67 ft. in total length—higher t 


a house. Such 


a tube would have to be bottom-cast, and he (the 
speaker) could not realise a stream of steel being 
poured down from the height of a house. They 
could, it was true, bottom-cast the tube by causing 
the metal to pour down in a runner placed at an 
angle of 45 deg. with the tube, and they might also 
pour the metal both into the main top opening of 
the inclined runner and at one or two parts over 
the length of the latter. By this means the gases 
would easily be freed. At the Cockerill Works they 
had not cast gun-tubes in this way, but they had 
obtained good results in so casting steel slabs to give 
armour-plates, a number of which measured in their 
finished state 8 ft. by 8 ft. by 10 in. thickness. 
Each plate had to withstand the firing of four 
rounds from a 6-in. gun fired at a 500-m. (1640 ft.) 
muzzle velocity. All these plates were manufactured 
from large ingots weighing from 20 to 40 tons; 
these were pressed down to a thickness of 10 in., 
then subsequently treated and given the required 
shape for the construction of turrets. He did not 
know whether a similar process for the manufacture 
of large gun elements would be a good one ; all he 
could say was that the process gave good results in 
the manufacture of armour, and this afforded a 
proof that under certain circumstances cast steel 
could be obtained which, subsequently heat-treated, 
gave excellent results. It was exceedingly difficult, 
not to say impossible, to cast a gun-tube hollow ; 
they had to cast it solid, and the heat treatment for 
such a solid piece was a much more difficult task 
than that for a hollow piece. Changes took place 
in a solid piece which did not occur in the hollow 
one. He (the speaker) again illustrated on the 
blackboard another alternative for the casting of 
large ingots from a great height. In this the ladles 
could be arranged one beneath the other, in steps, 
the one pouring directly in the next, placed one 
step immediately below, and so on; the metal 
would enter the mould from the lowest ladle at a 
low pressure, but the arrangement would have the 
very great disadvantage that the steel would cool to 
too great an extent in coming down the ‘‘ stairway ” 
arrangement, and Mr. Greiner added that he 
would not recommend it. It was, notwithstanding, 
a means of casting from a great height without 
having a high pressure at the ingot mould, and high 
pressures in this case resulted in cracks forming in 
the ingots. 

Mr. Gledhill, who followed, found the paper most 
interesting, not only in that it gave a history of the 
subject, but because it was right up to date in the 
matter of heavy forgings. He (the speaker) added 
that he was unable to go very fully in his remarks 
as to gun construction, since the clauses in gun 
specifications were State secrets. The author had 
mentioned the presence of cracks in ingots; but 
ingots for the making of gun forgings ought not to 
have any cracks. These could doubtless be cleared 
away by the machining processes the author had 
referred to; it was, however, obviously very much 
preferable to follow a process which eliminated all 
these serious faults. The Whitworth fluid com- 
pression process had been at work for the last thirty 
years, using simply refractory-lined moulds and a 
pressure on the ingot. The advantage was the 
obtaining of circular ingots; all ingots were cast 
circular, a shape suitable for gun construction, and 
the pressure was a maximum of -about 12,000 tons 
for a 125-ton ingot. Ingots properly dealt with in 
the fluid-compression process showed no cracks 
whatsoever. In regard to this process, the author 
had not perhaps had sufficient data as to actual 
facts. He concluded by stating that we now lived 
in an age of big things and that the whisper had 
gone about that guns up to 18-in. bore were now 
being contemplated. 

Mr. Ellis congratulated General Cubillo for having 
shown the progress which had been made in Spain 
in regard to gun construction. He (the speaker) 
had a considerable experience in the matter of fluid 
compression and had always found it most satis- 
factory ; he felt that the author had perhaps not 
done full justice to the process. The Whitworth 
process dealt with heavier work than the Harmet 
process, and he asked the author to take advantage 
of his stay in England to gather more data upon 
the subject. The author had said when casting 
under ordinary conditions it was possible to utilise 
from 75 to 80 per cent. of the ingot, whilst with 
fluid compression it was possible to utilise as much 
as 90 per cent. He (the speaker) agreed with the 
latter figure, but he did not agree with the state- 
ment that it was possible to utilise 80 per cent. of 





an ordinary ingot for gun work ; if it were so, he 





would like to take advantage of any ordinary system 
giving such a high proportion of sound metal. The 
act, however, was established that the fluid-com- 
pression process came in to lessen the loss. 

_Mr. Capron confirmed the statement of the pre- 
vious speaker, and found that one advantage of 
fluid compression, in the case of a very large ingot 
was that it made it possible to utilise a much larver 
proportion of the ingot, quite apart from the im. 
provement which it conferred upon the steel itself 

After General Cubillo had stated that he would 
be pleased to reply by correspondence to ail the 
points raised, the meeting, on the invitation of the 
Chairman, gave him a hearty vote of thanks. 


SteamM-Encines ror Drtivinc Reverstno 
Ro.tuime-Mi11s. 


The next paper was the one having the above 
title, which was read in abstract by its author 
Mr. John W. Hall, Birmingham. We reproduce 
it in full on page 677. 

Mr. Lamberton, who opened the discussion, said 
he was sorry he had not received a copy of the 

per before leaving home. The author had sent 

im an advance copy, but this reached Scotland 
when he had already left for London. He had 
only found it on his arrival here, and he felt, owing 
to the fine weather the Institute had provided for 
them, rather unable to devote much energy to serious 
study. He hoped to send in a detailed criticism in 
writing. The author, he believed, wanted to prove 
that the adoption of a high-pressure engine, working 
in combination with a turbine, was a better arrange- 
ment than that which consisted in putting down 
a compound-condensing engine in the first instance. 
He thought the author had made out a very good 
case, but all the instances had to be considered 
upon their individual merits. There were, for ex- 
ample, cases in which it was not at all advisable to 
use the available fuel less economically, while enter- 
taining the hope that the working would become 
economical later on, and endeavouring to make 
itso. In many cases it was economical to work 
compounding in the commencement. There were 
other cases in which the turbine would come in 
and lead to economy, provided the power from 
the turbine was utilised to its full extent. 
Again, the question as to whether a decision in 
regard to the plant should be taken at the com- 
mencement, with a new plant, or at the finish, with 
an existing plant, also applied. Therefore, he 
repeated, each case had to be considered upon its 
merits. He (the speaker) had a few doubts on 
several points, and he would ask for explanations 
concerning these in writing. He thought that the 
suggestion concerning the increase in the number 
of cylinders of a high-pressure engine, using a 
steam-turbine to recover the waste heat, was a very 
interesting one. He was also struck by the state- 
ment according to which the first cost of five 
engines, with cylinders 36 in. in diameter and 3 ft. 
stroke, was not more than about three-fourths that 
of three engines having cylinders 48 in. in diameter 
and 5 ft. stroke. He (Mr. Lamberton) would not 
like to agree in regard to this point without giving 
it acareful investigation. He was afraid, however, 
this difference in first cost would not be realised ; 
there might be less weight in the five engines, but 
more work. The contribution was an interesting 
one, but it probably dealt with the problem at 
scarcely the right end. Much progress had been 
made in steam-engine construction, and the intro- 
duction of the turbine had opened up many new 
fields ; there was now much to engage the atten- 
tion of engineers, and many ways in which they 
could utilise the means available so as to main- 
tain high efficiencies. Various methods had 
recently been proposed for the driving of reversing 
rolling-mills. He would like to make a passing 
reference to a most interesting device which had 
of late been put forward by Dr. Féttinger, in the 
shape of an hydraulic transmitter which would work 
in conjunction with a water-turbine fixed to the 
shaft to be driven. With the vanes of the turbine 
fitted in reverse directions, the water could be made 
to strike each set of vanes alternately, and reversing 
would thus be most simply arrived at. There re- 
mained only to determine the efficiency of such a 
device. The Féttinger gear had been applied for 
the last two years to ship propulsion, and a similar 
gear could also perhaps be applied to rolling-mill 
practice. He was, of course, aware that rolling- 
mill work was a different kind of problem from 
ship propulsion. At intervals, a very large amount 
of work was demanded of the rolling-mill engine, 
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and he (the speaker) thought the right thing to do 
was to start in the first place with a high-efficiency 
ine. 

7 Capron was afraid that in the absence of 
figures in regard to the comparison made by the 
author between the five-cylinder and the three- 
cylinder engines in the matter of first cost, his 
comparison could not be taken as being quite fair. 
The average turning moment of the five-cylinder 
engine was low as compared with that of the 
three-cylinder, the minimum being about the same 
in both cases. 

Mr. Harrison suggested that the author, by mul- 
tiplying the number of his cylinders, was hardly 
taking a step in the right direction, since he would 
be increasing the number of all the moving parts, 
an arrangement which did not recommend itself. 
The five-cylinder engine would also occupy more 
space, and space was not always available in 
rolling- mills. He also would question whether 
the five smaller cylinders would cost less than the 
three larger. He (the speaker) did not find there 
would be any real object in using in reversing-mill 
engines steam at 300 lb. pressure, superheated 
150 deg. Fahr., as was the practice with engines in 
the Navy. Rolling-mill engines generally could not 
receive the same amount of attention and care in 
driving which was bestowed upon marine engines. 
The author had stated that 501b. of water could be 
evaporated by 1000 cub. ft. of gas ; he (the speaker) 
thought the weight of water evaporated would not 
be so large as 501b., and he also questioned several 
other figures which the author had put forward, 
adding that the latter had been too sanguine in 
regard to all his figures. With regard to the surplus 
power, there might be instances where this would 
be of no use and mean an expense, unless there 
were a ready market for the said surplus power 
available. 

Mr. Walter Dixon, in regard to the author’s 
statement that no piston engine could usefully 
expand steam much below five-sixths of atmo- 
spheric pressure, said that in Germany ‘‘a new 
move” had been started, and they used the exhaust 
steam expanded down to atmospheric pressure in a 
second reciprocating engine. 

Mr. Greiner, who followed, said that the Fot- 
tinger gear was a most interesting device, which 
had a great future before it, and he (the speaker) 
thought it would be most interesting if the inventor 
would consent to read a paper upon it at the 
next meeting of the Institute. The Cockerill 
Works had at the present time in' course of 
construction a boat which would be propelled 
by two Diesel engines of 600 horse-power each, 
running at from 340 to 360 revolutions; a 
too high speed, therefore, for the propellers, 
which had to run at from 160 to 165, and also 
down to 90 revolutions. A Féttinger device was 
provided between the engines and the propellers, 
and the experience gained by the Vulcan Ship- 
building Yard, in Germany, showed that the loss 
of efficiency due to the device did not exceed 15 
per cent. This device greatly facilitated the dif- 
ferent manceuvres, including reversing, and this by 
one lever only. He did not see why a Fottinger 
gear would not also meet the case in a reversing 
rolling-mill engine. Mr. Greiner also referred to 
the acquaintance he made with Mr. Menelaus, of 
Dowlais, thirty-five years ago, at the time when the 
latter was replacing his old beam-engines for others 
of a newer type, which, Mr. Greiner added, appeared 
to him to be paddle-wheel boat engines. At that time 
they had in use at Cockerill’s old geared engines, 
which they found did not run quick enough for 
rolling the rails to the long lengths then required. 
He (the speaker) then saw no reason why the rolls 
should not be driven direct from the crank-shaft. A 
crank-shaft was good enough for ship propulsion 
by paddle-wheels ; he thought it was good enough 
also for a mill, and they adopted the method at 
Cockerill’s. At that time they did not know very 
accurately what strength they ought to provide in 
the shaft; the engine, however, so transformed 
rolled the rails very easily. He gave this piece of 
ancient history in order to illustrate his opinion to 
the effect that he did not see why, at the present 
time, they should not also insert the Fdéttinger 
gear in the rolling-mill plant. 

Mr. Hutchinson stated that steam efficiency was a 
question also of boiler efficiency, and he referred to 
the Bone type of boiler. They had put down one 


of these boilers at Skinningrove, and it was giving 
pe satisfactory results. It evaporated 500 gallons 


value of the gas was transferred to the steam, less 
a small proportion for driving the fans. The boiler 
was 10 ft. in diameter, and he offered to show this 
boiler in operation to any of the members who 
would care to see it. The gas consumption had 
been most carefully ascertained. He had seen a 
smaller boiler operated on town gas, and with this 
figures which very closely approximated the ones he 
referred to above had also been obtained. 

Mr. Hall, in replying, said he agreed with Mr. 
Lamberton’s remarks to the effect that every case 
should be solved upon its own merits, and he (the 
author) did not pretend that he had put forward a 
‘** patent pill” which would meet all the possible 
conditions. He proposed 4 method, and he left it 
to members to take a determination. With regard 
to a Féttinger hydraulic gear, he would ask, if they 
were going in for hydraulics, why should they have 
steam-engines at all? The Fottinger hydraulic 
gear in conjunction with the Humphrey pump 
would probably meet the case. The advantage of 
the Humphrey pump over an ordinary gas-engine 
was obvious to all, since it removed the piston and 
valve difficulties, and removed also the necessity of 
cleaning the gas. He (the author) believed that 
the Humphrey system was likely to have a very 
great future. In reply to Mr. Capron, the 
average turning moment of the five-cylinder 
engine was not the same as the average for the 
three-cylinder one. The difficulty resided in the 
starting moment; it was difficult to get the engines 
away, and the minimum turning moment deter- 
mined the starting. With the five cylinders they 
had a sufficient minimum turning moment and a 
large excess of power. Mr. Harrison had mentioned 
the multiplicity of moving parts in a five-cylinder 
engine ; what would he think therefore of Mr. 
Greiner’s six-cylinder ones ? Repairs depended upon 
the size of the parts. The question of balancing 
had ite advantages and also its disadvantages. In 
many cases, he agreed, the question of room had 
to be considered, but there was no very great 
difference in this respect between the two types of 
engines. With reference to Mr. Dixon’s remark 
concerning the use, in another piston engine, of 
exhaust steam, exhausted down to atmospheric 
pressure, the author said, taking the atmospheric 
pressure at 15 1b., the back pressure would take 
3 1b., leaving 12 lb. available for driving ; taking 
80 per cent. of this, there would be 9.6 lb. mean 
effective pressure, which, less 2.6 lb. for friction, 
finally would leave 7 lb. for the actual effective 
pressure. But in order to consider the scheme 
alluded to by Mr. Dixon, further particulars were 
required. The engine Mr. Greiner referred to as 
having replaced an old beam-engine at Dowlais was 
not a paddle-boat engine, but had been designed 
specially for the purpose. The author noted Mr. 
Hutchinson’s remarks. 

The Chairman moved a vote of thanks to the 
author, which was heartily responded to. He 
added that it would be most interesting to get 
Mr. Féttinger to read a paper on his gear, and 
thanked Mr. Hutchinson for his invitation to view 
the Bone boiler. 


Tae Inrivence or Heat on Harpenep Toor 
STEELS, wiTH SpectaL REFERENCE TO THE HEAT 
GENERATED IN CUTTING OPERATIONS. 


This formed the title of the next paper, which was 
read in abstract by the author, Mr. Edward G. 
Herbert, B.Sc., London. We propose to repro- 
duce it in one of our early issues. 

Mr. Herbert was asked by a member whether 
he had, in the course of his experiments, tried 
deflocculated graphite, since, when this was added 
to the water, it immensely increased the cutting 
effect of the tool. Mr. Herbert replied in the 
negative ; he added that the material would, he 
believed, act asa lubricant, and showed how it might 
affect one of the curves in his r. 

On the motion of the President, the author 
received the thanks of the meeting for his contri- 
bution. 


Nore oN THE INVESTIGATION OF FRACTURES. 


The business proceedings concluded with the 
paper having the above title, which was read in 
abstract by its author, Mr. F. Rogers, D. Eng. 
We shall reproduce it in full in a future issue. It 
describes a method devised by the author for taking 
a print of a fracture, which is virtually a modifica- 
tion of the well-known method of obtaining a 
sulphur-print from a cut surface. 





water per hour; 95 per cent. of the calorific 


Dr. Rosenhain found the method an ingenious 


one, and he appreciated any new method of investi- 
gation. He feared, however, that its application 
would bea limited one. The prints could not be 
magnified, and it would be difficult to arrive by 
their means at a detailed knowledge of the texture. 
They gave a general idea of the distribution of 
sulphur, but it was difficult to say whether there 
were a large number of small globules, or a small 
number of large globules. Further, the prints were 
not flat, and light and shade effects intervened. 
They were limited to the showing up of sulphides, 
and a ‘‘ phosphor method ” would also be interest- 
ing. 

Mr. Rogers, who briefly replied, explained that 
so far the test had been evolved only as a work- 
shop test for taking the print of a fracture in 
order to see whether there were segregation or 
not. He hoped a ‘‘phosphor method” would be 
arrived at. 

The author was thanked for his paper, on the 
motion of the President. 

The proceedings then terminated after the usual 
votes of thanks to the Institution of Civil Engi- 
neers for the loan of their hall, and to the President 
for his conduct in the chair, had been taken. 





THE INNER STRUCTURE OF METALS. 

Tue May lecture of the Institute of Metals was 
delivered on Friday evening last in the Institution 
of Mechanical Engineers, by Sir J. Alfred Ewing, 
F.R.S., who had selected as the subject of his dis- 
course *‘ The Inner Structure of Metals.” 

In opening his lecture Sir Alfred said that the 
microscope constituted the principal weapon used 
in attacking the question of the inner structure of 
metals, and during the past twenty years it had 
taught us much with regard to the constitution 
not only of simple metals, but also as to that of 
alloys. Ultimately, however, this weapon failed 
us, and we were brought up against a sharp and 
absolute barrier, beyond which the microscope was 
unable to carry us. To the questions as to what 
were the ultimate particles of a metal, how were 
they arranged, and why did they thus arrange 
themselves, the microscope returned no complete 
answer, and for the only light thrown on these 
problems we were indebted to the scientific imagi- 
nation. He proposed in the first place to recall 
what the microscope had taught us concerning the 
structure of the simple metals, leaving till later 
on all reference to the speculations which had been 
based on the knowledge thus gained. As stated, he 
would confine his remarks to the structure of simple 
metals, leaving on one side the additional large and 
complicated questions which arose in the case of 
alloys. Even without these complexities the sub- 
ject was still sufficiently difficult. He owed perhaps 
an apology to the experts in his audience for recapi- 
tulating facts with which they were most familiar; 
but there were, perhaps, others present less well 
acquainted with the matter in question. 

Generally speaking, when it was desired to 
examine a metal microscopically, the first step taken 
was to polish the section so as to remove inequalities 
of surface which would prove embarrassing with 
high powers of magnification. As Dr. Beilby had 
shown in the last May lecture, the act of polishing, 
seriously affected the constitution of the surface, 
making it quite different from that of the metal 
below. It produced, in fact, an amorphous layer 
quite distinct in constitution from the crystalline 
structure which became apparent when this layer 
wasremoved. Thisremoval was commonly effected 
by a light chemical attack, the metal being etched 
by a weak acid, but in some cases a similar end could 
be attained by heating the specimen, and subliming 
away, or evaporating off the amorphous phase. 
When a lightly-etched surface of a metal was ex- 
amined in the microscope, the appearance observed 
was similar to Fig. 1, page 652, which represented 
in this instance, he said, a specimen of iron. It 
would be seen that the whole area was divided up 
into a vast number of grains which varied in size, 
shape, and in the character of their boundaries. 
These boundaries were sometimes straight and 
sometimes curved. In fact, the structure shown 
resembled a map of England showing the boun- 
daries of the counties, and, as in the case of 
the latter, the boundaries of the grains in a metal 
surface had been determined by previous history. 
Deeper etching (Fig. 2, page 652), Sir Alfred con- 
tinued, brought out greater differences in the texture 
of the grains. Some, for example, then appeared 





much darker than their neighbours. Moreover, with 
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side illumination it was found that a grain which 
appeared bright when lighted from the left, 
appeared dark when the light came from the right. 
This was well shown in Fig. 3, due to Dr. Rosen- 
hain. In this the same surface was shown under two 
different conditions of illumination, and the same 
grains were readily recognisable in both photographs. 
In the case of the upper micrograph the lighting 
was from above, whilst in the other the lighting 
was from the side. Turning the light round from 
one side to another caused the appearance observed 
to vary in a most remarkable manner. Grains 
would at one moment flash out vividly, and then, 
as the light was moved, become dark. This was 
true whatever the metal taken. 

The difference of texture thus disclosed was, he 
continued, due to a multitude of little facets on the 
different grains which caused the surfaces of each 
to reflect light in a manner different from that of a 
neighbouring grain. That this was so became more 
intelligible with still higher powers of magnification. 
Thus Fig. 4 represented part of a grain of pure iron 
under a power of 1000 diameters. It would be noted 
that scattered over the surface of the grain were a 
number of pits, which sometimes ran together, 
giving a black irregular patch. With still deeper 
etching the whole surface became covered with 
such pits as was well shown by Fig. 5, which was 
published some years ago by Mr. Stead. In this 
case the surface of a single grain showed, not mere 
isolated pits, but the appearance was much the 
same as if from a mass of brickwork individual 
“brickbats” were snatched out, leaving behind them 
regularly oriented holes, which would reveal the 


inner texture of the mass. On each individual grain | 


all the facets were oriented the same way, and on a 
neighbouring grain in some other direction. Hence 
light would be reflected differently from the two. 

The same characteristic applied, he said, to the 
portion between two grains which, with different 
methods of illumination, reflected very different 
amounts of light, accordingly as the little facets 
Were more or less favourably disposed. 

_In Fig. 6 was shown, under a comparatively 
high power, the surface of one grain and a bit of 
another at the top. This, again, illustrated how 
etching revealed the geometric structure of the 
grain by removing ** brickbats,” leaving holes of 
regular geometric form. Thus every grain was, 
Sir Alfred said, really a crystal in spite of the 
uregularity of its boundary, and had the uniformity 
of structure characteristic of a ** homogeneous 
assemblage of particles.” 





Fig. 7 was represented another metallic | which a film of a supersaturated solution of sal 


wae 











surface, which, in this 
case, had neither been 
polished or etched, being, 
in ms obtained by cast- 
in mium against a 
wee, St sist of glass. Here the 
same irregular boundaries were visible. The same 
material under a larger magnification was shown 
in Fig. 8. Here there were two or three grains in 
the field, and there were visible, on these, pits of 
geometric form, due to the occlusion of gas between 
the casting and the surface against which it was 
cast. These pits were, in fact, negative crystals, and 
their presence proved that the whole structure of 
the grain was crystalline, with some surface *‘brick- 
bats” omitted. A small portion of a single grain 
magnified to 4200 diameters was shown in Fig. 9. 
The grain being thus proved crystalline, how was it, 
he asked, that the external shape was so different 
from a simple geometric form ? This was best under- 
stood by considering the process of crystal-building. 
Crystallisation started from a number of dif- 
ferent centres. An analogy would be brick-build- 
ing on the nursery floor by a number of fairy 
children, each building independently of the rest, 
starting operations capriciously at different times 
and at different places. As each added on bricks, 
some building faster than the others, a time would 
at last arrive at which the whole area was entirely 
occupied, and each structure limited by coming 
into contact with the others. Some of the 
supposititious children would be more aggressive 
than the others, stretching out lines through un- 
occupied territory, to be afterwards filled in at 
leisure. This was equivalent to what occurred in 
the formation of dendritic growths (Fig. 10). The 
resulting grains were in most cases only seen 
clearly in the microscope, but he had there a 
sample of lead prepared by Mr. Humphries, in 
which the grains were so large that the whole sur- 
face structure was readily visible to the naked eye, 
and it would be observed that on moving the block 
so that the light was reflected from different angles 
different grains flashed brightly out. Large den- 
dritic growths were sometimes met with in cast 
iron and in piped ingots. Some evidence of 
dendritic growth was sometimes also visible in the 
free surface of solidifying metal. Here the den- 
dritic skeleton first formed was thrown into relief by 
the irregular contraction, by cooling, of the later 
growth. Fig. 11 represented the dendritic growth 
in the pipe of an iron casting. An idea of the size 
of the crystals was given by the foot rule photo- 
graphed at the same time. ae 
e could not, Sir Alfred proceeded, exhibit the 
process of dendritic growth in the case of metals, 
but it could be easily shown with certain salts. 
This he did by throwing on to a screen the light 
from a lantern focussed on toa sheet of glass, on 





Fic. 29. 


ammoniac was spread. The method of crystal- 
building as originating from several centres was 
then very clearly visible, as also, at close quarters, 
was the formation of a dendritic skeleton. A 
similar experiment was made with potassium nitrate, 
which gave, he said, a different form of crystal. 
Resuming, the lecturer said that it was very impor- 
tant to note that the grains were crystalline, not only 
in cast, but also in wrought metals, even when the 
latter had been shaped by a process of cold working. 
In all these cases there was the same general 
granular structure, each grain being still a crystal. 
Thus Fig. 12 represented the structure of an iron 
bar which had been considerably reduced in diameter 
by cold rolling. In spite of the severe distortion 
experienced, the greater part of the slide was 
covered, it would be seen, by grains, some of which 
had been greatly distorted. When, however, these 
were closely examined it appeared that the structure 
of each grain was still parallel throughout in spite 
of the distortion it had undergone. Again, Fig. 13 
represented a section through a specimen broken 
in the testing-machine, the fractured edge being at 
the right. The granular structure was still visible, 
but it would be seen that the grains had been a little 
elongated in the direction of the stress. Although 
the shapes of the grains were still irregular, the 
length, it would be seen, was generally greater than 
the width. Hence it would be seen that the granular 
structure survived very severe strains. How it 
did this had been found out by Dr. Rosenhain and 
himself, by straining a thin strip of metal under 
the microscope, keeping the same crystals under 
observation throughout. Fig. 14, for instance, 
showed on the top the original appearance after 
lightly etching, and below the appearance after 
a strain not much in excess of the elastic limit. 
On comparing the two, it would be seen that 
the grains had undergone a little stretch, and 
had simultaneously shortened transversely. This 
was not, however, the main difference observable, 
but over the surface of each grain, in the second 
half of the figure, black lines, like the crevasses of a 
glacier, were visible. These were straight and 
parallel, and it was in virtue of the formation of 
these lines that plastic strain became possible. 
Actually the lines did not denote crevasses, there 
being no discontinuity, but merely the slipping of 
layers over each other—just as the cards of a pack. 
As a result, the surface of the grain after straining 
was arranged in a series of little steps. In Fig. 15 
was represented a specimen of lead which had been 
subjected to severe straining, which showed well 
the development of the slip lines. The speaker 
had compared the motion which produced these 
to the sliding of the cards ina pack ; but for the 
analogy to be exact, the sltpping of the cards 
in three directions to 





should, he said, take 
get the complete distortion. 





In Fig. 15 it would be seen that some of the 
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age showed the systems of slip-lines, which, 
e might state, lay along the octahedral planes 
of the cubic crystals of which lead was com- 
posed. The nature of the slip was roughly exhi- 
bited in Figs. 16 and 17. In the first, the edge 
represented was a cut across the polished sur- 
face of the specimen, and the dotted lines were 
intended to represent the margins of the layer of 
‘brickbats ” exposed. Under strain the layers 
moved as indicated in Fig. 17, slipping down and 
forming steps along the surface to right and left. 
When such a surface, after straining, was ex- 
amined by the microscope under vertical illumina- 
tion, the light which fell on the tops of the steps was 
sent to the eye, and these accordingly appeared 
bright. The light that fell on the inclined edges 
of the steps was, on the other hand, reflected away, 
and these edges therefore appeared as dark bands. 
A proof that this was the real character of the 
slip-bands was obtained by lighting them from the 
side. If the theory above given were correct, it 
should be possible in this way to get the slip-lines 
showing up as bright bands. This proved to be 
the case. Thus Fig. 18 showed slip-lines in the 
case of lead crystals, some showing up bright and 
others dark. In Fig. 19 the same specimen was 
shown with the light falling from another direction. 
Fig. 20 showed a single lead crystal under a high 
power with the slip-lines well developed, and these 
were shown still more clearly in Fig. 21 with 
a higher power. These gavé evidence that the 





slip-bands, as indicated in Fig. 24, which had been 
photographed from a strained specimen of copper. 

He had mentioned at length this subject of 
twinning, because it was of fundamental importance 
in framing conjectures as to the ultimate structure 
of metals. Crystal grains were composed of units of 
finite size arranged in regular order, assembled, 
that was to say, first in rows; then these rows 
arranged to form layers, and finally these layers 

iled one on top of the other to form the grain. 

t was not known whether these units were the 
molecules themselves or larger aggregations. Even 
if they were molecules, these molecules were them- 
selves complexes in the case of most metals. These 
particles must be pictured as having in themselves a 
sense of direction, and not as if they were uniform 
spheres, though it was convenient to consider them 
as having externally the form of a sphere, as this 
made it more easy to realise that the centres of 
neighbouring units were a definite distance apart. 
How, then, might spheres be piled up so as to get 
the types of symmetry associated with crystalline 
forms? Most common metals, he might say, had 
full cubic symmetry, there being thirteen axes of 
symmetry and nine planes of symmetry. 

There were, the speaker proceeded, three ways in 
which it was possible to pile equal spherical par- 
ticles so as to possess this symmetry. The simplest 
form was when each sphere was in contact with six 
of its neighbours. This was the case when the 
whole mass was built up of units of four balls, as 





The first of these models was shown at the meet. 
ing of the British Association at Leeds. The idea 
in that case was to exhibit the structure corre- 
sponding to thé most open method of piling. The 
units used consisted of three rectangular axes, each 
having polarity, which was most easily pictured as 
og a positive or negative charge at the ends of 
each. 

Sir Alfred Ewing next showed in the lantern 
simple model which he had first exhibited, he said, 
some yearsago. Each particle in this model was an 
equal armed cross built up of two magnets and 
pivoted at its centre. A number of these were 
arranged at equal distances apart, and the lecturer 
showed that if the condition of stable equilibrium 
were disturbed to a moderate amount, the particles 
after a certain amount of vibration, settled down 
again to the position of most stable equilibrium, 
By giving a more vigorous vibration to the system 
the effects of heating a crystalline body could be 
simulated, and it would be found that on settling 
down the system did not reach then a position 
of perfect crystalline form. A small dissenting 
body had, he remarked, been established, a little 
group of the magnets keeping each other in 
countenance, but being out of harmony with their 
environment. By applying again the equivalent of 
a little heat, conformity could, he said, be restored, 
so that nature in this respect copied the early 
methods of the Church in its dealings with dissent. 
With magnetic models of this kind it was possible, 
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slips had been successive in the different planes. 
The true nature of the slip-lines had also been 
proved by Dr. Rosenhain in another way. He 
deposited copper electrolytically on the strained 
surface of the specimen ; then cut this across and 
polished the sections. His result was shown in 
Fig. 22, page 653, where the steps corresponding to 
the various slips were clearly visible. 

It appeared from the foregoing that these slip- 
bands were the key to an explanation of the plas- 
ticity of metals. Any amount of distortion could 
thus be accounted for without the necessity of 
interrupting the continuity of the material. Dr. 
Beilby had shown, however, that in the process of 
slipping an amorphous phase was produced, as one 
part moved over the other, and this was in agree- 
ment with the well-known fact that working a 
metal backwards and forwards deteriorated or 
fatigued it. 

He would pass on now to consider another 
matter which was fundamental in the theory of 
crystallisation : that was, the production of twin 
forms. Twinning was sometimes the direct result 
of straining actions, but was more often produced 
when a metal, after having been strained, was 
annealed. It did not occur in iron, but was fre- 
quently met with in the case of gold, copper, and 
silver. The nature of twinning was, perhaps, most 
easily intelligible if the crystal were considered as 
built up of layers of ‘* brickbats,” and that after one 
layer had been completed the next layer had all the 
bricks turned round through an angle of 180 deg. 
The result would be a twin formation. In the 
microscope twinning was shown by the appearance 
of a dark band in a crystal lel to the lighter 
portion, or vice versa. The black bands to be seen 
across the grains in Fig. 23, were examples of 
twinning, as also were the light bands on the darker 
grains. The specimen in question was photo- 
graphed froma gold nugget by Professor Livers- 
edge. This showed comparatively large crystals 
and many twins. Under strain twinning was indi- 
cated by an abrupt change in the direction of the 
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indicated on the left in Fig. 25, page 653. This 
constituted the most open method of piling that it 
was possible to have. As shown on the right of 
that figure, each inner ball then touched four others 
in one plane, and another two in the plane at right 
angles to this. 

n the next system each internal ball was in 
contact with eight others, and the arrangement in 
this case was illustrated in Fig. 26, where each 
white ball in the middle of the mass touched eight 
red ones, and each internal red ball eight white 
ones. In this system the piling was closer than it 
was in the case of the first system. 

In the third mode of piling each internal ball 
touched twelve others, and this was the mode of 
closest piling. It was attained by arranging one ball 
with six round it, as shown in the middle of Fig. 27, 
and the complete grain was formed by piling above 
and below this the three balls shown on each side, 
The ball in the centre then touched twelve other 
balls. It would be seen that there were two possible 
ways of adding on the sets of three balls. This 
might be done so that each ball at the bottom was 
exactly below a corresponding ball in the top three, 
or, alternatively, the ball at the bottom might come 
opposite a space at the top. If the piling were 
effected on the hit-and-miss principle, the resulting 
mulberry satisfied the conditions of cubic sym- 
metry, as had been first shown by Barlow, from 
whose papers the examples given had been taken. 
By omitting the corners, moreover, as indicated 
in Fig. 28, a layer was obtained parallel to an 
octahedron, and it was over this layer that slipping 
occurred and twinning arose. If, on the other 
hand, the three balls at top and bottom were added, 
vis-d-vis, hexagonal symmetry was attained ; this 
fact was of importance, since of the few metals 
which did not crystallise in the cubic system, most 
did in the hexagonal system. 

In order to form a picture of the process by which 
the units arranged themselves, the speaker had 
made a number of models in which the requi- 
site polarity was given by means of magnets. 
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the lecturer proceeded, to show what happened 
when slipping occurred. Moving a rank of the 
magnets past its neighbouring rank, the magnets 
were mutually deflected until the displacement 
exceeded a certain limit. A displacement beyond 
this limit gave rise, however, to a rupturing of 
bonds, and to a dissipation of energy in the subse- 
quent vibration of the magnets. 

In the models just described the mechanical forces 
arose, the speaker said, from the attraction for each 
other of positive and negative magnetic poles ; but 
the required end could be equally well attained by 
means of positive and negative units. 

What sort of polarity would, he continued, be re- 
quired to get the closest form of packing, since this 
was what crystals required. Sollas, it was true, still 
held that crystals were formed by the most open 
packing, and Lord Kelvin accepted both methods ; 
but the speaker thought that Barlow and Pope had 
given very strong grounds for believing that the 
crystals were built up with the closest form of 
packing. In experimenting on this subject he had 
tirst formed units based on the tetrahedron. These 
units were represented in Fig. 29, page 653. Each 
stem terminated in a south pole, a north pole 
common to all being at the centre. In the model 
photographed they were grouped in cubic symmetry; 
but, if freely pivoted, this was not the arrangement 
they automatically assumed. To get this it was 
necessary to introduce ‘‘cementing corpuscles 
occupying the interstices between the poles, and 
there was then no difficulty in getting the particles 
to assume automatically a position of cubic 
symmetry. Similar models could be formed with 
six arms and with eight, as in Fig. 30. 

A model showing two layers of the tetrahedra 
arranged in cubic symmetry was shown in Fig. dl 
To represent what would occur with twinning, one 
of these layers should be turned round through 
180 deg. If this were done, the stability was 
exactly the same as before, but this would make 
twinning far too easy. If, next, the six-pole model 
were taken, Fig. 32, and the lower layer turned 
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through 180 deg., it would be seen that originally 
each cementing corpuscle engaged six poles, but on 
turning through 180 deg. the number was reduced 
to three. The corresponding difference in stability 
was so great as to render twinning with such a 
system very unlikely. With the eight-pole model, 
Fig. 33, each corpuscle originally engaged four 

oles, and on turning the lower layer round through 
180 deg., this number was reduced to three. The 
stability was thus less with the twinned arrange- 
ment, but not very greatly so, and this was in 
accord with our experience of crystals. Barlow 
had shown, moreover, that hexagonal symmetry 
might be considered as derived from the cubic 
system, with certain layers omitted. 

In concluding his most interesting lecture, Sir 
Alfred Ewing remarked that in bringing forward 
these models he made no claim that they solved the 
question of the constitution of crystals, but merely 
that they might serve as road-posts indicating a 
path through the existing fog. 








THE JAPANESE BATTLE-CRUISER 
“ KONGO.” 

Tue Japanese cruiser Kongo, which is to be 
launched to-morrow from the Naval Construction 
Works at Barrow-in-Furness (Messrs. Vickers, 
Limited), has naturally attracted considerable 
interest, because it was recognised that the wealth 
of experience gained in the recent war afforded 
valuable guidance to the Japanese authorities in 
stating the requirements to be met from the point 
of view of fighting efficiency, while the knowledge 
and practical acquaintance with modern conditions 
on the part of the builders enabled these conditions 
to be satisfied from the point of view of naval con- 
struction. We are glad, Geostee, to be able to pub- 
lish, on page 656, the elevation and plan of the ship, 
along with some ae go of the work in pro- 
gress on Plate XLII., and pages 656, 657, and 664. 

It should be stated at the outset that the 
strategical and tactical: qualities governing the 
design were enunciated by the Japanese officers 
responsible for the constructional work. ese in- 
cluded the armament, the arrangement of the 
armour, the speed, and the radius of action ; and it 
was left to the Vickers Company to embody the 
requirements stipulated on the smallest and most 
economical ship, alike in respect to first cost and 
fuel consumption for all speeds, and the expenses 
of maintaining the ship in commission. The 
views we reproduce are of themselves sufficient 
evidence of the success achieved by Mr. T. G. 
Owens, naval constructor of the Vickers Company, 
especially when supplemented by a statement of 
the dimensions and fighting qualities of the ship. 
Perhaps the most convincing testimony to the 
appreciation with which the design was accepted in 
Japan is the fact that three other sister-ships are 
being built there ; first, the Hiyei, the keel of which 
was laid on November 4, 1911, at the Yokosuka 
Dockyard ; the Haruna, commenced on March 16, 
1912, at Kobe; and the Kirishima, begun on 
March 17, 1912, at Nagasaki. The principal 
dimensions are as follow :— 


Length ... 704 ft. 
3readth ... 92 ft. 
Draught ... on aa 27 ft. 6 in. 
Displacement in tons .. 27,500 
Speed, at least ... 28 knots 
Full coal capacity 4000 tons 
Oil fuel capacity 1000 tons 


Shaft horse-power appioximating to 70,000. 


Armament :—Eight 14-in., sixteen 6-in., and sixteen 
smaller guns, with a large number of submerged broad- 
side torpedo-tubes. 


In respect to armament, the 14-in. gun has been 
adopted in these ships for the first time in battle- 
cruisers, and after extensive experiment on the 
part of the Japanese authorities with 12-in., 134-in., 
and 14-in. guns, and due consideration of the 
advantages and disadvantages of still larger weapons. 
The eight 14-in. guns are mounted in pairs in four 
barbettes, two of which are located forward and two 
aft, all on the centre line. These barbettes are 
arranged, and the elevation of the guns is fixed, so 
that four may fire forward and four aft, while 
all eight may fire on either broadside. The guns 
to the rear of the bow barbette are at a higher eleva- 
tion, and in the case of the two after barbettes 
the forward pair are at a higher elevation, 
although, owing to the relative positions of the one 
to the other, the difference in height is not so 
great as in the forward guns; but, owing to the 





absence of any obstruction abaft the guns, it is 

ssible to fire all four guns astern in line with the 

eel. It is important to note that the Japanese 

authorities have considered it necessary to arrange 
that four guns should be fired astern. An impor- 
tant development was also introduced in connec- 
tion with the 6-in. guns, which are of 50 calibres in 
length. These are fitted in casemates on the upper 
deck level. The advantage achieved in the design 
of these casemates is that the guns can be trained 
through a wide arc. This general policy is con- 
sistent with the arrangement made since the 
war by the Japanese authorities, who have in all 
cases adopted, in addition to the primary guns, a 
large battery of 6-in. weapons, a quality which 
has since become general amongst all naval Powers. 
The sixteen smaller guns are placed in convenient 
positions on the superstructure, in order to com- 
mand a high elevation. 

Notwithstanding the very powerful armament 
provided, the armoured protection is most effective, 
particularly against torpedo attack. Indeed, more 
weight has been allocated to this than in most 
ships. The main broadside armour is of special 
quality steel, and is equal in thickness to that of 
any battle-cruiser yet designed, and is carried to 
the height of the boat-deck, which is continued on 
the same level as the forecastle, forming a gun-citadel, 
into which the 6-in. gun-casemates are worked. 
The main belt extends considerably below the 
water-line, and under this, again, there is an auxiliary 
armour-belt extending some distance below the 
normal armour-shelf. There is a special arrange- 
ment of armoured bulkheads protecting the vital 
parts of the ship; the magazines, for instance, 
being completely surrounded with special steel 
armour. ‘There is an armoured deck at the water- 
line level, and in addition to this there is an 
armoured deck closing in the ship from stem to 
stern at the level of the top of the side armour. 

In the case of the propelling machinery, the 
same idea of adopting the best practice of the 
moment has been carried into effect; the water- 
tube boilers burn oil fuel as well as coal ; the tur- 
bines are of the combined impulse and reaction 
type ; and in the details and in auxiliary engines 
several interesting improvements have been effected. 
To ensure safety, the boilers are arranged in eight 
com ments, four on each side of a centre line 
bulkhead, which extends throughout their whole 
length, while the coal-bunkers are also disposed 
to afford protection. Again, the engines—two 
sets of turbines on four shafts—are arranged in 
two compartments, with a centre-line bulkhead 
between them. The condensers, four in number, are 
placed aft of the turbines in two separate rooms, 
together with centrifugal pumps and other auxi- 
liaries. The whole of the arrangements, including 
those of the steam and exhaust piping, feed, drain, 
and oil lubrication systems, are such as to preserve 
the independence of the port and starboard sets of 
machinery, and allow either set to be worked when 
all parts of the otherare disabled. Thus steam can 
be got from any of the eight boiler-rooms. Each 
set of turbines consists of one high-pressure and 
one low-pressure turbine, the former being coupled 
to the outer, and the latter to the inner, line of 
shafting on each side of the centre line. _ Both the 
high and low-pressure astern turbines are incor- 
porated in the after end of the same casings as 
the corresponding ahead turbines, and thus all four 
shafts are available for astern working. 

The working steam pressure at the engines is 
205 lb. per sq. in. The high-pressure ahead and 
astern turbines are, as already indicated, of the 
Parsons combined impulse and reaction type, each 
being provided with an impulse wheel at the high- 
pressure end. Each impulse wheel carries a single 
stage of impulse blading, consisting of four rows of 
rotating blades with their corresponding guide- 
vanes. The nozzles are arranged in groups in such 
a way that a high initial pressure may be maintained 
when the turbines are working at reduced powers, as 
the supply of steam may be shut off from one or 
more of such nozzle groups. Following the impulse 
blading are the usual stages of reaction blades, 
seven in number in the case of the ahead turbine, 
whilst the astern impulse wheel is succeeded by 
two short stages of the reaction blading. Great 
care has been bestowed upon the design of the 
blading of the impulse stages, and particularly upon 
the method adopted for its attachment to the rotors. 
With the exception of the last row of moving blades, 
which are of brass, these blades are of special nickel- 
coated mild steel, welded on to sectional foundation 








rings of mild steel. The foundation rings are dove- 
tailed mto grooves on the wheel-rim, to which 
they are fixed by brass packing caulked into one 
side of the groove. The rotor-drums, spindles, 
connecting - pieces and impulse wheels are made 
of forged steel; the rotor-wheels are of forged 
steel of the arm type. The combined high-pressure 
ahead and astern arrangement, together with the 
introduction of impulse wheels and a two-stage 
cruising element in one casing, necessitated the 
construction of a turbine of exceptionally large over- 
all dimensions. These features constituted a de- 
parture from the usual practice in marine turbines 
of high power, and it was consequently found 
necessary to exercise great care in preparing the 
detail designs of the rotors and casings, so as to 
ensure sufficient strength and freedom from distor- 
tion under the varying steaming conditions which 
will obtain on service. The two low-pressure tur- 
bines are on the reaction principle throughout. The 
object kept in view in the general design of these 
turbines has been the maintenance of a high 
economy, not only at full power, but also at the 
lowest anticipated cruising powers under service 
conditions. 

The turbine and propeller shafting is of forged 
steel, bored hollow throughout the whole length of 
the shaft. Thrust and adjusting bearings are 
fitted to each line of shafting. ‘The screw pro- 
pellers are four in number, three-bladed, the 
material being of manganese bronze, the blades 
and boss forming one casting. Complete forced- 
lubrication arrangements are provided for the tur- 
bine and plummer-block bearings, the oil being 
supplied by direct-acting pumps, two of which are 
fitted in each of the four engine-rooms. The oil 
is passed through coolers of the tubular type, the 
circulating water for which is supplied by a direct- 
acting pump fitted in each of the four engine-rooms. 

The four main condensers fitted, two in each 
condenser compartment, are of the ‘ Uniflux ” 
type, with the tube casings built up of steel plates 
and angles. The end covers are of cast iron, to 
protect the tubes, &c., from galvanic action. There 
are two independent air-pumps for each pair of 
main condensers, the pumps being of the ‘‘ Dual” 
type, each having one air and one water barrel. 
The circulating pumps for the main condensers are 
of the centrifugal type, two for each pair of main 
condensers. The pumps are driven by independent 
two-crank engines fitted with forced lubrication. 
Two auxiliary condensers, one in each condenser 
compartment, take the exhaust steam from the 
auxiliary machinery. In connection with the 
auxiliary condensers, two air and two circulating 
pumps are provided. 

In the boiler-room there are eight main and eight 
auxiliary feed-engines of the direct-acting type ; 
the capacity of the auxiliary feed service is equal to 
that of themain. There are four grease-extractors 
in connection with the delivery pipes of the main 
air-pumps and two for the auxiliary air-pump 
discharges. Fourteen steam pumping-engines are 
fitted for fire and bilge purposes and for emptying 
the double bottoms of the compartments. Four of 
these pumps are fitted in the engine-rooms and the 
remainder in the boiler compartment ; those fitted 
in the boiler-rooms are also capable of being used 
in connection with the See ash-ejectors, ten of 
which are provided. 

The thirty-six water-tube boilers in the ship are 
of the Yarrow large-tube type, arranged to pass 
the products of combustion into three funnels. 
They are loaded to 275 lb. pressure per sq. in., and 
are arranged to work under forced ¢Craught with 
closed stokeholds. The boilers are arranged to 
burn oil fuel as well as coal ; a complete installa- 
tion of pumps, heaters, filters, and collectors, with 
all connections, being provided and fitted complete 
for this purpose. Electrical indicators for regu- 
lating the firing of the boilers are fitted complete 
in the boiler-room, the furnaces being numbered to 
correspond with numbers which are periodically 
displayed on the indicator dials. Five steam-driven 
air-compressors are fitted for cleaning the boiler 
tubes externally by air jet. 

The fans for supplying forced draught to the 
boilers number thirty-four — thirty-two of the 
single-breasted and two of the double-breasted 
type. They are driven by double-acting steam- 
engines fitted with forced lubrication. The six 
evaporators are worked with steam taken from the 
auxiliary exhaust system or the auxiliary steam 
service. The two distilling condensers are of the 
cylindrical type, capable of condensing all the steam 
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from any four of the evaporators. All the evapa- 
rators are connected so that any of them can deliver 
their vapour either to the distiller or the auxiliary 
condenser in their own compartment. 

While Messrs. Vickers are to be congratulated 
on having combined on such a comparatively small 
displacement the satisfactory fighting qualities 
enumerated alike in regard to gun-power, arma- 
ment, speed, and radius of action, it should be 
remembered that the elements of design were, as we 
have already explained, laid down by the Japanese 
authorities, 

On Plate XLII., and on this and the opposite 
pages, we reproduce a series of illustrations from 
photographs taken at various stages of the construc- 
tion of the vessel. Fig. 3 is a view on the upper 
deck taken when the boiler casings and super- 
structure were in course of erection. Fig. 4 is a 
view looking forward, showing the extension of the 
double bottom right up to the armour-plate shelf. 
Fig. 5 shows the bow of the ship ready for the 
armour, the whole of the shell-plating being in 
place, while the embrasure of the forecastle to 
allow the 6-in. guns to fire right ahead is also seen. 
Fig. 6 illustrates the forward part of the ship, with 
the framing and deck beams and protective deck. 
Fig. 7 shows the after part of the ship at the pro- 
tective deck. Fig. 8, on the opposite page, illus- 
trates clearly the port side of the bow cradle, and 
shows the framing adopted for housing the tops of 
the poppets and the bedding of the hydraulic rams 
to be used, if necessary, for starting the ship when 
released by the hydraulic trigger gear on the ways 
amidships. Figs. 9 and 10 are respectively views 
of the bow and stern of the ship with the propellers 
and rudder in place. 








HUMIDITY AND VENTILATION IN 
COTTON-WEAVING SHEDS. 
To THE Eprror or ENGINEERING. 

Srr,—In the issue of ENGInEgRING of January 12, 1912, 
a very full review is made of the Home Office Committee's 
Report on Humidity and Ventilation in Cotton-Weaving 
Sheds. In reading this very complete analysis of the work 
of the Committee, our attention was particularly drawn 
to two paragraphs therein, which we quote :— 

“Tf the humidity could be inevenanl without limits by 
the injection of water, by some such means as those em- 
ployed in deep tunnel borings, there would be no difficulty 
in reducing the temperature by any desired amount.” 

Then, again, from the comments on experiments made 
at Manchester University with cooling air by evaporation, 
this may be quoted :— : 

**In order to test the efficiency on a large scale an 
apparatus capable of cooling and saturating the air at the 
inlet of a duct system was set up. The air was drawn 
through a wet mat of about 70 sq. ft. surface at the rate 
of 340,000 cub. ft. per hour, and passed over several bafile- 
plates, which were kept moist. The success of the full- 
































Fic. 3. View on Upper Deck purine Erection or CASINGS AND SUPERSTRUCTURE. 


scale experiment can be inferred from the following 
figures :— 


Current of air .. 340,000 cub. ft. 


per hour 
Outside temperature, dry bulb ... 69 deg. 
si Ea wet bulb an 63 ,, 
Temperature of air in duct, drybulb... 63 ,, 
“is - - wet bulb... 61.9,, 
Percentage of humidity... al — = 
Cooling effect . = te: Sw» 


‘This result would be satisfactory in many cases where 
artificial lowering of temperature is needed ; but, unfortu- 
nately, the process is not well adapted to the require- 
ments of thecotton-weaving industry, because the neces- 
sary humidity cannot be maintained by these means 
alone. The moist air entering the shed has its tempera- 
ture raised, and, consequently, the relative humidity is 
diminished. To take an instance:—The 512 grains of 
moisture contained in air at 60 deg. Fahr., dry bulb, and 
90 per cent. humidity, will correspond to 55 per cent. of 
saturation at a shed temperature of 75 deg. Fahr.” 

Now for several years in America a firm of engineers, 
the Carrier Air-Conditioning Company, have been instal- 
ling apparatus for humidifying and cooling of weaving- 
sheds and spinning-mills by a system designed along this 
general line. 

We give below an extract of a <~ read before the 
American Society of Heating and Ventilating, by Mr. 
J. I. Lyle, in January, giving a record of temperatures 
and humidities in two weaving-sheds during the summer 
of 1910. It will be noted that the external conditions 


are very hot and dry, while the internal humidities 
desired are ath To | and the temperatures, instead of 
being higher than the external, are much lower. 

The following is the table of the readings in one mill :— 





| Outside Inside ’ 
| Temperature. Relative Temperature. (Relative 
Date. Hu- {u- 
midity. midity. 
Dry B. Wet B. Dry B. | Wet B. 
per cent per cent 
July 20 .., 93 40 86| 82 76 76 
o S . 76 41 | 84 78 77 
August 3 91 6 | 32 78 72 75 
» ..| 74 38 | 82 76 76 
; - o 73 41 | 80 75 79 
» 28..) 72 44 | 78 74 83 
Average ..| 90.5 ' 73 39.3 80.75 76.83 77.66 


In another mill these readings are actual observations 
of dry and wet bulb for two consecutive days, last summer. 


Outside. Inside. m 
Dey... ... a oe RD ssn as ~ & 
Wet... i dei 80 Wet ... ss 7s 
Percent. humidity ... 65 Percent.humidity... 77 
Dry 90 Dry ... os - 825 
Wet ... = ” 77 Wet ... * ia 7 
Per cent. humidity... 55 Percent.humidity... 82 


Now to revert to the experiments of the Manchester 
University, there were two fundamental reasons why the 
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apparatus failed to do the work desired, the first being | 


that the apparatus did not completely saturate the air, 
and it will be found that this result can be obtained when | 
using large quantities of air, only by the use of very effi- | 
cient and large numbers of sprays giving a completely | 
atomised mist. Matting offers too great a resistance to | 
the flow of air. Air cannot be brought in sufficiently 
intimate contact to procure saturation by passing it over 
wetted surfaces. 

Again, the amount of air used was insufficient to absorb 
the heat and keep down the temperature of the shed. 
Wien we speak of cooling effect, we should refer to the 
cooling of the mill, and not simply of cooling the air intro- 
duced into the mill. Air can always be cooled by the 
Carrier system, and with the aulitiene of the n- 
chester test could have been cooled from 69 deg. to 61.9deg. 
The Carrier Company proportion the size of their appa- 
ratus so that sufficient air is introduced to absorb all the 
heat of the mill, from both internal and external sources, as 
fast as itis generated. Thus the shed temperature is main- 
tained. If 80 per cent. relative humidity were desired, 
sufficient air could be introduced to absorb this heat with 
a rise of slightly less than 7 deg., giving in the shed a 
dry-bulb temperature of 69 deg. Now this has been done 
in America, not in one weaving-shed, but in more than a 
dozen, and in over thirty other mill buildings. The 
Carrier Company give an absolute guarantee to accom- 
plish these results, and they do not ask the purchaser to 
pay until the guarantees have been demonstrated. The 
also guarantee that the wet-bulb temperature in the mill 
will never exceed 75 deg. Fahr. 

There is no denying that the apparatus, as compared 
with other humidifiers on the market, is expensive, but 
mill-owners are willing to go to any reasonable expense 
in the construction of their buildings to get them well 
Suited to their operations. They insulate the roof, and 
take every precaution, and not a little expense, to get the 
best possible construction. With this system of humidify- 
ing and cooling, the cost would be less than the extra 
expenditure usually put into the building. Combined 
with the Carrier system of humidifying and cooling 
there is an automatic control system, which controls 
both temperature and humidity within 4 deg. in all 
seasons, 

Yours truly, 
BurraLo ENGINEERING COMPANY, 
’ K. O. Hats, Manager. 
Caxton House, Westminster, S.W., April 16, 1912. 





“SURFACE COMBUSTION.” 

; _. To THE Eprror oF ENGINEERING. 

S1z,—The lectures by Professor W. A. Bone, reported 
on page 487 of your ninety-first volume and on page 381 
of The Engineer, of April 14, 1911, as well as that re- 
Ported on page 632 of your current volume, afford appa- 
ren'l, remarkable instances of two investigators pursuing 
practically identical lines of thought. An article in the 














Bow Crap_rE on Port Sipe. 


American Machinist (reproduced in the Practical Engineer 
for January 5, 1912, page 13) is on a paper read by 
Dr. H. Beck before the Technical High School at Char- 
lottenburg. 

_ After giving the principles on which surface combus- 
tion without flame depends, he described their applica- 
tion on ‘‘Schnabel’s system ” for various purposes, such as 
smiths’ forges, hardening and heating furnaces, crucible 
heating, &c., in which temperatures as high as 2000 deg. 
Cent. or 3600 deg. Fahr. could be attained. 

The curious thing is that, with the exception of the 
a of entry of the gas and air mixture, Dr. Beck gives 

gures which are in essentials identical with Professor 
Bone’s figures 2, 3, 4. The two former were first published 
in ENGInggRING, for April 14, 1911, page 488. Figs. 3 
and 4 were published in Zhe Engineer of the same date. 
He also suggested the application of flameless combus- 
tion to externally-fired boilers, but not to internally-fired 
ones, such as are dealt with by Professor Bone. Pro- 
fessor Bone’s Fig. 1 represents an adaptation likely 
to be extremely useful—in the kitchen for instance. Dr. 
Beck did not show this, the nearest equivalent being a 
burner surrounded by a porous ball composed of quartz 
sd ” fused or stuck together, in or on which flameless 
combustion took place. 

ile giving all honour to Professor Bone, Mr. C. 
McCourt, and Mr. Schnabel for their skilful adaptation 
of the principle, the principle itself has, of course, been 
known for a long time. The late Mr. Fletcher, of 
Warrington, devoted a good deal of time to its study, 
and described some interesting experiments in public lec- 
tures. On July 6, 1882 (as will be seen on erence to 

119 of your thirty-fourth volume), he placed an iron 
Pall * weighing 3 Ib., on a slab of fireclay, heated it for a 
few seconds with a blow-pipe, and blew the flame out, 
leaving the and air mixture still impinging on the 
hot ball. oa was darkened, but no flame was 
visible. After a few seconds the ball became so hot that 
it ran into drops. He also fused the inside of a fireclay 
chamber containing a crucible, the latter becoming so 
soft that it could kneaded like putty, no flame being 
visible. 

In the English Mechanic (vol. xliv., page 331) for 
December 10, 1886, Mr. Fletcher said flameless combus- 
tion had been known for ages. He had applied it 

ractically in his “‘injector furnace” for a small gas 
oom It was also used in a furnace for making Siemens- 
Martin steel. On February 8, 1884, a correspondent of 
the English Mechanic said he had been familiar with 
flameless combustion in a gas forge nearly twenty years 
before. On - 25, 1890, = at on, 
ome Oxford (see Practi Engineer, vol. iv., 
pages 391 and 407), and here he kept a large ball of 
iron wire incandescent by flameless consumption of 
gas. He considered that ‘‘one essential point is that 





* The report in the English Mechanic, vol. xxxv., 
page 444, says this was an iron wire ball. 





the combustible mixture comes in contact with a sub- 
stance at a high temperature which is capable of 
absorbing the heat as it is generated.” .... [I confess 
I do not understand what is meant by the last eleven 
words.] ‘In the absence of a solid substance at a high 
en a me it is, so far as is known, impossible to cause 
combustion without flame, and when a flame is used it is 
also impossible to make this flame touch a cold surface.” 

_ He described experiments made with a view to obtain- 
ing contact between the heat-absorbing surfaces and the 
incandescent gas, even when flame was present, and 
succeeded so far as to convince himself that the rate of 
heat absorption was thereby increased sixfold. 

The novelty in the arrangements made by Professor 
Bone and Mr. Schnabel seems to be in passing the explo- 
sive mixture through a porous material instead of direct- 
ing it on to its surface, as in the case of a limelight 
cylinder. There is no mention in the article describing 
Dr. Beck’s lecture of the fact, discovered by Professor 
Bone and Mr. McCourt. that combustion with the porous 
=. &c., can be continued in an atmosphere 
.*) 2+ 

By the way, is there necessarily a flame in the case of 
a limelight, or is it another instance of flameless com- 
bustion ? 

I am, Sir, yours faithfully, 
C. H. WiInGrIELpD. 

28, Victoria-street, Westminster, May 14, 1912. 





THE BLOWING PRESSURE OF SAFETY- 
VALVES. 
To THe Epitor or ENGINEERING. 

Srr,—Mr. Nutt’s letter in your issue of the 3rd inst. 
with reference to the effect of varying widths of safety- 
valve faces was very interesting. Nowadays the majority 
of safety-valves are spring-loaded, and though many 
engineers have no doubt often noticed that the amount 
of compression required for a given pressure has varied 
with similar valves, the cause has usually been put down 
to slight differences in the temper and scantlings of the 
springs ; and as this will happen even with valves whose 
seats have all been carefully turned to similar widths, the 
assumption is probably correct. 

That valves with wide seats do blow off at a lower 
pressure than those with normal faces isknown toengineers 
who have much valve-setting to do, and is probably due 
to there being a small amount of moisture between the 
faces ; the boiler pressure is thus transmitted from the 
inner edge of the seat of the outer, the tension of the film 
of moisture preventing it from being blown out until the 
valve lifts. 

Moreover, with an unduly wide seat, it appears that 
chattering of the valve is more likely to occur, as, taking 
the pressure as acting on the larger diameter of contact 
of the faces, it follows that when the film of moisture has 
been blown out the total pressure on the top of the valve 
will then be greater than that below, the latter pressure 
varying from P at the inner edge to 0°58 P at the outer ; 
the valve will therefore momentarily close until the 
pressure has been transferred through another such film 
to the outer edge, when it will again lift. Thisaction will 
be instantaneous, and is probably the cause of chattering. 
The valves referred to are not fitted with lips. 

It would be interesting to know whether Mr. Nutt 
found that No. 5 valve chattered more than No. 3. 

I am, Sir, yours faithfully, 
C. Wren Limpricat. 

115, Colworth-road, Leytonstone, Essex, May 5, 1912. 








GOVERNING STEAM-TURBINES. 
To THe Eprror oF ENGINEERING. 

Sir,—Replying to Mr. Chorlton, I say, true! the 
governor ale by Messrs. Lumb is a composite governor 
and speed-regulator ; probably he is correct in describing 
the governor as being of the pendulum type. I believe 
both the above Seeetons also apply to the Whitehead 
and Chorlton- Whitehead governors. The Whitehead 
governor consists of a pendulum spring-loaded governor 
combined with an auxiliary compensating arrangement, 
which is controlled by the position of the centrifugal 
weights of the governor. 

The governor made by Messrs. Lumb consists of a 
pendulum dead-weight loaded governor, combined with 
an auxiliary compensating arrangement, which is also 
controlled by the position of the centrifugal weights of 
the governor. In each case, the rapidity or otherwise of 
the compensator is adjustable. erefore, inasmuch as 
Mr. Chorlton’s remarks had reference to the Whitehead 
and Chorlton- Whitehead governors, they had reference to 
composite governors and speed-regulators, and the implied 
impression of Mr. Chorlton (that the Chorlton- Whitehead 
governor was unique, and that no other governor was 
capable of giving such results) required correction, once 
such impression was publicly expressed. 

Mr. Chorlton, in his letter dated May 6, gives another 
very erroneous impression, leading me to think he cannot 
be very familiar with the governors made by Messrs. 
Lumb—namely, that by reason of their slow action he 
hardly thinks they are applicable to the rapidly varying 
loads experienced in electrical work. This governor is 
very slow in action when very slow action is required, 
bow very rapid in action when very rapid action is 
required ; therein lies the efficiency of Lumb’s system of 
governing—each particular governor is installed to suit 
the circumstances of that particular case. 

The governor is applicable to all purposes for which a 
rotary or centrifugal governor may be used, and on appli- 
cation gives the best possible results to be obtained in 
each particular case. : 

Rapidly varying loads are neither confined to electrical 
work nor steam-turbines; a governor which is differentia] 
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on these points is truly unique, though perhaps not in 
the poe +9 Chorlton an a Pill 5 eg his 
field, and take in steam-engines, I will give examples in 
many districts of engines controlled by Lumb’s system of 
governing, and where the load may be reduced from full 
load to one-quarter load, and the speed will still be the 
same as at full load ; but, as I have previously stated, each 
governor is installed on lines which will give the best 
pcos Fey the prevailing conditions of that particular 
case. ere is a case within 12 miles of Bury, where, at 
the time the governor was put in, the | was continu- 
ously and rapidly varied to from one-third to full load (we 
believe the conditions are still the same), and was pre- 
viously controlled by a Whitehead governor. 

I am prepared tosubmit this as an example bearing out 
any statement I have made regarding Lumb’s system of 
governing. 

Yours faithfully, 
For James Lump anp Sons, Limitep, 


Levi Lvums, Director. 
Elland, Yorks, May 14, 1912. 





‘*GIRL-ENGINEERS.” 
To THe EpiTorR OF ENGINEERING. 

Sir,—We are living in eccentric times, and the mere 
prosaic man now often has to take a back seat. 

Ridiculous as it may ap to many professional 
readers, young women have for several years taken the 
place of experienced men in many engineering offices, to 
answer callers, show samples, explain the intricacies of 
engineering products, etc. The women have been of 
varying ages, from the short frock period onwards to the 
hobble skirt. 

Those of us who spend the greater portion of our lives 
among engineering and mechanical firms, supplying them 
with orders, are filled with disgust when we see a “‘girl- 
engineer ” put to interview callers, as we are forced to think 
that the profession has become effeminate. I have seen 
in London offices young women ——e and selling fur- 
naces, rock-drills, artillery wheels, boilers, iron bars, steel, 
drain-pipes, bricks, tiles, cement, gas plant, printers’ ma- 
chinery, electric motors, paints, and such-like. It is an 
insult fora professional man to be asked to negotiate with 
a girl about such productions. It isoften prevalent in the 
offices of London agents representing country firms. The 
— is usually out ‘‘looking” for orders, and the welfare 
of the country makers is left to the charge of the 
‘*manageress,” who may be a child with golden hair 
hanging down her back! Where the young woman is of 
a cuter age, but knows nothing of the business, her answers 
to callers are of this type—‘‘ May be;” ‘‘Why not?” 
‘*Not necessarily ;” ‘*Quite possible ;” ‘‘ Perhaps ;” 
“You never know ; ” “Never call on Saturdays ;” 
** You can never tell”—and such silly replies, which to 
a business man are gross insults. A woman should be 
kept in the background. : 

K Colonial friend, a wag in his way, had an amusing 
experience with the ‘“‘manageress” in a London office. 
The child was in short frocks and was explaining iron 
beams. ‘ Youcin never depend on finding the agent in, 
he is such a busy man,” she replied. ‘‘I can tell you all 
you want to know about iron ms,” she added, and off 
she rattled in technical phraseology that fairly amazed 
the Colonial. ‘‘ You are a champion engineer,” replied 
the overseas buyer, ‘‘and I suppose one day you will be 
building castles in Spain, or an aerial tramway among the 
mountains in the moon!” ‘Oh, Sir,” simpered the 
girl, ‘‘our agent told me to learn the price-list off b 
heart, so that when customers called I could tell them all 
they wanted to know”! 

Your obedient servant, 
Lonpon Export Buyer. 





THE WIDER ADOPTION AND STANDARD- 
ISATION OF WATER-TUBE BOILERS. 
To THE Eviror oF ENGINEERING. 

Srr.—We have been tly interested in the article 
which —— in your issue of March 8 last, under the 
title *‘The Wider Adoption and Standardisation of 
Water-Tube Boilers,” by Mr. E. M. Speakman. 

We find, however, that the comparison of the different 
types of boilers described in this article is such as to 
convey to the reader an unfavourable impression con- 
cerning the Normand boilers, and we you to kindly 
insert in one of your next issues the note which we enclose, 
with a view to correct several mistakes and to place the 
matter with regard to our boilers in the right light. We 
enclose also an amended Table III., which gives the 
figures for the two types of Normand boilers referred 
to in our note, and an amended figure to replace Fig. 5 
in the paper ; on this we have marked the results given b 
the Normand boilers of the Lance and of torpedo-boss 126. 

_We rely upon your impartiality for meeting us in this 
circumstance. 

= Yours truly, 
CHANTIERS ET ATELIERS AUGUSTIN NORMAND. 
Remarks made by the Soci4té Anonyme des Chantiers et 

Ateliers Augustin Normand in reply to Mr. Speak- 

man’s paper ‘‘ The Wider Adoption and Standardisa- 

tion of Water-Tube Boilers.” 
The author refers to certain elements and test results of 
Normand boilers which we have not been able to identify, 
except in regard to the boiler of the Chester ty e 
results for which are given with those for the Salem in 


Fig. 6. 

For this reason it is difficult to compare the figures 
which he puts forward. Moreover, the results he states 
concerning the Normand boilers are most incomplete, 
and it hasappeared to us necessary to contribute a certain 
number of actual test results; these have been duly 


, verified, and they are of such a nature that they will | 
'remove any false impression which the reader of the | 
| paper in question may have gathered concerning the | 
| economical working and the suitability of the Normand | 
| boilers for high powers. 

The following are a few examples :— 
(a) The author in his Table III. gives data on several | 
| boilers, together with a number of test results. 

| We have not been able to trace the coal-fired Normand | 
boiler he mentions. In any case, it may be asserted that | 


off <. 


30 40 


In his same table and for oil-fired boilers, Mr. Speak. 
man has taken a Normand boiler which is that of either 
one of the American destroyers Paulding, Drayton, or 


Tri test figures for which were given in the ia: 
of November, 1910, of the Sound’ at the p wade mo 


| Society of Naval Engineers. 


The author of the paper no doubt took by mistake 
for the boiler in question a steam production from and at 
100 deg. (212 deg. Fahr.), which is the figure for the 
effective steam production (24,800 kg.=54,600 Ib.), i, ¢., 
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combustion was not greatly accelerated in the boiler he | 
refers to, since it evaporated only 9.33 lb. of water per 
. ft. of heating surface. 
t would be interesting to compare this with the boiler 
recently tested and built for the Danish torpedo-boats. 
This latter boiler produced in the course of a 3 hours’ | 
trial 69.2 kg. of steam per sq. m. (14.18 lb. per sq. ft.) | 
of heating surface, equal to 1094 kg. per metrical ton 
(2457 lb. per ton) of the boiler. The best results given 





in Mr, Speakman’s table are respectively 56.8 kg. (11.6 Ib.) | 
and 955 kg. (21301b.) (White Forster boiler). Ks 


! 


- Messrs. Normand cannot trace this boiler. 


Weight of Steam per 
Generator Hour from 
Heatin Grate RREMARES. 
™ ve. Pressure. | surface. | Area, Complete and at = Per Unit of | Per Unit of 
with 212 deg. Heati | Weight of 
| Water. Fahr. — | 
Surface. | Boiler. 
kg. p. 8q.m.; 8y.m. and | sq. m.and m.-tonsand| kg. andlb. | kg. per sq. kg. per 
and | 8q. ft. | sq. ft. tons m. andlb, | m.-ton 
Ib. p. 8q. in. | per sq. ft. | and Ib. per 
Water-tube : | | ton. 
Normand’... a 5 240 3000 | 50 17.5 | 28,000 9.33 1690 | 
9 Ditto, for Danish tor- | | . Coal fuel 
pedo-boats oe -- 18.60 = 272 280=3014 5.9%= 64 17.7=17.4 19,400=42,757 69.2=14.18 1094 = 2457 | 
Combustion 
Chamber. 
cub. m. and 
cub. ft. ; 
Normand .. os ie 260 | 336 26.75, 27,200 = 59,950 61=12.49 | 992 ~ 2220) - 
Ditto, for destroyer | | Oil fuel 
Cavalier... os -. 16.0 = 23) 347=3735 8.66=306 20.7= 20.4 24,116=53,150 69.5=14.23 |1165= 2605 | 


at the pressure of 17.69 kg. (260 lb. per sq. in.), and for 
a feed-water temperature of 86 deg. (186 deg. Fahr.). 

The correct figure to be inserted in Table III. should 
be 27,200 kg. (59,950 Ib.), which gives 61 kg. per sq. m. 
of heating surface (12.49 lb. per sq. ft.), and 992 kg. per 
ton of boiler (2220 lb. per gross ton). 

The table can also be completed by the results of tests 
made with a boiler of the Cavalier, the figures for which 
are 69.5 kg. (14.23 Ib. per sq. ft.), and 1165 kg. (2605 1b.). 

The table above gives the figures for these two types 
of Normand boilers. 
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(0) In Fig. 5 of Mr. Speakman’s paper are marked the | 


test curves for various boilers, among which there is 
one for a Normand boiler which we are unable to trace. 

We have added to the Fig. 5 the curve showing the 
results of tests made by the French Navy with the Nor- 
mand boilers for the Lance, curve No. 16, and with 
the same type of boilers as for torpedo-boat No. 126, curve 
No. 17. 

We have also marked the point which applies to the 
boiler of the Danish to o-boats. 

These curves are such that they modify the comparison 

int of view. 

(c) Mr. Speakman’s Fig. 6 shows the results of tests 
with the boilers of the Salem and Chester. 

These results are those given in the Journal of the 
American Society of Naval Engineers, August, 1910. In 
both cases they appear plainly defective, and there is 
reason to believe that the stoking was very badly carried 
out, or that a particularly bad fuel was used. 

The American report refers, moreover, in regard to the 
tests on the Chester, to the appearance of flames in the 
funnel, a proof of very bad combustion. 

The fact that the evaporative capacity of boilers, 
especially of those working under forced draught, varies 
within very wide limits, according to the class of fuel 
used, is a matter of general knowledge. 

For example, the use of a coal of good quality, from 
the point of view of its calorific value and chemical 
analysis, but containing silicious ash forming a high pro- 
portion of clinker, leads to very incomplete combustion, 
to the appearance of flames in the funnels, and to a low 
evaporative efficiency. 

e results we refer to concerning the Normand boilers 
on the Lance, on torpedo-boat No. 126, and on Danish 
torpedo-boats were obtained with the coal specified for 
use by the French Navy. 

(d) Mr. Speakman states,as being a grave objection, 
the presence in the Normand boilers of tubes having a 
small radius of curvature. 

To this it may be replied that the shape alluded to 
has been selected in order to ensure for the nest of tubes 
the required flexibility, so as to enable it to meet without 
any undue stress both high rate of firing and extensive 
variations in working. 

No disadvantage has resulted therefrom either in 
regard to the —a in the water circulation inside the 
es or internal cleaning. From the latter point of 
view there does not appear to be any very great advan- 
tage in adopting large radii of curvature, as is the case 
in all, or part, of the nest of tubes of the other types of 
small-tube boilers. 








“THE STEREOPHAGUS PUMP.” 
To THE Eprror oF ENGINEERING. 

Str,—I have read with interest the account of Mr. 
Parsons’ ingenious ‘‘Stereophagus” pump in your issue 
of April 5, 1912, page 444, which may overcome some of 
the trouble now experienced by those who attempt to 
lift fresh unscreened sewage by means of ordinary 
centrifugal pumps. The remedy he proposes, which is 

ichave the pump arranged in such a manner that it 
will cut brickbats, dead animals, and ash-handles to 
arg before lifting them, certainly seems a heroic one, 

ut it would appear to me that it must at times throw a 
very excessive strain on the driving machinery, especially 
if this, as stated in the article, should be an electric 
motor mounted in an underground chamber and left 
without attendance, to work automatically in the same 
way as a Shone pneumatic ejector, which is now generally 
used for such purposes. 

The claim to superior efficiency for electrically-driven 
‘‘Stereophagus” pumps over the ejectorsis not, however, 
substantiated by the figures and diagrams published in 
your article. It is very frequently forgotten by sanguine 
inventors that the proportion of water horse-power to 
brake horse-power is only one link in the total chain of 
electric transmission, and firstly taking this, as shown by 
the diagrams, as a from 20 to 60 per cent., it is neces- 
sary, secondly, to allow for the transmission gear, which, 
however, appears to be included in the above efficiency ; 
thirdly, for the losses in the electric motor, which, for a 
variable power as described, cannot be taken higher than 
75 per cent. Fourthly, there is the efficiency of the 
electric transmission line, which may be taken at 95 per 
cent. dy the dynamo efficiency, which for such 
work can hardly be more than 90 per cent.; and, sixthly, 
the steam-engine efficiency as prime mover, which may 
be taken at 85 per cent. 

The total efficiency of such an installation in the most 
favourable case is, therefore, 


0.60 x 0.75 x 0.95 x 0.90 x 0.85 = 32.7 per cent. 


When working at less than full power this efficiency 
goes down to 


0.20 x 0.75 x 0.95 x 0.90 x 0.85 = 10.9 per cent. 


I have made numerous trials with Shone ejectors 
working with unscreened sew and lifting it 25 ft. to 
90 ft., and invariably found efficiencies superior to the 
above, and substantially the same whether the ejector 
works quickly or slowly. The highest efficiency is for 
about 25-ft. lifts with close u 42 per cent., including 
all losses from the indicated horse-power in the steam- 
engine to the water horse-power found by actual measure- 
ment of the quantity of water lifted, and decreasing to 
about 33 per cent. for 90-ft. lift. 

The chief objection to the use of such pumps for raising 
Sewage, and the one which has generally made it necessary 
to discard them for this pu is the necessity of having 
° chamber or well of some kind for collecting the sewage 
or the pump, and the impossibility of getting the pump 
. remove the sludge from such a well. "These wells, 

erefore, always have been, and probably always will 





remain, stinking underground cesspools, and constitute a 
fatal objection to any extensive application of such a 
system of raising sewage from inhabited areas. 

I think it is in the interest of the public that such facts 
should be distinctly pointed out, and also that it should 
be clearly understood that all forms of high-speed ma- 
chinery, such as centrifugal pumps and electric motors, 
are far too delicate to be left unattended in underground 
chambers ; that they will only give full satisfaction when 
working under constant supervision. 

The ejector system therefore appears to me well able to 
hold its own in comparison with the ‘‘Stereophagus” 
pump. Ido not think that Mr. E. W. Sargeant’s letters 
on pages 538 and 595 ante can refer to centrifugal 
pumps used for sectional drainage, where the conditions 
are entirely different from those obtaining at sewage 
outfall works, and I have yet to learn that centrifugal 
meg driven electrically by automatic switch - gear 

ve been used successfully for such purposes. I know 
that it has been attempted in many places to use first 
hydraulic pumps and later on electrically-driven centri- 
fugal pumps for such installations, but the results have 
invariably mn disappointing. Knowing as I do that 
Mr. Parsons has for the last twelve years been advocating 
first hydraulic pumps and later on electrically-driven 
centrifugal pumps for the drainage of St. Petersburg, by 
using a very large number of automatically-driven under- 
ground pumping stations, it is of interest to me to see 
that he is now trying to invent.a pump suitable for this 

urpose. 
. Yours very faithfully, 
C. tr. ALFRED HANSSEN. 

Vosnessensky Prosp., House No. 17, log. 16, 

St. Petersburg. 

April 25/May 8, 1912. 





To THE EpitTor oF ENGINEERING. 

Srr,—Mr. Parsons, in his letter of the 6th inst., printed 
in your last issue, puts it beyond doubt that he considers, 
because we have ventured to question the merits of his 
“‘Stereophagus” pump, that we must be entirely ignorant 
of the laws governing the design of centrif pum 
generally. It is unlikely, in the face of such an attitude, 
that further discussion with him will be fruitful of any 
a result ; but we hope that the method adopted by 

r. Parsons in the course of this correspondence for 
defending his pump does not mark the introduction of a 
“new style” in engineering discussions, which has 
happily not been their characteristic in the past. 

e note that Mr. Parsons claims an experience of 
some thirty-six years, but we hesitate to believe that he 
means us to infer from this that he has spent a large 
portion of this lengthy period in the study of centrifugal 
pumps for dealing with sew If so, it can only be a 
matter of regret that the result of so much work is to be 
summed — in the dogmatic, but entirely erroneous, view 
that the ‘“‘Stereophagus” pump, and it only, can be success- 
fully applied for the purpose named ; and that, more- 
over, anyone who dares to question this opinion must be 
immediately accused of the most profound ignorance of 
the subject. 

We will not, under the circumstances, attempt to give 
a list of the places where properly designed centrifugal 
pumps are satisfactorily dealing with sewage in constant 
duty, because to do so would be to enumerate most of 
the chief cities and townships in the three kingdoms, 
to say nothing of the numerous installations outside the 
country. The fact that such pumps are working success- 
fully will be sufficient proof to most engineers that the 
ordinary centrifugal pump, properly designed, is per- 
fectly able, without any complications, to deal with 
sewage. That is the point we started with, and it is 
only fitting that we should close our contributions to the 
discussion emphasising it again. We have felt that 
it would be unfortunate, in the interests of accurate 
technical knowledge, if, under such circumstances, the 
impression were allowed to get abroad that it was 
necessary to spoil the beautiful simplicity of the centri- 
fugal pump in order to render it suitable for — 
with sewage. The opinions we have expressed are base 
upon & + of experience not less than. that pos- 
sessed by Mr. Parsons, but with this difference, that 
in the writer’s case the whole time over the considerable 
period mentioned has been solely occupied in the suc- 
cessful design and construction of centrifugal pumps 


for all purposes. 
Yours faithfully, 
For CLAYTON AND SHUTTLEWORTH, LIMITED, 


E. W. SARGEANT. 
Lincoln, May 14, 1912. 








R.M.S. * Trranic.”—We have received from Mr. G. A. 
Pratt, 22, Oxford-street, Southampton, a copy of a three- 
colour print of the Titanic, which is a reproduction of an 
quigieal enlatiog by Mr. W. Fred. Mitchell, marine artist. 
Copies of the print can be obtained from Mr. Pratt at 
the price of 1s. 3d., post free. 





ImmincHaw (Grimssy) Docxs.—We have received an 
illustrated mphlet deali with the Immingham 
(Grimsby) ks. It descri their construction, the 
plant put down in connection with them, and the 
numerous advantages which they offer from the commer- 
cial point of view. The surrounding district is also 
most suitable for the erection of factories, facts which we 
pointed out in several former instances when dealing 
with publications concerning the trade of Hull. We 
deontaed in detail the construction of the docks in 
question in former issues (see ENGINEERING, vol. lxxxvii., 
pages 653 and 717). Railway facilities are provided in con- 
nection with the docks and district by the Great Central 
Railway Company, particulars concerning which can_be 
obtained from their offices, 216, Marylebone-road, N. W. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 8. 


THE steel market shows increasing strength under 
a general buying movement, in which railroad pur- 
chasing constitutes a very important factor, recent 
orders for steel rails aggregating 150,000 tons, of 
which one-half was for Ceendinn roads and a small 
order for Africa. Since January | the railroads of the 
United States have contracted for 65,000 passenger 
and freight-cars, and the total number for the year 
will probably reach not less than 200,000, of which 
40,000 are now under inquiry. Pig-iron stocks are 
steadily decreasing, and prices are hardening. Low- 
grade iron, used chiefly in the manufacture of cast 
pipe, is pretty well cleaned up, and Southern furnaces 
turning out that grade of iron are sold for months 
ahead. Stove-makers are active buyers of No. 2 foundry 
iron, and large transactions will be closed before the end 
of the week. Iron for steel-making purposes is in 
exceptiunally good demand. A general improvement in 
prices for delivery during the latter half of the year 
appears to be very close at hand. The consumption of 
heavy steel plate is increasing, and the over-sold condi- 
tion of quite a number of plate-mills has brought prices 
up as high as 1.40 to 1.45 dols. delivered. Structural 
mills, while fairly well supplied with orders, are not 
gaining in business as rapidly as the plate-mills, 

rude steel isalso moving up, and open-hearth rolling 
billets are now quoted at 20 dols. at mill in Western 
Pennsylvania. The buyers of soft steel bars used in 
the manufacture of farm implements and machinery 
have contracted for a year’s consumption from July 1, 
as is their custom at this time of the year, and the 
aggregate amounts to 900,000 tons. Price, 1.15 dols., as 
against 1.40 dols. for the last year. The demand for all 
other lines of iron and steel is good, but the upward 
tendency in prices is not quite so apparent. 





Tue Iron anp Street Institute.—With reference to 
Professor T. Turner’s paper on ‘‘ Some Remains of Early 
Iron Manufacture in Staffordshire,” which we reproduce 
on page 643 ante, additional notes on the subject were 
given at the meeting of the Institute on the 9th inst. We 
reproduce these below in abstract :—Mr. Benton informed 
the author that ‘‘ ham-bones ” were also produced at the 
Old Witton Forge, near Birmingham, the site of which 
was now t of Kynoch’s Works; these include a corner 
of the old Roman camp at Perry Barr. Sandwell Mill, 
on the River Tame, was another locality near Birmingham 
where ‘‘ ham-bones” were to seen. A portion of 
the slag from the upper portion of a ‘*ham-bone” was 





analysed, under e author’s direction, by Mr. R. 
Nevill, B.Sc. The results of the analysis were :— 
Per cent. 
Ferric Oxide 55.54 
Silica oe 12.05 
Alumina 7.92 
Lime 7 3.20 
Magnesia .. ‘ 0.45 
Mangamous oxide 0.24 
Sulphur .. - : 2.47 
Phosphorus pentoxide. . 0.51 
Carbon... - = 13.89 
Moisture 1.84 
Alkalies  .. es " 0.74 
Not estimated and loss . 1.15 
100.0 
The metallic iron present was equal to 38.88 per cent. ; 


on the outside it was almost completely oxidised to 
Fe,O;; the interior portions contained more or less FeO. 
The presence of carbon, in the form of partly-burned 
fuel, appeared to indicate that the slag was ‘not 
thoroughly fluid, or the carbon would have been all at or 
above the surface of the slag. In composition this slag 
was such as would be produced in a small hearth or 
bloomery, and not in a blast-furnace making cast iron. 
The names of Roger Fowke and Thomas Parkes, which 
occur in the lease, taken in connection with its date, 
may possibly throw light upon the origin of these curious 
remains of ancient iron manufacture. Dud Dudley was 
born in or about 1599; he was brought from Oxford in 1619 
to take charge of his father’s iron works at Pensnett 
Chase, in Worcestershire. His first patent for the manu- 
facture of iron with pit coal was applied for in March, 
1619. He stated that he soon succeeded in making 
**much good merchantable iron,” and his brother-in-law, 
Richard Parkes, of Sedgley, was employed to take the 
iron from the works to the Tower for the Royal ure. 
When his first patent expired in 1637, Dud Dudley 
ng ny for its renewal, and was joined in his petition 

y three others, one of whom was “ r Foulkes, a 
Councillor at the Temple, and an Iron Master and 
Neighbour.” As the places at which ‘“‘ham-bones” are 
feund were within an hour’s ride on horseback from 
Dudley, may it not be that they were remains of early 
attempts on the part of Dud Dudley and his friends or 
competitors to smelt iron by means of pit coal? If so, it 
would explain the cause of the early failures of these 
experiments. Owing to the temperature of the furnace 
being too low the sulphur was absorbed and retained 
by the iron, which was in consequence worthless. All 
that was necessary in order to ensure success was to 
enlarge the furnaces, as Dud Dudley certainly did, and 
perhaps with the greater heat also employ some limestone 
as flux. Limestone was plentiful at Dudley, but it is 
not found near Little Aston, and its absence may have 





contributed to failure. 





ENGINEERING. [May 17, 1912. 








WATER-SOFTENING PLANT FOR 10,000 GALLONS PER HOUR. 


CONSTRUCTED BY THE PATERSON ENGINEERING COMPANY, LIMITED, ENGINEERS, LONDON. 
(For Description, see opposite Page.) 
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WATER-SOFTENING PLANT FOR 10,000 GALLONS PER HOUR. 


CONSTRUCTED BY THE PATERSON 


Fig.6. 


A WATER-SOFTENING plant having many points of 
peculiar interest from the point of view of the excep- 
tionally hard nature of the water to be softened, and 
the particularly stringent guarantees which had to be 
fulfilled, is now in operation at the cocoa works of 
Messrs. Rowntree and Co. at York. We purpose 
now to give a description of this plant. 

In the summer of 1909 Messrs. Rowntree and Co. 
decided to investigate the possibility of softening their 
deep-well water supply with a view to its use through- 
out the works. As the water supply of the City of 
York laid on to these works has a total hardness of only 
12 deg., whilst the well-water of the company has 
48 deg. to 50 deg., the question was one calling for 
the most careful consideration in order that there 
might be no doubt as to the efficiency and economy 
of softening this well-water for general purposes 
before incurring the necessary capital expenditure. 
Seventeen firms specialising in water purification were 
therefore invited to submit tenders, and a preliminary 


selection of these was made for the purpose of | 


ascertaining which was the best qualified to carry the 
proposal to a successful issue. Messrs. Rowntree’s 
chief engineer, Mr. F. G. Fryer, A.M.I. Mech. E., and 
their chemist, Mr. B. G. McLellan, F.1.C., visited 
installations erected by each of the selected firms, and, 
without previous intimation, personally took samples 
of the water entering and leaving the softeners, these 
samples being sealed and taken to York for analysis. 
After careful consideration of the results of the records 
of working of the respective installations, the order 
was placed with the Paterson Engineering Company, 
Limited, of Amberly House, 12, Norfolk-street, Strand, 
London, W.C. 

Owing to the exceptionally hard nature of the water, 
and the absolute necessity for the highest degree of 
purification being uniformly maintained, the guarantee 
required was very exacting, and amongst other clauses 
it was stipulated that: (1) Variation in the degree of 
hardness of the softened water must not exceed 1 deg. 
above or 1 deg. below the guaranteed figure of 5 deg., 
at a cost for chemical reagents not to exceed 2d. per 
thousand gallons purified when treating volumes of 
water varying from 500 to 10,000 gallons per hour ; 
(2) that after three months’ continuous steaming the 
boilers must be free from all scale and other objection- 
able impurities, and that during such periods the filters 
are not to be cleaned ; (3) Should the plant fail to 
fulfil this guarantee after three months’ trial at full 
load, no payment whatever to be made, and it must 
be removed from the works free of cost. 

The Paterson Engineering Company accepted this 
guarantee, and the manner in which it was fulfilled 
may be seen by the report of the investigation made 
by the Vulcan Boiler and General Insurance Company, 
Limited, with whom the boiler plant is insured. An 
abstract of this — is given later in this article. 

In view of the fact that the well-water supply con- 
‘ains sometimes as much as 51.38 grains of incrusting 
constituents per gallon, and of the rigid guarantee 
exacted, very special care had to be given to the design 
of the plant. The Paterson Engineering Com 
manufacture both the clear lime-water and the milk -of- 
lime type of plant, and they found that to treat this 
water with a clear saturated solution of lime would 
entail by-passing 30 per cent. of the total water supply 
through the lime saturator. As satisfactory results 
vould not be expected by using hard water for making 
the clear lime solution, the installation of a lime satu- 


rator would have entailed the return of 30 per cent. of | weight of chemicals necessary to treat the quantity of | 
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the softened water to the saturator, and the increase of 
the tanks and filter area to the same extent. It was 
accordingly decided to treat the water with milk-of- 
lime instead of clear lime water. On experimenting with 
the water it was found that on the addition of milk-of- 
lime an immediate reaction took place, a heavy volu- 
minous precipitate being formed, which mechanically 
entangled a portion of the active lime, and it was fore- 
seen that, unless special means were employed to pre- 
vent this action, lime would settle in the bottom of the 
reaction-tank and either be sludged to waste or produce 
irregularity in the working of the plant. In order to 
overcome this difficulty a vertical mixing-tower was 
provided. 

Consequent upon the great variation in the volume 
of water passing through the plant (the variation being 
from less than 500 gallons to 10,000 gallons per hour), 
it was anticipated that the strength of the milk-of-lime 
solution could not ibly be maintained unless provi- 
sion was made for its agitation, even when working at 
the lowest possible rating. An equally important detail 
was the filters for removing the precipitate and eres 
a bright, clear effluent. These filters were construc 
on the Paterson patent cellular system. The filter- 
bed is divided into a number of water-tight compart- 
ments, each of which can be ed or unpacked 
without disturbing the contents of the a 
compartments, a the filtered water is drawn o' 
uniformly over the whole area by a central serrated 
collecting-trough. The plant is illustrated on this 
and the opposite pages. Fig. 1 is a perspective view 
of the measuring gear and working platform. Fig. 2 
is a general perspective view of the apparatus, igs. 
4 and 5 a vertical section and a plan respectively, 
while Figs. 3, 6, and 7 are views of different parts, 
Figs. 6 and 7 being a side view and an end elevation 
respectively of the automatic measuring and chemical- 
supply gear. The following is a detailed description 
of the plant written with reference to these illustra- 
tions. 

Referring to Figs. 4 and 5, the supply of hard water 
to the softener is controlled by a float in the soft- 
water storage-tank, as may be seen in Fig. 4, the 
supply being regulated according to the level of the 
purified water. The hard water entering at A passes 
over & water-wheel B, the wheel being geared to a 6-ft. 
diameter paddle-wheel C in the chemical container 
(for the purpose of keeping the milk-of-lime in con- 
stant agitation). The water flows into the Paterson 
patent ‘‘osilameter” measuring and chemical-supply 
gear D, which measures the water and also adds to the 
water the reagents in the exact proportion required. 
The word ‘‘osilameter” has been coined by the 
Paterson Engineering Company, Limited, and has 
been registered by them for the convenience of 
nomenclature, and for use with reference to their 
ap tus. 

tails of this latter mechanism are clearly shown in 
Figs. 6 and 7, above. It consists of a double-com- 
partment oscillating receiver D mounted on ball-bear- 
ings E, each triangular compartment having at its 
outer extremity an extension pocket F, Fig. 7, into 
which the last percentage of water overflows, pro- 
ducing 8 maximum turning moment round the centre 
of support, and causing the receiver to tip over and 
discharge its contents, while the opposite on com- 
partment is brought into position to be filled. At 
each oscillation the receiver scoops G, Fig. 6, in the 
chemical container alongside, pick up the required 





water discharged by the oscillating bucket. At the 
end of each stroke the oscillating bucket is brought 
gradually to rest by means of two oil- brakes H, 
which reduce the wear and tear to a minimum and 
ensure quiet working. It will be noticed that there 
is “‘lost motion” between the ‘‘ osilameter” and the 
brakes, so that the former is perfectly free to move at 
the initial stages of its stroke, and it is only towards 
the end, when its momentum requires to be absorbed, 
that the x I engages through the lever J with the 
piston of the oil-brakes. Each oscillation of the 
receiving-bucket is registered on a counter K (Fig. 6), 
so that an exact account is kept of the total volume of 
water purified. 

A special feature of the ‘‘osilameter” is that it is not 
rigidly connected to the chemical-supply gear or brake; 
but immediately the precise weight of water has 
entered, it is perfectly free to fall through an angle of 
about 20 deg. before engaging with any such gear. 
The momentum acquired in the early part of the stroke 
is sufficient to overcome any drag of the moving parts, 
and this ensures great acouracy. is construction 
has been found to be a great advance on similar devices 
not provided with the extension-pocket and retaining- 
lip, and not having a ‘‘ lost motion” device, between 
the bucket, the chemical-supply gear, and the braking 
device, much greater precision of working being the 
result. A detail of the ‘‘osilameter” spindle and 
bearings is shown in Fig. 3. 

The hard water and the chemical reagents flow 
together along the horizontal mixing-trough L, Figs. 4 
and 5, which is fitted with baffles, by which means 
thorough mixture of the lime and soda with the water 
is effected. In order to ensure that there shall be no 
possibility of active lime settling out in the precipi- 
tating-tank, the water is next through a vertical 
mixing-tower M, Figs. 4 and 5, which is cylindrical in 
form, having a diameter of 4 ft. and a height of 25 ft. 
In it there is a central diaphragm, past which the 
water has to pass down and up. Any active lime 
tending to deposit is kept in suspension by the 
upward current until it is dissolved. 

On leaving the tower the water flows down the 
drop-pipe N, Figs. 4 and 5, and enters the reaction 
and precipitating chamber P tangentially, as shown 
in Fig. 4, the large deflector fitted to the end of the 
drop-pipe imparting to the water a slow downward 
rotary motion. A large part of the suspended matter 
settles to the bottom of the tank at once. The semi- 
clarified water being displaced by the incoming water 
and passing qudually upwards. 

Owing to the exceptionally heavy deposit, it was 
considered desirable to facilitate the precipitation of 
the grosser impurities, and for this purpose a number 
of plates are fitted in the precipitating chamber, 
sloping at an angle of 50 deg. to the horizontal, 
dividing the flow of water into a number of compara- 
tively narrow streams. The slope of these plates is 
sufficiently acute to prevent the possibility of impuri- 
ties lodging permanently on them. These plates effect 
an accretion of the precipitate, which falls rapidly to 
the bottom of the tank. 

At the upper part of the precipitating-tank P are 
the wood-fibre filters, through which the softened water 
then passes, and when it is borne in mind that the 


‘diameter of the precipitation chamber is 17 ft. 6 in. 


the advantage of the cellular construction, both for 
convenience of packing and of cleaning out, will be 
readily perceived by those who have had any experi- 
ence of the difficulty of obtaining effective uniform 
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filtration with a wood-fibre strainer of large area. 
The precipitated impurities, accumulated at the bottom 
of the reaction and precipitating-tank, are drawn off 
by the system of sludge-collecting pipes, which are 
shown in Fig. 4. A feature of these collecting-pipes 
is that they are arranged with their mouths opening 
downward, by which means the sludge is drawn up 
evenly from beneath, and not merely from the imme- 
diate vicinity of the collecting-pipes, as is found to be 
the case when the collecting-pipes are taken from the 
sides or arranged to — upwards. The capacity of 
the mixing-tower and the reaction tank are such as to 
allow 34 hours for the — of the chemical 
reaction when running at full load. 

The chemical reagents calculated to effect the soften- 
ing of this water are 2.36 lb. of 58 per cent. alkali and 
3.66 lb. of pure lime per 1000 gallons ; in other words, 
during a 10 hours’ run at full load 236 Ib. of alkali 
and 366 lb. of lime are consumed. These reagents are 
prepared by the power-driven lime and mixer 
situated at ground level, as shown in Fig. 4, and 
with the additional water are made into a cream of 
the exact strength necessary. This liquid reagent is 
discharged up to the chemical storage tank alongside 
the ‘‘ osilameter” by a steam-jet elevator. Any excess 
is returned to the mixing-vessel by an overflow pipe. 


We understand that the actual working record of 
this machine since its installation has fully justified 
the expectations both of the makers and the pur- 


chasers. With a view of confirming that the terms of 
the guarantee had been complied with, the Vulcan 
Boiler and General Insurance Company, Limited, were 
instructed to make a full report and independent 
analysis of the water entering and leaving the appa- 
ratus. The following is an abstract of their report, 
dated August 19, 1910 :— 
Analysis of Hurd-Water Supply Entering the Softener. 
Grains per Gal. 
Free carbonic acid gas sa 18.12 


Mineral Matter in Solution. 


Incrusting Constituents. 
Calcium sulphate a ae 21.35 





a carbonate. 17.04 
Magnesium carbonate 12.99 
Total incrusting constituents ... 51.38 
Non-Incrusting Soluble Constituents. 
Sodium chloride is S oh id 
» sulphate He 8.90 
Total soluble matter 14.86 
Total mineral matter ... 66.24 


Expressing these results in degrees of hardness as 
— understood—namely, equivalent grains per 
c 





gallon of calcium carbonate—they are :— 
Deg. 
Permanent hardness 15.68 
Temporary hardness ... 32.43 
48.11 





Of which magnesia hardness = 15.39 


And lime hardness = 32.72 
Analysis of Softened Water. 
Free carbonic acid _... ie tak Absent 


The mineral matter in solution consisted of :— 


Incrustina Constituents - Grains per Gal. 
Calcium carbonate ae 1.15 
Magnesium carbonate 2.73 

Total incrusting constituents 3.88 
Non-Incrusting Soluble Constituents - wae 
Sodium sulphate ‘ si 30.58 
+ Chloride 6.15 
» carbonate 1.36 
» hydrate 0.48 
Total soluble matter ... 38.57 
»» mineral matter ... : 42.45 
Expressing these results in degrees of hardness as 
away understood -- viz., equivalent grains per 
gallon of calcium carbonate—they are :— 
Permanent hardness ... Nil 
Temporary ” 4.39 deg. 
Total ts , ae ea 4.39 deg. 
From these analyses it will be seen that the softened 


water is reduced to a very low degree of hardness. 
There was present 1.36 grains per gallon of sodium 
carbonate, which has the desirable tendency to loosen 
any scale existing in the boilers, formerly fed with 
water of 12 deg. of hardness) The result was effected 
with a chemical charge of 4.07 lb. of lime and 2.1 lb. 
of sodium carbonate per 1000 gallons, at a cost of 
1.79d. per 1000 gallons. 

It will be observed that the total hardness in actual 
working conditions is 0.61 deg. below the guaranteed 
figure, and that the expense for chemical reagents is 
0.21d. per 1000 gallons below the estimated cost. 
These results are what were predicted by the makers, 
who allowed a margin for contingencies in their 
guaranteed figure of 2d. per 1000 gallons. 

In evidence of the uniform success of this plant, and 





of the uniform treatment of the softened water, a 
further analysis made by the same authority, the 
Vulcan Boiler and General Insurance mpany, 
Limited, dated November 16, 1911, gives the following 
results :— 

Incrusting Constituents. 


Grains = Gal. | 
Calcium carbonate. ap L 
esium carbonate... 1.97 
Total incrusting constituents ... 3.27 


The makers attribute the remarkable and uniformly 
successful results attained by this installation to (1) the 
precision of their ‘‘osilameter” measuring and chemical 
supply-gear; (2) the exceptional arrangements provided 
for the thorough mixing of the chemical reagents with 
the hard water ; (3) the large capacity of the reaction 
and precipitation-tank, allowing over 34 hours for the 
reaction to complete before filtration; and (4) the 
efficiency of the wood-fibre strainer constructed on the 
Paterson cellular system. 





Tue Ockan-Goine O1L-ENGINED Suir ‘“ SEMBILAN.”— 
We are informed by the builders, the Nederlandsche 
Fabriek van Werktuigen en Spoorweg Materieel, Am- 
sterdam, that the Sembilan established a — distance 
record for Diesel ships, by running from Aden directly to 
Sabang (Sumatra) in 18 days, keeping the speed of 
8 miles all the time, and arriving on May 12 in the best 
condition. We gave an illustrated description of this 
ship on page 348 ante. 





THe Grorck MonteriorE Founpation.— We are 
asked to announce that the conditions for the 1914 
competition to the George Montefiore Foundation havenow 
been issued. They provide.a prize for the best original 
work on the scientific improvements, and on the pares 
made in the technical applications of electricity in all its 
branches. The competition takes place every three years ; 
the first one took place in 1911. The amount of the 
— consists of the accumulated interest on a capital 
ormed of 150,000 francs of 3 per cent. Belgian Govern- 
ment bonds. The work can written in French or 
English. It has to reach Mr. le Secrétaire-Archiviste 
de la Fondation George Montefiore, Rue St. Gilles, 31, 
Liége, Belgium, not later than March 31, 1914. 





Society oF Enaingers (INCORPORATED).—The annual 
dinner of this Society took place on the evening of Satur- 
day, the 11th inst., at the Criterion Restaurant, Picca- 
dilly, under the presidency of Mr. John Kennedy. 
The evening was a very enjoyable one, for the toasts were 
few in number and the speeches short. This enabled 
a considerable portion of the evening to be devoted to 
an entertainment, consisting of music, singing, &c., which 
was oo in an adjoining room. The programme was 
excellent, and appeared to be much appreciated. 





Contracts.— We understand that the Widnes Foundry, 
Limited, through their London 1 ren Messrs. George F. 
West and Co., Caxton House, Westminster, have secured 
an important contract maciing the supply and erec- 
tion, over the River Quarahim, of a railway bridge, com- 

of nineteen trussed girders through steel spans of 
33.73 metres (110.5 ft.) each, and eighteen pairs of steel 
cylinders with concrete filling. The total weight of the 
bridge complete is about 2500 tons. This bridge is the 
first connecting Brazil and Uruguay, the River Quarahim 
forming the boundary between the two countries. 





PERSONAL.—We understand that an agreement has 
been come to between the Dan Marine, Motor, Shipbuild- 
ing, and Engineering 5 er gg Limited, Cliff Shipyard, 
Ipswich, and Messrs, Paolo, Kind and Co., Turin, Italy, 
whereby the former company become sole agents and sole 
vendors for the well-known ‘‘ Kind” patent reversible 
‘* Diesel”’-type marine oil-engines, which range in power 
from 80 to 5000 horse-power. The ‘‘Kind” engine has 
been adopted by the Italian Admiralty, after severe 
tests of efficiency under hard service conditions. The 
engines run on the two-cycle principle.—Mr. Albion 
T. Snell, M. Inst. C.E., M.1I.E.E., consulting engineer, 
Suffolk House, Cannon-street, E.C., has taken into 
partnership Mr. Maurice G. Bland, Assoc. M. Inst. C.E., 
Assoc. M. Inst. E.E., and Mr. Hugh Bourne, M.I.E.E. 
The business will be continued at the same address, in the 
name of Albion T. Snell and Partners.—Messrs. Geo 
F. West and Co., Caxton House, Westminster, S.W., 
have been appointed sole British agents for the Bucyrus 
Company, of South Milwaukee. 





THE LATE Mr. Pavt pg ta Cour.—We t to have 
to announce the death, on the 11th inst., following upon 
an operation for appendicitis, of Mr. Paul de la Cour, the 
chief designer to Messrs. Bruce, Peebles and Co., Limited, 
Edinbu Mr. de la Cour was well known in the 
electrical world ; he was a man of exceptional capabilities, 
and his loss will be felt not only by the firm with whom 
he was connected, but by his many friends in this count 
and abroad. Mr. Paul de la Cour was born in Denmar 
in 1879 ; he has thus died at the early age of thirty-three. 
He received his education at the Technical diene, 
Aarhus, Denmark, and subsequently at the Zurich Tech- 
nical College. In 1901 he was appointed assistant to the 
late Professor Engelbert Arnold, Karlsruhe University, 
afterwards becoming assistant to the chief engineer of the 
Aktien-Gesellschaft ‘‘ Volta,” at Reval, Russia. In this 


position he remained until 1905, when he joined the staff | Gartsh: 


of Messrs. Bruce, Peebles and Co., Limited, Edinburgh, 


as chief of their design department, which position he had 
held until the present time. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a firm tone, and 6000 tons 
of Cleveland warrants were done at 53s. 6d. cash, 58s. 74d 
four days, 53s. 9d. fourteen days, 53s. 10d. and 53s. 94d. 
one month, 54s. July 15, and 54s. 34d. three months. \; 
the close sellers quoted 53s. 64d. cash, 53s. 94d. one month 
and 54s. 4d. three months. In the afternoon no transac. 
tions were recorded, and Cleveland warrants were firmer 
with sellers at 53s. 8d. , 53s. 11d. one month, and 
54s. 44d. three months. Sellers of hematite quoted 7(s, 
cash and 70s. 3d. one month, and buyers 70s. one month. 
On mf morning the market was strong, and dealings in 
Cleveland warrants were recorded at 53s. 10d., 53s. 11d. 
and 53s. 104d. cash, 54s. ad. fourteen days, 54s. and 
54s. 2d. one month, and 54s. 6d. three months. The turn. 
over was 6000 tons, and — sellers quoted 53s. 104d. 
cash, 54s. 2d. one month, and 54s. 74d. three oth a 
Hematite was stronger at 70s. 3d. buyers and 70s. 6d. 
sellers, one month, and copper was quoted at 71/. three 
months sellers. In the afternoon the tone was again 
firm, and 2500 tons of Cleveland warrants were done 
at 53s. 11d. cash, and 54s. 24d. and 54s. 2d. one month, 
Sellers’ prices at the close were 53s, 114d. cash, 
54s. 24d. one month, and 54s, 84d. three months. On 
Monday morning the — movement again con- 
tinued, and 7000 tons of Cleveland warrants were put 
through at 54s. ld. cash, and 54s. 10d. and 54s. 104d. 
three months. At the close there were sellers at 54s, it 
cash, 54s. 44d. one month, and 54s. 11d. three months. 
Prices of Cleveland warrants advanced further in the 
afternoon, when 10,000 tons were dealt in at 54s, 34d. 
cash, 54s. 34d. and 54s. 44d. four days, 54s. 7d. June 18, 
and 55s. 1d. three months. Closing quotations were firm, 
at 54s. 4d. cash, 54s. 7d. one month, and 55s. 1d. three 
months sellers. Buyers of hematite offered 70s. 74d. one 
month, but sellers named 70s. 74d. cash and 71s. one month. 
On Tuesday morning a reaction took place, and Cleveland 
warrants were put through at 54s. 14d., 54s. O4d., and 
54s. 14d. cash, 54s. 44d. and 54s. 4d. one month, and from 
55s. to 54s. 104d. three months. The turnover was 8500 tons, 
and closing sellers quoted 54s. 14d. cash, 54s, 5d. one month, 
and 54s. 11d. three months. ematite was firm, and 1500 
tons changed hands at 70s. 7d. six days, and from 70s. 104d. 
to 71s. one month, with sellers over at 71s. 14d. one month. 
In the afternoon Cleveland warrants were almost steady, 
and business was limited to 2500 tons at 54s. 1d. cash 
and 54s. 10d. three months. The session closed with 
sellers at 54s. 14d. cash, 54s. 44d. one month, and 54s. 104d. 
three months. Sellers of hematite quoted 70s. 6d. cash 
and 70s. 10}d. one month. When the market opened to- 
day (Wednesday) Cleveland warrants were easier inclined, 
and dealing poe | to 5000 tons was put through 
at 54s. 04d. and 54s. cash, 54s. 03d. nine days, and 54s. 94d. 
three months. At the close the quotations were 54s, 
cash, 54s. 4d. one month, and 54s. 10d. three months sellers. 
ay aa was quoted firmer at 72/. 15s. three months sellers. 
In the afternoon the market was steady, and 2500 tons of 
Cleveland warrants were done at 54s. 1d. and 54s. O4d. 
seven days, and 54s. 10d. and 54s. 94d. three months. 
Closing sellers quoted 54s. 1d. cask, 54s. 4d. one month, 
and 54s. 10d. three months. There were cash buyers of 
hematite at 70s. 3d., but no sellers. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is just a trifle dull, and the price is the turn 
easier. The current quotation is called 14/. 15s. per ton 
for prompt delivery, Glasgow or Leith. Shipments from 
the latter port last week amounted to 42 tons. 


Scotch Steel Trade.—Little fresh can be reported in 
connection with the Scotch steel trade except that the 
pressure for delivery is still very great. Makers are 
endeavouring to overtake the large number of orders 
on hand, but some considerable time must elapse before 
that is an accomplished fact. As a result of this, the 
booking of new contracte is rather slow this week, 
although a fair number of inquiries are in circulation. 
Shipbuilders are still pushing producers for better 
deliveries of plates, &c., and consumers of black and 
galvanised sheets are also pressing for supplies. Makers 
of angles and structural sections are very well employed, 
and the demand for shipment lots of these and also of 
plates is exceedingly good, India, Australia, South 
America, and Japan all being in the market at present. 
Prices are all very firm, but no official changes have in 
the meantime been made, although rumours are afloat 
— further increases are highly probable in the near 
uture. 


Malleable-Iron Trade.—Steady employment is genera! 
in the malleable-iron trade of Scotland, and quite a large 
amount of work isonhand. The bulk of the specifica- 
tions are against contracts for home uirements, but & 
fair tonnage is also going through for shipment abroad. 
In the latter connection inquiries are also exceedingly 


Scotch Pig-lron Trade.—Quite a or local demand 
exists for Scotch pig iron, and as all the furnaces are 
not yet in full operation, stocks are still being drawn 
upon. English consumers have lately been taking in 
fairly large quantities, and export inquiries are considered 
uite satisfactory, with Russia a buyer of special brands. 
ere is little beg done in hematite, and the price 1s 
still round 75s. per ton. The price of Scotch pig-iron 1s 
very firm, and the following are the market quotations 
for makers’ (No. 1) iron:—Clyde and Calder, 69s. 6d.; 
errie and Summerlee, 70s.; Langloan, 6d. 5 
and Coltness, 83s. 6d. (all shipped at Glasgow); Glen- 
aay (at Ardrossan), 69s.; and Shotts (at Leith), 
9s. 6d. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—Due, of course, to the rolonged 
effects of the coal strike, the returns for passing 
through Hull during April show a decrease as com- 

ed with the corresponding ane of last year. 
The comparative figures are 357, tons and 433,984 
tons respectively. During the year so far the quan- 
tity handled at the port has been 1,711,859 tons as 
against 1,924,448 tons in the first four months of 1911, 
a decrease of 212,589 tons. Most of the decrease 
occurred during March, but it is a remarkable fact 
that some of the large collieries, includmg Bentley, 
Dinnington, Mansfield, and Frickley, have actually sent 
more to Hull since January 1, this year, than they did 
during the same period twelve months , the strike 
notwithstanding. Such has been the effect of the strenuous 
work both before and since the stoppage. Of the April 
tonnage an exceptionally small amount went abroad— 
only 13,419 tos, as against 280,628 tons in April, 1911. 
The coastwise exports were 32,285 tons. 


South Yorkshire Coal Trade.—Normal conditions are 
rapidly being restored in the local coal trade, and mer- 
chants are experiencing a busy time. The demand for 
house coal has shown unexpected briskness, due largely 
to depleted stocks and falling prices, and perhaps in some 
degree to renewed anxiety regarding the situation in 
South Wales. Manufacturing hards are in excellent 
demand and works are taking large quantities. Coke is 
somewhat more plentiful, but slack 1s still very scarce. 
Quotations remain fairly steady, and the most recent 
official figures for South Yorks are :—Best hand-picked 
branch, 16s. to 17s. ; Barnsley best Silkstone, 12s. 6d. to 
13s. 6d.; Derbyshire best brights, 12s. to 13s; Derby- 
shire house, 10s. 6d. to 11s. 6d. ; large nuts, 10s. to 11s. ; 
small nuts, 9s. to 10s.; Yorkshire hards, 11s. to 12s. ; 
rough slacks, 7s. 6d. to 8s. 6d. ; seconds, 5s. 6d. to 6s. 6d. ; 
smalls, 3s. 6d. to 4s. 6d. 


Iron and Steel. — Fortunately for the local works 
deliveries of iron have been rather larger during the past 
week. Hematite prices have not changed, but — 
for common irons are strengthening. Lincolnshire sorts, 
of which a considerable quantity have been delivered 
locally within the past few days, are listed at 58s. for 
forge and 59s. for foundry. Similar quotations apply to 
Derbyshire, but there is rather less of it on the 
market. The South Yorkshire Bar-Iron Association 
have decided to retain their 7/. 15s, quotation, and 
are booking a good deal of new business at this 
figure. Rolling - mills and forges are very much in 
arrear with orders. The output of steel in Sheffield is 
growing steadily, and would be even greater if there was 
a readier supply of raw materials. The makers of both 
heavy and light steel castings have a deal of work 
in hand that is already overdue. he railway steel- 
makers are assured of practically full working for some 
monthsahead, The crucible steel-makers are doing well, 
and there is a satisfactory foreign inquiry for best tool 
steels. On account, they say, of dearer fuel and increased 
burdens under the Insurance Act, the rolling-mill pro- 
prietors are making a further advance in prices for under- 
taking work by reducing the discounts they allow. 





Humpurey Pump at Waprpinc.—For the purpose of 
experiment and demonstration the Hydraulic Engineer- 
ing Company, of Palace Chambers, Westminster, have 
installed at the pumping-station of the London Hydraulic 
Power Company, Wapping, a Humphrey pump of the 
4-cycle type, which is being run with town gas. The 
pump has a 21-in. barrel and a play pipe 15 in. in dia- 
meter. The lift is 25 ft. and the discharge 1050 ons 
per minute. The rate of working is about 13 cycles per 
minute. The builders will be glad to show the pump in 
operation to those interested. 


A TursBing-Yacut.—The turbine - yacht Winchester, 
built to the order of Mr. P. W. Rouss, of New York, 
under the supervision of Messrs. Cox and Stevens, naval 
architects, New York, was launched on the 15th inst., 
from the yard of Messrs. Yarrow and Co., at Glasgow. 
This vessel, which is of a very special design, is 205 ft. 
long by 18 ft. 6 in. beam, and the propelling machinery 
consists of Parsons turbines driving two shafts, steam 
being supplied by two of the latest Yarrow boilers fired 
with oil fuel. The speed trials will be watched with very 
great interest, as the yacht is designed with a view to 
attain a speed of 32 knots, and she will therefore be one 
of the fastest pleasure craft ever built. 





INTERNATIONAL ASSOCIATION FOR THE PROTECTION OF 
INDUSTRIAL Property.—The sixteenth annual Con 


of this Association will be held in London from Monday, | ad 


June 3, to Saturday, June 8, inclusive. The President is 
the Lord Chief Justice of —— the Right Hon. Lord 
Alverstone, G.C.M.G., and the President of the organis- 
ing committee the Right Hon. Sir John Fletcher Moulton. 
The subjects to be discussed will be :—I. Patents : (1) the 
right of priority ; (2) assimilation of law and practice for 
convention applications in various countries ; (3) compul- 
ey ry working ? patented ae, IL. Trade Marks : 
(!) necessity of registry in country of origin before regi 
tration abroad, and of fab rm A ment between home 
and foreign registrations ; (2) rights of a prior user ; (3) 
international trade-mark registration. III. Unfair Com- 
petition : (1) indications of origin ; (2) use of national and 
other coats of arms. IV. istration of i and 
Models. V. Copyright. Applications for mem ip, 
information, &c., should be addressed to the Chairman of 
the Organising Committee, Mr. Oliver Imray, Birkbeck 
Bank mbers, W.O, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Excellent accounts are 

iven of all branches of the iron and allied trades. 

aor of pig iron are much in evidence, and with the 
make increasing and the quality of iron that is being 
turned out improving, demand is now fairly well met, 
though many producers are still behind with deliveries 
owing to the recent coal strike. A many sales of 
No. 3 g.m.b. Cleveland pig have n recorded this 
week at 54s. 6d. f.o.b.; No. 1 has sold at 59s.; No. 4 
foundry, 54s.; No. 4 forge, 53s. 9d.; and mottled and 
white iron, each 53s. 6d.—all for early delivery, rather 
higher than these rates being named for forward busi- 
ness. There is more doing in hematite pig. This 
week Sheffield buyers have nm placing orders rather 
freely. For early delivery of Nos. 1, 2, and 3 East 
Coast brands 70s. 6d. to 71s. is generally quoted, and 
for delivery over the second half of the year 72s. 6d. 
is named; but Sheffield consumers are understood to 
have bought on better terms than these, contracts having 
been ~ it is stated, at 78s. for mixed numbers de- 
livered at Sheffield to the end of the year, which works 
out at little over 70s. per ton at Middlesbrough. There 
is very little doing in foreign ore, but sellers take a firm 
stand, and look for higher prices in the near future, in 
spite of the fact that users have very heavy stocks, and 
are consequently not disposed to buy further at present. 
Considerable quantities of foreign ore have yet to be 
delivered on contract. Furnace coke is in good request, 
and the supply, though better, is stated to be still inade- 
quate, The price of average blast-furnace coke delivery 
at Tees-side works is in the neighbourhood of 19s. 


Stocks and Shipments of Pig Iron.—To meet current 
needs, Cleveland pig iron is gtill being taken from the 

ublic warrant stores, where the stock to-night (Wednes- 
aw) stands at 370,308 tons. So far this month 22,782 
tons have been withdrawn, or an average of nearly 
1900 tons per working day. Shipments of pig iron from 
the Tees to date this month average 3677 tons, the total 
loadings amounting to 47,807 tons. To the same date 
last month the clearances of pig were returned at 38,415 
tons, or a daily average of tons, and for the corre- 
sponding part of May, last year, the shipments reached 
64,231 tons, or an average of 4940 tons per working day. 


Manufactured Iron and Steel.—All branches of the 
manufactured iron and steel trades are very actively em- 

loyed, and, in fact, some departments are busier than they 
Ge ever been before. There are firms who have so much 
work on hand that they do not care to enter into further 
contracts at present. Under these favourable circum- 
stances values show a further upward tendency. Common 
iron bars are 7/. 15s.; best bars, 81. 2s. 6d.; best best bars, 
81. 10s.; iron ship-plates, 7/. 10s.; iron ship-angles, 7/. 15s. ; 
iron ship-rivets, 8/. 10s.; iron girder-plates, 7/. 5s.; iron 
boiler-plates, 8/. 5s.; steel bars, 7/.; steel ship-plates, 
7l. 15s. ; steel ship-angles, 7/. 7s. 6d.; steel boiler-plates, 
81. 10s.; steel strip, 62. 17s. 6d.; steel hoops, 71. to 71. 5s.; 
steel joists, 61. 17s. 6d.; cast-iron railway chairs, 31. 12s. ¢d.; 
light iron rails, 6/. 10s. ; heavy steel rails, 6/. to 6/. 2s. 6d.; 
steel railway slee 62. 10s. ; and iron and steel gal- 
vanised corrugated sheets, 12/. to 12/. 5s.—sheets less the 
usual 4 per cent. f.o.b., railway material net, and all other 
descriptions lees the customary 24 per cent. 





Bustness ASPECTS OF ENGINEERING.—On the afternoon 
of Friday, May 10, Mr. Leslie Robertson, M. Inst. U.E., 
delivered a lecture on ‘‘The Business Aspects of Engi- 
neering” before the students of the Faculty of Engineer- 
ing at University lege, Gower-street, W.C. Mr. 
Robertson said that the subject of his discourse involved 
the application of common-sense to technicality. That 
seemed a simple matter, but the difference between pure 
technicality and technicality allied to common-sense was 
enormous. The able technical man might hope to reckon 
his salary in hundreds, but the able business man who was 
also a good engineer could command thousands. He recom- 
mended his hearers to develop any commercial aptitude 
they had as fer as possible. Engineering was never a 
matter of technical knowledge alone ; it was impossible 
to divorce it from business. No man could carry out 
engineering schemes unless he were entrusted with money. 
ae oe the oe of all enterprise, and all work 
must be considered from the financial point of view. An 
engineer, therefore, wanted a wide knowledge, the more 
so as he never knew in what branch he wculd practice. 
Circumstances might oblige him to undertake work he 
bad never contemplated. But whatever he did, he would 
be the better for a knowledge of affairs. Mr. Robertson 
vised his hearers to cultivate business methods. It was 
most desirable they should be able to write an intelligible 
letter, and give a clear expression to the ideas in their 
minds. A knowledge of one or more foreign en 
was an immense advantage, as he had proved in his 
own experience. Some acquaintance with company law 
and the ability to read and understand accounts were 
essential. A sense of the value of money could be best 
— by the self-denial required for saving in early 

e, while small experiments in investments developed 
familiarity with the different forms of shares and securities. 
In conclusion, the lecturer advised his audience to make 
friends in early life, for the more people who knew and 
trusted them, the better would be their chances. They 
should cultivate a judgment of men, so that they might 
instinctively know whom to trust, and when their oppor- 
tunity came they would then select capable and loyal 
assistants, without whom it was impossible for any man 
to do really gocd work on a large scale. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Tonnage arrivals having been only moderate, 
conditions in the steam-coal trade have not been very 
favourable ; there has, however, been a rather better in- 
quiry for large descriptions. The best Admiralty large has 
made about 19s. per ton; the rangein prices being 19s. to 
19s. 6d. per ton ; secondary qualities, 17s. to 18s. 9d.; best 
bunker smalls, 10s. to 10s. 6d. ; and cargo smalls, 9s. 6d. to 
10s. ae ton. Good ordinary household coal hasmade 17s. 6d. 
to 18s; No. 3 Rhondda large, 18s. 6d. to 19s.; and smalls, 
12s. to 13s. per ton. No. 2 Rhondda large has brought 
14s. 6d. to 15s.; and No. 2 smalls, 9s. to 10s. per ton. As 
regards iron ore, Rubio has realised 20e. 6d. to 21s. per 
ton, upon a basis of 50 per cent. of iron, and c 
including freight, insurance, &c., to Cardiff or Newport. 


Cardiff Docks.—Mr. Beasley, general manager of the 
Taff Vale Railway, in giving evidence before a select 
committee of the House of Commons upon a bill pro- 
moted during the present session by the Cardiff Railway 
Company, said the conditions at Cardiff docks had so 
changed that they had become a very expensive property 
indeed, as compared with 1865. There fad been a sub- 
stitution of steam for sailing vessels, and there was a great 
increase in the height of vessels, so thatdifferent machinery 
was required to loadthem. The promoters of the bill had 
expended 130,000/. in constructing one lot of machinery. 
They had also had to provide a much ter depth of 
water in the channels leading to the docks, and much 
more accommodation at the quays, so that a re-arrange- 
ment of dock rates was not only fair, but necessary, 


Welsh Ratlway Traffic.—Although some weeks have 
now elapsed since the close of the great coal strike, 
Welsh railway traffic bas not rallied with much vigour. 
Tn the last week reported on, the Barry Railway exhibited 
an improvement of 3441/.; the Rhymney Kailway an 
increase of 214/.; and the Taff Vale Railway an increase 
of 1559/7. The Rhondca and Swansea Bay Railway, how- 
ever, showed a falling-off of 2601. The aggregate declines 
in the receipts of the four systems this half year come 
outas follow :—Barry Railway, 49.076/.; Rhymney Rail- 
a 34,625/.; Taff Vale Railway, 65,827/.; and Rhondda 
and Swansea Bay Railway, 11,2641. There is little likeli- 
hood of this falling-off in receipts being made good by the 
close of the half-year ; still something may yet be done 
to put a better aspect upon the situation. e companies, 
of course, saved appreciably during the strike through 
having to work fewer coal trains. 


Dowlais.—There has heen a slight improvement in the 
industrial situation. The blast-furnaces have been re- 
lighted after a stoppage of some weeks ; but nothing has 
been doing at the Siemens and Bessemer furnaces or at 
the mills. The collieries have increased their output. 








Tue Sovak Eciipse anp Rapiore tecRaPuy.— During 
the recent solar eclipse an interesting test was under- 
taken between the radio station of the Royal Dockyard 
in Copenhagen and the Blaavandshuk station on the 
west coast of Jutland, so as to ascertain the effect of the 
eclipse upon wireless telegraphy. It transpired that 
the telegraphing became more distinct and reliable as 
the eclipse p ed, and that it was most distinct 
shortly after the culmination of the eclipse. The view 
that it is the effect of the solar light upon the atmosphere 
which is the cause of radiotelegraphy being much better 
at night than during the day was thus confirmed. 





SEARCHLIGHTS FOR THE MERCANTILE Marinr.—In a 
paper read at a meeting of the Manchester Literary 
and Philosophical 1g | on the 7th inst., by Mr. Henry 
Wilde, D.Sc., D.C.L., F.R.S., the author described the 
introduction of searchlights in the Royal Navy. No 
sooner, however, were attempts made to establish the 
searchlight on merchant ships, than the Admiralty inter- 
vened, and claimed the exclusive right to use the light, 
on the alleged ground that its brilliancy interfered with 
the navigation of other ships. This embargo, he added, 
remains in force to the present day, as will be seen from the 
evidence of Mr. Bruce Ismay at the recent inquiry of the 
American Senate Committee into the causes of the disaster 
to the Titanic, at which he stated that none of the 
Atlantic liners were equipped with searchlights. 





Tue InstTiTvTION OF WatrER Encinrers.—The seven- 
teenth summer general meeting of this Institution is 
announced to be held at Cheltenham, on Thursday, 
Friday, and Saturday, the 6th, 7th, and 8th of June, 
under the presidency of Mr. J. 8. Pickering, M. Inst. 0.E. 
The meetings will be held in the Town Hall by the kind 
permission of the Mayor and Corporation. The following 
papers have been promised for reading and discuesion at 
the meetings :—‘‘ The New Waterworks for Skegness,” by 
Percy Griffith, M. Inst. C.E.; ‘‘The Rating of Water 
Undertakings,” by Donald Dinwiddy, F.S.1.; “The Rating 
of Water Undertakings,” by Arthur Valon, Assoc. M. Inst. 
C.E. A discussion on the desirability of standardising the 
**General Conditions of Contracts” will be introduced 
by Harold W. Woodall, M. Inst. C.E.; ‘‘ The Hinckley 
Waterworks,” by FE. H. rome, Assoc. M. Inst. C.E, ; 
**The Gloucester Waterworks (Witcombe Reservoirs),” 
=. Read, Assoc. M. Inst. C.E., City Engineer ; ‘‘ The 

se of Sulphate of Copper in Purifying Water Supplies,” 
by Geo. Embrey, County Analyst of Gloucestershire ; 
“The Self-Pollution of Water by. Natural Growths,” by 
Dr. J. H Garrett, M.O.H., Cheltenham ; “‘The Geology 
of Cheltenham with Special Reference to the Water 
Supply” by L. Richardson, F.R.S., Ed. F.L.S., F.G.S. 
In addition to the reading of these papers there will be 
visits to works, excursions, and social functions. Further 

iculars may be obtained from the secretary, Mr. 

ercy Griffith, 54, Parliament-street, Westminster, S.W. 
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THE IMPERIAL JAPANESE BATTLE-CRUISER “KONGO.” 


CONSTRUCTED BY MESSRS. VICKERS, LIMITED, NAVAL CONSTRUCTION WORKS, BARROW-IN-FURNESS. 
(For Description, see Page 655.) 
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THE MILITARY AEROPLANE. 


THE experience and development which recent 
years have afforded in connection with the aero- 
plane have tended to show that, at any rate for 
the present, its main field of practical application 
is likely to be in connection with military work. 
As yot it is impossible more than vaguely to guess 
at the ultimate extent and value of its application 
even in this connection, but it is tolerably certain 
that the greater part of the serious work which is 
put into aeroplane design during the next few 
years will have military operation as its ultimate 
object. It is, perhaps, unfortunate that the ible 
connection between aviation and war lends itself 
so readily to wild speculation, and it is certain 
that the public has been treated to more than 
enough of the ‘‘aerial navies grappling in the 
blue” type of prophecy. A sober review of past 
achievement and an intelligent consideration of 
reasonably proximate possibility may, and will, do 
much to assist those whose present duty it is to 
— national funds in the development of the 
military side of aviation, but the authorities are 
likely to be hindered rather than helped by the 
dreamers and enthusiasts whose treatment of the 
subject is pitched always in terms of superlatives 
and the higher notes. 

The development of the aeroplane as an engine 
of war is hampered at the outset by the difficulties 
of compromise. These difficulties are, of course, 
not peculiar to the aeroplane, but enter and modify 
all arguments dealing with war material of any 
class. Their influence in connection, with battle- 
ship design is notorious, and on many occasions we 
have dealt with the various theories and schools of 
thought which, as against one another, would 
sacrifice such and such a quality for the sake of 
another, or, on the other hand, would do just the 
opposite. The right compromise is difficult enough 
to strike in any military engine, but we suggest 
that in the aeroplane the difficulty is for the present 
greater than elsewhere, in view of the almost com- 
plete absence of practical data on which to base the 
compromise. Disputants on compromise in war- 

ble to argue in terms of fact and 
precedent, they are on firm ground, or, at any 
rate, on reasonably calm water ; but the disputants 
on aeroplane compromise are in the air in two 
senses. Incidentally, and in this connection, it is 
interesting to note that compromise in military 
matters is essentially different from compromise in 
other walks of life. Any machine is a compromise, 
but in deciding on the compromise in civil life, all 


9 | that it is necessary to determine is what combina- 


tion of parts will give the desired result in the 
cheapest and best way. In military matters, how- 


. ever, compromise is rather concerned with deter- 
682| mining what is best worth doing of the various 


things that one can do. 
It is certain that, taking the science and practice 


of aviation as it now stands, much assistance would 
be afforded to designers if military authorities could 
state what qualities they consider essential in an 
aeroplane, and what others they are prepared to 
sacrifice in order to obtain those that they con- 
sider essential. We realise that it is im ible 
that such military authorities should make any 
pronouncement on this subject at the present time 
which can have any aspect of finality ; but none 
the less, any views of a tentative order which they 
can advance are likely to be of very great assist- 
ance. For this reason we welcome the very clear 
statement of the essential qualities in a military 
aeroplane which were contained in the singularly 
able lecture delivered by Brigadier-General D. 
Henderson before the Aeronautical Society of 
Great Britain in the hall of the Royal United 
Service Institution on the 8th inst. General 
Henderson’s lecture was entitled ‘*The Design of 


D.|a Military Scouting Aeroplane,” and was accord- 


ingly concerned with the use of the aeroplane for 
scouting purposes only ; but this restriction rather 
added to than detracted from its value as a con- 
sideration of military aeroplane design. 

The lecture was, in a sense, on the assump- 
tion that for military work the aeroplane will 
develop along two lines, and that in the future 
machines will be built for scouting distinct and 
different from those built for fighting. Other 
military authorities may not agree with this idea ; 
but there would be little profit in arguing about it 
at the present time, and by confining his attention 
to the comparatively simple question of the scouting 
aeroplane General Henderson was able to lay 
down certain broad lines along which it would be 
profitable for design to progress. Had he attempted 
to deal with the larger question of the fighting 
aeroplane, we doubt if he could, in the light of 
present knowledge, have escaped from the road of 
pious hopes which may lead to a goal, but which, if it 
does, leads to one that no man has yet seen. As it 
was, by simplifying the issue General Henderson 
was able to enunciate certain principles which 
depend on no problematical developments, and are 
capable of immediate practical application. It is only 
as an aid to scouting that the aeroplane can be con- 
sidered to have any military value at the present 
time, and, as a result, it is the most useful aspect 
in which to discuss it. We are aware that some 
attempt has been made to utilise the aeroplane for 
the dropping of bombs during the present war in 
Tripoli, Sut it is not clear that the practice has 
proved to be of much danger to anyone other than 
those who attempted to carry it out. Further, it 
must be remembered that experience in Tripoli can 
form but a poor guide to future cases, in which the 
new weapon of the air will not be confined to one 
combatant only. 

General Henderson laid down four qualities 
which he considered essentials in a scouting aero- 
plane—that is, of course, essentials as compared 
with other qualities, many of them no doubt 
desirable in themselves, but which he was prepared 
to sacrifice in favour of these essentials. The four 
qualities were speed, silence, invisibility, and 
manceuvring power. These qualities are naturally 
intended to be considered in a relative sense, since 
obviously no aeroplane can be made absolutely 
silent or completely invisible. These four essentials 
were dictated by a consideration of scouting as an 
art and independent from the means by which it 
is carried out. They were determined from military 
considerations alone, and this it is which we think 
renders them of such value to designers. Certainly 
other military authorities may not altogether agree 
with this choice of essentials, but any disputes 
turning on the validity of these essentials cannot 
minimise the value of General Henderson’s pro- 
nouncement in terms only of military principles. 

The four essentials—speed, silence, invisibility, 
and manceuvring power—were chosen in considera- 
tion of the fact that a scout’s business is to go out, 
get information, and then get back with it, or deliver 
it in some way or other. This being so, General 
Henderson was prepared to sicrifice some qualities 
which might, to a civilian, appear of equal value 
with his essentials, but which, in reality, might 
hamper the actual aim of scouting. For instance, 
he held that if giving an uninterrupted view from 
the driving seat of an aeroplane would act in any 
way against any of the four essentials, then such an 
uninterrupted view in a scouting aeroplane was not 
worth the sacrifice it entailed, Such an uninterrupted 





view might enable a scout to get better information 
than if he had not got it, but if it interfered in any 
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way with speed, for instance, it might at times tend 
to prevent the scout delivering the better informa- 
tion he had obtained, and the case would become 
one not of partial information against better infor- 
mation, but of partial information against no infor- 
mation. Similarly with the question of a scouting 
aeroplane carrying two men, General Henderson 
held that, as the second man would form some 
interference with the best approximation to the 
four essentials, and, again, might prevent a scout 
delivering his information, it was psa snc against 
the best military principles that heshould be carried ; 
partial information, as before, being better than no 
information. 

The list of essential qualities which was laid 
down does not contain any one the approximate 
achievement of which lies only in the region of 
speculation. General Henderson’s ideas are capable 
of immediate application, not in their finally 
best form certainly, but none the less they 
form an immediate guide to practice. Colonel 
Seeley, who was present at the lecture, suggested 
that what military men wanted in aeroplanes 
were automatic stability and great speed varia- 
bility, and, no doubt, they do; but to lay 
down requirements of this order was to at once 
shift the whole discussion into an abstract 
sphere. The value of General Henderson’s recom- 
mendations lies in their relation to present prac- 
tice and immediate possibility. The question of 
silence, for instance, may easily be kept in view 
in the design of military machines, and although 
designers are not likely at once to satisfy military 
men, they can none the less make almost immediate 
advances towards satisfying them. Similarly, the 
matter of invisibility lends itself to immediate 
attention and experiment in the way of arrange- 
ment of the members of a machine, and probably 
also in connection with cvlour trials. Speed is 
more closely bound up with the general develop- 
ment of aeroplanes, not necessarily for military pur- 

»ses, but it is interesting to note that General 

ender.on stated that military men were prepared 
to go very far in the sacrifice of landing capabilities 
in favour of speed. Indeed, in the case of a scout- 
ing machine he said that if it was able to get away 
and back so that the scout could deliver his infor- 
mation, he would care little if it destroyed itself on 
landing. In this connection Mr. O’Gorman, who 
was present at the meeting, stated his belief that 
with present knowledge it would be possible to 
design a machine, arranged for alighting on water, 
having a speed of 200 miles an hour. 





THE ENGINEERING FACULTY OF THE 
UNIVERSITY OF LIVERPOOL. 

LANCASHIRE has ever been recognised as one of 
the great machinery-producing districts in England, 
and many inventions have had their origin in the 
County Palatine. It is therefore appropriate that 
Liverpool, as well as Manchester, should provide 
educational facilities of the first order for the cul- 
tivation of resource and the acquisition of sound 
theoretical knowledge in relation to engineering. 
Liverpool, too, is so closely identified with the 
great maritime industries that there is further 
reason for the encouragement of the highest 
training in those branches of applied science which 
contribute towards the improvement of marine 
industries. Since 1886, when the late Mr. Thomas 
Harrison, by a gift of 10,000/., founded the 
Harrison Chair of Engineering, there has been 
steady progress towards the realisation of the high 
ideals of the University authorities. The work 
done by Dr. Hele-Shaw had, no doubt, some part 
in the donation of the late Sir Andrew Barclay 
Walker, Bart., who contributed 24,0001. for the 
construction and equipment of the Walker En- 

ineering Laboratory, which was opened in 1889. 

our years later the University received its charter, 
and there was then established a separate Faculty 
with special Degrees in Engineering. In the same 
year the late Mr. David Jardine founded the Chair 
of Electrical Engineering, in 1905 the new labora- 
tories of applied electricity were added, and in 
1908 the Chair of Civil Engineering was founded. 
In the following year the Alexander Elder Chair 
of Naval Architecture was founded by a well- 
known ship-owner of that name. From time to 


time independent lectureships on various subjects 
have been added, and to-morrow (Saturday) there 
is to be opened by Viscount Haldane of Cloan the 
new Harrison-Hughes laboratories. The new labora- 
tories have been erected and equipped at a cost of 





about 40,0001., out of funds provided by Mr. Thomas 
Fenwick Harrison, Mr. John William Hughes, and 
Mr. Heath Harrison, all Liverpool ship-owners. 

The consequence of this succession of benefits, 
legacies, and subscriptions is to produce an engi- 
neering equipment which must have a far-reach- 
ing effect on the students. It was natural that, 
while steam constitutes an important depart- 
ment, the claims of the internal-combustion engine 
should be specially considered in view of the growing 
conviction that the coal-gas or oil-fuel engine must 
ultimately be more extensively applied, alike on 
land and sea. The laboratory therefore contains 
four different types of gas-producers for using bitu- 
minous coal, ant ite, or coke. There are three 
gas-engines of different makes to facilitate experi- 
mental and instructional work. Of oil-engines, there 
is a 50-horse-power Diesel and a 30-horse-power 
semi-Diesel crude-oil engine, with others working 
on the Otto cycle, as well as petrol-engines. In 
association with these there are, of course, various 
types of air-compressors. The steam plant includes 
a water-tube boiler and a marine boiler, arranged 
to work in association with different types of 
economisers and several systems of draught. There 
is a 150 horse-power triple-expansion marine engine, 
and two steam-turbines—one of the De Laval and 
the other of the Rateau type—using highly super- 
heated steam. There is a great variety of acces- 
sories, so that there is possible a wide range of 
experimental work, and data of a high degree of 
accuracy may be accumulated. 

The other departments include an applied heat 
laboratory equipped with apparatus for experiments 
relating to the physical properties of gas and steam, 
the flow of gas and steam through nozzles, the 
determination of the temperature gradient during 
such flow, the velocity of the effluents from the 
nozzles. There is also a fuel-testing and gas- 
analysis department. The hydraulic equipment is 
very extensive, water-turbines, with channels and 
weirs for the determination of the rate of flow 
of water being provided. There are also several 
pumps of different types. The other branches of 
work undertaken are the strength and elasticity 
of materials, dynamics and kinematics of machines, 
microscopy and micro-photography, fan-testing and 
power-transmission apparatus, while workshops, 
drawing-office, library, and museum give a com- 
_ and most comprehensive addition to the 

Jniversity of Liverpool, which, we hope, will 
yield results commensurate with the care taken in 
its organisation. 

It may be added that Professor W. H. Watkin- 
son was appointed to the Harrison Chair of Engi- 
neering in 1905 ; Professor E. W. Marchant to the 
David Jardine Chair of Electrical Engineering in 
1903; Professor S. W. Perrott to the Chair of 
Civil Engineering in 1908; Professor W. S. Abell 
to the Alexander Elder Chair of Naval Archi- 
tecture in 1909; while Mr. J. Wemyss Anderson, 
the present Dean of the Faculty, was appointed in 
1903 as Independent Lecturer in Charge of Engi- 
neering Design and Drawing. The Associate Pro- 
fessors are :—Mr. John A. F. Aspinall, general 
manager of the Lancashire and Yorkshire Railway 
Company ; Mr. John A. Brodie, city engineer of 
Liverpool; Mr. A. Bromley Holmes, consulting 
electrical engineer to the City of Live 1; and 
Mr. Anthony G. Lyster, engineer-in-chief to the 
Mersey Docks and Harbour Board. 








TRAMWAY OBSTRUCTION. 

A FEW months ago the Roads Improvement 
Association presented a memorial to the Board of 
Trade drawing attention to the great inconvenience 
suffered by an road-users owing to the obstruc- 
tion caused by the unwieldy tramcars of the London 
County Council, and the way in which they were 
operated in persistent violation of their own by-laws. 
It was further pointed out that during many hours 
of the day the tramcars are only very imperfectly 
filled, and it was suggested that some abatement of 
the nuisance might be effected by reducing the 
number of cars in use during the slack hours. To 
this indictment the Council have now issued a reply 
which implicitly admits the habitual infringement of 
the by-laws, but endeavours to bolster upa case for 
the trams by claiming that the motor-buses are 
worse offenders in the matter of obstruction to 
the public user of the road. Actually, however, the 
County Council’s own figures appear to prove the 
reverse, as much as by what they omit as by what 
they state. They claim that during the slack hours 





more passengers are carried per car than per 
omnibus, but they entirely omit to allow for the 
much greater capacity of thecars. This high capa- 
city constitutes, indeed, an aggravation of the 
obstruction caused. The greater the number of 
passengers carried per vehicle the greater must be 
the number of stops and the higher the maximum 
speed to attain a given schedule speed. 

The most damning evidence as to the relative 
inefficiency of the tram service is by the Council’s 
admission that two omnibuses are nearly equal 
to one tramcar. Now the Board of Trade report 
that a tramcar causes more than three times as 
much obstruction as an omnibus, so that the 
replacement of the cars by omnibuses would, 
on the Council’s own figures, do much to relieve 
the congestion. They do, indeed, claim that in 
wet weather more omnibuses would be required, 
making the extraordinary assertion that the outside 
seats of omnibuses are unfit to be used. Whether 
fit or not, they are used, and it would not be difti- 
cult, with the consent of the licensing authorities, 
to arrange some form of shelter for outside pas- 
sengers which would meet all requirements. This 
would be a much simpler matter than doubling the 
number of omnibuses, which the Council assert to 
be the only alternative. Further, they have in 
their estimate omitted to take into account the 
higher schedule speed of the motor-bus ccm- 
pared with the tramcar—an advantage due solely 
to the greater flexibility of the omnibus, since there 
is reason to believe that the maximum speed is 
greater with the cars than with the omnibuses. 
Thus the Board of Trade report that on the route 
from Aldgate to Bow Bridge the motor - buses 
average 9.53 miles per hour and the trams 8.74. 
From Whitechapel to Poplar Station, a less crowded 
route, the trams do rather better, averaging 8.35 
miles per hour to the 8.83 of the omnibuses ; 
but from Walworth-road to Camberwell Green the 
omnibuses average 10.13 miles per hour, and the 
trams only 8.16. To the upkeep of the roads 
the trams contribute 0.008d. per seat-mile and the 
omnibuses 0.009d. per seat-mile. 

Fortunately for London, the Council, unlike local 
authorities elsewhere, is not in command of the 
police, and thus the public has the advantage of 
independent reports upon the condition of London 
traffic. This the Council consider a grievance, as 
they wish to have the power to suppress any report 
which might have an adverse influence on their 
tramway speculation. It will be remembered how 
a few years ago the then majority fought tooth 
and nail to prevent a commercial audit being made 
of the status of this undertaking, for fear that the 
public should learn the truth that large sums were 
represented by no visible assets. All public authori- 
ties seem to act in the same way, and consider it 
quite proper to deceive the public for what the 
authority chooses to consider its own good. One 
of our leading engineers relates a very notable 
example of this tendency, which seems unavoidable 
once executive and judicial functions are vested in 
one and the same body. He was, many years ago, 
water engineer and gas examiner to a northern 
borough, the gas supply being at that time in 
the hands of a company. Later on, the gas 
undertaking was pure sed by the Corporation, 
and the engineer in question, having no instruc- 
tions to the contrary, continued his exami- 
nations Presently he reported the manufac- 
ture of bad gas, and was immediately informed 
by the Gas Committee that he must not issue 
such reports in future. The constitution of 
the London County Council as sole traffic authority 
for the Metropolis would thus be a very serious 
matter and prevent the improvement of traffic 
facilities in London as effectually as the local 
authorities have done at Glasgow, Manchester, and 
other large towns. In those centres, no doubt, the 
stereotyping of an inferiur method of passenger 
transport is not so serious a matter as it would be 
in London, since the congestion is nothing like so 
great. London roads are, however, so narrow in 
comparison with the traffic they have to carry that 
it is most important that no action shall be taken 
which will check the development of new and 
improved methods of user. 





THE GAUMONT SPEAKING-KINE- 
MATOGRAPH FILMS. 
In the Royal Institution discourse of last Friday, 
May 10, Dr. W. Stirling, Professor of Physiology 
at the University of Manchester, gave a popular 
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demonstration of the remarkable performance of 
the chronophone or speaking-kinematograph films 
of Mr. Léon Gaumont, of Paris, who was present 
and had made the arrangements for the demonstra- 
tion together with his collaborators. The chrono- 
phone is @ combination of a phonograph, or rather 
gramophone, and of a kinematograph in natural 
colours, and some very beautiful coloured films were 
exhibited in the second part of the lecture. The 
‘‘ film parlants,” Professor Stirling stated, was first 
exhibited in the Paris Académie des Sciences in 
December, 1910, when Professor d’Arsonval had had 
the pleasure of seeing and hearing himself make a 
speech. It might appear comparatively simple to 
produce simultaneously combined pictorial and 
audible records. But there were serious difficulties, 
although the enormous differences in the propaga- 
tion of light and sound waves did not call for 
any particular corrections—at any rate, not in a 
theatre like that of the Paris Hippodrome, in which 
audiences of 6000 people could witness these dis- 
lays. The conditions to be fulfilled were : Abso- 
ute synchronism between the phonograph and the 
kinematograph ; registration of sound by the 
phonograph at a sufficient distance at the same 
time as the registration of the picture on the moving 
film, without the phonograph being in the field of 
the kinematograph ; and the amplification of the 
sound for large audiences. It was necessary also 
to allow for the gradual retardation or acceleration 
of the style, describing its spiral on the gramo- 
hone disc. The first chronophone patents of the 
Gesnent Company had been taken out in 1901. 

Before describing the apparatus, Professor Stir- 
ling gave some demonstrations. The first, the 
Gallic cock, was excellent. A cock, placed on a 
pedestal, crowed lustily several times while display- 
ing all the brilliancy of his plumage. The banjo- 
player, the lion-tamer in his den of growling and 
snarling young lions, and the irate man at the 
telephone failing to make himself understood, 
well brought out the power of the instruments 
to reproduce gestures and musical and unmusical 
sounds. 

Professor Stirling’s list of the chief inventors in 
the domain of phonography began with Scott in 
1856, and comprised the names Donders, Barlow, 
Edison, Bell, Berliner, Short, Paul, Parsons, and 
Gaumont. Synchronism between the two instru- 
ments, phonograph and kinematograph, he stated, 
had first been obtained by Gaumont with the aid 
of a subdivided Gramme ring with rotating brushes 
and a Siemens bobbin traversed by a continuous 
current. At present each instrument was driven 
by one of two equal electric motors from the 
same source; the motor armatures were divided 
into sections, and the corresponding sections were 
connected by rings on the shaft. The phono- 
graph was the controlling instrument, and it was 
advisable to start the phonograph first and throw 
the kinematograph in afterwards by means of a 
clutch which yielded to lessen the shock. The 
common speed was regulated by throwing resist- 
ance into the circuit. The lever controlling the 
clutch was connected with the armature of an 
electro-magnet which was excited when a needle 
in one of the grooves of the gramophone disc 
assumed a certain position. This disc was turned 
about its vertical axis by a system of cog-wheels, 
being mounted on a table which bore a split 
contact-ring on its lower surface. Two contacts 
glided over this ring, and by the aid of these 
contacts and of a differential gearing any want of 
accord between the phonograph and the camera 
could be rectified. This gearing was placed on 
the shaft between the kinematograph and its motor, 
and it was actuated by a special small motor. 
provided with a reversing commutator, so that 
the operator could accelerate or retard the motion of 
the kinematograph, while the phonograph speed 
was not interfered with. The disc, 12 in. in dia- 
meter, made 76 revolutions per minute, the length 
of a sinusoidal sound-line or spiral groove, counting 
100 grooves to the inch from the centre to the 
circumference of the disc, was about 240 yards. 
Allowing for the ripples of the vibrating style, the 
total length of a sound-line, to reproduce a sound 
record lasting three or four minutes, would be con- 
siderably more. The complete instrument was placed 
on two tables, and it further comprised the chef 
durchestre or control-board, consisting of a volt- 
meter, indicating the speed of the phonograph, a 
freyuency-meter of the vibrating-reed type, starting 
resistances, and a two-way switch for the differential 
gearing. Large installations also required a pump 








for compressed air, and a special distributor, by 
the aid of which the sounds were intensified for 


i halls. 

‘assing to the colour reproduction, Professor 
Stirling explained that three negatives of the object 
were taken in red, green, and blue light, and the 
positives (from these negatives) were afterwards 
placed, for projection, behind the three objectives 
of the kinematograph, each of the objectives being 
provided with a corresponding light filter. In 
order to obtain all the tints, however, including a 
pure white, these filters were made of orange-red, 
green-blue, and blue-violet. At least fourteen 
views had to be taken per second ; all the three 
pictures had most accurately to be superposed, of 
course. Each view of an ordinary kinematograph 
film was 18 mm. in height, and had to be moved at 
a minimum velocity of 25 em. per second, with 
fourteen stops; even at that speed the machine 
had to be well constructed not to injure the films 
and to secure steady projection. The trichromic 
projection required three times that speed. In 
order to reduce that difficulty, Mr. Gaumont 
diminished the height of each image by one quarter, 
so that three views took the place of 2} views ; the 
speed was then only double the normal speed. 

The effects realised were certainly exquisite. 
Professor Stirling first showed some butterflies, 
mounted specimens, suspended from a slightly- 
inclined and turned with this rod about the 
vertical axis, to display their colours in the beam 
of an electric lamp. Trichrome films of the same 
and other butterflies, which had been photo. 
graphed while being turned in the same way, were 
then projected on the screen, and the wonderful 
iridescence of the wings of the genus morpho offered 
a fascinating sight, more striking even than the 
beauty of the living specimen, because the slowly 
turning pictures could be examined at leisure. The 
applause at the end of the lecture did not cease 
until Mr. Gaumont had expressed his acknowledg- 
ment in a very few appropriate words. 








MAGNETISM. 

So many communications were brought before 
the Faraday Society, which had arranged for a 
a general ‘‘ Discussion on Magnetism” to be held 
on Tuesday, April 23, that there remained little 
time for a discussion after the reading of several 

pers, although the meeting did not adjourn 

fore half-past ten. There were eleven communica- 
tions on the agenda, and twelve were received. We 
should like to sum up the whole discussion, over 
which Sir Robert Hadfield, F.R.S., presided, from 
one point of view; but the problems are varied, 
and there is still too much divergence of opinions 
and disagreement even as to nomenclature. We 
shall have to content ourselves with pointing out 
the chief features of the several communications. 
They may be grouped as papers on ferromagnetism 
and on Heusler alloys free of the ordinary mag- 
netic metals. We will begin with the former. 

After having welcomed the foreign scientists who 
had especially come over for the discussion—Pro- 
fessor E. Gumlich, of the Reichsanstalt ; Professor 
H. Du Bois and Dr. S. Hilpert, of Berlin; and 
Professor E. Wedekind, of Strassburg—Sir Robert 
Hadfield said that David Mushet had ‘probably 
been the first to notice the non-magnetic proper- 
ties of spiegeleisen. A malleable and non-mag- 
netic ferro alloy had not been prepared before 1882, 
however, when Sir Robert himself took up this 
study. Since then more than 500 papers had 
appeared on ferro alloys alone, to which Sir Robert 
confined himself. Although Sir Robert was a non- 
allotropist in so far as he did not believe in a hard 
adamantine 8 iron, he had practically originated 
this theory by his paper of 1888 on manganese 
steel, in which he had pointed out that the 
hardening of the steel was not solely due to the 
manganese ; there might be some unsuspected 
change of form in the iron itself. Roberts-Austen 
had correctly pointed out at the time that Sir 
Robert had underrated the importance of the carbon 

resent in the alloys, but Roberts-Austen had not 

n right in his theory of adamantine § iron. 
Sir Robert believed with A. A. Knowlton in a 
physical cause of magnetism, which was associated 
with some peculiar grouping of the molecules in 
the chemical sense of a material, whether an 
element or a mixture like the Heusler alloys. 

In a further note Sir Robert declared that he 
saw no reason to modify the opinions he had 
expressed when Mr. McCance read his paper on 





**The Constitution of Troostite and the Tempering 
of Steel” at the Institution of Mechanical Engi- 
neers in December, 1910 The fact that iron became 
magnetic by heating did not suggest any change in 
molecular constitution coming under the head of 
‘**allotropy ;” for all matter was subject to changes 
in molecular constitution by temperature variations 
which were not considered allotropic modifications ; 
iron was not more stable in this respect than other 
bodies, and he preferred merely to speak of a 
change taking place at a certain temperature. 

Dr. E. Gumlich’s communication on ‘* Magnetic 
Properties of Iron-Carbon and Iron-Silicon Alloys” 
would have been much more appreciated if he had 
not read it in extenso. Dr. Gumlich gave an account 
of researches commenced at the Reichsanstalt with 
a grant from the Verband Deutscher Elektrotech- 
niker and aid from several ironmasters, and con- 
ducted with the collaboration of Professor Wiist 
and Professor Goerens, of the metallurgical labora- 
tory of the Technische Hochschule at Aachen. 
The investigation is still progressing, nothing so 
far has been published about it, and the Faraday 
Society is to be congratulated upon inducing Dr. 
Gumlich to contribute his results to the discussion. 
Dr. Gumlich emphasised that the influences of 
minor impurities not sutticiently been studied 
yet, and that certain conclusions might have to be 
modified. The magnetic measurements are con- 
ducted with the aid of the Du Bois balance, the 
Hopkinson yoke method, and a modification of 
Ewing’s isthmus method (for strong fields up to 
24,000 gauss); the annealing, at 750, 800, 850, 
950, 1000, and 1100 deg. Cent., is effected in a 
tubular electric furnace, which, tilted, drops the 
specimen to be quenched into ice-water, in which 
the specimen is at once taken up by a stirrer. 

As regards iron-carbon alloys it would appear 
that the electric conductivity was less diminished 
by cementite than by pearlite, presuming that a 
1 per cent. carbon steel contained essentially 
pearlite, and that with higher ms of carbon 
cementite predominated. Segnetio’ ly the dis- 
solved carbon seemed to be the most essential factor; 
the coercive force increased (and the remanence 
decreased) as the dissolved carbon increased. The 
carbon present as impurity played an important part 
as well, however, because it decreased the permea- 
bility and increased the hysteresis losses. In pure 
carbon alloys it would hence be impossible to 
combine high remanence and high coercive force, 
Permanent magnets in the shapes of a long rod, 
a nearly closed ring, or a horse-shoe with narrow 
pole-gap, should best be made out of a 0.5 per 
cent. carbon metal, because the high, true reman- 
ence could then be secured whilst the demagne- 
tising effect of the ends would not count much. 
When the pole-gap was wide or the magnet a short 
rod, @ higher carbon percentage would be prefer- 
able. By adding considerable amounts of silicon to 
the iron, the carbon, which could not altogether 
be eliminated in practice, could, however, be ren- 
dered innocuous to a certain extent. 

The introduction of silicon into transformer iron 
had, in the first instance, been due to the experi- 
ments of Barrett, Brown, and Hadfield, and in 
Germany the ‘‘alloy metal” (‘‘legirtes Blech’’) 
had replaced the old transformer iron. The realised 
improvement was greater than had been expected ; 
the eddy currents were suppressed, in accordance 
as the specific resistance increased, the hysteresis 
loss became smaller, and the permeability in low 
fields larger. The influence of the silicon was not 
yet understood, but could not be direct. For the 
magnetisation should increase with increasing silicon 

reentage, but the saturation actually decreased, 
“ found, particularly in fields of high intensity, 
just as if the silicon were merely reducing the 
effective cross section. The real indirect effect of 
the silicon seemed to be that it counteracted the 
carbon, because it prevented the formation of the 
injurious hardening carbon ; the less injurious 
pearlite was formed, which, in the presence of 
silicon, was decomposed by prolonged annealing 
into ferrite and temper carbon, the latter being 
magnetically passive. The effects of silicon on the 
various magnetic properties appeared irregular. 

The paper by Dr. James Gray and Dr. Alexander 
D. Ross, both of the University of Glasgow, on ‘‘The 
Magnetic Properties of Special Steels at Bow Tem- 
peratures,” concerned twelve specimens of steels, 
all cast by Messrs. Armstrong, Whitworth and Co., 
from the same soft iron, with various additions 
(carbon, up to 1.64 per cent.; chromium, 1.03 and 
4.1 per. cent.; silicon, 3.47 and 6 per cent.; phos- 
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phorus, 0.168 per cent.; tungsten, 4 per cent.), 
vertically in moulds 2.7 sq. in., forged down and 
rolled to rods of Zin. in diameter. The rods were 
heated up to red heat and slowly cooled (nor- 
malised), annealed at 900 deg. Cent., quenched 
at 450 deg. and 900 deg. Cent., and finally 
reannealed. Cooling in liquid air in general 
diminished the permeability in low fields, and 
augmented it in high fields. The curves thus 
crossed, and the crossing took place in stronger 
fields when the carbon percentage was increased ; 
the coercive force was increased by cooling in liquid 
air. The chrome steel and phosphor steel behaved 
normally. In all cases it was observed that the 
crossing point of the I-H curves found at 15 deg. 
and at — 190 deg. Cent. lay the higher the greater 
the amount of added element, C, Si, Cr, &c., 
and this held for the normalised, annealed, and 
quenched conditions. 

A paper by Dr. Hilpert and Dr.-Ing. E. Colver- 
Glauert (of Sheffield) on ‘‘ The Magnetic Properties 
of Nickel and Manganese Steels with Reference 
to their Metallographic Constitution,” read by 
Dr. Colver-Glauert, also referred to special steels. 
The authors pointed out that the popular idea 
that a iron was magnetic and changed into un- 
magnetic 8 iron at 750 deg. Cent., and into y iron, 
likewise unmagnetic, at 900 deg. Cent., rested mainly 
on experiments made by heating iron in weak fields 
and watching the moment when the magnetism was 
lost, and could not be maintained. In their investi- 
gation they had quenched ten special steels from 
various temperatures—600 deg., 900 deg., and 1240 
deg. Cent.—so that the peculiarities observed could 
certainly not be entirely due to modifications of 
a iron. The steels contained from 5 to 33 per 
cent. of nickel, from 0.2 to 10 per cent. of manga- 
nese, and from 0.2 to 2 per cent. of carbon. All 
the magnetic measurements were taken at room 
temperature. Most remarkable and surprising 
results were obtained with the steel containing 
25 per cent. of Ni, 0.76 per cent. of Mn, and 0.24 
per cent. of C. This steel proved most magnetic 
when quenched from 1240 deg. Cent.; when 
slowly cooled down afterwards to —180 deg., 
the magnetisability went on increasing. On re- 
heating the steel the magnetism increased first up 
to 450 deg. and then decreased to a minimum at 
750 deg. Cent. Quenched from 750 deg., the steel 
was quite unmagnetic ; slow cooling, however, did 
not render it unmagnetic. This steel showed 
two very peculiar irreversible hysteresis loops, 
one at low temperature (discovered by J. Hop- 
kinson) and the other between 450 and 900 deg. 
and back to 450 deg. The other steels behaved 
somewhat similarly, but the 33 per cent. nickel 
steel remained always magnetically soft. The 
quenched specimens displayed, when metallographi- 
cally examined, several constituents, none of which 
were martensitic, while slow cooling brought out one 
martensitic constituent. No definite connection 
between the structure and magnetic properties could 
be discovered. 

The contribution presented by Professor Pierre 
Weiss, of Geneva, on ‘‘ The Magnetic Properties of 
the Alloys of Ferromagnetic Metals, Iron-Nickel, 
Nickel-Cobalt, Cobalt-Iron,” must be read in the 
light of his previous publications to be understood. 
Weiss believes in elementary magnets, and he has 
advanced a kinetic theory of ferromagnetism. He 
regards all magnetic metals as homogeneous solid 
solutions. The saturation intensity of magnetism 
can only be found by observations at absolute zero 
temperature, for as long as heat movements 
(‘‘ thermal agitation ’’) continue, the orientation of 
the elementary magnets is interfered with. At 
absolute zero, however, the saturation magnetism 
gives the true magnetic moment of the molecule ; 
in these experiments Weiss collaborated with 
Kamerlingh Onnes. Weiss admits.that he has made 
a rather vague use of the term ‘‘ molecule,” and 
he now defines the molecule, not much more 
clearly, as the atoms [he does not say, group of 
atoms], which are rigidly connected with one 
another. In Fe,, for instance, the atoms are 
supposed to form an ‘‘ invariable solid ;” in other 
cases the atoms are ‘‘articulated” and magnetically 
free to assume any independent orientation. In 
the case of substances like oxygen and the salts 
of metalsin the solid or dissolved conditions, the 
experimental determination of the saturation is 
impossible, according to Weiss, because there is 
too little magnetic orientation. But the coefficient 


of magnetisation is inversely proportional to the 
absolute temperature, and i 
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by the absolute temperature yields the constant 
of Curie, from which the molecular moment can be 
deduced. The magnetic moment of the nickel atom 
has been traced through all its compounds; dif- 
ferent moments are, indeed, found; but they are 
all multiples of a common factor, which Weiss calls 
the ‘‘ magnéton,” and which he supposes to repre- 
sent the elementary magnet, since it has been found 
in the metals iron, cobalt, manganese, chromium, 
vanadium, copper, and uranium. The value of the 
magnéton is 1123.5; at absolute zero the magnetic 
moment of the nickel atom is 3 magnétons; ata 
temperature above the Curie point—the critical 
temperature at which pronounced magnetism 
disappears—it is 8 magnétons; in salts it is 16 
magnétons. 

When the existence of the magnéton is pre- 
sumed, saturation experiments and the Curie con- 
stant can be utilised for studying alloys, and the 
communication gives particulars of recent investi- 
gations made by Weiss in conjunction with G. Foéx, 
F. Hegg, O. Bloch, and A. Preuss. The research 
concerns the alloys Fe-Ni, Ni-Co, Fe-Co. As 
regards the ferro-nickels, the existence of a com- 
pound Fe, Ni is established; this compound has 
30 magnétons, 10 per atom. So far as the re- 
versible alloys of iron-nickel and of nickel-cobalt 
are concerned, the results seem to admit of a 
clear interpretation, but the phenomena of the 
irreversible ferro-nickels and of the ferro-cobalts 
are very complex. Yet there is also a compound 
Fe, Co, interesting particularly because it is more 
magnetic than pure iron [Hadfield and B. Hop- 
kinson failed to find any alloy of higher magnetism 
than iron]; the practical utilisation of this pro- 
mising alloy is being studied. Compounds are 
distinguished from solid solutions of metals, because 
in the latter (but not in the compounds) the mag- 
netic moment is additive. 

We pass to the Heusler alloys, and we notice in 
the first instance papers by Dr. F. Heusler, Director 
of the Isabellenhiitte, at Dillenburg, on ‘‘ The Pro- 
perties of the Alloys of Manganese with Boron, 
Arsenic, Antimony, Bismuth, and Tin,” and Dr. E. 
Take, of the University of Marburg, in the Prussian 
province of Hessen, on ‘‘ The Properties of 
Aluminium-Manganese Bronzes.” A good deal 
of these papers had merely historical interest, 
and the authors need not have reiterated their 
claims for priority so much. A summary will, how- 
ever, be useful. The alloys were discovered in 1898. 
They contain manganese or manganese-copper, and 
one of the elements aluminium, tin, arsenic, anti- 
mony, bismuth, boron, all of which are practically 
non-magnetic, while some of the alloys are strongly 
ferromagnetic, or become so by ageing. The iron 
present in the original alloys (up to 0.4 per cent.) 
would not have any appreciable effect as long as it 
did not exceed 2 per cent. (Honda). Heusler first 
believed that there was a magnetic iron compound 
Mn,Al,. Experimenting with alloys of Mn and Cu 
containing from 4 per cent. up to 30 per cent. of 
Mn, he concluded afterwards that the carrier of the 
magnetism was a compound AJ, (Mn, Cu), somewhat 
analogous to AlCu, and to the mixed carbide 
C,(Mn, Fe),, This complex compound would be 
dissociated at high temperatures, but be re-formed 
during ageing. Take suggests that there is a second 
transformation of the structure, a complex com- 
bination between the separate elementary magnets, 
in the sense of Weiss, who assumes that foreign 
substances interfere with the mobility, or, as Take 
says, dirigibility, of the elementary magnets. We 
dealt with the recent work of Take on ageing a 
short time ago. It is rather striking that the 
behaviour of copper does not appear to have been 
especially investigated by Heusler and his collabo- 
rators, although Heusler noticed long ago that 
manganese-tin remained magnetic when further 
alloyed with copper, and that manganese-copper 
turned magnetic when tin was introduced. 

In his paper on ‘* The Magnetic Properties and 
Microstructure of Heusler Alloys,” Dr. A. D. 
Ross (already mentioned) gave a review of the 
researches which he has been conducting for 
several years, partly in conjunction with Dr. R. C. 
Gray and with the aid of a special magnetometer, 
the parts of which were mounted on a kind of 
optical bench of cross form, so as to be easily 

justable. The ternary alloys of Mn with Cu 
and Al (or Sn, Sb, B), and the binary alloys of 
Cu-Mn, Cu-Al, Mn-Sb, Mn-B (boron) were pre- 
pared from especially purified metals; but a manga- 
nese of more than 98.5 per cent. (impure with 
Fe, Al, and especially Si) could not be obtained. 





The final conclusion is that in the Cu-Mn-Al alloys 
the magnetic properties are associated with the 
occurrence of solid solutions, probably composed of 
Cu, Aland Mn, Al. Why the entrance of these 
feebly magnetic compounds into solid solution 
should so enormously increase the permeability is 
not clear. Dr. Ross thought that a solid solution 
of the magnetic metal A in the non-magnetic metal 
B might be more magnetic than one should antici- 
pate from the percentage of A, because the inter- 
molecular forces which resist the magnetic polarising 
of A might be diminished by the intervention of 
the B molecules ; but the use of a solid solution of 
two magnetic phases was more complicated. Dr. 
Ross does not support Heusler’s accentuation of 
ternary magnetic alloys. 

The communication sent by Dr. A. A. Knowlton 
and Dr. O. C. Clifford, of the University of Utah, 
also concerns ‘‘ Heusler Alloys,” the compositions 
of which ranged from Cu, 60 to 68 per cent., Mn, 
25 to 28 per cent., Al, 1to 14 per cent. The 
specimens were of ring shape, wound with primary 
and secondary wires. The alloys were prepared 
in a carbon crucible, and it had been intended to 
chill all the alloys and also to cool them slowly ; 
but the chilled rings, which were much more 
strongly magnetic than those slowly cooled, gene- 
rally broke while being ground. The experiments 
make it very evident that the percentage com- 
position plays a much smaller part in determining 
the magnetic quality than the thermal treatment 
(in oil baths); the magnetisation could not be 
pushed up to saturation, however. When the ring 
was demagnetised, a sound like the click of a weak 
telegraph instrument was always heard, especially 
with the very soft alloy, in spite of the thick insu- 
lation of the rings. Any heat treatment which 
increased the magnetic hardness diminished the 
intensity of this sound. 

The authors concluded from these experiments 
that magnetic hardness and sensitiveness to heat 
treatment seemed to be closely dependent upon 
the aluminium percentage, though not alone 
upon this factor, whilst the transformation tem- 
perature would chiefly depend upon the copper 
percentage. The alloys were probably solid solu- 
tions, and the magnetic units complex groups of 
Al-Mn compounds, which formed the structural 
elements of a certain type of mixed crystals, con- 
taining at least two different kinds of chemical 
molecules. This last assumption would explain 
the gradual loss with rising temperature of mag- 
netic quality, which was checked, and changed into 
an increase at various steps, and at temperatures 
which were different for the different alloys. 

Dr. 8. Hilpert and Dr. T. Dieckmann have like- 
wise investigated ‘‘The Magnetic Properties of 
Compounds of Manganese with Phosphorus, 
Arsenic, Antimony, and Bismuth.” They find that 
the distinction between a mixture and a chemical 
compound is often very difficult, for instance, in 
the case of MnAs, which loses more and more 
arsenic when heated, and becomes at the same 
time less magnetic. The magnetic transformation 
temperature, they further find, is strongly depen- 
dent upon the previous treatment of the compound; 
it sinks together with the atomic weight of the 
second element, as the following table shows :— 
Mn Bi, temperature 368 deg. to 380 deg. Cent.; 
Mn Sb, 310 deg. to 320 deg. Cent.; Mn As, 45 deg. 
to 50 deg. Cent.; Mn P, 18 deg. to 25 deg. Cent. 
The last-mentioned phosphide, it was demonstrated, 
is non-magnetic when held in the warm hand, but 
becomes magnetic when placed in cold water. 

Professor E. Wedekind dealt in his paper on 
‘*Magnetic Properties of Compounds in Relation 
to their Stoichiometric Compositions” more with 
the chemical side of the problem. He regards 
the magnetic oxide Fe, 0, as ferrosoferric oxide, 
FeO.Fe,0,. Some of the similarly constituted 
ferrites of Hilpert, MeO.Fe,O,, in which Me stands 
for certain metals (alkali metals, &c.), become mag- 
netic when hot, or are magnetic (cobalt-ferrite, e.9.); 
they all lose their magnetism at certain tempera- 
tures. The various compounds of manganese 
vanadium, chromium, all of which assume 
different valencies, with the metalloids boron, 
oxygen, sulphur, antimony, and phosphorus, may be 
magnetic or not, MnB is magnetic, e.g., MnB, not. 
Professor Wedekind concludes that the magnetis- 
ability is a molecular property ; when the metal is 
ferromagnetic, the simple compounds are less 
strongly magnetic; when the metal is latent mag- 
netic (Mn, Cr, V, Ti pee Ss compound is 
more magnetic than the metal. The decisive thing is 
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the stoichiometric composition ; manganese is most 
magnetic in its trivalent compounds with trivalent 
elements in the ratio 1:1. The magnetisability 
generally falls off with a lowering of the atomic 
weight of the principal metal [Fe = 55 84, Mn = 
54.93, Or = 52, V = 51]. As, on the other hand, 
some of the oxides of certain rare earths (neody- 
mium, europium, terbium, atomic weights above 
144) display extraordinarily high magnetic inten- 
sity [paramagnetism], the dependence upon the 
atomic weight seeming to be periodic. 

Professor H. du Bois, whose magnetic balance 
had been used by several of the investigators, 
pointed out that in many cases the observation of 
the Kerr (magneto-optic) effect would render valu- 
able services. The effect could be observed with 
very small specimens, though the light penetrated 
only toa depth of a few millionths of a millimetre into 
the substance, and the fact that the sign of the result- 
ing rotation might be different for different wave- 
lengths in the case of compounds, but apparently 
not in that of simple metals, seemed significant. 
Professor B. Hopkinson, of Cambridge, accentuated 
the necessity of conducting the tests in fields of 
high intensity and different temperatures, so as to 
determine relations corresponding to those between 
pressure and temperature of a gas when near its 
critical point. He also drew attention to an 
experiment of his in which he had severely strained, 
almost to flowing, a short bar of iron placed be- 
tween the poles of an electro-magnet; the mag- 
netisation was not affected within 1 per cent. Dr. 
Rosenhain said, with regard to very strong fields, 
he was afraid that experiments in intense fields 
only might obliterate certain features, and that it 
would not be possible to trace the connection 
between magnetism and microstructure in complex 
alloys, as it could apparently not be done in binary 
iron alloys. He certainly agreed with Dr. Ross 
that there was no evidence of Heusler’s ternary 
magnetic compounds; some of his own binary Al-Mn 
alloys were exceeedingly brittle and magnetic, both 
in lump and in powders; magnetic phenomena 
seemed to be both of molecular and structural 
characters. 

This remark, which concorded with others ex- 
pressed, e.g., with Dr. C. H. Desch’s suggestion 
that the ageing might be due to the formation of 
intermetallic compounds, may appropriately be 
selected to sum up the discussion, we think. The 
problem is not mature yet for generalisation. 





HEAVY-OIL ENGINES. 

THE second of the series of four Howard lectures 
on ‘* Heavy-Oil Engines,” which was delivered by 
Captain Sankey before the Royal Society of Arts on 
the 6th inst., was devoted, in the main, to a conside- 
ration of the various detail parts of the Diesel engine. 
The lecturer began by pointing out that while the 
valve arrangements of a Diesel engine had some 
similarity to those of a gas-engine, and the con- 
necting-rod, crank-shaft, and other parts, some 
similarity to the corresponding parts of a steam- 
engine, there were none the less great differences 
between the Diesel engine and other types, differ- 
ences which were mainly to be explained by the 
very high compression pressures which were used. 
The actual working pressure was, of course, not a 
direct index to the proportions of the parts, since 
in steam-engines it was necessary to consider the 
possibility of water-hammer, and in gas-engines 
that of pre-ignition, but none the less in practice it 
was necessary to build Diesel engines much heavier 
than others. The possibility in Diesel engines, 
which corresponded to water-hammer or pre-igni- 
tion, was that the fuel-valve might hang up, so that 
oil entered the cylinder during compression. This 
might result in pre-burning, and what was practically 
an explosion might ensue. Under such conditions 
& pressure as high as 1500 Ib. to 1700 Ib. per sq. 
in. might be produced. He believed that Diesel 
engines were usually designed for a pressure of 
1200 Ib. per sq. in., so that the higher pressure 
as an exceptional occurrence would probably do no 
great harm. 

Captain Sankey then dealt with the base castings, 
a crank-shafts, &c., of various 
ypes of Diesel engine, pointing out the uliar 
advantages of the designs adapted by yt ea 
makers and referring to the materials usually used 
in construction. It is not necessary to reproduce 
this part of the lecture, but we may record 
various interesting points which were mentioned. 
The necessarily large dimensions of the crank-shaft 


were specially referred to, the lecturer pointing out 
that, owing to the engine being single-acting, con- 
ditions of stress reversal were introduced which had 
no counterpart in the ordinary steam-engine, and 
which had sometimes been overlooked in the early 
Diesel engines. The same thing occurred in the 
early Willans engines, the special conditions not 
being allowed for, so that many breakages resulted. 
A 100-horse-power 200 - revolutions - per - minute 
steam-engine would have a crank-shaft about 4 in. 
in diameter, but a corresponding Diesel engine 
would have one of 10 in. Mr. Milton’s formula, 
given in his paper before the Instii ition of Naval 
Architects, would give a 114-in. shaft for such a 
Diesel engine, the difference probably being ex- 
plained by the fact that the formula was intended 
for marine work, in which large factors of safety 
were usual. 

The size of fly-wheels was also referred to in the 
lecture, Captain Sankey pointing out that a 280- 
brake-horse-power four-cycle engine with two lines 
would require a fly-wheel of 40 tons, as against 
one of 15 tons for a corresponding steam-engine. 
The fixing of the fly-wheel required special atten- 
tion owing to the cyclic irregularity of the drive, 
a separate hub, shrunk and keyed on, which could be 
turned up after fixing, and to which the rim of the 
wheel was bolted, being an excellent arrangement. 
The pistons required much attention in order to 
deal with temperature difficulties, and above 24 in. 
in diameter it was necessary to use oil or water 
cooling. The usual piston length was 1.8 times 
the diameter, and the upper part was usually 
made a little smaller in diameter than the lower 
on account of the high temperatures in the upper 
part of the cylinder. The cams were frequently 
ground after keying, and the cam-shafts were 
usually mounted at the top of the engine; but in 
some designs these shafts were mounted near the 
crank-shaft, and the cams ran in an oil bath. 

The lecturer concluded with a description of the 
usual fuel valve and atomiser, which is used with 
Diesel engines. The valve and its gear required 
great care in manufacture owing to the high 
pressure of ignition. The valve was arranged to 
open when the crank was from 1 deg. to 4 deg. 
from the top position, and to close when it 
was from 10 deg. to 15 deg. beyond it. The 
opening of the valve was about x4, in. It was 
usual to reduce the pressure of the ignition air 
at light loads, as otherwise, owing to the drop in 
temperature consequent on the sudden expansion 
of the air, misfire might occur. Various modifica- 
tions of the ordinary fuel arrangements were re- 
ferred to, such as the open injection nozzle, in 
which the fuel entered when the piston was at the 
bottom of its stroke, and lay in the bottom of a 
small chamber, through which the ignition air was 
afterwards An objection to this arrange- 
ment was that as the fuel was lying in a very hot 
place during compression, there was a possibility 
of — distillation with the giving-off of hydro- 
carbons which might be ignited on compression. 
In connection with the fuel arrangements Captain 
Sankey also referred to various arrangements 
which had been proposed, or used, as alternatives 
to a separate air-compressor for the injection 
air. These involved the use of secondary 
cylinders situated alongside the main cylinders, or 
arrangements such as that used in the Haselwander 
engine, in which a pocket was formed in the cylin- 
der cover, and a corresponding spigot formed in 
the cylinder, so that a ring of air was trapped on 
the outside of the spigot, and compressed to form 
the ignition charge for the stroke following that 
on which it was compressed. For two-cycle engines 
scavenging air-pumps were required, and the pres- 
sure used was about 8 lb. persq.in. The weight 
of four-cycle slow-speed Diesel engines was about 
500 lb. per brake horse-power, and the weight of 
corresponding steam-engines was only 100 lb., but 
250 lb. had to be added to this for boilers, &c. 
The Diesel engine for torpedo-boat work had been 
brought down to from 35 lb. to 40 lb. per brake 
horse-power. 

The third lecture, given on the 13th inst., was 
devoted very largely to the description, and illus- 
tration by means of lantern slides, of various 
examples of Diesel engines as built by differert 
firms. The outstanding feature of the various 
examples shown was the very small differences 
which existed between the practice of different 
makers. Captain Sankey said that this might be 
|explained either as a result of the small period 
‘over which the engine had been built, so that 








differences had not had time to creep in; or, on 
the contrary, might be held to show that the engine 
had already reached its finally be+t form. He did 
not care to choose between these two explanations 
himself. 

There was little in this part of the lecture to 
which we can refer, but an interesting point which 
was brought out was the very large number of 
different sizes of engines which could be built 
with quite a small range of cylinders by building 
them up in one, two, three, or more lines. Captain 
Sankey showed tables which he had prepared 
illustrating this point in a clear way, and we 
reproduce one of them below. This table refers to 
the engines built by the M.A.N. Company, but 
does not cover the whole of their practice, since it 
shows five types of cylinder only, and their practice 
actually covers seventeen types. The top row of 
figures in the table gives the brake horse-power of 
the five cylinders, or lines, which are being referred 
to, and, of course, gives the brake horse. power of 
single-line engines using the various cylinders. The 
placing of the last figure, 250, in brackets indicates 
that the cylinder referred to is not used by the firm 
in building a single-line engine. The second row of 
figures gives the brake horse-power of two-line 
engines built up of the cylinders given in the first 
row; similarly the third row gives three-line engines, 
andsoon. It will be noted that the five cylinders 
are used to build up into thirteen engines. The 
revolutions and dimensions are given below, the 
lengths given referring to the engines above, which 
are marked with an asterisk. 


Brake Horse-Power. 





One-cyl... “1 50 150 (250) 
Two-cyl. ‘ 36* 1 0* 300 

Three -cy] oe 150 450* 750 
Four - cyl.| - - 200 600 1000* 
R.P.M. .. 270 250 195 167 150 
Width 6 ft. 7 in. | 8 ft. Gin, |11 ft. 2in. |18 ft. 9 in.) 16 ft. 5 in. 
Height 6,2, 1/75 35 /9,, 10,, |14 ,,9,,/16,,5,, 
Length [4 Soy |B 25 10 4, O45, [22 4, 45/31 yy 24 


A corresponding table with this, for the practice 
of Messrs. Burmeister and Wain, showed that they 
built up twenty-nine different engines from eleven 
cylinders, five of which were used in single lines. 
Captain Sankey then referred to very large engines, 
and mentioned the well-known experimental work in 
connection with a 2000-horse-power cylinder which 
is being carried out by both Messrs. Sulzer and the 
M.A.N. Company. Healso stated that Messrs. Carels 
build a 1000-brake-horse-power marine engine of the 
two-stroke type in four lines, which has cylinders 
450 mm. in diameter by 500 mm. stroke. The engine 
runs at 250 revolutions per minute, and weighs 
78 lb. per brake horse-power. He believed that 
some firms were prepared, without further expe- 
rience, to supply engines of from 6000 to 8000 brake 
horse-power. In connection with total output 
Messrs. Sulzer, who had commenced work on the 
Diesel engine in 1903, had an output of 35,000 
horse-power in 1910, and up to June 1, 1911, had 
had a total output of 150, horse-power. The 
M.A.N. Company, which began work in 1902, had 
an output of 75,000 horse-power in 1910, and up to 
the beginning of June, 1911, had had a total out- 
put of 240,000 horse-power. 

The lecturer then referred to the various fuels 
which can be used in the Diesel engine, pointing 
out that practically any oil is suitable, and that 
any engine could work with a large variety of oils. 
In this respect the Diesel engine was very different 
from the explosion engine, which was very sensitive 
to the class of oil supplied to it. All that the 
Diesel engine wanted was sufficient compression 
to ensure ignition. The main constituents of the 
oil used were carbon and hydrogen, the petroleum 
oils having from 80 to 86 per cent. of carbon 
and from 11 to 14 per cent. of hydrogen. The 
coal-tar oils had about 90 per cent. of carbon and 
8 per cent. of hydrogen, unless made in a hori- 
zontal retort, when the proportion of hydrogen was 
diminished. The effect of the various qualities of 
the oils used was then discussed. Viscosity was 
not of much importance, but if too great, the oil 
had to be heated, or a proportion of lighter oil 
added to it. Specific gravity was only important 
as an indication of the quality of the oil. Flash- 
point was only a matter of storage. Of impurities, 
water and sulphur were the most common; the 
sulphur should net be more than 2 per cent., 
and the water 1 per cent. The calorific value 
should, of course, be known, but it ehould be 
remembered that calorimeter tests gave the higher 
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calorific value, and the lower calorific value should 
be taken in analysing tests. The lower calorific 
value was equal to the higher calorific value less 
10,300 divided by the figures representing the 
percentage of hydrogen. Much work had been 
done in Germany with coal-tar oils, owing to the 
high duties on imported petroleum, oils made 
from lignite, and having a low hydrogen content, 
being used with from 3 to 5 per cent. of lighter 
ignition oil. The oil usually to be warmed, 
and for this purpose jacket-water warming was 
best, as it ensured that the oil should not get too 
hot. 300,000 tons of coal-tar oil were made every 
year in Germany. The world’s supply of oil suit- 
able for Diesel engines was about 40,000,000 tons, 
and of this he had been told that about one-tenth 
was available for Diesel engines. One ton of oil 
used in Diesel engines could be looked upon as 
equivalent to 1 brake horse-power per annum. 





NOTES. 
ICEBERGS. 

In a discourse delivered at the Royal Societies’ 
Club on Thursday, May 9, Sir Clements Markham, 
¥.R.S., said that most of the icebergs ef the 
Atlantic came from the glaciers of Greenland, and 
principally from eight so-called discharging glaciers 
on its west coast. Greenland was a vast mass of 
plutonic rock, covered with ice to the height of 
8000 ft. On the fjords the glaciers ended in ice 
. walls; the enormous — of the superincum- 

bent mass behind made some glaciers advance at 
the rate of 28 yards per day. The percolating 
water formed one of the agents of the movements, 
and there was always a stream of water flowing 
under the discharging glacier into the sea. When 
broken off the glacier by the buoyancy of the sea 
water and the action of the tides, a berg generally 
had a height of at least 1000 ft.; Sir Clements 
had measured one 372 ft. rising above the water. 
Slowly melting in the water the icebergs lost their 
equilibrium and capsized. He had once almost 
been caught when passing in a boat along a natural 
arched passage through an iceberg which after- 
wards toppled over, and the Intrepid, their steam 
tender, had had the most remarkable escape in 
the annals of Arctic adventures. An ice-floe had 
driven this steamer against an iceberg and raised 
it 40 ft. high, where it was afterwards left sus- 
pended on the side of the berg, supported only by 
two small wedges of ice; their boats had all been 
smashed ; finally the steamer had been launched 
from her lofty position without injury ; the danger 
and the rescue had entirely been the work of 
Nature. Sometimes an iceberg became surrounded 
by a sharp edge on the water-level, which might be 
submerged ; if the Titanic had been ripped open 
by such an edge it was an exceedingly rare case. 
A young, inexperienced officer of my town ship 
had once charged an apparently small iceberg at 
4 knots, stem on; the ship had. been brought up 
‘*all standing,” but if they had been going at 
22 knots, he (Sir Clements, who was on the ship) 
would never have been able to tell the tale. The 
risk for the modern enormous floating hotels might 
much be reduced by searchlights in the bows and 
by the supply of glasses to the look-out men, and 
wireless telegraphy had materially added to the 
chances of eventual safety. Thus he did not think 
there would be an increase of risk in spite of the 
enormously increased speed. It was, or had been, 
the order that ships should not go north of 43 deg. 
in crossing the 50th meridian ; but the Titanic had 
only been in 41 deg. 16 min. just after crossing 
that meridian. An international agreement had 
been suggested that liners of all nations should not 
go north of a certain latitude ; but such an agree- 
ment was not likely ever to be made, because the 
demand for rapid progress and the shortest route 
was too great. Icebergs had been reported as far 
south as 38 deg. 40 min., moreover. 


Tue British Encingzrs’ Association. 


A very important commercial undertaking is 
projected by the promoters of the British Engi- 
neers’ Association, which has just been incorpo- 
rated under license from the Board of Trade, 
and is to be carried on under the Companies 
Consolidated Act, 1908. The twenty-two British 
firms who have initiated the movement, and the 
thirty-nine other firms who have since become 
associated with it, are seeking to promote British 
trade by direct representation in some foreign 


countries, and initially and notably in China, ' 





with a view not only of developing the imports 
of engineering products into such countries, but 
of influencing on British lines the education of 
Orientals on technical matters. These aims agree 
so closely with the policy which we have time 
and again advocated that we heartily wish well to 
the movement. Our foreign competitors have 
r i the importance of inculcating into the 
minds of the students of such countries as China, 
where a great forward industrial movement is 
beginning, an admiration for the principles of manu- 
facture carried on in their respective countries. 
The advantage is obvious. The student who ulti- 
mately becomes responsible for works naturally 
leans towards the country whose manufacturing 
methods are familiar to him, and whose technical 
literature is open to him. The British Engi- 
neers’ Association, therefore, may help towards 
the advancement of manufacturers’ interests by 
assisting in the technical training, either in 
China or in this country, of Chinese students. 
Recognising also the failings of our consular service, 
even under the improvements recently made, it is 
pro to have representatives in China whose 
duty it will be to watch developments, to report 
ible openings for trade, to assist, through the 
ondon centre, manufacturers anxious to insti- 
tute agencies or to secure work directly, and 
to give warning to manufacturers against any pit- 
falls which may present themselves. It is not 
intended that the Association itself should perform 
the function of agent, but rather should act 
as advisers in general matters and as investi- 
gators in special cases. The Board of Manage- 
ment will consist of nominees of the associated 
firms, and there will thus be every opportunity 
for the exchange of opinions with a view to col- 
laboration and to a definite business policy in 
China, while arrangements will made in con- 
nection with the reception of possible Chinese 
clients in this country, and for the visits of repre- 
sentatives of associated firms in China. Some effort, 
too, will be made to ensure that where British 
capital is sought for the development of enter- 
rises in China and such foreign countries, pre- 
erential treatment shall be given to British manu- 
facturing interests. The time for the organisation 
of such an association is opportune, in view of the 
beginning of the new régime and of the awakening 
of China to the immense potentialities of the 
country, not only in respect of natural products, 
but of the immensity of area and of cheap labour 
available. 


THe MANvuFACTURE OF NITRATES FROM THE 
ATMOSPHERE. 


The important question of the manufacture of 
nitrogen compounds from the nitrogen of the 
atmosphere is one that we have referred to on 
many occasions, and it certainly forms one of the 
most ——_ electrical developments of recent 
years. e compounds produced are in the main 
intended to serve as nitrogenous manures, and for 
such use find their chief competitors in sulphate 
of ammonia produced in coke-ovens and similar 
plants, and in sodium nitrate exported from 
Chili. The manufacture of calcium cyanamide from 
atmospheric nitrogen has, however, introduced a 
substance which is useful not only as a manure, but 
in connection with the manufacture of explosives. 
The calcium nitrate plants working on the Birke- 
land-Eyde process, which are situated in Norway, 
have figu very largely in connection with this 
subject, and they certainly form a most important 
series of installations, and represent a remarkable 
development ; but much work in connection with 
atmospheric nitrogen employment has also been 
done in other countries, very largely in the manu- 
facture of calcium cyanamide. In a paper read 
before the Royal Society of Arts, on the 15th inst., 
Mr. Kilburn Scott gave some figures in connection 
with this subject, which were of much interest. 
The total horse-power employed by the Norwegian 
Hydro-Electric Nitrogen Company for the manu- 
facture of calcium-nitrate on the Birkeland-Eyde 
process was given as 200,000, and it was stated 
that another 300,000 horse-power of plant would 
probably be at work by 1916. The figures, of 
course, include the important and well-known in- 
stallation at Notodden and Rjukenfos, which we 
have dealt with at various times. A table was also 
given of the plants engaged in the manufacture of 
calcium cyanamide, which showed that they were 
distributed over sume eight or nine countries. The 
total production by the end of next year was ex- 





pected to reach 262,000 tons per annum. This latter 
figure is not a very large one as compared with 
that representing the export of sodium nitrate 
from Chili, which was given by Mr. Kilburn Scott 
as 2,420,400 tons in 1911, but compares very 
favourably with the 367,587 tons of sulphate of 
ammonia, which was given as the amount pro- 
duced by gas works, coke-ovens, &c., during 1910. 
In connection with the competition between the 
electrically manufactured nitrogenous manures 
and others, the following table given in the paper 
is of interest, although obviously the prices given 
can be but approximations :— 


Content of Price per 


Nitrogen. Ton. 
Per cent. £ 6 
Sulphate of ammonia from 
gasworks ... se sn 19.75 13 0 
Nitrate of soda from Chili... 15.50 9 15 
Nitrate of lime made by 
electricity ... its oe 12.75 8 10 
Calcium cyanamide made by 
electricity ... oe ess 18.00 10 0 


THe New ARTICLES OF ASSOCIATION OF THE 
INSTITUTION OF ELECTRICAL ENGINEERS. 


An extraordinary general meeting of the corpo- 
rate members of the Institution of Electrical 
Engineers was held on the 9th inst., and a resolu- 
tion was passed adopting the New Articles of 
Association which have been prepared. The 
resolution has yet to be confirmed by a second 
meeting, but there is little doubt that the new 
articles as they stand will be finally adopted. A 
revised set of articles, which had been prepared by 
the Council, was submitted to a spotted wasting of 
the Institution on November 2 last, but the pro- 
posals they contained met with such opposition that 
the resolution sanctioning their adoption was not put 
to the meeting. Between the date of the November 
meeting and that of the 9th inst., meetings to discuss 
the articles have been held both in London and at 
the Provincial centres, and, as a result, the articles 
which have now been adopted differ very materially 
from the earlier draft. Many of the original pro- 
posals were of a quite extraordinary nature, and 
we can only congratulate the Council that they 
have been dropped. One of the strangest pro- 
posals was that the Council should have power to 
incorporate any other society with the Institution 
without the sanction of a general meeting. Much 
of the opposition which arose, however, centred 
itself around the proposal to increase the annual 
subscriptions, and was, we think, somewhat unjusti- 
fiable. The proposal of the Council to make these 
subscriptions more consonant with those of other 
institutions of similar class was, we think, in every 
way reasonable in view of the increasing activities 
of the Institution. In the revised articles, which 
were adopted on the 9th inst., the Council have, 
however, made some concession in the matter of 
subscriptions to existing members, and although 
the subscriptions are raised, the difference from 
existing subscriptions is less than was at 
first proposed. New members will, however, 
pay at a higher rate. With the exception of one 
— the new articles are open to little criticism. 

he main features in them which we may notice are 
that a new class of membership is to be created, 
having the title of ‘‘graduates,” and coming in rank 
after the associate members and associates. The 
associates in the futureare to beconfined tothose who 
are not electrical engineers, but whose practice or 
interests are likely to render their membership valu- 
able to the Institution. Examinations for associate 
members are to be adopted, a proposal to the effect 
having been agreed to at a special meeting about a 
year ago. The arrangements for the election of the 
Council are also modified, and in the future the 
Council will propose more candidates than there 
are vacancies, so that there will actually be a com- 
petitive election every year. Two associate 
members of Council are also to be introduced. Any 
number of additional members or associate mem- 
bers may be proposed for election to the Council 
by any ten members. This feature, as far as the 
proposal of members of Council is concerned, 
remains as before, but we would criticise the fact 
that even the new associate members of Council 
cannot be proposed by associate members. This 
fact appears to us to give the members undue power 
as compared with the associate members, which are 
the r body. In this connection we would also 
draw attention to the fact that no one can be pro- 
posed for election to the Institution as a member, 
associate member, or associate by anyone but two 
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members. There appears no reason why such 
proposals should not, when desired, be made by 
associate members, as in other institutions. ‘Ihe 
confining of this privilege to members appears to 
favour that class at the expense of the associate 
member, and we cannot see that it serves any useful 


purpose. 
_ Water-PowER IN THE HiGHLanvs or ScoTianp 


The success of the hydro-electric power-sta- 
tions at Foyers, Kinlochleven, and Ravens Rock, 
near Strathpeffer, as well as in several other 
localities in the North of Scotland, has suggested 
a scheme for utilising the power running to waste 
in several other parts of the Highlands. Mr. Alex. 
Newlands, M. Inst. C.E., assistant engineer of 
the Highland Railway, has done useful service 
in reading a paper to the Inverness Field Club 
directing attention to the sources of power now 
available. The proverbially heavy rainfall and 
the large watersheds, some of them with natural 
conformation conducive to economical construc- 
tion of reservoir dams, with considerable declivi- 
ties, down which the water finds its way to the sea, 
present in many districts ideal conditions for the 
utilisation of such waterfalls. These conditions 
prevail in over thirty cases where, assuming 4 
42-in. rainfall per annum and the availability of 
two-thirds of the water, a power exceeding 
1000 horse-power can be utilised. The power 
in some cases, however, ranges up to 20,000 horse- 
power, the water-shed through which the Cale- 
donian Canal runs being particularly prolific in 
such sources of power. Mr. Newlands gives some 
particulars of the 7000-horse-power installation 
at Foyers, the 30,000 - horse - power plant at 
Kinlochleven, the 120-horse- power station at 
Ravens Rock, near Strathpeffer, and other private 
hydro-electric power installations, but very properly 
he contends for some degree of co-operation, since 
efficiency largely depends upon concentration 
of effort upon the installation of large stations rather 
than upon many small private plants. The maximum 
output of each drainage area should be developed as 
one complete unit, or as a number of units linked 
into one comprehensive system of generating current 
of the same potential. The conditions are particu- 
larly suitable, because at little expense for the dam, 
owing to the presence of natural reservoirs or lochs 
in most of the watersheds, a constant supply of 
water could easily be arranged for. In one in- 
stance especially he points out that the drainage 
area is 149 square miles, discharging into Loch 
Luichart, with an area of 1150 acres, from whence 
the water flows in a series of cascades and falls 
125 ft. in a length of 850 yards. Assuming a 42-in. 
rainfall, and allowing 33 per cent. of this for 
evaporation and absorption, he anticipates that 
1580 horse-power on a 24-hour power-day could 
be developed, which would equal 3000 horse- 
power per working day. This he considers would 
give Inverness a supply of electricity for a 
capital outlay of 40,000/., and would result 
in giving employment to a very large number 
of workers. There are many such sources of supply. 
Indeed, Mr. Newlands estimates that there might 
be recoverable from waterfalls 1,000,000 horse- 
power. Even half of this on a ten-hour work- 
ing-day basis throughout the year would equal, 
in his view, the use of 34 million tons of coal, or 
about one-twelfth of the total quantity mined in 
Scotland last year. Moreover, as he points out, 
the cost of hydro-electric power is only half 
that of steam, raised under the most favourable 
conditions from coal. His view is that, as 
there is a possibility of the Government entering 
into a policy of afforestation, hydro-electric power 
might be combined with this, since the two 
lines of development are closely akin to each other. 
The result would be that employment might be 
found in local factories for much of the labour 
which is now finding outlets in colonial and foreign 
countries. Industries might be established near to 
the seaboard where the configuration of the coast- 
line facilitates the construction, at little cost, of 
harbours for the export of the products resulting 
from the utilisation of electric power. The scheme 
has certainly attractions, and all will wish it well. 


THe AppITION To THE Navy EstIMarEs. 


Mr. Winston Churchill once more gave proof of 
the determination which he has consistently shown 
to maintain our supremacy on the principle that it 
is easiest to ensure peace by being thoroughly 
prepared for war. When the Navy Estimates of 


the year were issued, it was stated that they had 
been framed ‘‘on the assumption that the existing 
programmes of other naval Foren would not be 
increased,” and that ‘‘in the event of any such 
increases it will be necessary to present supple- 
mentary estimates both for men’ and money.” 
Germany is adding to the provisions of her 
naval law, the amending Bill providing for 
the construction of three additional battleshi 
during the next three years, as well as for the 
laying down of more small cruisers and submarines ; 
at the same time, in order to add to the number 
of ships continuously in commission in the North 
Sea, 15,000 officers and men are to be added to the 
personnel. The Bill providing for these additions 
only passed its second reading in the Reichstag on 
Tuesday evening. Mr. Winston Churchill, in the 
House of Commons, on Wednesday, announced that 
he would present supplementary estimates to pro- 
vide for the increase promised in view of such contin- 
gency as has now arisen by the action of the German 
naval authorities. No information, of course, is yet 
available as to the extent of the increase decided 
upon by the First Lord of the Admiralty; but it may 
be remembered that in introducing the Estimates 
in March, Mr. Winston Churchill stated that the 
standard of naval strength aimed at by the British 
Admiralty was a standard of 60 per cent. in excess 
of the then existing German Naval Law, so that 
during the next six years from now we should lay 
down per annum four ships and three ships alter- 
nately, beginning with four this year; this, he 
stated, ‘‘is the least that will maintain the 60 per 
cent. standard.” He made it clear, however, 
that any single additional ship added, say, by 
Germany, would be met by two additional ships laid 
down by Britain. As Germany has decided to lay 
down three additional ships during the next three 
years, obviously the British Admiralty must lay 
down six ships during the same period. Conse- 
quently the programme of the next three years 
ought to be not four, three, and four ships, but 
six, five, and six ships in the respective years. 
At the same time, additions must be made to 
the personnel. It is needless to say that the 
country has shown ready and almost universal 
approval of the First Lord’s statement. The 
effect of this announcement was augmented by 
a speech at the dinner of the Worshipful Company 
of Shipwrights on Wednesday evening, when he 
stated that ‘‘ although the additional Estimates will 
not be so large as some would hope and others 
would fear,” His Majesty’s Government would be 
able to convince the House of Commons that what 
they asked for was both necessary and sufficient. 
He expressed the widely-entertained satisfaction 
that, while we have several parties in the State, 
we have only one Navy, which is the care 
of all parties. Another point in his statesmanlike 
speech was the announcement that the Third Sea 
Lord, who is the officer of the Admiralty 
charged with the care of the great province of 
matériel, would be relieved of all unnecessary de- 

mental work, so that he might have leisure 
or reflection and for study, and freedom to move 
about frequently in the sea-going fleets. This 
idea of closer contact between the executive officers 
of the Admiralty and the Fleet is further ensured 
by the unusual procedure now decided upon, that 
Vice-Admiral Prince Louis of Battenberg, one of 
the Lords Commissioners, will command a fleet 
during the manceuvres, which are to be carried 
out on an exceptionally large scale towards the 
end of July. Brief reference should also be made 
here to the development in naval policy which 
was enunciated by Mr. Winston Churchill, whereby 
the Fleet would be concentrated more in home 
waters. As a consequence of the restriction in 
world-wide mobility involved by this, the plea was 
put forward that sooner, rather than later, naval 
respousibility must be shared by the Colonists, to 
this extent: that while the Mother Country main- 
tained the Empire’s sea supremacy in the decisive 
theatre of European waters, the daughter States 
might undertake the control and guarding of the 
rest of the Empire. 





Tue Winnipee Motor Contsst.—This contest is to 
take place this year, from July 3 to 20 next, in conjunc- 
tion with the Canadian Industrial Exhibition. The 
entries close on June 1 for the internal-combustion 
engines for motor competition at the exhibition, and on 








June 28 in regard to the engine gang-ploughs. The 
engineer in charge is Mr. Arthur C. Frith, and the 
manager Mr. A. W. Bell, Winnipeg, Man. 





THE OZONAIR INSTALLATION ON THE 
CENTRAL LONDON RAILWAY. 


WE had an opportunity, on the 10th inst., of in- 
specting the very complete system of ozone produc- 
ing and distributing plant which has been installed 
for air purification and ventilation on the Central 
London ilway, by Messrs. Ozonair, Limited, of 
96, Victoria-street, Westminster, S.W. It will be 
remembered that when the railway was first con- 
structed it was considered probable that the dis- 
placement of the air in the tunnels by the moving 
trains would be sufficient to ensure adequate ventila- 
tion, but that experience proved this idea to be 
unfounded, and that when the railway had been 
open for some time a continually running ex- 
haust fan was installed at the British Museum 
Station, to ne the ventilating action of 
the trains. n addition a large exhaust - fan, 
driven A a 200-horse-power motor, was installed at 
Shepherd’s Bush, and was run each night, after the 
completion of the service, with all the inlet doors to 
the tunnels closed, except at the end remote from the 
fan, so that a complete supply of fresh air was drawn 
into the tubes. This exhaust system has now been 
abandoned, and an entirely new it, working in con 
junction with ozone-generators, ss been installed. 

The new ventilating system is a plenum one, and 
consists of ‘‘Sirocco” fans situated at each of the under- 
7 stations, with the exception of Shepherd’s 

ush, which is near to the open end of the tunnels at 
Wood-lane. The fans are in the main driven by 
74-horse-power motors, and deliver from 5500 ft. to 
6500 ft. of air per minute to the railway. The fans at 
Holland Park and British Museum are, however, 
larger, and deliver respectively 18,000 and 10,000 
cub. ft. per minute. The total supply to the tubes 
comes out at about 80,000,000 cub. he: of air per day. 
Each of the fans draws its air through a filter screen 
and works in conjunction with an ozone-generating 

lant, the ozone being mixed with the indrawn air 
fore it entersthefan. The filter screens were origi- 
nally of woven matting ; but a fine copper gauze dia- 
phragm, on to which a spray of water is thrown, is 
now used. The water trickles down the gauze, and 
the air on its way through has all floating particles 
filtered out and all deleterious gases, such as ammonia 
or sulphurous acid, absorbed. 

The ozone-generator, through which the air is drawn 
by the same fan which supplies the air, consists of 
mica sheets with metallic gauze on each side, stacked 
side by side, and eosugeell by alternating current at 
about 5000 volts, in such connection that a silent dis- 
charge passes between the various plates, so that air 
flowing between them is ozonised. The generator is 
supplied from a small transformer, which in turn 
is = with 380 volts alternating current from a 
small rotary converter, which, on its direct-current 
side is connected to the 550-volt lighting circuit of the 
railway. The rotary converters which are used are of 
much interest in view of their very small size, and of 
the fact that they work on such a relatively high direct- 
current voltage as 550. The ozonised air is distributed 
down the lift or staircase shafts by means of galvanised 
iron ducts of some 3 sq. ft. in cross-section, and is de- 
livered in the stations at several points some 7 ft. above 
platform level. The ducts are also carried some dis- 
tance into the entrances to the tunnels in the direction 
in which the trains run. The whole of the duct work 
appears to be a very well-carried-out job, and much 
ingenuity has evidently been expended in running it in 
the awkward situations which exist on the railway. 
The shape of the ducts has had to be varied at ver 
many points; whereas when possible it is circular, it is 
in many places rectangular or segmental, in order to 
enable it to be carried at theside or on the roof of the 


various passage-ways. 





INTERNATIONAL Extectro-TEcHNICAL CoMMISSION.— 
The Special Committee, appointed at Turin in 1911, to 
consider the rating of electrical machinery, held its first 
meeting in Paris from Monday, May 6, to Thursday, 
May 9, inclusive. The discussions covered a very wide 
field, and a detailed report of the proceedings will be 
issued in due course. Probably the most interesting 

ints discussed, and upon which definite suggestions 
Eve been made, were the questions of the surroundin, 
air temperature, temperature limits and the method o' 
measuring them, and the information to be carried on the 
name-plates, and to be asked for when machines are 
bought and sold without any special specification. The 
question of international agreement in reference to the 
resistivity of copper wassubmitted by Mr. C. O. Mailloux, 
gy oe of the American Committee, and supported by 
M. Paul Janet, a member of the French Committee and 
director of the Laboratoire Central d’Electricité. As far 
as Great Britain is concerned, the ougpemed figure, if 
adopted, will necessitate an alteration of only 4 of 1 per 
cent. in the present standard, which is practi 
nificant alteration from the commercial point of view. 
The proposals of the Special Committee will be submitted, 
in French and English, to the various electro-technical 
comunittees for their consideration, and the Committee 
will meet again in December in order to take into accoun 
any observations or modifications received. 


y an insig- 
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INDUSTRIAL NOTES. 


Tue shadow of a fresh trouble in the coal industry 
has fallen over the labour world, but whether 
it will materialise into another strike is doubtful, 
although the situation is disquieting. It has been due 
to the award of Lord St. Aldwyn, Chairman ot the 
South Wales District Board, to which we alluded in 
our issue of last week. The miners are disappointed 
that they failed to secure in this decision a mini- 
mum wage of 5s. per day for men and 2s. for 
boys. They say that they were led to suppose 
that although it was not possible to put these a 
in the Minimum Wage Act, the Board would be 
sure to concede them. It will be remembered that 
the casting vote of Lord St. Aldwyn fixed the 
amount for the men at 3s., with the addition of 
certain percentages by which the earnings will be 
brought up to something like 4s. 6d., and this has 
much disappointed a certain section of the men, who 
appear to be angered by it, and talk of another coal 
strike, in addition to which they threaten to include 
a strike of the transport workers, including the railway 
men. Although the time within which the District 
Joint Boards must report has already elapsed, 
application has been made by most of the Boards 
for an extension of time, as provided by the Act, 
which extension has been granted. The men’s dele- 
gates have arranged to have a consultation with 
the national conference of the miners on Tuesday 
in next week, and until then the representatives of 
the coal-owners on the South Wales District Board 
have agreed not to take any further steps towards 
fixing the minimum rates of wages. On Monday last 
both the men’s application for an increase in the 
general wage rate, and the claim of the owners for a 
reduction, were rejected by Lord St. Aldwyn. 

In other parts of the country the work of the District 
Boards appears to have progressed satisfactorily. In 
Leicestershire, after —— six days, a report was 
issued on Monday last to the effect that the rates of 
the minimum wages in that coal-field had been fixed 
as follow :—Stallmen working on contract, 6s. 2d. per 
day ; holers and loaders, 5s. per day; and, subject 
to variations under the Conciliation Board Agreement, 
the following rates were agreed upon:—Rates in 
stalls worked by the day when requested by the 
management for men brought out of stalls to work 
on the roads, 7s. 2d. a day; holers and loaders, 
5s. 8d. a day. Abnormal stalls—stallmen, 7s. a 
day ; holers and loaders, 5s. 6d. ; chargemen, shifters, 
6s. 9d. ; shovel-men shifters, 4s. 10d. ; in-setters, 5s. ; 
corporals and general road-men, 4s. 10d. ; boys aged 
thirteen, ls. 7d., rising to 4s. 10d. at twenty-one. It 
was also decided that the minimum should be paid on 
each week’s work. The sitting was under the chair- 
manship of Judge O’Connor, who heartily congratu- 
lated the members of the Board on the good feeling 
that had prevailed. In North Staffordshire the mini- 
mum rates fixed are practically the same as those 
demanded for the Midland Federation area by the 
Miners’ Federation of Great Britain, being as follow :— 
Coal-getters, 6s. to 7s.; day-workers, 5s.; boys, 2s. 
A correspondent of the 7'imes states that the award 
has given satisfaction to the North Staffordshire 
colliers, for although they asked for more, it is an 
open secret that they did not expect to get it. The 
Board has agreed upon very stringent rules. Aged, 
infirm, or disabled workmen are excluded from the 
right to wages at the minimum rate, as well as work- 
men who fail to attend on 80 per cent. of the available 
working days in one week. In cases where work 
is stop owing to an emergency, the owners are 
relieved from the necessity of paying the minimum 
rates. 

Lord Mersey has fixed the minimum rates of wages 
for the Northumberland coal-miners. The first attempt 
to settle these rates failed, and Lord Mersey, as inde- 
pendent chairman, was called in. The new rates are 
as follow :—-Datallers, 4s. 9d. per day ; piecework men, 
5s. 6d.; boys, from 2s. to 3s. 6d., according to age ; 
boy pieceworkers (putters), 4s.; deputies, 5s. 6d.; 
underground enginemen, 5s. 6d. (or, if under twenty- 
one, 4s.) When a dataller reaches the age of sixty- 
three, and a pieceworker fifty-seven, they are ‘‘ es 
workmen, and can no longer claim the minimum 
rate. 

A complete settlement as to the rates of pay was 
also arrived at by the Lancashire and Cheshire Joint 
Board on Wednesday last, as was the case with the 
Joint Board for the Forest of Dean. 


According to the Board of Trade Labour Gazette, 
which appeared on the 16th inst., the state of the 
labour market was as follows :—In April employment 
showed a satisfactory recovery from the effects of the 
recent coal dispute, and at the end of the month had 
nearly returned to the good conditions obtaining in 
February. 

The precise course of employment after the end of 
the coal strike is obscured by Faster falling at the end 
of the first week in April. In a few cases the holidays 


were curtailed, in order that the earliest opportunity 





of resuming full work might not be missed ; but in 
most cases they were considerably extended. The 
general result, in the trades for which particulars 
were obtained by the Labour Department, was that 
the decline in employment was continued and accen- 
tuated during the first two weeks of April ; the lowest 
level was reached in the week ending April 13. In 
the following week there was a pronounced improve- 
ment, and in the week ending April 27 employment 
may be regarded as having recovered from the effects 
of the dispute in most industries. 

Of the trades noted in the April Labour Gazette as 
having been most severely affected, the pig-iron 
industry began to improve in the second week in 
April, but the improvement was very gradual until the 
fourth week, by the end of which the number of 
furnaces in blast had risen to within 25 per cent. of 
the number at the end of February. Tin-plate and 
sheet-steel mills were about a week earlier in resumin 
something like normal operations. The iron and stee 
trade was most severely affected in the first week of 
April, but from the end of the second week it showed 
avery rapid improvement. The pottery trade began 
to improve in the second week, and the brick trade 
in the third week, of April ; employment in the glass- 
bottle trade, on the other hand, remained very 
depressed until the fourth week, when it was still a 
good deal worse than at the end ot February. 

Compared with a year ago, there was an improve- 
ment in most of the principal industries, particularly 
in the iron and steel, cotton, lace, hosiery, and boot 
and shoe trades. On the other hand, the pig-iron 
industry was considerably worse than a year ago, and 
there was also a decline in the glass and brick trades, 
these industries being still affected by the recent coal 
dispute. 

In the 394 trade unions, with a net membership of 
833,019, making returns, 30,222 workers (or 3.6 per 
cent.) were returned as unemployed at the end of 
April, 1912, compared with 11.3 per cent. at the 
end of March, 1912, and 2.8 per cent. at the end of 


April, 1911. 

Thetents from firms employing 430,209 workpeople 
in the week ended April 27, 1912, showed an increase 
of 11.5 per cent. in the amount of wages paid com- 
pared with a month ago, and of 3.4 per cent. compared 
with a year ago. 

The changes in rates of wages taking effect in April 
affected 273,000 workpeople, and resulted in a net 
increase of 27001. per week. Amongst those whose 
wages were increased were 190,000 coal-miners in 
South Wales and Monmouthshire, 11,500 ironstone 
miners and limestone quarrymen in Cleveland and 
Durham, 6900 blast-furnacemen in Cleveland, Durham, 
and Cumberland, 3400 ironworkers in the North of 
England, 8750 iron and steel-workers in West Scot- 
land, 8500 light-castings moulders, &c., in England, 
and 5000 iron-moulders in Scotland. -The principal 
decreases affected 21,400 coal-miners, &c., in Cumber- 
land, Somerset, Bristol, and the Forest of Dean, and 
6250 blast-furnacemen and iron and steel-workers in 
South Wales and Monmouthshire. 

The national coal-mining dispute continued into the 
early part of April, the other > disputes in 
progress during some part of the month affecting 
24,000 jute-spinners, weavers, &c., at Dundee, 1200 
iron and steel-moulders at Sheffield, 1100 engineers at 
Birkenhead, 1000 pottery-workers at Stoke-on-Trent, 
and 500 cabinet-makers, &c., at Nottingham. Forty- 
one disputes began during April, and the total 
number of workpeople involved in all disputes, new 
and old, was 1,045,499, as compared with 1,040,542 
in March, 1912, and 40,290 in April, 1911. The time 
lost during the month by these workpeople amounted 
to 7,087,300 working days, as compared with 24,579,500 
in March, 1912, and 512,400 in April, 1911. 

Cases dealt with during the month include carters, 


Manchester; coal porters, London; glove-makers, 
Dumfries ; inters, Blackburn; building trade 
operatives, Cheltenham ; carpenters and joiners and 


a. North Staffordshire, and joiners, Lough- 
rough ; boot and shoe operatives, Kettering ; and 
boot and shoe operatives engaged on Government con- 
tract work in cotanateatioe In connection with 
the Coal Mines (Minimum Wage) Act, 1912, awards 
were issued for Northumberland, North Staffordshire, 
and Leicestershire. Mr. Stanley O. Buckmaster, K.C., 
M.P., was also appointed umpire in connection with 
the Boot and Shoe Trades’ National Agreement. 





The set-back in the steam-engine industry which 
was alluded to in the April report of the Steam- 
Engine Makers’ Society, when the statement was 
made that the unemployment had increased six-fold 
owing to the coal strike, is still felt, and the industry 
has not by any means yet resumed its normal con- 
dition, the number of unemployed being at the end of 
April 234, as compared with 114 at the end of 
February. The May report of the Society, which 
has just been ublished, is hopeful as to the future. 
There are still disputes at Cammell Laird’s, of Birken- 
head ; Coventry, re pattern-makers; and the Lacre 
Motor-Works, Letchworth, Beds. 





The Society has for some time been in com- 
munication with the shipowners of the country and 
their committee with the idea of securing an advance 
in the pay of sea-going engineers. The movement 
is a good one, for there is no doubt that the ser- 
vices of these men, whose skill, resource, and devo- 
tion to duty is, as a rule, of the highest order, 
should in a great many cases be better paid. Some- 
thing has already been done in that the shipowners’ 
committee have recommended to those they repre- 
sent minimum basis rates for general application 
in cargo-carrying steamers, and it is thought that 
if the sea-going engineers themselves see that prac- 
tical effect is given to the recommendations, there 
is little doubt that their wages will be increased. 
In view of the * responsibility that lies on 
these men, all who have any acquaintance with 
them personally or with their work must hope that 
their condition may be improved. A list is given in 
the report of the current rates paid to different classes 
of sea-going engineers on vessels of over 8000 tons 
deadweight to those under 1000 tons. An expression 
of deep sympathy is expressed in the report on behalf of 
those who mourn the brave engine-room men who, with- 
out one exception, lost their lives in their heroicdevotion 
to duty on the ill-fated Titanic. Allusion, however, 
is not made to the engineers in particular, for it is 
recognised that the bravery for which the nation is 
thankful and proud belonged to no individual, but 
to a body of men. 





Some interesting particulars were recently pub- 
lished in the Morning Post regarding experiments 
that have been undertaken by the New Zealand 
Government in order to prove the suitability or other- 
wise of British town-bred boys for colonial farms. 
Fifty boys were chosen, who were drawn equally from 
London ipeinetpelly from the East) and Liverpool, 
the conditions of home environment and previous 
experience being widely different. The age of the 
boys ranged from sixteen to twenty. The lads were 
apprenticed by the New Zealand Government to 
employers at graduated rates of pay, the right to 
cancel the agreement, in case the boys were not 

roperly treated, being reserved by the Secretary of 
Eaioun. The wages, with the exception of ls. a 
week pocket money, were banked for three years, or 
until the boy came of age. 

The results show that, of the fifty boys sent out, 
= am was made by thirty-three, who are re- 
ported to have given no trouble to the Labour Depart- 
ment, and some of these boys also received very 
high testimonials from their employers, and in some 
cases more tangible proofs of satisfaction still, such as 
the gift of a horse, a bonus of 5/. or more, and an 
increase in the rates of wages promised. In the case 
of seven boys their conduct was not entirely satisfac- 
tory, and they were put in a second schedule, but it 
is expected that eventually they will turn out all right. 
It is a fact worthy of attention that in some of these 
cases where dissatisfaction was expressed the boys had 
been put to work on the same farm in pairs, though 
one pair of boys appear to have done well on a sheep 
farm. The boys in the third schedule are classed as 
‘* failures,” and of these there were ten, all of whom 
were over eighteen years of age, except two, who 
were of the Liverpool Irish type. These two had 
stated their ages to be a year or two younger than 
was actually the case. A considerable amount of 
money stands to the credit of the successful boys, 
thirty-five having earned over 25/. in the first year, 
and each will have an average of from 70/. to 100/. in 
the bank at the end of three years. 

A good average of successes in general emigration 
work is said to 50 per cent., so that the result of 
this experiment in New Zealand must be regarded as 
very satisfactory, for it represents 80 percent. More- 
over, what is decidedly encouraging is that it shows 
that town boys make very good lesns-qrostione, for, 
according to the report, they proved themselves quick 
and active, receptive, and hard-working. Another 
very interesting and satisfactory feature of the experi- 
ment was that those boys in the party ‘‘ who had been 
under discipline in the Territorials, as Post Office 
messengers, or in Scouts and other brigades, and 
those who had been in shops and offices, did particu- 
larly well.” 

Considerable importance is attached to the question 
of apprenticeship by the Committee who have the 
mattcr in hand, and it appears that two or three 
Imperialists are willing to advance the money neces- 
sary for the fares and outfits of parties of boys as 
soon as the various Dominion Governments inaugurate 
a satisfactory apprenticeship system. If the Labour 
Department of the State undertakes this, the boys are 
assured of fair wages, which gradually increase, and 
which are paid into the bank. Moreover, constant 
employment, good treatment, and a thorough instruc- 
tion in all that they need know to start out on their 
own account in a few years’ time, are given. Three 
States of Australia are now offering favourable terms, 
but have not yet instituted a system of apprentice- 
ship. The matter is also being considered by Canada, 
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MANUFACTURE AND TREATMENT OF 
STEEL FOR GUNS.* 
By General L. Cust.10, Valladolid, Spain. 
INTRODUCTORY. 

Ir is about thirty years since steel was definitely adopted 
by the chief countries of the world for gun construction. 
The many difficulties presen in the manufacture of 
large homogeneous masses of steel, and the resistance 
offered by tradition and routine to every change in in- 
dustrial processes, were the chief causes of the continuation 
of the use of cast and wrought iron, in the third quarter 
of the last century, if not for the whole construction, at 
least for the principal elements of guns. The celebra 

American artillerist, Rodman, cast large-calibre guns, of 
cast iron exclusively, and applied, during and after the 
casting process, his invention of cooling the inside of the 
gun with water, and of heating the outside in such a 
manner that the inside was compressed by the outside. 
By this the maximum tangential resistance of a —_ 
tube is attained, and it is then best fitted to oppose the 
pressure of the powder. The metal used by Rodman in 
the manufacture of guns was of a quality which has not 
since been sur . The pigiron employed was char- 
coal and cold-blast iron, from ores of the greatest purity, 
so that the resulting cast iron possessed the best mechani- 
cal qualities. The resistance of cast-iron guns was 
certainly increased by the Rodman process, though it was 
not known exactly by how much, since it is impossible to 
apply the rules of shrinkage to guns treated as described. 
But the improvement so obtained was not sufficient for 
the requirements of the ae, and cast iron, whether 
alone or combined with wrought iron or puddled steel, 
was incapable of withstanding very great pressure. It 
was certainly possible to fire the guns so constructed with 
charges larger than those employed in ordinary cast-iron 
guns, but the difference was not great, since a very con- 
siderable part of the gun was made of cast iron, the 
mechanical properties of which are deficient as compared 
with those of wrought iron and steel. In France and 
Spain a combination of steel, wrought iron, and cast iron 
was tried, the former metal being employed for that part 
of the bore where the pressure is greatest ; but this com- 
bination, which actually produced guns more powerful 
than those made of cast and wrought iron, was abandoned, 
since, owing to the progress of metallurgical science, the 
manufacture of steel in large masses had now: become 
possible. The guns made of this triplecombination were 
capable of withstanding a pressure of 2200 kg. per sq. cm. 
(31,291 lb. per sq. in.). It was necessary to use quick- 
burning powders in them, because, the steel tube not 
being of the total length of the bore, the gun at the cast- 
iron end was much weaker and incapable of withstanding 
great pressure. It is therefore easy to understand why, as 
soon as it became possible to cast great masses of steel, this 
metal, with its greatly superior physical and mechanical 
properties, was exclusively adopted for the construction 
of large guns. It will always be a distinction, however, 
for the Krupp works to have been the first to cast great 
masses of steel, while the Bessemer and open-hearth 
processes were still unknown to the metallurgists ; but 
the method by which Alfred Krupp achieved his wonder- 
ful results is so well known that it need hardly be 


described here. 
SECTION I. 


CoNDITIONS OF THE STEEL REQUIRED FOR GUN 
CONSTRUCTION. 


If it were possible to produce a metal at low cost such 
that it a high elastic limit, and also high 
tenacity, great ductility, and resistance to the wear pro- 
duced by the powder gases at great pressure and high 
temperature, with, moreover, a very high melting point, 
such a material would undoubtedly be the most suitable 
for the manufacture of guns. The very great pressure 
which the material must withstand is not, it is true, of 
great duration or of great frequency in large and medium- 
sized guns; but it is necessary to take into consideration 
the fact that what causes this enormous pressure is the 
highly heated gases, which exercise both a physical and, 
in a certain portion of the bore of the gun, a chemical 
action on the metal. As has already been said, steel has 
been adopted as the only material suitable for guns. But 
steel offers so great a variety of types that it becomes 
necessary to select from among these one which possesses 
in the highest degree the conditions already laid down. 
If the steel is ordinary carbon steel, its high elastic limit 
is accompanied by a high tenacity and less ductility than 
that which accompanies a metal of smaller elastic limit 
and tenacity. The resistance of the former metal to 
dynamic stresses will be less than that of the second, and 
its melting-point will also be lower. The gun-makers have 
universally adopted a metal between the dead-soft and the 
hard pT cng an iron-carbon alloy, tending rather 
towards mildness, due specially to its high melting-point. 
This last property is now very important, on account of 
the use of the modern smokeless tg and especially 
the nitro-glycerine powders. e high combustion 
temperature of these nae gee and the incomplete obtura- 
tion of the driving d of the projectile at the com- 
mencement of its travel in the bore of the gun, is the 
origin of what is called erosion in the bore. @ modern 
experiments of Vieille and some others made at South 
Bethlehem, not to mention the earlier ones made by Sir 
Andrew Noble, have demonstrated without doubt that 
the mild steels are better able to withstand the effects of 
erosion, because, am t other properties, they possess 
meiting-points higher than those of the hard steels. 

An ordinary carbon steel for guns has about 0.5 per 
cent. of carbon, and its place in the iron-carbon solution 
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is in the series of the metals called steels, having a carbon 
percentage of less than 2 per cent. The characteristic of 
this series is that it is not eutectic at its freezing-point, 
and t it presents a similar phenomenon in the subse- 
quent cooling, when it arrives at the point Ar in the 
cooling curve. All this refers only to the ordinary carbon 
steel. The ternary alloy of iron-carbon and nickel or the 
quaternary alloy of iron with carbon, chromium, and 
nickel is employed in the manufacture of medium and 
small guns only, because the cost of such an alloy would 
be prohibitive in the construction of the larger ones, 
especially now that the principle of uniformity of calibre 
has been adopted by al] the navies of the world. It must 
be said, however, that the A and B tubes for the great 
16-in. experimental gun manufactured in the United 
States are of nickel steel. In adopting this alloy for the 
construction of guns, it has been necessary to diminish 
the percentage of carbon, b if it reached that of 
ordinary carbon steel, with percentages of 2.5 to 3.5 per 
cent. of nickel, the steel would be very hard—that is, it 
would be what Mr. Guillet calls ‘‘ martensitic steel.” 

Mechanical Tests.—It is not necessary to give here a 
complete table of the specifications for gun steel as 
required by the armies and navies of the European and 
American Weenes In all the specifications two different 
kinds of mechanical tests are uired ; in the one case 
that of continuous and progressive tension up to the 
yield-point, together with the measurement of the 
elongation after breaking ; while the other test consists in 
subjecting the test-piece to a certain number of impacts, 
according to details and conditions fully specified, or 
perhaps to some bending test, equally fully specified. If 
the steel has been manufactured from pure materials, 
such as the best Swedish pig iron and from scrap from 
the puddling of the best hematite pig iron, and if it has 
been pom. Ne cast, forged, annealed, hardened, and 
tempered, the tensile tests are quite sufficient in the 
author’s opinion; while the close examination of the 
forgings during machining will, conjointly with the tensile 
tests, also convey a good idea of the quality of the metal, 
so that the impact or bending tests can be dispensed with. 
But perhaps it may happen that the heat-treatment has 
not been properly conducted, and that the metal which 
withstands the tensile tests may fail in the impact tests. 
The latter are those which give a really good idea of the 
brittleness of the metal. Many years ago these mechanical 
and bending tests were introduced into the specifications 
for ascertaining the presence of phosphorus in the steel. 
It is ible that a metal with a high percentage of this 
metalloid may give satisfactory results in the static tensile 
tests, and that the yield-point and the ductility may be 
very good ; but this steel would certainly withstand far 
fewer impacts than a very pure steel. Indeed, the tests, 
which a metal suitable for gun construction must undergo, 
must produce stresses similar to those caused in the gun 
by the powder gases. This metal, when the gun is com- 
posed of a single tube, as is generally the case in mountain 
guns, passes, in an infinitesimal space of time, from the 
state of repose to a strain of two-thirds at least of its 
elastic limit of static tension ; and when the gun is a com- 
posite tube, the concentric layers of some of its elements 
pass in an equally short space of time from a state of 
compressive stress to another of tensile stress, both of 
which are opposite states of stress of considerable import- 
ance. Taking into consideration both the opposite stresses 
to which the elements of the guns are subjected, before 
and under fire, perhaps the best mechanical test for gun 
steel would be that of alternating stresses with con- 
siderable variation, these stresses being repeated a certain 
number of times in harmony with the rounds fired by the 
guns. The shock tests are now universally accepted, as 
has been said, in order to ascertain the fragility of the 
metal. The resolutions of the last Congress of 
Methodes d’Essai des Materials, assembled at Copen- 
hagen, recommend a shock test with test-pieces, together 
with a slight nick in one of the long sides of the piece. 
Certainly this test must be adopted as one of the means 
of ascertaining the good quality of gun steel. 


SECTION IL. 
MELTING OF THE STEEL. 


Of all the processes employed in the melting of steel 
the only ones used in the manufacture of gun steel have 
been the crucible and the open-hearth provesses, The first 
gre was naturally employed before the introduction of 
the o 
but the latter has now superseded the crucible process, 
except at the Krupp Works. 

Mention has already been made of the great claims 
possessed by this firm as the pioneers in casting, by the 
crucible process, great masses of steel intended for gun 
construction. Credit must also be extended to the 
English firms of Firth, Vickers, and Whitworth, which 
also employed their energies in the improvement of this 
manufacture. The firm of Krupp has always claimed 
that the crucible process offers the best guarantee for a 
sound metal for gun construction. Undoubtedly it is 
possible to obtain by it a metal of greater purity, with 
regard to phosphorus and sulphur, than by any other 
process, if the material charged in the crucibles is wrought 
iron from hematite pig iron. The metal obtained in this 
case will be the best possible steel, and it will not contain 
occluded gases ; or, at all events, in very small proportion. 
If the metal charged in the crucibles is free from oxides, 
the only gases dissolved in the steel will be those which 
have passed through the walls of the crucibles. 

In the author’s opinion, steel made by the crucible 
process must lack homogeneity, because it is almost 
impossible that the composition of the ch of all the 
crucibles will be the same. It is inrpossible to secure 
uniformity of composition in the ingot mould, bearing in 
mind segregation. e only way of securing homo- 





m-hearth method, and for some time afterwards ; | be d 





first into a hot ladle, and then into the ingot mould. 
The principal reason for this lack of homogeneity lies in 
the im bility of analysing all the puddled bars which 
form tae charge of the crucibles, classification by the eye 
being very uncertain. Therefore, in the author’s opinion, a 
massive ingot of steel cast by the crucible process is more 
heterogeneous than a similar ingot cast by the open- 
hearth process. The open-hearth acid process is generally 
employed for the casting of great masses of steel. The 
basic process can, of course, employed, provided the 
materials charged are acid ; and there is no difficulty in 
obtaining by the open-hearth process—that is, by the 
dissolution in a cast-iron bath of a certain quantity of 
wrought iron or steel, a very pure metal, such as is 
required in the construction of guns. All depends on the 
purity of the pig iron and scrap charged. 

It is the constant practice of all the steel works where 
steel for gun construction is regularly made to employ 
Swedish pig iron of the best quality, the phosphorus 
being as low as 0.025 per cent., and the sulphur lower 
than this amount; and for the scrap, puddled balls or bars 
from the best hematite pig irons. 

By puddling this pig it is possible to obtain a product 
with phosphorus and sulphur as low as 0.001 per cent., 
and as furnaces of 50 or 60 tons capacity are now very 
common, and as for the casting of the largest element of 
the new great guns it is not necessary to have ingots of 
more than 100 or 120 tons, the result is that it is not 
very difficult to obtain a t uniformity of the metal 
by this process. The conditions of open-hearth working 
permit of working two or three furnaces so uniformly 
that, at the time of casting, the metal of the two or three 
furnaces will be perfectly similar. The steel is much 
ex to the oxidation of the furnace always in 
contact with the bath ; and to this action is added that 
of the iron ore incorporated for oxidising in a rapid and 
energetic manner the silicon and carbon in excess of that 
required in thesteel. There are many means of diminish- 
ing the oxidation of the bath ; one of them is to prepare 
the charge by putting in the furnace the greatest possible 
amount of scrap, with the smallest quantity of carbon, 
and conducting the refining process by the furnace gases 
only, without the addition of any iron ore. This pai- 
ticular method of working is extraordinarily slow ; first, 
because, as the materials, both pig iron and slag, are 
charged at once and cold, the mixed bath is very low in 
carbon and its melting point very high. It therefore 
requires more time for melting it than if the charge had 
been com d of equal parts of pig iron and s¢rap. 
Secondly, because the oxidation of the carbon by the gases 
is not so efficacious as that by the iron ore, this being 
more in contact with the bath, and the former acting only 
on the surface. Operating in this way the final steel is 
almost free of oxides, and in order to entirely eliminate 
them additions are made, at the énd, of certain iron alloys, 
such as ferro-manganese and ferro-silicon, which by their 
action upon the bath reduce the iron oxides dissolved in 
it. This addition is the more required when the charge 
has been of equal parts of pig iron and scrap. The 
percentage of carbon of such a charge at the fusion or 
melting time will be very high. and it is not possible to 
oxidise the excess carbon to the point required in the 
artillery steel by the action of the gases only, and it is 
almost imperative to employ the iron ore for accelerating 
the oxidation of the carbon. 

Fusion at Trubia of the Ordinary Carbon Steel for 
Guns.—The steel works at Trubia comprise two furnaces 
—one of large capacity, capable of taking charges up to 
54 tons, and the other of 16 tons. Therefore it is pos- 
sible, working with the two furnaces, to obtain an ingot 
of 64 tons. The furnaces were supplied by Messrs. 
Frederick Siemens, of London, and are of the usual 
design. They are situated in a straight line, with a very 
commodious working platform, and are served by an 
electric charging-crane of the well-known Wellman type. 

For the service of the casting-shop there are two over- 
head el-ctric travelling-cranes, one of 75 tons capacity, 
with one motor only of 30 horse-power, and the other is a 
Niles 50-ton capacity crane, worked by four motors of 
130 total horse-power. The second crane, of course, has 
been more recently imstalled than the first. 

In the fusion of the ordinary carbon steel for guns, the 
materials employed are Swedish pig iron and puddled 
ball from Bilbao hematite pig iron. In order to conve 
an idea of the operation, a heat in the 16-ton furnace will 
escribed. 

The furnace was char; with 7.5 tons of Swedish 
ig iron and 9 tons of puddled ball from Bilbao hematite. 
These materials are charged straight into the furnace, the 
first charged being the pigiron. At 9.2a.m. the charge 
was commenced, and mel at 2.40 p.m. The first iron 
ore addition of 60 kg. weight was made at 2.50 p.m., 
and another of the same weight at 3.15 p.m., followed by 
another of 50 kg. weight at 3.35 p.m. During the 
melting Pie and the following forty-five minutes 
nearly the silicon was oxidised. me minutes 
after the third iron-ore addition, the ebullition of the 
bath commenced, which evidently proved that the oxi- 
dation of the carbon was energetically p ing. The 
iron-ore additions followed from time to time as the 
state of the bath indicated the necessity. The operation 
is conducted with the air-valve closed as much as possible, 
so that the metal should not become cold, nor become 
oxidised. The total additions of iron ore amounted to 
350 kg. At 6.25 p.m. the colorimetric analysis of the 
small sample taken from the bath and very slowly cooled, 
gave a percentage of carbon of 0.52 per cent., and as the 
quantity required in the steel must between 0.45 and 
0.55, it was decided to tap the furnace, making previously 
the suitable additions of alloys. These were ferro-man- 
ganese and ferro-silicon, putting 124 kg. of the first and 
99 of the second; the percentages required in the 


kg. 
geneity by this process would be to teem the crucibles | enetal were 0.55 to 0.65 per cent. of manganese, and 0.15 
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r cent. of silicon. This percentage is quite sufficient 
on obtaining a metal totally free from side and central 
cavities, except those at the 


successively cooling from the outside yields to the inside 
layers a certain part of its metalloids, until the central 


| part of the ingot is reached, which, being the last to 


top of ome and the pipe. | part | : y : ; 
The metal is poured into a Wellman le, previously | solidify and cool, is therefore richer in foreign elements. 
well heated by producer-gas. The ladle is then trans-| As the ingot mould is not closed, and is not in the form 


ported by the 50-ton electric crane to the casting-pit, 
where the metal is poured into the mould. 


Ingot Mould.—This is 


of a symmetrical cube, the segregation phenomena do not 
occur in the ordinary ingot mould injthe manner described 


of cast iron, with a wash of | by Howe in his classical book, ‘‘ Iron, Steel, and other 
refractory material, intended to retard the cooling of the | Alloys,” as the “‘ Onion type ” of freezing. If the mould 
metal at the top, keeping it fluid as long as possible, so | is a perfect cube, and the action of gravity 


assum 


that it may fill the space left vacant by the contraction of | to be counterbalanced, the segregation phenomena should 


the metal in the rest of the mould The mould both | occur in a completely regular manner, in layers 


outside and inside has the form of a truncated pyramid 
(see Fig. 1). The sides of the inside pyramid, instead of 
being plane, are curved surfaces joined to one another 


Fig. 
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by rounding the edges. It seems natural that, since the 
ps Anan of guns are cylindrical, the ingot moulds should 
also be of cylindrica] form inside, and since also the steel, 
as it solidifies, crystallises in crystals whose axes are 
normal to the surface of the mould, the cylindrical form 
should be the hest for obtaining good sound ingots with- 
out cracks. The reverse is what happens. The ingots 
cast in circular metal moulds have always a deep longi- 
tudinal crack, and thus are incapable of subsequent forg- 
ing. In order to avoid the eccurrence of cracksduring solidi- 
fication and subsequent cooling on the outside surface of 
the ingots, they are sometimes cast in refractory moulds. 
But though no cracks occur in ingots cast in such moulds, 
the long time spent in the cooling of a large ingot, 
cast in such manner, produces a very coarse crystalline 
texture, almost impossible of being changed to the a r 
texture during the forging. The experience at Trubia 
with 40-ton ingots cast in refractory moulds has been 
totally adverse to their use as substitutes for metal moulds 
for the part of the ingot really utilised. When this is 
completely solidified and almost cold on its outside, it is 
taken out of the mould and is covered with ashes until it 
is completely cool. After this it is carefully examined 
for cracks, whieh are dealt with by the pneumatic hammer. 
As it is not an easy matter to get rid of them entirely by 
these means, the ingot is sent to the forging-shop, where 
it is subjected to a slight preliminary forging, just suffi- 
cient to give it a cylindrical form. Any cracks which 
were not visible in the preliminary examination then 
appear, and are taken out in the lathe. Some very good 
metal is thereby lost, but in the finishing up of the 
forging no cracks appear, and it is possible to finish the 
pieces with the least possible excess in the dimensions 
required for the hardening. 
efore describing the forging, it may be mentioned 
that, about half-way through casting, operations are sus- 
nded for an instant, while a very small ingot is cast 
from the ladle. This is intended for the full analysis of 
the metal, and for forging a test-piece for a preliminary 
tensile test. 

In order to study the segregation phenomena in the 
unfinished steel, the head from a 16-ton ingot was divided 
through its vertical axis. One of the halves of this head 
is represented in Fig. 2. From it were taken the samples 
for analysing the carbon, manganese, phosphorus, and 
silicon. The samples were taken only in one half of the 
head, because it was presumed that the symmetrical parts 
of the other half must have the same composition, as the 
conditions of cooling were equal for both halves. The 
small ingot taken during the casting operation, which, 
owing to its very small dimensions, is free from the 
phenomena of segregation, and — represents the 
composition of the steel in the le (where it is 
sup to be completely homogeneous), gave on 
analysis 0.56 per cent. of carbon and 0.57 per cent. 
of manganese. On comparing these percentages with 
those of the samples it is observed at once that there is 
not a very great difference between the samples taken 
at the circumference of the :ead and those of the small 
ingot. But the difference is very great in the samples 
taken in the centre of the head. Here, segregation 
phenomena are in evidence, especially with regard to 
carbon. It is observed that sample No. 1, from the 
bottom of the head, has the same quantitative composi- 
tion as the metal of the small ingot, but in samples 
Nos. 2, 3, 4 and 5 the percen of carbon increases 

ually, being in sample No. 5, four times ter than 

in sample No. 1. The manganese increases but less 
so; the silicon more than the manganese, while the phos- 
horus in sample No. 5 is double that of No.1. The 
Soer of steel, in contact with the ingot mould, repre- 





sents very nearly the composition of the metal, in fact, 
the percentage of the metalloids is less. The layer 











rallel 
to the sides, and the metal richer in foreign elements 
will be exactly in the centre of the figure. In the casting 
of large ingots the segregation phenomena must occur as 


Fig.2. ANALYSES OF THE SAMPLES TAKEN 
FROM HEAD OF INGOT. HEAT N°/523. 
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No. Carbon. Manganese. | Silicon. Phosphorus. 
per cent. per cent. per cent. per cent. 
Centre. 
Bs 0 565 0.525 0.187 0.024 
- 0.672 0.610 0.210 0.029 
a 1.176 0.620 0.230 0.029 
Swe 1.607 0.620 0.261 | 0.036 
5. 2.484 0.610 0.284 0.049 
Outside Surface. 
. 0 564 0.595 0.187 0.021 
2: 0.463 0.580 0.187 | 0.018 
3. 0.565 0.570 0.187 0.017 
4. 0.427 0.575 0.187 | 0.017 
- 6 0.443 | 0.565 0.187 | 0.618 
6. 0.497 | 0.585 0.163 0.019 


Analyses of Small Ingot taken during Pouring. 
Per Cent. 
.. 0.562 


Carbon ; 
Manganese .. ‘ 0.766 
described, because the top ot the ingut is the last to cool, 
especially if, as is the case at Trubia and elsewhere, the 
head of the mould is of refractory material, which con- 
tributes, to a great extent, in keeping the metal fluid 

longer than if this part of the mould were of metal. 

About twenty years ago Brustlein explained, in a report 
to the Commission des Methods d’Essai des Materiaux 
in 1892, the lack of homogeneity of steel ingots and segre- 
gation phenomena in a manner very similar to that already 
explained in this paper, but without the aid of chemical 
analysis. His views as to segregation phenomena are in 
perfect accord with the manner of solidifying the iron- 
carbon solutions, as Roozeboom has explained in his 
diagram. 

Applying their theories to the solidifying of steel 
ingots for gun tubes, it is easy to explain why the percen- 
tage of carbon increases from the ouside layer in contact 
with the walls of the mould to the centre of the ingot, 
culminating in the greater amount of carbon and of the 
other foreign elements in the upper and central part of 
the ingot which is the last to set. 

Fluid Compression.—Fluid compression consists, as 
everyone knows, in applying pressure to the steel while 
still fluid or semi-fluid. The process has acquired con- 
siderable development, and is extended to ingots of 
common steels, whereas it was at first only applied to 


ingots intended for the manufacture of guns or for the. 


large shafts of ben The older fiuid compression 
method is that of Whitworth, whose patent was taken in 
1866, the chief object of which was to obtain cast-steel 
ingots free from cavities. 
he Whitworth process is undoubtedly a very good 
one, and, considered economically, it offers great advan- 
tages, but in practice not all the advantages of fluid com- 
ression are obtained. In one of the most important 
rench steel works, where this process is applied to the 
ingots intended for the construction of guns, the author 
has had occasion to examine some of them, and has found 
that the pipe at the top does not entirely disappear. 
In order to demonstrate that the Whitworth Aid com- 
ression process gives homogeneous ingots, that is, ingots 





represented in Fig. 2. In this, as in all similar ingots, a 
very sound and homogenecus (78 per cent.) total mass was 
obtained. In favour of fluid compression it may be said 
that it causes the ys pay ee of the deep cracks, 
especially in the bottom of the ingot. Perhaps this is to 
be attributed rather to the lining of the inside of the 
ingot mould with refractory material. The cracks are 
always a serious defect, and sometimes, if ingot moulds 
of polygonal section without rounded corners are em- 


ed | ployed, and the block, after forging, is put on the lathe, 


they ap as dark lines along the total length of the 
piece, which correspond to the angles of the ingot. Cer- 
tainly, in many cases the turnings do not break off when 
the tool cuts across the dark lines, but all the same the 
appearance of such lines does not suggest a very good 
quality of metal. 

Wit ~ 7" to the improvement of the mechanical 
properties by fluid compression, the author must say that 
it is not very evident to him. Perhaps it is assumed that 
fluid compression during the last period of the process, 
when the metal is in a semi-fiuid state and almost set, 
confers an effect similar to forging. In Whitworth fluid 
compression, after the expulsion of the gases, the press 
does not cause any deformation in the ingot, and there 
cannot be forging without deformation. Some years 
= a new fluid compression process was patented by 

essrs. Robinson and Rodgers, of Sheffield, in conjunc- 
tion with Mr. Illingworth, of New York. This process 
has been described by Mr. A. J. Capron.* The advan- 
tages derived are that absolutely sound ingots are obtained 
free from cavities and pipe, so that the whole of the ingot 
can be utilised without any waste. As it is possible to 
watch, during the compression, the top of the ingot and 
the setting of the liquated part of the steel, a great im- 
iy mee in the quality of the metab can be obtained. 

en are poured in the same place as they are com- 
Pp . The plantis very simple and economical, and 
can be pace A by men without special training, and the 
ingot moulds being in halves, the top and bottom sections 
are equal, which facilitates the rolling. 

Another compression fluid process, which has become 
very well known and accepted during the last years, and 
is widely adopted in France, England, and Germany, is 
that patented by Mr. Harmet, of St. Etienne, which has 
also been fully described by him to the Iron and Steel 
Institute. + 

In concluding this part of the paper, the author would 
repeat that in his opinion the principal advantage to be 
derived from fluid compression lies in its economical 
aspect. When casting under ordinary conditions, it is 
possible to utilise from 75 to 80 per cent. of the ingot, 
while with compression it is possible to reach 90 per 


cent. 
SECTION III. 
Heat TREATMENT. 
Before proceeding further it will be convenient to con- 


sider, at this point, the heat treatment most appropriate 
for gun steel. 

The steel, having been cast in a mould of truncated- 
cone shape, requires, of course, to be forged, in order to 
give to the gun or part of the gun the required form, 
which is always that of either a hollow or a solid cylinder, 
of varying length, with different diameters outside, and 
sometimes also inside. The annealing after the forging, 
the hardening—or hardenings, if it is necessary to harden 
more than once—and the su uent tempering or tem- 
perings, constitute the series of heat treatment processes 
given tothe steel for gun construction. Forging is not 
only necessary for giving the required form, but prin- 
cipally to change the crystalline structure of the large 
and medium-sized castings into one of finer grain, almost 
amorphous, which is essential for the best development 
of the physical and mechanical properties of a given steel 
for po purposes. But as it is possible to obtain 
from a given steel, simply by heat treatment, without the 
aid of the press or of the hammer, physical and mecha- 
nical properties — to those conferred by forging, it is 
only natural to ask if the forge is absolutely necessary, 
and whether, instead of casting ingots of the usual shape, 
it would not be possible to cast pieces of approximately 
the final form, and subject them afterwards to the heat 
treatment capable of modifying the texture developed 
by the cooling after the casting. This is a question which 
has been very much discussed for many years, and opinion 
seems on theoretical grounds to be in favour of the sup- 
pression of the forge, but on practical grounds the forge 
is retained, and there is no indication whatever that it is 
likely to be dispensed with. ; 

The manner of fixing the amorphous structure obtained 
by heat treatment is to cool the piece very Speen For 
thirty or more years these facts appear well established, 
yet the specifications of all the armies and navies of the 
world continue to require the use of the forge in the 
manufacture of gun steel, notwithstanding that eminent 
metallurgists have demonstrated the possibility of making 
very g' pieces for gun construction without the aid of 
the forge. The tests were certainly made with small 
pieces many years ago, but an enterprising firm in Sweden 
now makes up to 24-cm. calibre without forging. 
Tn 1882 Mr. one in a paper read before the Iron and 
Steel Institute, described the series of operations which 
constituted the whole process of the Terre-Noire Steel 
Works in the manufacture of steel hoops for 4-in. guns. 


ree from segregation, it would be necessary to demon-| These hoops must, of course, satisfy the same specifica- 


strate it practically by ——s a large ingot longitudi- 
nally, and taking many samples for analysis, from all 
parts, or at least in the upper third. i i 


alloysin the furnace such as ferro-manganese and ferro- 
silicon, and perhaps with a very slight addition of alumi- 
nium during the casting operation, it is possible to obtain 
ingots free from cavities, except at the very top, in the 
central part, as is seen in the head of a 16-ton ingot, 


It is certain that in | 
present-day practice, with the judicious use of deoxidising | ; ; 
| 28; see also ENGINEERING, vol. Ixxi., pages 641 
| po 667. 


tions as those required for the forged metal. Atter 
casting the steel with the necessary additions of ferro- 


* Journal of the Iron and Steel Institute, 1906, No. l., 





+ Journal of the Iron and Steel Institute, 1902, No. II., 


146 ;, see also ENGINEERING, vol. Ixxiv., pages 02, 
726, and 759. 
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silicon for freeing the ingots from cavities and securing a 
rfectly sound metal, a heat treatment was given to the 
oops, which consisted in er them to a yellow heat 
and hardening them in an oil-bath of fixed weight. After 
being cooled in the — oy were afterwards rehea 
to a temperature which varied from light cherry-red to a 
dark red cherry-red, in accordance with the chemical com- 
position of the metal. The hoop was then cooled in a bath 
of the same — where it remained until it was per- 
fectly cool. y the first hardening the crystalline grain 
of the metal was transformed into a finer and homo- 
geneous grain. The second hardening confers on the 
pieces the molecular equilibrium corresponding to their 
chemical composition. 

The result of these two operations was a true hardening, 
inasmuch as the piece was heated to a higher temperature 
than that of the transformation point, and by this the size 
of the original grain was changed, and the new structure 
fixed by subsequent cooling in a large quantity of oil. 

The second heat treatment, also led hardening by 
Mr. Pourcel, was, rather than a hardening or annealing, 
a true tempering, which caused the disap: nce of the 
strains originated by the hardening, and increased the 
ductility, which had been lowered by the first operation. 
Sometimes it was necessary to repeat the two operations, 
if the tenacity of the metal was less than that required 
by the specifications, or only the second if the ductility 
obtained was less than required. Mr. Pourcel had some 
doubts at that time if this process, applied to guns of a 
calibre larger than that of 4 in., would give the same 
excellent results. His conviction inclined him to take 
the affirmative side of the question. Undoubtedly, he 
had thought the subject out in a logical manner, and it is 
not easy to understand why such ideas as these, so well 
grounded, have not been adopted by metallurgists. The 
Swedish Steel Works, the Aktiebolaget Bofors Gullspang, 
for many years has been successf y applying steel as 
cast to the construction of guns. Working systematically, 
and passing ually from the simple to the complex, 
they began by producing field-guns, followed by the 
fortress guns, and finally essayed the manufacture of 
coast and navy guns, commencing with a quick-firing gun 
of 15 cm. in calibre. The United States of America even 
used a gun of this type, the trials of which were com- 
menced in 1902, and gave exceedingly good results. 

Recently the author has ascertained that the Bofors 
Steel Works has constructed guns of 21 cm. and 24 cm., 
whose elements have been simply cast and afterwards sub- 
jected to heat treatment. Of course, the elements for the 
field and fortress guns are also subjected to Pa heat 
treatment. These are facts the importance of which it is 
impossible to deny. They afford evident proof of great 
advance in the way of applying heat treatment alone 
without forging the elements of guns. The author thinks, 
however, that it is no easy matter tocast 10-in. and 12-in. 
gun-tubes 50 calibres in length, moulding them in a 
refractory mould. 

There is another reason against the acceptance, by 
governments, of this process of manufacture. It may 
happen that, despite all the precaution and care taken in 
the finish and casting of the elements in order to obtain 
pieces absolutely free from cavities, a cavity may occur 
in the thickness of a tube without being detected during 
the mechanical work, and may cause the bursting of the 
gun when firing. 

Hardening and Tempering.—If forging is necessary, or 
presumably necessary, in order to obtain first-rate ele- 
ments for the manufacture of the guns, the hardening 
process is also necessary for the tempering. 

To obtain these properties in the highest degree must 
be the supreme object of the metallurgist. The author, 
during many years’ experience in the manufacture of 
steel, both by the crucible and open-hearth processes, for 
24-cm. guns of 45 calibres in length, has found that, how- 
ever well conducted the forging, the transformation of 
the crystalline structure into one of amorphous, or fine 
grain, a obtained in the highest degree (if the forging 
is not completed) by hardening and tempering, and some- 
times more than one and more even than two such opera- 
tions. As it is not the chief aim of the hardening (in 
semi-hard steel of the type used for gun construction) 
really to harden the metal, and as it is easy to obtain the 
required mechanical qualities by forging only (followed 
by an annealing), it would seem that the hardening might 
be dispensed with. However, as many years ago hardening 
in oil was introduced with excellent results, the process 
was retained and formed part of the specifications. The 
study of iron-carbon alloys has shown the great ad- 
vantages that can be derived from an adequate heat 
treatment of the steel. 

The most important point in forging is to fix the limits 
of the temperature within which it is possible to conduct 
it. The highest, of course, must be the temperature at 
which the cohesion of the grains of metal begins to weaken 
and the grains to separate ; this last action is due also in 
part to the gas evolved from within the mass. The 
generally admitted hypothesis is that this gas is carbon 
dioxide formed by the oxygen passing through the metal 
and combining with the carbon, though it is possible that 
carbon monoxide and other such as nitrogen and 
hydrogen, are also given off. hen a steel is in this state 
it is said to be burnt, a condition which is chiefly dis- 
tinguished from the overheated state by the separation 
of the grains. To this can, perhaps, be added the great 
thickness of the ferrite network, which is found when the 
steel cools through the temperature interval, Ar; Ar. It 
can be said that the upper limit of temperature for forgi 
the steel for gun construction is between 1100 deg. am | 
1000 deg. Cent. The lower limit must be that of the 
transformation of the metal, as below this temperature 
the structure is not cha . This is the natural and 
logical limit ; hut some authors, especially Tschernoff, 


think that forging at lower temperatures is convenient. 





But certainly Tschernoff would find it difficult, and even 


when he wrote 
mass required 
e transformation 


impossible, with the means at his dis 
his celebrated paper, to forge the 
for great guns at temperatures below 
om i h ical f f ] 
ming now to the practi aspect of forging large 
ingots for gun construction, it must be emphasised that 
it is necessary to heat them very carefully and slowly. 
If the temperature of the furnace, when the ingots are 
introduced, is rather high, it is better to pre-heat them. 
aeey the temperature of the furnace is suddenly 
lowered by the introduction of cold ingots, which naturally 
take a o— part of the heat lost by the furnace ; but this 
heat, taken up suddenly, causes a sudden dilatation of the 
outside of the ingot with the natural consequence of 
cracks, and it may occasion the breaking of the ingot 
across. This happens especially if the metal is somewhat 
hard. The two rape pe Fe er for the great forging 
press at Trubia are of the Whitworth type. eir doors 
are worked by hydraulic power. e largest ingots, 
until recently, forged at Trubia were 42 tons in weight, 
suitable for the forging of the tubes and other elements 
of the 24 centimetres and 45 calibres. As an instance of 
solid forging, that of the A tube for the 24-centimetre 
gun may be taken. The ingot on being taken out of the 
mould was 16 ft. 6 in. in total length, of which 13 ft. 
corresponded to the pyramidal part, cast in the metal 
mould, and the other 3 ft. 6 in. to the conical part cast in 
the refracto material attachment. The diameter 
at the two of the tronco-pyramidal part was 
respectively 4 ft. 10 in. and 4 ft. The mean dia- 
meter of the truncated cone part was 2 ft. 8 in. 
(see Fig. 3). The ingot, free from all cracks, 
and reduced to a diameter of about 2 ft. 8 in. by the pre- 
vious forging, was put in the furnace, where it was 
heated carefully and very slowly during 30 hours, which 
is a sufficient time for the whole mass to become well 
and uniformly heated throughout. The temperature, as 
already stated, was 1100 deg. Cent. approximately, and 
the forging operation was suspended at 700 deg. Cent., 
when the ingot was put into the furnace again. The opera- 
tion was finished in three heats, and the time taken to 
complete it after the first heating was 15 hours. The tube 
weighed 18.5 tons after forging, and its dimensions are 
given in Fig. 4. For the hollow-forged tubes and hoops 
40-ton ingots are alsoemployed. From each ingot two B 











operation in the manufacture of steel for guns. If it were 
possible to finish the forging of a piece in one heat only 
and in such a manner that the whole piece was finished 
at an even and correct Cuepenetene, Cen, in this case 
only, the annealing operation could dispensed with. 
Some think the operation superfluous, as the piece must 
be heated to a higher temperature for the ening pro- 
cess or to a temperature at least equal to that required 
in the annealing. But forging cannot be conducted in 
the ideal manner just described, nor is it possible, in the 
last period, to heat the A tubes for large guns uniformly 
throughout their length. The lack of uniformity in the 
ae temperature requires that the pieces should be 
annealed before passing to the machine-shops to be pre- 
pared for the hardening process. After annealing, the 
metal will be in the best possible state for the turning 
and boring operations, and the pieces are less likely to 
suffer deformation during handling. In being reheated 
paper to hardening they retain their shape better, 
and in taking them out of the furnace for cooling they are 
less likely to bend and they undergo less deformation in 
the process of hardening. The slight deformation in 
the finishing mechanical operations 1s also avoided, and 
exposure to direct sunlight has less effect. Owing to 
these special circumstances the Government of the 
United States specify, in the construction of howitzers, 
that the shops of the Niles Company, in Hamilton, 
Ohio, must always at the same temperature. Abd 
Trubia, for the annealing after forging, the same furnaces 
are used as for the hardening. The operation is conducted 
very carefully, the temperature in all parts of the furnace, 
and of the piece, being measured with a Le Chatelier 
pyrometer. When furnace and piece are at the proper 
uniform temperature, the gas is shut off and the piece 
cools slowly in the furnace. Of course the annealing 
temperature must be above the transformation point. 
The elements for field guns are annealed in a special 
furnace. Taking into consideration their small mass, they 
are not individually annealed, but eight or ten are Png 
into the furnace ata time. They are heated to 900 deg 
very carefully, and after reaching this temperature they 
are slowly cooled. The author thinks that the advantages 
obtained by mnie, after forging, are more marked in 
the elements for the field guns. 


SECTION VI. 
HARDENING AND TEMPERING. 


The author has already endeavoured to demonstrate 
the necessity of subjecting to a certain heat treatment 
the steel for gun construction. This heat treatment com- 
prises one or more hardenings and temperings as re- 
quired in order to satisfy the specifications ; and the heat 
treatment must comprise precisely the hardening and 
tempering. - It is also well to insist on calling the second 
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tubes are forged. The operation of removing the cracks 
and also of the previous forging are the same as those 
practised with the ingots for the A tubes. Afterwards 
the blocks are sent to the large boring-machine supplied 
by Sir William Armstrong, Whitworth and Co., where 
they are bored from both ends at the same time to a 
diameter of 1 ft. right through. When this operation is 
finished, the ingot is cut into halves. The reheating is 
performed in the same furnaces and conducted with 
the precautions already described in the case of the A 
tubes. The duration of the first heating is 30 hours, 
and the first operation practised is that of enlarging the 
bore in a Whitworth drawing-press. When the operation 
is finished throughout the length of the tube, the latter 
has a larger diameter and less thickness than at the be- 
ginning of the operation. The tube then goes again to 
the furnace, and after careful heating the forging is con- 
tinued, and it is again stretched cn mandrels of different 
diameters. The full operation involves four reheatings, 
and the total duration is from 13 to 14 hours, the final 
dimensions of the tube being: total length, 17 ft. 2in., 
and outside diameters, 2 ft. 4in. in a length of about 
20 in., and of 2ft. 3in. in the rest of the piece. The 
inside diameter is 14in. The great hoops are forged by 
means similar to those cualapel with the B tubes. Some- 
times when the “<4 from which they are obtained are 
not very long, the hole for the mandrel is punched in the 
ress after being carefully reheated, instead of being 

red in the machine. This operation is made in one 
heat, the hole being driven ~~ conical steel tool which 
enlarges and lengthens the hole. When half of the 
ingot has nm treated it is turned, and the operation 
repeated on the second half. It is preferable to bore the 
ingot, because in this manner the steel of the central part, 
with a chemical composition distinct from the rest of the 
ingot due to segregation, is eliminated. Forging after 
boring must be practised (in preference to forging the 
solid ingot) when possible, because the action of the press 
is more energetic in the first than in the second case, the 
— acting on less thickness of metal. With hoop No. 1 
or a 24-centimetre gun, fo hollow, the following 
notable tensile results were obtained after the full heat 
treatment. At one end of the hoop, the mean result of 
three test-bars was 52 tons per sq inch t ity 
17 per cent. elongation measured in 4 in., and at the 
other end 54 tons tenacity and 17 per cent. elongation, 
conditions better than those ordinarily specified for nickel 
gun steel. 

Annealing after Forging.—This is an indispensable 
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operation tempering, and not annealing, because in pre- 
paring the pieces for this operation they are heated to a 
temperature below the transformation point. If they 
were heated to a temperature above that point and then 
cooled slowly, the structure of metal created by the har- 
dening process would absolutely disappear. Perfect 
hardening indicates in the metal a state of unstable 
equilibrium at ordinary temperature, because this state is 
that of equilibrium at a sompeseiene above that of the 
transformation point. Mr rge Ede claimed that the 
hardening in oil for the elements of guns originated in 
Pngland at Woolwich Arsenal. The process originated 
in consideration of the benefits derived from the 
hardening in oil of hard steel for tools, and in treating 
the milder steels employed in the manufacture of guns in 
the same way it was found that the mechanical properties 
were improved. Tschernoff,in his celebrated paper on 
the ‘‘ Working of Steel,” says that for securing uniformity 
and fine grain it is necessary, after finishing the forging, 
to reheat the piece to a temperature above the point }, 
which is that of the transformation in his scale, and then 
to fix the amorphous texture by —- cooling it; this 
amorphous texture will be more surely obtained, the 
rapidity of cooling being the same, the less the point } in 
the reheating be exceeded. 

Tschernoff and Woolwich Arsenal coincide in the 
treatment after forging to be given to the elements for 
gun steel, and this has led per ~ to the process being 
adopted by some manufacturing firms in other countries, 
At the Krupp Works the elements for guns are said not 
to be hardened and tempered. The author has explained 
in another part of this paper the reasons why the metal 
must be subjected to heat treatment, and it is not 
necessary to repeat them here. In England and in the 
United States oil is exclusively employed asa refrigerant 
liquid ; in France and Spain (Trubia Arsenal) water is 
used. Between hardening in oil and hardening in water, 
the temperature (always above that of transformation) 
being equal, the difference is te! considerable, owing 
solely to the rapidity of cooling. In accordance with the 
remarkable work of Le Chatelier, which forms a very 
interesting paper in the Bulletin de la Société d’ Encowrage- 
ment Industrie Nationale, No. 9, vol. cvi., there is 


and|a well-marked difference in the rapidity of cooling a 


piece in water or in oil. This was well known from the 
time hardening was first practised, but Le Chatelier 
measured mathematically the rate of cooling. He o ted 
with very small pieces, and took into consideration the 
extreme interval of temperature, which must be rapidly 
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passed for realising the hardening. Knowing that the 
recalescence phenomenon is never produced on cooling to 
a temperature superior to 700 deg. Cent., and that the 
tempering is not influenced by temperature down to 700 
deg. Cent., he only took into consideration in his 
experiments the time spent in, passing from 700 deg. to 
600 deg. Cent., which time, all the remaining conditions 
being equal, gives a very accurate notion, almost mathe- 
matically exact, of the rapidity of cooling, and therefore 
of the near of the hardening. The central part of the 
sample, hardened in pure water, employed 5 seconds in 
passing from the temperature of 700 deg. Cent. to that of 
600 deg. Cent. In the oil hardening for ing the 
same interval 43 seconds were required—that is, the 
time was seven times longer than with the pure water. 
It must be said that in this experiment of Le Chatelier 
with oil the rapidity of cooling was much less in the 
interval of 190 deg. to 100 deg. Cent., in which interval 
30 seconds were spent. It is natural that this happens 
with all the refrigerant liquids, but in oil it is much 
more marked, and the explanation is, according to 
Le Chatelier, that during the operation the oil is decom- 

Fig... 
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overhead travelling crane is driven by a ro 
a steam-engine, and serves the whole of 


shop. When this plant was installed twelve years ago | standing the pressure of the 


worked by | ment in the structure derived from the hardening be 
e hardening | obtained, but the steel will be in ideal condition for with- 


wder gases. Upon such con- 


the intention was to use oil as a refrigerant liquid, as | siderations was established the St. Etienne process, which 
was the practice at Trubia with all the guns manufactured | consisted in cooling the tubes on the inside only. But 


before that date, which did not exceed 6-in. calibre. 


In | this process had the great disadvantage that if certainty 


accordance with this idea, four tanks capable of containi:.g | was attained that the piece was in the best conditions 


more than 100 cub, m. of oil were conveniently installed 
at the top of the building, under the roof, and another 
four tanks of the same cubic capacity were installed at 
the outside of the shop, and on a level lower than the 
ground floor. The hardening tank is in communication 
with the higher and lower tanks by means of a system of 
pipes, which are worked by the necessary pass-valves. A 
steam-pump can elevate the liquid, when it is cooled, 
from the lower refrigerant tanks to the higher, and during 
the hardening it is possible to maintain a constant current 
of oil in such a manner that that of the hardening-tank 
should not take a temperature so high that the piece, 
instead of being ened, isannealed. _ 

As is seen from the drawing, the capacity of the | 
is limited to the hardening of elements for 10-in. guns an 
45 calibres in length. E 

The measuring of the temperatures is done by the 
aid of a Le Chatelier thermo-electric pyrometer, register- 
ing the temperature of the tube or hardened piece at 
different points in order to distribute the heat in such 
a manner that the temperature may be uniform. Un- 


| for the resistance of the pressure of the gases, the uni- 

| formity of the hardening, and therefore of the structure 

| due to uniform rate of cooling throughout the whole piece, 
was lost. 

If tensions or compressions have been produced, the 
| layers of metal must be distended or compressed. Know- 
| ing the tensile characteristics of the metal, it is very easy 
| to measure the intensity of the tensions or compres- 
sions, as they are of a purely elastic character, and it is 
possible to plot a diagram representing the variation of 
tensile strength in terms of the thickness of the piece 
In the ordinary practice of conducting the hardening 
operation in the tubes intended for gun construction the 
result generally is that the outside surface is compressed 
—that is to say, the contrary of what must be most con- 
venient for the strength of the gun. With hardening in 
water, and dealing with carbon steel of 0.5 per cent., the 
tempering operation is absolutely necessary. Even when 
the piece has been heated and hardened with absolute 
uniformity, and the elastic tension caused by the 
hardening should be the most suitable for the strength 
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tific methed all that was known, it is possible to 
state what will be the difference of hardening which 
two elements heated to the same temperature and cooled 
in two liquids, both also at the same temperature, should 
take. It the elements hardened in both liquids were 
intended for large guns, and if they should possess great 
thickness, there would be sufficient reasons for thinking 
that none of the pieces would possess, at the ordinary 
temperature, the structure which it possessed at the 
beginning of cooling. But surely the piece hardened in 
water should be the nearest to this structure. Benedicks, 
in a paper recently read before this Institute, has made 
ay ee on hardening in a manner very similar to that 
of Le Chatelier. He says that the most important factor 
in the rapidity of cooling is neither the conductivity nor 
the specific heat, but the latent heat of vaporisation of 
the liquid. The specific heat has a secondary influence, 
and it is possible to dispense with the heat conductivity. 

he necessary conditions for obtaining from a given bath 
an efficacious hardening are as follow :— 

1. A high latent heat at vaporisation. 

2. A low temperature, in order that the vapour 
bubbles, generated in the surface of the metal, may be 
easily condensed in the ambient liquid. Whatever may 
be the predominant factor in the rapidity of cooling, the 
hardening in water will always be more energetic than 
the hardening in oil. Therefore there is no doubt that 
the hardening in water will uire a subsequent tem- 
pering, more energetic at a higher temperature than 
would have been necessary if the hardening had taken 
place in oil, in order to enable the metal to stand the 
tensile and shock tests specified. Really the hardening 
temperature must be higher than that of the transforma- 
tion point, so that in submerging the piece in the refri- 
gerant liquid the cooling pean, am Ss when the steel is yet 
at a higher temperature than that of the transformation, 
At the Trubia Arsenal, in the hardening of the elements 
for gun construction, water, as al y mentioned, is 
employed as refrigerant liquid. The hardening plant is 
shown in Figs. 5and 6. The reheating furnaces are ver- 
tical, and are heated by gas from three Dowson producers. 
The large furnace iscapable of taking a 40 ft. inlength, 
and has four inlets for the regularly spaced. It is built 
upon the ground floor, and, as is natural in these condi- 
tions, the tubes are manipulated through a lateral port, 
hydraulically. The second furnace is of greater diameter 
than the first, and its length is 26ft. It is intended for 
the reheating of the B tubes and hoops, also for the tubes 
of the medium guns up to 6-in. calibre. The water tank 
is situated between the two furnaces, and has the dimen- 


sions stated in the drawing. The water at the time of 
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doubtedly the best method is that followed at Woolwich 
Arsenal, with the long tubes for the 12-in. guns of 45 and 
50 calibres, where four or five Le Chatelier pyrometers are 
installed, with registering ap tus, and regularly distri- 
buted all along the tube; that is both convenient and 
necessary when Operating with tubes for guns of 54 ft. in 
length, or perhaps more, with the excess length left at 
both ends for the test-pieces. It is really very difficult 
to heat uniformly the long pieces of variable thick- 
nesses, and therefore to harden them. The difference of 
operating as physical experimenters do in their labora- 
tories with samples of some grammes weight, and of 
dealing with 15, 20, 25, and 30-ton pieces, as is the 
daily practice of the manufacturers of gun steel, is enor- 
mous. By carrying out the hardening in the ordinary 
way, the cooling of the metal begins at the inside and 
outside surfaces at the same time. If the cooling is more 
rapid at the inside, the interior layers near this surface 
will be compressed and the exterior layers will be in 
tension. . The reverse will happen if the cooling is more 
rapid atthe exterior than at the interior surface. The 
best condition for the resistance of guns is that the first 





the cooling has a temperature of 20 deg. Cent. A 35-ton 


case should occur, and then not only will the improve- 








STEEL FOUNDRY AND FORGE 







ke 797-9) 


of the gun, the tempering of the piece would be 
absolutely necessary, because the hardness due to the 
hardening would make it very difficult, if not impos- 
sible, to machine the piece in ordinary conditions of 
work, and the tensile, bending, and dynamical properties 
would not be in accordance with the specifications. In 
hardening in oil, in nearly all cases, tempering at a very 
low temperature, in order to cause the disappearance of 
the light stresses originated, is sufficient ; but in water 
hardening, and with metals of 0.5 per cent. of carbon, 
the tempering temperature will be near that of the trans- 
formation point. 

Ordinarily that necessary for obtaining the best tensile 
properties is about 600 deg. Cent. It is clear that if these 
properties, after the heat treatment, are deficient from 
those specified, or lower than those required, it would be 


«9, COOLING CURVE FOR NICKEL STEEL. 
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necessary to submit the piece to fresh heat treatment, 
raising the temperature of hardening and keeping con- 
stant that of tempering, or the same result can be obtained 
by giving the piece a new hardening at the same tem- 
perature, and lowering that of tempering. If, on the 
contrary, the tenacity were higher and the ductility less 
than required, the results can be rectified by giving the 
piece a new tempering at a higher temperature. 


Coo.tinc Curves AND Micro-STRvcTuREs. 

Even though the cooling curves of different types of 
steel are well known, the author believes it useful to give 
in this paper those of both _—. of artillery steel, carbon 
and nickel steels (Figs. 8 and 9), the latter being em- 

loyed in the manufacture of field and medium guns. 
Gens to certain difficulties at the Trubia Laboratory, 
it has not been possible to obtain the curves of both 
steels from the liquid state. The range of cooling is 
therefore from 1000 deg. to 500 deg. Cent. for ordinary 
steel, and from 950 deg. to 500 deg. Cent. for nickel 
steel. Within this range are found the transformation 
points, so important for the proper treatment of the metal 





in all the heat treatment operations. Observing first the 
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oling curve of the ordinary steel, it is seen that the 
pees is generally in accordance with the well-known 
Newton’s Law, and that the curve has only a well-marked 
point Ar, at 684 deg. Cent. At this temperature the 
curve is converted into a horizontal line for a length of 
20 mm., indicating 200 seconds, or 3 minutes 20 seconds. 
The temperature is therefore constant during this period, 
indicating complete equilibrium of the two component 
systems, iron-carbon. This is the range during which 
the solid solution or martensite, stable at a temperature 
above 684 deg. Cent., is transformed into ferrite and 
pearlite constituents, with less than 0.89 per cent. carbon, 
stable at a temperature below 684 deg. Cent. for this par- 
ticular steel. Certainly it would not have been difficult 
to calculate the heat of transformation of this steel, 
taking into account the weight of the sample and its 
specific heat, From the transformation range the rate of 
cooling diminishes, in accordance also with Newton’s 
Law. Nickel steel shows also a small point of trans- 
formation at 656 deg. Cent., the horizontal not being as 
well marked as in the curve of the ordinary carbon steel. 
All that has been said on behalf of this is applicable to 
ternary nickel steel. 





Economic Sratistics.—The Liberty and Property De- 
fence e, 25, Victoria-street, Westminster, S.W., 
intend shortly to publish a series of ‘‘ Statistical Mono- 
graphs,” giving figures in connection with economic, 
commercial, and financial questions. The league regards 
the matter as one of supreme importance, as it 1s 1mpos- 
sible to argue usefully on matters of Socialism and indi- 
vidualism without accurate SnD Sas the 
amount of wealth produced and producible in this country, 
and the way it is distributed. People arguing from 
inaccurate premises are apt to be inflamed with hopes 
that can never be fulfilled. 





A 181-Ton WEIGHBRIDGE.—The most powerful weigh- 
bridge in Scotland has just been laid down at the Park- 
head Forge of Messrs. William Beardmore and Co., 
Limited. It has been installed to cope with the great 
increase in the weight of armour-plates, naval guns, and 
general ordnance, of which an exact weight determination 
is imperative. The weighbridge was designed by Messrs. 
W. and T. Avery, Limited, Birmingham and Glasgow. 
Two live platforms are laid down on the railway sidings 
with an intermediate dead space, allowing the largest 
rolling-stock to be poised. Avery’s patent combination 
steelyard is fitted, enabling the machine to register any 
load from 7 lb. to 181 tons. The weighbridge has been 
subjected to the severest tests of the Board of Trade, and 
when fully loaded with 181 tons the steelyard plainly 
indicated the addition of 30 oz., showing a delicacy and 
sensitiveness of 0.00004. 





Tue Wettanp Canat.—The Welland Canal is to be| P’ 


deepened. The policy recommended by the engineers 
consulted, and accepted by the Canadian Government, 
provides for both the widening and deepening of the 
Canal from Port Colborne to a short distance north of 
Thorold, where a new cutting, 5 mifes in length, will 
commence to run west of the present Canal, crossing it 
and the Grand Trunk Railway of Canada, and entering 
Lake Ontario at Ten-Mile Creek, three miles east of Port 
Dalhousie. The canal will be deepened from 14 to 25 ft. 
in the stretches and 30 ft, in the locks, and will be widened 
from 150 ft. to 200 ft. The new section will be of similar 
dimensions. An important feature of the works contem- 
plated is that, by dredging and deepening, the number of 
locks will be reduced from twenty-two to seven. This 
will save eight hours in the time now occupied in carrying 
boats through from Port Colborne to Port Dalhousie. 
The total estimated cost of the new works proposed is 
9,000.0007. By deepening the Canal so that large lake 
vessels, which are now barred from it, may use the water- 
way, a freight saving of two cents. per bushel will be 
effected in the transportation of Western Canadian 
wheat. The Erie Canal is being enlarged, and the work 
is approaching completion, and this makes it necessary for 
Canada to have a larger Welland Canal. 


Firk Tests with Trextites.—‘‘Red Book” No. 162, 
published by the British Fire-Prevention Committee, has 
just appeared, and deals with a series of tests carried out 
on what is known as ‘‘safety flannelette,” which was sub- 
mitted for test by the National League for Physical 
Education and Improvement. The subject is a very 
important one, on account of the very dangerous nature of 
ordinary flannelette from a fire risk point of view and the 
number of deaths that have resulted from its use. The 
standpoint taken up by the Committee is that “‘an official 
standard of safety should be set up, so that the public may 
no longer be misled, as they undoubtedly are at present, by 
an unsuitable description being applied to a highly dan- 
gerous material.” © material tested was found to 
not a “‘safety” flannelette at all, so far as its combustible 
nature was concerned, for it flamed very rapidly and in a 
dangerous manner ; so much so, in fact, that the whole 
amount tested was consumed within a few seconds on the 
application of a lighted taper. The Committee therefore 
protest against the use of such a misnomer as ‘‘safety” 
flannelette, and recontmend that it should be made a 
punishable offence to sell such a material to the public as 
non-inflammable, which it certainly is not. The number 
of deathsamong children due to the wearing of flannelette 
has me & very serious matter, amounting to between 


1200 and 1400 every year, and should, if possible, be put a 
stop to. The test we have referred to will, we hope, go 
far to convince the publie that they should be very careful 
in using flannelette for children’s clothing, even when the 
material is advertised as being non-inflammable. 





~—s 
be iler is first admitted. 





STEAM-ENGINES FOR DRIVING REVERS- 
ING ROLLING-MILLS.* 


By Joun W. Ha ut (Birmingham). 


A STEAM-ENGINE working a large reversing mill has to 

rform the most severe duty demanded of any engine. 

o drive the rolls fast enough to finish long lengths at a 
single heat, the piston must run at the highest rate pos- 
sible. To attain this speed promptly, there must be a 
sufficient reserve of power to impart to the crank-shaft 
immediately after starting a twist about twice as great 
as that needed to run the engines up to full speed, at 
which they will develop close upon 10,000 horse-power. 

The engine must be under such perfect control that it 
can be kept creeping round until the rolls bite the piece 
to be treated ; it must stop instantly when the piece 
leaves the rolls, and must reverse at once to take it back 

in ; it must gather fulls so promptly that, during 
the last few passes, when the section has become so thin 
as to cool rapidly, it can be Bot through the mill before it 
becomes so hard from loss of heat as to damage the rolls. 

To ensure promptitude in starting, stopping, and 
reversing, the revolving weights must be low and the 
steam pressure high, and yet the reciprocating masses 
must be light, or their weight will produce dangerous 
shocks. 

The engines employed for the work usually have pistons 
of about 48 in. diameter, with a stroke of about 5ft., and 
make about 120 revolutions per minute. At the beginning 
of each stroke the reciprocating parts, consisting of the 
piston with its rod cross-head and connecting-rod, by 
reason of their inertia, offer a great resistance to move- 
ment. The pressure must be high enough to overcome 
this, and to give them, in one-eighth of a second, a velocity 
of 31.4 ft. per second, which gravity would need nearly a 
whole second to impart, did they fall freely in space from 
a height of nearly 16 ft. The initial pressure necessary 
to do this is about 120 1b. per sq. in. The momentum 
imparted must then be absorbed, and the parts brought 
to rest in another one-eighth of a second, ora violent blow 
will be struck on the erank-pin and passed on to the 
crank-shaft bearings, wasting much power in mere de- 
structive hammering of the brasses. 

The slowing down is best effected by closing the ex- 
haust port at a fairly early period of the stroke, so as to 
confine, between the rapedly advancing piston and the 
cylinder cover, as much as possible of the exhaust steam 
still remaining in the cylinder from the previous stroke. 
This is compressed into the port and clearance space, 
where it will replace an equal weight’of live steam, which 
otherwise would have to be taken from the boiler. In 
this way the piston returns energy not utilised in over- 
coming the resistance of the mill, and stores it for use on 
its return stroke. The cushion of steam reduces the knock 
on the pin when the crank turns the centre, and if com- 
ression can be carried so far that the cushion pressure 
is as high as the boiler pressure, the whole of the surplus 
energy is recovered. 

Now if the engine exhausts to the atmosphere, the 
steam tyge be the cylinder may have a pressure of 
about 2.3 lb. higher, or 17 lb. absolute, which will rise in 
pressure to 68 1b. when compressed into one-fourth of the 
8 But if the engine exhausts into a condenser, 
the pressure remaining in the cylinder will be only about 
2.3 lb. above the vacuum in the condenser, or, say, 5 lb. 
absolute, and when compressed into one-fourth of the 
space will rise in pressure only to 20 Ib. per sq. in., which 
will provide a very poor cushion to bring the piston 
to rest. 

Nor in this instance is the economy obtainable by using 
a condenser very great. The temperature of steam at a 
boiler pressure of 120 1b.—say 135 Ib. absolute—is 350 deg., 
at 68 lb. 300 deg., at 20 lb. 228deg., at 17 lb. 220 deg., and 
at 5 lb. 162 deg. Fahr.—absolute pressures in each case. 
Steam then entering the cylinder of an engine exhausti 
to the atmosphere finds the piston, cylinder cover, an 

rt in contact with steam at a temperature of 300 deg. 

ahr., while no portion of the cylinder has been exposed 
to a temperature below 220 deg. Fahr. But steam enter- 
ing the cylinder of an engine exhausting into a condenser 
finds the piston, cylinder cover, and ports in contact 
with steam of only 228 deg. Fabr., while parts of the 
cylinder have been ex to a temperature as low as 
162 ~~ Fahr. 

In the case, then, of the condensing engine, initial con- 
densation will be considerably greater, and more steam 
must be taken from the boiler to fill the clearance spaces. 
Co uently a condenser, though increasing the power 
of such an engine, increases also the weight of steam 
used, so that the consumption per horse-power will not 
be much less, but the wear and tear will be much more. 

To reduce the range of _ o> compound engines 
are sometimes employed. Suppose that between the 
boiler and each 48-in. cylinder of a reversing engine we 

a 30-in. cylinder, into which the steam from the 
With the simple engine, at the 
moment of reversal, the full boiler pressure can be thrown 
on to the 48-in. piston, which has an area of 1810 sq. in.; 
but with the compound engine this pressure can be thrown 
only on to the 30-in. piston, which has an area of only 
707 sq. in. Consequently the margin of power necessary 
for quick reversal is wanting. To ensure as prompt 
starting as in the case of the simple engine the cylinders 
would need to be nearer 40 in. and 64in. in diameter, and 
this would nearly double the cost of the engine and its 
maintenance. 

Methods are in use for banking up the steam in the 
receiver between the high and low-pressure cylinders of 
a compound reversing-engine for use at the moment of 
a Paper read before the Ironand Steel Institute, May 10, 
1912. 





reversal, but such devices are not very effective. The 


engine has not been very marked, and has been large 
due to the fact that every time an engine is reversed a 
cylinderful of steam is thrown away. The steam from the 
low-pressure cylinder in a compound engine is wasted, 
but that from the high-pressure cylinder is caught and 
used up in the low pressure. When the steam can be 
used up in this way in a turbine, the compound engine 
would not seem to afford a saving of steam sufficient to 
justify its additional cost and complication. 

While, therefore, it is not advisable to exhaust from a 
reversing engine direct to a condenser, the same objec- 
tions do not apply to exhausting at about atmospheric 
pressure into a turbine, which can utilise this exhaust 
steam and itself discharge into a condenser, extracting 
from the exhaust steam about as much power as the 
engine has already got from the live steam. This 
becomes possible because the heat in the steam is the 
cause for, and the measure of, its wer to give out 
mechanical work, the energy from it boing due and pro- 
portionate to the fall in temperature which occurs when 
steam is expanded in the engine, whether of the piston or 
turbine type. 

Now steam at 1201b. boiler pressure has a tempera- 
ture of 350 deg. Fahr., and if rejected by the piston 
gy at just over atmospheric pone, or 230 deg. 
Fahr., the a cannot possibly convert into work 
more than 120 deg. fall in temperature. If this steam is 
then passed through a turbine which can further expand it 
down to the temperature of the condenser, which is about 
130 deg. Fahr., the turbine is then turning to account a 
further range of 100 deg., which otherwise would have to 
be wasted, use no piston engine can usefully expand 
steam much below five-sixths of atmospheric pressure. 
To do so the pistons would have to be of impracticable 
size and cost, while the friction caused by them, together 
with the loss of heat when such enormous surfaces were 
subjected to wide variations in -temperature, would 
neutralise any gain theoretically obtainable by such high 
grades of expansion. 

The turbine, on the other hand, has only one rotatin 
pe carried in two rings, so that the mechanica’ 
riction is very low, the flow of steam through it is 
always in one direction, and therefore there are no losses 
induced by alternate heating and cooling; there are no 
clearance spaces to be filled up, there are no reciprocating 

ieces to set up inertia or momentum stresses, and there- 
ore the speed of the blades is not limited to a maximum 
of 1900, but may reach over 19,000 ft. per minute. This 
materially reduces the size and cost of the apparatus. 

Still the turbine is not usually as efficient at high 
pressures as the piston engine. A well-fitted piston 
allows very little steam to pass it at any pressure, but the 
— of leakage through the clearance which must 

left between the tips of the blades and the casing of a 
turbine is a serious matter at the high-pressure end, 
where the blades are short, though much less at the low- 

ressure end, where the blades are long and the pressure 
ower. 

Hence the piston engine is most efficient at high pres- 
sures, but the turbine at those below the atmosphere, the 
combination comprising the best qualities of both types 
of prime mover. The exhaust turbine removes the only 
objection to the simple reversing engine—namely, its 
high steam consumption—but leaves its good qualities, 
its simplicity, and low first cost, and its amenabilit 
to prompt handling and rapid increase of speed all 
unimpaired. 

Figs. 1, 2, 5, 6, 9, 10, 13, 14, 17, 18, 21, and 22 are the 
indicator diagrams obtained from such an engine having 
a clearance space of 10 per cent. of the volume swept out 
by the piston—the smallest obtainable with piston valves 
—working with a pressure at the steam-chest of 120 Ib. 
above the atmosphere, and with the steam cut off at 
various points of the stroke. The mean speed of the 
piston is 1200 ft. per minute, and the weight of the 
reciprocating parts 4} tons per cylinder—a fair average 
for such pieces. Figs. 1 to 10 are for the engine when 
non-condensing, and Figs. 13 to 22 when condensing. 

To allow for the influence of the inertia and momentum 
of the reciprocating parts the lines A B are drawn across 
each diagram ; they are curved to allow for the irregu- 
larities in velocity introduced by a connecting-rod of the 
common length—five times that of the crank. By taking 
the difference of pressures shown by the indicator to exist 
on the two sides of the piston, and deducting from this 
the height of the inertia curve when above, and adding 
the depth when below the line, there are obtained the 
diagrams Figs. 3, 4, 7, 8, 11, 12, 15, 16, 19, 20, 23, and 24, 
shown cross-hatched below each indicator diagram. These 
“equivalent pressure” diagrams are most convenient. 
On them the resistance induced by inertia is subtracted 
from, and the assistance induced by momentum is added 
to, the force produced by the steam. Then by multi- 
plying the “equivalent mee ” answering to any point 
in the piston’s travel by the effective leverage of the 
crank at the same instant, the tangential twist actually 
exerted on the crank-shaft is accurately known, whatever 
may be the position of the crank. 

The above method is doubtless familiar to all makin 
a serious study of the steam-engine, but it may be as an | 
to point out how clearly this graphic method proves that 
the condenser, by reducing fe pressure of the exhaust 
steam, impairs the cushion required to bring the piston 
and its attached parts quietly to rest. In Figs. 25 and 26 
the equivalent diagrams for a cut-off at one-sixth of the 
stroke when non-condensing are superposed on the dia- 

m when condensing, and the difference between them 
1s cross-hatched. Instead of the pressure u the crank- 


poe my A of the compound over the simple ~ 
y 


pin decreasing, it increases towards the end of the stroke, 
more particularly on the return stroke, in which, owing 
to the angle of the connecting-rod, the speed of the piston 
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is greater during the fourth than it was during the third 
quadrant traversed by the crank-pin. The motion of the 
piston of an engine exhausting into a condenser is that of 
als instead of 
reducing the pressure as his foot neers the bottom of the 


the foot of a cyclist who stamps on bis 


stroke. 


The case of an engine having two cranks set at an —- 
ig. 27. e 


of 90 deg. from each other is shown in Fig. 


upper part exhibits the effort which the steam can exert 
on the crank to start the engine from the state of rest in 
any position, with valves set to cut off at a maximum 
ractice this 


riod of three-quarters of the stroke. In 


running is also much improved. At high speeds, when 
| shocks are most detrimental, the variation between the 
maximum and the minimum turning efforts is as 2.2 js 
to 1 in the two-cylinder, but only as1.5 is to1 in the three- 
cylinder type. e running at slow speeds is also better, 
because the weight of the three cranks balance each other 


The earlier, in reason, the steam can be cut off the less | 1s found the earliest point in the travel of the piston to in any position, and there is none of that tendency to 
NON- CONDENSING ENGINES. 
Fig.6. 


Fig 5. 
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Fig.28. THREE CYLINDER ENGINE. 
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of it will the engine use. But if the valve- is 80 
arranged that steam cannot be carried very far in the 


stroke, there must be many positions in which, when the 


engine is stopped, steam admitted to the steam-chest | d 


cannot find its way into the cylinder because the 
valves block the ports; or, if the steam can get in, 
the position of the o is such that there is not 
sufficient purchase to turn the shaft round. 
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which it is possible to limit the admission in an engine 
with only two cylinders, if such an engine is to start 
promptly. This allows a minimum starting effort of 
190,000 ft.-Ib. in any position in which the engine may 
chance to stand. 

Fig. 28 shows that if a third cylinder be added, and 
the cranks are spaced at an angle of 120 deg. apart, the 
valves may then be set to limit the admission to half 
stroke, and yet there will be an effort of 190,000 ft.-Ib. 
available for starting the engine. The saving in steam 
ue to limiting the maximum cut-off to half instead of 
to three-quarters of the stroke will be about 30 per cent. 
at the latest cut-off, when the consumption of steam is 
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Fig. 27. TWO CYLINDER ENGINE. 
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| “‘hang” displayed by two-cylinder engines when both 
| cranks come to the bottom. 

| With two cranks at right angles the centre of gravity 
| of the cranks, pins, and connecting-rods is situated at a 
| considerable distance outside the axis of the crank-shaft ; 
at high speeds this sets up a large unbalanced force 
| tending to move the engine as a whole upon its founda- 
tions, which must be massive to absorb the vibration. 
With three cranks spaced equally there is no such un- 
balanced force tending to move the engine as a whole. 
True, both these defects of the two-cylinder engine can 
be counteracted by balance weights, but as these add 
considerably to the revolving weights, they make the 
engine more sluggish in starting and less prompt in 
stopping. 

From every point of view, then, the three-cylinder 
engine is superior to the two-cylinder, and its very 
general adoption of recent years is not therefore sur- 
prising. 

Reversing engines, which are none too large to start 
quickly, a tase such an excess of power when at full 
speed that, though the valve-gear is linked up, the engines 
run away unless the steam is throttled down from boiler 
pressure, involving considerable loss by ‘* wire-drawing. 

On considering the defects of existing reversing engines 
it occurred to the writer that by still further multiplying 
the number of cylinders and reducing their capacity, the 
starting effort could be increased and the full boiler pres- 
sure utilised much later in the run, with a saving of steam 
both at commencement and finish. ‘ 

Fig. 29 shows the working of an engine having five 
cylinders 36-in. diameter by 36-in. stroke, the combined 
capacity of which is 44 per cent. less than that of three 
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cylinders 48-in. diameter by 60-in. stroke, and 15 ee cent. 
Jess than that of the two-cylinder engine of that size. 
Yet the minimum starting effort of the five-cylinder 
engine is 42 per cent. greater than that of the three, and 
37 per cent. greater than that of the two-cylinder engines 
vith larger cylinders. é / 

But apart from the saving in steam which this would 
effect, the shorter stroke of the yr we wa engine 
would permit of its being run at 200 revolutions without 
exceeding the piston speeds of the larger engines running 
at 120 revolutions, so enabling a larger output to be 
obtained from the mill. 

Also the turning moment obtained from the five- 
cylinder engine, as shown in Fig. 29, is so nearly con- 
stant that the maximum stress on the crankshaft, the 
spindles, and rolls is 25 per cent. less than with the 
two-cylinder, and 29 per cent. lower than with the three- 
cylinder engines. : bape 

The cranks also balance each other against gravity in 
any position, just as in the case of a three-cylinder engine, 
so that there are no unbalanced forces tending to move 
the engine as a whole on its foundations, and the local 
unbalanced force may be materially reduced. By 

lacing the two adjoining cranks not at 72 deg. apart, 

ut at 144 deg., the weights concentrated at the crank- 
pins go a long a balancing each other, the 
disturbing couple being situated at a distance of only 
5.55 in. from the centre of the crankshaft, whereas in the 
three-cylinder engine the couple tending to shake the 
bearing between the two cranks will be situated at 15 in. 
from the axis of the shaft ; and as the centrifugal force is 
proportional to the square of the speed, the disturbing 
force, at the same number of revolutions, with the five- 
cylinder engine will be as 31 is to 225 in the case of the 
three-cylinder engine—only about one-seventh as great— 
supposing the weights for both engines were alike, where- 
as the connecting-rods of the five-cylinder would be 
appreciably lighter. 

n addition to these advan the first cost of five 
engines with cylinders 36-in. diameter by 3-ft. stroke 
would not be more than about three-fourths of that of 
three engines having cylinders 48-in. diameter by 5-ft. 
stroke. The cost of the spare parts to be kept in stock 
in case of a breakdown would also be redu by about 
one-half ; and if the five sections of the crank-shaft were 
made all precisely alike, as could be easily arranged, only 
one-fifth of a crank-shaft would’ be needed to insure 
immunity against having to wait whilst a new crank- 
shaft was being made to replace a broken one. Indeed 
there would probably be very little difficulty in running 
with four cylinders only for some considerable period 
if desired. 

The most marked advantage, however, would be in the 
case of a plant containing cogging, roughing, and finish- 
ingmills. Inthis case the keeping in stock of a complete 
spare engine, even down to the cylinder and bed-plate, to 
renew any one broken, would only add one-fifteenth to 
the whole cost of the three sets of engines, and by making 
the parts interchangeable a damaged engine could be 
literally lifted out and a new one dropped in its place 
without stopping the plant for more than a few days. 

There is one further point to deal with—namely, the 
steam pressure. The higher the pressure against which 
the engine exhausts the more efficient is the cushion. 
There seems no reason why the common pressure of 
120 lb. should not be materially increased now water- 
tube boilers are available. The writer has had several 
engines, for the design of which he is responsible, work- 
ing for some years now with steam of 200]b. pressure, 
superheated 150 deg. Fahr., and has experienced no 
trouble whatever with them. Pressures of 250 Ib. and 
265 lb. have long been common in the Navy; and there 
seems no reason whatever why steam of 300 lb. pressure, 
superheated 150 deg. Fahr., up to which temperature 
no difficulties arise, should not be regularly used in 
reversing-engines. 

Fig. 30 shows the theoretical diagrams worked out for 
a reversing-engine with a clearance space of 15 per cent., 
starting with a boiler pressure of 300 lb. and exhausting 
against a pressure of 80 lb.; then, allowing for a loss of 
15 per cent. in transfer, this steam is shown expanded 
down in an engine having a clearance space of 10 per 
cent. (easily obtainable when engines are not required to 
reverse) expanded three and one-half fold, and exhausted 
at 17.5 1b, absolute, after which it would be expanded 
down again in an exhaust turbine. 

Consider the case of blast-furnaces consuming 50 tons 
of coke per hour and yielding 140,000 cub. ft. of gas per 
ton of coke ; the gas given would be 7,000,000 cub. ft. 
Allowing 45 per cent. of this for heating the stoves there 
would remain for producing power 3,850,000 cub. ft. of 
gas per hour. Employing this gas to raise steam at 300 lb. 
pressure, superheated 150 deg. Fahr., in boilers capable of 
evaporating 50 1b. of water per 1000 ft. of gas, there would 
be available 192,500 Ib. of steam per hour. This steam, 
taken direct to reversing engines in the mill, requiring 
30 Ib, of steam per indicated horse-power when exhaust- 
ing against a pressure of 80 lb. per sq. in., would afford 
& continuous output of 6416 indicated-horse-power hours. 

Allowing that this exhaust steam would lose 15 per 
cent. in weight by condensation, &c., and drop 5 lb. in 
pressure, there would be left 163,625 lb. of steam at 75 Ib. 
pressure to supply blast. Engines worked by this steam, 
which would yield one indicated horse-power for every 
31 1b. of steam when discharging at a little above atmo- 
spheric pressure, would provide 5278 indicated horse- 
power for blowing the blast-furnaces. The blast required 
would be about 4,875,000 cub. ft. per hour, or 81,250cub. ft. 


of free air per minute, to compress which to 8 lb. pressure 
= Square inch would require about 324 net indicated 
morte ag per 1000 cub. ft., or 2641 indicated horse- 

ver. 


of 85 per 


Blowing-engines having a mechanical efficiency 
cent, and a volumetric efficiency of 90 per cent. 





(giving an over-all efficiency of 764 per cent.) would absorb 
in this work 3452 indicated horse-power, leaving a margin 
of 1826 indicated horse-power to meet contingencies. 

Deducting 5 per cent. leaves 155,444 1b. of exhaust 
steam from these engines, which would uce in an 
exhaust turbine capable of generating one electrical horse- 
power for 30 Ib. of steam, 5181 electrical horse-power for 
the supply of current for the various purposes for which 
power is required about a works. Seeing there would be 
only one set of boilers and one set of con ——- plant for 
the three departments—the blast-furnaces, rolling-mills, 
and general electric supply —while all the engines would 
be of simple pattern, the first cost of such plant would be 
extremely moderate, and the working costs very low. 

It may be interesting to compare this proposed method 
of working with that of doing the same work by gas- 
engines, taking 1000 cub. ft. of gas to produce 114 indi- 
cated horse-power. The gas-blowing agem, to be 
capable of producing the same power as before—namely, 
5278 indicated horse-power, would require 458,956 cub. ft. 
of gas; to provide electric current equal to 5181 horse- 
power would require 7200 indicated horse-power, con- 
suming 626,087 cub. ft. of gas; and taking the over-all 
efficiency of an Ilgner set at full load at 60 per cent., or 
say 55 r cent. average, there would required 
11,665 indicated horse-power to drive the mills, con- 
suming a further 1,014,434 ft. of gas, making in all a 
total of 2,099,479 cub. ft. This would leave a surplus of 
1,750,521 ft. of available for some other pu i 

Against this, however, would have to be set the interest, 
depreciation, and wear and tear of the gas-cleaning 
and electric plant and gas-engines, and the higher 
os of wages necessary to clean, work, and tend 
them. 

Which of the two systems would, on the whole, be the 
cheaper to run would depend upon the price obtainable 
for the surplus power. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a number of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning these projects can be obtained 
from the Commercial Intelligence Branch, Board of 
Trade, 73, Basinghall-street, London, E.C. 

Australia: According to the Melbourne Age prepara- 
tions for the Kalgoorlie-Port Augusta Railway are in an 
advanced stage and construction work will be begun 
shortly, although until the arrival of the rails, &c., for 
which tenders have been invited, the work will be practi- 
cally confined to the building of earthworks near Port 
Augusta. Tenders are expected to be invited shortly for 
the supply of fish-bolts and spikes, points and crossings, 
and other accessories. The iron goods will be imported, 

robably to the extent of 1,000,000/. worth. For the 

ridges and culverts rolled-iron joists will be used, from 
10 ft. to 14 ft. in span. The Federal railway engineer, 
Mr. H. Deane, expects that internal-combustion oil- 
locomotives will be adopted, thus effecting a —- of 
200,0002, on water-works. Track-laying machines will be 
used, which it is anticipated will enable at least two 
miles of railway to be laid each day. The laying of 
the line will be begun from both ends in about seven 
months’ time, and it is hoped to complete the work in 
three or four years. 

Cyprus: The Cyprus Gazette publishes the text of a 
Bill to authorise the expenditure of 24,6002. on various 
services, including the purchase of breeding stock, 14001. ; 
carbonising plant, 1800/.; machinery and tools for the 
Forest rtment, 6501. ; construction of a lighthouse 
at Klides Island, 1500/.; improvement of Kyrenia Har- 
bour, 15002. ; construction of a jetty at Limassol, 1000/. ; 
erection of agricultural school, 1300/. ; and the construc- 
tion of new bridges, 1400/7. 

Morocco: H.M. Consul-General at Tangier reports that 
tenders are invited by the Special Committee of Public 


Works for the construction of (1) the first section of a road y 


from Casablanca to Morocco City, 1700 metres long ; (2) 
the first section of a road from Casablanca to the Boulhau 
Camp, 1200 metres long; and (3) the construction of 
Customs warehouses at Rio Martil (Tetuan). ‘The esti- 
mated values of the contracts are placed at 38,655 francs 
(1546/.), 32,390 francs (1295/.), and 30,386 frances (1215/.) 
respectively ; a deposit of 500 francs (20/.) is required in 
each case, to be increased by the successful tenderer to 
1200 francs (48/.) in the case of (1), 1000 francs (40/.) in the 
case of (2), and 1500 francs (60/.) in the case of (3). Tenders 
will be received by M. le Président du Comité Special 
des Travaux Publics, Dar En Niaba, Tangier, up to 
10 a.m. on June 20 for (1), and June 24 for (2) ‘and (3). 
H.M. Consul-General further reports that tenders are 
invited by the Moroccan Adjudications Commission for 
the construction of a further section of the mole and of 
the second portion of the jetty at Casablanca. The total 
estimated value of the contract is placed at 1,800,000 
francs (72,000/.). Tenders will be received by M. le 
Président de la Commission Générale des Adjudications 
etdes Marchés, Dar En Niaba, Tangier, up to 10 a.m. on 
June 25. (The contractor must in every case elect 
domicile in the neighbourhood of the works.) 

Spain: The Gaceta de Madrid publishes a notice, 
issued by the Ministry of ‘‘Fomento,” Madrid, to the 
effect that Don José Prast and Garcia Olalla have applied 
for a concession to construct and work a railway from 
Priego to Fernan Niujiez. 

Netherlands: The Niewwe Rotterdamsche Cowrant con- 
tains articles on the question of proposed harbour im- 

rovements and extensions to the west of Delfshaven 
Rotterdam), the cost of which is estimated at 7,625,000 
gulden (about 635,400/.) 

_ Austria-Hungary: The Zentral Anzeiger fiir das éffent- 
liche Liéferwngswesen, Vienna, announces that arrange- 





ments have been concluded for the construction of a 
tramway from Bozen to Leifers. The cost of construction 
is put at 800,000 kronen (about 33,300/.), half of which 
will be subscribed by the city authorities and half from 
independent sources. The Zentral Anzeiger also states 
that, as a result of representations made by the Fiume 
shipping authorities, the Austrian Ministry of Commerce 
have arranged to build at that port a new ferro-concrete 
wharf, about 55 yards wide and nearly 90 yards long ; 
the cost is estimated at 2,000,000 kronen (about 83,300/.). 
It further states that the Fiume municipal authorities 
have decided to erect in that city an infirmary at a cost 
of 5,300,000 kronen (about 220,800/.) and a fever hospital 
ata cost of 1,300,000 kronen (about 54,100/.). Work on 
both buildings will be commenced this year. Also that 
the communal authorities of Zwittau have decided to 
arrange for a loan of 500,000 kronen (about 21,000/.) for 
the purpose of carrying out water-works at that place. 
exico: The Diario Oficial contains notices autho- 
rising :—(1) The Compafiia San Gabriel y Anexas to 
— oe waters of the River oy ang State of 
orelos) for irrigation purposes ; fior Francisco 
Echeverria to utilise the waters of the River Ocoroni 
— of Sinaloa) for irrigation purposes; (3) Sefiora 
lvira Galvén de Tamez to utilise the waters of the River 
Pablillo (State of Nuevo Leon) for irrigation purposes ; 
(4) Sefiorita Guadalupe Lajous to utilise the waters of 
the River San Rodrigo — of Coahuila) for irrigation 
purposes. In each of the above cases exemption from 
customs duty is granted in respect of any material which 
it may be necessary to import for carrying out the work. 





. 


**TRONISING” OR “‘ FERROZINCING.”—Ibt is a very well- 
known fact among engineers that pure iron is not subject 
to corrosion to a the same extent as steel, and that 
articles made of good wroughtiron, though not chemically 
pure, also suffer much less from atmospheric influences 
than steel. The more impure wrought iron is, the 
more it approaches steel in the matter of corrosion, and 
is therefore more in need of protection than pure iron. In 
view of these facts Mr. Sherard Cowper-Coles, of 1 and 2, 
Old Pye-street, Westminster, S.W., has brought outa new 
process, which he calls “ ironising ” or ‘‘ferrozincing,” as a 
means of protecting iron and steel from corrosion, which 
has, it is claimed, the advantage that it is more perma- 
nent than the ordmary zinc coating. The process con- 
sists in first coating the iron or steel with pure iron by a 
oe electrolytic method, which is quick and cheap. 

ure iron is very inert to chemical action as com 
with zinc, and is slightly electro-positive to the under- 
lying iron or steel. A zinc, nickel, or brass coating is 
then applied to the pure iron surface, and forms, it is 
claimed, a more durable coating than zinc directly applied 
to a wrought-iron or steel surface, since the electro- 
chemical action which is set up when once the zinc is 
penetrated is reduced. 





Tue Royat Mart Stream Packet Company.—The Royal 
Mail Steam Packet ety ones 47 steamers, ranging 
from 180 tons to 14,800 tons. The largest of these steamers, 
the Arlanza, a triple-screw, which will have a displace- 
ment of 14,800 tons, is still building, as is the Deseado, a 
twin-screw of 11,240 tons, the Demerara, a twin-screw of 
11,240 tons, and the Desna, a twin-screw of 11,240 tons. 
The ageregate displacement of the 47 vessels, together 
with that of 16 steam tenders, launches, &c., is, or will 
be, 237,502 tons, and the fleet stood in the books at the 
close of last year at 4,875,183/., that amount including 
payments on account for new tonnage and investments in 
shares of other steamship companies. The three twin- 
screw steamers with a displacement of 11,240 tons each, 
will shortly be delivered by the builders, and they will, 
with two other vessels approaching completion, inaugurate 
an intermediate passenger and cargo service between the 
United Kingdom and South America. The profit for the 
ear, after providing for depreciation of the fleet and 
including dividends on shares in other steamship com- 
panies, was 291,211/., and 15871. was also derived from 
rents of property. The stock of coal on hand at the 
close of last year was valued at 12,196/. ; premises owned 
at home and abroad at 205,040/.; plant, &c., at home and 
abroad, at 46,916/.; and naval and victualling stores, at 
71,8582. 





ELEcTRICALLY-DRivEN AtR-PumMp.—In connection with 
a pone cess boustyeng installation for service at 
a large hospital abroad, Messrs. Merryweather and Sons, 
Greenwich, have recently supplied a new type of air- 
ump, arranged to be driven by a small electric motor. 
The motor and pump are mounted on the same bed-plate, 
forming a very compact set. The pump will be used to 
exhaust the air from two portable tank-vane, each of 
350 gallons capacity, enabling the contents of the cess- 
= to be drawn up into the tanks by means of suction- 
ose. The pump, known as the ‘‘ Ravensbourne ” 
pattern, is of the double-barrel ty constructed en- 
tirely of gun-metal, with rubber disc-valves arranged 
under separate covers, 80 as to be easy of access. 
The plungers are driven by means ef a crank and con- 
necting-rod. The electric motor gives 2 brake horse- 
— at 950 revolutions per minute. In view of the 
act that the plant was required for a hospital, special 
precautions have been taken to ensure a noiseless action ; 
the drive from the electric motor to the pump is there- 
fore transmitted through a special worm-wheel gearing, 
which is enclosed in a gun-metal casing forming an oul- 
bath, an arrangement which is both effective and abso- 
lutely noiseless in working. The pump can also be 
pent ed hand gearing, with detachable winch-handles, 
thi : ng being put in and out of action by means of a 
sm ever. 
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THE PHYSICAL SOCIETY OF LONDON. 


Art the meeting held on April 26, 1912, Mr. A. Camp- 
bell, B.A., Vice-President, in the chair, the adjourned 
discussion on Mr. H. Donaldson’s paper on ‘‘ Zhe Co- 
efficients of Expansion of Fused Silica and Mercury” was 
resumed, 

Professor H. L. Callendar opened the discussion by 
communicating a paper ‘‘On the Expansion of Vitreous 
Silica.” 

Professor Callendar begged leave to reintroduce to the 
notice of members the method and apparatus for the in- 
vestigation of the expansion of vitreous silica which he 
had described and demonstrated at a meeting of the 
society on March 22, 1901. The late Mr. A. W. Shen- 
stone, whose work as the pioneer of vitreous silica was so 
well known, had on that occasion kindly provided him 
with two rods of the material 1.5 mm. in diameter and 
40 cm. long, and also with a tube 1 cm. in diameter and 
30 cm. long. The rods were electrically heated in a very 
thin and uniform platinum tube, 3 mm. in diameter, the 
resistance and expansion of which had previously been 
investigated with great care, in connection with some 
experiments on the effusion and transpiration of gases 
at high temperatures. The method special 
advantages for work at high temperatures, because the 
rod. could be raised to any desired temperature, not ex- 
ceeding 1700 deg. Cent., in three or four minutes, with 
little or no disturbance of the surrounding conditions, 
and the mean temperature could be inferred with con- 
siderable accuracy, either from the expansion or the 
resistance of the platinum tube. The preliminary results 
of the investigation were published by Mr. Shenstone in 
his lecture on ‘ Vitrified Quartz,” at the Royal Institu- 
tion, on March 8, 1901. The final results, communicated 
to the Physical Society, on March 22, 1901, were reported 
in the Chemical News, of March 29, and other papers, 
but were not considered to be of sufficient importance 
to merit more extended publication at that time. In 
view, however, of various misunderstandings which had 
arisen, and of the increased interest taken in the question 
at the present time, it might be worth while to give 
a brief summary of the old results. The expansion was 
found to be accurately reversible up to 900 deg. Cent. with 
a nearly uniform coefficient, approximately 0.58 x 10-°, 
between 300 deg. and 900 deg. Cent. There was 
a well-marked flat or change-point in the curve near 
1000 deg. Cent., above which the slope resumed its 
original value as far as 1400 deg. Cent. When main- 
tained at a steady temperature in this region, the rod 
showed a continuous increase of length accompanied by 
marked superficial devitrification. In order to separate 
the permanent elongation due to this cause from the 
reversible expansion, a variable zero method was adopted. 
The current was switched off immediately after each 
reading at high temperatures, and the zero observed as 
soon as the apparatus had cooled to atmospheric tem- 
perature. The contraction gave the reversible effect, 
the difference of the zeros before and after, the per- 
manent elongation. The latter change was found to 
occur more rapidly as the temperature was increased. 
Above 1400 deg. Cent. a reversible contraction was 
observed, which was demonstrated at the meeting ona 
greatly magnified scale by means of an optical lever. 
After repeated heatings to 1600 deg. or 1700 deg. Cent. 
the change point at 1000 deg. Cent. disappeared, and 
the expansion became more uniform, but the devitrifica- 
tion had by this time proceeded so far that the material 
would be valueless if annealed in this way. Further 


heating soon caused the alteration to extend in places 
through the core of the rod, which became very brittle 
and broke. The reversible expansion had by this time 


increased to nearly double its original value. The second 
rod similarly tested showed precisely similar effecte, but 
the heating in this case was not pushed beyond the stage 
of superficial devitrification. The results differed widely 
from those poereene obtained by Le Chatelier by com- 
parison with a porcelain rod (probably owing to uncer- 
tainties in the expansion of porcelain), but had since 
been verified over the range 0 deg. to 1000 deg. Cent. 
by the observations of Holborn and Henning and 
of Randall. The material appeared to be eminently 
suitable for accurate work at temperatures up to 
800 deg. or 900 deg. Cent., but its irreversible elongation 
and devitrification at higher temperatures rendered it 
useless for high-temperature gas thermometry, which 
was the primary object of the investigation. 

More recently the expansion of vitreous silica at 
ordinary temperatures had acquired special interest in 
connection with mercurial thermometry and standards 
of length and expansion. The majority of observers bad 
used the Fizeau method with specimens 10 mm. to 15 mm. 
long. Somewhat different values had been found for dif- 
ferent specimens with different standards of comparison. 
For a cylindrical specimen on a platinum-iridium tri 
Chappuis found 50 x 10-® for the expansion from 0 deg. 
to 100 deg. Cent., and 0.385 x 10-® for .the coeffi- 
cient at 0 deg. Cent. Scheel, for a similar specimen. 
tested against a quartz-erystal ring, found 45.5 x 10-6 
from 0 deg. to 100 deg. Cent., and 0.217 x 10-6 at 
0 deg. Cent. Fora ring specimen tested in a vacuum b 
the absolute method he founc values almost identical wit 
Chappuis ; but Randall, employing a similar ring speci- 
men, also made by Zeiss, found the mean coefficient end 
16 deg. to 80 deg. Cent. (which is nearly the same as that 
from 0 deg. to 100 deg. Cent.) to be only 0.424 x 10-8, 
Such differences might be due to accidental errors, or to 
differences in form and treatment of the specimens em- 
ployed, or to differences in the standards of comparison. 
But since the whole expansion of 1 cm. of fused silica 
between 0 deg. and 100 deg. Cent. was only of the order 
of one wave-length of light, it was also possible that small 
constant errors might arise in so delicate an experiment 





from gas-films or other surface effects variable with tem- | sign. 


perature. It seemed, therefore, desirable to measure the 
expansion of the long silica rods at low temperatures by 
a direct interference method in which such sources of 
error were excluded. 

The free end of the silica rod in the platinum tube 
apparatus was accordingly fitted with a small lens giving 
Newton’s rings with a fixed lens. An expansion of 50 x 
10-6 with this arrangement would give about 50 rings, 
which could be easily counted in two or three minutes by 
suitably regulating the electric heating. The fractions of 
a half-wave length could be estimated with great precision 
x measuring the diameters of the first and last rin 

he experiment was so easy that an error of the order 
of 1 per cent. appeared to be practically impossible, and 
an accuracy of 1 in 1000 might reasonably be expected. 
The ring system itself was not exposed to changes of 
temperature, and the method was absolute in the sense 
that the result did not depend on assuming the expansion 
of some other material. This method gave a smaller and 
more rapidly diminishing value for the expansion of the 
silica rods than that obtained by other observers employ- 
ing the orthodox Fizeau method with short specimens. 
On the other hand, Donaldson’s relative comparisons of a 
silica metre over the range 0 deg. to 30 deg. Cent. with 
three metre standards of invar, nickel and nickel-steel 
respectively (the expansion of which, relative to the 
platinum-iridium standard, had been determined at the 
Bureau International) gave results the mean of which 
agreed closely with Chappuis’ formula, in which the 
expansion of platinum iridium was also assumed. It 
weuld appear either that different specimens of silica 
differed in expansion or that the discrepancies were due 
to errors in the absolute determinations, which were of a 
higher order of difficulty than the relative comparisons, 

he recent determinations of the relative expansion of 
mercury in silica bulbs by Harlow and Eumorfopoulos 
agreed well with that of Chappuis obtained with a verre 
dur bulb, when Chappuis’ values of the expansion of silica 
and verre dur were assumed, but gave somewhat lower 
values for the expansion of silica and verre dur, when the 
values of Callendar and Moss for the absolute expansion 
of mercury were assumed and the cubicle coefficient was 
taken as three times the linear. This introduced the 
further question as to whether the expansion of silica or 
verre dur could be assumed to be isotropic, since neither 
could be perfectly annealed. In order to elucidate this 
point he had designed an arrangement for observing by 
the Fizeau method the differential expansion between a 
tripod and a ring cut from the same tube. The finished 
apparatus was expected in a day or two, and might be 
expected to afford some positive evidence on the subject. 
It was proposed to examine different specimens of glass 
as well as silica to see if any relation could be traced 
between the residual strams and the expansion, and 
whether differences could be eliminated by annealing. If 
his own observations of the expansion of silica and mer- 
cury were correct, the difference between the radial and 
axial expansion of a silica tube should be small in absolute 
magnitude, but not beyond the limits of sensitiveness and 
accuracy of the differential method. The absolute mea- 
surement of a linear coefficient was a difficult and delicate 
operation, and any errors were increased threefold in 
deducing the cubicle coefficient; but in the case of a 
material like silica, where the expansion was so small as 
to minimise the importance of exact measurement of tem- 
perature, the weight thermometer method afforded a most 
valuable check on the accuracy of the hydrostatic method, 
provided that the isotropy of the bulb employed were 
independently verified. It might even prove to be more 
accurate than the hydrostatic method at low temperatures, 
where the latter suffered from increased viscosity lag and 
other difficulties of manipulation. 

A paper on ‘‘ The Solution of Network Problems by 
Determinants” was read by Mr. R. Appleyard. 

The paper is a practical application of the method 
described before the Physical Society in 1885 by Dr. 
J. A. Fleming. 

Let it be supposed that cyclic currents have been 
assigned to all the meshes of a given network, and that 
all capacities (K, in farads), inductances (L, in henries) 
and leakances (S, in — a been converted into 
Kip’ Lip, ry where p = 47 ~). 
The general network problem then is to find the current, 
in amperes, in any given branch, corresponding to the 
application of an electromotive force of sine form, 
tween any two fixed points in the network. The pre- 
cedure for solving such a problem may be summarised as 
follows :— 

1. Denoce the cyclic current in the mesh on one side 
of the given branch by, say, (X + Y), and the cyclic 
ourrent in the mesh on the other side of it by, say, Y, 
so that X is the magnitude of the real current through 
the given branch. 

2. Number the meshes in consecutive order, beginning 
at the generator mesh and ending at the (X + Y) mesh. 
Let the Y mesh be next to the last. 

3. Write down successively the total resistance of each 
mesh in the order of their numbers—including capacities, 
inductances and leakances, converted into resistances as 
above—and make these values the successive terms of the 
leading diagonal of a determinant, beginning at the top. 
Observe that the order of the columns of the determinant 
is now the same as the order of the meshes. So also is 
the order of the rows. 

4. To fill up any given row (or column), say, the nth, 
observe what are the resistances of the branches crossed 
in Pas from the nth mesh successively to the Ist, 
2nd, 3rd . . . . mesh, and make these values the respec- 
tive constituents of the Ist, 2nd, 3rd . . . . places in the 
nth row. The nth constituent of the nth row will always 


resistances in ohms 


be in the leading diagoral, and it is to be given a plus 





ign. All constituents outside the leading diagonal are 
to be given a minus sign. 

5. Now replace the (X + Y) and (Y) columns of the 
determinant so formed by columns corresponding only to 
Xand Y. To do this, add the (X + Y) column to the 
Y column to form a new Y column, and retain the 
(X + Y) column for a new X column. This is equiva. 
lent to multiplying out the fundamental mesh equations, 
and bringing all terms in X inside one bracket and al] 
terms in Y inside another bracket. The final column 
now corresponds with X, and the penultimate column 
with Y. e determinant A, is thus completed. 

6. Replace the final column by E, 0, 0, 0,0... ., 
putting E at the head of the column. Expand the 
determinant so formed, in terms of E, 0,0,0,0... ., 
and it mes E A,-:. In general this operation may be 
omitted, since A,-1 can at once be written down when 
operation 5 is completed. 

7. Then, by the well-known property of determinants, 


X = FE 4*-! ; and the resistance r, between the two points 


An 
of the network to which E is applied, is r = Pos 





a- 

8. If the network contains mutual inductances, a con- 
vention must be adopted in respect to signs. Regard 
each mutual inductance as a pair of parallel straight con- 
ductors; then a sudden increase of current in one con- 
ductor will induce in the other a momentary current in 
a direction opposed to that in the first. If this induced 
current is in the same direction as the cyclic current of 
the mesh to which the second conductor belongs, then 
the mutual inductance term Mip is to be regarded as 
plus, and if the induced current is in the opposite direc- 
tion to that cyclic current, M ip is to be regarded as 
minus. 

9. Observe that there can never be an M-term in the 
leading diagonal. There is, however, always an M-term 
in a constituent outside the leading diagonal, provided 
that the constituent corresponds to a mesh linked by 
mutual inductance to a mesh in which there is a varying 
current. 

10. This method of solution is based upon the assump- 
tion of a sine-form electromotive force of definite fre- 
quency, and consequently all the constants of the meshes 
are effective values corresponding to the selected 
frequency. If the conditions of equilibrium in any par- 
ticular case do not explicitly contain a frequency term, 
the current wave may be of any shape; and under these 
circumstances the method applies to a current impulse 
of any form whatever. 








Frencu Raitways.—The length of line of all descrip- 
tions in operation in France at the close of 1911 was 
37,016} miles, of which 708? miles were brought into 
working last year. The aggregate length of line conceded 
at the close of 1911 was 42,222} miles, the total having 
been increased by 135 miles conceded during the year. 
In the aggregate representing the lines in operation at 
the close of 1911, lines of general interest figured for 
25,3842 miles, lines of local interest for 60102 miles, and 
tramways for 5621} miles. 





Tue Russtan Navy.—The Russian naval construction 
programme is to be restricted—at any rate until further 
notice to the contrary—to four armoured cruisers, to steam 
at the rate of 27 knots ; four smaller cruisers, with a dis- 
placement of 8000 tons each ; 36 torpedo-boats, to have a 
speed of 35 to 36 knots ; and 12submarines. The Russian 
Admiralty proposes to establish a great naval base at 
Revel, with two large basins and floating docks. Cronstadt 
is to be reduced toa repairing centre. The cost of the 
new programme is to be spread over six years, ending 
with 1917 inclusive. 





British CoaL Exports.—Although the recent strike in 
the coal trade had the effect of reducing the export of coal 
from the United Kingdom, it had far less than 1s generally 
supposed. Including coke and patent fuel, we sent abroad 
13,123,527 tons in March, as compared with 15,878,269 tons 
in March, 1911, and 13,936,700 tons in March, 1910. The 
total of 13,123,527 tons, representing the exports of March, 
this year, was made up as follows :—Anthracite, 558,004 
tons; steam coal, 9,046,223 tons; gas, 1,938,998 tons; 
household, 299,233 tons ; other descriptions, 630,613 tons ; 
coke, 277,123 tons ; and patent fuel, 373,332 tons. The 
ae coal shipments in the first three months of the 
ast three years were :— 


Country. 1912. 1911. 1910. 
Tons. Tons. Tons. 

Sweden 584,908 668,508 594,287 
Norway 515,888 561,003 502,896 
Denmark 548,198 706,583 619,276 
Germany 1,225,754 1,800,027 1,704,588 
Holland , 528.381 493,746 
Belgium 342,839 504,726 359,057 
France 2,269,272 2,857,291 2,318,753 
Spain .. 667 902,984 686,285 
Italy .. 1,963,939 2,270,467 2,025,996 
Egypt 682,613 744,932 687,058 
Brazil... 276,246 384,481 385,939 
Argentina 588,969 872,032 682,328 


The value of the fuel exported from the United Kingdom 
in the three months ended March 31, this year, was 
8,169,790/., as compared with 9,166,140/. and 8,315,435/. 
Coal was also shipped in March for the use of ships 
engaged in foreign trade to the extent of 4,051,320 tons, 
as compared with 4,701,509 tons in the first quarter of 
1911, and 4, 405,962 tons in the first quarter of 1910. The 
shipments of coal in all directions from the United King- 
dom in the first three months of this year were, accord- 
ingly, 17,274,847 tons, showing a movement at the rate 
of 69,099,388 tons per annum. 
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CATALOGUES. 


Electric Hoists, Winches, and Capstans.—We have 
received from the Chatteris Engineering Works Com- 
pany, of Chatteris, Cambridgeshire, a sectional catalogue 
illustrating and giving particulars of electrically-operated 
hoists, winches, winding-gears, and capstans. 


Helical Gearing.—Mesers. André Citroén and Co., 
whose London address is 27, Queen Victoria-street, E.C., 
have lately issued a booklet entitled ‘‘ Citroén Gears at 
Work.” This booklet illustrates examples of the use of 
their machine-cut helieal-gear wheels in connection with 
speed-reduction gears, winding-engines, mining machi- 
nery, cranes, pumps, machine-tools, rolling-mills, textile 
machinery, hydraulic turbines, and rubber machinery. 


Steam-Turbines.— A four-page pamphlet to hand from 
the Sturtevant Engineering Company, Limited, 147, 
Queen Victoria-street, E.C., gives dimensions and general 
particulars of small-power steam-turbines for drivin 
machinery such as fans, electric generators, pel 
pumps, &c. The powers range from 5 to 200 brake horse- 
power, while the speeds vary from 3000 revolutions per 
minute in the smallest size to 1000 revolutions per minute 
in the largest. Several advantages are claimed for these 
turbines. Among them it is mentioned that the first cost 
is low, and that the running expenses are small. The 
are also stated to require very little attention, and to wor' 
efficiently at different | The latter feature is 
obtained by varying the number of nozzles in use. 


Cooking Apparatus.—The Chatteris Engineering Works 
Company, of Chatteris, Cambridgeshire, have sent us a 
copy of a pamphlet illustrating and describing steel 
chambers for cooking quantities of meat by steam 
at a pressure of about 15 lb. per sq. in. These chambers, 
or retorts, as they arecalled, are suitable for use by meat- 
preserving companies for cooking meat in tins. They 
are rectangular in form, and are constructed of Siemens- 
Martin steel plates, flanged and riveted and stiffened 
with angle- At one end is fitted a heavy cast-iron 
door, which is held in position by means of hinged bolts, 
and is supported, when opened, by a small jib-crane. 
Rails are Btted in the bottom of the chamber, and two 
cast-iron carriages for angen the trays of tins run on 
these rails. Two sizes are listed, one of which will 
accommodate 500 1-lb. tins, and the other twice that 
number. 


Steel-Sheet Piling.—From the Side Groove Steel Piling 
Supply Company, 16, Water-lane, Great Tower-street, 
EC. we have received particulars of Annison’s patent 
steel piling for cofferdams, &c. The piling consists of 
special grooved pile-bars used in conjunction with oval 
bulb steel sheeting, the bulbs of the sheeting fitting into 
the grooves of the pile-bars. It is pointed out, among 
the advantages claimed for the system, that the sheeting 
need not be driven down to the bottom of the pile-bars, 
and thus a considerable economy can be effected where 
the nature of the ground allows the sheeting to be 
stopped off in this way. The sheeting is supplied either 
18 in. or 20 in. wide, and in lengths up to 60 ft. The 
standard thickness is 0.4 in., but different thicknesses can 
be rolled if a sufficiently large quantity is required. The 
sections are of British standard material. 


Grinding-Machines and Wheels.—Messrs. B. R. Row- 
land and Co., Limited, of Climax Works, Reddish, near 
Manchester, have lately issued a catalogue, No. 70, of 
electrically-driven grinding-machines. In most of the 
machines illustrated the motor is mounted on the centre 
part of a substantial cast-iron base, and is directly con- 
nected to a grinding-wheel overhanging at each end. It 
is claimed that the machines are portable, and will work 
satisfactorily on any level surface. They are thus suit- 
able for use in connection with bridge-building, — 4 
building, &c., as well as for general engineering work. 
Belt-driven and chain-driven machines are also dealt with. 
The firm is now making extensive use of ball-bearings for 
this class of machinery, several of the machines included 
in this catalogue being so fitted. The catalogue also 
illustrates and gives particulars of electrically-driven 
grinding attachments for lathes, and states prices of 
ee of all sizes up to 48 in. in diameter and 

in. thick. 


Oil-Fuel Burners, Launch-Engines and Boilers. —We 
have received from the Lune Valley Engineering Com- 
pany, of Wheatfield-street, Lancaster, a copy of their 


latest catalogue of paraffin burners, high-pressure water- | tages 


tube boilers, launch-engines, steam-launches, and acces- 
sories such as fuel-tanks and fittings. The catalogue first 
illustrates and describes the firm’s water-tube boiler, which 
consists of a central vertical drum surrounded by a number 
of coils of mild-steel tubing. Each coil consists of three 
complete turns, and the ends of the tubes are expanded 
into the cylindrical surface of the central drum, which 
they enter radially. It is claimed that with these boilers 
steam can be raised to a pressure of 300 Jb. per sq. in. in 
8 minutes, starting all cold, and it is also stated that 
under favourable conditions an evaporation of 15 lb. of 
water from and at 212 deg. Fahr. has been obtained per 
pound of oil consumed in one of the firm’s ay med 
paraffin burners. The boilers are specially suitable for 
steam-launches and motor-wagons. Prices and particu- 
lars are given of seventeen sizes, in which the evapora- 
tion varies from 100 Ib. to 2250 lb. of water per hour. 
Prices of ffin burners suitable for these boilers are 
also stated. The catalogue also oo full particulars of 
compound, weenpenen, and quadruple-expansion 
launch-engines, in luding specifications, dimensions, 
prices, &c. The prices stated are for the engines com- 
plete, with stern-tubes, propellers, condensers, and piping, 
80 that the total cost for a complete boat equipment can 
easily estimated. Numerous illustrations of cruising 


launches and racing-boats, for sea and river use, are 
included. 


Water-Meters.—Messrs. Siemens Brothers and Co., 
Limited, of Woolwich, have sent us a copy of their 
new catalogue of water-meters which they have recently 
redesigned and improved. Meters of the vane-wheel 
type are first dealt with. They are made with inlets 
varying from § in. to 10 in. in diameter. In the smaller 
sizes (up to 1}-in. inlets) both wet-running and dry- 
running meters are made. The former type, which have 
recently been introduced, have the advantage of bei 
more sensitive than the latter, since the stuffing-box an 
driving mechanism between the counter and dial-work, 
used in the dry-running meters, are dispensed with. 
Among the advantages claimed for both wet and dry- 
running meters, it is mentioned that they can be regu- 
lated from the outside without affecting the efficiency. 
Particulars are also given of water-meter combinations 
for use when the flow of water varies between very wide 
limits. These combinations comprise a large and small 
water-meter connected in parallel, and an automatic valve 
designed to cut out the large meter when the flow dimi- 
nishes to such an extent that its readings would be 
unreliable. Disc meters with inlets ranging from 3 in. 
to 6 in. in diameter are also dealt with. Among these 
are included meters for hot water specially designed 
for measuring boiler feed. Prices are stated for all the 
above-mentioned meters and combinations. The cata- 
logue also gives all particulars, except prices, of meters 
of the full-bore type suitable for measuring large quan- 
tities of water. In these meters the integrating mechanism 
is actuated by a helical vane-wheel, the axis of which is 
coincident with that of the pipe. The vanes are made of 
celluloid, and the central portion is hollow, so that the 
wheel floats. It is also arranged so that end thrust is prac- 
tically eliminated, friction thus being reduced to a mini- 
mum. These meters are made from 2 in. to 30 in. in 
diameter. In conclusion, the catalogue illustrates and 
describes apparatus and appliances for testing water- 
meters. 


Motor-Starters and Regulators.—We have received from 
the Electric and Ordnance Accessories Company, Limited, 
of Cheston-road, Aston, Birmingham, a copy of their 
latest catalogue, M 275, of Vickers’ starting and speed- 
regulating apparatus for direct-current motors. Thecata- 
logue first deals with standard and ‘* Autograd ” starters of 
the open, semi-enclosed, and water-tight types for motors 
up to 50 horse-power, and for pressures up to 500 volts. The 
standard starters can be fitted with no-voltage release, or 
both no-voltage and overload releases, but the ‘* Autograd” 
starters are always provided with both releases. In the 
latter type of starters, which are automatic in action, the 
starting-handle and switch-arm are separate from each 
other, although they turn about the same centre. To 
start the motor the starting-handle, which carries a small 
electro-magnet, is pushed right over against the action of 
a spring until it makes contact with and attaches itself 
to the switch-arm. The starting-handle and switch-arm 
are then returned together b the action of the spring, 
the switch-arm moving over the contacts and cutting out 
resistance in the usual manner. A dashpot is provided 
to control the rate of movement of the switch-arm. 
The catalogue also gives particulars of combined motor- 
starters and shunt-regulators of the open, semi-enclosed, 
and water-tight types for motors up to 35 horse-power. 
In these starters the switch-arm and starting-handle are 
separate, and are first moved in one direction together 
to cut out the resistance from the armature circuit. When 
this part of the operation has been completed, the switch- 
arm adheres to the no-voltage release magnet, and the 
starting-handle is then brought back alone in the opposite 
direction over a series of contacts to insert resistance into 
the field-circuit, and thus increase the oe of the motor. 
Motor-control panels, in which standard and “‘ Autograd” 
starters are mounted on iron runners with double-pole, 

uick-break, ironclad combined switches and fuses, are 
also listed. Full particulars, including prices, dimen- 
sions, &c., are given of all the apparatus dealt with. 


Condensers for Metal-Filament Lamps.— We _ have 
received from British Insulated and Helsby Cables, 
Limited, of Prescot, Lancashire, an interesting catalogue 
giving prices and particulars of condensers for use with 
metal-filament lamps on alternating-current circuits. 
These condensers are employed to enable low-candle- 
power lamps to be used on high-voltage circuits, It is 
pointed out that low-voltage lamps have the advan- 
of being cheaper, stronger, and more efficient 
than those for high voltages. it is very con- 
venient to be able to use a low-candle-power lamp 
at certain points of an installation while retaining 
the high vol at other points for supplying heating 
apparatus or lamps of high candle power. The con- 
densers are connected up in series with a single lamp or 
with a number of lamps in series with each other. The 
lamps may be of any voltage or candle-power, provided 
that they take the same current as that for which 
the condenser is designed, and also provided that the 
total voltage of the lamp or lamps does not exceed about 
40 per cent. of the line-voltage hen a number of 
lamps are — in series with each other and with the 
condenser, any lamp can be switched on or off indepen- 
dently of the others by means of short-circuiting switches 
in parallel with each lamp. The current in the circuit is 
practically constant however many lamps are in use, an 
even when they are all short-circuited. The energy 
absorbed is, however, dependent on the cosine of the 
angle by which the current leads the voltage. This 
angle increases as the number of lamps in use decreases, 
until, when they are all short-circuited, the current leads 
by nearly 90 deg., and the energy absorbed is only the 





extremely small amount lost in the condenser. This 
small loss may be avoided by opening a switch on the 


supply side of the condenser. ‘The series system may 
be conveniently vey yp ode g lighting anak dwellings 
where a fixed price isc , Since it is impossible for 
& greater amount of energy to be taken by the substi- 
tution of Jamps of higher candle-power than those in- 
tended. Another advantage attending the use of con- 
densers is that all danger from short-circuits is avoided, 
since the current flowing cannot exceed the normal 
working current. The prices and iculars given in 
the catalogue refer to condensers for supply pressures 
ranging from 100 to 240 volts, and for frequencies between 
40 and 100 cycles. They are ag in rectangular cases 
for fixing to the wall or under the floor. The smaller sizes 
are also supplied in cylindrical form. Those of the latter 
form are provided with an adapter and a lamp-holder, so 
that the condenser can be inserted between the lamp and 
its original holder. This catalogue cannot fail to interest 
electrical engineers and contractors, who will doubtless 
find many useful applications for these appliances. 


Cement and Concrete.—The second edition of their book, 
entitled ‘‘Every-Day Uses of Portland Cement,” has 
recently been published by the Associated Portland 
Cement Manufacturers (1900), Limited, of Portland 
House, Lloyd’s-avenue, E.C. The k has been 
thoroughly revised aad brought up to date, this edition 
containing 350 , over more than the first edition, 
published about three years ago. It is intended princi- 
pally to bring to the notice of farmers, estate owners, 
manufacturers, householders and others, some of the 
many useful pur for which Portland cement can 
now be employed. Although not written expressly for 
experts, the publication is expected to be of service 
to engineers, architects, and others, as a summary 
and reference-book on the subject. The first chapter 
contains notes on the properties of cement and methods 
of testing it, and the three following ones deal fully 
with the preparation and laying of concrete, includ- 
ing information yee to the construction of forms 
and centering and describing various methods of finishing 
the surface of the work. The next chapter deals 
with the manufacture of concrete blocks and other moulded 
articles, and the following one is devoted to reinforced- 
concrete work. The principles underlying the design of 
beams, floor-slabs, columns, &c., are explained, and the 
necessary calculations given. It is, however, wisely em- 
phasised that the design of reinforced-concrete structures 
of any magnitude should only be entrusted to experienced 
engineers. Except for a few pages of notes and memo- 
randa, the remainder of the book is deyoted to illustrations 
and am pee of the uses of concrete. Included in this 
part, which comprises more than half the total contents, 
are numerous examples of foundations, walls, steps and 
stairs, pavements, roads, pipes, sewers, buildings, bridges, 
silos, water-tanks, reservoirs, fences and posts, garden orna- 
ments, &c., constructed of concrete or reinforced concrete. 
One section deals particularly with farm buildings, cattle- 
troughs, stable stalls, &c., illustrating these and many 
other articles for the construction of which concrete may 
be usefully and profitably employed by the farmer. The 
final section illustrates what may be described as un- 
common uses for concrete, and includes examples of 
ers. barges, and even furniture, constructed 
of reinforced concrete. In conclusion, a complete index 
of the contents and a glossary of technical terms are 
given. The price of the hook is 1s. 6d net. in paper 
covers, and 2s, 6d. net in stiff covers. 








Roya Instirution or Great Britatn.—Professor 
Poynting, being unable to deliver his lectures at the 
Royal Institution on May 30 and June 6, the lectures on 
these dates will be given by Professor C. G. Barkla, 
F.R.S., his subject being ‘‘ X Rays and Matter.” 





Our Ratts Aproap.—The new year is opening mode- 
rately well in connection with our rail exports, the ship- 
ments for March having been 55,332 tons, as compared 
with 30,483 tons in March, 1911, and 40,808 tons in 
March, 1910. In the three months ending March 31, this 
year, we exported rails to the extent of 125,941 tons, as 
compared with 116,988 tons in the first quarter of 1911, 
and 110,259 tons in the first quarter of 1910. These 
satisfactory results have been attained notwithstanding a 
decline of 10,008 tons in the exports of British rails to 
aie to March 31, this year, as compared with 
21,661 tons and 26,181 tons. The explanation is to be 
found in an encouraging increase in the demand for our 
rails from South Africa, British India, and Australasia. 





GerMAN FounpryMkEn’s AssoctaTion.—This Associa- 
tion, whose title is ‘‘ Verein Deutscher Giessereifach- 
leute,” is to hold its annual general meeting in Berlin 
from May 29 to June 2. The foundries of the Siemens- 
Schuckert-Werke are to be visited, and the following 

pers will be read and discussed :—‘‘ Improvements in 

oundry Practice,” by Prof. Dr.-Eng. A. Nachtweh, 
Hanover, *‘ Processes Followed in American Foundries,” 
by C. Humperdinck, Durlach; ‘‘ New Transporting 
and Lifting Apparatus in Iron Foundries,” b ubert 
Hermanns, Duisburg; ‘* New and Simplifi Process 
(Pergamon Process) in Artistic Foundry Work,” by 
Max Kiiller, Berlin; ‘‘ Advan and Disadvantages 
of the Bonvillain Process and its Newest Improvements,” 


d by Arthur Lentz, Diissseldorf; ‘‘On the Corrosion 
° 


Cast Iron,” by Prof.-Dr. Arndt, Berlin; ‘‘On Small 
Bessemer Plant,” by Carl P. Lavall, Magdeburg ; “ On 
the Halberstadt Moulding Sand,” by J. Holicky, Blank- 
enburg; ‘‘On the Economical Working of Foundries and 
Improvements therein,” by C. Hunger, Berlin; ‘‘ The 
Advantages of German Moulding-Machines as Compared 
with French and American Systems,” by K. Axmann, 
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Where dasontions are communicated from abroad, the Names, &c., 
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Bra 


. a on Buildings, Chancery-lane, W.C., at 

the uniform price of 8d. 
The date of advertisement of the nce of a Complete 
Specification is, in each case, given after the abstract, unless the 


‘atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the tance of a Complete Specification, 
give notice at the atent Offcs of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


sasen. The British Thomson - Houston Com- 
pany, Limited, London. Le a Elektricitats-Gesell- 
xchaft, Berlin, Germany.) Phase Commutator 
Motors. (2 Figs.) September 20, 1911.—This invention relates 
to single-phase commutator motors. In such machines, which are 
to operate over a wide range of speed, it has been proposed to 
excite the rotor sometimes and the stator at others, the stator 
being excited at the higher speeds, and the change being accom- 
plished by means of switches. According to this invention, the 
transition from rotor to stator excitation is carried out by dis- 
placing the brushes, whereby the ounge is effected gradually and 
without interruption of the circuit. The commutator A is pro- 
vided with two fixed brushes a, a!, and two movable brushes 
b, b1, which, at starting, are substantially at right angles to the 
fix brushes, as shown in Fig. 1, and are then brought 
gradually into the position shown in Fig. 2, where they nearly, 
or may entirely, coincide with the fixed brushes, which is 
the position which they occupy during the higher speeds of 
the motor. The stator winding, which is divided into two 
parts, s and s!, is arranged approximately at right angles to 
the fixed brushes. The motor is fed from two sources of 
current, illustrated as being the secondary windings ¢, t! of a 
transformer T, which are arranged so that the secondary ¢ is 
connected to the stator winding s and the fixed brush @ and the 
movable brush ), while the secondary ¢! is correspondingly con- 
nected to stator-winding 8! and fixed and movable brushes a! 











and b!, The stator-winding must be so connected that, as shown 
Fig.7. Fig. 2. 
wn 
a rt 
ft lll £ 
ind LJ - Ld 
(20829) _— 
in Fig. 1, it acts to oppose the brush circuit b, b!. With these 


connections, the current from transformer ¢ flows through stator- 
winding s to the brush b, where it divides, passing through the 
armature to the brush b!, through stator-winding s! to trans- 
former t! to the fixed brush a!, where it again divides and passes 
through the armature to brush @ and back to the other terminal 
of the transformer t, The division of the transformer and of the 
stator-winding and the symmetrical distribution of the parts 
permite the same current to be carried twice through the armature 
and the direction of current in two opposite quadrants, in passing 
through the second time, is opposite to that in which it passes 
through the first time. The two quadrants a—b! and a!—d are 
therefore without current. The two other quadrants a—b and 
ai—! carry current, and the number of armature wires cut into 
circuit gradually increases in passing from the connections 
shown in Fig. 1 to those shown in Fig. 2, until all the 
armature wires are cut into circuit, when the movable 
brushes substantially coincide with the fixed brushes. In 
Fig. 1 the vertical axis forms the working axis, and the hori- 
zontal axis forms the axis of excitation ; in Fig. 2 the o ite is 
the case, It is desirable to locate in the axis of the Sued braces 
a, a) a stator-winding which, when the movable brushes assume 
the position for high speed indicated in Fig. 2, serves for the com- 
pensation of the armature in the working axis. In the drawing, 
a compensating winding divided into two parts ¢ and c! is shown. 
The two ts are short-circuited, each one independently, in 
Fig. 2, while in Fig. 1 they are interrupted. (Sealed May 2, 1912.) 


24,977/11. R. H. Barbour, London. Electromagnets. 
{4 Figs.) November 9, 1911.—In single-phase alternating-current 
electro: ets, in which the effects due to the continuous 
change in value of the magnetising force are avoided by providing 
the electromagnet with a vecond etising force acting in 
conjunction with that due to the energising winding and induced 
by said winding in a short-circuited coil or coils, the coil or coils 
are, ing to this invention, mounted on the armature so 
that they do not properly come into action until the armature 
comes up against the polar face or faces of the electromagnet. 
1, 1 are the short-circuited coils, and herein referred to as a coil 

Fig.t. Fig. 2. 
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or as coils, These coils are let into the face of the armature 4 in 
positions to come 0; te the polar faces of the electromagnet. 
5 is the energising winding of the electromagnet. The coils may 
be of any convenient ; for example, the: t. i 














GAS ENGINES, PRODUCERS, HOLDERS, &c. 


20,899/11. The Firm Robert Stut 

. Sparking-Plugs. (6 Figs.) December 3, 1910. 
—This invention relates to a king-plug having stationary 
electrodes for producing ignition in internal-combustion engines. 
In order to ensure satisfactory working of internal-combustion 
engines, high-tension sparking-plugs of the kind under considera- 
tion must fulfil two principal conditions; firstly, there must be 
no ———- of explosion residues on the electrodes, and 
secondly, the electrodes must not be constructed in such a 
manner that they are liable to give rise to ignition by incan- 
descence. According to the present invention, both conditions 
are fulfilled by giving the electrodes such a form that the heat 
developed at every ignition raises their temperature sufficiently 
to burn the deposited explosion residues, but that they cannot 
remain incandescent long enough for ignition by incandescence to 


Fig. 2 
8 
— 
o 
A 





The plug A, which, as usual, has a screw-threaded 
extension B destined to be screwed into the cylinder-wall, 
surrounds an insulating body C, through which extends axially 
an electrode D long enough to project through the inner end of 
the plug, with its end between the ends of the mass electrodes E. 
These electrodes consist of several wires of a difficultly fusible metal 
connected rigidly and conductingly with the extension B of the 
plug. According to this invention, these wires are not merely 
cut off and bent until they are at a suitable distance from the 
insulated electrode D, but their ends are thinned down so that at 
every spark discharge they become incandescent, and therefore 
able to burn themselves clean, and that, on account of their large 
superficies and small mass, so rapidly part with their heat that 
they are already sufficiently cool to exclude the ignition by 
— before the next ignition occurs. (Sealed May 2, 
1912. 


occur. 


beg . Albion Motor-Car Com , Limited, 
and T. Musrey. Scotstoun. Internal-Combustion 
Engines. [6 Figs.) June 12, 1911.—This invention relates to 
two-stroke internal-combustion engines a rae me a plurality of 
unit pairs of cylinders lying in, or symmetrically disposed in 
respect to, a mean longitudinal axial plane, and served by pumps 
alternating with each unit pair, all in known manner ; and com- 
prises stepped cylinder air-and-mixture pumps in the same mean 
axial plane, the cranks of the op 4 and of each adjacent unit 


pair of cylinders being at 180deg. to each other. The pistons of 
one unit pair A B, of cylinders operate a crank F, at 180 deg. to 
the crank G, opera by the other unit pair C D. The com- 


bined air-and-mixture pumps alternate in axial line with the 
cylinder units, and each comprises a cylinder H, the bore of which 
is stepped, the plunger J being correspondingly stepped. Either 
the upper portion may supply mixture, and the lower annular 
portion air, or vice versd, preferably the former. The plungers 
of the pumps are operated by cranks 180 deg. to each other, and 
to those unit pairs to which they are adjacent. Each of the 

















unit pairs AB, C D of operating cylinders is provided with ports 
as described in the applicants’ earlier Patent Specification No. 2060 
of 1911. That is, in one cylinder of each unit pair there are two, 
or two series of, piston-uncovered inlet ports, one or more series 
being uncovered before the other. In the other cylinder of each 
unit pair is the piston-uncovered exhaust port. The air-com- 
pressor part of one B may: is connected to the port or series of 
ports first uncovered in the cylinder of one unit pair of cylinders, 
the same part of the other pump being connected to the similar 
port or ports in the same cylinder of the other unit pair. 
Similarly, the explosive-mixture compressor parts of the two 
pane are connected to the secondly uncovered ports in these 
wo cylinders. Air is therefore first delivered to these cylinders 
before the explosive mixture is allowed to enter, with the 
advan stated in the earlier specification referred to, and as 
the cranks of the two pumps and of the two unit pairs of opera- 
tive cylinders are arran relatively to each other as herein- 
before described, the charge is so supplied to the operative cylin- 
ders that two — impulses for each revolution are 
btained. (Accepted February 28, 1912.) 





y may be r gular, 
as shown, or they may annular, so long as 7 & comply with 
the conditions abeady . and also enclose a 5! fon of the 
area of the armature face. The coils must be let into the arma- 
ture face in such manner that they are flush therewith. When 
the two polar faces of an elec et are in the same plane, 
the coils may be arranged in diametrically opposite positions, as 
hown in Fig. 2. (Sealed May 9, 1912.) 





MINING, METALLURGY, AND METAL- 
WORKING. 


sep4/11, Anderson, and Co., Limited, A. 
Cutting Machines. 


(1 Fig.) April 11, 1911.—This invention, 





tti hi 


which relates to coal g of the disc type, and more 
particularly to mechanism for transmitting rotary motion to the 
cutter-operating shaft, comprises, in combination, a spur-pinior. 
fixed to, or integral with, a gene both being mounted on 
and rotatable relatively to the cutter-operating shaft, the gear 
wheel meshing with a gear-wheel on the motor t, a spur-whee! 
meshing with the spur-pinion and fixed on a second transverse 
shaft, a spur-pinion fixed on the second transverse shaft and a 
a fixed on the cutter-operating shaft and meshing with 
the last-mentioned spur-pinion. As shown, the motor-shaft a!, 
which is dis longitudinally 

inner end with a beve qearpinle 





of the machine, is fitted at its 
n o meshing with the bevel gear. 
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wheel py mounted rotatably on the transverse cutter-operating 
shaft g, and integral with, or fixed to, a spur-piuion 7 meshing 
with a spur-wheel 7! fixed to the transverse shaft n, also fixed to 
which shaft n is a spur-pinion s meshing with a spur-wheel «) 
fixed on the cutter-operating shaft q, which latter is thus driven 
at the requi ed from the motor-shaft a!. The cutter- 
operating-shaft q is provided at its front end with a bevel gear- 
pinion [not shown] for driving the cutter-disc in the usual 
manner. It will be understood that the bevel gear-wheel p and 
the spur-pinion 7 rotate in the same direction as the cutter- 
operating shaft ¢ (although not at the same speed) so that exces- 
sive friction and consequent wear are avoided. (Accepted 
February 28, 1912.) 


RAILWAYS AND TRAMWAYS. 


10311/11. W. A. Agnew, Ealing. Driving-Control 
Recorders. (2 Figs.) April 28, 1911.— This invention has 
relation to apparatus of the kind designed to furnish an 
indication and/or record that can be utilised for ascertaining 
the manner in which a driver of a vehicle, or of a train of 
vehicles, makes use of the propelling agent and of the braking 
power. In accordance with this invention, the indication or 
record is given or made by mechanism that is arranged to 
run or be driven at a certain or normal speed when one set 
of conditions obtains and to run or be driven at a different 
speed when another set of conditions prevails, and the arrange- 
ment is such that when the vehicle or train is being propelled 
and/or the brake is being applied, the i is run or is 
driven at the altered , the indication or record so given or 
made supplying the information desired. An axle of, say, the 
motor-coach of an electrically propelled train has mounted on it 
a bevel-wheel gearing with a second bevel-wheel on the one end 
of a shaft 1. The shaft 1 is thus rotated and is driven at a 
speed proportional to that of the axle or wheels. 2, 3 are pinions 
on the opposite end of the shaft 1 to that on which the secondly 
mentioned bevel-wheel is mounted. The pinion 2 is arranged 
to mesh with a pinion 4 and the pinion 3 with a pinion 5. 
The pinions 4, 5 are connected Sagether through a sleeve 6 and 
rotate as one; the sleeve 6 is ted on a spindle 7 so as to 


be endwise movable thereof, but in driving connection therewith. 
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The spindle 7 forms the first motion or driving-shaft of gearing 
contained within a casing 8 and actuating pointers that are 
movable over scaled dials. The pinions 2, 3 are of different sizes, 
as also are the pinions 4, 5, and the sleeve 6 is of such a length 
that the _ 2 cannot be in mesh with the pinion 4 at the same 
time as the pinion 3 is in mesh with the pinion 5, and vice versa. 
9 is an electro et. The winding of this electromagnet is 
connected up with the supply conductors in suchwise that 
whenever the motors are taking current, or the braking is 
electrical, the electromagnet is energised. 10 is the motor- 
controller ; it is provided with two concentric and almost circular 
contacts 11, which are connected in the motor circuit, and are 
bridged whenever the motor-controller is in a power or braking 
position. The brush or contact-maker is actuated by the 
rotation of the controller spindle in one direction or the other, 
and when the controller is in the ‘‘ off” position is opposite a 
gap in the contacts 11. 12 is the piston-rod of the brake cylinder, 
and 13 is a tact carried thereby and adapted, when the brake 
is ‘‘on,” to connect contacts 14 in a circuit connected on the one 
hand with a supply main, and on the other hand with the one 
end of the winding of the electromagnet 9. 15 is the armature of 
the electromagnet. It is carried on one end of a lever 16 pivotally 
mounted at 17, and connected at its other end with the sleeve 6. 
18 is a spring connected with the lever 16, and against the action 
of which the electromagnet 9 has to act, when energised. (Ac- 
cepted March 18, 1912.) 
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—- 
Navy Annual, 1912. Edited by Viscount Hytue, D.C.L., 
A.L.N.A. Portsmouth: J. Griffin and Co., 2, The 
Hard. [Price 12s. 6d. net.] 
Aut interested in the Navy will welcome the an- 
nouncement made in the preface of this year’s 
‘‘ Navy Annual” to the effect that, after due 
deliberation @ propos of the twenty-first issue, and 
‘‘ after a consultation with naval officersand others 
whose opinion was of value,” the editor has come to 
the conclusion that the ‘‘ Annual ” is of real service 
to the Navy and the country, and ‘‘ that the time 
and trouble devoted to make the information 
given as reliable as possible were not thrown 
away.” In this view we completely agrde, because, 
while other annuals of a kindred nature have 
their place, Brassey’s ‘‘ Annual” has become not 
only a British, but an international naval vade 
mecum, and cessation of publication would be widely 
regretted. The present issue more than ever 
justifies this view, and congratulations are due to 
. Viscount Hythe, who has been editor so long; 
although the change in name may be assumed b 
foreign readers as a change in editorship, Britis 
readers know that it is owing to the elevation of his 
father, Lord Brassey, from thé rank of Baron to 
that of Earl. The wealth of material, tabulated and 
otherwise, indicative of the progress of navies and 
of development in warship design, and the matured 
views of experienced writers on various phases of 
naval matériel and strategy, make the publication 
indispensable to anyone anxious for accurate data. 
Without such assistance any appreciation of naval 
problems is impossible. 

The first chapter of the ‘‘ Navy Annual ” is con- 
tributed by Lord Brassey, and will be widely 
appreciated, not only because of his intense interest 
in, and wide knowledge of, Navy affairs. His 
lordship enforces the enormous importance of naval 
administration when he points out that in the past 
eleven years the Navy Estimates for Britain have 
aggregated 383 millions sterling ; for Germany, 157 
millions sterling ; and for the United States, 240 
millions sterling. His general conclusion is, that 
‘‘in men, in ships completed, in ships in commis- 
sion, we hold a commanding position ;” but that 
‘in new construction, as measured by the amount 
voted, we have not in recent years maintained the 
two-Power standard.’’ Like all statesmen, he seeks 
for economy within the limits prescribed by efli- 
ciency, and raises the important question whether 
by ensuring larger reserves in personnel it may not 
be possible to reduce the permanent staff. This 
consideration naturally leads him to an encouraging 
appreciation of the Royal Naval Volunteers, to an 
enforcement of some of the advantages which might 
accrue if some of the ships destined to be scrapped 
could be utilised by some of the Colonies to 
serve as gunnery-ships or small cruisers for the 
training at sea of men suitable for the reserve, 
and to urge that as voluntary subscription of 
funds for training-ships has proved inadequate, 
a system of state subsidy should be arranged 
to fall on the Votes for Education, so as to 
ensure @ continuous supply of British seamen for 
British ships. The expenditure involved would be 
small in relation to the advantage gained. The 
Admiralty would naturally supervise and supply 
competent instructors and make provision for the 
education of cadets for the Naval Reserve. With 
the same economical end in view his lordship 
again pleads for a fuller recognition of the possi- 
bility of the merchant service supplying auxiliary 
cruisers when required, and incidentally points out 
that we have in the cross-Channel service 39 vessels 
able to steam 20 knots or more, all capable of 
keeping the sea in all weathers. These, he con- 
tends, ought to have in reserve a torpedo 
armament. The concluding part of this ve 
suggestive chapter deals with our relationship wit. 
Germany, and a pacific yet firm course is advocated. 
Indeed, Lord Brassey advocates the cession of 
Walfisch Bay, a course which, although presumably 
not acceptable to South Africa, might be rendered 
more agreeable were compensation given to the 
Union by full powers to them to administer Delagoa 
Bay, and an imperial engagement entered into 
for the payment of an annual sum equal to the 
present net revenue. As a precedent there is 
instanced our occupation of Cyprus under Turkish 
suzerainty. 

Viscount Hythe, in the second chapter of the 
** Annual,” gives a comprehensive review of the 
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year’s progress in connection with the British 
Navy, not only in respect of shipbuilding ana 
administration, but also of Colonial development. 
There is a corresponding analysis of the work done 
for each foreign navy, written in collaboration by 
Lord Hythe and Mr. John Leyland. Follow- 
ing this is the usual chapter on comparative 
strength by Lord Hythe. The conclusion arrived 
at is that, from the British point of view, the 
situation, alike as regards fleets in commission 
or programmes under construction, is not unsatis- 
factory. ‘‘The German menace has been frankly 
and squarely met by the First Lord.” The only 
serious criticism that the writer ventures to make 
is that the paley of concentration in the distribu- 
tion of the Fleet may be carried too far. ‘‘ We have 
ge in every sea, and westill possess nearly 

alf the mercantile tonnage of the world.” As 
regards the distribution of the Fleet, it is shown that 
we have in Northern European waters 31 battle- 
ships, while Germany has 25, France 8, Russia4. Of 
armoured cruisers we have 22, Germany 3, France 3, 
and Russia 4. Of protected cruisers we have 19, 
and Germany 7. Of destroyers we have 118, 
Germany 36, and France 6. e author, however, 
points out that ‘‘in a situation such as that which 
nearly led to trouble last year, Germany would 
have to reckon with the French fleet in the 
Channel, and presumably also with the Russian 
fleet in the Baltic, the latter, as yet, not a very 
important factor.” In viewof this, he regards the 
arrangement as ‘‘ sufficient to meet any reasonable 
contingency.” As regards the Mediterranean, 
again, he considered it ‘‘impossible that Italy 
would willingly co-operate with her nominal 
allies in a war against Great Britain,” although 
the relations of Germany and Austria are so inti- 
mate that ‘‘it is not unreasonable that we might 
have to face an Austro-German combination.” Tak- 
ing ships in commission and in reserve in all Euro- 
pean waters, we have 37 battleships to Germany’s 
25, Austria’s 6, France’s 18, Russia’s 4, and Italy’s 
8. Of modern battleships built and building— 
launched subsequent to 1898—comparison shows 
that at the end of 1912 we shall have 39, Germany 
20, the United States 24, andFrance 12. The relative 
positions will not be materially altered by the end 
of 1913, for then we shall have 43, Germany 23, the 
United States 26, and France 14, while at the end 
of 1914 we shall have 47, Germany 26, the United 
States 28, and France 16. The rate of obsolescence, 
however, will then be greater in the case of British 
pre-Dreadnoughts than in those of Germany. In 
view of this we are forced to the consideration of 
comparative strength in Dreadnought types of 
battleships, and it would appear as if we were only 
holding our own in respect to the two-Power stan- 
dard without any satisfactory margin, the two 
Powers being Germany and the United States. The 
following table gives the numbers at the close of 
each year :— 
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In preparing this table the assumption is made 
that the ritish ships will be completed in about two 
years and German ships in about three years. In 
France and Russia the period of construction of 
battleships will probably be reduced to three years or 
alittle more. In battle-cruisers we have superiority, 
as at the end of 1912 we shall have four to ny's 
two, at the end of 1914 ten to Germany’s four, and 
at the end of 1915 ten to Germany’s five. Of first- 
class cruisers generally we have now 41, Germany 9, 
France and the United States each 15; while of 
second-class cruisers built and building we have 42, 

Germany 14, and France 11. 
In a chapter on machinery problems in high- 
wer warships Mr. Alex. Richardson is able to 
introduce a considerable amount of data regarding 
the present situation, so far as engineering problems 
in the Navy are concerned. The aim of the thesis is 
to determine to what extent the weight and efficiency 
of the machinery of battle-cruisers may be modified. 
It is pointed out that the machinery of such ships 
now weighs 5600 tons. It would appear that in 
Britain reliability in prolonged high-speed steam- 
sued as of primary, and economy 





of weight as of secondary, importance, while in the 
German service the first consideration is to get as 
much power as possible from the minimum of 
weight. As a consequence, in German cruiser 
trials the boilers, which are of the small-tube 
express type, are pressed toa higher rate under - 
eg ag 29 In the pe ag it is shown 
t the direct saving in adopting the express t 
is quite 450 tons as compared with the tegpdahe 
boiler. The advantages and disadvantages of the 
so-called large type and the express boiler are 
considered. The use of oil fuel exclusively is advo- 
cated, and a gain is indicated of 50 per cent. in 
steam production per unit of fuel carried, while 
the absence of bunkers reduces the boiler space 
required by 30 to 40 per cent. It is further pointed 
out that, by superheating steam to a moderate 
degree, there is possible a reduction in weight 
of 10 per cent., apart from a saving of water used 
of from 13 to 14 per cent., which again means that 
the condensers and circulating feed-pumps can be 
reduced. The conditions to fulfilled, and the 
disadvantages to be overcome, in superheating are 
reviewed, and recent experiments and applications 
of the systers described. The ibilities of the 
combined imypulse-reaction turbine, of the inter- 
position of gear between the turbine and the pro- 
peller, and of applying electric transmission of 
power, are considered ; and following this is a con- 
sideration of the potentiality of the oil-engine for 
warship propulsion. The exact condition of this 
prime mover, alike in the naval and merchant 
services, is in review. Finally, there is 
considered the extent of oil supply and its distri- 
bution throughout the world. It is pointed out 
that were all naval and merchant ships driven by 
oil-engines, the amount of fuel required would be 
from 24 to 25 million tons perannum. The amount 
of heavy oil suitable for engines available this year 
is likely to be only about 20 million tons, but there 
is, as pointed out, a steady increase in the annual 
supply, and considerable prospect of new sources 
in view of survey work now in progress. The 
conclusion arrived at is that in all high-powered 
fast ships boilers with small tubes should be 
adopted and worked under greater pressure ; that 
oil fuel should be exclusively used, irrespective 
of its first cost; that steam should be super- 
heated to the extent of 100 deg. Fahr., and that 
the combined impulse and reaction turbine, with or 
without power-transmission gear, will ensure high 
economy at reduced speeds. These suggestions 
offer the probability of a satisfactory solution of the 
problem of augmenting propelling power without 
involving a proportionate increase in the weight of 
machinery. 

Mr. John Leyland deals with naval war staffs, 
reviewing the organisation proposed in this country, 
as well as that adopted in Germany, France, and 
the United States, and he arrives at the conclusion 
that the new system in the British Navy—the 
outcome of tradition and experience—is more 
efficient as a means of bringing the power and 
influence of mature thought to bear upon the 
solution of all naval problems than any of the other 
systems examined. 

At the request of the editor, Sir William White 
is one of the contributors to this year’s ‘‘ Navy 
Annual,” the subject of his chapter being ‘‘ Recent 
Changes in Warship Design.” His intimate know- 
ledge of the subject, his known views, and his 
critical style will enable our readers readily to 
understand the line adopted in his article. Sir 
William has been consistent in his views as to 
recent tendencies in warship design, and there can 
be no doubt of the masterly character of this 
review of the subject. He traces the development 
of the so-called Dreadnought class, with special 
reference to the influence of size and power, inter- 
polating from point to point comment which is 
worthy of careful consideration. He reviews the 
essential differences between the pre- Dread- 
noughts and the Dreadnoughts under four heads 
—(1) higher speed; (2) principal armament of 
guns of uniform calibre; (3) the absence of 
secondary armament; and (4) the important change 
in the distribution of side armour. In res of 
the first of these differences, he points out that the 
adoption of the Parsons turbine greatly facilitated 
the attainment of higher speeds without involvi 
corresponding increase in weight. He deals wit 
the question of armament in relation to its effect 
on design, on ‘‘ sinkage” from normal to full- 
load draught, as well as upon the higher centre of 
gravity involved by the carrying of the heavier 
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guns at higher elevation. He certainly finds 
corroboration for his oft-reiterated view in favour 
of mixed armament by the gradual reversion to 
the fitting of 6-in. guns, in addition to the 
ten large guns, in practically all ships now, 
while as to the distribution of side armour, and 

articularly the criticism of ‘‘soft ends” in pre- 

readnoughts, he records the adoption of such soft 
ends in the Dreadnought battleships built subse- 
quently to the St. Vincent class. As battle- 
cruisers, he doubts the expediency of the high speeds 
aimed at, pointing out that the problem of fuel 
transport in warships of such high speed, especially 
where coal is ia, is necessarily more difficult 
than in swift ocean-going passenger steamers built 
primarily to perform regular voyages at maximum 
speeds and without the complications incidental 
to armament and the fitting of magazines. He 
offers a comparison between the Lion and the 
Mauretania, and urges that the proper method 
of dealing with the operations of auxiliary cruisers 
belonging to other countries is to employ British 
auxiliary cruisers, since our mercantile marine is 
rich in vessels suitable for such service. He con- 
tends that all nations are engaged in the game of 
‘* going one bigger ” in the design of Dreadnoughts, 
a game started with the Dreadnought and Invin- 
cible, and widely advertised as the ‘ winning 
game.” It must, however, be remembered that 
the features of the design of the Dreadnought and 
Invincible, which differentiate them from every 
predecessor, were accepted by a Committee of Design 
which was probably the most representative of any 
scientific body called together on a kindred subject 
at the Admiralty, or, indeed, in any Government 
Department. The decision of such a Committee can- 
not be lightly condemned. Again, the fact that all 
other Powers have adopted increased dimensions, a 
large number of high-calibre guns, with or without 
secondary armament, and higher speeds, is in a 
large degree corroborative of the desirability of 
the change made by the Admiralty. It is difficult 
in the present situation to justify any reversion to 
smaller ships, since our probable enemies are 
steadily building large ships. The strong arm and 
the long arm must necessarily win the day ; even in 
the pre-Dreadnought days the same argument was 
eo Sir William’s success in excelling the 
ships of all other nations having been most 
pronounced. 

Commander C. N. Robinson, R.N., contributes 
a chapter on the naval features of the Turco- 
Italian War, giving a very complete narrative, 
which will ultimately be helpful in a comprehen- 
sive review of the tactical significance of events. 
He is also, as in former years, responsible for 
the section of the ‘‘ Annual” dealing with armour 
and ordnance. He reviews the developments in 
connection with gunnery, dealing with the bal- 
listics of guns, the disposition of armament on 
ships, and the adoption of triple instead of twin 
turrets in various navies. The Austrian, Ameri- 
can, and Italian designers have adopted the triple- 
gun turret, in order to maintain the full number 
of guns, while —— the number of gun-stations. 
Sir William White, in his article, incidentally recog- 
nises that this has simplified the designs in many 
ways, but he adds that it yet remains to be 
proved that triple-gun turrets will be as effi- 
cient as twin-gun turrets in the loading and 
firing of guns, and that the excessive concentration 
of guns in a single station does not involve serious 
risks. In this country, however, alike for British 
and foreign navies, the twin-gun turret still holds 
the field. The progress in connection with gun- 
mountings and with gun-sights is reviewed. It is 
interesting to note that several of the firms are 
devoting attention to the production of guns 
capable of high-angle fire for defeating aeroplanes. 
Developments in connection with guns, mountings, 
projectiles, ammunition, and submarine mines are 
recorded for foreign countries as well as for Britain. 
Little, however, that is n»w is available regarding 
armour, the seal of secrecy covering this depart- 
ment with more than ordinary rigidity. 

The ‘‘ Annual” includes the usual tables of ships 
in the various fleets, with drawings of the most 
important ships, and these are reproduced not only 
with clearness but with a high degree of accuracy. 
In one or two cases, however, the particulars given 
are not quite accurate, and mention may be made of 
the Japanese cruiser Kongo, which was illustrated 
in last week’s issue of ENGINEERING. In one or two 


last week. Appended to the book are several 
statistical and other official statements and papers. 
The complete result is that, as we said at the outset, 
the ‘‘ Navy Annual” maintains its high repute, not 
only for the wealth of information and suggestiveness 
of the contributions by the various writers, but for 
the accuracy and completeness of the information 
regarding naval affairs in this and every other 
maritime country. 





Motor Bodies and Chassis. By H. J. Butter. London 
— York: Messrs. Harper Brothers. [Price 6s. 
net. 

Waite the mechanical elements of the petrol-car 

have had many works devoted to their description, 

comparatively little has been written about the 
question of motor-car bodies. A book dealing 
with the subject is therefore very welcome. The 
scope of the above work will be well understood 
when it is stated that about 155 pages are devoted 
to the consideration of bodies and their accessories, 

145 pages to chassis, engines, &c., and some twenty 

pages to a consideration of running costs, &c. 

n the first part of the book the various types of 
bodies are described, beginning with the two-seated 
open type, continuing with the various three, four, 
and five-seated open types, and then the landau- 
lettes, limousines, and various types, which are closed 
either with permanent or temporary coverings. 
Finally, wagonettes, open and closed, &c., are dealt 
with. This part of the book is all excellent, and 
contains much information worthy of study by 
both an intending purchaser and a manufacturer, 
for the limits and difficulties of the various types 
are very well described. 

Subsequent chapters describe the methods of 
making the working drawings of a body and of 
constructing it, painting, &c. Finally, body acces- 
sories, such as hoods, &., are dealt with. The 
remainder of the book is occupied by a somewhat 
cursory description of the petrol-engine and chassis. 

Excellent as the part about bodies is, it appears 
to us that it might send been extended with advan- 
tage, and the latter part proportionately condensed. 
The assumption of the book appears to be that 
when a car is purchased a body will invariably be 
built specially for it, to the owner’s taste. This 
is, however, only true of a few of the more expen- 
sive cars, and considerations of price necessitate 
that the majority of motorists take a standard body 
of a pattern manufactured in quantities, a great 
many of the parts being often of stamped steel. 
Details of these methods of manufacturing would be 
valuable, as well as a careful consideration of the 
proportions which are likely to prove most useful 
to the general community. The question of the 
relative weights of the various types, &c., would 
also be of great interest, for the reduction in weight 
of chassis depends largely on reducing the weight 
of bodies. Again, we are told of the difficulties 
which the conventional design throws in the way of 
the coach-builder, but no indications are given of 
how these might be lessened. 

One of the great merits of the book is that it 
puts the bodies first. The days when the body was 
made any shape that would fit on to the chassis are 
over, and the chassis should now be simply con- 
sidered as a means of carrying the body required. 
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—— respects the drawings in the ‘* Annual ” 
differ from those which we were permitted to publish 
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the Absorptive and Permeable Properties of Portland 
Cement Mortars and Coneretes, together with Tests of 
Damp-Proofing and Water-Proofing Compounds, «c. 
By Rupoiex J. Wie and. P. H. Bates. Washington: 
Government Printing Office. 

The Railway Signal Dictionary: An Illustrated Vocabu- 
lary of Terms which Designate American Railway 
Signals, their Parts, Attachments, and Details of Con- 
struction, d&c., with Description of Methods of Operation 
and some Illustrations of British Signals. Compiled 
by Braman B. Apams and Ropney Hirt, and revised 
by A. D. Croup and H. H. Simmons. Chicago, New 
York, and London: Ratlway Age Gazette. 

The Laws of Supply and Demand, with Special Reference 
to their Influence on Over-Production and Unemplov- 
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Constable and Co., Limited. [Price 7s. 6d. net. ] 
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Band. LEiniihrung in die Maxwellsche Theorie der 
Elektrizitat. By Dr. A. Foéprzt. Vierte, umgear- 
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Maschinen und Apparate der Starkstromtechnik ihre 
Wirkungsweise und Konstruktion. Erster Teil: Gleich- 
strom. Zweiter Teil Wechselstrom. Hin Lehrbuch fiir 
den Gebrauch an Technischen Lehranstalten, u.s.w. 
By Gustav W. Meyer. Leipzig and Berlin: B. G. 
Teubner. [Price, sewn, 15 marks ; linen, 16 marks. ] 

tare Mechanik, Ein Lehrbuch enthaltend: Eine 
Begriindung der Aligemeinen Mechantk ; Die Mechanik 
der Systeme Starrer Kirper ; die Synthetischen und die 
Elemente der Analytischen Methoden, sowie eine Ein- 
fiihrung in die Prinzipien der Mechanik Deformier- 
barer Systeme. By Georc Hamew. Leipzig and Ber- 
lin: B.G. Teubner. [Price, paper, 16 marks ; bound, 
18 marks. 

Studien und Experimentelle Arbeiten zur Konstruktion 
meines Grossélmotors. By H. JUNKERS. Berlin: Julius 





Springer. 

Memoria sobre el Estado y Progreso de las Obras del Puerto 
de Vigo durante los Aiios 1908, 1909, y 1910. Vigo: 
Topografia del Faro de Vigo. 

Handbuch der Materialienkunde fiir den Maschinenbau. 
Von Dr.-Ing. A. Martens. Zweiter Teil. Die Tech- 
nisch wichtigen Eigenschaften der Metalle und Legier- 
wngen. Von E. Hern. Hilfte A. Die wissenschaft- 
lichen Grundlagen fiir das Studium der Metalle und 
Legierungen. Metallographie. Berlin: Julius Springer. 
[Price 42 marks. } 

Elementary Principles of Reinforced-Concrete Construc- 
tion. By Ewart 8S. Anprews, B.Sc. Eng. (Lond.). 

ndon: Scott, Greenwood and Son. [Price 3s. net.] 

Smoke: A Study of Town Life. By Jutius B. Couen, 
Ph.D., B.Sc., F.R.S., and Artuur G. Ruston, B.A., 
B.Sc. London: Edward Arnold. [Price 5s. net.] 

Elements of Hydrostatics. By Grorcr W. Parker, M.A. 
London, ew York, Bombay, and Calcutta: Long- 
mans, Green and Co. [Price 2s. 6d.] 

Das Pendeln bet Gleichstrommotoren mit Wendepolen. 

Von Dr. Kart Homperc. Berlin: Julius Springer. 

{Price 2.80 marks. } : 

Die Ein; -Motoren nach den deutschen Patentschriften. 

Von Dr.-Ing. Erich Dyur. Berlin: Julius Springer. 

[Price 6 marks. } 

Elementary Internal-Combustion Engines. By J. W. 
Kersuaw. London, New York, Bombay, and Cal- 
cutta: Lo Green and Co. [Price 2s. 6d. net.] 

The Electrical Properties of Flames and of Incandescent 
Solids. By Haroip A. Witson. London: University 
Press, [Price 6s. net. } ; 

Dictionary of Engineering Terms in English and Spanish, 

with Indexes in both Languages : 5500 Technical Terms. 

By Anprés J. R. V. Garcia. Re-written and con- 

siderably enla: by W. N. Corner. London 

Hirschfeld Brothers, Limited. [Trice 2s. 6d. net. | 








Exectric Roap-F.iusHinc Macuines. —The Munici- 

ity of Berlin has found electrically-driven (accumu- 
ator) machines for cleaning the streets much cheaper 
than the old horse-carts. There are now twenty-four 
accumulator machines and ten horse-carts in use. The 
working expenses of the former are avera at 18.70 
marks, those of the latter at 19.20 marks, and the electric 
machines do so much more work that each machine 1s 
supposed to save about 53. 6d. a day by comparison with 
a horse-driven water-cart. The electric machines are con- 
structed by Messrs. Hentschel and Co., of Berlin ; they are 
equipped with two electric motors, each of 4 horse-power, 
and with a battery of forty cells and a capacity of 200 
ampere-hours. The water-tank has a capacity of 25 
cub. m. (about 90 cub. ft.), and the machine weighs, 





without water, 3.5 tons, 
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THE IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY.—No. I. 
By C. A. M. Smrrx, M.Sc. 
Durine the last few years it has been the privi- 


lege of the writer to visit all the University Colleges | 





in England in which instruction in engineering is | 
given, descriptions of many of which have appeared 
in these columns from time to time. More recently 
some notes on the facilities for engineering educa | 
tion in the Metropolis have appeared,* in which 


nection with the provision existing in other parts , 
|of the United Kingdom, and of His Majesty's 
|Dominions beyond the Seas.” It is therefore 
|obvious that the whole problem of university 
| education in applied science in London is sub judice. | 
This and the succeeding articles will enable readers | 
of this journal to understand what is the present | 


state of affairs as regards the Imperial College, and that is taking place in London. 
| to appreciate the value of any changes recommended generation is ambitious, and the development of 
|primary and secondary education has stimulated 


»y the Commission. 


There are, in London, many excellent institu-|a desire for higher training. 


rather than actual leaders of industry. Possibly 
later on some scholarship system will be arranged so 
that the best of the former class may spend a year 
or more under the supervision of professors at one 
of the centres of higher technical education in the 
Metropolis. 

Very few people understand the great change 


The coming 


The colleges are 


it was suggested that certain centrés of instruction | tions in which a student may learn applied science. | all determined to do experimental and research 


in London would be more fully di-cussed. 


| The Metropolis of the Empire should, as a matter | work, and during the past decade vast sums have 


In order that there may be no misunderstanding | of course, contain facilities for such workers. The) been spent on equipment for the applied science 
of actual facts and of the general position of higher! seven and a half millions of inhabitants have, sections. In London the “‘ schools” of the Univer- 
technological education in London, it may be well perhaps, less local patriotism, collectively, than the sity where applied science is taught, and the poly- 
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at the outset to state that a Royal Commission, 
under the chairmanship of Viscount Haldane, 
is sitting to inquire ‘‘into the working of the 
present organisation of the University of London, 
and into other facilities for advanced education 
(general, professional, and technical) existing in 
London for persons of either sex above secondary- 
school age ; to consider what provision should 
exist in the Metropolis for university teaching 
and research ; to make recommendations as to the 
relations which should in consequence subsist 
between the University of London, its incor- 
porated colleges, the Imperial College of Science 
and Technology, the other schools of the Univer- 
sity, and the various public institutions and 
bodies concerned ; and, further, to recommend any 
changes of constitution and organisation which 
appear desirable. In considering these matters, 
regard should also be had to the facilities for edu- 
cation and research which the Metropolis should 
afford for specialist and advanced students in con- 





half million in Birmingham or Manchester, but it 
should be possible to rouse the Londoner. He is 
‘*a citizen of no mean city,” and should be proud of 
the University and the various ‘‘schools” and 
colleges which are doing pioneer work in all 
branches of science. hat is the reason for 
the usual lack of interest? With all sincerity, 
the writer believes it to be due to ignorance, for the 
average Londoner knows little or nothing of the 
opportunities offered him for higher technical work ; 
and with his ignorance he is content. 

There is a temptation to discuss the difficult 
problem of technical education in London, con- 
sidered as a whole. We may be sure that, trouble- 
some as is this problem, it will be gradually solved. 
London is so huge that it can easily assimilate half- 
a-dozen University Colleges. All types of engineers 
require to be trained in the Metropolis, and it is 
apt to be overlooked that more than one type of 
technical education is required. It is well, there- 
fore, to remember the many technical institutions in 
London which give instruction to youths who will 








* See ENGINEERING, vol. xci., page 607. 


be foremen, draughtsmen, and under-managers, 


technics, are providing sound instruction, and, as 
far as is possible with their limited equipments, 
carry out research work. 

Undoubtedly the two greatest events in the 
history of technical education in this country are 
the 1851 Exhibition, and the creation, about fifty 

ears later, of the first provincial university at 
Siestaciom, whose wneek aim was the specialisa- 
tion of the application of science to industry. 

A tremendous amount of leeway, in higher educa- 
tion, has been made up since Mr, Joseph Chamber- 
lain first devoted his attention to the subject, about 
ten or eleven years ago. The now numerous pro- 
vincial universities have sprung into being; the 
London colleges have moved with the times ; and 
the Charter of July 8, 1907, established the Imperial 
College of Science and Technology. A complete 
change has come over the country ; a change of 
vital importance to every engineer, and certainly 
not without its influence upon the national life. 
But it has come about so silently, so smoothly, that 
while we have grown accustomed to tremendous 
alterations in such obvious matters as road trans- 
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port and naval construction during the same period, 
we have been almost unaware of the new condi- 
tions of technical instruction. 

‘*The Metropolis is moving.” These words are 
even more true now than they were when spoken 
seven years ago by the Chancellor of the Bir- 
mingham University, after he had reviewed the 
progress made in higher technical education in the 
Midlands. He referred tothe idea (then suggested) 
of the Imperial College. For the Imperial ‘Colle e 
really is an Idea, and not, as some people fondly 
imagine, a group of buildings situated in South 
Kensington. That this idea is no new one, how- 
ever, is shown by the following extract from 
Martin’s ‘‘ Life of Prince Consort” (vol. ii., e 
4145):—‘*On August 10, 1851, Prince Consort io 
up @ memorandum of advice to the Royal Com- 
mission as to how to dispose of the surplus resulting 
from the Exhibition of 1851, in which he expressed 
himself as follows :— 

‘I am assured that from 25 to 30 acres of ground 
on the other side of the Kensington-road, called 
Kensington Gore, are to be purchased at this moment 
for 60,0001. 

‘I would buy that ground and place on it four 
institutions. 

‘The first would be most usefully subdivided 
into Metallurgy, Metallurgical Chemistry, and 
Animal and Vegetable Physiology. 

‘The second would embrace the whole branch 
of Polytechnic Science with its subdivisions. 

‘The third would embrace a School of Design 
and Chemistry as applied to Manufactures. 

‘The fourth, Architecture, Antiquities, 
Sculpture.’ ”’ 

The far-seeing statesman outlined something 
which was comprehensive, and which showed that, 
sixty years ago, it was realised that London should 
provide a centre of advanced technical training and 
research. The idea of the Imperial College of Science 
and Technology follows the lines laid down by the 
inspirer of the 1851 Exhibition, but it is also some- 
thing much greater. It has been growing during the 
last half-century, though the general public have 
not, perhaps, even been aware of its existence. The 
very name ‘‘college ” brings to the average mind 
an erection of bricks and mortar, class-rooms, and 
blackboards ; but that is only a concrete expression 
of the idea, which does not necessarily require to be 
embodied in a material form. The College of 
Cardinals is not a Roman building, and the Imperial 
College of Science and Technology is not one, or 
even several, buildings in South Kensington. 

A friend, whose state of mind probably very 
much resembles that of the ordinary technical man 
—(the general public are almost hopeless in their 
state of mental blankness on all things connected 
with technology)— said to the present writer, 
‘* Why don’t they pull down the ‘‘Central” and the 
Royal College of Science, and make the Imperial 
College one great building— the biggest thing of its 
kind.” That question was passed on to the Roce, 
Sir Alfred Keogh, who said, ‘‘ But the Imperial 
College is not a building ; it is an idea.” And he 
explained that it was quite a coincidence that the 
colleges which at present come within its scope 
are situated close together. It would not always 
be represented even by a group of buildings in 
London, There would be professors of the Imperial 
College in other large centres of industry of the 
Empire. The Imperial scholars would travel about 
to this or to that building, wherein they could best 
obtain the instruction and inspiration most suit- 
able for their work. Should there be an Imperial 
scholar who wished to specialise in wireless tele- 
graphy, then, if the greatest exponent of wireless 
telegraphy lectured in Liverpool, he would be sent 
to Liverpool as an Imperial scholar. And so on, 
through every branch of industry. Of course, it 
might be possible to arrange for the expert to come 
down from Liverpool to give a special course of 
lectures in London. Every scheme would be 
arranged from the point of view of the engineer— 
that is, devised in order to reduce waste effort. It 
was fallacious, said Sir Alfred Keogh, to suppose 
that there was any rivalry between the Imperial 
College and the universities and colleges in which 
applied science was taught. It was a matter of 


and 


co-operation between the Imperial College and every 
centre of technical education in the Empire. 
Integral parts of the Imperial College at present 
existing are the Royal College of Science, the Royal 
School of Mines, and the City and Guilds (Engineering) 
College. For many years each of these well-known 
centres of scientific struction carried on its work 








irrespective of the equipment in the other colleges. 
It is now trocar | in industrial operations that 
great benefit may follow the incorporation of two 
or three firms under one administration. The 
Imperial College has already accomplished some- 
thing similar in educational work. It has brought 
together, under one governing body, institutions 
which previously were unconnected. Almost simul- 
taneously with the creation of the Imperial College, 
University and King’s Colleges, of London, were 
pans for incorporation in the University of 
ondon. 

A Departmental Committee was appointed by 
the Board of Education in 1904 to consider the 
subject of the present and future working of the 
Royal School of Mines and the Royal College of 
Science, which subsequently reported in favour of a 
progressive a with regard to higher technical 
training. ith the object of furthering this 
policy provisional grants of funds and land were 
made by the Government, the 1851 Commissioners, 
and the London County Council, whilst assistance 
was also promised from private sources. The 
Royal Charter of 1907 gave practical effect to the 
recommendations of the Departmental Committee 
in the establishment of the ‘‘ Imperial College,” to 
the governing body of which the three institutions 
mentioned above were duly transferred. Under 
the charter powers were given for the institution 
of additional departments and colleges, or the 
incorporation of existing institutions as integral 
parts of the Imperial College, the object of which is 
‘**to provide the fullest equipment for the most 
advanced training and research in various branches 
of science, especially in its application to industry.”’ 

In order to give some idea of the extent of the 
resources at the disposal of the Imperial College, it 
may be mentioned that the total value of the land, 
buildings, and equipment exceeds one million 
sterling, and that in addition to the considerable 
revenue obtained from the students’ fees, a further 
source of income is derived from annual grants 
from the Government, the London County Council, 
and from the City and Guilds Institute, and also 
from private donations. In dealing with the 
integral portions of the College in subsequent 
articles, the resources placed at the disposal of 
the Governors will be more fully dealt with. 

The management of the Imperial College is vested 
in a ‘*Governing Body,” comprising 40 members, 
who are nominated in the following manner :— 
The Crown and the Board of Education respec- 
tively nominate six and four members, whilst two 
are elected by the 1851 Commissioners ; University 
of London, the London County Council, and the 
City and Guilds Institute each nominate five 
members, and the professorial staff of the Imperial 
College four. The remaining nine are appointed 
one each by the following learned societies :— 
Royal Society, the Institutions of Civil, Mechanical, 
and Electrical Engineers, the Institutions of Naval 
Architects, Mining Engineers, and: Mining and 
Metallurgy, the Iron and Steel Institute, and the 
Society of Chemical Industry. The Chairman of 
Governors is the Marquis of Crewe, and amongst 
those at present acting on the Board may be 
mentioned the Right Honourables the Earl of 
Halsbury, Viscount Esher, Gerald Balfour, Arthur 
Dyke Acland, and Sir Francis Mowatt ; whilst engi- 
neers and scientists are represented by Sir J. Wolfe 
Barry, Sir Hugh Bell, Sir A. J. Durston, Prof. 
W. E. Dalby, Dr. R. T. Glazebrook, Messrs. 
R. T. Gray, W. McDermott, A. Sopwith, Sir 
W. Tilden, Dr. W. C. Unwin, and Su W. H. 
White. It will thus be seen that a thoroughly 
representative body is established for dealing with 
the general policy of the College, which, with the 
great financial resources at command, can be confi- 
dently expected to develop on sound lines, A 
development of the Imperial College idea has 
already been achieved in that the Metallurgical 
Department of the University of Sheffield is recog- 
nised as being in association, with the Imperial 
College, and this association, which was accom- 
plished in 1909, may be regarded as the forerunner 
of other similar arrangements with institutions in 
other parts of the Empire. 

A reference to the key plan, Fig. 1, page 685, 
will make clear the extent and arrangement of the 
several buildings constituting the Imperial College 
at present existing and in course of erection, 
whilst the sites available for further extensions, 
and already acquired by the College, will also be 
seen. The new buildings of the Royal College of 
Science, in Imperial Institute-road, contain the 








physics and chemistry departments and also tho 
administrative offices of the Imperial Colleve. 
whilst the old buildings of the Royal College, », 
the east side of Exhibition-road, are now devote:| 
entirely to the departments of mathematic. 
mechanics, and biol On the opposite side of 
the Exhibition-road is the City and Guilds (Engi- 
neering) College, adjoining which, on the north 
side, the department of advanced engineering is in 
course of erection. To the west of this latter, and 
forming a continuation of the frontage in Prince 
Consort-road, is the new building of the Royal 
School of Mines and Geology, whilst further west- 
ward in this road will be seen the site of the 
chemical technology departments. Immediately 
opposite and on the north side of Prince Consort- 
road is the site upon which the Imperial College 
Students’ Union has been erected, whilst to the 
east the departments of botany, plant physiology 
and pathology, are in course of construction. In 
the present article the objects and scope of the 
Imperial College have been indicated, but it is 
proposed to deal fully with the various departments 
in a series of subsequent articles. As will be 
seen from the key plan, the College buildings are 
adjacent to the Natural History and other science 
museums, which should prove of considerable 
benefit to the students. 








HIGH-CAPACITY RAILWAY WAGONS. 


Notes on the Relation of Wheel Diameter to 
Tractive Effort, dc. 


By Hersert Ketway-Bameer, M.V.O. 


1. THE gross weight of modern high-capacity 
wagons is very great, ranging from 66 tons on the 
railways of the United States of America to 25 tons 
on the light feeder-lines of India. 

2. The weight per pair of wheels on rail for such 
fully and evenly loaded wagons at rest on a straight 
and level track is thus 16.5 and 6.25 tons respec- 
tively. 

3. The normal pressure per journal for these 
weights ranges from 17,000 lb. to 6650 lb., while 
the load per square inch of effective bearing surface, 
allowing 20 per cent. for over or uneven loading, 
stress due to curves, &c., is about 700 lb. in both 
cases. 

4. As will be seen from the following statement, 
the diameter of standard wheels in use under high- 
capacity wagons varies considerably in different 
countries. 


Standard | Maximum Per- 








we Normal 
Wagon |missible Normal 

Railways. Gauge. Wheel | Load per Pair | see 
| Diameter of Wheels | aad 
| (New). jon Rail in Tone.| — 

| 

ft. in. | in. 

Indian 5 6 43 } 16.0 16,500 
British ‘ . 4 8} 38 } 15.0 15,600 
South African .. 3 6 34 | 16.0 15,500 
North American.. 4 8} 33 16.5 | 17,000 
South American.. 5 6 33 14.0 | 14,300 
Malay States 3 38 33.5 10.0 | 10,100 
Indian ; 3 3§| 28 8.0 | 8,400 
Indian 2 6 23 | 6.25 | 6,650 





5. Recently a proposal has been made to reduce 
the standard diameter for Indian broad - gauge 
wagon-wheels from 43 in. to 37 in., the weight 
thereby saved being added to the carrying capacity 
and paying load. 

6. The number of 43-in. diameter wheels in use 
under goods vehicles on the broad-gauge railways 
of India is approximately 400,000, while the annual 
additions for the ten years ended December 31, 
1910, have averaged 15,000. 

7. The weight of a pair of 43-in. diameter wheels 
for use with standard 16-ton load axles and with 
tyres measuring 5 in. by 2} in. is 2050 lb. ; the weight 
of a pair of 37-in. diameter wheels for the same 
duty and of the same tyre dimensions is 1680 1b.— 
difference, 370 lb less. 

8. The saving in dead weight following upon the 
adoption of a 37-in. diameter wheel would, on the 
foregoing figures, in a period of ten years, amount to 


about ~ x 15,000 $70 _ 12,400 tons, all of 


2 2240 

which would be available for additional paying 
load, or could be utilised as a set-off to the weight 
of the automatic vacuum brakes with which Indian 
broad-gauge railway goods vehicles are now being 
equipped, and which at present entails considerable 
reduction in the paying load. : 

9. With a view toascertaining the power required 
to move from rest high-capacity broad (5-ft. 6-in.) 
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propellers, faults, such as pitting, corrosion, simple 

* a TABLE I.—Low.Spezp Friction Tests. (See Paragraphs 14, 18, ant -~ rusting or fracture, pote found, and @ z h 

| | Total | defects were ascribed to various causes, no very 
Distance Travelled .. .. «. ft. 10 | 20 30 40 50 60 70 80 Balance.! Distance | definite conclusions being arrived at. 

| | Travelled. Improvement in design and better selection of 

— lao | aoe | Gee | ook | oon 1 Ok | ok lent onl. the metal to some extent mitigated the defects, so 

va ro 2% 12.6 4.6 4.6 as 88 56 70 | r ae + that — ba = — day the cast-iron or steel 

, ross . : . ’ ; ; . ropeller findsa useful place in marine engineering. 

sin } _ 3% | «100 $3 bs | 88 $3 Bs es | 66 10.0 78 With the demand ier’ cunndle of high neal and 

' (| % | 153 | 46 a6 | 46 46 | 46 50 | 58 | 40 83.6 efficiency, iron gave way to gun-metal, manganese- 

WwW _— Gross Load 26 14.3 4.8 48 4.8 4.8 4.8 4.8 5.0 6.8 84.6 bronze, phosphor-bronze, and other complex copper 

arin. cha = | oe Bi Se | ee | ae | oe | ae cs 48 | Sef alloys, a change which results fully justitied. Such 

| on “ as 63 as as | ws as | oe defects as were formerly experienced are nowadays 

Wheel ) Gres Keek || 9 16.6 5.9 5.9 5.9 5.9 5.9 | 11.0 40 | 726 brought to a minimum, weight is reduced, accuracy 

—- | inTons }| 28 15.6 6.1 6.1 83 | 113 6.6 “ . | of pitch and design becomes possible, and the life 

aad. ‘(ee ew ii = of the propeller not infrequently exceeds that of 














gauge wagons equipped with wheels of various dia- 
meters, the author, while superintendent of rolling- 
stock on the East Indian Railway, carried out 
numerous haulage tests, the mean results of which 
are given in paragraph 15. 

10. The experiments were made with four-wheeled 
wagons of 11-ft. 6-in. fixed wheel-base, the wheel 
tyres being in good order. 

11. The axle journals were cold rolled; the bearings 
white-metal lined; and the lubricant, a heavy mineral 
oil, was conveyed to the journal by spring pads.* 

12. The track, marked off in lengths of 10 ft., was 
straight, level, and in good condition. 

13. The tractive effort, just sufficient to impart 
motion from rest, was applied steadily through a 
distance of 10 ft.; it then automatically ceased. 

14. The wagon rolled foward under the influence 
of momentum for distances and in the times shown 
in Table I. given above. 

15. Vehicle Resistance—Static Friction Tests. 


| 
Weight of loaded vehicle 





in tons .. = 24 | 26 28 30 32 
wheel 
dia. 
in. 
Resistance in pounds per} (34 22.46 | 23.69 | 25.25 | 26.30 | 27.7 
ton for wheels of}; 37 21.43/22.5 (24.18 | 24.57 25.3 
various diameters | las 21.32 | 21.47 | 21.9 


20.54 | 20.72 | 





16. Taking the 43-in. diameter wheel as the basis 
for comparison, the percentage of additional power 
required to move loaded wagons from rest for dif- 
ferent wheel diameters is as follows :— 


Weight of loaded vehicle 














oaded wagons for dif- 
ferent wheel diameters 


intons.. 2 | 2% | 2 30 32 
\wheel | 
dia. 
P t additional 7” 
ercentaye o' itional | | P . 
. 93 | 143 | 184 224, 264 
wer required to move lz | 43 | 86 | 134) 144! 15.5 


43 


Unit of comparison 





17. The advantage attending the use of 43-in. 

diameter wheels in starting is only momentary, for 
as soon as the oil reaches the bearing the coefficient 
of friction is reduced and is practically the same 
for 34-in., 37-in., and 43-in. wheels. 
_ 18. This is clearly demonstrated by the figures 
in col, 2 of Table I., which give the times occupied 
in moving, under the influence of the tractive effort, 
through the first 10 ft. of travel. 

19. That the supply of oil to the bearing is more 
effective with smaller wheels is evident from the 
earlier and more rapid acceleration, the higher 
speed and greater distance covered before wagons 
are brought to rest by the friction between journal 
and bearing, wheel-tyre and rail. 

_ 20. An interesting feature of the foregoing 
figures is the gradually decreasing time taken in 
starting and travelling through the first 10 ft., as 
the pull per ton required to overcome “static ” 
iriction rises and as wheel-diameter diminishes. 
_21. Recent investigations give the following re- 
sistances for four-wheeled and bogie vehicles moving 
at various speeds over a straight and level road, 
and these figures agree very closely with the 
author's experience on Indian railwayst :— 








| 
10 | 2 s0 | 40 


Resistance in Four-wheeled | vehicles 4.57 
pounds perton | Bogie (eight-wheeled) 4.09 


Speed in miles per hour .. 











6.09 | 8.15 | 10.75 
5.06 | 6.47) 8.33 





_ 22. Assuming the tractive effort at 10 miles per 
hour to be also that required to maintain motion 
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at a speed of 2 miles per hour—i.e., when ‘“‘ static ” 
has completely given place to ‘‘ slow speed ” fric- 
tion—the coefticients for the resistances given in 
statements at paragraphs 15 and 19 are as follow :— 





Whee) tight of Leaded Vehicle in Tons. 
| Diam. 














| 24 26 28 | 30 32 
Se ne ee Nn en Tee 

| in. | ™ 

Coetiient of stati tro (3 Oty] 124g 21| wis 
tion ++ ++ + | 48 | 0081 | Sou92 | 0695 | [0095 | .0097 

{ 
Type Speed in Miles per Hour. 
a of | ae . = 

Vehicle. | 2 | 10 | 20 | 80 | 40 
Coefficient of fric- { 4-wheeled | .002 | .002 | .0026 | .0036 | .0048 
tion .. oe bogie | .0018 | .0018 | .0022 | .0029 0007 





23. In practice the full ‘‘static” resistance of a long 
and heavy goods train is not, as a rule, dealt with by 
the engine at one moment, but wagon by wagon. 

24. The greater starting effort required with the 
smaller wheel is therefore not of much importance, 
while: the increase in revenue-earning capacity 
attending its use, amounting on ten years’ additions 
to stock to some 15,000 tons, may represent in- 
creased earnings for fully-loaded vehicles on Indian 
broad-gauge railways of from 200,000/. to 300,000. 
per annum. 

25. Further, the reduction in first cost on a 
yearly addition of 15,000 wheels would, to say 
nothing of reduced freight charges, effect a saving 
of over 20,0001. per annum. 

26. That the results of the experiments here 
recorded are correct is borne out by the fact that on 
North American railways, with trains of great length 
and weight, and on South African lines, with heavy 
gradients and sharp curves, 33-in. and 34-in. diameter 
wheels respectively are standard for goods stock, 
while even for coaching vehicles the diameter 
throughout the world (excepting for Great Britain 
and India, where it is 43 in.) does not exceed 38 in. 








THE CORROSION OF BRONZE 
PROPELLER-BLADES. 
By Wiiu1am Ramsay, F.I.C. 
Tue question of the life and efficiency of the 
screw-propeller has exercised the minds of engi- 


TYPE A 
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introduction into marine propulsion. 








Bent forward from 
Middle of Blade 


the ship itself ; indeed, it is not too much to say 
that thirty knots per hour would be impossible 
except for the bronze propeller ; further, if such a 
propeller fouled an obstruction while running, more 
often than not it simply bent, and could be 
straightened out again to its original form, whereas, 
under the same circumstances, a cast-iron or steel 
blade would have broken off. Although the 
afore-mentioned faults still showed themselves in 
the newer alloys, they existed in such a minor degree 
that, so far as durability was concerned, the pro- 
peller question seemed to have been settled. 

The introduction of the steam-turbine for high- 
speed vessels in place of reciprocating machinery 
proved, however, that no such finality had been 
arrived at. The higher shaft speed of the turbine 
necessitated modifications in the design of the 
or and, although this resulted in a fuller 

nowledge of soapeies generally, a new and 
serious fault presented itself—one which has so far 
baffled all inquiries into its origin and rectification. 

To some extent this fault resembles ordinary 
electrolytic corrosion, but a little reflection will 
reveal the fact that behind it there is something 
more subtle than mere local action due to irregu- 
larities in the composition of the alloy. Instead of 
being general or irregular, the corrosion is now 
concentrated into certain definite areas, and to such 
an extent and so rapidly does it occur that the 
safety of the vessel may be jeopardised after only 
a few months, or even weeks’, running. One thing 
is certain, it does not occur while the vessel is 
lying up, but only, so far as experience goes, 
when it is running at full speed. 

The defects bear a general similarity so far as 
surface goes, but with regard to position and shape 
they may be sorted out into as or four well- 
marked types, as follow :— 

(A) A scar patch, more or less elongated, extend- 
ing across the blade near the root (Fig. 1). This 
is the most general and the most serious form, and 
as a rule shows the greatest depth of corrosion. 

(B) A more or less rounded patch at or near the 
centre of the blade (Fig. 2). 

(C) An elongated streak of scarred metal near 
and conforming to the edge of the blade (Fig. 3). 
This may occur at any part of the edge, but is 
generally seen on the forward edge. 

(D) A linear scar on the boss between the blades 
(Fig. 4). 

In addition to these four types, more or less 


TYPE C" Fig.3. 
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‘entrifuyal Pull 


-| neering experts more or less from the time of its | frictional wear is apparent over the whole surface, 
| but generally more pronounced at the edges. 


As 


In the early days of the solid cast-iron or steel a rule this wear is insignificant. 
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At the inaugural meeting of the Institute of 
Metals I exhibited three plaster replicas of parts 
of badly corroded propeller-blades (type A, Figs. 6 
to 8), and ascribed the effects as being probably 
due to erosion owing to the sandblast - like 
action of the water, and not to the corrosion as it 
is generally understood ; an opinion which was 
somewhat natural, since the scars generally con- 
formed in shape, direction, and character to the 
course of the water over the blade: that this is a 
mere coincidence will be shown later. The erosion 
theory seemed to have been accepted on this state- 
ment. It is almost universally held up to the 
present, and has been the cause of much research 
on the part of chemists and metallurgists to 





change in propellers, the fact remains that such 
alloys do fail, and in exactly the same manner as 
the older bronzes. 



































only asasecondary and minor factor in the destruc- 
tion of the metal. The results of my experiments 
and observations point to the belief that the 
primary cause is electrolytic corrosion assisted, 
no doubt, to some extent by erosion. 

It is well known to physical chemists that the 
electrical resistance of a mechanically-strained 
metal is higher than that of the same metal in 
the unstrained state ; in other words, the electric 
potential is raised, the strained portion becoming 
anodic (+), while the normal part becomes cathodic 
(—). Immersed in an electrolyte an electric current 
will flow between the two parts, the hardened or 
strained metal being attacked or dissolved, while the 
unstrained portion is comparatively unaffected. 















































Fic. 10. 


produce an alloy which would resist frictional 
wear. So far these attempts have only been a 


alloys have been due to their use or to the modi- 


to reconsider the whole subject from a different 
qualified success, and it is doubtful whether the| aspect, with the result that, in my opinion, 
improved results claimed for certain proprietary | erosion, pure and simple, can no longer be regarded 
as the prime cause of the trouble. 
fication in design which usually accompanies a/play a part in the action is most probable, hut 














The failure of these special alloys induced me | 


That it does 








Fic. 11. 


This fact has apparently been lost sight of, and 


failure to locate serious differences of potential 
with other parts of the ship tended to establish 
the idea that the damage to the metal must be due 
to frictional wear ; on the other hand, there was 
evidence contradictory to the erosion theory, and 
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which could not be reconciled with it, the damaged 
areas were generally located near the root of the 
blade and very seldom near the tip, where one 
would naturally expect them to show owing to the 
creater helical velocity of that part and the 
increased friction incident to it, but in the absence 
of electrical action this disagreement with theory 
had to be swallowed, and no fully satisfactory 
explanation has been advanced to show why the 
root should suffer more than the rest of the blade. 








Fie. 12. 


There are various methods of proving that an 
electric current may be developed in the blade 
itself, but the following is, perhaps, the simplest 
and most convincing :— 

Two strips are cut from the same piece of sheet- 
metal and bent to the form shown in the diagram, 
Fig. 9. These are coupled up to a delicate gal- 
vanometer and immersed in an electrolyte (sea 
water) ; as a rule, a small difference of potential is 
at once indicated, due to minute differences in either 
the composition of the metal or the amount of 
strain the electrodes have beensubjected to in forming 
them ; so far from being a disadvantage, this initial 
electromotive force is a decided advantage for the 
purpose of demonstration. After the galvanometer 
has come to rest, if pressure is applied to the hori- 
zontal curved part of one of the electrodes so as to 
distort it, an increase of electromotive force is at 
once indicated. The current so produced is, of 
course, very small, and soon falls off owing to rapid 
polarisation ; but if means are taken to prevent 
this, such as rapid circulation, the current becomes 
constant, and, in fact, we obtain a fairly efticient 
battery of low electromotive force. Brass, copper, 
iron, and zine all act in a similar manner, and zine 
is specially susceptible, the slightest touch being 
sufficient to produce a deflection in thegalvanometer; 
in fact, one has to be careful not to apply too much 
force to it for the sake of the instrument. But there 
is something further than this small electromotive 
force ; if instead of a steady pressure it is applied 
as a series of vibrations, the current is increased 
considerably, the amount depending, apparently, 
on the rapidity of the vibrations and the force 
used. This fact becomes of special significance in 
the study of propeller corrosion, and may also 
throw some light on corrosion generally. It is 
difficult to realise that such low electromotive 
forces as are generated in the above manner can 
have such destructive effect, but it must be remem- 
bered that such a laboratory experiment is only 
faintly indicative of what takes place in practice. 
lhe older type of propeller was stouter in build, 
much lower in speed, and not elaborated to the 
degree of fineness that the modern turbine des- 
troyer’s propeller is. In this class of vessel the 
blade-thickness and weight are reduced to a mini- 
mum, 80 that flexure is not only possible but often 
asserts itself as permanent deformation, the 
pressure, instead of a few ounces per square inch 
in the laboratory, becomes 12 lb. and upwards, and 
on the whole blade the water pressure may be more 
than 44 tons; the speed, instead of one or two 
hundred revolutions per minute, as in reciprocating 
engines, increases to 700 cr 800 revolutions, an 





| 





entirely new set of conditions rule and all in favour 
of electrolytic corrosion. 

The earliest stage of the trouble is characteristic. 
The eutectic is dissolved out, leaving the more resis- 
tant constituent sometimes in crystals with well- 
defined angles and edges; the fact that minute 
openings often lead to comparatively large cavities 
is conclusive that the action at this stage is 


purely electrolytic, for it cannot be conceived that | 
the friction of the water circulating in and out 














Fie. 15. 


of a pinhole could excavate the interior to the 
extent sometimes found. In time these harder 

rts become sufficiently isolated to be torn away 
y the rush of the water, and it is only to this 
limited extent that erosion, if it can be so called, 
takes place. 

Fresh surfaces become exposed, and so the dis- 
integration proceeds. As the corrosion progresses, 
the blade becomes weaker and more susceptible to 
flexure, the action becoming cumulative in its 
effect. If the loosened or isolated portions of the 


corroded metal be carefully removed they show on 
analysis a notable concentration of copper, in one 
case such scrapings carried 14 per cent. more 
— than the normal alloy. 

n the case of corrosion of the type A, the whole 
force exerted on the blade culminates near the 





root, and distortion, permanent or temporary, 


takes place, the blade being to some extent, 
however slight, bent over in the manner shown 
in the diagram. The point (a) is nowat a different 


we 





Fie. 14 


potential than the rest of the blade; the whole is 
in a saline electrolyte, depolarised by the friction 
jof the water and short-circuited, conditions all 
| tending to rapid corrosion. If the blade is stiffer 
lat the root, the bending may take place nearer 
|the centre of the blade (type B); and if the edge 
is weak, it will tend to turn over, and type C will 
| be the result. Type D is somewhat different, and 
‘is due to the centrifugal pull of the blades; in a 
|modern destroyer this may exceed 55 tons per 





blade. Under such enormous tension, even so 
Gun- Metal and Bronze Propellers Only. 
| Pressure , | Centri- 
- Weight of 
’ . Revolu- | of Water fugal 
Type of Vessel. | tions per per Sq. In. oy a Stress 
Minute. | on Pro- | Power, |Per Sq. In. 
| peller. * | of Root. 
Ib. Ib. Ib. 
Merchant vessel (re-| | . » k 
esandinn matent }70 to 200 4to8 | 2to7 ma to 350 
Torpedo destroyer(re-| | 350 to » 
ipsonutrenatant } foo” | 9t011 0.75 to 0.9/800 to 1000 
Torpedo destroyer|| 580 to 4. 2500 to 
(turbines).......... } 750 12 to 16 10.16 00.45 3500 


rigid a body as a propeller boss must suffer some 
distortion, the natural position of which would be 
a line between the roots of the blades, and here 
|the corrosion is actually found. It is, of course, 
impossible to prove that a turbine-driven propeller 
is in a state of vibration, but when we consider 
that even the best constructed propeller is only 
approximately balanced, that it is working at a 
tremendously high helical velocity in a medium 
not always homogeneous, it is hardly possible that 
it should not be in a state of tremulous agitation, 
and, as has’ been shown, vibration increases the 
electromotive force. This indeed may be a partial 
explanation of the fact that wing propellers are 
as a rule corroded to a greater extent than those 
amidship ; working nearer to the shell of the 
vessel, air is drawn down, breaking the continuity 
of the water, and it is reasonable to suppose that 
vibration will be greater here than amidship. It 
would be difficult to even approximate the increase 
|of electromotive force under these circumstances, 
| but there is no doubt it is materially augmented, 
and no very high electrical pressure is required 
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to effect corrosion, especially when the elements 
are short circuited and constantly depolarised in 
an electrolyte which is always fresh aud active. 

Returning to the consideration of the varieties 
of blade corrosion, one is struck with the frequency 
of the defect type A, and where corrosion is at all 
shown, it is almost invariably present in this form, 
or indications of it are there. Intermediate types 
between A and B are also common; in fact, one 
type gradually merges into another, but whatever 
form it takes, it can be traced to flexure or distor- 
tion of the blade, culminating near the scarred 
area. The first three types are all found on the 
driving, or what might be considered the convex, 
face of the bent blade, and is shown distinctly in 
all cases of permanently turned edges (type C). 

There is another type in which the corrosion 
occurs, not only on the ahead side but on the astern 
side, symmetrically situated to each other (type E) 
Fig. 5. The corroded area may appear at any 
portion of the blade, but, wherever it may be, on 
the other side it is in the corresponding position. 

In the first three general types of corrosion it is 
highly probable that vibration or distortion only 
cane place on one side, the pressure of the water 
damping or checking the blade from passing the 
normal line on its return, but it is possible under 
certain circumstances, such as faulty design, broken 
water, &c., that it should take a pendulum-like 
course, so that both sides are distorted alike, or 
that there may even be a tendency for the blade to 
twist on itself; it is highly probable that type E is 
occasioned by either of these causes. Good examples 
of type A are shown in the photographs, Figs. 10 
and 11, page 688 ; the linear character of this type is 
well developed, but close inspection will show that 
beyond this there is no trace of erosion. In the 
case of Fig. 11 the propeller was cast in one of the 
alloys alleged to resist erosion, as also was Fig. 12, 
page 689, which represents a boss on which the cor- 
rosion is intermediate between types A and D. 
Fig. 13 shows a manganese-bronze blade on which 
the chalk-marks indicate types A and C, not well 
shown, however, on the photograph. 

Fig. 14 is the photograph of a propeller, all three 
blades of which have their lenlling edges turned 
forward and bear lines of incipient corrosion corre- 
sponding to the bends. In Fig. 15 is shown a larger 
view of a similarly bent blade in which the corrosion 
is well advanced and can be traced on the photograph. 

All the above cases occurred during short trial 
periods ranging from a few days to a few weeks, 
and it is very evident that the erosion-resisting 
alloys either do not fulfil the claims made for them 
or, what is more probable, the destructive action is 
not erosion, but electrolytic corrosion. 

It is not beyond hope that the metallurgist 
may be able to improve matters, but, in my 
opinion, the solution of the difficulty is mainly 
an engineering problem. The erosion theory was 
accepted in the first instance owing to a want of 
evidence of electrolytic action and to the fact 
that in one or two cases furrows or riffles were 
formed ———— to the course of the water 
over the blade. It was this latter consideration 
which lent most strength to the theory. Later 
on, when cases of edge corrosion were noticed, 
it had to be admitted that such furrows could be 
formed at right angles to the direction of the water 
flow, and it soon became apparent that the longest 
dimension of the pone areas corresponded in 
almost every case with the line of distortion. 
Even admitting that fluid friction is greatly 
increased by speed and pressure, it must be apparent 
that the propellers of a regular ocean-going liner 
must have experienced infinitely more friction 
during their lifetime than those of a turbine-driven 
torpedo-boat destroyer would meet during a short 
trial period, and it is only on the latter type of 
propeller that corrosion occurs to a dangerous 
extent. On the other hand, it is fairly safe to 
assume that if the liner’s propellers were thinned 
down so that flexure were possible, corrosion of 
the kind under notice would result. 

In conclusion, the study of these defects may lead 
to valuable information as tothe design of propellers, 
but one lesson must be obvious, the cry for reduction 
in weight has resulted in a blade which bears as 
much resemblance to the older type of propeller- 
blade as a surgeon’s scalpel does to a hatchet. It is 
clear that the limit of refinement in this direction 
has been reached, or even exceeded, and that the 
efficiency of turbine-driven propellers must develop 
in a direction other than that of cutting down 
weight and blade-thickness. 








WEST RIDING RIVERS AND TRADE 
EFFLUENTS.—No. ITI. 


Abuse of Purification Works.—With regard to 
this offence, which calls loudly for redress, not 
only with regard to trade effluents, but also with 
regard to public sewage works, Mr. Atter, clerk 
to the West Riding Rivers Board, goes straight to 
the point in his evidence before the Royal Com- 
mission on the disposal of sewage. Where purifica- 
tion works have been provided and are not used 
properly, he suggests a substantial fine should be 
inflicted. It would, he says, strengthen the hands of 
sanitary authorities if traders were expressly made 
responsible for all polluting discharges from their 
purification works. The man actually in charge 
would no longer then figure as the scapegoat, as 
he has done for the past twenty-five years. None 
has suffered more from this abuse than the sewage 
engineer, who for more than a whole generation has 
seen his works placed (as often still happens) in 
the hands of incompetent men, with strict orders to 
save as much as possible in the cost of chemicals 
and labour, in reducing the sludging of tanks, and 
the cleansing and re-dressing of the beds and filters 
to a minimum. Such methods are also open to grave 
objections, owing to the loss to the science of 
sewage disposal resulting from such miserly admini- 
stration and from the ignorance of the mere labourer 
who, in the small districts, is usually put in charge. 
A knowledge of chemical science in managers is 
ignored, and the steadily advancing light which 
competent management would inevitably throw 
upon this problem is thus lost. Every sewage works 
in competent hands is an experiment on a practical 
scale, capable of yielding valuable results. 

Slight fines are useless. Repetition of the offence 
discloses that the point of view of the offender often 
amounts to the question, Which is the cheaper ? 
neglect and the fines, or efficient management with- 
out them? The law’s aim should be to make the 
former the more costly, and so renew a right spirit 
within the defaulter, be he trader or public ser- 
vant. 

Again, Mr. Atter considers that the trader should 
be directly responsible for all polluting discharges 
from his purification works. The usual excuse 
given is that, although the works are efficient, the 
man in charge has been careless, and has disobeyed 
instructions in permitting such discharges. The 
difficulty here chiefly lies in the use of one parti- 
cular word in the Acts relating to rivers pollution. 
‘* Any person who causes to fall or flow or knowingly 
permits to fall or flow” various matters. The 
offending or confusing word is in italics. Setting 
aside a strictly technical interpretation of the 
Statute, Mr. Atter remarks that it must be apparent 
to the Commission that the Rivers Board stands a 

r chance of succeeding in any application toa 
mnch of magistrates to convict a mill-owner who 
says: ‘‘I have given instructions to my man under all 
circumstances to put this refuse in a certain place ; I 
have provided a spoil-heap for it, and told him to use 
thatand noother.” If the workman himself stands 
up and confirms this, and says he disobeyed orders 
to save himself a little trouble, no magistrate would 
be likely to convict the master on such evidence. 

In this case, as in all cases where flaws in the 
Acts were suggested, the Commission asked for a 
case of refusal to convict ; but the Rivers Board 
had none. Mr. Atter said that it was felt that in 
such cases it would be useless to face the magis- 
trates ; the word ‘‘ knowingly” was a stumbling- 
block not to be overcome. A strong point for the 
Board’s case was made when it was shown what had 
occurred in one particular instance. Only a few 
weeks before an inspector made a night-round, and 
at half-past ten found a very bad discharge from 
certain settling-tanks. He followed it up, and dis- 
covered a pipe in a settling-tank running off the 
poco To sludge of the day, direct to the stream. 
The workman said: ‘‘I have done this. I did not 
know it was an offence ; I had orders not to do it.” 
The master said: ‘‘I have reprimanded the work- 
man. I have done everything in my power to prevent 
this abuse. I cannot help it if this man comes 
down at half-past ten and runs off this stuff.” 
When this illustration was given the chairman 
thought that the Board, by not going to the Courts, 
appeared to be following a policy without having 
any real test to go by. 

plying to the proposed alteration in pro- 
cedure, r. Charles Mills admitted that the 
Association of West Riding Mill-Owners recognised 
the difficu'ty of fixing the responsibility upon the 





owners, and suggested that it might be met by 
making the occupier liable, giving him, however, 
the benefit of a provision similar to that set forth 
in Section 141 of the Factory and Workshops Act, 
1901, which enacts :— 

1. That where the occupier of a factory is 
charged with an offence against this Act, he shail 
be entitled, upon information duly laid by him, to 
have any other person whom he charges as the 
actual offender brought before the Court at the 
time for hearing the charge ; and if, after the com- 
mission of the offence has been proved, such occu- 
pier proves to the satisfaction of the Court :— 

(a) That he has used all due diligence to enforce 
the execution of the Act ; and 

(b) That the said other person had committed 
the offence in question without his knowledge, con- 
sent, and connivance, he shall be exempt from any 
fine. The person so convicted shall, in the discre- 
tion of the Court, be also liable to pay any costs 
incidental to the proceedings ; and 

2. When it is made to appear to the satis- 
faction of any inspector at the time of discovering 
an offence that it has been committed without 
the knowledge, consent, and connivance of the 
occupier, and in contravention of his orders, the 
inspector shall proceed against the. person whom 
he believes to be the actual offender without first 
proceeding against the occupier. 

How far the privilege of this section of the 
Factory Act would serve in our present connection 
is best known to those who are familiar with the 
working of the Act, and also with the circumstances 
relating to river pollution. To those who are 
acquainted with the latter, it would seem that the 
cases are not analagous. That this is so must be 
realised when it is considered, firstly, what an 
enormous saving might be effected by the abuse 
of purification ; secondly, what a remote possibility 
there would be of the recovery of adequate fines 
from a working man; and, thirdly, how much less 
chance there is of the offence becoming known than 
in the case of a factory. It would also appear to 
many that the entire responsibility might safely be 
placed upon the occupier with the comfortable 
assurance (1) that, in the majority of cases, the 
abuse would speedily cease ; and (2) that the march 
of science and the recovery of waste products would 
not be crippled. 

Short Tenancies.—Of short tenancies, Mr, Atter 
says :—‘‘The person responsible for causing or 
permitting liquid refuse to pollute a stream is 
usually the occupier, and not the owner, of the 
— whence it proceeds.” Where a mill is 
et on a short tenancy, it does not seem equitable 
to put the tenant to the cost of providing expensive 
purification plant. It is suggested that the owners 
of premises let for less than a certain specific term, 
should be under an obligation to provide efficient 
means for enabling the liquid refuse from the pre- 
mises to be so dealt with as to prevent pollution. 

As an illustration by way of the reductio ad ab- 
surdum, Mr. Atter cited a case where a dye-house 
was let for a week (? by the week), and no pro- 
ceedings could be taken against a weekly tenant. 
In another case, in 1906, at Morley, proceedings 
were taken when the tenant entered, and an order 
was obtained in January, 1907. It was suspended 
for six months to enable the occupier to construct 
works. During the six months he did not do a 
single thing ; everything remained as it was, and at 
the expiration of the order he left the premises. 
These premises had changed tenancy five times in 
ten years. No further step could be taken against 
the flitting tenant, since the order is that within six 
months he shall abstain from discharging polluting 
liquids from that particular mill into that particular 
stream ; and with the next tenant the whole legal 
process has to be repeated. 

When a new tenant comes in, notice is given that 
pollution will not be permitted, and in the absence 
of plant he is notified to provide it. It often 
happens, however, that he is at work before the 
authorities know of his entry, and perhaps is 
already fouling the stream with his pollutions. He 
may then say when notified, ‘‘It is very unfor- 
tunate, but I have made an agreement, and I have 
no provision for calling on the landlord to provide 
the plant.” A case occurred at that very time at 
Birstall, in which tenants were compelled to provide 
purification plant although having no more than 4 
three years’ tenancy. Naturally they thought it a 
very hard case. 

A general knowledge diffused throughout the 
trade that the Rivers Board could, within a reason- 
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able limit of time, enforce the provision of suitable 
works by tenants, would do good. They would then 
look into the arrangements with their intended 
landlords in order that the necessary requirements 
should be met. With this knowledge and new 
legislation the delays would be greatly reduced, and 
the difficulty, though still existent, would be re- 
duced also. Another interesting fact was brought 
out as coming to the knowledge of the Rivers 
Board from those well qualified to form an opinion. 
This was to the effect that in certain districts it is 
not unusual for tenants in mills to have a form of 
agreement with their landlords under which it is 
provided that if the Rivers Board obtain an order 
against a tenant, he shall be at liberty to leave the 
mill at a month’s notice. This is a clause in the 
lease, the express object of which is to evade 
liability. In such cases the law would have no 
remedy, as the Act, by reason of incessant delay 
involved in its working, would become a dead letter. 
It is some comfort to think that only one county, 
Yorkshire, has yet — a determined combina- 
tion against a beneficent law. The whole efficacy of 
a law hangs upon its enforcement within reason- 
able limits of time, and if delay can be piled upon 
delay by a continual change of tenants, the law is 
nullified. 

Mr. Mills’s reply to this point is that the 
Association agrees that some relief should be 
given to a tenant served with an order to provide 
purification works. It suggests that power be 
given to a tenant, who alleges that an owner 
ought to bear, or contribute to, the expense of 
the works executed pursuant to order, to apply 
to a Court of Summary Jurisdiction, which might 
make such order as appeared to the Court to be 
equitable, regard being had to the terms of any con- 
tract. That did not meet the view of Mr. Atter, whose 
suggestion was that additional litigation should be 
avoided, and that the owner who lets works for less 
than a certain specified term should be compelled 
to provide efficient means for enabling the liquid 
refuse from the premises to be so dealt with as to 
prevent pollution. In short, the owner of works 
designed for a trade involving the production of 
foul effluents should be required to provide the 
fixed structural plant necessary to enable his tenant 
to carry on his business, This seems but reasonable, 
and would prevent needless friction. 

Liquid Refuse Dealt with by Contractor.— Where, 
as in many cases, traders dispose of their refuse to 
a contractor who makes his profit by the recovery of 
by-products,complications arise. The terms of agree- 
ment conform to no standard. They are the product 
of a bygone generation, and vary greatly, so that it 
is often difficult to settle on the right shoulders the 
responsibility for the discharge of crudely treated 
liquids merely deprived of their — contents. 
The Rivers Board suggest that the trader should 
be responsible in all cases where the recovery of 
by-products is carried out on his premises, unless 
he produces to the Board a proper written agree- 
ment in force between himself and the contractor, 
whereby the latter specifically agrees to deal with 
the liquid refuse in such a way as to prevent 
pollution, and holds himself responsible for any 
violation of the law in respect thereof. 

In regard to this matter, the Commission was told 
that a contractor, when asked for the production of 
his agreement, answers: ‘‘ I am not going to show 
you what is merely a business agreement as to the 
terms I pay for grease. That is my private agree- 
ment ; it has nothing to do with you.” The manu- 
facturer, as a rule, adopts the same attitude. At 
this information the Chairman did not express sur- 
prise with regard to the attitude of the contractor ; 
but he said, ‘‘ What about the manufacturer? You 
say to him, ‘ You are responsible for this pollution, 
and you say you have made a legal contract with 
a third party to take this responsibility off your 
hands. Satisfy us that you have such an agree- 
ment.’ If he satisfies you that he has a legal 
contract with a third party to take this responsi- 
bility off his hands, then your course would be 
fairly clear?” To this the reply was that a clear 
course against the contractor would avail the Board 
but little, inasmuch as the contractor would pro- 
bably be at liberty to throw up his whole bargain 
st a month’s notice—at any rate on short notice. 
[f he found the law on rivers pollution was not to 
be allowed to remain a dead letter, he would not 
face it. As Mr. Atter tersely put it, ‘‘He should 
get an order against him ; it would be worth the 
paper on which it was written, and nothing else.” 
“Then you would have a clear course against the 





manufacturer who was not able to enforce his con- 
tract.” ‘* Yes,” was the reply, ‘‘but there again 
would be another delay of some twelve months in 
going against the manufacturer.” 

Thus the acts of obstinacy, obstruction, and 
evasion work with admirable ease in the hands of a 
skilled combination, to hamper the progress of a 
great public enterprise—one of the most important 
this country has undertaken. In January, 1904, 
the Local Government Board refused their consent 
to a prosecution in a case where a contractor 
(called in Yorkshire a ‘‘seak man’’) had contracted 
to take the grease for conversion to oil, The 
agreement was verbal; the evidence showed that 
the pollution arose from the contractor’s default, 
and under these circumstances the Board did not 
feel that they were in a position to give their 
consent. 

Leaving woollens, we come to another industry 
—that of coke-burning. Within the last few years 
this industry has attained large dimensions. The 
works are not put up for the coke only, but largely 
for the led corte extracted from the coal during 
the coking process. Mr. Atter explained that 
although these works were erected on the colliery 
premises, they could not be controlled by the coal 
company. They are put up by an independent 
company. This company contracts to construct the 
coke-ovens, to work them, and to return to the 
colliery company the coke produced from the coal, 
while they themselves retain the whole profit from 
the by-products. The works are large and costly ; 
the onl oxaguanr has no control over them ; their 
liability begins and ends with the delivery of the 
coal and the receipt of the coke it produces, and the 
coke-ovens are always on the colliery premises, 
almost of necessity. In this peculiar industry the 
Rivers Board has always treated the contractor as 
certainly liable, though Mr. Atter says in some 
cases the liability may be joint, and in others the 
coal company has, in fact, accepted it ; but here, 
again, the point has never been settled in law— 
another instance of the extreme reluctance of the 
West Riding Rivers Board to go to litigation. 
The Association of the West Riding Mill-Owners 
do not object to the proposal that in this matter 
agreements between traders and contractor shall be 
standardised, and the result will be that order will 
be substituted for chaos. 





FOUNDRY PLANT AND MACHINERY. 
No. XLVI. 


By Joseph Horner. 


Amone the machines used for producing just one 
article of manufacture are those for moulding hollow 
ware—i.e., pots and pans. The demand for these 
simple nuthin must be enormous. Dr. Smiles has 
told the story of the early manufacture of these 
articles in Holland, and of the enterprise of Abra- 
ham Darby in introducing it in Bristol, thus laying 
the foundation of the Coalbrookdale Works. The 
importance of the industry was such that the 
methods of moulding hollow ware, both in green 
sand and in loam, were illustrated in the great 
French Encyclopedia of Diderot and d’Alembert, 
under date 1765. Under modern conditions, these 

ts are machine-moulded in green sand, loam 

ing, of course, too tedious and expensive a method 
to be entertained. 

The bellied form of the pot determines the method 
of moulding. Withdrawal takes place laterally, 
both in the case of the mould and of the core. 
Annular ribbings, when present, deliver easily. 
When handles or feet are cast on, provision is made 
for delivery. Feet are left loose. Half the thick- 
ness of each handle is provided for each half pattern 
lying against the vertical mid-plate which separates 
the pattern halves, and against which the mould 
faces are rammed. On this plate also the pattern 
ingate is formed in halves, wide and thin, as is 
necessary in ingates and runners for all light cast- 
ings. Even here the work is so specialised that the 
mould for a pot is divided between two machines, 
one making the outside only, which comes in the 
top flask, the other the inside and face, which goes 
in the bottom flask. The latter is strictly a core- 
making machine, but modified for special duty. 

The general arrangement and mechanism is seen 
in Figs. 682 and 683, page 692, — a longitudinal 
section and a plan of a cope-machine by the Badische 
Maschinenfabrik und Eisengiesserei, of Durlach. 
The pattern halves are attached to a thin central 
plate A, permanently fixed in the machine. The 





moulding-table B is divided across the centre and 
receives the halves C C of the moulding-box, which 
are moved in wards or outwards by the hand-wheel D, 
actuating right and left-hand screws of quick pitch. 
The box parts, being closed against the plate A, are 
hand-rammed, and then separated by reversing the 
direction of movement of the hand-wheel and screws, 
so delivering the mould. The shape of the pot is 
favourable to delivery. The core and bottom part 
are rammed in a second machine, not illustrated, 
fitted with a trolley below for the removal of the 
mould. This machine receives an iron core-box 
divided across the middle. On its top face, which 
corresponds with the face of the pot, the moulding- 
box is set and hand-rammed. en the mould and 
entire mechanism is turned over through 180 deg. 
and lowered until the box rests on the trolley below. 
The halves of the core mould are afterwards drawn 
apart by right and left-hand screws, leaving the 
bottom mould and core ready for removal to receive 
the cope. 

The up of Figs. 684 illustrates the system 
ey =. the London Emery Works Company 
for moulding pots, differing in several respects —_ 
that just described. It comprises the employment 
of three different machines, seen in the background. 
One to the left is for moulding the pattern bodies, 
one in the centre moulds the interior or core, while 
the one to the right, seen closed, simply assembles 
the mould parts. Immediately in front of these 
are half a dozen pattern bodies attached to their 
mid-plates, and in front of these, portions of core- 
box work. Two men can make from eight to ten 
complete moulds per hour. 

A stripping-plate machine designed in a fashion 
which permits of withdrawing a pattern in two parts 
is fitted up for moulding astidien of one special Find. 
Two examples are given. In Figs. 685 and 686 a 
machine is seen in sectional views, carrying the pat- 
tern parts for a ribbed motor-cylinder. The pattern 
is made in two sections, one forming the body and 
its core prints, the other comprising the flanges and 
the ribbings. The first requires no stripping-plate, 
the second has one. After the two portions have 
been rammed by hand, the flanges and ribs are 
withdrawn through the stripping-plate by pulling 
down the lever A. Afterwards the body, carried 
on the stripping-plate, is withdrawn by the move- 
ment of the lever B, which, through links seen, 
pulls down the rods ©, C. 

One of the adaptations of this machine is that to 
the making of box-irons or sad-irons for use in 
laundries. In this case the body or outside of the 

ttern is withdrawn downwards by the middle 

ever, and the interior eyes and core prints by the 
side levers. The top, being plain, is rammed by 
hand on a flat plate. 

Ina modified form the machine for moulding box- 
irons is operated in a different and curious way. 
Instead of making the pattern solidly, two pattern 
members are hinged to a vertical pin, so permitting 
them to be closed inwards or separated laterally, 
Fig. 687. Two moulding-box parts are hinged 
around the same pin, Fig. 687. These are brought 
together and rammed inside and outside, to form the 
core and mould respectively. In the next stage the 

ttern parts, along with the box parts, are moved 
Podily laterally away from the core, leaving the 
latter standing on its stool. The mould parts are 
next separated laterally from the pattern, Fig. 688. 
The pattern parts are then lowered, Fig. 689, by 
moving the lever which carries down a table, on 
which the pattern parts rest. The way is then 
clear to permit of bringing the box parts together, 
Fig. 690, followed by its removal bodily, so com- 
pleting the work. 

A considerable number of machines are built to 
make moulds without moulding-boxes, though they 
have no relation to the moulds made in snap-flasks, 
whether by hand or ona machine. The ‘‘boxless” 
machines have the moulds —— in a rigid frame 
with tapered sides, out of which they are after- 
wards thrust by the main ram of the machine. 
The method, like that of snap-flask work, is not 
suitable for moulds of large dimensions, which 
must have the support of a flask, but only for 
those of about the same dimensions for which 
snap-flasks are used, about 20 in. square being 
the maximum. But these, of course, include a 
very large proportion of the work done in many 
foundries. The Leeder tent, an hydraulic 
machine, was, I believe, the first of this kind 
built; but the principle is embodied in a good 
many others now. 

One machine of this class, by Messrs. Bopp and 
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two smaller ones C, C.. These rams are, therefore, 
separate ; but in many machines the rams are con- 
|centric, the main one serving as the cylinder for 
the smaller one. The pattern-plate D swings on 
one of the pillars of the machine, and has the 
pattern parts carried on opposite sides of it, on 
Reuther, of Mannheim-Waldhof, is illustrated by | the plates E, E!, as seen in Fig. 693. The lower 
Figs. 691 and 692. The base A contains the/|and upper moulding-boxes, F and G respectively, 
hydraulic cylinder and rams, a larger one B, and | slide vertically on the columns H, H, secured to| 
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Fies. 685 anp 686. Stripprne-PLate MacuIne 
Movutptne Moror Cyiinpvers; THe Lonpon 
Emery Works Company, Totrennam, N. 











Fig. 690. 
Fras. 687 tro 690. Operations In Moutpine Box-Irons ; Toe Lonpon Emery Works Company. 


the base-girder A, and top cross-girder J, to the 
latter vf which the presser-head K is attached, 
the squeezing being done by the main ram B. The 
side rams C, C have only to carry the weight of 
the lower moulding-box F, and the table D, with 
the moulding-plates. 

The method of operation is as follows :—The 
table D being swung aside, the lower moulding- 
box F is filled with sand, and a grid of rectangular 
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or circular form laid in it. The table D is then swung 
over it, and the hydraulic valve opened by its lever. 
This admits pressure to the small rams C, ©, lifting 
the lower box F, together with the weight of its 
ram, to which it is attached, until the box comes in 
contact with the lower Lae me E'. Simul- 


Gritrzner, A.-G., DURLACH. taneously the upper moulding-box G has been 
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lowered to the upper pattern-plate E, through 
the medium of the rods L, L, and chains passing 
over the pulleys M, M, at the top of the machine. 
The upper box G is now filled with sand, enclosing 
a grid, and pressure is admitted to the main 
ram B, compressing the sand in the moulding- 
boxes, with the eer tes between them, 
against the presser-head K. On releasing the 
pressure the ram sinks, and the moulding-boxes 
are separated, at the same time delivering from 
the pattern-plates E and E'. Next, the table is 
swung away, and the boxes with their moulds 
are closed face to face by the movement of the 
small rams C, C. At this stage the stays or clips 
N, N, hung from a shaft and counterweighted, 
lying against the columns, prevent the top box G 
from being pushed any higher. Finally, by the 
upward movement of the ram B, the halves of the 
mould are pushed out of the boxes, the latter 
being held by the props N, N, and coming out at 
the upper edge A the top box, the completed 
mould can be removed for casting on the loose 
carrier-board, which is laid in the bottom of the 
lower box. 

Multiple moulding is one of the specialised 
aspects of machine work. It means that several 
boxes are rammed in such a way that they form a 
pile, each containing one mould, all of which are 
poured from one vertical runner. A moulding- 
machine arranged for this work by the Maschinen- 
fabrik Gritzner, A.G., of Durlach, is shown in 
Figs. 694 and 695. The moulds comprise a box part 
A and a frame B (compare with Fig. 696), which 
fits within the box part, one half the mould, there- 
fore, being in the box, the other half in the frame. 
The part A is carried on a frame C which is 
provided with sockets that slide on vertical rods 
carried within the main framing of the machine. 


The pattern parts are mounted above and below on 
lates D and E. The upward movement of the 
or lf ram presses the lower pattern part into 


the lower part of the moulding-box A, which box 
is then filled with sand, and the frame B, also filled 
with sand, is laid upon it. Pressure is now put on, 
pressing the lower  erang part into the box, and 
the upper into the frame B. The mould, including 
the ingate, is thus completed at one squeeze, the 
ram is lowered and the moulds removed. Fig. 697 
shows a pile of moulds ready for pouring. This 
system is capable of wide adoption, being modified 
in various ways. Although but a single pile of 
castings would be poured from the moulds shown 
in Fig. 697, groups of moulds are made by employ- 
ing larger flasks. The bottom and the top moulds 
are lost. Such machines can be operated by hand 
as well as hydraulically. The details of moulding 
differ. The saving lies in top box parts, and in 
metal required for ingates, and in sand. Some 
further examples will be shown in the next article. 








THE BROWN-CURTIS TURBINE. 
Tue launch of H.M.S. Southampton, on the 16th 
inst., from the Clydebank Works of Messrs. John 
Brown and Co., Limited, serves to direct attention to 
the increasing favour with which the Brown-Curtis 
turbine is being regarded in this and other maritime 
countries. The Southampton, which is the latest 
edition of the ‘‘ Town” class of cruiser, regardin 
which we wrote recently (page 598 ante), is the thi 
vessel of the class to be hited with this design of tur- 
bine, the first being the Bristol, which gave most 
favourable results on trial, and has maintained her 
reputation in service; while the second is the Yarmouth. 
The advantage gained in respect of propeller efficiency 
in the Bristol resulted in the twin-screw propeller 
arrangement being applied wherever the power made 
it possible, irrespective of the design of the tur- 
bines. The general principles of the Curtis turbine, 
and the broad lines along which improvements were 
effected at Clydebank, have been dealt with by us ; 
and, as regards official approval, there is the significant 
fact that when the order was placed recently with 
Messrs. John Brown and Co., Limited, for the battle- 
cruiser of the 1911-12 programme, since named the 
Tiger, it was decided to accept their proposal for 
Brown-Curtis turbines. This vessel, as Ge already 
been recorded in ENGINEERING, is 698 ft. long on the 
water-line, 90 ft. 6 in. beam, and will displace 28,000 
tons, so that she is the largest of armoured cruisers 
et laid down. The speed, it is generally anticipated, 
is to be about 28 knots, so that she can act in squadron 
with the Lion, Princess Royal, and Queen Mary. This 
speed will require the development of over 80,000 shaft 
horse-power. The machinery installation is therefore 
the greatest yet fitted in a British ship. In addition 
to the cruisers, Messrs. Brown have Btted the same 
design of turbine into many torpedo-boat destroyers. 


THE OIL-ENGINED SHIP ‘“ JUTLANDIA.” 


Tue oil-engined ship Jutlandia is the first British- 
built passenger —oe vessel fitted with Diesel oil- 
engines to be completed, and has now concluded all 
her trials. She is 370 ft. in length between perpen- 
diculars, 53 ft. broad, and 30 ft. moulded depth, 
and has been built and engined by Messrs. Barclay, 


Curle and Co., Limited, Whiteinch, Glasgow, for the | 54s. 


East Asiatic Company. The main engines have been 
built at the Stobcross engine works of Messrs. Barclay, 
Curle and Co. The Jutlandia is a sister-ship to the 
Selandia, built by Messrs. Burmeister and Wain, of 
Copenhagen, the machinery equipment of which was 
described in our issues of February 23 and March 8. 

The main engines of the two ships are exactly similar. 
The onl ints of difference in the installation are to 
be found in the method of driving and the disposition 
of the auxiliaries, and the pipe arrangement. The 
Selandia, it will be remembered, has two pumps driven 
by compressed air, whereas, in the Jutlandia, all the 
pumps are electrically driven, with the exception of 
the stand-by steam-driven compressor. The auxiliaries 
have been so dis that the space between the two 
main engines is entirely clear of pumps. On the main 
engines a pointer is provided to show the direction of 
rotation, so that when this pointer coincides with 
another, marking the setting of the cam-shaft, fuel oil 
may be turned on. This is a neat feature. 

The donkey boiler, which supplies the steam for 
heating and for the auxiliary compressor, stands be- 
tween the thrust-blocks. Any leakage of fuel oil from 
the burners of the boiler is caught in a scupper 
formed by a caulked angle iron. 

On Monday, the 20th inst., a cruise was taken in 
the Firth of Clyde, and thanks to the courtesy of the 
builders, a large number of shipowners and engineers 
were present. Unfortunately, a slight mechanical 
breakdown, such as may happen to any engine at 
any time, occurred with one of the main engines just 
at the commencement, and the cruise was taken with 
only one of the main engines running. Under these 
onerous conditions, with only one engine and its auxi- 
liaries running, and with the rudder over against the 
propeller, the ship was remarkably steady. The 
Jutlandia is constructed with a 3-ft. frame pitch, and 
the distribution of material proved to be effective 
under the conditions a a 

All the trials had previously been successfully passed, 
and as of 12 knots was then maintained for some 
hours, the main engines developing nearly 2800 indicated 
horse-power with a consumption of fuel oil at the rate 
of 10 tons for 24 hours running. This figure includes 
rightly the fuel oil required by the auxiliary Diesel 
engines to generate the current for working the auxi- 
liaries of the main engines. This consumption works 
out at 0.41b. per brake horse-power per hour (assuming 
a mechanical efficiency of 84 per cent.), a remarkably 
good result. The oil used was Scotch shale oil, of a 
specific gravity of 0.855, but in ordinary service the 
engine will use the heavier oils obtained at Bangkok. 

very credit must be given to Messrs. Barclay, 
Curle and Co. for being the first to complete success- 
fully an installation of the importance of that of the 
Jutlandia, which has a gross tonnage of 5300 tons and 
@ carrying capacity of 7400 tons. This result has 
been obtained without departmg in any way from 
well-proven principles. t the same time it will 
be realised that the marine Diesel engine of the near 
future will work on the two-stroke-cycle principle, 
thereby enhancing greatly the advantages at sea of 
the ,oil-engine. The Jutlandia, it may be added, is 
classed with the British Corporation for the Survey 
and Registry of Shipping. 








THE INTERNATIONAL CONGRESS OF APPLIED CHEMISTRY. 
—The latest bulletin of the eighth Congress, which is to 
meet at Washington and New York on the days of 
September 4 to 13, mentions the fact that 683 papers 
have already been promised to the sag ee oer 
months before its opening, while the Berlin Congress of 
1903 had only received 479 ay ae the Rome Congress 
of 1906, 658 papers ; and the London Congress of 1909, 
985 pom. _ We had thought that the pronounced success 
of the Berlin Congress had partly been due to the fact 
that it was not so overcrowded with communications. 





Tue Barrie-Cruiser “ New ZEALAND.”—This cruiser, 
now being completed at the Fairfield Works, to the order 
of the New Zealand Government, was originally intended 
to be stationed in the Far East, but the Government of 
New Zealand have, in response to Admiralty inquiries 
and suggestions, expressed their wish that the Admiralty 
should employ the vessel wherever her services can be 
most useful. His Majesty’s Government have gratefully 
accepted this intimation. As the British squadron on 
the China station has recently been reinforced by the 
Defence, the Admiralty have decided that the battle- 
cruiser New Zealand can best at present be employed in 
home waters. She will as soon as she is completed visit 
the Dominion of New Zealand, probably in the early part 
of next year, after which she will join the First Cruiser 
Squadron in the First Fleet, which her arrival will com- 








plete to its full strength of five ships. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a slightly easy tendency 
ut Cleveland warrants improved later, and the turnoy.: 
amounted to 5000 tons at 53s. 104d. cash, 54s. 14d. one 
month, and 54s. . and 54s. 9d. three months. Closing 
quotations were firm at 54s. cash, 54s. 3d. one month, and 
. three months sellers. Cash sellers of hematite 
quo 70s, 9d., and there were buyers at 70s. 6d. one 
month. The afternoon session was quietly firm, and 5500 
tons of Cleveland warrants were done at 54s. 24d. and 
54s. 3d. one month, and from 54s. 9d. to 54s, Sid, 
three months. At the close sellers quoted 54s. 04d. cash 
54s. 4d. one month, and 54s. 94d. three months. On 
Friday morning the tone improved somewhat, and 4500 
tons of Cleveland warrants ch hands at 54s. 2hq, 
cash, 54s. 1d. and 54s. 2d. six days, and 54s. 5d. and 
54s. 6d. one month. Sellers’ closing prices were 54s. 3d, 
cash, 54s. 5d. one month, and 55s. three months. In the 
afternoon Cleveland warrants lost most of the strength 
of the morning, and 5300 tons were put through at 54s. 1d, 
cash and five days, 54s. 14d. ten days, 54s. 44d. one 
month, 54s. 74d. July 24, and 54s. 10d. three months. 
There were sellers over at the latter figure, and at 
54s. 14d. cash and 54s. 44d. one month. On Monday 
morning the market was weak, and Oleveland war- 
rants fell away again. The business consisted of 5500 
tons at 53s. 104d. four and nine days, 54s. ld. eleven 
days, and at 54s. 8d. and 54s. 74d. three months, and 
closing sellers quoted 53s. 11d. cash, 54s. 2d. one month, 
and 54s. 84d. three months. Cash hematite was quoted 
easier at 70s. 3d. buyers and 70s. 6d. sellers. In the 
afternoon Cleveland warrants were nominally steady, and 
a good business of 11,000 tons was done at 53s. 104d. 
cash, 54s. fourteen days, and at 54s. 2d. and 54s. 14d. one 
month, and there were sellers over at 53s. 104d. cash, 
54s. 14d. one month, and 54s. 84d. three months. Hema. 
tite—500 tons—changed hands at 70s. 6d. one month, 
with buyers over at that figure, and at 70s. 3d. cash, 
but cash sellers named 70s. 6d. On Tuesday morning 
the market was quiet, but Cleveland warrants were 
the turn better. The dealings consisted of 3000 tons 
at 54s. three and nine days, Cons 54s. 14d. to 54s. 34d 
one month, and at 54s. 9d. three months, and closing 
sellers quoted 54s. 1d. cash, 54s. 4d. one month, aad 
54s. 94d. three months. Hematite was firmer, and 1600 tons 
changed hands at 70s. 3d. cash, with buyers over at 
70s. 44d. cash, and 70s. 74d. onemonth. In the afternoon 
business was limited to ¢ tons of Cleveland warrants 
at 53s. 114d. cash, and 54s. nine days, and at the close 
sellers’ quotations were the turn easier at 543s. cash, 
54s. 3d. one month, and 54s. 9d. three months. Hematite 
was again firmer, with buyers at 70s. 6d. cash and 70s. 9d. 
one month, and sellers at 7ls. one month. When the 
market opened to-day (Wednesday) the tone was easier, 
and Cleveland warrants were put through at 53s. 11d. 
and 53s. 104d. cash, 53s. 11d. seven days, 53s. 114d. nine 
days, and at 54s. 74d. and 54s. 7d. three months. The 
turnover was 5000 tons, and closing sellers quoted 
53s. 11d. cash, 54s. 14d. one month, and 54s. 7d. three 
months. Buyers of hematite offered 70s. $d. one 
month. In the afternoon Cleveland warrants were again 
a shade easier, and 3500 tons were dealt in at 53s. 10d. 
eight days, 54s. 64d. and 54s. 6d. three months, and 
at the close sellers quoted 53s. 10d. cask, 54s. 1d. one 
month, and 54s. 64d. three months. The dealings only 
amounted to 3500 tons. Hematite was unchanged at 
70s. 9d. one month buyers, but there were no sellers. 


Sulphate of Ammonia.—Sulphate of ammonia has been 

uietly steady during the past week, and business again 
shows signs of improving. Quite a healthy inquiry exists 
for export lots, and for prompt delivery the quotation is 
15. per ton, while forward parcels are being quoted at 
141. 10s. to 141. 15s. per ton, Glasgow or Leib. The 
amount shipped from Leith Harbour last week was 
2790 tons. 


Scotch Steel Trade.—The conditions in the Scotch steel 
trade are still very brisk, and there are sufficient 
specifications on hand to keep the various establish- 
ments going at full pressure for months. Heavy mate- 
rial is going into consumption as fast as it is being 
turned out, and although prices are very stiff, there 
are quite a respectable number of inquiries going 
around. Some of these are for local requirements, 
while the majority are from the Colonies, the Far Kast, 
and South America. The demand for angles is, however, 
not so large as might be expected, but for light material 

merally, and ey for sheets, there is a very ready 

emand. The trade all round is exceedingly busy, and 
producers in few cases are able to entertain new busi- 
ness for delivery before the autumn, or at least until after 
Glasgow Fair holidays. 


Malleable-Iron Trade.—In the malleable-iron trade of 
the West of Scotland business has improved so much that 
makers are now practically able to name their own terms. 
This is certainly a better state of affairs than has existed 
for a long time, but with order-books very full, and 
the outlook bright, makers are even able to command 
premiums for specially early deliveries. 


Scotch Pig-Iron Trade.—A healthy demand exists at 
present for the ordinary qualities of Scotch pig iron, but 
prices are still advancing, as makers are not desirous of 
selling any great quantities until stocks have been made 
ups bit. The majority of the blast-furnaces have now 
been re-kindled, and the output is gradually improving. 
Inquiries from the south and abroad are very good. 
Hematite is quiet, but deliveries against contracts are 
quite satisfactory. The current price named by sellers 
is 75s. per ton. e following are the market quotations 
for ers’ (No. 1) iron Clyde and Calder, 70s. 6d.; 
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tartsherrie, Summerlee, and Langloan, 71s.; and Colt- 
oe Ma. 6a. “all shipped at Glasgow); Glengarnock 
(at (Ardrossan), 70s.; and Shotts (at Leith), 71s. 


Shipbuilding. — Messrs. Dunlop, Bremner and Co., 
Port Glasgow—the new firm working the yard formerly 
controlled by Messrs. D. J. Dunlop and Co.—have just 
booked orders for other two steamers, making a total of 
seven new steamer contracts now on hand. The new 
vessels are for Messrs. Thomas Wilson and Sons, Hull. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. — 

South Yorkshire Coal Trade.—The local coal trade is 
steadily improving, and in both the hard and house-coal 
branches good business is being done. Both on manufac- 
turing account and for ~—¥ considerable quantities 
are going away, although there is room for improvement 
in the last-named. Odd lots are being bought in the open 
market by railway companies who have not yet fixed up 
theircontracts. The house-coal dépéts have had a steady 
inflow of business, for which the cooler weather is to 
some extent responsible. The London inquiries are not 
large, but they are likely to increase in the immediate 
future. Coke-makers are actively employed, but slack is 
still difficult to obtain. Current quotations are :—Best 
hand-picked branch, 14s. to 15s.; Barnsley best Silk- 
stone, 12s. 6d. to 14s. ; Silkstone, 11s. 6d. to 12s. ; Derby- 
shire best brights, 11s. to 12s; Derbyshire house, 9s. 6d. 
to 10s. 6d. ; best nuts, 9s. 6d. to 10s. 6d. ; best small nuts, 
9s. 6d.; Yorkshire hards, lis. 3d. to 12s. ; Derbyshire 
hards, 10s. 9d. to 11s. 9d.; rough slacks, 7s. to 8s. ; 
seconds, 4s. 6d. to 5s. 6d. ; smalls, 3s. 6d. to 4s. 6d. 


Tron and Steel.—A good deal of the activity in the 
Sheffield trades is occasioned by the urgent necessity for 
clearing off as speedily as possible the large accumulations 
of arrears, and ever since the resumption of work follow- 
ing the strike a considerable amount of overtime has been 
put in at the majority of firms to that end. With the 
same object in view, it is desired to make as short a break 
as possible for Whitsuntide, and it is probable that in 
many cases the holiday will be limited to Monday. The 
iron market has been more active, and recent prices, 
which are fairly high, continue to govern business. 
There are variations of a shilling or two, but for the 
most part prices keep up. There have been larger 
deliveries of the Lincolnshire and Derbyshire common 
irons, but forge qualities are still in small supply. A 
lower tendency in iron prices is anticipated. The bar- 
iron works continue to be mw ge a and the local 
iron foundries are well engaged. ne e-tool makers 
are having an excellent season, particularly in the agri- 
cultural implement branch. There is a fear, however, 
that some damage to this trade aa J be done by the re- 
imposition of the Russian duties. Hopes are expressed 
in some quarters that the duties will again be removed. 
The demand for sheep-shears is good. 





SmoxeLess Powprers.—Herr G. Spica, in the Zeit. ges. 
Schiess. und Sprengstoffw for 1912, suggests phenanthrene 
(C,4Hjo), a coal-tar product, as an ingredient of smokeless 
powders, in order to diminish erosion of the gun. The 
presence of this substance causes the formation of less 
carbon-dioxide on explosion. Experiments with ballistite, 
containing 2.5 per cent. phenanthrene, gave the following 
results :—The charge was increased by 10.25 per cent., in 
order to give the same ballistics as were obtained with 
ballistite containing no phenanthrene, and the heat evolved 
was 62.2 kilogram-calories, compared with 69.9 with ordi- 
nary ballistite, a reduction of 11 per cent. Heating nitro- 
cellulose with fused phenanthrene apparently at small 
amounts of mono-nitro-phenanthrene. Herr Spica con- 
siders that this reaction points to the value of phenanthrene 
asa stabilising agent for smokeless powders, as it would 

robably absorb the nitrogen peroxide (N,O,) produced 
y slow decomposition during storage. 


Tue InstrTUTION OF MunicrPaL ENGIngERS.—On first 
thought it is not easy to understand why there should 
be any very close connection between aviation and 
municipal engineering, but it has occurred to the 
officials of the Institute of Municipal Engineers that, 
as aviation will in the future be ‘‘one of the factors of 
our every-day life,” it will very closely affect muni- 
cipal engineers, and this, too, in a way that certainly 
suggests to the general public rather alarming possi- 
bilities, for we are told that new forms of buildings 
will have to be designed calling for new by-laws, and 
regulations will have to be framed for the protection of 
life and property. This brings before the imagina- 
tion the most dreadful possibilities of sudden and 
violent visits from the sky, calculated to destroy 
all peace of mind. Whether the reality will prove 
as bad as the imagination pictures may, however, be 
doubted. Any way, it is always well to look ahead, and 
with this object in view, the Institution has, by the 
courtesy of Mr. C. Grahame-White, and the directors 
of the Grahame-White Aviation Company, Limited, 
arranged a meeting, which will be held on Wednesday, 
June 12, at the London Aerodrome, Hendon, N.W., at 
2.45 p.m., when the following papers will be presen 
for discussion :—‘t The Structures of the Future in Rela- 
ton to Aviation,” by Mr. Horace Cubitt, A.R.I.B.A., 
P.A.S.1. (Member), and ‘‘ Some Suggestions for By-Laws 
and Regulations in Relation to Aviation,” by Mr. B. 
W yand, Secretary of the Institution. Admission to the 
Aerodrome will be by tickets only, price 1s. each, which 
may be obtained from the Secretary of the Institution, 
3%, Victoria-street, Westminster, S.W. The meeting 
above alluded to will be the first of its kind to be held in 
this country, or, so far as is known, in the world, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron —The depressed state of 
the Stock Exchange has this week been reflected in the 
Cleveland iron market, notwithstanding the very flourish- 
ing state of the pig-iron trade. Statistically the’situation 
here is excellent, and is daily improving. conditions 
and prospects do not warrant any easing in prices, and 
traders most hopefully of the future. No. 3 g.m.b. 
Cleveland pig has chengea hands at 54s. 3d. f.o.b., 
and that is now the general market quotation, whilst 
No. 1 is 59s. to 59s. 6d.; No. 4 foundry and No. 4 
_ each 53s. 9d.; and mottled and white iron 
each 53s. 6d.—all for early delivery, any inquiry on 
forward account eliciting rather higher quotations. 
East Coast hematite pig is steady, and io fairly well 
inquired for. Messrs. Pease and Partners have put 
in a furnace on hematite at their Normanby Iron Works 
at Middlesbrough, where three of the firm’s four furnaces 
are now blowi Mixed numbers of hematite are quoted 
71s. for May-June delivery, and 72s. 6d. for delivery 
over the second half of the year. There is nothing doing 
in foreign ore, but market rates are upheld on the basis 
of 21s. 6d. ex-ship Tees for best Rubio. Coke is still 
scarce and dear. For av blast-furnace qualities, 
delivered at Tees-side works, the quotation is 19s. 


Stocks and Shipments of Pig Iron.—To meet current 


demand for Cleveland Pi iron the stocks in the public- 
warrant stores are still being substantially drawn upon. 
The iron in the stores is ay returned at 357,699 tons. 


To date this month 34,391 tons have taken out of 
the stores, and since the recent maximum held, the stock 
has been reduced by 240,000 tons. Shipments of pig iron 
from the Tees to date this month average 4036 tons per 
working day, the total despatches amounting to 77,033 
tons. To the same date last month the total loadings 
were returned at 69,731 tons, or a daily average of 3670 
tons, and for the corresponding part of May last oy the 
clearances reached 93,655 tons, or an average of 4929 tons 
per working day. 


Manufactured Iron and Steel.—Very encouraging and 
satisfactory accounts are given of all branches of the 
manufactured iron and steel trades. A great amount of 
work is now being turned out, some firms, in fact, 
being busier than they have ever been before. Common 
iron are 7l. 15s.; best bars, 81. 2s. 6d.; best best bars, 
81. 10s.; iron ship-plates, 7/. 10s.; iron ship-angles, 7/. 15s. ; 
iron ship-rivets, 8/. 10s.; iron girder-plates, 7/. 5s.; iron 
boiler-plates, 8/. 5s.; steel bars, 7/.; steel ship-plates, 
71. 15s. ; steel ship-angles, 7/. 7s. 6d.; steel boiler-plates, 
81. 10s.; steel strip, 6/. 17s. 6d. to 7/.; steel hoops, 71. 5s. ; 
and steel joists, 6/. 17s. 6d.—all less the customary 24 per 
cent. discount. Oast-iron railway chairs are 3/. 12s. 6d.; 
light iron rails, 6/. 10s. ; heavy steel rails, 6/. 23. 6d.; and 
steel railway sleepers, 6/. 10s.—all net at works. Iron 
and steel galvanised corruga sheets, 24-gauge in 
bundles, stand at 12/. to 12/. 5s. f.o.b.—less the usual 
4 per cent. 





Frere PLACES AT THE IMPERIAL COLLEGE OF ScIENCE 
AND TrcHNoLoey, 1912.—The London County Council 
will be prepared to award in July next a number of free 

laces at the Imperial College of Science and hyn = 

articulars of the proposed award are given in a handbill 
which can be obtained from Mr. R. Blair, Education 
Officer, London County Council Education Offices, Vic- 
toria Embankment, W.C. 





ComMITTzE ON Suips’ BULKHEADS AND WaTER-TIGHT 
CoMPARTMENTS.—The President of the Board of Trade 
has appointed a technical committee to advise him, in 
the interests of safety of life at sea, with regard to the 
internal sub-division of vessels of all classes by water- 
tight bulkheads and other means. The reference to the 
Committee is to advise :—(1) As to what in their opinion 
would constitute efficient sub-division with to eac’ 
of the classes of vessels included in the rules for life- 
saving appliances made by the Board of Trade under 
Section 427 of the Merchant ~ a my Act, 1894, te | 
due regard to the nature of the service in whic 
they are respectively engaged. (2) Whether, indepen- 
dently of the foregoing, the Committee desire to make 
any recommendations with reference to the sub-division 
of vessels already built, or of new vessels, which would 
in their opinion contribute to the safety of life at 
sea. The Committee is constituted as follows :—Mr. 
Archibald Denny, LL.D. (Chairman), of Messrs, Wil- 
liam Denny and Brothers, Dumbarton, naval archi- 
tect; Mr. James Bain, late oupenteieatont engineer 
of the Cunard Line, engineer; Mr. H. R. Champness, 
M.V.O., Assistant Director of Naval Construction, 
Admiralty ; Mr. G. B. Hunter, D.Sc., of Messrs. Swan, 
Hunter and Wigham-Richardson, Limited, Wallsend-on- 
Tyne, naval architect; Mr. Summers Hunter, of the 

orth-Eastern Marine gp sera Limited, 
Wallsend-on-Tyne, engineer ; Mr. J. Foster King, Chief 
Surveyor of the British Corporation for the Survey and 


je gd of Shipping ; Mr. Andrew Laing, of the Walls- 
ted | end Slipway onl Hepnceies Company, Limited, Walls- 


end-on-Tyne, engineer; Mr. W. J. Luke, of Messrs. 
John Brown and Co., Limited, Clydebank, naval archi- 
tect; Mr. S. J. P. Thearle, D.Sc., Chief Ship Surveyor 
of oe Register of British and Foreign Shipping ; Mr. 
J. J. Welch, M.Sc., Professor of Naval Architecture, 
Armstrong College, Newcastle-on-Tyne. The Secretary 
to the Committee is Mr. Walter Carter, of the Board of 
Trade, 7, Whitehall-gardens, London, 8.W., to whom 
any communications relating to the work of the Com- 
mittee may be addressed, 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam-coal trade has continued quiet, but 


/ there has been a fair number of inquiries. With heavy 
| stocks and anxiety on the part of colliery-owners to clear 


wagons and avoid pit stoppages, there has been a good 
deal of competition for business, and prices have shown 
weakness. e best Admiralty large has made 17s. 9d. to 
18s. 3d. per ton ; secondary qualities have ranged between 
16s. 6d. and 17s. 6d.; best bunker smalls between 9s. 6d. 
and 10s.; and cargo smalls between 7s. 9d. and 8s. 64. per 
ton. House coal has shown little change ; good ordinary 
qualities have made 17s. 6d. to 18s. 6d. ; No. 3 Rhondda 
large has brought 178. 6d. to 18s. ; and smails, 12s. to 12s. 6d. 
per ton. No. 2 Rhondda large has been quoted at 13s. 6d. 
to 14s.; and No. 2 smalls at 8s. 6d. to 9s. perton. As 
regards iron ore, Rubio has realised 20s. 6d. to 2ls. per 
ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Welsh Companies. —The directors of the Cardiff Channel 
Docks and Pontoon Company, Limited, reoommend 
a dividend of 4 per cent. for the past six months, making 
altogether, with the interim dividend already paid, 7 per 
cent. for the year.—The directors of the Bute Ship- 
building, Engineering, and Dry Dock ey Limited, 
recommend a dividend of 24 per cent. for the t six 
months, making altogether, with the interim dividend 
— 5 per cent. for the year.—The Newcastle, Emlyn, and 
istrict Electric Supply Company, Limited, shows an 
increase of 25 per cent. in the number of consumers ; but, 
asin previous years, the cost of connecting new consumers 
is an obstacle in the way of dividends.—The sixteenth 
general meeting of the Penarth Electric Lighting Com- 
y, Limited, was held at the Electrical Federation, 
ingsway, W.O., on Monday. The gross revenue was 
returned at 4254/., showing an increase of 3811. as com- 
pared with the previous year, and the profits for the 
twelve months amounted to 11431., sobaeed | by interest on 
debentures and loans to 285/. Of this amount, it was 
decided to place 200/. to depreciation account, and no 
dividend was proposed for the year. 





MEMORIAL TO THE ENGINEERS OF THE “ TrTANIC.”— 
Among all the records of heroism that have come to us 
in connection with the loss of the Titanic, there is 
none that strikes a deeper chord than the faithfulness 
shown by the whole of the engineering staff. It is 
common knowledge now how these men met their fate, 
and the nation may well be proud and thankful that she 
produced such sons. It is well, therefore, that their 
memory should be kept —, and the example of their 
bravery rescued from the oblivion that time so often 
brings, in order that generations yet to come may not 
miss the great lesson they have taught. It is with the 
greatest pleasure, therefore, that we learn that a move- 
ment is on foot, which has been prompted in Liverpool, 
under the presidency of the Earl of Derby, Lord Mayor of 
the city, to erect on the banks of the Mersey a handsome 
memorial to these men, adjoining the Live | land- 
ing-stage. No fitter place could be chosen for such a 
memorial. Shortly after the calamity a small committee 
of ane and allied professions in Live 1 was 
formed, of which Mr. Arthur J. Maginnis, M. Inst. 
C.E., 28, Chapel-street, Liverpool, was appointed chair- 
man, and a fund has been organised on an extensive 
scale to erect the monument in question. We under- 
stand that all the offices of the London City and Mid- 
land Bank are now Mn pow to receive subscriptions for 
this object, to be p to the credit of the fund at the 
branch office, 62, Castle-street, Liverpool. The hon. 
secretary, Mr. O. Nelson, 10, Drury-lane, Liverpool, and 
Mr. Maginnis will be pleased to hear from all who may 
be interested in the matter. 





Tue Or-Enorep Sup“ Eveston.”—Messrs. Sir 
Raylton Dixon and Co., Limited, Middlesbrough, have 
launched the Eveston, which is notable as she is being 
fitted with oil-engines of the Carels-Westgarth type, 


h | manufactured by Messrs. Richardsons, Westgarth and 


Limited, Mid one. The vessel is of the cargo- 
carrying type, to take 3100 tons deadweight, and at 4400 
tons displacement is to steam at 10 knots. The engines, 
of the two-stroke Diesel system, are of the open cross- 
head design, resembling closely marine steam practice 
(see page 80 ante). There are four cylinders, 20 in. in 
diameter by 36-in. stroke, to run at 115 revo- 
lutions per minute. The scavenging air-pumps and the 
water-pump for cooling the cylinders and pistons are 

laced at the back of the nes, and are driven by 
levers from the piston-rod eads, just as the pumps 
of a steam-engine are arranged. The high-pressure air- 
compressor is placed at the fore end, and is driven by 
& pin on the end of the crank-shaft. All the auxiliaries 
normally required for tanga | the engines are driven 
by the engines themselves, so that it will not be neces- 
sary to run any other machine when at sea. The s.s. 
Eveston will compete with steam-driven vessels on a 
thirty days’ voyage, have many advantages 
over the steam-propelled boats owing to the saving in 
weight, crew, &c., even despite the fact that the cost of 
fuel is three or four times as t as It is claimed 
that there is a saving in weight of machinery of 68 tons 
as compared with steam plant ; and as to fuel, it is com- 
J that in the steam-driven vessel, for the thirty 
ays’ run, 450 tons of coal has to be carried, as against 
120 tons of oil by the new boat, which means that 330 
tons more cargo can be taken. There are also bunkers, 
&c., to be accounted for, making a total saving of about 
406 tons. If the vessel were carrying measurement cargo 
the result would be the same, because both engine and 
fuel take up considerably less space than the steam- 
engine and coal, 
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FOUR-CYLINDER FOUR-CYCLE DIESEL ENGINES. 
CONSTRUCTED BY MR. FRANCO TOSI, ENGINEER, 


LEGNANO. 


Fie. 2. 400-Horse-Power Four-Cytinper Four-Cycie Diese, Stationary ENGINE. 























Fie. 1. 600-Horsz-Power Diese Four-Cyiinpgr Four-Cycie ENGINE at THE TURIN EXHIBITION. 


On the present and opposite pages, on page 700, of Legnano. Fig. 1 of our illustrations on the present 
and on Plate XLIII., published with our a page shows the four-cycle four-cylinder 600-horse- 
issue, we illustrate examples of Diesel engines for land power Diesel engine installed by Mr. Franco Tosi 
and marine purposes constructed by Mr. Franco Tosi,' in the engineering section of the Turin Exhibition, 





where it contributed to the elec- 

tric power eupply, it being 

coupled to a 400-kilowatt electric 

generator. The cylinders are 

535 mm. (21 in.) in diameter, 

with a 770-mm. (30.3-in.) stroke; 

the engine develops the 600 \ 

horse - power at a speed of 150 revolutions per 
minute. The general design is similar to that of the 
engine shown in Fig. 2 on the present page, this view, 
together with the details given in Figs. 3 and 4, on 
page 697, referring to an engine of the same type, but 
of 400 horse-power. As will be seen, the engine has 
a heavy base-plate, on which are bolted the four 
cylinder - frames, into which the cylinder liners are 
inserted, as shown in Figs. 2, 3, and 4. The cylinder 
covers, which are fitted with the fuel, starting, air 
inlet, and exhaust valves, are made of special close- 
grained cast iron, and are water-cooled throughout 
in such a way as to ensure a uniform expansion. The 
space between the upper part of the engine frame 
and the cylinder liners forms the water jacket, which 
communicates with the water space in the covers, 
as shown in Fig. 4. The cooling water enters at 
the bottom part of the jackets, through the pipes 
N, Fig. 2, and flows out at the top of the covers, 
as indicated in Fig. 4, and thence to the vecemay A 
pipes O, Fig. 2. All the valves are easy of access for 
inspection ; the whole of their area undergoes a con- 
stant cooling effect. 

The lay-shaft, driven from the crank-shaft by 4 
vertical shaft and gearing, is mounted close to the 
cylinder covers in the usual way, and is contained, 
together with the cams, in a casing partly filled with 
oil, thus ensuring an adequate lubrication of all the 
valve mechanism. The upper portion of the exhaust 
valve, I, Fig. 4, comprising the rod and about one- 
third of the head, is of wrought iron ; the remaining 
portion of the head, comprising the working face, is of 
hard cast iron, and the two parts are screwed together 
and held by a pin. By this arrangement the life of 
the valves is greatly increased, and any renewals, when 
these become necessary, can be very rapidly carried 
out. The exhaust-valves and their seats are water- 
cooled. Each fuel-valve L is provided with a ring 
atomiser, and is so fitted that the compressed air can- 
not ercape past the conical seat of the needle-valve. 
The latter and its metallic packing are constantly 
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lubricated by the oil which is forced up by the com- | gudgeon - pins are of special hardened steel. The 

ressed air. connecting - rods and crank-shaft are of forged steel. 

The vertical shaft, shown at the right-hand end The latter drives the vertical shaft above referred to 
of the engir2 in Fig. 2, drives the four-cylinder fuel- through reducing gear. All the bearings are lined 
pump by an eccentric ; the speed-governor D is with white metal, and are provided with forced lubri- 
mounted at the top of this shaft, and actsdirectly upon cation, supplied by the oil-pump; this draws from a 
the suction-valves of the fuel-pump. The governing filter-tank, into which the oil is returned from all 
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Fies. 3 anp 4. Derarts or 400-Horsg-Power StationaRy ENGINE. 








the bearings. 
cooling device before it is delivered afresh to all parts 


requiring lubrication. 
e engine is started with light Galician oil. When successive compression stroke is limited. This pre- 


nechanism is provided with cushion springs, in order 
‘0 deaden all shocks on the mechanical parts, and to 
maintain @ regular action of the governing. The ver- 
tival shaft also operates by an eccentric the oil-pump 
", which supplies lubrication to the engine pistons.” 
The pistons are of the usual trunk type, with seven 


end; the heads are concave, 


and have two annular | supplied by a three-s 
ribs on the under side for promoting cooling. The 


| further, to a reduced velocity in the Seem, 
osses 





' 9.850 ---- 





| started it runs with crude oil, which is contained in an | cludes the possibility of tempe 
oil-tank placed at a convenient height above the cylin- 


packing-rings close to their head and one at the lower | ders. It is injected into the cylinders by compressed air | 
water-cooled Reavell air-| Experience has shown that with two-s 


compressor G, mounted below the floor-level, and driven | pressors, though of limited power, the risk of explo- 


by a ana at the end of the crank-shaft. The 
compressor delivers into a receiver, from which the 
supply for the atomisers and injection valves is drawn. 
There are also two other receivers, one containing 
the air required for starting the engine, the other 
being held in reserve. The exhaust gases escape 
through water-cooled pipes and silencers. 

The illustrations, Figs. 5 to 19, on Plate XLIIL, 
refer to a 500-horse-power two-cycle four-cylinder 
Tosi Diesel marine engine. This engine develops 500 
horse-power when running at a speed of 170 revolutions. 
As will be seen from Figs. 5 and 6, the pistons are 
provided with rods and external crossheads. The 
scavenging-pumps, of which there are two, are driven 
by a beam from two of the connecting-rods, as shown 
in Fig. 6; the air-compressor is placed above the 
scavenging-pumps, and is located close to the cylin- 
ders. The engine is of limited length, and it is 
carried on a base-plate of the form shown. The speed 
—170 revolutions—has been kept comparatively low 
in order to reduce all undesirable vibrations. 

The scavenging-pumps being independent of the 
working cylinders, the air they draw is always pure 
and at a comparatively low temperature, being taken 
directly from inside the ship. The use of separate 
scavenging-pumps, not in one piece with the engine 
cylinders, makes it possible to adopt for them a voare 
speed less than that of the main engines; it — 
an 
prevents excessive friction and eddying This 
point is of the greatest importance, considering that 
with a pressure of only three-tenths of an atmosphere 
for the scavenging air the work necessary to drive the 

umps may reach about 10 vg cent, of the power 

eveloped by the engine. It is claimed that the 
friction of the piston packing-rings against the cylin- 
der walls is also less when using separate scavenging- 
pumps than when the pumps are mounted undernea 
the working cylinder, as is the case in Diesel engines 
having two-stage pistons, since the peripheral develop- 
ment of the pistons is much smaller, and this leads to 
a marked saving in lubricating oil. It is further 
claimed that the consumption of lubricating oil ina 
Diesel engine provided with step-pistons is increased 
by the fact that a part of the oil delivered into the 
working cylinder is drawn away by the scavenging- 
pump, and is driven with the air into the main 
cylinders, where it is burnt together with the oil fuel. 

he consumption of the latter is thereby reduced 
accordingly, but the ultimate monetary result is a 
loss, since the lubricating oil costs ten times the price 
of the liquid fuel. 

The three-stage air-compressor, situated above the 
scavenging-pump, as shown in Fig. 6, has two cylinders, 
and is driven from the rod of the scavenging-pump. 
The air is first compressed below the lower cylinder in 
the chamber shown, and thence successively to 
the upper end of this cylinder and to the high-pressure 





The filtered oil is passed through a|cylinder. The pump is water-jagketed, and between 


e stages the air is passed through a cooler of ample 
| capacity, and thus the increase in temperature at each 


ratures. being reached 
sufficient to lead to the ignition of the cylinder lubri- 
cating oil which the air may carry away with it. 
com- 
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sions has always to be reckoned with, especially in 
the pipes establishing communication between the 
low-pressure stage and its refrigerator. In small 
compressors, the pipes being small in diameter, 
damage is limited to their fracture, the surrounding 
parts usually escaping uninjured ; when, however, the 
compressors are of a comparatively large size, veritable 
explosions may occur, as has been evidenced on several 
occasions. The use of a three-stage compressor is also 
advantageous, in that the power required for working 
it is always less than that required for the two-stage 


type. 

The engine is provided with a separate fuel-pump 
for each cylinder, these pumps, P.c 1 and Pc 2, being 
mounted in pairs, as indica in Fig. 5, Plate XLIIL., 
and driven by eccentrics from the lay-shaft A. The 
control of the fuel supply is carried out in the 
usual manner, the suction-valves being held off their 
seats during the required portion of the delivery 
stroke by means of the gear shown in Figs. 7 to 9. 
The fuel supply is automatically controlled by the 
governor, and provision for hand adjustment is also 
given by the lever L,, shown in Fig. 5; a separate ad- 
justment, worked in connection with the starting-gear, 
is also provided, and will be dealt with more fully later, 
in connection with the description of the distribution 
arrangements. Either of the four pumps can be put 
out of action, as desired, by —s the spindle, shown 
in Figs. 7 and 8, at the bottom of the pump casting. 
The spindle in its raised position prevents the closing 
of the suction-valve, and thus prevents the delivery of 
fuel to the cylinder corresponding to the pump 
affected. 

The lubricating and water-circulating pumps, which 
are of the ordinary piston type, are driven from the 
beam of one of the scavenging-pumps, while a separate 
pump, driven in the same manner, is used for raisin 
the oil fuel from the storage-tanks to a fuel-tank pl 
at a suitable height above the engine. 

As will be seen from Figs. 5 and 10, the valves 
are placed in the cylinder covers, the four scavenging- 
valves and starting-valves being operated in the 
usual manner, by simple cam and lever gear. The 
fuel-valve, which is placed in the centre of each 
cover, however, has a separate gear, since it is con- 
sidered preferable to provide it with adjustment 
entirely independent of the other valves. Although 
@ common tne for all valves may appear more 
simple, it renders the adjustment of the mechanism a 
more difficult matter, and on account of the general 
interconnection, makes it practically impossible to 
adjust any one valve without affecting the operation 
of the others. The scavenging-valves are operated 
in pairs by means of the levers L and L, from the 
cams C,,, as shown in Figs. 5 and 6. Each starting- 
valve is provided with two sets of driving. gear, the 
lever L, and cam C,, being brought into operation for 
running ahead, whilst the lever L, and cam C,, are 
used for going astern. The levers L, and L, are 
mounted on eccentrics keyed to the shaft O, (Fig. 10) 
in such relation that by the suitable rotation a this 
shaft either set of gear comes into operation. The fuel- 
valve is operated from an eccentric on the lay-shaft A 
by means of the lever E, which carries a roller R; 
this roller engages with the lower end of the bell- 
crank lever L,, the other end of which engages with 
the valve-spindle. A link G, which is mounted on 
an eccentric on the shaft O,, is connected to the 
lever E by the pin F, as shown, so that by rotating 
the shaft O, the arc described by the pin F is dis- 

laced, and so varies the time of opening given 
to the valve. The arrangement of the fuel-valve 
gear is more clearly shown in Fig. 10, and a detail of 
the valve itself is given in Fig. 11. The diagrams, 
Figs. 14 and 15, show the motions of the valve 
mechanism, and the throw of the eccentric controlling 
the valve-opening is indicated for different conditions 
of load, both in the ahead and astern positions. The 
complete cycle of operations for starting and running 
is further represented by the diagrams given in Figs. 
16 to 19. 

In starting up the engine with compressed air the 
valve-gear is first set in the desired position by rotat- 
ing the lay-shaft A with regard to the vertical shaft 
W, by which it is driven from the crank-shaft. This 
operation is controlled by the reversing- lever H, 
which actuates an air servo-motor S, which in turn 
raises or lowers a sliding portion of the vertical shaft 
according to the direction in which the lever is 
moved. The lay-shaft A being driven by helieal 
gearing, this vertical movement of the shaft W 
results in a relative motion of the two shafts, and 
since the vertical shaft is prevented from rotating by the 
main s aft, the lay-shaft itself is turned and places the 
valve-gear in the desired position. The vertical shaft 
runs in a thrust-bearing of ample proportions, and it 
is clainod that the method adopted of raising the 
shaft in place of using the more general system of a 
sliding-gear wheel results in considerable reduction of 
wear. An alternative hand gear, controlled by the 


hand-wheel K, is provided for this setting operation, 
which is available in the event of the servo-motor 
being out of operation. 


The movement of the lever 





H also disen a locking device, which prevents 
the accidental movement of the vertical shaft whilst 
the engine is running ; this, however, would appear 
to be a remote contingency, since the action of 
the driving-gear tends to maintain the shaft auto- 
matically in the desired position. 

A further function of the reversing-lever is the 
operating of a valve, placed in the supply-pipe to 
the servo-motor, which it opens immediately before 
the distributing-valve comes into action, and closes 
towards the end of the reversing operation. Thus the 
air supply is entirely cut off from the motor except 
during the time the latter is actually in use. 

As soon as the desired adjustment of the lay-shaft 
is completed the distribution-lever M is automatically 
unlocked ; this lever, which is mounted on the shaft N, 
eee the reversing shafts O, and O, by means of 
the reversing discs on the shaft N and the gears X, 
and X,. The discs, however, are so arranged that the 
motion of the shaft N may be either transmitted to 
one or both of the shafts O. 

The movements effected in starting the engine in 
the ahead direction are as follow :— 

1. The air-supply valves V, and V, are opened by 
means of the cams K, and K,, shown in Fig. 5, thus 
admitting air to the starting-valves. 

2. The starting-valves, operated by the cams Cy, 
and the levers L,, then admit air to the cylinders, and 
since at least one of the valves will be open, whatever 
the point of the crank-shaft, and the valves remain 
open during crank movement of 120 deg., the engine 
starts running. The position of the gear at starting 
is shown in the detail view, Fig. 12. 

3. The starting-valves on cylinders I. and II. are 
then put out of action and the air-valve V, automatic- 
ally closed, thus preventing any leakage of air into 
the cylinders in the event of the starting-valves being 
out of repair. The engine is now running on cylinders 
III. and IV. only, ot thus the quantity of air used 
in starting up is reduced to a minimum. 

4. The position of the link G controlling the fuel- 
valve on cylinders I. and II. has now been brought to 
such a point that the roller R engages with the lever 
L,, and causes the fuel-valve to lift at an angle of 
advance of 15 deg., and holds it open during a crank 
movement of 35 deg.; these conditions of opening cor- 
respond to the low-speed position of the mechanism 
indicated in Fig. 14. At the same time a cam on the 
shaft N operates the gear, closing the suction-valves 
on the fuel-pump Pcl, and thus cylinders I. and II. 
commence running on the oil-fuel, whilst the other two 
cylinders continue to work by air. 

5. The air supply can now be cut off from the other 
two cylinders, and the supply of fuel adjusted by means 
of the lever L, to give the desired speed. The engine 
can continue torun on two cylinders only, and this will 
be found a great convenience in manwuvring and for 
running at reduced speeds. 

6. The fuel suppl can next be admitted to the 
remaining two cylinders, and the fuel-valves adjusted 
to continue running at the reduced speed. 

7. Finally, the valves are adjusted to give the 
normal speed of the engine by means of the lever 
already referred to. 

For starting the engine in the reverse direction a 
similar cycle of movements is carried out, with the 
difference that the reversing-lever H and the distri- 
buting-lever M are both moved in the opposite direc- 
tion. The diagrams, Figs. 13 and 15 respectively, 
indicate the several positions of the starting and oil- 
fuel valve mechanisms when running in the astern 
direction. The correct adjustment of the scavenging 
valve-gear is carried out by the vertical movement of 
the shaft W, and when running in the reverse direc- 
tion the ine develops the same power as under 
normal itions. 

From this description of the starting and reversing 
of the engine it will be seen that the whole of the 
operations are controlled by the reversing and distri- 
buting-levers H and M. These are interlocked, so that 
it is only possible to move the reversing-lever when 
the other one is in its central or ‘‘ stop” position, 
and, similarly, the distributing-lever can only be 
operated when the reversing-lever is placed completely 
over into the ahead or astern position. The arrange- 
ment therefore enables reversals to be carried out 
rapidly with a minimum consumption of air, and 
eliminates the risk of accidents due to the engineer 
attempting to carry out the movements out of their 
correct sequence. The centrifugal itr pred fitted to 
the engine is adjusted to eut the fuel-pumps out of 
action should the speed rise 15 per cent. above the 
normal, 

When running at low speeds, as described above, 
the regulation is effected in such a way that as the 
8 is reduced the angle of advance and the dura- 
tion of the fuel-valve opening, measured in relation to 
the movement of the engine crank, are also decreased, 
as also is the lift of the valve. Thus, in spite of the 
fact that the engine is running slower, the actual time 
that the fuel-valve remains o is only slightly 
increased, and since the lift is decreased, the amount 
of fuel entering the cylinder is reduced, and ignites 





gradually without allowing an excessive amount of air 
to pass. Further, by throttling the exhaust at the 
silencer a higher pressure can be obtained in the cylinder 
at the end of the scavenging stroke than occurs under 
normal conditions, and thus on compression a suffi. 
ciently high temperature to produce combustion can be 
secured, in spite of the increased loss of pressure due 
to the slower travel of the piston. A further increase 
in the temperature of the air can be obtained, if 
necessary, by reducing the amount of circulating water 
to the scavenging-pump. For running at reduced 
speeds also a lever controlling all the fuel-valyes 
causes the oil to enter the cylinders immediately on 
the lift of the valve and without passing through the 
atomiser. Thus ignition takes place before any air 
gains admission, which otherwise might sufficiently 
reduce the temperature to prevent combustion ensuing. 
If this lever should not be replaced on resuming 
normal speed, the only consequence would be imperfect 
combustion, which would be immediately detected 
but the power of the engine would not be affected. 

The small cooled area of the combustion-chamber 
relative to its volume, in addition to its general design 
assisting in the general diffusion of the fuel throughout 
the air, result in perfect combustion being attained. 
The scavenging is also very effective, since the pro- 
vision of four comparatively large valves and the large 
ratio of the length of cylinder to the diameter prevent 
the creation of eddies. 

As explained below, the pistons are made in two 
parts, and special arrangements are made whereby 
oar can be withdrawn from the cylinders from below 
without in any way interfering with the valve-gear. 
Fig. 20, page 700, will serve to explain the method 
adopted, whilst in Fig. 21 is given a detail of the piston 
construction. 

In the ae < the Tosi Diesel engine particular 
attention has been given to the design of the gudgeon- 
pins of trunk pistons, and an interesting method 
of reducing the pressure upon the wearing surface 
has been adopted. In this design a steel sleeve is 
keyed on the gudgeon-pin to afford an increased 
bearing surface for the connecting-rod. In Figs. 22 
and 23, on page 700, is shown a usual type of pin 
in which a working pressure of 140 kg. per sq. cm. 
(1991 lb. per sq. in.) is general, whilst in the Tosi 
a shown in Figs. 24 and 25, a pressure of only 
100 kg. per sq. cm. (1423 lb. per sq. in.) is given, in 
both cases a working pressure of 35 atmospheres 
(514 lb. per sq. in.) being taken. 

The question of lubrication is a matter that has 
received special attention, and this is provided inde- 
pendently under pressure for the pins. The question 
of ensuring a perfect lubrication is of the utmost 
importance, since the transmitted pressure is com- 
paratively high, and is exerted always in the same 
direction ; further, the angle of rotation between the 
pin and its brasses is small, all of which conditions 
render an adequate lubrication more difficult. In the 
case of engines with external crossheads the pins work 
in the comparatively cool air in the crank-chamber, 
and are further cooled by the water circulated in the 
piston head ; by this means the oil is kept more dense, 
and affords a better lubrication for the pin. The 
pistons are made with separate water-cooled heads, 
which are fitted to the trunks; this prevents all 
abnormal stresses in the castings, and renders them 
less liable to fracture than pistons made in one piece. 
The trunk is given a small clearance in the cylinder. 
In Figs. 26 and 27 is illustrated a type of Tosi cross- 
head differing from that adopted in the marine engine 
we have been describing. 

The method of leading the cooling water to the 
pistons of the Tosi marine engine is illustrated in 
Figs. 28 and 29, page 700, from which it will be seen 
that the whole arrangement is easy of access for inspec- 
tion. The flow and return water is taken through a 
double knee-jointed pipe, which passes through the 
engine-frame, in which a lipped tray is formed to 
catch any leakage and thus prevent water entering the 
crank-chamber. Details of the knee joints are — in 
Figs. 30 to 33, and these being fitted with labyrinth 
os ensure the joints remaining in good condition 
‘or long periods. The use of water for cooling the 
pistons has the advantage over the use of oil in that 
the coefficient of heat transmission remains constant 
even after prolonged running, and the troubles arising 
from carbonising of the oil, which occasionally leads to 
breakage of the pistons, are avoided. Where oil is used, 
too, a larger quantity is necessary on account of its 
lower specific heat. 

Figs. 34 to 41, page 697, show an Italian torpedo- 
boat fitted with three sets of two-cycle single-acting 
Tosi Diesel engines, of 800 shaft horse-power each 
when running at their full speed of 330 revolutions. 
Each set is a six-cylinder engine with separate 
scavenging-pump, and each drives a separate pro- 
peller through friction couplings. For running at full 
speed, 29 knots, the three engines, comprising eighteen 
cylinders and wane-ige f together 2400 shaft horse- 
power, are employed. e power can be increased to 
3000 ft horse-power during half an hour, when the 
speed obtained is 31 knots. The oil-fuel consumption 
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amounts to 225 grammes (0.496 lb.) per shaft horse- 
power when running at a 29-knot speed, and 20 kg. 
(44 lb.) of lubricating oil per hour is also required. 

For the cruising ded of 14.5 knots, the certral 
engine alone is used, the two side engines being un- 
coupled and their propellers allowed to run free. -The 
power developed by the engine is 240 shaft horse- 
power running at 170 revolutions per minute. The 
vil-fuel consumption amounts to 320 grammes (0.706 lb. ) 
per shaft-horse-power hour, taking into account a loss 
of power of 15 per cent. due to the drag of the two side 
propellers. The lubricating-oil consumption in this 
case amounts to 3 kg. (6.6 lb.) per hour. The radius 
of action at cruising 8 » with 15 tons of oil fuel on 
board, is stated to be 2820 nautical miles, correspond- 
ing to 195 hours, or an increase of 70 per cent. as com- 
pared with a torpedo-boat fitted with two six-cylinder 
two-cycle engines, developing each 1200 shaft horse- 

wer. 

For running at a reduced cruising speed of 11.5 
knots (the cruising speed remaining 14.5 knots in the 
case of the boat fitted with two 1200-horse-power 
engines) the central engine is run at a speed of 135 
revolutions, developing 120 shaft horse-power, when 
its oil-fuel consumption is 420 grms. (0.926 lb.) per 
shaft-horse-power hour, allowing for a loss of 15 per 
cent , as stated above. The lubricating-oil consump- 
tion amounts to 2.5 kg. (5.5 lb.) per hour. The radius 
of action at this uced quel | is 3400 miles, with 
15 tons of oil-fuel on board, corresponding to 295 hours, 
er an increase of 105 per cent. as compared with the 
torpedo-boat fitted with the two 1200-shaft-horse- 
power engines. 

The two 1200-horse-power and the three 800-horse- 
power engines have both the same weight per total 
shaft horse-power—i.e., 31 kg. (68.3 lb.), based upon 
2400 horse-power, or 25 kg. (55.1 1b.) if taken upon the 
3000-horse-power half-hour rating. In the case of the 
two 1200-horse-power engines a 120-horse-power engine 
is included for driving a stand-by air-compressor, 
which is not required in the case of the three 800- 
horse-power engines. The 1200-horse-power engines 
cannot be started up until the engine driving the com- 
pressor has been run for a certain time for warming 
them up, whilst each of the 800 horse-power engines 
can be started direct by allowing them to run for a few 
minutes uncoupled from their propeller-shafts. 

Reversing is effected in both instances by compressed 
air. In the case of the three 800-horse-power engines, 
the two side engines remain coupled to their pro- 
pellers, and the central engine is run light to supply 
the compressed air to the other two engines. In the 
case of the two 1200-horse-power engines, the com- 
pressed air is supplied by the separate air-compressor 
mentioned above, which is always kept running. 

Both types occupy the same space in regard to 
length—i.e., 17.560 m. (57 ft. 8 in.)—but the height 
required for the three 800-horse-power engines is 2 m. 
(6 ft. 6 in.), as against 2.330 m. (7 ft. 7 in.) for the 
two 1200-horse-power engines. 





THE HAMBURG - AMERIKA PASSENGER 

AND FREIGHT STEAMER ‘‘ IMPERATOR.” 

THE passenger-steamer Imperator, constructed in 
the yard of the Vulcan-Werke in a for the 
Hamburg-Amerika Line, was launched on Thursday, 
and, as she excels in size any ship afloat, excites wide 
interest. This is the first large passenger-steamer 
launched from the Vulcan Company's works at 
Stettin, but already the German Navy has had im- 
portant additions to its Dreadnought fleet from these 
works, which were described in vol. xc. of ENGI- 
NEERING. The Vulcan Company, however, have great 
experience in the building of such leviathan liners, 
most of the famous German liners having m con- 
structed at their well-known works at Stettin. 

The main dimensions of their latest behemoth are :— 


Length 268.22 m. (880 ft.) 
Breadth 29.87 ,, ( 98,, ) 
Depth ... = a ... 10.82 m. (35 ft. 6 in.) 
Gross tonnage - : cemaaead 51,000 tons 
Launching weight ... .. About 26,500 tons 
Speed at sea ... 22 knots 


The hull is constructed with a double bottom, which, 
in accordance with the German Lloyd regulations in the 
case of first-class ships, is about 2 m. (6 ft. 7 in.) high, 
extends right fore and aft, seven steel decks within 
the moulded structure, another deck partially of steel, 
and three steel-plated superstructure decks. Thirty- 
six water-tight compartments are provided, so that 
in the case of the most serious damage the vessel 
would still float. The doors necessary for com- 
munication in the transverse bulkheads, which are 
as limited in number as possible, are hydraulically 
closed on the Lloyd-Stone system. In emergencies 
they are closed simultaneously from the conning- 
bridge, but may each be opened at the station, 
although the door again automatically closes within a 
short period, provided the gear on the bridge is in the 
closed position, and at all times the state of the door 
is indicated on @ disc on the bridge. Each individual 
door, too, can be closed independently from the upper 





deck by a mechanical contrivance. In addition to 
complying in these and other ts with the regu- 
lations of the German Lloyd, the ship is in all details 
equipped in conformity with the most recent regula- 
tions of the German Auswanderergesetzes, the German 
Seeberufsgenossenschaft, the American and English 
laws, and the German § ordnung. 

The number of passengers for whom provision is 
made is as follows :—First-class, about 700 ; second- 
class, about 600; third-class, about 940; and fourth- 
class, about 1750; of which 1000 are in rooms and 750 
are in several large compartments. The crew numbers 
about 1100. Thus the total number of persons on 
board when the ship is full will be about 5100. All 
the cabins in the ship are of unusually large dimensions, 
and every care has been taken to ensure the convenience 
of all passengers, as well as of the crew. In addition 
to the ordinary large first-class cabins several special 
suites are provided, consisting of sitting-room and 
bed-room, with bath and w.c., and, in addition, 
there are two elegant suites, so-called ‘‘ Imperial” 
suites, consisting each of a saloon, a breakfast- 
room, two sleeping-rooms, two bath-rooms, and w.c. 
For general use there are provided for the first-class 
passengers two main saloons, a restaurant and winter 

arden—exact replicas of those at the Carlton Hotel, 

rge hall, ladies’ room, smoking-room, veranda café, 
and a large swimming-bath, identical with that at 
the London Automobile Club. In addition there are 
hygienic, warm and hot air, steam, electric, and 
carbonic baths, one room for cold-water treatment, 
one massage-room, and one large and convenient rest- 
ing-room. For the passengers of the second class there 
is a — dining-saloon, smoking-saloon, social-room, 
hall, and a gymnasium. For the passengers of the 
third-class dining, smoking, and reading-rooms ; and 
for passengers of the fourth class a large dining-room. 
There are promenade decks of ample area for all 
classes of passengers. Comprehensive cooking and 
domestic arrangements on the most practical basis are 
nego Kitchens, pantries, and sculleries are to be 

tted for all classes of passengers, and these are 
equipped with the most recent and requisite contri- 
vances, including bakeries, confectionery, and butcher's 
departments, &c. The provision spaces are extremely 
large, and cold stores are provided for the pro- 
visions, &c. 

A light schooner rig, consisting of two masts, com- 
bined with three huge funnels arranged between the 
masts, gives the ship a sightly appearance. Both 
masts are equipped with loading and unloading appa- 
ratus to an ample extent, and electric cranes are fitted 
for the rapid and convenient handling of loads. The 
anchor and mooring arrangements for the ship are 
of a size to correspond with its great bulk. The weight 
of the anchor and chain amounts to about 200 gross 
tons, the diameter of the metal of the individual links 
being 100 mm. (3.94 in.). For rescue work the safety 
arrangements are on the largest scale, and each person 
is to be provided with a life-belt and life-buoy, which, 
by means of electric contact with the navigating 
bridge, can be distributed in great numbers. Owing 
to the number of boats provided on the vessel—100— 
the means of safety for the passengers is most favour- 
able. In respect to boat-launching, the most suitable 
design has been adopted. As with all new ships, the 
arrangements for wireless telegraphy are extensive, 
and there are fitted submarine signalling appliances. 

The electric installation includes five turbo-dynamos 
for a lighting circuit comprising about 10,000 lamps, 
and for a power-circuit to run motors of a col- 
lective horse-power of 850. There are, for instance, 
four passenger-lifts, several provision-lifts, post and 
packing arrangements, four rotary cranes for picking 
up the provisions and luggage and working the life- 
boats. Further, the mechanical appliances in the 
kitchens and pantries are sheutstecly worked. The 
installation in the conning-tower, the telegraph and 
heating apparatus, dock and rudder telegraphs, are 
also electrically worked. There is a loud-speaking tele- 
phone installation, which connects the various rooms 
with each other, as well as provision of electric clocks, 
electrically worked from the chief clock on the bridge, 
and also an electric alarm, which is capable of rousing 
the entire crew by operation from the conning-tower. 
In addition to the large electric generating installation 
there is a generator on the <a eck, which in case of 
breakdown of the main installation would supply cur- 
rent for lighting the gangways, the most important 
of the work-rooms and all the boat-decks. This set 
also supplies the current for working the installation 
on the conning-tower and the wireless telegraphy 
apparatus. The dynamo in this case is driven by an 
internal-combustion engine, so that its working is 
secure even in the event of the flooding of the boilers, 
&c., in the stokeholds. For the convenience of the 

gers an electric-bell installation is fitted. 

In order to afford security in case of fire, there is a 
fire-station, and a recording apparatus on the Rich 
system on the bri announces the outbreak of fire, 
and through its tell-tal 





le tubes from each hold or com- 
partment steam can be forced to extinguish the fire at 
the moment of outbreak. Moreover, water extinction is 





provided for throughout the ship with a large number 
of fire-hydrants. On the passenger-decks iron fire-proof 
doors are provided in considerable numbers, to prevent 
fire ing from one division to another. 

Complete ventilation is provided for in all state and 
public rooms. There are for this purpose about 
eighty ‘‘ Sirocco” ventilators, of a total of about 
19,000 cub. m. capacity. The rooms of the fourth 
class are provided with thermo-tanks for ventilation 
and heating. In addition there is an abundance of 
natural ventilation. An ozone installation is intro- 
duced to sweeten the air of the rooms. To avoid 
rolling in heavy seas, which ey with so many 
ships, Frahm’s anti-rolling tanks have been installed. 

n order to give an idea of the enormous quantities 
of the various materials utilised in such a ship, we 
may note that there have been used about 26, tons 
of steel plates, angles, profiles, &c. ; 1400 tons of nuts 
and screws; 600 tons of cast iron and cast steel ; 
about 6000 cubic metres of various woods. The weight 
of the complete stern-posts, together with the shaft 
brackets, is about 175 tons, while the rudder weighs 
about 90 tons. 

Four four-bladed propellers drive the ship, the 
diameter being about 5 m. (164 ft.), ab om by a 
turbine installation ata normal rate of 185 revolutions 
per minute. The individual turbines are arranged so 
that the steam passes through the high-pressure tur- 
bine on one inner shaft, to an intermediate-pressure 
turbine on the other inner shaft, and finally thence to 
both low-pressure turbines on the outer shafts. Each 
se te shaftis capable of being worked and manwuvred 
independently. The reversing turbines consist of two 
high-pressure and two low-pressure turbines, with the 
latter again on the outer shaft. The largest low- 
pressure casing has a diameter of about 54 m. (18 ft.), 
and a length of about 74 m. (24 ft. 7 in.). Two con- 
densers are arranged near to the low-pressure turbines. 
The water-circulating pumps, four in number, are 
arranged two each on one engine, which drives both or 
either. There are a large number of boilers in water- 
tight compartments, which pruvide the necessary steam 
at a pressure of 16 atmospheres. 








PxRsonaL.— Messrs. Robert Warnerand Co. (Engineers), 
Limited, Walton-on-the-Naze, inform us that they have 
appointed Messrs. John J. B. Cross and Co., Limited, 

road-street House, New Broad-street, E.C., their sole 

nts for the county of London.—Mr. Thomas W. How, 
M.I. Mech. E., has resigned his ition as financial 
managing director to the Horsfall tructor Company, 
Limited, but will continue his practice as consulting and 
advisory engineer at 17, Victoria-street, Westminster. 





ConTracts.— Recent orders received by the Mirrlees 
Watson Company, Limited, Glasgow, include a large 
number of surface-condensing plants, condensing plants 
of the Mirrlees-Leblanc type, a low-level jet plant, baro- 
metric jet plants for various firms in this country and 
abroad, and also several special air-pumps.—The Under- 
feed Stoker Company, Limited, Coventry House, E.C., 
have recently booked orders for 145 of their different 
types of stokers for a number of firms in this country and 
abroad. In addition to these, they have also recently 
taken orders for several air-heater installations. 





Launon or THE U.S. Batrigesnip ‘Trexas.”—The 
heaviest and most powerful battleship yet put afloat was 
launched on Saturday from the y of the Newport 
News Shipbuilding Company and named the Texas. 
Mr. Meyer, re’ of the Navy, was present. The 
displacement of the Texas will be 28367 tons, her length 
573 ft., and her contract speed 21 knots. The 27,000 
horse-power required to maintain her speed is developed 
by twin-screw vertical triple-expansion engines of the 
reciprocating type. She will carry as her principal 
armament ten 14-in. guns, mounted in five turrets. 
Her sister ship, the New York, will be launched from 
the Brooklyn Navy Yard in July. 





Tue British ACETYLENE AND WELDING ASSOCIATION. 
—The annual meeting of this association was held at the 
Westminster Palace Hotel on May 21. Mr. Kenneth 8. 
Murray, of the British Oxygen Company, Limited, 
was appointed President of the association and occupied 
the chair. In view of the fact that it is the intention of 
the association to make every endeavour to advance acety- 
lene welding a the country, this appointment 
should be an undoubted source of strength. We under- 
stand that the association is making arrangements to 
establish classes in our technical colleges and important 





engineering as & of instruction regarding 
oxyacetylene welding. At the mt time the dearth of 
competent welders tends more anything else to check 


the development of ae geste, and it is hoped that the 
work that is to be undertaken will result in a steady supply 
of or aay ag 4 competent welders being available. In 
addition to this it is the intention of the association to 
keep closely in touch with the developments in acetylene 
welding and in metal-cutting which are constantly wong 
place. It is also the intention of association to hol 
iodical meetings in order to read and discuss any papers 
of interest that may bear on these subjects, the papers 
and discussions to be afterwards published in the Trans- 
actions of the association. It is believed that in this 
the association may greatly extend its usefulness, 


wa: 
ho § that it will be in a position to offer such advantages 
to its members as may induce many engineers to join, 








700 


ENGINEERING. 


[May 24, 1912. 





DETAILS OF 500-INDICATED HORSE-POWER TWO-CYCLE MARINE DIESEL ENGINE. 
CONSTRUCTED BY MR. FRANCO TOSI, ENGINEER, LEGNANO. 








INTERNATIONAL Fire Service Councit.—This year’s 
— meeting of the International Fire Service Council 
been postponed to Wednesday, June 5, which is the 
last da: of the International erence on Fire Preven- 
tion, Fire Service,.and Fire Insurance Questions, to be 
held under the auspices of the Council on June 2 and 
su uent days, instead of, as yr ey announced, 
May 25. An executive meeting of the Council has been 
called for June 1. The Council’s temporary head-quarters 
are at the Hotel de I’Europe, St. Petersburg. 





THE a a tg tg tomes, Lewis om Son 
in their mid-monthly report state the following :—From 
701, 2s. 6d. on the 1st inst. cash s 
691. on the 3rd, recovering to 691. 5s. on ‘ 
declined again to 68/. 18s. 9d. next day. The American 
statistics on the 9th proving more favourable than was 
anticipated, bears ye covered their previous sales 
and speculators bought f » Tesulting in an advance to 
731. for three months rn y on the 14th. On realisation 
of profits, the cash price fe/] on the 15th to 72/., and for 
three months to 72/. 7s. Sd., warrants for immedi 
delivery being limited. On the publication of favour- 
able statistics, the market advanced on the 16th 1. 


per ton, and closing values were 73/. cash, and 73d. 10s. 
three months. es for the fortnight gave a total of 
about 27,000 tons. sales of electrolytic copper 


were repo! : 16} cents. 
per lb., a considerable quantity being also taken for 
export at 74/, to 742. 10s. per ton c.i.f.. With continued 
deliveries from European stocks, the quantity avail- 

ie was much reduced, some anxiety was felt as to 
supplies proving sufficient for future requirements in 
view of th consumption in the United 


roving 
—— increased 
States as as in Europe. 
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Tue cate Lorp Sratpriver.—We regret to have to 


record the death, which occurred on Saturday, the 18th | 


inst., of Richard de Aquila Grosvenor, first Baron 
ey P.C., late chairman of the London and 
North-Western Railway Company. Lord Stalbridge was 
born on January 28, 1837; he was the second son of the 
second Marquis of Westminster, and sat for many years 
in the House of Commons as Lord Richard Grosvenor, 
during which time he held the position of Vice-Chamber- 
lain of the Royal Household from 1872 to 1874, and that of 
Patronage Secretary to the Treasury from 1880 to 1885. 
He was raised to the Peerage by Mr. Gladstone in 1886, 
when he entered the Upper Ho 

The deceased was appointed a director of the London and 
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North-Western Railway Company in 1870, a ition 
which he held until 1891, when he was made chairman 
in the place of the late Sir Richard Moon. In both 


positions he displayed great activity, he took a keen 
interest in the design, construction, and working of the 
different types of engines which were adopted duri 
the time he remained connected with the company, an 
acted frequently in the capacity of an amateur engine- 
driver. @ period of Lord Stalbridge’s chairmanship 
was marked by a complete transformation both of the 
permanent way in all its details and of the working of 
the lines. He wasof a most genial disposition and made 
a host of friends. He is sugceeded in the title by his 
eldest son, the Hon. Hugh Grosvenor. 
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on “ X-Rays and Matter.” (Lecture I.) Saturday, June 1. 
—— L. Moore, on (I.) “The Development of Meteorological 
ence.” 

Tue PuysicaL Society or Lonpon.—Friday, May 31, at 5 p.m., 
at the Imperial College of Science, Imperial Institute-road, South 
a 8.W. Agenda :—1. ‘* The Calibration of Wave-Meters 
for otelegraphy,” by Professor G. W. O. Howe. 2. ‘‘ On the 
Use of Heaviside’s Resistance Operators in Air-Core Transformer 
Theory,” by Dr. W. H. Eccles. 3. ‘‘The Movements of Semi- 
Oily Liquids on a Water Surface,” by Mr.C. R. Darling. 4. ‘* Ex- 
periments on Surface Leakage in Alternating Electric Fields,” by 
Mr. G. L. Addenbrooke. 

Tae Norta-East Coast INSTITUTION OF ENGINEERS AND SHIP- 
me aig May 31, special meeting for the continued 
discussion on ‘‘ The Relative Possibilities of the Diesel Engine, 
Geared Turbine, and Suction-Gas Engine as compared with the 
Reciprocating Engine for Marine Propulsion.” 





ENGINEERING. 
— Y, cond ™ 1912. 


ESE: ——_—— —— SS 


THE POSSIBILITIES OF RADIANT 
HEATING. 


THe very remarkable researches of Professor 
Bone and Mr. McCourt, by which attention has 
been directed anew to the phenomenon of ‘‘ surface 
combustion,” appear likely to exercise a notable 
influence not merely on metallurgical operations, 
but also on the question of power production. It 
is difficult to predict in tv field the discoveries 
in question will make the greatest imprint. The 
results already attained—as set-forth in our issue of 
May 10, page 632—are striking to a degree, and 
tempt one to traverse the very safe rule of ‘‘ never 
to prophesy unless you know.” 

rofessor Bone is no doubt correct in stating 
that after the investigations made, here and in 
France, during the earlier half of last century, 
interest in the subject ceased in scientific circles ; 
but, as Mr. Wingfield has shown in his letter 
published in our last issue, industrial workers 
were less apathetic, and had established some 
important facts. That the results thus attained 
led to no industrial application of the system 
is probably to be attributed to extraneous con- 
siderations. The method was not immediately 
applicable to domestic heating, since a supply of 
air under pressure was essential to its success, 
and in steel works and other industries, in which 
gas-fired furnaces were employed, the manage- 
ment had every reason for satisfaction with the 
methods already in vogue. In fact, gas-fired fur- 
naces of the traditional type are already remarkably 
economical in fuel. With | gas, the supply of air 
needed for combustion can, at least in normal con- 
ditions of operation, be adjusted into almost mathe- 
matical agreement with the theoretical require- 
ments; whereas when high temperatures have to be 
attained with solid fuel, it is necessary to supply 
three or four times the theoretical equivalent 
of air. Hence with gaseous fuel the waste pro- 
ducts are, in normal working, almost wholly 
bereft of free oxygen and of carbon monoxide. 
The latter is, however, likely to reappear when 
furnaces are forced, and in some recent competitive 
trials in America with small gas-fired furnaces, two 
of the operators were ‘‘ gassed ” owing to the pro- 





?| duction of carbon monoxide, which was naturally 
2| also accompanied by a diminution in the efficiency 


attained. Nevertheless, in many metallurgical 
operations the combustion in gas-fired furnaces is 
practically perfect. The gases discharged from a 
steel-melting furnace, for example, show often less 
than 14 per cent. of free oxygen, and by the use of 
regenerators a high degree of economy is also 
attained. There are, however, well-recognised limits 
of temperature which it is not proved practicable to 
exceed with flame combustion. It is, of course, a 
commonplace that Faraday melted platinum in a 
candle flame, but the feat was merely a scientific 
curiosity, devoid of practical importance, and 
other methods have been necessary when it was 
desired to melt platinum in the mass. With 
surface combustion, Professor Bone and Mr. 
McCourt have shown that platinum in the mass 
can be readily melted, using merely coal-gas and 
air, and in his lecture Professor Bone stated that 
it was ible to attain in this way temperatures 





the adoption of the principle of surface combustion 
should make it feasible to use for steel-melting and 
the like, gases of poorer quality than it is now 
generally considered advisable to adopt. 

As matters stand, blast-furnace gas is even now 
being tried for steel-melting, using furnaces of the 
ordinary type; but whether the experiment will 


;| prove commercially successful is, perhaps, open to 


doubt, as in view of the low caloritic value of this 
gas, very large regenerators will be required. If 
surface combustion can be applied to the use of 
this gas, the problem should be considerably sim- 
plified, although it may be necessary to clean the 
gas pretty thoroughly. This, however, is advisable 
even with the existing ty of furnace, since 
the dust fluxes the brickwork of regenerators. 

As Mr. Wingfield has shown, the possibility of 
securing very high temperatures by means of 
surface combustion had been fully realised by Mr. 
Fletcher, of Warrington, thirty years ago, but the 
application of the system to the heating of boilers 
marks apparently a new departure, and should it 
he “ahs to fire boilers on this system with 
blast-furnace gases, it would seem that a steam- 
power plant could be laid down which would 
compare not unfavourably in the matter of fuel 
economy with the large gas-engines now used. 
Speaking generally, the firing of boilers with blast- 
furnace gases has often proved far from economical. 
The use of uncleansed gas has in the main been re- 
sponsible for the somewhat unsatisfactory results 
obtained, and in some works it has been found 
that by washing the gas free from dust the quantity 
needed to maintain steam is halved. The layers 
of dust deposited on the heating surfaces greatly 
impede the transmission of heat, since such dust 
constitutes a non-conductor of remarkable efli- 
ciency. A cleansing sufficient to increase greatly 
the evaporative power can be effected at a cost of 
about a. r 1000 cub. ft., whilst the higher 
standard of cleanliness essential in a gas used for 
engine-driving is found on the Continent to cost 
about 1d. per 1000 cub. ft,; and owing to the low 
calorific value of the gas, which is only some 90 
B.Th.U. per cub. ft. or so, this makes the blast- 
furnace gas equivalent in cost to coal-gas supplied 
at about 64d. to 7d. per 1000 cub. ft. 

If it prove practicable to apply blast-furnace gas 
to the firing of boilers on the surface-combustion 
system, it would certainly seem that the large gas- 
engine may expect to encounter a very serious rival 
in a field which has hitherto been considered almost 
exclusively its own. Gas-engines are frequently 
rated at loads which they cannot carry for more 
than half-an-hour or so. Hence in making esti- 
mates of their every-day efficiency, for comparison 
with steam, it is necessary to take this circumstance 
intoaccount, If this be done, it will be found that 
the fuel consumption per kw.-hour now attainable 
with steam is not materially worse than that of 
gas-engines. Large gas-engines, for example, are 
often guaranteed to produce 1 indicated horse-power 
for 8400 B.Th.U. ~ hour. Allowing for the in- 
ternal friction and the generator losses, this is 
equivalent to, say, 14,500 B.Th.U. per kw.-hour, 
measured at the switchboard. In a recent steam- 
turbine trial, made under thoroughly competent 
and independent direction, 1 kw.-hour was obtained 
for under 11.6 lb. of steam supplied at 160 lb. gauge 

ressure and about 300 deg. superheat. The total 

eat in steam at this pressure and temperature 
is about 1353 B.Th.U., so that taking the 
feed temperature as 100 deg. Fahr., the heat 
supplied per pound of steam was 1253 B.Th.U. 
In the Bone-McCourt boiler an efficiency of 95 
per cent. was realised, which, however, requires 
correction for the power taken for driving the 
fans, which would certainly not exceed 3 per 
cent. Taking, then, the net figure at 92 per cent., 
the 1253 units supplied to the steam will be 
equivalent to 1353 units in the fuel, so that the 
total to be supplied per kw.-hour will be 14,500 
B.Th.U. The two figures are thus very closely 
comparable, and if, as there is reason to believe, the 
steam-turbine economy is capable of still further 
increase, the fulfilment of Sir Frederick Bramwell’s 
prediction of the relegation of steam-engines to 
museums of antiquities may be indefinitely post- 
poned, Of course, objection may be taken, not 
unfairly, that a record performance of a steam- 
turbine has, in this instance, been compared with 
the regular guarantees of gas-engine builders, and 
if the best records of both forms of prime mover 
were contrasted, the advantage, no doubt, would 





of deg. Cent. It would seem, therefore, that 





still lie with the gas-engine. The figures given, 
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however, suftice to show that the margin of advan- 
tage has of late been very greatly reduced, and, 
unless considerable improvements are effected in 
gas-engine economy, may before long entirely dis- 
a r. 

2 t does not appear probable that gas-engine 
economy will be much bettered so long as the 

resent cycle is adhered to. The success attained 

y steam in approaching the fuel economy of its 
rival has, however, been due to the fact that the 
turbine utilises. the ‘‘toe of the diagram,” which 
was largely wasted in reciprocating steam-engines. 
Gas-engine diagrams have also a toe, and should it 
prove feasible commercially to utilise this, the 
steam-turbine may be again distanced. So far as 
can be seen at present, however, any attempt to 
utilise this ‘‘toe” in a gas-engine must increase 
the weight per horse-power and diminish the 
mechanical efficiency. At the worst, however, there 
will remain one field in which supremacy of the 
internal-combustion motor seems likely to remain 
wholly unchallenged. Whilst, as shown above, the 
new developments in steam practice have almost 
cancelled the margin between the thermal efticien- 
cies of the two classes of motor, this is true only 
when the units are of large size. With small sizes 
the explosion-engine is not only more economical, 
but can be built of less weight and cost than an 
approximately equivalent steam plant. 

t has, of course, to be borne in mind that the 
remarkable boiler economy on which the above 
estimate of the possibilities of steam was based has 
so far been attained with gaseous fuel only. 
The calorific value of Mond gas, for — is 
only about 84 per cent. of that of the coal from 
which it is derived. Where, however, power is 
generated on a sufliciently large scale to make 
ammonia recovery commercially practicable, the loss 
of heat in the producer is more than made good 
by the value of the by-products recovered. ore- 
over, the very low stand-by losses which are charac- 
teristic of gas-producers should of themselves result 
in a considerable economy of fuel, with stations 
which run for considerable portions of the day on a 
mere fraction of their maximum output. A Mond 
producer rated at 1000 horse-power can be kept 
for fourteen hours, with-an expenditure of a 
couple of hundredweight of fuel, in a condition 
to start up at three minutes’ notice. It would 
seem, moreover, that with the very simple con- 
struction of the Bone-McCourt boiler, steam could 
be raised very quickly even in the case of large 
units. With the roe | experimental boiler used at 
Leeds steam was raised from the cold in eighteen 
minutes from the time of lighting up, and one of 
the principal authorities on boiler practice in this 
country has expressed the view that there would 
be little, if any, risk in putting under steam in 
the same time the larger 300 to 400-horse-power 
boiler which has been erected at the Skinningrove 
Iron Works. 

With coal-fired boilers the stand-by losses are 
generally considerable. They are probably at their 
minimum in well-managed power-stations, but will 
vary, of course, with the load-factor. In one London 
station, having a maximum output of over 4000 kw., 
the losses in starting up boilers and standing by 
are found to amount to 14 tons of fuel per week 
on a total consumption of 400 tons. In mills and 
factories they are usually much higher, and though 
definite figures are not readily attainable, they are 
often estimated at 10 per cent. 

Experiments aré now in progress as to the 

ssibilities of burning liquid fuel by surface com- 

ustion. The results will be awaited with interest. 
If practicable, a Bone-McCourt boiler thus fired 
would seem particularly applicable to the needs of 
the Navy. From the point of view of convenience, 
the present arrangement of oil-fired boilers and 
turbines is, of course, hardly capable of betterment. 
Thus a destroyer running at 30 knots may be stopped 
dead for half an-hour or more, losing hardly a pound 
of steam through the safety-valves, and be again 
started up to full speed at 10 minutes’ notice or less. 
If this extraordinary elasticity can be combined with 
the economy pertaining to the system of surface 
eombustion, there seems little prospect of oil-engines 
finding favour in naval circles, particularly in view 
of the fact that the high economy of fuel realised 
in the Leeds experiments was associated with a very 
large output of steam = square foot of heating 
surface. In these trials the rate of evaporation 
averaged nearly 22 lb. per sq. ft. of heating surface, 
and this figure could, it was stated, be.raised to 


over 30 without any very great reduction in the 





economy. Steam, moreover, can be raised very 
quickly, the full power being attained in 18 minutes 
after starting up. 

A good quality of fuel oil has a calorific value of 
some 19,000 to 20,000 B.Th.U. per pound, so that 
with an expenditure of 14,500 B.Th.U. per kw.- 
hour the consumption of oil would be, say, ? lb. 
per kw.-hour, or less than 0.55 lb. per brake horse- 
power-hour. The complete plant, whilst weighing 
much less than a Diesel engine, with which it would 
compare not unfavourably in fuel economy, would 
possess, it should be added, the advantage of a 
50 per cent. overload capacity. For the present, 
of course, the practicability of building a Bone- 
McCourt boiler to work with oil fuel has not 
yet been demonstrated, and the point has only been 
raised as an interesting, if problematical, possi- 
bility. It is, however, certainly a matter worthy 
of very careful attention. 





CONTRACTORS’ AND EMPLOYERS’ 
MEASUREMENTS. 

THE case of Glasgow and South-Western Rail- 
way v. Boyd and Forrest, upon which, in its earlier 
stages, we made some comments in a former issue, 
was considered in the House of Lords last week. 
The material facts are very brief. In 1900 the 
railway company entered into a contact with 
Messrs. Boyd and Forrest under which the con- 
tractors were to construct a portion of a railway 
called the Dalny and North Junction, about 
12 miles in length, and to widen the line between 
the Dalny and Swinlees Junction, fora lump sum of 
243,690/. There were several cuttings to be exca- 
vated and embankments to be made in order to 
form the first-mentioned line. From the con- 
tractors’ point of view, much depended upon the 
nature of the soil in the cuttings, and it was 
alleged by them that the price for this work was 
based upon calculations of quantities included 
in the schedule to the contract, and that these 
calculations were based upon the information 
alleged to have been derived from certain borings, 
a journal of which was submitted by the railway 
company to the contractors. According to the 
contractors, they were misled by this journal to 
such an extent that the cost of the work was 
increased by 106,688/. 13s. 11ld., and they therefore 
sought to set aside the contract, and claim as upon 
a quantum meruit. Lord Johnstone, before whom 
the case came in the first instance in the Court of 
Session, arrived at the conclusion that the engineer 
of the railway company had recklessly put forward 
an inaccurate journal of bores; and although the 
contract contained clauses whieh threw the 
burden of such mistakes on to the contractors, 
he gave judgment for the plaintiffs. This judg- 
ment was affirmed in the Scotch Court of 
Appeal, where Lord Ardwall said: ‘I am of 
opinion that a false and fraudulent representa- 
tion was made to the pursuers, inasmuch as it 
was represented to them that the schedule of quan- 
tities, the plans, and the sections were founded on 
a genuine and honest journal of bores, which they 
were not. That this representation was knowingly 
made does not admit of a moment’s doubt. I have 
already examined the evidence on the point, and 
need not go into it again. Mr. Melville's own 
evidence, which I have already referred to, is 
sufficient to show that he knew perfectly well that 
the so-called journal of bores was not a genuine 
journal of bores in any sense of the term, and that 
it was not made by responsible or competent borers. 
It goes without saying that the false representa- 
tions were made without belief in their truth.” 

In giving judgment in the House of Lords, Lord 
Atkinson pointed out that it was alleged in the 
action that the plaintiffs (the contractors) were 
induced to enter into the contract by the fraud of 
one William G. Melville, the company’s engineer- 
in-chief—a man of position and experience. The 
charge resolved itself in argument into this, that 
Melville had put into this compilation of the 
reports of the borers certain statements which he 
knew to be false, or statements false in fact, which 
he recklessly inserted as being true, not knowing 
whether they were true or false; that these 
statements were intended by him to deceive, and did 
deceive, the plaintiffs, who acted upon them. No 
more serious ch could be well made, and no 
motive which would bear examination was sug- 
gested why Melville should be guilty of it. it 
was not disputed that these statements, if fraudu- 


lently made, were intended to deceive the respon- , 





dents, and did, in fact, deceive them. The only 
question, however, for their lordships’ decision in 
the — was this: Had this charge of fraud been 
proved by the respondents—on whom the burden 
of proving it by reliable evidence most unquestion- 
ably lay—or had it not ? 

“he noble lord, after analysing the evidence 
uoted words of the Lord Soave Clerk, Lord 
ohnstone, and Lord Dundas, which imputed reck- 

lessness of statement to Mr. Melville, and con- 
cluded by saying: ‘‘I am not quite sure whether 
Lord Ardwall was of opinion that Mr. Melville 
was guilty of deliberate fraud or not. From the 
following passage in his judgment it would appear 
to me somewhat doubtful.” 

His lordship here quoted the passage from Lord 
Ardwall’s judgment above set out, and continued: 

‘*My Lords, with the greatest respect for each of 
those learned judges, I find myself wholly unable 
to take their view of the result of the evidence. 
To my mind it appears clear that Mr. Melville 
honestly thought he was stating in the journal of 
bores the information in fact conveyed to him by 
the borers, and that the change he made in the 
entry was made for the very purpose of correcting 
what he honestly believed to be their misdescrip- 
tion of the substance actually found, so that the 
journal should set forth the absolute truth. For 
the reason I have already given, I think that, so 
far from not knowing or caring whether the state- 
ments contained in the journal were true or false, 
he was anxious to state the truth, and took such 
means as he honestly considered suflicient for the 
very purpose of ascertaining what the truth was, so 
that he might set it forth with accuracy. 

‘*It would be a strange way of showing good faith 
to state the information he received as if he believed 
it to be true when he, in fact, thought the borers 
were in error, and yetabstain from correcting their 
error. I do not think that Mr. Melville acted 
recklessly in any reasonable sense of the word. 
And I am, therefore, of opinion that the respon- 
dents failed to prove that he was guilty of fraud of 
any kind towards them.” 

Lord Macnaghten and Lord Shaw concurred. 

The Lord Chancellor, in concurring, said the 
question was one of fraud, and fraud imputed 
dishonesty. The charge was not established. He 
agreed with Lord Atkinson,in not expressing any 
opinion on other questions which might or might 
not arise for litigation and decision between the 
parties. 

The result of this decision is that Mr. Melville 
is wholly acquitted from the charges made against 
him. As the case will apparently be tried again in 
the Scotch Courts, we refrain from making any 
further comment upon it. 








HIGH-FREQUENCY CURRENTS. 

THE discourse on ‘‘ High-Frequency Currents,” 
delivered at the Royal Institution last Friday by 
Mr. W. Duddell, F.R.S., who had the evening before 
been elected President of the Institution of Elec- 
trical Engineers, may have appeared less brilliant 
than some former discourses of his. But his 
experimental skill and lucid exposition were quite 
as remarkable as on other occasions, though Mr. 
Duddell devoted little time to showing the 
‘* beautiful effects” mentioned in his introduction. 
He dealt chiefly with different methods of gene- 
rating currents of high frequency—that is to say, 
frequencies, not of 50 or 100 periods per second, 
which are high frequencies for ordinary electrical 
engineering, nor of telephone currents, whose 
frequency might reach 1000 periods, but from 
10,000 periods up to one million per second and 
more, such as are wanted in radiotelegraphy and 
electrotherapy and for other purposes. ere were 
three chief methods, he stated : the alternator, the 
Leiden jar, and the arc methods. 

The alternators, Mr. Duddell continued, seemed 
likely to be greatly improved and developed, and the 
method was the simplest to understand. The magnet 
of which he made use for the demonstration of the 
principle was Faraday’s maguet, made for the first 
international exhibition of London, 1851, and still 
probably the most powerful permanent magnet 1n 
existence. Mr. Duddell showed how a current 
was generated when a wire or coil was moved across 
one of the poles, and his model of an alternator 
—a wooden disc wound with a coil on its edge, 
opposite which several permanent magnets were 
set—might have been a model also of the old 
‘* Alliance” machine of 1863. A small alternator 
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he had himself made had fifteen magnets or thirty 
poles ; it could run at 133 revolutions per second, 
the circumferential speed of the disc was three miles 
yer minute, and the disc would therefore travel 
from London to Brighton in seventeen minutes ; the 
frequency was 2000. This machine had been erected 
in the laboratory underneath the Lecture Theatre, 
and the audience heard on the telephone how the 
alternator was slowly speeded up to 8000 revolu- 
tions per minute; the telephone note gradually 
became higher and fainter, and also unpleasant, for 
two reasons: sounds cease to have a musical 
character at about 10,000 periods per second, and 
the limit of audibility is of the order of 20,000 
periods per second. 

To obtain really high frequencies, Mr. Duddell 
continued, with such a machine would necessitate 
enormous speeds or high numbers of poles. The 
machine which Messrs. Pyke and Harris had, years 
ago, constructed for Sir David Salomons [the machine 
was exhibited by the courtesy of Messrs. Isenthal, 
who now own it], had involved several interesting 
improvements. Armature and field rotated in oppo- 
site directions, each at 1500 revolutions per minute ; 
there were 174 pairs of poles, and the frequency was 
8700 ; ten poles had to be got into the space of 1 in., 
together with their wires and insulation, and this 
was possible with the zig-zag winding first adopted 
for a high-frequency machine by Tesla in 1889. 

Double the frequencies could be obtained when 
the wires were wound on the poles of the magnets, 
and a piece of soft iron was moved past the poles. 
With this arrangement Mr. Duddell had raised the 
frequency up to 120,000 in a small machine, which he 
had constructed twelve years ago, with 204 polar 
projections for a speed of 35,400 revolutions per 
minute; but the output had been microscopical. The 
safe circumferential speed limit for steel discs was 
300 metres per second, and with one pole and wire 
and insulation for every 3 mm., inductors (and alter- 
nators) for frequencies of 100,000 (and 50,000) 
could be built. Mr. E. F. Alexanderson, of the 
General Electric Company (United States), had 
recently gone higher still. The edge of his steel 
disc | which. we may say, resembles a turbine wheel 
of the Riedler-Stumpf type], was provided with 
300 slots, and to reduce the air friction when run- 
ning at the high speed of 20,000 revolutions per 
minute, brass plugs had been riveted into the 
spaces between the steel teeth. The machine was 
driven from a motor by gearing, and the gyro- 
static action was so great that a long flexible shaft 
had to be adopted, which allowed the disc to spin 
in its own plane like a top. Auxiliary bearings 
were provided close to the disc to take up the 
vibrations set up at critical speeds, while the 
machine was being speeded up. This machine gave 
2 kw. ata frequency of 100,000, and with the aid of 
a special winding and 800 polar projections, a fre- 
quency of 200,000 had Soon obtained by Mr. 
Alexanderson. 

The machine which Dr. Goldschmidt, of Berlin, 
described a year or two ago was based on quite a 
different principle, which was not easy to under- 
stand. A rotating magnetic field could be produced 
electrically by supplying the stator with three-phase 
currents ; if the rotor were itself turned at a rate 
such that with a stationary field it would give a 
frequency of 100 F ood second, the actual frequency 
would be 200. hen these currents were put into 
another machine, the frequency would further be 
increased to 300 and more ; but the machine would 
be complicated, and Dr. Goldschmidt made the suc- 
cessive additions all go on in the same machine. 
The alternating current at 200 frequency was put 
back into the stator so as to produce a rotating field 
of 200 frequency without in any way interfering 
with the original rotating field of 100; that rotating 
field of 200 would then induce a current of 300 fre- 
quency on the rotor, and so on. That was what 
Goldschmidt called the electric method. But his 
taagnetic method was simpler. To explain this, Mr. 
Duddell again started from a two-pole machine 
whose stator was supplied with currents of 100 
frequency. If the rotor were short-circuited, a 
rotating field of 200 frequency would be pro- 
(duced in it, which would induce currents of 
300 frequency in the stator; these being again 
short-circuited, would induce rotor currents of 
400 frequency, and so on. The original currents 
needed not to be three-phase ; for a single-phase 
current might be looked upon as two rotating fields 
in Opposite directions, one of which would have no 
effect for this consideration. It was not even 
necessary to excite with an alternating current ; 





a direct current would induce an alternating current 
in the rotor, which would react back. 

The stator was excited from a battery through a 
self-induction. The induced current of the rotor 
(100 frequency) flowed through condensers and 
self-induction, so as to bring the circuit into reson- 
ance for that frequency (100); the rotor then 
behaved as if short-circuited. The field produced 
reacted on the stator, and this circuit was again 
adjusted so that the stator behaved as if short- 
circuited for that frequency. In this way Dr. 
Goldschmidt realised an output of 12 kw. at a 
frequency of 30,000, and a smaller output at higher 
frequencies. It was thus possible to construct 
high-frequency generators for considerable outputs, 
and the question was now a commercial one as to 
efficiency, cost, and reliability of a type of alter- 
nator. 

The second method of producing high frequency, 
Mr. Duddell proceeded, was by means of Leiden 
jars. When a condenser was discharged through a 
high resistance, the current gradually died away. 
When discharged through low resistance, the current 
continued to flow in the same direction, and then 
charged the condenser up in the opposite direction, 
the current slowly getting weaker. After a while 
the condenser would again discharge, this time in 
the opposite direction, and this cycle went on. 
The frequency of the oscillations depended upon the 
capacity of the condenser, which, when the con- 
denser was likened to a weighted spring, corre- 
sponded to the weakness of the spring, and upon 
the self-induction, which corresponded to the mass of 
the weight. By means of condensers any frequencies 
from 1 up to 100 millions could easily be obtained. 
Mr. Duddell himself had once experimented with a 
frequency of 4 in the Royal Institution. But all 
these oscillations died rapidly away, and it was 
necessary to discharge and recharge the condenser 
in rapid succession if useful work had to be done. 
The condenser was then allowed to discharge 
through a self-inductor and a spark-gap in series. 
The spark-gap acted like a safety-valve, and the 
oscillations took place while the gap was conduct- 
ing. High-frequency oscillations could be pro- 
duced, for instance, by charging the condenser from 
a transformer connected to a low-frequency alter- 
nator, as Tesla had done twenty years ago in the 
same theatre. But those high-frequency currents 
differed fundamentally from those yielded by an 


alternator. A jar discharge would last only saan 


of a second, and with 170 discharges per second 
there would be something like a 200th part of a 
second between the end of one discharge and the 
beginning of the next ; that was a long interval, 
100 times longer than the oscillations lasted. In- 
ventors had successfully been struggling to close up 
this gap. : 

This could be accomplished by using high- 
frequency alternators for charging the jars. e 
Marconi Company worked with 600 discharges per 
second, and the Telefunken Company with 1000 
— per second. To produce these discharges, 

r. Marconi used a disc set with studs on its edge ; 
the disc was rotated at a high speed. In the trans- 
Atlantic transmission frequencies of 50,000 or 
60,000 were used, and there would be 50 or 60 
oscillations in the aerial for each discharge; the 
total time the oscillations lasted in the aerial was 
thus over ;g55 of a second, and there were hardly 
any idle intervals. 

here was another method of producing con- 
denser oscillations, the shock excitation of Max 
Wien, adopted by the Telefunken Gesellschaft. A 
pendulum could be started, either by pulling it 
away from its position of rest and letting it go; 
or, secondly, by giving it a blow or shock ; or, 
thirdly, by numbers of impulses at proper in- 
tervals. All these three methods were applied. 
The first was that of the simple jar pM nar 
the third was usually applied in radiotelegraphy 
for maintaining oscillations by tuning the aerial 
and loosely coupling it with the jar circuit. In 
the second case the spark-gap was arranged so as 
to suppress the oscillations, the condenser allow- 
ing a lee rush of current and then becoming insu- 
lating. Mr. Duddell’s analogy of this quenched 
spark was a vertical tube connected with a valve. 

ater was forced up the tube until the valve 
opened (the spark); the valve worked in one 
direction only, and oscillations did not arise hence. 
It might be thought that with this method there 
would be no relationship between the nature of the 
swing in the first (discharge) circuit and the 





frequency of the oscillation in the second. But it 
would be understood that a long pendulum could 
be started by a blow which came on and off with 
comparative slowness, while a short pendulum 
would be set oscillating by a short quick tap. The 
spark-gap used by the Telefunken Company con- 
sisted of a series of large copper discs separated 
by mica plates, the central portions of which (more 
than 1 in. in diameter) had oe stamped out; the 
two copper discs facing one another were quickly 
cooled after the spark had passed by the large 
masses of copper. 

Another method of producing a succession of 
_ was to charge a condenser by direct currents 
(battery), and to connect it further with a spark- 
gap circuit ; the condenser would then again be 
recharged after each spark. As spark-gap(A in dia- 
gram, Fig. 1) Mr. Duddell had employed a vacuum- 
tube, and when about 1000 volts were available this 
was a convenient way of working an induction coil, 
the primary of which formed the self-induction of 
the oscillatory circuit. By making the resistance 
small and the voltage high, a rapid succession of 
sparks could be obtained ; but with large powers 
the gap became conducting. Mr. R. C. Galletti 
recently overcame this difficulty by coupling a 
number of circuits each with its own spark-gap, 
and by splitting the condenser in such a way that 
one part of the condenser was common to all 
the circuits. Mr. Duddell demonstrated this by 
using two vacuum-tubes as spark-gaps, because he 
had only 900 volts at disposal ; Mr. Galletti’s spark- 
gepe resembled those of the Telefunken Company. 

ithout the split-condenser arrangement the sparks 
in the two tubes passed simultaneously ; when the 
-_ condenser was used, the sparks alternated in 
the two tubes ; but when th’s condenser was short- 
circuited, the sparks became simultaneous again, 
and their number only half of that in the previous 
case. By these means, he stated, Mr. Galletti had 
obtained up to 150,000 sparks per second on 40,000 
volts circuits of many kilowatts, and these impulses 
seemed to produce real alternating currents without 
waste intervals. 

Passing to the third, the arc, method of produc- 
ing high frequencies, Mr. Duddell explained that 
the method was based on the fact that the arc was 
in itself unstable. When the current through it 
increased, the potential difference decreased, so that 
the current increased still more. In lighting the arc 
was steadied by resistance in series. But when an 
arc was shunted by a capacity and self-induction, 
as in Fig. 2, oscillations were set up in the 
shunt. These oscillatory currents rte 4 through 











the arc, and raised more or less vapour in the 
arc, and those pulsations in the arc and in the air 
about it produced sounds (musical arcs), the 
pitch of which could be changed by varying the 
capacity and self-induction. With solid carbon 
arcs the frequency could not be raised above a 
few thousands, however. The frequency could 
further be increased by using very small currents 
with metallic electrodes, which gave very unsteady 
ares; or by cooling one of the electrodes, or by 

uirting a jet of water through the arc; or by 
placing the arc in hydrogen, some ag te pas or 
alcohol vapour. ith the aid of the last method 
and of strong magnetic fields, Mr. Poulsen had 
recently constructed single-arc generators of 30 kw. 
for undamped high-frequency oscillations, which 
slightly depended upon the length of the arc, how- 
ever, in their constancy. There were many modi- 
fications of the arc method. As most arcs seemed 
to lose their instability when the current exceeded 
a certain limit, there was generally some best 
working current for every arc; where large 
powers were required several arcs were placed in 
series, but it was often convenient to couple two 
arcs in parallel so far as the mains were concerned, 
yet to be in series as the oscillatory circuit. 
Mr. Duddell indica the connections for this 
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Mr. S. G. Brown, the lecturer further 


purpose. i b 
demonstrated, obtained high frequencies by making | pec 


a copper block rest on a rotating aluminium wheel ; 
it was difficult to say whether this was an arc or 
a spark device, but Mr. Duddell had not been able 
to make it deal with large powers. 

Mr. Duddell finally showed a few be. ste gman A 
effects with the aid of Tesla coils, including some 
experiments with glow-lamps. In the one experi- 
ment he passed the high-frequency discharge (it 
must be high-frequency, he said, because it did not 
kill) through his body, a lamp, and _ his assistant ; 
the lamp lighted up. In the other he joined only 
the one terminal of a carbon-filament lamp to the 
coil terminal. After a while the whole globe began 
to glow, and finally the carbon filament lighted up, 
while a metal-filament lamp remained quite dark in 
a similar experiment. This experiment was under- 
taken on the instigation of Sir James Dewar. 

In conclusion, Mr. Duddell remarked that the 
alternator method appeared ideal from many points 
of view. The spark method was still in an experi- 
mental stage, the arc method was far more advanced, 
But no one of the methods seemed to have so many 
advantages as to single it out as the one method to 
be applied. Mr. F. T. Swann and Mr. F. D. Burnett 
assisted in the experiments. 








THE OPTICAL CONVENTION. 

THE provisional programme of the Optical Con- 
vention promises well, ‘The Convention will meet in 
the Lecture Hall of the Imperial College of Science 
and Technology, London, from Wednesday, June 19, 
to Wednesday, June 26. The Trade Exhibition of 
British Optical. Manufacturers and the loan collec- 
tion of instruments and apparatus of historical 
or special scientific interest will be held simul- 
taneously in the eastern portion of the southern 
galleries of the Science Museum, South Kensing- 
ton, and the demonstrations, to which we shall 
presently refer, will be given in the same build- 
ing. The President of the Convention, Pro- 
fessor S. P. Thompson, F.R.S., will deliver his 
address on Wednesday, June 19, at 8 p.m. The 
opening of the Reception Hall will take place at 
noon on the same day, and a soirée, with a recep- 
tion by the President, will follow the delivery of 
the address. Scientific communications will be 
discussed on four mornings, the Thursday being 
set apart for photographic papers, and the 
Friday for physical optics, the Royal Photo- 
graphic Society and the Physical Society having 
joined in — special arrangements for these 
meetings ; on Monday, June 24, physiological 
and instrumental optics will come up for dis- 
cussion ; and Tuesday will be devo to astro- 
nomical optics. Special visits to the Science 
Museum, to the National Physical Laboratory, and 
to the Royal Observatory at Greenwich have been 
arranged for in connection with these meetings, 
and works in the neighbourhood of London are to 
to be thrown open on the Saturday of the Conven- 
tion week. Public lectures will be given on two 
evenings. British optical manufactures will very 
fully be represented in the Trade Exhibition. The 
loan collection will contain some extremely in- 
teresting historical instruments, and also a library 
of books on optics, lent by leading publishers and 
scientific societies ; a portrait gallery will be one of 
the attractive features. Members will also have 
special facilities for consulting the libraries and 
collections of the South Kensington Museums. The 
demonstration-rooms deserve icular mention. 
In the members’ demonstration-room apparatus 
and diagrams will be shown to illustrate the 
papers to be read. The public demonstration-room 
will be available for demonstrating the uses and 
performances of exhibits. In the Isaac Newton 
room, Professor 8. P. Thompson will explain 
Newton’s “‘ Opticks,” with fac-simile apparatus of 
Newton’s, an arc-lamp being substituted for the 
sun. Mr. S. D. Chalmers will similarly reproduce 
Fresnel’s crucial experimerts, and in a third room 
a demonstration of Fraunhofer’s experiments is to 
be given, it is hoped. This part of the Convention 
will hence be scientifically international. In other 
respects, and with regard to one further noteworthy 
feature, the national character is to be observed. A 
co-operative committee has been formed for the 

urpose of obtaining from the users of optical 
instruments communications as to the shortcomings 
in the performance of instruments. Users will be 


asked to state whether the instrument in question 
can more advantageously be obtained from abroad, 





what faults they find, whether the defects are 


committee are Professor S. P. Thompson, Sir 


David Gill, Professor A. Schuster (at present | 


uliar to British-made instruments, and how | 
these faults might be remedied ; general suggestions | 
are also invited. The leading members of this| 
| tion (see Fig. 1). 


collision and by ice is most likely to occur. Any 
such damage, even a very light case of puncture 
or tearing, would cause a large compartment to be 
flooded, and would put the ship in a serious situa- 


By way of illustration there may be mentioned the 


President of the Physical Society), and Mr. H. G. | case of a liner, of 10,000 tons, which was run into 


Plimmer, F.RS. 
issued for presenting such communications—private 
and confidential, of course—to the committee. The 
Convention enjoys, as we stated before, the support 
of the leading learned societies and institutions and 
of the Government, and it is most desirable that it 
should find general support. A subscription of one 
pound or a guarantee of five pounds entitles the 
donor to the rights of a foundation member. The 
ordinary subscription for members has been fixed at 
five shillings. Mr. F. W. Gordon is the honorary 
secretary of the Convention, and Mr. F. W. Dunn, 


secretary ; the offices are at 39, Victoria-street, 


Westminster, 8S. W. 





WATER-TIGHT SUB-DIVISION OF 
LINERS. 
By Witt14m Hoveaarp, Professor of Naval Design 


' turn of the bilges, as in the Titanic. 
‘took place in way of the engine-room. The outer 


|to the armour-shelf. 
up to several feet above the water-line, a coffer- 


A special schedule has been by another steamer a couple of years ago outside 


New York harbour. The ship was constructed as 
other liners, the double bottom extending to the 
The collision 


| was not even broken through, but a sea- 
valve fitted on the side above the double bottom 
wasdamaged. Through this valve the engine-room 
was soon completely flooded, the ship had to be 
beached, and the repairs occupied two months. 
Had the double bottom extended up the sides, with 
a sea-chest for the valve, the engine-room would 
probably not have been flooded. 

In a modern battleship the shell is doubled 
everywhere on the immersed portion of the hull up 
Above the armour-shelf, 


dam or some other form of cellular subdivision is 
fitted, making a total of more than a hundred 


and Construction, Massachusetts Institute of | water-tight compartments between the outer and 


Technology. 
Tue fiction of the ‘‘unsinkable” shi 
shattered. It is well that this should 


inner shells. At the extreme ends of the ship cells 


has been|or trimming-tanks take the place of the double 
so, for it | bottom. 


Inside the inner skin so formed, the hold 


appears that on the strength of this fiction un-/of a battleship is now, moreover, subdivided in 


warranted risks have been taken one way and the 
other. Of the good things likely to come out of 
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‘about three hundred water-tight compartments, 


of which only the boiler and engine-rooms are of 
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the terrible Titanic disaster, this disillusionment is, 
perhaps, not the least important. The risks con- 
nec with the navigation of liners will hence- 
forth be estimated at their true value, and proper 
measures will be taken to meet them. 

The reforms in point of navigation and boat 

uipment are obvious, and are already under way. 
The reforms in the construction of the ships are 
not so clearly recognisable, and admit of alternative 
selections. ese reforms cannot meet the require- 
ments in a complete measure, for a ship cannot be 
made unsinkable. The term ‘‘unsinkable ship” 
was a misnomer, which simply meant, if it meant 
anything at all, that the ships so-called were less 
sinkable than other ships. In other words, the 
‘*unsinkability ” was a relative term, used as a 
soothing application by shipping men and by the 
public against uneasiness and doubts as to the risks 
that were taken. 

Compared with battleships, the liner, as ordi- 
narily designed, appears to the naval constructor 
positively unsafe. It is admitted that battleships 
are subject to greater dangers than liners, and that 
it would be impossible, from a commercial point of 
view, to endow liners with the same water-tight 
subdivision as a modern battleship. The discre- 
pancy is, however, far greater than justified by these 
considerations, when the liners attain the size and 
cost of ships like the Titanic, and, in particular, 
when several thousand human lives depend on the 
safety of the ship. 

The Titanic had sixteen large water-tight com- 

rtments, separated by transverse bulkheads. A 

ouble bottom, divided in about sixty smaller com- 
= was fitted along the greater part of the 
ength, but sy guage it extended only to the 
turn of- the bilges. the large compartments 
were, therefore, along the sides of the ship sepa- 
rated from the sea only by one wall of plating, the 
outer shell. It is in this region that damage by 
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large size. Abreast of these large compartments are 
fitted one, and generally two, longitudinal side 
bulkheads. Thus most of the large compartments 
in a battleship are separated from the sea by four 
vertical walls (see Fig. 2). 

All the water-tight bulkheads in the Titanic, 
except two, or perhaps three, bulkheads in the 
bow and one right aft were pierced by water-tight 
doors on a low level. If these doors were not 
closed, the water could flood the ship practically 
from one end to the other. The doors were placed 
just above the inner bottom, as low as possible, 
and therefore in the most dangerous position. 
Water-tight doors form points of structural weak- 
ness in the bulkheads. There can never be abso- 
lute certainty of their being closed in the critical 
moment ; the personnel may fail to act, the closing 
mechanism may be out of order, the bulkheads 
may be warped, or the door opening may be blocked. 
Water-tight doors are therefore always a source 
of danger, and the more so the lower they are 
placed. Modern battleships are divided into a similar 
number of large sections by the main transverse 
water-tight bulkheads, but these have no doors on 
a low level. Each section forms an almost inde- 
pendent unit, having its own drainage, ventilation, 
and access along vertical lines. In order to pass 
from one section to another it is necessary to go 
up to a deck above or near the water-line, through 
a door on that level, and then down again. 

The seams and butts of the Titanic were single- 
riveted. This construction, which may be of sufli- 
cient strength in ships of moderate size, provided 
the bulkhead plating is very minutely and rigidly 
supported, is hardly adequate in large liners. 
Especially as the bulkheads near the ends of such 
long vessels may become exposed to enormous heads 
of water in serious cases of bilging, and then leak- 
age, and even tearing, of the seams and butts is 
liable to occur. In the case of the Republic above 

















May 24, 1912.] 


ENGINEERING. 


7°5 





referred to it appears that the engine-room was 
flooded to a considerable height above the inner 
bottom. By leakage of the aft epgine-room bulkhead 
the water penetrated into the aft portion of the 
ship. The ship gradually settled by the stern, until 
finally, when she was taken in tow, several crashes 
were heard below, probably due to the carrying 
away of the bulkheads, whereupon the ship went 
down. Thus the loss of the Republic was prob- 
ably primarily due to a weakness of the single- 
riveted seams and butts of the bulkheads.* 

When a large ship runs aground on a rocky bottom 
with anything but very slow speed, the pressures 
acting at the points of contact will practically 
always be greater than the plating of the outer 
shell is able to stand. Puncture, breaking, and 
tearing will take place, and a shearing action, some- 
what like that of a can-opener, will commence and 
will be continued until the energy of the ship's 
motion is exhausted. Similar conditions will exist 
by collision with a large iceberg or ice-floe, which 
is generally many millions of tons in weight ; only 
the action will here ordinarily be along the side 
instead of under the bottom of the ship. While 
the total pressure, and generally also the intensity 
of the pressure, created initially, will be roughly 
proportional to the momentum of the ship, the 
depth and extent of the damage will be essentially 
dependent on the kinetic energy. For instance, 
the momentum of a ship of 60,000 tons displace- 
ment, gcing at 21 knots speed, is nine times as great 
as that of a ship of 10,000 tons going at 14 knots, 
and the kinetic energy is nearly fourteen times as 
great. The plating of the former — is barely 
twice as thick as that of the latter. It is clear, 
therefore, that even if we allow for a somewhat 
larger area of contact and stronger framing for the 
larger ship, the damage will go far deeper and will 
be more extensive in the larger ship than in the 
smaller. Hence the former is much less capable of 
resisting such action than the latter. 

Relative to the enormous forces that may come 
into play by grounding, by collision with icebergs, 
and even by collision with other ships, the shell- 
plating of a large ship can only be considered as a 
thin vulnerable membrane, stretched over a more or 
less rigid framework. The action in such cases is 
not that of an impulse or shock, but resembles much 
more a relatively slow, irresistible punching, existing 
locally, and generally not straining the ship as a 
whole. This explains why collisions in large ships 
are generally not strongly felt except in the im- 
mediate neighbourhood of the point of impact. It 
follows from these considerations that the larger 
ship, being more vulnerable than the smaller, 
should be relatively better subdivided, and it is 
particularly important that the outer shell should 
be doubled—i.e., that there should be an outer and 
an inner shell—over the entire immersed surface. 
Fortunately, it is possible to subdivide a large ship 
much more minutely than a smaller ship without 
sacrificing an undue percentage of the useful 
internal space. It is, in fact, one of the intrinsic 
advantages of the large ship that, without incon- 
venience to the service, it may be subdivided to 
such an extent as to render it much safer than the 
smaller ship, even allowing for the greater vulner- 
ability of the outer shell. 

The structural features here proposed in the con- 
struction and subdivision of liners are such as are 
thought suitable for ships of the size and type of 
the Titanic. The same features are applicable in 
principle also to liners of smaller as well as of 
larger size, with obvious modifications. 

1. There should be a complete double shell extend- 
ing from end to end of the ship, not only in the 
bottom of the ship, but also up the sides to a deck 
placed at least one deck height above the water- 
line amidships. In the Titanic the deck fulfilling 
this condition is the upper deck, which in that 
vessel was about be dec ight above the water- 
line amidships. ith the sheer usual in such 
vessels, this rule implies that at the ends of the 
ship the double bottom will be carried to about two 
deck heights above the water-line. In the boiler 
and engine-rooms and in the larger hold spaces the 
doubling should consist of a longitudinal wing bulk- 
head, placed some 4 ft. to 6ft. inside the outer 
shell on each side of the ship. Such wing bulk- 
heads can be made more independent of the outer 


* A full discussion of the strength of water-tight bulk- 
heads is given in two papers by the author of this 
article before the American Society of Naval Architecta 
and Marine Engineers, New York, 1909 and 1910. 








shell than an inner bottom, and are therefore less 
likely to be strained in case of collision. They 
should be stiffened independently by stiffeners and 
by transverse bulkheads, subdividing the wing 
spaces into numerous compartments. These wing 
compartments should be treated as ordinary double- 
bottom compartments, accessible only through 
manholes, 

Forward and aft of the large compartments the 
doubling should consist of an ordinary double- 
bottom construction, and the same may be used 
also abreast of the large compartments, where 
longitudinal bunker bulkheads are fitted along the 
sides, as in the Lusitania. Such bulkheads are 
indeed highly to be recommended, provided they 
are of sufticient strength to resist the water pres- 
sures, and that they are provided with watertight 
doors. The bunker bulkheads of the Lusitania 
undoubtedly fulfil these conditions, but no double 
bottom is fitted on the sides. The combination of 
a double bottom with a side bulkhead, even if not 
used in the boiler-rooms, should in any case be 
fitted in the engine-room, on account of the large 
size and importance of this compartment. 

A wing bulkhead, as shown in Fig. 3, may be 
considered to give the minimum desirable degree 
of safety to a ship of the size of the Titanic. The 
combination of bunker bulkheads and double 
bottom, as shown in Fig. 4, gives a reasonable, by 
no means extravagant, measure of safety. 

Doubling of the bottom, as here pro » will 
not, of course, prevent flooding of the e com- 
partments in all cases. The inner bottom or wing 
bulkhead may be strained or broken through, but 
even in such case it may often help to limit the 
flooding, for the damage may not everywhere be 
so deepgoing. 

2. The deck at which the double bottom and the 
wing bulkheads stop, generally the second deck 
above the water-line (in the Titanic the upper 
deck), should be made ay a the entire length 
of the ship. The hatches in this deck, which must 
always be left open, such as funnel and engine- 
room hatches and certain companion-ways, should 
be provided with watertight trunks carried up to 
at least one deck height above the watertight deck. 
Other hatches in this deck should be provided with 
watertight covers. 

3. Let us assume that the main transverse bulk- 
heads are distributed essentially as in the Titanic, 
dividing the ship in a number of large sections. 
In the Titanic each of these sections forms, in point 
of watertightness, but one compartment. It is now 
proposed that the sections in the bow region—i.e., 
to about one-sixth of the length of the ship from 
the bow—shall be subdivided in a number of smaller 
watertight compartments. In fact, every oppor- 
tunity of subdivision which offers itself in this 
region of the ship should be utilised. The partition 
bulkheads and decks, necessitated by the internal 
arrangements, should be made watertight, and the 
requisite watertight doors and hatches should be 
fitted. The aft end of the ship should be subdivided 
on similar principles as the forward end, although, 
may be, less extensively. The main watertight 
bulkheads should everywhere be carried at least 
to the height of the watertight deck. Near the 
ends of the ship the height of the bulkheads should 
be increased to one or two deck heights above 
the watertight deck, the highest bulkheads being 
found nearest the stem and stern. The collision 
bulkheads should extend to three deck heights 
above the watertight deck. 

4. No watertight doors should be fitted below 
the watertight deck in the main transverse bulk- 
heads in the bow region. In the remaining part of 
the ship the watertight doors should, wherever 

ible, be placed at a good height above the inner 
Costem, preferably near the water-line. 

5. The main bulkheads should have double-riveted 
seams and butts. 

It is believed that by modifications such as 
here proposed in design and construction, to be 
more highly developed in case of a further increase 
in size, the large liners may be made as safe, and 
even safer, than the smaller liners. The Titanic 
disaster does, therefore, not show that a return 
to smaller ships ought to take place. This, in 
fact, would be a retrograde move. The larger 
ship offers so many and great intrinsic advantages 
that size ought to be, and must be, still further 
increased in the future. 

The Titanic disaster does show, on the other 
hand, that the rules of the classification societies 
and of the Board of Trade should be radically 





changed, so as to embody a more elaborate water- 
tight sub-division than hitherto used in this class 
of vessels. The additional first cost and running 
expenses incurred by such improvements in con- 
struction will ultimately be paid for in the form 
of higher passage money, or they may be met by a 
reasonable reduction in the claims to s and 
luxury. The option between these alternatives 
may be left to the public, but in no case should 
the safety of the ship be compromised in order to 
meet the demands for extreme speed and luxury. 





THE LAUNCH OF THE JAPANESE BATTLE- 
CRUISER ‘** KONGO.” 

THE battle-cruiser Kongo, being built at the Naval 
Construction Works, Barrow-in-Furness, of Messrs. 
Vickers, Limited, described in last week’s issue 
(page 655), was launched on Saturday under the most 
favourable weather conditions, and with absolute suc- 
cess so far as the mechanical features were concerned. 
The honours of the occasion were performed by Madame 
Koike, the wife of the Japanese Ehargé d’ Affaires, and 
His Excellency Viscount Kato was present. Special 
interest attaches to the launch, not only because of 
the design of the ship, but also because her launching 
weight was ter than that of any war-vessel so 
far floated. It has, however, been exceeded by the 
leviathan merchantmen trading on the Atlantic. But 
as in the case of warships the Reeth is less, the beam 

ter, and Admiralty coefficient of fineness high, the 
ifficulties of some of the launching problems are 
increased. It may therefore be interesting to give 
rather fuller details of the arrangements, even although 
these at Ne come in many respects to the best prac- 
tice evolved from close study and long experience, 
because there were one or two interesting improve- 
ments in detail. 

To begin with, the total launching weight carried on 
the standing ways was 13,220 tons, with a mean pres- 
sure on the ways of only 1.98 tons per sq. ft. The 
ship, it may be noted, has a length of 704 ft. and a 
beam of 92 ft., and the standing ways, made for the 
most part of pitch pine, had a length of 682 ft. The 
sliding ways, of oak forward and pitch pine aft, were 
538 ft. 6 in. long, the ship having an overhang forward 
of 74 ft. 6 in., owing to the very fine entry, and of 
90 ft. aft, due to the cut-up of the stern to suit the 
propellers and rudders. The keel of the ship had been 
laid on a declivity of - in. per foot, and the declivities 
of the standing and sliding ways respectively were :— 

Declivity of Ways (in 3x In. per Foot). 
Standing Sliding 


Ways. Wa 
At fore poppet... _ ie sus 12.3 12. 
At centre of length of standing ways 18.35 17.1 
Atend ... =. a se ous 24.4 21.8 


The construction of the cradle both forward and aft 
is well shown in the photographs reproduced on 
fase 664 ante. That forward is the most interesting. 

he practice of securing the heads of poppets in some 
form of metal structure—cast, bol up, or riveted 
to lie snugly into the form of the ship—has been 
adopted for some considerable time. In this case the 
structure was of steel plates and angles, with web 
brackets for stiffening purposes. This structure was 
not secured in any way to the ship, but was packed 
up with timber between the skin plating and the main 
plates of the cradle. These plates extended under 
the keel between the port and starboard sides of the 
cradle. This arrangement not only obviates any pos- 
sible strain on the ship’s structure, but, while crad ing 
the ship snugly, enables the cradle to fall away as soon 
as the ship is water-borne. 

Consideration was given to ensure as wide a distri- 
bution as possible of the maximum thrust upon the 
ways when the stern began to float. This downward 
thrust was experienced when the ship was 220 ft. from 
the end of the seaward ways, In order that the con- 
sequent pressure should be distributed over the 
greatest possible length, layers of soft wood (spruce) 
were introduced in the lower part of the packing 
forward. The location of this packing, and its extent 
relative to the total area of the sliding ways, were 
determined with due regard to the pressures which, it 
was calculated, would exerted at various points 
forward, owing to the ual rising of the stern. The 
success of this proportioning of area is established by 
the fact that there was not the slightest suggestion of 
heat or firing due to friction on the ways, as is often 
the case. The use of the spruce had the further effect 
of cushioning the force exerted on the fore poppets 
when the stern became water-borne. This was of 
consequence, in order to obviate any excessive stress 
on the cradle, or indeed on the vessel itself. In order 
that the extent of crushing could be ascertained, a 
gauge was set up consisting of a wire-rope connection 

rom the bottom of the sliding-ways up to the deck 
of the — where it passed over a pulley, a weight 
and recording dise being arranged. By this means it 
was ascertained that the maximum extent of crushing 
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was 6 in., which was at the forward end of the cradle. 
An examination of the spruce afterwards recovered 
from the water showed that the permanent compres- 
sion of the material was only 1 in. 

In order to indicate on the launching-platform the 
rise of the tide, not only on the launching-ways, but 
at the Ramsden Dock, through which the vessel hi 
to pass to the fitting-out berth, there was applied the 
Gardner-Ferguson patent electric transmitter, which 
we hope to illustrate later. This indicated on a dial 
on the launching-platform the rise of the tide in inches 
at both points by means of electric apparatus actuated 
by floats. Thus those in charge of the arrangements 
were able to ascertain when the launch could take 
place, which was within three seconds of. the antici- 
pated time. 

The method of releasing the ship followed the prac- 
tice established by experience. ere were two pairs 
of dog-shores, and in addition three pairs of triggers 
held in position by hydraulic rams ; the releasing of 
the water in the cylinders enabled the rams to recede 
and the triggers fell from the vertical to the horizontal 
position, thereby unlocking the sliding ways. Two 
rams were placed under the stem to assist in the taking 
out of the keel-blocks. Four rams were located at 
the head of the standing ways in order that, if neces- 
sary, the sliding ways could be given an impulse. 
This, however, was found unnecessary. The ship 
began to move as soon as the hydraulic triggers 
were released, and the time taken for the first foot 
of travel was 13 seconds, and for the remaining 681 ft. 
45 seconds, The maximum velocity was O54 ft. per 
second, equal to 15 knots, and this was when the 
vessel had travelled through 500 ft. There was used 
a simple method of recording the speed at various 
points. The instrument used consists of a drum 10 ft. 
in circumference, carrying ;',-in. log wire 1200 ft. long, 
the drum being capable of taking the whole length in 
one lap. This drum is mounted by nuts on a screwed 
spindle, fixed in bearings on standards with set-pins. 
As the wire pays out the drum rotates on the screwed 
spindle at a speed exactly corresponding to that of the 
ship, and at the same time the drum travels axially 
along the screwed spindle. For record purposes there 
is attached to the winding-drum a cylinder carrying 


H.AJ.M.&. “KONGO” 
VELOCITY OF SHIP AT LAUNCH 


Q 


Feet per Second 
ae SE} 


900 


400 


(484s) 





the recording paper. The diameter of the cylinder 
is arranged dinectly proportionately to the diameter 
of the paying-out drum, so that one revolution of 
the reco: ing-ey ater represents a given length of 
travel of the ship. The instrument is fitted with 
an electric chronometer marking on the paper every 
4 second of time, while a pencil records the rate of 
travel of the cylinder. In scaling the diagram the 
length between the time-marks in inches represents 
speed in feet per second. To control the rotation of 
the drum there is fitted outside of the nut-connection 
to the screw a brake, to ensure that the wire is always 
taut. This instrument gives the speed throughout the 
whole of the travel of the ship, and the data obtained 
for the Kongo are shown in the above diagram. The 
abscissa is the distance travelled by the ship, while 
the ordinates represent velocity in feet per second. 

To bring the ship up when afloat, chain-drags were 

used, there being six sets on each side of the ship, 
each composed, on an average, of about 20 tons, the 
total weight of drags being 740 tons. The drags 
began to take effect after the ship had left the ways 
101t., and from this point until the ship was brought 
to rest the vessel travelled 220 ft. There were also 
two stern anchors in order to assist in swinging the 
ship into line with Walney Channel. The strong tide 
running, owing to the direction of the wind, cau 
the ship to swing quickly. She was ultimately taken 
in charge by tugs and safely moored under the 150-ton 
crane at the Buccleuch Dock, where she will be fitted 
out. 
It may be added that the vessel had, before launch- 
ing, all her boilers fitted on board, as well as all the 
auxiliary machinery, the on'y exception being the 
main turbines and the four condensers. A consider- 
able amount of the armour, nearly one-fourth of it, 
has been fitted on board, and the location of this 
armour was determined in order to give an even keel 
when afloat. 

At the luncheon which followed the launch, Mr. 
Albert Vickers, the chairman of the company, pre- 
sided, and paid a compliment to the Japanese naval 
authorities for showing at all times courage in the 
acceptance of improvements, vigour in prosecutin, 
industry, and sound statesmanship in accepting an 





applying experience. The Ambassador, in his speech, 
referred to the desire entertained to put a limit some- 
where on naval munitions by mutual agreement or 
otherwise, and remarked that unfortunately the con- 
summation of such an idea was not in sight, and as long 
as that was the case, nations must go on building ships 


ad | according to their needs, and as far as their resources 


would permit, lest they should be left behind in the 
international competition of armament. Under the 
circumstances, he added, the Governments of different 
nations could not do better than entrust the building 
of their oo + to a firm of such high and excellent 
standing as Messrs. Vickers, Limited. 





INDUSTRIAL NOTES. 

Ir would have been better for the miners in the 
English Federation had they taken more to heart the 
warnings of their real friends to abstain from being 
led by South Wales towards a general strike rather 
than follow the advice of their so-called leaders. They 
chose the latter course, however, and what have they 
gained by it? Nothing apparently, except an Act of 
Parliament giving certain District Boards power to fix a 
minimum wage, to be in force in the part of the country 
the Boards represent. Most of these Boards have 
fixed the rates, and what do we find? Certainly not 
what the men hoped for. In Lancashire and Cheshire 
the demand was :—Coal-hewers, 7s. (exclusive of lamps, 
tools, and explosives); award, 6s. 6d. (exclusive of 
cost of explosives). In Leicestershire, the demand 
was :—Stallmen, 7s. to 7s. 6d.; award, 6s. 2d. In 
Northumberland, the demands were :—Coal-fillers 
after machines, 7s. 2d.; coal-hewers, 74 hours, 6s. 9d.; 
ditto, 74 hours, 6s. 6d.; ditto, seven hours, 6s. 3d.; 
ditto, 6? hours, 6s.; award, 5s. 6d. to 5s. 8d. North 
Staffordshire, contracting colliers demanded 7s. 6d. and 
were awarded 7s. ; the umes of other colliers were 
6s. 6d. to 7s., and the award was 6s. 6d.; colliers in 
the Cheadle district demanded 6s., and were awarded 
6s. In South Derbyshire the coal-hewers demanded 
from 6s. to 7s. 6d., and were awarded 6s. In the 
Forest of Dean the demand of the hewers was 5s. 10d., 
and the award 5s. 24d. In Cumberland the hewers 
asked from 6s. 6d. to 7s. (clear of off-takes), and were 
awarded 6s., and the hewers of Cleveland demanded 
5s. 10d., and were awarded 5s. 4d. 

A minimum wage of 7s. 14d. for abnormal places 
had been offered the miners by the English owners, 
and for normal places at least 6s. 14d. A flat rate 
minimum of 7s. had been offered to the men in 
Leicestershire, and a settlement on the same basis 
had been arrived at in Warwickshire three or four 
months before the strike commenced. The men 
refused these offers and have now tosuffer. They have 
not got the “‘ five and two ” demanded, except in a few 
small districts. The lowest rate awarded in North 
Staffordshire for adults is 5s. per day, while in 
Northumberland and Durham the minimum for 
the lowest grade is fixed at 4s. 9d. The ‘‘ five and 
two” programme has not been secured in Lancashire 
and Cheshire; in Leicestershire it is 4s. 10d. In 
South Wales (labourers only) the rate has been fixed 
at 4s. 6d., and in South Derbyshire at 4s. 6d. In 
Leicester there has been awarded 4s. 10d., Cleveland 
4s. 8d., and Cumberland 4s. a day for skilled workmen, 
and other than coal-hewers, though this rate is in some 
cases higher. The miners are naturally disappointed. 
They had been persuaded by their leaders that they 
were sure to get what they asked for, and they have 
failed. 

On Saturday last the Somerset Minimum Wages 
Board were not able to arrive at an agreement, and 
the award was left to the independent chairmen, 
Judge Austin, Mr. George Peel, M.P., and Alderman 
T. Smith, of Leicester. On the same day a unanimous 
decision was arrived at by the Joint District Board 
for South Derbyshire, and the following awards were 
made :—Stallmen and chargemen, machine-cutters, 
6s. _ day; chargemen-shifters, 5s. 6d. a day; 
datallers, general go etn and machine-cutters’ 
assistants, 4s. 6d. a day; while the rate awarded to 
boys fourteen years of age was 2s. a day, rising 2d. each 
half-year. An advance of 3? per cent. was given on 


sed | Saturday last to the miners by the Durham Miners’ 


Conciliation Board. This makes the wages of the 
underground workmen and banksmen, enginemen, 
cokemen, and mechanics 424 per cent. above the 
basis of 1879, and other classes of labour 394 per cent. 
above. 


The conference of the Miners’ Federation of Great 
Britain was held at the Westminster Palace Hotel on 
Wednesday, and concluded its sitting, which was brief. 
The conference expressed regret that in spite of the 
many declarations of the Prime Minister and his col- 
leagues that the least minimum rate of wages to be 
fixed for adult underground workers should be a 
reasonable living wage, a number of awards had been 
given which fixed the minimum rates for underground 
adult workers at less than a reasonable living wage, and 
also that in such cases the chairman refused to take into 
consideration the average rates earned by piece-workers 





when defining the meaning of Section 2 of para: 2 
of the Minimum Wage ot A stron pea 
therefore recorded against these awards, and a cali 
was made upon the Government to take immediate 
action to remedy these defects. The executive com- 
mittee was asked to interview the Government on the 
subject, and it was arranged to hold a further confer. 
ence to receive the report of the deputation. 





It is stated that Lord Lathom, who employs about 
300 miners, has decided that any man who is a member 
of the Miners’ Federation will not in the future be 
engaged by him. The action of the Miners’ Federa- 
tion in trying to force miners to belong to their 
organisation is the cause of this step being taken. 





The demand by the Scottish miners for an advance 
of underground workmen’s wages, apart from the 
question of the minimum wage, came before the 
Scottish Coal Trade Conciliation Board at Glasgow 
on Monday last. The application was for an increase 
of ls. a day. The wages have, since 1888, been 
adjusted on a basis of the minimum rate of 4s., which 
at that time prevailed, and by the agreement of 1909 
the present minimum of 6s. was conceded. An 
increase from this latter figure up to 7s. is now asked 
for, but no decision was come to at the meeting, which 
was adjourned to June 4. 





Another case of trade-union tyranny is before us. 
On Monday night 5000 Thames lightermen struck 
work, the reason being that they objected to work with 
non-union men, The men’s officials lay the blame on 
the employers, who, they say, have forced their hand 
by expecting them to work with non-union men. It 
appears that there is a man working who will not join 
the union. In the present case, the man who refuses 
to join the union is not a non-unionist, but is a member 
of the foremen’s union. As there was no work for 
him as a foreman, however, he was appointed a watch- 
man, when pressure was at once put upon him to join 
the Dockers’ Union. It was announced in the House 
of Commons on Tuesday night that the Government 
will hold an inquiry into the facts of the dispute 
affecting the transport workers in the Port of London. 
On Tuesday the deadlock continued ; work at the Docks 
is almost at a standstill. The employers, last August, 
signed an agreement that the only men to be exempt 
from joining the union were foremen. The question has 
cropped up before, but in other cases the man has 
generally joined the union, and the matter has been 
settled in that way. According to the agreement of 
August last, to which Mr. John Burns, Mr. Winston 
Churchill, andSir G. Askwith were parties, it was stipu- 
lated that the settlement between the dockers and their 
employers should be final, and the clause that refers 
to the case now giving trouble is :—‘‘ The members of 
the National Transport Federation will not demand or 
request that either foremen or taliy clerks shall be 
members of the Federation.”” The men appear to take 
up the position that this is tantamount to allowing them 
to force other workers who are not foremen or tally 
clerks to join the Federation, and because one man 
refuses, trouble has broken out. Should the dispute 
extend, there may be 100,000 men out of work in a 
few days. 

At the time of going to press there was no parti- 
cular development in the situation, if we except the 
extension due to the carmen becoming involved. The 
Government have appointed Sir Edward Clark, K.C., 
to inquire and report on the facts and circumstances 
that have caused the trouble. 





The latest attempt to put an end to the dispute which 
has existed so long at Messrs. Cammell Laird’s ship- 
yard, Birkenhead, has failed, being frustrated by the 
men on Tuesday last. It was proposed to forward 
terms of reference to the Board of Trade for arbitra- 
tion, but this proposal was vetoed by the men. 
Week-end conferences between the firm and repre- 
sentatives of the men recommended that the question 
as to whether the firm should pay the 2s. advance 
originally demanded by the men or nothing should be 
submitted to arbitration, although the firm expressed 
a willingness to concede the former offer of 2s. on old 
and ls. on new work. The men refused to vote on 
the question, and consequently the matter still remains 
unsettled. 





The fifty-first quarterly balance-sheet of the General 
Federation of Trade Unions for the quarter ending 
March 31, 1912, shows that the number of claims for 
benefit during the quarter totalled 192, and the persons 
involved numbered 155,502. Only 15 of the claims were 
refused, involving 269 persons. The payments durin 
the quarter on account of Federation benefit amoun 
to 49,588/. 7s. 4d. During the quarter there were, how- 
ever, a number of claims that did not reach the office 
until too late to be included in the report. Had they 
done so, the amount would have appeared much larger. 
According to the report, the National Insurance Section 
of the Federation continues to make progress, and 
100 organisations have been affiliated, others being, it 
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is said, certain to follow when it is realised that the 
Act comes into force in July next. The report regrets 
that trade unions did not at the mere unite for 
administering the Act. As a nesult o : their not having 
done so, it is thought that some unions are likely to 
lose financially, ‘for the difficulties of administration 
are great, and the amount allowed for expenses is 
little more than half the present cost of trade-union 
administration.” Trade unions are asked to nominate 
their trade unions as approved societies under the 


Act. 





Industrial and friendly societies are ially dealt 
with in Part B of the report of the Chief Registrar of 
Friendly Societies for 1910, and from this we gather 
that, in the aggregate, co-operation in the ee 
mentioned in the report has a membership of 2,880,979. 
while the assets of the societies amount to 63,316,460/. 
There are, according to the report, three classes of 
societies, which may be arranged thus : (a) those carry- 
ing on industries and trades; (b) those conducting 
businesses ; and (c) land societies. There was & mem- 
bership of 2,692,112 in the first of these divisions, 
the aggregate sale of their goods amounting to 
115,280,862/. There are three subdivisions in the second 
of these groups : working-men’s clubs, which number 
406, with a membership of 131,007 ; financial busi- 
nesses, connected with which is a membership of 
12,059 ; and miscellaneous societies, with a member- 
ship of 15,511. Land societies form the third in the 
group, and it is stated that 149 ordinary land-purchase 
societies furnished returns, with a total membership 
of 20,049. Small-holdings and allotment societies, 
numbering 163, have an aggregate membership of 
10,241. 





The monthly report of the United Pattern-Makers’ 
Association shows that for the three months ending 
March 31 last there was a financial gain of 1016/., 
which was not a good result compared with the gain 
of the previous quarter, when nearly 3000/. were ded 
to the reserve. There were, however, some heavy 
payments during the last quarter, the dispute at 
Coventry costing over 900/, while about 100/. was 
spent at Bradford, and almost as much at Birkenhead. 
In the income from contributions there was a falling off 
of 457/., due to the exemption from all dues of those 
who were either voluntarily or involuntarily out 
of work. The levies, however, realised much the 
same amount as in previous quarters, amounting to 
1666/., or 26 per cent. of the gross income, which in 
all amounted to 6614/., as compared with 7062/. in the 
last quarter of last year. In the matter of expendi- 
ture there was an increase over the quarter ending 
December 31 last year, the chief increase being in 
trade benefit. The actual amount spent during last 
quarter was 2078/., or 700/. more than in the pre- 
vious three months. The sick and funeral ex- 
penses also grew, amounting to 1636/., or an increase 
of 3047. The expenditure under this head for the 
corresponding quarter of last year was 1545/. The 
cost of management was nearly 100/. more during last 
quarter than during the previous one, the actual 
amount being 745/., while miscellaneous expenditure 
came to 1135/., or 420/. more than for the December 
quarter. The total expenditure during the first 
quarter of this year reached 5597/., or 1521/. more 
than was spent during the previous three months. 
The membership at the end of April was 7691. 





The Amalgamated Society of Railway Servants 
recently issued their annual report and_ financial 
statement for 1911, and it is therein stated that the 
membership in the society rose from 75,153 to 116,516 
during the year, an increase of 41,363, which con- 
stitutes a record. At the end of the year there 
were 768 branches in existence, and more have since 
come into existence. There was an increase of 
18,771l. 2s. 7d. in the receipts for the year over 
1910, the actual gross receipts being 110,344/. Os. 8d. 
for the year, and the expenditure amounted to 
114,403/. 17s., against 79,6647. 10s. 9d., an in- 
crease of 34,7397. 6s. 3d. This growth in the 
expenditure was due to the strikes. The national 
and the Irish strikes cost 23,533/. 18s. 9d. and 
60881. 8s. respectively. At the end of 1911 the value 
of all funds and investments was 437,121/. 14s. 6d., 
compared with 441,181. 10s. 10d. at the end of 1910. 





THE FRAMING OF THE ‘“ TITANIC.” 
To tne Eprror or ENGINEERING. 

Sir, — Assuming that the Great Eastern could have been 
propelled at 20 knots, she would neitber have foundered 
nor capsized by impact with the largest iceberg when 
steaming at that speed. This may be said to be a mere 
assumption, but it is an assumption almost susceptible of 
proof by deduction, and the assertion is thus boldly 
stated to emphasise the splendid lessons still to be learned 
from Brunel’s great design. I am one who has great 
faith in the economy of symmetrical construction, and 
believe in the virtue of the continuity of solid structural 
elements as far as possible along fair lines or curves. 
Perhaps the late Benjamin Martel] and Henry H. 





West, as well as Gilbert Goodwin, were not so far wron 
as representatives of Lloyd’s ister, the lessen 
Book, and the Veritas respectively, when they offered 
such strenuous qogpeten to the proposal of the manager 
of Jarrow’s of half a century age to cut the transverse 
frames at the bilge in favour of the McIntyre tank 
system. Professor Mosely stated some years before then 
that ** the strongest form which can be given to a solid 
body in the formation of which a given quantity of mate- 
rial is to be used, and to which the strain is to be applied 
under given circumstances, is that form which renders it 
ually liable to rupture at every point.” 

y this it would seem that Great Eastern was 
immeasurably superior as regards economy of material in 
her structure than the modern large ships. As an 
example, while the cubic number of the Olympic is only 


Fig. 








A 
Fie. 1.—“‘ Rupture may be about to take place at one point 


(A) when it is not about to take place at another point. 
This is not the strongest form of construction.” 


A! 


FG, 2.—This form is liable to rupture at point A!, and 
is not the strongest form of construction. 








“GREAT EASTERN.” 
Fie. 3.—This form is equally liable to rupture at every point 
-... and isthe form of the greatest economy of material. 
(Mosely.) 








exhibits weak transverse 
ttom and bilge. 


Fic. 4.—Early deep frame desi 
connection between 


54 per cent. greater, the weight of her structure is three- 
fold that of the Great Eastern. ENGINEERING quotes the 
launching weight of her sister-ship as being 27,000 tons ; 
probably this is a printer’s error, * and should read 17,000. 
But the same journal gives the weight of the France as 
12,000 tons. 
a reduction for steel in modern construction, and we get 
fully 50 cent. in favour of the Great Eastern. In looking 
at a mid-section in ENGINRERING, I was immediately 
struck by the t contrast between that section and that 
of the Great Hastern, the structural design of the bottom 
and bilge of the latter being vastly moresymmetrical, with 
her upper bottom continued up the “y 2 along a fair line, 
pose $0 the lower bottom. Then the continuation of 
this inner skin to above the load-water line is still 
further in favour of Brunel’s design. The reduction in 
depth of the double bottoms of large modern steamers, 
at the junction of the centre and wing ballast-chambers, 
marked A and A! in Figs. 1 and 2, might prove a point 
of weakness, the difference between this and a line 

rallel to the lower bottom being commonly about 14 ft. 
Then the usual practice of cutting large transverse frames 
just above the bilge should receive, I think, special 
attention. The system adopted for connecting the bottom 
to the sides above the tank top is Bn Mane ene: = for 
ver large structures, especially as the transverse frame 
wollen in recent years have been so largely augmented, 
due to greater “4 dimensions, and also to permit 
of wider spacing. he discontinuity of tenacity result- 
ing from cutting these elements above the bilge is severely 





—~ [The launching weight of 


27,000 tons was supplied 
officially by the builders,—Ep, E.] 


compare this by cubic numbers, and allow | ba 





felt, and I am sure that greater structural simplicity, in 
the form of continuing the upper bottom up the sides, is 
desirable. The longer I live the more I see to admire in 
Brunel and Scott Russell’s great design, which I saw so 
often at Milford Haven and on the Mersey. What a 
grand idea, or, rather, scientific arrangement, that was to 
continue the transverse bulkheads only out to the inner 
skin, on which they abutted. To this I ventured to 
cuggest some half a dozen years ago ‘“‘that the inner 
shell be strongly built on the cellular system, with steel 
of exceptional ductility, to permit of a great degree of 
buckling without fracture.” If we go back to the struc- 
tural design of the Great Eastern and make improve- 
ments, which are not mere alterations, the millionaire 
voyager may still travel the stormiest ocean on the 

reatest ship at the highest speed without danger of 
estruction. 

Yours truly, 
JosEPH R. OLDHAM. 

1005, Monadnock Building, Chicago, Ill., May 3, 1912. 

P.S.—I herewith enclose a small diagram, Fig. 4, il)us- 
trative of a familiar form of construction of to-day, which 
seems to show clearly, especially in vessels having large 
frame sections cut off at the bi that the connection 
between the double bottom and the single sides is ex- 
ceptionally weak, and ——— lacking in structural 
symmetry transversely.—J. R. O. 





GOVERNING STEAM-TURBINES. 
To TEE Eprror oF ENGINEERING. 

_ Srr,—Mr. Lumb, in his letter in your issue of the 17th 
inst., says *‘the Whitehead governor consists of a pen- 
dulum spring-loaded governor, combined with an auxiliary 
compensating arrangement.” Mr. Lumb is not correct. 
The compensating arrangement is part and parcel of the 
governor itself, and cannot be separated from it. On this 
account it is not possible to compare his arrangement, as 
Mr. Lumb does, on this common basis. 

The remainder of Mr. Lumb’s letter is not to the 
point, and Mr. Lumb very carefully avoids what I said 
previously, that his arrangement is not suitable to rapidly- 
varying loads. When Mr. Lumb has found a few central- 
station a apeemny cou us enough to adopt his system, 
his remarks can be taken more seriously. Meanwhile a 
eomparison of the merits of the two systems may be left 
to the decision of those competent to judge. 

I am, yours faithfully, 
0. L. Gnoauron. 


Bury, Lancashire, May 20, 1912. 





To THR Eprror or ENGINEERING. 

Str,—Mr. Levi Lumb, in his communication to you 
(as published in your issue of May 17, page 657), makes 
strong claims on behalf of his composite governor and 
speed-regulator, and doubtless if it will characteristically 
perform the functions with which he credits his invention 
—i.e., to go slow when required, and to act quickly when 
it is so desired—he has got somewhere near the right 
and common-sense idea of a ‘‘governor.” He claims 
that ‘‘ the governor is applicable to all purposes for which 
a rotary (or centrifugal) governor may be used ;” and, 
that being so, and hoping his ideal of good governing is 
a high one, I crave permission to give my personal 
views in reference to the qualities a good governor should, 
above all things, a. 

Itis to be greatly feared, Sir, that, with all due respect 
toMr. Lumb, claims are frequently made on behalf of speed- 
regulators for specific qualities which they do not really 
possess. We know that this isso, and it will be endorsed 
unequivocally by all who have given attention to the 
subject; that if the claims of only a small proportion of 
governor creators were fully justified, it would be impos- 
sible to believe anything else but that they had discovered 
a panacea for every evil that a steam-engine (or turbine), 
as a consequence of bad governing, is heir to. 

In my opinion, Sir, there are, or at least there should 
be, no phases in governing: either the attachment is a 
governor or it is not—#.e., no such phrases as ** good govern- 
ing,” or **bad governing” pee be r ised by engi- 
neers. We all know the qualities, limited though they 4 
of the Porter, the Watt, and the Galloway ; and we are 
also familiar with the claims of those of the Knowles and 
the yo class, and we also know how they fail. 

The shaft-governors—improved by being fitted with 
ll-bearings instead of plain pins—fill “a place of 
approximation ;” but no one ever pretends to seriously 
believe that either of these types meets the need for a 
governor worthy of the name. May I say why? It 
1s this: No direct-acting attachment can ever be a regu- 
lator of the finest class. Higginson and also Mr. Knowles 
and others recognise this fact ; and the former, with his 
supplementary gear, and the latter, with his gravitation 
system of added mercury-cups, was aware of this, but did 
not succeed in circumventing the difficulty. Others have 
ae it, too, as witness a host of ‘‘ relay” governors 
which have been made of: recent years. It would be an 
easy matter, just here, to recount the reasons why all 
those referred to do not, and never will, justify the claims 
made for them ; but space is too limited, and I will onl 
tres on your columns by stating a theory on which 
think the functions, the design, and the construction of 
all governors should be based. 

Let such requisite functions be set down analogically. 
A merchant, quick and critical, sits in his office, with a 
telephone beside him, receiving messages and sending 
orders to others to perform operations in extenso. He 
sits, he makes an extremely small effort, but those to 
whom he gives orders perform arduous labour. So it is, 
or should with governors. A set of balls (the type— 
Porter, parabolic, or the shaft ty it does not greatly 
matter), light and sensitive, and with an unalterable 
load, and driven by positive means from the prime 
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mover, is the first essential. This centrifugal part, which 
may be small (in fact, very small) com wit vernors 
now in use, should have a simple and unalterable duty to 
perform, and should require an infinitesimal amount of 
power to perform such unvarying function. 

This function, this duty, would be: to stand only as a 
monitor for the purpose of telling a superlatively power- 
ful part ‘“‘ what to do,” ‘‘ when to do it,” and “ to what 
extent.” And to do this the rotating element should, 
and must, not have any direct mechanical connection 
with the auxiliary and powerful part ; but, after telling 
such part its duties, ‘‘it must be its natural function to 
return to its normal plane of rotation.” Therein lies the 
pane aad a of the system advocated, and therein is 
embodied, I think, the germ of success in governing. 

It is admitted, for it is obvious from these premises, 
that the speed of the engine will vary slightly, but 
momentarily, and at every change of | the balls will 
rise and fall slightly away from the normal plane; but 
(and here will be discerned the sterling value of the 
system) the engine speed will, after one or two decreasing 
fluctuations, return to normal. That is the idea, and as 
regards the practical side, the rise of the balls of the 
centrifugal element should be made effective in depressing 
the spindle of a double, nicely balanced steam piston- 
valve, and without the intervention of any lever. pins, 
&c.; no element of Jost motion must be present. That is 
the monitor. The powerful part—the part called on to 
perform the arduous labour—would a piston and 
cylinder element of any proportions, but to suit each case, 
end the function of this would be to fulfil the office of 
controlling any type of valve gearing—either throttle or 
variable cut-off—such as a Meyer gear or similar class. 
Oil under pressure would be provided from any desired 
source and at any requisite pressure, and such supply 
would be constant at all times; the oil being pumped 
over a relief-valve. 

The piston of the power element would, under condi- 
tions of normal load and 5) , be situate in the centre 
of the length of the cylinder ; and oil, under the relief- 
valve pressure, would always entirely fill the space above 
and below the power-piston, holding such piston immo- 
vable with equal pressure on each side. 

Ports should lead from both sides of the piston to the 
balanced valve referred to, and such balanced valve must 
have only a very small amount of lap; in fact, the ports 
must be only just covered. It will be observed that the 
echaust principle has been acquired in relation to the 
working of the gear, in preference to the admission 
way, and for this reason: The clearance is always full, 
and the slightest movement of the balanced valve, 
as obeying the governor, effects a movement of the 
power-piston and valve-gearing. I trust I have made it 
somewhat clear that at the slightest variation of speed of 
the engine, or, in other words, a change of phase of rota- 
tion of the centrifugal element, the balanced-valve would 
uncover one port and by the same amount lap the other, 
thus allowing the oil under tage y to escape from the 
one end of the power cylinder, and the temporarily un- 
balanced pressure in the power cylinder would be in- 
stantly effected in allowing the power piston to effect the 
desired regulation, and having effected such, the centri- 
fugal element would return to its normal phase, guaran- 
teeing that the engine was at its ‘‘ normal” also, and the 
power piston would be situate in such a position in the 
ower cylinder consistent with the load on the engine. 

aving set down the qualities which a common-sense, if 
somewhat unorthodox, view shows should be required for 
a governor, it would be of interest to readers of your 
esteemed journal, as well as to the writer, as to how far 
Messrs. Lumb’s speed-regulator meets such need. 

Yours truly, 
JosEPH T. TOWLSON. 

50, Newland-street, Silvertown, E. 





‘*THE STEREOPHAGUS PUMP.” 
To THe Eprror oF ENGINEERING. 

Sir,—I have read with interest the letter of your 
correspondent, Mr. C. T. Alfred Hansen, in your issue 
of the 17th inst., and as the points he refers to are of 
considerable importance, I shall, with your permission, 
deal with them seriatim. 

Mr. Hansen has, I know, devoted nruch attention to 
the perfecting of the Shone ejector system for the pumping 
of sewage, and, therefore, regards the centrifugal pump 
actuated by the electric current as inferior to the ejector 
worked by compressed sir. I, however, venture to think 
that he is mistaken. 

It is not correct, as Mr. Hansen supposes, that a serious 
shock takes place in the ‘‘Stereophagus” pump when hard 
substances are through it, for the reason that the 
momentum of the impeller is so great that no = 
retardation is communicated to the motor. It has also 
been proved that when 1 quantities of hard and 
fibrous substances are iam. througb, no appreciable 
increase of the electric current is recorded on the ampere- 
waar in age or te es . 

n regard to the efficiency o! the ‘‘Stereophagus” pump, 
this is practically the same as that of the best centrifugal 
pumps now manufactured, and Mr. Hansen is in error in 
supposing that in actual practice a of will ever be 
wales at a speed which will yield only 20 per cent., but 
the electric current will be automatically controlled so 
that the efficiency will be maintained at or near its 
highest point. This has been proved to be — and 
no sanguine dream of an inventor, as Mr. Hansen 


su ts. 

fe regard to the efficiency of pneumatic ejectors, I 
have considered this question for the last twenty-five 
years, and adopted in 1890 hydraulic transmission of 
por for pumping the sewage of an inhabited area of 
our square m 


es, being a considerable portion of the 





city of Buenos Aires. This installation has worked very 
successfully, and has since then been considerably ex- 
tended on the same system. 

I cannot admit that in actual tice an installation 
of Shone ejectors will yield an efficiency of 42 per cent., 
or even approaching this, when lifting ~~ from alow- 
level sewer to a high one, especially when the lifts of the 
individual ejectors differ considerably. 

It would appear that Mr. Hansen refers to the lift of 
a single ejector situated close to the air-compressor for 
actuating it ; and when all the joints of the air-pipes are 
quite perfect, and the heat of the compressed air is not 
allowed to escape, it is just possible to obtain the above 
efficiency on the Jift he mentions. 


Comparison of the Hydraulic, Pnewmatic, and “‘ Stereo- 

phagus” Systems of Pumping, as Applied to the Boca 
and Barracas Areas of the City of Buenos Aires. 

| ;,| Pneu- |««Stereo- 

— Hydraulic} matic. |phagus” 








Lift. “as a ft. 

Mean difference of level between} | 
house drains and point at which) | 
sewage has to be delivered .. --| 0.60 | 0.60 0.60 
Fall in collecting-sewers necessary, 


for self-cleansing es oe --| 5,92 5.92 3.055 
Head lost in delivery of sewage after) 
pumping :— 
In pumping mains .. a eS 4.72 4.72 -- 
In intercepting-sewers si — j;o— 0.515 
In main outfall conduit .. as 2.76 2.7 2.545 











Total head pumped against..| 14.00 14.00 6.715 


Comparative Losses in Hydraulic, Pnewmatic, and 
‘* Stereophagus ” Pumping Systems. 
Net work done in lifting the sewage, H.P. | H.P. H.P. 
to a height equal to the static lift | 200 | 200| 200 
Loss due to fall in collecting sewers 19.78 19.73 | 18.67 
oo friction in delivery pipes} 24.89 | 24.89 — 
jee fall in delivery sewers .. _ -— 18.67 


| 

Total output of pumping-stations ..| 46.62 46.62 | 39.34 
Loss by fall of sewage into pump-| | 

.-| BL4l | 17.22 | 4.07 





wells or ejectors - pa 





Total output of pumps or ejectors ..| 78.03 63.84 | 43.41 
Loss by slip in pump-valves_ .. --| 10.89 10.39 _ 
» friction in pump-valves | Cn 26.91 | 4.34 
pe Pm glands of pumps; 48.70 _ 
»» Clearance in - oe oe — |} 1,25 _ 
» expansion of air against | 
atmosphere _ 22.41 | — 








Internal losses in centrifugal pumps -- ; — 26.75 
Total power taken by pumps and | 
ejectors .. an ee as -.| 164,03 124.80 74.50 
Loss by uniform size of rams and 
plungers es ap es --| 21.83 —_ -- 
Loss by uniform air pressure .. aa _ | 16.70 — 
», leakage of air .. on eet _ 17.43 _ 
Loss in electric motors and gearing . — { o— 17.00 
Total power delivered to pumping- 
stations es * es --| 185.36 | 158.93 | 91.50 
Loss in transmission of power ee 2.17 15.07 12.00 





} 
Power given out by the accumula-| 
tors, receivers, or generators ..| 187.53 174.00 | 103.50 
Loss in hydraulic compression 
pumps oe oe oe ++} 41.47 
Heat loss in air-compression pumps) - 
Mechanical loss in air-compression | 
pumps a = “ ae _ | 26.00 _ 
Steam loss in air “compression | 


9.00 -- 











pumps *s ee *. . _ | 36.00 - 
Loss in generation of electricity ..| - |} — | 81.00 
Total indicated horse-power .. -.| 229.00 245.00 | 134.50 
Cost of Work at Ordinary English | 
Prices. £ £ | 

Collecting-sewers ae xv ..| 67,250 67,250 | 67,250 
Delivery-pipes and conduits .. --| 49,040 | 49,040; 14,810 
Pump or ejector-wells .. im ss 9,820 | 21,800; 65,517 
Pumps and motors a pe --| 18,700 | 44,550/ 6,598 
Power transmission lines i --| 17,750 14,740 11,845 
Power-generating machinery -.| 28,100 | 25,200! 3,910 
Buildings... .. .. .. —..| 6,500 | 5,500} 8,000 

Total capital ee ae --| 191,160 | 227,580 | 112,930 
Annual Charges, exclusive of all eu ‘ee vad 
Fiacd Charges, which are the same 

in each Case. | 

Interest on capital at 4 per cen a 7,646 9,103; 4,517 
Maintenance of works .. a a 2,393 3,495 | 909 
Generation of power .. - : 430 310 | 290 

Total annual charge we --| 10,469 | 12,908; 6,716 





According to the results published by those who have 
had these ejectors under their care, the efficiencies 
actually obtained in practice are not higher than some 
25 per cent. 

Mr, Hansen mentions that the objection to the use of 
centrifugal pumps for raising sewage is that the pump- 
wells cannot be freed from sludge, which doubtless is a 
deficiency which has been met with; but by the use of 
the ‘‘Stereophagus” pump, installed in the manner I 
have adopted, not only has it been amply proved to be 
capable of passing anything found in sewage, but no foul 
cesspool exists, nor is any sewer-gas allowed to escape. 

In regard to the question of the reliability of electric 
motors for actuating centrifugal pum I venture to 
think that Mr. Hansen’s experience with electricity is not 
as extensive as that with compressed air, as it is now well 
known that electric motors are used very largely in mines 
and in the Saget of places where continuous running is 
required, and they are found to be in every way reliahte. 
Their efficiency is also continuously maintained, as is also 
that of the ‘‘Stereophagus” pump, owing to its construc- 


tion, which differs from that of any other centrifugal 
pump. wig 

Mr. Hansen characterises the ‘‘ Stereophagus” pump 
as being an heroic attempt to surmount the difficultias 
which have been met with in the pumping of unscreened 
sewage with centrifugal pum ut, all the same, this 
has been proved to be possible, and there are a number 
being installed for this ery at the present time. 

It isan undoubted fact that at the present moment 
there exists the urgent need of a less costly form of 
sewerage system than those having large and deep sewers 
laid at very flat gradients, which are not only expensive 
to instal, but involve heavy charges in maintenance. 

It is for this reason that centrifugal pumps, which are 
the least expensive form of machine for raising both larze 
and small quantities of sewage, have been adopted ; and 
now that the difficulties of their becoming blocked with 
unscreened sewage have been removed, it would appear 
that they should be extensively used for this purpose. 

Mr. Hansen has correctly stated at the pomeed to of his 
letter that I have devoted much attention to the question 
of the drainage of the City of St. Petersburg, which is 
situated on nearly flat land only a few feet above the water 
level in the River Neva. 

In order to drain that city successfully it is necessary to 
pump the sewage from the several districts to the outfall, 
and it became a very important question to determine 
what system of pumping was most suitable and least 
expensive. 

_As this matter is of general interest, it may be appre- 
ciated by your readers if I give a few figures comparing 
the relative advantages possessed by the hydraulic, pneu- 
matic, and the “‘Stereophagus” systems, which I have 
endeavoured to work out in an entirely impartial manner. 

I would explain that having designed, superintended 
the construction, and thoroughly tested the hydraulic 
sewage pumping system at Buenos Aires, I have taken 
this installation as the basis for comparison, and have 
worked out parallel designs for performing the same 
—— by means of a pneumatic-ejector system, and 
alsoa “‘Stereophagus” system. (See accompanying table.) 

These three alternatives not only compare the relative 
powers required and the losses sustained, but also the 
relative cost of construction of the three systems and 
their working expenses. 

In order to confirm the correctness of the results 
obtained, I have submitted them to Professor D. S. 
Capper, Professor of Engineering in King’s College, 
University of London, who has reported that the com- 
parison is fair in every respect. 

The greatsaving in favourof the ‘‘Stereophagus” system, 
which is shown by the figures in the above estimates, 
will be seen by a study of those indicating the power 
required, to be due, not only to the cheaper construction 
of the machinery, but also to the greatly reduced power 
necessary in the installation. This reduced power is seen 
to result from the continuous nature of the work done, 
which, by avoiding the necessity for storage chambers, 
reduces the head against which the pumps operate. 

As in practically every town an electric station exists 
from which current may be obtained at a reasonable rate, 
there is obviated the necessity of erecting an independent 
power station, as is always the case where compressed 
air is made use of. 

There are many other points which I might refer to in 
connection with this question, but as my letter has already 
reached to an inordinate length, I will refrain from tres- 
passing further on your space. 

I remain, Sir, yours faithfully, 
R. C. Parsons. 
39, Victoria-street, Westminster, S.W., May 21, 1912. 








THE CUTTING SPEED FOR TOOLS. 
To THE EpiTor oF ENGINEERING. 

Srr,—At the recent meetings of the Iron and Steel Insti- 
tute, Mr. E. G. Herbert read a paper in which he stated, 
amongst other things, that there is a correct cutting 
speed for tools, and that inefficiency results from running 
too slow as much as from running too fast. 

Ican confirm from my own experience the ‘‘ peak” 
which Mr. Herbert has discovered in speed-durability 
curves, and in some cases I have suspected the double 
‘* peak.” Most turners would probably say, if the ques- 
tion were definitely put to them, that the wear of the tool 
is proportionate to the cutting speed, but I suspect that 
in actual practice they know that they get bad results if 
they run too slow. I remember an occasion when I was an 
apprentice that I was told to run on a faster speed 
because the tool was working badly. The following may 
serve as an actual example of what occurred in my 
own works. We were turning a large quantity of tool- 
steel bars } in. in diameter, and we ran for some time at 
195 revolutions per minute, which gives a cutting speed 
of 38 ft. per minute on the largest diameter. The tools 
dulled very quickly, and had to be resharpened on an 
average once every 45 minutes. The speed was then 
increased to 330 revolutions per minute, giving a cutting 
— of 65 ft. per minute, other conditions remaining 
the same. The consequence was that the life of the tools 
was increased to about 3 hours, which means an increase 
of nearly seven-fold in the actual work done by the tool 
for every sharpening. is 

The above is not an isolated case, and it is a striking 
confirmation of Mr. Herbert’s results, or, to put it 
another way, Mr. Herbert has investigated the matter, 
and has explained some very curious facts, of which we 
had very little knowledge, and his researches will un- 
doubtedly be of great assistance in workshop practice. 

Yours truly, 
Surptey N. BraysHaw. 

2, Mulberry-street, Hulme, Manchester, S.W., 





May 21, 1912, 
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MARINE PROPULSION. 


Ar the meeting of the North-East Coast Institution of 
Engineers and ipbuilders, held on Monday, April 1, a 
discussion, not Pn concluded, on the “ Relative Possi- 
bilities of the Diesel Oil-Engine, Geared Turbine, and 
Suction Gas-Engine, as Compared with the Reciprocating 
Engine for Marine Propulsion,” was introdu by Mr. 
K. L. Orde, Member; the Hon. Sir Charles A. Parsons, 
K.C.B., F.R.S., Vice-President; Mr. R. J. Walker, 
Member of Council; and Mr. A. C. Holzapfel. The 
following are the introductory addresses :— 

Diesel Oil-Engine. 
By E. L. Onrpg, Member. 


Although much has been written on the subject of the 
Diesel engine as applied to the propulsion of sea-goin 
vessels, it appears to the writer that the extent to whic 
the earning power of a cargo vessel is affected by the 
adoption of this type of engine has not so far received 
the consideration at the hands of engineers and ship- 
builders which it deserves. The importance of this ques- 
tion as a basis for discussion lies in the fact that a careful 


machinery in the steamship is of the usual three-crank 
triple-expansion type. with cylinders 27 in., 45 in., and 
75 in. by 48 in., and three boilers, 14 ft. 6in. by 11 ft. 6in., 
fitted with Howden’s forced draught. The actual results 
from a number of different voyages show an average of 
2400 indicated horse-power, and a consumption of 1.6 Ib. 
per horse-power per hour for all pu 

The propelling machinery of the Diesel ship is of the 
single-acting two-stroke cycle type, designed to develop 
2150 brake horse-power in ordinary service at sea, at 
about 115 revolutions. The propeller performance at 115 
revolutions should be satisfactory, and it was considered 
unnecessary to make the form of the Diesel vessel any 
finer than that of the steamship, so that the comparison 
between the two is as close as it is possible to make it. 

The two-stroke cycle engine was adopted partly in 
deference to Dr. Diesel’s opinion 23 expressed on seve 
occasions, and partly because the balance of advantages 
seems to be with it rather than with the four-stroke cycle 
engine. It is claimed on behalf of the four-stroke cycle 
that the fuel consumption is considerably (according to 
some authorities 10 per cent.) lower than that of the two- 
stroke cycle engine. This appears to be due, first, to a 





consideration of the best arrangements that can be made 
to utilise as far as possible the advantages of the Diesel 
engine involves a number of points which, in the present 


thermal superiority in the four-stroke cycle, perhaps due to 
the greater effective length in the cylinder, and the longer 
scavenging period; and, secondly, to the mechanical 


tion, as a point is soon reached when the saving aue to 
the lower consumption of the four-stroke cycle engine is 
counterbalanced by the capital charges on the higher cost 
and the loss on freight-earning cargo shut out by the 
extra weight of the engine. 

This critical point depends on the length of the voyage, 
or the distance between fuel stations, and the cost of the 
fuel oil. In the vessels under consideration it appears to 
occur at about 3500 miles, when the cost of the oil is 20s. 
per ton, and the limiting length of voyage decreases 
a as the cost of oil rises. 

ig. 3 is a diagram showing the comparative costs of 
working the two type vessels with fuel at prices ranging 
from 10s. to 50s. per ton. The ordinates are taken from 
a number of voy estimates, of which the model is 
shown in detail in Table II. The lower curve shows the 
cost per 3500 mile-tons of working the Diesel ship at a 
consumption of 0.55 lb. per brake horse-power and per 
hour ; the upper the corresponding cost for the steam- 
ship at a consumption of 1.6 lb. per indicated horse- 
power and per hour. The comparison shows that with 
coal at 15s. per ton the cost of oil in the Diesel ship must 
not exceed 50s. per ton. as the economical limit within 
which the Diesel ship shows to advantage. 

The high cost of Diesel engines, and the important 
influence of capital charges on the earning power cf cargo 


SHELTER DECK CARGO VESSEL. 
PROPELLED BY STEAM ENGINES. 
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aa a PRINCIPAL DIMENSIONS. ; 
LENGTH OVERALL __ 412 .0° 
LENGTH BETW* PERPS. ____ 400°. 0” 
BREADTH EXTREME .____. $2.0 
DEPTH MOULDED... 20.9" 
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state of knowledge of the possibilities of this engine, must Fug.3. vessels, largely affect the question of driving the auxiliary 
be considered controversial if not largely conjectural. COMPARATIVE COSTS OF WORKING STEAM AND DIESEL- machinery, and it seems very doubtful whether electric 
As a simple way of opening these questions the writer LLED VESSELS AT FUEL RATES VARYING FROM 10 TOSOSHILLINGS | power or compressed air can ever be used for this purpose 
submits two outline plans. without a considerable sacrifice both in first cost and 
Fig. 1. Showing a shelter-deck cargo-steamer, one of future earnings. In the typeship steam has been adopted 
a number at present at work ; and : 5 supplied by two oil-fired boilers—one for use at sea, the 
Fig. 2. The same vessel rearranged and fitted with s other in port. 
- a oni 2 general particulars of the two vessels g TABLE I.—Shelter-Deck Cargo Vessel. 
eaty a ' " . 

_An estimate of the cost of working the two vessels is = ae La pa y 
givea in Table II., overleaf, as a model of the calculations ms) Length between perpendiculars 400 0 
that have been made with a view of showing the limits of ~ .... ea bz 0 
fuel cost within which either type of propelling machinery | 93 Depth “ . 2 9 
may work economically. Such estimates can, of course, Sveam-Engines. Diesel Engines, 
on'y be ange as approximate, as the local conditions 8 Gross tonnage 4655 4800 
of particular trades, such as the convenient distribution| _ a os te os a 
of tuel-stations, and many other influences, which only & ey RRS zo ome ~The 
. ° . ight in tons 8640 8775 
meet en oma canes at —— true value, a 3 Average sea-power 2400 L.H.P. 2150 B.ELP. 
considerable effect upon them ; but as most of the items : . + Seas in knots 104 10} 
in the estimate are common to both ships, the general 7 Cost of Fuel per Ton un Shalliregs Radius of action in miles 3500 3500 
comparison is probably sufficiently accurate to form a : f 42 12.7 
basis for discussion. superiority which arises from the absence of the scaveng- Fuel consumption, tons j (= 2400 1.8.P. at (2150 at 0.55 Ib. 

3500 mile-tons is taken as the unit for the cost of|ing-pump. It seems doubtful, however, whether these | P* oy (ae Soar ore + pea 
working, as this represents a fair average voyage, and | gains can amount to 10 per cent. if balanced against | Freight-earning cargo in tons 7 8530 
the bunkers in both vessels are arran accordingly. | the loss due to the idle strokes in the four-stroke cycle | Freight-earning cargo per 
The position of the engine-room in the Diesel ship is, on | engine, and the general consensus of opinion, so far as/ ton, totalD.W. .. .. 0914 0.972 
the whole, the rast suitable in view of trim and ballast | the writer is aware, seems to be that the two-stroke cycle Freight-earning cargo per £2 
draught requirements, but the saving on the weight of | type is the better adapted for marine propulsion pur- r be ame register es 1.69 1.7 
the machinery and bunkers makes a deep tank necessary. The weight is about 12 to 15 per cent., and the “"Oentcaming cargo per 2.68 2.88 
The hull of ¢ Diesel shin i 1 h h f the f = _ ton, net register ..  .. 2. . 

ull of the Diesel ship :is more costly than that of | cost about 10 to 12 per cent. less than that of the four- | Capacity for cargo (grain) in 

the steamer, because of the fittings for twin-screws, and | stroke cycle engine. . oa "Woe ae 488,000 523,800 
the c st of oil-tight bunkers in addition to the deep tank. The estimate of working shows how important it is to | Cargo capacity per ton of 

fhe oil-tight bunkers are all in the double bottom, for | keeps the first cost of the vessels as low as possible. The ae pe cargo in . 
thouzh it is, perhaps, open to question whether this is| costs of the vessels which have been taken for the pur-| Cublefeet ..  .. 62 __ G16 
the best arrangement, it is made imperative in this case | poses of this estimate are not to be ded as definite | This question deserves very careful consideration, and 
if the cubic capacity per ton of freight-earning cargo is to| quotations, but are calculated on precisely the same | it is to be hoped that some light may be thrown upon it 
be equal to that of the steamer. e machinery space is| basis, and are therefore comparable. The influence of | during this discussion, as also upon the economy shown 
&S short a8 18 compatible with a convenient engine-room | cost and weight of machinery on the earning power of | by Diesel engined vessels as compared with steam when 
arrangement, and the register tonnage of the two vessels | cargo vessels 1s considerable, and in choosing between the | the latter are under banked fires. This item should con- 
does not show any very great difference, The propelling | two-stroke and four-stroke cycle it deserves special atten- | siderably increase the difference between the two ships 
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to the advantage of the Diesel vessel, but as the writer ! 


looks on the point as one which is largely conjectural, he 

has not attempted to deal with it in the estimate of 

working cost. 

Tasie Il.—Approximate Estimate of the Comparative 
Costs of Working Steam and Oil- Propelled Cargo- Vessels. 




















Oil-Engine. Steam-Engine. 
Capital .. ; 78,0001. 63,0001. 
| Per Voyage. Per Month.|/Per Voyage. Per Month. 
£ £ £ £ 
Insurance - ee 490 ee 370 
Fuel = at 408., 
coal at ) es 360 we 445 > 
Ww an ro 
vuious ae Pe 350 a 410 
Wear and tear.. ‘ 110 ee 100 
Deck and engine- 
room stores .. oe 110 oe 100 
Port charges at 
5s. perton .. 755 | oe 735 _ 
1,115 | 1,060 1,180 980 
16 voyages ..| 17,840 18,880 
12 voyages --| 12,720 11,760 
| —_- 
| 80,560 30,640 
5 per cent. de-| 
preciation .. 2,900 3,150 
Management ..| 500 500 
34,960 34,290 
Tons of freight- 
earning cargo 
carried ..| 168,530 = 136,480 16x 7880 = 126,080 
34,960 x 240 = 8,390, 400d. | 34,290 x 240 = 8,229,600d. 
136,480 = 61.4d. 126,080 = 665.2d. 





Tapsie ILI.—List of Crew. 











Coal Fuel. Diesel Oil-Engines. 
Provisions yy, Provisions 
Wages. per Day. Wages. per Day. 

£ 8. d. &£ 8. d. 
Captain ¢ 24 26 24 2 6 
First officer .. és 18 2 6 18 2 6 
Second officer 16 26 16 $s 6 
Third officer. . 14 26 14 2 6 
Carpenter 7 1 6 | 7 1 6 
Steward - 7 1 6 7 1 6 
Second steward 6 1 6 6 1 6 
Cook .. - 6 1 6 6 1 6 
Boatswain 6 1 6 6 1 6 
Storekeeper .. a 6 1 6 6 1 6 
Ten A.B.’s at 51. 10s. 56 i 55 1 6 
Chief engineer | & 26 22 2 6 
Second engineer .. 16 2 6 16 2 6 
Third engineer --| 1 2 6 12 2 6 
Fourth engineer .. 10 26 10 2 6 
Twelve firemen at 6l. 72 1 6 36 1 6 


(six greasers) 
; e 








Onedonkeyman .. 7 1 6 7 
(37 men) per month | 304 £100 | 268 £75 
| (31 men) 
Wages .. ..| 804 | 268 | 
Provisions ..| 100 } s | 
Per month ..| £404 £352 





. In conclusion, the writer hopes that this very imper- 
fect paper may form the basis of a discussion which will 
atone for its many defects. 


Geared Turbines. 


By the Hon. Sir CHartes A. Parsons, K.C.B., F.R.S., 
and R. J. WALKER. 


The application of the steam-turbine and mechanical 
ring toship-propulsion was first put to a practical test 
CT cuumanelll urposes in the cargo-steamer Vespasian. 
The actual results of the trials of this vessel, as compared 
with the performances of reciprocating engines, and the 
experience gained on actual service, were fully dealt with 
in rs read before the Institution of Naval Architects 
in 1910 and 1911.* The object of the present contribution 
is tolay before the members of the Institution a few brief 
notes as to the possibilities of geared turbines when 
applied to vessels of moderate and slow s s. 
en considering such popeees the relative earn- 
ing power, first cost, and reliability of the propelling 
machinery must necessarily be taken into account as being 
of first importance to the shipowner. 

The principal advantages of geared turbines as com- 
pared with mene. engines may be summarised 
as follows :—Increased economy in coal and oil consump- 
tion ; absence of racing in soa weather ; reduced wear 
and tear of engines ; reduced stress on screw shafting, due 
to even turning moment of engines and absence of racing ; 
reliability of running in all weathers ; reduced weight of 
machinery; and inc deadweight cargo, due to 
increased economy in coal consumption. 

Referring to the question of efficiency and economy in 
steam consumption, so far as the turbine is concerned, 
the principles upon which economy and efficiency depend 
are identical with those which hold good in steam- 
turbines for land purposes, but for ship-propulsion not 
only has account to be taken of the efficient use of steam 
in the turbines, but also of the propulsive efficiency 


obtainable by the combination of the most efficient 
turbines with the most efficient propeller. ; 

In the higher-speed vessels to which the turbine has 
hitherto been applied, a judicious compromise between 
turbine and propeller efficiency has been arrived at by 
accepting a slightly higher speed of propeller than would 
ob‘ain for maximum efficiency, and lower rates of revo- 
lutions for the turbines than is obtainable with advan- 
tage in turbines for land purposes. It has not, however, 
been found ticable (compatible with weight and first 
cost) to apply the turbine direct to the propeller shaft in 
vessels of moderate speed—t.c., of designed speed of, say, 
15 knots and under, on account of the comparatively low 
rate of revolutions necessary for reasonable propeller 
efficiency at such speeds. 

The problem of applying the steam-turbine to vessels of 
moderate and slow s 8, however, may be said to have 
been satisfactorily solved in the association of mechanical 
gearing with high-speed turbines. By the interposition 
of gearing between the propeller and the turbines such 
limitations in propulsive efficiency are not met with, 
inasmuch as the maximum efficiency of turbine and pro- 
peller can be obtained independently of each other. 

The comparative trials that were carried out in the 
Vespasian with geared turbines and the reciprocati 
engines which were originally fitted in that vessel, show 
a gain of economy in steam consumption of over 15 per 
cent. in favour of the geared-turbine engines. It has been 
stated by some engineers that the reciprocating engine 
with which the geared turbines was compared did not 
represent the best that could be obtained with a modern 
triple-expansion engine, whilst, on the other hand, others 
confirm the result of steam consumption Obtained as 
representing a very fair average for that particular class 
of reciprocating engine. It is not professed, however, 
that the results obtained with the geared turbines in the 
Vespasian (the machinery in that vessel being somewhat 
experimental) are the best that can be obtained with 
geared turbines. As a matter of fact, a consumpticn of 
saturated steam of about 12 Ib. to 13 lb. per shaft horse- 
power for the main engines could be confidently expected, 
which would be equivalent to about 11]b. to 12 lb. per 
indicated horse-power of reciprocating _\— assuming 
a ratio of shaft horse-power to indicated horse-power of 
90 to 92 per cent. ; 

The results of the trials of the geared-turbine ship 
Normannia, the first of the two new vessels for the 
London and South-Western Railway Company, were 
dealt with in a paper read by Professor Biles before the 
Institution of Naval Architects recently.* The horse- 

wer of the Normannia is 5000, divided over two shafts. 

er propelling machinery consists of a high and low- 
pressure turbine geared to each propeller-shaft. The 
steam consumption of the turbines was shown on the 
official trials to work out at 12 lb. per shaft horse-power 
as compared with the estimate of 124 lb. 

As illustrating the possibilities of still further increas- 
ing the economy in steam consumption, it may be said 
that if experience in actual service for any lengthy period 
has shown that superheaters can be successfully applied 
on board ship, and the shipowner is prepared to adopt 
same, then a further saving in steam consumption can 
thereby be effected in geared turbines. Superheated 
steam has been in use on turbine installations for land 
purposes for a considerable period, and of late years 
superheats of 50 deg. to 250 deg. in land turbines have 
become almost universal. The saving in steam consump- 
tion as ascertained with land turbines is about 1 per cent. 
for every 10 deg. of superheat, so that with, say, 100 deg. 
of superheat, a saving of about 10 per cent. can be effected 
in the steam consumption; but when referred to fuel 
consumption it should be stated that the percentage of 
saving in coal is not so great, as a certain amount of coal 
is expended in producing the superheat. As regards the 
question of economy in fuel consumption, there is the 
possibility of adopting oil fuel with advantage. 

It has, we think, been clearly demonstrated that for 
certain classes of vessels considerable advantage accrues 
from the use of liquid fuel. The evaporative efficiency 
is about 40 to 50 per cent. greater than with coal ; less 
8 is required in the stokeholds; and the handling of 
the fuel is reduced to a minimum, as the firing is carried 
out mechanically by means of pumps. 

Mr. Harold Yarrow, in his very interesting paper read 
before the Institution of Naval Architects recently on 
‘“‘The Results of Some Experiments with a Water-Tube 
Boiler, having Special Reference to Superheating,”t+ inci- 
dentally gives some useful figures as to evaporative 
tfliciency with oil fuel. Fora moderate degree of air 
pressure it is ible to obtain an evaporative efficiency 
of 154 lb. to 16]b. of water per pound of oil from and at 
212 deg. Fahr. ‘This would be equivalent to an actual 
evaporation of about 14} lb. of water per pound of oil, 
with a feed-water oo aggeonge of about 190 deg., and a 
boiler pressure of 180 1b., as compared with an evapora- 
tive efficiency of about 10 Ib. with coal. 

The possible racing of the turbines and gearing in a 
ner aoe, the wear of the teeth of the gear, and the 
reliability of the machinery generally, have been ad- 
vanced as objections to the geared-turbine system. We 
think, however, that the working of the Vespasian has 
shown that any such fears are quite groundless. 

Since the Vespasian was first put on service with her 
new propelling machinery she has completed some sixty- 
two voyages between the Tyne and the Continent, covering 
a distance of over 37,000 miles. During this period some 
exceptionally rough weather has been experienced, espe- 
cially when steaming in light condition, and one of the 
most noticeable features in her running has been the re- 
markable freedom from racing of the engines in the 





* See ENGINRERING, vol. Ixxxix., pages 379 and 409; 
vol. xci., pages 459 and 461. 





* See pages 475 and 501 ante. 
+ See pages 442 and 465 ante. 





roughest weather. The gearing has not given the least 
trouble, nor has any appreciable wear been detected jn 
the teeth of the pinions or gear-wheels since she was first 
put on service, nearly two years ago. She is, at the 
present time, on a return voyage from Malta. 

We are indebted to Mr. Orde for the principal dimen. 
-ions and particulars of a ty rs cargo vessel fitted with 
triple-expansion engines, with which we have been able 
to formulate a statement as to the possibilities of geared 
turbines when compared with triple-expansion engines, 
In Tables I. and II., column A, particulars are given for 
the vessel with triple-expansion engines. The particulars 
in column B refer to a proposal of geared turbines on a 
single shaft, and in column C for geared turbines with 
twin screws. 














TABLE I. 
A. B. | ©. 
ype of propelling) | a... a Geared | Geared 
machinery .. ie Sgiees Turbine. | Turbine. 
Number of propellers... | 1 1 2 
Revolutions .. or + 66 66 110 
Diameter of propeller... 1sft. | 18 ft. 12 ft. 
Pitch ” ‘- 18 ,, |; 18,, 12 ,, 
Length of vessel B. P. se 400 ,, ” 400 ,, 
Breadth, extreme .. ji 58 ,, 62 ,, 52 ,, 
Depth, moulded 29 ft. 9in. | 29ft.9in. | 29 ft. 9 in. 
Deadweight .. a 8465 tons 8535 tons 8540 tons 
Draught of water .. 26 ft. Lin. | 26 ft. lin. | 26 ft. 1 in. 
Displacement 11,760 tons | 11,760 tons 11,760 tons 
Speed or service 10} knots | 10) knots | 10} knots 
Equivalent | Equivalent 
LH.P. oe - ee 2400 2400 2400 
8.H.P., assuming ratio 
8.H.P. to LP.H. of 90 j 
per cent. .. se os 2160 2160 
Weight cf propelling ma- | 
chinery :— | 
Propeller shafting, 
thrust-block, and fit- 
tings aft of engine- j 
room after bulkhead... 64 tons 64 tons | 62 tons 


Engines, ae 
plant, auxiliary machi-, 
nery, and all fittings j 
within engine-room .., 180 ,, 146 ,, } 143 ,, 

Boilers, fans, funnels, } 
and all fittings withi 





boiler-rooms >. 245 ,, 245 , 
Total steaming weight.. 525 ,, 455 ,, | 450 hed 
Tasxe II. 

— | A. B. Cc. 
Estimated consumption! a 
saturated steam main) 


engines per I. H.P. ae -- - 
Estimated steam consump-| 

tion auxiliaries per} 

1.H.P. of main engines... | ~- - 
Estimated consumption} 

saturated steam main) 

engines per S.H.P. ued “i 11.8 Ib. 
Estimated steam consump- 

tion auxiliaries per) 

8.H.P. of main engines. . | a 1.2 | 1.2 
Estimated total consump-) 

tion of saturated steam) | 

per S.H.P., all purposes | ae 13.0 12.45 
Estimated total consump: | 

tion of saturated steam) 

per L.H.P., all purposes | 15.5 
Estimated coal consump-} 

tion per I.H.P., all pur-| 


11.25 Ib. 


Equivalent | Equivalent 
11.7 11.2 


Equivalent Equivalent 
1.55 1.17 1.1 


Estimated coal | 


tion per S.H.P., all pur-| 





poses es - — 1.3 1.25 
Estimated consumption of} } 

steam (100 deg. super-| 

heat) per S.H.P. main} | | 

engines .. oe -+| ie 10.6 Ib. 10.2 Ib. 
Estimated consumption) 

auxiliaries per 8S.H.P. of) 

mainengines .. ot 
Estimated consumption of 

steam (100 deg. super-| | 

heat) for all purposes, | | | 


1.2 | 4s 


per S.H.P. of main} 
engines .. as o-| 11.8 Ib. 
Estimated steam _con-| 
sumption per I.H.P. of | 
main engines (with 100) | 
deg. superbeat), all pur-| |  ~ ee 
| 10, 10.2 


11.4 Ib. 


Estimated consumption of} 
oil per I.H.P. (saturated 
steam), all purposes... 

Estimated consumption of 
oil per 8. H. P. (saturated | } } 
steam), all purposes... | oe | 0.90 0.86 

With oil fuel and 100 deg. | 
superheat — estimated 
oil consumption, all pur- 
poses, per 1.H.P. of main) 
engines .. es ie 

With oil fuel and 100 deg. | 
superheat — estimated) 
oil consumption, all pur-| | 
poses, per S.H.P. of main 
engines .. ee oo} 


Equivalent | Equivalent 
0.81 78 


Equivalent Equivalent 
0.76 | 0.73 


0.85 Ib. | 0.81 Ib. 





Explanatory Notes in Connection with Tables I. and 11. 


The ratio of sbaft horse-power for the turbine proposal 
to indicated horse-power of the reciprocating-engine pro- 
posal has been taken as 90 per cent., which agrees with 
that obtained on the trials of the Vespasisn. : 

The weight of boilers for the reciprocating-engived 
vessel has been reduced by 15 per cent. for the turbine 
<< -~y* in view of the saving in steam consumption. 

e deadweight of proposals under columns B and © 
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has been increased to co! d to the saving in weight 
of propelling machinery and boilers. : 

The consumption of the reciprocating-engined vessel, 
column A, has been assumed at 154 lb. per indicated 
horse-power for all purposes. _ 

The figures of steam consumption for the geared tur- 
bines are based on the results of actual measurement of 
water consumption of previous vessels. 

The evaporative efficiency (pound of water per pound of 
fuel) bas m taken as 10 lb. for coal and 144 lb. for oil, 
with a feed temperature of 190 deg. and a boiler pressure 
of 180 lb., the auxiliary exhaust being utilised in heating 
the feed water, and in the case of the reciprocating- 
engine vessel being supplemented with steam taken from 
the intermediate-pressure receiver of main engines. 

The auxiliaries in the turbine proposals are all inde- 
pendently driven. The air, circulating, and bilge-pumps 


Figl. 











FigA. 








The diameter of the gear-wheel is about 12 ft., and of 
the pinions 6.3 in. The total width of the face of the 
wheel is 32in. The inclination of teeth is 45 deg. to the 
axis—double helical. The revolutions of the propeller 
would be 66, and of the turbine about 1500. 

Figs. 4 to 6 show an alternative arrangement of 
machinery arranged on two shafts, consisting of one 
high-pressure, one intermediate-pressure, and two low- 
pressure turbines, steam being admitted to the high-pres- 
sure turbine on one side of the vessel, exhausting into 
the intermediate-pressure turbine on the — side of 
the vessel, and thence from the intermediate-pressure 
turbine to each low-pressure turbine and to the condenser. 
A reversing turbine is fitted in the exhaust casing of each 
low-pressure turbine. 

For manceuvring, by a suitable arrangement of valves 
and pipes the turbines on one shaft of the vessel can be 


SINGLE SCREW CARGO STEAMER. 
ARRANGEMENT OF TURBINES & GEARING. 
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TWIN SCREW CARGO STEAMER. 
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are driven by the main engines in the reciprocating- 
engined vessel, the feed-pump, fans, and other auxiliaries 
being independent. 

At the time of writing the authors have not been able 
to obtain any reliable information regarding the economy 
in steam consumption in reciprocating engines with steam 
superheated to 100 deg. Therefore all references to esti- 
mated consumptions with superheat have been omitted 
from column A, Table II. It is to be hoped that some 
builder will be able to supply the desired information in 
the discussion on this subject. 

The saving in steam consumption in the geared-turbine 
proposals for 100 deg. of superheat has been taken as 
10 per cent., and the saving in oil fuel at 6 per cent. 

Figs. 1 to 3 show an arrangement of geared turbines 
driving a single screw, consisting of two turbines in 
“series ”—viz., one high-pressure and one low-pressure 
turbine. At the after end of each of the turbines a 

niving pinion is connected with a flexible coupling 
between the pinion shaft and the turbine, the pinion on 
each side of the vessel bein geared into a wheel which 
is coupled to the propeller-shaft. The reversing turbine 


2 noorporated in the exhaust casing of the low-pressure 
urbine, 


SECT" LOOKING FORWARD. 


‘ed to work independently of the turbines on the 
other side. 

The diameter of each gear-wheel would be about 
10 ft. 6 in., and the pinions 5 in.; width of wheel-face, 
15 in.; revolutions of propeller, 110, and of the turbines 
about 2800. : 

The machinery for both proposals has been arranged in 
the same space as that for the reciprocating-engined 
vessel under column A of Table I. 

In conclusion, it may be mentioned that, apart from the 
question of superheat or oil fuel, a saving of 15 per cent. 
in coal consumption on a vessel of the dimensions and 


a stated in the paper should represent a considerable 
nancial gain per annum to the shipowner. Assuming 
an average of steaming days per year, such a vessel, 


with reciprocating engines of 2400 indicated horse-power, 
would consume 10,000 tons of coal perannum. A saving 
of coal of 1500 tons, at an average value of 15s. per ton, 
would gi~e 1000/., and for every ton of coal saved an addi- 





tional ton of cargo could be carried. The value of this 
cargo would, of course, depend on the trade the vessel 
| was in ; but assuming a value of 10s. per ton, the 
additional freight would be equivalent to about 750/. 
| Then, again, there is the additional cargo which could be 














carried, yen to the reduction in weight of 
machinery, so that, taking these points into consideration, 
the gain to the shipowner in round figures would be in 
the neighbourhood of 2000/. per annum. 

We have endeavoured as far as ible to confine our- 
selves to a brief statement regarding the possibilities of 
the geared-turbine system, and trust that the paper will 
serve the purpose of inducing a profitable discussion on 
this subject. 





Suction Gas- Bngine. 
By A. C. Houzapret. 

The author has to express his regret at the compara- 
tive brevity and incompleteness of this paper, owing to 
the short notice at which he contributed it, and to many 
preoccupations. At the same time he wishes to congratu- 
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late your committee on the happy conception of the idea 
to compare power installations of equal capacity for a 
vessel of given size, as it isin this way only that the prac- 
tical advantages of each system can be brought home to 
the general public. The vessel for which this instal- 
lation is required is assumed to have the following 
dimensions :— 


Length overall ... yon me 412 ft. 
Length between perpendiculars a 
Breadth extreme ... ais a  -* 
Depth moulded se 
Draught 26 ft. 1 in. 
Deadweight 8,465 tons 
Displacement ¥ ee 
Speed at sea ae? al 104 knots 
Indicated horse-power ... 2600 


If fitted with reciprocating engines and steam boilers, 
this vessel will have an engme-room about 48 ft. long ; 
and to obtain the usual reduction in registered ton 
for engine space, the same length of engine-room will ! 
adhered to. It is also pro to give the vessel twin- 
screw engines, on account of the greater security, and to 
have everything connected with her power installation as 








412 


ENGINEERING. 


(May 24, ror2. 





nearly as possible in duplicate. It is proposed to start the 
main engines by electricity, and to use no compressed 
air. Itis also proposed that all auxiliary machinery, such 
as steering-gear, winches, tar-extractors, pumps and fans, 
be electrically driven. 

Producer Plant.—There would be four producers about 
5 ft. 6in. square by 15 ft. high. These would each be 
capable of giving sufficient for 750 horse-power, so 
that the total gas plant would be suitable for horse- 
power. These four producers would be placed in a recess 
15 ft. by 15 ft. amidships, abaft the fore engine-room bulk- 
head. They would rest either on the tank tops or on a 
platform a few feet above the keel. The recess would 
completely shut off from the engine-room and other parts 
of the vessel by gas-tight bulkheads, but would be entered 
from engine-room by a gas-tight door. It would reach 
right to the upper bridge-deck, but just on the level of 
the producer tops there would be a platform, from which 
the eoals would be filled into the hoppers. At the sides 
there would be a grating allowing of ample ventila- 
tion, and there would be another grating level with 
the upper bridge-deck. The bunker coals would be in 
*tween -deck side bunkers reaching to the sides of the 
recess, and there would also be a spare bunker in the lower 
hold at the front of the fore engine-room bulkhead, from 
which the coal could be raised to the coaling platform 
by anelectric hoist. Of course the gas plant is intended 
to use bituminous coal for fuel, and each producer 
would therefore be fitted with four openings at the top 
for stoking. These would be closed by the usual perfo- 
rated cannon-ball arrangement ; but, to prevent leakage 
of gas, a screw-down cap would be fitted over each 
cannon-ball, and would closed when the openings 
were not in use. All the pipes leading from the pro- 
ducers to the coolers would be in the middle of the 
recess, 80 as to be easily accessible. The cooling-towers 
would be Pa on a platform just above the water-level, 
and would be four in number, about 7 ft. in diameter 
and 20 ft. high. By gee J the coolers or scrubbers 
above the water-level, the exhaust water can flow over- 
board on either side by gravitation. They would be 
filled either with earthenware tubes or earthenware balls 
of special design. The top portion of each cooler would 
be a water-tank about 3 ft. deep. From the coolers the 
gas would pass to two centrifugal tar-extractors elec- 


trically driven, each taking about 25 horse-power. Ib. 


is stated that perfect gas is being obtained from bitu- 
minous coal by means of these tar-extractors, which 
have now been fitted in many hundreds of installa- 
tions. From the tar-extractors the gas would pass, 
under slight pressure induced by the fans of the tar- 
extractors, to two dry scrubbers, and thence to the 
engines. The water vapour for the gas would be obtained 
by a Holzapfel patent duplicate vaporiser, fitted to the 
exhaust. his vaporiser consists of two cylinders, into 
which sea-water is pumped under slight pressure, and 
through which the exhaust gases pass, through tubes 
about 2 in. in diameter. There is a constant drip of brine 
from these os equal to about half the water pumped 
in. Asmall quantity of kerosene is also pum in, and 
while preventing or reducing incrustation, it helps, after 
vaporising, to enrich the gas in the producers. The 
exhaust can be so arranged as to pass through either or 
both of these cylinders, and they are both fitted with 
hand-holes and man-holes for removal of incrustation, the 
idea being to clean one, if necessary, while the other one 
is in use. They also act as efficient silencers without 
reducing the power of the engine. 

Gas-Engines.—For prime movers it is proposed to have 
two six-crank gas-engines, each of about 1400 brake horse- 
power. Owing to the somewhat elastic platform on board 
ship, six cylinders would most essential, as otherwise 
vibration is too considerable. While there would be no 
difficulty in getting 1400 horse-power into six or less 
cylinders, it is proposed in this case to employ two tandem 
engines, each of twelve cylinders, the cylinders being 
small enough to make piston-cooling unnecessary. The 
cylinders of these engines would be about 20 in. in dia- 
meter, and the stroke 18 m. At 300 revolutions per 
minute this would give a piston speed of 900 ft. per 
minute. 

The diameter of the upper row of cylinders can be 
increased, and that of the lower row reduced in order to 
permit of the withdrawal of the piston through the upper 
cylinder. Diameters of 22 in. have been successfully 
used without piston-cooling. In front of each engine a 
dynamo of about 90 horse-power would be pl , and 
in front of the dynamo again an oil or paraffin vertical 
engine of about 100 horse-power. These latter would 
be used in = to generate the necessary electric 

wer for eight winches and for lighting and venti- 
ation. Either or both the dynainos would be driven 
by the main engines while at sea; but as the power 
required for the steering-gear and tar-extractors, fans, 
pumps, and lighting, would probably be under 80 horse- 
power, only one dynamo would be in gear while the vessel 
is at sea, and the other one would remain as a stand-by. 
It is proposed to start the nim engines by means of the 
dynamo and oil-engines. Tnis would be quite easy, as it 
will be seen later on that there would be no load on the 
engines when they are started. 

As regards ignition, either high and low-tension Bosch 
magneto, or else low-tension Bosch magneto and Lodge 
accumulator ignition would be used. “ft is desirable to 
have two ignitions and separate sparking-plugs to each 
cylinder. 

Transmission Gear.—The gas-engines not being rever- 
sible, I propose to fit to each engine a Féttinger trans- 
former, so adjusted as to reduce the revolutions from 300 
to 100 on the propeller shaft. Sufficient has been written 


and said about the Fittinger transformer to make a 
description of this su 
transf 


rfluous. The experience with the 


ormer on board the Holzapfel I. is a perfectly 


satisfactory one, and its rapidity of action is remarkable, 
while practically no attention to it is required by those 
in charge. 
One of the advantages of the transformer to which 
attention should be called is, that when the lever of the 
transformer is placed at neutral, the prime mover, or gas- 
engine, will run without load. It is therefore possible to 
start each gas-engine with the 100 horse-power oil-engine 
at the fore end of thedynamo. A further advantage is 
that when the transformer stands at neutral, the pro- 
peller-shaft can revolve freely, enabling, for instance, an 
auxiliary sailing vessel or yacht to sail without any drag 
from the propeller. The fact that the propeller runs 
loose when the transformer stands at neutral will also 
make the transformer eminently suitable for war vessels, 
which frequently have to run at cruising speed. For 
such vessels the power necessary for cruising speed can, 
for example, be delivered to one propeller in the middle, 
while the side turbines, which may be made more 
powerful than the middle one, are at rest, and the 
side propellers, by means of the transformer, can freely 
revolve while the middle propeller alone is working. 
ae, the transformer would absorb about 12 per cent. 
of the total power delivered by the gas-engine, and 
assuming that at sea the gas-engines produce 2800 horse- 
power, less 100 horse-power absorbed by one dynamo, and 
deducting 12 per cent. from the remaining 2700 horse- 
wer, the transformer would deliver about 2376 brake 
orse-power to the propeller shafts, which are fully equal 
to the 2600 indicated horse-power stipulated by your 
committee. The cost of this power would be at the rate 
of nine-tenths of a pound of bituminous ae Pe rake 
horse-power per hour, a rate freely guaran by gas- 
engine builders. This is exactly 264 tons per 24 hours 
continuous running on the 2800 brake horse-power of the 
prime movers, and includes steering - gear, lighting, 
pumps, and ventilation. 

In regard to the quality of coal used, the Power Gas 
Corporation claim that any quality of coal can be used in 
their producers, but the author always discriminates 
in favour of a dry coal with not too strong a tendency 
towards caking. A coal as free as possible from ~ 
should always be selected. As regards size, small an 
nuts are preferable, and make a good mixture. Coal 
suitable for this purpose can generally be bought on the 
Tyne at an average price of 8s. or 9s. per ton, and in 
the Welsh ports at 1s. or 2s. more. 

Space Occupied.—The length of 48 ft. would be more 
than sufficient for the continuous length of the trans- 
former, gas-engine, dynamo, and oil-engine. The latter 
would reach slightly beyond the recess containing the 
producers. There would be no lower bunkers in the 
engine-space, but a ’tween-deck bunker of considerable 
size would be fitted level with the top of the producers, 
or about 20 ft. 6 in. above the top of the keel, giving a 
bunker of about 9 ft. 3 in. deep, and about 18 ft. wide on 
either side, practically the full length of the engine-room. 
This would give about 180 tons of bunker space in each 
*tween-deck bunker. It is taken that accommodation for 
engineers would be on a bridge-deck above the 29 ft. 9 in. 
moulded depth of the vessel. The engine-room would 
exceedingly roomy and airy with this arrangement, and 
would also have a large amount of top light available. 

Weight of Installation.—The estimated weight of the 
gas plant, including cooling water in the tanks of the cooling 
towers and fuel in the producers, is about 220 tons; that 
of the two gas-engines, 120 tons ; two transformers, in- 
cluding water, 60 tons; two oil-engines and dynamos, 
25 tons ; pumps, electrical motors, gas-pipes, coolers, &c., 
complete, a further 50 tons; which makes a total of 
475 tons. 

As regards the cost, the two gas-engines would cost 
about 75001. ; two transformers, 4000/.; gas plant com- 
plete, about 2000/. ; oil-engines, dynamos, steering- q 
electric winches and windlass, about 3200/. ; total, about 
16,700. These figures are based on estimates obtained 
by the author some time ago. It will be realised, first, 
that as regards fuel consumption the gas-engine is by 
far the most economical motive power for ships; secondly, 
that by its use in conjunction with electrical auxiliary 
machinery, great economies in fuel consumption would 
also be effected ; thirdly, that although the cost of such 
an installation at the present time is about equal to, or 
somewhat in excess of, a steam installation of equal 

wer, there is no doubt that when this class of work has 

n standardised and produced under stress of competi- 
tion it can and will be supplied at considerably lower 
prices than the present steam-power installations. 

Lastly, the author submits to this Institution that while 
oil has to be imported from abroad, and while oil strata 
cannot be measured, there is consequently no guarantee 
of a continuity of ep Y Also, while the production of 
oil is under the control of a few —— financial groups, 
one or two of which have in the past manifested strong 
monopolistic tendencies, we have, on the other hand, an 
unlimited supply of suitable coal in strata which have 
been carefully calculated by our geologists, and which is 
produced under conditions of free competition. ; 

Before concluding, it might be of interest to the meeting 

if the author referred to some of the improvements in onl 
engined vessels which have su ted themselves to him 
from his experience with the Holzapfel I. These relate 
almost exclusively to the gas plant. 
Producers generally are lined with firebrick. Clinker 
readily forms on the firebricks and has to be removed 
by stoking tools, when the bricks are apt to be broken or 
loosened. A different lining should be adopted, and the 
author s' ts steatite as a substitute, as clinker is not 
likely to adhere on a steatite surface. Experiments so 
far made have not been successful, probably owing to the 
quality of the steatite. Still the author considers that 
blocks of pure steatite will prove to be the best lining. 





When gas-engines are suddenly stopped, gas is apt 








to develop in the producers. At such timesa safety blow- 
off is opened. is is generally fixed low down on the 
gas-pipe leading from the producers to scrubbers, where 
it can be shut off by water entering the pipe. It should 
be fitted at the top of the pipe, where there is no 
danger of water shutting off the gas. The handles for 
opening the valves of this blow-off should be so arranged 
as to be near the throttle-valve of the engines, in order 
that the engineer may open them the moment he hias 
stopped the engine. 

‘he pipes leading from producers to scrubbers should 

be so arranged that water cannot possibly enter into them 
while the ship is pitching and rolling about at sea—j.-. 
they should slant downwards just before entering the 
scrubbers. 
_ Scrubbers are generally filled with furnace coke. This 
is not suitable for a sea-going vessel, and should be sub. 
stituted by earthenware balls or tubes of good strength 
and of a design to give a maximum of cooling surfaces. 

All the troubles and delays of the Holzapfel I. were 
due to the inadequate appreciation of these facts in the 
beginning. All the faults have now been remedied, and 
a useful but expensive lesson has been learnt. 

The author finally submits that the gas-engine and gas 
plant in their present form are capable of vast improve- 
ments, and are well deserving of the devotion of that 
brain energy and ingenuity which British marine en- 
gineers have in the past so successfully devoted to steam- 
power. 





FOREIGN ENGINEERING PROJECTS. 

WE give below a number of foreign engineering pro- 
jects, for several of which tenders are ed. Further 
data as these projects can be obtained from 
the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. 

Denmark (Iceland) : The British Vice-Consul at Rey- 
kjavik reports that tenders are invited for the construc- 
tion of a harbour at that port, including the construction 
of three moles, two steamboat piers, and dredging work. 
Sealed tenders, marked ‘* Tenders for the construction of 
a harbour at Reykjavik,” will be received by the Town 
Council, a up to noon on August 31. 

Bulgaria: His Majesty’s Legation at Sofia reports that 
tenders are invited by the Bulgarian Ministry of Public 
Works for the supply of sixteen 8-ton road-rollers. The 
estimated value of the contract is placed at 145.000 francs 
(58002. ), and a deposit of 7250 francs (290/.) will be required 
with each tender. Tenders will be received at the Kreis- 
Finanz-Verwaltung, Sofia, up to June 7. Local repre- 
sentation is necessary. 

Spain: The Gaceta de Madrid notifies that tenders 
will be opened in —_ .~ (dating from May 9) at the 
offices of the Junta de Obras del Puerto de Huelva, 
Calle Vazquez Lopez 14, Huelva, for the supply of a 
opp | fire-extinguisher. Tenders must be accompanied 
by a deposit equal to 5 per cent. of the estimate sub- 
mitted. Local representation is necessary. 

Morocco: H.M. Consul-General at Tangier reports that 
tenders are invited by the Special Committee of Public 
Works for the construction of a road at Mazagan between 
the Custom House and the gate of the city, a distance of 
811 metres. The estimated value of the contract is placed 
at 50,251 francs (2010/.); a deposit of 800 francs (32/.) is 
required with each tender. Tenders will be received by 
M. le Président du Comité Spécial des Travaux Publics, 
Dar En Niaba, Tangier, up to 10 a.m. on July 4. The 
contractor must elect domicile in the neighbourhood of 
the works. i 

Portuguese East Africa : The following information is 
from the report by the British Acting Vice-Consul at 
Beira on the trade of that district in 1911, which will 
shortly be issued :—The projected line from Beira to the 
Zambesi River, which is generally spoken of as the 
**Sena Railway,” has been contemplated for a number of 
years, indeed, as far back as 1895. At last, however, there is 
ap ntly very good reason to hope that the construction 
will be begun during 1912. This line, which must even- 
tually link up with the railway at present in Nyassaland, 
would certainly be of immense benefit to the port of Beira, 
as well as to the Mozambique Company’s territory in 
general, opening up the rich country between the Buzi 
and Zambesi Rivers, besides affording the Nyassaland 
Protectorate direct and easy communication with an 
excellent harbour. ; 

Argentina-Chili : A report has been received from 
H.M. Legation at Buenos Aires that the engineer who 
has been surveying the country between Port San Antonio 
(Argentina) and Valdivia (Chili) has reported favourably 
on the possibility of constructing a Transandine railway 
connecting these ports. The Government railway under 
construction from San Antonio to Nabuel Huapi would 
be used for a distance of 480 km. (about 300 miles), 200 
miles of which have already been completed, and the line 
would then proceed for about 60 miles up an ~ | valley 
where the Andes are much lower to cross than they are 
further north. 





“‘JAHRBUCH DER LurTrAHRT.”—This is the title of an 
annual which is edited by Mr. A. Vorreiter, and is pub- 
lished by J. F. Lehmann’s Verlag, Munich. With the 
present year it enters upon the second edition. The book 
measures 9 in. by 6} in., and contains over 680 pages of 
illustrated descriptive matter, dealing with the progress 
made in aerial navigation in the various countries of the 
world down to the present time. The work covers the 
different types of air craft—dirigibles and ye and 
deals with their various component parts in detail. 1t is 
profusely illustrated by reproductions of photographs and 
drawings, and forms a very complete re ‘erence: book for 
all matters connected with aeronautics. 
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NOTES ON THE SOLUBILITY 
CEMENTITE IN HARDENITE. 


By Joun OLIVER ARNOLD, D.Met., 
“ArrcH1son, M.Met., Sheffield Town Trust 


OF 
+ 


and LESLIE 


arc: 


Fellow, and Demonstrator of Metallurgical Chemistry 


in the University of Sheffield. 


For the age of this research the following steels were 


by the crucible process :— 
Srerz No. 1291. 


prepare 


This was cast into an ingot 1? in. square and hammered 








down to # in. round. a 
It was slightly supersaturated, containing :— 
Per Cent. 
Carbon... . 1.050 
Silicon ... 0.046 
Manganese 0.100 
Sulphur 0.023 
Phosphorus os si .. 0.012 
ig.2. SECTIONAL 
Fig7. = CH OF HEATING APPARATYS. 























Fie. 3.—Carbon, 1.05 per cent. 
held there for 15 minutes and then quenched. 
72 diameters, 








Heated to 741 deg. C., and 


Magnified 





Fic, 6.—Carbon, 1.46 per cent. 


jthen quench Magnified 128 diameters. 


Sreet No. 1290. 


Heated to 750 deg. O., and 


This was experimented upon as cast. It was a well- 


supersaturated steel, containing :— 


Carbon... 
Silicon ... 
Manganese 
Sulphur 
Phosphorus 


Pe 


Fig. 





r Cent. 
1.460 


0.046 
0.100 
0.025 
0.012 


METHOD oF HEATING AND QUENCHING. 
1 shows duplicate sections prepared for quench- 
MM are the two micro-sections attached by 











_” Paper read before the Iron and Steel Institute, 
diay 9, 1912, 


narrow necks to the main body of the steel, which con- 
tains a recess C for the thermo-couple. The whole is 
loosely suspended in the bath by the wires SS. Fig. 2 
shows the general heating arrangements. FF is a gas- 


h furnace heating the salt-bath crucible BB. This contains 
a mixture of barium and calcium chlorides, together with 
The rod R is attached to the 


a little potassium cyanide. 





Fig 9.—Carbon, 1.46 per cent. 


. Held at 942 deg. C. for 15 
minutes and quenched. 


Magnified 128 diameters. 





Fie. 4.—Carbon, 1.05 per cent. Heated to 750 deg. C., and 
held there for 15 minutes and then quenched. Magnified 
108 diameters, 





Heated to 810 deg. O., and 
then quenched. Magnified 128 diameters. 


Fie. 7.—Oarbon, 1.46 per cent. 


| suspension wires, and enables the pieces to be moved 


about to ensure equal bath temperatures throughout. The 
narrow quartz tube TC contains the thermo-couple. The 
leads to the cold junction C J, and thence toa Le 
Chatelier pyrometer reading to 1 deg. Cent. The quench- 
ings, made in an ample tank of cold water and brine, did 
not occupy more than one second. 


ABSORPTION CURVES. 
Steel No. 1291 presented the maximum of the combined 
point Ac1, 2, 3 at 727 deg. Cent. Steel No. 1290 presented 
the point at 728 deg. Cent. 


PREPARATION OF Micr0-SEcTIONS. 





The pair of sections were broken off through the attach- 
ing necks, and ¥, in. was ground (with every precaution) 











from the faces of the sections. These were polished on 
emery-paper, and finally on a rapidly-revolving block 
charged with water and fine alumina. They were etched 
either with a 5 per cent. alcoholic solution of picric acid, 
or with 1 per cent. nitric acid solution, as most con- 
venient, and were then dried, examined, and photo- 
graphed. 


REMARKABLE QUENCHING PHENOMENON. 


Rapid as was the quenching, it was found, nevertheless, 
that although the circumferences of the sections were 
probably —— in the condition in which they existed 
at the quenching temperatures, the centres had been let 
down more or less completely to troostitic material by 
heat conducted from the mass of the steel through the 
necks to the micro-sections. 


Tue 1.05 Per Cent. Carson Srert No. 1291 (ForcEp). 


The normal section of this steel consisted, as usual, of 
pearlite dotted over with irregular patches of cementite. 

When quenched from 741 deg. Cent. the cementite does 
not seem to have dissolved in the hardenite to an 
great extent. Fig. 3 shows the section well etched with 
nitric acid. The white cementite patches are clearly 
visible, whilst the dark-etching hardenite shows an in- 
definite granularity. 

Quenched from 750 deg. Cent., etched with picric acid, 
the mass is nearly all structureless hardenite, only a few 
pieces of dark cementite (due to reflection) remaining 
undissolved (see Fig. 4). 

Quenched from 775 deg. Cent., etched with nitric acid, 
the whole of the cementite appears to have passed into 
solution. The whole mass is a dark-etching substance, 
consisting of austenitic hardenite presenting an indefinite 
a mp Fig. 5). 

Norr.—The above three sections were all kept at the 
temperatures specified for a period of 15 minutes. 





Fic. 5.—Carbon, 1.05 per cent. Held at 755 deg. ©. for 
15 minutes and then quenched.' Magnified 72 diameters, 





C., and 
agnified 


128 diameters. 


Tue 1.46 pen Cent. CARBON Street No. 1290 (as Cast). 


The section as cast consisted, as usual, of pearlite with 
sectional triangles marked out in cementite, indicative of 
cubic crystallisation. Fig. 6 shows a section heated up to 
750 deg. Cent. and quenched. The pearlite has changed 
to hardenite, but the cementite (dark etching) remains 
in situ, apparently little c 

Quenched from 810 Deg. Cent.—This section shows light 
streaks of cementite still undissolved, and white patches 
of austenitic hardenite on a dark ground mass of troostitic 
material ‘‘let down” from hardenite in the manner pre- 
viously described (see Fig. 7). 

Quenched from 868 Deg. Cent.—This section much re- 
sembles the last, cnnbtiat more cementite has dissolved 
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(see Fig. 8). This section was kept at the temperature 
named for 12 minutes. 

Quenched from 942 Deg. Cent. after being kept at that 
temperature for 15 minutes. The cementite has entirely 
dissolved (in fact, the solution seems complete for this 
carbon about 920 deg. Cent.), and the ground mass is 
austenitic hardenite, showing here and there a marten- 
sitic structure. This section shows also very well the 
formation of troostitic areas from a series of centres owing 
to the heat traversing the neck from the main body of 
the steel (see Fig. 9). 


THEORETICAL CONSIDERATIONS. 


In presenting this preliminary note the authors wish 
to point out that during a research involving the prepara- 
tion of about 250 micro-sections, it has been clearly proved 
that the change-of pearlite into hardenite occurs during 
a range Of temperature not exceeding 3 deg. Cent. In 
other words, 13 per cent. of B, Fe; C, dissolves in or 
feebly combines with iron very rapidly, whereas, say, 
10 per cent. of A, or cementite carbide proper, requires, 
as has been shown, a range of about 190 deg. Cent. for its 
complete solution. ’ \ 

Hence, it is a subject for serious consideration. Is 
not the diffusion of A, carbide, into hardenite—a normal 
act of solution—whilst the diffusion of B, cementite, 
into iron—rather of the nature of a reduction—producing 
a lower compound (hardenite) unique in its remarkable 
attenuation ? 





THE MECHANISM OF CORROSION.* 


By J. Newton Frienp, J. Luorp BENTLEY, and 
Wa ter West (Darlington). 


Ons of the main causes of the fascination attaching to 
the study of corrosion is that new phenomena are con- 
stantly appearing which cannot be reconciled with our 
old stereotyped theories, and necessitate, therefore, a 
constant readjustment of our ideas. In a recent com- 
munication to the Journal of the Iron and Steel Insti- 
tutet a list was drawn up of the more important factors 
influencing the rate of corrosion of relatively pure iron 
at ordinary temperatures; and attention was drawn to 
the extreme care required in order to carry out two exactly 
similar experiments. During the past year the authors 
have studied a few of the factors requiring consideration 
in greater detail. The results obtained and embodied 
in this memoir serve both to corroborate and to extend 
our earlier work. 


1. THe Corrosion ZonE. 


When a plate of iron is suspended in stationary water, 
the surface of which has free access to the air, the layers 
of water in contact with the metal yield up their dissolved 
oxygen, and thereby induce corrosion. Fresh supplies of 
oxygen from the surrounding layers of water now diffuse 
towards the metal, and in the course of a few hours an 
equilibrium is set up, the amount of oxygen diffusin 
towards the metal being exactly equal to that absor 
in producing rust. This condition is shown in Fig. 1, 
where A Bis the metal plate, and ACD E represents 
what may be termed the “ corrosion zone,” the amount of 
dissolved oxygen in the water gradually decreasing as we 
pass from any point on the circumference of the zone, 
say E to the metal itself at B. At all points outside the 
zone, such as F, G, &c., the amount of dissolved oxygen 
remains constant. The actual size of this zone must 
depend upon a large variety of factors, all of which may 
be grouped under two headings—namely :— 

1. The rate at which oxygen can diffuse towards the 
metal, and 

2. The rate at which the metal can absorb the oxygen. 

The former of these factors is influenced by the pressure 
and composition of the air in contact with the surface of 
the water, and also by the solubility of oxygen in the 
ig function of the temperature and purity of the 

atter. 

As regards the rate of absorption of oxygen by the metal 
itself we have to consider the influence of temperature 
and light, the composition of the metal, its physical con- 
dition, and the effect upon it of | impurities in the 
water. Olearly the more corrodible the metal, the larger 
is the corrosion zone, other things being equal. hen, 
on the other hand, the metal is protected by paint, zinc, 
or tin, the corrosion zone may be negligibly small. 

Now it follows that unless due allowance is made for 
this, a serious source of error is liable to creep into 
experiments designed to throw light upon the relative 
corrodibilities of different pieces of metal. 

If we suspend A B ina tank, the side K of the latter 
must not be so near as to come within the corrosion zone 
as at K’, or the metal will not corrode at its maximum 
rate. Once beyond this zone, however, it is immaterial 
how far off the side is, the rate of corrosion of the plate 
being the same whether the side isat K or K”. Sup : 
now, we have two plates, one say of nickel steel and one 
of ordinary carbon steel, and wish to determine their rela- 
tive rates of corrosion. We vill assume that the nickel 
steel corrodes only half as rapidly as the carbon steel. If 
the corrosion of the latter is taken as 100, that of the 
former will be 50, and the corrosion zone of the carbon 
steel may be represented by the curve A C D E, and that 
of the nickel steel by the broken curve AH K. Sup- 
pose these plates are suspended in a tank at a dis- 
tance d’ from the side (K’). They are then under what 
apgect to be precisely similar conditions. In reality 
such is not the case, however, for whilst the nickel steel 
can corrode at its maximum rate use K’ lies without 


* Paper read before the Iron and Steel Institute, 
May 9, 1912. E 
+ Friend, Carnegie Scholarship Memoirs, 1911. 





its corrosion zone, the carbon steel cannot corrode more 
than about 70 per cent. of its maximum amount, since 
K’ lies so far within its corrosion zone. Hence the rela- 
tive corrosions as determined in this way would be— 


Corrosion of carbon steel _ 70 _ 100 


Corrosion of nickel steel 50 71 


If, now, we repeat the experiment, suspending the 
two plates at a distance d from the side K, the nickel 
steel corrodes at the same rate as before, but the carbon 
steel is now able to corrode at its maximum rate. The 
° ed rates of corrosion are, in consequence, 100 to 50. 

There can be no doubt that many of the curious varia- 
tions obtained by different investigators when conducting 
experiments of this kind are traceable to some such cause 
as this. 

In order to gain some idea as to the magnitude of the 
corrosion zone, some pieces of Kahlbaum’s pure iron foil 
were cleaned with emery-paper, weighed, and suspended 
by means of glass hooks in earthenware troughs of water 
at varying distances from the sides. The ee measured 
3 in. in on oy and 2.5 in. in breadth, and were attached 
to the hooks by parrafin wax (see Fig. 2), so that the 
disturbing corrosive action of the silica of the glass was 
removed. After nine days the plates were cleaned and 
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weighed, the loss in weight being taken as a measure 

of the corrosion. The results are given in Table I., from 

from which we gather that :— 
Taste I. 





Distance of Initial Weight 
a |e | | tae 
from Side. Plate. — ROCF. 
ie in. | grammes grammes 
5.0 8.4214 0.1546 | 100 
3.0 | 8.6286 0.1574 102 
2.0 | 8.6264 0.1340 87 
1.0 8.8866 0.1266 82 
0.5 8.1574 0.1416 92 
0.25 8.1256 0.1640 106 





1. The maximum corrosion is reached when the plate 
is not less than 3 in. from the side of the trough, that 
observed at 5 in. distance being the same (within experi- 
mental error). 

2. When the iron is very close to the side the rate of 
corrosion ins to increase abnormally. This came as 
a great surprise, but the next series of experiments 
showed that the anomaly was due either to the silica of 
the glaze or some other corroding material dissolving out 
of the pores of theearthenware. In the chemical activit: 
of the apparently neutral walls of a containing vessel, 
therefore, a serious source of error may lie. 

In order to avoid this disturbance a similar series of 
iron plates were suspended, this time in the centre of the 
troughs and sheets of paraffin wax fixed at varying dis- 
tances from them, as shown in Fig. 2. After ten days of 
exposure the results given in Table II. were obtained :— | 


Tass II. 


i pie tetoht | ‘ 
I ry of amea* eight | (Loss in Corrosion 
from Side. Plate. | esgnt. aotr. 

in, grammes grammes 

10 8.6041 0.1585 100 

5 8.6067 0. 1566 99 

2.5 7 8715 0.1334 s4 

1.2 8.5880 | 0.1302 82 

0.6 8.4915 | 0.1247 79 


_ Evidently, therefore, the closer the metal is suspended 
in still water to the side of the containing vessel, the less 
is it able to corrode. 

These experiments were now repeated, using two plates 
of paraffin wax in each case, the plate of iron being sus- 





pended midway between them. After nineteen days 


the plates were cleaned and weighed with the results 
given in Table ITT. 








Tasie IIT. 
ene” Plate from 
- | Initial | 
Weight of | in Wei Corrosion 
j | Plate.t | @ Weight. Factor, 
In Centi- | In Terms of | | 
metres. —- “s , 
grammes grammes —" 
12 21 | 6.0760 0.1940 
12 21 | 6.1010 0.1970 } 100 
: ie reo 0.1990 101 
| * 0.1780 91 
1.5 4 | 6.4219 0.1437} 73 
0.75 ys 6.2782 0.0776 40 


* Length of plate=i=6cm. 
t Area of plate = 6 x 6 cm. 


From this it is evident that the plates under the par- 
ticular conditions of the experiments should not be sus. 
pended nearer than a distance measured by their length 
1, if the maximum corrosion is to be obtained. This, of 
course, assumes that the sides of the vessel are chemically 
inert. : 

If, now, the inert paraffin sheet is replaced by a second 
metal plate of similar corrosive properties, it will be 
evident that twice the above distance must be left between 
the two if maximal corrosions are to be obtained in either 
case. This was confirmed in part by suspending two 
plates of iron in each trough at varying distances from 
one another, and determining their loss in weight after 
seven days. The plates were 2.5 in. sq., and were sus- 














pended in a similar manner to the p ing. The results 
are given in Table IV. 
TaBLE IV. 
, ee 
Distance of | Initial | possin | ,; 
Plates from | Weight of | s8in | Mean Loss, | Corrosion 
Each other. | Plates. Weight. | Factor. 
! - 
in. grammes | grammes grammes 
Single plate* 7.0136 0.0741) 0.0752 1 
Single plate* 7.0870 ogres J sande ed 
6.3968 | 0.0700 | 
‘ {64658 0.0715 f 0.0708 % 
2 { oa | Soe } 0.0611 | 81 
1 0.2868 | doo} | o0m0 | st 
6.8088 | 0.0630 | 
4 6.8744 | 0.0660 0.0645 85 
Ei Ta = ae | 
* These were single plates in separate troughs. Unfortunately, 
we did not a sufficient number of larger troughs which 


would enable us to place two plates in any one trough at a greater 
distance than 4 in. without ‘incurring risk of interference from 
the sides of the vessel. 


From this table it is clear that where the plates were 
suspended at a distance of ii = 1.6 times their length 


apart, the maximum corrosion is not attained. Evidently, 
therefore, in order to obtain trustworthy results for the 
relative corrosions of various irons and steels by immer- 
sion in still liquids in troughs, the plates must be sus- 
= considerably further apart than has hitherto 

nm customary. ith painted, galvanised, and tinned 
plates, of course the case is quite different, for, owing to 
the slow rate of corrosion, the corrosion zone is corre- 
spondingly reduced and the plates may be much nearer 
together. In moving water, likewise, the plates may 
be nearer, but in both of these cases it is better not to 
have them too close together, or films of dust may spread 
from plate to plate and thus galvanically connect them 
and induce serious corrosion. This was probably the case 
with the last two exe at }in. distance, as given in the 
above table, and which show a marked and unequal increase 
in their corrosion. 

In the above experiments the troughs were kept in the 
dark during the periods of exposing the plates, in order 
to prevent the disturbing influences of unequal illumina- 
tion. In actual practice the influence exerted by sus- 
pending two plates close together would be even greater 
than that indicated in the above experiments, since one 
plate would cast a shadow on the other and thus with- 
draw from it the stimulating action of light. The 
isolated plates, on the other hand, would suffer no re- 
tardation in this way. 


2. THe Mxcuanism OF CORROSION. 


When layers of rust are analysed, they are frequently 
found to contain at least traces of iron rust.* This is 
quite in harmony with the acid theory of corrosion, 
according to which the first stage in the corrosion of iron 
consists in the formation of a ferrous salt, which later 
undergoes oxidation to the ferric condition, yielding 
hydrated ferric oxide or rust. 

The numerous analyses of rust usually teach us but 
little beyond this, however, inasmuch as the exact condi- 
tions under which the various samples of metal rusted 
were unknown. It occurred to us that if we allowed pure 
iron to rust under a series of well-defined conditions, and 
then analysed the rust produced, fresh light might be 
thrown upon some of the hitherto obscure problems. To 
this end Kahlbaum’s pure iron foil was always employed, 








* Calvert, Chemical News, 1871, vol. xxiii., page 98. 
Weinwurm, Chemiker Zeituny, 1893, vol. xvii., page 101. 
Tilden, Transactions of the Chemical Society, 108, 
vol. xciii., page 1358. Steel, Journal of the Society of 
Chemical Industry, 1910, vol. xxix., page 1141, &c. 
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ita composition haé been proved by repeated trials to 
oa cniform, and benes to be particularly suitable 
for the purpose in hand. d 

The Influence of Light.—Attention has already been 
drawn in previous papers* to the fact that light greatly 
accelerates the rate of corrosion of iron. An engineer 
criticised this statement shortly after publication, stating 
it to be contrary to ——, instancing an iron bridge, 
the under and shaded portions of which were more 
corroded than the upper ones. This illustrates the 
difficulty experienced by practical men of realising how 
essential it is that conditions shall be exactly comparable 
before trustworthy conclusions may be drawn. By 
shutting out the light in the above case, the free access 
of fresh, warm, and dry air was also cut off, so that the 
uncer portion of the bridge was always moist, whereas 
the upver and exposed p were usually dry. Clearly 
the effect of constant moisture must far outweigh the 
pur ‘ly stimulating action of light, since a dry surface 
cannot rust. ’ , ; 

The question which now arises is: How does the light 
accelerate corrosion? This it may do in one or both of 
two ways :— 

Reaction 1.—By accelerating the initial stage of cor- 
rosion—namely, the oxidation of the metal to the ferrous 
condition. 

Reaction 2.—By accelerating the second stage of cor- 
rosion—namely, the oxidation of the ferrous iron to ferric 
rust). 

' Solations of ferrous sulphate, slightly acidified with 
dilute sulphuric acid, were p! in similarly shaped 
lass bottles, some of which were transparent, others 
ing rendered opaque by a thick coating of paint on the 
outside. These were kept at a uniform temperature in a 
glass water-bath, and exposed to diffused sunlight. After 
varying intervals of time, portions of the solutions were 
removed, and the relative proportions of ferrous and 
ferric iron determined by titration with bichromate. At 
the beginning of the tests there was no ferric iron present, 
hence the figures in the third column of Table V. give 
the relative rates of oxidation of the ferrous sulphate in 
the light and dark respectively. 














TaBLe V. 
Length of | Ferric Iron as 
No. Condition. Exposure per Cent. of 
| (Days). Total Iron. 
: { Light | 15 14.4 
Dark 15 13.0 
2 { Light 44 26.8 
Dark | 44 23.4 
3 Light 53 28.4 
Dark 53 24.6 
‘ Light 71 39.3 
Ligh | = 34.8 
7 ight | 1 30.3 
° Dark 71 26.8 
; emyy | the light stimulates the oxidation of ferrous 
iron to the ferric condition—but only relatively slightly. 


Whilst, therefore, during ordinary corrosion of iron the 
light undoubtedly stimulates Reaction 2 (above), it would 
seem that this acceleration is too small wholly to account 
for the increased corrosion actually observed. Probably, 
therefore, light also accelerates Reaction 1, namely, the 
oxidation of the metal to the ferrous condition. In order 
to test this, plates of iron measuring 4 cm. by 6 cm. in area 
were exposed in beakers of water in such a manner that 
their four corners rested in contact with the sides and 
bottom of the beakers. Each beaker held one plate and 
100 cub. em. of distilled water. Four of these, Nos. 1 to 
4, were placed in the light, and an equal number (Nos. 5 
to 8) in a dark cu Each week one beaker was 
taken from the light and dark respectively, the loss in 
weight of iron and the amounts of ferrous and ferric 
oxide produced being quantitatively determined. From 
the results which are given in Table VI. we gather: — 




















Tasie VI. 
| 
al Initial |weight of | Total | percentage 
No. = | Time.) Weight | Ferrous | Loss in of Ferrous 
of Plate. | Iron. Weight. Iron. 
—— Se§ | 
: days | grammes grammes | grammes 
1 Light 8 | 8.4994 nil | “0.0326 nil 
5 | Dark 8 | 4.1144 | ,, | 0.0276 9 
2) Light 15 3.9894 | 0.0011 | 0.0641 1.8 
6 | Dark 15 8.8162 | trace 0.0521 | trace 
3 | Light 23 4.2014 0.0101 0.1029 9.8 
Dark | 23 | 3.9014 | 0.0011 | 0.0709 Bw 
4 Light | 29 4.1522 0.0178 0.1278 13.9 
8 Dark | 29 3.8118 | nil | nil 








1. That the plates exposed to the light rusted more 
rapidly than those in the dark—confirming earlier work. 
2. An appreciable amount of ferrous oxide is produced 
on prolonged exposure to daylight. 
_ 3. No oa quantities of ferrous oxide are pro- 
duced in the dark—under the particular conditions of the 
experiment. 
Evidently, therefore, light not only accelerates the 
oxidation of ferrous iron to ferric, as we have seen, but 


it has a more pronounced accelerating influence on the | i 


initial oxidation of metallic iron (Reaction 2, above), so 
that the formation of ferrous oxide outstrips that of ferric. 
inthe dark, however, the two reactions apparently pro- 
ceed at practically the same rate, so that the ferrous oxide 
1s oxidised to rust as rapidly as it is formed. 

As time goes on the accumulation of rust and ferrous 
oxide becomes so thick that light cannot easily penetrate, 
und the corrosion preceeds as if the metal were in the dark. 
lience the reaction slows up, and the percentage of ferrous 





* See Frend, loc cit 





iron in the rust begins to fall, This accounts for the 
relatively small quantities of ferrous iron found in thick 
rust deposits, even when metallic iron still remains. 
When all the iron has been oxidised, of course the ferrous 
oxide slowly follows suit, until even the last traces may 
be oxidised. 

There can be little doubt that numerous other factors, 
such as galvanic action, temperature, nature of the cor- 
roding medium, &c., will affect the relative proportions 
of ferrous and ferric oxide produced during the corrosion 
ofiron. Experiments are now in p with a view to 
determining the respective values of each of these factors, 
and we hope to communicate the results in a Jater memoir. 





Bryan Donkin anpd Co.—This is the title of a 
little booklet which has recently been published, having 
been written by Mr. Harry J. Donkin. As announ 
on the cover, it is ‘Some Notes on the History 
of an Engineering Firm during the Last Century 
—1803-1903.” The firm of Messrs. Bryan Donkin and 
Co. is too well known and respected to require from us 
any laudatory remarks; but we feel that the booklet to 
which we have alluded will prove of interest to our 
readers, and therefore a passing allusion to it is called 
for. The firm was founded as long as 1803, the 
founder being born in 1768, at Landoe, in Northumber- 
land. Being fond of mechanics, he was articled to John 
Hall, of Dartford, fora term of three years, and even- 
tually set up a small factory himself at Dartford. The 
history of the firm from that time is interesting, for it 
grew in importance as a separate firm, though it still 
kept-up its connection with John Hall, which to-day 
is known as Messrs. J. and E. Hall, Limited. Mr. 
Bryan Donkin was connected with the history of the 
well-known ‘ Fourdrinier ” paper-making machine, which 
ruined those who first took it up, but afterwards made 
the fortunes of many people. In 1811 a factory was 
leased in Bermondsey, and the works continued to iw, 
though in the early part of last century the firm had a 
severe struggle on account of bad trade, due to the wars 
with France. . Donkin was for some time chairman 
of the Society of Arts, and was vice-president of the 
Royal Society. In 1819 his eldest son John began to 
assist him in his business, devoting himself almost 
entirely to the commercial side, but he died in 1854. 
The founder of the firm died in 1855, at the age of 
eighty-seven, a two sons, Bryan and Thomas, 
to carry on the works. About 1858 they began to manu- 
facture a compound engine of new design invented by 
Mr. Farey, one of the partners; it was subsequently 
known as the Farey engine. The firm became known in 


the gas industry in connection with a special type of | 4 


valve, and an important branch of the firm’s business has 
since been the manufacture of gas-exhausters. In 1903 
the whole of the manufacturing business was removed to 
Chesterfield, after completing its 100 years’ existence in 
London. The present mem of the firm are Bryan 
Donkin and Edwin Bryan Donkin, and the firm is known 
as the Bryan Donkin Company, Limited. We under- 
stand that the firm will be pleased to send a copy of the 
booklet to which we have referred to any engineers who 
may be interested in their undertakings. 


Séren Hsortu.—The name of Séren Hjorth, the Dane, 
is well known to electricians and engineers who have 
troubled to trace back the various steps that led to the 
perfecting of the dynamo-electric machinery of the 
present day, for it is the name of a man who was richly 
endowed with the inventive faculty, and who 
great powers of industry and application. It is a name 
a intimately a — the earl — ts to 
apply to practical purposes the nciples of electric 
Siadien iscovered by Faraday a the construction of 
dynamos and motors. To a t many engineers, how- 
ever, and possibly to some electricians, the life-work of 
this man is unknown, and what is due to him as a pioneer 
in the electrical world fails, therefore, of acknowledg- 
ment. For much was due to him, though his struggles, 
his failures, and his successes appear to have widely 
forgotten. That these effortsshould not pass into oblivion 
was the object of the publication of his life and works 
in the Danish technical journal, the Elektroteknikeren, in 
1907, in which a statement was le concerning Hjorth’s 
rights of priority to the invention of the dynamo-electric 
principle—a statement which, so far as we know, has 
never contradicted. Since the article referred to 
appeared, the matter has been taken up by Sigurd Smith, 
who had the opportunity given him after the death of 
Séren Hijorth’s step-d ter, Miss D. Anckers, in 1908, 
of perusing the large collection of letters, rough copies, 
drawings, sketch-books, &c., left by Hjorth, and who has 
recently published a very interesting pamphlet containing 
an account of the life-work of the pioneer, and containing 
reproductions of drawings and sketches bearing on the 
construction of Hjorth’s earliest form of motor and dy- 
namo. The writer of the pamphlet says that statements 
can now be based on established facts, and Hjorth’s train of 
ideas can be followed almost from the first. tisknown 
of the childhood and youth of —— is given, and his 
early connection with railways, both in England and 
in Densch, are alluded to; but that part of his life’s 
work which was devoted to electrical matters receives the 
most attention. This part ag = gy the middle 
third of last nay Hjorth died in August, 1870, in 
his seventieth year, having oe his latter years fallen 
on hard times, which finally broke down his energetic 
spirit. He did not live to reap the harvest of his work, 
and it is well that this pamphlet has appeared, for it is a 
tribute to his memory and a record of what he carried 
out. The pamphlet is entitled ‘‘Séren Hjorth, Inventor 
ef the Dynamo 4 eg, ~ and it is published by 
Elektroteknisk Forening, Copenhagen. 





ROYAL METEOROLOGICAL SOCIETY. 


A PROVINCIAL monttog of this Society was held, on the 
the invitation of the orand Corporation, at South- 
port, on Monday, the 13th inst. As the weather was 
very fine, and every convenience had been provided for 
the comfort and entertainment of those attending the 
meeting, the visit of the Fellows was a most enjoyable 
one. After assembling at the Town Hall in the morning 
the Fellows were driven along the promenade, the 
marine drive, and some of the principal streets to the 
Anemograph Station at M ide, where they saw 
the pressure-tube anemometers and the anemoscope at 
work. The exposure of these instruments is very open, 
as the district is an extensive reclaimed marsh adj oining 
the beach. On their return to the Town Hall the Fellows 
were entertained at lunch by the Mayor, who, unfortu- 
nately, was not able to be present, but his place was 
taken by the Deputy-Mayor. A visit was then paid to 
the Fernley Observatory, in Hesketh Park, to see the 
large collection of self-recording and other instruments 
which are in use at this unique observatory. At the same 
time a demonstration was given of the method of fillin 
and sending up a ballon-sonde with meteorograph attach 
for ascertaining the temperature in the upper atmosphere. 
Observations of the track of the loon were made by 
means of a theodolite. The visitors fully appreciated 
the great care bestowed upon the various instruments, 
and the remarkably clear and valuable records obtained 
from them. 

After an adjournment to the Town Hall for tea, a 
meeting of the Society was held in the Science and Art 
School, Dr. H. N. Dickson, President, in the chair. Mr. 


+|W. Marriott read a paper on the “ Results of Howrly 


Wind and Rainfall Records at Southport, 1902-1911,” 
which was based upon data supplied by Mr. J. Baxen- 
dell, the borough meteorologist. en the hourly results 
are grouped according to summer and winter seasons, 
a great contrast in the figures is at once apparent. A 
most marked diurnal variation in the direction of the 
wind is shown in the summer, which is due to an ex- 
treme local development of those coastal phenomena 
pea called ‘‘land and sea breezes”—that is, winds 

lowing off the land to the sea ey | the night and early 
morning, and off the sea to the land during the late morn- 
ing and afternoon. The maximum frequency of easterly 
winds occurs about 3 a.m., and of south-easterly ones 
about 5a.m. Westerly breezes are most frequent from 
1 p.m, to 2 p.m., and north-westerly ones from 3 p.m. to 
4p.m. Each of the two groups of winds is nearly twice 
as frequent at its hour of maximum as at its time of 
minimum. In winter time there is com tively little 
iurnal variation in the direction of the wind. The 
hourly values of the amount of rainfall for the year show 
a diurnal variation, the maximum occurring from 4 a.m. 
to 5a.m., and the minimum from 10 a.m. to noon. There 
is also a secondary minimum at 9 p.m. 

Mr. J. 8. Dines also read a paper on ‘* The South-East 
Trade Wind at St. Helena,” in which he showed that 
observations tend to confirm the hypothesis of a long- 
period oscillation in the wind direction at St. Helena. 





Finspury TrecHNicaL CoLiEecr.—We have received 
from the principal of Finsbury Technical College a copy 
of the new edition of the pi me of courses and 
classes at this institution, which has done for many years 
past most valuable work. The day course has been 
specially designed so as to interfere as little as possible 
with the all-important period of shop training. Its 
normal duration has, therefore, been fixed at two years, 
though an additional year can be taken by those who 
desire it. The college has definitely adopted the policy 
of refusing to prepare students for outside examinations, 
the whole of the energies of its teaching staff being con- 
centrated on making the courses as valuable as ible 
to those who propose to follow an industrial and manu- 
facturing career. 





Tue ImporRTANCE OF THE LoBITO Bay, Souru-West 
Arrica.—A railway is now under construction by the 
Benguella Railway Company from Lobito Bay, Portu- 
guese Angola, to the south-west frontier of Belgian 
Congo at Kangomlia, a distance of about 800 miles. 
Lobito Bay is formed into a very remarkable land-locked 
harbour by a natural breakwater, which forms the western 
boundary of the enclosed water. This natural protection 
is more than three miles in tengt, and of an average 
width of about one-third of a mile. The enclosed water 
is about 1 miles wide at the widest part, being somewhat 
narrower at each end. The entrance, which faces a little 
east of north, is about one mile wide. On this natural 
breakwater the Benguella Railway Company have secured 
valuable property, on which they have placed their ter- 
minal station, offices, goods sheds, workshops, sorting sid- 
ings, hospital, and wee ber eet ep or the staff and 
employees. A timber wharf, capable of providing berth- 
ing for three large steamers, has also been provided, and 
vessels of the Union-Castle Steamship ay and the 
Empress Nacionale frequently call there wi ngers, 
goods, and materials for the construction of the railway. 

n addition to the railway company the Lobito, Catum- 
and Benguella Electric and Power Company (a 
British concern) also own a site on which is being erected 
by them a steam electric power-station, to be used as an 
auxiliary to a hydro-electric power-station now under 
construction on the Falls and the Catumbella power some 
10 miles distant. A concession, giving them a monopoly 
for ninety years, has been granted to the Power Company 
for the supply of electric light and power to the towns 
of Lobito, Catumbella, Benguella. It is expected 
ey the electric works will be completed by October of 
this var. 
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CATALOGUES. 
Electric Heating and Cooking Apparatus. — Messrs. 


Donovan and Co., 47, Cornwall-street, Birmingham, have 
issued a catalogue of electric flat-irons, kettles, glue-pots, 
cooking utensils, radiators, convectors, and other heating 


and cooking apparatus. The catalogue is fully illustrated 
and prices are stated. 


Lubricating Oils.—A booklet, addressed to all users of nay 


lubricating oils, has been published by Messrs. 8. Bowle 
and Son, of Wellington Works, Battersea Lridge, 8.1 
The booklet contains notes on the subject of lubrication 
generally, and also mentions some of the qualities of oil 
and grease manufactured by the firm. 

Electrical Organ-Blowing Apparatus.—We have re- 
ceived from the Adnil Electric Company, Limited, Adnil 
Building, Artillery-lane, E.C., a four - page pamphlet 
illustrating Marples’ patent regulator for electrical organ- 
blowing equipments. A list of installations, and some 
testimonials from users, are also given. 


Advertising Device.—The Armorduct Manufacturing 
Company, Limited, Farringdon-avenue, E.C., have sent 
us a circular relating to an electric lamp suitable for use 
as an advertising device. The distinctive feature of this 
lamp is that the light is constantly changing in colour, 
and that the colour changes are effected without the use 
of clockwork or other revolving mechanism. 


Machine - Tools. — Messrs. Greenwood and Batley, 
Limited, of Leeds, have issued a booklet in which illus- 
trations and particulars are given of various machine- 
tools they have in stock, or in progress for early delivery. 
Among them are included horizontal and vertical boring- 
machines, shapers, slotters, planers, grinding-machines, 
gear-cutting machines, foundry moulding-machines, and 
various machines for making bolts, nuts, rivets, &c. 


Twist-Drills.—We have received from Messrs. A. T. 
Murray and Sons, of 30, Great Charlotte-street, Liver- 
pool, a price-list of semi-high-speed drills made from 
steel containing 2 per cent. of tungsten. It is claimed 
that, although these drills are intended to run at about 
double the speed of ordinary carbon-steel drills, their 
cost is not much greater. Prices are stated for straight- 
shank and taper-shank drills in both English and metric 
sizes. Wire-drills, blacksmith drills, and drills with 
tapered square shanks for fitting ratchets, are also listed. 


Water Supply for Loeomotives.—The T. W. Snow Con- 
struction Company, Ellsworth Building, Chicago, II, 
U.S.A., have sent us a copy of an attractive catalogue of 
water cranes, wooden stave tanks, and fittings for the 
supply of water to locomotives. Drawings and photo- 
graphs of water cranes with telescopic, flexible, and rigid 
spouts are reproduced. Similar appliances are made in 
6-in., 7-in., and 8-in. sizes, for the supply of oil fuel ; 
those for water are made in 8-in., 10-in., and 12-in. sizes. 
Prices are stated for the wooden tanks and fittings, and 
also for repair parts for the water cranes. 


Propellers and Fittings for Motor-Boats.—The Ailsa 
Craig Motor Company, Limited, of Strand-on-the-Green, 
Chiswick, have sent us a copy of a catalogue of solid and 
reversible propellers, reversing gears, clutches, universal 
joints, electric horns, compressed-air whistles, port- 
lights, steering- gears, deck fittings, and other accessories 
required for fitting out motor-boats. The goods listed 
are manufactured by the Michigan Wheel Company, of 
Grand Rapids, Michigan, U.S.A., but they are stocked 
by the Ailsa Craig Motor Company. Prices are stated 
in dollars and cents, and full particulars are given in 
each case. 

High-Pressure Fans.—Sturtevant fans for fag t = | 
cupolas and other work requiring comparatively hig! 
pressures are dealt with in a catalogue (No. 1021) we have 
received from the Sturtevant Engineering Company, 
Limited, 147, Queen Victoria-street, E.C. Dimensions 
and other particulars are given of fans in thirteen sizes, 
with outlets varying from 2? in. to 18 in. in diameter. 
Illustrations show fans arranged for belt-driving and others 
directly connected to electric motors. The catalogue 
includes ticulars of countershafts for use with these 
fans, and also illustrates examples of galvanised sheet- 
steel piping and air-valves. 

Vertical Multitubular Boilers.—A leaflet recently pub- 
lished by Messrs. Cochran and Co. (Annan), Limited, 
of Annan, Scotland, nas reached us. The leaflet is 
intended to illustrate the internal accessibility of the 
firm’s well-known vertical multitubular boiler. The 
illustrations are half-tone reproductions of photographs, 
and they show how a man can get at all the internal parts 
of the boiler to scale or examine them. One of the shell- 
plates of the boiler used for the demonstration has been 
removed in order to render the man’s positions visible 
in the photographs, and not, of course, to facilitate his 
movements. The boiler used was 6 ft. in diameter and 
14 ft. high. 


Mining Machinery.— A cavalogue illustrating and de- 
scribing machinery for use in gold, silver, diamond, and 
other mines, has reached us from the Chatteris Engineer- 
ing Works Company, Chatteris, Cambridgeshire. I)lus- 
trations and specifications are given of stamp-mills and 
batteries, and various accessories, such as ore-feeders and 
mortar-boxes, are also dealt with. The catalogue also 
includes, as examples of the firm’s work, numerous illus- 
trations reproduced from a of machinery and 
apparatus recently manufactured and : 

Among them we notice amalgamating-pans, settlers, 
crushing-rolls, ore-crushers, tailing-wheels, elevating and 


washing-plant, steel head-gears, pe hoisting- H 


cages, skips, sinking-pumps, and other p 


Aluminium Pulleys.—One of the more recent applica. 


supplied by them. | also 





tions of aluminium is referred to in a leaflet to hand from 
the British Aluminium Company, Limited, 109, Queen 
Victoria-street, E.C. This metal is now being y an 
American firm of machine-tool makers for the construction 
of driving-pulleys for planing-machines, and the leaflet re- 
prints an article in which the advantages of aluminium for 
this a are pointed out. A pulley made of the special 
alloy adopted weighs about one-third as much as a cast- 
iron pulley of the same diameter, and therefore the er A 

absorbed in reversing the direction of rotation of the 
pulley is very much less. It is stated that, as a result of 
this fact, the belt tension may be greatly reduced, and the 
life of the belt consequently prolonged. The company 
mention that they supply aluminium alloys suitable for 
casting pulleys, &c. 

Driving-Chains.—A booklet relating to Westinghouse- 
Morse silent rocker-joint driving-chains has been issued 
Py the Westinghouse Brake mpany, Limited, 82, 

ork-road, soy Cross, N. As is now well known, the 
pin connecting the links of these chaans is divided longi- 
tudinally into two ts, one of which has a flat face, 
while the other is ened into an obtuse-angled knife- 
edge. This knife-edge bears on the flat face of the other 
_ of the pin, so that the minimum of friction is pro- 

uced by the relative motion which takes place as the 
chain bends. The booklet clearly illustrates the con- 
struction of the chains, and also shows their application 
to line-shafting, machine-tools, motor-cars, &c. Among 
the illustrations there is included one showing a 500- 
horse-power drive for marine propulsion. The chains 
are now made from 4-in. to 3-in. pitch. 


Wood-Workers’ Tools. — We have recently received 
from Messrs. R. Melhuish, Limited, 50, 51, and 84, Fetter- 
lane, E.C., a copy of their catalogue No. 21, dealing prin- 
cipally with wood-working tools. The catalogue contains 
= 350 pages, each of which is very profusely illus- 
trated. The particulars given, which include prices in 
every case, refer to a great variety of planes, routers, 
spirit-levels, chisels, gouges, carving-tools, screw-drivers, 
braces and bits, hand-saws, gauges and bevels, rules and 
measures, oil-stones, and many other appliances of this 
nature. Some particulars of saw-benches, band-saws, 
mortising-machines, &c., driven by hand or belt-power, 
are also included. Besides wood-working tools, the cata- 
logue gives particulars of tools for several other trades, 
and also deals with office furniture, cutlery, and plated 
g 

Malting Machinery and Granary Plant.—From Messrs. 
Robert "Boby. Limited, of St. Andrew’s Iron Works, 
Bury St. Edmunds, we have received a copy of the forty- 
seventh edition of their catalogue of grain, malt, and 
seed-cleaning plant, elevating and conveying machinery, 
malting equipment, and granary plant generally. Among 
the machinery of which particulars are given are included 
appliances for turning malt, corn-screens, dressing- 
machines, machinery for cleaning grain and seeds, malt- 
screens and polishers, malt-crushing mills, kiln-fittings, 
hoists, conveyors, &c. Messrs. are the sole 
licensees and manufacturers in the United oe for 
the patented malting plant of Messrs. J. A. Topf and 
Soehne, of Erfurt, Germany, and a supplementary cata- 
logue of this plant has also been issued. This catalogue 
illustrates and describes steeps, malting-drums, kilns, and 
accessories, cleaning and polishing machines, and other 
productions of the Continental firm. 


Motor - Starters and Regulators.—‘‘ Electric - Control 
Gear as Applied to Wood-Working Machinery” is the 
title of a little book published by the Adams Manu- 
facturing Company, Limited, of Bedford. The book is 
mainly intended to assist users of wood-working machi- 
nery in the selection of control gear best suited to their 
requirements. No special advantages are claimed for 
electrical driving in this publication, it bsing considered 
that these advantages are too well appreciated to require 
further argument. Two short chapters are, however, 
devoted to general requirements, and these are followed 
by two others, which deal respectively with group driving 
and individual driving. Later chapters deel with speed- 
regulating appliances, and with the driving of auxiliary 
machinery, such as dust-extracting fans, cranes, winches, 
capstans, &c. Throughout the book numerous illustra- 
tions of Adams’ “‘Igranic” motor-starting and regulating 
: we are given, and its application to the driving 
of line-shafting, circular saws, planing and moulding- 
machines, sand-papering machines, and other machinery, 
is illustrated. 

Waterproofing Concrete Work.—A booklet relating to 
their latest product—an iron cement for waterproofing 
concrete work—has come to hand from the Smooth On 
Manufacturing Company, w London address is 
8, White-street, Moorfields, E.C. The substance is sold 
in tins in the form of a powder, and is used either alone 
or mixed with Portland cement, or Portland cement and 
sand, for coating concrete walls or floors, and also for 
stopping cracks and repairing broken places. The cement 
is stated to adhere firmly to the old work and to become 
very hard and denseand quite waterproof. Another pur- 
pose for which the cement can be employed is for bonding 
new concrete work to old. This is effected by applying 
a wash of ‘‘Smooth-on ” iron cement to the surface of the 
old work before laying the new concrete. The company 
state that this treatment ensures a tight joint between 
the old and new work. It is also mentioned that the 
cement can be used to form a hard wearing surface for 
floors. The booklet gives full instructions for use and 
illustrates several examples of work carried out. 


Turbo-Blowers and Compressors.—We have received 
from Messrs. Brown, Boveri and Co., Limited, of Caxton 
ouse, Westminster, S.W., a hlet relating to their 
turbo-blowers and compressors ler Cawter blast-fu 
Bessemer converters, &c., and for the supply of com. 





pressed air. Previous to January last the firm ha 
installed eighty machines of this wee, ogeregating » = 
47,500 horse-power. The machines, which are made {or 
pressures up to 140 Ib. per sq. in., are usually driven by 
steam-turbines, but sometimes by special high-specd 
electric motors. They can to maintain a 
constant air pressure or to deliver a constant volume of 
air irrespective of the resistance offered by the furnace 
Air is usually admitted at both ends of the blower, und. 
after passing through a number of impellers in series (ihe 
number depending on the pressure required), is delivered 
from a single-diffusion chamber in the centre part. W ih 
this arrangement end-thrust is eliminated. and the cnly 
object of the small thrust-bearing provided is to keep the 
shaft and impellers in the correct axial position. Single. 
ended blowers are, however, made for certain purposes 
and in this type the thrust is taken up by a spe ial 
cing device. The pamphlet illustrates and describes 
the construction of the blowers, and illustrates several 
installations. Among the latter is included a turbine. 
driven gas pumping plant for a German gas works. 


Mining Machinery.—Messrs. Fraser and Chalmers 
Limited, 3, London Wall Buildings, E.C., have sent us 
two catalogue sections, dealing respectively with plant 
for extracting gold by the cyanide process, and with the 
“Bunker Hill” revolving screen. The first section illus- 
trates a complete single-treatment plant, settling-tanks, 
a tube-mill, the Bruckner roasting-furnace, the Trent 
agitator, Butter’s leaf-filter, precipitation - boxes, zinc- 
shaving lathes, &c., and gives brief descriptions of some 
of these appliances. The second section illustrates and 
fully describes the ‘‘ Bunker Hill” screen, and deals with 
its use for fine wet screening in connection with ore- 
dressing. The screen proper is conical in shape, and is 
constructed of wire cloth supported on a wrought-iron 
spider. The yr is carried by a hollow shaft inclined 
at an angle of 45 deg., and driven by bevel-gearing at 
about 20 revolutions per minute. The feed is delivered 
on the descending side of the screen through an adjust- 
able feed-box, and a stream of water is directed on to the 
+ me side. The smaller particles, which pass through 
the screen, are caught by a stationary conical sheet-iron 
casing, which surrounds the screen, and is provided with 
a hopper-shaped opening in the bottom. Through this 
——s the screened material falls into a trough, along 
which it is carried by a stream of water for further treat- 
ment. Those particles which are too large to pass through 
the screen travel towards the apex of the cone and 
eventually out through the hollow shaft. The cata- 
logue gives full instructions for cutting and mounting the 
screen-cloths, and other information relating to the work- 
ing of the screens. 





AccIDENTS IN MingEs.—One of the good works which 
have been carried out by the Bureau of Mines at Wash- 
ington, U.S.A., is that of making the operations in 
mines safer. This department has investigated the cause 
of mine accidents with a view of discovering the best ways 
of rendering aid to these who are injured or put in danger 
by accidents, A bulletin recently issued by the Bureau 
and published as ‘‘ Miners’ Circular, No. 5,” treats of the 
subject of electrical accidents in mines, and briefly points 
out the precautions that should be taken in order to pre- 
vent such accidents. Directions are also given for treat- 
ing persons suffering from electric shock and burns. The 
directions relating to treatment after electric shock are 
clearly given, but it may be questioned by some people 
whether the method used—the Sylvester—is the best. 
Illustrations are given descriptive of the process. The 
bulletin is ublished by the Department of the Interior, 
Bureau of Mines, Washington. 





THE LATE ANTONIO PacinorTtTi. — Pacinotti, whose 
name is possibly hardly remembered by young elec- 
tricians, died a few weeks ago at Pisa, a little over 
seventy years of age. If any name could be singled out 
as that of the inventor of the dynamo, it would probably 
be Pacinotti, unless it were Hjorth. Antonio Pacinotti 
was born in 1841. In his studies he turned to electricity 
in particular, and in 1860, when he was not yet twenty 
years old, constructed the ring-armature dynamo 
which finally made his name so famous. He described 
his invention in 1864 in the scientific journal Nuovo 
Cimento, which is published at Pisa. The coils of his ring 
were symmetrié¢ally arranged and short-circuited, and his 
commutator worked well. But nobody heeded the in- 
vention, and as Pacinotti became assistant to the Pro- 
fessor of Astronomy at Florence in 1862, he had little 
opportunity to continue his researches. Werner Siemens 
published the dynamo principle in 1867, and later 
evolved his shuttle armature, and Gramme re-invented 
the ring armature in 1870, without knowing of Pacinotti, 
who had meanwhile been appointed Professor of Physics 
at Bologna, and in 1873 at Cagliari, on the island of 
Sardinia. His merits were recognised when he exhibited 
the model of his dynamo of 1860 at the International 
Exhibition of Vienna in 1873, and the merits were 
indeed high; for he was the first also to understana 
that the dynamo could be run as a motor, and one of 
the first who grasped the dynamo principle. Without 
wishing to revive an old controversy, it is certainly 
established that Siren Hjorth understood the prin- 
ciple in 1851, since he says, in the specification of his 
Brit. Patent No. 2198 (1854), ‘‘the currents induced in 
the coils of the revolving armatures are allowed to pass 
round the electro-magnets; eonsequently the more the 
electro-magnets are excited, the more the armatures will 
be excited.” Hjorth did not live to see the triumph of 
his inventions, for he died in 1870, a disappointed man. 
Pacinotti was more fortunate in that respect, though 
many others shared honours and rewards with him, and 
in a greater extent. 























May 24, 1912.] 


ENGINEERING. 


- 


717 





“ENGINEERING” ILLUSTRATED PATENT 
RECOR 





SELECTED ABSTRACTS OF RECENT P' SPEOFI- 


UBLISHED 
CATIONS UNDER THE AOT OF 1907. 
e number of views given in the Specification Drawings is stated 
= each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the a pe of 8d. 

The date of the advertisement of the of a Complete 
Specification is, in each case, given abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

two months the date of 

of a Complete Specification, 

of ae pag he 4 grant of a 

et. 


Any person may, at any time within 
the advert 


% the 
give notice at the Patent O, y t 
Patent on any of the grounds mentioned in 


ELECTRICAL APPARATUS. 


6489/11. R. H. Barbour, London. Alternating- 
Current Motors. (2 Figs.) April 5, 1911.—This invention 
has relation to the controi of, and to starters and controllers for, 
alternating-current electric motors of the induction type, and 
has for object to provide a control and starters and controllers by 
means of which certain advantages will be obtained. In accord- 
ance with this invention, a coil or winding of low resistance and 
capable of influencing a core of magnetic material (herein referred 
to asa primary coi!) is connected in series with each of the rotor 
windings, and two or more other coils or windings that are closed 
on themselves through resistance (herein referred to as secondary 
coils) are arranged in inductive relationship with each primary coil 
and in suchwise that the inductive relationship between the primary 
coil and one or more of the secondary coils may be vari 1 isa 
framing of magnetic material having two sets of what may, for 
convenience of description, be termed pole-pieces 2, 2 and 3, 3. 
4is a mass of magnetic material. It is mounted on a shaft 5 and 
is placed within the framing 1, its ends and the ends of the pole- 
pieces 2, 3 being shaped to permit of rotation of the mass 4 and to 
allow of the air-gap being made as small as possible. The shaft 5 
is carried in bearings and at one end is provided with means 
by which rotory motion may be a to the shaft 5, and 
therefore to the mass 4. It will understood from what 
follows that the shaft 5 is only required to move through an 
angle of 90 deg.; the turning means are or may be such that, at 
the will of the operator, the shaft 5 hw be moved through such 
angle either in one motion or gradually. 6 is a primary coil. 
It is wound on the mass 4 of magnetic material ; this mass forms 
the core hereinbefore mentioned, and is hereafter so referred 
to. The ends of the coil 6 are connected through flexible con- 
nectors with brushes that bear on slip-rings of the motor. e 
coil 6 is thus connected in series with one of the rotor windings. 
7 is a secondary coil; this coil is also wound on the core 4, 
and is closed on itself through a resistance 8 of a high value. 
The resistance 8 may be wound on or carried by the core 4; 
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it may, however, and preferably will, be disposed and 
separate from the core, and be in connection with the secondary 
coil 7 through flexible connectors. 9 are other secondary coils. 
These coils are wound on the ae 2, 2 of the framing 1, 
and are closed on themselves directly. The pole-pieces 3, 3 are 
shown as unprovided with a secondary coil or with secondary 
coils. The primary coil 6 and the secondary coil 7 being wound 
on the movable core 4, and the second secondary coil or coils 9 
wound on the pole-pieces 2, 2 of the stationary framing 1, the 
magnetic flux due to the primary coil 6 always acts on the 
secondary coil 7; but, owing to the core 4 being movable, the 
inductive action between the primary coil 6 and the a 
coil or coils 9 is capable of variation or alteration, and this 
in large or small degree, and between two extreme values. 
It will be understood that when the primary coil 6 is in closest 
inductive relation with the secondary coil or coils 9—i.e., with the 
core 4 in the position shown, the coils act as a primary with a 
short-circuited secondary coil or coils, and the primary coil 6 
offers practically no resistance to the of current between 
the slip-rings to which it isconnected. In other words, the action 
is the same as that obtained when a low nce is connected 
in series with the rotor windin; At such time the motor runs 
at maximum speed. The core is shown in the position in which 
the inductive action between the coils 6, 9i3 at a maximum. If 
the core be turned through an angle of 90 deg., the inductive action 
between the coils mentioned is at its lowest value, as the magnetic 
flux induced by the current passing through the primary coil 6 
does not act upon the coil or coils 9. The netic flux, however, 
acts on the coil 7, and as there is a hi resistance in the 
secondary coil 7 a considerable voltage is required to a given 
current through the primary coil 6. In other words, the effect is 
similar to that of a high resistance connected between the slip- 
a * the ao, = ich therefore ——~ at _o- =e J 
mediate positions of the core 4 correspond to intermediate 

of the motor, (Sealed May 16, 1912.) 


16,361/11. R. H. Barbour, London. Alternating- 
Current Motors. [2 Figs.) July 15, 1911.—This invention 
has relation to the control of, and to starters and controllers for, 
aiternating-current induction-motors of the slip-ring type, and 
particularly to starters and controllers whereby electro magnetic 
devices are inserted in the rotor circuits; as, for instance con- 
trollers of the kind described in the Complete Specification 
No. 8489 of 1911, in which a coil or winding of low resistance and 
capable of influencing a core of magnetic material (termed a 
primary coil) is connected in series with each of the rotor wind- 
ings and two or more other coils or windings that are closed on 
themselves either directly or through resistance (termed seco’ 
coils) are arranged in inductive relationship with each primary 
coil, and in suchwise that the inductive relationship between the 








| ape coii and one or more of the secondary coils may be varied. 
| In carrying out the invention, a controlling force is arranged in 

opposition to the inherent magnetic force to obtain automatic 

control of the speed of a motor of the kind mentioned and having 
| a starter and controller of the kind referred to. The controlling 
| force is brought into action by the movement of a handle or 
| lever, such handle or lever being actuated manually, magnetically 
| or otherwise, from an ‘‘ off” position to a “full ‘on ” position. 
The arrangement is such that unless or until the currents 
flowing through the motor and starter and controller, and 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
147/11. H. C. Clark, and the Deasy Motor-Car 
-——:.- ~7 Co 7 Shaft 


> ven’ . 

(3 Figs.) December 14, 1911.—This invention relates 
particularly to those universal couplings for shafts employed in the 
transmission gear of motor-driven vehicles. In such adrive, a con- 
siderable amount of relative movement, both axially and angu- 
larly, takes place between the two shafts between which the 
driving couple is uired. According te this invention, the 

pling is formed independent of the means employed to keep 





therefore also the magnetic force, and the torque quent 
th , are, or b , less than a certain predetermined value, 
the controlling force is not sufficiently powerful to cause the 
movable member of the starter and controller to assume the 
position in which the motor is caused or permitted to run at its 
maximum — The controlling force is, or may be, provided 
by a spring between the handle or lever and the movable member 
of the starter and controller, the spring being stressed by move- 
ment of the former from its *‘ off” tion to its ‘full on” posi- 
tion. 1 is the spindle on which the movable member of the 








starter and controller is carried. This spindle, which may be 
arranged horizontally or vertically (in the present case it is 
assumed to be vertical), is mounted in bearings in end plates on 
the framing on which secondary coils of the starter and controller 
are mounted. 2 is one of the end plates ; 3 isan arm mounted on 
one end of the spindle 1, and 4 a handle or lever ye 
mounted at one end on the end plate 2. The arm 3 and handle 
or lever 4 are connected by a spring 5 When it is desired to 
start up the motor, the stator circuits are closed, and the handle 
or lever 4 is moved directly to the “fullon” position—i.e., the 
position shown by the dotted line, in which position it is held by a 
catch or other device. When the handle or lever is so moved, 
the spring 5 is stressed, as the arm 8 tends to maintain the posi- 
tion shown by reason of the torque to which the spindle 1 is 
subject. As the motor starts up, and the current flowing there- 
through falls, the torque on the spindle 1 decreases, and the 
spring 5 pulls the arm 3 towards the handle or lever 4. As the 
arm 8 moves, the spindle 1 moves therewith, and the movable 
member is moved so that the inductive relation of the primary 
coil with the secondary coils on the framing is gradually altered, 
and the motor caused torun up to its maximum speed. (Accepted 
March 13, 1912.) 


GAS ENGINES, PRODUCERS, HOLDERS, &eo. 


6760/11. Daimler Motoren Gesellschaft, Stuttga 
Germany. ternal-Combustion Engines. (2 gs.) 
May 11, 1910.—This invention relates to apparatus for regulatin, 
the fuel supply to internal-combustion engines in which the fue 
is injected into the working cylinder by means of a pump, and, 
according thereto, a gu le-lever arrangement is provided 
which varies the stroke of the regulating device in relation to the 
suction-valve seat, according to the adjustment of the angularity 
of the toggle-levers. The ram d is reciprocated in the fuel-pump 
—— a@ by an eccentrice. A communicates between 
the cylinder a and the valve casing b. A second eccentric g is 
secured to the crankshaft /, and is adapted to reciprocate a guided 
rod kh. The two toggle-levers i and k are connected respectively 
with the rod h and a rod / guided in the valve casing 2. e rod 1 
carries at its lower end a finger or arm m, which, when sufficiently 
raised, supports the stem of the suction-valve n. The suction- 
valve is pressed towards its seat by aspring, and rises from its seat 
against the action of the spring during the suction-stroke of the 
ram d. When the delivery stroke of the ram d commences, the 
suction-valve n will close under the combined action of the pres- 
sure liquid and the spring, unless such closing is prevented 
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by the finger m, and the delivery valve o will open and admit 
the fuel to the comb n-chamber through the pi p. 
The middle joint ¢ of the toggle-levers i and & is conn by a 

r with one arm of a bell-crank lever s, the otherarm of which 
is jointed to the sleeve t of the governor u. As the increases, 
the governor u lifts the sleeve t, and turns the bell-crank lever s, 80 
that the rod r causes the angle contained by the levers i and k to 
be reduced, thereby shortening the length of the rods A, /, and 
shifting the path traversed by the finger m in relation to the 
valve-seat. hen the speed decreases a reverse adjustment takes 
place, as will be readily understood by reference to Fig. 1. When 
the links i and kare in vertical alignment the finger m fails to touch 
the stem of the suction-valve n even when to its highest 
| position by the ic g. In thiscondition of the les it will 
be ible for the suction-valve to close at the beginning of the 
delivery-stroke of the ram d, and “| the whole of the 
liquid fuel which has been drawn into the cylinder a during the 
suction-stroke will be forced thro: the delivery-valve o into the 
eombustion-chamter. This posi of the 8 
with an overload on the motor or a low speed u. 





co 
of the governor 





\Accepted March 20, 1912. ; 





the ends of the shafts in alignment. The coupling consists of a 
pair of forks formed respectively by the pins a carried by a disc b 
securely fixed on the driving-shaft v the pins c carried by a 
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disc d securely fixed on the driven shaft w, and of links e con- 
necting the pins a of the one fork with the pins ¢ of the other 
fork, the connections between the links and the pins being of the 
ball-and-socket type. To keep the ends of the two shafts v and w 
in alignment, a pin / is arranged to slide axially in the end of one 
of the shafts and the pin en the end of the other shaft by 
means of a ball-and-socket joint h. A convenient method of 
introducing springs or elastic medium into the coupling to form 
an elastic drive is to make the links e in two parts, e! and e%, 
dapted to tel pe, and to introd a spring, such as 8, between 
the parts so that it operates to draw the two ends of the link 
together when transmitting motion. (Sealed May 2, 1912.) 


20,696/11. De Dion Bouton (1907), Limited, London. 
(Btabliszements De Dion Bouton (Société Anonyme), Puteauz, 
France), Shatt-Couplings. [4 Fiys.) September 19, 1911.— 
This invention relates to shaft-couplings and has particular 
reference to universally jointed shafts. The object of the 
invention is to provide a readily assembled and dismantled 
coupling in which wear may be taken up in a convenient manner 
According to one method of carrying this invention into effect, 
the applicants provide a universal-joint shaft-coupling com- 
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rising a longitudinally-divided coupling-member to receive the 
Joint-heads and allow them to slide longitudinally and bodily 
n relation to it, and a stop between the heads to limit ouch 
motion. The two shafts A and B to be coupled are provided 
at their ends with trunnions A!, B!, either formed in one with 
the shaft or with sleeves A®, 82, suitably secured thereon, as by 
nuts A*, B*. Mounted upon the trunnions are square blocks ©, D. 
divided into two parts (as shown, for instance, in Fig. 2), and 
eng: by squared recesses F), F2, G1, G2, formed in the coupling- 
member E. coupling-member is formed in two parts E}, E?, 
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secured together by bolts H. The free extremities of the trun-' 
nions Al, bs! terminate in snap-heads A‘, B4, which act as flanges 
to retain the blocks ©, D in place end- The squ re- 
cesses F1, F2, Gl, G2 which receive the blocks are covered by 

lates F3, G3 d to the coupling ber by screws F4, with, 
‘or example, a piece of asbestos, as at F5, interposed as packing. 
As stated, the blocks are split or divided into two parts, and they 
are held up to their respective trunnions by means of two plates, 
for examp le, K, Ki, e one plate K fixed to the casing, as b; 
screws K+, acts as an abutment, upon which the one half bloc 
takes a bearing. The other half block is pressed towards its 
fellow and up to the trunnion by the other plate K, movable by, 
or formed in one with, a screw K2 passing through the coupling 
member E. The position of the screw can be adjusted from out- 
side the coupling, and may be locked in its adjusted position. A 
clearance C2 is left between the halves of the block to allow for 
their movement when taking up wear. Clamped between the two 
halves E!, E? of the coupling member is a thrust-bar L positioned 
by a collar L! formed upon it to prevent lateral displacement. 
Caps or insets L*, L4 receive any thrust due to the movement of 
the shafts Aand B. In operation the shafts A and B may move 
freely within limits, owing to the turning of the trunnions A!, B! 
within the blocks C, D, which are held between the plates K, K!, 
put may themselves move within the recesses F, &c., and slide 
between the plates. (Accepted March 20, 1912.) 


MOTOR ROAD VEHICLES. 


9580/11. The Austin Motor Com , Limited, and 
H. Austin, Wheel {3 Figs.) 
April 20, 1911.—In a rim, according to this invention, for holding 
a pneumatic tyre, a ring, which may be slipped over the sole-plate 
of the rim, is provided for holding the sheath at one side thereof, 
and a \ packing of rubber or other suitable yielding material, which 
is partly let into a groove of the sole-plate, and partly projects 
therefrom, is pr by the inflation of the tyre against the pro- 
jecting portion of the ring. By this means moisture and dirt 
are excluded from getting in between the tyre and rim. The 
sheath A is of ordinary character, having thickened edges a, one 
of which fits under a turned-over edge b of the rim, and the 
other of which fits under a correspon portion ¢ ofa ring C, 
which is a to be slipped over the sole-plate b! ofthe rim. A 
groove U2 is formed within the periphery of the sole-plate L', close 
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to the outer edge thereof, and after the ring C has been pushed 
sufficiently across the sole-plate of the rim to admit thereof, a 
packing d, which is conveniently in the form of a ring, is inserted 
within the groove b2, leaving substantially half thereof standing 
out from the groove. The ring C is formed, as seen in section, 
with a hollow, which, as such ring is pressed outwards by the 
inflation of the tyre, beds against the portion of the packing d 
which stands outwards from the groove b2, and thus ensures a 
thoroughly moisture and dirt-tight joint between the rim and 
ring O. A tool is shown for use in forcing the ring C inwards 
after the tyre has been deflated, or sufficiently so to permit 
thereof, for the pu of removing the packing d from the 
groove )2, and allowing the ring C to be removed from the rim, 
80 that the tyre can be remov (Sealed 
May 2, 1912.) 


MINING, METALLURGY, AND METAL- 
WORKING. 
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10,201/11. Burys and Co., Limited, and H. W. 
Brown, Sheffield. Produ Hollow Ingots. 
{4 Figs.) April 27, 1911.—The invention relates to the production 
of hollow or tubular ingots by the use of a thin tubular core-case 
made of material similar to that of the intended ingot, and filled 
with a supporting core of granulated or similarly prepared metal 
or mixture of metals of low pre re In its application to 
the casting of a common form of stee ingot, in which the ingot 
mould consists of two half-parts.A and B, which are practically 
facsimiles of each other, the division being longitudinal, the 
bottom part is extended beyond the usual length, and is provided 
with an outlet passage C from the interior to the exterior of the 
mould, which is preferably made through the junction a of the 
two*parts. The extens'on of the-mould is for the purpose of per- 























siting the entrance of a removable block D of refractory mate- 
rial, which is held firmly in position when the halves of the mould 
are put together and secured by the usual rings and wedges. The 
a D has Sgro h R. 4 — Be en mene the 
outlet , and al Pp cul to receive and support 
conteally the lower end of a tubular core-caseG. This pine 5 ma 
is filled with a metal or mixture of metals of comparatively low 
fusing-point—such, for example, as tin, lead, bismuth, antimony 
—in a granular or powdery condition, for the purpose of support- 
ing the thin metallic tube when it arrives near to fusing-point. 
After the molten steel or other metal has been - into the 
interior of the ingot mould, the outer surface of the tubular core- 
case becomes oy = ay 4 united to the ingot metal by fusion, 
the inside of the tube being kept cool and solid by the metal in 





its interior until the retarded heat has raised it to melting-point, 
when it is discharged through the passages E and C, leaving the 
ingot with a clear hole through its longitudinal centre. (4 
February 21, 1912.) 


SHIPS AND NAUTICAL APPLIANCES. 


9067/11. Kelvin and James White, Limited, and 
F. W. G '. -Machines. [1 Fig.) 
April 12, 1911.—This invention relates to motor-driven sounding- 
machines, and, ing thereto, the teeth of the ratchet-wheel 
Aare so shaped that when the ball B, roller, or the like, is at the 
lower end of its track or trough C in a — to lock the wheel, 
the face D of the tooth which engages the ball B is approximately 
horizontal and the tooth exercises pressure on the ball, roller, or 
the like in a downward direction with no appreciable horizontal 





component, so that there is no tendency for the ball, roller, or the 
like to be carried forward by the wheel A and to be thrown out 
of its track or trough C. The lower end of the track or trough C 
is curved upwardly, as at E, the concave face of the curve being 
presented to the wheel so that the ball B cannot escape when the 
ratchet-wheel A is at rest. The track or trough C is fitted as 
before to the front strut casting F of the upper frame G and the 
solenoid H is preferably disposed with its axis vertical for the sake 
of compactness. (Accepted March 20, 1912.) 


9068/11. Kelvin and James White, Limited, and 
F.W.C ow. Sounding-Machines, [1 Fig.) 
April 12, 1911.—This invention comprises a sounding-machine 
having a rotatable dial operatively connected to the counting 
gear and equipped with a lamp-case having an opening and pro- 
vided with a projection roapeg | a screen and constituting a 
pointer for co-operation with the dial. The dial A is adapted to 
rotate, being adjustably fixed to the counting-gear B, for instance, 
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by means of a wing-nut C on the spindle D of the counting-gear, 
and co-operates with a stationary pointer afforded by a projec- 
tion E on the side of a lamp-case F. The lamp-case F is fit to 
the top of the machine, and is 8s ge with a small opening G 
closed by a pane H of mica, celluloid, or the like at the level of 
the dial A, the J me E being arranged in proximity to the 

pening G an ding a screen, so that only part of the dial 
immediately adjacent the pointer is illuminated by means of the 
lamp I, (Accepted March 20, 1912.) 


9069/11. Kelvin and James White, Limited, and 
F. W. Clark, Glasgow. Sounding- es. (1 Fig.) 
— 12, 1911.—This invention comprises a sounding-machin 

apted to be driven by an electromotor and fitted with means 
releasable by an electromagnet in the motor circuit for locking 











‘ connected to an electrical circuit C auxiliary to the motor circuit 
| D, so that the coils of the op te may be excited and the 

ball B attracted away from the ratchet-wheel E, as indicated |). 
full lines, so long as the auxiliary circuit C is closed, the bal! 22 
being again released on interruption of the auxiliary circuit and 
a the position indicated by dotted lines. A push F, or 
the like, may be fitted to the junction-box at the side of tie 
motor-s r G, the push being adapted, so long as it is heid 
depressed, to keep the auxili circuit C closed, but allowing the 
auxiliary circuit to be opened as soon as the push is released, 
(Accepted March 20, 1912. 


TEXTILE MACHINERY. 


19,158/11. F. Rushworth, Low Baildon. Finishing 
Textile Fabrics. (2 Figs.) August 26, 1911. —This invention 
comprises a method of preparing textile fabrics, according to which 
the “scoured” cloth is subjected to a direct rubbing face-contact 
with one or more fixed bars by drawing or travelling thereovrr 
the cloth in a taut state, the edge or edges of the bar or bars 
imparting a frictional bending action to the cloth, which loosens 
or frees the ‘‘ make,” shakes off any impurities, and effects a 
partial elimination of the cover fibres, by which a product of a 
pleasing character as regards touch, lustre, and draping qualities 
is obtained. In the example shown at Fig. 1, the cloth | in a taut 
state is drawn to and fro over the engaging edges 2 of a fixed 
wooden bar 3; while in Fig. 2 the cloth 1 in a taut state is 
travelled over the engaging edges 2 of a number of fixed wooden 
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bars 3 by way of intermediate tension-rollers 4, the travel of the 
cloth 1 in this example being continuously forward. By subjecting 
the cloth 1 to a direct rubbing face-contact with the edges 2 of 
the bars 3, a frictional bending action is imparted to the cloth 1, 
which materially alters the character of the latter insomuch that 
the ‘“ make ” is loosened and freed, amy impurities in the cloth are 
shaken off, and a partial elimination of the cover-fibres is pro- 
duced. The cloth may be frictionally treated on one or both faces 
as may be desirable, and after being so treated it is then dyed in 
the usual way; and it will be found that not only will the cloth 
much more readily absorb the dye liquor, but the colour will be 
ofa — and clean quality; while the finished cloth will have a 
touch and soft natural lustre, together with a draping quality 
such - has hitherto been unattainable. (Accepted March 2, 
1912, 


8771/11. G. Smith and G. W. Smith, Manchester. 
Weavers’ Shuttles. (4 Figs.) April 8, 1911.—This invention 
consists of a device to pass through the outer eye of a shuttle 
comprising a rod or bar having at one end one or a number of 
indentations or hooks to lay hold of the yarn, and a roughened 
flanged head or loop at the other end, and the combination with 
such device of a tubular device provided with grooves and slots, 
to pass the yarn to the inner portion of the shuttle-eye to enable 
the first device to be used to pull it through to the outside of the 
shuttle. In its simplest form, and when used with shuttles 
having an eye passing through the shuttle body at right angles 
to the axis of the shuttle-peg into a recess at the top of the 
shuttle, the invention consists of a rod or bar @ adapted to be 
passed through the eye of the shuttle from the outside, the inner 
end of such rod being provided with one or more indentations or 
hooks 0, or their equivalents, designed to hook on to the yarn 
so as to pull it through the eye when the rod is withdrawn 
therefrom. The rod or bar may be further provided with a head 
at its outer end which may be roughened at its extreme end, such 
head being for the pane of pushing down the yarn opposite the 
inner end of the shuttle-eye, whilst it is! stretched between the 
outer end of the cop and the top portion of the shuttle. Fig. 2 indi- 
cates the rod a, provided with a loopd instead of a head, in w hich case 
the yarn is pressed into the shuttle recess by the fingers. The 
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device hereinbefore described is not sufficient by itself for thread- 
ing those shuttles in which the porcelain eye ¢ communicates with 
@ passage q in axial line with the shuttle-peg ; but in order to 
enable such shuttles to be threaded, the applicants use in combina- 
tion with a rod a another device by which the yarn from the cop 
can be passed through the axial hole g into ition to enable it to 
be withdrawn through the porcelain eye /. This device consists of a 
short tube i, capable of being passed into the hole referred to and 
an upright arm j, or extension of the tube. The forward end of 
the tube i is provided at the top and bottom with a V-shaped 
groove k, and horizontally with slots m at each side for a little 
list , the upper end of the vertical arm also havinga V-shaped 

















o 








(FON 


a certain wheel against rotation, a normally open auxiliary 
circuit including said electromagnet, and means for closing 
said auxiliary circuit temporarily and exciting the said electro- 

et to release the locking means. The electromagnet A, 
which is in the main motor circuit, and which serves for attract- 
ing the ball B, roller, or the like, is adapted to be t rily 





groove n, which may also have slots adjacent to it, so that either 
end of the device may be used at will. With the combined devices 
the yarn ois formed into a loop by passing it round the V-shaped 
grooves in the tube andarm respectively, and holding the yarn io 
such tion by the finger and thumb. The tubular portion of 
the device is then into the axial hole, taking the yarn 
with it, and so forming a loop beyond the hole in the porcelain 
eye. The rod ais then emneed, through the porcelain eye 80 as to 

through slots m, the tubular device is then withdrawn, 
a the yarn | round the hooked or indented end of 
the instrument, which is then withdrawn in the manner stated, 
so as to pull the yarn with it and thread the shuttle. (Accepted 
March 20, 1912.) 
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ntrt umps ; their Design and Construction. B 
Centrifuge vametuin, EE. Ph.D. and C. P. Carszr, 

M.E. London: Constable and Co., Limited. [Price 

18s. net. ] 

CentTriruGaL and high-lift turbine-pumps have 
undergone a very remarkable development during 
the past few years, and the literature on the sub- 
ject, in the English language, has not by any means 
kept pace with the progress made ; consequently 
it is some years since we last encountered a new 
book entirely devoted to the centrifugal pump. 
For these reasons we think the volume before us 
demands more than a passing notice. 

Engineers who knew that this book was in pre- 
paration in the past two years have awaited its 
production with no little interest ; there was a felt 
want, and it was announced that an attempt was 
being made to bring out a book which should be 
‘‘the standard reference work on this subject.” 
Hence we were not a little disappointed to find 
that the most important part of ‘‘ Centrifugal 
Pumps” wasa verbatim translation of Mr. Fritz 
Neumann’s ‘‘ Die Zentrifugalpumpen,” published 
in 1906. This fact does not appear to be expressly 
stated in the book under notice. We do not wish to 
suggest that a translation of a German work could 
not be a standard English work—far from it; but 
we do not believe Mr. Fritz Neumann would claim 
for his book that it gives the most exhaustive or the 
most general treatment of the centrifugal pump, 
even in its own language. Rather is it a book written, 
as the sub-title of the German work indicates, 
‘‘with particular regard to blade-shape;” the in- 
volute blade-tip, and the ticular method of 
measuring inside and outside impeller diameters, 
&c., is developed according to Mr. Neumann’s 
personal ideas. Shockless operation at one con- 
dition of speed and quantity is the ideal for the 
involute tip ; hence only the equations for shockless 
flow are mentioned, and the much more unsuitable 
and complicated case of variable duty with one 
pump is disregarded. We use the word ‘‘ unsuit- 
able” because with involute tips and variable duty 
the hydraulic shock losses are usually greater than 
with the ordinary circular-arc vane. The fact is, 
‘‘ Die Zentrifugalpumpen, mit besonderer Beriick- 
sichtigung der Schaufelschnitte,” following a year 
after the masterly treatment of Griinebaum, was 
written with the definite purpose of elaborating the 
application of involute tips, &c., to the theory of 
the centrifugal pump. It is necessary for readers 
of Messrs. Loewenstein and Crissey’s book to keep 
“~ fact before them. ‘ . 

We do not pro to e the merits or other- 
wise of the adidlonbevetet by Mr. Neumann ; this 
has been done by M. Bergeron ( Revue de Mécanique, 
October 31, 1910, page 311), who, at least, shows 
as convincing an argument for the older and more 
generally-adopted way; but we wish to save readers 
and students who are only slightly acquainted with 
centrifugal-pump literature from thinking that they 
have in the involute blade-tip and mean e- 
length method of measurement a theoretically 
sounder system of calculation than in the older 
method of taking the full blade diameter of the 
impeller and using ordinary smooth curves for blade 
shapes. Each method has its unsound point of 
view, each method requires the use of coefficients 
which differ for the two cases solely in their 
numerical value, and neither method exactly takes 
into account the true physical condition existing at 
the impeller outlet. The centrifugal-pump theory 
takes for granted that water leaves an impeller 
periphery in a perfectly uniform condition through- 
out the cireumference—or, in Mr. Neumann’s case, 
throughout the area of the closed water channel— 
that is, an infinite number of threads of water with 
identically the same velocity, direction, and pres- 


sure. In an actual revolving impeller there is a|C 


civerence—sometimes considerable—between water 
leaving the front of a vane and water leaving the 
back of the same vane, and in the space between 
vanes the whole gradation of intermediate states 
must certainly exist. The practical designer must 
be able to take account of this when fixing up his 
cunensions—some do it one way, some another, 
that is all 

We have now shown the scope and position in 
technical literature of Mr. Neumann’s work; re- 
garding the book in front of us we have more to 
say. The first 160 pages consist of the verbatim 
translation to which we have referred. The trans- 





lators have seen fit to retain the same symbols and 
lettering as in the original, and this arrangement 
has not always been to the advantage of the 
English-speaking reader. For instance, ‘‘F”’’s 
(Flache) are used throughout the work for areas, 
in spite of the almost universal ‘‘A” in Engli 
works; again, the retention of the suffix letters ‘‘ e” 
and ‘‘a,” which in the original stand for “‘ eintritts” 
and ‘‘ austritts,” inlet and outlet, in such symbols 
as D., Da, te, ta, 8, Ss, &e., does not make for 
clearness, for to the English reader their sense is 
quite unintelligible. 

As hinted above, we do not regard this part of 
the book as at all exhaustive of the theory of the 
centrifugal —- Its principal shortcoming, and its 
important differentiation from Griinebaum’s work, 
is that no general equation is dealt with involving 
the losses which occur when the pump operates at 
other duties than the normal, or series of normals, 
for which it was designed. On paye 112, third 
paragraph, we find the statement that when the 
om is operating with shock the losses ‘‘ can 

ardly be determined mathematically.” Just so ; 
but Griinebaum has shown seule clearly just 
what is the disparity between mathematical results 
and practical tests. Such general equations are, 
of course, unwieldy and immensely complicated, 
but they enable the designer or student to, at least, 
study the relative effect of any changes in a pump 
from which a test curve has been obtained. The 
eminently practical and useful parabolic equation 
that is usually deduced from this general equation, 
and which is often designated the ‘‘ characteristic 
equation ” to a pump, is also missing, and, in fact, 
we miss any admission that a centrifugal pump can 
usefully operate at any duty other than its normal. 

The discussion of power consumption—Chapter 
II.—is wholly inadequate for present-day design. 
Here again shockless output alone is considered, and 
the very important matter of possible overload of 
power due to the change in head during operation 
is neglected. The influence of tip-angles, areas, 
and other variable quantities in the pump on this 
possible power overload is of the utmost import- 
ance to designers, and no centrifugal-pump text- 
book can be considered complete without discus- 
sions on these matters. 

Regarding ‘‘ Axial Thrust,” we find, page 76, a 
mathematical treatment of the simplest case of an 
unbalanced single-sided impeller, and we agree 
that a complete attempt to determine mathematic- 
ally the end thrust on a multi-stage pump would be 
wasted ene In view of the large number of 
hydraulic axial balancing arrangements that are 
now manufactured, however, we would have liked 
a statement of their general principle, defining the 
possible limits of dimensions necessary for secure 
operation. 

Coming to the Francis vane type of impeller, 
Section 32, e 144, we find there is some irony 
about the author’s statement in the preface that 
‘*Dr. H. Lorenz's recent publication, ‘Neue Theorie 
und rere ry aged Kreiselriider,’ has also been 
quite helpful.” We wish English readers were given 
the benefit of the authors’ study. We have diligently 
searched the book before us, and find, on e 
225, in the historical review, a reference of in 
lines extent to Dr. Lorenz. This, and the state- 
ment in the preface, is, so far as we have been 
able to ascertain, all the book contains either of 
Dr. Lorenz or his treatise and methods. The 
type of impeller that Dr. Lorenz has so exhaus- 
tively studied, and which is now coming into wide 
use on steam-turbine-driven pumps—viz., the small- 
diameter Francis vane type—is only touched on in 
the part translated from Neumann, and its mathe- 
matical difficulty is dismissed on page 160, lines 5 
to 11, with a very shaky.argument, which will not 
convince many engineers. 

The discussions on the strength of impellers, 
casings, diaphragms, and the whirling of shafts in 
hapter V. are quite useful. The graphical deter- 
mination of the modulus of the section of an intri- 
cate section, such as the cover shown, is not new, 
of course ; but it is a useful reminder, and will be 
appreciated. The matter on whirling of shafts 
and strengths of impeller discs seems to be gleaned 
from Stodola’s ‘‘ Steam-Turbine” book, and should 
be reliable. 

The authors say in their preface they ‘‘ have 
made use of material furnished from many sources,” 
and we fear that, probably on account of hurried 
editing, this fact has led to some inconsistencies. 





On page 19 et seg., leakages through clearance 


lish | page 166, the third line from 


leakage spaces—i.e., labyrinth kings—are 
thocectionli established ; this part aon Neu- 
mann. In Figs. 81 and 82 are given drawings of 
labyrinth packings, apparently to show methods 
of reducing pressure or oe and yet on 

the bottom, it is 
stated that labyrinth packing is useless for incom- 
pressible fluids, such as water. This latter state- 
ment, together with Figs. 82 and 83, is evidently 
extracted from Mr. Franz zur Nedden’s otherwise 
excellent articles on. ‘‘ Centrifugal Pumps” (see 
Engineering Magazine, January, 1910, page 555), 
with the trivial difference that the erroneous state- 
ment rding labyrinth packing applies to what 
is here Fig. 82; in fact, Fig. 83 actually has no 
raison d’etre in the present book at all. Regard- 
ing labyrinth packings for hydraulic use, we do not 
think we can do better than refer the reader to 
the simple theory which may be found in Pro- 
fessor Unwin’s ‘‘ Hydraulics ;’ the pressure drop 
through the labyrinth is, of course, due to the 
head lost by shock at each abrupt change of velo- 
city. 

After examining the book we are rather sur- 
prised that it should appear solely under the names 
of Loewenstein and Crissey ; we think more recog- 
nition is due to Mr. Neumann. After all, it is his 
book, with notes on design of some pump details 
added, and the trade literature considerably am- 
plified. Regarding this latter part of the volume, 
we must say it is rich in photographs and drawings 
of manufacturers’ designs, and many descriptions 
of installations are given ; this matter will be yea 
cularly interesting to readers on this side of the 
Atlantic on account of the numerous American firms 
represented, and the freshness of many of the 
designs. 

As a standard - reference book on centrifugal 
pumps, we regret the omission of any matter on the 
dise friction of impeller sides revolving in water. 
In multi-stage pumps with high head per stage, 
this friction, or the power lost in consequence of 
it, becomes of the utmost importance, and it is 
necessary to be able to calculate approximately 
this ~— loss, and to know all the influences that 
can used to reduce the loss to a minimum. 
We find no data on this matter. Also we should 
have thought some reference to the two recent inde- 
pendent sets of experiments on the conversion of 
water velocity into pressure was worthy of inclusion, 
Then we should Samp liked some test results in 
which full pump data were given, or some arithme- 
tical examples comparing the results as obtained by 
the equations given, with some behaviours of actual 
pumps. This is the only book of the kind we know 
of where no attempt is made to reconcile theoretical 
results with the actual results of practice. 

In conclusion, we welcome the book because it 
presents to English readers a fuller theoretical 
treatment and a more comprehensive review of the 
industrial side than is contained in any other single 
book in the language; but it does not by any means 
represent the last word on centrifugal-pump con- 
struction or theory, and it is, as we have pointed 
out, by no means free from defects. 





Inubricating Oils, Fats, and Greases; their Origin, Pre- 
ion, Properties, Uscs and Analysis. By Grorce 

. Hurst, F.0.8. Third Edition, revised and e ; 

. ‘With 74 illustrations. London : 

Scott, Greenwood and Oo. [Price 10s. 6d. net.] 

Tuis is the third edition of a work which originally 
sper e fifteen years ago when the literature of 
the subject, both technologically and analytically, 
was far scantier than to-day; and if the treatise 
were re-written from the beginning, it is doubtful if 
it would take the form in which we now find it. 
There may be nothing wrong, but the changes in 
engine construction and modern practice require 
that emphasis should be directed to other points 
than those which seemed of prime importance in 
the past. Appendices, which are always more or 
less irritating, supply certain deficiencies, but would 
have been more effective if in rated in the text. 
It is strange that the later editors of progressive 
works count it a merit to be able to say in their 
preface that they have made as few alterations in 
the original text as possible. We cannot admit this 
claim to consideration, The interpolated portions 
almost invariably introduce an annoying incongruity, 
and in this icular instance one never feels sure 
whether the information is intended to apply to 
applications in vogue fifteen — ago or to the 
latest modern innovations. This doubt will be 





spaces are discussed, and the advantages of multiple- 





experienced and illustrated in looking at the decor- 
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ative woodcut that serves as frontispiece, in which 
are contrasted the relative dimensions of the first 
oil-field plant with one of later date. The height 
of the modern derrick (1891) is put at 82 ft.; there 
we are left in doubt whether the mechanical arrange- 
ments depicted are those which were in use in 1891 
or belong to the present day, or whether no material 
alteration has been introduced in the last twenty 
years. This uncomfortable vagueness is present in 
more important matters, and could have been 
removed by more careful editing, if the paralysin 
influence of veneration for the original work coul 
have been overcume. At the same time the book, 
on account of its size and because of certain omis- 
sions, will prove useful. The subject of lubricants 
and oils, theoretically and practically, has become 
so extensive that engineers and those who have to 
use or sell lubricants have neither time nor inclina- 
tion to acquire the minute knowledge demanded by 
some writers, nor do they appreciate the necessity 
for extreme nicety detected by accurate chemical 
methods. There is room, undoubtedly, for a treatise 
in which the chemical and theoretical side is not 
unduly pronounced, but which will furnish the 
practical engineer with the precise information 
which he can turn to account. This treatise aims 
at supplying that want, but we doubt if the result 
is quite satisfactory. 

Doubtless the strongest points lie in its prac- 
tical side, in the effort to establish definite rules 
for guidance without relying too much on laboratory 
practice or theoretical details. For example, in the 
section more particularly devoted to the theory of 
lubrication, which is one of the best, and re-written 
for this edition, the arrangements permit us to see 
easily what is the result to be produced and what 
means are at command to produce that result. 
The issue is not obscured by wearisome detail. 
Unfortunately, the number of variables which come 
into any one problem, such as speed, pressure, 
temperature, contact with steam, , may intro- 
duce incompatible conditions, and some amount of 
compromise has to be made. A light oil of low 
viscosity, which would suit the speed and pressure 
conditions, may be accompanied by a low setting 
point, which would be unsatisfactory on account of 
the temperature. To decide in complicated cases 
how to produce a particular result in the most 
economical manner may require more theoretical 
knowledge than is given here, and the guidance 
will be felt to be incomplete. But of the broad 
principles to be kept in mind we are never left in 
doubt. Again, and this is more probable, when 
the unexpected happens, when the lubricant, owing 
to npeeny, does not work as it should, the cause 
may wrongly diagnosed, and its removal prove 
beyond ordinary skill, Lubricants may be un- 
justly suspected of causing some failure or loss 
of energy, and in these days when the choice 
of lubricating materials has increased enormously, 
and the conditions to which they are submitted, 
especially in regard to temperature, are so much 
more severe than heretofore, special knowledge 
becomes important. In the internal-combustion 
engine, particularly in the mammoth construc- 
tions at work on the Continent, the practice of 
lubrication rises to the dignity of a fine art. Care 
is taken to use oil in such small quantities, and to 
burn it so completely, as to reduce the loss from 
carbon deposits toa minimum. Engines making a 
more economical use of fuel have required special 
forms of lubrication. And here it may be sug- 
gested that the author has considered the oil a 
little too much, and the working parts of the engine 
too little. He has not sufficiently considered how 
the form and construction of the bearing may 
influence the choice of the lubricant employed. 
He seems to have had in his mind cylindrical 
bearings only. Roller and ball-bearings do not 
come under his notice specifically. The manner 
of “p lication, too, is of more importance than one 
would gather from these pages. In modern practice 
the application by gravity, or the drip, is bein 
rapidly replaced by pressure lubrication; and thoug 
in the appendices there are references to both pump 
and spray lubrication, there is nothing to suggest 
the superiority of these forms, the grounds for 
their introduction, or the modification in viscosity 
and other qualities that may be needed. 

The section on testing and adulteration of oils is 
satisfactory and repeats in a clear form the directions 
for the various tests that have been devised. The 
ordinary engineer would probably prefer to submit 


samples to an analytical chemist rather than trust to 
hisown manipulation, but the processes to befollowed 


are explained and make intelligible the objects 
sought in testing and what kind of information 
testing is able to supply, so that if one is furnished 
by his chemist with, say, the ‘‘iodine equivalent,”’ 
an exact meaning can be attached to the figure. In 
this connection we are not 4 little surprised to read, 
without qualification, ‘‘that drying oils absorb 
more iodine than any other class of fatty oils.” 
As a class they do, but there are certain non-drying 
oils that have a greater iodine value than some of 
the drying and semi-drying oils. Chemical tests 
are not entirely satisfactory, nor can it be said 
that a simple reliable test for lubrication exists. 
The mechanical tests that have been devised to 
supersede the chemical leave much to be desired, 
though many have been patented and many more are 
in private use. The existence of so many different 
forms of machine is primd facie evidence that none 
is entirely satisfactory. The great difficulty consists, 
of course, in eliminating all disturbing factors, or 
in equalising the conditions under which the sample 
is tested to those that obtain in actual practice. 
There is always the chance that the lubricant value 
derived depends on the machine used, on the form 
and condition of the bearing, or even on the 
material. Moreover, it is very doubtful how far 
the results drawn from these machines apply to the 
case of continuous feed, now the usual practice. 
Any distrust, however, one may have of the general 
process does not detract from the appreciation 
of the care with which the author has described 
the details. It is difficult to perceive what degree 
of trustworthiness he attaches to the methods he 
describes. 

Another large section, which, though it may come 
earlier in the book, is of less importance, deals with 
the sources and production of oil, whether as vege- 
table and animal products, the extraction from 
Scotch shale, or the outcome of petroleum mining. 
The extraction of oil from a or from fat is a 
very large industry ; the general principles may be 
few, resolving themselves into the application of 
heat, simple pressure, or by percolation with a 
volatile solvent; but the details are very varied, 
and the description here is necessarily meagre. 
The account is interesting, but of little practical 
use for the general engineer; he who uses the 
lubricant is not he who produces it. The chemist, 
too, who is interested in hydrocarbons, would find 
the information scanty, and the geologist would 
have to supplement from other sources the ex- 
planation of the origin of petroleum deposits. But 
if the information is slender, it is not necessarily 
inexact ; it adds to the attractivenessof the book, and 
will satisfy the curiosity of many. The work should 
prove useful to those to whom it is addressed. 
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Results of Spirit-Levelling in Colorado, 1896 to 1910, 
inclusive. zh B. MarsHatt, Chief Geographer. 
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Société InpusTRIELLE pu Norp DE La FRANce.— 
This Association, at their meeting to be held in January, 
1913, will distribute a number of prizes for papers sent 
them in accordance with a programme they have recently 
issued. The papers have to reach the secretary of the 
Association before October 1 next. These should not be 
signed, but should bear a conventional word or phrase, 
which is to be sent in also separately, written on & 
separate sealed envelope, this latter to contain the name 
and address of the sender. The papers have to consist 
of replies to a number of queries contained in the pro- 
gramme and dealing with boilers, steam-engines, power- 
transmissions, gas-engines, and producers, meters, metal- 
lurgy, electricity, automobiles, aviation, and. structural 
work, There are also queries relating to spinning and 
weaving, chemistry, paper-making, and other trades. 
The programme is forwarded free upon application to 
M. le Secrétaire de Ja Société Industrielle, 116, 
de l’ Hépital-Militaire, Lille, France. 
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EXHAUST-GAS CALORIMETERS FOR 
INTERNAL-COMBUSTION ENGINES. 
By Joun 8. Nicnotson, B.Sc., Wh. Sc., A.M.LE.E., 
‘and Taomas B. Moriry, B.Sc., A.M.I. Mech. E., 

Glasgow University. 

One of the channels by which a large amount of 
the heat energy of the fuel used in internal-com- 
bustion engines escapes without doing useful work 
is the exhaust. It is therefore desirable that, in 
complete scientific tests of such engines, the amount 
of heat carried away in the exhaust gases should be 
measured directly, or otherwise determined. 

One method of determining the amount of this 
heat loss involves the measurement of the tem- 
perature and the sampling and analysis of the 
exhaust gases. From this and other data of the | 
engine trial the quantity and the mean specific 
heat of the exhaust gases can be calculated, and 
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hence the amount of heat contained in these gases 
as they leave the engine, as compared with their 
heat contents at atmospheric conditions. This 
method is indirect, and relies upon a knowledge of 
certain data, in the determination of whichnumerous 
and serious inaccuracies are probable. 

A direct calorimetric method of finding the heat 
lost in the exhaust was adopted by a committee 
appointed by the Institution of Civil Engineers in 
1903 to investigate the efficiency of internal-com- 
bustion engines, and is described in the Proceedings 
of the Institution of Civil Engineers, vol. clxiii., 
1905-6 It involved the mixing of the gas with 
cooling water. The direct measurement is, how- 
ever, simplified if the cooling water and the gases 
do not come into contact ; and apparatus fulfilling 
this condition was designed and has been used 
during the last four years in the James Watt Engi- 
neering Laboratories of Glasgow University with 
very satisfactory results. 

The first exhaust-gas calorimeter in use in the 
James Watt Laboratories is shown in Fig. 1. It is 
‘pplied to a 10-brake-horse-power Crossley gas- 
engine of usual design. The original exhaust-pipe 
—— mn ine a the silencer was removed, 
and rep y the apparatus illustrated, the 
arrangement shown balan adopted partly from 
exigencies of available. 

The principle of the apparatus lies in the transfer 


surrounding the exhaust-pipe. To ensure rapid 
cooling the exhaust are led through Serve 
boiler-tubing, which has internal radial ribs to 
augment the surface exposed to the hot gases. The 
water-jacket is formed by the between the 
Serve tube and an external tube of slightly 
greater diameter ; this annular s is kept small 
in order to obtain a high velocity of flow in the 
circulating water. The Serve tube has an external 
diameter of 2.75 in., and the internal diameter of 
the outer tube is 3 in. Water is made to circulate 
through the jacket in a direction opposite to that 
of the exhaust es. Thermometers are inserted 
in suitably packed pockets—formed of standard 
pipe tees—as shown at the points T,, T,, & 

e water from the calorimeter is led to a 
vertical pipe P, shown in Fig. 2, from which it is 
discharged through an orifice O. This —S is 
calibrated, so that for any reading of the water 
level on the scale S—when the level is steady—the 
rate of discharge is known. The rate of flow of 
the water is thus determined—equal to W lb. per 
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minute, say—and by reading the thermometers T, 
and T, the rise of temperature of the water is 
found, and hence the amount of heat received by 
the water—equal to W (T,-—T,) units per minute 
—can be calculated. Since the exposed parts of 
the calorimeter are lagged, this amount of heat 
is very nearly equal to that given up by the exhaust 
gases in their passage through the calorimeter. 

It is possible, however, that the cooling of the 
gases may not be complete. In order to determine 
the amount of heat still retained in the gases on 
leaving the calorimeter, the thermometers T,, T,, 
and T,; are employed. T,-— T; is the rise of tem- 
perature of the water in the right-hand limb of the 
calorimeter, so that W (T,—T,) is the heat given 
up by the exhaust gases per minute as they cool 
from the temperature T, to T,. It is quite reason- 
able to assume that the specific heat of the gases is 
constant for temperatures below T,, which is not 
very high. Hence the heat lost per minute per 

T,-T, 
T, tal T; 
and the heat retained in the gases leaving the 
calorimeter, measured from atmospheric tempera- 
ture Ta as a datum, is h (T;—Ta ). 

After the apparatus was completed, indicator 

iagrams were taken from the engine and com 
with those obtained with the original exhaust-pipe 





degree of fall of temperature is W =h, say; 








of heat from the exhaust gases into a water-jacket 


in use. These diagrams showed that the increase 


in back pressure during the exhaust stroke, due to 
the calorimeter, wa; quite inappreciable. 

The ae has yielded very satisfactory 
results. It is found to be quite easy to cool the 
exhaust gases to a temperature of 80 deg. Fahr., 
when the engine is fully loaded, with a rise of 
temperature of the cooling water of 25 deg., which 
admits of reasonably accurate measurement. Since 
the gases are cooled down to 80 deg. Fahr., the 
term h(T;—T, )in the above calculation is small. 
The temperature of the gases at the intermediate 
point T, is about 110 deg. to 115 deg. Fahr. 

Fig. 3 shows in more detail a similar calorimeter 
which isin use in connection with a 16-horse-power 
two-cylinder petrol-engine. The calorimeter is 
made in duplicate, each cylinder having a water- 
jacketed Serve tube of its own. The two ex- 
haust-pipes, after leaving the calorimeters, are led 
into a common pipe, and thence to a silencer. 
Exigencies of space required the calorimeters to 
be kept much shorter in this case than in the 
previous one, but the experience gained with the 
gas-engine calorimeter showed this to be feasible. 

The exhaust gases from each cylinder pass first 
through a short cast-iron pipe having bosses for 
sampling and pyrometer connections. Then the 
gases pass through a short well-lagged pipe to the 
calorimeter. At the entrance to the calorimeter 
provision is again made for a pyrometer connection, 
so that any fall of temperature due to inefficiency 
of the lagging may be detected. The water- 
measuring arrangements are similar to those 
already described, but provide for a larger flow of 
water, owing to the ter power of the engine 
under test. It will be noticed that in this case no 
provision is made for measuring the temperatures 
of the gas and the water ata point between the 
entrance and the exit ends, as in the previously 
described calorimeter. 

In using this calorimeter, or, rather, pair of 
calorimeters, the water supply is adjusted so that 
the rise of temperature in the two water-jackets is 
the same, since the water is led to a single measur- 
ing gauge; the final temperature of the exhaust 
gases is read at the junction point of the two 
exhaust-pipes. It has been found possible with 
ease to ensure that the water temperatures do not 
differ by more than 1 deg. Fahr., and at full load 
arise of temperature of 12.5 deg. has been obtained, 
with a final exhaust gas temperature of 100 deg. F. 

The heat retained in the exhaust gases from 
100 deg. Fahr. to atmospheric temperature is small 
compared with the total exhaust heat, and it has 
not been considered necessary to further complicate 
the apparatus in order to measure this small addi- 
tion to the exhaust heat. In any case, it is not 
difficult to estimate approximately the amount of 
this additional heat. 

The whole apparatus is exceedingly simple and 
es to construct, being built up from 
standard pipe fittings. It should prove a useful 
addition to the testing appliances of an engineering 
laboratory or of a works test-plate. 





HEAVY-OIL ENGINES. 

Tue fourth, and last, of the series of lectures on 
‘** Heavy-Oil Engines,” which were given by Captain 
Sankey before the Royal Society of Arts, under the 
Howard Bequest, was delivered on the 20th inst. 
The lecture was, in the main, devoted to the con- 
sideration of tests on the Diesel engine, and to 
comparisons of its efficiency with that of other 
types of prime movers. At the outset Captain 
Sankey pointed out that the testing of a Diesel 
engine was a relatively simple matter, and that 
results of considerable accuracy could be secured. 
The two main things which it was necessary to 
measure were the brake horse-power and the fuel 
consumption. The first could be determined by a 
water-brake or by an electrical load, while the 
second, of course, merely required some method of 
measuring the oil used. A very a arrangement 
for this latter purpose was to have an open oil- 
tank, into which an inverted pointer dipped, and 
having filled the tank until the oil level came above 
the bottom of the pointer, to work the engine until 
the oil fell to such a point that the end of the 
pointer broke contact with the oil surface ; this 
point was well marked and easily observable. If a 
measured quantity of oil was then added to the 
tank and the process repeated, and the time of 
the second break observed, a very accurate measure 
of the rate of oil es could be obtained. 

It was usual to state the consumption of Diesel 
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engines in terms of. brake horse-power, and while | 
this was all right from the customers’ point of view, 
it was not altogether satisfactory from a scientific 
standpoint, ere was a difficulty, however, in 
connection with the measurement of the indicated 
horse-power of Diesel engines. The indicator dia- 
grams which were obtained did not really give the 
power which was developed by the combustion of 
the fuel, since they included power which was 
supplied to the cylinders by the air-compressor. 
The power developed in the air-compressor was 
onal. about 7 per cent. of that developed by 
the fuel in the cylinders, and some difference of 
opinion existed as to the proportion of this 7 per 
cent. which should be debited to the cylinders 
when estimating the true indicated horse-power 
from indicator diagrams. He, the lecturer, thought 
that, say, 4 to 5 per cent. of the air-compressor 
power might reach the cylinders, and should 
accordingly be subtracted from the power shown 
on the diagram, but Mr. Dugald Clerk considered 
that the whole of the 7 per cent. should be so 
subtracted. 

Captain Sankey then referred to a table, which 
we reproduce below, giving the results of tests 
ental out by himself on a 250-brake-horse-power 
Diesel engine built by Messrs. Willans and Robin- 
son. This table gives the consumption of oil in 
pounds per horse-power, and well illustrates the 
difference in the figure obtained for brake horse- 
power, indicated horse-power as given on the cards, 
and indicated horse-power when the power supplied 
by the air-compressor is allowed for. 








| | | | | 
| Full | 10 per Cent. 
ssi ‘Lond. |} Lond. | # Load. |,504 | ‘Overload, 
Oil per BHP. ..| 0.64 | 0.50 | 0.45 |0.448| 0.458 
Oilper card, LH.P.| 0.29 | 0.81 | 0.82 |0.842| 0.854 
Oil per true LH.P.| 0.805 | 0.825 | 0.336 |0.359| 0.372 








This test was made with a four-stroke engine. 
A corresponding test with a two-stroke engine 
would show a loss of about 4 per cent., due to the 
power supplied to the scavenging blower and also 
to heat lost at the toe of the diagram. It would 
be noted from the above table that the indicator 
efficiencies were better at light loads than at heavy. 
This was owing to the fact that the losses were 
greater at heavy loads owing to the higher tempera- 
ture, and that the thermal efficiency dropped as 
the load increased. 

The lecturer also referred to a second table, which 
is printed below, and which gives the percentage 
addition which must be made to the brake horse- 
power to obtain the corresponding indicated horse- 
power. The first four horizontal lines of figures 
refer to engines of 1000 horse-power, while the fifth 
line refers to the 250-brake-horse-power Willans 
Diesel engine referred to above. This fact probably 
explains the difference between the figures for this 
engine and that of the Burmeister and Wain 
engine, given immediately above it. The first four 
lines of figures, of course, refer to two-stroke 
engines. 





Per Cent. Addition to B.H.P. to 

















Obtain L.H.P. 
=a. = 
n 10 per 
|} Load.| } Load.| } Load.| ,Full | Cent. 
load. 
Sulzer two-stroke ..| 36.0 36.4 37.0 39.0 — 
larels ” --| 87.6 37.7 40.4 4.0  — 
M.A.N, 30.6 30.6 30.7 30.0 | — 
Krupp ee ad A 33.4 37.0 35.0 _ 
Burmeister and Wain | 
four-stroke -.| 26.0 26.2 26.3 26, — 
Willans & Robinson | 
four-stroke ..| 308 | 80.6 | 30.6 | 80.7 31.2 








Less difference was noted in the consumption per 
brake horse-power of Diesel marine engines for 
varying loads than was the case for land engines. 
This was owing to the fact that at lighter loads in 
marine engines the revolutions were reduced so 
that the brake losses became less. The figures 
given in the first table for a Willans Diesel land 
engine might be compared with the following for 
a Sulzer marine engine :— 





Oil Consumption 
B.H.P. pe BP. 
400 ... 0.471 
ee a oe, 
hr a re ee 
100 ... 0.546 


Captain Sankey then briefly compared the Diesel | 
engine with other prime movers, and, in order to | 


make the comparison as definite as possible, con- 
sidered the case of a factory having a normal load 


of 200 brake horse-power, and an exceptional load 


of 300 brake horse-power. He pointed out that, by 
taking a definite and quite fair case like this, it 
was possible to reduce the various prime movers to 
acommon basis. For instance, a non-condensing 
steam-engine was able to give some 10 per cent. 
over its rated load for short periods, while a con- 
densing steam-engine, on the contrary, could easily 
give 50 per cent. over its rated load. Facts of 
this sort must be taken into consideration in con- 





horizontal axis, but at right angles to the axis of 
the wheel. The bearings which carry the casing 
form part of a vertical ring which is suspended a: 
its topmost point by a torsionless strand. The 
whole of the above parts, which go to make up 
what may be called the compass element proper, 
are connected by the torsionless strand mentioned 
above, and by a restraining spring arrangement, to 
be mentioned later, to a frame which is mounted 
to swing in the binnacle by the usual Cardan 
suspension. The compass-card and the electrica! 
contacts for controlling indicating-cards at a4 


sidering the capital cost of various types of plant distance are mounted on the frame, which is free 


intended to d 


with the supposed condition, since | from the compass element. There are electrica| 


it was obvious that while a condensing steam-engine | connections between the compass element and the 
of 200 horse-power would be large enough for the | frame, arranged so tha‘ theframe follows the motions 
supposed case, a non-condensing engine of that | of the compass element. The object and advantage 
size would be too small, and a larger size must | of the arrangement are that the compass element 


be allowed for. Similarly, gas-engines were built 
to run at 15 per cent. below their rated 
load, and could only maintain their rated load for 
a short time. Diesel engines could give 10 per 
cent. over their rated load for short periods. 
Making allowance for these vagaries in rating, 
taking the various fuels at a fair market price, and 
allowing 5 per cent. on capital expenditure, the 
total annual cost of the various types of plant came 
out as in the following table. The assumption was 
that in each case the plant should run for 3000 
hours per year. 

Total Annual 

Cost. 


£ 
Non-condensing steam-engine... 1445 
Condensing steam-engine —e a 1056 
Over-type superheated-steam engine... 879 
Gas-engine with pressure plant 1096 
Gas-engine with suction plant 1006 
Oil-engine ... : be os 1055 
Diesel engine 932 


The lecture concluded with very brief descrip- 
tions of various types of semi-Diesel engines and 
non-Diesel heavy-oil engines, most of which have 
been described in our columns at one time or 
another. Reference was also made to Mr. Durt- 
nall’s proposed engine, in which, by using a long 
cylinder and cutting off the air admission at about 
half stroke, it was intended to get such a volume of 
air in the cylinder that exhaust could be carried 
down to atmospheric pressure. The object of the 
arrangement was to obtain a silent exhaust, and 
also to utilise the available work at the toe of the 
diagram, which was lost with the usual arrange- 
ment. Captain Sankey also stated incidentally that 
Messrs. Sulzer had just completed, and now had 
ready for trials, a Diesel locomotive of 1000 horse- 
power, in which the engine worked direct on the 
axles without gearing, and which was fitted with 
compressed-air starting arrangements. 








THE SPERRY GYRO-COMPASS. 

THE gyro-compass has already, on several occa- 
sions, received attention in our columns, and we 
now propose to follow up the articles we have pre- 
viously published by giving a description of the 
compass which has A « developed by Mr. Elmer 
A. Sperry in the United States, and which has now 
reached the stage of practical service. In connec- 
tion with the matter we may call attention to Mr. 
Sperry’s paper dealing with the ‘‘Gyroscope for 
ine Purposes,” which he read before the Ameri- 

can Society of Naval Architects and Marine Engi- 
neers, and which was reprinted in our columns a 
little more than a year ago.* This paper contained 
some reference to the work which had been done 
in connection with the Sperry gyro-compass, but 
did not give any information in reference to the 
actual details of the apparatus. We may, in con- 
nection with this subject, also refer to the detail 
description of the gyro-compass which has been 
developed by Dr. Anschiitz, which appeared in our 
columns shortly after Mr. Sperry’s paper.t We do 
not propose, in this description, to institute any 
comparison between the compasses of Dr. Anschiitz 
and Mr. Sperry, but a reference to our description 
of the instrument developed by the former gentle- 
man will show, in conjunction with the description 





} 


| 


that follows, that the two pieces of apparatus differ | 


very greatly, and in many important particulars. 
The Sperry gyro-compass consists essentially of 
* gyroscope wheel which is mounted so as to 
revolve on a horizontal axis, and is carried by 
bearings in a casing which is itself pivoted on a 





* See ENGINEERING, vol. xci., page 427. 
+ See ENGINEERING, vol. xci., page 816. 





serves only as the directive part of the instrument, 
but forms no part in actually driving the compass- 
card on the contacts for distant indicating-cards. 
The actual driving force is provided by a small 
motor carried by the frame. The final result is 
that while great power is available for driving the 
com -card, &c., the gyro-wheel has extremely 
little work to do, and can consequently be made 
very sensitive, while running at a quite moderate 
8 Various other advantages are claimed for 
the arrangement which has been adopted, and will 
be referred to as they arise in connection with the 
description of the details of the apparatus. 

It will facilitate the understanding of the various 
special features of the compass if we at once refer 
to Fig. 1, on page 723, which shows a cross-section 
through the apparatus in the plane of rotation of 
the pater and illustrates its main parts. The 
wheel is pivoted on the horizontal axis a, which runs 
in bearings in the casing b. Casing 6 is, in turn, 
carried on the horizontal axis c, consisting of pivots 
fixed in the vertical ring d. Ball-bearings are used 
both at a and c, and the wheel runs in a vacuum, 
which is maintained in the casing b. The vertical 
ring d is suspended by the torsionless strand e, and 
is guided by the bearings f, f, which allow a free 
oscillation of limited amount about the vertical 
axis, inside the outer ring g. There is a hollow 
vertical stem h attached to the upper side of this 
outer ring g, which forms a bearing for the rotation 
of the ring in azimuth with respect to the upper 
frame j, and at the same time serves as a point of 
attachment for the torsionless strand which sup- 
= the vertical ring d. It will be seen that ball- 

rings are used at f, f, and also for the vertical 
stemh, The upper frame j is mounted to swing in 
the binnacle through the ring k, in the way that is 
familiar in connection with magnetic compasses. 

As before mentioned, the compass proper serves 
only as the directive part of the instrument, the 
driving bar being fitted in connection with an 
independent portion of the apparatus. This state 
of affairs is provided for by means of an electrical 
connection between the vertical ring d and the 
= made up of the outer ring g and the upper 

rame j. There is asmall motor m attached to the 
eer frame j, and shown in Fig. 1, which is con- 
trolled by means of electrical trolley contacts fitted 
to the vertical ring d, and which work over fixed 
contacts secured to the outer ring g. These con- 
tacts and their connections are not shown in Fig. 1, 
buta diagram of the arrangement is given in Fig. 3, 
on page 723. The motor m carries a small gear- 
ing » at its upper side, which drives into a spur- 
wheel carried by the outer ring g, and the electrical 
arrangements are such that any movement which 
the vertical ring d makes in azimuth immediately 
starts up the moter m, which then drives the outer 
ring g until it attains the same position in azimuth 
with the ringd. The result of this is, of course, 
that the compass-card which is carried by q is imme- 
diately made to indicate any movements which 
have been made by the ring d due to the gyro- 
scopic action of the rotating wheel. This method 
of securing a power drive independent from the 
actual directive force of the gyro-wheel is utilised 
not only to control the compass-card, as explained 
above, but also to control the electrical arrange- 
ments used in connection with indicating compass- 
cards which are controlled from a distance, and 
also in connection with an automatic correcting 
device which is fitted in order to compensate for 
ships’ speed, direction, and latitude. The power 
drive is also utilised to overcome the friction of the 
slip-rings which carry current to the gyro-wheel 
motor. It will be clear that the outer ring g—or 
‘* phantom,” as it is called by the makers - is at all 
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times rigidly held in position in reference to the 
binnacle, although it is at the same time free to 
move around a vertical axis. At the same time it 
will be clear from the description given above that 
this ring g stands in practically constant relation 
to the gyro-wheel and the moving element of the 
compass proper. This state of affairs is used to 
prevent oscillation and restrain the movements of 
the compass element by making a flexible connec- 
tion between the outer ring g and the casing b. 
This connection allows such relative movement of 
the two parts as is necessary for the working of the 
compass, but at the same time restrains and corrects 
the movements of the gyro-wheel. The connection 
between the two parts is illustrated in Fig. 4, 
annexed. It consists of two spiral springs in ten- 
sion, one end of each of which is attached to the 
Ting g, and the other end to the casing b. The 
arrangement will be quite clear from the figure. 
Fig. 2, above, illustrates an alternative method 
of making this connection between the ring g and 
casing 6. In other respects, Fig. 2 illustrates 
the same arrangement of apparatus as is shown 
in Fig. 1. The alternative connection consists 
of a half hoop r, which is pivoted on the outer 
ring g, as shown, and is at the same time attached 
to the casing b by means of a bearing, shown at s, 
which is placed eccentric to both the vertical and 
horizontal axes of the gyro-wheel. The arrange- 

















Fie. 5. View or Gyro-WHEEL. 
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Fic. 6. View or Gyro-Stator. 


ment corrects oscillations of the gyro-wheel, but at 
the same time does not interfere with its necessary 
movements in azimuth. 

To enlarge a little on the above pointe, it will be 
clear that as the wheel-casing b is pivoted on its 
horizontal axis in the ring d, which is free to oscil- 
late about the vertical axis, the o-wheel is, in 
consequence, in indifferent equilibrium, and is pos- 


THE SPERRY GYRO-COMPASS. 
SPERRY GYROSCOPE COMPANY, NEW YORK, U.S.A. 












ys 


WM MIM) 











LZ 
NS 
Ys i 


Ne 





SSS 


—_s 






sessed of three degrees of freedom. This renders 
it free from any detrimental effects due to accelera- 
tion pressures. Further, since the power-driven 
ring g stands in constant relation to the casing b, 
but is none the less independent from it, this ring 
forms a base from which movements may be made 
to produce a pesitive orientation of the gyro-wheel. 
This is accomplished by the yielding connection be- 
tween the two parts which has already been referred 
|to. This connection applies a positive but variable 
| force to the casing b at a point some distance from 
| the centre of gravity of the wheel. This point lies on 
an axis making a predetermined angle with the ver- 
| tical, so that the gyro-wheel is subject to a torque 
| having both horizontal and vertical components. This 
torque maintains the wheel with its axis approxi- 
' mately horizontal—the actual position dependin 
| on the latitude—and causes it to swing in colasate 
by the exact amount necessary to hold the 
|meridian. The yielding connection also serves to 
_ introduce additional moments proportional to the 
| acceleration of the ship, whereby, during any change 
in ship’s speed or course, the wheel is positively 
held in its correct position with a minimum of 
deviation. 
| Since the wheel is pivoted in equilibrium on its 
horizontal axis, as described, it cannot be affected 
directly by any disturbing influence due to the 
ballistic effect inherent in a pendulum. This pri- 
marily eliminates the principal source of oscilla- 
tion. An oscillation might, however, be set up 
in the case, for instance, of a ship starting 
with a northerly speed or component of speed. 
This would em | in a westerly deflection, and in 
attaining this deflection the compass would set up 
an oscillation and far beyond the theoretical 
limit of such deflection, and then, if left to itself, 
would vibrate to and fro on each side of the correct 
deflection. The provision of the connection 
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Fic. 12. Tae Avromatic Correction DIALs. 

















Fic. 15. Tae TransMitrrer. 


between the power-driven part of the compass, 


vever, and the gyro wheel casing restrains its 
‘ion, and the wheel will move over to its proper 
pesition and stay there. The only other forces 
which can act on the gyro-wheel are such as reach 
‘t through the yielding connection, and such forces 
are necessarily applied at chosen poipt, which is 
such that all detrimental effects are autometically 
neutralised. If, for example, the gyro-wheel be 
forcibly moved off the meridian and allowed to take 
: ‘ie ON course, one end of the spinning axis will 


™m 























Fie. 18. Brynacite with Covers OPEN. 














Fic. 14. Boynacie with Covers CLOSED. 

















Fic. 16. Binnactg Type or Repeater Compass. 


immediately begin to tilt up, due to gyroscopic re- 
action, as the earth revolves under it. The moment 
this occurs, however, the yielding connection be- 
tween the wheel-casing and the power-driven part 
of the compass introduces a compound torque 
factor tending to return the wheel back to the 


meridian by the shortest path, and the point of | 


application of this torque is just such as is neces- 
sary to give the correct neutralising effect desired. 
There is a further feature shown in Fig. 1, to 
which attention should be directed before the illus- 
trations which have been prepared from photo- 
graphs of the various parts of the compass, are 
referred to. This feature has reference to the 


arrangements which have been made for the auto- 
matic correction of the three errors to which a 
gyro-compass mounted on a ship is liable. These 
errors are respectively that due to the speed of the 
ship, that due to the meridional component of the 
course of the ship, and that due to the latitude. 
We have no definite information in reference to the 
actual details of the correcting device, but the 
arrangement consists of two small dials graduated 
respectively in knots and latitude, which are set at 
one side, as shown in Fig. 1. These dials are set 
by hand for the conditions under which the 





compass is operating, and by that setting auto- 
| matically correct the errors of the gyro-wheel, so 
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Fic. 19. THe SyNCHRONISER. 


that the compass-card immediately indicates true 
north. The connection between the compass-card 
and the dials is made through a cam p, and through 
some gearing at the back of the dials, of which we 
have no exact knowledge ; but the arrangement, in 
essence, may be looked upon as a cam which shifts 
the position of the compass-card in reference to the 
frame g in terms of an equation representing the 
three errors which are introduced by the position, 
speed, and course of the ship. The setting of the 
small dials also acts upon the indicating compass- 
cards, which are situated in various parts of 
the ship and controlled electrically, and corrects 
their readings in common with that of the master. 
It is stated that the compass is also fitted with a 
device, independent from the compass-card, which 
indicates when the compass is exactly on the meri- 
dian, and which, in addition, when the compass is 
off the meridian, indicates the direction in which 
the meridian may be found, and also approximately 
indicates the number of degrees that the compass 
is off the meridian. When starting up, this arrange- 
ment allows the meridian to be found in a few 
minutes, so that the compass may at once be set, 
and no period of waiting is necessary before the 
instrument may be used. We are not at present 
able to give any particulars of this independent 
meridian-finding device. 

The various mechanical features of the compass 
are illustrated in Figs. 5 to 15, on pages 223, 224, 
and 225. Figs. 5 and 6 show the gyro-wheel and 
stator respectively. The gyro-wheel forms the 
rotor of a three-phase motor, and runs at 860( 
revolutious per minute. As before stated, it runs 
in a vacuum, which is maintained in the casing 
in which it is carried. This arrangement greatly 
reduces the power required to drive the wheel, and 
at the same time ensures that it shall run at an 
effective speed for a considerable time after the 
cessation of the power supply by accident or other- 
wise. The wheel requires about k.v.a. for 
running it, and has a directive force of 204,000 dyne 
em. when in the east and west position at the 

uator, This directive force is stated to be about 
201 times greater than the directive force of a 7}-in. 
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floating magnetic compass. The rotor windings 
consist of copper bars built up solid with the wheel. 
The stator is built with but few turns of stout 
wire, which are embedded in slots and are so 
arranged as to avoid overlaying or overlapping in 
order to ensure uniform heat distribution. The 
wheel is of steel and has a sighting spiral on one 
side of it, by means of which its speed can be deter- 
mined by observations made through a window 
which is placed in the side of the casing in which 
the wheel runs. 

The wheel-casing and the vertical ring on which 
it is supported are shown in Figs. 7 and 8. These 
two parts, together with the wheel inside the casing, 
make up the compass element proper of the appa- 
ratus. e casing is fitted with a vacuum gauge and 
a nozzle for the attachment of the —— pipe 
when exhausting. The casing is also fitted with 
levels as shown, and with an oil-pipe arrangement 
connecting together the various Roestnae. The 
terminals of the stator winding can be seen coming 
through the casing in Fig. 7. The whole of this 
compass element is held up by a torsionless suspen- 
sion, as before mentioned, and as shown in Fig. 1. 

A further view of the upper attachment of the sus- 
pension is given in Fig. 9. The suspension consists 
of a number of strands of piano-wire, and the height 
of the compass element can be adjusted by the nuts 
which carry the stud to which the upper ends of the 
wires are attached. The current to the stator is 
taken through the vertical ring by means of the 
terminals at its upper side, which are placed regu- 
larly around the Gotten ends of the suspension 


of the compass element, is also shown in Fig. 9. 
This ring carries the compass-card, and the cam 
which is used in connection with the correcting 
apparatus. It is also fitted with slip rings, which 
can be seen in Fig. 9, through which current 
is led to the moving parts of the compass. A view, 
Fig. 10, taken from above, shows the upper frame 
which carries the outer ring by means of the stem 
at its upper side. It will be seen that this upper 
frame, which is marked j in Fig. 1, is made in the 
form of a spider, since it is necessary to view the 
compass-card from above it. This frame carries 
the azimuth motor, marked m in Fig. 1, and the 
automatic correcting mechanism. 

Fig. 10 also shows the Cardan ring, which receives 
its support from an external spring-ring within the 
binnacle. The Cardan ring is pivoted on the 
spring-ring by means of ball-bearings instead of 
the usual knife edges. It is claimed that the ball- 
bearings possess advantages in that there is no 
danger of the Cardan ring being moved out of place 
in heavy weather or during gun-fire when the com- 
pass is mounted on a warship. The Cardan ring is 
insulated from the binnacle as an additional safe- 
guard towards the full insulation of the compass. 

A view of the azimuth motor, which is set in 
motion by the movements of the vertical ring which 
forms part of the compass element proper, is given in 
Fig. 11. This motor, which is shown at m in Fig. 1, 
drives the outer ring and parts attached to it, as 
shown in Fig. 9, and causes it to follow up the 
motion of the compass element. As explained 
when dealing in detail with Fig. 1, the motor is 
controlled by trolley contacts which are mounted 
on the compass element, and move over contacts 
mounted on the upper part of the outer ring. The 
trolley contacts can be seen projecting above the 
vertical ring in Figs. 7 and 8, while the contacts 
on which they bear can be seen inside the compass- 
card in Fig. 10. The diagram of connections of 
the motor and contacts is given in Fig. 3. The 
contacts, which are shown at a, } and 6! in this 
figure, are of silver, and are adjustable for wear. 
They are fitted in duplicate as a precaution against 
bad connections being made. The motor is fitted 
with duplicate and oppositely-wound field coils f, /' 
in such a way that the movement of the trolley- 
contact a on to b or b' causes the motor to start up 
in one or the other direction, and thus drive the 
outer ring, and with it the contacts } and 6’, until 
the trolley a is again in a central position, and the 
outer ring and compass-card again in the same 
azimuth with the compass element. Fig. 12 shows 
the setting-dials for the automatic correcting device 
to which attention has already been directed. 

Views of the completed binnacle in the open 








wires, The power-driven outer ring, or ‘‘ phantom,” 
‘as it is called, which follews up the movements 


and closed position respectively are given in Figs. 
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13and 14. Itis 18 in. in diameter at the base, | 


12 in, in the stem, and 2 ft. at the belt line in 
which the gyro-compass is supported. The case is 
large enough to allow of the gyro-compass rolling 
to from 40 to 45 deg. on each side of the vertical. 
The lower part of the binnacle stem contains a 
terminal block from which a cable is carried to the 
control panel. The whole of this part of the 
apparatus is made water-tight, and water may rise 
19 in. high outside the binnacle without grounding 
the cables. For use on submarines a type of 
binnacle is built which has only half the height of 
that shown in Figs. 13 and 14. In this case the 
lower cover is made hinged instead of sliding down 
as shown. 

From what has already been said it will be 
understood that the compass is constructed to work 
in conjunction with a series of indicating compass- 
dials, which may be situated in any part of the 
ship, and which are controlled electrically from 
the master gyro-compass. The indicating dials or 
repeaters are driven each by its own step-by-step 
motor, which has no moving contact in circuit, and 
is controlled by a series of current impulses sent 
out by the transmitters, which form part of the 
main compass. The repeater compasses follow the 
movements of the main compass, with a maximum 
error of about ;; deg., and each consumes about 
10 watts as driving power. They have a torque of 
about 10,000 grm.-cm., which is high enough to pre- 
vent any possibility of derangement owing to big- 
gun fire. The repeater ne are made either 
of the binnacle type, as shown in Fig. 16, on 
page 725, or of a wall pattern. A repeater-instru- 
ment card of the integrating type is shown in 
Fig. 17, on page 726. 

The control of the repeater compasses is looked 
after by the transmitter, which forms part of the 
main compass, and is shown in Fig. 15, on page 725. 
This transmitter contains a spur-gearing, as shown, 
which is driven from the large spur-ring which is 
carried by the power-driven outer ring of the gyro- 
compass. Its duty is to send out the controlling 
cycles which operate the repeater-motors, and as it 
is subject to the correction which is given to the 
main compass-card by the automatic correcting 
device, all repeater compasses are, as a consequence, 
keptcorrect and free from the errors introduced by 
ship’s speed, &c. 

he repeater compasses are each connected up by 
a seven-cored cable to a terminal board, as shown 
in Fig. 18, on page 726. This board contains a 
series of seven-pole double-throw switches, one for 
each repeater. Theswitches are connected so that 
when thrown into one position they connect their 
respective repeater with the master-compass, while 
in the other position they put them in connection 
with a synchronising instrument, an outer view 
of which is given in Fig. 19, on page 726. This 
synchronizer is used to bring any single repeater, 
or any number of repeaters simultaneously, into 
step before putting them into electrical connection 
with the master. The synchronizer is usually 
located somewhere near the master-compass, so 
that the setting to which the repeaters must be 
made to correspond can easily be read off. In 
connection with each of the repeaters there is an 
indicating device on the terminal board which 
shows at any time that the repeaters are or are not 
operating properly. 

The pedo § connections of the whole apparatus 


will be followed from Fig. 18, which, in addition to | 


the repeater gear, shows the main switchboard and 
the motor-generator which is used for the produc- 
tion of the three-phase current required for the 


dive of the gyro-wheel and the repeaters. The, 
switchboard contains a starter for the motor-gene- | 


rator, together with the main switches and instru- 
ments. The whole apparatus is supplied with direct 
current from the ship’s supply services, while an 
additional stand-by supply is derived from a battery. 
The two voltages at which direct current is being 
received, as shown in Fig. 18, correspond with those 
available in battleship work in the United States. 
The last of our illustrations, Fig. 20, shows an 
automatic record which has been obtained from the 
compass, and illustrates the damping which occurs 
when it is allowed to swing naturally. Automatic 
records of this class have been obtained for all the 
pees functions of the apparatus. 

‘in conclusion, we should say that the compass, 
which is manufactured by the Sperry Gyroscope 
Company, of New York, U.S.A., already been 
installed on several United States warships, and has 
given results which point to ite extensive adoption. 








DRIED BAGASSE AS FUEL. 


AttHoucH the utilisation of the sugar-cane 
refuse, or ‘‘ bagasse,” as fuel for steam-raising 
purposes in sugar-mills is a comparatively modern 
practice, a considerable study has been made of 
the problems connected with its employment. The 
importance of the subject was realised by the 
Louisiana State University, and an account of a 
series of tests carried out on boiler plants using 
the fuel was given in their Bulletin No. 117.* 

The general practice in using this fuel is to convey 
the bagasse direct from the crushing-rolls to the 
boiler furnace, without any attempt at previous 
drying ; and seeing that the fuel has a moisture 
content of about 50 per cent., a considerable loss 
of heating effect must of necessity occur, due to the 
evaporation and heating of this contained water to 
the flue-gas temperature. From this cause alone 
the heat value of the bagasse is reduced by some 
16 per cent., and in addition to this loss must be 
considered the detrimental effect on the combus- 
tion caused by the introduction of so great an 
amount of moisture into the furnace. 





by a ‘‘ dutch-oven ” furnace having 20 sq. ft. of 
grate area ; for certain of the trials, however, this 
area was increased to 27.5 sq. ft. Of the forty 
tests carried out thirty-three only are included in the 
report, twenty-two being carried out with undried, 
and the balance with dried fuel. In addition toa 
variation in the moisture content of the fuel, a 
number of other variable conditions occurred 
during the trials, making it a by no means 
matter to judge the real advantage obtained by 
the drying of the fuel, and thus detracting. some- 
what from the value of the conclusions arrived at 
by Professor Kerr. 

In order to arrive at a closer approxima- 
tion, however, of a uniform set of conditions, 
certain tests, which were run with rather higher 
draught, are omitted in Professor Kerr’s final con- 
clusions, since, as he states, a high draught is not 
conducive to good results. This effect is, of course, 
due to a quantity of unburnt fuel being carried 
over from the furnace, to a greater excess of air 
being taken, and the formation of holes in the fuel 
bed. A further elimination of tests, however, 
should be made, as we will show later, in order to 
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In a further Bulletin,+ recently issued. an 
account is given of a series of trials carried out on a 
boiler plant with the view of ascertaining the effect 
of drying bagasse before feeding it to the furnace. 
Special interest attaches to these trials, as it would 
appear that this is the first attempt to dry the fuel 
by means of the waste flue gases in a practical 
manner. 

The apparatus employed consisted of a vertical 
chamber of poe nth section, through which the 
flue gases were drawn by a fan in an upward direc- 
tion, the bagasse being fed in at the top froma 
conveyor and falling downwards over a series of 
sloping drying-trays. These trays, which did not 
reach the full width of the drying-chamber, were 
hinged alternately to opposite sides of the chamber, 
and were fitted with a mechanical shaking device. 
The slope of the trays was also adjustable, so that 
the rate of flow of bagasse of varying degrees of 
wetness could be adjusted as was necessary. The 
inlet and outlet of the was by means of air- 
locks having mechanically-operated double doors 
so arranged as to prevent the inlet of air into the 
dryer. The boiler plant, which was the same for 
the forty tests carried out, consisted of a “eo 
boiler having 1000 sq. ft. of heating surface, fi 


* See ENGINEERING, vol. lxxxix., 197. ; 

+ Louisiana Bulletin No. 128, ‘ Drying,” by 
E. W. Kerr, Professor of Mechanical Engineering, 
Louisiana State University, assisted by H A. Nadler. 
Baton Rouge ; Ramires-Jones Printing Company. 





“@ Allowance made for: oil, 14.5) Ib. of water per pound. 





* Omitted from the average 1.786, 


get nearer to the true statement of affairs. Taking, 
owever, the selected 23 tests given by the 
author, which are summarised in Table I. annexed, 
we will proceed to state his conclusions. 

Referring to the table, it will be seen that the 
first series of fifteen trials refer to undried fuel, 
whilst the second series of eight tests concern the 
dried fuel. Taking an average of all the tests in 
each series, the author arrives at the conclusion 
that 1lb. of undried bagasse, having 53.5 per cent. 
of moisture, evaporates 1.63 lb. of water ; whilst 
with the dried fuel, having 45.4 per cent. moisture, 
an evaporation of 2.53 lb. from and at 212 deg. is 
obtained. On this basis, he proceeds to show that 
the drying of the fuel has resulted in an increase of 
evaporation of some 32 per cent., as follows :— 
1lb. of undried bagasse when dried gives,0.85 lb. 
of fuel, and thus the evaporation of 2.53 lb. repre- 
sents an evaporation of 2.16lb. per pound of 
undried fuel. As com with the actual evapo- 
ration of 1.63 lb. realised with the undried fuel, 
this represents an increase of 32 per cent., as 
stated. In the report, however, a slip has occurred 
in taking the averages of the moisture contents of 
the fuel, and these figures—assuming that the data 
relating to the individual tests are correct —should 
be respectively 53.7 and 46.3 per cent., as given 
in Table I., for the undried and dried bagasse. 
=. error, however, does not practically affect the 
result. 

In both the case of the undricd and dried fuel 
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tests, however, it will be seen that there are 
included trials carried out under distinctly differing | 
conditions, and which are not comparable with one 
another. Thus in the first series there are eight 
tests with the normal grate area of 20 sq. ft., three | 
tests in which oil and bagasse are burned together, | 
whilst the remaining four were run with an increased | 
grate area of 27.5 sq. ft. In the second series seven | 
tests with the normal grate are given, one with the 
increased grate, and none are included relating to 
oil fuel, though they were carried out. In the case 
of these combined fuel tests a rough allowance is 
made for the evaporation due to the oil at the rate 
of 14} lb. of water per — of oil, the balance 
being credited to the ba; . This, though a 
simple method, is not to be recommended on the 
score of accuracy, since it is obvious that the 
furnace conditions are entirely altered. | 
If now we compare the average results with the | 
two different fuels for the tests made with the normal 
grate area, we shall obtain a more true idea of the | 
advantage obtained. It will be noticed, however, 
that though the rate of firing is lower in the) 
case of the dried fuel, the evaporation is gd 
as 


higher. The average results in this case will 
follow :— 
With bagasse of 53.4 per cent. moisture an average 


evaporation of 1.73 lb. of water was obtained, 
whilst the dried fuel of 46.1 per cent. moisture 
gave 2.6 lb. of water evaporation. Calculating the 
relative weights of the bagasse before and after 
drying from the above figures we get 0.865 lb. as 
the weight of a pound of undried bagasse after 
drying. Thus each pound of undried bagasse would, 
after drying, give an evaporation of 2.6 x 0.86 lb. 
= 2.25 lb. of water, and as compared with the 
1.73 lb. evaporated by a pound of the undried 
2.25 x 100 _ 199 — 


~ 193 





material the gain would be 


30 per cent. 

Another factor which may account in some 
measure for the increased efficiency of the dry-fuel 
tests is the generally lower rate of firing resulting 
in more perfect combustion being obtained with the 
lower draught used. This latter point is rather con- 
firmed by the larger percentage of CO, shown in the 
flue-gas analysis. 

In the case of the two tests Nos. 33 and 8 an 
interesting comparison may be made, in that the 
fuel was in both instances of 50 per cent. moisture 
content. The former, which was included in 
the ‘‘ undried” fuel tests, was made with a firing 
rate of 86 lb., whilst the latter, included in the 
‘* dried tests,” was at the rate of 43 lb. per square 
foot of grate per hour. The furnace draughts in 
the two cases were respectively 0.13 in. and 
0.067 in., whilst the evaporations obtained were 
1.8 1b. and 2.67 lb. per pound of fuel fired. This 
difference, amounting to some 48 per cent., would 
not appear to be due solely to the lesser draught 
employed, though the flue-gas analysis shows a 
better condition of affairs. Possibly, however, 
further tests on the effects of drying bagasse will 
be reported, in ‘which the rates of combustion and 
other factors affecting the efficiency results will be 
in closer agreement, since the subject is certainly 
one of considerable importance to sugar-mill 
owners, 

Since it would appear that flue temperatures 
of 500 deg. or thereabouts are common in sugar- 
mill plants, there should be an abundant supply 
of waste heat for drying the fuel to a considerable 
extent without unduly affecting the draught, and 
provided an increase of evaporation, approaching 
that indicated by the tests under consideration, 
can be obtained, the saving in coal or oil fuels 
would amply repay the capital expenditure in- 
volved in the installation of the drying apparatus. 
As indicating the saving of fuel that might be 
effected by drying to the extent realised in the 
tests, Professor Kerr assumes the case of a factory 
dealing with 60,000 tons of cane in a season. In 
such a case he shows that an amount of oil having 
a cash value of about 7351. would be saved, whereas 
the cost of a suitable drying plant to deal with the 
bagaete would be about 10000. to 12001. 

n addition to the small errors to which we have 
alluded, there are several misprints in the text of 
the Bulletin, which will not, however, be mislead- 
ing to those studying the report. In the table 
summarising the tests, and given in the report, a 
slip also occurs, in that figures representing the total 
weight of water in the fuel, as fired, are given, 





whores the total amount of dry fuel per square | gall 
foot of grate was intended. | 
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THE motor-launch Violeta has recently been built and 
delivered to the Algeciras Railway Company by Messrs. 
John I. Thornycroft and Co., Limited, of Southampton, 
and has been added to the company’s existing fleet of 
steam paddle-boats which ply between the old-world 
semi-Moorish seaport town of Algeciras and Gibraltar, 
a distance of about 10 miles. At Algeciras the railway 
company have their own pier and railway-station, and 
their boats connect with all trains. The company 
also convey the British Government mails to and hon 
Gibraltar. For this purpose the motor-boat Violeta 
has been specially constructed, and has been de- 
signed also to carry passengers connecting with 
the mail trains. In addition to this she will be 
employed as a general handy boat for relieving 
the other vessels when required, and will be avail- 
able, when convenient, for the conveyance of pas- 
sengers to and from the liners calling at Gibraltar. 
The introduction of this motor-boat among a fleet 
of steamers will be watched with interest, for 
she has the advantages of quick starting, speed, 
manceuvring power, &c. If the experiment prove a 
success, there appears to be great scope for the utilisa- 
tion of motor vessels by other railway companies under 
similar conditions. 

The Violeta is illustrated in Fig. 1, above, this 
view being a reproduction from a photograph taken 
when the boat was under weigh. She is also illus- 
trated in side elevation in Fig. 2, page 729, and in 
longitudinal vertical section in Fig. 3. A deck plan 
re | be seen in Fig. 4, and a plan showing the saloon 
and engine-room in Fig. 5. Fig. 6 is a perspective view 
of the engines. These are Messrs. Thornycroft’s well- 
known six-cylinder ‘‘C” type petrol-paraffin engines 
running on the four-cycle principle. There are two 
sets, each developing horse-power on petrol and 
70 horse-power on paraffin-oil, and they drive solid 

ropellers at 500 revolutions per minute through 
Thornycroft epicyclic reversing - gear. A _ special 
feature of this type of engine is the lubrication. 
In the system adopted the oil is sucked from the 
bottom of the crank-case by a rotary pump, and 
is delivered to a distributing-pipe along the cylin- 
ders. From this pipe there are nozzles, from each 
of which a stream of oil is delivered into a cup be- 
neath. Four of them deliver into the main bearings, 
and six others each to the connecting-rod big ends, the 
pipe leading from the cups being so arranged that the 

ig end passes just below it, and receives a stream of 
oil at each revolution. The remaining cup delivers to 
the cam-shaft gear-wheel, and finally there is an over- 
flow, returning the excess of oil to the crank-case. 
The consumption of lubricating oil per engine is about 
1.8 pints per hour. The supply of fuel carried is 170 

ons. 


The vessel is 66 ft. long over all,,and -60 ft. on the 





water-line, with a beam of 12 ft. and a moulded depth 
of 8 ft., the draught being 5 ft. She has a speed of 
11 knots on a ene of 35 tons, and is arranged 
to accommodate 60 passengers. There is a forecastle 
forward, where there are folding berths for a crew of 
two, but, if necessary, the seats can be utilised as two 
centre berths. Right forward there is a large locker 
for chain, gear, stores, &c., and aft of the forecastle is 
a lavatory on the port side and a pantry on the star- 
board side. Next is the saloon for second-class 
passengers, and aft of this space, but bulkheaded off, 
is the engine-room, from which there is communica- 
tion to the helmsman in the wheel-house by Simpson- 
Lawrence engine-room telegraphs, of which there is 
one for each engine. The exhausts from the engines 
are carried to a large funnel on the deck. The first- 
class saloon is placed aft of the engine-room. It is 
comfortably arranged, and is upholstered in red 
leather. 

The vessel is constructed of 1}-in. teak planking 
on American elm frames, the keel being of oak. Under 
the second-class saloon floor is a paraffin-tank of 
100 gallons capacity, from which the oil is forced by 
hand-pump to a 20-gallon gravity-feed tank in the 
engine-room. A 50-gallon petrol-tank is placed on the 
deck, and is connected to the carburettors. Through 
the courtesy of the makers we had the opportunity of 
inspecting the vessel on the Thames before she left 
for Algeciras, and were much struck with the com- 
pleteness of all the arrangements on board. 








THe Doncaster CoALFIELD.—At the new Bentley 
Colliery, near Doncaster, the output in a rocent week 
was 20,162 tons. On one day 2011 tons of coal were 
drawn to the surface in 7} hours, or at the rate of 277 tons 
per hour. 





SoutH Arrican GoLtD-Mininc.—The value of the gold 
produced in British South Africa during the ten years 
ending with 1912 has been as follows :— 


Year. £ Year. e 

1903 - 12,628,057 1908 . 29,986,469 
1904 . 16,028,883 1909 . .. 81,005,939 
1905 20,854,440 1910 . 81,995,256 
1906 . 24,616,704 1911 .. .. 34,991,620 
1907 27,410,210 1912(est.) .. 38,348,200 


The estimate for 1912 is based upon the actual rate of 
production for the first four months of this year. While 
the output of gold has steadily increased during the last 
pool na the profits realised have, since 1908, shown a 
tendency to declineg this is due to the exhaustion of 
several extremely rich outcrop workings, and due to 
the development of deep worki in which a large 
capital is invested, and in which more costly operations 
are carried on. It will be seen that the value, actual and 
estimated, of the South African gold raised during the 
present decade is 267,865,778/, 
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THE COMPLETION OF COLOMBO 
HARBOUR, CEYLON. 


On May 1 His Excellency Colonel Sir Henry 
McCallum, G.C.M.G., Governor of Ceylon, laid 
the memorial stone to commemorate the comple- 
tion of the Colombo Harbour works, enclosing 660 
acres of sheltered anchorage—50 acres more than 
the national harbour at Dover—with all the acces- 
sories of a large mercantile and naval base, includ- 
ing graving dock and repairing slipway and works, 
coal stores, and barge-loading and discharging 
facilities, warehouses, &c. Thus there was signal- 
lised the culmination of over thirty-seven years of 
continuous work against severe elemental forces, 
the periods of the monsoons, extending over one- 
half of each year, rendering necessary the exercise 
of much ingenuity to safeguard temporary plant and 
partially-completed works. The work, too, has been 
accomplished without serious accident, and the 
cost—about three millions sterling—is within the 
estimates, and is exceptionally favourable in view 
of the dimensions of the breakwaters, totalling in 


all nearly 10,000 ft. in length, the extent of the’ 
land reclamation on the foreshore, the size of’ 


the graving dock and the importance of the miscel- 
laneous works. Indeed, it is said that this is the 


| enormous development of traffic following the! 
‘opening of the Suez Canal, it was natural that 
attention should be directed to providing an arti- 
ficial harbour. Sir Hercules Robinson, the Governor 
of Ceylon, as early as 1866, was instructed to report | 
on the subject of ‘‘ offering facilities for carrying on 
the yearly increasing trade, and providing against the 
number of casualties sustained by vessels frequent- 
ing its shores.” From this time onwards various 
schemes were formulated, but it was not until 1871 
that a definite project was accepted. During 
Sir Hercules Robinson’s régime the important | 
decision was arrived at that Colombo should be 
preferred to Galle, and a breakwater was decided 
upon for the protection of the roadstead, the final 
ogy for the work being prepared by the late 

ir John Coode, and approved by the Board of 
Trade. At the same time Sir John was appointed 
consulting engineer in London, and it was decided 
to carry on the work without the intervention of 
a contractor. Since then, to use Sir Henry 
McCallum’s words, ‘‘the engineers have been 
quietly, patiently, laboriously setting their way 





seawards, fighting all the time against the forces of 
Nature ;” and, proceeding, he said he could not 
‘*speak too highly, nor in too eloquent terms, of 
the excellent designs and the valuable opinions 





of the foreshore, at Mutwal Point, a north. 
east breakwater, and to make an island break- 
water (known as the north-west breakwater), 
increasing the sheltered area of the harbour to 660 
acres. Moreover, two entrances to the harbour 
were provided—one of them between the south- 
western and the north-western breakwater, 800 ft. 
wide, and the other between the north-western and 
north-eastern breakwater, 700 ft. wide, as shown on 
the plan. The construction of these works was 
commenced in 1894, under the direction of Messrs. 
Coode, Son and Matthews, as consulting engiteers, 
The north-eastern breakwater, 1100 ft. long, is a 
rubble mound carried to 6 ft. above high water of 
ordinary spring tides, but, to form an approach 
gangway to the light at the head, there was left in 
position an iron gantry which formed part of the 
track which was constructed along this break water. 
The north-west breakwater is 2656 ft. long, 32 ft. 
wide, with heads at each end, and was constructed 
of concrete blocks. 

In addition to these breakwaters very extensive 
land reclamation was decided upon on the advice of 
the consulting engineers, and several valuable 
harbour adjuncts were added. Perhaps the most 
important was the addition of a graving dock, 
700 f ft. long on the floor. This and the other 
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most cheaply constructed artificial harbour in the 
world for its size, accommodation, and equipment. 
The credit is the greater as the work has been 
carried out by the engineers without the inter- 
vention of contractors. The result from the com- 
mercial standpoint is, as His Excellency stated, 
the placing of Colombo in the position of the third 
most important harbour in the British Empire— 
London and Hong Kong taking priority—and 
the sixth or seventh in the world’s list. When Sir 
Hercules Robinson in 1871 selected Colombo to be 
the port of the island, the tonnage frequenting the 
harbour was practically nothing, but in 1877, when 
the benefits of the harbour works n to be expe- 
rienced, it reached 606,200 tons, while for the past 
year the total was 8,919,148 tons, exclusive of coast- 
ing vessels. Similarly, the harbour revenue, which 
in 1877 was 62,290 ru advanced to 259,949 
rupees last year. Of the total of 43 berths, 39 
were occupied in April of this year. The whole of 
the American fleet which last year made the circuit 
of the world, visited the harbour, and remained 
there for several days without interfering in the 
slightest degree with the thirty or forty mail liners 
visiting the harbour at the same time. Again, a 
significant fact is that 100,000 packages are, on an 
average, imported or exported per day. 

Ceylon, from its geographical position, was 
destined by Nature to become a sort of ‘‘ Charing 
Cross” on the highway to the East ; and with the 





which have been given to them by their head 
engineer, Sir William Matthews.” 

he first project was formally entered upon 
during the Governorship of Sir William Gregory in 
1875, by the laying of the foundation-stone by the 
late King Edward VII., then on a visit to the 
Colony as Prince of Wales. This scheme, carried 
out under the direction of the late Sir John Coode 
as consulting engineer, included the construction 
of a breakwater of concrete blockwork on a rubble 
mound, 4210 ft. long, 34 ft. wide, and founded 20 ft. 
below low water. It extended, as shown on the 
plan, Fig. 1, in a northerly direction from the 
western end of the harbour foreshore, curving east- 
wards to terminate in a head with the lighthouse. 
Here there was to be an entrance, and a northern 
arm was to be constructed landward, with an open- 
ing near to the shore. The area to be enclosed was 
502 acres, and was to be dredged to a depth of 
27 ft. at low water. The northern arm, however, 





was never commenced, because before the com- 
pletion of the south-west breakwater in 1884, ata 
total cost of about 700,0001., the traffic due to the 
|development of steamships increased so greatly, 
jand the size of the ships advanced so much, and 
promised to grow still greater in the future, that 
an important modification was made in the plan. 
In order to give greater area within the shelter of 








breakwaters, it was decided, instead of this 
northern arm, to project at the opposite extremity 


dimensions were determined as the result of 
consultation with the Admiralty, who provided 
one-half of the cost of the dock. The width of 
the entrance at cope-level is 85 ft., the sides 
having a batter of 1 in 12. The depth over 
the sill at low water is 30 ft., and the floor is 
4 ft. lower at the entrance end, rising 1 ft. in 
the length of the dock; the width on the floor 
is 63 ft. A patent slip was also provided for, and 
has since been constructed. 

A large area of land around the foreshore from 
this slipway to Mutwal Point has been reclaimed, 
as shown in Fig. 1. A part of this reclaimed land 
is already occupied with an extensive coaling dép6t, 
there being 18 jetties for barges taking the coal 
from the colliers for deposit in the storage ground, 
extending to 24 acres, and accommodating one 
quarter of a million tons, or shipping it for convey- 
ance to the ships in the harbour for bunkering 
purposes. Alongside there is a repairing basin for 
the barges. The land reclaimed to the north of 
the graving dock may probably be utilised by the 
Admiralty as a coal -storing station. A large 
repairing establishment has been commenced near 
the docks as a commercial enterprise. An exten- 
sive fishery harbour beyond Mutwal Point has also 
been completed. In 1906 we published a complete 
illustrated description of the works which were 
then in progress (see ENGINEERING, vol. lxxxii., page 
750). 
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At that time a development was in contempla- 
tion, and the completion of this further project 
marks the final accomplishment of the undertaking 
first commenced in 1874. We illustrate on our 
two-page plate and on page 736 the new works, 
which comprise an additional arm 1800 ft. long, 
forming a continuation seaward of the south- 
western breakwater at the point where the latter 
curves north eastwards. The reason for this arm 
may be briefly referred to. 

It has been explained that there are two entrances, 
800 ft. and 700 ft. wide respectively, the object 
being not only to facilitate the movement of ships 
into and out of the sheltered area, but to ensure a 
current through the harbour for sanitary purposes, 
the rise and fall of the tide being only 2ft. It was 
thought that the reduction of the wave, owing to the 
contiguration of the space enclosed by the break- 
water, would have sufficiently reduced the range 
within the enclosed area, but it was found after the 
coaling jetties were completed that a swell was 
experienced during the gales from certain directions, 
and it was consequently decided to construct the 
additional arm 1800 ft. long, as shown on the plan, 
in order to protect the outer entrance from the 
south-west monsoon. 

This new arm has been constructed on the same 
general design as the south-west breakwater and 
the north-west breakwater—namely, of heavy con- 
crete blocks on a rubble mound tipped in the bed. 
The new arm is founded on the rubble mound at 
30 ft. below low-water level, is built of concrete 
blocks, and is 38 ft. wide at the foundation course, 
and 36 ft. wide above this to the capping, which is 
of concrete in mass. The granite rubble forming 
the mound was deposited from barges on to the 
sea-bed, and, as a rule, one season elapsed between 
the completion of the tipping and the laying of the 
concrete blocks. Divers dressed the top of the 
mound with small rubble when the height was 
about 30 ft. 9 in. below low water, the inner slope 
being finished to the batter of 4 to 1 at the top and 
of 1} to 1 below, and on the seaward side to a 
batter at top of 6 to 1 and at the bottom of 2} to 
1. The concrete blocks used in the main structure 
are generally of 30 tons weight, and were formed, 
as described in our previous article, in a block- 
making yard, removed in wagons, and deposited 
by a Titan crane, being laid in exact position by 
divers. These blocks were laid as headers in 
sloping block slices, breaking bond in alternate 
courses, and joggled together by bags of concrete 
in mass deposited within grooves between the 
slices of the blocks. This method, it will be 
remembered, was adopted in the case of the north- 
west breakwater, and was fully described in our 
previous article. The block-work finished at a 
level 8 ft. above low water, and was covered up 
with a capping of mass concrete, 3 ft. 6 in. thick. 

The arm terminates at the seaward end in a head 
60 ft. in diameter, built of heavy concrete blocks 
in horizontal courses, the outer blocks being 
dowelled together in the various courses with 
heavy rail-cramps. In addition, there are circular 
concrete joggles. A landing-jetty was built for 
use in connection with the lighthouse work. It 
is 24 ft. wide, constructed of horizontal blocks, 
and founded at a depth of 37 ft. below low water. 
The jetty has boat steps and a landing-stage 
on the landward side, in order to render com- 
munication with the lighthouse possible during 
the monsoons, when heavy waves run over 
the breakwaters generally. The landward end 
of the additional arm was built against the 
outer face of the south-west breakwater, and 
the large triangular space formed between the 
inner face of the arm and the outer face of the 
south-west breakwater, was filled in with heavy 
concrete blocks, deposited pell-mell, in order to 
absorb the waves at the re-entrant angle and to 
form a recoil. This arrangement has worked most 
satisfactorily during the monsoons since the work 
at this point was completed. The foundations of 
the additional arm are, as in the case of the other 
breakwaters, protected by wave-breaker blocks, each 
of 30 tons, deposited pierre perdue. This wave- 
breaker apron extends for the full length of the 
seaward face of the arm, and in continuation around 
_ head and jetty there is an apron of concrete in 

ags. 

On the head of the additional arm there is con- 
structed a lighthouse built of concrete in mass. 
The height of the tower is 36 ft. 8 in., while the 
focal plane is 58 ft. 13 in. above low-water level. 
The tower is 23 ft. 3 in. in diameter at the base, 





tapering to 17 ft., while the diameter of the lantern 
platform is 22 ft. (see Fig. 6). There is fitted a 
second-order fixed dioptiic occulting light of an 
intensity of 4800 candles red. Within the tower 
there are three floors 11 ft in diameter, placed 
at 11-ft. centres in the height of the tower, each 
being carried on steel joists. Communication 
between the floors, and access to the lantern plat- 
form, is provided for by a circular iron staircase. 
Oil stores are built into the concrete work at the 
ground level. 

The illustrations which we publish on the two- 
page plate, No. XLIV., afford convincing evidence 
of the immense area embraced by the works, while 
on page 736 there are two views which show the 
massive character of the work. Fig. 2, on the two- 
page plate, is a view landward, taken from the top 
of the lighthouse on the head of the new arm. 
There is seen in the centre of the view the main 
entrance of the harbour, 800 ft. wide, while to the 
right in the foreground is the new arm, of 36 ft. 
width, stretching to its junction with the south- 
western breakwater, the first t of the works— 
built between 1874 and 1884. e re-entrant angle 
at the junction is clearly seen. To the left of the 
main entrance to the harbour there will be observed 
the north-western breakwater, terminating at the 
other entrance to the harbour, 700 ft. wide, and 


beyond it, to the extreme left of the illustration, | » 


there may be discerned the north-eastern break water. 

The chimney seen between the two cruisers is that 

; - pumping-station for the 700 ft. long graving- 
ock, 

Fig. 3, also on Plate XLIV., is a corresponding 
view from the shore, looking across the sheltered 
harbour of 660 acres. In the foreground there is 
seen the block-yard, where concrete blocks were 
formed from 1874 onwards. On the left is the 
patent slipway for accommodating vessels, up to 
1200 tons, for hull repairs, and beyond it the 
passenger jetty (see the plan, Fig. 1). To the 
right of the view there are seen the railway lines in 
connection with the block-making yard, and to the 
extreme right the coaling-jetties. The immense 
area of the harbour is well shown by this view, 
most of the liners in the harbour being of 10,000 to 
15,000 tons. The depth to which the harbour has 
been ed has been determined with reference 
to the available depth through the Suez Canal, and 
it is under contemplation to deepen the harbour 
for three-quarters of its area to 36 ft., so as to take 
the largest vessels which the present depth of the 
Suez Canal will When the Suez Canal 
Company proceed with further dredging opera- 
tions, there is no doubt that those responsible for 
the Colombo Harbour will not be found lagging 
behind. Fig. 4, also on Plate XLIV., is a view 
of the new arm completed. To the left is seen the 
junction with the south-western breakwater, as 
well as the head and lighthouse on that break- 
water, and part of the main entrance to the harbour. 

On page 736 there are two further views. Fig. 5 
shows the junction of the new arm with the south- 
western breakwater. The former was built against 
the outer wall of the latter, and, as we have 
already explained, the angle formed, where the 
lines separate, is filled with pell-mell blocks in 
order to break the waves. The jetty constructed 
for the purpose of sheltering launches when landin 
and embarking the lighthouse attendants is wel 
shown to the right of this view. The entrance to the 
sheltered harbour is seen on the extreme right. 
It may be noted, further, that the commemorative 
stone laid by Sir Henry McCallum is to be seen a 
short distance to the left of the crane in this view. 
Fig. 6, also on the same page, is a view of the light- 
house on the head of the new arm, which shows well 
the massive character of the work. 

For the entire works Messrs. Coode, Son and 
Matthews have been consulting engineers, and Sir 
William Matthews, K.C.M.G., has made various 
visits to the works during progress. The Governor 
expressed a generally entertained t that Sir 
William all not accept the invitation to be the 

est of the colony for the ceremony of the Ist of 

ay. The resident engineer on the works from 
1874 for the construction of the south-west break- 
water was the late Mr. John Kyle, sen., M. Inst. 
C.E., who was later engaged on the Dover works. 
From 1894 Mr. J. Bostock, M. Inst. C.E., was in 
charge of the north-east and north-west break waters 
and miscellaneous. works, and on his decease, in 
1910, Mr. John Kyle, jun., succeeded, and on his 
sudden death, in 1911, Mr. A. D. Prouse, M. Inst. 
C.E., took over the responsible duties ef resident 





engineer. The Governor at the ceremony bore 
testimony to the ‘‘ ingenuity, bravery, skill, watch- 
fulness, and care” displayed by these successive 
engineers and the members of their staff. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 15 

ALL indications in the steel industry apparently 
point to another advance in prices. Car orders placed 
since April 1 exceed the total orders placed during the 
first three months of the year. Orders for 60,000 cars 
are now under negotiations. Up till a recent period 
the car plants have been operated to 50 per cent. of 
a There is a shortage of labour, but this diffi- 
culty will be soon overcome. The heavy rush of car 
orders has stimulated the demand for steel plate, and 
the plate-mills which heretofore secured all the orders 
from the car-builders are now oversold, and other 
mills which did not share in this activity are now 
booking large orders. The country is using more 
steel than ever before in its history. The United 
States Steel Corporation is now turning out ma- 
terial at the rate of 17,000,000 tons per year, but 
the aes for the year, taking into account the 
summer's dulness, will average at least 12,000,000 tons, 
which is 1,000,000 tons in excess of its usual output. 
That corporation has now unfulfilled orders amounting 
to 5,664,885 tons (May 1). Shipments have been 
averaging 40,000 tons * day, and receipts of new 

usiness for the month have averaged 52,000 tons 
per day. The inquiries which are coming in indicate 
a definite continuance of the heavy demand until 
the approach of summer. There are also heavy orders 
for steel rails, and at present inquiries can be safely 
taken as a measure of near-by business. The rail- 
mills will soon be filled up to the maximum capacity 
for some months to come. There appear to Be no 
unfavourable influences at work, sstuliatending this 
is a presidential year, and the political contest waxes 
towards fever heat. 

May 22, 

A very large amount of new business has come in 
during the past week, covering very largely locomo- 
tives, cars, steel rails, and tin plate. The disposition 
to provide for railroad requirements is quite pro- 
nounced. Pig iron is dull this week owing to large 
recent transactions. At the rate of the yey placing 
of orders for finished products there will be a reviving 
demand for pig, chiefly for steel-making purposes. 
Two arrivals of ferro-manganese have been reported. 
There are inquiries for crude iron, though not of an 
urgent nature. The New York, New Haven, and 
Hartford Railroad has contracted for twenty-four 
electrical locomotives. These will be built as rapidly 
as possible. They will be used on a small section on 
that line, and itis said to be the intention of that com- 
pany to equip its entire line, though this information has 
not been officially authenticated. A large hotel is to 
be built in New York city, to be known as the Bilt- 
more, which will absorb 13,000 tons of structural 
steel. Last week thirty-seven locomotives were con- 
tracted for, of which six were for China. There are 
inquiries on the market for several hundred locomo- 
tives, of which a large number will go to the Harri- 
man lines and to the Conedien lines. Orders are still 
pave for over 50,000 cars, and these orders will 

placed very soon. Among the recent steel rail 
orders are 66,000 tons, besides the 27,000-ton order 
laced by the New Haven road. The principal order 
or export was 20,000 tons for the Leopoldina Rail- 
way of Brazil; also on domestic account, 17,000 tons 
for the Atlantic Coast line, and 18,000 tons for the 
seaboard. During the past week there were 40,000 
tons of structural iron contracted for, of which 32,000 
tons is to be used in buildings in the North Atlantic 
States, and the balance is scattered all over the 
country. There are orders pending for 9000 tons for 
an armoury in New York city. 





Eneinz-Room Herogs.—Mr. D. B. Morison, West 
Hartlepool, calls our attention to a paper on ‘‘The 
British Naval Engineer,” read by him in 1900, in which 
he referred to the duties of the engine-room staff. He 
stated at the time that the intense nervous strain created 
by the realisation of the grave though unknown dangers 
to which they were subjected was unaccompanied by the 
inspiriting excitement of battle, an excitement which so 
greatly enhanced the human powers of endurance. One 
could not forget, he added, the lives which had been 
sacrificed in the engine-rooms—deaths displaying a noble 
devotion to duty. It was at such times that the immense 
value of the engineer was made apparent; he was the 
man who alone could inspire or restore confidence, and 
who by his skill, experience, and cool judgment, could 
minimise the consequences of an accident. It was he 
also who in moments of dire emergency and panic would 
have to remain at his post and face death in the fulfil- 
ment of his duty. All these points were fully evidenced 
in the case of the Titanic, in which every member of 
the engine-room staff remained at his station and made 
the greatest sacrifice which any man can render in the 
fulfilment of his duty. 








732 ENGINEERING. [May 31, 1912. 





STEAM-DRIVEN COMPOUND AIR-COMPRESSOR. 
CONSTRUCTED BY THE WESTINGHOUSE BRAKE COMPANY, LIMITED, ENGINEERS, LONDON. 



































































































































ubricator 
A UNK 
Y . “yy 
Tp», TABS Vg za) —Yp 
YG sae 5 oa “a Li —/} WY Lal 
———__— N 
i ¥ N Nu 
ie----*- 8 -ty----- 84 * N N 
| 
Intec - aaah i am N 4 N 
. trhaust N IRS ~N 
et N WN ns 
pe N NIN 
ot 0Ct*é«CCCS AA === ss {4 xp NIN N 
: | \\i a Ps N N N 
—-— Hi & IA NIN N 
HN ---——--- Ls | ge Nl has, NIN N 
—— —— a os ae iN N N N 
i A vn Y; 
! | ‘b ‘eB 
iQ BN | AY ) 
H | | Be ; N NS isis 
| oN WW 
7: EN | NAF s%: | 
: | i] ao: a! 
| i | Dash | a 
‘ Z | W111 a, YL in 
al — rm Uwe a? Th Fh 
: : Gslluif ny, / 
: [po | q Cry as 
4— vi i A iV: 
c | Aunospheric 4) | 
; Air Inlets YY ‘|... 697A A 
' ay : 
' 
' YA ——— oo —— 
| a == 
Y 
° | N12 ZZ ~ — —. 
i ea 2 lt “ye Y 
i zy 
x | Y 
vite —) Be YN \ 
Aur a \N / | \ 
Discharge \ y \ 
eS 10397 a 
SS 
a, 
| 
\. 
Fie. 1. J 
_WE illustrate above a steam-driven compound CoMPARATIVE Resu.ts OF SINGLE-STAGE AND THREE-STAGE COMPRESSION. 
air-compressor which has been designed and con-! - : ~— eames es 
struc by the Westinghouse Brake Company, | Volume Swept by | pressure. Pounds be 2 |se * 
ruc : q ’ ‘ ¥ per 1 : Pounds of = 
Limited, 82, York-road, King’s Cross, London, N. | | — bie — Square Inch. < = 3 4 Steam. " 
It is intended for air-pressures up to 300 1b. per sq. in., é : Sa | 5 ed ¥ 
and is so cuted as to be effectively air-cooled | —pgsoription and Size of | TOK | | | | of , (os es 
. . caste P of | ES i ss lex Per | *3 
internally as well as externally, in order to deliver Pump. Pichon. | air. | aire | 2™ $ ie Total | Cubic | -3 
the compressed air at a lower temperature than is ae | press measur: £2 5.5 |=! used Footof, 55 
: : : Steam. | Air. Steam. |. P : =/|2 es ; 35 
usually the case with ordinary single-stage and com- " gure Re- ing Re-/ BS 2% 2 § =| During) Com- | 3‘ 
pound pumps, thus deing away with the necessity of | | sorvoir. jsorvolr. | 53 | 22 isan) vat ce 
employing water-cooling. The compressor is shown ls an NB, as Panes oa 
in perspective in Fig. 1, which is a reproduction | ‘ fear in. } deg. F 
from a photograph, and in longitudinal section in | Standard 8in./8}in. air-pump —_ 10,% 0.3 | 0.338 175 120 115 why 129 | 3.58 441 4.9 32 
Figs. 2 and 3, the sections being taken at right | ; i 7 " » as 
. . E in./12 in. three-stage pump | 10, 0.198 | 0675 175 120 115 178to 185 | 648/ 233 | 259 | 59 
angles to each other. The steam-cylinder is of the | _— ee : wi ‘239. 


standard seers my type, in which the moving; —__ = a) 
rts are all located in the top head, and by arranging | 
or the compression of air te be effected in ‘oon | stroke the air is compressed and finally forced out | side, into the outlet for compressed air at F. The 
stages, the makers claim that they have succeeded in | through the valve shown at the left-hand side at the | relative volumes of the compression-chambers are 
producing a compressor of moderate size and weight— | bottom in the same figure, and the conduit B to the determined by the internal and external diameters 
namely, height, 4 ft. 10? in. ; width, 1 ft. 10 in. ; | intermediate chamber C. The succeeding upward !|of the trunk piston and the radial depth of the 
depth, | ft. 5 in. ; weight, 7 cwt. ; and ocoupying very | stroke of the piston draws in a fresh supply of air to | shoulder which forms the chamber E, and these dimen- 
little more space than that required by their standard | the chamber A, and at the same time compresses the | sions can be ———— so that the work of compression 
locomotive air-compressor. e compression of the/|air already admitted into the annular chamber C, | is properly divided between the three chambers. ; 
air in each stage is effected by means of a piston sliding | finally forcing this latter air out through the conduit | tt will be seen that a feature of this compressor is 
within a cylinder so constructed and arranged that | D and the valve shown half-way up the cylinder on that both the external and the internal walls of the 
three separate compression stages are form within | the right hand in Fig. 2, from which valve it chambers C and E are efficiently cooled owing to the 
a single cylinder. The operation is very simple and | passes into the compression-chamber E. The capacity free circulation of air from the atmosphere which 
is as follows :— ‘ of this chamber continually increases during the up takes place in the internally projected part and in 
On the up stroke of the piston air from the atmo-|stroke of the piston, but during the succeeding the piston trunk. Furthermore, by the provision of 
sphere is drawn into the compression-chamber A down stroke the air therein is compressed to its final packing-rings the use of packing-glands is dispensed 
through the inlet-valve shown at the right-hand side | pressure, and is forced through the delivery-valve, | with. 
in the bottom of Fig. 2, and on the following down shown half-way up the cylinder on the left-hand| In the Table above are the results of some tests of 
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this three-stage compression in comparison with the 
standard 8-in. by 8}-in. single-stage compressor. They 
have been supplied to us by the makers. 

The tests were made by pumping into a pressure 
reservoir against a constant head, and allowing the 
air to escape through a regulating valve into a measur- 
ing reservoir of 897 cub. ft. capacity until the pres- 
sure therein was 5 1b. below that in the pressure reser- 
voir. In each case the compressed air was cooled 
down to the temperature of the surrounding atmo- 
sphere before delivery to the pressure reservoir. The 
temperature was taken by a thermometer situated 
6 ft. from the delivery valve of the pump. It should 
be noticed that the three-stage pump inhales once per 
revolution, as against twice by the single-stage pump. 

The principles just described have also been applied 
to the larger sizes of motor-driven compressors which 
are manufactured by the same firm, one of these being 
illustrated in Fig. 4, above. This compressor has 
& capacity of 150 cub. ft. of free air per minute, and 
has been supplied to the London, Brighton, and South 
Ce ast Railway Company, and is now installed at their 
Peckham Rye sheds. A duplicate of this pump is also 
at work at the Norwood shops of the same company. 

hese motor-driven compressors have a soned on the 
compressor-shaft of 303 revolutions per minute, the 
shaft being driven by gearing from the motor-shaft, 
which runs at 720 revolutions per minute. The motor 
is actuated by a single-phase current of 300 volts and 
25 periods. The compressor-cylinders are cooled inter- 
nally by air, as previously explained, and by water 
externally, so that, although the compressors are 
running continuously, there is no overheating, not- 
withstanding that the air is compressed to 125 lb. per 
~. in. The motor develops about 30 brake horse- 

ower, 








SOLID KEYLESS MUFF COUPLING. 

We illustrate herewith a new and simple form of 
detachable muff coupling for shafting, which is manu- 
factured by Mr. John Jardine, Deering-street, Not- 
tungham, and which possesses the advantage that it is 
very strong and cheap. Its action will be readily 
understood on reference to our illustrations, 





Figs. 1 
and 2, which represent respectively a part longitadinal 
section and @ transverse section, the chief points of 
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interest being that there are no projecting parts, the 
bolts being completely covered, and the coupling being 
readily taken off and put on by unskilled labour with- 


out disturbing the shaft. The grip of the cou ling 
on the shaft is obtained by means of the c lindrion 
pieces which are tightened by means of the bolts and 


nuts shown, the contact of these cylinders with the 
shaft being clearly shown in Fig. 2. e wedge action 
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obtained is very powerful, and does away with the 
necessity for keys, which, of course, always weaken 
a shaft to some extent. Another advantage claimed for 
the coupling is that it is well adapted for export, as a 
line of shafting complete with these couplings can be 
ked in considerably less space than a similar line 
tted with flange couplings, which have to be shrunk 
on the shaft and turned in place if a good job is 
required. The couplings are made bright all over, to 
fit shafting from 1 in. to 4 in. in diameter. 
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GEIPEL SPIRIT-TYPE STEAM-TRAP. 

THE steam-trap we illustrate in the next column 
belongs to the kind in which the discharge of the water 
of condensation is controlled by the contraction and 
expansion of a volatile liquid enclosed in an expansible 
container, which is so made that it will open and close 
a water-discharge orifice as required. he trap has 
been designed and constructed by Messrs. Wm. — 
and Co., Vulcan Works, St. Thomas’s-street, 8.E., 
whose well-known ‘“‘ Rapidity” a ion type of 
steam-trap we have previously described. Our illus- 
tration is a reproduction from a photograph of an 
actual trap that has had one side partly cut away to 
show the interior. This illustration is so clear that 
the action of the trap will be very easily understood. 





As before stated, the trap works by the expansion 
and contraction of a volatile spirit contained in a 
chamber consisting of two diaphragms and a tube. 
These parts are readily seen in our illustration, which 
shows the under side of the hollow-disc diaphragm, 
the two opposite faces of which are thin corrugated 
dises joined together round their edges by a thin 
cylindrical plate. At the centre of the lower face 
of the diaphragm a hollow metal tube is attached, 
the top of which opens into the space between the 
two faces of the diaphragm, and the lower end is 
hermetically sealed his tube is partially tilled with 
a volatile spirit, and its upper end, just below the 
diaphr , is formed into a valve which has three 
helical-shaped fins projecting from it, the use of which 
we will refer to presently. This valve at the top 
of the hollow tube closes against the renewable seating, 
which is screwed into the body of the casing, as 
shown in the illustration. At the centre of the upper 
diaphragm plate there is a metal boss which can butt 
against the end of the adjusting-screw in the cover 
otf the trap. 

The action of the trap is as follows :—The steam- 
pipe to be drained is fixed to the left-hand side of the 
rap, as the latter is shown in our illustration, and 
as long as there is no water in the trap the stem of 
the expanding diaphragm is entirely subject to the 
heat of the steam, and the spirit in the hollow tube is 
vapourised, the pressure due to this causing the two 
faces of the diaphragm container to move from each 
other. When this takes place the boss at the centre 

















of the upper plate comes in contact with the adjusting- 
screw in the cover, its movement being thereby limited, 
and the lower plate descending forces the valve at the 
top of the hollow tube against its seating, and thereby 
revents the steam from flowing through. When con- 
Senend water collects in the trap, the diaphragm con- 
tainer contracts, the valve is lifted from its seat, and 
the water flows away. As soon as the water has been 
discharged and the steam enters, the action of the 
trap is repeated. 
his trap differs from others of the type in several 
ways, which are claimed to be advantageous. In some 
spirit-expansion traps the steam heats and expands the 
spirit, in order to close the valve, after it has passed 
through the valve opening, which entails a loss of live 
steam. In the Geipel spirit trap, however, the spirit is 
heated by the steam before the latter has passed 
through the valve, thereby tending to economy in 
steam. In some traps the diaphragm itself forms the 
valve, which is not advantageous, because the dia- 
phragm must be made thin and flexible, while the 
valve should be of a hard and durable metal, in order 
to withstand the cutting action of the drainage water. 
In the trap we illustrate this is got over by making 
the valve distinct from the diaphragm. Another 
advantage of the Geipel valve is that it rotates, this 
being effected by the helical fins fixed below the dia- 
phragm above the valve. The turning action is, of 
course, produced by the water and steam flowing past 
the valve and striking the fins. By this means the 
valve tends to grind itself in at each discharge. The 
valve-seating is made of specially hard metal, more 
durable than that used for the casing, and the valve 
and the seating are both renewable. 

These traps are made in two patterns; one the 
ordinary straight-through type, which, in addition to 
the inlet, has a screwed outlet suitable for connection 
to the discharge-pipe or drain, as shown above; the 
other is intended principally for draining railway-car- 
riage heating apparatus, and has only a screwed inlet, 
the water escaping through holes in the cover. 





WetsH Coat ror Russta.—It is understood that the 
St. Petersburg municipal authorities have let a contract 
for best Welsh large steam coal at 28s, 3d, per ton, 
charges including freight, insurance, &c, 
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MANCHESTER STEAM-USERS 
ASSOCIATION. 


At the recent annual meeting of the members of this 
Association, Mr. Adam Dugdale, Blackburn, the Presi- 
dent, in the chair, the report, which in the present 
instance dealt with the 57th year’s practical work of the 
Association, was presented. The number of memberson 
the books on December 31 last was 2185, owning 9984 
boilers, the income for the year being 19,936/. 13s. 8d. 
These figures were very satisfactory, and after making 
allowance for sundry special items of expenditure, a net 
balance of 870/. 11s. 8d. had been added to the reserve 
fund, which now amounted to 43,084/. 19s. The Association 
was thus in a thoroughly healthy condition financially. 
No explosion had occurred during the year from any 
boiler under the Association’s care, and at the end of 
57 years the Committee were glad again to record the 
fact that no life has ever been lost by the explosion of 
any boiler inspected and guaranteed by the Association. 

tn reviewing the work of the year the report states as 
follows :— 

‘*As many as 22,892 boiler examinations were made 
during the year, of which 9888 were ‘‘internal,” ‘* flue,” 
and ‘entire,’ a number considerably in excess of any 

reviousyear. The Association’s motto is ‘‘ No Inspection, 
Ko Guarantee,” and it is absolutely essential that a 
thorough examination of each boiler shall be made every 
12 to 14 months. The members as a rule are found to 
increasingly desirous of yy their boilers carefully 
ins’ ee 4 and of doing all in their power to co-operate 
with the Association in the endeavour to secure greater 
efficiency and safety in working. . 

“During the course of our inspections from time to 
time, more especially in the case of boilers newly enrolled, 
some interesting facts are revealed. Recently on making 
a first thorough examination of some water-tube boilers, 
working at high pressures, the drum ends were found to 
be so dangerously grooved in the roots that the end plates 
had to be renewed. In another case a boiler was found 
to be working without a pressure-gauge, and with the 
safety-valve stuck fast. Other instances might be given 
to show the necessity for the greatest ible vigilance 
being exercised in the inspection of boilers. 

‘**Outside its ranks the Association has noted during 
the year the occurrence of 93 explosions, killing 30 
persons and injuring 83 others. Of these, 15, killing seven 
persons and injuring 23 others, may be termed **‘ boiler 
explosions proper,” while the remaining 78, killing 23 
persons and injuring 60 others, may be termed ‘‘ miscel- 
laneous” explosions—t.c., those arising from steam. pipes, 
stop-valves, kiers, a. bakers’ ovens, econo- 
misers, &c. In addition to the above, five explosions 
arose from the bursting of hot-water or kitchen boilers, 
by which one person was killed and five others injured. 

“‘ During the year the Association has superintended 
the construction. and witnessed the hydraulic test, of a 
large number of new boilers at the works of the makers. 
When contemplating alterations in their steam plant, and 
the purchase of new boilers, the members and steam-urers 
generally would find it advisable to consult the Association 
and take advantage of the services offered by its special 
work department. These services are found to be of prac- 
tical value and to be well worth the reasonable fees 
charged. 

‘In conclusion, the Committee would again call attention 
to the work of the Association and to the objects its pro- 
moters had in mind when it was started in 1854. It was 
not founded for commercial profit, but to prevent boiler 
explosions, to save life and property, and to benefit steam- 
users. Long experience has shown that it is only by 
efficient inspection that safety can be obtained, and it is 
to this highly desirable object that the Association is able 
to devote its income, as it has no shareholders and no 
dividends to pay. It is a matter for sincere congratula- 
tion that the Association has been so successful in carry- 
ing out the ideas of its founders, which still form its 
guiding principles. It is satisfactory to find that boiler- 
owners are willing to pay the very reasonable ch: made 
by the Association for efficient inspection, careful reports, 
and a guarantee of safety for their boilers, which is a 
testimony to the actual worth of the services rendered.” 

The Chairman, in moving the adoption of the report, 
referred to the satisfactory financial position which the 
Association had attained, and heartily congratulated the 
members on the fact that no life had ever been lost by 
the bursting of any boiler which the Association had 
guaranteed as safe. 

The Committee’s great desire was to repeat this year 
by year. The Association was the first id seamen. in 
1854, the system of periodical boiler inspection, and it 
had been followed, not only in this country, but in many 
places abroad. It had influenced legislation, and had 
tended materially to the inclusion of the clause in the 
Factory Act which made the inspection of boilers com- 
pulsory, so that there were now very few boilers which 
were not under some system of inspection. The result 
had been greatly to uce the number of boiler explo- 
sions, and comparatively few serious accidents now 


_ occurred. These were days of competition, but the Com- 


mittee did not believe in cheap insurance, which might 
turn out in the end to be an omeuare policy. The prin- 
ciple of the Association was faithful inspection, and no 
steam-user should work a boiler unless he had it care- 
fully examined and was prepared to pay a fair and 
reasonable price for such examination. No amount of 
insurance would compensate for lives sacrificed by an 
explosion, or fully replace the poe destroyed and 
the business lost by stoppage of the works. The Com- 


mittee therefore firmly adhered to the principle of careful 
inspection for the prevention of explosions, which the 
Association had adopted so cnsueatl 

years, 


ully for fifty-seven 





In seconding the resolution, Mr. Harold Lee, Man- 
chester, paid a high tribute to the efficiency of the staff. 
He strongly advised firms who were contemplating new 
works, or the installation of new boilers, to have them 
built under the Association’s inspection. The charge for 
the service was small, and much better work was secured, 
and an article likely to last a much longer time. 

The resolution having been carried, the Committee 
were thanked for their services, and re-appointed for the 
“"Mr. HH. Smith Carington, Openshaw, proposed 

r. H. H. Smi n, » pro a 
vote of thanks to the chairman. This was seconded by 
Dr. Hopkinson, who remarked that it was said by some 
people that the Association, having now demonstrated 
and proved that systematic and competent inspection of 
boilers would practically remove all risk of explosion, had 
outlived its record. But the lesson needed to be repeated 
year by year. They all knew how inspection was apt 
to get slack, especially Government inspection. The 
inspection of insurance companies was apt to get even 
slacker, and the Association must keep before the public 
the “I~ principle of constant and competent inspec- 
tion. The resolution was carried very heartily, and the 
proceedings terminated. 

After the meeting some highly interesting experiments 
were conducted, under the charge of the chief engineer, 
Mr. Stromeyer, and his assistants, with regard to the 
fatigue tests of metals, the water-hammer action, which 


be | was the cause of steam-pipe explosions, and the “‘hogging” 


of furnaces. A considerable number of the members 
viewed these experiments with great attention and 
interest. 





NATIONAL Fire Bricapss’ Unton.—The annual camp 
of the National Fire Brigades’ Union(Incorporated) will be 
held at the Crystal Palace from August 17 to 24. Firemen 
from every part of the country will be under canvas, and 
will give demonstration drills and exhibitions of _life- 
saving daily. Additional interest in the event is being 
taken in view of the fact that the Union has now been 
inowegeeate and the certificate has been issued by the 
Board of Trade. Furthermore, the Union this year 
celebrates the twenty-fifth year of its foundation. rl 
Londesborough, K.C.V.O., the President of the Union, 
will hold a grand review and inspection of the assembled 
fire brigades after the annual camp competitions, on 
Saturday, August 24. Nocamp was held last year owing 
to the Coronation celebrations. 

CanaDIAN River PorentiaLitizs.—The Ottawa and 
its tributaries form a power district of great importance. 
Under a system of canaligation and storage the capacity 
of the river is estimated &t 1,000,000 horse-power. On 
the north Ontario has immense power resources still 
untouched. The northern rivers of the province, where 
there are only a few ver and timber mills, abound in 
falls of considerable height, rendering them of great 
value for the generation of wer when profitable 
markets can be brought within their range. The power 
stations of Niagara Falls still constitute, however, the 
most important hydraulic electric power in the world. 
Four companies with clearly-defined radii and plans, 
which, when complete, will represent an investment of 
4,500,000/., are already established upon the Canadian 
side of the Falls. These are the Canadian Niagara Power 
Company, the Ontario Power Company, the Electrical 
Development Company of Ontario, and the International 
Railway Company. The latest estimates as to the force 
available at Niagara Falls show a total of 2,765,000 horse- 

wer, and Canada’s half-share of this would be 1,382,500 

orre-power. 








Paris METRopouitaN RatLway.—The revenue of the 
Paris Metropolitan Railway last year was 2,170,720/., of 
which 1,258,760. was net profit, as compared with a net 
profit of 1,182,920/. in 1910. The ratio of the working 
expenses to the traffic receipts last year was 42.01 ve 
cent., as compared with 42.83 per cent. in 1910. The 
dividends proposed to be paid for 1911 will absorb 
246,320/. No additional rolling-stock was placed upon 
the system in 1911, but at the close of the year the com- 
pany bad 70 motor-cars and 66 trailer-cars in course of 
construction for line No. 8 and the line from the Porte 
de Saint Cloud to the Trocadero and the Opera. At the 
same date the company had also 93 old motor-cars in 
course of transformation. New ventilating bays have 
been brought into use at the Tuileries, Place de la 
Concorde, and Champs-Elysées stations on line No. 1; 
at the Place Gambetta station on line No. 3; at the 
Odéon and Rue de Vaurigard stations on line No. 4; 
and at the Place des Fetes station on line No. 7. 
Numerous lift and escalier improvements have been 
carried out, and construction workshops have been 
built near the Porte de la Villette. he length of 
line in working at the commencement of last year was 
42 miles; the average length worked for the whole of 
last year was 44} miles. The number of employees of 

es rose from 5023 at the close of 1910 to 5262 at 


all grad 
the close of 1911; gratuities to the amount of 33,419/. | sca) 


were distributed among the employees last year, in recog- 
nition of good and specially useful services. An associa- 
tion, formed with the assistance of the company, has 
nearly completed lodgings for forty-seven families, 
selected from among the company’s staff ; if this experi- 
ment is successful, it will be carried farther. The 

gate expenditure upon capital account stood, at the ao 
of last year, at 7,128,183/. ; at the close of 1910 the corre- 
sponding expenditure was 6,569,501/. The company has 
still to open the last section of line No. 7, between the 
Opera and the Palais Royal ; line No. 8, from Auteuil to 
the O via Grenelle; the line from the Porte Saint 
Cloud to the Trocadero: aud various lines comprised in 
the supplementa: y network. 





NOTES FROM THE NORTH. 
; Guascow, Wednesda 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market opened firmly, and 6500 tons of Cleve. 
d warrants were done at 53s. 10d. cash, 53s. 11d. five 
days, 54s. _ and 54s. 2d. one month, and at 54s. 7d. 
and 54s. 74d. three months. At the close sellers were 
firm at 54s. cash, 54s. 3d. one month, and 54s. 84d. three 
months. One lot of hematite also changed 4 at 
70s. 6d. cash, with buyers over. In the afternoon the 
market was quite idle, and sellers of Cleveland warrants 
uoted 53s. 1ld. cash, 54s. 2d. one month, and 54s. 74d 
three months. Hematite was firmer at 70s. 74d. buyers, 
and 70s. 104d. cash sellers, and 70s. 104d. one month 
buyers. On Friday morning Cleveland warrants were 
rather easier, and the dealings only amounted to 3500 
tons at 53s. 104d. cash, 54s. 14d. one month, and 
54s. 7d. and 54s. 74d. three months, with sellers over 
in each case. One lot of hematite was also done at 
70s. 9d. cash, with buyers over at that figure, and at 
71s. one month, and sellers at 71s. 3d. one month. At 
the afternoon session business was limited to one lot 
of Cleveland warrants at 54s. 1d. one month, and there 
were closing sellers at 53s. 10d. cash, 54s. 04d. one month 
and 54s. 6}d. three months. There werealso sellers of hema- 
tite at 71s. cash. The market was closed onWhit Monday 
and when business was resumed on Tuesday morning 
firm tone prevailed. The turnover was only 1600 tons of 
Cleveland warrants at 54s. Ojd. cash, and 54s. 1d. one 
month, and closing sellers quoted 533. 114d. cash, 54s. 24d. 
one month, and 84d. three months. The afternoon 
session was busier, and 5400 tons of Cleveland warrants 
were done at 54s. O}d. and 54s. 14d. cash, 54s. 3d. and 
54s. 4d. one month, and 54s. 94d. three months. At the 
close there were sellersat 54s. 14d. cash, 54s. 44d. one month, 
and 54s. 94d. three months. Hematite was quoted at 71s. 
cash sellers. When the market opened to-day Upp y) 
the tone was weak and dealings were confined to 5000 tons 
of Cleveland warrants at 54s. 74d. three months, with 
buyers over, and sellers at 54s. » 54s. 24d. one month, 
and 54s. 84d. three months. Cash hematite was quoted 
70s. 9d. buyers and 71s. sellers, and copper was quoted at 
75l. buyers, and 75/. 5s. sellers, three months. In the 
afternoon Cleveland warrants were quite idle, and sellers 
uoted 53s. 114d. cash, 54s. 24d. one month, and 54s. 84d. 
t a months. Hematite was unchanged at 71s. cash 
sellers. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is fairly steady, with a moderate inquiry for near 
and forward dates. The current quotation is 14/. 15s. 
per ton for prompt business, Glasgow or Leith. The 
total amount shipped from Leith Harbour last week was 
only 9 tons. 


Scotch Steel Trade: Advance in Prices.—No change is 
reported this week in “me to the demand for heavy 
material, and the various tch steel producers continue 
to be actively employed. Shipbuilders and other users 
are still pressing for delivery, and there is also a very 
satisfactory amount of shipping business going through. 
Angles are in moderately good uest. New contracts 
have not been very plentiful lately owing to the firm- 
ness of prices, and now that quotations are officially 
higher a rush of new business is not expected just at 
present. The advance in prices, amounting to 5s. per 
ton, was decided upon at a meeting of the Scotch 
Steel-Makers’ Association, held in Glasgow yesterday 
(Tuesday), and prices are now on the same level as 
those of the North-East Coast of England makers. The 
official quotations are now as follow: —Ship- plates, 
7l. 17s. 6d. per ton; angles, 7/. 10s. per ton; and boiler- 

lates, 8/, 12s. 6d. per ton—all less 5 per cent. for Clyde 

elivery or equal. Makers of black and galvanised 
sheets are still exceedingly busy, and a healthy inquiry 
sagen and while there is quite a good export demand 
or structural sections, and producers’ order-books are 
well filled, there is no great pressure for delivery at the 
moment. 


Malleable- Iron Trade.—Activity is general in the 
malleable-iron trade of the West of Scotland, and, as 
stated last week, makers are very well placed, and the 
outcome is on quite satisfactory lines. 


Scotch Pig-Iron Trade.—Scotch pig-iron makers are 
well employed at present, and good deliveries of the 
ordinary qualities are general, both on home and export 
account. With to new business, a fair amount 
has lately been transacted for local requirements, as well 
as for shipment to the Colonies and the Far Kast. The 
number of furnaces in blast last week was seventy-one, 
which is fourteen fewer than for the same period of last 
year, and is thirteen under the number in blast before 
the coal strike. Some improvement has taken place in 
inquiries for hematite, but as makers still name 75s. per 
ton as the current price, buyers are slow to fix up, and 
some good lines are at present under consideration. 
Deliveries against existing contracts are on a heavy 

e. The following are the market —_— for 
makers’ (No. 1) iron:—Clyde and Calder, 70s. 6d. ; 
herrie, Summerlee, and Langloan, 71s.; and Colt- 
ness, 86s. 6d. (all — at Glasgow); Glengarnock (at 
Ardrossan), 70s.; and Shotts (at Leith), 71s. 


Wages in the Iron Trade.—Mr. John M. MacLeod, 
C.A., Glasgow, has made the following intimation to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Scottish ufactured Iron Trade Concilia- 
tion and Arbitration Board :—“‘ In terms of the remit, I 
have examined the employers’ books for March and 
April, 1912, and I certify the average net ae, price at 
works brought out is 61. 6s. 0.04d. per ton.” is means 
no change in the wages of the workmen. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Parkgate Company's Record Year.—In spite of the 
labour troubles of last year, the state of trade and the 
management of the concern were such that the Parkgate 
Tron and Steel Company is able to show a record year’s 
business. They have found themselves in a position to 
put 30,000. to the credit of the reserve fund, and to 
reduce the debenture debt by 25,000/., as well as paying 
a dividend of 15 per cent., as compared with 10 per cent. 
for the previous year. At the recent annual meeting, 
Sir C. J. Stoddart and Mr. D. Vickers were re-elected 
directors. 

South Yorkshire Coal Trade.—Business in the local 
coal trade is pretty much the same, except that the 
demand for house coal has declined a little. There have, 
however, been no quotable price changes. The inquiry 
for hards continues to be very active, and of considerable 

roportions. Manufacturers are taking large deliveries. 
Railway contracts have not yet been definitely fixed up. 
The advances on last year’s prices are expected to vary 
between 1s. and Is. 6d. There is a good market for 
slacks, at high prices, but supplies are not quite adequate 
to meet the demand. Coke is selling well at a good 
figure. Latest "Change quotations are :—Best branch 
hand-picked, 14s. to 15s.; Barnsley best Silkstone, 
12s. 6d. to 14s.; Silkstone, 11s. 6d. to 12s.; Derbyshire 
best brights, lls. to 12s.; Derbyshire house, 9s. 6d. to 
10s. 6d.; best nuts, 9s. 6d. to 10s. 6d.; small nuts, 9s. 6d.; 
Yorkshire hards, 11s. 3d. to 12s.; Derbyshire hards, 
10s. 9d. to 11s. 9d.; rough slacks, 7s. to 83.; seconds, 
4s, 6d. to 5s. 6d.; smaller, 3s. 6d. to 4s. 6d. 


Tron and Steel.—The iron market has been slowly im- 
proving. New contracts have been placed for hematites, 
and there are a number of inquiries. Some users have 
covered themselves up to the end of the year. For early 
deliveries about 77s. is being asked in respect of East Coast 

ualities. West Coast are also at high figures, but 
there is a lot of variation in quotations. ere have 
also been better deliveries of the common irons, 
although these still come below consumers’ require- 


ments. round the raw-material market is marked 
by inflated prices, and even Swedish pig now shows 
increases. In the local steel works operations are 


being carried on at full pressure. A fair quantity of 
arrears have still to be dealt with, and new work is 
coming in from day to day. So busy are the large 
works that the majority of them confined the Whit- 
suntide holiday to Monday, a very unusual circum- 
stance. The -iron makers are exceptionally busy, 
and the supply of billets is not sufficient to meet the 
demand. & these latter very considerable price ad- 
vances have been made within the last few months. The 
railway steel works are exceedingly busy, and practically 
every department, both inthe heavy and light branches 
of local trade, is assu of continuous full working for 
some months. There is a great deal of pressure on the 
file manufacturers, which has one particularly good effect 
for them. It enables them to devote the major part of 
their attention to better paid work. The fact that one 
firm outside the district has obtained a share of the 
recent Admiralty contract for files might, under other 
conditions, have been a matter for regret, but with the 
poe quantity of work in hand makers are not troub- 
ing themselves upon this score. 





SociaL Guipg, 1912.—This ‘‘Social Guide for 1912” 
enters upon its third year of issue. It is edited by Mrs. 
Hugh p> set and Mrs. Edith A. Browne, and is published 
at the price of 2s. 6d. net by Messrs. Adam and Charles 
Black. It contains the indication of a la number of 
different functions, arra: in almanack form, and 
information on various associations, clubs, shows, charities, 
gatherings, &c., arranged alphabetically. 





TUNNEL THROUGH THE Caucasus.—The Russian Gov- 
ernment have, after consulting various — ae some from 
foreign countries, decided upon pushing the railway Vladi- 
kawkas-Tiflis right through the Caucasus. The distance is 
about 200 km. (125 miles), but the distance can at present 

cov by rail only by making a long detour north and 
south of the Caucasus chain, a journey altogether quite 
seven times as long as the actual distance as the crow 
flies. The project involves the construction of a tunnel 
25.5 km. in length, at a level of 1300 m. or 1400 m. (more 
than 4000 ft.) above sea-level. Serious difficulties, from 
water inrushes in particular, are not expected, and it is 
hoped that it will = possible to keep the temperature at 
77 deg. Fahr., though it may have to be reduced from 
104 deg. Fahr. About eight years will, it is estimated, 
be required for constructing the tunnel. 


‘“*Huneary.”—We have received a copy of a magnifi- 
cent book entitled ‘‘ Hungary,” which is edited, for the 
Royal Hungarian State Railways, by Mr. Albert Kain, 
inspector a deme railways, and is published at the 
ee of 2/. 10s., by order of the yal Hungarian 
Minister of Commerce. The book measures 144 in. by 
11} in., and contains 400 pages of historical and geogra- 
phical data on ven ge with other interestin 
information on the people, the commerce and industry o 
thecountry. It is divided in sections, dealing with the 
capital, Budapest, and with the Lowlands, Western 
Hungary, the Western Carpathians, the Central Carpa- 
thians, the North-Eastern Carpathians, and the Sea- 
board. The book is admirably illustrated, and will prove 
of value to all prospective travellers to that part of 
Europe. All those who are acquainted with the books of 
Maurus Jékai, Eétvés, and other Hungarian authors, 
will also find it most interesting. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
_ The Cleveland Iron Trade.—Holidays have this week 
interfered with business. The market re-opened to-day, 
but few traders put in an appearance on ’Change, and 
very little business, indeed, was transacted. Quotations 
for Cleveland pig iron were easy, but prospects were 
regarded as bright, and neither makers nor mer hants 
were forcing sales. A few small lots of No. 3 g.m.b. 
Cleveland pig iron changed hands at 54s. 3d. f.o.b., and 
that price was generally named, whilst No. 1 was 59s. 6d.; 
No. 4 foundry and No. 4 forge, each 53s. 9d.; and mottled 
and white iron, each 53s. 3d.—all for early delivery. 
There were some inquiries for East Coast hematite pig, 
and quotations were firm, mixed numbers being fully 71s. 
for early delivery. Foreign ore was unaltered in value, 
market rates —y beng based on 21s. 6d. ex-ship Tees for 
best Rubio, but there was little or no business passing. 
wr ng = of coke were reported to be coming to hand 
rather better, and average blast-furnace qualities were in 

the neighbourhood of 19s. delivered at Teesside works. 


Stocks and Shipments of Pig Iron.—Cleveland iron con- 
tinues to be en from the public warrant stores to 
meet current requirements. To date this month 44,733 
tons have been withdrawn, and the stock now stands at 
347,357 tons. Shipments of pig iron from the Tees are 
on a satisfactory scale. To date this month they average 
4267 tons per working day, the total despatches amount- 
ing to 98,150 tons. To the same date last month the 
total loadings were returned at 92,625 tons, or a daily 
ave of 3745 tons, and for the corresponding part of 
May last year the clearances reached 120,490 tons, or an 
average of 4815 tons per working day. 


Manufactured Iron and Stecl.—Great activity charac- 
terises all departments of the manufactured iron and 
steel industries, and some branches are so busy that they 
worked —_ through the holidays. Several firms have 
such exce 
into further contracts, and some producers are turning 
out record makes. Under these favourable conditions 
values show an upward tendency, but there are no actual 
advances to record. Principal market quotations stand :— 
Common iron bars, 7/. 15s.; best bars, 8/. 2s. 6d.; best 
best bars, 8/. 10s.; packing iron, 5/. 15s.; iron ay a 
71. 10s.; iron ship-angles, 7/, 15s.; iron ship-rivets, 8/. 10s. ; 
iron girder-plates, 7/. 5s.; iron boiler-plates, 8/. 5s.; steel 
bars (basic), 7/.; steel bars (Siemens), 7/. 15s.; steel ship- 
plates, 7/. 15s. ; steel ship-angles, 7/. 7s. 6d.; steel girder- 
plates, 8/.; steel boiler-plates, 8/. 10s.; cast-iron railway 
chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s. ; heavy steel 
rails, 6/.; steel railway sleepers, 6/. 10s.; and iron and 
steel galvanised corrugated sheets, 24-gauge, in bundles, 
12. 5s.—sheets less 4 per cent. f.o.b., railway material 
net, and all other descriptions less 24 per cent. discount. 


Ironworkers’ Wages.—The average net selling price of 
iron rails, plates, bars, and angles in the orth of 
England for the two months ending April 30 last has 
just been certified at 6/. 7s. 6.25d., as compared with 
6l. 7s. 11.23d. for the previous two months, and in accond- 
ance with sliding-scale arrangements iron-workers’ 

for June and July will be the same as prevailed during 
the preceding two months. 





TUNNELLING THE St. LawReNcE.—A Montreal deputa- 
tion recently visited Ottawa for the purpose of persuading 
the Dominion Government to guarantee bonds for a 
tunnel under the St. Lawrence. The Montreal Tunnel 
Company has been formed to take the work in hand, an 
the request made to the Dominion Government was for a 
guarantee of 44 per cent. per annum for 50 years upon 
15,000,000 dols. of bonds. It was represented by the 
deputations that the tunnel would be available for the 
use of all Canadian railways without pis rights for any 
except the Inter-Colonial. It was further represen 
that the Dominion Government now paid a heavy toll to 
the Grand Trunk Company for permission for the Inter- 
Colonial to enter Montreal over Grand Trunk lines, and 
that should the Government guarantee the bonds of the 
new Tunnel Company the Inter-Colonial Congonz would 
be given a preference, so that the amount now paid to the 
Grand Trunk would go to off-set the assistance of the 
Government to the tunnel project. 





GaRcKE MANUAL OF ELECTRICAL UNDERTAKINGS AND 
Directory or Orrictars.—The edition of this very 
bulky volume for the years 1912-13 has just pel” 
having been compiled, as usual, under the direction of 
Emile Garcke, M.I.E.E. The first volume of this publi- 
cation appeared in 1896, so that the present one is the 
sixteenth that has been published. It contains statistical 
and general information relating to about 3000 electrical 
undertakings. The k contains nearly 2000 pages in 
addition to the advertisements, and the matter is 
divided into seven sections, apart from the statistics 
and general survey, which occupy 120 pages. Of these 
Section I. is devoted to lighting, wer, and traction ; 
Section II., to telegraph and telephone matter ; Section 
III., to manufacturing and miscellaneous matter ; Sec- 
tion IV., to colonial electrical undertakings ; Section V. 
contains the names of officials, electric lighting and tram- 
ways committees, and electrical contractors ; Section VI., 
to ap brags pes and Section VII. is a buyers’ 
guide di In addition there is a large map, show- 
ing electric light, power, and traction aie in 
the United Kingdom. The book is publish by 
Electrical Press, Limited, 37 and 38, Strand, and 1, Buck- 
ingham-street, W.C., price 21s. net. 


lent order-books that they do not care to enter | P’ 





NOTES FROM THE SOUTH-WEST. 


Cardi{f.—The steam-coal trade has shown a rather more 
cheerful tone, steamers having been offering more freely 
for June loading, and in viewof inquiries for later deliveries 
colliery-owners have been declining offers which a few 
days since would have been accepted. Stocks standing 
on the sidings are, however, still heavy, and to secure an 
immediate release sellers would still be willing to make 
concessions, in some instances, if they did not anticipate 
an early reduction of the supplies which have accumu- 
lated. The best Admiralty ines steam coal has made 
17s. 9d. to 18s. perton ; secondary qualities have ranged 
between 16s. 6d. and 17s.; best bunker smalls between 10s. 
and 10s. 6d.; and cargo smalls between 8s. and 8s. 9d. per 
ton. Good household coal has made 17s. 6d. to 18s. 6d. 

ton; the best qualities have brought 19s. to 20s. 

o. 3 Rhondda large has made 16s. to 16s. 6d.; and smalls, 
12s, to 128. 6d. per ton. No. 2 Rhondda large has realised 
13s. 6d. to 14s.; and No. 2 smalls. 8s. 6d. to 9s. 6d. per 
ton. As regards iron ore, Rubio has realised % 6d. 
to 21s. per ton, upon a basis of 50 per cent. of iron, an 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Welsh Coal-Owners.—The first sod of a new pit for the 
Cambrian Combine was cut a few days ago, and Mr. 
D. A. Thomas ayailed himself of the opportunity to 
contradict a notion that the Combine had m makin 
fabulous profits. He said, instead of their realising suc 
— they bad not made half as much as they ought to 

ave done. The Britannic, the Gilfach Goch, and the 
Naval and Liwynypia Collieries had been losing concerns 
from the start. He was familiar with the accounts and 
he spoke from facts. During the last 12 years the aver- 
age dividend received by the shareholders had been only 
4 per cent. per annum. 


The Swansea Valley.—There has been a good output 
at the local collieries, saree being fully equal to the 
requirements of the neighbouring metal industries. The 
roduction at Landore has been about anaverage. Orders 
in the tin-plate trade have been fairly plentiful, notwith- 
standing foreign competition. The Staffordshire sheet- 
rolling mills at Messrs. Gilbertson’s works at Pontardawe, 
which have been idle for some weeks, are about to be 
re-8 

The *‘ Lion.”—The alterations which are to be made to 
the cruiser Lion are being pushed forward, but they 
involve so much work that it is now doubtful whether 
they can be completed by June 4, when the vessel is pro- 
posed to be commissioned for service in the first cruiser 
squadron. Additional space obtained as the result of a 
substitution of single masts for masts with tripod legs is 
being used for the improvement of the conning-tower and 
bridge. 

Portsmouth Naval Construction.—It is expected that the 
battleship which is to follow the Iron Duke, now upon a 
Portsmouth building slip, will be commenced sooner than 
had been antici lo he Iron Duke is to be launched 
in October. She is 580 ft. long by 90 ft. , and she 
will have a displacement of 25,000tons. She will be fitted 
with engines working up to 28,000 horse-power, and he 
prescribed speed is 21 knots. 


a 





‘*MASCHINENTEOHNISOHES Lexikon.”—We have re- 
ceived parts 19 to 22 of this illustrated technical 
eee in the German oe Part 22 bri the 
work to the 720th page and to the word ‘‘ mattbeizen” (pro- 
duction of clean but matt surfaces on metallic surfaces by 
omy in dilute acid solutions). It is edited by Mr. 
elix Kagerer, and issued by the Verlag vorm. R. von. 


d | Waldheim, Jos. Eberle and Co., Vienna. 





TraDE ScHOLARSHIPS FOR Bors.—In connection with 
the circular of November last on this subject it is now 
notified that the London County Council have issued the 
awards to successful candidates, some of these scholarships 


ted | being as follow :—London County Council, Beaufoy In- 


stitute: General Trade ae Tenable for three 
years with maintenance ts of 61. for the first year, 
6l. for the second year, and 15/. for the third year ; twenty 
awards. The Borough Polytechnic Institute: General 
Trade Training. Tenable for three years, with main- 
tenance Doe of 6/. for the first year, 6/. for the second 
ear, and 15/. for the third year ; twenty awards. The 
don County Council Central School of Arts and Crafts: 
Silversmithing. Tenable for three years, with mainten- 
ance grants of 6/. for the first year, 10/. for the second year, 
and 16/. for the third year; five awards. The London 
County Council, Hackney Institute: Building Trades. 
Tenable for two years in the first instance, but a few 
may be extended for a third year; the maintenance 
grants attached to the awards are 6/. for the first year, 
101. for the second year, and, if extended, 15/. for the 
third year; ten awards. The London County Council, 
Hackney Institute: Engineering. Tenable for two years 
in the first instance, buta few may be extended for a third 
year, the maintenance grants attached being, for the first 
year, 6/. ; for the second year, 10/.; and for the third 
ear, 15/.; ten awards. The London County Council, 
‘addington Technical Institute: Engineering. Tenable 
for two years, with maintenance grants of 10/. for the first 
ear and 15/. for the second year; ten awards. The 
mdon County Council School of Building: Building 
Trades. Tenable for three years, with maintenance 
grants of 6/. for the first year, 10/. for the second year, 
and 15/. forthe third year ; twenty awards. The London 
County Council School of Engineering and Navigation : 
Engineering. Tenable for two years, with maintenance 
grants of 6/. for the first year and 10/. for the second 
year ; twenty-five awards. There are also several other 
subjects not immediately connected with engineering. 
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THE COMPLETION OF THE WORKS AT COLOMBO HARBOUR, CEYLON. 
MESSRS. COODE, SON AND MATTHEWS, WESTMINSTER, ENGINEERS. 


(For Description, see Page 730.) 


























Fie. 5. View or Junction or New Arm with SoutH-West BREAKWATER. 


Mxssrs. Ruston, Proctor anp Co., Limitep.—The 
gross profit realised by this company in the financial 
year ended March, 1912, was 108,968/., reduced to 
79,8711. by the following deductions :—Depreciation of 
buildings, 3626/. ; depreciation of plant and machinery, 
14,027/. ; depreciation of office furniture, 145/. ; directors’ 
remuneration, 13002. ; and interest on debentures, 10,0007. 
Goodwill, which originally stood at 82,693/., has been 
entirely written off out of profits. Land and buildings 
stood in the books at the close of March, 1912, at 
246,453. ; this total included an outlay of 14,041/. made 
in 1911-12. Plant and machinery stood in the books at 
the close of March, 1912, at 152,237/. ; this total included 
an outlay of 84347. made in 1911-12. Loose tools stood 
in the books at the close of March, 1912, at 45,7441. 
Stock-in-trade at Lincoln and abroad stood in the books 
at the close of March, 1912, at 511,298/. The reserve and 
equalisation of dividend fund now amounts to 126,6791., 
an allocation of 25,000/. having been made to it out of the 
profits of 1911-12. 





New Criype Tursine Steamer.—The new turbine- 
steamer Queen Alexandra, launched in April by Messrs. 
William Denny and Brothers, Dumbarton, for the Turbine 
Steamers, Limited, Gl w, has now been completed 
and has begun service. he vessel is in general dimen- 
sions and design a duplicate of her predecessor of the 
same name, which was sold last year to the Canadian 
Pacific Railway Company for service on the Pacific 
Coast. The most notable improvement is in the revers- 
ing turbines. The power of these has been greatly 
increased, with the result that the boat can be stopped 
and mancuvred quite as yam! as the best paddle- 
steamer. In the reversing turbines of the first vessel 
there are six expansions, each of four rows of blades, 
whereas in the new boat there are seven expansions, 
each of six rows of blades. The full ahead speed of the 
vessel on builders’ trials was 214 knots; while the service 
speed is 19 knots, on very oney natural draught. The 
astern speed on trials was 124 knots. In the new boat 
there is a bow-rudder, wholly under the water-line and 
operated by a hand-tiller. It isestimated that the power 
of the astern turbines is 50 per cent. more than that of 
the corresponding turbines on the first vessel. On the first 
Queen Alexandra the high-pressure turbine and propeller 
were not similar in dimensions to the wing-propellers and 
turbines, whereas in the new boat the three sbafts, 
with their ahead turbines and propellers, are similar, and 
run at a uniform speed 800 revolutions on a boiler 
pressure of 1551b. The high-pressure drum is 26 in. in dia- 
meter, without the blades; each of the low-pressure rotors 























Fie. 6. LicgutHouset on Heap or New Arm. 


is 36in., and each of the reversing rotors is 29in. The turbine on the new boat has at the high-pressure end 
propellers are each 3 ft. 8 in. in diameter and 3 ft. 3 in. blades }§ in. in length, and at the low-pressure end blad«s 
in pitch. In the first vessel the high-pressure propeller | of 23 in. ; the low-pressure turbines have blades ranging 
was 4 ft. 6 in. in diameter and 4 ft. in pitch, and each of | from 1 in. in length to 5} in., while the astern turbines 
the wing propellers 4 ft. in diameter and 3 ft. 6 in. in| have blades from in. in length to 2in. All the steam 
pitch, the result being that the wing shafts had to be run | connections are led to the starting-platform, so as to be 
much faster than the centre shaft. The high-pressure always under the control of one man, 
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Fic. 2, GENERAL VIEW OF THE SHELTERED ANCHORAGE OF THE Harsour FROM THE Licurgorse T 
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Fig. 4. View or New ARM 
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& Licurgovse TowgR ON THE HEAD OF THE NEW ARM, SHOWING THE BREAKWATERS AND ENTRANCES. 
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AGENTS FOR “ ENGINEERING.” 


avsrratia : Gordon and Gotch, Limited, Melbourne ; Sydney ; bane ; 

. Perth. Turner and Sydney, N.S.W. T. Willmett and 
Co., Townsville, North Ww. Cc. by, Adelaide, 
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THE LABOUR UNREST. 


THE persistent unrestin the labour worldcan hardly 
be continued much longer without giving rise to sub- 
stantial increases in the cost of production, which 
is exceedingly likely to be translated into restricted 
sales and a consequent increase of unemployment 
In some directions the effects are already being 
felt. Manufacturing firms have even now com- 
menced to reduce capital expenditure, and the 
establishment of new industries, however promis- 
ing, is being deferred, owing to its being necessary, 
in the present condition of atfairs, that great caution 
should be exercised in the matter of installing new 
and more or less experimental plant. 

The recent discussion in the daily press of the 
causes of the unrest in question has been very far 
from illuminative. Distinguished literary men, 
heads of public schools, and eminent clerics have 
every qualification for the expression of an authori- 
tative opinion save the all essential of a first-hand 
knowledge of their subject. Their unburdenings 
are thus to be regarded chiefly as readable ‘‘copy,’ 
and not as serious contributions to a solution of 





-| the problems involved. One great difficulty with 


which men of this type labour is that they find it 
much easier to evolve their ‘‘ facts ’’ from their own 
inner consciousness than to acquire them by a 
patient and prolonged study of the actual condition 
of affairs, for which they seldom indeed have either 
the taste or the facilities. As a class, they live apart 
from, and often to no small degree dislike, the men 
of real executive ability who find the markets on 
which our factories depend, and who have the 
courage to finance the speculations on which the 
advance of civilisation ultimately rests. Few, 


3| indeed, realise the enormous outlay yearly made by 


progressive firms in trying to make operative pro- 
mising inventions, of which but a very small 
fraction yield any return for the large sums 
expended in the attempt to develop them. 

ing out of touch with our captains of industry, 
our would-be guides of the class to which we refer 


*! acquire what little information they have from 


the so-called labour leaders—men who, as a rule, 
have the gift of eloquence with all its advantages 
and drawbacks. It would probably be no exaggera- 
tion to say that a really eloquent man is constitu- 
tionally incapable of viewing matters, in which he 
is interested, by the cold dry light of reason, but 
must do so by the glow of his emotions. This 
often leads him to make statements which, though 
readily accepted by our self-constituted mentors, 
are far from accurate presentations of the truth. 


55|Mr. G. N. Barnes, M.P., for example, is highly 


and deservedly respected even by his opponents, 





but when he comes to write on labour matters he is 


often betrayed into statements wholly at variance 
with the actual facts. In a recent essay, for 
instance, published in the Daily Mail, he compares 
the conditions of twenty years ago with those of to- 
day in the following ai —_ 

‘* Twenty years ago men used to work fairly com- 
fortably, at all events, as compared with to-day. 
There was time to finish a job properly, and if a 
man happened to be in a trade or calling for which 
he had a natural aptitude and liking, he was happy 
in, because interested in, his work. The old-time 
system of payment by the hour or the week has 
been supplanted to a large extent by insidious 
schemes of bonus and piecework, and by other 
devices whereby man is pitted against man in the 
infernal struggle to turn out quantity at the 
“or of quality.” 

e suggestion here advanced that the quality of 
work has deteriorated during the past twenty years 
is, of course, utterly opposed to facts, at least 
so far as the engineering trades are concerned, of 
which alone, we take it, Mr. Barnes would claim to 
have first-hand knowledge. Whether the best 
work of to-day is compared with the best of the 
past, or average commercial work against average 
commercial work, no competent authority can deny 
that the quality has continuously improved. To 
take work of the highest class, for example, the now 
well-known Swedish gauges are enormously superior 
in accuracy to the gauges procurable twenty years 
ago. Again, at that date the shafting and journals in 
commercial machines were frequently never either 
really round or straight, whilst to-day in quite cheap 
machines it is common to find shafts and spindles 
practically dead true. In fact, the most marked 
feature of mechanical development in the t 
twenty years has been the introduction of high- 
speed machinery. With an old beam engine 
making eight to twelve strokes per minute, it 
mattered little whether a pin was or was not ;) in. 
oval; but the journal of a turbine rotor running 
at 3000 revolutions per minute must be practically 

rfect in workmanship if disaster is to be avoided. 
Mr. Barnes’s suggestion that quality has deterio- 
rated is, indeed, merely another instance of how 
difficult it is for an enthusiast to prevent his beliefs 
being coloured by his volition. 

When such erroneous views are expressed on 
mere matters of fact, which should be well within 
the speaker’s cognizance, it is difticult to know 
what importance is to be attached to his pro- 
nouncements upon the causes of industrial unrest. 
Mr. Barnes should know something on this sub- 
ject, but the fact that he wholly misstates actualities 
on a point as to which he should also have special 
knowledge makes it difticult to decide if in his other 
remarks he is representing the opinion of the 
average workman or merely the personal view of a 
somewhat exceptional man. 

Broadly stated, Mr. Barnes remarks that ‘‘ work- 
men can now see that they themselves can do for 
themselves all those things by which money makes 
money.” This appears to be the view of the 
Syndicalists, and comes, no doubt, from a belief 
that the ability of those now charged with the 
direction of affairs is no greater than that of their 
workmen. If this be really true, the condition can 
only be considered as little short of the miraculous. 
For centuries past the middle classes have been 
recruited from below by workmen having more than 
the average ability, and the process is still con- 
tinuing. The labour leaders themselves must, in 
fact, be considered as having raised themselves into 
the middle classes, and this they have accomplished 
entirely by their mental powers, and not through 
their manual dexterity. I[f this constant supply of 
ability from below, which has, of course, been 
accompanied by a corresponding falling back into 
the ranks of the hand-workers of the less able of 
middle-class birth, has not tended to raise the 
intelligence of the classes in question above the 
average, there can be no truth in the doctrine of 
heredity. The failure to comprehend that work 
of a non-manual character may be really hard is 
indeed old and persistent. It was quite an intel- 
ligent Chartist who declared that he would like to 
see the book of which he could not master the 
contents in six weeks. 

Whilst Mr. Barnes contends that the workmen are 
fully capable of managing the business of the coun- 
try, it would seem that this view is held merely as 
@ pious opinion, and not as a firm conviction worthy 
of being backed financially. The trade unions 
have consistently, and, we believe, wisely, refused 
to start factories of their own. Such would in most 
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trades be almost certainly foredoomed to failure, 
unless they received from the State preferential 
treatment, as is done in France in the case of a 
number of the workmen’s associations. Co-operative 
manufacturing has, of course, had a certain success 
even here, but such societies have been worked on 
capitalistic lines. In the best of them labour is not 
better treated than it is by the best private em- 
ployers. All attempts to run industries on more 
advanced lines than this have failed. It should 
further be remarked that, so far, neither here nor 
abroad has any co-operative society contributed any 
important improvement in manufacturing processes, 
and the same may be said of Government and 
State factories in general. The State-controlled 
porcelain factories on the Continent accomplished 
much less for the advancement of the potter’s 
art than did Josiah Wedgwood, and we believe this 
disability is inherent in every communal system of 
manufacture, which must ever remain parasitic on 
outside sources for really important improvements. 

In another passage Mr. nes demands that a 
decent wage for labour must be a first charge on 
industry. ‘‘ Some industries on the margin might 
gounder. Better they should than labour should 
be starved.” This, of course, sounds well, but it 
is ‘questionable as to how far the proposition 
advanced will stand critical examination. If it were 
merely a question of a choice between the dis- 
appearance of an industry and the starvation of 
labour, we should all hope for the former alternative; 
but the matter is not so simple. The disappear- 
ance of an industry seems much more likely to 
lead to starvation of those employed in it than 
its continuance, even if the rate of wages paid be 
relatively low. Again, as to decent wages being 
a first charge on industry, the practicability of this 
depends wholly on the meaning to be attached to 
the word ‘‘decent.” It is, of course, a truism that 
the industries of the country as a whole must fur- 
nish the means of living to the masses of the popu- 
lation, and cannot be carried on permanently on 
any other condition. In this sense, therefore, wages 
are a first charge on industry. On the other hand, 
the permanent prosperity of our manufacturing 
establishments is dependent on securing supplies 
of new capital on reasonable terms, and t-his will 
not be forthcoming unless a reasonable prospect of 
profit is offered. 'o this extent, therefore, capital 
is necessarily a first charge on the undertaking, 
and is bound to remain so. A most instructive 
diagram, which has a bearing on this question, was 
given by Professor Dalby in his address to Section G 
of the British Association in 1910. He showed 
that the maintenance of the efficiency of our railways 
had required a continuous increase of capital expen- 
diture. Such capital will not be forthcoming unless it 
has promise of a reasonable return. There are, unfor- 
tunately, many establishments already in the country 
in which, in actual fact, wages have for some years 
past constituted a first charge on the undertaking, 
the shareholders having for long periods received no 
dividends. Few, we fancy, will admit that this con- 
dition of affairs can be permanent. It is impossible 
for such firms to raise money for necessary improve- 
ments, or to carry out costly experimental work, 
whatever its promise of ultimate benefit. With 
obsolete plant, which they have not the means of 
replacing, such firms have to compete against 
better equipped rivals, who, | the very fact that 
their capital receives a reasonable return, are able 
to, and in many cases do, treat their employees 
with special consideration. 








THE ARTESIAN WATERS OF NEW 
SOUTH WALES. 


In an article in our last volume* we dealt with 
the general subject of the artesian water supply in 
Australia, and with the theories advanced to 
account for the diminution of the supply which has 
been noticed in certain districts. This subject, 
already noticed in previous reports, is reverted to 
by Mr. L. A. B. Wade. chief engineer of the 
Irrigation and Drainage Branch of the Public 
Works Department of New South Wales, in the 
record of that department for the year ending in 
June, 1911. It is reported that an all-round dimi- 
nution of flow has been noticed in the New South 
Wales area, but that it has been most marked in 
the Coonamble district, and in some bores near the 
intake beds. It is eoncluded that in the so called 


* See ENGINEERING, Vol. xcii., page 738. 





corrosion zone of the Coonamble district, in which 
the water has a very deleterious effect on the bore- 
casing, the falling-off is largely due to the destruc- 
tion of the casing, and to the escape of the water 
into dry strata, due partly to this, and partly, at 
least, to at py an work. There is, how- 
ever, apparently a general loss of hydraulic head. 

The corrosion of the casings in the Coonamble 
district is rather remarkable. In this district 
casings of mild steel have had to be replaced, in 
some cases, within nine months, and naturally 
conditions resulting in such serious effects as these 
are receiving a considerable amount of attention. 
Mild-steel casings have been replaced by specially 
manufactured soft wrought iron. Casings made of 
Krupp and American ingot iron have also been 
tried, but without success, and attempts are being 
made in Great Britain, Europe, and America to 
obtain something that will stand better. The 
Mannesmann Tube Company has suggested a lead- 
lined casing, but as any such protective coating on 
the interior of the casing tube would quickl 
become destroyed in the drilling operations, ok 
an expedient would be useful only asa liner to be 
placed inside the casing proper. This, however, 
would not prove entirely satisfactory, as the casing 
would still be free to corrode, and water would 
escape at the higher levels outside the lining. There 
is, moreover, some apprehension that there might 
be danger in using, for drinking purposes, water 
which had passed through long leads of lead-lined 
casing. It is understood that 5000 ft. of another 
special type of casing have been obtained from the 
Mannesmann Tube Company, and this is to be 
tested, but it is not stated in the report what its 
characteristics are. The discovery of somethin 
suitable is of great importance. Iron and stee 
have proved useless, and gun-metal is too expen- 
sive. The feasibility of using iron coated with 
cement is being considered. Sinking with a casing 
prepared in this way would, however, not be 
practicable, and it would only be possible to bore 
with an ordinary casing and then insert the pre- 
pared casing inside, or to withdraw the unlined 
casing when the other was put down. It is con- 
sidered that something of this kind may shortly 
afford satisfaction. 

Some 483 bores have been sunk in the artesian 
district of New South Wales, and the majority have 
been successful. The report records about forty-two 
failures. In the sinking of the Government bores, 
in only three cases is it reported that no water was 
struck. In most of the other instances of failure 
either brackish or salt water was obtained, there 
being in one case a flow of 5000 gallons per diem of 
salt water. The aggregate depth of the bores sunk 
is 780,091 ft., and the flow of water obtained is 
estimated at 111,261,600 gallons per diem. The 
majority are flowing bores, though in about seventy 
cases pumping is resorted to. The output of these 
bores is not completely included in the estimate just 
given. An area of about 5 million acres is thus 
supplied with sufficient water for stock purposes, 
with the result that the market value of land in the 
district has been enhanced by quite 10s. per acre, 
while the country may now be safely and per- 
manently settled. 

The district in which the water has such a bad 
effect on the well-casing contains about 100 bores 
out of the 440 successful wells in the artesian area 
in the State. The water in this district is not 
found to contain an exceptional amount of solid 
matter; in fact, compared with other bores the 
amount is moderate. The bores showing most 
corrosion only contain from 20 to 30 grains of solids 
pergallon. In this district, however, a larger number 
of the bores than elsewhere show the presence of 
sulphates, and also show them, moreover, at 
a less depth than is common in other districts, 
pointing, it is surmised, to different sources of 
supply. Dr. C. E. Fawsitt, Professor of Chemistry, 
of Sydney University, reports, in connection with 
these waters :—‘‘ It might be supposed that sul- 
phates were formed by oxidation from sulphuretted 
hydrogen or other corrosive compounds of sulphur. 
There is, however,” he states, ‘‘ no indication of 
these in any of the bore waters supplied to me.” 
It may be remarked that Mr. Hamlet, the Govern- 
ment analyst, several years ago subjected the water 
of a number of the bores to tests, and was unable 
to obtain any reaction showing the presence of sul- 
phuretted hydrogen or free sulphuric acid. Further 
tests made by Dr. Fawsitt do not reveal any 
characteristic to which this corrosive action could 
be traced. Comparative tests for loss of weight 





made with bore water and distilled water on steel 
showed very little difference between their effect 
either when the water was still or stirred. At pre- 
sent the only conclusions suggested by Dr. Fawsitt 
are that the corrosion may be due to undissolved 
gases coming up with the water and passing off on 
reaching the atmosphere, or to the fact that though 
practically non-corrosive at atmospheric pressure, 
the water may be so under the conditions obtaining 
in the bore. 





CONCRETE AND MORTAR. 


Tue literature of cement and of many of its appli- 
cations is voluminous, but there are several points 
in connection with the everyday uses of cement, in 
addition to the question of sand, in regard to which 
the general knowledge is not very definite. At 
least the results of experience in these particulars 
do not appear to have been collected and placed 
readily at the disposal of the engineering profes- 
sion. Again, the experience of different people has 
sometimes been at variance, and as yet the matters 
we propose to touch on have not been, as far as we 
know, sufticiently investigated, and the information 
collated and analysed. 

It is not possible to treat at all exhaustively of 
the subject within the limits of an article, and it is 
only proposed to adduce a few practical considera- 
tions which arise from time to time in the execu- 
tion of works. A short treatise or compilation of 
notes for practical guidance on these matters, 
issued authoritatively, would be of immense assist- 
ance. Possibly the Engineering Standards Com- 
mittee might extend its labours and issue such a 
publication. Not only has this Committee a vast 
store of information and first-hand experience to 
draw upon by virtue of its composition, but it is 
in a position to obtain, consider, and proceed to 
judgment, at the least to a qualified judgment, on 
the accumulated but scattered and unearthed ex- 
perience which has been amassed. 

The effect of oil, or substances containing oil, on 
cement suggests one ‘‘ line of country ” about which 
definite information seems to be lacking. Some 
may think such a question a minor matter, but 
it is just such matters which often assume import- 
ance in the practical execution of work, and are 
a source of trouble and uncertainty to resident 
engineers. The effect of oil is generally held to be 
prejudicial, and numerous cases can no doubt be 
cited in support of the contention. In the case of 
concrete engine-beds trouble has been encountered 
where effectual precautions have not been taken to 
prevent the access of oil to the concrete or mortar 
upon which the bed-plate was set. A case of 
this description was referred to by Mr. Michael 
Longridge in his last annual report. We have in 
mind the effect the presence of oil in sand had on 
cement-mortar made therewith. The sand looked a 
good sharp sample, but was taken from a spoil-bank 
at a disused mine, where a certain process of extrac- 
tion had been practised in which the crushed ore was 
mixed with petroleum. The mortar was not satis- 
factory and did not set properly. The setting was 
irregular ; where exposed to the air it set more or 
less, but inside it never seemed to set thoroughly. 
On the other hand, Colonel Symons, of the Advisory 
Board of Consulting Engineers to the New York 
State Barge Canal, lately referred to the advantage 
of oil-mixed concrete where yp arg concrete 
was required. It appears that about 10 per cent. 
of oil to cement by weight was added in the mixing, 
and a concrete of great density and imperviousness 
obtained. To render concrete impervious is often 
a difficulty, but there are several prescriptions 
which are said to achieve this end. We do not 
refer to the selection, grading, or mixing of the 
materials, &c., which, if properly attended to, will 
produce water-tight concrete, but to the additions 
of foreign matters to the water used in mixing 
which have been reported to be beneficial. As 
instances, and no doubt there may be others, the 
use of soap solutions instead of water only, or the 
application of coatings of alum boiled with a soap 
solution to the surface of the concrete, may be 
quoted. What really is the value of such expedients, 
and the proper solution to use ’ . 

Then, again, with regard to the addition of lime, 
cement, and sand. What is the effect upon the 
mortar, and is any advantage to be gained by 
adopting this material, and under what circum- 
stances is it advantageous to combine cement and 
lime in mixing mortar? We think few — 
would be prepared to express any very ecided 
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opinion in favour of this course, but we can recall 
cases in which it was satisfactorily adopted. 

Specifications universally lay down that cement- 
mortar must be used when freshly mixed. This is, 
without doubt, a proper requirement. At the 
same time, everybody knows how often it happens 
that the dinner-hour falls when a good heap of 
mortar ready mixed is lying onthe board. The men 
knock off for dinner, and, as a rule, if the clerk-of- 
works does not chance to come round at the oppor- 
tune moment, the mortar so left will be turned over, 
a little water added, and possibly a shovelful of 
cement, and then be built intothe work. It is within 
the knowledge of every practical man that mortar 
which has been already mixed is often used in this 
way after standing for perhaps an hour or so, or even 
longer. However anxious contractors and all con- 
cerned may be to ensure that nothing but freshly- 
mixed mortar shall be used, it will be found generally 
on extensive public works that nothing short of 
keeping an inspector always on the spot will prevent 
the bricklayers or masons, as the case may be, from 
mixing up just before the dinner hour more mortar 
than can be built in before the interval. 

The important question really is, To what extent 
is it safe to use cement-mortar which has been left 
as above described? What is permissible in this 
respect depends primarily on the length of time 
that elapses between mixing up the mortar and 
building it in. It must be remembered that not 
infrequently on works both mortar and concrete 
are transported certain distances after mixing 
before being placed in situ. On the general proposi- 
tion, engineering instinct and usually comatell theory 
will say that the mortar should be used quite freshly 
mixed. This is, no doubt, correct in the main, and 
if work is in hand where extreme care and a high 
degree of excellence is required, it will be worth while 
to arrange for very extensive, if not continuous, 
supervision. In the ordinary work of construction, 
under ordinary conditions, the continuous presence 
of a clerk-of-works at every point is not usually 
provided for, nor is it normally necessary, when the 
work is in the hands of reliable and reputable 
persons. After all, when engineers as well as other 
people talk and enunciate theories and perfection of 
practice, arrangements and facilities are apt to be 
assumed which, as practical men, they must know 
do not usually pertain to everyday work under the 
normal conditions here considered. We do not 
desire to express an opinion as to whether, under 
no circumstances, cement-mortar which has been 
standing ready mixed should be permitted to be 
used. We only point out that it frequently is used 
as mentioned above, owing to the intervention of 
the dinner hour or some other cause, and that as a 
rule, as far as we are aware, nothing untoward 
results. Of course, if such mortar were used on a 
large scale, the matter would naturally assume 
greater importance. 

A few years ago a paper was read before the 
Institution of Civil Engineers on the construction 
of the New York Rapid Transit Subway, in which 
the author, Mr. W. B. Parsons, referred to experi- 
ments on the retempering of cement mortar. The 
mortar was remixed after having stood for some 
considerable time, and the results tended to show 
that the cement was uninjured by retempering. 
We do not remember that the question has been 
further investigated, or, at any rate, that any more 
information has been published. It ap to be 
one upon which further experiments might well be 
carried out, and the results criticised by competent 
authorities. 

In frosty weather building operations are fre- 
quently suspended. This is necessary if the weather 
be at all severe. Still, there may be situations, 
more or less protected, where work can be proceeded 
with to a limited extent. The effect of frost on 
cement-mortar or concrete, when the frost is a 
light one, is sometimes found to be very variable, 
depending, no doubt, upon many causes and con- 
ditions, often small in themselves. How soon it is 
necessary to cease work is a matter to be settled 
on the ground, as arule ; but when it is particularly 
desired to complete a piece of work, certain expe- 
dients, such as mixing with hot water, mixing sugar 
with the mortar, &., have been tried. A few 
such small matters as these might well be looked 
into, and a note on the subject would prove of value 
to practical men. In frosty weather care is neces- 
sary to see that sand or gravel, &c., with the frost 
still in it is not mixed up for concrete or mortar. 
No doubt, many individuals have plenty of experi- 
ence of the effects of frost on cement ; and experi- 





ments have been made with a view of ascertaini 
facts. But there is a lack of recorded facts an 
data, as far as we are aware, available readily for 
all who desire information from definite and 
reliable sources. Experiments were referred to in 
the Proceedings of the American Society of Civil 
Engineers for 1909, to which there is a reference 
in the Proceedings of the Institution of Civil 
Engineers, vol. clxxvii. The experimenters, it 
appears, came to the conclusion that frost falling 
on cement-mortar within twenty-four hours was 
injurious, but that in twenty-eight days’ time the 
mortar regained its strength, and that mixing with 
hot water caused permanent injury. 

We will not pursue the effect of frost further, 
except again to point out that further investigation 
would be worth while A desideratum nowadays 
for civil engineers is to know where to look for 
information, and that the information shall be in 
such a form as to be useful. 





WEST RIDING RIVERS AND TRADE 
EFFLUENTS.—No. IV. 

Ochre Water.—‘*‘Many of the streams of the 
West Riding are grossly polluted by natural 
mineral water that is locally called by this name. 
This is water containing iron and acid. It is 
drained from coal or ganister mines, end discharged 
into streams ‘in the same condition as that in 
which it has been drained or raised from such 
mines ;’ and therefore no offence against the 1876 
Act is committed, however great may be the pollu- 
tion of the stream. This ochre water is most 
injurious to boilers, condensers, &c. It eats away 
iron plates, and no fish can live in the streams 
which are polluted by it.” 

Thus runs Mr. Atter’s statement. The Chairman 
of the Royal Commission on the Disposal of Sewage 
assumed that the difficulty had been tried by the 
Courts. Mr. Atter, however, did not think that 
it had been carried as far as a judicial decision. 
The West Riding Rivers Board had been always 
advised that the discharge of natural water did not 
come within their jurisdiction. The Act of 1876 
is clear (see Section 5), and forbids the discharge, 
inter alia, of ‘‘any poisonous, noxious, or pollut- 
ing solid or liquid matter proceeding from any 
mine, other than water in the same condition as 
that in which it has been drained or raised from 
such mine,” and the same proviso stands in 
Section 22 of the West Riding of Yorkshire Rivers 
Act. The Commission was curious to discover the 
genesis of so important an exception in the inte- 
rest of the great coal-mining interest which, while 
realising so much wealth, has done such injury to 
the natural scenery of the north country and the 
Midlands. A question was put by the secretary, 
Mr. Willis, as to whether it was based on the 1868 
Commission report. This was not a very happy 
surmise, as the gravity of the mining influence on 
pollutions was sharply accentuated by Rawlinson 
and his colleagues and successors of that period of 
inquiry into the rights of rivers. 

In the Fifth Report of the Rivers Pollution 
Commission, published in 1874, and embracin 
‘** Pollution arising from Mining Operations,” 
Messrs. Frankland and Morton recommended in 
their standards the exclusion of: ‘‘(c) Any liquid 
which shall exhibit by daylight a distinct colour 
when a stratum of it 1 in. deep is placed in a white 
porcelain or earthenware vessel.” Under standards 
(e) and (f) also, ochre water would be ‘‘ deemed 
polluting and inadmissible to any stream.” 

From complaints received from users of water, 
and from the reports of their inspector, Dr. Wilson, 
the Rivers Board had good reason to believe that 
this acid water delivered from mines into streams 
was the cause of considerable injury. The prac- 
ticability of neutralising this acid was a question 
the Rivers Board had not decided, and no suggestion 
on that point was now put before the Commission. 
Prior consideration by the Commission and new 
legislation would be required to determine how to 
reconcile the conflicting interests of the sanitary 
authority, the coal-owners, and others responsible, 
and, we may add, the riparian traders below who 
use the water, and the riparian owners and occupiers 
whose cattle drink it below the point of the acid 
discharge. The difficulty, Mr. Atter said, was 
a rly acute in the case of abandoned mines, 

om which the injurious drainage flows perennially 
by gravitation from adits, or ‘‘day-holes,” and, as 
there is no one to profit from the old workings, 
there is no one to meet the cost of treatment. 





No formal opposition was raised on this ochre 
water question ; but Mr. Percy Greaves, mining 
engineer, gave some useful evidence in respect of 
an extremely bad sample of the liquid, together 
with an analysis which yielded the following 
astonishing results :— 


Grains 
per Gallon. 

Insoluble matter .. ; 24 7.66 
Peroxide of iron .. re 70.70 
Lime... : ; a ‘ 38.44 
Magnesia ... ee — 17.24 
Sulphuric acid... : ; 140.00 
Chlorine J 6.30 
Alkalies : : ; * 87.12 

Total solid residue... 397.46 


Few things would seem to be more unnatural 
than this curious natural blend of acids, alkalies, 
metals, &c. Mr. Greaves stated that no less than 
2511 tons of this water issued daily from a small 
out-crop coal-mine on the Don, of which 1161 tons 
were pumped, and the rest flowed by gravitation. 
The mine had a coal output of only 50 tons daily ; 
so that for every ton of coal won, 50 tons of the 
liquid were discharged. To impose any legislation, 
he said, calling upon the colliery company to treat 
this water, would have the effect of closing this 
working down, and even then the pollution would 
not stop, because the water would rise and gravi- 
tate from the mine; not, it may be supposed, 
to an equal amount, but probably in a quantity 
something greater than the volume which naturally 
flowed from the adit. This, he admitted, was an 
extreme case; indeed, he was bound to admit it was 
the worst he knew, but he knew of many collieries 
that pumped from 5 to 10 tons of water per ton of 
coal raised. In some cases the water was harmless, 
while in the new pits, sunk to the lower and deeper 
seams, the Anvar# was not likely to be met with. 
Perhaps the most curious fact connected with this 
matter of mining pollution, is that the extraordi- 
nary mixture is used by the cottagers close by for 
the purpose of making tea in preference to the 
town’s water, which is Seid on. 

It was stated that various experiments had been 
made to increase the life of the pumps which had 
to lift this water. These corroded so badly as to 
be useless in a few years, but so far no remedy at 
reasonable cost had been found. On the whole, 
said Mr. Greaves, there were far more good waters 
than bad, an opinion somewhat reassuring in regard 
to the provision, at a reasonable cost, of the means 
of purification. Even in connection with this 
gpg difficult problem, it is quite probable 
that the harm inflicted on the various interests, 
owning these little outcrop coal-mines lying in 
proximity with ironstone bands, by the prohibition 
of this pollution would be more than compen- 
sated by the resultant good. Sheffield, for instance, 
lies but a few miles below the discharge from the 
very mine cited above, and below a large number 
of other similar discharges of a modified character 
from mines working and mines abandoned. The 
water of the Don is coloured from near its sources by 
the addition of ochre water, and flows through the 
great city with a perennially opaque brownish yellow 
colour. It is of a quality destructive to boilers, con- 
densers, pumps, &c., thus depriving the important 
and diverse industries of Sheffield of a large 
measure of the usefulness of their own river, and 
for this stream, naturally of excellent quality, 
water impounded above the pollution, at a very 
large expense to the town, has to be substituted. 
The gravity of the injury thus inflicted has been 
conspicuously emphasised by the fact that when 
Sheflield carried out its last large water scheme on 
the Little Don—the chief upper affluent of the 
Don—a culvert had to be constructed 44 miles long, 
through private lands, from near Langsett to below 
the great Stocksbridge Iron Works, for the sole 
purpose of intercepting and deflecting six or more 
pit drains and springs of this ochre water from the 
new Underbank Reservoir, the lower of the two 
reservoirs comprising the storage provided in that 
scheme, The outlet of this culvert into the river is 
just below the intake of the Stocksbridge works—a 
position which the owners of these works doubtless 
recommended. The existence of this intercepting 
drain would facilitate the treatment at a single 
point below Stocksbridge of almost all the foul 
water flowing from the old adits and shafts into this 
important affluent of the Don. Some treatment of 
this kind of so large a flow, combined with the 
present continuous supply of some five million 
gallons of pure compensation water sent down 
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into the Little Don by Sheffield daily, would greatly 
benefit the Don below ; a benefit in which all users 
of the stream would share. The town consumption 
for trade purposes would doubtless be reduced, and 
the profits on water supply would, of course, fall. 
But if the Sheffield industries and those of the 
towns below it, Rotherham, Doncaster, &c., con- 
tinue to advance for a few decades at their present 
pace, all the water resources within their own basin 
will be taxed to the utmost. The complete utilisa- 
tion of the River Don by purification will therefore 
probably be the next phase of the Sheffield district 
water supply, and it will certainly be by far the 
least amar. Thus, if strenuous action on the part 
of the Rivers Board, backed, as it must be, by 
Parliament, were successful in this field of their 
work, a great service would be rendered to the 
whole of this large industrial valley, the lowest 
town of which—Doncaster—is now rapidly becom- 
ing the centre of the expanding coalfield of West 
Yorkshire. It may here be stated that the strata 
from which this ochre water issues are chiefly those 
at the base of the great coal-measures, the outcrops 
of the lowest seams oceurring on a surface sloping 
more or less steeply. They are largely impregnated 
with ferruginous deposit. 

The précis of Mr. Thomas Munro, solicitor and 
county clerk of Lanarkshire, given on pages 16 
and 17 of this Seventh Report of the Commission, 
vol. iii., is also worth notice. In this, among sug- 
gested amendments of the law as regards pollution, 
he urges as worthy of consideration whether, in 
connection with this question of the exemption of 
mining waters, some modification be not advisable. 
He says: ‘‘If it applies only to a natural outflow 
of the water, one could appreciate it ; but when 
artificial means are required to release the water, 
or divert its flow, and when in that process it is 
possible that contamination takes place, the case 
seems altered.” 

A further damage is the destruction of fish. No 
trout or salmon can live in a stream seriously 
polluted by ochre water. This, together with the 
unnatural colour imparted to the water, is a real 
injury to the amenities of the streams, into which 
any considerable portion of these outcrop coal- 
workings drain. It is curious that the evidence 
from the Mersey and Irwell Board contains no 
reference to this polluting influence. If we appraise 
the value of these poor, thin seams of coal, which 
appear as outcrops at or near the heads of the dales 
of the West Riding, against the injury their working 
has caused to the rivers, the conclusion is fore 
upon us that, had they been left unworked, in a 
large number of cases the industrial and agricultural 
interests of the county, as well as the amenities 
of a very beautiful district, would have benefited 
in a much greater measure than have those of the 
mine and mineral owners. 








NOTES. 
Germany's Naval ProGRAMME, 

Tue German programme of construction, accord- 
ing to the naval scheme for 1913 to 1917, is as 
follows :—For 1913, three large armoured ships ; 
one additional, one replacing the Ersatz Woerth, 
and one armoured cruiser replacing the Hertha. 
For 1914, one armoured ship to replace the Ersatz 
Kaiser Friedrich II.; one armoured cruiser to re- 
place the Viktoria Luise. For 1915, one armoured 
ship to replace the Ersatz Kaiser Wilhelm II., one 
armoured cruiser replacing the Freya. For 1916, 
onesecond-classarmoured shipadded ; one armoured 
ship in replacement of the Ersatz Kaiser Wilhelm 
der Grosse, and one armoured cruiser replacing 
the Hansa. For 1917, one armoured ship replacing 
the Ersatz Kaiser Barbarossa, and one armoured 
cruiser replacing the Vineta. It will thus be seen 
that in the next five years, including this year’s 
additional ship, there is the intention to lay down 
three additional ships, which will require six addi- 
tional ships for the British Navy. It should be 
noted, too, that several of the new ships are so 
much greater in power than those they are to 
replace that it may be necessary to adopt some 
supplementary arrangement to augment our fleet 
of capital ships. 

Tests oF A Peat-Power InstaLLation. 


A 300-horse-power installation consisting of a 


peat-gas producer and a gas-engine, both built b 
the Garlitzer Maschinenbauanstalt, was installed 


in the East German Exhibition held at Posen in 
the summer of 1911. 


This installation was tested 





on two days last year by Professor H. Baer, 
in conjunction with Professor Blochmann, with 
the noteworthy result that the installation was 
found to rank, as regards fuel consumption, 
with the least expensive power sources, German 
fuel prices presumed. The peat consumption 
per kilowatt-hour at the switchboard was about 
2kg. In taking a few particulars of the tests 
from our contemporary, the Zeitschrift des Vereines 
Deutscher Ingeniewre of April 6, we would point 
out at once that the dry summer of last year 
appears to have contributed to the success of 
the installation. For the analysis of the peat 
yielded 41.65 per cent. of carbon, 4.1 of hydrogen, 
26.35 of oxygen, 4.1 of ashes, and only 23.8 per 
cent. of water; this is a low percentage of 
moisture. It is, however, stated that the gas- 
producer is well designed with respect to secur- 
ing sufticient preheating of the air and pre- 
venting losses by radiation, the jacket through 
which part of the air passes keeping only hand- 
warm throughout the tests. The gas was drawn 
by an exhauster through a scrubber and sawdust 
before it entered the engine, which is a double- 
acting one-cylinder four-cycle machine ; the cylin- 
der diameter is 650 mm.; the stroke, 750 mm.; the 
piston-rod, which has a diameter of 170mm., and 
the piston are water-cooled ; the inlet and exhaust- 
valves on the same side of the cylinder are con- 
trolled by the same eccentric. The speed was about 
150 revolutions, and the tests were made at full 
load and at half-load ; the load consisted of the 
dynamo generating the current for the fountain 
lamps. The mean heating value of the peat was 
determined to be 3940 calories per kilogramme 
(or about 7100 B.T.U. per lb.) ; that of the resulting 
gas was found, in a Junkers calorimeter, to be 
from 1003 to 1098 calories per cubic metre 
(roughly 120 B.T.U. per cub. ft.), calculated for 
15 deg. Cent. and atmospheric pressure. The 
gas contained 1.74 per cent. of methane, 0.15 
per cent. of heavy hydrocarbons, 17 per cent. 
of hydrogen, 1.3 per cent. of oxygen, 12.8 
per cent. of carbon-monoxide, 14 per cent. of 
carbon-dioxide, and 53 per cent. of nitrogen. The 
agreement between the determined and the calcu- 
lated calorific value was not quite satisfactory, too 
much oxygen and carbon-dioxide being found, and 
some air must have entered the pipe system between 
the producer and the engine ; this supposition was 
confirmed when the installation was dismantled 
after the tests. This circumstance would lower the 


ed | efficiency of the power-unit, and the results obtained 


are all the more promising. 


SwepisH TeLerHone ENTERPRISE. 


It is a well-known fact that Sweden holds a 
singularly prominent position in all matters con- 
nected with the telephone, both as regards its manu- 
facture and the unique popularity it has acquired. 
It is interesting to see how, for instance, the State 
telephones have left the State telegraphs hopelessly 
behind as regards revenue, the respective figures in 
the Budget for 1913 being calculated at 770,000I. 
for the telephones and 118,000l. for the telegraphs, 
which, with other revenues of 66001., make up a 
total of 894,600/. The expenditure is edutel at 
647,880/., which thus leaves profits of 247,600/. The 
programme for next year comprises the building of 
a number of new stations, and for further extensions 
of the system a grant of 222,0001. is asked for, and 
is fully justified, it would seem, by the increase in 
the number of telephone conversations. In the 
year 1902 there were 5,735,016 conversation periods, 
with special fees yielding 96,000/., whilst during 
1911 the number of conversation periods subject 
to special fees had risen to 20,650,000, yielding a 
revenue of 338,0001. A sum of 69,0001. is to be 
applied to interurban lines. Another large item is 
a telephone cable with two direct lines between the 
town of Visby, in the island of Gothland, and Stock- 
holm, which will cost 50,0001. Swedish telephonic 
enterprise, however, has not confined itself to the 
home country, but a number of mixed Swedish and 
foreign telephone companies exist in distant parts 
of the globe, and all seem to be doing well. The 
Moscow telephone system last year showed an in- 
crease of 6211 subscribers, the number at the end 
of the year being 36,885, the one in Warsaw an 
increase of 3385 subscribers during the year, the 
subscribers at the close of 1911 numbering 25,830. 
In Mexico the unsettled state of affairs has naturally 
told upon the progress of the telephone ; still the 
number of subscribers rose from 6640 at the end 
of 1910 to 7813 a year later. The Swedish telephone 





works, both the famous mother company in Stock- 
holm and the affiliated works, have during 1911 been 
busier than ever ; at the works in Stockholm some 
1300 hands are employed, and the English daughter 
concern employs about 1200 hands. The British 
Post Office is the best customer, now that the 
National Telephone Company has been taken over 
by the State. This has necessitated the transfer of 
the shares in the British L. M. Ericsson Company 
held by the former concern, but the largest number 
of shares remain in the possession of the Stockholm 
mother company and some interested British par- 
ties. The increase of work at the St. Petersburg 
factory has been very considerable, and upwards of 
900 hands are now employed there. Last year’s 
result in the United States may, for the first time, 
be called favourable; 200 hands are employed there. 
New affiliated companies have been started in Paris, 
Vienna, and Budapest ; the two latter have been at 
work for twelve months, with an aggregate of 1000 
hands ; the Paris works are in course of construc- 
tion, and are calculated to employ some 600 hands. 








INDUSTRIAL NOTES. 

SINCE our issue of last week appeared the aspect 
of the London dock labourers’ strike has grown much 
more serious. At the end of the week there was not 
much handling of cargo done at the lower docks, 
though in the upper docks some of the port autho- 
rities’ men were still at work, and many of the vans 
were being driven as usual. On Friday the Govern- 
ment inquiry was opened by Sir Edward Clarke, K.C., 
and a long statement was made by Mr. Harry 
Gosling, President of the Transport Workers’ Fede- 
ration. He declared that the right of unionists to 
decline to work with non-union men was the great 
principle at stake, while another claim put forward 
was that there should be one rate of pay for the whole 
port for loading and unloading. The right of the 
unionists not to work with non-unionists may be 
undeniable, but they have no right whatever to inter- 
fere with non-union men who wish to work, except such 
right as is given them by the unjust Trades Dispute 
Act, which places them in a class by themselves with 
favours that belong to no other section of society. 
The strike committee met during the day and resolved 
that until all grievances complained of had been satis- 
factorily settled no section of the affiliated societies 
should return to work. 

The inquiry conducted by Sir E. Clarke, K.C., ter- 
minated on Saturday after statements had been heard 
from both sides. A letter addressed on May 21 to the 
Master Lightermen’s Association by Sir George Ask- 
with, Chief Industrial Commissioner, was submitted, 
in which the formation of a Conciliation Board or 
Labour Committee, composed of representatives of 
masters and men, with power by mutual agreement 
only to call in an umpire, was proposed. The reply 
of the Council of the association set forth the enm- 
ployers’ reasons for not believing that such a suggestion 
would result in a lasting settlement. 

It appears that the authorities realise to some extent 
their responsibilities, and they are giving evidence that 
they wish to safeguard the public from the worst 
effects of the strike. On Monday large numbers of police 
were drafted to the docks, where it is expected they 
will remain until the trouble is over. This has, it 
is said, been done in order that there may be protection 
for men who desire to work. The military authorities 
have also taken steps to have large forces in readiness. 
The strikers have threatened that if the military are 
called in they will stop the Royal Mail, and they have 
also threatened to call a national strike; but it is 
probable that all this blustering talk is due to the fact 
that the Transport Federation funds are very low, 
which makes the of a long fight doubtful. 
As they have so often done before, the leaders of the 
men are bluffing. They have found that in the past it 
has often paid, so they naturally continue it. The 
arrogance of the leaders apparently knows no bounds, 
and the Government has been warned by them 
that if they protect the willing workers—or those 
whom they, in their self-satisfied conceit, call ‘‘ scabs ” 
—the peaceful conduct of the dispute is not likely to 
continue. It is sincerely to be hoped that the authori- 
ties will perform their first office, and give adequate 
protection in spite of these vapourings. 

The Nelson liner, Highland Brae, was unloaded by 
volunteers on Monday, and the cargo, which consisted 
of a heavy consignment of meat from Argentine, was 
removed to Smithfield market under a strong guard of 

lice. There was not much disorder, which may have 

n partly due to the day being a Bank Holiday and to 
the docks being quieter than usual. A gang of men, 
recruited at Dover to take the places of the men who 
have thrown up their work, were engaged on Monday. 
They have been go at 35s. per week, including 
board, with Ils. per hour overtime, the stevedores’ 
terms bein 


3. Yani week. 
On Tuesday the aspect of things appeared to be more 
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hopeful, for it was reported that the Government had 
adopted a firmer attitude with regard to the strikers, 
and, as @ natural result, the tone of the leaders 
became more conciliatory. A protest, coupled with 
hints of violence, having been lodged by the strike 
committee against the use of police to protect the 
unloading of meat supplies, the Home Office issued a 
statement on Tuesday night to the effect that the 
Government ante, if necessary, to employ all the 
resources at their disposal to ensure the continued 
supply of food to the _~ of London. On Tuesday 
night also Sir Edward Clarke’s report regarding the 
dispute was issued. Of the seven points at issue he 
found for the men in the case of five. These five 
are:—(1) The refusal of the Association of Master 
Lightermen to meet the Society of Watermen for the 
purpose of arranging rates of wages and conditions of 
employment of masters and mates of tugs. (2) The 
refusal by certain sailing-barge owners to pay to the 
men according to a list of freight-rates settled on 
January | last. (3) The refusal of certain wharfingers 
to pay in respect of the discharge of oversea ships the 
rate of pay fixed by the Rollit award. (4) The refusal 
by a master carman, not now a member of the Master 
Cirmen’s Association, to pay the rates of wages 
settled by agreement between the London Master 
Carmen and the Transport Workers’ Federation, and 
(5) certain cases of vexatious interference with union 
workmen. The two points decided against the men 
were: (a) The employment of non-union men in 
alleged breach of agreement between the Master 
Lightermen and the Society of Watermen and Lighter- 
men; (b) a similar complaint of breach of agreement 
between the Short-Sea Traders and the National 
Transport Federation. The report declares that it is 
the opinion of Sir Edward Clarke that the charge of 
breach of agreement against the employers in respect 
of the employment of James Thomas wholly fails, and 
is based on a misapprehension. Much of the difficulty 
which has led to the present troubles arises, Sir 
Edward thinks, from breach of the provision contained 
in the agreements of August last for a decision by the 
Board of Trade in the event of differences. Mr. 
Sydney Buxton stated that the Government was of 
opinion that work should be resumed at once. The 
strike committee accepted on Tuesday the invitation 
of the Board of Trade to meet them to-day, the strike 
in the meantime to continue. 

Things took rather a dramatic turn on Wednesday, 
for Mr. Buxton was then informed by the chairman of 
the London Shipowners’ Dock Labour Committee that 
his committee declined to attend the conference to be 
held to-day. The reason for this refusal was that there 
appears to be no likelihood that the men will keep any 
agreement that is made with them. The view taken 
is that last autumn two agreements and an award 
were arrived at, one of the agreements directly under 
the auspices and with the signatures of Ministers of 
the Crown. Immediately following the first agree- 
ment, the men stop work, ignored the arbitration 
award, and the acceptance of the final agreement was 
slow. Under these circumstances, and in view of the 
present situation, the shipowners have no confidence 
in any negotiations that may now take place. Few 
people will, we think, be surprised at the posi- 
tion taken by the shipowners, but the effect it will 
have on the situation is not, at the time of going 
to press, very clear. The men state that though they 
have promised to attend the conference to-day, they 
will not stay unless the employers are effectively 
represented. In the meantime, the stoppage of food 
supplies has not been nearly so great as was feared, a 
large quantity of provisions having been taken to 
market under escort. 





Some agitation seems to be going on for an advance 
of wages in the English federated coal area. The high 
prices said to have been paid for coal after the stzike 
seem to be the ground for the discontent, and the 
miners state that the contracts already taken have 
realised an increase of at least 2s.a ton. It is also 
stated that increases of as much as 3s. 6d. and 4s. 
have been asked. The men, therefore, consider that 
they are entitled to an increase of pay, particularly 
in view of the awards given on the minimum wage. 
There seems, however, to be slackness of trade in the 
Forest of Dean, which has not been without its result, 
this being an agreement whereby house-coal is to be 
reduced Is. per ton. This was decided on Friday last. 
The new rate is to take effect at once, and the miners’ 
wages will consequently go down 5 per cent., which 
will make wages 30 per cent. lower than the figure 
before the strike. This has caused much discontent. 


Che monthly report of the Associated Blacksmiths 
= lronworkers’ Society for the four weeks ending 
May 7, 1912, shows a total membership in the Associa- 
a of 3371, as against 3350 for the previous month. 
he total income for the four weeks ending May 7 
oo was 742/. 19s. 2d., and the total expenditure 
J. 38, 6$d., being a net loss of 177/. 4s. 44d. During 





the same period sick benefit amounted to 120/. 14s 101., 
Superannuation benefit to 166/. 16s., and idle benefit 








to 276/. 9s. The first quarterly report for this year 
is also included. From this we gather that the 
membership has increased by 85 during the quarter. 
The income during the quarter amounted to 
2618/7. 11s. 6d., and the expenditure to 2808/. 16s. 84d., 
showing a loss on the quarter’s transactions of 


190/. 5s. 2hd. 


The importance which is attached to the large 
German industrial syndicates may be gauged by 
the frequent references to them in Parliament, the 
press, &c. On a recent occasion Herr Delbriick, 
Secretary of State, again acknowledged that the syndi- 
cates were a necessary and materially useful factor in 
Germany’s modern development. Of course, they 
were not perfect in all their doings, but on the whole 
they had adequately carried out the functions which 
fell to the lot of the syndicate in Germany’s modern 
industry. Herr Delbriick reiterated his previously- 
expressed opinion that it was futile to attempt to 
remedy the drawbacks which rhaps might be 
attached to the formation of syndicates by a general 
Syndicate Act. Specially referring to the Coal Syndi- 
cate and the Steel Union, he said that both these 
syndicates, even if one did not approve of their policy 
in certain respects, had, in his opinion and in the 
opinion of the united Governments, become a part of 
Germany’s industrial organism, which it would not do 
to neglect. He would most seriously regret should 
the Steel Union not again be prolonged, and he would 
regret it all the more should such non-prolongation take 
place at a moment when Germany might be compelled 
to renew her commercial treaties. Herr Delbriick again 
defended the Prussian Crown coal-mines for having 
temporarily joined the Coal Syndicate, as the Minister 
for Commerce and Industry had already done on a 

revious occasion, when he stated that most parties 
ooked upon the establishment of the syndicate 
as being in the interest of the German industry, 
inasmuch as thereby an increased stability was 
obtained not only for the employers, but also for the 
men, owing to a greater uniformity in wages. 

Dr. Utsch has also pointed out how greatly wages 
had varied before the formation of the syndicate. 
Thus the wages in the Dortmund district during the 
years 1870-77 had varied from 2.75 to 5 and down to 
2.56 marks per shift. During the existence of the 
Coal Syndicate a continuous and steady increase of 
the wages set in, thanks to the syndicate’s settled 
price and sale policy, whereby an amelioration of 
the crisis in the mining industry had been brought 
about and a regulating influence exercised on the 
rise of the prices during the years of the boom. 
The following figures as to how the Coal Syndicate 
effected a marked rise in the wages are of interest. 
In 1891 the average annual wages of mining hands in 
the Crown mines in the Saar district were 64 per cent. 
higher than the wages in Upper Silesia, 50 per cent. 
higher than those in Lower Sesia, 20 per cent. higher 
than those of the Aachen ‘district, and 5 per cent. 
higher than those of the Ruhr district. Already two 

ears later—at which period the Coal Syndicate was 
ormed—the Ruhr district advanced to the first place, 
and in another six years the Aachen district was second. 
In the year 1907 the Ruhr district was 32 per cent. ahead 
of the Saar district. An amalgamation within the heavy 
industry had simply become a necessity, so as to ensure 
the existence of the works. The Dortmund Union 
was started with a capital of 33,000,000 marks and 
had by degrees lost a great deal; the Phenix Iron 
Works were obliged to write down their capital from 
18,000,000 marks to 1,800,000 marks (a uction of 
90 per cent.), and the Rhenish Steel Works reduced 
their capital in the same proportion. The Hinder 
Mining Union reduced its capital from 14,800,000 marks 





to 7,350,000 marks and have paid no dividend for seven- | p 


teen years. The number of hands was in some cases 
reduced to one half and the average wages almost as 
much. Herr Delbriick does not wish for a general 
cartel law, but should the necessity arise to take steps 
against a syndicate, this must be done by means of a 
special law —a special regulation of the special 
syndicate. 





On Wednesday in last week, at a conference between 
employers and workmen’s representatives, which took 
place at Edinburgh, some important matters relatin 
to shipbuilding labour were discussed. As a result o 
this conference an agreement was arrived at regard- 
ing the application which had been made for an 
advance in wages by all the trades, the advance applied 
for being 5 per cent. on piece rates and Is. a week, or 
id. per hour on time rates, the advance to commence 
in three months from date. A recommendation of these 
rates to their various local associations was agreed to 
by the employers ; the men’s representatives on their 
side agreed to recommend to their constituents the 
acceptance of the offer. Another question raised, 
though not on the official agenda, was the claim of the 
trades for the establishment of a forty-eight hours 
week in all federated yards. It is expected that this 
matter will be brought forward again in a month’s 
time, though it was understood at the conference that 





the masters had stated that they could not entertain 
the proposal. The question of broken time was also 
brought forward, but the men stated that the percentage 
of such time had of late been much reduced. ft was also 
decided that the question of the amendment of the 
National Shipyard Agreement should be again dis- 
cussed at the Conference to be held in four weeks’ 
time. The application on behalf of the saw-millers in 
the Clyde shipyards was further considered. 





According to the Manchester Guardian, Mr. Phillip 
Snowden has been prophesying a national wage limit. 
He declares that there is a prospect of the establish- 
ment by law, at no distant date, of a legal minimum 
wage for every industry. He states that the only 
serious objection to the enforcement of a legal mini- 
mum wage is the difficulty with regard to shirkers and 
malingerers. He acknowledges their existence to be 
a danger, and thinks that no workmen would minimise 
the seriousness of the objection. Mr. Snowden con- 
siders, however, that if the employers and the employed 
would give the system an honest trial, most of the 
difficulties would be found to disappear. 





It is reported that astrike of railwaymen has broken 
out in Andalusia, and that it isspreading. The trouble 
appears to have arisen from the fact that the men 
demand the suppression of the mutual fund, for which 
deductions are made from their wages. The traffic has 
been considerably interrupted. There have not, up to 
the present, been any disturbances. The latest reports 
state that the whole of the traffic is at a standstill, 
with the exception of the transportation of the mails. 





A strike of labourers took place at the Fairfield 
shipyard on Monday last, and some anxiety has been 
caused thereby. Thenumber of men affected was said 
to be 800. 





Apprehension has broken out at Sunderland because 
all the local tramway employees who are members 
of the Gasworkers’ and General Labourers’ Union 
threaten to strike unless the Corporation reinstate a 
man who, it is said, was dismissed in consequence of 
an accident. 





On Saturday last the Northumberland Miners’ 
Wages Board and the coal-owners decided on an 
advance in wages of 3? per cent., making them 324 per 
cent. above the basis of 1879. 





The following new scale of pay has been decided on 
by the Warwickshire Miners’ Wages Board :—Adult 
minimum, 4s. 6d. a day; boys over fourteen years, 2s. 
a day, advancing each year until at eighteen or nine- 
teen they become fillers at 5s. 4d. a day ; charge-men 
to receive 7s. a day; pick-men, 6s. 1d.; and fillers, 
5s. 4d. 





According to the Times, Fogg Colliery, Radcliffe, 
closed down on Saturday. The number of men em- 
ployed there when in full work is 500. The reason 
given officially for this step is that matters have been 
brought to a climax by the Minimum Wage Act. 





American Raitroap CapitTaL.— According to the 
United States Interstate Commerce Commission, the 
capital invested in one form or other in American rail- 
roads had been carried at the close of 1910 to 2,867,715, 1887. 
sterling. This was rather more than twice the corre- 
sponding capital invested in the railways of the United 
Kingdom. 


Miners’ GENERAL FrstIvAL IN ViznNA.—We have 
received from the Committee some further particulars of 
this festival, in which is set out a peeeeme of the 

roceedings, commencing Monday the 16th, and con- 
cluding on Friday, September 20. Intimations from 
those desiring to participate must reach the committee 
not later than August Ist next, and by the same date 
inquiries as to the accommodation, remittance for parti- 
cipation (men 15 kr., women 10 kr.), and written 
contributions must be sent in. Advice as to quarters 
will be sent to those desiring to take » peat when the 
receipt of their notifications is acknowledged. Commu- 
nications should be add to the Komitee des 
Allgemeinen Bergmannstages, Wien, 1912 (Wien 1, 
Nibelungengasse Nr. 13). 





Toe tate Mr. M. W. Swinsurne.—We regret to 
state that Mr. M. W. Swinburne, head of the firm of 
Messrs. M. W. Swinburne and Sons, ironfounders, engi- 
neers. and coppersmiths, of Wallsend, died on Thursday 
morning last week, at his residence in Newcastle-upon- 
Tyne. Mr. Swinburne was a member of the Institution of 
Mechanical Engineers and of the North-East Coast In- 
stitution of Engineers and Shipbuilders, and an asso- 
ciate member of the Institution of Naval Architects. 
He was elected Mayor of Wallsend in 1910, after the en- 
largement of the town, and was re-elected last year. 
He served his apprenticeship with Sir W. G. Armstrong 
and Co., at Elswick, after which he became manager for 
Messrs. Henry Watson and Sons, engineers, Newcastle- 
upon-Tyne. Mr. Swinburne’s eldest son is now in 
Australia, where he is a Member of the Victoria State 
Parliament. At one time he was Minister of Water 
Supply and Agriculture. 
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THE WIDER ADOPTION AND STANDARDI.| 
SATION OF WATER-TUBE BOILERS. | 
To THE Eprror oF ENGINEERING. | 

Srr,—In reply to the statements made by the Socié.é 
Anonyme des Chantiers et Ateliers Augustin Normand 
in your issue of May 17, page 658, relative to my recent 
paper on water-tube boilers, perhaps you will permit 
me to offer.the following explanations and comments, I 
wish to remove the impression that the Normand firm 
appears to entertain to the effect that adverse re 
sons were made in my paper to the detriment of the 
Normand boiler. Nothing of the kind was intended in 
any way, and I fail to see how the paper can be construed 
into suggesting it, because the comparisons contained 
therein were essentially those between the steam produc- 
tions of water-tube boilers and cylindrical boilers in 
relation to the weight involved and the point at which 
weight as a percentage of displacement outweighed 
durability and certain other considerations, and they in 
no way referred, or were intended to refer, to the relative 
merits of different types of water-tube boilers. In fact, 
in introducing Table III., to which Messrs. Normand 
take exception, I particularly stated that ‘‘in spite of 
the inevitable discrepancies that must occur in practice 
due to various well-known conditions . . . the general 
deductions will be found accurate.” 

I made no attempt to put forward complete data for 
any special type of boiler, and perhaps Messrs. Normand 
are under some misapprehension about this. I will 
therefore answer their comments in the order in which 
they were made. 

(a) The boiler referred to in Table IIT. of my paper, 

which Messrs. Normand cannot trace, is one of the four 
that were fitted, with only minor modifications, into a 
large series of destroyers built by Messrs. Laird at 
Birkenhead, between 1897 and 1902, and of which several 
are in the Royal Navy, one in the Russian Navy, and 
others in that of Chili. At full power these boilers 
produce over 560 lb. per sq. ft. of grate per hour, and I 
attribute the low rate of evaporation obtained to the fact 
that the combustion space = boiler was only about 
160 cub. ft.—that is, about 3.2 cub. ft. per sq. ft. of grate. 
As these boilers were forced up to a combustion rate of 
over 70 Ib. of coal per sq. ft. of grate per hour—that is, 
over 21 lb. of coal per cub. ft. of furnace—it is hardly 
surprising that the evaporation value was not greater. 
This figure is, admittedly, not a good result, but that 
quoted by Messrs. Normand for the Danish torpedo 
boats appears extraordinarily high. For the boiler I quote 
hand-picked South Wales coal was used. Were briquettes 
used by any chance to obtain the results a by Messrs. 
Normand, use it would be extremely interesting to 
learn under what conditions they obtained 670 lb. of 
steam per sq. ft. of grate per hour? Such a quantity is 
very great. 
(6) Messrs. Normand refer to the results given in my 
paper relating to the United States destroyers. I have, 
therefore, compiled the complete table of the five boats 
recently fitted with the Normand boiler, and have 
appended the boiler efficiencies. The “from and at” 
evaporation I quoted for the Drayton is perfectly correct, 
even according to Messrs. Normand’s figures; the other 
boats have slightly higher evaporation values. 

(c) The evaporation curve in Fig. 5 of my paper, re- 
ferring to ‘cruiser with restricted combustion-chambers— 
Normand boilers,” which Messrs. Normand also say they 
are unable to trace, is that belonging to H.M.S. Topaze 
(see ENGINEERING, Nov. 18, 1904). Strictly speaking, the 
boilers in this ship were not pure Normand boilers, but 
a variation of the Laird-Normand (as referred to above), 
and rather more after the Salem’s design than that of the 
Chester. They were really an example of an evolutional 
design in boiler, midway between the Normand curv 
tube and the Yarrow ty That these trial results are 
not specially good is due, as Messrs. Normand state 
under section (c), to the fact that ‘the evaporative 
capacity of boilers, especially of those working under 
forced draught, varies within very wide limits according 
to the class of fuel used.” 

(d) I disclaim any intention of referring solely to the 
Normand boiler in objecting to types wherein excessivel 
curved tubes or forms of tube-baffling are adopted, but 
do maintain that, per se :-— 

1. They are very difficult to properly clean internally. 

2. That where tube-beffling (see Fig. 1 and Figs. 3 or 4, 
of my paper, showing Chester’s and Salem’s boilers) is 
adopted, the tubes are obviously extremely hard to clean 
externally, it being only possible to use saws to a very 
limited extent compared to what is possible in a Yarrow 
or Ma ag te ee pe eat reso. : - 

3. The difficulty of replacing tubes is greatly magnified, 
while the number of spare tubes sopetenl ter equal chances 
of replacement is considerably augmented. 

I did not elaborate this item in my paper because I 
wished to make no special comparisons between water- 
tube boilers ; but as Messrs. Normand have raised these 
— I would call attention to sundry questions in their 
etter. 

1. Pounds of steam per square foot of heating surface, 
although an ——- criterion for similar boilers, 
affords no true is of comparison when the ratio of 
H. 8. : G. S. varies as it does from 60:1in Boiler No. 9 
(steam og! .s H.S., 9.33 lb.) to 47:1 (steam per 
sq. ft., 14.18 lb.), which Messrs. Normand quote. or, 
similarly, can one correctly compare the Drayton boiler 
with that of the ‘‘Cavalier,” when square feet of 
heating surface in relation to furnace capacity are 
14.4: land 12.15: 1 respectively. Grate area or furnace 
capacity for o- air-pressures are the real criteria of 
heat producible for steam-raising : heating surface, unless 





ly disposed, may be as useless or as detrimental as 
ters A surface in eondensers. boiler 


In the Normand 


Triats oF Unirep States DESTROYERS WITH NORMAND BOILers. 





Name of ship .. 
Number of boilers ae ~ 
Duration of trial -. hours 
Heating surface --8q. ft. 
Grate surface .. . on a 
Combustion space .. “s - ss - i cub. ft. 
Boiler pressure on full power trial (four hours) Ib. per sq. in 
Feed temperature do. do. .. deg. Fahr. 
Actual evaporation, four boilers .. .. lb. per hour 

Do. one boiler .. ve we ae *- a 

Do. per lb. of fuel e - “- a= = 
Air pressure .. - ne ih i ee Ib. per sq. in. 
Actual fuel per hour, Ib. of coal per hour (for four boilers) me 

. 0. oil do, 0. 
Equivalent evaporation, lb. per hour from and at 212 deg. 

Do. do. per lb. of fuel .. ve ve - 
Do. do. per sq. ft. heating surface 

Pounds of fuel per hour per square foot of heating surface. . 

Do. do. do. grate surface .. 

Do. _ hour per cubic foot of combustion space 
British thermal units per pound of fuel.. ou . ves is 
Boiler efficiency* . és = - per cent. 


Mean do. t 


” 


* Dry steam assumed. 











CyuaL FueL Ow Fue. 
. © Phusser.” “Reid” ‘** Paulding.” | ‘* Drayton.” “ Trippe.” 
4 4 + 4 4 
4 4 0 4 4 
4,044 4,044 4, 4,830 
8 86.8 a _ — 
2:5 233 251 254 = 
194 195 187 204 179 
168,924 183,331 218,655 200,899 206,006 
42,250 45,845 54, 50,225 51,400 
7.59 9.22 11.9 10.77 11.9 
5 in. 5.2 in. 4.8 in 4.8 in 4.1 in, 
22,200 19,880 -- -- ot 
ies i. 18,367 18,644 17,304 
45,500 49,400 59,400 54,600 55,800 
8.18 9.91 12.95 11.53 13.0 
11.25 12.24 12.29 11.3 12.5: 
1.375 1.23 0.91 0.91 0.895 
63.93 57.24 -- — ee 
ish ni 13.66 13.8% 12.88 
14,901 15,046 19,659 19,516 19,607 
52.8 63.7 63.3 .8 63.9 
(58.25) (61.3) 


+t The mean efficiency of all five full-power trials is 60.17 per cent. 


Data compiled and calculated on authority of the Journal of the American Society of Naval Engineers. 


The efficiencies of the other boilers in Table III. of the paper are: No. 13, 77.2 per cent. for U.S.S. Roe, and 
62.8 per cent. for U.S.8S. Terry; No. 14 relates to Messrs. Normand’s design given above ; No. 15 attained 73.5 


per cent.; and No. 16, 75.6 per cent. 
spaces in relation to the heating surface. 





(2833) 


I quoted, the steam per square foot of heating surface is 
low, because the heating surface is unduly high compared 
to the grate surface, and hence the weight of boiler is 
great in relation to the steam production in this particular 
instance. In Messrs. Normand’s Danish boilers, the 
grate is large in relation to the heating surface, the boilers 
were apparently forced considerably, and hence the figures 
for steam per square foot of heating surface and steam per 
ton appear high. Will Messrs. Normand give us the 
boiler efficiency under these conditions? As regards the 
oil boilers they quote, for the heating surface installed, it 
would appear that better results would have been obtained 
with a larger combustion-chamber. 

2. The evaporation curves added to my diagram by 
Messrs. Normand are, on the whole, corroborative of my 


ed | own figures, and, if anything, no better than the evapora- 


tive results 
boilers gene 


—_ forward as representative of water-tube 
y. 
3. I submit three views showing the evolution of one 


aspect of the three-drum curved-tube boiler design in this | }, 


country during the last d e. 

The 1901 type shows an outline of the Normand boiler 
as fitted in this country at that period to a large number 
of torpedo-boat destroyers. 

The 1904 type shows the modified design that it was 
subsequently considered desirable to adopt in order to 
avoid excessive tube curvature. (This is the design to 
which curve 2 refers in diagram No. 5 of my paper.) 
Even this entailed, according to English ideas, practical 
objections in manufacture and operation, with the even- 
tual result that the three-drum type with straight tubes 
became a virtual standard in 1907, only two rows nearest 
the five possessing a slight curvature, and even this is 
unnecessary. 

4. It would have been easily ible in the evaporation 
diagram published to have amplified the curves consider- 
ably, but the intention was to show the general tendency 
of evaporative values with increase of combustion rates. 

conditions, especially as regards the quality of the 
firemen employed, affect boiler results fully as much in 
most cases as minor variations in proportion of boiler or 
curvature of tu Large variations of portions, of 
course, have a considerable influence, as shown in curves 
1 and 2, diagram 5. As, however, in the latter case 
attention was distinctly called to the fact that the boiler 
referred to happened to have a restricted combustion- 
chamber, thus openly intimating that improvement 
would follow from increasing it (as can be done in 
the Normand type), I do not think that anyone will 
receive an unfavourable impression of the Normand 
boiler from that icular curve. I should certainly 
be very sorry if they did, and I trust Messrs. Normand 
will realise this fact. 

Tam, yours faithfully, 
Birkenhead, May 21, 1012. E. M; Speakman. 








All these boilers have, as will be seen from the table, large combustion 














CRANK-SHAFTS FOR DIESEL OIL- 
ENGINES. 
To THE Epitor oF ENGINEERING. 

Srr,—I have read with interest the paper on ‘Some 
Aspects of Diesel Engine Design,” read by Mr. D. M. 
Shannon before the Institution of Engineers and Ship- 
builders in Scotland, and reprinted in your issue of 
June 3. There are many points in this paper that might 
be discussed, but I propose to consider only the formule 
given for the design of crank-shafts. This question is 
of especial interest, as the crank-shaft forms a most im- 
portant part of the Diesel engine, and one on which con- 
siderable diversity of practice exists. 

A crank-shaft, of course, constitutes a beam loaded at 
the crank-pin, and supported at the journals by the main 
bearings. When attempting to calculate the stresses 
developed, the question at once arises, How is the shaft 
supported? Some designers assume that the crank-shaft 
is supported by the inside edges of the main bearing- 
rasses, Others that it is in the position of a beam fixed at 
the ends. A third assumption, and, I consider, the true 
one, is that, as there is no metallic contact between the 
journals and the brasses, and the journals really float on 
a film of oil between the brasses and the surface of the 
journals, the pressure of the film being practically uniform 
along the whole length of the bearings, the shaft is in the 
— of a beam uniformly supported along the whole 
ength of the supports. 

It will be convenient to give herea list of the symbols 
to be used throughout this letter. 

D is the diameter of the cylinder in inches. 

r is the radius of the crank in inches. 

d, is the diameter of the crank-pin in inches. 

4, is the length of the crank-pin in inches. ; 

d> is the diameter of the main bearing journals in 

inches. } 

lp is the length of the main bearing journals in inches. 

L is the distance between the centres of the main 

bearings. 

P is the net maximum load on the crank-pin—i.e., the 

maximum load on the piston less the inertia 

force. This occurs when the crank is at the 

inner dead point. P may be taken as = 500 x 

area of the piston. 
is the net pressure in the cylinder when the crank 

is at the position where the tangential effort is 
ata maximum. When the tangential effort is at 

@ maximum the crank is at about 40 deg. past 

the dead point, and the net pressure in the 

cylinder is about 380 Ib. per sq. in. 
M, is the bending moment on the crank-pin. : 
M, is the bending moment on the main bearing 
jou 
Under the third assumption given above the bending 
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moments on the crank-pin and main bearing journals, 
with a load P on the crank-pin, are as follow :— 


= 


ly 

Ma=3* 3 
(At the point where 
the journals join on 
to the crank-webs.) 

In the case of multi-cylinder engines a twisting moment 
on a journal caused by a tangential pressure on the crank- 
pin will develop a bending moment in the crank-pins of 
the adjacent cranks, through which the twisting moment 
is passed. Therefore to ascertain the maximum pay 
moment in a crank-pin it is necessary first to calculate M, 
as above, and then if any twisting moment is at the same 
instant being transmitted through the crank, causing a 
further bending moment Ms, the resultant bending 
moment is /M,2 + M,%. This calculation, however, can 
only be required for four-cycle single-acting engines with 
more than four cran} : ; 

Having thus obtained the maximum bending moment, 
the stress in the crank-pin is readily obtained by the 
following formula :— 

Maximum stress in _ Maximum bending moment x 10.2 
crank-pin 7. a3 


The maximum stress in the main bearing journals may 
be ascertained as follows:—The bending moment when 
the twisting moment is at a maximum 


=M = 2X OTK DM xh 
=M=*°—5 , 


h 
2 





The maximum twisting moment 
= T =p x 0.7854 D? x 0.742 x r. 


As in the case of the crank-pin, in four-cycle single-acting 
engines with more than four cranks there may be a 
further twisting moment to add to this. The equivalent 
twisting moment 


=T, =0.5M +15 /M?+ T? 


This formula for Te isa modified St. Venant’s formula. 
The maximum stress is now obtained as follows :— 


Maximum stress in aaeeigesil 
main bearing = . [os M +15 JM? + P| 
journals dy 


The above formule may be combined to form one 
simple formula suitable for single-acting four-cycle 
engines with not more than four cranks, as follows :— 

ae Ra stress in main bearing journals 


= a [4 +3 Jl? + (2.97 7 | 


These formule are undoubtedly troublesome, but to 
calculate the stresses “gn developed with only one 
formula is impossible, and, in . practically all makers 
of Diesel engines have the crank-pins and main bearing 
journals of different diameters, so that two formule are 
evidently uired. The formule here given are not 
specially troublesome for single-acting four-cycle engines 
with not more than four cranks, as may be seen from the 
example given below. . 

The following figures, taken from the writer’s notebook, 
represent the calculations for the pro crank-shaft 
for a Diesel four-cycle single-acting engine, with cylinder 
20 in. in diameter by 30 in. stroke. @ dimensions of 
the crank-shaft are as follows :—Crank-pin, 104 in. in 
diameter and 104 in. long ; main bearing journals, 9 in. 
in diameter by 17 in. long ; crank-webs, bh in. by 13 in.; 
centres of main bearings, 404 in. 

Stress in crank-pin 


= Px102fy 4h 
4a,3 2 
157,080 x 10.2 
= 40.5 — 5.25 
bap ] 


= 12,200 lb. per sq. in. 
Stress in main bearing journal 


D2 init — 


_ 380 x 202 
a [17 +3 JIP+ 297 x i5p | 


= 13,130 lb. per sq. in. 


This engine is for land work ; for marine work lower 
stresses should be allowed. 

The following minimum values for factors of safety 
have been adopted by the writer for Diesel engine crank- 
shafts ; for crank-pins 53 ; for main | journals 54. 
Higher factors of safety should be for marine 
engines. Of course, these factors will not apply if the 
modified St. Venant’s formula, T,=0.5M+1.5 ./M2+T%, 
<a by the writer, be not used. 

The writer uses formule similar to the above for the 
crank-shafts of ordinary gas-engines ; but the formula for 
the main bearing. journals has different constants, as in 
a gas-engines the tangential effort is at a maxi- 
mum when the crank is at about 35 deg. t the dead 
point. Also the factor of safety required for crank-pins 
is greater—viz., 74 ; as while, in the case of Diesel engines, 


the load on the piston rises to a maximum gradually, 
there being only a small increase of pressure over the 
compression pressure when the oil is injected ; in the case 
of ordinary explosion-engines the ter of the 
maximum load on the piston is sudd y 


eveloped at 


ition. However, the question of gas-engine crank- 
ts cannot be dealt with at present. 
Referring now to Mr. Shannon’s formulz, and assum- 
ing that they apply to the stresses developed in the main 
i journals, the following shows the difference 
between his formule and the formule used by the writer : 
Mr. Shannon assumes that the bending moments on the 
journals vary directly as the distance between the centres 
of the main i while in the writer’s formula the 
en a mag is made that the bending moments vary directly 
with the length of the main bearings. Thus, taking Mr. 


Shannon’s formula, viz., and applying it to the 


crank-shaft, particulars of which are given above, we find 
: . 119,380 x 40.5 _ 
the bending moment to be —*— —— - 604,000, 


when the tangential effort is at a maximum. . With the 
writer’s formula the bending moment is 119,380_x 17 


= 508,000. The maximum twisting moment, according 
to the writer’s formula, is 119,380 x 0.742 x 15 = 1,327,000 ; 
or, calculating it by means of the mean-effective pressure 
developed in the cylinder during one cycle, as done by 
Mr. Shannon, we get 

120 x 0.7854 D? x rx R 


3.14 x 2 
_ 120 x 9.7854 x 202 x 15 x 10.8 
3.14 x 2 

I think that here Mr. Shannon has made a mistake. 
The mean pressure to take, at all events for engines with 
only a few cranks is, I think, not the mean-effective 
pressure, but the true mean pressure developed during 
the working stroke—viz., about 170 Ib. per sq. in. 

Tables I. and II. of Mr. Shannon’s paper should be 
exceedingly useful for the design of Diesel engine crank- 
shafts. It is ttable, however, that he has not given 
constants for the proportioning of crank-pins. Crank- 
pins, undoubtedly, require to be made ae in diameter 
than the main bearing journals ; and, at all events in the 
case of ordinary gas-engines, when crank-shafts fail in 
actual practice, the fracture as a general rule takes place 
at the crank-pin. 

Mr. Shannon gives on 608, first column, third line 
from the top of the page, Pm = 420 lb. per sq. in. This 
value seems vg | high, and inspection of the indicator 
diagrams, Figs. 5 and 6, page 607, appears to show much 
lower values. 
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= 972,000. 


Yours faithfully, 





ROMAN MORTAR. 
To THE EpitToR OF ENGINEERING. 

Sir,—From time to time many experiments have heen 
made to recover the secret of the hard Roman mortar 
found in various parts of England, bullocks’ blood, sugar, 
&c., having been added to ordinary mortar with more or 
less success. 

A note on page 355 of your current volume, that, in 
some American experiments, it was found that ‘the 
presence of a certain percentage of clay was beneficial ” 
to concrete, reminds me that I once heard Mr. Dibdin, 
son of the well-known authority on water purification and 
sewage treatment, say his firm had collected samples of 
Roman mortar from many quarters and analysed them. 
As a result, they had found that the addition of about 
5 per cent. of common clay conferred on ordinary lime 
mortar the properties of the old Roman material. 

Whether ‘‘common” clay is the yellow or blue variety 
I do not know, but presume the former was meant. 

am, Sir, yours an. 
C. H. WINGFIELD. 


28, Victoria-street, Westminster, May 16, 1912. 





THE U.S. INQUIRY INTO THE LOSS OF 
THE “TITANIC.” 
To THE EpriToR OF ENGINEERING. 

Srr,—I have read the editorial in your issue of April 26, 
1912, on the lessons of the Titanic disaster, and observe 
your criticisms of the United States Senate investigation 
into the circumstances and cause of the disaster. I am 
not attempting fully to justify any of the methods 
pursued by the Committee, and I ised from the 
news r reports that there was a lack of nautical 
hevelolee on the part of the presiding senator and, 

ibly, on the partof each mem of the Committee. 
Tt is not necessary, however, to have technical knowled 
of vis viva, metacentre, turning radius, or even of the 
nature and purposes of bulkheads and water-tight com- 
partments to carry out an investigation of this kind. 

The purpose of the Committee was immediately to 
secure the attendance of all persons from the disaster 
who would be likely to give any testimony of importance, 
and, without doubt, all testimony of value that could be 
—< was ——. , , — Tee ee 

n regard to the propriety of such an investigation in 
this country, I believe that nobody doubts the right of 
any Government to subpena the subject of another 
Government when such subject is in the territory of the 
investigating Government. The promptness of the inves- 
tigation was one of its valuable features, and doubtless 
the proceedings will be very valuable in your own inquiry. 

Concerning the courtesy of the United States Com- 
mittee, the sensational character of the investigation, and 
the injured feelings of those connected with the passengers 
and crew, it is probable that the cable dispatches were 
coloured in order to stir people up. This seems to be a 
delight of some newspaper reporters. In the very full 





reports given daily in the Boston Transcript, I failed to 


find much that was disturbing in these respects. Very 
likely the sense of propriety of persons in one countr 
differs from that in another, and hence some Englis 
criticisms. ¥ on 
ours respectfully, 
FW. Drax. 
53, State-street, Boston, Mass., May 10, 1912. 





WATER-SOFTENING PLANT. 
To THE Eprtor oF ENGINEERING. 

Srr,—As a supplement to the article which appeared 
in your issue of 17, 1912, on the water-sottenin 
plantat the worksof Messrs. Rowntree and Co., Limited. 
York, may we add a few notes on our practical experience 
with this plant? 

It will be noticed from the article that the water to be 
softened has a hardness of about 50 deg., and is softened 
ata rapid rate. This means the handling of large quan- 
tities of chemicals, and we have found that, havin 
economy of labour in view, it is better to make up oat 
employ strong chemical liquors in preference to weaker 
liquors. The liquor at present used contains roughly 
2 cwt. of lime an 1 cwt. of soda in a total volume of 170 
gallons. In my 8 liquor of this strength we have 
found that even the t limes do not disintegrate com- 
pletely toa finely divided, homogeneous *‘ cream of lime,” 
and, as a result, particles which have escaped the break- 
ing-up process up with the liquor to the chemical 
supply-tank. m coming into the hard water, these 
particles almost immediately become coated with a layer 
of calcium carbonate, which practically renders the active 
lime inside incapable of taking further part in the re- 
actions. A certain portion of this lime is actually dis- 
solved out in or before the vertical mixing-tower, as 
mentioned in the article ; but we have found, even then, 
a distinct proportion of unused lime passed away with 
the sediment which is periodically removed from the 
bottom of this mixing-tower. 

By placing in the chemical preparation-tank a roller, 
which moves round with the stirring-gear, we have been 
able to prepare a homogeneous ‘‘ cream liquor,” in the 
use of which the loss of active lime is infinitesimal. We 
have found it advantageous to fix perforated plates on the 
arms of the stirrer in the upper chemical supply-tank to 
keep this thick liquor more thoroughly agitated. 

Assuming accurate and constant proportioni of 
chemical liquor to hard water, the next step, in order to 
effect a complete softening in as short a time as possible, 
consists in bringing about a very thorough agitation, which 
not only brings the two liquids into intimate contact, but 
also facilitates the formationof a precipitate consisting of 
larger, more-fiocculent particles, which settle out more 
easily In this connection we have somewhat lengthened 
the mixing-trough shown in Fig. 5, page 660 ante. 

It will be noticed from the figures quoted in the article 
that in order to effect these low degrees of softening a 
small excess of chemicals was necessary, and this appeared 
as such in the softened water. The modifications described 
above have had the effect of producing a slightly better- 
softened water, and, at the same time, of permitting this to 
be accomplished with a distinctly less excess of chemicals 
than was formerly the case. 

Yours faithfully, 
For Rowntree anp Co., Limiren, 

York, May 22, 1912. Basi. G. McLean, 





“THE POSSIBILITIES OF RADIANT 
HEATING.” 
To Tae Eprror or ENGINEERING. 

Str, —Reading ya leading article on the above subject 
in your number of the 24th inst., I quite agree with you 
—_ this question may be of very great importance in the 

uture, 

The way you compare steam-turbines and gas-engines, 
both using blast-furnace gas as fuel, the turbine in connec- 
tion with the Bone-McCourt boiler, calls for some com- 
ment. In the first place, the heat consumption of a power- 
station is not the only factor determining the most eco- 
nomical and most suitable installation. ou have not 
compared first cost, &c., for gas-cleaning plant, boiler 
plant with feed-water heater, superheater, condensing 
plant, &c., as required for a steam-turbine installation 
with that of a os plant alone required for the 
gas-engine, and I venture to say that the gas-cleaning 
plant for a Bone-McOourt boiler will be very much more 
complicated than that for a gas-engine. 

That gas-engines are frequently rated at loads which 
they cannot carry for more than half an hour or so is 
quite correct, but steam-turbines very soon drop their 
load if the vacuum is not up to the top limit. have 
frequently seen gas-engines carry over 10 per cent. to 20 
= cent. above their guaranteed and rated output for 

ours ata stretch without any back-firing, pre-ignition, 
or any other trouble, and this not only on poor gas, such 
as blast-furnace gas and Mond gas, but also on coke-oven 


gas. 
Now with regard to fuel consumption, why compare 
makers’ usual guarantee with that of an exceptional test 
made on a steam-turbine? Taking the gas-engine instal- 
lation first—makers usually guarantee, as you state, 
14,500 B.Th. U. per kilowatt-hour, but very much better 
results have been obtained, and are obtained, as a usual 
thing. The reason why makers do not try to cut each 
other’s throats in this respect is due, I suppose, to more 
sense and less competition than in the turbine market. The 
best results that I can find published with regard to 
consumption are from a test made in 1908 on a Crossley 
single-cylinder engine 11.5in. by 21in. when a brake thermal 
efficiency of 32.2 per cent. was obtained. This works out 


2545 x 100 x 1000 _ 
to BINT OS 11,392 B.Th.U. per kw.-hour, 
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In this test a mechanical efficiency of 87.5 per cent. was , 
only obtained, but undoubtedly this can be improved on 
with the modern type of engine with forced lubrication, 
multi-cylinders, &c. The third report of the Gas-Engine 
Research Committee, published by the Institution of 
Mechanical Engineers, confirms the opinion that the above 
result is reliable. 

Your figures with regard to the steam-turbine installa- 
tion do not give much confidence as to reliability. Un- 
fortunately, I am not in possession of the latest figures of 
heat in steam, but the steam table published by Mr. 
Sidney A. Reeve in 1903 gives the total heat of saturated 
steam at 175 lb. per sq. in. absolute as 1194.3 B.Th.U. 
per pound from 32 deg. Fahr. water. Taking a mean 
specific heat of 0.528 deg. and 300 deg. superheat gives a 
total of 1353 B.Th.U. per pound. Allowing for 100 deg. 
Fahr. feed-water temperature, the heat used per pound 
of steam is 1353 — (100 — 32) = 1285 B.Th.U. Tsing 
11.6 lb. of steam per kilowatt-hour, and a boiler efficiency 


of 92 per cent., the heat in fuel required is 1285 x 11.6 x 100 


= 16,200 B.Th.U. per kilowatt-hour, and not 14,500, as 
stated by you. 

The available heat due to adiabatic expansion is 
approximately 1253 less 964 = 389 B.Th.U. (expanding 
to 100 deg. Fahr.). Assuming 93 per cent. generator 
efficiency and using 11.6 lb. of steam per kilowatt-hour, 
this gives an over-all efficiency ratio of 75.6 per cent., or, 
of the steam-turbine alone, of 81.3 per cent., which is a 
good deal better than any published results, and I think 
that if this result is reliable it would be very interesting 
to get detail figures and type of turbine used. have 
personally seen a few turbine tests and know that fancy 
figures can easily be obtained by competent men, but I 
still doubt their accuracy. P 

How long will an efficiency of 95 per cent. of the boiler 
be maintained? What experience has been obtained with 
a superheater working with blast-furnace gas, and giving 
a superheat of 300 deg. Fahr., and what is the efficiency 
of this superheater? You have taken this also for 95 per 
cent. hat power or what loss of heat is required for 
auxiliaries, such as dry and wet-air pumps, water-extrac- 
tion pump, water-circulating pump, boiler-feed pump, 
steam-range, &c., and compare this with the only auxi- 
liary required for the gas-engine—that is, the water- 
circulating pump—which has only to deal with about one- 
fifth of the water required for the turbine installation. 

You seem further to give a all hope of improving the 
gas-engine. Why despair? The gas-engine is not alto- 
gether put on one side by the now so-talked-about Diesel 
engine. British engineers have still a chance of selling 
their own goods without obtaining licenses from 
tinental firms. 

Let us now see what an exhaust heated boiler will do to 
still further improve the superiority of the gas-engine. 
Taking the evaporation of oh lb. of steam per brake 
horse-power of the engine, which is a good deal less than 
that given by Mr. Alan E. L. Chorlton in his paper before 
the Manchester Association of Engineers in 1911, but 
which in practice can easily be obtained, the heat 
965 x 2.5 x 1000 x 100 1 

746 x 0.93 = 3476 B.Th. U. per 
kw.-hour of gas-engine. 

The gas-engine installation will therefore give us 1 kw.- 
hour at an expenditure of 7916 B.Th.U., and the steam- 
turbine plant at an expenditure of 16,200 B.Th.U., not 
including auxiliary power and heat losses. 

On the strength of this there is a large margin of heat 
economy for the gas-engine, and although you state your 
comparison is not fair to the gas-engine, I am afraid your 
article is very liable to give a wrong impression to the 
average reader. 


Con- 


recovered is 


Moun. 
10, Rushford-avenue, Levenshulme, Manchester, 
May 29, 1912. 


(The figure of 11.6 1b. per kilowatt-hour is correct, and 
has been nearly equalled by more than one turbine. Our 
correspondent is quite right, however, as to the heat 
expenditure of the turbine being underestimated, due to 
an arithmetical slip, which we much regret.—Ep. E.] 


I am, yours ae 





To THE Eprror or ENGINEERING. 

Sr1r,—Your leading article of the 24th inst. is of much 
interest to us, as about 8000 installations of Erith’s grate- 
less stokers apply to coal firing, in a very simple manner, 
the same principles as Professor Bone has adopted for his 
gas-fired boiler—viz., to feed both air and combustible 
positively into an incandescent mass, securing the high 
combustion temperature of, say, 2000 deg. Cent., or 
3632 deg. Fahr., transferring iant heat direct to any 
type of boiler, and thus obtaining maximum boiler effi- 
ciency. 

In the same firing space as required for Professor Bone’s 
boiler at Skinningrove, which is a cylindrical boiler 10 ft. 
in diameter, fitted with 110 gas furnaces for a duty 
of only 500 gallons hourly evap oration, our practice would 
be to get about three times the “ee with mechanical 
stoking of coal, either using a 10-ft. diameter cylindrical 
boiler with three internal furnaces, or else using a water- 
tube boiler fitted with the identical stokers, evaporating 
1500 gallons hourly. 

Our method is to carry a thick bed of fuel, feedin; 
from below, in correct proportions, the necessary air an 
coal with mechanical regularity ; both air and gases are 
thus mixed as they rise and come into contact with the 
incandescent surface of the fuel bed, so that the radiant 
heat is pa ny amr | to the par wr Soawe e size 
or t while the gases have a perfectly free outflow, no 
pede oy whatever being used. 

For gaseous or for liquid fuels, the same principles 
could be observed by mixing the air and combustible in 





an incandescent mass of firebrick, thereby attaining 
identical results. : 

Professor Bone has attained this result in a very small 
boiler tested with town gas at Leeds ; while his boiler at 
Skinningrove, for 500 gallons hourly with blast-furnace 
gas, employs the same method, of filling each of the 
numerous very small furnaces with firebrick ; but this 
method has the drawback of needing a suction fan for 
20 in. suction to overcome the resistance to the outflow 
of gas; and while no particulars are published of the 
horse-power this involves, it appears highly improbable 
that such a fan could be run with 150 lb. steam hourly, 
which is 3 per cent. of the steaming duty of 500 gallons. 
The boiler, though of small depth, has very small duty 
for the firing-s involved, as shown above. . 

In Professor Bone’s cylindrical boiler leakage and radia- 
tion of heat are minimised by merely drawing the gases 
through the furnace flues to his economiser and suction- 
fan; the shell heating surface is not utilised (as it is in 
brick-set cylindrical boilers), and therefore the circulation 
would presumably be inferior to that of brick-set boilers. 

Further evidence as to boiler efficiency seems needed, 
as, even if the maximum temperature of combustion 
claimed—2000 deg. Cent., or 3632 deg. Fahr.—is evenly 
attained in the 110 separate furnaces of the boiler at 
Skinningrove, more than 12 per cent. of this initial heat 
is carried away in the gases leaving the boiler at 450 deg. 
Fahr., which is presumably the lowest temperature to 
which any boiler can cool the gases. F ; 

The principle of utilising radiant heat in boiler fur- 
naces is easily carried out with either solid, liquid, or 
gaseous fuel; but it is highly advantageous to arrange 
the incandescent material in large and accessible furnaces, 
whence incombustible matter can be removed, and to 
avoid all occasion for suction fans, giving the gases a free 
outflow. If rapid steam-raising is important, then any 
boiler giving a free circulation of a small volume of water 
will suit ; but for all ordinary cases either a water-tube 
or a cylindrical brick-set boiler of large water capacity is 
preferable, as ensuring steady pressure and dry steam 
under all normal fluctuations of load. 

Yours faithfully, 
Eritn’s EnGIngker1nc Company, LIMIvep. 

70, Gracechurch-street, London, May 29, 1912. 








COMPARISON OF REINFORCED AND 
SIMPLE CONCRETE BEAMS. 
To Tue Epitor or ENGINEERING. 
Srtr,—The following simple rule for rectangular rein- 
forced-concrete beams appears to be useful :— 


M = fee” a vl. 


Jfce = Maximum compression in concrete ; 
M = maximum moment of resistance ; 
b = breadth ; 
d = depth ; 
y = coefficient from 1 to 1.5, according to amount 


of reinforcement. 
(On the plane rotation hypothesis, 


y= [20+ 6nm(l—e — k)? 421 - *} 
c c 


wherec = depth of neutral axis + beam depth, n = ratio 
of steel area to concrete area, m = modulus ratio, and 
k = inset of reinforcement + depth of beam. It is 
slightly different on the parabolic distribution of stress 
assumption. } 

This rule indicates that a rectangular reinforced beam 
is a little stronger than an imaginary simple concrete 
beam stressed up to its maximum compressive stress, or, 
say, from six to ten times stronger than a simple con- 
crete beam stressed up to its maximum tensile stress (the 
usual case). 

Yours faithfully, 
HERBERT CHATLEY. 

Tangshan a, song 4 College, Tangshan, North 

ina, May 10, 1912. 





‘“*GIRL-ENGINEERS.” 
To THE EprToR oF ENGINEERING. 

Srr,—I can quite endorse the letter of your corre- 
spondent on above. With regard to the two types of 

irl-engineers, I prefer the darling in short frocks to the 

amsel in the tube skirt, as the latter is so dictatorial, 
and considers herself boss, and bosses callers accordingly. 
I have experienced this type in offices not connected with 
engineering during a commercial life. Some, however, 
when they were stum were honest enough to say : 
‘* Well, if you will call again in the afternoon, you will 
see Mr ——, who will explain things.” The junior male 
clerk, in some instances, is just as offensive as the woman 
and girl-engineers. A few years ago I wished to ascer- 
tain particulars of a railway brake, and the office was in 
charge of a junior, who informed me the manager was 
away on the Continent, but was very obliging in getting 
me catalogues of steam-pumps and injectors instead of 
what I wanted, which 1 eventually got. This showed 
his lack of knowledge of the subject. Another time, 
while at an exhibition the junior attendant in charge of 
the stall told me he did not quite understand the plan of 
the steam-car he was representing. I explained the plan 
to him, and he said ‘‘ He must go to Glasgow, where the 
firm was, and they would explain it in the shops.” The 
office in this country is a dead horse, and is treated on 
the principle that “‘it is no use flogging a dead horse,” so 
the smaller the expenditure the better. Those of an 
economical turn of mind might do worse than to pin a 
notice outside the door with the proverbial ‘‘ Back in ten 
minutes.” To while away the time a catalogue of sup- 


ag: might be hung outside the door. Prices would not 
put in, as being left out would incite curiosity on the 
part of would-be buyers, providing there is no letter-box. 
A climb up a few flights of stairs to Mr. and Mrs. House. 
keeper would be a little gentle exercise to them. 

It would be worth while to pay a little more attention to 
the office, instead of running it by the efficient (?) clerks 
turned out by the London County Council, &c. As [ 
have no commercial axe to grind, I might suggest using 
some clerico technics, like myself, who are over the scrap. 
heap age of forty. Commercial men might find an 
advantage in turning more attention to the office, as it 
is a via media to orders and business, although not 
considered so. 

Yours faithfully, 
STAHLSTapT. 





INTERNATIONAL RUBBER CONGRESS AND EXHIBITION, 
Batavia.—An_ International Rubber Congress and 
Exhibition will be held at Batavia in April, 1914. The 
Congressand Exhibition will be organised by the Nether- 
lands Indies Agriculture Syndicate (Nederlandsch-Indisch 
Landbouw-Syndicaat) which also brought about the very 
successful Fibre Congress and Exhibition at Sourabaya 
in1911. Both Congress and Exhibition have the support 
of the Government of the Netherlands East Indies and 
many influential persons, commercial bodies, and estates. 
This Exhibition will be the first International Rubber 
Exhibition to be held in one of the important rubber. 
ae countries. Further data can be obtained from 
J.G. H. De Voogt, Major-General (retired), delegate of 
the Netherlands Indies Agriculture Syndicate, President 
of the Rubber-Planters’ Association, Batavia; or from 
H. J. Lovink, Director of the Department of Agriculture, 
Industry, and Commerce, Buitenzorg. 





SpanisH Directory oF Minine, Metatwurcy, &c.— 
This annual directory, the title of which is ‘‘ Anuario de 
Mineria, Metalurgia, Electricidad é Industrias Quimicas 
de Espajia,” is published by the ‘‘ Revista Minera, Meta. 
lirgica y de Ingenieria,” under the direction of Mr. 
Adriano Contreras, mining engineer, ex-professor at the 
Madrid School of Mines, and Mr. Rafael Oriol, mining 
engineer, Villalar 3, Madrid. The ‘“‘ Revista Minera” has 
published this directory regularly for the last seventeen 
years. It contains a list of all the Spanish mines, 
classified according to the metal mined and the provinces. 
It also gives lists of the mining, metallurgical, electrical, 
and chemical firms established in Spain, and states their 
capital, address, &c. he transport rates for ores, metal- 
lurgical and chemical products, the charges made by the 
laboratory of the School of Mines for examining and 
analysing ore, Custom-house duties and commercial 
treaties, laws and regulations dealing with the metal- 
lurgical and mining industry and so forth, are also given. 
It is issued at the price of 7s. 





Tue Incuingep Tower aT Pisa.—A good deal of re- 
search work has recently been done on the inclined tower 
of Pisa. Canavari, of the University of Pisa, has found 
that the foundations only extend to a depth of 3.6 metres 
into the soil, and that they are hardly wider than the wall 
ofthe tower. The soil consists on of sandand partly 
of moor. There are various water-courses under and 
near the tower ; notably one course which is held respon- 
sible for the original sinking of the tower. To deflect this 
course a ring ditch of cement was built in 1573, and 
various other measures have been tried ; in recent years 
Cuppari has investigated these courses again. The 
American architect, W. H. Goodyear, comes to the 
conclusion that the inclination began while the tower 
was being built (1174 to 1350), and that the architects 
then were quite right as tothe direction of the inclina- 
tion which the tower would assume, and in their 
belief that the foundations would be strong enough. It 
appears indeed that the inclination remained constant 
up till 1846, when an earthquake caused a renewed tilt- 
ing. According to Pizette, the tower deviates now by 
3.26 metres from the vertical, and if the measurements 
of Edward Cresy and G. L. Taylor, of 1829, and of R. de 
Fleury, of 1859, are right, the inclination has increased 
by 20 cm. since 1829, and by 7 cm. more since 1859. The 
tower has a height of about 55 metres, 





Exxctric Percussion Dritt.—A very simple percus- 
sion drill is constructed by the Maschinenfabrik Otto 
Piischel of Gross-Lichterfelde, near Berlin. The principle 
is that of certain pneumatic hammers, but had not, so far 
as we are aware, yet been applied to drills. An electric 
motor drives a crank through a flexible shaft. A connect- 
ing-rod joins the crank-pin to a hollow piston, which 
slides in a cylinder. The piston proper, however, lies 
within the first hollow piston, which is not evacuated ; 
the piston-rod proper bears at the one end against a spiral 
spring and the other end strikes the drill at the far end 
of the stroke which is not adjustable. The piston proper 
thus moves with the hollow cylinder, but it has an air- 
cushion on both sides. The drill is mounted in a worm- 
wheel, the worm of which is connected by a belt with a 

ulley on the crank, so as to turn the drill after each blow. 

he whole machine, with its dust-proof casing, weighs 
18 kg. The description in the Zeitschrift des Verewnes 
Deutscher Ingenieure, from which we quote, mentions 
that a drill of 1} in. or 14 in. in diameter will advance in 
coal shale at the rate of 8 in. per minute, and that one of 
these machines, of 14 horse-power, did excellent service 
in drilling holes through the walls, 5 ft. in thickness, of 
quarried stone and clinkers of a new large store building 
at Berlin, when the glass roofing had to be fixed. The 
holes were up to 2} in. in diameter, and a considerably 
more powerful pneumatic drill would have been required 





for the operations 
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SINHALESE IRON AND STEEL OF ANCIENT 
ORIGIN.* 
By Sir Ropert HapriExp, F.R.S., Sheffield. 
Sgcrion A. 


INTRODUCTION. 2 

Tue use of iron, including in this term the combination 
of iron and carbon known as steel, such as produced by 
the fusion or cementation processes, has without doubt 
existed from a time dating back to a very early period in 
the world’s recorded history. _ 

Owing, however, to the avidity of the oxygen present 
in the air for this metal, it has been most difficult to 
obtain ancient specimens of iron. We have, therefore, 
but little definite evidence regarding its early manufacture 
and use. It is for this reason the author thought that 
the present description of some interesting Sinhaleset 
specimens of this nature which came under his notice 
during a recent tour in the East would be of interest to 
the members of the Institute. 

We who live in this modern Western world are apt to 
pride ourselves that we have all the knowledge on this 
subject of metallurgy, but the facts presented in this 

per show this assumption to be incorrect. Whilst 
information available from the East regarding iron of 
ancient production is fragmentary, yet undoubtedly a 
comparatively high state of metallurgical art and know- 
ledge must have prevailed, not only centuries, but more 
than a thousand years ago. : 

The author has taken advan of the opportunity 
afforded to make what he hopes will prove an addition to 
our knowledge, and trusts the information submitted will 
prove to be of interest. . . 

This is not the first paper which has been read on this 
subject. One hundred and seventeen years ago—to be 
exact, on June 11, 1795—Dr. George Pearson, a Fellow 
of the Royal Society, read a paper entitled ‘‘ Experiments 
and Obcervations to Investigate the Nature of a Kind of 
Steel, Manufactured at Bombay, and there called ‘Wootz,’ 
with Remarks on the Properties and Composition of the 
Different States of Iron.” ; 

The author is greatly indebted to the Royal Society for 
permission to make use of Dr. Pearson’s paper, as well as 
of his own paper recently communicated to that Society. 

It was the author’s good fortune during his recent tour 
round the world to visit the Colombo Museum and inspect 
a set of ancient specimens of iron and steel which were 
obtained from some of the buried cities of Ceylon. These 
cities date back from about 500 B.c., and since then have 
had a more or less continuous history as habitable by 
human beings; the history of some of them continued up 
to about 1500 A.D. 

This collection, which was formed quite recently, and 
has not been previously known or described, was ligh 
upon quite by chance, and was the find of an otherwise 
idle day. It isa fascinating collection of ancient speci- 
mens and instruments of iron, and is in many respects 
absolutely unique. The author met the then Director 
(April, 1910) of the Museum, Dr. Arthur Willey, F.R.S., 
oo was afforded every facility for examination. Finally, 
through the kindness of his friend, His Excellency the 
Governor-General of Ceylon, Sir Henry, McCallum, to 
whom teful acknowledgment is —_ made, he was 
accorded the privilege of having placed at his disposal a 
few of the specimens for investigation. It seemed to 
tbe a that an 0 ny of the carried = 
on these specimens might form an appropriate sequel to 
the interesting paper to the Royal ee! by Dr. Pear- 
son on ‘** Wootz” steel a century ago. The matter has 
been made the subject of special reference in the annual 
report of Dr. Willey, and much interest has been 
aroused. The author believes that the research which 
has been carried out yields information which has not 
previously been available on the subject of iron and 
steel specimens of known ancient origin — in fact, 
he has not been able to find in previous publications 
any complete and authentic analyses accompanied by 
mechanical tests and photo-micrographs showing the 
structure of such material. 

Not only does the Colombo Museum contain this large 
number of interesting specimens of ancient tools and 
implements of various kinds—some 250 in number (these 
are shown in Figs. 1 to 3, page 746, and Figs. 4 to 7, 
page 747)—but in another section of its exhibits are 
shown several swords of more modern date, bearing the 
dates of the years 1374 and 1416 a.p., with Sinhalese 
legends inscribed upon them. 

To those interested in the metallurgy of iron and steel, 
this collection of ancient iron and steel specimens appeals 
as being without doubt the most complete and unique in 
the world. There is probably nothing at all like or 
appr aching it in any other museum or private collec- 

10n. 

lhe following is Dr. Willey’s description of the speci- 
mens sent to the author from the Colombo Museum for 
7 purposes of this research :— 

. \luseum specimen, No. 138, steel chisel from Sigiriya, 
of the fifth century .D., length 10 in. (Fig. 5). nati 

2. Museum specimen, unnumbered, ancient nail pointed 
end broken off), 134 in. long, probably also from Sigiriya, 





May ane rend before the Iron and Steel Institute, 
q ',, he term “Sinhalese” is exptotend, as follows by Dr. 
S. M. Burrows, M.A., in his k, “‘ Buried Cities of 
yion”:—="* In B.c, 543, Wijiyo and his Sinhalese 
weet landed in Ceylon, possibly near the modern 
Uttam, On the west coast. He is said to have been 
the discarded son of one of the petty princes in the valley 
of the Ganges, while the native chronicles explain the 
heme of his race by tracing his paternity to » lion— 


‘ 
Piaha,’” 


~ ao 





of the same date as the chisel, but the particulars are 
lost. It is, however, certainly very ancient, and is typical 
of a special class of implements found in the ruined cities 
of Ceylon (Fig. 6). 

3. Native bill-hook or “‘ ketta,” just as it came to hand 
from Dumbara, near Kandy, the headquarters of much 
medieval native work (Fig. 7). 

In this paper it has been attempted to deal only with 
specimens of iron of undoubted antiquity. With the 
modern manufacture of Sinhalese and Indian steels, it is 
undesirable to deal at the present time. It may be men- 
tioned, however, that by the kindness of one of our 
Fellows, His Excellency the Governor-General of Bombay, 
Sir George Clarke, a number of specimens of Indian iron 
and steel, not of ancient origin, but made in compara- 
tively recent times, were obtained at considerable trouble 
and furnished to the author, and are also under examina- 
tion. If these prove of interest, a report upon them will 
be submitted later. The author takes this opportunity 
of thanking Sir George Clarke, also a num of the 
residents in the provinces of Mysore, Gwalior, Hyderabad, 
and Calcutta, who have been at so much trouble in 
obtaining these various specimens and furnishing detailed 
particulars of how they were uced. 

ith this face the author will now refer to the 
causes which led to his own investigations and research. 
Whilst there is often an eee that the use of iron, 
including in this term the alloy of iron and carbon known 
as steel, is a modern development, this is probably in- 
correct, as without doubt such knowledge really dates 
back to the earliest stages of tradition. For several 
reasons, and, notably, owing to the avidity of iron for 
the oxygen present in the air, it has been difficult to 
obtain ancient specimens of this material, more particu- 
ay in the form of steel. It is for this reason that the 
Sinhalese specimens in question are so valuable, for there 
exists but little definite evidence as to the period when 
iron and steel were first employed by man. 

There is a reference in the report of the Director of 
the Colombo Museum to the fact that iron implements 
are very liable to rust even in the atmosphere of Ceylon, 
with its constant high temperature, and even after having 
been cleaned and impregna with paraffin-wax by 
Krefting’s method. ust preservatives are therefore 
used in the Museum from time to time as rust appears ; 
the simplest way has been found to give the specimens a 
coat of the above varnish. 

The importance of this subject was ised by Dr. 
Willey at the time of the author’s visit to Ceylon, and in 
his report above quoted he expressed the hope that more 
of the long steel stone-cutting chisels would be found 
during the course of the Archzological Survey operations, 
so that further examination could be made. It was also 
stated in the report that the ancient Indian method of 
making steel in clay crucibles seems to be identical with 
the method thought to have been invented in England in 
the middle of the eighteenth century. 

Another reason which caused the author as a metal- 
lurgist to be specially interested in these Sinhalese 
specimens was that during his tour in the East he first 
visited Egypt, and an inspection there of the wonderful 
works in stone raised questions in his mind as to the 
method and tools with which these memorials in stone 
were hewn to sha; 

It has been asserted that the tians knew how to 
harden copper, so that it could be made to take and kee’ 
a cutting edge under the severe working stresses to whic 
the tool must have been subjected in order to produce 
the hundreds of thousands of forms now to be seen in the 
Nile Valley, from Cairo to Khartoum or beyond, over 
a distance of some 2000 miles. Such work must have 
involved the labours of immense numbers of stone-masons, 
who would require tools. The author is strongly of 
opinion that no method of hardening copper was then 
known, which would produce tools having a hard cuttin 
edge, or which were at any rate at the same time toug 
enough to stand the severe impact blows such as stone- 
cutting work uired. Copper alloyed with other 
elements can be hardened, as was recently evidenced 
in a paper read by Dr. Rosenhain and Mr. Lantsberry 
before the Institution of Mechanical Engineers.* During 
the course of the discussion on the rit was stated 
that a turning tool had been made which | cut iron. The 
author is of opinion, however, that such a material made 
up into chisels, wedges, and the like, would be of little 
value for hewing to shape and finishing the gigantic 
works in stone of the Egyptians. 

It is far more probable that the ancient Egyptians were 
not only able to make steel for tools of all kinds, but also 
to cement and harden it, or, if they were not themselves 
steel-workers, they obtained the n material and 
help from the workmen of another nation. There is, 
indeed, evidence that such was the case, and the facts 
available suggest that in the art of steel-making Egypt 
received assistance from India or China. There are, it 
is true, but few specimens of iron or steel tools or imple- 
ments in and from pt. re is, however, a scythe 
of iron in the British Museum ; examination shows it to 
be in such an oxidised condition that it is not ible to 
say definitely what is the nature of the etesial althonahe 
it is undoubtedly iron. This scythe, which the author 

seen and handled, is so thin-and corroded that it 
would almost fall to pieces unless most carefully dealt 
with. There is also an important specimen of iron taken 
from the Great Pyramid. In determining this general 
question as to the use of steel by the Egyptians, it should 
be remembered ¢hat there are several ways of endowing 
iron with the quality of hardening—that is, after heating 





and quenching it in water, or other cooling medium. The 


material ordinarily termed wrought iron can be made to 





* See ENGINEERING, vol. Ixxxix., pages 104, 125, 157, 
187, and 223. 








acquire or take up carbon. by cementation. This 
is still } ly carried out in Shefheld, Principally upon 
bars which are by these means carburised wi uired 
hi | percentages of carbon. These bars are chiefly 

or the purpose of afterwards being melted in 
crucibles to produce the highest and purest qualities of 
steel. Such cemented steel, or “‘ blister” steel, is insome 
cases directly worked up into tools having cutting edges, 
and is then termed “‘ bar steel.” This aspect of the case 
is referred to because even if ancient specimensof highly- 
carburised steel are not available, it must be remembered 
that wrought or forged iron itself can be cemented or car- 
burised, or the edges of tools can be so treated. 

There is reason to believe that this knowledge, although 
in a crude form, was possessed by ancient workers in iron. 
Such methods may probably be rded, to a certain 
extent, as ‘‘case-hardening.” In such process the surface 
of the material to be treated must have been placed in a 
gaseous medium, or in a medium of charcoal or other 
= form of carbon, then heated, and the surface car- 

urised to the desired extent and depth. Such material, 
— again heated and quenched, would carry a cutting 
ge. 

Somewhat singular to say, this knowledge appears to 
have been possessed and to be proved in an interesting 
manner by one of these Sinhalese specimens which the 
author has Pa ay pallies Fry 2 the chisel (Experiment 
No. 2252), which is proved to have its edges cemented or 
carburised. Under the section devoted to the description 
of these experiments will be found full particulars ef this 
remarkable chisel, together with ee 
analyses, and the results of mechanical and other physical 


tests. 

The other and chief method of producing ‘‘cast steel” — 
that is, an alloy of metal with carbon varying from about 
0.50 to 1.80 per cent.—is, of course, by direct fusion of 
bar iron, or, in the case of a steely iron made in the 
manner just referred to, in a closed receptacle or 
“‘crucible.” To accomplish this required a high technical 
knowledge, for it is not merely necessary to cbtain the 
requisite quality of bar or melting iron, practically free 
from, or very low, in sulphur and phosphorus, but there 
has also to be solved the equally difficult problem of pre- 
paring a receptacle or crucible to withstand handling at 
the high temperature required to fuse the materials bein; 
melted, and the intense heat to which it is subj 
without itself fusing. It is interesting to observe that in 
the Colombo Museum clay crucibles (of modern manufac- 
ture, it is true) can be seen, but apparently the same 
method has long been known and practised in the Kast. 
Therefore our modern belief that such method originated 
in Europe is probably not correct. 

As before mentioned, the specimens in the Colombo 
Museuta were taken from the ruins of some of the buried 
cities of Ceylon, and in view of the importance of the 
collection, the author instructed Messrs. PlAté, the excel- 
lent photographers in Colombo, to prepare for him the 
photographs of these specimens which accompany this 
paper. 

The names of the buried cities in question are :— 
Anuradhapura, 437 B.c. to 769 a.p.; Polonnaruwa, 769 a. Dp. 
— A.D.; and Sigiriya, 4 A.D. 7 

interesting r_on the ruins of Sigiriya appears 
Te Royal pony Society’s Proceedings, vol. viii., 

The articles in each photograph are numbered, and 
accompanied by a tabulated statement describing the 
specimens, also stating from which of the ruins of the 
buried cities in Ceylon they were taken. No less than 
about fifty different articles are comprised, including 
those for agricultural implements, cutting instruments, 
tools for building and other trades, warlike implements, 
— articles, 

ilst the Sinhalese temples and monuments are of 
much later date than those of Egypt, nevertheless, in 
view of the metallurgical knowl which was evidently 
gr at a very _— period in India, and later in 
ylon, it is quite evident that the knowl then 
hao in these matters must have been considerable. 
here is no evidence that the metallurgy of iron was 
understood in Egypt; it seems more than likely, there- 
fore, that, as has been su ted by several authorities, 
aid was obtained by the ptians from the Far East— 
no doubt India or China, whence there was a constant 
stream of trade and commerce. They were thus enabled 
to carry out their many wonderful works in stone, in- 
cluding temples, pyramids, statues, obelisks, sarcophagi, 
sculptured walls, res, tombs, steles, and the like, 
many of them prepared from the intensely hard Assouan 
nite, also red and black ite, quartz, porphyry, 
imestone, and sandstone. me of the blerogiyphice 
have been found cut to a depth of no less than2in. To 
— out such work would require tools of excellent 
ty. 
As will be cen by the cnaugies in Figs. 1 to 4, there 
are several hundreds of these ancient iron specimens. 
They ——- 1 and small chisels, includ stone- 
cutting chisels, about 24 in. in length oat te. in 
diameter, axes, adzes, hoes, wedges, scissors, locks, keys, 
and many other articles. Regardin age 
me Dr. Willey, F.R.S., the then director of the 
bo Museum, states that this is vouched for 
those thoroughly competent to make the statemen 
that the specimens are 1200 to 1800 years old. They 
are in a remarkably good state of By and 
many of them being quite bulky, much better 





op & examination than anything of the kind the 
author has ever seen or heard of. 
When consideri the origin and nature of these 


| omen, it should be borne in mind that the ‘‘ Veddas,” 
| the aboriginal —— caste or hill tribe of Ceylon, 
| were of very peer intellect, and it is extremely ful 
| Whether the high order of knowledge necessary to pro- 
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duce steel, and puieiney: steel by the crucible process, | 
could have been y them. | 
Ceylon is, however, from the ethnological point of 
view, practically an integral part of India. The distance | 
between the two countries is so small that it is shortly | 
to be spanned by rail. There seems, therefore, good | 
gan for the assumption that the requisite skill and | 
nowledge required for steel-making probably reached 
Ceylon from India. 
Section B. 

Opinions by Various Authorities with Regard to the 
So-Called Iron and Bronze Ages. 

In a most excellent sketch of the history of iron in his 
‘* Metallurgy of Iron and Steel” (1864), Dr. John Percy, 
F.R.S., stated, as the author has already pointed out, 
that iron is so rapidly corroded and wasted away by the | 
oxygen of the air, even in dry climates, that it is not to} 
be wondered at that only few ancient specimens have 
remained preserved. 

Dr. Percy also believed that from metallurgical con- 
siderations it is not unreasonable to —- that the 
so-called age of iron preceded the age of bronze, or, if 
not, was concurrent. The metal of the latter age requi 
more skill to produce than iron, whose process of produc- | 
tion in its simplest forms is not so difficult. As Dr. 
Percy points out, if a lump of red or brown hematite be 
heated for some time in a charcoal fire, well surrounded 
7 or embedded in the fuel, it will be more or less com- 
pletely reduced so as to admit of being easily forged at a 
red heat into a bar of iron. 

Singular to say, the author cannot find even one 
analysis of an ancient iron specimen by Dr. Percy, whose 
eminence in the metallurgy of iron and steel during the 
last generation was renowned, thus showing that speci- 
mens of such material were indeed rare aves. The author 
therefore believes that the ancient specimens now de- 
scribed for the first time represent an accurate analysis of 
ancient iron, in this case made about 1400 yearsago. They 
also probably represent the type of material produced at 
a much earlier date. 

Mr. St. John V. Day’s ‘‘The Prehistoric Use of Iron 
and Steel,” published in 1877, and Beck’s ‘‘ Geschichte 
des Eisens ” (1903), in five volumes, covering no less than 
about 6000 pages, are both remarkable books on iron and 
steel in reference to their past history. 

Day believes, with Dr. Percy, that the use of iron has 

very ancient origin, and preceded the so-called Bronze 
Age. Day says ‘‘that the earliest of substances with 
which man was acquainted was unquestionably iron, and 
almost certainly steel; . . . and that this is true whether 
we look to Egypt, Babylonia, or Proto-Chaldea and 
Assyria, on the one hand, or China on the other.” 

Day points out that iron has been discovered in the 
Great Pyramids, the oldest buildings known to men. 

Lepsius, an Egyptologist of the highest rank, says that 
‘considering the frequent working of granite in large 
masses, which can be proved near the fourth Manethoic 
dynasty, it cannot well be doubtful that since that time, 
and indeed earlier, iron and the hardening of it were 
known.” 

Many tablet pictures show workers wielding tools which 
could not very well be those other than of iron or steel, 
and Maspéro, in the interesting recent correspondence 
with Osmond, referred to in this paper, admits the wall 
pictures of Egypt show workers handling tools which 
were surely of iron or steel. 

Dr. Percy therefore seems fully justified when, in writ- 
ing to Mr. Day, he makes the following important state- 
ment:—‘‘I become more and more confirmed in my 
opinion that archeologists have been generally mistaken 
concerning the so-called Iron Age. I am _ collectin 
further information on the subject from time to time, an 
as yet have met with nothing in opposition to the opinion 
above mentioned.” 

Professor Max Miiller, so Day points out, stated that 
‘**in the Homeric times knives, spear-points, and armour 
were still made of copper; and we can hardly doubt 
that the ancients knew the process of hardening that | 
pliant metal, most likely by repeated smelting and im- 
mersion in water.” The author quite agrees with Day 
that such a statement on the face of it cannot be correct, 
for copper is not hardened by immersion or cooling in 
water, but, on the contrary, it is softened. Moreover, no 
one has yet been able to harden copper in the manner 
that iron does when combined with carbon. If such an | 
art had been known, it is difficult to imagine that the 
knowledge would have been entirely lost ; it would have 
been too valuable. The world has yet to discover a| 
method of hardening copper, in the sense of producing a 
material which can be compared with hardened steel. 
Alloys of copper with tin and other elements are well 
known, but their qualities render them unsuitable for 
purposes where iron and steel are used. 

In the same manner Day, rightly the author thinks, 
took the late Right Hon. W. E. Gladstone to task with 
regard to his laborious investigation of the Homeric epic, 
when announcing ‘‘the age of copper is the first and 
oldest of the metallic » which precedes the general | 
knowledge of the art of fusing metals.” Day gives good 
‘reasons for his opinion, with which it is not possible | 
adequately to deal here. The reader is referred to Day’s | 
most interesting and valuable work, and to a useful paper 
by the late secretary of our Institute, Mr. Bennett H. 
Brough, on “‘ The Early Uses of Iron,” in the Journal of | 
the Iron and Steel Institute, 1906, No. I., page 233. 


Section OC. 

Remarks on the Paper Communicated in the Year 1795, by 
Dr. Puarson, F.R.S., to the Royal Society, on ‘* Indian 
Wootz Steel.” 

Before dealing in detail with the specimens examined 
in this research, reference may be made to the salient 
-pointsof Dr. Pearson’s paper previously mentioned. The 
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Fie. 1. Toots anp IMPLEMENTS IN CoLomBo Museum. 
180. Arrow head Sigiriya 185. Arrow head North of Hospital Premises, 
181. ” — Anuradhapura 
182. ; Pankuliya, Anuradhapura 186. Spear head Kali Devale, Polonnaruwa 
183. o Sigiriya 187. Sword blade... Polonnaruwa 
184, a North of Hospital Premises, 188. Guard of a sword — 
Anuradhapura 18 0 ” Kali Devale, Polonnaruwa 
190 
192 
—————— A 
; 204 | 
196 194 201 
197 195 
210 
#193 B ee. 
198 b 4 
’ 199 we 
OS 
Lift 2ui 
209 
Fie. 2. 
190. Iron rod Siva Devale, Polonnaruwa 200. Old pen (stylus) .. North Central Province 
191. ~. oS Sigiriya 201. Crutch for receiving th 
192, Pointed object 9” er pole of an image i a 
193. = 7 North Central Province 202. Door a os .. Near Arrayagiri, Anuradhapura 
194. ~ se ” ” 203. *” 99 ” 
195. *” 99 oe »” *” 204, 9» oe Sigiriya 
196. Ring and eyespike. . 209. Washer oe - .. Siva Devale, Polonnaruwa 
197. ” ” ée ”» 210. 80 leaf-shaped ornament.. Pankuliya, Anuradhapura 


8. ” ” 
199. Old pen (stylus) 


Sigiriya 


211. ” ” 


” ” 




















212. Chisel. Md - 
213. Stone-cutting chisel. . 


214. ” 


. (Not stated) 
216. Chisel . 


“Bae oO 
218. ,, (withcollar) .. 
219. Double-edged tool .. 
291. Fdged tool ” 


Sigiriya 

North end of Vessagiri, 
Anuradhapura 

Site of Buddhist railing, 
Anuradhapura 


North Central Province 
Sigiriya 

Vijayarama, Anuradhapura 
North Central Province 
Abb ri, Anuradhapura 
Sigi 


Fic. 3. 

222. Edged tool 

223. Cutting tool 

224. nei 

225. = 

226. es 
227, e 2 
228. Plane blade @) pe 
230. Knife’ mabe 
231. Pair of scissors .. 
282. Kettie .. 


” 


North Central Province 
Siva Devale, Polonnaruwa 
Sigiriya a 
North Oentral Prevince 


» ” 


Puliyankulam Monastery, Anurad- 
hapura 

Hospital Premises, Anuradhapura 

Near Ayton Road, Anuradhapurs 

Sigiriya 
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234. Areca nut cutter blade. . =~ 


giriya. ; 
North Central Province. 


Kali Devale, Polonnaruwa. 
Vijayarama, Anuradhapura. 
Near Thuparama, Anurad- 





” ” 
Vijayarama, Anuradhapura. 


Nilakgama, North Central 
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Fie. 7.-—Ancient ketta or billhook. 


‘author well remembers the fact that about thirty years 
ago his father one day showed him, as a great 
analysis of a specimen of 
In that analysis, for which a fee of fifteen 
had been paid, five elements had been determin 
ably most of them not very correctly, at all events as 
compared with the accuracy possible at the present day. 
neration ago. It isnow possible, at very 
small cost, to obtain complete and accurate analysis of 
the composition of iron and steel, not only o' 
ost complex compositions. 

to withhold our admiration of the 
n this connection the! work of the chemist, which in a comparati 


specimens of Wootz steel described by him, which were 
stated as being sent over by Dr. Scott, of Bombay, 
in 1795, were not claimed to be 
apparently represented steel which was being manufac- 
tured in India at that time—that is, the closing years of 
It is not perhaps surprising 
r. Pearson’s paper, no record was 
hen, or even until much later, made available as to the 
composition of Wootz iron or steel. 
‘sit is only within the last twenty-five or thirty years 
that really reliable and accurate methods of chemical 
been made possible to the worker in this 


of ancient origin, but 
he eighteenth century. 
that, notwithstanding 
This is quite natural, 
types, but of the m 


possible, therefore, 
field of wetallurgical roscarch. I 








years has led to this great advance in methods of 
analysis, whether as regards accuracy, rapidity, or low 
cost 


| Asa proof of this it may be interesting to here men- 
| tion that the author has been informed by one of the very 
| able directors of Messrs. Krupp, Dr. Ehrensberger, who 
| has done so much to advance metallurgical knowledge in 

Germany, that in 1910 the total number of analyses 
| carried out in their laboratory was no less than 416,728. 

The writer’s own firm carried out in the same year a 
| total of 39,653 analyses. Therefore, in the metallurgical 
| world there must now be made many millions of analyses 
|in each year. Even but a generation ago such a possi- 
bility was hardly dreamt of. 

Although the chemical composition of the Wootz 
| steel in question was not put on record, Dr. Scott, who 
iron the specimens to Dr. Pearson, describes these 
as ‘admitting of a harder temper than anything known 
in that part of India; that it 1s employed for covering 
| that part of gun-locks which the flint strikes, that it is 
used for cutting iron on a lathe, for cutting stones, for 
chisels, for making files, for saws, and for every purpose 
where excessive hardness is necessary.” Also that it 
“‘cannot bear anything beyond a very slight red heat, 
which makes it work very tediously in the hands of 
smiths.” It is added that it ‘‘ could not be welded with 
iron or steel, to which therefore it is only joined by screws 
| and other contrivances.” Dr. Scott also pointed out that 
‘when working, if heated above a slight red heat, part 
of the mass seems to run, and the whole is lost, as if it 
consisted of metals of different degrees of fusibility.” 
**Working with Wootz is so difficult that it is a separate 
art from that of ay | iron”; and ‘‘the magnetical 
power in an imperfect degree can be communicated to 
this substance.” 

Dr. Pearson further describes the specimens received 
by him as being in the shape of a round cake of about 
5 in. in diameter and 1 in. in thickness and weighin 
about 2 lb. He stated that ‘‘under the file I —_ 
Wootz much harder than common bar steel not yet har- 
dened, and than Huntsman’s cast steel not yet hardened.” 

This reference to Huntsman’s steel, which has been the 
subject of several papers by the author before the Iron 
and Steel Institute and other technical bodies, is very 
interesting, and indicates that the work of Huntsman 
was well known at that date, 1795. Dr. Pearson’s paper 
contains a table giving the specific gravity of Wootz and 
several other specimens of steel and iron, in which it was 
stated that the apeewe gravity of these Wootz specimens 
varied from 7.166, quenched while white hot, to 7.647 in 
the forged condition, and that this compares with «a 
specific pone | for Huntsman’s steel of 7.771 in the 
vss el condition to 7.916 hammered. Reference is 
also made in the paper to the assistance given in forging 
Wootz by “ that ingenious artist Mr. Stodart.” It is not 
a little flattering to metallurgists to note that an expert 
worker of steel was mentioned in such terms, the descri 
tion “artist” occurring several times in the paper. ft 
may be here mentioned that it is probable Dr. Pearson’s 
co-worker was the same Dr. Stodart who many years 
‘ater assisted Faraday in preparing and investigating a 
large number of steel alloys. Although there was nothing 
very definite obtained from the experiments, they are most 
interesting, and will be found fully described in Philo- 
sophical Transactions, vol. cxii., page 253. 

Naturally, owing to the then incomplete knowledge of 
special steels and of analytical methods, the results were 
incomplete, but nevertheless valuable as pointing the way. 

Thus even at that early period the importance of 
leveloping steel alloys made an appeal to the master 
mind of haw oy although the actual accomplishment 
of his ideas was deferred for another sixty years. The 
first ~ ia wy presentation of a steel alloy research was 
probably that dealt with in the paper presented by the 
author to the Institution of Civil Engineers in 1888, 
entitled ‘‘ Alloys of Manganese and Iron,” in which a 
complete correlation of method of manufacture, composi- 
tion, analysis, physical properties, and mechanical and 
electrical tests were set forth. 

In the paper referred to by Dr. Pearson will be found 
an account of an elaborate research as to the “‘ Effects of 
Fire and Oxygen Gas Conjointly,” ‘‘ Experiments with 
Diluted Nitrous Acid,” also with ‘‘ Diluted Sulphuric 
| Acid.” Much time and attention were given to deter- 
mining the nature of the gas obtained from the Wootz so 

lissolved. It is very curious to note the exceeding] 
painstaking character of the attempts made to mmo | 
| conclusions, which, of course, could not then: be verified 
for want of the uisite scientific and technical know- 
ledge. Probably the chief want was the chemist, to 
whom metallurgists owe so much for the first advance in 
true and accurate metallurgical knowledge. Dr. Pearson 
estimated the ‘* quantity of carbon in the Wootz and steel 
to be nearly equal ; and that quantity to be about one- 
third of the hundredth part, or 4, of the weight of these 
two substances,” whatever may have been meant by that 
statement. As an illustration of the extraordinary 
opinions which then found acceptance from men in 
responsible positions, and who must be assumed to have 
had the my ~ of the best scientific and technical 
training of the day, Dr. Pearson states that from some 
of the solutions so obtained he observed there was ‘‘a 
deposition of white matter and formation of green crystals 
in a liquid.” The green crystals were obviously those of 
sulphate of iron, and the white matter was the siderite 
of Bergman, which is now believed to be phosphate of 
iron. It is curious to note, as showing to what lengths 
investigators of that day were driven for an explanation 
of the properties of steel, that Dr. Pearson says :— 
**Common steel, which is all made by cementation, is 
very malleable when white hot, only perhaps because it 
contains iron which has escaped combination with carbon.” 

Dr. Pearson concluded by saying that the Wovte steel 
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which he examined must have been made directly from | been acquired in times of antiquity. Heath, therefore, | There is also abundant evidence that the ancient Hindoos 
the ore, and that it had never been in the state of wrought | probably rightly claims in his ~ “# referred to that the | were not only skilled in manufacturing steel and iron, but 
iron. The author refers to this in connection with facts | Hindoos been familiar with the manufacture of steel | in working these products, and in oo sae steel. It is 
he brings before the Institute with reference to the speci- | from time immemorial, and he held the same opinion as | claimed, indeed, that Damascus blades were fashioned 
mens of ancient steel obtained in Ceylon, which appeared | the author, that the stone works of Egypt could only have | from Indian iron. The word ‘‘Ondanique” of Marco 
to be rather of the nature of wrought iron than steel, | been carried out by tools of iron, probably of cemented | Polo’s travels referred originally, as Colonel Yule ha: 
although some of the specimens appear to have been | or hardened steel. shown, to Indian steel, the word beinga corruption of the 
cemented. Other evidence of the knowledge of iron possessed by the Persian ‘‘Hundwaniy.” The same word found its way 





Section D. 
Heath and others on “a and Sinhalese Iron and | 
e » 


As bearing upon this subject of Indian metallurgical 
knowledge in 1837 and 1839, Mr. J. M. Heath con- 
tributed two interesting papers on Indian steel to the 
Royal Asiatic Society, referred to in the Bibliography 
accompanying this paper. Although the specimens 
descri by the writer in this paper are not Wootz 
steel, but rather a species of wrought iron, it may be 
interesting to mention that Mr. Heath says this term 
‘“*wootz” or ‘‘ cots” is pny he name for steel in the | 
Guzerattee language in use at Bombay. 

Mr. Heath was, it appears, one of the directors of the 
Indian Iron and Steal Company, but left India to return 
of England in 1837. This fact is referred to because of 
Mr. Heath’s important connection with the development 
to steel-making in Sheffield about that time, and a little 
later, where he introduced the use of black oxide of 
manganese in steel manufacture. About this discovery 
of Heath's, it will be remembered, there was afterwards 
a famous litigation. The author regrets to say Heath 
suffered much monetary loss, though, no doubt, he was 
largely entitled to the credit of this great improvement, 
which was the first appreciation of the importance of 
manganese in steel manufacture. aoe 

Heath, in the two papers read before the Royal Asiatic 
Society in 1837 and 1839 with regard to Indian steel, 
offered much interesting information. The author’s views 
aes ppt por ceneradl 4 poarg: Beco Fie. 8.—No. 3178, Nail. Longitudinal, showing weld. Fig. 11.—No. 3194. Billhook. Longitudinal. Magnified 
works of stone in Egypt were undoubtedly carried out by Magnified 40 diameters. @0 diameters. 
means of iron and steel tools. 

Heath’s remarks are so interesting that the author 
quotes them in full as follows :— 

‘‘The antiquity of the Indian process is no less 
astonishing than its ingenuity. We can hardly doubt 
that the tools with which the Egyptians covered thei 
obelisks and temples of porphyry and syenite with hiero 
ne were made of Indian steel. There is no evi 
ence to show that any of the nations of antiquity beside- 
the Hindoos were acquainted with the art of making 
steel. The references which occur in the Greek and 
Latin writers on this subject served only to better thei: 
ignorance of it ; they were acquainted with the qualitie- 
and familiar with the use of steel, but they appear to 
have been altogether ignorant of the mode in which it 
was pre from iron. The edges of cutting instru. 
ments of the ancients were all formed of alloys of coppe) 
and tin, and we are certain that tools of such an alloy 
could not have been employed in sculpturing porphyry 
and syenite. | 

** Quintus Curtius mentioned that a present of steel | 
was made to Alexander of Macedon by Porus, an Indian 
chief whose country he had invaded. We can hardly 
believe that a matter of about 30 Ib. weight of steel would 
have been considered a present worthy of acceptance of 
the conqueror of the world had the manufacture of that 
substance been practised by any of the nations of the | 
West in the days of Alexander. 

**In view of the muritime intercourse between Egypt 
and the East, it appears reasonable to conclude that the | 
steel of the south of India found its way by these routes | 
from the country of Porus to the nations of Europe and | 


Egypt.” 
"Path states, therefore, that ‘‘the claims of India to 
a discovery which has exercised more influence upon the 
arts conducing to civilisation and the manufacturing | 
industry than any other within the whole range of human 
invention, is gn wl unquestioned.” 

In his papers, Heath also points out that Dr. Buchanan’: 
‘Travels in the South of India,” published in 1807, con- 
tains very minute and correct accounts of the native pro- 
cess of smelting iron and making it into steel, this process 
probably representing practice handed down from pre- 
vious The book is illustrated by engravings. 

Further reference is made to Dr. Heyn’s “ Tracts or 
India,” published in 1814. This book also contains an 
account of these gy moe together with a very interest- 
ing ome from Mr. Stodart upon the quality of Indian 
steel. 

_ Without doubt, therefore, the processes of making 

iron and steel have been used in India for many thou 

sands of years. Probably the ancient specimens seen by 

the author at Colombo were not produced by the crucible 

a but that the crucible process has m used it 
ylon 

lished. 








Fie. 9.—No. 317. Nail. Transverse. Magnified 40 diameters. Fic. 12.—No. 318. Chisel. Transverse. Magnified 40 diameters. 


for a long period of time may be taken as estab 


This would also carry with it the proof that while th« 
Huntsman process was novel 1s rds application in 
Great Britain, and of course worked out on a more 
practical and commercial system than the methods of 





the East, yet it was, after all, only a development of 
aos gl an independent comgnestively salen dis- Fie. 10.—No. 319. Billhook. Transverse. Magnified Fic. 13.—No. 3184. Chisel. Longitudinal, Magnified 
covery of methods ~ employed in India. It may, 40 diameters. 40 diameters. 


therefore, easily have been the case that the ancient | ; 
[gyptians were familiar with Indian iron and steel, and | ancients may be cited. Dr. Ananda K. Coomaraswamy, | into Spanish, in the shapes of alhinde and aljinde, first 
either imported the material or obtained the services of | D.Sc., who was, until a few years ago, the principal with the meaning of steel, and then of a steel mirror, and 
Indian workers in metals to produce the necessary | mineral surveyor in Ceylon, has written a valuable and | finally of the metal foil of a glass mirror. The ondanique 
material for the tools ommeret on the great stone monu- | interesting book on ‘* Medieval Sinhalese Art.” In this| of Kirman, which Marco Polo mentions, was so called 
ments, There are those who think the ians obtained | work he’ amongst other matters, with metal work— | from its comparative excellence, and the swords of Kirman 
help in the metallurgy of iron and steel from China, and | iron, brass, copper, and bronze, gold, and silver jewellery. | were eagerly sought after, in the’ fifteenth and sixteenth 
in some cases from nearer home, Assyria. The chain of | Hestates that soy knowledge of iron is of great antiquity | centuries, by the Turks, who gave great prices for them. 
evidence at least appears to he complete, that the know-'| in India. Its use was certainly well known in the Vedic | Arrian mentions steel as imported into the Abyssinian 
Jedge of how to produce and work iron and steel had period, and it is constantly mentioned in Vedic literature. ports ; and Saluasius mentions that among the surviving 
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treek treatises was one on ‘‘The Tempering of Indian 
Stoel.” The knowledge here recorded must have filtered 
through from India to Ceylon. ’ 

Dr. Coomaraswamy, in the work above mentioned, 
givesa very interesting summary and various evidences 
of ancient Sinhalese iron and steel manufacture. The 
book also contains an analysis of the hematite iron-ore 
deposits, and a description of the method of iron-smelting, 
including an excellent account of the Sinhalese method 
of making crucible-cast steel. The author has personally 
seen in the Colombo Museum the clay crucible of modern 
origin made by the Sinhalese. ; 

The manufacture of this crucible-cast steel by the 
Sinhalese is now, however, almost an extinct industry— 
a fact due to the operation of economic laws, as steel 
can be imported from Europe more cheaply than it can 
be manufactured locally. From the standpoint of the 
history of the industry, the evidence produced on the 
subject of Indian and Sinhalese crucible working is of 
great interest. Sinhalese steel is discussed by Dr. 
Coomaraswamy, and his description of researches on the 
subject is accompanied by six most interesting photo- 
graphs illustrating the manufacture of Sinhalese iron and 
steel. The photographs include an iron-smelting furnace, 
general view ; iron-smelting furnace, bellows ; furnace at 
work ; the bellows-blower; steel furnace at work, and 
removing crucibles from steel furnace. These photographs 
form an excellent addition to our knowledge of the sub- 
ject. For reasons previously stated it isobvious that the 
production of the crucibles themselves called for the 
possession of & high order of knowledge, and as it is 
probable that this method has m in operation for 
several centuries, another proof is afforded that produc- 


Edge of section 


Fie. 14.—No. 3894. 


Chisel, from point. 
Magnified 40 diameters. 


tion of steel by the crucible process was not originated 
in England. It wil interesting for the pur of 
comparison to give the composition of a modern Sinhalese 
crucible steel, as this entirely differs from the material 
described by the author, which is really wrought iron. 

A sample of such steel has been analysed at the Imperial 
a pag The following was the composition of the 
steel :-— 


Per Cent. 
Carbon... 1,97 
Silicon ... 0.07 
Sulphur 0.07 
Phosphorus 0.02 
Manganese 0.07 
Iron Sew oi ne 97.77 
This specimen is referred to in Colonial Reports, 


sage 33; Miscellaneous, No. 37, Ceylon ; Report on the 

esults of the Mineral Survey in 1904-5, by Professor 
W. R. Dunstan, M.A., LL.D., F.R.S., Director of the 
Imperial Institute. 

Dr. Coosmaraswamy says that iron-smelting is still 
carried on at Hatarabige, near Balangoda. by men of 
low caste. The ore is generally the nodular hema- 
tite or limonite, which arises as a decomposition product 
of the country rocks, and is widely distributed in small 
quantities, fore smelting, the ore is broken into 
pieces, and roasted to drive off the water. The following 
is a typical analysis :—Silica, 9.14 per cent.; alumina, 
9.59 per cent.; ferric oxide, 72.39 per cent.; ferrous 
oxide, 0.22 per cent.; moisture, 8.40 per cent.; sulphur, 
nil; phosphoric anhydride, 0.05 per cent. (phosphorus, 
0.022 percent.). Steel is made from the iron thus obtained, 
and, though the industry is no longer carried on, there 
survived at Alutmuvara, near Balangoda, two very old 
cn who had been accustomed to prepare steel, and did 

in order that Dr. Coomaraswamy might study the 
cess and take photographs. Specimens of steel and 
‘ricibles then prepared are now in the Colombo Museum. 
\ir. Henry Parker, F.G.S., in a contribution to the 
yal Asiatic Society (reported in the journal of the 

lon branch of that society, vol. viii., No. 27, 1884, 

pige 39) deals with discoveries at Tissamaharama. In 


contribution he refers to jumpers or chisels, and 
‘entions & stone-cutter’s tool, 5 in. long, made of three- 
quarters iron and steel, with an edge 1.3 in. long. 

Parker’s discoveries also included part of an iron wed, 
«small broken iron trowel, and two pieces of a long 
Most of the chisels, particularly the car- 
to the oldest series of remains, 


f vound iron. 
penter’s tool, belonged 








Longitudinal section. 


He adds: ‘‘ From the large number of nodules of kidney 
iron met with during the Ceylon excavations, it is to be 
presumed that the iron used for making the axes and 
other tools was smelted on the spot, probably by the 
smiths themselves. The iron is so aonki »- pure that this 
would present no difficulty, and the nodules conld be 
picked out of the underlying decomposed gneiss or gravel, 
which is extremely ferruginous.” 

Parker states that the Kings of Ceylon reigned from 
Wijaya, 543 B.c., onwards. 


Sxction E. 
Delhi and Dhar Pillars in India. 

One of the most notable ancient specimens of iron is the 
famous Pillar of Delhi,* which is not the less interestin 
when we find it is stated that the city itself, “‘ Imperi 
Delhi, the capital of all India,” as Sir Alexander 
Cunningham in 1864 termed it, owed its name to this 
pillar. In the light of recent political events, this pro- 
phetic utterance is now an actually accomplished fact, for 
on December 12, 1911, Delhi was made the capital of our 
great Indian Empire. We have also this remarkable 
chain of circumstances. Delhi took its name from the 
very oy now described, the Hindoo term being 
‘* Dhelli,” or unstable, as explained later on. At Delhi 
King George V., the first English monarch to be present 
in person, has been proclaimed Emperor in Dhurbar, and, 

finallv, Delhi is now the seat and 


Cunningham points out that, in true Eastern language 
and hyperbole, the inscripticn upon the pillar says that 
‘The pillar is called the arm of fame of Raja Dhang, 
and the letters cut upon it are equal to the deep cuts 
inflicted upon his enemies by his sword writing his 
immortal fame.” 

The actual date of its first appearance is probably about 
a.p. 300. A ing to tradition, this pillar was erected 
by ‘‘ Bilan Deo,” or Anang Pal, the founder of the Tomara 
dynasty, who was assured by a learned Brahmin that the 
foot of the pillar had been driven so deep into the ground 
that it rested on the head of Vasuki, King of the Serpents, 
who “re theearth. But the Rajah doubted the truth 
of the Brahmin’s statement, ord: the pillar to be d 
up, when the foot of it was found to be wet with the bl 
of the Serpents’ King, whose head it had pierced. Re- 
gretting his unbelief, the iron pillar was again raised, but 
owing to the King’s former incredulity, every plan now 
failed in fixing it firmly, and in spite of all his efforts it 
still remained loose in the ground. This is said to be the 
origin of the name of the ancient city of Dhili, which 
signifies ‘‘ unstable.” 

he Committee of the Iron and Steel Institute, in about 
the third year after its formation (1872, vol. ii., 156), 
made some special inquiries with regard to this pillar. It 
appears that Lieutenant Spratt, of the Royal Engineers, 





then stationed at Delhi, stated the height of the column 





actual ‘* Capital of all India.” 

Ancient associations, historical 
and legendary, combine to invest 
Delhi with exceptional dignity in 
the eyes of both Hindoo and 
Mohammedan Indians. 

In the official Government 
despatches of last year, it was 
stated that ‘‘ Delhi is still a name 
to conjure with ; it is intimately 
associated in the minds of the 
Hindoos with sacred legends 
which ge back even beyond the 
dawn of history.” 
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As shown in this paper, seeing that Delhi itself takes 
its name from the Iron Pillar, and that it is now the 
capital of our Indian Empire, with its 300 millions of 
inhabitants, this particular article of iron is of more than 
ordinary interest to the members of our Institute. In 
view of its importance, what follows may therefore be of 
interest. There was formerly a plaster cast or model of 
it in the Victoria and Albert Museum in 1873. The 
author spent some time in trying to find this at South 
Kensington, but finally discovered that it was unfortu- 
nately destroyed during a fire in 1885, and has never been 


—. 
n the “‘ Archzological Survey of India,” 169 (four 
reports made wir} the years 1862—1865), Sir Alexander 
Cunningham, C.S.I., &c., states that one of the most 
curious monuments in India is the iron pillar at Delhi. 
Whilst there are many large works of ancient times in 
metal, for example the Colossus of Rhodes, the gigantic 
statues of the Buddhists, and others, these were of brass 
or 7 all of them hollow and built ‘up of pieces 
riveted together, whereas the Pillar of Delhi is a solid 
shaft of ge iron, upwards of 16 in. in diameter and 
22 ft. in length, welded together, although the welding 
is not altogether perfect. In any case, it was a very 
creditable piece of work fora metallurgist of at least 1600 
ears ago. At one time, owing to its peculiar colour or 
ue, it was thought to be of ‘‘mixed metal,” or even 
bronze, this belief probably arising from the curious 
yellow aggravate of the te part of the shaft, which 
Cunningham says he himself observed. 

He adds that he obtained a small fragment from the 
rough lower = of the pillar, which was submitted to 
Dr. Murray Thompson, of the College at Roorkee, for 
analysis, who informed him that the metal was ‘pure 
malleable iron of 7.66 specific gravity.” Practically pure 
iron (99.87 per cent. iron) has a specific gravity of 7.8477. 
Therefore the material of this pillar could not have 
been pure. Probably it was a somewhat inferior type of 
wrought iron, permea‘ with slag, and ~ 7, phos- 
phorus, like the Sinhalese specimens descri by the 
author in this paper. Pure iron, having the specific 
gravity mentioned, would weigh 490 Ib. per cub. ft. ; the 
Delhi Pillar, with 7.66 specific gravity, would weigh 
477 lb. per oub. ft. 





* The author has been in communication with Mr. J . 

H. Marshall, C.M.G., M.A., C.LE., the Director- 

ogy in India, who —¥ that it may 
8 








be possible to furnish the author with specimens of 
material from the pillar itself, for research examination. 
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above the ground to be 24ft., and the depth below ground 
3 ft. He said that the column or pillar ends in a bulb 
like an onion, which is held in place by eight short thick 

of iron, on which it rests, and which at their lower 
extremity are let into blocks of stone, in which they are 
secured by lead. The iron of which the pillar is made 
seems to have been originally in blooms of about 80 Ib. 
weight each. 

An excellent paper by Mr. Vincent A. Smith, 
M.R.A.S., Indian Civil Service, ‘‘On the Iron Pillar at 
Delhi (Mihrauli), and the Emperor Candra (Chandra),” 
a in the Royal Asiatic Society’s Proceedings of 


There are several important inscriptions upon the 
pillar, a full translation of which appearsin Smith’s paper 
above mentioned. These, notwithstanding the long 
exposure to wind and rain, are reported to be quite clear 
and sharp, as if no alteration had taken place since the 
pillar was first made and erected. 

It is stated that these iron pillars were a used 
owing to the belief in the special power of this metal to 
counteract demoniaca] influence. 

Miss Gordon Cumming, in her book ‘‘ In the Himalayas 
and on the Indian Plains,” says: ‘‘I must first tell you 
about an extraordinary iron ere which stands near the 
base of the Kootub, and to which the city owes its modern 
name. It stands 22 ft. above ground; some have declared 
its base is 26 ft. below ground ; others maintain it only 
extends a few feet, and terminates in a bulb like a turnip. 
The latter was later on found to be correct, the exact 
dimensions of the pillar being: total length, 23 ft. 8 in., 
of which 22 ft. are above an omy ! 20 in. below ground ; 
the upper diameter is 12} in., the lower diameter 164 in.; 
the total weight is about 6 tons. - 

Sir Alexander Cunningham’s statement that the length 
was not less than 60 ft. was apparently upon in- 
correct data. 

Miss Cumming goes on to say: ‘* It is wrought like our 
finest metal, and shows no symptoms of rust, though it 
has stood here for many centuries. It an inscription 
in Sanscrit, describing it as the ‘triumphal pillar of 
Rajah Dhava, a.p. 310, who wrote his immortal fame 
with his sword.’ This, however, is the only record 
extant of his deeds. There are several other inscriptions 
on the pillar, but of more modern date. 

‘The Brahmin tradition is, that this pillar was erected 
in the sixth century, after the stars had pointed out the 
auspicious moment. It went so deep that it pierced the 


head of the serpent Schesnag, who supports th 
earth. The priests the Rajah that thus hie kingdom 
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should endure for ever. But, like a child 
could not be satisfied till he dug it up again, just to see 
if it were so, and sure enough the end was covered with 
blood. Then the priests told him that his dynasty would 
soon pass away. He planted the pillar again, but the 
serpent eluded his touch, and the pillar was thenceforth 
unsteady. So the priests called the name of the place 
Dhilli, that is, * unstable,’ and ——— all manner of 
evil concerning the Rajah, who shortly afterwards was 
killed, and his kingdom seized by the Mohammedans, 
and since then no Hindoo has ever reigned in Delhi. 

‘* Nevertheless, the pillar is now firm as a rock, and has 
even resisted the cannon of Nadir Shah, who purposely 
fired against it. The marks of the cannon balls are clear 
enough. Hindoos believe that so long as this column 
stands the kingdom has not finally passed from them.” 

In a photograph taken many years ago nostone base or 

neat appears ; moreover, the stones in the neighbour- 
ood of the pillar have been disturbed. This, no doubt 
was caused by those who excavated to see the depth of 
the pillar below the surface of the ground. This, it 
appears, was carried out in 1871 by Mr. Beglar. The 
photograph shows an interesting group of natives examin- 
ing the pillar. The stone base appears to have afterwards 
been put in order. f ; 

The iron pillar at Dhar or Dbara (the ancient capital 
of Malava, and 33 miles west of Indor), which was 
described by Mr. Smith in a paper to the Royal Asiatic 
Society in 1898, had a total length of no less than 42 ft. 
This is specially interesting, owing to its extraordinary 
length. The three existing pieces measure 24 ft., 12 ft., 
and 6 ft. in length, aggregating 42 ft., in addition to 
a missing fragment, so that if these figures are correct, 
the column is approximately double the height of the 
Delhi pillar. 

Mr. Smith rightly says: ‘‘Whilst we marvel at the 
skill shown by the ancient artificers in forging the great 
mass of the Delhi pillar, we must give a still greater 
measure of admiration to the forgotten craftsmen who 
dealt so successfullv in producing the still more ponderous 
iron mass of the Dhar pillar monument, with its total 
length of 42 ft., which, like the pillar at Delhi, is of the 
Gupta period, or about the year 321 of our Christian era.” 

There are also in existence in India several very large 
iron girders at Puri, ornamental iron gates of ancient 
origin at Somnali, and a wrought-iron gun, said to be 
24 ft. in length, at Nuwiri. 

The author has given a detailed description of these 
two pillars, as they form the only known ancient large 
masses of iron in the world, so that they are indeed 
remarkable. But little more than a generation has ela’ 
since objects of this size and weight were made possible, 
even in our time. 

Szction F. 
Remarks by Messrs. O8MOND and Maspfro. 

The author has shown elsewhere in this paper that the 
ancient specimens now examined cannot be termed 
** steel ’—that is, in the true sense of the word. They 
are practically wrought iron, though, as evidenced in the 
chisel, there is distinct proof that the edges of this speci- 
men have been submitted to a carburising or cementation 
process of some kind. In this sense, therefore, the chisel 
may be termed ‘‘steel”—at any rate as regards such 


ges. 

“Moreover, if the art of cementing or steelifying articles 
of iron was nn and tar aoe with —_ know- 
ledge it wou uite possible to uce tools - 
ion cuagiions scien, as the otinn edges pend re an 
be hardened by water quenching. If this was so, as 
appears to be the case, then we can readily understand 
how the works of stone were executed in Egypt. 

Whilst upon this point, reference my 4 be made to some 
interesting correspondence the author has had with Mr. 
F. Osmond, the eminent French metallurgist. Some time 
ago the author asked Mr. ond if he knew of any 
specimens of ancient iron and steel in existence, and also 
whether he knew of any evidence in France as to the 
ancient Egyptians using iron and steel tools. He was, 
however, unable to point to such evidence, but made 
| inquiries in other directions, with the following 
result :— 

These remarks by Mr. Osmond appear to be worthy of 
giving in full, because they have a most important bearing 
upon the question of the use of iron and steel by the 
ancient Egyptians. Moreover, they probably prove that 
the nature of the material u y the tians was 
iron of similar quality to that found in the ancient Sin- 
halese specimens obtained from the Colombo Museum, 
and upon which the present research has been carried out. 

Mr. Osmond communicated with the well-known 
Egyptologist, Mr. Maspéro, in Egypt. that, in reference 
to a note he (Mr. Osmond) had presented to the Academy 
on bronze work of prehistoric times, Professor Riban, of 
the Sorbonne, stated he understood that during certain 
conversation at a personal meeting between Mr. Maspéro, 
when he was in Paris, and Mr. Berthelot, that he (Mr. 
Maspéro) had referred to the ite-cutting work of the 
ancient Egyptians. Mr. Riban understood that Mr. 
Maspéro had then said that antique paintings or drawings 
existed, and that these showed each stone-cutter had 
assistants at his side, whose business it was to repair or 
sharpen his tools. From this it appeared that possibly 
tempered steel was not then in use, and that tools were 
employed made of iron or bronze. 

. Osmond then pointed out to Mr. Maspéro that he 
had received reproductions of paintings extracted from 
Monuments de Egypte et de la Nubie d’aprés les dessins 
exéoutés swr les lieux sous la direction de Champollion le 
jeune (Paris, 1845, Firman Didot), which he thought 
showed that there were sculptors and stone-cutters who 
did not appear to have assistants to repair their tools. 


Mr, Osmond then asked Mr, Maspéro the following | the chan 


questions ;— 


gardening, he | 





‘*Where are the originals showing the stone-cutters 
with assistants? If there are any reproductions, where 
can they befound? Are the paintings or drawings show- 
ing the stone-cutters with assistants anterior to those re- 
ayes» by Champollion? If this werethe case, it might 

possible to fix the date of the introduction of tempered 
steel into Egypt. 

**T have induced to investigate these questions 
by my friend Sir Robert Hadfield, Fellow of the Royal 
Society of London, who has recently obtained some 
interesting ancient specimens and documents relating to 
iron and steel uction in Ceylon.” 

In reply, Mr. Maspéro wrote (March, 1911) that he 

m unable to answer Mr. Osmond’s letter until 
after his return to Cairo. The following are Mr. Maspéro’s 
own words, which, being so interesting, are quoted in 
extenso :-— 

** Je n’ai pu répondre a votre lettre qu’ aprés mon retour 
au Caire qui a eu lieu il y a quelques jours seulement. 
Voici briévement ce qu’il y a a dire sur la matiére. 

1. ‘*M. Riban n’a pas bien saisi ce que je racontais a 
M. Berthelot; je parlais d’expériences faites par moi 
vers 1884-1885 4 Louxor. Pour me rendre compte de la 
technique des sculpteurs Jgyptiens, j’avais commandé a 
un faussaire indigéne de grande habileté une statue en 
granit de style égyptien. Assistant 4 la fabrication, j’ai 
constaté qu’il employait pour tailler lg pierre des pointes 
en fer doux emmanchéses de bois. Ilenavait une cinquan- 
taine a sa disposition qu’il emmanchait au fur et 4 mesure 
des besoins. Chaque pointe s’émoussait aprés trois ou 
quatre coups de maillet au plus; il la jetait, en prenait 
une autre, et un aide mettait au feu, puis battait au 
marteau les pointes émoussées pour leur rendre leur téte. 
La statue a été faite—ou plutét le buste, car elle ne va 
— milieu de la poitrine—en trois semaines, A force 

’user le fer et de la raffermir. A force d’étre frappées 
les pointes devenaient d’une dureté trés grande. 

**Tl n’y a pas dans les monuments de représentations 
ou l’on rencontre un sculpteur avec des aides de ce genre. 
C’est usage moderne, et l’examen des pointes et ciseaux 
en bronze de nos musées m’a suggéré l’idée que je viens 
de vous rappeler et que j’ai exposée 4 M. Berthelot. 

**2. Il n’y a rien ni sur les monuments ni dans les musées 
qui indique que les Egyptiens aient employé ou méme 
connu l’acier trempé.” 

The following is a translation of Mr. Maspéro’s 
letter :— 

‘*T was unable to answer your letter until after my 
return to Cairo, which occurred only a few days ago. 
This is briefiv what there is to be said on the subject. 

“1, Mr. Riban did not gather what I said to M. Ber- 
thelot quite accurately; I was speaking of experiences of 
mine chews 1884-85 at Luxor. In order to obtain an 
insight into the technique of the Egyptian sculptors, I 
ordered from a native copyist of great ability a granite 
statue in Egyptian style. Being present during the 
production of this statue, I observed that the workman 
used for cutting the stone points of soft iron with wooden 
handles. He had some fifty of these at his disposal, 
which he placed in the handle as he needed them. Each 
point became softened after three or four mallet strokes 
at the most. He then threw this away, took another, 
and an assistant put the softened points in the fire and 
then hammered them out to put a new h on them. 
The statue was made—or rather the bust, for it only 
represented a half-figure—in about three weeks, all the 
work being done practically, as one might say, by wear- 
ing out the iron and then restoring its point by forging. 
By being hammered this point became very hard. 

** In the monuments there are no représentations where 
a sculptor is to be found with appliances of this kind. It 
is the modern usage, and by examining the bronze points 
and chisels in our museums the idea was suggested to me 
which I have just called to your attention, and of which 
I spoke to Mr. Berthelot. 

‘2. There is nothing either on the monuments or in 
the museums to indicate that the Egyptians used, or even 
knew of, hardened steel.” 

As an observation on the above, the author would point 
out that the ancient Sinhalese specimens now described— 
at any rate as regards the chisel—rhow distinct signs of 
cementation, so that a pointed chisel, by being heated for 
some time in the smith’s hearth, or in some other manner, 
might me carburised, and therefore much harder at 
the point even if it was not quenched. It would there- 
fore seem, from the antiquity of the specimens which 
were obtained by the author from the Colombo Museum, 
that at any rate at least 1400 years ago, chisels of iron, 
apparently with carburised or cemented edges, were 
known and in use. It is therefore very probable that the 
same knowledge existed in Egypt. 


Sgrcrion G. 
Hardness Retentivity of — Specimens o; Iron and 
el, 


_ The retention of the hardness of ancient specimens of 
iron and steel is dealt with by Dr. Cecil H. Desch in his 
recent interesting work on Metallography. 

Dr. eum of the phases retained by quenching 
being commonly spoken of as metastable. He considered, 
however. that whilst experimental proof had not been 
produced, we were bound to assume that the metastable 
limit had been , and that the systems are correctly 
described as labile, not as metastable. Quenched speci- 
mens therefore tend spontaneously to assume an equi- 
librium condition by undergoing the transformation 
which was supp by quenching. It is uncertain 
how far the spontaneous change can at ordinary 
temperatures. White tin. which is only stable above 
18 deg., does not change into grey tin at 0 deg. unless 
brought into contact with the new phase. Below 0 deg. 
ge can occur spontaneously, although even at low 





long periods. This would seem to indicate that the : 
stable limit for tin lies much below 0 deg. sind 

Dr. Desch considers that hardened steel is undoubtediy 
labile at the ordinary temperature ; and the presence of 
the stable phase is not necessary to initiate change. But 
there is little evidence that softening of steel takes place 
spontaneously unless the temperature is raised. He also 


States that Japanese swords of the fifteenth century, when 


carefully preserved, are found to be as hard at the edge 
as if newly hardened ; it would therefore seem that no 
appreciable return to the stable state takes place in the 
course of several centuries at atmospheric temperatures, 
On the other hand, prolonged heating of hardened stee). 
even at 100 deg., produces an appreciable softening, and 
heating at 150 deg., in a few minutes. The whole question 
of labile and metastable conditions in undercooled solid 
alloys demands fuller investigation. 

The above statement by Dr. Desch is particularly 
interesting in regard to the present paper, use it 
shows that material of ancient origin, although found in 
soft condition, may really have originally been quite hard. 
Thus, the edge of the ancient chisel, described in Experi- 
ment No. 2252, distinctly shows a defined structure in 
certain parts, differing from the other portion, apparently 
martensitic, as if it had once been in the hardened condi- 
tion, but by the efflux of time had gradually assumed the 
condition in which it was now found—that is soft. On 
the other hand, this particular chisel may not have been 
hardened, although the micro-structure, by the presence 
of troostite, seems to indicate that this may have once 
been the case. 

Sxcrion H. 
Description of the Research Experiments. 

Details of the various specimens and an account of the 
research conducted, with the results achieved, may now 
be given, these experiments being carried out by the 
author at the Hecla Works Laboratory and Research 
Department. 

Experiment No. 2252.—This was carried out upon the 
ancient Sinhalese chisel, being specimen marked No. 1 
by Dr. Willey, and shown in Fig. 5, page 747. This dates 
back to the fifth century. The specimen was very rough, 
but without scale, and had an undulating surface, possibly 
due to unequal corrosion, and it is possible that the 
material was forged with rough implements of stone. 
The chisel was about 10 in. in length, and at the upper 
portion away from the edge about 1,4, in. square, }4 in. by 
hs - in the centre, tapering to a point as with modern 
tools. 

TaBLE I.—Composition. 


Per Cent. 
Carbon traces 
Silicon 0.12 
Sulphur on 0.003 
Phosphorus ... 0.28 
Manganese ... nil 
Tron $9.3 


The difference represents slag and oxide, 
Specific gravity, 7.69. 


Tensile Strength.—The Fremont shear test showed 
16 tons per sq. in. elastic limit, 26 tons per sq. in. break- 
ing load. 

Shock Test.—The shock test, on unnicked specimen, 
showed 17 kg., with 85 deg. bend before breaking. 

Hardness.—The Brinell ball test showed hardness 
numbers of 144 and 144 on the opposite side of the chisel. 

The scleroscopic hardness number was 35. 

The fracture was unsound, apparently owing to the 
existence of unsoundness or blow-holes. The crystalline 
structure showed large sparkling crystals. The micro- 
structure of the specimens (see Figs. 12 to 15, pages 748 
and 749) brings out several points of interest. The 
transverse section shows that this chisel has been car- 
burised, the section showing the carburised areas to be on 
two sides. The carbonisation varies on the two faces 
from saturation point (0.9 per cent.) to about 0.2 per cent. 
carbon on the outside edge, and the depth of the carburisa- 
tion from the edge inwards is also shown to be variable. 
The presence of martensite and hardenite, seen in Figs. 
13 and 14, suggests the important information that the 
chisel has been quenched. Some of the crystals give 
evidence of a structure probably due to impurities of 
phosphorus and sulphur. The longitudinal photographs 
of both the chisel and the nail show this structure. Fig. 12 
represents the transverse and Fig. 13 the longitudinal 
section of the chisel. . 

Further micro-sections were prepared from the speci- 
men cut from the nose: of the ancient chisel. These are 
shown by Figs. 14 and 15, page 749. Fig. 14 represents 
a longitudinal section from the chisel-point where worn 
down ; and Fig. 15 in the main approximately shows the 
ontside edges of the chisel, as indicated by the black lines. 
These outside edges are naturally somewhat out of focus. 
These photo-micrographs appear, in the author’s view, to 
carry evidence that the chisel has been quenched, for the 
structure is in parts martensitic. Troostite is certainly 
also present, which is probably the result of tempering 
by the long lapse of time. 

The author believes this to be the first time there 
has been put on record evidence of the art of cementation 
having been known 1500 to 2000 years ago, as shown by 
these specimens; probably, therefore, such knowledge 
could be traced back still further. 

Experiment No. 2253.—This was carried out upon the 
ancient Sinhalese nail, specimen marked No. 2. by Dr. 
Willey, as is shown in specimen Fig. 6, page 747. This 
is probably of the same origin and age as the chisel just 
described. This nail is about 13} in. in length and § in. 
by ,% in. at the point ; the extreme point is missing. 

‘ensile Strength.—The Fremont shear test showed 11 
tons per sq. in. elastic limit, 21 tons per sq. in. breaking 


temperatures it may fail to occur when the tin is kept for | joad, 
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Shock Test.—The shock test on un-nicked specimen was 
0.5 kg. by 1 deg.—that is, it was very brittle. 

Hardness—The Brinell ball test showed hardness 
numbers of 117 and 209 on opposite side of the nail. 

The scleroscope hardness was 44. 


Tasie II.—Composition. 


Per Cent. 
Carbon ... .. Traces 
Silicon ... 0.11 
Sulphur Nil 
Phosphorus 0.32 
Manganese . Nil 


Specific gravity, 7.69. 
The fracture revealed a fine bright crystalline structure. 
The micro-structure, Figs. 8 and 9, page 748, indicates 

a remarkable conglomeration. Fig. 8 shows a weld 
running diagonally across the section, and along the 
edges of the weld there are carburised areas. Another 
notable point is that on one side of the weld the slag 
shows the effect of the forging, whereas on the other 
side there is no such sign. The specimen is covered with 
slip-bands, and_has evidently undergone severe hammer- 
ing, probably in its use as a nail. The carbon in the 
carburised areas exists as granular pearlite. Fig. 9 is a 
transverse section, and Fig. 8 a longitudinal section. 

The longitudinal nay my of both the chisel and 
the nail, given in Figs. 8 and 13, on page 748, show 
evidence of a structure. ’ 

The fragment from the nail was heated and forged 
wel’ up to about 1150 deg. Cent. As forged, the Brinell 
ball hardness number was 120. The same mate 
heated to 1050 deg. Cent. and quenched in water showed 
130 Brinell ball hardness number, showing that it was 
not hardened by "Tt. : 

Experiment No. 2254.—This was carried out upon the 
ancient Sinhalese bill-hook, specimen marked No. 3 by 
Dr. Willey, and is shown in Fig. 7. The specimen was 
very corroded, being covered with a thick brown rust. 

The billhook is about 124 in. in length, 34 in. in width 
at the blade the handle being 44 in. in length. 


TaBLe ITI.—Composition. 


Per Cent. 
Carbon ... races 
Silicon ... 0.26 
Sulphur 0.022 
Phosphorus 0.34 
Manganese Traces 


Specific gravity, 7.50. 

Tensile Strength.—The Fremont shear test showed 16 
tons per sq. in. elastic limit, with 29 tons per sq. in. 
breaking load. , 

Shock Test—The shock test on un-nicked spectmen 
gave 7.1 kg. by 35 deg. bend only. 

Hardness. — The Brinell test showed hardness 
numbers of 153 and 166 on opposite sides of the billhook. 

The scleroscope hardness gave number 23. 

The fracture showed bright crystalline structure, lami- 
nated appearance. 

The micro-structure of the specimen, as shown by 
Figs. 10 and 11, shows that it contains a large amount 
of slag, and appears to represent what would be now 
termed a somewhat low quality of wrought iron. There 
seems to be practically no carbon present, and therefore 
no evidence of treatment other than forging can be 
obtained. Fig. 11 isthe longitudinal section, and Fig. 10 
the transverse section. 

Special interest attaches to the analyses given, as they 
probably represent the only modern complete and accurate 
determination of the composition of known and authentic 
specimens of ancient iron. 

The phosphorus is, it will be noted, high, from 0.28 per 
cent. up to 0.34 per cent., which however, does not greatly 
differ from modern bar-iron. The sulphur percentage is 
extremely low, showing that a very pure fuel—no doubt 
charcoal—was employed in the production of the material. 
There is very little silicon present, and manganese is 
entirely absent, which is somewhat remarkable, as nearly 
all iron contains some manganese. As the specimens 
were too small from which to produce tensile bars, these 
were obtained by means of the ingenious Fremont shear- 
test method. The tensile quality of the material averages 
about 26 tons per sq. in., or a little higher than wrought 
iron. This no doubt is owing to the engaged 
centage of phosphorus present, which stiffens or hardens 
iron. The Fremont shock tests show fair results on the 
specimen taken from the chisel—namely, 17 kg., with 


85 deg. bend. The other specimens, however, show much 
lower figures—namely, the nail (1 kg. by only 1 deg. bend), 
and the billhook (7 kg. by 35 deg. bend). The hardness 


by the Brinell method varied from 117 to 166, one result | ence to the inspection of that Society’s proceedings ; and 
from the nail showing 209; but this is abnormal, and can- | to the members of his own research staff, Messrs. I. B. 


not be accepted as representative. The scleroscope tests 
varied from 25 to 44, and as a comparison it may be 
mentioned that water-quenched carbon steel by this 
aor motes shows 100, and ordinary wrought iron 
about 20, 

From the microscopical examination and from the 
other tests carried out, the specimens represent a mate- 
nal of the type known as wrought iron, and not steel. 
The specimens somewhat resemble the material known 
as puddled iron, and appear to have been made from 
somewhat impure ore. The material is very low in its 
percentage of carbon, and, excepting phosphorus, also 
other impurities. There is present, in a lumpy, irregular 
form, quite a! wy ngy of slag, indicating that the 
material has not been submitted to anything like the 
amount of squeezing and forging that modern wrought 
iron unde’ 

On etching the longitudinal micro-sections for tests for 
~ phides, the nail showed a clean weld of pure iron on 


Wong.’ ‘ide and impure wrought iron on the other. 
hereas 


the former is free from phosphides, the latter 
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etches quite black, with 10 per cent. CuCl, 


showing 
presence of a large amount of —— of iron. The 
specimens from the chisel and bill-hook were also etched 
as macro tests. 

Sgction I. 


_ Conclusion. 

In concluding this paper, the author trusts that the 
facts set forth in this research add definite knowledge 
regarding ancient iron and steel. The production of such 
iron of ee oe appears to have taken place 
on a large scale. @ results set forth in this paper, and 
the various facts referred to regarding the production 
and use of iron in India, show that in ancient times 
metallurgical knowledge existed to quite a considerable 


This is not unnatural, seeing that Dr. V. Ball, M.A., 
.S., in his admirable exhaustive work on the 
** Geology of India,” shows that the deposits of iron ore 
are very numerous in our Indian Empire. He adds his 
belief that ‘‘ there are distinct evidences that Wootz was 
exported to the West in very early times, ibly 2000 
years ago.” Without doubt, therefore, as the natives of 
India had in bygone ages ample sources of iron ore at 
their dis , they knew how to produce iron and steel. 
Tt seems highly probable, therefore, that they did actually 
rt their products to Egypt. 
f, too, the photo-micrographs of the ancient Sinhalese 
chisel represent the current practice of that time, as 
eee ve was the case, the fact that the art of case- 
ans a cementing and carburising wrought iron— 
afterwa' quenched in order to produce articles with 
hardened cutting edges—was known, is an important 
piece of evidence, and proves that the art of iron and 
steel manufacture must at that time have been of quite 
a high order. In fact, combined with the information 
submitted ge the remarkable wrought-iron pillars 
at Delhi and Dhar, the pillar at the latter place being 
at least 44 ft. in length, and of considerable diameter, it 
would appear that even the production of masses whic 
were not possible in Europe until quite recent times, 
were then undertaken. Beyond Nature’s own produc- 
tions of large meteoric masses, the author believes he is 
correct in stating that no such large masses were ever 
known to have been produced in the Western portion of 
our globe at this period. Eastern knowledge was, there- 
fore, much superior to that of Europe. 

It is important to know whether the facts stated in 
this paper warrant the conclusion, as they sopess to do, 
that knowledge existed in ancient times wit rd to 
hardening carburised iron. If they do, we should then 
have a satisfactory explanation of how the great works 
of stone, such as thoee seen in Egypt, were carried out in 
past ages—that is, probably by means of iron or steel 
tools, hardened and tempered to carry a cutting edge. 

The author will be more than repaid for any trouble he 
has taken if this paper throws light upon points which 
have been before obscure, or if it adds but a small chapter 
to the knowledge and history of the fascinating metal 
iron—the metal by the aid of which so much has 
done to modify and revolutionise the world, specially in 
its more recent and modern history. 

As regards this revolution, one simple illustration will 
suffice. In the paeer to the Royal Society, by Faraday 
and Stodart, on “‘The Alloys of Steel,” in 1822—not very 
long ago—it is described how the various specimens were 
carefully prepared in London, and sent to Sheffield to 
be melted and cast under the supervision of an “ intelli- 
gent and confidential t.” Although this was only 
eighty-nine years ago, there was then no other way of 
forwarding such specimens except by road—no ‘‘iron” 

existed ! 

It is hoped, therefore, that the research may be a 
suitable addition to the interesting one regarding Indian 
steel already set before the Royal Society by one of its 
Fellows, Dr. Pearson, now more than a hundred years 
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ology,” Jour. C.B.R.A.S., vol. viii., No. 28, page 153 (61). 

1884. W. C. Ondaatje. Government Calendar for 1884. 

1884. Sir S. Baker, “‘ Eight Years in Ceylon.” 

1884. Fergusson, ‘‘ History of Indian and Eastern 
Architecture.” 

1897. Vincent A. Smith, “‘ On the Iron Pillar at Delhi 
(Mihrauli), and the Emperor Candra (Chandra),” Royal 
Asiatic Society, 1897. 

1898. Vincent A. Smith, ‘‘The Iron Pillar of Dhar,” 


h | Royal Asiatic Society, 1898. 


1898. Miss Gordon Cumming, “In the Himalayas and 
on the Indian Plains.” 

1898, Vredenburg, Record of the Geological Survey of 
India, vol. xxxiii., 313. 

1902. S. Sambasiva Iyer, lecture by, ‘‘Iron Smelt- 
ing in Mysore.” 

1903. Mineralogical Survey of Ceylon, Reports for 
1903, 1904, &c. 

1903. Dr. Ludwig Beck, ‘‘Geschichte des Eisens.” 

1904, Colonial Reports, Miscellaneous, No. 37. Ceylon: 
Report on the Results of the Mineral Survey in 1904-5 
by Professor W. R. Dunstan, M.A., LL.D., F.R.S., 
Director of the Imperial Institute. 

1905. P. C. Ray, ‘‘ History of Hindu Chemistry,” 
page 55 (Ritter Cecil von Schwarz). 

1905. S. M. Burrows, M.A. Oxon., Ceylon Civil Ser- 
vice, ‘‘ The Buried Cities of Ceylon ;’ a guide-book to 
Anuradhapura and Polonaruwa, with chapters on Dam- 
bulla, Kalavewa, Mihimtale, and Sigiri. 

1905. Colombo Museum. Guide to the Collections. 

1906. Bennett H. Brough, ‘‘The Early Use of Iron ;” 
Journal of the Iron and Steel Institute, 1906, No. I., 


page 233. 

1908. Dr. Ananda K. Coomaraswamy, D.Sc., Fellow 
of the University College of London, ‘‘ Medieval Sin- 
halese Art.” Printed under the care of the author at the 
Essex House Press in the Norman Chapel, Broad Camp- 
den, Gloucestershire (425 copies). 

1909. Alfred E. Roberts, Proctor of the Honourable 
the Supreme Court of the Island of Ceylon, Member of 
the Ceylon Branch of the Royal Asiatic Society, &c., 
“* Visvakarma and His dants.” 

by Dr. Cecil H. Desch,” Metallography,” pages 214 
and 215. 





Tue LaNcasHiRE YEAR-Book OF INDUSTRIES AND 
Commeros.—This is the first issue of a year-book pub- 
lished by the Manchester Couricr, Limited, 22, Cannon- 
street, Manchester. It is edited by Messrs. B. 8. Att- 
wood and J. Child, who state in the opening lines that 
they have endeavoured ‘‘to paint a picture, complete in 
all essential features, of the industries and commerce of 
Lancashire.” A cursory glance through the first part of 
the book suffices to show that they have succeeded in a 
popular fashion. The articles they give on cotton and on 


. | the various industries connected with it, also on the various 
| Sidney, for information furnished ; Dr. A. K. Coomara- i 


branches of the engineering trades throughout Lancasbire, 
form interesting reading. These cover over 200 pages of 
the commencement ; the remainder of contains 
names of manufacturers, arranged alphabetically according 
to specialties. 





** ALL THE Wor.p’s Arr-Orart, 1912.”—This “ Flying 
Annual,” which was formerly known as “* All the World’s 
Air-Ships,” now enters into its third year of issue.” It 
is edited by Mr. Fred T. Jane, the well-known author 
of ‘‘ Fighting Ships” and other works, and is published 
at the price of 21s. net, by Messrs. Sampson Low, Marston 
and Co., Limited. It contains, arranged alphabetically 
according to the various countries, the names of aerial 
societies, aerial jou’ ying-grounds, lists of aero- 
planes, aviators, &c., and illustrations, with general data 
concerning the various types of gy Similar 
data are given concerning the —_ les. A special 
chapter is devoted to the illustration of engine types; it 
also gives the dimensions and features of these. 
An “ Aerial o’s Who” gives a biographical sketch of 
a large number of aviators, the book being completed 
by a directory of aeroplane constructors and —— 
a agents and dealers in the different countries, of 
manufacturers connected with the aeroplane and dirigible 
industry in its various branches. It is well got up and 
forms a useful reference-book in regard to all matters 
relating to air-craft, 
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THE ROYAL: METEOROLOGICAL SOCIETY. 

Tue first of the afternoon meetings of this Society for 
the session was held on Wednesday, the 22nd inst., at 
70, Victoria-street, Westminster, Dr. H. N. Dickson, 


President, in the chair. 
Mr. C. J. P. Cave gave an account of the severe thunder- 


storm which occurred on the afternoon of March 11 in the | 


east of Hampshire and the west of Sussex. The storm 
was not of the line-squall type, but was of the kind of 
summer thunderstorms with very little movement ; and 
besides being severe the storm appeared to be very local. 
As the result of information supplied by 132 observers, 
Mr. Cave has been able thoroughly to investigate the 
storm. Actual thunderstorms appear to have occurred 
in five patches, viz.:—(1) a small patch near Alresford ; 
(2) an area stretching from Privett, in Hampshire, nearly 
to Fernburst, in Sussex, with its centre near Liss ; (3) an 
area north-east of Haslemere ; (4) a small patch north of 
Chilgrove ; and (5) a patch near West Grinstead. Heavy 
rain occurred, especially in the Liss storm; nearly an 
inch and a-half fell at Durford Farm, between Rogate and 
Petersfield, and at Burden Wood, north of Chithurst. 
Hail also occurred at several places. One of the pecu- 
liarities of the storm was the intense darkness that 
occurred near the centre, and this was accompanied by 
black rain. The author believes this to be due to soot 
from London. He is also of opinion that the cause of 
the storm was the flowing of a cold air current under a 
warm One, as is the case with line-squalls. 

Mr. FE. S. Bruce read a paper on ‘‘ The Automatic 
Release of Self- Recording Instruments from 
Sondes.” When a balloon is sent up with a meteoro- 
graph attached, it is doubtful whether these will be 
recovered, for they may not be seen at all, or they may 
fall into the sea. i order to diminish the chance of the 
recording instruments being lost, Mr. Bruce has devised 
a simple apparatus called the ‘‘ Meteoparachute,” which 
brings down the meteorograph from the balloon at any 
moment the observer chooses to fix before he sends the 
balloon up. : : 

The Hon. Rollo Russell exhibited an interesting col- 
lection of lantern-slides of photo-micrographs of snow 
oa made by Mr. W. A. Bentley, of Jericho, Vt., 





Hupson Bay Rai.way.—Another contract will ome | 
be let for 130 miles more of the Hudson Bay Railway. 
first contract, in which Mr. J. D. McArthur is now 
engaged, extends from Le Pas to Split Lake. The con- 
tract which will now be let extends from Split Lake to 
within a few miles of the crossing of the Nelson at Kettle 
Rapids. The effect of the new contract will be that 
during the coming summer 315 miles of the line will be in 
course of construction. The policy of the Canadian 
Government is to have the line completed by the summer 
of next year, so that it may be able to assist in moving 
the crops of 1913. 





Catro Execrric Rartwars.—The Cairo Electric Rail- 
ways and Heliopolis Oases Company collected last year a 
revenue of 41,071/., showing an increase of 13,528/., or 
49 cent., as compared with the corresponding receipts 
for 1910. The directors do not recommend any dividend 
for 1911, but they carry a balance of 22,8757. to the credit 
of 1912, and they hold out hopes that there will be a dis- 
tribution of profits for that year. A regular service at 
intervals of five or ten minutes, according to the time of 
the day, is now maintained between the Avenue de 
Boulaq at Cairo and the Avenue Said at Heliopolis; the 
section comprising stations at Pont Limosen, Demer- 
dache, Manchiet-el-Sadre, and Pont de Koubbeh. The 
receipts for the first four months of 1912 show an advance 
of per cent. as compared with the corresponding 
months of 1911. The steady growth of traffic between 
Heliopolis and the central quarters of the Egyptian 
capital is due to a continuous expansion of population in 
the new town. The exodus from Cairo to Heliopolis is 
not considered to be a mere temporary movement; it 
is the result of the great attractions of the modern city, 
and the only difficulty in the way of a more rapid increase 
of the latter is the difficulty of obtaining sufficient house 
accomodation. 





Canapian CoaL.—It is expected that this year will 
witness an important development of Canadian coal- 
mining. Mr. T. B. Birchell, of Montreal, who is in- 
terested in Cape Breton coal-mines, recently visited 
Queen’s County. He was accompanied by two mining 
engineers, and he stated, upon his return, that there was 
plenty of coal available, whether lower seams were found 
or not, He recommends, however, that the provincial 
government should bore to a depth of 1000 ft. to ascertain 
whether there are lower seams. It is rumoured that the 
Allan Steamship interest will also secure a coal area in 
Queen’s County, as Messrs, R. Reford have already 
done. It is further state! that Montreal interests are 
considering the question of establishing plant near St. 
John to smelt ores with Queen’s County coal. A grou 
of Montreal and Toronto capitalists, associating itenlt 
with Western interests, is organising a large coal company, 
which will develop operations upon the Pacific t. 
The new company is to be known as the Pacific Coast 
Collieries Company, Limited, and it has taken over all 
the property of the Pacific Coast Coal-Mines, Limited, 
situated on Vancouver Island. The east coast of that 
> gg tons of bitu- 


y: he new company has 
also acquired the ownership of 7 miles of standard-gau 


railway, and it starts with contracts by which the whole 
output of its mines, both present and future, is disposed 
of for the next five years. 


THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, held 

on Friday, May 10, at the Imperial College of Science, 

fessor A. Schuster, F.R.S., President, in the Chair, 

a paper on “Zhe Generation of Electricity by Carbon at 

High Temperatures,” by Dr. J. A. Harker, F.R.S., and 
Dr. G. W. C.- Kaye, was read by Dr. Harker. 

The experiments described owe their origin to some 
| contamination phenomena which were encountered when 
tubes of refractory rare earths were baked in carbon-tube 
resistance furnaces at temperatures from 1500 deg. Cent. 
upwards. It was found that the tubes often had their 
outer surfaces carbonised to an appreciable depth, while 
the inner surfaces, though freely exposed, were much less 
attacked. The blackening was umably caused b 
particles shot from the carbon walls of the furnace wit 
velocity high enough to penetrate the refractory material 
after crossing a few millimetres of air at atmospheric 
pressure. 

The preliminary experiments on the nature of these 
particles were carried out by the use of two insulated 
exploring electrodes of carbon inserted into an alternating- 
current furnace. They were connected externally to a 
battery of cells, and the potential-current curves were 
determined for the electrode gap in the furnace at a 
number of temperatures. No appreciable current could 
be detected at temperatures below about 1400 deg. Cent., 
but as the temperature rose it was found that quite small 
E.M.F. gave rise to steady currents of relatively enor- 
mous magnitude. 

For peng oe with 8 volts, currents up to 10 amperes 
rae been obtained at a temperature of about 2500 deg. 

nt. 

The relation between current and temperature was 
found to be of an exponential character. 

The magnitude of the currents made it evident that the 
atmosphere of the furnace was ioni 
degree at high temperatures, and the authors were led to 
try the effect of temperature alone in the absence of any 
applied potential. Accordingly the battery was cut out, 
and while one of the electrodes remained stationary 
within the furnace, the other could be suddenly displaced 
to a colder or hotter part of the furnace. The resulting 
difference of temperature manifested itself as a transient 
current in the circuit, which in some cases amounted to 
2 amperes. The current died away when the two 
electrodes attained the same temperature. 

In the apparatus shown the movable electrode was 
moved in and out of the hot region of the furnace by 
means of a clockwork mechanism. The pulsating electric 
current thus produced was large enough at high furnace 
temperatures to light up a nest of small glow-lamps, the 
illumination waxing and waning as the movable electrode 
moved in and out. The experiment has been modified in 
later work by keeping both electrodes stationary and 
water-cooling one of them. The cold electrode was made 
up of a tube, which in some cases was provided 
with a carbon sleeve. A continuous current can thus be 
generated. Its direction is such as would be produced by 
a discharge of negative particles from the hot electrode. 


peratures small positive currents have also been detected; 
at high temperatures negative currents up to nearly an 
ampere have been measured. The whole of the experi- 
ments were conducted at atmospheric pressure and 
almost entirely with low-yoltage alternating-current 
furnaces, 

A paper by Mr. S. Butterworth on ‘A Method of 
Measuring Small Inductances” was read by Mr. A. 
Campbell. The author shows how Anderson’s method 
may be modified so that, while still retaining the usual 
standards of capacity, very small inductances may be 
measured. As in Anderson’s method, balance is attained 
by a simple resistance adjustment. The conditions of 
maximum sensibility are indicated, and experimental 
results are quoted in which an inductance of 20 micro- 
henries is com with a capacity of 0.1 mfd. The 
method may be employed to compare a very low 
capacity with the usual mica standards of capacity. 

A paper on ‘‘ The Conversion of Starch into Dextrin by 
X-Rays,” by Mr. H. A. Colwell, M.B., and Mr. 8. Russ, 
D.Sc., was read by Dr. Russ. 

When solutions of starch are irradiated for several 
hours by X-rays of moderate penetrating power, the 
opacity and viscosity ef the solutions are markedly 
diminished. These an eg changes are attended by 
chemical changes; there is a ial conversion of the 
starch into soluble starch and dextrin. A quantitative 
estimation of the amount of dextrin formed after the 
starch solution had been irradiated for 8} hours showed 
that it corresponded to about 5 per cent. of the amount of 
starch initially present. 

When solutions of dextrin were subjected toa similar 
exposure of X-rays, no conversion of this substance into 
glucose was obtained. F'rom the fact that starch may be 
converted into dextrin by hydrolysis, a simple explanation 
of the effect would be afforded if water were decom 
by X-rays. From the negative results obtain by 

ernbaum on these lines, however, it seems as if the 
effect were more likely attributable to a direct action 
upon the starch molecules, either by the X-rays or the 
secondary rays which they produce. 





_ Canapian Naturat Gas.—The installing of natural gas 
in Moncton is progressing satisfactorily, and rates for a 
epg dg . Natural gas is also 

ing piped to boro, the object pang to su large 
plaster-mills and also to provide for ota yu Lag 





as extensive as that of last year. 


to an unusual | bes 


As before, no potential is applied. At the lower tem- | pood 





| 
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ments. The directors of the Maritime Oil Fields, Limited, | is about 275 
propose to begin boring for oil and gas upon a scale twice at the most, by two men. It can be employed for pulls 
, up to 10 tons without the aid of a block. 


COLONIAL ENGINEERING PROJECTs. 
We give below data on a few Colonial engineering 


projects, information concerning wh: 
obtained from the Commercial Intelligence ae eon 


“—o et th ref 
ica : ith reference to the improvemen 
the coal-handling equipment at Durban, the onsale 
Trade Correspondent there now reports that it is pro- 
posed to spend 66,0007. on this work during the current 
year, as well as 10,0001. for the provision of increased 
pumping plant for the port. 347,656l. is also set aside 
for the purpose of altering and strengthening the rail way 
a line -_ 5 a in #, arse lines. ‘ 
ta: The Hooghly-Chinsurah Municipality invite: 
tenders, which will be received up to July 23> for the 
supply and erection of two horizontal triple-expansion 
steam-pumps capable of pumping 50,000 oafes per hour 
toa height of 185 ft. ; two vertical single or compound 
high-speed steam-engines and direct-coupled centrifugal 
— —_ of pumping 60,000 gallons per hour to a 
eight of 55 ft. ; and three Lancashire, Cornish, or water. 
tube boilers, with accessories. 

Australia: The Australian Mining Standard, Sydney 
announces that the South Australian Public Works 
Department will receive tenders, up to September 3 
for the supply and delivery at Port Adelaide of a 
50-ton floating crane. 





THe Great Eastern Rattway Company’s New 
Hanv-Boox.—We have recently received a copy of this 
book, which is entitled ‘‘On the East Coast,” and can 
be obtained free from the Superintendent of the line, 
Liverpool-street Station, London, E.C. It is written by 
Mr. Percy Lindley, is very nicely got up, and contains 
fourteen coloured illustrations, which are a special feature, 
ides many views in black and white, and some maps. 
Prominence is given to some of the less known districts 
in East Anglia, and to the oy | between the Cromer 
and Hunstanton coast and the Norfolk Broads. The 
book should prove useful to prospective tourists. 





Russian MgTaLLurcy.—The production of pig iron in 
Southern Russia made great progress last year, an aggre- 
gate of 147,859,000 s having been turned out for the 
year, as compared with 126,385,000 poods in 1910, showing 
an increase of 21,474,000 poods. Notwithstanding the 
greatly increased production, the stocks held at the close 
of last year did not show any material increase, coming 
out at 3,814,000 poods, as compared with 2,803,000 poods 
at the close of 1910. Last year’s production may be 
analysed as follows :—Casting pig, 32,259,000 poods ; steel 
pig, 111,317,000 poods ; and other descriptions, 4,283,000 

8. There were 45 blast-furnaces in Southern Russia 
in 1911, as compared with 36 at the close of 1910. The 
production of steel ingots in Southern Russia last year 
amounted to 130,459,000 8, a8 compared with 
114,914,000 ls in 1910. The production of 1911 may 
be subdivided as follows:—Martin ingots, 91,673,000 
Aty~¥--¥ ingots, eg s; and Thomas 
In 581, poods. , it should be added, is 
361b. English. 7" 





_ THE “ Samson” Stump - Exrracror.—A simple and 
ingenious apparatus for extracting tree-stumps has been 
devised and constructed by the Swedish firm of Jens 
Orten-Béving and Co., Stockholm, whose London office 
is 94, Union-court, Old Broad-street, E.C. This appa- 
ratus is called the ‘‘ Samson,” and consists of two pieces 
of fin. diameter steel-wire rope, one of which has a hook 
at each end and is sufficiently long to go round the trunk 
of the stump to be pulled up with several feet to spare, 
while the other wire rope has a hook only at the end that 
is round the anchor tree or stump, the other end 
being attached to the friction clutch on the apparatus. 
Care is needed when attaching the wire rope round the 
ry 2 to see that the rope is not bent sharply, as it is 
then liable to be dam: . The extractor itself consists 
of a bar several feet long, which has each edge notched 
for nearly the whole length, the notches being round at 
the bottom and cut rather like the teeth of a saw, which 
point in one direction. A long hand-lever, with a slotted 
end, into which the notched bar fits and slides, is 

over the bar, and has at each end of the slot a pawl, one 
of which engages with the teeth on one side of the bar 
and the other with the teeth on the other side of the bar. 
At a point midway between the two pawls a looped rod 
is pivoted. The loop end passing beyond the end of the 
notched bar and engaging with the hook on the end of 
the rope from the stump that has to be extracted. At 
the other end of the notched bar there is a hook which 
engages with the anchor rope, any slack being taken up 
hy means of a simple intervening clutch. The two pawls 
are held in contact with the notches in the bar by means 
of a spring, and can, if necessary, be easily withdrawn. 
When the apparatus is in position the handle-bar carrying 
the pawls is rocked to and fro, the action bringing the 
two pawls alternately into action on each side of the bar, 
thereby pulling the bar through the slot in the hand- 
lever. It will therefore be seen that this motion gradually 
tightens up the two ropes and puts an enormous pul! on 
the tree stump that has to be extracted. Ifa fresh pur- 
chase on the notched bar has to be taken, all that is 
necessary is to release the spring that holds in gear, and 
the bar can then easily be pulled through the slot. In 
cases of large stumps with long and firmly embedded 
roots, a heaving-rope is used in combination with a block. 
The total weight, with the wire ropes and all accessories, 
, and it can be handled by one man, or, 
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THE CORROSION OF NICKEL, CHROMIUM, 
AND NICKEL-CHROMIUM STEELS.* 


By J. Newton Frienp, J. Lioyp BENTLEY, and 
: Water West (Darlington). 


Tux effect upon the rate of corrosion of iron and steel 
produced by the introduction of alloying elements is a 
study which has been much neglected, although the influ- 
ence of the same elements upon the general gen 
characteristics of the metal has in general been fairly 
completely dealt with. : : 

The corrodibility of steel may be influenced in at least 
three different ways by the introduction of foreign 
elements, namely :— ‘ ps 

1. A few elements, such as carbon, nickel, and silicon, 
yield compounds which offer a stout resistance to oxida- 
tion, and thus greatly enhance the stability of the metal 
towards corroding influences. _ F 

2. Some elements yield readily fusible alloys or com- 
pounds of variable melting-points, which, during the 
solidification of the steel, tend to produce unequal distri- 
bution of the materials in the solid metal. This segrega- 
tion is one of the most serious causes of galvanic activity 
and “pitting” with which the engineer has to contend. 

3. Finally, a few elements, like sulphur, when present 
in steel, exist in the form of relatively oxidisable bodies 
which yield sulphurous acids, and thus greatly enhance 
the rate of corrosion of the metal when once it has oe. 
Now, although a good deal of isolated work has been done 
from time to time on the corrosion of nickel steels, most 
investigators have contented themselves with determining 
the relative rates of corrosion under only one, or at most 
two, sets of conditions, the most usual being exposure to 
salt water and acid respectively. We felt it was desirable 
to investigate more thoroughly the influence of nickel, and 
likewise to study that of chromium and of a mixture of 
nickel and chromium, upon the corrodibility of steel— 
the last two branches of the subject having received but 
little attention hitherto, very few published data being 
extant. We are supplementing the work detailed in this 
memoir with several series of *‘long-period” tests, and 
hope at a later date to communicate the results and discuss 
them fully. 

The aaa experimented upon were kindly supplied to 
us in the form of bars by Messrs. Cammell Laird and 
Co., of Sheffield, and were tool-turned and sliced into 
discs 0.7 cm. thick and 2.8cm. in diameter, by the 
Darlington Forge Company. To both of these firms we 
wish to express our hearty thanks. The analyses of the 
steels, kindly ee to us by Mr. B. Deby, of Sheffield, 
are given in Table I. 

TABLE I.—Analyses of Steels. 


Chro- 











Steel. | : Phos- Man- 
No. | Carbon. Silicon. phorus. ganese. Sulphur Nickel. mits 
p.c. p.c. p.c. p.c. p.c. p.c. p.c. 

1 0.29 0.14 0.023 . 0.39 0.024 
2 0.39 0.208 0.023 0.685 0.036 
3 0.19 ms C0) | os 3.72 
4 0.24 0.46 6.14 | 
5 0.08 0.38 26.24 
6 0.32 0.36 ‘ 1.12 
7 0.11 0.110 3.58 
8 0.09 a trace -. | 5.80 
) 0.552 0.127 0.41 8.40 1.00 
10 0.54 = 0.58 3.5 1,12 





It will be observed that while the steels have not a 
perfectly uniform composition with respect to the alloying 
element2, other than nickel and chromium, the discrep- 
ancies are relatively small and of minor importance com- 
pared with the range of nickel and chromium covered. 
Any results obtained with these, therefore, may probably 
be regarded as reliable. The discs of steel were care- 
fully polished with emery paper, weighed, and subjected 
to corroding influences as follow :— 


1. Tap-WateR TESTS. 

The discs were laid flatwise on a circular sheet of 
a wax in a glass crystallising dish, as shown in 
‘ig. 1, covered with tap-water to a depth of 6 cm., and 
kept in a dark cupboard to prevent any irregularity of 
corrosion consequent upon unequal illumination. e 
paraffin served to reduce to a minimum the possibility of 
galvanic action, and also prevented the corrosive action 
of the silica—always observed if iron lies for any length 
of time in direct contact with glass. After sixty-four 
days the dises were removed, cleaned, and weighed, the 
loss in weight being taken as a measure of the corrosion. 
The results are given in Table II. 


TaBLe II.—Corrosion of Steels in Tap-Water. 


| 
Original 





W 3 Nickel. Chromium. Weight. Welsht. —— 
percent percent. grammes) grammes 
aa - 35.6201 0.0961 100 
oe oe 37.4186 0.1038 108 
3 3.72 we -5506 , 0.0798 83 
4 6.14 ie 30.1416 0.0666 69 
26.24 oe 33.4796 0.0488 51 
‘ 1.12 28.7101 0.0817 85 
; 3.58 28.6826 0558 58 
ve 5.30 31.1996 | 0.0400 43 
9 3.4 1.00 30.8926 0.0736 77 
10 3.5 1.12 87 


_ 2. Sza-Water TEstTs. 
Chis series was conducted in a precisely similar manner 
to the previous one, save that the tap-water was replaced 


* Paper 
May 9.191 





et before the Tron and Steel Institute, 


by sea-water taken from Bridli 
acknowledge the kindness of Miss Agnes Harrison in 
obtaining and forwarding this to us. After sixty-four 
days the loss in weight of the steels was found to be as 
given in Table ITI. 


TaBLE III.—Corrosion of Steels in Sea- Water. 


ton Bay. We desire to 








Steel welche. | Lossin | Corrosion 
No. Nickel. Chromium. Weight. | Weight. Factor. 
percent; percent. grammes mes | 
1 ee os 34.4619 wT 1186 100 
2 - - 37.5729 | 0.1196 105 
3 3.72 oe 39.9664 | 0.0886 77 
4 6.14 ae 32.9744 | 0.0906 
5 26.24 os . 2324 0.0516 45 
6 “ 1.12 28.7259 | 0.0686 60 
7 3.58 s 0.0291 26 
8 = 5.30 30.9149 | 0.0261 23 
9 3.4 1.00 30.6344 0.0936 82 
10 3.5 1.12 29.1314 0.1026 90 





3. SutpHURIC Acip Tests (0.05 per CEnrt.). 
These results were obtained in an exactly similar manner 
to the preceding, the corroding liquid being 0.05 per cent. 


Figt 


























¢| 
+ Waste 

(2732.8) 
sulphuric acid i is, 0.5 gramme of acid in 1000 grammes 


of solution with water). The results obtained after sixty 
days’ exposure are given in Table IV. 


TaBLE I1V.—Corrosion of Stcels in 0.05 per Cent. 








Sulphuric Acid. 

Steel Original  Lossin Corrosion 
No. | okt Chromium. | Weight. Weight. | Factor. 
r cent rcent. | grammes mmes 
1 a oe ™ os 87.9886 oa 1504 100 
2 on - 37.2552 | 0.1560 98 
8 8.72 oi 32.2582 | 0.1350 85 
4 6.14 7 31.8352 | 0.1320 82 
5 26.24 - 81.4352 | 0,0860 54 
6 oe 1.12 29.2676 0.1134 71 
7 “e 3.58 29.9346 0.1088 68 
8 ek 5.30 80.8742 0.1086 68 
9 8.4 1.00 30.8136 0.1304 . 87 
10 | 36 1.12 824194 | 0.1492 98 











4. Sutpxurio Acip Tests (0.5 per CENT.). 
These experiments were similar to the preceding ones, 
the acid being of the strength 0.5 per cent. by weight. 
The results obtained after fifty-three days’ exposure are 
given in Table V. 


TaBLE V.—Corrosion of -_ in 0.5 per Cent. Sulphuric 

















Steel . Original Loss in Corrosion 
No, | Nickel. Chromium. | weight. | Weight. | Factor. 
percent percent. | grammes grammes 
1 “a ‘a 34.4266 0.9608 100 
2 a es 36.6388 2.4878 259 
3 3.72 te 1346 0.5308 55 
4 6.14 x 31.937 0.6042 63 
5 = 26.24 oF 31.9886 0.0770 8 
6 1.12 28,8042 2.1420 223 
7 3.58 28.9772 | 0.5830 61 
8 ue 5.30 30.6176 0.7514 7 
y 3.4 1,00 30.9126 | 1. 132 
10 3.5 1,12 33.6036 3.9672 413 
5. ALTERNATE Wet AND Dry TzsTs. 
These experiments were carried out in a iron 


thermostat, of the dimensions and shape shown in Fig. 2, 





circle flatwise on a sheet of paraffin-wax. Water entered 
slowy by tube A, and being admitted to the centre of the 
apparatus, affected all the discs equally. The paraffin 
disc was perforated by numerous small Eaten and rested 
on a similarly perforated iron disc, to enable it to bear 
the weight of the steels. When the water reached the 
level Bit was y > yy syphoned off automatically by BO, 
and the level fellto D. It then began to fill again. In 
this way the metal discs were exposed to alternate wet 
and dry, the process of filling the thermostat requiring 
two hours each time. A loosely-fitting cover was placed 
on the top to keep out dust and to maintain darkness 
within, in order to prevent, as before, any irregularity of 
corrosion consequent upon unequal illumination. The 
results obtained after an exposure extending over fifty- 
two days were as given in Table VI. 


TaBLE VI.—Corrosion of Steels Exposed to Alternate 
Wet and Dry. 


Steel 





Original | Lossin | Corrosion 
No. Nickel. Chromium. Weight. | Weight. | Factor. 
| | 
percent percent. grammes.) grammes. 
1 oe ee 38.5536 | 0.2706 100 
2 - ‘is 38.7170 | 0.2720 100 
3 3.72 om 28.3870 0.1165 | 43 
a 6.14 - 31.8660 0.0985 | 36 
5 26.24 - 30.8160 0.0220 | 8 
6 is 1,12 28.6846 0.2512 93 
7 - 3.58 28.3886 0.0806 30 
8 on 5.30 . 8406 0.0556 21 
9 3.4 1.0 29.8748 0.1274 47 
10 3.5 1,12 32.7956 0.1404 | 52 


DIscussiON OF THE Resvtts. 
In order to facilitate the discussion of these results 
Table VII. has been drawn oP, in which the corrosion 
factors of the steels as obtained by each method is given. 
A careful study of this table reveals a number of highly 
interesting facts. These may be summarised as follows :— 
TaBLE VII.—Corrosion Factors of Nickel, Chromium, and 
Nickel-Chromium ls. 








‘ é | Corrosion Factor for— 
s | 
ea: | 2am BEE Re eee Beeersa 
3 $/& | Tap | Sea Wetand 0.05 per 0.5 per 
a Km | 5 | Water. | Water.| Dry. | Cent. Acid. | Cent. Acid. 
p.c. p.c 
Bi. ss hp 160 100 190 100 100 
SI os oe 108 105 100 98 259 
8 373) .. 83 77 43 85 55 
4 6.14'.. | 69 79 36 82 63 
§' 26.24) .. | 6&1 45 8 54 8 
6}... |L22]. & 60 93 71 223 
7, .. |3.58) 68 26 30 68 6L 
8 .. |5.80] 48 23 21 68 78 
9 34 10 7 82 47 87 132 
10 35 (1.12) 87 90 52 93 413 





1. The corroding media may be divided into two groups 
—namely, acid and neutral, and the results obtained are 
usually very different in the two cases, Very dilute acid 
resembles the neutral corroding media in its action. This 
we might expect, since the so-called neutral media (tap- 
water, sea-water, &c.) always contain a minute quantity 
of acids, such as carbonic. 

2. Acceleration tests as usually carried out with sul- 
phuric acid yield very misleading results as to the general 
corredibility of the metals tested. Thus, for example, 
the two standard steels corroded at almost identical rates 
when exposed to tap-water, sea-water, wet and dry, and 
to 0.05 per cent. sulphuric acid. But in the 0.5 per cent. 
acid the second steel corroded some two and a half times 
as rapidly as the first. Very similar discrepancies occur 
with steels Nos. 6, 9, and 10, the last named corroding 
more than three times as much as steel No. 9, although in 
the other tests the two steels behaved similarly, as we 
should expect from their analogous compositions. 

These observations are in perfect harmony with those 
of Frazer,* who found that whilst — of basic and 
acid steel of analogous composition corroded at practically 
identical rates under ordinary conditions, yet, when ex- 
posed to the action of dilute sulphuric acid, the results 
were most irregular, in one case the acid steel corroding 
five times as rapidly as the basic steel. The results of the 
Corrosion Committee of the British Association empha- 
sise the same fact,t and C. M. Chapman,} working in 
America, has been led to similar conclusions. 

The explanation is not far to seek. Two opposing 
forces are called into play when steel is immersed in a 
corroding medium, namely :— 

1. Galvanic activity between the relatively incorrodible 
portions and the easily oxidisable ferrite, the latter func- 
tioning as the anode, and the former as thecathode. The 
corrosion of the ferrite is thus accelerated. Amongst the 
incorrodible materials we must class cementite, in ordi- 
nary steel, and in the steels studied in this memoir we 
have the various complexes of iron, carbon, nickel, and 
chromium, all of which function cathodically. 

2. On the other hand, these incorrodible materials offer 
a very effective mechanical protection against corrosion 
by preventing the corroding medium from coming into 
direct ccntact with the ferrite, and thus tend to protect 
the metal from corrosion. 

A moment’s consideration will show, however, that by 


* Journal of the West of Scotland Iron and Steel 


Institute, 1907, vol. xiv., page 82. 
+ Chemical News, 1911, vol. civ., pages 142 and 155; see 


also criticism by Friend, ibid., Riis 
t Paper cmd before the American Society for Testing 








the metal discs (E, F, &c.) being laid, as before, in a 


Materials, June 28, 1911. 
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intensifying the corrosive media, as, for example, by the 
employment of sulphuric acid, the two forces mentioned 
above will not be affected to the same degree, and that 
the results obtained will not be the same as they would be 
had the metal been exposed to a less intense action for a 
longer time. Consequently the two methods are not 
strictly analogous. 

The honeycombed appearance of the surface of steels 
Nos. 2, 6, and 10 was so pronounced as to render doubt 
im ible as to the intensity of the galvanic action which 
had taken place. The fact that no nickel and chromium 
could be detected in the corroding acid shows that these 
metals were constituents of the cathode, and the exces- 





sive corrosion of these steels makes it clear that the 
galvanic activity was stimulated out of all proportion to | 
the mechanical protection afforded by these metals. | H 

3. From the results with steels Nos. 6, 7, and 8, in 0.5 
per cent. acid, it would appear that there is an optimum | 
concentration of chromium which yields the maximum 
resistance to acid attack, and that if this amount be | 
exceeded (as in steel No. 8) the steel becomes less perma- | 
nent. This is thoroughly in accordance with the results 
obtained by Hadfield,* and more recently by Monnartz.t 

4. In neutral corroding media the resistance offered 
to corrosion apparently rises with the percentage of 
chromium. This is particularly the case for salt-water, 
and the employment of chromium steels in the construc- 
tion of ships would appear to be fully justified on this 
ground alone. ; . 

5. Nickel steels appear to be resistant to acid and 
neutral corroding media alike, the resistivity increasing 
with the percen of nickel. The permanence of the 
26 per cent. nickel steel towards 0.5 per cent. acid is 
particularly noteworthy. 

6. The corrosion factor does not appear to be a purely 
additive quantity. Thus, for example, in exposure tests 
with tap-water, t e corrosion factors of steels Nos. 3 and 6 
respectively are 83 and 85. We might expect, therefore, 
that since the 3.72 per cent. of nickel and the 1.12 per 
cent. of chromium each separately yield the same pro- 
tection, by having both together in the steel the same 
result should accrue as by either doubling the nickel or 
the chromium content alone. This, however, is not the | 
case, as is evident from a consideration of the results | 
obtained with steels Nos. 4,7, 9, and 10. Similar con- 
clusions are arrived at from the sea-water, and other 
tests with the same steels. : 

Whilst these results are extremely important, they are 
not final. They have only been obtained from experi- 
ments carried out at room temperature (12 deg. to 15 deg. 
Cent.), and the period of testing has not ex ed 64 days. 
We are continuing the work at different temperatures 
and with long-period tests, so that the conditions may 
resemble as closely as possible those actually experienced 
under working conditions. In conclusion, we wish to 
urge the necessity of determining the corrosion of iron 
and steel under conditions closely similar to those to 
which the metal will be subjected in practice, otherwise 
the results will be unreliable and lead to much confusion. 





SMOKELESS POWDERS AND THEIR BE- 
HAVIOUR UNDER ULTRA-VIOLET RAYS. 
MM. Danie. Bertueror and H. GauDECHON set 
forth in Comptes Rendus of 1911, the results of experiments 
made by them to ascertain the stability of various types 
of propellants towards radiations of an ultra-violet wave- 
length. Both nitro-glycerine and non-nitro-glycerine 








types were submitted to the tests, the latter being n,n 

sented by the French service powders ‘ B.” These last 

named were in the form of flakes, 5 mm. rd 15 mm., 
e 


whilst the cordite, ballistite, &c., were in the form of | 


cylinders 5 mm. to 8 mm. in diameter and 15 mm. to | g 


20 mm. in length. The quantities experimented upon 
were from 0.25 to 0.45 of a gramme. The samples of 


| period of 120 minutes, 





powder were placed in tubes made of quartz placed over 
mercury, ped containing atmospheres of carbon dioxide 
and nitrogen respectively in separate series of tests. The | 
ultra-violet light was furnished » F- uartz mercury- 
vapour electric lamp, the samples being kept therefrom, 
in some cases a distance of from 70 mm. to 80 mm., and | 
maintained at a temperature of from 25 deg. to 28 deg. | 
Cent.; and in others a distance of 50 mm., maintained at | 
40 deg. Cent. P wa 

The French service powder ‘‘B” remained unaltered in | 
appearance, under the conditions above mentioned, whilst 

wders containing nitro-glycerine, especially at the 
ower temperatures, changed in colour and showed signs 
of oxidation of nitro-glycerine. The decompositions ob- 
served to take place were proved to be due to the action 
of the ultra-violet rays, as similar samples heated at 68 deg. 


to 70 deg, Cent. showed no signs of evolution of gas. 


The tables in the next column give the composition of 
the gases evolved with the various powders referred to. 

In conformity with Table II. it was observed that 
with an atmosphere of CO, (carbon dioxide) the powders 
gave off no appreciable amount of that gas during de- 
composition, but that, on the contrary, in some instances, 
a slight absorption of CO, took place. 

The authors express the opinion that as the French 
service powder “‘ B” does not give off nitric oxide under 
the conditions of these experiments, it is therefore of 
greater stability than be! oy sy which contain nitro- 
glycerine. It is noteworthy that Tables I. and IT. agree 
in showing a high percentage of carbon monoxide in the 
gases liberated. 

In continuation of the foregoing, the authors give in 


* Journal of the Iron and Steel Institute, 1892, 
No. IL, page 92. ENGINEERING, vol. liv., pages 399, 409, 
495. 


433, 465, 495. a 
+ Metallurgie, 1911, vol. viii., pages 161 and 193. 





en Rendus, 1912, 154, 201 to 203, the following 
results of their investigations :— 

Nitroglycerine.—One decigram after an exposure to the 
ultra-violet light at 20 mm. from the source for a period 
of 30 minutes gave 1.32 cub. cm. of gas of the percentage 
composition shown in Table III. Some nitric oxide was 
also destroyed in attacking the mercury. This —_ per- 
centage of nitric oxide explains its presence in the pro- 
ducts of decomposition of powders containing nitro- 
glycerine. 

TaBLE I.—Percentage Composition of the Gases, by Volume, 

Obtained after Exposure of Powder for Six Hours to 

Ultra- Violet Iaght in an Atmosphere of Nitrogen. 

















S|. _|28 ¢ 
Designation of Description of Some | ..° | ofl 6 & so 8s 
the Powder of the Components of $2.2% 25 3 He & 
Tested the Powder. fSs252 & S395 
S76" '1Z° | & la? 
“3 wder No amy] alcohol | 6/2; .. | BI 31 
(1807) | 
C.G. powder.. Collodion cotton, di- 22 30 7 41/| 48 
nitro-toluene, anc | 
20 p.c. nitro-glycerin 
Powder .. Containing 25 p.c. of 15 29 20 36 56 
nitro-guanidine 
Cy. powder .. Containin 2 pc} 22 40 9, 27 36 





nitro-glycerin, 7: | 
p.c. nitro-cellulose | 
and 3 p.c. sodiun | 
bicarbonate | 


TaBLE II.—Percentage Composition of the Gases Evolved 
after Exposure of Powder for Six Howrs to Ultra- Violet 
Iaght in an Atmosphere of Carbon Dioxide. 


| 
| 











é egw. 
: sai Z| g Soc 
Designation DescriptionofSome -*%| g 2g 2¢ sO 
of of the Components of 2 2/25 Sz 2 | gee 
Powder. the Powders. Pe Bhs Eis 33 a5 
On lZ° Bo & iBo? 
*B” powder Containing 2 p.c. of 38 .. - | 62 
amy] alcohol 
“B” powder Containing 8 p.c. of 53 | 8 39 47 
(1909) amy] alcohol } 
Ballistite(1889) Containing 2 p.c. of 45 | 20 3 32 55 
aniline 
Ballistite Containing 2 p.c. of 48,16 2 34; 52 
(S.A.) diphenylamine | } 
M.D. Cordite ‘ ne 44/26 4 2] 56 
(1906) | 
A.L powder.. Containing 25 p.c. 40/27 4 29! 60 


nitro - glycerine, 72 

p.c. nitro-cotton, 3 
.c, sodium bicar- 
nate 


TasLe III,—Percentage Composition of the Gases by 
Volume After Exposwre to Ultra-Violet Light. 








, . o - ees 
Ss * = = fES 
= c = = of 
ZO Anz ® “o= 
Substance o , ze as al 
Tested. Se 8&5!... Sai 26 

823 38> 25 22:2 ade 

Sk else 224/38 $34 Z 

6° |o~ | kv | a> ee e® 
ets 2 a as -- 10.5 | 24.0 39.5 8.5 |17.6 65.5 

Nitrocellulose (collodion) 19.5 25.5 9.0 7.0 39.0 655. 


Nitrocellulose (Collodion).—A piece, 15 x 5 x 1.6mm. = 
120 cub. mm., after exposure at 20 mm. distance for a 
ve 0.87 cub. cm. of of the 
percentage composition shown in Table III. Soltodion, 
though less nitrated than the French service powders “B,” 
ecomposes more ily than they, and evolves a 
notable amount of nitric oxide. The authors regard this 
as showing the utility of the gelatinisation adopted for 
‘*B” powder, and of the stabilisers incorporated with it. 
The Value of Amylalcohol (C;H,,0) and Diphenylamine 
(C\2H,,N) as Stabilisers. — A comparison e@ with 
two wders of the same make and age — viz., 
BFAM, and BFD, of 1905—stabilised by amylalcohol 
and diphenylamine respectively—showed that at a tem- 
erature 75 deg. Cent. and exposure to light at 20 mm. 
istance, amylalcohol is the more efficient ; the AM 
powder giving off less gas, and the gas containing a ver 
much lower percentage of nitric oxide, than the ‘“‘D” 
powder. Ata temperature of 40 deg. Cent. and exposure 
at 50 mm. distance, on the contrary, diphenylamine is 
the more efficient stabiliser. 
new ‘“‘D” powders do not show nitric oxide in the 


| products of their ‘‘ photolysis,” the source of it in this 


six-year-old powder is doubtless the nitrosodiphenylamine 
formed during the slow ange er SY of the powder. 
Exactly similar results were obtained with two naval 
powders of 1908, save that these more recent powders 
evolved no nitrogen oxides. 

When the “BF” powders were treated with alkali it was 
found that the “*D” powders, i.¢., stabilised with 
diphenylamine, showed less decomposition than that 
stabilised with amylalcohol. The treatment with alkali 
consisted in acting upon 1 gramme of powder with 
20 cub. cm. of half normal potassium hydroxide for 
30 minutes at 15 deg. and at 50deg. Cent. _ 

Damaged Powders.—A damaged naval powder, in 
which the brownish-yellow plates of 1.5 mm. thickness 
showed whitish stripes 10 cm. or 12cm. by lem. or1.5cm., 
was examined under ultra-violet light. At both dis- 
tances from the lamp, the damaged parts gave off more 

than the unaltered parts, and this gas contained from 
2 to 30 per cent. of nitrogen oxides, whilst the gas from 
the unaltered parts contained none. 

It will be of interest in this connection to refer to a 


paper by Mr. E. Neumann, which appeared in the Zeit, | 





es. Schiess und Sprengstofw. in 1910, upon “French Service 

owder.” Tracing the development thereof from 186¢ up 
to 1884, he states that considerable alterations were made 
in the composition and form of black powder, and also in 
the nature of the charcoal used. In 1884 Vieille intro. 
duced into the French service a smokeless powder known 
as ‘‘B” powder, which has, with various modifications 
been retained as the French service powder. It origina! ly 
consisted of insoluble nitrocellulose, soluble nitrocellulos. 
and paraffin, 68.21, 20.79, and 2 per cent. respective, 
The nitrocellulose was gelatinised with ethyl acetate and 
finished in the form of flakes. Somewhat later a powder 
of another composition was introduced, consistiny of 
insoluble nitrocellulose, soluble nitrocellulose, barjim 
nitrate, potassium nitrate, and sodium carbonate, 2.13 
41.51, 19, 8, and 2 per cent. respectively. Ether alcohol 
was for the purpose of gelatinising the powder, and 
later, methyl alcohol was also used. More recently 4 
pure nitrocellulose powder, with various ingredicuts 
added as stabilisers, has been in use. The author deals 
in the paper referred to with the French powders used 
for guns of various calibre, giving details as to the size 
of the grains and the ballistics obtained. 

MM. D. Berthelot and H. Gaudechon continue in 
Comptes Rend., 1912, 154, the account of their researches 
into the effect of ultra-violet rays, and into the effect of a 
preliminary heating as a means of artificial ‘ ageing.” 

As to the latter, they found that the heating of *B” 

wders to 110 deg. Cent. for periods of from 4 to 110 

ours produced no effect on their behaviour under the 
lamp, except that due to the fact that a certain quantity 
of the solvent in the powder was volatilised by the heat- 
ing; but no nitric oxide was produced, showing that 
much longer periods of heating would be needed to “ age” 
a powder yo 
icric acid (C,H. .(NO,.)3. OH), like other aromatic 
compounds, was found to be very stable under exposure 
to the ultra-violet rays, no decomposition taking place at 
50 mm. distance from the lamp, and after 3 hours’ expo- 
sure at 20 mm. only a slight browning occurred, and 
evolution of about 0.7 cub. cm. of gas. Ammonium 
picrate was still more stable, and showed no decom- 
position even at 20 mm. from the lamp. 

The experiments referred to in preceding paragraphs 
upon the photolytic decomposition of smokeless powders 
have been repeated with arrangements for changing the 
gas forming the atmosphere thereto. 

When an oxidising atmosphere was employed—viz., 
by using oxygen—two-thirds of the free oxygen dis- 
appeared, and added its oxidising effect to that of the 
oxygen of the nitro-cellulose. 

hen a monster ose se was employed—viz., by 
using hydrogen—about one-fourth disappeared, forming 
water and formaldehyde. 

With an inert atmosphere of carbon dioxide, much 
depends on the temperature; at 25 deg. to 30 deg. Cent., 
and at 70 mm. to 80 mm. from the lamp, there is absorp- 
tion, due, no doubt, to the solvents and stabilisers, which 
are basic in theircharacter. At 40deg. Cent. and 50 mm. 
distance no change in volume occurs. At 75 deg. Cent. 
and 20 mm. distance there is disengagement of carbon 
dioxide from the powder, and the final volume shows an 
i 


ncrease. 

With nitrogen as the inert atmosphere, it was found 
that nitrogen has no effect on the evolution of nitrogen 
or nitrous gases from the powder. 








ACCOUNTANCY AND ENGINEERING.—We have received 
a copy of the second lecture under the Frame Thomson 
Foundation, which was delivered by Mr. T. Frame 
Thomson, the founder, before the students of the Insti- 
tution of Civil Engineers on April 26 last. The 
foundation is devoted to an annual lecture dealing in 
some form with the relation between engineering and 
commercial life. Mr. Thomson’s lecture this year was 
entitled ‘‘The Principles and Practice of Accountancy 
in Relation to Engineering Design and Work,” and dealt 
in a general but very clear way with the whole question 
of book-keeping and accountancy, as it relates to the 
running of an engineering business. The lecture was 
couched in the terms of an engineer rather than in those 
of an accountant, and for that reason was likely to appeal 


strongly to the students who heard it, and to be of much 
service to them in their later professional life. We may 
of engineers 


say, indeed, that many, if not the — 
past the years of studentship would be lik 
much from a study of the lecture. 


ely to learn 





Our Locomotive Exports.—The exports of locomotives 
from the United Kingdom have been fairly well main- 
tained this year, the value of the engines shipped to 
April 30 having been 713,1562. as compared with 708, 9871. 
in the first four months of 1911 and 591,537/. in the first 
four months of 1910. It is noticeable, however, that the 
exports showed less os ye in April, the decline occur- 
ring through diminished shipments to British India. 
Argentina imported British locomotives in the first four 
months of this year to the value of 143,860/., as compared 
with 113,145/. and 222,290/. in the corresponding periods 
of 1911 and 1910 respectively. The value of the engines 
exported to the principal colonies was as follows in the 
first four months of the last three years :— 


Colonial Group. 1912. 1911. 1910. 
2 - £ £ 
British South Africa 124,196 21,453 129,135 
British India “ 138,045 258,370 117,008 
Australia .. a 140,121 38,046 7,777 


It will be observed that there has been a satisfactory 
increase this year in our locomotive shipments to Sout 
Africa and Australia, although a year or two ago it 
ap probable that we should have to contend at the 
Antipodes with a good deal of American competition in 
the matter of locomotives. 
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ELECTRICAL APPARATUS. 


17,040/11. Siemens Brothers Dynamo Works, 
: tod, London. (Siemens - Schuckertwerke, G.m.b.H., 
Berlin, Germany.) Alternating-Current Commutator 
Generators. (2 Figs.) July 25, 1911.—This invention relates 
to polyphase alternating-current commutator generators which 
are excited by means of their own presgures, or part of their 
pressures, and whose rotor and stator load windings are placed 
in series, and has for its object the compounding of the field of 
such generators in a direction not only coincident with the direc- 
tion of the main field, but also in a direction at right angles 
thereto, by arranging that the ratio of stator and rotor load 
ampere-turns differs slightly from unity, and that the magnetic 
axes of stator and rotor | windings do not coincide. The 
rotor load winding is denoted by r, and is connected through 
three brushes to the compensating winding s on the stator. e 
latter is in turn connected to the mains d. The compensatin 
winding on the stator is connected in series_ with the rotor wind- 
ing, as is usual, in order to effect the complete compensation of 
the rotor-load field. The field of the generator may be excited 
by means of a separate exciting winding, situated on the stator 
of the generator, and represented diagrammatically in the figure 


Fig.1. 
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by ¢, being fed from the mains. Fig. 2 shows a vector diagram 
referring to a commutator generator arran, a to 
the invention. In the figure A Ws represents the stator load 
ampere-turns, and A Wr those of the rotor. The two vectors are 
unequal in magnitude and displaced in space. The resultant of 
AWsand A W r—namely, the ampere-turns denoted by A Wk— 
produce a field Fk, which makes an angle of 90 electrical de 

with AWk. The numerical value of the ampere-turns A W & will 
vary with the strength of the load currents. The component F a of 
the field Fk Lp mpm in the main windings an electromotive force 
in phase with the main electromotive force produced by the main 
field. The other component Fi, due also to the non-compensation 
of stator and rotor ampere-turns, produces in the main windings 
an electromotive force differing in phase by 90 electrical d 

with the main electromotive force. By suitably adjusting the 
numerical value and phase of the tranformation ratio, the gene- 
rator can be compounded so that the potential of the mains 
remains constant or even over or under compounding takesplace. 
The amount by which the transformation ratio requires to differ 
from unity will depend on the resistance and dispersion of the 
windings. (Accepted March 27, 1912.) 


1 /11. A, P. Lundberg, G. C. jundbers. and P. 
A. Lundberg, London. Plug-and-Socket trical 
Connections, [4 Figs.} May 20, 1911.—In an electric circuit 
containing a plug and socket or wall connection and a switch on 
the supply side of the wall connection, the making and breaking 
of the circuit between the pins and tubes of the connection is 
prevented, according to this invention, by mounting the switch 
and the wall connection in an inclined relationship to one another 
and providing the plug with a projection or member that is 
slotted for a portion of its length, and is additional to, and inde- 
pendent of, the pins on the p! ug, and the socket with a hole to 
receive and pass the said projection or member, the arrangement 
being such that one or other end of the slot in the said 
projection or member engages the actuating lever of the switch 
on the insertion or removal of the plug, and causes the operation 
of the switch. The socket portion of the wall connection is 
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rmed in an abutment 1, and the switch 2 is mounted on a 
cotrier 3 behind the abutment 1, and inclined thereto. The carrier 8 
oud the switch 2 are placed in a recess in aj wall, and the 
ontment 1 forms the clogure for such recess. Access to the switch 
thus be impossible unless the abutment be dismounted. 
abutment is 1 with a hole 4, preferably of the sha 
f 8 cross (see . 3). This hole is disposed between the 
‘ocket tubes 5, The ng part 6 of the connection is provided 
,\‘~) & projection or member 7 of a shape to enter and engage the 
ole 4, and of a length greater than that of os ins 8. This 
projection 7 may be made of insulating material, ani 
~ ‘vs outer end with a slot9. The arrangement is such that when 
we projection 7 is passed into and through the hole 4, the slot 9 
oa pass over and en the actuating lever 10 of the switch 2, 
= ‘ YY the operation of the switch. When the plug part 6 is 
moved in the oj te ion, the engagement of the slot 9 
vith the actuating lever 10 will cause movement of this lever in 








of 


| the opposite direction. The projection 7 and the slot 9 therein 
| are su that the ends of the slot will not engage and cause the 
operation of the actuating lever 10 unless the ag 8 are within, 
| and well within, the tubes 5. (Accepted March 27, 1912.) 


1. Oliver Arc Lamp, Limited, C. Oliver, and 
w. D. Woolwich. Flame Arc - 
(12 Figs.) March 20, 1911.—According to this invention, an elec- 
trode for flame arc-lamps is formed of carbon provided with a 


mass or masses of easily fusible metallic saltsinserted in or located 
on the carbon in as large a mass or masses as convenient, and the 


in the substance of the carbon in suchwise that each such slot or 
duct (a) communicates with er hee mass of the easily fusible 
metallic salts, and ()) leads from that mass to a remote part of the 


Fig.1. } 19.2. 
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carbon, 80 as to ensure, in burning, a su of the metallic salts 
to all parts of the carbon. In one form of electrode, as shown in 
Fig. 1, the carbon A is in the shape of a cross (somewhat like the 
Geneva cross), with a central passage » for holding metallic salts, 
and with the exterior cavities between the arms of the cross for 
holding also the metallic salts B. In case slots F, according 
to this invention, are formed (as shown in Fig. 2) in the arms of 
the carbon cross A in such a way that they radiate from the 
centre thereof when viewed in cross-section, and the slots are 
shown communicating with the central b, which is charged 
with the metallic salts. (Accepted March 27, 1912.) 


3026/12. The Firm Robert Bosch, Stu Ger- 
many. Electric Cable Terminal. (3 Figs.) February 20, 
1911.—A terminal for electric cables, according to this invention, 


comprises a block of insulating material in which two holes are 
bored at an angle to each other, one of which receives the end of 
the cable, and in the other isa metallic socket, through the base 
of which a pointed rod is screwed until it pierces and distends the 
insulation of the cable. a isa block of insulating material, in which 
two holes are bored at right angles to each other. The cable / is 





passed through one hole, and the other hole is provided with a 
metallic socket c, in which a plug can fit. The base of the socket is 
screw-th: ied, and ascrew d provided with a conical point can be 
screwed into the base until it pierces the conducting core of the 
cable, and in this way establishes a thoroughly good connection 
between the core of the cable and the socket c, and at the same 
time distends the end of the cable, asshown in Fig. 2, 80 as to make 
the boring which receives the cable water-tight. (Accepted March 


1911.—This invention relates to dynamo-electric machines and, 
more particularly, to the simplification of their construction so 
as to render them more serviceable and reliable for use on motor 
road vehicles. As shown and according to the present invention, 
the commutator-end bearing bracket of such a machine is formed 
to'take directly the brush-holders and brushes, and to this end 


Fig, Fig. 2. 
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it ome in a single casting a disc or end-plate a carrying the 
three brackets a!, al, a! an housing a2, e two 


diametrically opposite brackets a! are of angular construction, 
and are each machined off at their two faces a*, a3 at an angle 
of 90 deg. with one another and at 45 . with a line ng 
through the apex of each bracket. On these four faces a3 are 
directly bolted insulated blocks d ome the brush-holders e¢ of 
the machine. (Accepted March 27, 1912.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


8480/11. J. Keithand G. Keith, London. Gas-Fired 
(4 Figs.) April 5, 1911.—A burner for gas-fired 

furnaces and the like comprises, acco to this invention, a 
Venturi tube associated 
number of ribbed, grooved, or 8 


between them. The Venturi tu 


Fig.t 


with a burner-head . _ with a 
ng passages 
is by the usual proportions, 





and is fitted with an air-regulator at the inlet end, and has at the 
outlet end a head A preferably of rectangular section, as 
usual. The hi is fitted with plates B, ribbed or grooved or 
to afford a number of narrow jae eb capes the plates. 

ends of the plates B absorba erable amount of heat 

e flame from the heated ons of the furnace in the 
immediate neighbourhood, and as the passages present a large 





carbon is provided with longitudinal distributing slots or ducts | C! 





surface for the absorption of heat, this heat is conducted and 
transferred to the gas-and-air mixture as it flows through the 

O, thus tending to keep the plates cool and preheating 
the mixture to a certain extent, as is well understood. e 
plates B are formed or fitted with lugs D which enter recesses E 
or slots in the burner-head A, or the walls of the burner-head may 
be fitted with fins engaging with recesses in the plates, and a lid 
or cover F forming one side of the head A is screwed up tightly 
to secure the plates B in position. (Accepted March 27, 1912. 


29,097/11. Aktiengesellschaft Brown, Boveri et 
e., Switzerland. Gas~-Turbine Plants. 
{1 Fig.) March 13, 1911.—According to the processes heretofore 
proposed for working gas-turbines, the preliminary compression 
of the motive medium is effected in piston or revolving com- 
pressors. The use of such compressors renders the entire gas- 
turbine installation complicated. This invention consists in the 
compression, by the action of a water column to which kinetic 
onan has been imparted, without the co-operation of the gas- 
turbine. In the form illustrated, a gas-turbine a is directly 
coupled to an electric generator ). The gas-turbine is provided 
with a combustion-chamber c, into which are led a fuel supply d 
and an air-pipe g, leading from a regenerative air-heater /, the 
passages or tubes of which are fed from the air-compression space 























k above a water column /, the air being led into the space by a lead 
n. The around the pipes of the air-heater is connected at 
one end A to the gas-turbine, and at the other to an exhaust /, 
At the end of the water column, remote from the air-compression 
space, is provided an explosion-chamber m. In operation, explo- 
sions are caused to take place in the chamber m whereby energy 
is imparted to the water column / in known manner, and air is in 
turn sent in at », compressed in the space k, forced through the 
pipes of the heater f and the g to the combustion- 
chamber c, where, with the fue — by the pipe d, the 
mixture is formed for driving the turbine. The exhaust gases 
leave at the part 4, and flow in a counter current through the 
heater /, whereby, on their passage to the exhaust /, they impart 
heat to the air supply. (Accepted March 27, 1912.) 


PRINTING AND ALLIED MACHINERY. 


27, 1912.) a ice Tesaitt. Lino and , Limited, LoniJon, 
a jill. A. |i. pildgtey and 0. {2 Figo} even. [3 Figs.) March 27, 1911.—This invention relates to the marking 


of type-bars produced in wpeeet casting-machines with marks 
by which the particular machine in which they are produced, or 
the operator responsible for their production, can afterwards be 
readily identified. According to this invention, identification 
marks are placed on cast type-bars by causing their ends during 
their passage endwise on to a galley or shelf of the machine in 
which they are produced to come into contact with devices bearin 

those marks in counterpart with sufficient force to be indente 

by the latter. The galley 1 is inclined in a transverse direction 
and at its lower edge it is provided with an upstanding wall or 





flange 2 which serves for supporting the type-bars 3 in their 
lowest position on the galley. There are represented two type- 
bars 8, one in the last-mentioned lowest ition and the other in 
the act of descending endwise towards the marking device. The 
marking device in the drawing consists of a single punch 4 bear- 
ing a Sagie identification character in counterpart, this punch 
passing through a hole in the galley wall 2, and being detach- 
ably secured to that wall by a screw which penetrates the punch 
and screws into a bracket 6 fast to the wall. en the type- 8 
are delivered on to the galley 1 they slide by gravity and/or are 
moved positively endwise down the latter, and their leading ends 
contact with marking device with sufficient force to be 
thereby indented with the identification character borne in 
counterpart by that device. (Accepted March 27, 1912.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c, 


9357/11. John M ve and Sons, Limited, and 
F. E. Musgrave. ‘Bolton, Steam-Engines. (3 Figs.) 
April 15, 1911.—This invention has reference to steam-engines of 
the kind in which steam is admitted at one or both ends of the 
cylinder and exhausts through a port or ports located at or near 
the end of the travel of the piston, the said ports being controlled 
by the piston. Acco: to this invention, a condensing engine 
of the d mentioned is provided with an autcmatic exhaust- 
valve on its exhaust-pipe and with a suitably poupeienss addi- 
tional clearance space, communication between which space and 
the corresponding cylinder end is controlled by a valve that is 
always free to be opened by excessive sure in the cylinder, and 
which when 80 opened is automatically held open; on euseotave pete 
sure arising the automatic exhaust-valve and the valve controlling 
communieation with the clearance n, and the engine then 
continues running, but works as a non-condensing engine, the 
additional clearance ensu a sufficiently low compression 

ressure. a@ is the ex pipe tted with a valve } leading to 

e a! re and adapted to be opened by the exhaust pressure 
should this be above atmospheric pressure owing to failure 
of the condensing plant, but otherwise to be held closed, 
whilst between each cylinder end and an additional clear- 
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ance space c is fitted a valve d adapted to be opened by 
excessive compression pressure, and then to be held open. In the 
arrangement illustrated in Fig. 2, the valve d is pressed against 
its seat by a spring ¢ that is set, as by an adjustable nut on the 
valve spindle g, to a pressure of, say, 10 lb. above the boiler pres- 
sure, and the spindle g is slotted at h to receive a sliding wedge i 


Fig.2. 
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connected to another goes j, 80 arranged that, when the valve d 
is forced open, the wide part of the wedge is moved into the slot 
and the valve thus held open. The outer end of the valve spindle 
may be fitted with a hand wheel k that abuts against a fixed 
part or frame /, and can be manipulated to positively withdraw 
the valve from its seat when required. (Accepted March 27, 1912.) 


TEXTILE MACHINERY. 


10,947/11. John Ingham and Sons and E. Ingham, 
Bradford. Looms. (5 Figs.} May 6, 1911.—This invention 
relates to an improved construction in the type of pickers well 
known as being used in connection with over-pick looms. In the 
production of these pickers, the raw hide or material of which 
they are constructed is folded and pressed to make such pickers 
assume the desired forms, and in thus shaping and Pon them 
it has often been proposed to use separate parts of raw hide or 
other material and shape such parts to be enfolded with the 
other ; also metal strengthening parts have been embodied in hide 
pickers. In accordance with this invention, use is made of a wire 
or equivalent metal strengthening part which is folded in an inde- 
pendent strengthening piece or insertion of hide. The type of 
picker to which this invention relates consists of the block part a, 
which strikes the shuttle, and below which there is a tongue b for 
guiding the picker at ite lower extremity, while above the block a 
the raw hide or material of which the picker is constructed 
branches off in two directions ¢, cl, so that an opening d, Fig. 2, 





RSSSS9 















































o9n 9G nt 





Daboadd 


may be made through its Lenpehing parts c, cl, for the reception 
of the picker’s spindle which guides it in its path. The upper part 
J, which joins the two parts c, cl together, has aslot gon Fig. 3) 
cut in it for the reception of the picker strap. The picker so 
described and constructed is old and of the well-known type. In 
accordance with this invention, this type of picker is formed 
so that strengthening strips h of hide may be added thereto. 
Embedded within the strips A are strengthening wires or strips k 
of metal, so arranged that the wire or strip of metal shall be so 
situated within the material poomang the picker as to give con- 
siderable strength thereto without in any way interfering with 
the outer shape of such picker, or with its formation for acting 
in the ordinary manner. The metal strengthening part k con- 
sists of a piece of wire bent somewhat in the form of a rectangle 
sothat it may extend up the two sides m, m!, and across the 
ends n,n! of the folded part A, thus enabling such part A to fully 
enclose same when folded. The metal part * may consist of two 
narrow strips of sheet-metal, or two pieces of wire on each side. 
(Accepted March 20, 1912.) 


12,183/11. H. Thomas, Blackburn. Shuttles. (6 Figs.) 
May 20, 1911.—This invention relates to loom-shuttles of the kind 
in which a block situated in a recess formed in the head of the 
shuttle, and isolated from the sides and end thereof by a weft- 

e arranged in n communication with a channel formed 
in the underside of the block, is provided with a wens 
device arranged to cause the weft, as it is drawn around the bloc: 
and over the guiding device, to project through an opening formed 
in the front of the shuttle to such an extent as to enable the weft 
to be readily drawn therethrouryh by the finger and thumb. 
According to this invention, a hook or loop, open at its upper end 
for the entrance of the weft, projects from one side of the aforesaid 
block and is continued down ly through, or into proximity 
to, an aperture formed in the front of the shuttle, the arrange- 
ment being such that as the weft is passed around the block 
it enters the hook and travels to the lower or closed portion 
thereof, the two } of the hook constituting the ions of 
the shuttle-eye nst which the weft works in the passage of 
the shuttle to and fro across the shed. A indicates the 
recess, the isolated block, and B! the channel therein, 
© the hook, and D the hole in the front of the shuttle. In 
the example shown, the block B is of oblong formation, with 
a rounded front end b facing a chamfered recess »! formed 
in the head of the shuttle. e top of the block occupies 
a position slightly below the top of the shuttle, and the portion of 
the block that enters an aperture formed in the bottom of the 
shuttle is reduced in size, as shown at 02, and is secured in such 








aperture. Extending around the sides and front of the block isa 
channel 3, which isolates the block from the sides and end of the 


recess A, and such channel is arran; in open communication 
with the longitudinal channel B!, as shown in Fig. 3. Mig <> | 
from the front side of the block B is the hook or loop O, whic! 

takes the place of the usual shuttle-eye. This hook is con- 
veniently constructed from a length of wire that is passed trans- 


























versely through the block B. The block B is formed with a slot 
b4 at its front end, and passing through such slot is the usual 
t-pin 5, over which the weft passes to the shuttle-eye or hook 

, an inclined ie v6 interposed between the entrance end of the 
channel 6! and the point of the shuttle peg or skewer serving to 
ama the weft into the longitudinal channel B!. (Accepted 

arch 27, 1912.) 

MISCELLANEOUS. 

17 ai Fletcher, Russell and Co., Limited, and 
T. W. tcher arrington. Blow-Pipes. (2 Figs.! 
July 29, 1911.—This invention relates to blow-pipes, with the 
object of enabling low-grades gases, such as petrol, air-gas, pro- 
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ducer-gases, Mond gas, and other like gases to be used, and con- 
sists in combining a short tube } with the nozzle a! that encloses the 
¢, and is connected to a blow-pipe as a, the tube 6 —— 
yond the jet. By these means the flame is protected, an 
satisfactory combustion is obtained. (Accepted March 27, 1912.) 


19,304/11. W. Broadbent, Huddersfield. Centri- 
Machines. (2 Figs.) August 29, 1911.—This invention 


with the precessional motion of the spindle. The com i 
the springs is altered only by alterations or irregularities i ie the 
precessional movement. (Accepted March 20, 1912.) 


25,857/11. C. Clarke, London. Lubricatin 

(5 Figs.) November 20, 1911.—This invention veleter Doviecs. 
for supplying grease for lubricating purposes to parts of machi. 
nery, and the principal objects are to provide simple means 
whereby the c' ng of the device with grease is rapidly per- 
formed, and the feed thereof to parts of machinery is adapted to 
be — at will. For this purpose a tubular case is em. 
ployed having at one end a cone terminating in an axial outlet 
at its apex, and at the other end having an annular cup. Within 
the_tubular case is fitted, so as to be capable of sliding therein, 2 
tubular plunger or collector, at its inner end shaped like a cheese. 
cutter—that is, a part of the side of the tube is removed at that 
point, and at the outer end having an annular cup similar to that. 
of the tubular case. - Within the tubular plunger, which may be 
of brass, vulcanite, or any suitable substance, is fitted, so as to be 
capable of sliding therein, a ram, formed with a knob, by which 
it may be actuated, which may be of wood, vulcanite, or any 
suitable substance. a represents the tubular case, b represents 
the tubular plunger or collector and c, represents the ram. The 
tubular case a has a cone a! at one end, terminating in an axial 




















outlet a2 at the apex, and at the other end with an annular cup 
a3, Within the tubular case a is fitted, so as to be capable of 
sliding therein, the tubular plunger or collector b, which is, at }! 
at the inner end, — like a cheese-cutter—that is, part of the 
tube is removed at that point, and at the outer end having an 
annular cup J? which projects a short distance outside the tubular 
case and is similar to that a3 of the tubular case a. Within the 
tubular plunger b is fitted, so as to be capable of sliding therein, 
the ram c formed with a knob cl, by which it may be actuated. 
When the device is to be used for feeding parts of machinery with 
ase, the ram c first is removed, then the plunger or collector 
removed from its tubular case a. The inner end of the tubular 
liector } is then pressed into grease contained in a tub or other 





relates to elastic bearings of the —_ in which the housing of the 
bearing supporting the upper end, or, in the case of peg-top 
machines, the lower end, of the rotating spindle of a centrifugal 
machine is controlled by springs in such a manner as to permit of 
slight canting movements of the spindle, but, at the same time, 
always to maintain a tendency to return the spindle to the 
vertical position. According to this invention, the bearing is so 
constructed and arranged that the springs are not subjected to 
any oblique movements due to the canting of the spindle axis, but 
exert a purely longitudinal pressure, so that in steady gyration of 
the spindle they maintain a constant position, and the supporting 
member of the spindle, owing to the steady precessional motion, 
rolls —_ what is temporarily a stationary surface, while at the 
same time it is subject to a constant spring pressure tending to 
return the spindle axis to the vertical. A is the spindle, B the 
ball-bearing snopes the upper énd of the spindle, C the 
housing of the bearing having the annular flange c at about 
the middle, D, D are the sliding pistons or rings, E is the 
outer casing, and F, F are the springs acting upon the 
sliding pistons D. The spindle A is carried upon the bearing B 
by means of the nuts a, and the side thrust of the spindle 





against the lower end of the housing C is taken by the 
ball-bearing b. The annular flange c slightly rs in thickness 
towards its periphery, and the periphery cl, which fits closely but 
freely, in the casting E forms a section of a sphere, so that the 
tilting movements to which the spindl housing are subject 
do not affect the close contact between the flange and casing, the 
contact always being on a line forming pagpenee le of the sphere. 
The piston or rings D are conveniently made with thick and slight! 
chamfered rings forming shoulders for the springs F, which lie 
within the cylindrical walls of the pistons, and abut inst the 
flange e at the lower end of the casing E and against the adjust- 
able serene ge Ae fixed by the set-screws e2 on the upper end 
of the casing. . The re of the - is by the 
tion of the ring el. Owing to the fact that the sliding-pistons 
move always parallel to their axis and cannot tilt, the bearin 
surfaces c2, pressing against the flange c, are simply separa 
more or less according to the — angle of the spindle A and 
housing C. In steady precessional motion this angle re 
constant, as the axis of the spindle travels around the permanent 
axis in a conical path, so that the distance between the piston 
does not alter. e ¢ therefore rolls between the pistons 
ata constant angle, and no vibration is communicated to the 
or outer casing, such as would be generated if the com- 








psn ad of the were greater at one side than at the other. 
and the point Tandon compression travelled around the axis 


receptacle and revolved, when the tubular plunger becomes 
charged with a quantity of grease, which can then be easily lifted 
out of the body of grease. The tubular plunger » is now slid 
within the tubular case a to the conical end a! thereof, then the 
inner end of the ram c is introduced into the outer end of the 
tubular plunger }, and when forced inwards will, when applied 
thereto, feed machinery, either through a hole or otherwise, witha 
stream of grease. (Accepted March 20, 1912.) 


11,157/11. J. Keith, London. System of Ventilation. 
(1 Fig.) May 9, 1911.—This invention relates to ventilating 
a mainly for cooling electric-power engine-rooms and 
the like, whether on land or at sea, and supplying the same with 
fresh air in volume under the most efficient and satisfactory 
conditions. The novelty of this invention consists in the arrange- 
ment or combination of the various parts. The drawing repre- 
sents a steamship in cross-section provided with decks 5, an 
engine-room 6, having therein engines 7 and sey ny 8. The 
steamship is provided with the usual ventilating-tubes9, passing 
directly from above the upper deck to the engine-room. The 
bef ong of each tube is provided with the usual funnel 10, 
while the lower end of the tube merges into an oblong shaft 11 
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having squared ends. The oblong communicates with the aarese 
box or duct 12, having an opening in the lower face thereof, the 
edges of which ming lie in a horizontal plane. Directly 
beneath this ning is a fan-runner, the inlet centre of which 
is concentric with the opening. A frame supports a motor, on the 
shaft of which the fan-runner is carried, and by which the fan- 
runner is rotated. A deflector 16 surrounding the opening is 
provided for directing the blast of air from the fan somewhat 
downwardly. W this arrangement, the air is sucked down 
through the tubes 9 and distributed directly from the blades of 
the fan in all directions, and displaces the hot stifling air in the 
lower part of the engine-rooms, and forces the same up through 








the usual way 17, as indicated by the arrows 18. 
(Accepted frarch oF i912. 
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THE IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY.—No. II. 
By C. A. M. Smrrn, M.Sc. 
Tue Crry aNnp GuiLps (ENGINEERING) COLLEGE. 
In describing in detail the various departments 
of the Imperial College, it is proposed to deal first 


with the Department of Engineering, which is 
housed in the building formerly known as the 





the Rector. The board is directly responsible to the 
delegacy, and the system adopted has been found 
to result in perfectly harmonious working. 

A visit to the various provincial universities 
discloses some special characteristics peculiar to 
each institution, in some cases, no doubt, ac- 
counted for by the particular industry predomi- 
nating in the immediate neighbourhood. Thus 
at Liverpool marine engineering and naval archi- 
tecture are special features; at Leeds applied 


Central Technical College, in Exhibition-road, and | chemistry takes a leading place, whilst at Birming- 


of which a full account appeared in ENGINEERING | ham power-house engineering predominates. 


soon after the date of its opening.* Since that 
date, however, considerable extensions and modifi- 
cations have been made, and before proceeding to 


a detailed description of the College as it now) 
exists, it may be well briefly to sketch its history | 


At 
the City and Guilds (Engineering) College it would 
appear that special advanced lectures and the 
teaching of mathematics are most noteworthy 
features. Another point, and one which has 
undoubtedly had great influence in the success 


up to the present time, and give some account of | attained, is the enforcement of an entrance ex- 


the work carried on. 


| amination, which, largely due to the influence of Sir 


It was as the result of the exertions of the Livery | Philip Magnus, was insisted upon from the com- 


Companies, in conjunction with the Corporation of 


the City of London, that the City and Guilds | 


Institute was formed in 1878, having as its object 


mencement, in spite of the fact that for several 
years the staff were as numerous as the students. 
The examination, however, has resulted in the 


the advancement of technical education in London. | elimination of those unsuited to benefit by the 
In addition to the College with which we are advanced instruction given, and consequently has 


more particularly concerned, two other centres of 


technical instruction were founded by the Institute 





Fic. 6. View in Enorne-Room 


—namely, the Finsbury Technical Institute and the 
South London Technical Art School. From the 
date of its foundation, in 1884, until 1899 the Central 
College was entirely under the control of the City 
and G uilds Institute; but in the latter year, on the re- 
organisation of the University of London, the College 
became incorporated as a ‘‘school” of the University 
in the Faculty of Engineering. On the establish- 
ment of the Imperial College in 1907, the Central 
Technical College was amalgamated in the scheme 
under the title of the ‘‘ City and Guilds (Engineer- 
ing) College of the Imperial College of Science 
and Technology.” In January of last year the com- 
mittee of the City and Guilds Institute, as origi- 
nally constituted, and which had up to this time 
controlled the College, ceased to exist, and the 
entire management, with the exception of financial 
matters, passed into the hands of a ‘‘ Delegacy.” 
This delegacy, consisting of nineteen members, is 
under the chairmanship of Sir J. Wolfe Barry, and 
comprises eight representatives of the City and 
Guilds Institute, eight of the Imperial College, 
and three of the Goldsmiths’ Company. 

The controlling body, however, recognise that 








the arrangement of the details of the courses of 
instruction is best left in the hands of those engaged | 
in teaching, and therefore this work is placed in | 
the care of a ** Board of Studies,” composed of the | 
professors of the College, under the presidency of 


* See ENGINEERING. v. i 
r NGI ol, xvi, 
559, and 596, ‘ . 


pages 419, 473, 497, 523, 





contributed to smooth working in the various 
departments. The system would appear to be 
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further justified by the fact that there are now 
annually some 200 applicants for the 140 vacancies 
occurring. 

A further feature of the work which may be 
referred to is the fact that there are rather fewer 
lectures than usual, but more numerous exercise 
classes. This is all to the benefit of the students, 
since the working out of examples is the keynote 
of successful class-room work. This fact is clearly 
recognised by the teachers, but the average student 
is rather apt to imagine that he can assimilate a 
knowledge of engineering by reading text-books. 
Another point in connection with the class work, 
and reminiscent of the Keyham College methods, 
is the subdivision of some of the classes into junior 
and senior portions. Even with an entrance exami- 
nation there will be a difference among the students 
in some subjects, and hence subdivision of classes 
results in the saving of time and has been found 
to work well. 

The fees for the ordinary matriculated students 
are approximately 361. per session, whilst for ad- 
vanced lectures and research work special fees are 
arranged. 

Scholarships.—In the matter of scholarships the 
College is particularly fortunate, and the annexed 
list gives a summary of those available to the 
students. In some cases these scholarships are 
specially intended for advanced students, or those 
engaged in research work, and full particulars will 
be found in the college calendar, which is available 
to those specially interested. 


Scholarships Available to Students at the City and Guilds 
(Engineering) College. 

Tenable. 

2or3 


Value. 
**Clothworkers ” = 601. 
**Siemens’ Memorial” 


3 50l. 
Exhibitions (three) ... 3 (each) To ae fees. 


**Mitchell” ..... re we 3 

**Fishmongers” (Huxley) .. 3 =. Pree , 

“ ” an ree 
John Samuel 1 education) 

**Unwin” ce : 1 12. 

**David Salomons” ... 1 501. 

‘David Hughes” oe 1 50. 


Diplomas, &c.—The diploma of Associate of the 
City and Guilds of London Institute (A.C.G.I.) is 
awarded to matriculated students duly qualifying 
themselves in either of the several engineering 
branches, whilst additional diplomas in other 
branches may be obtained by successfully taking a 
third year’s course. An Honours Certificate is 
awarded to students already possessing a diploma, 
as the result of a satisfactory fourth year’s work in 
the branch of engineering concerned. The Fellow- 
ship of the Institute (F.C.G.I.) is available for 
Associates who have been at least five years in 
actual practice, and who have done original and 
valuable research work or otherwise contributed to 
the advancement of the industry in which they are 
engaged. The Diploma of Membership of the 
Imperial: College (D.I.C.) is also available to the 
advanced engineering students, whilst there are 
three medals annually awarded, viz., ‘* The Siemens 
Memorial,” ‘* The Bramwell,” and ‘‘ The Henrici,” 
to students of the greatest merit respectively in the 
electrical engineering, civil and mechanical engi- 
neering, and mathematical departments. To those 
students who fail to secure diplomas, but who 
otherwise acquit themselves with credit, certificates 


are granted. 
Courses oF INSTRUCTION, 

The general scheme of the ordinary three years’ 
courses in the engineering departments will be 
seen on referring to the appended table, which 
indicates the number of hours devoted weekly to 
the various subjects taken. 


Schedule of Three Years’ Engincering Courses, showing 
Weekly Division of Time to Various Subjects. 
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8rd Year. 








Mechanical, 


and Electrical. 


| Civil and Mecha 
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~ | Summer. 











Chemistry .. 
Physics “* oe 
Mathematics, Lectures .. 
Mathematics, Exercises .. 
Mathematics, Laboratory .. 
Engineering, Lectures | 
Engineering, Exercises .. 
Engineering, Drawing and 
Engineering, Laboratory .. 
Engineering, Workshop .. 3 
Electrical, Lectures : 
Electrical, Exercises 

Electrical, Laboratory 
Electrical, Apparatus .. 
Book-keeping, Estimating, 
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o_ 
_ 


Surveying 


(b) or Civil and Mechanical Engi- 





(a) or Electrical Technology. 
neering. (c) includes Lectures. 

Chemistry and Physics.—For these subjects the 
engineering students attend the Royal College of 
Science, and. the instruction given in the later por- 
tion of the course is particularly adapted to cover 
subjects of special importance to engineers, such as 
gas and water analysis, water-softening, and effect 
of the atmosphere on metals, &. 

Mathematics.—Under this heading the +d 
ment, which until recently was under the direc 
tion of Professor Henrici, includes instruction in 
applied mathematics and mechanics, and where pos- 
sible it is arranged that practical experiments in the 
laboratories shall precede the lectures. With the 
simple apparatus there provided the students make 
accurate quantitative measurements, and thus be- 
come practically acquainted with the fundamental 
laws involved. Moreover, the necessity for accurate 
observation, and facility in the use of instruments 





of precision, are instilled, and the training thus 
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received by the student is a valuable asset to him 
in his subsequent progress. 

Civil and Mechanical Engineering.—At the City 
and Guilds (Engineering) College, Professor W. E. 
Dalby directs the work of both these branches. It 
is, of course, difficult to say whether such a subject 
as the strength of materials should come under the 
direction of the professor of civil or mechanical 
engineering, and there is doubtless an advantage in 
combining the teaching under one head. This is 
also done in two other engineering ‘‘ schools” in the 
London University, and also in some of the pro- 
vincial universities. 

In this department the course of instruction 
comprises drawing-office work, workship training, 
lectures and exercise classes, laboratory experi- 
ments, and surveying. During the first year the 
first two of these subjects only are taken, the work 
being of a comparatively elementary nature. In 
the second year’s course lectures on design are 
given in connection with the drawing work ; elec- 
trical engineering is also included, together with 
lectures and demonstrations in the Strength of 
Materials and Heat-Engine Laboratories. 

Students do not work regularly in these labora- 
tories until the third year, since it is considered 
that the lectures of the second year enable them 
to appreciate better the value of the work done in 
the laboratory than would be the case if they went 
directly to practical testing. 

During the concluding year advanced lectures are 
given in connection with the theory of structures 
and heat-engines, and in the later terms a course 
of surveying is taken, and a series of lectures on 
workshop accounts and estimating is also included. 
During this year at college students are encouraged 
to be original in their design work, and to break 
away, within reason, from a plans. 

Electrical Engineering.—As will be seen from the 
schedule given above, the first year’s course in the 
Electrical Department is identical with that for the 
first year’s civil and mechanical students, and thus 
the electrical students do not enter the electrical 
department, which is under the charge of Professor 
T. Mather, until their second year. In the second 
year, however, a third of their time is given to elec- 
trical subjects, and work in the electrical labora- 
tories takes the place of that in the engineering 
workshop. The electrical instruction takes the form 
of practical experimental work in-the laboratories, 
under the supervision of the staff, and lectures are 
given explanatory of the work in hand. As far as 
possible the students are encouraged to specialise 
in their work. During the third year they are 
assisted in carrying out original investigations, and 
the lectures deal with the more advanced matters 
of electrical technology. During the later portion 
of the session special instruction is given in the 
design of electrical apparatus. A certain amount 
of practical experience is also obtained during this 
year in the working of electrical plant, since the 
students in turn take charge of the engines and 
boilers at the college, and generally control the 
supply of power and maintenance of the machinery. 
Further, more attention would appear to be given 
to the practical side of instrument-making, cable- 
jointing, and such-like work, than is usually the 
case in technical colleges of a university standard. 


ENGINEERING ADVANCED CouRsEs. 


Having now given a general outline of the usual 
course followed by the greater number of students 
attending the College, it will be convenient to 
refer to the more advanced courses which are 
available to students who have passed through the 
ordinary course successfully, or are otherwise quali- 
fied to attend. These courses are a part of the 
general scheme of the Imperial College for the pro- 
vision of highly specialised training in technical 
matters, and those detailed below may be regarded 
as representative of similar instruction that will be 
eventually available in other branches of engi- 
— 

In the course of time it is probable that each 
branch will develop into a school devoted to its own 
subject alone; and it is believed, from the short 
experience obtained, that if allowed to grow unin- 
terruptedly each school would soon reach the limits 
of accommodation which could be allotted to it. 
The term ‘‘advanced course of study” is often 
used loosely, but in this instance is meant attend- 
ance for at least thirty hours a week during the 
whole session, the time being occupied with lectures, 
laboratory and drawing-oflice work. The work is 
strictly post-graduate, and the qualification exacted 





is the A.C.G.I., an engineering B.Sc. degree of 
any university, or an equivalent qualification, such 
asa Whitworth Scholarship. 

A feature of the advanced courses is that lectures 
are given by men engaged in professional duties, 
specialists in the work upon which they lecture. In 
this respect, the example of the University of Liver- 

| has been followed, where also there have been 
rought on the staff well-known = engineers, 
who each deliver short courses of lectures, and have 
the title of ‘‘ Associate Professor.” As it is realised 
that a suitable man would be too busy to undertake 
the control of the department, this responsibility 
is undertaken by the permanent professor, who, 
however, systematically consults the Associate 
Professor with regard to the arrangement of the 
course. 

Railway Engineering. —This course, which was 
instituted during the session of 1908, may be 
regarded as the pioneer of its class, and although 
the accommodation has been limited, the class has 
always been well attended. For this work a 
drawing-office has been set apart, where specially 
designed models of valve gears are provided for 
experimental purposes in connection with locomo- 
tive design. The lectures in this subject are given by 
Professor Dalby. In connection with bridge design 
and permanent-way work, the lectures are given 
by Mr. H. Deans, of the Great Western Railway, 
whilst instruction in signalling is in the hands of 
Mr. H. G. Brown, of the Mackenzie and Holland 
Westinghouse Power Signal Company. Electric 
traction is dealt with by Mr. Philip Dawson, and a 
separate laboratory, the equipment of which is 
fully described later, has been specially equipped 
for the adequate study of this subject. A course 
of lectures on ‘* Railway Economics and Organisa- 
tion ” is also included, and is given by Mr. W. T. 
Stevenson, of the London School of Economics. 

As illustrative of the type of student attracted by 
this course, it may be mentioned that a member of 
the Public Works Department of Mauritius was 
over here on leave of absence, and, after inquiring 
fully into the matter, obtained further leave of 
absence from his Government in order that he could 
attend the lectures. 

Structural Engineering.—Under this heading a 
specialised course is arranged which deals with the 
construction of dock and harbour work, dams, re- 
taining-walls, &c., and also with the design of con- 
structional steelwork of an advanced character. The 
lectures in this section are given by Mr. M. G. 
Weekes, and, so far as accommodation is available, 
additional students are admitted to portions of the 
course. 

Design of Electrical Machinery.—In the elec- 
trical engineering department a course on ‘‘ The 
Systematic Design and Manufacture of Electrical 
Plant” has recently been started, the lecturer in 
this case being Mr. W. E. Robson. The ground 
covered includes the considerations affecting the 
mechanical and electrical design and the points 
relating to standardisation in manufacture. Tests 
of plant and of the materials used are also dealt 
with in detail both from a mechanical and elec- 
trical standpoint. 

Proposed Additional Courses.—In addition to the 
specialised courses outlined above, it is intended 
to establish similar instruction in ‘‘ Marine Engi- 
neering,” which will include steam-turbine design, 
and also in ‘Hydraulic Engineering.” In this 
latter course it is intended to cover a wide range of 
subjects, including town water supply, irrigation, 
and water-power supply, &c. 


Tue ENGINEERING LABORATORIES AND 
WorKSHOPS. 


As already mentioned above, we have on a pre- 
vious occasion given a full description of the 
buildings and their equipment as they originally 
existed, and we therefore propose to confine our- 
selves, in this instance, more particularly to the 
details of the subsequent additions. In a future 
issue we hope to deal with the further extensions 
which are now in course of construction at the north 
end of the college, and which will comprise two 
new laboratories, respectively for structural and 
hydraulic engineering. In respect to the latter it 
is claimed that it will be more fully equipped than 
any similar laboratory, and that it will, moreover, 
be on a r scale than has previously been 
attempted. he increased accommodation given 
by this and any future addition it is intended to 
devote to the purposes of the advanced or post- 
graduate courses, and it is not contemplated that 





any further facilities will be required in the future 
for the purposes of elementary instruction. 

Referring to the basement plan of the buildings, 
reproduced in Fig. 2, on Plate XLV., published with 
this present issue, it will be seen that the electrical] 
laboratories, &c., occupy the southern and western 
sides of the site, the remaining portion being 
occupied by the laboratories and workshops of the 
civil and mechanical engineering department. 

On the upper floors, shown in Figs. 3 to 5, there 
are the lecture-theatres and smaller laboratories 
devoted to the various branches. 

It will be seen from the ground-floor plan, Fig 3, 
that the upper floors do not cover the same area 
as the basement, and thus the laboratories at the 
rear of the south wing, which have glass roofs, xre 
well lighted. In Fig. 4 is shown the upper floor of 
the south wing, the north side being similar, while 
Fig. 5 shows the drawing-oftice, which is a well- 
lighted room at the top of the central tower. The 
building above the electrical laboratories at the 
south end of the basement does not at present form 

t of the College, being occupied by the Royal 
chool of Art Needlework and the administrative 
offices of the City and Guilds Department of Tech- 
nology. 
Civil and Mechanical Engineering Laboratories, 
—Commencing at the north end of the build 
ing, there is a fully go smith’s shop, which 
occupies the original electrical laboratory, and 
adjoining this is a room set apart for cement- 
testing. The boiler-room, which has been extended 
by the addition of a Babcock and Wilcox boiler, 
is immediately adjoining the engine-room ; this is 
divided into two portions by the structural engi- 
neering laboratory. In the northern portion is the 
70- horse - power experimental engine originally 
installed, together with a 5-horse-power De Laval 
turbine, and a 10-horse-power vertical steam-engine. 
There is also a calibrated orifice tank and pump used 
in connection with hydraulic experiments. The south 
portion occupies the original workshop, and contains 
a number of gas and oil-engines. A view in this 
room is shown in Fig. 6, page 757, and the refer- 
ence list given below indicates the arrangement of 
the equipments in this and also in the other labora- 
tories shown in Fig. 2. Since the time of our pre- 
vious description several testing-machines have been 
added in the laboratory. In addition to the 100-ton 
Buckton machine originally installed, the equipment 
has been increased by a 10-ton machine of similar 
design, a 30-ton Riehle machine, a 60-ton Amsler- 
Laffon ——— machine, and a 2-ton Bailey 
testing-machine adapted for tensile or torsion tests. 
Further, there is an alternating-stress machine, 
reference to which recalls the fact that Professor 
Unwin carried out many of his classical researches 
upon the strength of materials in this building. 

The students who occupy themselves in these 
laboratories carry out their work in small groups, 
and on the conclusion of the experiments are 
required to draw upa complete report on the results 
obtained. They thus gain a fuller grasp of the 
details of the test in hand. In all cases the engine 
and boiler tests are made, as nearly as possible, to 
approximate to the conditions obtaining in actual 
practice. A very full equipment of testing appli- 
ances for use in connection with the various experi- 
ments is provided, and indicators of different types 
are successively employed, so that the students gain 
experience as to their respective applications to 
different classes of engines. 

Workshops.—Although the authorities make it 
quite clear that the instruction given in the college 
workshops cannot be in any way a substitute for 
practical experience in an engineering works, they 
do hold the opinion that much useful knowledge 
can be acquired by the students concerning the 
operation of the various machines and the methods 
of dealing with different classes of work. To a 
large extent, the workshop is regarded as an exten- 
sion of the laboratory, and the carrying out of a 
machining job is viewed in the light of an experi- 
ment. he larger machine-tools are driven by 
separate motors, and the student, in taking obser- 
vation of the power required for different opera- 
tions, gains a certain amount of useful knowledge, 
even though the conditions of working are not 
strictly comparable with those obtaining in modern 
factories. ithin the limits of the college work- 
shop, the work done by the students is of a 
practical nature, several of the machines with 
which the shops are equipped having been con- 
structed by them. At the _— time the work 
in hand includes a small marine engine, 4 
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turbine-pump, and a steam-turbine, the latter 
being constructed from a set of standard castings 
and working drawings supplied by the manufac- 
turers. Whether the wi of devoting time to 
such work in a technical college be correct or not is 
a debatable point ; but, however this may be, at 
the City and Guilds College considerable space is 
devoted to this branch of instruction. 

As will be seen in Fig. 2, the workshops com- 
prise & ttern-shop, machine-shop, and erecting- 
shop. y the first, which occupies the place origi- 
nally devoted to the smith’s shop, and which is 
equipped with several lathes and other wood- 
working machines, the students receive instruction 
from a practical pattern-maker. The machine and 
erecting-shops occupy two bays of an extension com- 

leted about two years ago, and the two views given 
in Figs. 7 and 8, on Plate XLVI., will give a general 
idea of the accommodation provided. The machine- 
shop contains a number of lathes and other machine- 
tools, including milling-machines, slotters, drilling- 
machines, and a planing-machine. As will be seen 
from Fig. 7, the machines are arranged in two 
double rows on either side of the bay, and the 
smaller tools are driven from a line-shaft, which is 
driven by a motor mounted on the stores. The 
heavier tools, which are separately driven, are 

laced at the outside of the rows, and are served 
by two 1-ton hand travelling-cranes. It will be 
further noted that the line-shaft and countershafte 
are carried from a series of joists stretched across 
the shop, and thus leave the two sides clear for the 
above-mentioned cranes, which run on the lower 
flanges of the longitudinal joists seen at either 
side. 

In Fig. 8, which shows the erecting-shop, some 
of the work being carried out at the present time 
is visible, whilst another aspect of the machine- 
shop is also seen. In this bay a 5-ton overhead 
crane is provided for handling the work, which in 
both shops is under the supervision of a practical 
man. 

Surveying.—As already mentioned, this subject 
is not taken until the latter end of the ordinary 
course. The lectures on the methods of estimating, 
and the office work connected with the estimation 
of areas and volumes, take place in the first term. 
During this term also the student receives instruc- 
tion concerning the adjustment of levels and theo- 
dolites, and makes theactual adjustments for himself. 
The College keeps a set of levels and theodolites for 
this purpose, so that there is ample opportunity 
for each student to obtain the necessary practice. 

In the second term the student attends lectures on 
surveying, and is also instructed in the methods of 
performing the practical work of thisscience. Work- 
ing with three other students in a group, he carries 
out the actual operations in the field, and plots the 
results to scale in the office. The second term’s 
work includes surveying with the chain, obtaining 
spot levels, and working out cross-sections and con- 
tours; using the cross-staff, optical square, pris- 
matic com , and box-sextant ; traversing with 
the theodolite and obtaining the heights of and dis- 
tances between inaccessible objects. Work in minor 
triangulation is also done, for which a theodolite, 
with micrometer eye-pieces ing to ten seconds, 
isused. The lectures during this term introduce 
the student to the methods employed in the larger 
trigonometrical surveys and the measurement of 
base lines. 

The third term is chiefly devoted to setting out 
circular arcs and transition curves for railway lines, 
contouring with the plane table and tacheometric 
instruments. Observations of celestial bodies are 
also taken for the determination of latitude and 
longitude. During the Easter vacation many groups 
of students take advantage of the facilities afforded 
and go into the country with the surveying instru- 
ments and work out some scheme of their own. 
The method of instruction in the College is arranged 
with the view of enabling students to work in the 
field as nearly as ible independently of the in- 
structors, thus giving the student confidence in 
himself and his work. 


Tae Department oF ELECTRICAL ENGINEERING. 
In addition to the main laboratory and dynamo- 
room, situated at the south end of the College, and of 
which two views are given in Figs. 9 and 10, Plate 
XLVIL., there are a series of smaller laboratories, 
one of which is seen in Fig. 11, Plate XLVIIL., 
specially fitted up for work in connection with such 
subjects as telegraphy and arc-lamp tests, and also 
for the carrying out of advan researches in 





magnetism and electrical technology. Adjoining the 
engineering workshops there is also a separate labo- 
ratory specially equipped for the study of electric 
traction problems. The electrical department has 
its own separate boiler-house and workshops; there 
is also a specially equipped lecture theatre and a 
drawing-ottice adjoining the main laboratory. 
Boiler-House.—This contains two Lancashire 
boilers which supply steam to the engines in the 
dynamo-room, and the equipment includes elec- 
trically-driven feed-pump, a feed-heater, and 
coal-weighing apparatus. Two calorifiers are also 
installed, which are heated by the exhaust from the 
engines in the adjoining dynamo-room, and are 
employed for heating the laboratories and engi- 
neering workshops. As previously mentioned, the 
working of the steam plant is taken charge of by 





the senior students of the electrical course, who 
have to keep complete records of the fuel con- | 
sumed and so forth. Special efforts have been | 
made by the careful lagging of the boilers and 
steam-pipes to prevent heat losses, and whether 
such losses are commercially valuable or are insigni- 
ficant, the lagging certainly forms a most useful 
object-lesson to the student, who is constantly 
reminded of the fact that heat means energy. As 
an example of the extent to which economy of heat 
is carried, it may be mentioned that the water used 
in cooling the crank-chamber of the Willans engine 
is pumped into the boiler through the feed-heater. 

Main Laboratory and Dynamo - Room. — The 
general arrangement of the various machines and 
apparatus will be gathered from the plan given in 
Fig. 2, whilst the reference lists subjoined give 
particulars of the principal items. The experi- 
mental dynamos are fixed at the south end of 
the room, and are arranged for belt-driving 
from a set of variable-speed counter-shafts fitted 
with long cone-pulleys, by means of which a large 
range of speeds can be obtained. The main 
shafting is driven by an Allen compound vertical 
engine. An alternative drive is also arranged for 
some of the machines, by means of electric motors, 
and magnetic clutches are used for stopping and 
starting, and are found to work well for experi- 
mental purposes. Various dynamometers are 
included in the equipment, both of the transmis- 
sion and absorption types, and, as will be seen 
from the list given, the machines include examples 
of all the more general types of motors and gene- 
rators. For the calibration of the instruments 
used in the laboratory a set of standards is pro- 
vided, A small hoist of 16 cwt. capacity, fitted 
with a crane motor and controller, is also provided 
for experimental purposes. 

There is also in this room a compound Willans 
engine direct coupled to a Peebles dynamo of 
40 kw. capacity working at 200 volts. The cur- 
rent from this machine is delivered to the main 
switchboard, which is also arranged to deal with a 


RererEnce List oF LABORATORY Equipment. 





(Srz Fic. 2, Pratze XLV.) 
Engineering Laboratory and Engine-Rooms. } 
1. 70-H.P. Marshall compound. 2. 5-H.P. Laval steam-turbine. | 
8. Tank and pump. 4. Orifice tank. 5. Fan engine. 6. 10-H.P. | 
vertical engine and condenser. 7. 5-H.P. “ National” oil-engine. 
8. 10-H.P. Hornsby oil-engine. 9, 5-H.P. ‘‘ National” gas-engine. | 
10. 12-H.P. horizontal steam-engine. 11. 10-H.P. Diesel engine. 
12. 12-H.P. Crossley gas-engine and dynamo. 13. Cooling-tanks 
for gas-engines. 14. 9-H.P. De Dion petrol motor and dynamo. | 
15. 35-ton Riehle machine. 16. 100-ton Buckton machine. 17. | 
2-ton Bailey tester. 15. 60-ton Amsler-Laffon machine. 19. 10-ton | 
— machine. 20, OOgrefrigerating plant. 21. Refrigerating 
plan 


Electrical Laboratory and Dynamo-Room. 


1. Variable speed counter-shafts. 2. 70-H.P. Allen vertical 
engine. 3. Thomson-Houston arc lighter. 4. Ferranti alternator. 
5. Irwin oscill pl. 6. Goolden dynamo. 7. ‘‘ Manchester” 
dynamo. 8. E.O.C. alternator. 


9. Johnson-Phillip motor. 10. 
Hoist. 11. Lancashire motor. 


12. Lancashire interpole motor. 
13. Westinghouse Gramme set. 


14. Immisch motor. 15. E.O.C. 
seed converter. 16. E.C.C. motor g tor. 17. Edi 
Swinburne motor alternator. 18. Westinghouse-Pyke Harris motor 
alternator. 19. Westinghouse motor. 20, Fynn motor. 21. Wen- 
strom converter. 22. Aston converter. 23. Verity motor and | 
worm-gear. 24. Crocker Wheeler motor and magneto. 25. 
Ferranti 40,000-volt transformers. 26. Laurence Scott booster. 
27. Duddell oscillograph. 28. Standard instruments. 29. Fan- 
testing sets. 30. Pump-testing sets. 31. 40-Kw. Willans-Peebles 
dynamo set. 32. Vickers B.T.H. motor alternator. 33. Johnson- 
Lundell motor generator. 





special 400-volt service from the supply company’s 

ce this latter being available +34 ate | 
to 500amperes. | Circuits are run to different points | 
in the building from the switchboard for operating | 
the various experimental motors and machine-tools, 
&c., as also for dealing with the working of the 
storage batteries. These,comprising in all 230 cells of 
300 ampere-hours capacity, are placed in an enclosed 
gallery at the north end of the room, and are arranged 
in three sets, two sets being of 100 cells each and 











the remaining one of 30 cells. In this gallery there 
is placed a small tank, to which the cntamned steam 
from the steam-pipes, &c., is delivered, and by 
which means a supply of practically pure water for 
filling up the cells is given. 

A convenient method of running circuits for 
experimental purposes from one part of the room 
to another is provided by means of a number of 
covered channels spaced about one yard apart, 
extending across the floor, and connected by three 
longitudinal channels. The floor between the cross 
channels is composed of 11-in. planks laid on edge, 
and thus machines can be readily fixed, by means 
of coach screws, in any desired position. 

Although the machines mentioned above are of 
well-known makes, they are in some instances 
range A designed for experimental purposes ; thus 
the Johnson-Tundall motor generator is built with 
laminated pole-pieces and has one of the frames 
mounted on ball-bearings, and so arranged that the 
torque between the armature and field can be easily 
measured. It can also be used for the series Hopkin- 
son test. In connection with the battery a rever- 
sible booster set is employed, by means of which a 
large range of voltage is secured, whilst for alter- 
nating-current experiments a set of three extra- 
high-tension transformers are available, two of 
which have a range of from 150 to 40,000 volts, 
whilst the third gives voltages from 62 to 30,000. 

A very complete equipment of telegraphic and 
telephonic instruments is provided for instruction 
in these branches of electrical engineering, a large 
number of these instruments being loaned by the 
Post Office. Thus the students have opportuni- 
ties of becoming familiar with apparatus in actual 
use. In this department an artificial cable having a 
capacity of over 700 microfarads is installed, which 
by suitable adjustment may be made to represent 
any of the Atlantic or Pacific cables ; and, in con- 
nection with this installation, various automatic 
transmitting and receiving instruments can be used. 

In the wireless-telegraphy section a large amount 
of apparatus has been acquired. This includes a 
Marconi 10-in. spark-coil, coherer, relay, printer, 
and magnetic detector, and Marconi and Cossor 
variable condensers, Marconi jiggers, Duddell- 
Poulsen arc, mercury-breaks, Lepel spark-gaps, 
large sending condenser, and several tuning-coils. 
A large assortment of crystal and electrolytic de- 
tectors have been made in the college, as well as 
transmitting and receiving transformers and wave- 
meters. The latest receiving transformer has been 
specially designed to admit of tuning to all the 
wave-lengths in general use, its range being from 
below 300 to 7000 metres. A Brown telephone 
relay, Fleming valves, and Siemens and Sullivan 
head sets form part of the receiving equipment. 

Lecture Theatre.—The lecture theatre, which 
adjoins the main laboratory, is arranged to give 
seating accommodation for 130 students. From the 
view given in Fig. 12, Plate XLVILI., it will be seen 
that the seats are arranged in short sections 
at convenient desks, with ample gangway spaces 
between, thus enabling the staff in charge of the 
exercise classes to reach any student requirin 
attention without disturbing others. The whole o 
the lighting and ventilating arrangements are elec- 
trically controiled by means of switches say at 
the lecture table, motors Pape provided for draw- 
ing the blinds and opening and closing windows, as 
may be necessary for darkening or ventilating the 
rooms, whilst the artificial lighting, which is carried 
out by metallic filament and small arc-lamps, is also 
under the control of the lecturer. 

Electric Traction Laboratory.—This laboratory, 
as already mentioned, adjoins the mechanical engi- 
neering workshops, and although it is equipped 
more particularly for the special purposes of study- 
ing problems in connection with tramway and rail- 
way electrification, the apparatus is available for 
the use of the advan electrical engineering 


| students for experimental purposes. The electrical 


wer for this laboratory is given by a 40-kw. 
ter set, which, in combination with a special 
supply of 400 volts from the supply mains, will give 
voltages of 500 to 600, with a current up to 500 
amperes, so that motors up to 250 horse-power can 
be tested up to full load. Four sets of slip-rings 
are provided on the machine, enabling either single, 
two, or three-phase alternating current to be sup- 
lied. In connection with this machine two trans- 
ormers of 30-kw. and 15-kw. capacity are installed, 
by means of which the voltage may be varied as 
desired. 
The traction plant installed includes two tramway 
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trucks, fitted with 40-horse-power interpole motors, 
controller, and brake equipment. An experimental 
testing-pit, 26 ft. by 9 ft., and indicated in Fig. 2, 
is provided, by means of which running tests can 
be carried out, and a length of conduit track of 
the most recent London County Council pattern 
has been laid down, complete with plough-hatch 
and inspection-covers. 

Two Winter-Eichberg single-phase commutator 
motors, complete with auto-transformers and con- 
trolling-gear, and respectively of 3 and 10 horse- 
power, are also installed in connection with the 
traction work, as are also examples of multiple-unit 
master-controllers and contactors, &c 

In connection with the railway engineering 
course there is fitted up a complete set of signal- 
ling plant, by the McKenzie, Holland and Westing- 
house Power Signalling Company, complete wit 
air-compressors, and arranged, for experimental 
purposes, so that it can be operated on the electro- 
pneumatic or all-electric systems. Further, a set of 

oints and crossings, supplied by the Metropolitan 
Pailway Company, is also installed, and, as in the 
instance of the signalling gear, has a duplicate system 
of control. This plant is to be seen in Fig. 13,* 
Plate XLVIII., which gives a good idea of its 
general arrangement, and also shows the tramway 
referred to above; in Fig. 14 another view in the 
traction laboratory is given which shows the booster 
set and the switchboard, which latter has been 
specially designed by Professor Mather and Mr. 
Robson for conveniently dealing with the various 
teste carried out in this department. 

Research- Work.—Mention has already been made 
of the smaller laboratories given over to researches, 
and in this connection it will be of interest to refer 
to some of the work that has been originated at this 
College. One of the treasured possessions in this 
department is the original oscillograph invented and 
constructed by Mr. Duddell in one of these rooms 
This College has also the distinction of being the 
birthplace of another form of oscillograph in general 
use, for it was here that Mr. J. T. Irwin worked 
out the design of his hot-wire instrument. 

Many other instruments of interest have also been 
developed in these laboratories, including the narrow 
coil galvanometer, the universal shunt, the electro- 
static voltmeter with cylindrical form of vane, and 
the design of standard ampere balance now used at 
the National Physical Laboratory. These instances 
are quoted as representative of the results accruing 
from the policy of allowing opportunities for original 
research both to members of the staff and to 
advanced students. Of the work of the late Pro- 
fessor Ayrton, the former head of this department, 
it is unnecessary for us to write, since his work is 
so well known. 

Students’ Associations, dc.—The social side of 
the College is provided for by a number of athletic 
clubs, all of which are fully supported by the 
students. There is a very energetic engineering 
society, and also chemical and photographic 
societies, which, together with the athletic clubs 
mentioned, are under the control of the College 
Union. There is also the Central Technical College 
Old Students’ Association, which is in a flourishing 
condition, and which aims at keeping up the con- 
nection between old students, and generally to 
further their interests and those of the College. In 
connection with this body there is an employment 
bureau, and a publication entitled ‘‘ The Central” 
is also issued, which is entirely devoted to technical 
subjects treated by past and present students. In 
common with all students of the Imperial College, 
the students of the Engineering Department have 
also full use of the Students’ Union buildings. 


Future DeveELOPMENT OF THE ENGINEERING 
DEPARTMENTS. 


Reference has been made in the course of thi- 
article to the advanced instruction in separate 
engineering subjects that is provided for in this 
College, from which it will be gathered that the 

eneral trend of the pclicy of the controlling 

y is to extend the provision for specialised 
instruction to other subjects as soon as funds 
become available. 

A special sub-committee, formed on the amalga- 
mation of the City and Guilds College with the 
Imperial College, in issuing their recommendations 
on the future organisation of this department, 
pointed out that although the then existing three 





* This figure is reproduced from a photograph by 
Laurence Barnard, Upper Tooting, 





HYDRAULIC REVOLVING-TABLE MOULDING-MACHINES 


CONSTRUCTED BY THE KONIGL. WURTTBG. HUTTENWERK, WASSERALFINGEN. 
(For Description, see Page 762.) 
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Fic. 699. Macuine with THREE-SipED CoUNTER-PRESSURE PLATE, SERVED BY 





Core-Maxtna MAcHINE. 


years’ course was all that was necessary for the 
ordinary student, there were still a number of 
students prepared to continue their studies for a 
further year or so, if facilities were given for higher 
instruction. 

In order to gain more accommdation for this work 
it was suggested that the mure elementary work 


should be eliminated, so that the first year’s course 
would be practically the present second years 
course ; but the committee finally decided that, since 
the subjects taught during this first year do not 
usually form of the instruction at secondary 


| schools, it would be better to allow matters to remain 


as they were in this respect, at any rate for the pre- 
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MOULDING-MACHINES. 
CONSTRUCTED BY THE KONIGL. WURTTBG. HUTTENWERK, WASSERALFINGEN. 
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sent. It was decided, however, that the first year’s 
course should be taken in other portions of the 
Imperial College, and it thus occurs that all the 


chemistry students attend the Royal College of 
Science, leaving the rooms previously devoted to this Fries, 704 awn 705. Pitre or Movtos ror 
subject, in the Cityand Guilds College, free for other Gas-Firz Frames, 
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work. That this additional accommodation is|and 761. The firm also claims to have been 
required is evidenced by the steady increase in the| the first to devise the double-sided moulding- 
number of students attending the engineering} machines in 1899. The primary feature of these 
courses, which at the present time reaches a total| machines, patented by the firm, is the combina- 
of about 440, as compared with less than 300 at|tion of the revolving tables with the double- 
the date of the incorporation of the College as 3} sided pressing of multiple moulding. They are 
school of the London University in 1899. The| very interesting examples of a system modified 
special attention given to advanced instruction is} and extended to adapt them to ali the condi- 
reflected in the successes of the students in various | tions of manufacture. The double-sided mould for 
competitive examinations, and the teaching staff) multiple moulding was at first employed only for 
are justly proud of the fact that during the past} very fight shallow articles made in large quantities. 
few years some 60 per cent. of the total number | That was an immense economical advance on pre- 
of successful candidates in the intermediate and| vious methods. But, as in other cases, this kind 
final B.Sc. examinations were students of the City | of work is now made to include almost anything, 
and Guilds College. even though of moderate depth, as well as shallow. 
The entrance examination, already referred to| It includes belt-pulleys, fly-wheels, truck-wheels, 
above, will be retained, though as time goes on it| cooking-pots and similar utensils and apparatus, 
will no doubt be raised in standard to correspond | cock ies and plugs, pipes, bends, unions, and 
to the intermediate degree of the engineering B Sc.| two and even three-part box-work. The same 
of the London University. Thus there will be| essential methods of moulding which are adopted 
given more space for the instruction of advanced] in the turntable machine are also embodied in 
students, which it is the aim of the authorities to| others of the more usual types with hinged 
cater for to the fullest extent possible, and, as we} presser-heads, or with turnover presser - heads, 
have previously pointed out, all available funds will|and having also tracks for the removal of the 
be devoted to extensions of buildings and equip-| flasks. All these are highly interesting developments 
ment in this direction. around one central principle—that of double- 
pressing for multiple moulding. The illustrations 
we publish this week, with the following observa- 
FOUNDRY PLANT AND MACHINERY. | tions, will suftice to give an adequate idea of the 
No. XLVII. designs and methods adopted. 
The essentials of machines of this kind are the 
By JoserH Horvyer. following :—Two pattern-plates, one below, the 
Muttrete moulding taken in its broader aspects| other above, together with the runner-pin. A 
assumes several forms. One of these is the revolv- | moulding-box surmounted by a sand-frame, within 








ing - table design of machine. The method is} which the upper part of the mould is pressed. 
obviously suitable for any class of moulds, whether | Mechanism, either hand or hydraulic, by means of 











form, permits of using two distinct pattern-plates, 
one for each of the distinct moulds being made on the 
two-mould carriages ; so that before the revolyin«- 
table design is evolved there is this double type, 
and also the ordinary single machine with the 
hinged presser-head. The revolving - table ma- 
chines are built in two main designs, one being 
for moulding large quantities of the same article at 
the same time, in which case the presser-head js 
rigid—i.e., does not turn over. The other desivn 
is for moulding quantities of different articles at 
the same time, and the presser-head is then of 
three-sided turn-over form. Each of these again is 
modified to meet the case of deep patterns. 

The typical or primary revolving-table machine 
(see Fig. 698, page 760) is operated either by hand 
or hydraulic power, and takes either round or rect- 
angular boxes. A round pedestal supports the appa- 
ratus. Two columns standing up from it, opposite 
each other, carry the counter-pressure plate or 
presser-head at the top. One of the columns serves 
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Fic. 708. 
Stpep Movutorne ror Propuctne Turee-Part Box-Work. 


required in large or in moderate quantities. If for which the rammed mould is lowered and the upper 
the first, similar patterns can be mounted on each’ section of the pattern is removed. The cynner-pin 
table ; if for the second, = may be unlike, | is then withdrawn, and also the pattern, the latter 
and round or square boxes be used indifferently, so| being effected by a further lowering of the table. 
long as they do not exceed the capacity of a given|The mould is then removed. When in the ordi- 
machine. They can be utilised also either for double- | nary non-revolving table design of machine the 
sided moulds, or for those pressed on one side only. | presser-head is not hinged, but formed as a turn- 
Such machines are built’ for both hand and for! table, that is done to permit of two men making 
hydraulic operation in many types by the Konigl. | two moulds simultaneously. Mould-carriages run 
Wiirttbg. Hiittenwerk, of Wasseralfingen, Germany, | on tracks to right and left of the uprights, as in 
with whom they are a speciality, and we illustrate other ordinary hydraulic machines of that design. 
a selection of them above, and on pages 760 The presser-head, being of turret or enamels 


Typrauttc Revotvine-TasBLte Mouipino-MacuIng with THREt TURNTABLES FOR DOUBLE- 





Fies. 709 anp 710. TuHree-Part Movup 
MADE IN MacHINeE SHOWN IN Fic. 708. 


'as a shaft round which the work-table is revolved on 
ball-bearings. This table comprises three separate 
working-tables, or areas, divided equidistantly, one 
of which is always under the presser-head when the 
two others, on which two men can be moulding, 
are clear of it. Each table carries a lower pattern- 
plate and ingate pattern, and a moulding-box, 
surmounted by a sand-frame. Having filled the 
box and frame with sand up to the level of the top 
edge of the frame and strickled it off, the pattern- 
plate is laid on this surface-~its edge corresponds 

‘exactly with the inside of thy frame—and the mould 
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is squeezed. The upper pattern-plate is of the 
exact depth of the sand-frame, and the pressure 
squeezes the plate into the frame until it fills it, the 
back of the plate then coming flush with the top edge 
of the frame. This pressure is put on by a hand-wheel 
in the hand-machine, or by operating a valve in the 
hydraulic one, as in Fig. 698. The withdrawing 
mechanism lifts the upper pattern-plate off first, 
and afterwards the mould from the lower pattern- 
plate. It comprises a cross beneath the table, 
which, on being lifted, pushes up first four lifting- 
pins carried in sockets in the table, and afterwards 


the sockets themselves. The pins lift off the upper | 
'frame, on which, when rammed and strickled, the 


pattern-plate, and the sockets afterwards lift the 
mould-box off the lower pattern-plate. 

A variation on this design, which marks a step 
in advance, is the substitution of a three-sided 


presser-head for the rigid one just described. The | ca 


advantage is two-fold: first, the placing of the 
upper pattern-plate in the sand frame for each 








Fig Tit. {ON 



































, moulds and heavy work it is better to withdraw the 


mould downwards, as fracture of the sand is then 
less likely to occur. The primary design of machine 
is therefore considerably modified in order to com- 
bine the pressing on both sides with provision for 
turning over for delivery downwards. The most 
essential of the alterations involved consist in fitting 
turn-over tables, Fig. 700, page 761, in place of the 
ordinary ones. These carry lower pattern parts 
either on one or both faces, and those on oppo- 
site faces may be similar or dissimilar. The lower 
pattern part being turned to come on an uppermost 
face, is covered with a moulding-box and sand- 


upper pattern-plate is laid and squeezed by the 


lifting of the turntable. Then the table is turned 
| over, having the box securely clamped to it, and a 


va seen to the right, running on rails, is 
brought under it and lifted until the box rests upon 
it. The box-fastenings are now released, and 





















































separate mould is avoided by attaching a pattern- 
plate to each of the three faces of the head; 
second, by lowering the pressed mould away from 
the plate, delivery is effected from the plate with- 
out having to resort to a second movement for that 
purpose. In a variation on this, Fig. 699, the 
lifting of the revolving table bodily for squeezing is 
avoided by restricting the movement toa pattern- 
plate table mounted upon it. Of these there are 
three, and on them the three lower pattern-plates 
are mounted. The three-sided presser-head is re- 
tained. The net result is that three men can be 
working economically on this machine, while two 
only can be working to their full capacity on the 
previous one. During the pressing of one mould by 
one man, the mould previously pressed can be lifted 
from the next pattern-plate, and the third mould 
can be in preparation for pressing on the third 
table. The work of making a single mould is there- 
tore divided amongst three men, one of whom places 
the box on the table and fills it with sand, the 
second presses the mould and lowers the pattern- 
plate table, separating the mould from the upper 
pattern-plate, while the third man lifts the mould 
off the lower pattern-plate and removes it. The 
articles being moulded on this machine are oil- 
boxes, and alongside to the left is a core-making 
machine with two two-part core-box holders. 

In each of these machines, as now described, the 
mould is lifted off the lower pattern. But in deep 











each machine being specially adapted to the par- 
ticular requirements of the mould-part to be ani 
upon it. And if the volume of work done is in- 
sufficient to occupy the machines for one size of 
pot, then three sizes can be moulded simultaneously. 
The completed mould is shown in Figs. 706 and 707. 
The neaiine for moulding the bottom parts carries 
three turntables, into which the pattern portion, in 
which the core is formed, is screwed. A flat rigid 
resser-head is used, and the core-portion and 
ttom are drawn downwards. The machine for 
moulding the middle parts has a specially high 
lift for removing the mould from the pattern up- 
wards. The third machine for the top is of the 
ordinary type, built for double-sided pressing. 

The machine with three turntables is shown b 
Fig. 708, but moulding flanged belt-pulleys, whic 
also require three-part boxes and double-sided 
moulds. The drawing of the moulds being made is 
shown by Figs. 709and 710. The machine has tables 
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the lowering of the carriage withdraws the 
mould, which is run away. The — is lifted 
and lowered by the ram seen. This machine is also 
made with a three-sided presser-head in place of the 
single rigid head shown in the figure. In the illus- 
tration, Fig. 700, a pile of castings is seen to the 
left, and the pattern parts for them on the upper 
face of the table under the presser-head, and on the 
lower face of the table from which the mould has 
just been ran away. A pile of these moulds is shown 
in section in Fig. 701, and in plan in Fig. 702. 

A much modified machine recently completed is 
shown by the photograph, F ig. 703, a double-sided 
pressing-machine seen moulding gas-fire frames. 
A pile of moulds, similar but not identical, is shown 
in section in Fig. 704, and in plan in Fig. 705. 
This machine has a new feature in the form of a 
‘*pattern under-plate,” which the firm regards as 
of much importance, and to which we will return 
later on. 

Another modification enables three-part moulds 
to be made, such as those for cooking-pots (see Figs. 
706 and 707, page 762). These pots being poured 
bottom upwards, the three parts comprise the 
bottom mould, which includes the interior er core 
of the pot, the middle portion forming the outside 
with the handles, and the plain top with the runner. 
As the working of each box-part presents conditions 
different from the others, the standard installation 
recommended is that of three distinct types of 
machines, each type dealing with one box part 
only—bottem, middle, and top, respectively, and 





lifted vertically by small columns guided in the 
revolving table. The hydraulic-pressure piston acts 
on these columns through the medium of an arm, 
and so presses the mould-box, placed on the turntable 
with its frame, against the counter-pressure plate in 
the head. Lugs are fitted on both sides of each turn- 
table to serve as box-holders, so that the box-part, 
after being pressed, can be turned downwards. The 
turntables can be fitted with pattern-plates on 
both sides, and therefore wheels of different sizes 
can be moulded simultaneously if the demand for 
one size is not sufficient to keep the machine going. 
In the illustration (Fig. 708) top and bottom and 
middle mould-parts are seen lying on edge in the 
foreground, and a bottom mould on the trolley. 
On the turntable to the right the pattern portion 
corresponding with the top is seen ; on the turn- 
table to the extreme left the portion corresponding 
with the bottom, and between them the middle, 
which forms the tread or rim of the wheel or 
pulley. Three men work at the machine simul- 
taneously. One places a sand-frame over a box, 
fills it with sand, and inserts the upper pattern- 
plate in it. The second man takes it, and 
places it under the presser-head and squeezes 
it. The third brings it over the lifting-off ram 
seen at the right, and turns it over until the box 
rests on the carriage ran along under it, which 
is lifted by the ram until the box rests upon the 
carriage. The lifting-cylinder is then lowered and 
the box ran away to the casting place. Three men 
can mould 120 wheels in. a day of ten hours. Be- 


es aan 
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Fias. 717 ano 718. Pirie or Moutps ror GRoovep 
Sewinc-Macuine Fiy-WHEELS wiITH ANNULAR 
CoREs, 


sides the advantages of double - sided pressing, 
the same machines can be used for ordinary par 
ing. Further, revolving-table machines are also 
fitted with stripping-plates. On such machines the 
castings in Figs. 711 and 712 are moulded, and the 
belt-pulleys in Figs. 713 and 714. 

The illustrations, Figs. 711 to 718, of moulds 
made on these machines, with those already noted, 


call for few observations, since their features are | P 


mostly self-evident. There is a difference in the 
suitability of some machines over others for certain 
kinds of castings. Thus, shallow and deep objects 
are not —— economically on the same ma- 
chines. Fig. 703 is the typical machine for shallow 
moulds. The belt-pulleys in Figs. 713 and 714, 
and the sewing-machine fly-wheels with a V- 
grooved rim for a cord, Figs. 715 and 717, are 
examples where cores are used, as indicated by the 
deeper shading. In the first case the core is neces- 
sary because of the complete separation of the 
interior and exterior. In the second it is 
because the groove would not deliver. The core 
might be saved by casting solidly and turning the 
V groove. It will be observed that the moulding- 
boxes illustrated are shown destitute of cross-bars, 
the absence of which limits their capacities, since 
the sand only receives support from the sides of 
the boxes. The average limits given are: with a 
depth of box of 100 mm., moulds-cam-be made very 
well in boxes of 450 mm. square. Round boxes 
120 mm. deep, if fitted with bars, can be rammed 
up to 1 metre in diameter. 

Returning to the ‘‘ pattern under-plate”’ just now 
mentioned, as used on the double-sided pressing- 
machine in Fig. 703, it is a recent addition which 
merits a description, though it is applied to the 
firm’s ordinary machines .s well as to the double- 
sided designs. It consists, Figs. 719 and 720, of an 
accommodation or ‘‘ play ” arrangement between the 

ttern-plates and the body of the turn-over table, 
C means of which the delivery of patterns is facili- 
tated. The pattern-plates A and B are screwed to 
supports C and D lying intermediate between them 
and the turn-over plate, with a clearance or play of 
about 3 mm. between the intermediate hag and 
the turn-over plate and the pins and holes. Elas- 
ticity is provided between these by the looped steel 
springs formed in the bodies of the bolts which unite 
the intermediate supporting-plates to the turn-over 


used | springs to the tables are seen in the figure. 





































































































Fie. 721. Heavy MacuHine 
plate. When the delivery of the box from the 
pattern is being made, the weight of the box being 
carried by the ram, the elasticity of the looped 
springs permits of lateral vibrations or oscillations 
of 3 mm. of the pattern-plate, set in motion by 
rapping with a wooden mallet on the supporting- 
late. This facilitates loosening of deep patterns 
without risk of fracture of the moulds. Alterna- 
tively to the rapping ——— hydraulic rapping or 
electric rapping may employed. Though not 
associated with double-side pressing, an illustra- 
tion, Fig. 721, of a large machine with turn-over 
table suitable for moulding columns, and in which 
the vibrating device is employed, may be of inte- 
rest. This machine is made in two sizes, for boxes 
measuring 3650 mm. by 500 mm. and 2900 mm. by 
500 mm. These machines have two withdrawing 
wagons on rails and a sand hopper above. The 
Alter- 
natively straight bolts of slender diameter are some- 
times used. 








THE ICE-BREAKING STEAMER 
‘“*PJOTR WELIKIW.” 

We illustrate on page 765 a powerful ice-breaking 
steamer that has been constructed by the Giteborgs 
Nya Verkstadsaktiebolag, Gitaverken, Giteborg, 
Sweden, to the order of the Rigaer Birsenkomité, the 
contract time of delivery being specified as 104 months. 
The design of the boat was novel, and possessed several 
difficult technical problems, but these were met with 
vigour, and the work was pushed forward so energeti- 
cally that the vessel was launched on November 21 last, 
and was delivered early in February this year, the 
order having been received on February 28, 1911. The 
design was worked out by the technical staff of Gita- 
berken on lines laid down by the chief engineer of the 
Rigaer Birsenkomité, Mr. Oscar Fleischer, and Pro- 
fessor Ch. Clark, of Rigaer Polytechnicum, who, 
together with Captain Melville and Messrs. Johnson 
and Erdtman, of Giteborg, also supervised the build- 
—— the steamer. 

he dimensions of the boat are the following :— 
Length over all, 182 ft. 1 in.; length, C.W.L., 
170 ft. 7 in.; maximum breadth, 50 ft. 10 in. ; 
breadth, W.L., 48 ft. 7 in. ; moulded depth, 27 ft. 5 in. ; 
draught, 21 ft. 4 in.; displacement, 1900 tons. A 
very good idea of the appearance of the vessel is given 
by our illustration, Fig. 1, which is reproduced from a 
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photograph of the boat under steam. Figs. 2, 3, and4 
are respectivaly a side elevation, a deck plan, and a 
jlan showing the arrangement of the engines and 

ilers. It will be noticed that there is a propeller 
at each end of the vessel, each having its own engines, 
the engines at the fore end being the smaller of the two. 

The leading dimensions of the engines, which have 
each three cylinders, are as follow, taking the aft 
~ 9 first :—Diameter of cylinders, 22,7, in., 357, in., 

1d 59), in., the stroke being 393 in. The maximum 
horse-power of the engines is 2500. The dimensions 
of the forward engines are :—Diameter of cylinders, 
15}§ in., 258 in., and 41@ in. respectively, the maximum 
horse-power being 1200. There are four boilers, each 
having a diameter of 14 ft. 6 in. and a length of 8 ft. 

On account of the very unusual proportions of the 
vessel, especially the great breadth and depth rela- 
tively to the length, the speed was a difficult question 
to settle, but was agreed upon as 124 knots, which 
was easily cnaenel by 2 knots at the trials, the 
depth of water on the course being 50 ft. This appears 
to indicate that the lines are as suitable for speed as 
for ice-breaking. There is, in fact, a certain re- 
semblance to a sailing yacht in the shape of the hull. 
The vessel is rather sharp; all flat parts are avoided 
in the underwater body, as these only increase the 
danger of the boat getting stuck in the ice. 

A notable feature of the design is the size of the 
ballast-tanks for trimming the t in all directions 
and thereby freeing it in heavy ice. As much as 
350 tons of water can be shifted in less than ten 
minutes by two ‘‘Gétaverkens” marine pumps, each 
of 1200 tons capacity per hour. 

On the forward propeller shaft there is a Benn 
coupling, which serves to throw out the propeller auto- 
matically in case the blades strike an unusually large 
piece of ice. 

All the cast steel and forgings in the hull and 
machinery are of the best Swedish quality. The 
steering gear, which was made by Bevan Brothers, 
is located aft with telemotor transmission. There are 
@ windlass and a cargo hoist of Clark Chapmay’s yp ’ 
and also a large winch aft, made by Messrs. Robert 
Rodger and Co., Limited. The cutfit is all com- 
ey including salvage arrangements, and motor- 

t fitted with a ‘“‘Skandia” motor. The vessel is 
provided with a wireless telegraph installation, which 
was made and fitted by the Swedish A.E.G. Coin- 

y, and was manufactured in Stockholm. The 
our boilers are fitted with superheaters, and are 





worked with forced draught. e steam and speed 
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trials were successfully completed ina few days at 
Giteborg, and the ice trials were made during 
the trip to Riga. The report of the Commission 
says :—‘‘Ice-packs of 25 ft. to 30 ft. thickness were 
dispersed by trimming the ship and through the work 
of the forward propeller in such a way that the ice- 
breaker could go through with only half-power. The 
ice-breaker has passed the contract trials, on which has 
been shown that the builders have not only fulfilled all 
the demands of the contract, but even exceeded the 


same in the main points.’ The total horse-power was 
4000 instead of 3500, and the speed 14.5 knots instead 
of 12.5. 





Anoruer Paris Unpercrounp Raitway.—The profit 
realised last year by the Pari~ North to South Subterranean 
Electric Railway was 81,393/., reduced by sundry deduc- 
tions to 81.247/. This admitted of a dividend for the 
year upon the share capital of the company at the rate of 
2} per cent. per annum, 








THE INTERNATIONAL ASSOCIATION 
FOR THE PROTECTION OF INDUS- 
TRIAL PROPERTY. 

Tue first International Congress for Industrial 

Property (inventions, trade - marks, industrial 

designs and models, trade names, &c.) was held in 

Vienna in 1873, and the second in Paris in 1878. 

These two congresses gave the first impulse towards 

the foundation, in 1883, of the International Union 

for the Protection of Industrial Property, by means 
of the now well-known International Convention 
of 1883, to which the governments of many of the 
most important countries of the world then joined, 
and which has been enlarged from time to time by 
the admission of other countries. The meetings of 
the International Union take place at irregular 
intervals, and are attended by delegates from the 
governments of the countries which have joined 
the International Convention. The meetings are 
arranged for the purpose of discussing and passin 
resolutions, and considering alterations of an 
additions to the International Convention. The 
last meeting of the Union was held in Washington 
in May and June of last year. 

The International Association, the sixteenth 
annual congress of which has taken place in London 
this week, must not be confused with the Inter- 
national Union. The former is an association con- 
sisting of eminent specialists and those interested 
in trade and industry, and was formed for the 
purpose of meeting periodically and discussing the 
objects aimed at by the International Union, in 
order that the views of all those interested in the 
subject of the protection of inventions, trade- 
marks, and industrial designs and models might be 
brought before the various governments to serve 
as a guide for amendments of, or additions to, the 
International Convention. 

The last congress held in London was in 1898, 
and was under the presidency of Sir Henry Roscoe. 
The president of this year’s gathering is Lord 
Alverstone, the Lord Chief Justice, who is assisted 
by a large committee under the chairmanship of 
the Right Hon. Sir John Fletcher Moulton. Since 
1898 a congress has been held in a different Con- 
tinental city each year, and has been attended by 
representatives of various governments, the various 
patent offices of the different countries, of public 
authorities and corporations, and of all trades and 
industries. There is little doubt that these con- 
gresses have not been without result. Indeed, it 
may be safely said that it is due to the views 
expressed and resolutions passed that the term for 
applying for patent protection under the. Inter- 
national Convention has been extended from six to 
twelve months, and that Austria, Germany, and 
Hungary have joined the International Union. 

The opening meeting of the Congress was held 
on Tuesday last, and the meetings are being con- 
tinued until to-day (Friday), when the Congress 
closes. Some of the questions that have n 
raised and discussed have been of a purely technical 
character and are not easily understood by the 
layman and thoso not learned in the intricacies of 
the patent and trade-mark laws of the world. 
Nevertheless, while the Congress appeals most 
strongly to lawyers and those versed in law, many 
of the matters dealt with are of great interest to 
the captains of industry of this and other countries, 
to owners of patents and trade-marks, and generally. 
We therefore propose to publish an abstract of 
some of the papers and questions presented and 
discussed, and to give an idea of the general sense 
of the Congress thereon. As with all congresses, the 
matters to be dealt with are very numerous, and 
it is hopeless within the limits of an article to deal 
more than cursorily with some of the matters. 

As stated, the Congress opened on Tuesday, and 
the delegates were received by Lord Justice 
Fletcher Moulton, in the absence through indis- 
a of the Lord Chief Justice, Lord Alverstone. 

rd Justice Fletcher Moulton said this country 
had the most remarkable patent history of any 
country in the world. It possessed a patent law 
at least 200 or 300 years earlier than any other 

country ; because, although it never really had a 

law, the judges refused to recognise any monopolies 

granted by the Crown unless they were satisfied 
that they protected something new and worthy of 
being called an invention. Parliament at last 
passed a law declaring that no monopoly was good 
unless it was in respect of some new manner of 
manufacture, and that seemingly negative causel 
lasted for about two centuries. e patent laws of 
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other countries had a worthier birth, and had been 
thought out more or less independently. In questions 
relating to the protection of industrial property it was 
not only necessary that thereshould be good laws, but 
that there should be harmonious laws in different 
countries. In the Lord Justice’s opinion the Congress 
was well engaged in building the foundation of the 
desired harmony, and its Socios were all the 
more worthy of support, as those who take part in | 
it were people trained in their business. The inter- | 
ference of the outside world, except to give motive | 
power to the instructed, was absolutely useless in | 
technical matters. 

Mr. Temple Franks, the Comptroller-General of 
Patents, representing the Board of Trade, welcomed 
the delegates on behalt of the Government, and Sir 
Algernon Forth, the official head of the Associated 
Chambers of Commerce of Great Britain, also 
cordially supported the welcome to the delegates. 
The business meeiing of the Congress was then 
taken, and at the conclusion a discussion was 
opened on a paper by Mr. Oliver Imray, containing 
some suggestious for the assimilation in various 
countries of the law and practice relating to appli- 
cations for patents under the International Con- 
vention. 

Owing to differences in the laws relating to 
patents of the various States, there isa very con- 
siderable difference in the law, procedure, and 
practice dealing with Convention applications in 
each country. These differences entail very con- 
siderable additional work and expense on the 
Government authorities and on the applicants, 
and, furthermore, place applicants under serious 
disadvantages in certain circumstances. Simplifica- 
tion and unification of procedure are therefore 
necessary if the International Convention is to be 
considered a good measure, and to the benefit of 
inventors and others, and its provisions must 
be carried out in such a manner that the subjects 
of each contracting State shall benefit equally. 
This is by no means the case at present. Mr. 
Imray therefore proposes, and the Congress agrees 
with him, that in all countries belonging to the 
International Convention there should be a uni- 
formity in the law and practice and procedure 
relating to applications under the Convention, so 
as to place applicants in each country on an equality. 

Mr. Imray, in the course of this paper, raises 
many points of practice, which, though generally 
known to practitioners, are not well known to 
owners of patents, except they have had practical 
experience of the working of the Convention. 
Mr. Imray’s paper is very long. We therefore pro- 
ceed to give an abstract of it, but quoting certain 
important parts in full. 

When an application for a patent is filed under 
the International Convention, there is often difti- 
culty with the Patent Office authorities in per- 
suading them that the invention claimed in the 
country of origin is identical with that sought to be 
protected in a Convention State. An application 
for a patent in a given country has to be made 
under certain conditions. In one country the 
specification must contain the invention in its 
entirety ; in another the specification need contain 
merely an outline of the invention. In applying 
for protection of aninvention in these two countries 
on the same day, the applieant will file a full speci- 
fication in the one country and an outline specifica- 
tion in the other, and the invention which he seeks 
to protect in each country is what is, in fact, 
capable of being protected in that country under 
that specification. 

It is the practice of the British, German, Aus- 
trian, Hungarian, and Swedish authorities to raise 





difficulties as to accepting the decisions of other |}, 


patent authorities as to the identity of inventions 
as originally described and as finally allowed. For 
instance, British provisional specifications are often 
considered too vague, and not to disclose sufli- 
ciently the invention as described in the foreign 
rs deat en even when the foreign specification is 
identical with a complete specification based on the 
provisional specification, and accepted by our 
authorities as being in conformity. Likewise, in 
the case of an amended specification filed in Ger- 
many, Austria, Sweden, &c., and accepted by the 
authorities there, such amended specification is 
often objected to by the authorities here as being 
for a different invention to that contained in the 
original specification. On these grounds the) 





riority date claimed is frequently refused both 
ere and abroad. 
Another point, which will probably be discussed | 


when a British patent dated under the Convention 
is litigated, is the validity of a patent which does 
not disclose the best way known to the applicant 
of carrying out his invention at the date when he 
filed the application. By the present practice of 
our patent authorities are not patents being granted 
which are known to be invalid? The applicant 
files a specification containing the best way he 
knows at that date of practising hisinvention. The 
authorities insist on the best mode being deleted, 
as it is not contained in the original foreign speci- 
fication. This is contrary to public policy and to 
the law of this country. It appears to Mr. Imray 
that the Court could say that as the applicant had 
two courses open to him—viz., either to file a 
Convention application or to file an ordinary appli- 
cation, and that having selected the former course, 
he was evading the obligation fixed on him by law. 

French or Italian subjects can file specifications 
in their own country without specific claims, and 
when they apply in other countries under the Con- 
vention, the authorities will accept any claims 
whatever which are warranted by the specification ; 
yet as regards countries which require the appli- 
cant to claim his invention, the authorities refuse 
to accept claims fully warranted by the original 
specification if the applicant, owing to want of 
judgment, has made a limited or wrong claim when 
filing his original specification. 

A British applicant, having applied for a patent 
by way of a provisional specification, ought to be 
entitled to all the rights intended to be afforded 
him in foreign countries under the Convention, 
and if his complete specification is accepted by our 
authorities as complying with the law, no question 
should be raised by foreign authorities as to the 
conformity of the inventions described in the pro- 
visional and complete specifications. Similarly, a 
foreigner, having obtained protection in his own 
country in accordance with its rules and practice, 
ought to be allowed to claim here the rights afforded 
him in other countries under the International 
Convention. 

Mr. Imray then continued :— 


The British delegates at Washington acknowledged 
this position of affairs, as shown in the proposed code of 
rules which they submitted. They suggested :— 

(a) It is that during the examination of an 
application filed in the country of origin no modification 
or addition will be permitted which will have for effect 
to notably widen the invention filed, or tonotably change 
the method of carrying it out. 

(b) A copy of the description (or specification) accepted 
or allowed by the authorities of the country of origin 
conformable with the original application must be filed 
by the applicant; but if the description has not been 
accepted, a copy of the original application can be filed. 
In every case the copy must be certified to be a true copy 
by the authorities of the office where the first application 
was filed. Legalisation of this copy will be dispensed 
with. One can require it to be accompanied by a certified 
translation. Also, if an anticipation of the invention 
made or effected during the period allowed for priority 
should be cited against the application, the authorities 
may call for a copy of the application in the form 
originally filed. 

One cannot expect foreign patent authorities to accept 
the ruling of our patent authorities as to complete 
specifications being in conformity with provisional specifi- 
cations so long as we refuse to accept the decisions of the 
foreign patent authoritiesas to the specifications on which 
their patents are actually granted being in conformity 
with the specifications originally filed, and vice versd. 

Again, does the strict procedure of our own patent 
authorities and of foreign patent authorities conform with 
the provisions of Article II.—that is, do the subjects of 
this or another contracting State at present enjoy the 
advantages that their respective laws now grant or here- 
after shall grant to their own subjects or citizens? 
Opinion is, ** No, distinctly No.” 

ith these remarks I submit for your consideration 
either the endorsement of the above two rules suggested 
y the British delegates or alternatively the following 
second resolution :— 

II. A specification accepted or certified by the patent 
authority of one of the States of the International Union 
as being essentially in conformity with the specification 
filed therein on a certain date, should be accepted by the 
authorities of any Patent Office of the Union as the he 
of an application under the Convention claiming that 
date, provided that in case of an anticipation of the 
invention made or effected in the foreign State during 
the period allowed for priority the authorities may call 
for, and act upon, a copy of the specification in the form 
originally filed. 


It is also proposed that when the Patent Office 
of one of the States of the Union certifies that, by 
reason of some specification or amendment having 


been filed on a certain date in connection with an | 8™@ph 


application for patent, priority of that date has 
been accorded to a subsequent formal application, 
that date should be considered as the date from 





which the term of priority runs. The reason for 
this proposal can best be explained by one or two 
examples. Take a British case first :—‘‘ A” files a 
provisional specification and subsequently files a 
complete specification. The Cornptroller alleges 
that the complete specification coutains matter not 
in conformity with the provisional specification. ‘‘A” 
agrees, and deletes from his complete specification 
the added matter, which he makes the subject of a 
divisional application, to which the Comptroller 
accords the date on which the complete specifica- 
tion was originally filed, although the formal appli- 
cation for this divisional application was not filed 
for a month or two subsequently. 
Mr. Imray continued :— 


Or ‘‘A” abandons his provisional specification, and fore- 
goes that date of priority, and requests the Comptroller 
to treat the application as a fresh application with a com- 

lete specification in the first instance, and as having 

m filed on the date on which he originally filed his 
complete specification in respect of the original pro. 
visional specification. 

Now take a like case which may happen in Austria, 
Denmark, Germany, Hungary, Norway, Sweden, Switzer- 
land, or elsewhere. ‘‘ A” files an application ; an official 
letter is issued, in consequence of which the case is 
amended to a considerable extent. The Patent Office 
authorities refuse to accept the amendment, on the ground 
that it is not covered by the original application, and 
actually suggest filing an entirely fresh application, to 
which they wil] accord the date of filing the said amend- 
ment, and, some two or three months later, a new or 
further application is filed covering the matter included 
in the said amendment, and the Patent Office authorities 
accord to this new application the priority date on which 
the said amendment was originally filed. 

In both these cases the applicant was certainly in 
possession of the invention described in the complete 
specification, or in the said amendment, at the date on 
which such complete specification or amendment was 
filed, and practically intended to apply for a patent on 
that date. He cannot, however, claim the date of filing 
the original application. He cannot claim the date 
of filing the amendment, because there was no formal 
application for protection filed on that date, but must 
claim the date on which the formal amended application 
was actually filed at the Patent Office. The patent 
authorities, it may be assumed, are prepared, and do, in 
fact, issue a certificate that an application has been filed 
on a certain date to which priority of date has been 
accorded asof the date of filing the complete specification 
or amendment originally. 

Surely the a pe 1s entitled to claim as the priority 
date that on which such complete specification or amend- 
ment was originally filed. Such ante-dating to the date 
of filing the amendment is by no means infrequent in 
Great Britain, Austria, Germany, Hungary, Denmark, 
Sweden, and Norway—that is, in countries where in- 
vestigations are made and amended specifications allowed 
to be filed. 

One of the main objections raised to the admini- 
stration of the International Convention by the 
British and Colonial authorities is the ante-dating 
of British and Colonial patents to the priority date 
claimed. This is a serious matter to foreign 
patentees, and also to British subjects as regards 
protection of their rights in the Mother Country 
and its colonies. Great Britain, Australia, and 
New Zealand are the only countries that actually 
ante-date a patent under the Convention. The 
result is that the owners of patents applied for in 
these countries under the Convention lose at least 
one year of their duration if the full twelve months 
allowed for filing under the Convention should be 
taken advantage of; and, seeing that the accept- 
ance might be delayed some twelve or fifteen months 
after filing in this country and in the Colonies, and 
that there can be no infringement until after 
acceptance, the duration of a Convention patent is 
often reduced to twelve years, or even less, instead 
of fourteen years. 

Further, Mr. Imray continued :— 


This ante-dating of the patent also not only causes 
the renewal fees to be payable earlier than they otherwise 
would be due—frequently a whole year earlier than if the 
patent bore the date of the day of application in this 
country—but likewise limits the time within which actual 
manufacture must be effected in this country. Many 
patents have been lost by foreigners due to their having 
reckoned the date of payment of taxes as from the date 
of application here, and not as from the priority date 
granted. 

There is a considerable feeling on the part of foreigners 
against this limitation of their patent rights in Great 
Britain and its Colonies, and it was at the instigation of 
this Association that this matter was dealt with at the 
meeting of the eee to the International Convention 
at Washington in y, 1912, and this question is now 
likely to receive favourable consideration. In the report 
of the British delegates there appear the following para- 
8 :— 

‘The proposal made by France was to the effect that 
the duration of the patent for which priority is granted 
should date from the date of the demand in the country 
in which the patent is applied for, and not from the date 
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the application in the country of origin, thus reversing 
a modi 2 of the British Patent Office. This proposal 
was also adopted by all, with the exception of Great 
Britain, whose vote was reserved.” ; 

The report goeson to say :—“* Authority had been given 
to the delegates to agree to this proposal, provided that 
the Conference would accept a general code of regulations 
governing the admission of patents and trade-marks to 
protection. We had considerable hope that a common 
international procedure might be agreed upon, and with 
that object we put forward a code of rules for the accept- 
ance of the delegates. In the opinion of the majority, 
however, the matter was considered one of too great 
detail to be the proper subject for the deliberation of 
the Conference, and it was left for the various adminis- 
trations to consider the possibility of a uniform practice, 
and to communicate with one another. i 

‘* Such being the situation, we were of opinion, after the 
most anxious consideration, that we should not be justified 
in accepting at this stage the proposition referred to. 
We feel, however, bound to express our view that by 
continuing our practice of causing a patent applied for 
to be dated back to the date from which priority is 
claimed, we are placed in a somewhat unfortunate posi- 
tion as regards other countries. No other country of the 
Union thus interprets the Article, and the effect of the 
practice is to curtail still further the already short life of 
the British patent by the length of the period of priority 
claimed. It is consequently contended on behalf of other 
countries that we do not properly carry out our obliga- 
tions under this clause. 5 

“Under these circumstances, although our own practice 
can be quite properly defended under the express terms 
of the Convention, we consider that it would be desirable 
to conform to the practice of all other nations in this 
respect. For these reasons it appeared undesirable 
merely to reject this proposal without holding out the 
hope that, by mutual concessions, it might be possible 
to give satisfaction to other countries on this point. In 
the seance pleniére we therefore coupled our rejection 
of this proposal with the assurance that, if we were 
met in a conciliatory spirit by other countries in regard 
to other difficulties, the wishes of the Conference on 
this point might be complied with, and we undertook 
to lay before the British Government proposals to this 
effect.” 

In view of these strong remarks of the British delegates 
at Washington, I think that it would strengthen the 
hands of the authorities here, and the Bureau at Berne, if 
this Congress passed the following resolution :— 

IV. “‘That applications under the International Con- 
vention should bear date as of the day of application in 
the country itself, and not be ante-dated to the date of 
the foreign application, but should have priority of right 
as from the latter date.” 

This is in accordance with Article II. of the Inter- 
national Convention, which says that subjects of each of 
the contracting States shall, in all other States, enjoy the 
advantages that their respective laws now grant, or shall 
hereafter grant, te their own subjects or citizens, and that 
consequently they shall have the same protection as the 
latter. The limitation of the duration of their patents, 
as mentioned above, necessitating the earlier payment of 
taxes and working, is certainly not granting foreigners 
the same protection as we grant our own citizens, nor as 
foreign States grant British subjects in Convention cases, 
since they obtain full-term patents in foreign countries 
quite independently of any priority-date claim. It is 
also carrying out Article IV.bis of the Convention, 
which states that patents shall be independent of patents 
obtained for the same invention in other States. This 
addition to the Convention was entered into to prevent 
the limitation of the duration of patents such as those 
granted in Belgium under the Convention as patents of 
importation. : : 

In my paper read before the Chartered Institute in 
March, 1911, I advocated that applications for patents 
under the International Convention should be made in 
the same manner as an ordinary patent application, and 
that the patent should then issue and be dated as of 
the day of application in this country. I, however, 
pointed out that it was not fair to other inventors and 
manufacturers that a patentee should be able to claim 
and spring upon a rival competitor a date for his patent 
gd to that of the actual grant, at any time during the 

ife of the patent, as was then the case in France, Bel- 
gium, Germany, Denmark, Italy, Norway, Sweden, 
Spain, and Switzerland. Therefore it should be made a 
sine qua non that the application should be accompanied 
by a declaration, stating that the applicant claimed a 
priority date under the International Convention, and 
that unless such notice was given at the time of filing the 
application it should also be a sine qud non that he 
should lose all rights to such priority date. Also that it 
should be absolutely incumbent on the Patent Offices to 
make a note on the patent itself of the priority date 
claimed, as also on the Register and on the printed 
specification, so that all interested should have full 
notice of the claim of the priority date. It was only in 
Australia, Austria, Great Britain, Hungary, and New 
Zealand that such notices were absolutely required and 
given, and therefore in all the other Convention States 
a rival patentee or manufacturer might incur serious 
expense in defending his rights or an action on the 
assumption that a patent bearing a certain date was in- 
validated by reason of some publication or user a few 
months prior to that date, whereas as a matter of fact 
his whole defence is shattered by the patentee success- 
fully claiming for his patent a priority date of some 
twelve months earlier. 

I am pleased to see that this view has been adopted at 
the conference of the International Convention at 
Washington in May, 1911, as Article IV. has been 


amended to fully cover these points under clauses (d) 
and (e) of the amended Article. 


In Mr. Imray’s opinion, the claim to the priority 
date should be entirely at the applicant’s or 
patentee’s risk—that is to say, in the event of dis- 
pute or litigation arising, the onus of proof should 
be on him to prove his right to the priority date 
under the Convention. 

In order that rival patentees and manufacturers 
could readily ascertain their exact position, it should 
still be incumbent on the applicant to file, with his 
application, a eertified copy of the foreign specifica- 
tion on which he based his claim to a priority date, 
and, if necessary, also a certified copy of the 
specification originally filed in connection with such 
prior foreign application. 


A period of two or three months should be allowed for 
filing such certified copies without payment of any fines. 
An applicant relying on the Convention is often unaware 
that such certified copies are required, and often puts off 
making his application in foreign countries until towards 
the end of the twelve months allowed, and then it is too 
late to obtain such certified copies in time for filing with 
the application. 

It should no longer be necessary for the patent autho- 
rities of the various States to make a comparison of the 
specifications filed in their country with the specifica- 
tion filed in the country of origin. The necessity for 
such ae to protect the rights of third parties 
arises probably only in one case out of a hundred, if that, 
and in such cases the third party could cause his own 
translation of the priority documents to made, or 
there might be a rule that such attested translations 
should be provided by the applicant or patentee within 
a specified time, if required by the Patent Office. This 
would therefore dispense with the present requirement 
in many countries of having to file an attested translation 
of the certified copy of the foreign specification, which 
entails additional expense upon the applicant. The file 
being accessible to the public, any person interested 
could then form his own opinion without the necessity of 
obtaining information from abroad as to what rights the 
patentee under the Convention, and could act 
accordingly. 

If, therefore, the result of the process, which is required 
at present in this and other countries, of satisfying the 
patent authorities that the invention claimed by the 
applicant is the same as that for which he has obtained 
or applied for a patent in a foreign convention country 
is open to question at a future date, the whole work and 
expense involved in the process is absolutely futile. 


In any case the responsibility of deciding upon the 
identity of the inventions in the priority documents 
and the application documents is not one which 
should be imposed on the Patent Office examiners. 
Besides, such aninvestigation is not prescribed either 
by the Convention itself or by the law of any of the 
States. Many of the States do not make such 
investigation, and the practice should be assimi- 
lated thereto by those States who at present make 
no investigation except where absolutely necessary 
either to protect the rights of third parties, or 
because the Convention date is relied upon to 
meet objections based upon cited anticipations. 

This proposal is doubtless much more contro- 
versial than the other suggestions, and it is with 
some hesitation that Mr. Imray proposes that the 
claim to priority date is entirely at the applicant's 
risk—that is to say, that in the event of litigation 
arising the onus of proof is on the applicant to 
prove his right to the priority date under the Con- 
vention, and that it is only incumbent on the 
patent authorities of the various States in Con- 
vention cases to make an investigation or compari- 
son of the specification filed in such States with 
the specification filed in the country of origin when 
the rights of third parties are assailed, or when 
the priority date is relied upon to meet objections 
based on cited anticipation. 

It is only in Great Britain, Australia, and New 
Zealand that it is incumbent on an applicant to 
file the certified copy of the foreign application 
with his application under the Convention in these 
countries, or else pay fines for securing one, two, 
or three months’ extension of time. is is not 
treating foreigners in the same way as British 
subjects are treated in other Convention countries, 
and therefore, on this ground, the author proposes 
that a period of three months be allowed from date 
of filing application in which to file the certified 
copy of the foreign application relied on for priority 
without payment of fines. 

The German delegates at the Washington Con- 
gress put forward a proposal that it should be 

ermissible to combine several applications in one 
ter Convention application. e only serious 
objection to this proposal is the safeguarding of the 





rights of other applicants who may have filed appli- 
cations for protecting somewhat similar inventions 





in the same or another country in the interval 
between the filing of the first and last applications. 
or may have actually used the alleged invention, 
At present the refusal to allow this to be done in 
this and many foreign countries entails considerable 
hardship and expense on applicants, and the sug- 
gestion Mr. Imray makes may be one way out of 
the difficulty. 

The procedure in this country in respect to 
cognate inventions is somewhat analogous to the 
proposal emanating from Germany. 


Mr. Imray explained that the law in this country 
permits the filing of several provisional specifications 
which can treated as for cognate inventions, and in 
respect of which a single complete specification can be 
filed and a single patent granted thereon, which is dated 
as of the date of the first ape os specification and 
bears its number. But the law of this country provides 
that in considering the validity of such patent, and for 
the ay oer of oppositions, &c., the Court or the Comp- 
troller must take into consideration the respective dates 
of the provisional specifications relating to the several 
matters claimed therein. 

Again, in this country, and a good many foreign coun- 
tries, patents of addition are granted, and it is quite 
possible to conceive the application for a substantive 
patent and several patents of addition being made during 
the period of twelve months allowed under the Convention. 
Now, in framing claims for a cognate complete specifica- 
tion, or a specification combining the subject-matter of a 
substantive patent and its patents of addition, one cr 
more of the main claims must incorporate the subject- 
matter of the several provisional specifications or the 
ye = eg of the patents of addition, and therefore 
the claims must overlap, and it is extremely difficult to 
identify or earmark each claim with the specification of 
a specific date, and this is the great difficulty that would 
have to be contended against. 


Mr. Imray is not, on the whole, antagonistic to 
the German proposal, and suggests that (a) where 
the same —— has filed two or more applica- 
tions on different dates for inventions which are 
cognate or modifications one of the other, and the 
patent authority of any country is of opinion that 
the whole of such inventions are such as to con- 
stitute a single invention, he may accept one speci- 
fication in respect of the whole of such applications 
and grant a single patent thereon; and (b), such 
patent shall, if desired by the applicant, bear the 
date of the earliest of such foreign applications ; 
but in considering the validity of the same and for 
the purpose of safeguarding the interests of third 

rties, the courts or patent authorities of each 

tate, as the case may be, shall have regard to the 
respective dates of the foreign applications and 
grant a single patent thereon. 

Several States of the Convention insist that the 
priority date should be based on the first applica- 
tion filed abroad. There is nothing in the Con- 
vention to this effect, nor in our Statute, except as 
carried out by the rules, which must now be con- 
sidered as part of the Statute. 

Let us assume that an inventor files an application 
in his home country on January |, and then files an 
application in another country on March 3, but 
makes his specification in the latter country much 
more full and complete, and probably includes con- 
siderable additional matter. Why should he not be 
allowed to base his other Convention applications 
on the foreign application of March 3 ? e is only 
possibly doing harm to himself by giving up the 
priority date of January 1, and can certainly be 
doing no harm to third parties. Mr. Imray pro- 
poses that an applicant under the Convention be 
not compelled to base his claim to priority on the 
first or earliest foreign application, but be allowed 
to elect, if he so desires, to base it on any foreign 
application of later date. 

By adopting the proposals mentioned, the greater 
number of which have practically received the sup- 

rt of the majority of the Fellows of the Chartered 
Fnetitute of Patents Agents, Mr. Imray considers 
the practice in all countries would ie greatly 
assimilated, and many of the present difficulties 
arising from the difference of administration of the 
Articles of the Convention in the several States 
would be overcome. In addition, the amount of 
work now undertaken by many of the patent 
authorities, involving expense and trouble, not 
only to themselves, but also to applicants and their 
agents, would be considerably lessened. Further- 
more, applicants under the Convention would in 
all countries then enjoy to a greater extent than 
at present the same advantages that their respec- 
tive laws now grant, or may hereafter grant, to 
their own subjects or citizens, and would have the 
same protection as the latter. 


(To be continucd,) 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 29. 

AFTER a few weeks of great activity in demand for 
iron and steel a week of comparative inactivity has 
ensued, which is no surprise or disappointment to the 
steel industry. Nearly all the steel-mills are working 
to 93 per cent. of maximum capacity. Some are 
running to 95 per cent. The independents are from 
four to eight weeks behind in deliveries. Fresh 
specifications on old contracts are crowding in, and 
the greatest urgency is manifested in all departments 
to keep customers supplied according to promise. 
The main source of this new demand is railroad 
buying. For two or three years this element of 
activity was lacking, and as it amounts to 40 per 
cent. of the total production of steel, the consequent 
inactivity was very prominent. The month of May, 
now nearly closed, will be a record month in struc- 
tural steel awards. It is estimated that orders 
for such steel will figure up 125,000 tons. Prices 
are, of course, firm in every department. Fractional 
advances are appearing in the market without 
announcement. The Baldwin Locomotive Works, of 
this city, has just booked an order for fifty engines for 
the Chicago, Burlington, and Quincy Railroad ; also 
an order of twenty-six engines for the Seaboard Air 
Line. A week or two ago the unplaced orders for 
cars amounted to 60,000. To-day the inquiries are 
for 35,000, showing that orders for 25,000 have been 
placed in the meantime. Car-builders everywhere are 
negotiating for plates to cover the new orders received 
for early delivery, but the earliest deliveries on new 
contracts are two months. The demand for crude iron 
has temporarily fallen off, but most of the larger buyers 
have partially covered requirements extending into 
the third quarter of the year. The Connellsville coke 
output continues to average about 400,000 tons 
weekly, which would fill 12,000 cars. There is a 
shortage of labour in that section, and this has caused 
1200 ovens to stop production. 





Tue Minina Instirvute or Scortanp.—We under- 
stand that a general meeting of this Institute will be held 
in the Heriot Watt College, Chambers-street, Edinburgh, 
on Saturday, the 15th inst. (instead of Saturday, the 8th 
inst.), at 3 o'clock. A ee on rg for Fire- 
Damp and Black-Damp by Means of a Safety Lamp,” 
by Mr. Henry Brigus, will be discussed, and a demon- 
stration will be given by Mr. Briggs at 2o0’clock. Another 
paper to be discussed will be **The Inglis Engine Uon- 
troller,” by Mr. George Gibb, and one by Mr. a 
Jackson, on ‘‘The Capping of Winding-Ropes.” The 
summer excursion of the members of the Institute and 
their friends will take place on Saturday, the 2Yth inst., 
to Campbeltown. Further information may be obtained 
from the secretary. 





Tue STANDARDISATION OF ENGINEERING CATALOGUES. 
—At a largely-attended meeting of engineers at the 
Junior Institution of Engineers, 34, Victoria-street, S.W., 
on Friday, the 3lst ult., Mr. Arthur Bourne, Member, 

ve an interesting lecture on the above subject. Mr. 

ourne pointed out that although the initiation of the 
movement for the standardisation of trade literature had 
had its birth several years ago, manufacturers, both in 
this and in other countries, seemed slow to move definitely 
in the matter. It would uppear that it would, after all, 
have to be left to private enterprise to invent and produce 
a satisfactory system whereby the chaotic conditions 
under which manufacturers are at present practically 
compelled to introduce their productions to the notice of 
consumers could be finally eradicated. Manufacturers 
had not been slow to realise the very great benefit accru- 
ing from scientific and systematic advertising in the 
technical and daily press ; why, then, should not a little 
more care, science, and system be brought into the 
extremely importa:t question of catalogue production, 
upon which so much money was spent? Under existing 
conditions it was really difficult to know how satisfac- 
torily to file catalogues, and in spite of the many 
systems in vogue, he doubted if there was a really 
satisfactory system. To mention a few ways, they could 
be filed alphabetically, in numerical order, according 
to size or shape, or according to classification of 
goods, and cross indexed by means of card systems. 
He would therefore advocate not only the adoption of 
a standard size, but also the confining of one article to 
one catalogue. Manufacturers seemed at the present 
time to be devoting a considerable amount of attention 
to our export trade, but in his opinion the large amounts 
spent annually in the despatch of elaborate and costly 
catalogues abroad was for all practical purposes wasted. 
What buyers abroad eh all was literature that not 
only gave detailed illustrations, but also full and complete 
information, such as net and gross weights, shipping 
measurements, code words, and approximate prices, so 
that, if necessary, a quotation ous be given without 
having to refer home. It was really surprising what a 
large percentage of catalogues failed in this respect. In 
conclusion, Mr. Bourne pointed out that although the 
systematic treatment of this subject, so complex in its 
character, is not without its many difficulties, yet the 
great need and desire for immediate reform being estab- 
lished beyond all doubt, the engineering profession will 
oalenaee welcome a practical system.of dealing with 


trade information in their officer, 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was very quiet, and the only business 
was two lots of Cleveland warrants at 53s. 114d. cash, 
and at the close there were sellers at 54s. cash, 54s. 34d. 
one month, and 54s. 9d. three months. Cash hematite 
was quoted at 70s. 9d. buyers and 71s. sellers. In the 
afternoon the market was again very idle, and “—_ 
one Cleveland warrant changed hands at 54s. ; 
one month, and closing sellers quoted 54s. 0}d. cash, 
54s. 3d. one month, and 54s. 9d. three months. 
Hematite was unchanged at 71s. cash sellers. On Frida 
morning Cleveland warrants were steady, but no deal- 
ings took place, and sellers’ quotations were called 54s. 
cash, 54s. 3d. one month, and 54s. 9d. three months. 
Copper was quoted 76/. sellers, and 75/. 15s. buyers, three 
months. A dull tone prevailed in the afternoon, and 
business was limited to one lot of Cleveland warrants at 
54s. 2d. one month, with sellers over at that figure, and at 
53s. 11d. cash, and 54s. 84d. three months. On Monday 
morning Cleveland warrants were weak, and 3500 tons 
were done at 533. 8hd. cash, 53s. 9d. and 53s. 8d. 
four days, and 54s. 6d. three months. Closing sellers 

uoted 53s. 8d. cash, 53s. 114d. one month, and 54s. 54d. 
three months. In the afternoon the market was quietly 
steady, and 2500 tons of Cleveland warrants were put 
through at from 53s. 8d. to 53s. 74d. cash, and at 54s. 5d. 
three months. At the close there were sellers at 53s. 8d. 
cash, 53s. 11d. one month, and 54s. 6d. three months. 
On Tuesday morning the tendency of prices was again 
easier, and Cleveland warrants were done at 53s. 8d. ten 
days, and 53s. 84d. seventeen days. The turnover was 
3500 tons, and closing sellers quoted 53s. 74d. cash, 
53s. 11d. one month, and 54s. 54d. three months. 
In the afternoon Cleveland warrants were weak, and 
only one lot changed hands at 53d. 94d. twenty-four 
days, and the session closed with sellers quoting 53s. 7d. 
cash, 58s. 10d. one month, and 54s. 5d. three months. 
When the market opened to-day (Wednesday) a fairly 
steady tone prevailed, but three months iron was easier. 
The dealings consisted of 2500 tons of Cleveland warrants 
at 53s. 7d. cash, 53s. 74d. fourteen days, 53s. 93d. one 
month, and 54s. 24d. three months, with closing sellers at 
53s. 7d. cash, 53s. 10d. one month, and 54s. 4d. three months. 
In the afternoon Cleveland warrants exhibited a slightly 
easier tone, and business was put through at 53s. 64d. 
cash, 53s. 74d. fourteen days, and 54s. 24d. three months. 
The turnover amounted to 2000 tons, and at the close 
sellers quoted 53s. 64d. cash, 53s. 94d. one month, and 
54s. 3d. three months. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is quietly steady, with the current quotation un- 
changed at 14/. 15s. per ton for prompt lots, Glasgow 
or Leith. The total amount shipped from Leith Harbour 
last week was 1388 tons. 


Scotch Steel Trade.—Exceptional activity continues to 
rule throughout the Scotch steel trade, and much pres- 
sure is being brought to bear on makers in order to get 
supplies for current requirements. Consumers’ demands 
for Soon material are, 1t is said, larger and more urgent 
than have been known for many along day, and specifica- 
tions are more than equal to present outputs. The new 
bookings are mostly for plates on export account and 
amount to a fair tonnage, but inquiries for both - and 
boiler-plates for abroad are fairly numerous. All kinds 
of light material find a ready outlet, and for black sheets 
the demand is as active as ever. Prices are firm all round 
and business is in quite a healthy condition. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland shows no falling off, and a heavier 
demand exists than producers have experienced for some 
time back. Production is on a large scale, and is being 
rapidly taken up, with the result that makers are again 
able to command higher rates, and an official advance in 
prices is highly probable on an early date. 


Scotch Pig-Iron Trade.—A steady business is going 
through in the ordinary qualities of Scotch pig-iron, and 
deliveries against contract are fairly heavy. The output 
is still under normal, and is being readily absorbed by 
home requirements and export orders. In the Jatter con- 
nection there is a good demand for forward deliveries, 
with inquiries amounting to a large tonnage. Prices for 
the different brands keep very firm. New engagements 
in hematite are very slow, as the current quotation named 
by sellers is 75s. per ton. Deliveries continue on a heavy 
scale. The following are the current quotations for 
makers’ (No. 1) iron:—Clyde and Calder, 70s. 6d. ; 
Gartsherrie, Summerlee, and Langloan, 71s. ; and Colt- 
ness, 86s. 6d. (all shipped at Glasgow) ; Glengarnock (at 
Ardrossan), 70s.; and Shotts (at Leith), 71s. 

Shipbuilding.—The shipbuilding returns for the month 
of May are well up tothe average for the month, although 
a bit below the output of the previous month. The 
figures are as follow :— 


Vessels. Tons. 

The Clyde oe sa ‘ = 29 53,456 

The Forth ‘a i ; ‘i 4 860 
The Tay .. ne “~ ; i - 

The Dee .. = - s te 7 1,720 

40 56,036 


The Clyde total compares badly with the output for the 
Sy gem | month of last year, when the figure reached 
93,846 tons, but that was quite an exceptional month, 
and only on three other occasions has the total for the 
month of May been oy than that for the past month. 
The Clyde output for the year to date now amounts to 
252,560 tons, or only 4726 tons less than for the same period 
of last year. That in itself is, indeed, very satisfactory, 





and the prospects of a new record being put up this year is 
not much impaired. Work in hand is plentiful, and many 
good contracts have recently been booked. Of course, 
the question of labour is always a serious matter, and 
there are several important points which have to be dis- 
cussed between masters and men within the next few 
months, and on any one of these a deadlock might take 
place which would have a serious effect on Gesteens 
Among recent contracts are the following :—Messrs. 
Caird and Co., Greenock, have booked the order to 
build two steamers of the Ballarat class for the Penin.- 
sular and Oriental Steam Navigation Company. Each 
of these vessels will be of 11,100 tons gross, and 
will be one-class steamers for service to Australia via 
the Cape.—Messrs. Scotts’ Shipbuilding and Engi- 
neering Company, Greenock, have secured an order 
to build a la oil-carrying steamer with quadruple. 
expansion single-screw engines, and boilers designed for 
burning oil-fuel. — Messrs. Fleming and Ferguson, 
Paisley, have received an order from the Calcutta Port 
Commissioners to build a twin- screw double-ledder 
bucket dredger. This vessel will be capable of dredging 
2000 tons per hour from a depth of 50 ft. below water. 
level.—The Calcutta Port Commissioners have also placed 
an order with Messrs. William Simons and Co., Renfrew, 
for a large sand-pump dredger. The same builders have 
received an order from the London and North-Western 
Railway Company and the Lancashire and Yorkshire 
Railway Company—acting jointly—for a dredger for 
service at Fleetwood.—The Leyland Line have placed an 
order with the Caledon Shipbuilding and Engineering 
Company, Dundee, for a steamer of 4000 tons, for pas- 
senger and cargo service between Dundee and America. 








New Pier at SUNDERLAND. — At a meeting of the 
River Wear Commission at Sunderland on the 3lst ult. 
a report was poe by the Works Committee on the 
completion of Sunderland south pier. The pier was in- 
tended to be 2844 ft. long, and a length of 2676 ft. has 
been finished. In 1908 the Commissioners entered on an 
extensive scheme of deepening and improving the harbour 
entrance channel and lower reaches of the river, and it 
was then considered advisable to suspend the completion 
of the pier until it had been ascertained what effect the 
increased depth of water would have in leading the 
swell into the harbour. Although the dredging opera 
tions have now produced a depth of about 20 ft. 
at low water, cnlianany spring tides, in the harbour 
entrance and lower reaches of the river, there did 
not, it was reported, appear to be any appreciable 
difference in the amount of swell entering the harbour. 
It was therefore considered desirable that the pier should 
be completed. The engineer was of opinion that it should 
not be extended heyond its present length more than was 
necessary to complete the unfinished end in a permanent 
manner. This he pro to do by a roundhead, which 
would overlap the visible head of the present finished 
part of the pier by about 40 ft. This would lead to a 
clear entrance between the Roker and the new south pier 
lighthouses of 727 ft. instead of 600 ft., as formerly 
intended. It is proposed to have a granite lighthouse on 
the roundhead. The estimated cost of the scheme is 
23,0001. The report was adopted. 





Royat Friyinc Corps, Minitary Wine.—The War 
Office has issued a circular relating to this corps and 
giving particulars of the requirements that must be 
satisfied by any men applying for enlistment. The 
Director of Recruiting and Organisation is F. R. C. 
Carleton, Brigadier-General. 1. Men enlisting will have 
to undergo such instruction and perform such duties as 
may be required of them in connection with air craft on 
land or water. They must be prepared to furnish certi- 
ficates of character, of past trade experience, and of 
present trade qualifications. 2. Age from 18 to 30 years; 
height, 5 ft. 2 in. and upwards; chest measurement, 
according to height and age. 3. The terms of service 
for enlistment are four years with the colours and four 
years in reserve. 4. Transfers from other arms will 
be accepted, and all transfers from other arms may 
be made for six months. 5. Extensions of service 
with the colours will be allowed under conditions to be 
published later. 6. The following classes are required : 
(a) men who have served as an apprentice or improver in 
a general mechanical engineers’ workshop, and in addition 
have served on full rate at a petrol motor engineers’ 
works, and have served as an aeroplane mechanic. They 
should have a good knowledge of general motor engineer- 
ing, a thorough knowledge of magneto and coil ignition, 
and be able to make sketches of machinery details and 
rough calculations. (b) Men of almost all mechanical 
trades may qualify, and men above the average intelli- 
gence with a certain amount of education equivalent to 
the standard of a third-class school certificate. 7. § —_ 
uaeton to any rank may be given for skill in flying. 
8. The daily rates of pay are as follow :—Warrant officer 
9s., serjeant 6s., first-class air mechanic 4s., second-class 
air mechanic 2s. Extras are given for certain things. 
In addition to pay, warrant officers, non.c mmissioned 
officers, and men will be provided with messing allow- 
ance, quarters or lodging allowance, fuel, light, and 
rations of bread and meat. There will be a separation 
allowance when men who are married are unavoidably 
separated from their families, owing to the exigencies of 
the service. Free medical attendance will also be given 
when men are in hospital on account of wounds or sick- 
ness. In case of men discharged on account of injury 
during flying duties, they will be eligible for pensions, 
as will a the widows and families of those who are 
killed. Further particulars may be obtained from the 
War Office, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday 

South Yorkshire Coal Trade.—From a somewhat quiet 
condition of things last week-end business in the local 
coal trade has improved during the past few days. The 
spell of colder weather has sent up the demand for house 
coal, and the market yesterday was quite active. There 
was also an improvement in the call for manufacturing 
hards, and considerable quantities are being taken. Ship- 
ments, too, are good. The brisk inquiry for slacks and 
nuts has been maintained steadily, and coke is also in 
good request. In spite of this burst of activity, prices 
have not varied, and the existing quotations are :—Bes 
branch hand-picked, 14s. to 15s.; Barnsley best Silk- 
stone, 12s. 6d. to 14s. 6d.; Silkstone, 11s. 6d. to 12s. ; 
Derbyshire best brights, 11s. to 12s. ; Derbyshire house, 
9s. 6d. to 10s. 6d.; best nuts; 9s. 6d. to 10s. 6d. ; small 
nuts, 9s. 6d. ; Yorkshire hards, 11s. 3d. to 12s. ; Derby- 
shire hards, 10s. 9d. to 11s, 6d. ; rough slacks, 7s. to 8s. ; 
seconds, 4s. 6d. to 5s. 6d. ; smaller, 3s. 6d. to 4s. 6d. 


Tron and Steel.—The pig-iron makers are in a very 
strong position, and their independent attitude is tend- 
ing to strengthen the market, as buyers are beginning to 
believe that concessions will not be forthcoming, and that 
any price changes in the coming months will be in an 
upward direction. Accordingly there are indications, 
from the inquiries that are being made, of a revival 
in business, which should soon become brisker from 
the fact that contracts will have to be renewed 
earlier than is anticipated. Stiff prices are being paid 
all round. East Coast mixed numbers have been bought 
at from 79s. to 80s., and in the common irons forge 
fetches 58s. 6d., and foundry up to 60s. Although they are 
working at the greatest pressure, the bar-iron makers are 
unable to meet the demands made upon them. There is a 
similar shortage in the supply of billets, and in the open 
market very high prices are being asked. Fortunately 
for themselves, a good many consumers are well covered 
under contract. In the general steel trades there is no 
abatement in the quantity of work coming to hand. A good 
many more arrears have been worked off, but the weight of 
these is still considerable. On this account it is difficult 
to separate the activity due to arrears from that occa- 
sioned by new orders, and thus to estimate exactly what 
importanee to attach to the present busy period in Shef- 
tield. It is gratifying to note that new orders are coming 
forward steadily, and that many firms are finding it 
necessary to consider extensions of plant. One of the 
set-offs, from the manufacturers’ point of view, to 
this state of things is the prospect of high prices for fuel. 
The advances ure a matter of degree, but that coal will 
cost more is held to be inevitable. Most departments in 
the city are working overtime, and are hampered by 
restricted deliveries of raw material. Both heavy and 
light trades are doing well, and in the latter a very wel- 
come intimation has been received ; it is that the Russian 
Government have decided to remove the duties on imple- 
ment parts, which were recently reimposed. Some of the 
duties were heavy, and the removal of them will be a 
distinct boon to Sheftield trade. The trade in edge-tools 
is good. 


INTERNATIONAL EXHIBITION OF THE BUILDING TRADES, 
witH SpeciAL Departments, Leipzic.—The year 1913 
has been chosen for the above Exhibition, as it will be 
the anniversary of the great battle fought there against 
Napoleon one hundred years ago. The contest next year 
will be a peaceful one between civilised nations. The 
Exhibition will be open from May to November. 





Heating BY Execrriciry.—The question of rational 
and more general heating by electricity has of late 
attracted considerable attention, more especially perhaps 
in Norway and Sweden, on account of the large hydro- 
electric power-stations in those countries. The system 
has been adopted with satisfactory results in several 
instances, and is at present being investigated in different 
quarters. In Norway it has been proposed to heat the 
churches by electricity, so as to utilise the capacity of 
the power-stations on Sundays, when most works are 
closed. The electric central station in Gothenburg has 
carried out some experiments with regard to electric 
heating, it is stated, with most satisfactory results. The 
current used was surplus energy, costing the town only 
} dre (0.067d.) per kilowatt-hour. The tests were carried 
out in twenty-two offices and private residences, and 
lasted from December, 1911, till April 1, 1912. As the 
energy in question was only available during the night, 
the heat, of course, had to be stored in heat accumulators, 
to be given out during the course of the day. Almost all 
the temporary users of the electric heating have declared 
themselves very well pleased with it. It is efficient, 
easy to handle and control, clean, hygenic, &c. The 
price seems to vary considerably ; for seven of the twenty- 
two installations the value of the energy has been put at 
1.:} Ore (0.175d.) per kilowatt-hour, at five of them between 
2 and 3 Gre (0.27d. and 0.4d.), and at 10 installations 
below 2 dre (0.27d.) per kilowatt-hour. As a result of 
these tests, which were carried on during the last excep- 
tionally cold winter, it is claimed that electric heating, 
properly installed in suitable premises, is economically 
possible at a price of 3 dre (0.4d.) per kilowatt-hour, 
added to which the reduced amount of labour, the ter 
cleanliness and mereased hygienic advantages, ides 
reduced risk of fire, should be considered. The system is 
expected to be widely adopted in Gothenburg. The elec- 
tric authorities have decided that surplus current, as far 
xs it 18 available, and during a minimum limit of eight 
Hours per twenty-four hours, can be supplied at 25 kr. 
(~Ss.) per maximum kilowatts used at any time during 


- year, with an additional charge per excess kilowatt- 
ur. 


t | though most producers ask at 





NOTES FROM CLEVELAND AND THE 
NOKTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Business in Cleveland pig 
iron is quiet, consumers being inclined to hold off, as they 
are well bought ; but traders regard prospects as bright, 
and a general opinion prevails that prices are likely to 
vance, and that briskness is likely to characterise the 
staple industry in the near future. As low as 53s. 104d. 
has this week been ge, by merchants for early f.o.b. 
delivery of No. 3 g.m.b. Cleveland pig iron, and that 
price may be given as the = market quotation, 
east 54s. No. 1 stands at 
59s.; No. 4 foundry and No. 4 forge, each 53s. 6d.; and 
mottled and white iron, each 53s. 3d. Satisfactory accounts 
are given of East Coast hematite pig. There is much pres- 
sure of demand. This branch is not hampered by stocks, 
and the outlook is so encouraging that several additional 
furnaces have been put into operation to meet require- 
ments. Mixed numbers of hematite have sold at 71s. 6d., 
and probably that figure would still be accepted, though 
most sellers now name 72s. for early delivery. There is 
an ago ag — demand for hematite iron, especially 

from Russia. There is little or nothing passing in forei 
ore, but sellers are not keen, having good contracts ak 
and market rates remain on the basis of 21s. 6d. ex-ship 
Tees for best Rubio. Demand for coke for local consump- 
tion keeps good, and average blast-furnace qualities stand 

at 19s, delivered at Tees-side works. 


Manufactured Iron and Stecl.—In all departments of 
the manufactured iron and steel industries there is great 
activity. Some branches are so busily occupied that new 
orders are not particularly looked after. Under such 
favourable conditions values are moving upward. This 
week advances have to be recorded in iron bars an 
angles, as well as in steel bars, strips, hoops, rails, and 
sleepers. Common iron bars are +7 15s.; best bars, 
81. 2s. 6d.; best best bars, 82. 10s.; iron ship-plates, 7/. 10s. ; 
iron ship-angles, 7/. 15s.; iron ship-rivets, 8/. 10s.; iron 
girder-plates, 7/. 5s.; iron boiler-plates, 8/. 5s.; steel bars, 
7l. 15s.; steel ship-plates, 7/. 15s.; steel ship-angles, 
7l. 7s. 6d.; steel boiler- plates, 8/. 10s.; steel strip, 
7l. 12s. 6d.; steel hoops, 7/. 15s.; and steel joists, 
6l. 17s. 6d.—all less the customary 2} per cent. discount. 
Cast-iron columns are 6/. 10s.; cast-iron railway chairs, 
3l. 12s. 6d.; light iron rails, 6/. 10s.; heavy steel rails, 
61. 5s.; and steel railway sleepers, 7/.—all net. Iron and 
steel galvanised corrugated sheets, 24-gauge, in bundles, 
stand at 12/. 5s., f.0.b.—less the usual 4 per cent. 


Iron and Steel Shipments.—May shipments of iron and 
steel were quite up to expectations. Pig-iron clearances 
from the Tees last month amounted to 112,723 tons, as 
compared with 108,374 tons for the previous month, and 
142,559 tons for May last year. f the pig iron des- 

tched by sea last month, 107,601 tons went from 

iddlesbrough, and 5122 tons from Skinningrove. 
The whole of the iron shipped from Skinningrove 
went to Scotland. Of the pig iron loaded at Middles- 
brough last month 65,223 tons went to forei: rts, and 
42,378 tons to coastwise customers. Scotland was, as 
usual, the largest receiver, taking 28,786 tons ; Germany 
being second with an import of 13,351 tons; whilst 
Japan took8618 tons; France, 7398 tons ; Russia, 7015 tons; 
Belgium, 5559 tons; Wales, 5015 tons; and the United 
States, 4121 tons. Only 10,133 tons of manufactured iron 
were shipped from the Tees last month, and of this 
quantity 5991 tons went foreign, and 4142 coastwise, and 
of the 22,683 tons of steel shipped in May, 18,653 tons 
went abroad, and 4030 tons coastwise. Again, India was 
the best customer for both manufactured iron and steel, 
taking 5267 tons of the former, and 4577 tons of the 
latter. Other principal importers of steel were the 
Argentine, 3273 tons; New Zealand, 1854 tons; Japan, 
1635 tons; West Australia, 1584 tons; and Victoria, 
1490 tons. 








THe GerMaAN Sree, Synpicatr. — After prolonged 
negotiations, which for a long time threatened to fail, 
the Stahlwerks- Verband has been renewed or extended. 
Although probably nobody directly desired to wreck the 
syndicate, the interests and claims were so varied and 
conflicting that an understanding appeared doubtful. 
There was danger that the insistance upon certain 
demands, made in the hope that, after all, the other side 
would have to yield, lest the work of years should break 
down, would really lead to this result. The satisfactory 
outcome of the negotiations is chiefly ascribed to the 
+ acne of the Verband, Mr. Louis Réchling, and to its 
officers 





Prosrctep RaAILway FOR TRANSPORT OF COAL IN 
Russi1a.—An important railway scheme, directed against 
the import of English coal to the Baltic Provinces, is at 
present under ventilation in Russia, The scheme is being 
advanced by a private syndicate, which has applied to the 
Russian Ministry of Finance for the necessary conces- 
sion. The line Lgow-Mitau is intended to enable Donez 
coal to compete against English coal in the Baltic ports 
at the same time as it will — out an area of some 
170,000 sq. km., which has hitherto been very badly off 
for means of communication. The projected line has a 
length of 1115 km., and is to proceed from Lgow (west of 
Kursk) in a north-western direction via Sjewsk, Trub- 
tschewsk, Suraz, Tscherikow, Mobilew, Swenzjang, and 
Ponewesk, to Mitau, witha branch line to Krenzburg, on 
the Dwinsk-Riga line. The most westerly Russian har- 
bour, Libau, is already connected with Mitau by means 
of a railway 177 km. long, as are also Windau and Riga, 
whilst from Krenzburg there is convenient connection 
with Reval] and Pernau. 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been somewhat 
irregular in consequence of short arrivals of tonnage at 
the week-end and unfavourable steamer prospects for the 
next few days. Supplies of coal have m more than 
ample to meet current requirements, and some colliery 
owners are becoming anxious as regards the clearing of 
trucks. The best Admiralty large steam coal has made 
17s. 6d. to 18s. per ton ; secondary qualities have ranged 
from 16s. 6d. to 17s. 3d. ; best bunker smalls between 10s. 
and 10s. 6d.; and cargo smalls between 8s. and 8s. 9d. per 
ton. House coal has shown little change ; the best descrip- 
tions have made 19s. to 20s., and households 17s. 6d. 
to 18s. 6d. per ton. No. 3 Rhondda large has brought 
16s. to 17s. ; and smalls, 12s. to 12s. 6d. per ton. No. 2 
Rhondda la has made 12s. 6d. to 13s.; and No. 2 
8 Ss. 6d. to 9s. 6d. per ton. As regards iron ore, 
Rubio has been quoted at 20s. 6d. to 21s. per ton, upon 
a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Welsh Coal at Genoa.—Of 1850 vessels which brought 
3,127,778 tons of coal to Genoa last year, 278 were from 
Cardiff, with 1,177,847 tons; 32 from Port Talbot, with 
115,541 tons; 44 from Newport, with 187,900 tons; and 
46 from Swansea, with 99,917 tons. Of the whole imports 
of last year, something over half is thus accounted for. 

Tredegar.—The Tredegar Iron and Coal Company, 
Limited, recommend the payment for the year ending 
March 31, 1912, of a dividend at the rate of 6 per cent. 
per annum, free of income-tax. The amount carried for- 
ward is 31,829/.; the 6 per cent. now proposed to be 
distributed compares with 10 per cent. paid a year ago. 


Cranes for Portsmouth.—Three cranes which are being 


q | constructed in Portsmouth dockyard are now approaching 


completion. The largest of the three has a lifting power 
of 240 tons at a radius of 105 ft.; but it is to be tested up 
to 300 tons. The crane is on the cantilever principle. 


Dowlais.—The blast-furnaces have been in full working. 
The Big Mill has turned out rails, tin-bar, steel sleepers, 
&c., and the Goat Mill has been occupied with curves, 
sole-plates, fish-plates, and light section steel rails. The 
mechanical departments have m well employed, but 
the collieries have not been working full time. 


The Ebbw Vale.—The directors of the Ebbw Vale Steel, 
Coal, and Iron Company, Limited, recommend a dividend 
for the past year at the rate of 3 per cent. per annum, 
carrying forward 7472/. This dividend compares with 
24 per cent. distributed for 1911 and 1909, 5 per cent. 
distributed for 1910, and 10 per cent. distributed for 1908. 








Tue Copper Market.—According to Messrs. Lewis 
and Son’s monthly report, dated June 3, the advance in 
Standard copper made further pro; during the month 
of May from 70/. 3s. 9d. to 75/. 10s. for cash and 71/. to 
761. for three months prompt. During the month Euro- 
pean stocks diminished 6952 tons, and in view of the large 
export of 32,582 tons from the United States to Europe 
and the active demand for home consumption a material 
reduction in the stocks of American refiners is expected 
to be announced in the course of this week, strikes having 
occurred at the works of the refining companies. About 
60,000 tons of Standard copper chan hands on the 
London Metal Exchange, and on June 3 the closing 
values were 76/. 17s. 6d. for cash and 77/. 7s. 6d. for 
three months. Electrolytic copper advanced from 16 to 
17 cents per pound, and from 74/. to 7%. per ton c.i.f. 
European stocks have decreased 6952 tons, and the 
** visible supply ” 7302 tons during the month. The im- 
ports show 7655 tons, and deliveries 5544 tons, less 
than during the same period last year. Quotations on 
June 3 were :—Standard, 761. 17s. 6d. and 77/. 7s. 6d. 
three months prompt. English best selected ingots, 81/. 
to 82/. ; and tough cake, 81/. to 82/. per ton, less 24 per 
cent. delivered Birmingham. Electrolytic wire-bars, 
78. 5s. to 78/. 15s. net cash c.i.f.; 13s. 6d. to 13s. 9d. for 
ore of 20 per cent., and 14s. to 14s. 3d. per unit for Chili 
regulus or American matte free from silver. 





Statistics or T1n,—According to Messrs, Ricard and 
Freiwald’s list, the following are the figures relating to 
the supply of tin at the end of May last :— 


Stocks and Afloat, Hwrope and America, 





| | | 
| April 30, | May 31,) May 81,' May 31, 
1912. | 1912. 1911. 














1910, 
London :— | tons tons tons tons 
Straits and Australian, spot 1,492 771 4,434 5,793 
Straits and landing and in 
transit .. =e ba 1,495 1,968 1,185 1,017 
Banka, spot. . * ~ 98 22 -- 
Straits, afloat bod = 2,858 6,055 8,737 8,842 
Australian, afloat .. * 369 549 516 642 
Swansea :— 
Straits, spot “ ‘ 82 28 
Total, England ; 6,394 8,393 9,872 11,204 
Holland :— 
Banka, spot . - - 507 2,633 2,570 8,063 
Billiton, — ae ‘ 20; — — _ 
» afloat os ‘ 184 | 184 184 184 
Straits, spot Z *s 82 15 55 74 
Continent :— 
Straits, afloat - - 597 465 588 658 
United States =. , 
Straits and pot an \ 2,000 ) _ 
;. landing 4,205* one 2,626" 3,667* 
Australian { Afloat jf { 25 Of 
Total visible supply .. 11,989 14,615 16,895 18,830 








° Spot, ‘landing, and afloat. 
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ELECTRICALLY-DRIVEN OPEN-SIDE PLANING-MACHINE. 


CONSTRUCTED BY MESSRS. GEORGE RICHARDS AND CO., LIMITED, ENGINEERS, BROADHEATH, MANCHESTER. 
(For Description, see Page 768.) 


Fie. 8. Front View or Macuine with WorkK-TaBLEs REMOVED. 
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Back View sHowine EvectricaLt Drivine Gran. 
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| 


NOTICES OF MEETINGS. 


Tue KEIGHLEY AssociATION OF ENGIneERS.—Friday, June 7, at 
7.30 p.m., in the rooms at Scott-street. Agenda: Chairman's 


. Turner and Henderson, Sydney, N.S.W. T. Willmett end | address ; election of President ; and essay Com tition. 
Ww 


. le, MN 5 . C. Rigby, Adelaide, 
South Australia. Melville and Mullen, Melbourne, Victoria. 
avetaia-Howoary, Vienna: and Wentzel, Karntnerstrasse. 
Be.otom : E. F. Satchell, 2, Rue de la Bourse, Brussels. 
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Place de 
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ania: Gordon and Proprietary, Lim: unceston ; Hobart. 
—) States, New York: W. H. Wiley, 43, East 19th-street. ye 
H. V. Holmes, 957-958, M Block. Sole Agents or 
Advertisements: The Wm. 8. Parry Co., 315, Dearborn- 
street, Chicago, and 366, Fifth-avenue, New York, U.S.A. 








ADVERTISEMENT RATES. 


The c for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
ave seven words. Payment must accompany 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside may be obtained on application. The 
are 12 in. di ot $ in. wide, divisible into four columns of Es in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 
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“ ENGINEERING” can be supplied direct from the Publisher 
post free, for twelve months, at the following rates, payable in 
advance :— 


For the United Kingdom ............ £1 9 2 
For Can: 
Thin r ee £1 11 6 ($7.65 
Thick eae soeteunrion £1 16 0 S46 
For all other places abroad— 
Thin POOPED ..ccccccce £1 16 0 
Thick a _ pale mara £2 0 6 
When foreign subscriptions are sent by Post-Office Orders, 


advice should be sent to the Publisher. . 

Foreign and Colonial subscribers receiving incomplete copies 
through newsagents are requested to communicate the fact to the 
Publisher, together with the agent’s name and address. 

All accounts are payable to ‘* ENGINEERING,” LIMITED. 
Cheques should be crossed ‘‘ Union of London and Smith’s Bank, 
Limited, Oharing Cross Branch.” Post-Office Orders should be 
made payable at ord-street, Strand, W.C. 


Offices for Publication and Advertisements, 
35 and 36, Bedford-street, Strand, London, W.C. 





We desire to call the attention of our readers 
to the fact that the above is our SOLE Address, 
and that no connection exists between this 


Journal and any other publications bearing some- few years ago. 


what similar titles. 





TgeLEeraPHic Appress—**t ENGINEERING,” LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 





Reapine - Casns.—Reading - cases which will hold twenty - six 
numbers of “‘ ENGINEERING” may be had of the Publisher or of 
any newsagent. Price 6s. each. 
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OF SCIENCE AND TECHNOLOGY. 


Tue PuysicaL Society or Lonpon.—Friday, June 14, at 8 p.m., 
at the Imperial College of Science, Imperial Institute-road, 


| South Kensington. Agenda: 1. ‘‘ Demonstration of a Method of 
| Determining Very Small Differences of Density,” by Mr. T. H. 


| 


Blakesley. 2. ‘‘ The Maximum Sensibility of a Duddell Vibration 
Galvanometer,” by Dr. H. F. Haworth. 3. ‘‘ An Accurate Exami- 
nation of the Steinmetz Index for Transformer Iron, Stalloy and 
Cast Iron,” by Mr. F. Stroude. 

Tas Royal InstirvTion or Great Britaix.—Friday, June 14, at 


| 9o’clock. A discourse by Mr. A. Henry Savage Landor, M.R.L., 


| 


, Limited, Head Office—Johannesburg : | 


on “‘ Unknown Parts of South America” (recent journey, with 
illustrations). 

Tue Gso.oeists’ Association.—Friday, June 14, at 8 p.m., at 
University College, Gower-street, W.C. The following paper will 
be read :—‘* The Geology of West Mayo and Sligo,” with Special 
Reference to the August Long Excursion, by Professor Grenville 
A. J. Cole, F.G.S., Director of the Geological Survey of Ireland. 

Tue InstTiTuTION OF ELECTRICAL ENGINEERS: GLASGOW MEBTING. 


hb | —Wednesday, Thursday, and Friday, June 12, 13, and 14. Wednes- 


day, June 12, at 10.30 a.m., at the Royal Technical College, 
George-street, and official welcome by the Corporation. Paper 
by Mr. J. S. Highfield, Member, ‘“‘ The Transmission of Electrical 
Energy by Direct Current on the Series System.” In tion of 
the College laboratories, followed by demonstrations in the 
junior laboratory and in the dynamo-room. In the afternoon 
there will be alternative visits to four works. 1. William Beard- 


|}more and Co., Limited, Naval Construction Works, Dalmuir. 


2. John Brown and Co., Limited, Clydebank. 


Valley Electrical Power Company, Limited, Yoker Power House, 


3. The Clyde 


} Clydebank. 4. Yarrow and Co., Limited, shipbuilders, Scotstoun. 


all orders | 





In the evening at 8 p.m., a reception in the Municipal Build- 
ings, by Lord Provost and the Corporation.—Thursday, June 13, 
at 10.30 a.m., meeting at the James Watt Laboratory, Gl: Ww 
University. Lecture by Professor Silvanus P. Thompson, D.Sc., 
F.R.S., on ‘“‘ The Magnetism of Permanent Magnets.” Descrip- 
tion and demonstration of ‘‘A Single-Phase Motor with Pole- 
Changing Windings,” by Messrs. J. S. Nicholson, B.Sc., and B. P. 
Haigh, B.Sc. In the afternoon excursion to Edinburgh and 
Holyrood Palace, and alternative visits to four works. 1. Glas- 
gow Corporation Tramway Power-Station, Pinkston; Glasgow 

rporation Electricity Power-Station, Port Dundas. 2. North 
British Locomotive Company, Limited, Hyde Park Works ; 
Gl w Corporation Electricity Sub-station, Springburn. 3. The 
Clyde Valley Electrical Power Company, Limited, Power-House, 
Motherwell. 4. Babcock and Wilcox, Limited, Renfrew. In the 
evening at 8 p.m., reception by Principal Sir Donald Macalister, 
K.C.B., M.D., in the Bute Hall, Glasgow University.—Friday, 
June 14, excursion on Firth of Clyde. In the evening, dinner at 
the Grosvenor Restaurant, Gordon-street, Glasgow, at 8 p.m. 
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EGYPT AND THE SOUDAN. 

Tue latest report of His Majesty’s Agent and 
Consul-General in Egypt will be welcomed as indi- 
cative of renewed progress. It is a confidently- 
written document in contrast to the apologia of 
recent years, and must needs carry conviction with 
it, since it is the production of a man who is 
acquainted, as but few men are, with the country, 
and who has gained the confidence and deservedly 
won the admiration of all sections of the people 
whose interests it is his duty to befriend. 

The re-establishment and maintenance of internal 
harmony and concord are most important factors 
essential to Egypt if she is to resume the march of 
progress in which she made such rapid strides a 
Lord Kitchener, in the short time 
he has been at work, has already done much in 
this eminently desirable direction. There is, we 
believe, no man to-day more fitted for this post 
than the present Consul-General, uor is there one 
in whom, to the same degree, cau ve found those 
qualities which compel the genuine esteem of the 
Egyptian mind, blended with the knowledge and 
characteristics required to enable the mistakes of 
recent years to be avoided, and a surer line of pro- 
gress to be consistently followed. 

The greater part of the report is, of course, 


| without our province, but it may not be out of 


place as a preliminary to dealing with such matters 
as our readers are more particularly interested in 
to note that the revenue in 1911 exceeded that of 
any previous year, being over £E16} millions, or 
nearly half a million higher than the best year (1907), 


| before the crisis from which the country is now 


Seakensiates 739/ all of which betoken either a good 
With Four One-Page Plates of the IMPERIAL COLLEGE | or further development. 
| amounting to about 425,000/. was incurred by the 


recovering. The railway receipts, also an index 
of activity, showed an increase of 8.56 per cent. on 
the previous year, and as the working expenses 
only increased 2.92 per cent. in coping with the 
additional traffic of roughly 2{ million extra 
| passengers, and some 450,000 extra tons of goods, 
the net earnings show a considerable expansion. 
| The net revenue worked out at 6.42 per cent. on 
capital in 1911, against 5.64 per cent. in 1910, and 


_5.07 per cent. the year before. The chief increases | i 


in traffic were in cotton, building material, sugar 
| and molasses, perishables, coal, and machinery, 
season, 


Capital expenditure 











railways, chiefly on account of new short lines, the 
new Alexandria Station, and for bridges. Of 
445,000/. to. be expended during the current year, 
about 173,000/. will be spent on bridges and on 
Alexandria Station. 

One of the most interesting parts of the report is 
that dealing with irrigation and land drainage. Of 
recent years, the crops in parts of Egypt have been 
falling off, especially in the Deltaic tracts, where 
the return per acre has very seriously diminished. 
Several causes have contributed to this unfortunate 
change, but the chief amongst them is undoubtedly 
intimately connected with the greatest blessing the 
land has. Through almost countless ages the people 
of Egypt have had it instilled into their minds by 
hard experience that if there were no water there 
would be no crops, while likewise they learnt to 
appreciate the fact that with more water more cro 
could be grown. Thus in years of high Niles addi- 
tional land has always been brought temporarily 
under cultivation, and then if low Niles followed 
it was abandoned. In few countries, perhaps, is 
there so definite a demarcation asin Egypt between 
the watered and unwatered land, much of the 
latter, though to all ap nces desert, being 
actually rich alluvial soil, to which the application 
of water is alone needed to make it yield abun- 
dantly. 

In former times the native had to regulate his 
habits to suit the water supply available. He was 
seldom in a position to obtain as much water as he 
liked, and he knew that the ‘*‘ red” river water 
had a very beneficial effect on his land. Now that 
basin irrigation has been abolished and perennial 
irrigation substituted, the native, in his delight at 
having water in abundance, has acted as if the capa- 
bilities of the soil had no limit.. He has put too 
much water on his land, and, at the same time, 
having been enticed by high prices, has abandoned a 
proper rotation of crops in favour of the too frequent 
cultivation of cotton, with the result that both yield 
and quality of the crop have fallen off, while the 
land in parts of Lower Egypt has become salt and 
water-logged. This unfortunate condition of the 
soil has also contributed, it is supposed, to the 
rapid increase in late years of the cotton pests, 
which have done very great damage to the crops, a 
damp soil being favourable to the various insects, 
and especially to the cotton worm. 

Steps are now being taken to rectify these 
matters. Every endeavour is being made to teach 
the fellahin to be more careful of the quality of 
the crops they wish to raise. Not only are steps 
being taken to ensure the supply of good seed, but 
practical work is being conducted with a view to 
proving to the native that too much water is nearly, 
if not quite, as bad as too little. For this purpose 
demonstration farms are now being worked by the 
officers of the Agricultural Department. The pro- 
prietor of the farm supplies the labour, and opera- 
tions are directed by the department. In all the 
twenty-four farms worked last year it was success- 
fully demonstrated that cotton could be properly 
grown with less water than the native usually 
employs, and that larger crops could be obtained 
with wider spacing than is commonly adopted. In 
nearly all cases the crops, consisting of cotton, 
wheat, sugar-cane, soya-beans, &c., were far superior 
to those of surrounding cultivators, with the result 
that numerous offers have been made by other 
farmers for the use of their land for demonstration 
purposes, and operations are being extended. 

The native, who for the most part suffers from 
a great lack of education, cannot, of course, be 
expected to adapt himself quickly to changed con- 
ditions. It is to be hoped, however, that in time, 
as such practical results.as those above are brought 
home to him, and as the younger generation 
becomes a greater influence in the land, the advan- 
tage cf adapting the methods of cultivation to the 
new conditions will be realised. Not only in 
Egypt, but elsewhere, has much land been spoilt 
by over-irrigation. No more water should be 
applied than can be used or drained away. In 
fact, good drainage is as important as a good 
supply. This side of the subject is one which has, 
perhaps, been somewhat too neglected in Egypt 
since the supply has been made abundant. That 
it is most important, however, there as elsewhere, 
is proved by the excellent results obtained 
by land reclamation companies and the State 
Domains Administration, by the use of deep 
drains or clearing by pumping, such methods 
being accompanied by much greater productivity of 
thesoil. With these proofs at their doors the Govern- 
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ment is now about to embark on schemes which, 
it is hoped, will free much of the Deltaic tracts of 
their water-logged and salted condition, and render 
them as productive as any land in Egypt. The 
schemes consist in deepening the drains so as to 
encourage flow off the land, and of artificially 
assisting the flow-off through the deepened drains. 
The two provinces which are to be first taken in hand 
are those of Behera and Gharbieh. The former is 
on the western edge, and the latter in the central 
coastal stretch, of the Nile Delta. 

In the province of Behera, and separated from 
the sea by only a narrow strip of land, are three 
lakes, one of which—Lake Mareotis—was, at the 

inning of last century, nothing more than a 
hollow in which rain-water collected, although in 
ancient history it seems to have been a navigable 
sea. It was reconverted into a sheet of water of 
considerable magnitude by the action of the British 
forces operating in 1801 against the French, dikes 
being purposely cut and the area flooded for 
strategic purposes. Since then, however, part of 
the land has been reclaimed, and pumping plant, 
installed at Mex, maintains the water-level at 
about 3 metres below the sea-level. The drainage 
of the province of Behera, west of the State 
Railways’ main line, flows into this lake, and is 
thence discharged into the Mediterranean. It is 
this part of the Delta which is to receive first 
attention. The area of Western Behera com- 

rised in the scheme covers about 480,000 feddans 
a feddan being slightly more than an acre), and 
throughout this the drains will be deepened, so 
that the level of the flow-off may be at least 
14 metres below the surface of the soil. To dis- 
pose of the run-off, additional pumps are to be 
installed at Mex with a lift of 6 metres, and when 
the scheme is completed Lake Mareotis will prac- 
tically have ceased to exist, and the 55,000 feddans 
which it now covers will be available for reclama- 
tion. The cost of this scheme is estimated at 
£E2.9 per feddan. 

On the sea coast of the central part of the Delta, 
between the Rosetta and Damietta branches of the 
Nile, in the province of Gharbieh, is the Lake 
Borollos, separated from the sea by a stretch of 
narrow land broken at one point, thus affording an 
outlet for the present drainage of this part of the 
Delta. A similar policy is to be followed in Central 
Gharbieh to thatin the Behera district. Thedrains to 
be deepened will carry off the drainage from 470,000 
feddans of land. To provide artiticially for the flow 
pumps will be installed, lifting 2} metres, and dis- 
charging into the Bahr Tira, one of the subsidiary 
ramifications flowing into Lake Borollos, and thence 
to the sea. It is expected that this work will be 
carried out at a cost of about £E2.5 per feddan, 
and it is expected that both these schemes will be 
completed in four years’ time. Lake Borollos, like 
the others on the seaboard, is quite shallow, but 
there is at present no suggestion of draining either 
it or Lake Menzaleh, which is the largest of all the 
deltaic lakes, and is situated towards the eastern 
end between Damietta and the Port Said entrance 
to the Suez Canal. This latter lake has an average 
width of about 15 miles, and an average length of 
40 miles, but it is deeper than the others, and the 
spit of land separating it from the sea is narrower 
and broken in more places than in the case of the 
others, so that it would be more difficult to deal 
with, and drainage work, if carried out, might pos- 
sibly be offset by the infiltration of salt water. 

While in this way steady progress is being made, 
in Egypt, to realise the utmost benefits which can 
accrue to the cultivators by the regulation of the 
Nile and the construction of the Assouan Dam, 
which will be finished this year, in the Soudan it 
has been clearly proved that valuable crops may be 
grown during the months in which there is an 
excess of water above the requirements of Egypt. 
Some 750,000 feddans in the Gezira Plain can thus 
be brought under cultivation. A site has been 
settled upon for the Sennar Dam, and the cost of 
the works necessary for the irrigation of 500,000 
feddans in the Gezira is expected to be about 
three millions sterling, the work of development 
occupying probably 10 or 15 years. A further 
project, estimated to cost from half to three- 
quarters of a million sterling, is contemplated, 
involving a barrage possibly between Khartoum 
and Omdurman. Compensation water for Egypt 


for that taken by the Gezira would thus be provided 
for, the control of the flood-water would be rendered 
easier, and tracts of land in Kordofan would be 
brought under flood irrigation. 


Other possible 


projects in the Soudan include plans for the irri- 
gation of some 200,000 feddans between the Dinder 
and the Rahad rivers, of an additional 30,000 
feddans on the Khor Banaka, of 200,000 feddans 
on the River Gash, and of another large tract in 
Dongola. All these works, it is estimated, could be 
carried out at a cost of about 2/. per feddan. Some 
of these projects will doubtless remain such for 
some years to come, since the development of the 
Soudan depends very largely upon repopulation. 
It is satisfactory to note, however, that the country 
is making great strides in this direction, and that its 
peaceful and prosperous condition is attracting a 
constant stream of immigrants. As development 
proceeds, it is also becoming increasingly able to 
bear its own burdens in general and to take its due 
share in the upkeep of works by which it benefits 
in particular. 








ICEBERGS AND THEIR LOCATION 
IN NAVIGATION. 

DiscoursinG upon “Icebergs and their Location 
in Navigation,” at the Royal Institution last 
Friday, Dr. Howard T. Barnes, F.R.S., Professor 
of Physics at McGill University, Montreal, said 
that icebergs broken off from their parent glaciers 
in Greenland produced very large waves, which 
often extended 50 km. Bergs had been observed 
in the Atlantic with pinnacles 1500 ft. high, but 
they occurred in all sizes, and the small ‘‘growlers,” 
which little emerged from the water, were a source 
of great danger. The equally dangerous field ice 
was frozen sea-water containing only a little salt, of 
course, formed in the Gulf of St. Lawrence and in 
other bays ; it floated away with changes of tides 
and of wind. Frost and spray often cemented such 
fields together to very hard masses. The icebergs 
drifted down into the Atlantic with the cold 
Arctic current, the Labrador current, which tem- 
pered the heat of the Tropics and was the 
home and feeding-ground of the greatest supply of 
fish food, but had been very little studied so 
far, unfortunately. According to the United 
States Hydrographic Office, the Labrador current 
travelled at a rate of from 10 to 36 miles per 
day ; it ceased altogether occasionally, however. 
Icebergs drifting with this current might reach the 
track of Atlantic steamers in four or five months ; 
but winds and undercurrents and ice-fields im- 
peded them very much, and some icebergs drifted 
against wind and: surface currents and might sur- 
vive several seasons. The greatest numbers were 
found in April, May, and June; yet floating ice 
might be met with north of 40 deg. latitude at any 
season of the year. 

Passing to his particular subject—the tempera- 
ture of the sea-water—Professor Burnes stated that 
the Labrador current had, during the winter, a 
temperature of 29 deg. or 30 deg. Fahr., sometimes 
only of 28 deg. (freezing-point of sea-water). On 
the Great Banks the temperature rose to 40 deg. 
and 45 deg. Fahr. in July. Ships had reported 
temperatures as low as 22 deg. Fahr. from the ice- 
track ; but Dr. Barnes distrusted these figures, and 
did not wonder that navigators placed no reliance on 
temperature measurements ; the methods in use were 
too crude. In the ordinary practice a canvas bucket 
was dipped over the side of the ship and brought 
up ; the quartermaster inserted a household thermo- 
meter into the water, and took a reading after 
5 or 10 minutes ; reckoning the whole time interval, 
the ship might meanwhile have advanced five miles. 
The thermometer was usually graduated in two- 
degree intervals, about } in. in length. Having 
taken his reading, the quartermaster took the 
thermometer back to the chart-room, where the 
salt water adhering to the bulb gradually evapo- 
rated, leaving the bulb wetted with a concentrated 
salt solution, which would form a freezing mixture 
when the thermometer was used next time. That 
might account for the extraordinary low readings. 
In his own observations on the St. Lawrence he 
had observed only very slight variations in the 
winter temperature of the river and bay water, 
and he had found that even ordinary resistance 
thermometers were unsuitable for taking observa- 
tions of the water temperature on board a steam- 
ship. He had therefore constructed his record- 
ing micro-thermometer. 

is micro-thermometer, which Dr. Barnes 
exhibited, consisted of a coil of large-size iron 
wire, silk covered, and wound between two con- 
centric cylinders of copper, which formed a short 





tube, about 4 in. in diameter. The connecting wires 





passed through a lead tube to the Callendar tem. 
— recorder, the relay galvanometer of which 

ad especially been improved so as to be quite 
independent of vibrations or change of position ; 
the galvanometer was described as being very sensi- 
tive, because it would not assume any false equili- 
brium position, and was at the same time strong and 
entihiie. The instrument had been placed on board 
a survey boat of the Canadian Hydrographic Service 
which passed through the Straits of Belle Isle and 
up the Labrador Coast to Hudson’s Bay in 1910. 
The copper tube was immersed to a depth of 5 ft., 
and the recorder mounted in the cabin of Mr. 
L. V. King, Dr. Barnes’s assistant. It was then 
noticed that the thermometer fell rapidly by one or 
two degrees when an iceberg was approached within 
half a mile, and that this sudden fall was preceded 
by a slow rise, the iceberg effect, which would alto- 
gether have escaped detection with a less delicate 
and quick-acting instrument. There was further a 
land effect, also causing a fall of the thermometer 
of one or two degrees; this was ascribed to the 
upturning of the cold undercurrent by the shore, 
and the effect was always noticed when the boat 
steamed towards the coast-line. 

In order to explain the iceberg effect Dr. Barnes 
performed an experiment due to Dr. Otto Petters- 
son, of Stockholm. A piece of London ice was 
dropped into a small glass tank filled with salt 
water from the Labrador current. The ice began 
to melt, and three currents could be distinguished, 
The cooled salt water sank from the ice lump to 
the bottom ; the melting ice-water rose in a film, 
surrounding the lump, because it was fresh water, 
and spread on the surface of the salt water ; and the 
salt water streamed up to the ice, and hollowed the 
sides of the lump out. The fresh water moved 
with the lump when it was displaced, and when the 
surface of the water was disturbed, it did not easily 
mix with the heavier salt water. This fresh-water 
layer now, Dr. Barnes suggested, would first be 
colder than the sea water underneath; but it 
absorbed the sun’s rays as it spread and wandered 
from the berg, and its fringe became warmer ; hence 
the first rise of the thermometer in the iceberg 
effect. Our readers may remember that, according 
to Kalecsinsky and Lenard,* certain salt lakes of 
Hungary, notably the Medve Lake, serve as heat- 
accumulators, the fresh water of rivulets spreading 
on the surface being heated by the sun; they 
observed the maximum temperature at a depth of 
about 4 ft. 

Several of the photographs of icebergs which Dr. 
Barnes exhibited showed the hollowing out and 
furrowing of the ice which, finally, he explained, 
led to their becoming top heavy, toppling over and 
displaying extraordinary shapes afterwards. Cap- 
tains avoided the bergs because of their instability. 
On dark nights far-off bergs could be discerned 
by the ‘‘ice-blink,” caused by the reflection of the 
scattered rays from the sky by the white surface 
of the ice ; the water surface did not reflect those 
rays. Onclear days ice on the horizon made the 
sky there look pale. In foggy weather an iceberg 
could sometimes be made out by its darker appear- 
ance. The echo of the foghorn or steam-whistle 
from the icebergs, and the noise of their breaking 
up, also betrayed their presence; in some of the 
photographs, moraines of pieces of ice seemed to 
mark the track. The absence of waves or of 
swell sometimes indicated the nearness of ice (or 
of land), and the damp cold air was another sign. 

Dr. Barnes did not say in how far his microthermo- 
meter would give a high-speed ship warning of the 
presence of ice. He reproduced the curves, how- 
ever, which he had obtained on the Royal George 
when recently crossing from Halifax to Bristol. 
This being an 18-knot instead of an 8-knot boat, 
he had had to place his thermometer tube in the 
circulating water drawn in by the pumps, 16 ft. 
below water-level, and thus at a greater depth than 
he had intended. Yet characteristic curves were 
obtained. Their passing from the Labrador current 
into the Gulf stream had been marked by a rise of 
10 deg. within one hour ; within the Gulf stream 
the temperature had not varied by more than a 
} deg. for hundreds of miles, and the absence of 
any diurnal temperature variations had been very 
striking. On passing over the great wall, about 
400 miles west of Ireland, separating the shallow 
continental water from the ocean depth, when the 
bottom rose from about 3 miles to one-third of a 





* Annalen der Physik, vol. vii., page 408, February, 
1902. We gave a note on the observation. 
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mile, the temperature had sharply risen by 14 deg., 
to fall again as rapidly. There might be a vertical 
current of warm water along this wall, heated by 
the higher temperature of the earth at the great 
depth or by a submerged crater. About 100 miles 
off the coast-line the temperature variations became 
more marked. When they approached Lundy Island 
the thermometer rose rapidly, to fall sharply as the 
ship passed the island at a distance of 300 yards. 
The cold land effect was noticed on nearing the 
Somerset coast within two miles, whilst the ther- 
mometer rose as they approached Ireland, to fall 
again when they were about five miles off the land. 
“Some of these changes appeared peculiar. Pro- 


- fessor Barnes was right, we think, in accentuating 


that the essential thing for the safety of navigation 
was not the actual temperature, but the rate and 
characteristics of the temperature-variations in the 
sea, which only sensitive recording thermometers 
would enable us to observe. We forgot to mention 
that Dr. Barnes stated that he had sometimes 
seen the rivet-heads of his boat shorn clean off by 
the ice of the St. Lawrence. 








THE BUSINESS EXHIBITION. 

Tuts Exhibition, which has been opened at the 
Royal Agricultural Hall, Islington, during the cur- 
rent week, but which closes to-morrow, the 8th 
inst., is the fifth of its kind that the public have 
had the opportunity of seeing. It is, of course, 
as would naturally be expected, more of com- 
mercial than engineering interest. In making this 
remark, however, it must be understood that 





and the net load. The calculating part of the ma- 
chine commences at the gross figures, which are set 
in the machine first, and then the tare figures are 
set, both by means of the pointers in front, the 
handle at the side being then pulled forward and 
replaced. This action gives the net item automa- 
tically, and types the whole four columns on one 
sheet, which has been inserted at the back of the 
machine. The operation is repeated for each line 
in the same manner, while finally the machine 
automatically adds the net result. A total is 
obtained whenever desired by switching in a ‘‘total” 
lever, and pulling the side-handle as before. The 

rticular model exhibited deals with tons and 

undredweights, but the same principle is applied 
to cash in any currency—that is to say, the second 
column is subtracted from the first column, and 
the third column appears as balance in whatever 
units the machine is built. For some classes of 
book-keeping it is necessary to add instead of sub- 
tract, in which case the machine can be made to do 
this. It isalso possible to get vertical and horizontal 
adding in three or more columns. This is claimed 
to be a distinct advance in calculating-machines, 
and its application lends itself to debit and credit, 
book-keeping, abstracting, weighing, shop costs, &c 

The largest stand devoted to this class of machine 
is that of Burroughs Adding-Machine, Limited, 
Burroughs-building, 76, Cannon-street, London, 
E.C., at which a great many adding-machines are to 
be seen. As is well known, these machines are each 
capable of listing and automatically adding from 
3000 to 6000 items per hour, and the totals are 
obtained instantly when all items have been listed, 
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from the point of view of carrying an engineering | 


project to a successful issue we would emphasize 
most strongly the opinion that the business 
or commercial side can never be divorced from 
engineering. In making any distinction between 
the two it is only, as in the present case, when we 
refer to the purely mechanical side of engineering ; 
and there are some interesting pieces of mechanism 
to be seen at the Royal Agricultural Hall. 

From previous exhibitions of the kind that we 
have seen and described we should expect to find 
calculating-machines well in evidence, and in this we 
are not disappointed, quite a new one, which has 
not been shown before, being on view at the stand 
of the Schooling Calculating - Machine Company, 
Limited, Welsbach House, 344 to 354, Gray’s Inn- 
road, W.C. Two machines are exhibited, which, 
though rather different in arrangement, are each 
capable of simultaneous addition and subtraction. 
We hope in the near future to publish a detailed 
description of this machine, together with illustra- 
tions, and we therefore do not intend to say very 
much about it now. The following general parti- 
culars, however, will be of interest as giving the 
application and method of working the machine, 
& perspective view of which we annex. The parti- 





whether they be few or many. We have, however, 
already fully described the machine in our pages,* 
so that we need not enter into details here. It 
is made in eighty styles and sizes, and we under- 
stand that over 140,000 of them are in use. 

The Felt and Tarrant Manufacturing Company 
(the Comptometer), Bank Buildings, Kingsway, 
London, W.C., have an interesting exhibit of 
their Comptometer adding and calculating machines. 
This machine is well known, having been on the 
market for a number of years, but in its present 
form it has been improved. It is adapted for 
division and multiplication, as well as adding. The 
multiplication is carried out by a system of mecha- 
nical adding. The machine is strong, light and 
compact, neatly finished, occupies very little space, 
and weighs only 15 1b. It is of the non-printing 
type, the results being clearly shown in figures at 
the bottom of the machine, facing the operator. 
It is claimed that it will add nearly twice as fast 
as any other machine, and is still faster on multi- 
plication. 

The Elliott-Fisher Company, 75, Cannon-street, 
London, E.C., exhibit their book-keeping machine, 
which posts to any standard loose-leaf or card- 


\ledger, the debits and the credits being added, 


cular machine we shall refer to is shown dealing | the total of each account being put down. The 
with the loads of railway wagons, there being given 
in parallel columns the reference number of each 
wagon, its gross weight as loaded, its tare weight, | 





[total of all debits and credits posted is also 





* See ENGINEERING, vol. Ixxxiii., page 580, 





shown, as a check against predetermined totals, 
as proof that the amounts have been posted, 
and this is all done at one operation. It will also 
give proof-sheets of daily postings for auditing pur- 
poses, if desired, as well as monthly statements 
ready to post as soon as the last item is posted to 
the ledger. Another calculating-machine that is 
worth a visit is the ‘‘ Unitas,” exhibited at the 
stand of T-I-M Calculating Machines, Hastings 
House, 10, Norfolk-street, Strand, London, W.C. 
It is a double-slide machine, which checks its own 
work automatically. Among the advantages claimed 
for it are that sub-totals and grand totals are pro- 
duced simultaneously, the grand total being pro- 
duced automatically. It is claimed to be the only 
machine that will figure, for instance, arbitrary 
pro-rating straight through without requiring any 
re-setting. A small portable and cheap calculating- 
machine is the ‘‘ Bri-cal,” made by the British Cal. 
culators, Limited (Invicta Works), Belfast-road, 
Stoke Newington, N. Itis a useful little instru- 
ment for adding £ s. d. 

One of the finest stands in the Hall is that of 
Addressograph (1910), Limited, 91 and 92, Shoe- 
lane, London, E.C., where a number of addressing- 
machines of various types may be seen, The 
machines manufactured by this firm are now 
well known, and have been fully described by us, 
but there have been recent improvements which 
are embodied in a new machine that has not been 
on show before. This machine is fitted with an 
automatic envelope feed, and will address envelopes 
of various sizes at a speed of 7500 per hour, each 
with a different address, the character of the work 
being equal to that of the best typewriter. There 
is also a numbering attachment fitted which indi- 
cates the number of envelopes addressed. It is 
a one-piece plate-machine as distinct from the 
older type. These address-plates are inexpensive, 
indestructible, and require only a small space for 
their storage. Moreover, they form a com- 
plete card index of the names, which is capable 
of almost every possible classification or sub- 
division. The operation of the machine is as 
follows :—A drawer of address-plates is removed 
from the cabinet in which the plates are kept, and 
the plates are, without being handled, placed in 
the magazine of the machine. The empty drawer 
is then placed in a holder below the point at 
which the printing is done, so that the address- 
plates can drop into it in their original order 
after being printed. After the adjustment of a 
gauge to ensure that the address is printed in the 
correct position, the envelopes or wrappers are fed 
in automatically, and the addresses are printed by 
means of a swinging foot-lever. A speed of from 
2000 to 3000 different addresses per hour can be 
attained when working with the foot. If desired, 
an electric-motor attachment can be placed on the 
machine, which renders a great increase of speed 
possible, and more than doubles the amount of 
work turned out. A motor of about } horse-power 
is all that is required for this purpose, so that very 
little current is consumed. Moreover, the motor 
attachment can at any time be disconnected, and 
the machine be worked by foot. A duplicating 
and repeating attachment is supplied on the machine, 
which allows two impressions to be printed from 
each address-plate baleee the next address is moved 
into position. A dating device is also provided, and 
a listing attachment can be fitted. ese improve- 
ments are well worth inspection. 

There are several other addressing systems on 
view at the Exhibition, among them being the 
Elliott addressing system, at the stand of the 
Hayward Company, 2, Clerkenwell-green, London, 
E.C. This is a stencilling-machine, the types 
shown being for addressing envelopes, wrappers, 
post-cards, heading statements, &c. The cut-out 
stencils form a compact card-index, with diffe- 
rent colours to distinguish different classes of 
names. A stencil-cutting machine is also shown. 
Another addressing- machine on the stencilling 
principle is shown by Mr. Mackenzie Schiff, 60, 
Wilson-street, Finsbury-square, E.C., which will 
address any size of envelopes, cards, or wrappers 
at a speed of 3000 per hour. The address can be 
prepared on stencil-paper by the typist on any 
pattern of typewriter now in use. This does away 
with the necessity for an expensive stencil-cuttin 
machine. It is claimed that these stencils shoul 
last for more than 25,000 impressions. 

A novel machine that has not been put before the 
public before may be seen at the stand of Mr. 
F. Kleemann, 53a, Aldersgate-street, London, 
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E.C. It is for fixing stamps to envelopes, circulars, 
parcels, &c., and at the same time checking the 
number of the stamps used. It is easily operated 
by means of a single turn of a handle, whereby the 
stamp is automatically se from a roll, 
damped, and affixed to a letter, post-card, c., 
after which the article stamped is automatically 
dropped into a locked receptacle, and at the same 
time each stamp is registered. Should any attempt 
be made on the part of the operator to tamper with 
the stamps or handle the machine improperly, notice 
of this will be given by the ringing of a bell and by 
the automatic stopping of the machine, which can 
then only be ba by unlocking it. The ma- 
chine is constructed to hold five rolls of 500 or 1000 
stamps each, all of the same kind or of five different 
kinds, and each stamp can be brought into use by 
simply sliding the roll required in front of an 
indicator. Each roll of the five can be placed 
in position without the others being interfered with 
in any way. The machine is called the ‘‘ Michelius,” 
and it will do its work at the rate of from 3000 to 
4000 stamps per hour. One to four stamps of the 
same kind, or of different values, can be affixed to the 
same postal packet. 

Another, and very simple, stamp-attaching appli- 
ance is the ‘‘ Fixo,” exhibited at the stand of the 
International Stamping-Machine Company, Limited, 
231, Str4nd, London, W.C. It has a been on the 
market a few weeks. It isa small portable hand 
applianc?, into which a roll of stamps is put and 
locked up. Then, by placing the whole machine on 
the letter or whatever has to be stamped, and 
pressing down a knob on the top, the stamp is torn 
off the roll, damped, and stuck down, the process 
being indicated on a counter. An excellent feature 
in this machine is that no damping-pads are used. 
Instead, the adhesive surface of each stamp receives, 
just before fixing, ten’ small drops of water supplied 
xy ten tiny jets. The trouble of pads becoming 
non-efticient owing to the absorption of gum from 
the stamps is thus avoided. 

The Edison Dictating-Machine Department, 
National Phonograph Company, Limited, 25, 
Clerkenwell-road, London, E.C., exhibit the Edison 
dictating-machine, which really consists of a phono- 
graph so arranged that the cylinders on which the 
matter dictated is impressed can be easily removed 
and given to the typist. Twelve blank cylinders 
are furnished with each standard outfit, and each 
cylinder will contain about 1000 words, and may be 
used at least 100 times. A special shaving-machine 
is supplied for shaving up the cylinders when the 


record on them has been transcribed. In certain | 


cases the advantage of these dictating-machines is 
unquestionable as tending to accuracy and to 
diminution of strain on the typist. Another 
machine of this class, called the ‘‘ Dictaphone,” is 
shown by the Dictaphone, 193 and 195, Oxford- 
street, W. 

There are, of course, a great number of type- 
writers exhibited, one of the chief novelties in this 
line being the Underwood automatic operator, which 
is on view at the stand of the Underwood Type- 
writer Company, 120, Queen Victoria - street, 
London, EC This appliance works on the prin- 
ciple of the pneumatic piano-player, in which com- 
pressed air operating through a paper stencil causes 
the typewriter to write letters without any other 
assistance. If a special stencil machine be added, 
the machine will also write the names and addresses 
of different firms. The paper is fed in quite auto- 
matically, and the letters as completed are similarly 
discharged. The apparatus is particularly adapted 
for repeat or circular matter where large numbers 
are required, the rate of production being, it is 
claimed, greater than that of any ordinary operator. 





NOTES. 
Tae Strike Cause. 

Ir is not too much to say that scarcely a week 
asses without the mind of the ordinary citizen 
ing troubled by disputes between capital and 
labour. The crisis at the London Docks is but an 
example of the embittered quarrels to which we 
have me accustomed. In view of the frequency 
and far-reaching effect of strikes at the present 
time, it is necessary for everyone engaged in com- 
mercial undertakings to guard himself as far as 
seve 8 Whenever a strike occurs he who is 
und to deliver goods within a certain time must 
needs consider whether there is any clause in his 
— to excuse him from the consequences of 
y: 





undoubtedly have this effect. In these circum- 
stances, it may be useful to consider what the 
judges have said with regard to the effect of strikes 
upon contracts. It may be stated generally that 
in the absence of ped provisions in a contract, 


a strike offers no excuse for non-performance. In| per pood 


one case a cargo was shipped under a bill of lading 
incorporating a clause in the charter party which 
fixed the number of lay days ; there was no excep- 
tion for strikes. By the custom of the port of 
discharge, cargoes were discharged by the joint 
action of the shipowner and the consignees. 
During the unloading a strike took place both 
among the men employed by the ship and those 
employed by the consignees. The ship was delayed 
after the expiration it lay days. It was held 
that as the number of lay days was fixed, the 
consignees were liable to pay demurrage notwith. 
standing the inability of the shipowners, owing to 
the strike, to do their t in the unloading. 
Where, however, the aie hee place after the 
time for completion, it seems that it cannot be set 
up as an excuse for delay. Thus, where a building 
in course of construction was let, there was a 
covenant that it should be ready for occupation by 
a certain date. It was held that the occurrence of 
a strike after the day fixed for completion afforded 
no excuse for the builder. Where no time is fixed 
for completion, and no strike clause is inserted, it 
would seem that the contractor could plead a strike 
as an excuse for what would otherwise be unreason- 
able delay, on the principle that he must do the 
work within what is reasonable time under the 
circumstances. In another case, a bill of lading 
did not specify the time for discharge. During the 
unloading a strike occurred which delayed the ship 
twenty-five days longer than otherwise would have 
been the case. It was held that the obligation 
— the consignee was to unload within a reason- 
able time, and that obligation was discharged if 
he unloaded in a reasonable time under the circum- 
stances, assuming that those circumstances, so far 
as they caused delay, were not caused or contributed 
to by him. 
Tae Peat INpustry in Russia. 

The Department for Peat Exploitation of the 
Russian Ministry for Agriculture has, during 1911, 
continued its survey of Russian peat deposits, both 
in European and Asiatic Russia, with the result 
that in nine Governments twenty-eight peat-bogs, 
of an aggregate area of 200,000 dessj (540,000 
acres), and peat deposits amounting to 14,250,000 
poods (400,000 tons), have been examined. The 
peat-fuel industry is particularly developed in the 
central Governments of European Russia, and is 
principally worked by various concerns for their 
own requirements. The Governments of Moscow, 
Vladimir, Nishny, Rjisau, Kostooma, Tambow, 
Twer, and Kasou, produced an aggregate of 
146,964 cubic sashes (573,159 tons) machine-made 
peat fuel in 1908; 219,716 cubic sashes (856,922 
tons), in 1909; and 242,744 cubic sashes (946,701 
tons), in 1910; by far the greatest portion of the 
production being credited to the two first-mentioned 
Governments. The quantities of hand-made peat 
fuel during the same period was as under :—91,600 
cubic sashes (357,240 tons) in 1908 ; 38,400 cubic 
sashes (149,760 tons) in 1909; and 52,421 cubic 
sashes (204,442 tons) in 1910. Taking the average 
weight of a cubic sash of air-dried machine-made 
eat fuel at 240 poods, the consumption of peat 
uel in the eight Governments mentioned above 
amounts to an aggregate of 33,850,000 poods 
(940,300 tons), of which 21,200,000 poods (600,000 
tons) relate to the Government of Moscow. 
As the production amounted to some 58,000,000 

s (1,611,000 tons), a balance of about 

4,000,000 (666,600 tons) remained. At 
the time when the price for masut was raised 
several factories expended large sums on the pur- 
chase of . deposits and installations for manu- 
facture of rational peat-fuel. During the year 
1910, 64,000 cubic sashes (236,800 tons) came from 
bought peat deposits, 49,571 cubic sashes from 
rented deposits, and 128,573 cubic sashes (987,720 
tons) from deposits of mixed proprietorship. The 

rice for t-fuel appears to vary from 8 to 12 

opeks (2d. to 3d.) per pood, whilst the cost of 
air-dried machine-made t-fuel shows a remark- 
able margin from 8 roubles 35 kopeks (16s. 9d.) to 
24 roubles 60 kopeks (2/. 9s. 2d.). 
an average cost of 13 roubles 66 kopeks (11. 7s. 3d.) 
per cubic sash (3.8 tons) of finished peat-fuel, the 


The recent strike at the docks must |cost per pood of peat at the places of production 


comes out at 5.7 kopeks (14d.) ; 


utting the cost 
of transport from the deposits to the factory at 1.1 
kopeks (jd.), a pood of peat-fuel would cost about 
7 kopeks per pood (9s. 5d. per ton). Considering 
that masut, in the year 1910, cost 39 kopeks (10d. ) 

r in Moscow, 28 kopeks (7d.) in Nishny, and 
34 kopeks (84d.) in Vladimir, and that 34 to4 poods 
(126 lb. to 144 1b.) of machine-made peat-fuel should 
have the same heating value as 1 pood (36 lb.) of 
masut, the latter fuel, with present prices, cannot 
compete against-peat. The working periods on the 
peat deposits last 85 to 90 days, generally starting 
at the beginning of May and lasting until the 
middle of September. In Central Russia some 
20,000 hands are employed in the peat industry, 
the output for each being an average of 2688 poods 
(414 tons) of peat-fuel. The great drawback with 
air-dried peat-fuel is its large percentage of mois- 
ture. 








Contracts.—An order for eight high-pressure centri- 
fugal pumps, of 500 horse-power each, has m placed 
with Messrs. Escher Wyss and Co., 109, Victoria-street, 
Westminster, and Zurich, by Messrs. Hubert Davies and 
Co., for the new pit of the Rand Proprietary Mines. 
Each pump has to lift 60,000 gallons of water (acid- 
containing) per hour against a vertical head of 1150 ft. 





O1L-ENGINEERING EXHIBITION.—A meeting of manu- 
facturers and others interested in the oil-engineering 
industry was held yesterday at the Westminster Palace 
Hotel in connection with the forthcoming Oil-Engineer- 
ing Exhibition, which is to form an important part of the 
Hardware and Ironmongery Exhibition to be held at 
Olympia from September 7 to 17. This will be the first 
Exhibition directly concerned with the engineering side 
of the oil industry, and it is hoped to make it thoroughly 
representative and interesting, in view of the large amount 
of British capital now involved in this particular line. 
The Exhibition will be divided into sections dealing with 
(1) oil-field equipment; (2) transport, including tank 
steamers, wagons, &c. ; (3) oil-fuel systems; (4) oil- 
engines ; (5) oil refining; (6) oil lighting and heating ; 
(7) oils for fuel, lighting, lubricating, &c. ; (8) the world’s 
oil-fields ; (9) geological soamenen &e. e@ organisa- 
tion of the general exhibition is under the direction of 
Mr. G. D. Smith, while the oil-engineering section is in 
the hands of Mr. S. H. North. An influential advisory 
council has been formed, on which we notice the names 
of numerous gentlemen well known for their connection 
with the oil industry. Particulars may be obtained from 
the offices of the Exhibition, 119, Finsbury Pavement, E.C. 





Tue Largest Twin-Screw STEAMER WITH INSULATED 
Ho.ps.—Messrs. Irvine’s Shipbuilding and Dry Docks 
Company, Limited, West Hartlepool, launched on May 30 
the second of the twin-screw insulated steamers, named 
La Correntina, built to the order of the Houlder Line, 
Limited, and the largest meat-carrier yet constructed, 
having an insulated capacity of over 405,000 cub. ft., 
fitted for the i of chilled or frozen meat. She 
has been constructed to the plans and specifications of 
Messrs. William Esplen, Son and Swainston, Limited, 
and has been designed in excess of the rules and regula- 
tions governing the highest class in Lloyd’s Registry, and 
to secure the Board of Trade certificate for the carri 
of passengers, and to satisfy all the requirements of the 
Spanish laws in relation to the carriage of emigrants. 
The dimensions of the vessel are 460 ft. in length by 
59 ft. by 38 ft. 1 in. depth moulded. She is 
fitted with four complete decks, all fore and aft, with 
a saaee over the shelter-deck 130 ft. long, a boat 
deck above this being 53 ft. 6 in. above the keel. A 
forecastle, about 40 ft. long, is fitted on the shelter-deck. 
The vessel has nine steel transverse bulkheads ; seven 
extend to the shelter-deck, which, with the various decks, 
divide the vessel into twenty-six compartments, twenty of 
these being insulated throughout. The installation of the 
refrigerating machinery is being fitted by the Haslam 
Foundry and Engineering Company, Limited, of Derby, 
consisting of two horizontal combined surface-condensing 
duplex refrigerating machines of the carbonic anhydride 
type, with brine circulation. Two large carbonic anby- 
dride condensers, with copper coils, are fitted, together 
with four brass-lined brine-circulating pumps and a large 
duplex water-circulating pump for circulating through the 
condensers. The insulated chambers throughout are 
cooled by brine circulation, with flows and returns in 
sections. This installation includes the supplying and 
fitting of 45,000 meat-hooks. In addition, # sterilising 
plant for purifying the air by means of antiseptic fumes 
1s fitted to two of the after holds. The inside of the shell, 
the under side of the decks, the bulkheads, and the tank- 
tops in all cargo-spaces below the shelter-deck are insu- 
lated with silicate cotton by the Liverpool Refrigera- 
tion oe Limited, and the orlop, main, and upper 
decks throughout are sheathed with ‘* Litosilo,” securely 





Reckoning with | 


anchored to the decks, and a caulked riband of redwood 
| 3 ft. 6 in. wide is laid on all decks. For ascertaining the 
| temperatureof the insulated spaces, 108 thermometer tubes 
are fitted to the various compartments. For consumable 
stores a provision chamber and vegetable-room are fitted 
in No. 4 shelter tween deck, including ice-making tanks. 
The machinery, which has been constructed by Messrs. 
Richardsons, Westgarth and Co., Limited, Hartlepool, 
‘consists of twin-screw pe ey engines with 
cylinders 25 in., 414 in., and 70 in. in diameter with a 
48-in. stroke, with six large boilers working under forced 
_ draught at a pressure of Ib. per sq. in. 
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INDUSTRIAL NOTES. 


Srxce we wrote last week on the subject of the 
London dockers’ strike matters have developed rather 
rapidly, but not in the way altogether desired by the 
leaders of the men. The strike has practically collapsed, 
in spite of the very ‘‘tall talk” of the agitators about 
the national strike and similar inconveniences that 
would follow if they did not get their way. We 
pointed out last week that this was ‘‘ bluff” on their 
part and was a weapon they usually resorted to as a 
last and hopeless measure. There is little chance 
at present of a national strike of transport workers, 
for the men know quite well, if their leaders do not, 
that such would have no chance of success. In 
the first place, the unions have no funds to fall back 
upon, and therefure could not hold out for a suf- 
ficiently long time to give them any chance of 
success. In the second sy it seems that the men are 
getting tired of the strike. On Munday and Tuesday 
there was what may almost be called a rush of men 
back to work, and it was officially stated at the 
docks that there was no lack of labour. On Monday 
as many as forty vessels were being unloaded at 
the docks, whil in some cases vessels were actually 
being loaded. 

After having previously conferred at the offices of 
the Port of Londun, the employers and the Committee 
ot the Cabinet met on Monday at the Home Office 
in order to discuss the Government suggestion to form 
a Joint Conciliation Board, and to arrive at some 
decision as to their course of action. The masters did 
not favour the Government proposals, and no practical 
result was reached, the meeting being postponed 
till the next day. The strike leaders and the Govern- 
ment held a second conference on Tuesday, and 
the annual conference of the Transport Workers’ 
Federation also took place at Caxton Hall after the 
meeting. A report has been circulated by the men’s 
leaders that support is being received from railway- 
men in various parts of the country, and a meeting has 
been arranged with the executive of the Amalgamated 
Society of Railway Servants on the 8th inst. 

In the early part of the week there were more men 
asking for work at the docks than could be takenon. A 
number of men appear to have left the Dockers’ Union 
on the ground that they objected to the federation of the 
transport unions, being of the opinion that each union 
should settle its own disputes. Many men have turned 
up in response to the advertisement of certain ship- 
owners for ‘‘qualified men at the current rates per hour 
of the port, with a guaranteed minimum wage of 40s. a 
week.” The shipowners are standing very firm, and 
their position is a strong one, and will probably tend 
more to @ lasting peace than much Government 
interference. Members of Parliament have received 
from the Shipping Federation a statement of the 
shipowners’ case. In this the action of the officials 
of the Transport Workers’ Federation is complained 
of, for the masters declare that these officials have 
flagrantly broken agreements in the past, and, not 
satisfied with this, are now trying to force shipowners 
to make new agreements with them. The advisa- 
bility of applying for a mandamus to compel the Port 
of London Authority to adhere to their agreement to 
admit their dépét ship, Lady Jocelyn, to the Albert 
Dock, is being considered by the Shipping Federation. 
The men appear to wish to bring pressure on the 
Government to prevent them taking sides in the dis- 
pute. It is much to be hoped that the Government 
will not take sides, but will put forth all its power to 
prevent disorder and protect men willing to work— 
in other words, will perform its first office. The thing 
to be feared in the case of the present Government is 
that it will be biased in favour of the labour vote. 

On Tuesday the number of men at work at the 
docks had again increased, and it was not possible to 
entertain all the applications. The most difficult 
matter with regard to shortage of labour is nut in 
connection with the docks, but with the transport of 
cargoes by watermen, the lightermen being still on 
strike. S.parate conferences took place during the 
day ; these being between the representatives of the 
Government, the masters, and the men at the Home 
Office. The proposal of a Joint Conciliation Board 
is, however, still strongly opposed by the employers, 
who remain firm in the position they have taken up— 
that they will accept noscheme until the men on strike 
return to work, and, what is more, they will under no 
circumstances recognise the Federation ticket. This 
latter point the men have dro ped, but they ask for 
the establishment of the Joint rd, and declare that 
unless all the men are reinstated none of them will 
return to work. This was endorsed by the Council of 
the National Transport Workers’ Federation at their 
annual conference, held in London on Tuesday last ; 
and a resolution was also to the effect that, in 
the event of there being no immediate settlement on 
these terms, they would recommend all the affiliated 
Societies to declare a national strike. This, however, 


may safely be regarded as only more “bluff.” It was, 
however regarded by the men’s leaders as a great 
ultimatum to the Government, 


In the early part of 





the week disturbances took place at Tilbury Dock, 
but the police, who were reinforced, restored order, 
and some arrests were made. 

On Wednesday evening Mr. Lloyd George made the 
rather dramatic announcement in Fustienat that the 
Transport Workers’ Federation had to the 
monetary guarantees by both sides to ensure the keep- 
ing of agreements. hat the effect of this will be we 
cannot, at the time of going to press, say. If any- 
thing like permanent peace is to be assured, it seems 
a necessary that trade unions should be bound 
by something more substantial than their word, which, 
in connection with agreements, is not worth depend- 
ing on. We commended the principle of penalties 
for the non-fulfilment of agreements in leading articles 
on pages 367 and 831, vol. xc. In the meantime the 
men continue to return to work in large numbers. 





On Saturday last the committee appointed some 
time ago by the Parliamentary Committee of the Trade 
Union Congress to inquire into the question of amalga- 
mating all existing unions in the building trade pre- 
sen their report. From this it appears that the 
general feeling is in favour of amalgamation, twenty 
of the more important unions having assented. The 
committee consider that sectionalism in trade unions is 
a spent force, and that in the future large combinations 
of men, properly organised according to industries, will 
be the great power of labour. They want what they 
call a ‘‘fighting organisation,” which will ‘‘ reduce 
sectional strikes to the lowest possible margin con- 
sistent with the maintenance of an efficient engine of 
industrial warfare.” If carried out, the amalgamation 
will embrace a membership of 250,000. It is intended 
to hold a conference in London on the 2ist inst. to 
settle the final details. 





Mr. D. A. Thomas, chairman of the Cambrian Com- 
bine, has confessed that he does not consider co- - 
nership will benetit the miners, but for all that he is 
willing to give the system a fair trial, and the work- 
men will shortly have the opportunity of obtaining a 
strong financial interest in the Britannia pits, where 
the principles of co-partnership will be tried and the 
men can participate in the profits. It is intended to 
reserve shares for 10,000/., for which the workmen may 
subscribe. 





On Saturday last, under the presidency of Lord 
St. Aldwyn, the District Coal Board of South Wales 
and Monmouthshire met again, the wages of the 
timbermen being under consideration. The timber- 
men’s demands were for a standard wage of 5s. 4d. a 
day plus a fixed minimum of 50 per cent., bringing 
the total up to 8s. a day, and their demands were, it 
is said, supported from various parts of the coalfields. 
On the other side, the mineowners contended that the 
average wages paid in South Wales did not warrant 
such a minimum, the standard rate they offered being 
3s. 9d. a day, with the percentage of 35 allowed by the 
conciliation board agreement, representing a minimum 
daily wage of 5s. 0.75d. In order that Lord St. Aldwyn 
might obtain a more thorough knowledge of the con- 
ditions under which the men work, it was suggested 
that he should descend some of the pits, to which 
proposal his lordship agreed, and arrangements were 
accordingly made for him to descend the Aberaman 
pit on Tuesday, which programme was carried out. 





The recent application of the Scottish miners for an 
advance of wages of workmen employed underground 
came before an adjourned meeting of the Scottish Coal 
Trade Conciliation Board, held at Glasgow on Tuesday 
last. The demand is distinct from the question of the 
district minimum wage, and was put forward in 
accordance with the agreement of 1909, which expires 
on August 1] next, and withdrawal from which formal 
notice was given by the miners in January last. The 
adjustment of the miners’ wages in Scotland has, since 
1888, been carried on a basis of a minimum rate of 4s., 
which then prevailed, and the present minimum w 
of 6s. was conceded by agreement in 1909. What is now 
demanded is an additional advance, making the rate 
up to 7s. per day. Nothing definite was, however, 
settled at the meeting on Monday, as the ties 
failed to agree, and the matter was refe to a 
neutral chairman, another meeting being arranged for 
next week. 





On Saturday last the miners’ strike in Staffordshire 
extended, and at the beginning of this week over 1300 
men were idle. The trouble is due to the Wages 
Board award, which the men strongly resent. Some 
of the definitions of the award are not at all to their 
liking. 


At a meeting at Black Heath at the beginning of 
this week a resolution was passed that 6s. 6d. a day 
should be demanded for all coal-getters, including men 
engaged on the tonnage system ; 5s. 3d. for loaders ; 
1s. 10d. for boys of fourteen years, rising by half-yearly 
increases to 4s. 6d at the age of twenty-one ; and that 





beer, or its equivalent, should be provided. It was 
— to continue the strike until these concessions 
are made. 





The Northumberland Miners’ Association, at a 
meeting on Monday last, brought forward a resolution 
urging the withdrawal by the Association of its 
membership of the Miners’ Federation of Great Britain ; 
but the resolution was not carried, the voting being 
3 for and 57 against. Moreover, it was unanimously 
agreed to take steps through the Federation to secure 
@ minimum wage of not less than 5s. a day for all 
surface-workers. 





The monthly report of the Associated Ironmoulders 
of Scotland for June shows an increase in membership 
amounting to 1130, on account of the shops getting 
back to their normal state after the coal strike ; 
the working membership is returned at 6075. The 
report of trade is good, and the total membership was 
8137 on May 18, the latest date to which the report 
refers. The net income up to the same date was 
2849/. 14s. 8d., and the expenditure 1871/. 15s. 11d., 
a gain on the month’s transactions of 977/. 18s. 9d. 
This, added to the capital account, brought the funds 
up to 48,096/. ls. 5d. Part of the gain was from in- 
vestments, which amounted to 547/. 8s. 4d. The fol- 
lowing particulars relating to the Insurance Act are 
given in the report for the benefit of the members :— 
An approved society must have 5000members. Every 
workman under the Act must either join an approved 
society, or become what is called a post-office contri- 
butor. The total amount of benefit a workman can 
receive through the Post Office is less than through 
an approved society. All approved societies must pay 
the same we en Base mg No friendly society can 
pey unemployed benefit ; it will therefore be to the 

efit of the members to accept both sickness and 
unemployed benefit through the society. 





After lasting about five weeks, the London tailors’ 
strike terminated suddenly on Tuesday last. The 
matter was settled at a mass meeting of the London 
Society of Tailors and Tailoresses, held at the London 
Pavilion. There was a majority of 338 in favour of a 
return to work, the actual figures being 1100 for and 
762 against. 





Fatal riots occurred in the mining district of 
Oviedo, in Spain, on Monday last. It appears that 
the miners now on strike there attempted by force to 
stop work at the pits. Showers of stones were hurled 
at the Civil Guards by the strikers, and some shots 
were also fired at them. The Guards then opened 
fire, killing one person and wounding another. Fifteen 
thousand men are on strike, and soldiers have been 
drafted into the district. It is thought probable 
that a general strike will be declared throughout the 
province of Asturias. 





If reports are true, there seems to be some danger 
that early tourists this year to Norway and Sealbe 
may suffer some inconvenience if they take coastal 
trips, for a serious strike of engineers employed on 
board the Norwegian coasting steamers will begin to- 
morrow if the men’s demands are not granted. 
Notice has also been given by the seamen and stokers 
that they will cease work if they are not given higher 
wages. It is expected that the trouble will extend 
to the shipping trade generally. 


A strike broke out on Monday last at the Crittal 
Manufacturing Company’s works at Braintree, when 
all the men, numbering about 400, left work on 
account, it is said, of the new rules as to responsi- 
bility for tools, and owing to other alleged grievances 
caused by American methods of speeding up. 





It has been decided by most of the brewery com- 
panies in Burton to increase the wages of their un- 
skilled workmen, the advance in some cases to be at 
the rate of 3s. per week, and in others 2s. 








Roya. Society or Arts ALBERT MepAL.—The Albert 
Medal of the Society for the current year has been 
awarded by the Council, with the approval of the Presi- 
dent, H.R.H. the Duke of Connaught, to the Right 
Hon. Lord Strathcona and Mount Royal, G.0.M.G., 
G.C.V.0., LL.D., D.C.L., F.R.S., for his services in 
improving the railway communications, developing the 
resources, and promoting the commerce and industry of 
Canada and other parts of the British Empire. 





Tur Nortu-East Coast INstTiTuTION oF ENGINRERS 
AND SHIPBUILDERS.—At the general meeting of this In- 
stitution, held on the 31st ult., the ballot for the election 
of Council for the coming year resulted as follows :— 
President : Hon. Sir Charles Algernon Parsons, K.C.B., 
M.A., D.Sc., F.R.S. ; Vice-Presidents: Harald Raylton 
Dixon, Albert Ernest Doxford, M.A., Leslie Skinner, 
Robert Wallis, Wh.Sc.; Hon. Treasurer: Robert Hope 
Winstanley ; Ordinary Members of Council: A. B. Gowan, 
John Mitchell Moncrieff, M. Inst.C.E., J. R. Perritt, 
Vincent L. Raven, George Gerald Stoney, F.R.S. 
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GOVERNING STEAM-TURBINES. 
To THE Epitor or ENGINEERING. 

Sir,—Previous to supplementing my letter (re above) 
which was kindly published in your issue of May 24, may 
I correct one or two printer’s errors in that letter ? 
“ Plane” should be substituted for ‘‘ phase,” and ‘“‘ effec- 
tive” for “ effected,” in the last pa: ph. 

Since writing the letter referred to, I have had the | 
opportunity and the privilege, by the courtesy of mq 

onovel Governor Company, of becoming familiar with 
the Chorlton-Whitehead patent governor. It is a pretty | 
arrangement, but—and it may well to say it straight 
off—it does not satisfy the critic. The wordy war between | 
two rival manufacturers the outsider can be lenien 
with ; but, each of the belligerents, it is to be hoped, | 
will be equally lenient with the outsider, who cannot | 
possibly help being somewhat sceptical. There are, | 
we know, some peculiar and difficult problems, and | 
their solutions which we find beyond our mortal compre: | 
hension ; these we swallow, somehow, and without dis- 
section; there are other problems, however, with their 
insistent accompaniment of seemingly absurd explana- 
tions, which are directly opposed to our common-sense, 
not to mention training. It will be agreed to, I think, 
that not one who is familiar with the qualities of the 
Chorlton - Whitehead will dispute the makers’ claim 
‘for ‘relative’ great power (whatever that may mean), 
and without the friction which usually accompanies 
increased size, &c.”” Without doubt, Sir, it is a powerful 
perenne, but, while modestly submitting that it would not 
»@ a task of much difficulty to design half-a-dozen equally 
good in as many hours, I fail to find embodied in it the 
germ of success so precisely referred to in 4 letter of 
the 24th ult. Since the days of Watt similar claims 
have been made, and those who have closely followed 
the steam-engine governor, land and marme, could 
pe the precise and particular wording of such claims. 
f such claims can be substantiated, how is it, Sir, 


that we have not governors which effect the close| 4 


regulation so desirable and necessary, and that may 
relied on to take the whole of the care of the 
engine speed from Monday morning to Saturday noon? 
If the claims of those who have so loudly shouted the 
raises of their own rticular conceptions, and in an 
onest endeavour to dispose of their goods, have cata- 
logued and circularised prospective purchasers, can or 
could be really and faithfully substantiated, how is it, 
Sir, that there are hundreds of steam-engines in this 
country whose owners would pay, without stint, for an 
efficient controller, have some contraption fitted which 
is a governor only in name. Smartly got up, highly 
polished, and of commanding presence, but not a 
governor. A fair meed of praise, however, should be 
apportioned to some ingenious inventors in return for 
some excellent desi and had it so happened that the 
constructions had Coipeed as well as the inventors 
expected and intended they should, we should, years 
ago, have had a governor worthy of the name. But, Sir, 
in my opinion, such has not been the case, for, with due 
respect to the Chorlton-Whitehead idea, and others of 
equal value, nothing has yet been designed of signal 
merits by way of close regulation of steam-engines. 

To stretch a point, take shaft-governors; more to be 
desired than any other quality, for their easy adapta- 
bility for directly coupling up to the expansion valve. 
Have not the claims of such been shouted throughout the 
length and the breadth of the land’ But no engineer 
and no mechanic ever expected from these anything more 
than a compromise ; but the system was acquired and 
became, ina word, fashionable. Now it should be observed 
that shaft-governors, besides being only a cheap com- 
promise, faults peculiarly their own. Local 
wear and persistent sticking of pivots—variation from 
various causes of the strength of the springs—parts 
affected by intermittent lubrication, and for the want of 
it, are only a few of the faults referred to; and when 
improved (?) methods of pivoting have been acquired, and 
ball-bearings have been substituted for the usual plain 
hardened pins, some of the inherent faults have n 
thereby accentuated. The reason for this is clear, I 
think; for, from the constant oscillation below and 
above what may be designated as the normal plane, 
the hardened balls have cut their way into the adja- 
cent races, and at one particular spot, and to such 
an extent, that when the governor has been called 
upon to effect a certain -egulation in either direction, it 
has been found absolutely incapable of approaching it, 
the balls having been so embedded in the worn cavities 
of the ball-races that the governor had been robbed of 
whatever sensitiveness it might otherwise have 4 

Readers of ENGINEERING will remember the Higginson 
governor, which, I believe, has been attached to engines 
of the well-known Musgrave type. This was of unique 
design, and calculated to be able to effect the last word in 
governing. It was a step in the right direction, it was 
an indirect governing yy and a fairly ingenious 
contrivance. It depended uvon the well-known and oft- | 
acquired principle of varying the effect of the weight of 
the counterpoise, by allowing a body of mercury to flow | 
from one side of the centre of the muff fulcrum to the | 
opposite side, and with the consequent diminishing of the | 
effect of the central load or counterpoise. The mercury, | 
which wascaused to flow as thegovernor-weight rose, accen- | 
tuated the ascent, and thus effected a closer regulation | 
than would have been possible without such accessory. | 
Tt was reasoned thus—and rightly too, be it noted—that | 
though the counterpoise may have risen somewhat above | 
its normal plane (and it must not be forgotten that this 
is directly significant of an increase of s ), the counter- | 
poise, being made of less effective weight by the transfer- 





between the muff lever and the throttle-valve. So far, it 
appears, the idea appeared conspicuous for its soundness ; 
but, in my — and as a matter of known fact, it 
failed from the following causes :—It Sawer for its 
success upon a certain principle, or rather a type of 
mechanism, which assisted its desired functions in one 
direction, to its actual disadvantage when called upon to 
effect a certain object in a precisely opposite direction. 
Let us imagine that the engine to which such a type of 
governor has been uttached has a decrease of load. The 
governor-weight will rise, and the flow of mercury (as in- 
tended) will reduce the weight of the counterpoise, and will 
assist it to ascend higher than would have been the case 
without the assistance of the gravitation of the mercury 


|column. The result will be that the engine is brought 


down to normal. So farso good ; but the next expectation 
is somewhat oxical. The governor weight, assisted 
by its ally—the mercury—is still above its normal plane ; 
and now let work be put on the engine. It is necessary 
for the counterpoise to fall for the purpose of giving the 
engine more steam to cope with the extra load ; but the 
falling of the weight is now actually retarded, and hindered 
from fulfilling its proper function by the alteration of the 
level of the mercury-balance. 

The whole thing, Sir, in my opinion is a mechanical 
absurdity—a borrowing from one at high interest to pay 
the other. Having stated this example as much because 
its qualities were a step in the right direction, and were 
shouted far and near some years ago, may I say that had 
the ingenious inventor provided a means whereby he could, 
after the first rise of the counterpoise, have fixed the 
opening of the controlling-valve in a consistent i- 
tion, and then have caused a return to normal of 
the mercury balance, and with it the counterpoise, he 
would have been much nearer the desired goal. But the 
necessary differentiation could not be accomplished on 
those lines, and Mr. Knowles, with his ‘*supplementary 
governor,” tried another way, and which was a type, or, 
— a prototype of many subsequent ones, all now 


Among the class of governors known as the supplemen- 
tary class, none, I think, is so well known as that of Mr. 
Knowles. He undoubtedly, long before the writer’s time, 
was obsessed with the idea—a correct one—that no satis- 
factorily close regulation could be effected with a directly 
connected set of governor gears. He then made a com- 
promise with the salient and inherent difficulty by acquir- 
ing and applying a supplementary or auxiliary part by 
which to assist and accentuate the legitimate office of the 
main governor. He doubtless had a common-sense grasp 
of certain things connected with governors, which seem 
successfully to elude the comprehension of many others. 
He, in consequence, reasoned as follows :—Governors, of 
whatever kind, depend for their action upon a change of 
speed of the engine they are desired to regulate ; and with 
such governors, whether of the Watt or the Porter class, 
this change effects a greater centrifugal force until such 
force causes the active balls to distend, and eventually to 
become equal to the resistance. Whether such governors 
are loaded with a central counterpoise or not, they are 
not isochronous, each position that the weight assumes 
precisely corresponding to a certain speed of engine. It 
will be of interest to note just here that governors of the 
parabolic class have at times been brought out, with the 
object of supplying the ostensible n of absolute iso- 
chronism, and providing for the balls to distend in a 
parabolic path and travelling, as a result of a minute 
rise in speed, the full extent of their range. Theoretic- 
ally correct this appeared to be ; but, as is well known, 
it introduced worse evils than those it was intended it 


| should remedy—a constant over-running of the controlling- 


valve, suddenly cutting off steam, and then as suddenly 
opening ‘‘full out,” resulting in a hunting effect, producing 
a destructive action of engine parts of a far more serious 
nature than that resulting from a governor which 

no pretensions to isochronism. Now, supporting my con- 
tention that indirect action is absolutely imperative for 
governing purposes, Mr. Knowles saw the need of a 
governor gear which would settle ata fixed position for 
a specific load, and in which the ever-present variation 
of speed necessary to the working of the governor might 
be compensated for by a supplementary part, the prin- 
ciple being to shorten or lengthen a rod between the 
governor and the throttle-valve. This kind of thing he 
acquired for his governer; and even though one must 
admit that the theory was, in a sense, correct, the whole 
thing was as full of parodoxes as it is difficult to set forth 
and explain. And, beyond this, the attachments were 
complicated with wheels, ratchets, discs, and right-and- 
left-hand screws, and other mechanical elements, which, 
above all things, should be avoided in all governors 
worthy of thename. 

These two, Sir, are only referred to as cases where, like 
the two under discussion, strong claims have been made 
for close regulation. In the former the claims were not 
substantiated, and it remains to be seen whether the latter 
can be. From my premises it is, however, doubtful; but I 
am open to conviction, and if either of the claimants will 
appoint a time—at the end of July, say—when the writer 
will be allowed to visit an engine-room where such governor 
is attached, he will be only too glad to examine its working 
and the results reported. Until then, Sir, I am of opinion 
that neither the one nor the other comes up to the ideal 
of a governor. 

Yours truly, 
JosEPH T. TowLson. 

50, Newland-street, Silvertown, E., May 28, 1912. 





To Tue Epitor or ENGINEERING. 
Srr,—Replying to Mr. Chorlton’s letter in your issue 


ence of the mercury to the contrary side of the muff of the 24th ult., I am aware that the compensating 
fulcrum, it would act as a compensating attachment equal arrangement of the Whitehead governor is arranged to 
to an extension of the length of the connecting element | form part and parcel of the governor ; but, as a compen- 





sator, it can be put entirely out of action without inter. 
fering with the action of the governor proper. 

Put a ring or block under the compensating piston and 
another on top, thus blocking the compensating piston 
at or near its middle position ; then you have a spring. 
loaded pendulum governor pure and simple ; therefore 
the Whitehead governor must be a composite governor 
and speed-regulator, or call it a composite governor and 
compensator, if such a name is more acceptable. I do not 
see any virtue in the speed-regulator or compensator 
being made to form part and parcel of the governor ; in 
fact, in the particular combination in question, I con- 
sider it a pe inconvenience, because the compensator 
can only adjusted or regulated, put out of or into 
action, when the governor is stopped. The Lumb com- 
pensator may be accelerated, retarded, put out of or into 
action at will, while the engine and governor are running. 

How does Mr. Chorlton make out that I carefull; 
avoided what he said about the Lumb governor not being 
suitable for rapidly varying loads? I distinctly stated 
that it was ——— to all purposes for which a rotary 
or centrifugal governor may be used, also I mentioned 
one instance of very rapidly varying loads ; perhaps he 
had better read my letter again. In the matter of 
courage, Messrs. Lumb rely on the courage of their own 
convictions. They invariably give a written guarantee 
(before taking a job in hand) as to what degree of regu- 
arity they will give ; that is, after having inspected the 
engine (or turbine) to be governed and ascertained the 
conditions under which it is worked. 

With reference to Mr. Joseph T. Towlson’s letter, I 
believe the above portion of this letter, referring to the 
conditions of undertaking a job, make it unnecessary to 
enter into all the questions of doubt raised and opinions 
expressed in his letter. 

Mr. Towlson’s theory on which the functions, design, 
and construction of all governors ought to based, 
would certainly appear to embody nearly all the elements 
of finality on the question of governing, if he could so 
arrange his raechanism that each function would be per- 
formed as expected, and if the resultant behaviour of the 
engine came up to expectation ; but I think that, after a 
few years’ practice with present-day steam-engines and 
loads, he would alter his opinion as to there being no 
phases in governing, and that he would become quite 
reconciled to varying degrees of regularity under different 
circumstances. 

IT am, yours faithfully, 
For JAMES LuMB AND Sons, LimrTep. 


Levi Lumps, Director. 
Elland, Yorks, June 3, 1912. 








OIL-MIXED CONCRETE. 
To THE EpitTor OF ENGINEERING. 

Srr,—In the issue of your paper of the 31st ult., 
page 738, you have touched on a matter of considerable 
interest to engineers and architects dealing with rein- 
forced concrete—viz., the question of mixing oil with 
concrete. Little information is available, and what there 
is is incomplete ; but it would appear that when a thin 
wall or roof has to be waterproofed, there may be a 
considerable advantage in using oil up to 10 per cent. of 
the cement by weight, and also possibly a reduction, or 
elimination, of the contraction in air-set concrete. Against 
these possible advantages must be set the loss of adhesion 
between the concrete and steel reinforcement, and the 
lack of knowledge of the effect of mineral oil in concrete 
during the course of years. 

It is known that vegetable and animal oils have a 
deleterious effect on concrete immersed in them, but what 
evidence there is rather points to the fact that the same 
bad effect would not follow the use of a suitable oil mixed 
into theconcrete. Oil, if used, would have to be strictly 
undercontrol, not only as to the nature of the oil, but also 
the amount used. It appears to be necessary in order to 
obtain complete union between the oil, water, and con- 
stituents of the concrete to add the oil after the water has 
been mixed into the concrete. It is known that the 
setting time of oil-mixed concrete is prolonged, and that 
it apparently affects the tensile and compressive strength, 
and it may be also the modulus of elasticity. These and 
other points require elucidation. 

The Concrete Institute is about to take this matter into 
consideration, and as this Institute is closely connected 
with the reinforced-concrete training and research centres 
in London—viz., the London County Council School of 
Building at Brixton, and the Northern Polytechnic 
Institute, and also the leaders in the professional and 
commercial concrete world—sound information on this 
subject should be available in the near future. It is 
interesting to note that a patent has been granted in the 
United States for mixing oil with Portland cement con- 
crete and hydraulic cements giving an alkaline reaction. 

Yours faithfully, 
R. Granam Keevitt, A.M.I. Mech. E., M.C.I. 

June 3, 1912. 





WATER-SOFTENING PLANT AT MESSRS. 
ROWNTREE’S WORKS. 
To THE Epitor oF ENGINEERING. 

Srrn,—We were very interested to observe Messrs. 
Rowntree and Co’s supplementary notes regarding the 
working of the water-softening plant we supplied to their 
a and described on pages 660 to 662 of your issue of 

ay 17. 

Realising the extremely hard nature of the water, we 
had taken very complete measures in constructing this 
plant to secure thorough mixture of the reagent with the 
water, and ample time for reaction and precipitation, 
with the result—as the analyses made by the Vulcan 
Boiler and General Insurance Company quoted in the 
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article show—that the total incrusting constituents in the 
water were reduced from 51.38 to 3.88 grains per gallon ; 
and it is very interesting to learn that Messrs. Rowntree 
have been able, by the modifications described, to secure 
a slightly better result. 

We believe this is to be accounted for by the lime being 
ground by the rollers into an impalpable powder, which, 
with the water, forms a smooth cream. This arrange- 
ment necessarily increases the cost of construction—a 
difficulty with which we have to contend. It will have 
been obvious, on reference to the article in your issue of 
May 17, that this must already have been materially 
increased by the refinements mentioned, such as the use 
of dust-proof ball-bearings for all moving parts, the 
cellular construction of the wood-fibre strainer, and the 
elaborate arrangements made for thorough mixing ; and 
the additional cost of fitting a steel bottom and rollers to 
the mixing-mill would have still further increased our 
handicap. 

It is to be regretted that so many contracts are decided 
almost wholly on price. Had Messrs. Rowntree used this 
as the only criterion, instead of making a very thorough 
investigation, the possibility is that we might not have 
secured the order. 

We are pleased to see that Messrs. Rowntree and Co., 
with our apparatus in continuous operation, have been 
able to better the results found by the Vulcan Boiler and 
General Insurance Company in August, 1910, and 
November, 1911. Those having experience in such 
matters will know that this indicates a very high degree 
of efficiency in continuous working on a commercial scale. 

Yours faithfully, 
Tur PaTeRsON ENGINEEKING ComPaANy, LimrrEp, 
Wm. Paterson, Managing Director. 
Amberley House, Norfolk-street, Strand, 
London, W.C., June 4, 1912. 








CAM DIAGRAMS. 
To THE EpiTor oF ENGINEERING. 

Srr,—In the report in your issue for May 3, of the 
paper read before the Institution of Engineers and Ship- 
builders in Scotland, on Diesel engine design, I notice 
that Mr. D. M. Shannon’s cam diagrams show some 





portion of the cam abruptly terminates at the point where 
the tangential line enters the radial line round centre X, 
forming the top part of the cam, and thence to the tip of 
the cam the velocity falls nearly uniformly. 

This abrupt change has its counterpart in the accelera- 
tion curve, and is represen by the vertical line A B, 
where it is seen that there is an instantaneous change 
from an acceleration to a deceleration ; it is also seen that 
in fact there are no nicely graduated changes of velocity 
and acceleration as shown by Mr. Shannon’s diagrams, 
but that they are abrupt and sudden, as might reasonably 
be expected. 

Another important difference that will be noticed is 
that the acceleration, either when the cam-roller engages 
at the root where the tangential line touches the 
circle, or when engaging higher up, say, with ,'; in. 
clearance between roller and base circle, is aetually very 
little different, and the explanation of the noise which is 
experienced with the latter has to be sought in another 
direction. 

Actually the difference in noise is, as shown by diagram 
given here, when the roller engages at the correct junc- 
tion point of tangential line and base circle, that a pres- 
sure is applied suddenly between cam surface and roller, 
but there is no impact, as when a clearance is allowed. 

When a clearance is allowed, an amount of energy 
(represented by the double cross-hatched part of my 
diagram of acceleration) has to be imparted to the roller, 
in order to generate instantaneously the velocity with 
which the contact-point of the cam is imparting to the 
roller at that time, under the conditions of no slack 
between roller and cam, as seen atC D, in the form of a 
blow or impact. 

This difference between a suddenly-applied pressure 
and suddenly-imparted kinetic energy needs no further 
elaboration. 

In this connection, however, it is useful to remember 
that the areas of acceleration and deceleration in these 
diagrams are always — where movement is imparted 
» t » roller, and the roller brought to rest again without 
shock. 

In evidence of the unreliability of cam curves as usually 





obtained, we can compare Mr. Shannon’s diagrams, 
Figs. 16 and 17. The cams in these cases are almost 





























period ? and also what is the object of keeping the valve 
open after the ‘‘in centre” if, as shown by the diagram, 
there is no flow of gas? 

As we know that both early opening and late closing 
are beneficial, and that flow does take place both before 
and after the ‘‘ centres,” as evidenced by results shown on 
indicator cards taken in such cases, it would seem that 
curves of gas speed as given must need some modification 
before they can be usefully employed for the purpose 


for which they are given. 
Yours faithfully, 
V. red BaRFORD. 
St. Heliers, Wallace-road, Basingstoke, May 20, 1912. 





NAVAL ENGINEERS AND THE SELBORNE 
SCHEME OF TRAINING. 
To THe Eprror or ENGINEERING. 

Str,—Since the inception of the Selborne scheme, in so 
far as it affected the training of the future engineer 
officers for the Royal Navy, the provisions have on many 
occasions been criticised, and its shortcomings pointed 
out. The scheme has now n ten years in operation, 
and a brief review of matters, so far as they have pro- 
gressed, is perfectly justifiable, seeing that national issues 
are involved in its success or failure. 

It will be remembered that at the time—1902—it was 
pointed out that the scheme was fraught with danger to 
the Royal Navy, and the correspondence columns of 
many journals at that period showed with what hostility 
the novel arrangements were met. Time has justified 
that attitude on this matter, and in spite of all the 
optimistic hopes that were entertained for its success, 
evidences are visible that all is not well with the methods 
then adopted. 

Common entry of cadets was all right on its merits, for 
it ensured that all the future officers of the Royal Navy 
should start similarly, and without any kind of social 
handicap that might tend to mar the camaraderie that 
should exist in the ward-room. This assured, Keyham 
should either have been transferred to Osborne, or 
Osborne to the Engineering Coll Lads should have 
known at the starting-point of their careers what the 
were intended for, whether as engineers or as upper-dec 
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imaccuracies rather characteristic of the methods pre- 
sumably employed in drawing the curves, and in conse- 
quence lead the author to make some incorrect inferences. 

Having had cause to draw a large number of cam 
diagrams, I have noticed that successive diagrams of the 
same or similar types of cam would give entirely differ- 
ing results when drawn by the method of successive 
integration of the curves of displacement and velocity ; 
which led me to seek a method which was more reliable 
and susceptible of rapid use, without the necessity of 
extreme care or nicety of the tools employed. 

The diagrams which I submit herewith are drawn by 
such a method, and are, as will seen, very different 
from those given in the paper referred to; and I submit 
that these diagrams are more accurate and representative 
of what will actually take place with cams designed as 
shown in Figs. 13, 14, 15, 16, and 17 of the paper. 

It will be seen on reference to Figs. 1 and 2 herewith, 
which correspond to Fig. 16 of the paper, that the in- 





creasing velocity while the roller rises up the tangential 





alike as regards their opening faces, and one would expect 
their inertia diagrams to be similar (compare Fig. 16 with 
left side of Fig. 17). 

When drawn by a more accurate method, they bear 
striking resemblances (com my Fig. 2 acceleration 
curve with right-hand aie of Fig. 4, which is the 

i m referring to left-hand side of Fig. 3). 

As 4 matter of interest, I have also drawn the curves 
for the closing side of Mr. Shannon’s Fig. 17 cam ; the 
differences, as shown in my Fig. 4 (left-hand side) are in 
the same order as the differences found in the other 
examples. 

These errors will, unfortunately, vitiate to a certain 
extent the ensuing diagrams, Figs. 21 and 22. 

Leaving now the question of cams, and referring to 
another feature of Mr. Shannon’s paper, which is rather 
difficult to understand, one wonders why, in Figs. 23 
and 24, showing the effect on gas velocity of the sha 
of the cam, the gas velocity at the ‘‘ out centre” should 
be nil, although the valve been open a considerable 











officers. The ballot, or some? differentiation in the fees 
for training, might have partly overcome the difficulty, 
but not perhaps the whole of it; but what there should 
have been was a clear and distinct understanding that 
engineering, once adopted as a profession, would be the 
beginning and the ending of the selected ones’ ambitions. 
The phrase ‘“‘selec ones” is used advisedly, for the 
Admiralty might, by a careful and well-considered scheme, 
have created such an atmosphere around the profession 
of engineering that only the senior eg amongst 
the cadets could have got into it. The blue ribbons at 
Osborne should have been for the engineer cadets, thus 
making them the envy of their comrades. It is not yet 
too late for this to be done. 

It was well known at the time that a powerful per- 
sonality and a great driving force was behind the new 
scheme of training. That the possessor of this personality 
honestly believed in the success of the scheme was never 
for one moment doubted. The Selborne scheme received 
a respectable backing both from the lay and professional 
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public that was interested in naval matters. The public 
were told to wait and watch results. They have waited 
and watched, and what are the results? Ten years is a 
fairly long riod to wait before seeing at least something 
in the bud from the tree planted a decade ago. During 
this period the scheme has been considerably modified in 
some directions. The marine officer section of it has 
practically gone by the board, for the Admiralty is now 
asking for direct entries again. Yet how much easier 
this section of the scheme appeared to be than that of the 
making of a naval engineer. 

epee was abolished, for the new engineer officer 
was to get his training in the dockyards after reachin 
the rank of lieutenwnt. Keyham is to be re-opened, an 
thus are the prophets confounded. 

It will be 1914 before the first of the newly-trained 
officers reach the Navy List as fully-fledged engineers, 
and, so far as is known, there will not be more than three 
officers who have volunteered to become thus qualified. 
‘There were only sixteen Keyham-trained engineer officers 
(old style) who became engineer sub-lieutenants in the 
years 19U9 and 1910, and they were the last of the college- 
trained ong to come on to the Navy List. Thus 
there will be a lapse of four years in which it would 
appear that none, other than a mere handful of promoted 
artificer engineers, are enlisted to make good the wastage 
and allow for the expansion of the engineer officers’ 
ranks. During these four years sixty engineer officers 
should have been enrolled on the active list. This, by 
the way, is a moderate estimate, and one that many of 
our friends would double without compunction. As to 
what is being done, the enclosed cutting from a morning 
paper shows the straits in which the Admiralty find 
themselves :— 

* According to the Western Morning News, it has been 
decided as a temporary measure to suspend the regulation 
as to the length of service necessary to render naval 
officers eligible to specialise in engineering. As the first 
course to qualify for specialisation will commence in 
October, 1913, and at that date there will not be a suffi- 
cient number of lieutenants eligible by service, officers 
desirous of qualifying in engineering will for the present 
be somaierel for selection provided they have performed 
their six months’ training in the engine-room and have 
obtained their deck watch-keeping certificate. Lieu- 
tenants and sub-lieutenants who entered as naval cadets 
in September, 1903, and January, 1904, are now per- 
mitted to send in their applications to specialise in engi- 
neering with a view to aselection being made for the first 
course.” 

No, all is not well with the scheme ; or, in other words, 
all is not well with the Navy. That is the all-important 

int that the country has to consider. We must have 

ighly trained and skilled engineers for man-of-war 
duties and for general purposes of supervision in our 
fleets, and they are not forthcoming so far as can be seen. 
Quite recently, amongst other allurements placed in the 
path of the young sub-lieutenants to tempt them to take 
up engineering was that of placing all the submarines 
under the command of those who volunteer for engineer- 
ing duties. The bait is a tempting one we admit, for 
submarine work carries with it a high rate of pay, and 
offers many opportunities for young officers distinguishing 
themselves. 

But this is not how engineering should be begun; an 
appeal toa young man’s cupidity at an age when every 
guinea counts towards sensuous enjoyment may win 
recruits to a movement, but we doubt the ultimate results 
of such methods. In the meantime the Navy waits for 
its engineer officers ; of that there isno doubt. There ure 
abundant evidences that navel opinion is hardening 
against the scheme. In the pages of a service ny that 
has hitherto been one of the champions of the new 
methods of training engineering officers, it is noticeable 
that a change is taking place in editorial opinion. 
This paper, quoting from one of its correspondents, 
who is himself a clever specialist, and who at one time 
was in favour of the scheme, states:—‘‘I began by sup- 
porting the scheme, and I remain convinoed that the 
engineering difficulty has to be tackled.” The paper 
remarks :—‘‘ Despite this former attitude, our corre- 
spondent has come to believe it to be impossible to 
train officers efficiently both in deck and meager 
work. ... If he and others are right in holding that 
midshipmen are being taught too many subjects, and 
are failing to master any of them, it is to be hoped 
that these views wi'l be officially presented to the 
Admiralty.” 

Such evidence as the foregoing is symptomatic of a great 
change of opinion on this subject. It is on record, too, 
that the Parliamentary Secretary tothe Admiralty, during 
the recent debates in the House of Commons, stated that 
‘the present Board are not wedded to the scheme ; that 
those responsible for it are no longer at the Admiralty,” 
&c. This shows the open mind now obtaining. Another 
cpeneneens sign is that the present First Lord, with that 
thoroughness which has marked all his work at the Admi- 
ralty, has appointed a spevial Committee, with Admiral 
Custance as its chairman, to inquire into the whole ques- 
tion of training of cadets. This, of course, will embrace 
the engineering training. In fact, it is the subject that 
the Committee will inquire into. 

Itis undesirable here to prejudge the Committee’s find- 
ings, but with such an experienced and sagacious chairman 
as Admiral Custance is in naval matters, there is little 
doubt of the result, and that is, that your consistent atti- 
tude towards the subject of naval training will be justified 
and endorsed. There, for the moment, the matter must 
be left, but, committee or no committee, the Navy awaits 
its engineer officers, and someone must be stirred into 
finding them. 

Yours truly, 
NGINEER. 





‘*HIGH-CAPACITY RAILWAY WAGONS.” 
To THe Eprror or ENGINEERING. 

Sir,—The interesting results recorded on 687 of 
your issue of the 24th ult., of Mr. Kelway-Bamber’s 
investigation ae the influence of wheel diameter 
on tractive effort, are of great value. They emphasize the 
great disparity between the statical friction and the 
normal resistance to traction, even when the speed does 
not exceed 2 miles per hour. 

The operating force and the work done during the first 
10 ft. of travel are proportionate to the statical friction. 
The reaction is the sum of the mean resistance through 
10 ft. of space and the balance of the energy remaining 
in the wagon and the weights at the end of the period of 
acceleration. 

The following particulars result from an examination of 
the records obtained with the vehicles loaded to 30 tons 


gross weight :— 





Diameter of wheels = in. 34 37 CO 43 


Operating load ~ « 789 737 644 
Gross weight moved ou - 67,989 67,937 67,844 
Maximum velocity attained, 
ft. per sec. 1.89 tS 
Average acceleration per second, | 
ft. per sec. 0.189 0.140 0.111 
Force per ton producing acce- 
leration .. be we Ib. 13.14 10.20 7.72 
Ditto overcoming resistance _,, 13.16 14.21 13.75 
Gross work done .. ft.-Ib. 7890 7370 6440 
Energy in wagons and weights } 
when acceleration ceases ft. -lb. 3771 3121 | 2402 
Work done against resistance to 
traction .. me .. ft.-Ib.| 4119 4249 4038 
Resistance per ton.. ae Ib. 13.7 142 13.4 


No retardation is recorded during a period of 20 to 30 
seconds after acceleration ceases ; this fact suggests that 
the experiments may have been executed on a gently 
falling gradient, or with a following breeze of appreciable 
intensity. 

The resistance of vehicles having a wheel diameter of 
37 in., and gross weight and dimensions practically 
oye ee with those ps geig pe ange ng a - 

. per ton at a — of 21 miles per hour; bogie 
wagons with 33-in. wheels, and having a similar load per 
axle, indicate a reduction of 35 per cent. in the resist- 
ance, the bogies being of a type which may be expected 
to resist the working stresses without appreciable dis- 
tortion. ‘ 

The possibility of increasing the train-load by the use 
of vehicles of the latter type appears to merit further 
investigation. 

Yours faithfully, 
J. D. TwInBERRow. 





THE CORROSION OF BRONZE PROPELLER- 
BLADES. 
To THe Eprror or ENGINEERING. 

Srr,—-Mr. W. Ramsay’s article on page 687 seems to 
me of immense importance, since he has definitely proved 
what has previously only been more or less vaguely 
guessed at—viz., that vibration and stress are, in a great 
measure, the indirect cause of propeller corrosion. 

His classification of the areas usually corroded is very 
interesting. I believe, before the advent of turbines, the 
corrovion was chiefly at the back—i.e., forward side of 
propellers. Is it more frequently on the after side with 
the high speed of rotation now so common’ I do not 
remember to have seen the symmetrical arrangement of 
the two centres of corrosion ilustrated in type E. Their 
position irresistibly reminds me of the position of the 
two centres of pressure in an inclined plate moving 
throug’ water, but this is, no doubt, a mere coincidence. 

The corrosion when present on both front and back is, 
of course, not always symmetrically disposed. I think, 
Sir, you have from time to time given illustrations which 
show this, but I can only now refer to Figs. 11 and 12 on 
page 352 of your twenty-seventh volume, where the 
corrosion is near the leading edge on both front and back 
surfaces. 

I think, moreover, it is also almost certainly not 
symmetrical in the cases illustrated on pages 263, 264, 
and 265 of vol. Ixxxiii. 

In the latter case, Mr. William Burlingham said the 
“leaving” edges are those which suffered, and he found 
that where the blade was bent it was always bent aft— 
that is, ina direction opposing the thrust. In his Fig. 5 
there is all the appearance of the edges having been bent 
locally by striking some object when going astern, but 
Mr. Burlingham suggested a less obvious cause for this, 
which I find, however, somewhat difficult to accept. 

In view of Mr. Ramsay's discovery that vibration 
intensifies the corrosive action, it is interesting to see 
that an anonymous correspondent, in a letter dated 
November 8, 1888 (page 94 of your forty-seventh volume), 
concluded :— 

**1. That the destruction of propeller-blades is caused 
chiefly by vibration . .. . 

**2. That this disintegration can only be prevented by 
giving the blade sufficient cross-section to check the 
vibration. 

“*3. That the majority of blades of all ordinary shapes 
have sufficient cross-section at the root, but that many 
of them have not sufficient further up, especially near 
the tip. 

‘*4. That the combined cross-section of all the blades 
of a propeller at one-third from the tip should not be 
less than one square inch for every three indicated horse- 
power of the engines.”* 


¥ This seems to require modification 20 as to allow for 
the speed through the water, 





**6. That cast-iron blades, if of sufficient section (my 
italics), are equal in durability to blades of —, 
expensive materials, even when the latter are of equal 
section.” 

In an editorial (vol. cx., 252) the Engineer 
suggests that ‘‘the bending which almost certainly takes 
place may be a contributory cause.” 

I could quote other instances to show, as I have already 
said, that for a long time various engineers have surmised 
that the causes which Mr. Ramsay has now proved to 
amet corrosion might, perhaps, have something to do 
with it. 

The first propellers of the Mauretania were instances 
of corrosion of type “‘A.” The four blades were all badly 
corroded, the depth of the holes being as much as ? in, 
in some cases after running only three months.* In 
all cases this was noticeable, according to the Scientijic 
American (vol. cv., page 535), only on the after or 
driving face. The patches measured pe 10 in. by 4} in. 

Mr. W. Ramsay’s very neat experiment, illustrated in 
Fig. 9, gives him an ty of ascertaining whether 
the same electrical effect is produced by tensile as by 
compressive stresses. He has only to varnish the convex 
side of one strip and the concave side of the other, and 
to press them alternately. It might be necessary to bend 
them in opposite directions, so that the varnished surface 
is underneath in each case. I hope he will try this and 
report the result in your columns. 

Can Mr. Burgess or any other reader reconcile the 
results of the experiments on the influence of stress on 
corrosion made by the late Mr. Andrews with those of 
later experimenters ? 

Mr. Andrews found that iron or steel strained beyond 
the elastic limit was less liable to corrosion than the 
metal left in the unstrained condition (Minutes of the 
Proceedings of the Institution of Civil Engineers, 
vol. cxviil., page 356). Later experimenters, Messrs. 
Burgess and Dickens, for instance, found the reverse 
of this to be the case (ENGINEERING, vol. Ixxxviii., 


304). 
_ In Mr. Andrews’ case the strained specimens were cut 
in half and turned to the same size and shape ; as much 


be | of the strained part as possible being left on one piece 


and as little — on the other. They were then 
immersed in t water, so as to form two poles of a 
battery, and connected to a galvanometer. 
Messrs. Burgess and Dickens did not break their test- 
pieces, but stretched them till a definite contraction took 
lace. They were then turned to cylinders of the same 
iameter as the contracted ‘‘ neck.” Some were immersed 
in salt water, others in dilute hydrochloric acid. 
Yours faithfully, 
; : C. H. WinerFiErp. 
28, Victoria-street, Westminster, May 29, 1912. 








PERSONAL.—We have been requested to notify that 
Messrs W. Christie and Co., late of 50, Wellington- 
street, Glasgow, have removed their offices to 105, St. 
Vincent-street, Glasgow, their telephone number now 
being Central, 1066.—Mr. P. H. Symonds, who has been 
representing the steam side of the Brush Electrical 
Engineering Company, Limited, at their London office, 
will in future make his headquarters at Loughborough. 





Tue DirecTorsHip OF Navat ConstrucTion.—In the 
House of Commons, on Tuesday, Mr. Gretton asked the 
First Lord of the Admiralty if Sir William Smith had 
taken over the duties of Chief Constructor at the Admi- 
ralty, to which office it was announced in October last 
that he had been appointed ; if not, would he say who 
was now potemtag those duties, and when would Sir 
William Smith’s appointment become effective. Dr. 
Macnamara, who replied, said: The answer to the first 
part of the question 1s in the ones Sir Philip Watts 
1s still performing the duties of Director of Naval Con- 
struction, and future arrangements are under considera- 
tion. Mr. Gretton asked: Are we to understand that 
the nae of Sir William Smith is inoperative? 
Dr. Macnamara replied: I have said that future arrange- 
ments are under consideration. 





Count Arco’s Latest INvENTION.—As an inventor, 
Count Arco, who has already done much for modern 
wireless telegraphy, has recently made a further _impor- 
tant invention which is being taken up by the German 
Telefunken Company. This invention is a high-frequency 
machine for the direct production of electric waves for 
wireless telegraphy and telephony. The machine does 
not differ materially from the ordinary alternating-current 
machine, but it is capable of generating any desired out- 
put at frequencies from 15,000 to 120,000 cycles per 
second, and therefore of electric waves at lengths of from 
2500 to 20,000 metres, which are necessary for large wire- 
less stations. Count Arco’s machine is the. follower of 
the Goldschmidt high-frequency machine, invented about 
a year-and-a-half ago, but it is a simplification of that 
machine, as Count Arco did not consider that the Gold- 
schmidt machine would meet all his requirements. The 
new machine is simple and cheap, runs at a moderate 
speed, and will produce waves at as high a frequency as 
may be desired. The first machines have already been 
made, and their construction and action will be explained 
by Count Arco at the coming International Congress on 
ee Telegraphy, which meets during this month in 

ndon. 

* New propellers, made from Mr. Parsons’s special 
bronze, were free from corrosion after six months’ 
running. This was thought at the time to be due to its 
greatly superior resistance to erosion. It would be 
interesting to know whether the new blades were 
stiffer than the old ones, either in virtue of a stronger 
material or more generous scantlings, 
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OPTICAL LOAD-EXTENSION INDICATOR. 
Optical Load-Extension Indicator, together with some 
Diagrams Obtained therewith.* 

By Professor W. E. Datsy, City and Guilds 
Engineering College. 

(Communicated by Sir J. A. Ewine, K.C.B., F.R.S.) 

Tue object of this paper is to describe an instrument 
by means of which load-extension di ms of different 
materials may be obtained with precision, and to show 
some of the diagrams obtained therewith. 

The majority of machines for testing the strength of 


in series with the specimen, as indicated in Fig. 1, where 
W represents the weigh-bar and P represents the 
specimen. 

The load on the specimen is in this ment mea- 
sured by the extension of the weigh-bar suitably magnified. 
The cross-section of the weigh-bar must be so propor- 
tioned in relation to the cross-section of the specimen that 
the specimen breaks before the stress in the weigh-bar 
reaches the elastic limit of the material, in order that the 
straight-line law between the load and extension of the 
weigh-bar may not be sensibly departed from before the 
specimen breaks. This condition limits the extension 





| entirely eliminated by the use of a wear placed | the beam is eliminated by the use of a weigh-bar, as in 


Professor Kennedy and Professor Ashcroft’s instrument, 
but the magnification of the extension of the bar is done 
optically, and the diagram is obtained photagraphneely, 
thus eliminating pencil and other sources of friction. The 
extension is measured at the axis of the bar, which is 
bored out to take the necessary apparatus, thus elimi- 
nating errors due to unequal extension and bending. 
Description of the Instrwment.—The instrument (Figs. 2 
and 3) consists of (a) a weigh-bar W ; (5) the opti ay 
ratus for magnifying the extension of the weigh-bar ; 
(c) the optical apparatus for projecting the extension of the 
specimen on to the photographic plate, together with the 
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Fig.5 CENTRE LINE SKETCH OF 
"9" EXTENSION LINKAGE . 
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materials are fitted with apparatus for the purpose of 
obtaining automatically lent optenaien diagrams of the 
specimens tested. In a common form of the instrument 
the diagram is drawn by a pencil or tracing-point on a 
sheet of paper wrapped round a drum. e pencil is 
constrained so that it is only free to move in a direction 
parallel to the axis of the drum. The instrument can be 
attached to the frame of the machine, or to a support 
external to. the frame. The pencil receives a motion 
proportional to the extension of the specimen through 
the agency of a fine wire carried over guide-pulleys to 
clips fixed at a definite distance apart on the specimen, 
whilst simultaneously the drum receives an angular dis- 
placement. proportional to the load applied to the speci- 
men by means of a wire led over guide-pulleys and 
fastened to the jockey weight. 

The load-extension diagram obtained in this way is not 
strictly the load-extension diagram of the specimen under 
test, because the real load on the specimen is the load 
apparently applied by the jockey weight plus the effect 
of the inertia of the jockey weight and the beam. An 
rapid change of load on the specimen, as at the yield- 
point, 18 not truly recorded on the di m. There are 
other ways of making the apparatus, but the diagrams 
obtained are in general subject to errors due to the inertia 
of the beam or the parts of the recording , to errors 
due to friction and to stretching of the cord, and to errors 
due to relative movement between the instrument and 
the specimen, 

The inertia effect of the beam and jockey weight are 


* Paper read before the Royal Society on March 7. 























Fie. 7, 


mechanical apparatus connecting the mirror lever with 
the specimen ; (d) the illuminating apparatus; (e) the 
camera. ; 

| A special feature of the instrument is that the camera, 
| the optical aqpacin, and the illuminating apparatus are 


Fig. E PHOTOGRAPH OF LOAD CALIBRATION. 

















9 

attached to the weigh-bar, and have no contact with the 
é frame of the machine, or with any support external to the 
7 frame, so that the diagram is unaffected by any straining 
6 action in the frame itself, or by any relative movement 








8 | between the specimen and the frame. 
A diagrammatic arrangement of the instrument is 
shown in Figs. 4and 5. The ends of the weigh-bar 
| are screwed, and it is bored out to take the optical appa- 
ratus for magnifying the extension. 
A small concave mirror M is mounted on a frame carry- 
ing three hard-steel points. The line ming the points 
1 and 2 is the axis about which the mirror is free to turn. 
A light steel tube ¢, pointed at the lower end to rest in 
_ | the cone formed at the bottom of the bar, and coned at the 
of a weigh-bar of 10in. effective length to about ;#, in. | top to take the point 3 of the optical lever, is kept in 
The mechanical multiplication of the small extensions! position by the spring s, Fig. 4. 
of the weigh-bar to the extent required to show them, The extension of the weigh-bar tilts the mirror M 
to a sufficiently large scale presents difficulties. = | | through an 7 a/l, where x is the extension and / is 
An instrument in which this mechanical multiplication | the length of the arm of the optical lever. 
was successfully accomplished was, however, des: by| A beam of light starting from the source Z is reflected 
Sir Alexander Kennedy and the late Professor Ashcroft, | by the fixed mirror Q on to the mirror M, from which it 
and an account of it by Sir Alexander Kennedy, yan is reflected to the mirror N, and from N it is bronght to 
with some diagrams obtained, will be found in the discus- | a focus on the pho! phic plate F. The source of light 
sion of a paper in the Proceedings of the Institution of | Z and the focus at F are conjugate with respect to the 
Mechanical ineers, 1886, entitled ‘‘ Autographic Test-| mirror M. 
Recorders,” by Mr. J. H. Wicksteed. we It will be understood from this that the spot of light 
In the instrument de: igned by the author the inertia of | focussed on the plate moves horizontally across the plate 
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as the weigh-bar extends. In the actual eet the 
dimensions are such that the spot moves 340 times the 
actual extension of the bar, so that an extension of ;}, in. 
corres with a movement of the spot of 3.4 in. hori- 
zontally. This horizontal movement is proportional to 
the load actually applied to the specimen through the 
weigh-bar W. The mirror N is carried on an axis placed 
at right angles to the axis 1, 2, about which the mirror M 
turns. The axis of N is connected to the specimen P by 
a linkage which ensures that the angular movement of N 
is proportional to the extension of the specimen P between 
the gauge-points q and p The points of two steel screws 
p, p (Fig. 2), carried by a frame f, are forced into the 
specimen, and are held in place as the diameter of the 
specimen contracts by the spring of the frame /. 

A frame G is attached by similar pointed screws q, 9 
to the specimen at a parallel diameter 5 in. above the 
lower points, p, p, and the spring of the side-plates of 
the frame maintains the points of q, q in contact with 
the specimen as the diameter contrscts. This frame G 
is free to turn about the axis qq, and it does so until its 
vertical edge ee (Fig. 2) finds contact with the turned part 
of the lower screws, p, p, and contact is maintained b 
the weight of the frame itself. Thus the lower frame 7% 
carrying the pointed screws, p, p, is not directly con- 
nected with any other part; but the turned surfaces of 
the screws p, p near the point provide surfaces against 
which the vertical edges ee of the frame G rest. The 
frame G is provided to carry an axis H for the bell-crank 
lever L so that, as the specimen extends, the axis H 
remains at a fixed distance c from the centre line of the 
specimen. A bell-crank lever L is free to turn about the 
axis H. One arm rests on the pin p and follows it as 
the specimen extends, contact being maintained by the 
weight w above acting through the linkage, whilst the 
other arm is connected by a link K to the end of a hang- 
ing lever V which is free to turn about the axis v. This 
hanging lever V is so any to the displacement 
of its end r that the path of r is practically a straight 
line. The ——em, K therefore corrects the circular 
movement of the axis / to a linear movement of r propor- 
tional to the movement of the point of contact ¢, between 
the bell-crank and the pin p, which contact-point moves in 
a straight line without sensibleerror. The coupling-link K 
serves also another purpose—namely, to prevent the exten- 
sion of the part of the apparatus above the upper gauge- 

int q, q and the upper support of -the weigh-bar from 

ing recorded on the plate. The extension of the part 
above q, q has the effect of displacing the fulcrum H 
vertically by an amount equal to the elastic extension of 
the weigh-bar and the extension of about 1 in. of the 
specimen above the axisqq. This vertical displacement 
of H downwards one turns the link K about the axis, 
and produces no sensible horizontal movement of r, and 
therefore the vertical displacement of H is not recorded 
on the plate. The lever V is connected to an arm 
clamped on the mirror axis by the coupling-rod U, so that 
the angular displacement of the arm V is communicated 
to the arm on the mirror axis without sensible error. 

Contact at all points through the linkage is maintained 
by the weight w, which is carried by an arm clamped to 
the axis of the mirror, and it thus exerts a constant turn- 
ing moment on the arm and maintains a constant pressure 
at all points of the linkage down to the final point of 
contact between the arm of the bell-crank lever and the 
lower axis, pp, at ¢,. The linkage thus converts the 
vertical extension of the specimen between the po 
points, p, p and q, q into a proportional horizontal dis- 
placement of the point r without sensible error, and the 
consequent angular displacement of the hanging lever is 
communicated to the arm on the axis of the mirror M, 
suitably ch in magnitude so that the full range of 
the spot of light on the plate corresponds to the full 
extension of the specimen between the gauge-points. 
When the specimen breaks, the bottom frame f, with the 
screws p, p still gripping the specimen, drops away with 
the lower part of the ae. A stop limits the motion 
of the arm carrying the weight w. There is geometric 
contact at all the link joints. When the apparatus is set 
up and the spot of light is brought to some convenient 
zero on the ground-glass focussing-plate of the camera, the 
linkage may be disp in any way and the spot always 
comes back to the zero with a snap as the point of contact ¢, 
is made. This linkage has the valuable property that the 
movement of the spot of light can be accurately calibrated 
in situ. This is done by means of a calibrating step- 
gauge like a ladder with steel rungs set accurately at 4 in. 
apart. When the apparatus is set up, and an experi- 
ment is about to begin, the spot of light is brought toa 
convenient zero. The step-gauge is placed on one of the 
lower pins p, p and the frame G, and with it the bell- 
crank lever is drawn slightly away from the specimen 
and then replaced, but with the end of the bell-crank 
lever weating, mot on the pin p, but on a pin in the step- 
gauge 4 in. below it. The corresponding movement of the 
spot of light may then be observed directly on the focus- 
sing-plate, or if a photo reeord is to be taken, a slight 
movement of the jockey weixht on the beam produces a 
slight displacement of the spot at right angles to the 
extension axis of the record ; and thus, when the plate is 
developed, an index mark appears at a distance from the 
origin corresponding to a 4-in. movement of the point of 
contact ¢, in a vertical direction. The plate may be 
calibrated in this way at }-in. intervals, or even }-in. 
intervals, if desired. In practice, however, it is only 
necessary to obtain one, or at most two, such marks, 
because the movement of the spot is proportional to the 
extension of the specimen without sensible error, and a 
full scale can be constructed from the marks obtained in 
situ after the diagram is developed. 

Another convenient property of the linkage is the ease 
with which the scale of the diagram may be ch \ 
This will appear from a consideration of the dimensions 


Referri 
5, it will 1 oser ve 
spot of light is 6 in. 


of the linkage. to the centre-line diagram of 
the linkage in Fig. be observed that the maxi- 
mum range of the i The focussing | 
plane is about 12in. from the mirror N, hence a range 
of 6 in. corresponds with an —— movement of the 
mirror of a quarter of a radian. tx be the length N n | 
of the arm fixed to the mirror shaft, and let A be the 
horizontal displacement of its end, then the spot hae 
over its full range when 
(1) 


hix =} 
Let J be the extension of the specimen between the 
gauge points; c and d the lengths of the arm of the bell- 
crank lever ; ) the length of the hanging lever V, and | 
(a + x) the distance from the axis of V to the point at | 
which the coupling-rod is attached. Then | 
clot zy cy 42a 
c 


which by the aid of (1) gives 
d ‘--2 “ 

z=4ia/({ - £1), ° ° (3) 

from which the magnitude of x can be calculated in order | 
Fig -8.L0AD-EXTESION DIAGRAM OF MILD STEEL. 
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Ftg.9. _cyying TIMES AT WHICH SPOT PASSED 
VARIOUS POINTS IN A LOAD EXTENSION DIAGRAM OF MILD STEEL. 
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that an extension / between the gauge points may produce 
+ uaa of the spot of light over the whole range 
of 6 in. 

In the actual instrument 


a=S8Sin., b'=22.9in., c= 4in., d = 5.625in., 
so that 4 
= 428 (4) 
5.725— 1.406 / 





Let the total extension to be provided for be 2 in. 
Then, inserting 2 for / in (4), = 2.9 in.; that is to say, 
an extension of 2 in. will produce a movement of the spot | 
over the full range of 6 in. 

The arm and the hanging lever V, coupled by the 
rod U, are slotted, so that an adjustment of x can 
readily made without disturbing any other part of the 
apparatus. ’ 

exact adjustment of x is not necessary, because 
every diagram is calibrated for extension when the speci- 
men is in situ, and just before the load is applied to the 
specimen, in the way explained above. 


be | common | 





Method of Making a Test.— When the specimen is in place 
and the apparatus set up, the first step is to bring the 





spot of light to the point on the focussing-plate which is to | 


be the origin of the diagram. This can be easily and 


uickly done 3 means of the adjustment provided. 
en, after the plate has been inserted in place, the beam 
is balanced at a moderate load, usually about half a ton. 
The step-gauge is then inserted between the end of the 
bell-crank lever and the lower points p, p, and two or 
three lines drawn on the plate at known distances from 
the origin, in the way explained above. The beam js 
next carefully balanced at 1 ton, and when it is standing 
midway between the stops, and quite free from vibration, 
the hanging lever V is drawn back and replaced in order 
that the spot of light may move over the plate in a direc. 
tion parallel to the extension axis, and thus fix a line in 
the load scale corresponding to 1 ton. The load-scale, 
——— on 4 separate plate, is afterwards applied 
to the p mapa record, so that the lines marked 
1 ton on each coincide, in order to read off the load 
corresponding to any point on the diagram. 

After drawing the 1-ton line the lever is dropped to 
the lower stop, and the jockey weight is run out to 
12 tons. The load is then applied to the specimen hy 
starting the hydraulic ram connected with the straining 
cylinder, which is kept going until the specimen breaks, 

If the specimen requires more than 12 tons to break it, 
the beam lifts, and thus prevents the weigh-bar from 
pans = overstrained. In fact, the beam and the jockey 
weight may be regarded as a safety device, to show when 
the load applied by the straining cylinder exceeds the 
maximum load for which the weigh-bar is designed. 

The load-scale of the apparatus 1s shown by photograph, 
Fig. 6. It is obtained by connecting the weigh-bar to 
the bottom shackle of the machine, and then balancing 
the beam at a series of loads and at each load giving the 
mirror axis N a small angular displacement by hand. 
The instrument is shown in position in the testing- 
machine, with a specimen attached to the weigh-bar, and 
with the extension apparatus in place, in Fig. 7. 

Diagrams Obtat: with the Instrument.—A typical 
diagram for a piece of mild steel is shown in Fig. 8. The 
load at any is obtained by placing the load scale of 
Fig. 6 over the diagram, so that the 1-ton lines coincide. 
The extension scale is fixed by the 4-in. calibration marks 
obtained by the step gauge. 

It will be seen from the di m that the load rises to 
a maximum value of 6} tons, and then drops back to about 
5.4 tons. The metal then-draws out with small variations 
of load until, at an extension of 0.12in., the curve becomes 
smooth, and rises to the maximum load of 8 tons. After 
this the curve drops smoothly to the point at which 
fracture takes place. This point is well defined in the 
diagram, because at the instant of fracture the spot of 
light starts to move so rapidly that no impression is made 
on the plate. The time occupied in breaking the speci- 
men was 3 minutes approximately. The extension of the 
specimen measured 1.64 in. on a gauge-length of 5 in., 
with a reduction of area at the fracture of 64 per cent. 
= total extension scaled from the diagram is also 

.64 in. 

In order to get some idea of the time occupied by the 
successive characteristic phases of the break, a mild-stee! 
specimen turned from the bar from which the specimen 
whose load-extension diagram, shown in Fig. 8, was cut, 
was broken by steadily working the ram and thussteadily 
increasing the strain, and the spot of light was followed 
on the ground-glass focussing-plate with a pencil, and the 
times at which the spot arrived at different points on the 
curve were recorded means of a chronograph, the key 
of which was placed close to the machine so that it could 
be operated with one hand whilst the pvint could be 
marked ona plate with a pencil in the right hand. 

The total time of the break was increased to about 
6 mmutes in order to get a better idea of the relative 
time occupied in the parts of the curvé where the move- 
ment of the spot is most rapid. 

The general characteristics of the diagram as regards 
time are as follow :—The spot moved steadily from a to 
the point of maximum i b (Fig. 9) in 50 seconds, and 
then dropped to the point c in a time estimated at a 
quarter as second, and then moved ~~ * the irregular 
path from ¢ tod in about M4 seconds. hen the spot 
arrived at the pointe the rate at which the specimen was 
extended was increased to the same rate as that used in 
connection with the load-extension curve, shown in 
Fig. 8. The time at which the spot passes the point of 
maximum load is shown against thecurve in the diagram. 
To an observer the spot appears to move with uniform 
speed along the curve from ¢ to f, and then to quicken 
gradually towards the point of facture g. 

The sudden drop from the maximum elastic load 
carried by the specimen to an indefinite relation between 
the load and the extension and the subsequent definite 
relation —- the plastic yielding characterises all the 
diagrams which were taken of mild steel and iron, as wil! 
be seen in the diagrams shown in Fig. 11. With copper, 
however, there is no complicated relation at the yield- 
point. The passage from the elastic state to the plastic 
state is pretty sharply defined, as will be seen from Fig. 10, 
which is the load extension diagram of a piece of copper 
containing 0.295 per cent. of arsenic. 

Load-extension diagrams of a series of three steels 
containing increasing percentages of carbon have been 


| taken, and also a diagram from a piece of Farnley iron. 


ms are shown in Fig. 11 reduced to a 
scale and to a common extension scale for 


All the di 


purposes of comparison. 
The extreme points of the curves shown in the photo- 
graphs are well defined, and therefore the actual loads 


on the respective sections at the instant of fracture can 
be measured off the diagrams with accuracy. The stress 
calculated from the actual load and the fractured area 
measured from the broken bar is calculated for each of 
the specimens shown in Fig. 11, and it is plotted ver 
tically above the extreme point of each diagram. The 
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chain-dotted curve connecting these points with the 
respective regions of maximum stress is sketched ‘in 


roughly to indicate the form of the load-extension diagram | 


at the particular section at which fracture occurred. 
Thus, in the case of the uppermost curve the maximum 
load carried was 42 tons per sq. in., and the load on the 
fractured area was 61 tons per sq. in. : 

The three steels shown in Fig. 11 have approximately 
the same percentage composition as regards silicon, 
sulphur, phosphorus, and_ manganese, but have different 
percentages of carbon. With the exception of copper, 
the extensions were taken on a gauge length of 5 in. 
The copper specimen was gauged on 44 in. = 

These diagrams are shown in order to indicate the 
possibilities of the instrument. It is pro make 
a series of tests on ee ar pints of rr used =e 
industries, ticularly with the object of investigating 
the region Hamediatel beyond the elastic limit and the 
effect of suddenly applied loads and loads applied very 
gradually. Thecharacteristic of the method of applying the 
Joad in all the‘diagrams shown is that the rate at which 
the extension of the specimen increases is approximately 
constant, because the pressure is applied to the straining 
cylinder of the testing-machine by a ram driven in at a 
nearly constant rate. The rate at which the load oy 
is therefore variable, as will be understood from Fig. 9 
The scale of the extension can in the particular instru- 
ment descri uagnified conveniently about eight 
times, so that it is only suitable for investigations outside 
the true elastic region. The author hopes to communi- 
cate a paper shortly giving the description of a similar 
instrument for obtaining automatic diagrams within the 
elastic region. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. : 

WE give below Pow few colonial and noe 
engineering projects, further information con w 
— be need from the Commercial intelligence enh, 
Board of Trade, 73, Basinghall-street, E.C. 

British Columbia: The Imperial Trade Correspondent 
at Victoria, British Columbia (Mr. J. J. Shallcross) 
reports that the Canadian Northern Railway Company 
have purchased the Dominion charter for the construction 
of a railway from Victoria to the neighbourhood of the 
Seymour Narrows, and thence vii Bute Inlet and the 
Yellowhead Pass to Edmonton. The charter carries with 
it the Dominion subsidy of 6400 dols. (about 1315/.) per 
mile for 100 miles inland from Bute Inlet, and provides 
that at least 20 miles of railway must be constructed 
during the present year. It is thought that this line 
will be used by the Conetion Northern Railway in con- 
nection with the line they are now constructing on Van- 
couver Island ; the connection between the island and 
the mainland will —— be made by means of a bridge 
or bridges across the Seymour Narrows. : ; 

Italy: The Gazzetta of May 20 contains a notice 
to the effect that tenders will be opened on June 15, 
at the offices of the Ministero dei Lavori Pubblici 
(Contract Section), Rome, for the construction of a landing- 


stage and mooring-buoy, with accessories, in the harbour 
of = The upset price is put at 1,037,700 lire (about 
41,500/.). 





OxpeR FOR Desrroyers.—The British Admiralty 
have provisionally placed a further order with Messrs. 
Yarrow and Co. for two destroyers, to be fitted with 
Yarrow’s patent system of superheating. 





Tue HomELanD Guipes.—We have received from the 
Homeland Association, Limited, Chandos Chambers, 15, 
Bedford-street, Strand, W.C., a copy of their residential 
guide to Reading. This isthe first of a new series, which 
will deal with various provincial towns from a residential 
and industrial standpoint. It shows the particular advan- 
tages in these connections by Reading. It is 
issued at the price of 3d. net. The same association has 
sent us acopy of their guide to Westward Ho! in Devon, 
which is also issued at the price of 3d. net. It has a 
chapter on golf, illustrated by a plan, which is of special 
interest owing to the golf championships commencing at 
Westward Ho! on June 3. 





German Coat Detivertes.—The deliveries of com- 
bustible from the six principal German producing 
districts—the Ruhr, Upper Silesia, Lower Silesia, the 
Sarre, the Rhine (lignites) and Aix-la-Chapelle—in the 
first four months of this year were 45,780,480 tons, as 
compared with 40,434,240 tons in the correspondi 
period of 1911; showing the 1 increase of 5,346, 
tons, or 13.22 per cent. The deliveries from the Ruhr 
were 27,542,780 tons, as compared with 25,475,270 tons ; 
from Upper Silesia 10,820,700 tons, as com with 
8,565,560 tons; from Lower Silesia, 1,514, tons, as 
compared with 1,340,380 tons; and from the Sarre 
3,357,200 tons, as compared with 2,885,690 tons. 





Tue Junior InstITUTION or ENGINEERS.—In connection 
with this Institution a week-end visit to Sheffield is being 
urranged. The party will leave London for Baslow on 
Friday evening, June 21, and will visit Haddon Hall and 
other places of popular interest on the Saturday. On the 
Monday the party will leave Baslow for Sheffield, and 
will visit the works of Messrs. Firth and Sons, Limited, 
in the morning, and the works of Messrs. Cammel! Laird 
and Co., Limited, in the afternoon. In the evening the 


party will return to London. We understand that a 
movement is on foot to form a local section of the Institu- 
tion in Sheffield, and it is thought 

establishment of this section will Se 
visit above referred to. 


that probably the 
encouraged by the 





|De Dion Bouton (1907), 


. | driving. 
in red cloth covers, first deals with the general principles 1 


CATALOGUES. 

Locomotives.—From the Hannoversche Maschinenbau 
Actien Gesellechaft, formerly Georg LEgestorff, of 
eh Germany, = have received Stowe 
page pamphlet illustrating and giving particu re) 
various. goods locomotives recently built by the firm. 
The iculars are printed in the English, French, German, 
and Russian languages. 


Motor-Cars.—The latest peiention issued by Messrs. 

imited, of 10, Great Marl- 
borough-street, W., sets out numerous arguments in 
favour of the use of motor-cars by medical men. It 
reprints a large number of letters from doctors using De 
Dion cars, giving running costs and other information 
likely to be interesting and useful to members of the pro- 
fession for which the publication is intended. The letters, 
it may be mentioned, were not addressed to the firm, but 
appeared originally in a motor-car journal. In conclusion, 
n os aaa list of over 900 medical men 
owning Dion cars is given. 


Rope-Driving.—Mr. Thomas Hart, 12 and 14, Town 
Hall-street, Blackburn, has recently forwarded us a copy 
of the latest edition of his useful little book on rope- 
ivi The book, which contains about 80 pages, bound 
of rope driving and the design of drives. Later sections 
are devo to angular driving, working notes, and 
‘‘Lambeth” cotton ropes. In conclusion, a section on 
splicing ropes and placing them on the pulleys is given. 

his section contains full instructions for these o tions, 
printed in both English and French. Much of the matter 
in this edition has rewritten, and several new illus- 
trations have been added. 


Electric Tyre-Welding Machines.—We have received 
from British Insulated and Helsby Cables, Limited, of 
Prescot, Lancashire, a copy of their new ——— on 
electric tyre-welding machines. In these welders the ends 
of the secon winding of a static transformer, enclosed 
in the base of the machine, are connec to two vices 
which hold the ends of the tyre. The windings of the 
transformer are such that a very heavy current, at a low 
voltage, through the tyre when the primary cir- 
cuit of the transformer is completed, if the two ends of 
the tyre are brought into contact. By the passage of the 
current the metal is heated to a welding temperature at 
the joint. One of the vices is then moved towards the 
other by a screw and rachet lever, or by an hydraulic jack, 
the ends of the tyre thus being squeezed ther to form 
the weld. The pamphlet gives prices and brief particulars, 
with illustrations, of five machines, the smallest of which 
is capable of welding tyres with a maximum sectionalarea 
of 1.75 sq. in., while the largest can deal with tyres up to 
12 sq. in. inarea, In the latter machine the vices, which 
hold the tyre ends, are operated by hydraulic pressure, 
while in the smaller sizes screws are employed for this 
purpose. In all sizes the jaws of the vices can be easily 
altered to suit tyres of widely varying diameters. 


Steel Piling.—We have received from the Ransome- 
ver Mehr Machinery Company, of Caxton House, West- 
minster, S.W., a booklet relating to a new type of inter- 
locking steel piling for cofferdams, &c., they have recently 
introduced. The piling is of trough-section formed on 
one edge with a — y-closed groove, and on the other 
edge with a bulb-like ridge, which interlocks with the 
corresponding groove of the adjacent pile. It is stated that 
the piling is very easily driven and withdrawn, and that 
the joint is watertight without any puddle or caulking. 
The section is also stated to be lighter than others of equal 
strength. The piling can be used for enclosing irregular 
areas, the minimum diameter for circular construction 
being about 8 ft. It is supplied in single lengths up to 
60 ft.; the width between the joints is i4f in. For 
specially heavy sheet-piling work each unit may consist of 
two piles riveted together in such a manner that the two 
troughs enclose a space, the plan of which has the sha 
of an irregular hexagon. These double piles can, if de- 
sired, be used intermittently to strengthen the ordinary 
construction, or they may be used separately as bearing 
piles. Another type of pile for similar, but heavier, 
work is made up of two of the interlocking piles riveted 
to two ordinary channel-bars. We understand that a 
large number of piles of the latter type have been sup- 

lied for use in connection with the work at Rosyth naval 
— The booklet gives full particulars of the sections, 
and illustrates some examples of work in which the system 
has been adopted. 


Overhead Travelling Hoists.—The Brown Hoisting 
Machinery Company, of Cleveland, Ohio, U.S.A., have 
sent us a copy of their catalogue of overhead travelling 
hoists for lifting and transporting goods in factories, 
warehouses, &c. These hoists run on the lower flange of 
a steel joist, fixed to the ceiling in buildings, or carried 
by beams supported on columns out of doors. The cata- 
logue first deals with electrically-operated hoists, con- 
trolled by a man travelling with the trolley. They are 
shown fitted with a grab-bucket for handling coal, and 
also arranged for transporting cas’ pig iron, timber, 
and mi eous merchandise. articulars are also 

iven of plain four-wheeled trolleys, with steel - plate 
ae, for carrying mwey knew y on overhead runways. 
Among the ial points claimed for these trolleys, it is 
mentioned that the planes of the wheels are perpen- 
dicular to the flanges of the joist, that the load is equally 


be easily taken off the track, and, if necessary, adjusted 
to run ona oe joist. Geared trolleys of similar con- 
struction are listed. These are moved al 





the over- 
head track by pulling an endless chain, which turns a 
chain-wheel geared to two of the trolley running wheels. 


| Both plain and geared trolleys are listed, complete with 


also | added as they 


distributed on the four wheels, and that the trolleys can | h 





Yale and Towne triplex pulley-blocks. The catalogue 
also gives particulars of -cranes, jib-cranes, electric 
hoists controlled by cords from the floor, and various 
accessories for use in connection with overhead runways. 
Prices are stated and dimensions given for many of the 
appliances dealt with. 

Refrigerating Machi and Compressors. — Messrs. 
Seagers, Limited, of lord, Kent, have sent us a copy 
of their catalogue of OO, igerating and ice-making 
machinery. Each of the of the catalogue is, as far 
as possible, complete in i , and the covers are arranged 
so that any of the pages can be removed and new ones 
are issued. The catalogue first gives a 
—- description of the plant, dealing, among other 

etails, with the method of packing the piston-rod stuffing- 
box of the compressor. For this purpose two U leathers, 
facing in opposite directions, are employed. Oil at a 
pressure slightly exceeding that of the gas is forced into 
the space between the two leathers, so that any leak 
that takes place is of oil only. Metallic packing can 
used instead of the U leathers if desired. ie com- 
pressors are also fitted with a safety disc of thin copper 
which gives way, and so prevents any dangerously high 
pressures being reached, in case the plant should 
started without opening the valves. In the larger 
machines, the safety diso is used in series with a spring- 

ded valve, which closes as soon as the pressure is 
relieved, and so prevents any further waste of gas. 
General particulars are then given of plants for land and 
marine service, with capacities ranging from 4 cwt. to 
65 tons of ice in twenty-four hours. “frhese plants are 
arranged for direct-driving by steam-engines and electric 
motors, or for belt-driving. The catalogue also deals 
with two and three-stage steam-driven and belt-driven 
compressors for the compression and liquefaction of 
and also contains particulars of complete plants for the 
production and compression of carbonic acid gas. Fittin 
and accessories, such as steel gas-cylinders, brine-grids, 
thermometers, &c., are also listed. 


Reinforced - Concrete Bunkers. — Particulars of their 
patent suspended bins for wig J coal, coke, ashes, 
cement, sand, and other materials, have reached us in the 
form of a pamphlet from the Brown Hoisting Machinery 
Company, of Cleveland, Ohio, U.S.A. he bins are 
constructed of concrete reinforced with sheet steel bent 
into corrugations of dovetailshape. This of the struc- 
ture is supported on s' columns, which are connected 
at their upper ends by horizontal plate girders runni 

el to the length of the bunker. Steel straps, s 

roin 3 to 5 ft. apart and bent to form parabolic curves, 
are hung from these a the webs of which are in- 
clined at such an angle to the vertical that the ends of the 
straps meet them tially. The corrugated reinforce- 
ment is attached to the inside of the parabolic straps, but 
it is kept at a distance of about § in. away from them by 
means of wooden strips. The inner surface of the 
steel reinforcement is then plastered with fine concrete, 
the thickness of which depends upon the 5 and 
loading ; allowance is also made for wear. Afterwards 
a coating of Portland cement and sand, mixed with 
hair, is applied to the outer surface of the bin and 
thoroughly worked into the space left by the wooden 
strips between the steel straps and the reinforcement. 
The company claim that this method of construction 
gee’ a bin with the maximum storage capacit 
or @ given space occupied. It is also mentioned, 
among other advantages, that all important members are 
in tension, that no forms or centering are required for 
construction, and that the bins are self-cleaning and 
practically everlasting. The pamphlet illustrates, by re- 
roductions from drawings and Shetapeagie, numerous 
installations, mostly for storing coal in power stations. 
It also shows accessories such as chutes, valves, etc. 


Automatic Control Gear for Electric Motors.—Electric 
Control, Limited, of 177, Reid-street, Bridgeton, Glasgow, 
have issued a booklet containing descriptions of the more 
important applications of their ‘‘ Empire” automatic 
control- for electric motors on direct-current and 
alternating-current circuits. The booklet first describes 
a single solenoid controller for direct-current motors. In 
this apparatus, when the solenoid circuit is completed 
by a push-button, pedal-switch, or other device of this 
» a the iron plunger is drawn slowly upwards, its 
8 being regulated by a vacuum dab ook Four or 
six contact-levers, ogee to the lower pole-piece of 
the solenoid, are held off their respective contacts 
by a frame carried by the solenoid plunger, when the 
latter is in its lowest position. When the plunger rises 
the levers are successively released, and, being attracted 
by the flux from the solenoid, move on to their contacts, 
each one cutting out a of the resistance in the arma- 
ture circuit. en the circuit is broken the plunger 
falls, and all the lever contacts are opened so thes the 
device itself constitutes a no-voltage release ; the motor 


is protected against overload by a fuse or circuit-breaker. 
Controllers of this t¢ are suitable for motors up to 
75 horse-power at volts. For larger powers, con- 


trollers of the multiple-unit type are ae ta These 
controllers comprise a number of single-pole switches, 
with laminated copper contacts and magnetic blow-outa, 
operated by a master-controller. They are specially suit- 
able for rolling-millsand other heavy work. The booklet 
illustrates descri briefly similar apparatus for use 
with single-phase and polyphase motors, afterwards 
dealing with apparatus for the automatic control of pumps, 
draulic accumulators, air-compressors, capstans, te- 

planing-machines, rotary printing-presses, and lifts, 
Automatic speed-regulators and unloading devices, for 
use with pumps and air - compressors, are also dealt 
with. It is specially mentioned in the booklet that 
no sliding contacts are used in any of the apparatus 
described. 
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THE CHEMICAL AND MECHANICAL RE- 
LATIONS OF IRON, VANADIUM, AND 
CARBON.* 

By J. O. Annotp, D.Met., and A. A. Reap, M.Met. 
(Professors of Metallurgy in the Universities of Sheffield 
and Wales respectively). 

INTRODUCTORY. 

THE influence of vanadium on iron and steel was dis- 
covered by one of the authors in the steelworks of Sheffield 
Universit —° series of researches carried out from 
1899 to 1 experiments were made on ingots 
melted by the Huntsman crucible process, and in the 
acid open-hearth furnace. The results were not published 
in any journal, but were copyrighted at Stationers’ Hall. 
The influence of vanadium, per se, was not very marked 
on structural steel, but in the presence of chromium, 
nickel, and tungsten, the results were almost magical. 
On tool steel, per se, and with other elements, the results 
were startling. It was pointed out that as the carbide 
residue on dissolving the steel in dilute sulphuric acid 


to 2 percent. The results of numerous tensile tests, and 
the examination of the sections of the steels of thir 
series are descri The chemical formula for the 
vanadium carbide present in vanadium steels is stated to 
be V.C;, or V. Con. - a 

Kent’ Smith* describes his investigations on the 
properties of vanadium steels, and gives a summary of 
the effect of different quantities of vanadium on the 
static qualities of steel. i 

Giesent states that it is very difficult to judge correctly 
sections of vanadiam steels under the microscope, since 
even a low vanadium content is completely dissolved by 
ferrite, the solution becoming saturated when the vana- 
dium reaches 0.6 per cent. Above this quantity the 
vanadium unites with the pearlitic carbon to form a 
vanadium carbide, which comes into prominence as the 
vanadium in the steel increases. — 

Portevin,} working on steels containing 0.2 per cent. 
carbon, and from 0.6 to 0.7 per cent. vanadium, and also 
0.8 per cent. carbon, and from 0.25 to 10 per cent. 
vanadium, arranges the vanadium steels in_ three 


groups :— 





contained nearly all the vanadium, this element probably | 
existed in the form of a carbide, or double carbide; but | 
so far no systematic research has carried out to | 
determine the exact condition in which vanadium may | 
be present in steel. The present communication is a 
continuation of the work published by the authors in their 
pers on “The Chemical Relations of Car an 
ron.”+ ‘‘The Chemical and Mechanical Relations of 
Iron, Ma ese, and Carbon,” and ‘‘ The Chemical and 
Mechanical Relations of Iron, Chromium, and Carbon,”§ 
and contains an account of a number of experiments 
made to determine :— 

1. The cmgeninn of the carbides separated from a 
series of well-annealed steels containing various per- 
centages of vanadium, the percentage of carbon increasing 
with the percentage of vanadium. 

2. The mechanical properties of the alloys under static 
and alternating stress tests. 

3. The microscopical features of the alloys. 

Moissan,|| by heating together vanadic anhydride and 
sugar carbon in different proportions and at various tem- 
peratures in the electric furnace, prepared several samples 
of vanadium containing from 4.4 to 18.42 per cent. of 
carbon. 

Moissan also found that, if the heating be prolonged, a | 
crystalline and well-defined carbide, having the formula 
VC, is always obtained, which scratches quartz with ease, 
and is not attacked by hydrochloric or sulphuric acids. 

Nicolardot{] obtained the following double carbides of 
iron and vanadium ; from steels with 0.4 per cent. carbon, 
and 1.5 per cent. vanadium, Fe, C,38 (V;C,); from steels 
containing 0.8 per cent. carbon and 10 per cent. vanadium, 
Fe,0,60 Wice: and from ferro-vanadium with 9 per 
cent. carbon and 32 per cent. vanadium, Fe,C,74 (ve). 
He also states that the carbide of vanadium mes 
richer in carbon as the vanadium content of the alloy and 
the temperature of preparation is raised, and points out 
that this increasing amount of carbon found with the 
vanadium, as the temperature rises, confirms the results 
previously obtamed by Moissan. 

Guillet** hasexamined microscopical] 
vanadium steels as forged, and has also 
mechanical properties. 

The constitution, the effect of annealing, and the 

rties of the two series a vanadium 





two series of 
etermined their 











mechanical p f 
steels, are descri by him as follows :— 
Constitution. 
| 
Groups. | Microstructure. ae ae per | ome per 
| ited 
1 Pearlite Vanadium <0.7 | Vanadium<0.5 | 
2 a pee - <= Vanadium < ib < Vanadium <7 
3 Carbide Vanadium>7 | 


| Vanadium > 3 
wi 


Annealing as a general rule softens vanadium steels. | 
In the pearlitic steels which contain much carbide, the 
carbon is precipitated as graphite, but steels with the 
carbide show only a slight modification. 

Mechanical P ies. —Pearlitic steels have a tensile 
strength and an elastic limit which rise rapidly with the 
percentage of v ium ; the elongation and reduction of 
area slowly decrease, while still preserving relativel 
high values ; the brittleness does not increase ; the ate 
ness increases rapidly. 

Pearlitio and carbide steels have a tensile strength and 
an elastic limit which are lower in proportion as the 
percen of vanadium, and consequently the amount 
of the carbide increases ; the elongation and reduction of | 
area increase, but the resistance to shock diminishes | 


— . aii 
tools containing the carbide have high elongations and 
reductions of areas, but they are very brittle. 
Patil Putz}+ prepared a number of steels, with vana. | 
dium, increasing to 1.64 per cent,, and carbon increasing | 
a. - J | 





* Paper read before the lron and Steel Institute, 
May 9, 1912. 
+ Transactions of the Chemical Society, 1894, 788. | 

$ Journal of the Iron and Steel Institute, 1910, No. ) 
169, See also ENGINEERING, vol. Ixxxix., pages 605 


626. 
§ Ibid., 1911, No. I., page 249. 
|| “*The Electric Furnace,” 1904, page 169, ez seq. 
Le Vanadium, 1905, page 147. 
** Journal of, the Iron and Steel Institute, 1906, No. IT., 
page 13, and Htude Industrielle des Alliages Métalliques, 


344. 
se Metallurgic, 1906, page 651. 


q|comes to the followi 


lst Group. Pearlitic steels. 
2nd _,,  Pearlitic and double carbide steels. 
3rd ,, Double carbide steels. 


Hatfield,§ from his experiments on the influence of 

vanadium upon the physical properties of cast irons, 

t conclusions, amongst others— 

that silicon is partially prevented from crystallising with 

the carbide by vanadium, and ben the presence of 

much of the vanadium in the carbide, the carbide is 
rendered more stable. 


METHOD OF MANUFACTURE OF THE AUTHORS’ STEELS. 

The alloys were made by the coke crucible process in 
Sheffield white clay pots from Swedish bar iron, American 
washed iron, and 38 per cent. ferro-vanadium ; 0.05 per 
cent. of metallic aluminium was to each a few 
minutes before teeming. The ingots, 2? inches square, 
and each weighing 40 lb., were cogged and hammered 
into bars 14-in. round. The bars were heated to about 
950 deg. Cent. for six hours, and were allowed to cool 
during an additional twelve hours. 


CHEMICAL COMPOSITIONS OF AUTHORS’ SEBIES. 
The analyses of the steels were made on the last 


om from the carbide bars. The results are given in 


Table 











grey; and from Nos. 1309, 1310, and 1312, containing 
= 10.30, and 13.45 per cent. of vanadium, slate-grey in 
cojour. 

The analyses of the carbides were caxried out 
follows :—The ine boat containing the dried carbide 
was weighed. About one-half of the carbide was carefully 
removed and put on one side for the determination of 
iron and vanadium. The boat was again weighed, the 
carbide well mixed with pure manganese dioxide, and the 
carbon estimated by direct combustion. The remaining 
portion of the carbide was intimately mixed with sodium 


z 


as 





(sce) Percentage of Vanadium in Steel. 


carbonate and a small quantity of sodium peroxide ina 
platinum basin, and heated in a muffle furnace. When cold, 
the mass was repeatedly boiled with water and filtered. 
The vanadium in the filtrate was estimated by reducing with 
sulphurous acid and titrating with a standard solution of 
potassium permanganate. The residue on the filter 
paper was dissolved in hydrochloric acid and made up to 
a known volume. The iron was then estimated by the 
usual volumetric process, using a standard solution of 
potassium dichromate for the titration. The very small 




















Taste I. - “ : - : 
bnaceiesi ; eae: ay of vanadium found in the iron solution was 
oa fe “ etermined by the oe peroxide colour test. The 
D . . 
& 2 gs. 8 Bus $= 2 &.; | results are given in Table II. : ; 
a ss & gs gs % Ze A consideration of the results in the foregoing table 
S Er 3° $2 2.0 2o | & 3 ‘ZO =| indicates that in most cases practically the total amount 
3 a6 | 32) 38 8 £ sf | 38 2% | of carbon in the steel is obtained as carbide. The slightly 
4 ro) > R = = n < lower results are not due to any appreciable decomposi- 
1315 | 0.60 | 0.71 0.06 0.01 0.06 | tion of the carbide during the electrolytic run, but are 
1316 0.68 | 232 009 | 001 | 0.07 0.04 accounted for by a slight roughness of the bars which 
1309 «(0.93 | 5.84 0.21 0.02 O11 | fF or nder | prevented the last traces of carbide being obtained. _ 
1310 1.07 |10.30 0.32 | 0.03 O12 J under The results given in Table II. also show that vanadium 
1312, 110 |13.45 0.47 | 0.03 0,12 replaces iron in the carbide, even when the steel contains 
only such a small quantity as 0.71 per cent. of vanadium, 
Tasie ITI. 
i z ry |g od | E weaess ANALYSIS OF CARBON. THEORY. 
a ig 1 o| 4 [Slee Sq [zecez,| _—_ Corre, 
Sie .|z $\ es s £2| 22 (ee8<78 sponding 
3 isd 3 21 sf e g | 3 ie 3 2*= Carbon Iron Vana- vo the Carbon! Iron Vana- 
6 58 & ie] 33 g a2 3g Pe a3 2% per | per | dium per| Formula. per per dium per 
z\6° 2 | 5 a 5A = Zovso Cent. | Cent. Cent. Cent. Cent. Cent. 
| } hrs. | 
131f|0.60 0.71 | 0.5 [0.6to1.5 12 8.920 | 0.6753 95.77 7.61 83.71 8.68 ) 11 Fe. 0 + 
1315|0.60 0.71 0.5 (0.6,, 1.5 12 8.926 06847 | 96.98 7.66 | 82.69 | 3.66 VO } 7.57 | 88.24 9.19 
1315|0.60 0.71 | 0.5 jas » 1.5) 11 8.260 | 0.6154 92.71 7.49 83.27 | 9.24 J! “3 
1316/0.63, 2.32 |0.5 /0.7,, 1.2| 11 | 8054 | 0.4346 88.10 10.66 | 54.60 34.74 Dl oreo 4 |) 
1316/0.63' 2.32 / 0.5 /0.7,, 1.2) 11 8.053 | 0.4148 82.80 10.44 | 54.71 | B485 § | “ “yo. j10.00 | 66.00 34.00 
1316/0.63) 2.32 | 0.55/0.7,, 1.2) 10 | 7.630 | 0.4180 91.20 10.63 | 53.30 | 36.07 )| 43 
130: |0.93 5.84 /0.5 |0.8,, 1.3! 12 | 8.625 | 0.5066* 99.15 15.94 0.54 | 83.52 || 
1309)0.93 5.84 0.5 |0.8,, 1.3 12 | 8.612 | 0.4973* 98.19 15.94 0.47 | 83.59 
1309}0.98 5.84 /0.5 |0.8,, 1.3 12 | 8.313 | 0.4890 97.63 16.05 0.88 8812 |) yg, 15.00 $5.00 
1810/1.07, 10.30 0.5 |0.8,, 1.4 12 8.168 0.5952 96.76 15.03 | 1.04 83.98 i“ ae asl Pe 
1310} 1.07| 10.30 |0.5 |0.8,, 1.4 12 8.160 0.5732* 95.22 15.00 | 0.63 84.37 
181: /1.10/ 18.45 | 0.5 |0.8,, 1.6 12 8.308  0.6757* 99.78 14.12 | 0.82 , 85.06 || 
1312/1.10! 13.45 |0.5 |0.8,, 1.6 12 8.571 0.7267 99.06 13.76 | 1.27 | 84.97 


* These carbide residues were boiled for 1 hour with dilute sulphuric acid (1 of acid to 10 of water), then washed, treated, 
and dried in the usual way. 


DRTERMINATION OF THE CARBIDES. 

The method and treatment used for separating the 
carbides was the same as described in the authors’ last 

per already referred to,|| but with this modification, 
that the residues were dried at 100 deg. Cent. inacurrent 
of hydrogen, the tube being pumped out from time to 
time. The steels dissolved quite readily, and with each 
member of the series vanadium was found in the hydro- 
chloric acid solutions; but in most cases it was quite 
unnecessary to test for vanadium, as the electrolyte was 
distinctly blue to dark-blue in colour. 

The carbides obtained from Nos. 1315 and 1316, con- 


taining 0.71 and 2.32 per cent. of vanadium, were dark- | ¥, 





* Journal of the Society of Chemical Industry, 1906, 
291. 
Journal of the Iron and Steel Institute, Carnegie 
Scholarship Memoirs, vol. i., 1909, page 33. 
t Journal of the m and Steel Institute, Carnegie 
Scholarship Memeirs, vol. i., page 333. 
§ Journal of the Iron and Steel Institute, 1911, No. I, 
318. See also ENGINEERING, vol. xci., pages 651 


670. 
~ || Journal of the Iron and Steel Institute, 1911, No. I., 
| page 249. 


with the formation of a mechanical mixture of the car- 
bides of iron and vanadium corresponding to the formula 
ll Fe, C + V,C;. j 
As the vanadium in the steel increases, more vanadium 
is found in the carbide, and with the next member of 
the series, containing 2.32 per cent. of vanadium, the 
, carbide is represented by the formula 2 Fe;C + V4C;. | 
Coming to the remaining three steels of the series, 
with 5.84, 10.30, and 13.45 per cent. of vanadium, in each 
| case practically the whole of the iron bas been replaced 
| by vanadium, and most probably a definite carbide of 
| vanadium is obtained corresponding to the formula 
* 


4-3" ~ 
‘These results are shown more clearly in Figs. 1 and 2. 
It will also be noticed (Table II.) that it is possible to 
reduce still further this small quantity of iron found 
with the vanadium by digesting the carbide residues 
with hot dilute sulphuric acid. 


Turninc CHARACTERISTICS OF THE ALLOYS. 


The report of Mr. J. Harrison, Laboratory Engineer 
in the Metallurgical Department of Sheffield University, 








. It is theoretically possible that this may be a mixture 
of vanadium carbides, 
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onthe behaviour of the bars in the lathe is embodied in 
the following table, the word ‘‘tough” having reference to 


3 MECHANICAL PROPERTIES. 
The static results are embodied in the following table, 


the 


the capability of the material to curl off in spirals during | test-pieces being 2 in. parallel and 0.564 in. in diameter :-— 





Fic. 3. Microcrapxy No. 1. 


Carbon, moe cent.; vanadium, 0.71 per cent. 
agnified 189 diameters. 





Fie. 5. Microarapx No. 3. 


Carbon, 0.93 per cent.; vanadium, 5.84 per cent. 
Magn fied 180 diameters. 





Fig. 7. 


MicrocrapH No. 5. 


Carbon, 1.10 per cent.; vanadium, 13.45 per cent. Quenched 
from 1400 deg. C. Magnified 180 diameters. 


> turning operations :— 


| 


Steel No, 





_| 
; Carbon Vanadium 
‘ | per Cent. | per Cent. Turning Report. 
1315 0.60 a 7 
1316 0.63 | oa — | 
1309 0.93 5.84 » and slightly hard. 
1510 1.07 10 30 ” ” 
1312 1.10 13.45 » oo hard. 





Fie, 4. Muicrocrarn No. 2. 


Carbon, 0.63 per cent.; vanadium, 2.32 per cent. 
Magnified 180 diameters. 





Fic. 6. MuicrocrarH No. 4. 


Carbon, 1.10 per cent.; vanadium, 13.45 per cent. 
agnified 180 diameters. 


Fic. 8. Microerapx No. 6. 





Carbon, 1.10 per cent. ; vanadium, 18.45 per cent. Full field of 
lower area described under Micrograph No. 5. Magnified 











180 diameters. 
Table of Tensile Tests. 
Steel No. yield-Point. | Maximum | giongation |Renucuon 
tons per sq. in. tons persq.in. percent. per cent. 
1315 12 35.9 22.0 41.4 
1316 14 | 35.0 24.5 52.0 
1309 17 | 33.4 25.0 53.2 
1310 15 33.7 23.0 31.5 
1312 18 37.0 10,0 9.7 


Since 1309 contains 0.93 p.c. of carbon, its test result is remark 


able, 





ALTERNATING Stress TxstTs. 
? The dynamic tests obtained under standard conditions 
o the Arnold machine are tabulated as follows :— 
Table of Alternating Tests. 


Alternations Endured. 





Steel No 
i. ——— 
First Test, | Second Test. Mean. 

1815 126 112 119 
1316 162 220 191 
1309 144 126 185 
1310 94 144 119 
1312 ~ 22 15 





The poor dynamic properties of the series exemplify 
the evil influence of drastic annealing on vanadium steels. 
MicroGRAPHIC ANALYSIS. 

The microscopical examination of the steels leads the 
authors to announce provisionally the discovery of two 
new constituents: 1. Vanadium pearlite; 2. Vanadium 

cementite, V O03. 
1. Vanadium Pearlite. 

This constituent seems incapable of segregating into 
the laminated variety, and presents itself =r te the 
troostitic and sorbitic forms. Its saturation point seems 
considerably higher than that of iron pearlite, but this 
point requires further research. 


2. Vanadium Cementite. 


This constituent (a decomposition product of vanadium 
pearlite) is not nearly so mobile as Fe,C, and consequently 
segregates into relatively minute irregular masses very 
nuch smaller than massive iron cementite. 

The micrographic analysis has proved, almost beyond 
ioubt, that there is no double carbide of iron and vana- 
jium, since when Fe,C and V,C, are together in a 
well-annealed steel, the former has segregated as usual, 
whilst the latter has remained distributed in its pearlite 
in the troostitic or sorbitic form. 

Micrograph No. 1.—In this structure was found (a) a 
pale ground mass of slightly vanadiferous ferrite ; (b) a 
few areas of laminated iron pearlite; (c) the F of 
jecomposed laminated iron pearlite in the form of cell 
walls and i: ular masses; (d) dark etching troostitic 
vanadium pearlite ; (e) less-dark etching areas of sorbitic 
vanadium pearlite. This section contains 0.6 per cent. 
of carbon and 0.71 per cent. of vanadium (Fig. 3). 

Micrograph No. 2.—This steel presents a very confused 
itructure, in which vanadiferous ferrite and vanadium 
oearlite in both the troostitic and sorbitic forms have 

ted very imperfectly in spite of the twelve hours’ 
»oling. The ay 4 well-defined constituent is the iron 
sementite which has readily segregated in meshes and 
nasses, but is distinctly less in quantity then that in 
Micrograph No. 1. The steel represented in Micrograph 
No. 2 contains 0.63 per cent. carbon and 2.32 per cent. 
vanadium (Fig. 4). 

Micrograph No. 3.—This section consists largely of 
sorbitic vanadium pearlite, overlaid, however, by irregular 
neshes, apparently of vanadiferoug ferrite. In other 
words, the steel is not saturated. It contains 0.93 per 
»ent. carbon and 5.84 per cent. vanadium (Fig. 5). 

Micrograph No. 4.—This contains 1.10 per cent. carbon 
wnd 13.45 per cent. vanadium. It is almost identical in 
itructure with steel No. 1310, which contains 1.07 per 
ent. carbon and 10.30 
nass is vanadiferous 


r cent. vanadium. The ground 
errite, over which are scattered 


small ted irregular masses of vanadium cementite, 
VCs. Hac rticle is environed by a somewhat dark 
order of probably sorbitic vanadium pearlite, and small 


patches and st sof this constituent are also scattered 
wer the field. The mobility or segregative capacity of 
VC; obviously increases with the percentage of vanadium 
present in the ferrite (Fig. 6). 

In cenclusion, the authors have to tender their thanks 
to Mr. F. K. Knowles, B.Met., Senior Lecturer in Metal- 
lurgy at the University of Sheffield, for much valuable 
help im making the steel and mechanical tests; also to 
Mr. Duncan Maxfield, Associate in Metallurgy of Sheffield 
University, for the patience and accuracy of his work 
connected with the chemical branch of the research. 
Finally, the authors have to thank Mr. E. Colver Glauert, 
Research Assistant in the University of Sheffield, for his 
axquisite micrometric a ee of the four* typical 
micrographs illustrating this paper. t 

The authors hope at no distant date to report to the 
{nstitute on the chemical and mechanical relations of 
iron, carbon, and nickel. In view of a suggestion made at 
the last May meeting of the Institute by their friend, 
Dr. Stead, the authors wish to state that the absorption 
and recalescence curves of the steels dealt with in all 
their carbide researches will be included in a special 
paper as soon as possible after the unique recalescence 
laboratory now being fitted up for the Sheffield University 
by the Cambridge Scientific Instrument Company is 
available for work. 





APPENVILX. 
Important Note. 
Since writing this paper, the authors, during recales- 


* Two additional micrographs, presented by the authors 
at the meeting on reading the paper, are also reproduced 
in Figs. 7 and 8. 

+ The term “ sorbitic,” as used in this paper, has refer- 
ence to pearlite, in which the carbide, although in a fine 
state of division, is nevertheless within the range of 
microscopic vision. The term ‘‘ troostitic” has reference to 
pearlite, in which the carbide is in a state of division 80 
tine as to be beyond the range of microscopic vision, 
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cence observations, have provisionally to announce a dis- 
covery of far-reaching theoretical importance. 


Steel No. 1316.—Carbon, 0.63 per Cent. ; Vanadium, 
2.32 per Cent. 

Cooled from 1020 deg. Cent., this steel did not present 
the point Ar3. Ar2 appeared at 791 deg. Cent. and Arl 
at 70 deg. Cent. This latter point was very small for a 
0.43 per cent. carbon steel. 


Steel No. 1310.—Carbon, 1.07 per Cent. ; Vanadium, 
10.3 per Cent. 

Cooled from 1210deg. Cent., this steel failed to present 
the point Ar3. Ar2 presented the top owe at 830 deg. 
Cent. and the lower peak at 816 deg. Cent. Arl was 

uite absent. On heating the maximum absorption at 

c2 was at 826 deg. Cent. Acl was absent. 


QuENcHING EXPERIMENTS. 


Samples of steel No. 1310—carbon 1.07 per cent., vana- 
dium 10.3 per cent.—were fy aay quenched from the 
following temperatures :—850 deg. Cent., 1000 deg. Cent., 
and 1050 deg. Cent. All, after quenching, were quite 
soft to the file. The authors provisionally draw the 
following conclusions :— : : 

(a) That the point Ar 1, marking the formation of vana- 
dium pearlite from vanadium hardenite, must be between 
1200 deg. and 1400 deg. Cent. (the latter being about the 
solidification point of the steel). When quenched in 
water from about 1300 deg. Cent., steel No. 1310 was 
quite hard, stripping a new file. : 

(6) That although the steel be quenched in the beta 
range of temperature, it is still quite soft. 

(<) That the above conclusions, when fully confirmed, 
will form direct proof of the correctness of the views so 
long held by Professor Le Chatelier, Sir Robert Hadfield, 
Dr. MeWilliam, and the authors, that the hardening of 
steel is brought about by carbon in some form irrespec- 
tive of the range of temperature. __ ; 

Further experiments have resulted in the discovery of 
vanadium hardenite, which is formed near 1400 deg. Cent. 
It resembles iron hardenite, but seems as hard as topaz. 

The authors have to thank Mr. F. C. Thompson, 
B.Met., Demonstrator of Metallurgy in Sheffield Uni- 
versity, for his services in carrying out the foregoing 
experiments. 





Tue CANADIAN IRON AND Steet Inpustry.—The year] 
production of pig in Canada in the ten years ending wit 
1911 inclusive i been as follows :— 


Year. Tons. Year. Tons. 
1902 319,357 1907 581,146 
1903 265,418 1908 .. 563,672 
1904. -” 270,942 ee ss 677,090 
1904 .. “ 468,003 1910... 740,310 
1906 .. , 541,957 1911 824,345 





Tue GERMAN SHIPBUILDING InDUSTRY.—There appears 
to be an insufficiency of orders for the more important 
German shipbuilding firms. The prices are, on the whole, 
unsatisfactory, more vr, ama it would seem, for the 
passenger steamers. Orders for such are by no means 
numerous, whilst a number of yards have specially 
adapted themselves for this kind of work, so there is a 
lack of proportion between demand and the arrangements 
for supply. Large shipyards euered for the building 
of passenger steamers cannot with advantage confine 
themselves to the building of the much cheaper cargo- 
boats, and similar considerations apply to yards which 
have made warships a leading speciality. The number of 
these latter has increased, with the result of an unusually 
hard competition between them. 





Expansion IN CommerRcIAL Nicxen.—M. C. E. Guil- 
laume has examined a number of specimens of commercial 
nickel, of dates from 1891 to 1911, and has recorded his 
observations in the Comptes Rendus of 1912, vol. cliv. 
They show that the coefficient of thermal expansion in 
the specimens of modern metal is distinctly lower than 
that of the successive earlier ones. The average values of 
the first power term in the expression for the coefficient 
of expansion were found to be :—1891, 12695.10—-° ; 1895, 
12583.10—" ; 1896-7, 12546.10—-°; 1898-1900, 12539.10—-* ; 
1911, 12517.10—* ; a difference in the manufacture, during 
20 years, of 178 units, equal to 1.4 per cent. Unless an 
exactitude beyond 0.4 4 per metre is necessary, correction 
for temperature within a range of 20 deg. Cent. may (in 
the author’s opinion) be neglected when nickel standards 
of length are used. 





Our Ratts ABroap.—The exports of rails from the 
United Kingdom have been well maintained this year, but 
the progress made has been of no greatimportance. The 
aggregate exports to April 30 were 150, tons, as com- 
pared with 144,004 tons and 147,121 tons in the corre- 
sponding periods of 1911 and 1910 respectively. We sent 
13,897 tons of rails to Argentinain the first four months 


of this year, as compared with 22,345 tons and 34,743 
tons. 6 colonial demand was re ted by the fol- 
lowing shipments in the first. four months of the last three 
years :— 
Colonial Group. rz 1911. 1910. 
Tons, Tons. Tons. 
British South Africa .. 15,551 6,301 4,738 
British India .. ee 47,863 44,824 45,782 
Australasia oe 52,163 27,809 16,967 
Canada .. 228 722 2,487 


The falling-off in the demand for British railsin Argentina 
has been more than compensated for by a considerable 
increase in the shipments to Australia and New Zealand. 
It is satisfactory also to notice that there are indications 
of a continued recovery in South African railway de- 
velopment. 


THE CORROSION OF IRON AND THE 
PROTECTION OF STRUCTURAL IRON- 
WORK.* 

By L. Arcusourtt, F.I.C. 


Tue subject on which the author was invited to address you 
this evening is one of very great importance, and no little 
anxiety to engineers. It is a subject of considerable com- 
plexity, and one to which adequate Fe cannot be done 
in the short space of one lecture. He will therefore have 
to ask your indulgence if he has to treat it in a somewhat 
sketchy manner ; but he will endeavour to put before you 
some of the main facts which our present knowledge 
shows to be of importance. It is a subjecton which a vast 
amount of literature exists, and on which a great deal of 
work done; but it is within only quite recent 
years that the work done has been systematic, and very 
much still remains to be done. 

Iron and its alloys with carbon and some other elements 
which we call steel, is the most useful of all metals, on 
account of its great strength, abundance, and general 
adaptability for constructional work ; but, unfortunately, 
it is also one of the most perishable of metals under the 
atmospheric conditions which are normal in this and 
many other countries, and under water. It is easily 
attacked by nearly all acids, by alkalies under certain 
conditions, and by oxygen in presence of water, and yet 
if it can only be kept dry and in a clean atmosphere it will 
remain fe for centuries. Dry air, at the ordinary 
temperature, has remarkably little effect upon iron. 
Zumstein,t in August, 1820, fixed a polished-iron cross on 
the summit of Monte and on visiting the spot 
twelve months later found the iron quite free from rust, 
and with only a slight bronze-coloured tarnish upon the 
surface. At temperatures much above the normal oxygen, 
of course, readily attacks iron ; but for rusting to occur 
at the ordinary temperature, and at temperatures below 
and not much above the normal, the presence of water is 
essential. 

In damp situations, as we all know to our cost, iron and 
steel oxidise rapidly, becoming converted into the familiar 
red rust, and this process is hastened by the presence in 
the air of carbonic acid, nitric acid, sulphurous and sul- 
phuric acids from the combustion of and imperfectly 
purified coal-gas, such as the gas companies are allowed 
to sell us, chlorine and hydrochloric acid from chemical 
works, &c. These acid gases are not nearly so injurious 
in the absence of water as in its presence, and generally 
it may be stated that the eleaner and drier the air the 
longer will iron last in it. A remarkable instance of the 
preservation of unprotected iron in a by no means dry 
atmosphere is the celebrated iron pillar in the Mosque of 
Kutab, near Delhi, built —< iron blooms forged nearly 
3000 years ago, yet said to be so free from rust as to be 
merely tarnished u the surface. 

Pure water, free from oxygen and carbon dioxide, has 
so little action upon iron that if a clean strip of the metal 
be dropped into boiling distilled water in a clean Tan 
flask, well boiled with the water, and the flask sealed up 
while the water is boiling, the bright surface will remain 
untarnished for an indefinite period, though a few spots 
of rust may form here and there owing te local impurities 
in the metal. There seems to be no doubt that the iron 
dissolves to a very slight extent in the water, but whether 
it would dissolve in chemically pure water is still a 
doubtful point, owing to the extreme difficulty in obtain- 
ing water absolutely pure and free from every trace of 
carbon dioxide. ater vapour, oxygen, and carbon di- 
oxide, either singly or together, have no action upon iron 
or steel at ordinary temperatures, provided the water 
vapour is prevented from condensing upon the iron. 
Museum —- of iron or steel, such as broken test- 

ieces with their bright, fractured surfaces, can therefore 

preserved indefinitely free from rust, if the precaution 
be taken to maintain their temperature well above the 
dew-point of the air in the room or case containing them. 

It was formerly accepted without question among 
chemists that the rusting of iron commenced with an 
attack by carbonic acid or some other acid.t Water con- 
taining in solution carbonic acid first attacks the iron 
thus: Fe + — = FeCO, + Ho, forming ferrous car- 
bonate, which iesolves in the water, and hydrogen which 
escapes, or becomes oxidised by the oxygen in the 
water. The ferrous carbonate is immediately oxidised by 
the oxygen dissolved in the water, with formation of the 
red ferric hydroxide and liberation of the carbonic acid, 
which again attacks more iron. 4FeCO, + 6H,O + 
Og = 2 Fes (OH), + 4CO,. 
the whole of the metal is converted into a mass of 
rust. The rust which adheres to the iron forms a kind 
of porous plaster, which, by holding the water and 
carbonic acid in contact with the metal, accelerates the 
—- j 
In this connection it may be noted that the rust pro- 
duced under ordinary atmospheric conditions usually 
contains some carbonic acid. There is no doubt that 
this is the process which takes a very active part in the 
aerial rusting of iron, but within the last nine or ten 
years other theories have been proposed to account for 
the rusting. : $ 

About 1903, Whitney,§ an American investigator, pro- 
posed an electrolytic mF denying that the presence 
of an acid was essen maintaining that iron could 


* Paper read to the Derby Society of Engineers. 

+ British Association Reports, 1838, page 255. 

t Crace Calvert, Manchester Literary and Philosophi- 
cal Society’s Transactions, 1871, Crum Brown, Journal 
of the Iron and Steel Institute, 1 
ENGINEERING, vol. xlvi., pages 214 


This process continues until 








red | alkali be 


888 (2), 129. (See also 
and 244.) 





rust in the presence of oxygen and water alone. Whitney 
and his followers, Walker, Cushmann, and others, main- 
tain that the process is purely electrolytic, the water 
condensed on the surface of the iron, or in which the 
iron is immersed, being supposed to be dissociated to a 
small extent into free hydrogen and hydroxyl ions 
carrying 0 te electrical charges. A minute quantity 
of the metal iron is supposed to dissolve in the water, 
forming free ferrous ions, a proportionate number of 
hydrogen ions becoming de upon the surface of 
the metal and losing their electric charges. _ In the mean 
time, the ferrous hydroxide formed by the union of the 
ferrous ions in the water, and the hydroxyl ions becomes 
oxidised by the oxygen, and separates out of solution as red 
ferric hydroxide or rust. More metallic iron then goes 
into solution, and the process continues. The truth of this 
eleotrolytic theory depends upon the proof (1) that 
chemically pure water is capable of conducting a current, 
and (2) that pure iron can dissolve in chemically pure 
water. As the difficulties in the preparation of chemically 

ure water, free from the least trace of carbon dioxide, 
Lave hitherto proved insurmountable, the truth of the 
electrolytic theory still remains to be proved, and it is 
hotly disputed by the advocates of the rival theories. A 
very clear and able account of the electrolytic theory of 
corrosion is contained in a paper by Dr. W. H. Walker, 
read before the Iron and Steel Institute in 1909 (vol. i., 
page 69). It cannot be denied that ny hy action 
plays a very important part in corrosion, but that is quite 
another sm ae admitting the rationale of corrosion 
as explained by the electrolytic theory. 

A third theory was suggested by Dunstan,* Jowett, 
and Goulding a few years ago. Dunstan also believes 
that iron can rust in presence of oxygen and water 
alone without the intervention of any acid. He found 
that certain substances, which, when dissolved in water, 
prevent the formation of rust, also destroy or prevent the 
formation of hydrogen peroxide, and that, on the other 
hand, rusting readily occurs in the presence of other sub- 
stances which have no action upon hydrogen peroxide. 
He therefore concluded that hydrogen peroxide played 
an important t in the rusting of iron, although, 
curiously enough, he was never able to detect a trace of it 
in the water in which iron was rusting, though readil 
detected in the water in which certain other metals, suc 
as zinc and aluminium, were undergoing oxidation. 
Dunstan and Hill,+ in a more recent paper, claim to have 
detected traces of hydrogen peroxide in the case of iron. 
Fatal objections to this theory are, however, the facts 
that chemically pure hydrogen peroxide is entirely with- 
out action upon iron, t and that iron has been shown to 
rust easily in the presence of potassium iodide and certain 
other substances which decompose hydrogen peroxide. 


The most conclusive experiment proving that iron free” 


from more than traces of impurity will not rust when kept 
wetted with water containing oxygen, but quite free from 
carbonic acid is due to the ingenuity of Friend.§ A hollow 
cylindrical bulb of iron or mild steel, closed at one end, is 
fitted with a rubber stopper carrying two glass tubes, by 
means of which a current of paws pan. Be can be circulated 
through the bulb. The outer surface of the bulb having 
been brightly polished with emery-cloth, it is fixed in the 
upper part of a glass flask containing some fairly strong 
caustic potash solution. The air in the flask is reduced 
somewhat in pressure, and the flask is then hermetically 
sealed. By thoroughly shaking the caustic potash solution 
in the flask every trace of carbonic acid is removed from 
the walls of the flask, the surface of the steel, and the 
enclosed air. The potash solution is then heated nearly 
to boiling, whilst a current of cold water is caused to cir- 
culate through the bulb, causing water quite free from 
any trace of acid to condense upon the surface and u- 
ally wash off the potash solution. Under the conditions 
of this experiment the iron or steel, though wetted with 
water containing dissolved oxyen, remains bright and 
unrusted for an indefinite period, though an isolated spot 
of rust may form here and there owing to some local 
impurity in the metal. It had been objected|| that in this 
experiment the surface of the iron is rendered ‘“‘ passive” 
by the potash which is washed over it, and thereby pro- 
tected from rusting, but Friend] has shown that the so- 
called passive state of iron produced by the action of 
alkalis is not a true passive state, such as is produced by 
the action of strong nitric acid and some other acids, and 
which is believed to be due to the formation of a super- 
ficial protective film of oxide. The apparently passive 
state produced by ies is an effect due to the absorp- 
tion of the alkali by minute pores in the surface of the 
metal, and held there with considerable tenacity. If this 
) thoroughly washed out with distilled water, 
the passivity disappears, and Friend claims that it is 
thoroughly washed out under the conditions of his 
experiment. 

owever interesting it may be from an academic stand- 
point to settle the very vexed question whether the 
presence of an acid is, or is not, essential to the rusting 
of iron—and its interest is proved by the fact that for the 
last ten years it has been the subject of experiment by a 
host of investigators in this country, rmany, and 
America—the practical importance of the point is largely 
discounted by the fact that under natural conditions the 





* Transactions of the Chemical Society, vol. isaxvii. 
(1905), page 1543. 


+ Transactions of the Chemical Society, vol. xcix. 
(1911), Page 1835. 

t Moody, Transactions of the Chemical Society, 
vol. Ixxxix. (1906), 729 


whet Steel nstitute, Carnegie Research Memoirs, 
| Dunstan and Hill, loc. cit. 


ry a American Chemical Society, vol. xxv. | | Transactions of the Chemical Society, vol. ci. (1912), 


(1903), page 
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id is always there. j 
atmosphere, Cictinr in the form of rain or dew, besides 
being saturated with oxygen, contains in solution car- 
bonic acid, and to this must be added, in the neighbour- 
hood of towns where coal is burnt, and where chemieal 
works exist, stronger acids, such as sulphuric, hydro- 
chloric, and nitric acids. These acids commence the 
attack upon the iron, but it is the oxygen which converts 
the product into rust, and, by removing the dissolved iron 
from solution and liberating the acid for a fresh —-, is 

most potent agent in promoting corrosion. na 
ae mo by Langue it is shown that rain falling 
in a manufacturing district may contain as much as 
7.3 gr. of sulphuric anhydride and 8.1 gr. of chlorine 
existing as chloride in 1 on, and that the sulphur in 


chimney soot vo | range from 1,44 to 3.60 per cent., or, 
if expressed as sulphuric anhydride, from 3.60 to 8.59 per 
cent. Much of this exists as sulphuric acid. Iron rust 


formed in towns always contains sulphuric acid. Long- 
muir mentions a case where steel ingots containing as 
little as 0.02 per cent. of sulphur gave rust containing 
1.25 per cent. when allowed to rust in the open air. ‘ 
Sulphuric acid, formed by the combustion of coal in 
locomotives, is the active cause of the serious corrosion of 
rails which sometimes takes place in tunnels. In the rust 
from such rails in active service the author has found 
twelve times as much sulphur as could have been derived 
from the steel rail itself. He has calculated that in the 


case of a particular tunnel the steam from the locomotives | 
on condensing to water would form drops containing hed — 
whic! 


least 0.41 per cent. of sulphuric acid, which would 
highly corrosive to steel, and in the surface dirt scraped 
from newly-laid rails in this tunnel he found 3.33 per cent. 
of sulphuric acid soluble in water. A short length of 
rail, 4 ft. long, was placed in this tunnel in the 6-ft. 
space, clear of the ballast, on two wooden pegs in Feb- 
ruary, 1898. After remaining for 3} years exposed to the 
air and smoke-box gases it was removed for examination 
and analysis. ; 

The piece of rsil was corroded all over with rust and 
dirt, varying in thickness from about }; in. to } in., and 
com of two layers, an inner dense layer, about /; in. 
thick, of red and yellow oxide, and an outer soft black 
layer, thicker on one side of the ruil than the other, partly 
consisting of soot, but mixed with bright yellow basic 
sulphate of iron, containing 10.85 per cent. of combined 
sulphuric acid. Some of the rust was detached from the 
rail and submitted to analysis. Some drillings were also 
analysed, taken from the rail itself. The following results 
were obtained :— 


All water condensed from the | recommended by Gaines, are free drainage, by which the 


acid secretion is carried away, and, where this is im- 
practicable, mixing slaked lime with the soil to neutralise 
the acid which is formed. Cushmann found that the addi- 
tion of 5 per cent. of lime to boggy, sour land ex: 
a very marked protective influence on iron embedded 
in it. . 

As rusting is essentially a process of oxidation, and is 
dependent upon the oxygen dissolved i 
tions such as the superficial area of the water, the rate 
of flow of rivers, and the depth of immersion of the iron, 
have an important ing in connection with i 
structures such as the piers of bridges. As water obtains 
its oxygen from the atmosphere, it is well to remember 
that oxygen is much more soluble in water than nitrogen, 
and that the ratio of oxy to nitrogen in the gases 
dissolved in water is 1:2, whilst in air it is only 1:4. In 
still water, as in tanks, the rusting of iron can be checked 
by interposing between the surface of the water and the 
air some insulating material. rcoal, for instance, has 
a greater power of absorbing and in experiments 
made by Heyn and Bauer* it was found that the relative 
rate of corrosion of wrought iron in distilled water was 
reduced from 100 to 68 by suspending a block of charcoal 
in the water, and from 100 to 20 by covering the surface 
of the water with a layer of powdered charcoal. The 
depth of immersion influences the rate of corrosion in 
two ways—(1) by its effect on the dissolved oxygen ; and 
(2) by the difference in the intensity of light. Gases 
diffuse through water slowly ; consequently the oxygen 
the iron removes from the water in rusting is more 
rapidly renewed near the surface, and as rusting is 
promoted by light it goes on more rapidly the less deeply 
the iron is immersed. At the surface, where oxygen 
and light are in greatest abundance, and where also the 
temperature is highest, the corrosion is greatest, and the 
iron, if unprotected, may even be cut through at this 
point. 

Sea-water, as is well known, is much more corrosive to 
iron than fresh water. Adie, in 1845, found by experi- 
ment that wrought-iron wire immersed for 80 days in 
sea-water lost in weight 37 per cent. more than when 
immersed in f water under similar conditions. Yet 
oxygen is less soluble in sea-water than in fresh water. 
The greater corrosive action is due to the presence in sea- 
water of magnesium chloride—a very corrosive salt. Iron 
is, in fact, corroded by sea-water, even in absence of 
a=. Old iron guns and cannon-balls which have been 
dredged up from the bottom of the sea after many years 
submergence have frequently been found to have me 
more or less completely converted into soft masses of 


Analysis of Rail. Analysis of Rust. ferrous oxide. mixed with the bi as 

4 graphite and silicon from 
Per Cent. Per? Per Cent. | the cast iron they were le of. 

Carbon 0.275 Ferric oxide 78.73} For the preservation of iron or steel structures subject 
Silicon 0.070 Ferrous oxide 2.12|to atmospheric rusting several methods are available. 
Sulphur .. 0.048 Sulphuric anhy- Many years Barff, noticing the protection to rolled 
Phosphorus 0.044 dride ... ... 4.22 | iron afforded by ths mill-scale, proposed to form such a 
Manganese 1.114 Water, &. 14.93 | coating of scale upon the surface of iron or mild-steel 
Tron 98.56 articles by heating them to from 400 deg. to 600 deg. Fahr. 
—— ——— | in a current of superheated steam. Atthis temperature iron 
100.111 100.00 | decomposes steam thus :—3 Fe + 4 H,O =Fe,0, + 4 Ho, 
Per Cent. Ratio. | and wt penne film of the black magnetic oxide Fe,O, is 
Sulphur in rail, per 100,parte .. 0.048 1 | SPEMDeS Oa” apart from ite cnet, is the ‘readiness, with 
P Pe - which the oxide cracks and flakes off when the metal is 


61 


Thus the rust contained 61 times as much sulphur (exist- 
ing as combined sulphuric acid) as was contained in the 
rail from which it was formed. 

_ The rust attached to iron in active corrosion will some- 
times be found to be composed of layers which are red and 
yellow on the outside, and more or less dark-green or 
black inside, in contact with the iron. The outer layers, 
where the oxidation has proceeded farthest, are ferric 
hydroxide, the inner layers ferrous hydroxide. The 
presence of the two oxides is interesting, use it shows 
that iron in contact with the moist oxide, under con- 
ditions where it cannot readily obtain oxygen from the 
air or from water, will take it from the more highly 
oxygenated red oxide, with formation of the lower green 
oxide. This kind of action takes place at great depths 
under water, where the supply of oxygen is limited. 

When iron becomes converted into red rust, it has been 
estimated that the volume increases ten times. This 
enormous expansion has a very important bearing upon 
the instability of ferro-concrete when the embedded iron 
or steel is not absolutely protected from the possibility of 
corrosion. 

To the other causes which lead to the corrosion and 
destruction of ironwork must be added the action of 
bacteria. 
life-history the element sulphur plays an essential part. 
Some reduce oxidised sulphur compounds to sulphuretted 
hydrogen ; others oxidise the sulphuretted hydrogen and 
store up the sulphur ; others, again, further oxidise the 
sulphur to sulphuric acid, and produce an acid condition 
in the soil. In an interesting paper by Mr. R. H. Gainest 
mention is made of serious , an to the foundation 
structure of a bridge crossing Lake Hauser, in Montana, 
which is said to have been traced to the action of a 
bacterium, Gallionella ferruginea, which eliminates an 
acid secretion by which iron is dissolved, and then assimi- 
lates the iron, which ultimately becomes converted into 
ferric oxide in its cell walls. leony bacteria which feed 


rail... ae 


There are rpm kinds of bacteria in whose | Pro 
Pp 





hammered or bent, thus exposing the iron, and as iron is 
electropositive to the oxide, active corrrosion and pitting 
of the ex metal is promoted. 

The processes of tinning and galvanising are much 
more extensively employed. In the first process the iron 
is pickled in acids to remove rust and scale, washed to 
remove the acid, and through a layer of melted 
fat into a bath of molten tin, which adheres to the surface 
of the iron and forms a protective coating, if well done, 
and so long as it remains intact. But if there are any 
pin-holes or defective places in the tin coating, where the 
iron is exposed, the tin is the reverse of protective, as 
being, like the black oxide, electro-negative to iron, 
rusting is promoted. A much more effective process is 
that oi vanising, in which a coating of zinc is formed 
upon the iron. ere are at least three methods of 
galvanisi The first and oldest is similar to that 
employed in making tin-plate. This process, when well 
done, forms an alloy of iron and zinc upon the ‘surface of 
the metal, which is not only 0 good tection so long as 
it lasts, but which does not fail if there should be small 
holes in the coating, zinc being electro-positive to iron. 
The iron is therefore protected so long as the coating 

ts, and as zinc withstands ordinary atmospheric 
influences very well, the coating of oxide at first formed 
tecting the metal from further attack, well-galvanised 
iron and steel will often last a very considerable time. 
Cruikshank considers, however, that such structures 
should be painted over the zinc, and to prevent the paint 
from peeling off, he recommends treating the galvanised 
surface with a solution containing copper before the paint 
1s put on. 


ore modern processes of galvanising are the electro- | para 


lytic, in which zinc is deposited upon the iron by electro- 
lysis, and the interesting | nym known as Sherardising, 
in which the articles to be coated are rotated with zinc 
dust in a hollow drum heated to a temperature below 
the melting-point of zinc. Under these conditions, the 
vapour of zinc combines with and forms a coating of the 


upon iron in & similar way are known, and some of these | metal upon the iron surfaces. 


Cause great trouble in water-pipes, forming masses of the 
red oxide which eventually choke the pipes. The remedies 
for the external corrosion of eee 9 





:3 Journal of the Iron and Steel Institute, 1911 (1), 
ond 668)" 
and 003, 


' Journal Ind, and Eng. Chem., vol. ii., No. 4. 


(See also ENcIngERING, vol. xci., pages 648 


= thi and 
caused in this way, | tive influence does not last long under such coi 


| Hence, for water-pipes, cisterns, and es 


The weak point of galvanising is that zinc is a very 
easily corroded metal, it is easily soluble in weak acids, 
even decomposes in boiling water, so that its protec- 
itions. 
pecially steam 





| * Mitt. aus. dem. Kiéniglichen Materialpriifungsamt, 
Berlin, 26 (1908), 2. 








erted | not be used 


in water, considera- | plates. 


boiler-tubes, the protection afforded by galvanising is not 
likely to last long. The protection depends upon the 
thickness of the coating. It must also not be forgotten 
that zinc is a poisonous metal, and for that reason should 
or drinking-water tanks or service pipes 
— for waters which contain much chlorides. 

lectro-deposited coatings of other metals, such as copper 
and lead, arealso used for the protection of iron and steel 


For structures ee to the atmosphere, by far the 
most widely-adopted and convenient method of protec- 
tion isby painting. Paints for ironwork may be divided 
into two classes : (1) varnishes, containing no pigment, 
generally solutions of bitumen, coal-tar pitch, stearine 
pitch or wool pitch in tar oils ; and (2) true paints, com- 
posed of a finely-ground pigment suspended in a vehicle 
which is gene limeced oil. The number of such paints 
and varnishes is legion, and as each one, according to the 
statement of the vendor, is ‘‘ perfect,” they must all be 
equally good, and therefore Iam s the necessity of 
entering further into their individual merits and com- 
paring one with another. I think our time this evening 
may more usefully spent in discussing broadly the 
features of a good protective paint and the conditions 
essential for success. Of first importance is the prepara- 
tion of the iron for the priming coat. I am considering 
here new ironwork, and not work which hasalready been 
painted. The sooner the iron receives its priming coat 
the better, and the greater the eare and attention bestowed 
upon this priming coat the better will be the result for 


ever after. I think this is, perhaps, the reason why the 
stencil marks upon girders and such like are frequently 
cited as testimony to the value of white lead. ey are 


put on while the girder is new, even hot, and quite dry, 
and they can be still found underneath the subsequently 
applied paint when it flakes off or is scraped off for re- 
painting. The iron for the priming coat should be quite 
dry, preferably even warm, so as to ensure dryness, and 
free en every trace of rust. Some engineers allow the 
iron to rust in order to remove mill-scale, but it is safer to 
remove the mill-scale by sand-blasting or wire brushes 
rather than allow rusting to commence. Rusting involves 

itting, and unless the rust is scraped out of the pits 

lown to the bare metal—a difficult and expensive process 
—rusting will go on underneath the paint. In experiments 
conducted with a great many well-known paints and 
varnishes I have found nothing better for the primi 
coat than genuine red oxide of lead—‘‘red lead” —an 
genuine boiled linseed oil. The lead and oil should be 
ground together in a mill—not merely mixed by stirrin; 
—and should be of such consistency that when pain 
upon a vertical surface the paint will not run down. 

is, of course, means a fairly thick paint, and one that 

requires the expenditure of a liberal amount of ‘elbow 
grease” in itsapplication. For it needs to be well spread 
with a good brush, not merely daubed on, but well 
worked into the cornersand crevices, and not too thickly. 
I would employ the best workmen in putting on this 
priming coat, working under rigid inspection, and allow 
three or four days for the paint to thoroughly dry. The 
contractor’s men can then come along and put on the 
subsequent coats, which can be of any desired colour and 
almost anybody’s “‘anti-corrosive paint.” The priming 
coat should contain no drier—it is nét needed—and no 
turpentine or other spirit—nothing but genuine red lead 
and genuine boiled linseed oil.* 

The so-called “drying” of linseed oil is, of course, a 
misnomer. The oil does not dry in the sense that a 
water paint dries—by evaporation of water ; linseed oil 
dries by absorption of oxygen, which converts the fluid 
oil into a solid elastic skin of oxidised oil, and it is not 
desirable that any turpentine or other volatile spirit 
should be present which would evaporate and impoverish 
the skin. I am not a believer in tar varnishes for ex- 
= ironwork. They all tend to harden and become 

rittle ; at least this is my experience of such as I have 
tried. Neither have I yet found any oil to take the place 
of linseed oil. There are, of course, many other drying 
oils, and a very few, such as poppy and hempseed oils, 
can be used for painting, but at the present time suitable 
oils of this class are not available commercially, though 
they, no doubt, find their way into linseed oil as-adul- 
“"“Brory dry pains Gin is composed (1) of the pi 

ve ry paint film is com o © pigmentary 

aoatiain, and (2) of the oxidised oil varnish, aie cements 
the particles together and sticks them on to the surface 
which has been painted. It is important to remember 
that oil films are by no means impervious to gases or to 
water vapour. Many ingenious experiments have been 
made in order to measure the relative pompeatniy of 
dried oil films, by stretching them over bottles contain- 
ing hygroscopic substances, and noticing the relative 
increase of weight from time to time. It has been shown 
in this way, that under the conditions which usually 
apply in painting, genuine boiled linseed oil gives a film 
more impervious to water than any other oil tested, but 
that the addition to the boiled oil of 0.5 percent. of 
ffin wax reduces the permeability by one-half, without 
appreciably reducing the rate of oxidation or “‘ drying” 
of the paint. To show what this may mean in the pro- 
tection of iron-work from rusting, Friendt+ took three 
strips of pure iron foil, polished them, and coated one 
with a mixture of boiled linseed oil and tung oil, and the 
other with the same oil in which 0.5 per cent. of ffin 
wax had been dissolved. When the oil films dried, 
the three pieces of foil were pentet in tap water for 
thirty-one days and then cleaned, dried, and weighed. 
* Gaston Despierres recommends orange lead in pre- 
ference to red lead. It is lower in specific gravity and 
more finely divided. This is a point worth noting. 


+ Tron and Steel Institute, Carnegie Research Memoir, 
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Gramme. 
The unprotected plate had lost... “a 0.502 
The plate coated with oil... ‘ce ow ae 
The plate coated with oil and wax 0.089 


This is a point worthy of attention by engineers. 

Turning now to the pigmentary part of the paint film, 
R. Job, in a paper send | before the Franklin Institute in 
1 showed the importance of excessively fine grinding 
of pigment. he particles should be small, not 
exceeding one-thousandth of an inch in diameter, and of 
uniform size, in order that the film may be filled as com- 
pletely as possible with the pigment, and the particles 
packed together as closely as possible, leaving no free oil- 
spaces through which water can obtain access to the 
surface under the paint. You will see from these brief 
remarks how many factors enter into the successfu) pro- 
tection of iron and steel work by painting. I am afraid 
painting is frequently looked upon asa very simple process, 
and that the main —_— to be considered is to get it done 
as cheaply as possible. 

In p where water lodges, such as the bottom 
flanges of the girders of bridges, there is probably no 
better protective than Portland cement with which the 
hollow spaces can be filled, as recommended by Harriott,* 
but if used as a wash, Portland cement lacks adhesive 
power, and flakes off. In damp situations, therefore, 
such as the undersides of railway bridges, protection by 
painting becomes more difficult, and it is especially in 
_ such places that a good priming coat on the new material 

will repay all the trouble spent over it. 

In a recent number of the Zestschrift fiir Electrochemie 
an account is published of some experiments by two 
German investigators, Leibreich and Spitzer, leading to 
the remarkable conclusion that, other things being equal, 
a single coat of paint affords better protection t two 
coats, and that an increase of the number of coats accele- 
rates the corrosion of the painted iron surface. No satis- 
factory explanation has been suggested of this remarkable 
fact. It will no doubt be put to the test of practice, as 
the prospect of being able to save money, and at the same 
time improve the value of the work, is too good to be 


neglected. 

One of the most successful methods for the preserva- 
tion of und und iron was patented many years 
by the late Dr. Angus Smith. In this process, as de- 
scribed by the author in his specification, coal-tar is 
boiled until all the water, the ammoniacal liquor, and 
the lighter oils are expelled, and the pre tar is 
applied to the cast iron fresh from the mould, The pro- 
cess was invented for the ore of water-pipes. 
The pipes are taken immediately they have been cast, 
before they have had an opportunity of rusting or 
acquiring any moisture, and after fettling they are put 
into a stove and brought to a temperature of 300 deg. 
Fahr. They are then lowered in a perpendicular position 
into the prepared tar heated to the same temperature, and 
left there for a sufficient time for the hot and fluid tar to 
thoroughly soak into the pores of the metal, then lifted 
out and allowed to drain. This process is carried out at 
all the large iron works in this neighbourhood where pipe- 
making is carried on. If om ag done, the coating on 
the pipes, when cold, is tough, and not brittle or soft 
enough to be seriously damaged in the handling of the 
pipes. They should be laid in the ground soon after treat- 
ment, and not stacked for any length of time, as the action 
of the sun and air tends to make the coating become 
brittle and shell off. At one works where I saw the pro- 
cess carried out, the hot pipes, after lifting out of the tar- 
tanks, were rolled down a gantry, which made a spiral 
mark through the coating, exposing the iron, which 
rusted along the spiral groove. Like many excellent 
and simple processes, this has suffered at the hands of 
improvers, and one finds lime and other — added to 
the tar. I believe Dr. Smith does mention the addition 
of linseed oil to the tar in his specification, but I have 
never a — nor ay ee Eo : if the 
tar is an perly pre ; and he does not 
mention lime. One. also finds the term “Dr. An 
Smith’s Solution” in engineering specifications, t 
Angus Smith suggested no solution, and the use of tar 
varnish laid on with a brush was not his at all, 
nor is it 80 good a protection for the iron obtainable by any 


such means. 
(To be contsnued.) 





Messrs. Gro. Rickarps AND Co., Limrrep, Broap- 
HEATH, NEAR MANCKESTER.—We understand that this 
well-known firm, which has been established more than 
thirty years, are now erecting new works adjoining 
their present ones, on a site containing ten acres of 
land. They will comprise a machine and erecting shop 
260 ft. wide and 250 ft. long, having one centre bay, 
50 ft. wide and 60 ft. high; two bays 40 ft. wide, two 
bays 25 ft. wide, and four bays 20 ft. wide, two of 
these last being two mony high. The building will 
be capable of extension to double the length named. It 
will equipped in the most modern way, and will 
possess every facility for the production of the firm’s 
manufactures, due regard also being paid to those condi- 
tions for convenience and health of the 
employees. It is intended to ventilate and heat the 
bu pe 4 means of the most modern plant, and the 
lighting be done electrically. Jib, hand, and electri- 

y-driven cranes will be installed tolift pieces weighi 
up to 30 tons, and railway tracks will be faid down bo 
inside and around the works for the rapid and easy 
handling of all goods. Upon the completion of the above 
works the erection of a new foundry, 130 ft. wide by 
250 ft. long, is, we understand, to be commenced. 


* Proceedings of the Institution of Civil Engineers, 
vol. clxii. (1905), 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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(2853) MARCH. 


In the accompanying 


APRIL. 


MAY. 


c diagrams each vertical line represents a market day, and each horizontal line 
represents ls. in the case of tin-plates, hematite, Seotch 


and Cleveland iron, and LI. in all other cases. 


The price of quicksilver is per bottle, the contents of which vary in ~~ 70 Ib. to801b. The metal 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


in-plates are per box of I.C. cokes. 





THE LATE Prorgessor H. F. Weser.—We regret to 
record the death of Professor H. F. Weber, director of the 
Physico-Electrical Institute of the Eidgendssische Tech- 
nische Hochschule at Ziirich, who died on May 24, after 
a brief illness, which had not considered serious at 
all. Hermann Weber was not a Swiss by birth. He 
hailed from the Grand Duchy of Saxe-Weimar; but he 
had, since 1875, been connected with the Ziirich Poly- 
technikum, now known as the Federal Technical High 
School. Weber was born in 1843, at Magdala, and was 
educated at Weimar. Hestudied mathematics and physics 
at Jena, spending the whole four years of his student 
life—1861 to 1865—at this small university town. The 
subject of his doctor dissertation was ‘‘ New Problems of 
the Diffraction Theory of Light.” He was afterwards 
enabled to continue his studies under Kirshhoff, and was 
assistant of Wiedemann in Karlsruhe, and from 1871 to 
1873 of Helmholtz at Berlin. The recommendations of 





these eminent scientists secured him the professorship for 
hysics and mathematics at the Academy for Forestry at 
ohenheim, in Wiirttemberg, and,when J. J. Miiller died 
at Ziirich in 1875, he was ee his successor, and thus 
also of Rudolf Clausius, A. E. Kundt, and F. Kohlrausch, 
who had occupied the same chair. In the first years he had 
also to teach in the hanico-technical and in the engi- 
neering departments of the Polytechnikum. The building 
of a new Physico-Electrical Institute was decided upon 
soon after ae Ziirich, and the new ——- was 
opened in 1890. e equipment was excellent, and some 
visitors, indeed, cenpianelt that things were perhaps made 
too convenient for the young student, who should have to 
—_ it a little, lest he should not know what to do with 
faulty instruments. But Weber was eminently the teacher 
who took much interest in the researches of his students. 
He did not write much. In 1909 he was the delegate of Swit« 
zerland to the International Conference on Electric Units. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1977. 

The meaner of Vee Geena te eoationed the igootiention © eat 

where incontions are communicated from abroad, the Names, &c., 
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Any pereen eam, 68 ares Siene a eS Oona the date of 
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ELECTRICAL APPARATUS. 


548/11. Hartmann and Braun Aktiengesell- 
et. Frankfort-on-th o"Sigoal. 
ling Apparatus. [4 Figs.) December 21, 1910.—In a trans- 
mitter for signalling a) tus wherein the current-conductors 
and collectors are rotatable with relation to each other, there is 
employed, according to this invention, an annular liquid a 
coos connected to a alternating-current network, 
wherein two collectors are turned with relation to symmetrically- 
distributed feeding-points of the polyphase current in such a 
manner that the of the long-distance current is varied, such 
variation being transmitted to a receiver, consisting of a phase- 
meter, with the effect that the position of the latter is adjusted to 
correspond with that of the transmitter. In the example given 
it is assumed that the position of a pointer z carried by an appa- 
ratus a fed with three-phase current in relation to a fixed point, 








Fig.2 




















receptacle r filled 


An 1 
with a conducting liquid, which may consist of an electrolyte, is 


is to be transmitted to a dist 


rigidly connected with a. According to whether a two-phase or 
a three-phase current is available, the liquid receptacle is con- 
nected to the network at four or three points situated symmetri- 
cally with relation to each other. By means of two wires b, b, 
insulated from, but mechanically connected with, each other, and 
dipping into the liquid at places situated opposite one another, a 
current may then be taken off, the phase le of which is deter- 
mined by the position of the wires in the liquid ge and 
which, simultaneously with the turning of the wires }, 6 or the 
receptacle 7, flows through the whole interval from 0 deg. to 
360 deg. The ~~ r is idly connected to the movable 
part, whilst the collecting wires 5, b of the current, the phase of 
— is — — are attached to the base-plate. (Accepted 
April 11, 1912. 


19,365/11. Markham and Reiss, Limited, 
E.N. Bray, Fn Merkham and F. E. Reiss, London. 
Motor-Controllers. (3 Figs.) August 30, 1911.—A con- 
troller contact finger, sacerting to this invention, has an enla! 
circular portion or bulb formed on an end of the finger-tip. is 
enlarged portion or bulb fits into a correspondingly-shaped part 
inasplitclamp. The finger-tip and ow | are secured + 
by a screw or other device which partially passes through the 
finger-tip. The tip of the contact finger is formed of two circular 


al 


c 
09365) 






Tae a 





portions or bulbs a, joined ther by a narrow neck b. Upon 
the rod c, which forms the axis upon which the controller fingers 
are pivoted, asplit clamp d isd , which is slotted so as to 
receive one of the bulbs a, and part of the neck >. A screw 
¢ passes through the jaws of the clamp, andalso partially thro 
the finger-tip, as shown, so that when the screw is tightened the 
parts are held securely in position. It will be seen that by this 
arrangement loosening of the screw may take place without the 
finger-tip slipping out of the clamp. (Accepted April 11, 1912.) 
28,779/11. E.G. Byng and C. H. Archer, London. 
Electrical Heating Apparatus. [4 Figs.) December 21, 
1911.—In electrical heating apparatus of the type in which the 


Fig. 

















‘g¢ ane c 


heating element is detachably applied to a surface of the article 
to be heated, a heating element, in accordance with this invention, 
comprises a resistance, a sheet of heat-resisting and electrically 








rial on each side thereof, a thin metal sheath 


ne mate 
binding the three together, contact pieces connected to the re- 
sistance and supported by the element, the element being applied 
to the article to be heated by means of screws and nuts and a 
Se Fig. 1 shows a kettle, with a heating element 
, in elevation and part section. The construc of the 
heating element is clearly shown in thedrawings, where the crim 
wire resistance is laid on the surface of a sheet of asbestos or other 
suitable insulating material C. Over the wire resistance is laid a 
sheet of ——— insulating material B, which is covered by a 
thin metal sh ng D, turned over the edge of the sheet C, and 
binding the whole together. Contact pieces, preferably of a folded 
flat ng type, are connected to the resistance A, and supported 
on the element. The bottom F of the apparatus—e.g., a kettle—is 
= with dly-projecting screws G, and the element 
pierced with corresponding holes, through which the screws 
pass when the element is fitted to the kettle, which is done by 
means of the clamping or pressing plate I and the nuts J. The 
——_ I its the p lain piece K, which carries 
term! posts having pins L. The act o clamping the element 
to the kettle = the said posts firmly against the spring 
contact pieces E, thus connecting the plug pins L up to the wire 
resistance, current being conveyed to the pins by means of the 
usual two-socket plug. (Accepted April 11, 1912.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


24,672/11. i, GC. Senkingand 5. Senitine, Bistenhead. 
Ferrule-Withdrawing Tool. [7 Figs.) November 6, 1911. 
—This invention relates to tools for extracting screw-threaded 
ferrules from tube-plates, and the tool, according to this invention, 
is so constructed that the turnscrew-piece can always be ca 
to extend tothe bottoms of the grooves, The shank, or turning 
— of the tool is capable of adjustment in an endwise direc- 

ion, so that, no matter how far or how little the ferrules extend 
above the tube-plate, the rotary socket can be screwed down on 
to the projecting end of the ferrule until ite end comes into con- 
tact with the face of the tube-plate. When this is done, the shank 
with its turnscrew-piece or cross-bar is forced into contact with 
the ferrule and firmly held in position until the ferrule is ex- 
tracted. By the same means of adjustment ferrules can 
inserted in the tube-plate to any predetermined depth according 
to requirements. e turning spindle C is squared at its outer 
end to receive aspanner, whilst its lower end is enlarged at D to 
pany the same diameter as the bottom of the thread of the 

errule E. The turnecrew-piece or steel cross-bar F is removably 
held by a pin G in the enlarged portion D. The lower end of the 











cross-bar F projects beyond the end of the enlar; portion D, 
and is shaped to form a guide for the outer edges to enter 
the groove H in the ferrule E. By means of the adjust- 
able tubular spindle J, which is bored out to elide on the 
spindle C, the cross-bar F can be pressed down tightly in the 
ferrule groove H by the lower end of the spindle pressing on 
the upper end of the enlarged portion D. The upper end of the 
tubular spindle J is enlarged to form a gripping flange K, and 
is provided with a set-screw L to retain the spindle in place. The 
exterior of the tubular spindle J is of the same diameter as, 
and is screwed to correspond with, the ferrule the tool is 
intended to handle, and is furnished with a lock-nut M. The 
rotary socket nut N is screw-threaded throughout its entire 
length to the same diameter and pitch as ,the ferrule, and has 
an ee or flanged end P with milled edges, whereby it can 
readily rotated for screwing it on to the ferrule as far as 
ble by hand. Below this flange the rotary socket is of 
exagonal cross-section at Q to receive a spanner for tightly 
screwing it on to the ferrule until the end of the steel cross-bar 
+ the bottom of the groove therein. (Accepted April 11, 
1912. 


26,299/11. J. G. Jackson and J. G.- Jackson, 
Limited, G Ww. t-Bearings. (2 Figs.) Nov- 
ember 24, 1911.—A bearing provided with means for adjusting, 
supporting, locking in — tion, and automatically lubricating a 

shaft having a fore-and-aft motion comprises a two-part 
wheel co-operating by means of a screw-th with a sliding 
sleeve in which the shaft rotates, a thrust-bearing between the 
sliding sleeve and a part attached to the shaft, a locking-pin 
for securing the sliding sleeve, and thereby the shaft in any 
desired tion, a ring dipping into an oi!-well for lubricating 
the said shaft, and means for returning surplus oil to the 
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well. The invention is described as applied to a grinding or 
crushing-mill, and more particularly consists in the combination 
and arrangement of parts comprising a two-part hand-wheel 1 
co-operating, by means of a screw-thread, with a non-rotating 
sliding sleeve 3, in which the shaft 4 rotates, The shaft 4 is con- 
soatall to the rotary plate 5 of the mill, such plate being adjusted 
with relation to the fixed plate 6 by the longitudinal motion of 
the sleeve 3, a thrust-bearing 7 being interposed between the 
end of the sleeve 3 and the boss 8 formed on the plate 5. The boss 


8 is extended beyond the plate 5 and away from the working | of the adjacent pitch can move freely. 
chamber 17, 80 = to peovent dust from the machine entering | each rocker has a key / which is sectoral, and in 


the bearings. The sleeve 3 is mounted in the casing 6 of 
the mill, which is provided with a passage 10 for the two- 
part hand-wheel 1, and with a well 11 to receive oil for lubri- 
cating the bearing. A ring 12 is placed around the shaft 4, the 
sleeve 3 being cut away at the top to enable the ring to bear 
on the shaft, so that as the shaft rotates, the ring, di ping in the 
oil, is also caused to rotate, and thereby ‘automaticall y and con- 
tinuously lubricate, the bearing. Any surplus oil passes to the 

18 in the sleeve and by a suitable arrangement of ducts is 
ed back to the well 11. The collar 18 is secured to the shaft 4 
and prevents any lateral movement of the sleeve 3 apart from the 
shaft. A pin or equivalent means may be employed to prevent 
the sleeve rotating with the shaft and to limit the fore-and-aft 
movement thereof. When the shaft 4 has been adjusted to the 
desired position by the hand-wheel 1, the locking-pin 14 is screwed 
down on to the sleeve 3, which is preferably provided with a flat 
surface 15. (Accepted April 11, 1912 ) 


MINING, METALLURGY, AND METAL- 
WORKING. 


9312/11. Mavor and Coulson, Limited, and 8. M. 
Mavor, Siaagee, Coal-Cutting es. (3 Figs.) 
April 15, 1911.—This invention refers to a tus for preventin 
the distribution of dust in mines, for use in association with om 
cutting machines of the type comprising a cutter-bar which 
operates to effect a lateral cut, a is formed with a helical 
ad or threads, which, in the rotation of the bar, operate to 
convey the cuttings and dust out of the working towards the 
root of the cutter-bar and deposit them = the floor of 
the working-way between the working face and the face of the 
machine. According to this invention, means are provided 
for projecting a spray of water upon the dust as it is drawn 








out of the cut by the operation of the cutting member, 
and such means consist of a nozzle directed downwards towards 
the root of the cutter-bar, or, if the machine is inverted, 
directed upwards towards the root of the cutter-bar or from 
the sides towards the root of the bar. In the drawings, 
A designates a working face in a coal-mine; B, a coal-cuttin 
machine ; and O, the cutter-bar of the machine. The machine 
shown furnished with a spraying nozzle D, which is directed 
towards the root of the cutter-bar C, and inwards towards the 
working face A, so that the spray produced encircles the root of 
the cutter-bar and plays upon the rene ee A and the floor 
or the roof, as the case be, of the working in the region of 
the root of the bar. (Accepted April 11, 1912.) 


MOTOR ROAD VEHICLES. 


8736/11. C. G. Renold and Hans Renold, Limited, 
Manchester. Silent Driving (8 Figs.) April 8 
1911.—This invention relates to the type of driving-chain known as 


the silent chain. The invention consists in so constructing the pintles 
of the joint, hereinafter termed the ‘‘ rockers,” and so securing the 
same into their respective links, that they will constrain the displace- 
ment of the links of adjacent pitches, but will allow such articu- 
lated motion of the links as is due to the correct rolling of the 
rockers upon each other, whereby the links are prevented from 
changing their relative position in an undue manner, and the 
joint from jamming. To this end, one or both of the rockers is, 
or are, formed with a cylindrical guiding surface or surfaces, 
which always moves, or move, in rotary contact with the walls 
of the holes of the links, while the back of each of the rockers 
is formed with means for so rigidly securing each rocker into 
its set of links that it is effectually*prevented from movin 

therein in any direction. a are the rockers, a! the cylindrica 
guiding surfaces, b the rocking or contact surfaces, / the means 
for securing the rocker into its links, g the links, and A the 
guiding-surfaces of the rocker holes in the links. According 
to the embodiment shown in Figs. 1, 2, 3, and 5, both rockers a 
of a pair are formed with cylindrical guiding surfaces a!, while 
according to another embodiment shown in Fig. 4 only one of 
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each pair of rockers is formed with a cylindrical guiding surface. 
In each case the surfaces fit the walls of the rocker holes A 
of the links, so that they always move in contact therewith. In 
the embodiment shown in Figs. 1 and 5, the guiding surfaces a! 
extend from each edge of the contact or rocking surface } of 
both of the rockers, while in the embodiment shown in Figs. 2 
and 8 they extend only from one of the rocking surface b 
of each rocker, and in the embodiment shown in Fig. 4 from both 
edges of the rocking surface of one rocker only. contact or 
rocking surfaces ) of each rocker of a pair are formed upon a 
double incline from the centre, as shown in Figs. 1 and 5, with the 
vertex or centre line more or less rounded off; or one rocker 
with a double incline and the other plain, as shown in Fi; 

2 and 3; or one with a double incline or convex and the 
other concave. The means for rigidly securing each rocker @ 
into its set of links consists of a key f extending from 
the back of the rocker, and together with the other part 
of the rocker tightly driven into a corr wy, Owe 
part of the hole formed in the respective links. e part 





of the hole in the link opposite to the rocker ends in a 
recess, in which the back of the rocker fixed in the links 
As shown in re 1, 
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partly sectoral in cross-section. In Fig. 3 one of the rockers is 
shown as having a key f which is sectoral, and the other one of 
which is partly sectoral, and each in effect dovetailed, while in 
Fig. 5 each rocker is shown as having a key f partly circular 
in cross-section. According to a modification of the invention 
(ees Fig. 4), the applicants employ in one set of links a rocker 

ving a fiat contact or rocking surface ), guiding surface a! 
exten from each edge thereof, and a secto dovetailed 
key f, in combination with a rocker of entirely cylindrical form 
driven oe! into holes of corresponding shape formed in the 
links of the adjacent pitch. (Accepted April 3, 1912.) 

25,961/11. H. G. Atkinson, Birmingham. Petrol 
Valves, (4 Figs.) November 21, 1911.—This invention relates 
to yalves and strainers for supplying petro), and comprises a 
main body having an inlet and an outlet ge and an inter- 
mediate leading from the underside of a regulating-valve 
into a cap which is removable without interfering with the valve, 
a strainer through which the petrol passes on leaving the cap, and 
a diaphragm carrying the valve on one side and cutting off com- 
munication between the —_ and the valve-controlling member. 
The main body a of the fitting is provided with an inlet passage 


b, an outlet passage c, and a further passage d leading from the 
valve-seat down to the lower end of the body, which is formed 
A tube f, on which is screwed a 


with a screwed extension e. 


devices of the type to which this invention relates. It has | to machines for spinning, doubling, and winding textile fibres, « 


for ite object to permit the coupling up of vehicles when | 
d of the coupling device | 


standing on a curve. The inner lin 
is mounted on the transverse shaft so as to turn therewith, 
and this link is pivotally connected with the outer link e, 
which is either forked at its outer end or formed of two members 
so as to engage pins or projections / on each side of the end 
member g of the coupling chain. These pins f have a certain 
amount of play in the apertures in the end of the link e of the 
coupling device for the purpose of permitting slight angular 
movements of the member g relative to the parts of the link e by 
which it is cnqnend. A lever h is pivotally mounted at the 
junction of the links d and e of the coupling device. At one end 
of the lever h is mounted a piece i, which presses against the 
underside of the link e, At the other end of the lever A is a 
roller which is adapted to co-act with a curved guide member k. 
This member & is fixed in position relative to the transverse 
shaft, being mounted on a downwardly extending arm m carried 
by the bracket », and being off-set from the lower end of this 
arm, so that the arm m does not interfere with the movement of 
the roller and leverh. As the transverse shaft is turned by the 
handle n at the commencement of the coupling operation, the 
link d is | forward, carrying with it the outer link ¢, which 
moves the end member g of the coupling-chain upwards. The 
roller on the lever h works against the underside of the member k, 








frame y carrying the filter or strainer h, is mounted in the posi- 
tion shown in Fig. 1 by screwing the frame g on to the exten- 
sion e. A cap ‘ is then screwed on to the bottom of the body a, 
and by removing the same any dirt collected therein or on the 
strainer h may be easily removed. When the valve m is off 
its seat, as shown in Fig. 2, the petrol can pass from the passage 
binto the chamber 1, and through the passage / and tube / to 
the cap /. It then passes through the strainer / and the frame y 
into the space , and finally to the outlet ¢ by a e p con- 
— the latter with the space ». The valve m is rigidly 
secured to the diaphragm y, which consists of a flexible metallic 
disc held firmly at its outer edge to a shoulder on the body a by 


acapr. (Accepted April 8, 1912.) 
PUMPS. 
7065/11. Aktiengesellschaft Brown, Boveri and 
Co., Baden, Switzerland. Cen Pumps. (3 Figs.) 


z trifugal 
July 25, 1910.—Thisinvention relates to a method of operating 
centrifugal pumps, according to which the liquid, which is 
delivered by the pump and normally runs to waste, is led to a 
turbine wherein the energy contained in it is converted into 
useful work, and is returned to the pump shaft. The drawing 
illustrates one example of the present invention with a vertically 
arranged pump and a turbine for utilising the exhaust water. 
The pte pump @ draws from the suction-pipe / and dis- 
charges into the delivery pipe c. From this pipe the waste liquid 
is conducted by way of a pipe toan annular duct *, and thence 





to a reaction turbine wheel d mounted on the same shaft as the 
centrifugal pump. Below the turbine is an outlet pipe g leading 
to the suction pipe } of the centrifugal pump. The admission 
of liquid to the turbine may, if desirai—although not essentially 
—be cut off, by hand or automatically, after the so-called pressure 
maximum is reached, The turbine mounted on a separate shaft 
may also be utilised to drive an electrical generator, the current 
from which feeds an electric motor on the pump shaft. When 
the turbine is mounted on the same shaft as the pump, the tur- 
bine wheel may be constructed as a pressure-relieving disc, 
and may be utilised to aid in counterbalancing the axial thrust of 
the pump. (Accepted April 3, 1912.) 


RAILWAYS AND TRAMWAYS. 


13,710/11. J. P. Robinson, Newton-le - Willows. 
Railway Couplings. (3 Figs.) June 8, 1911.—This inven- 
tion relates to coupling devices for use principally in connection 
with railway-wagons, and to that type of coupling device com- 
prising a pair of pivotally-connected links extending from a trans- 
verse operating shaft on the vehicle to the end member of the 
coupling chain, and having means for controlling the relative 
angular positions of the two links during coupling. The inven- 
tion comprises the arrangement of the said means in the form 
of a member mounted at the junction of the two links and 
connected with or adapted to act on the outer link, in combi- 
nation with a guiding device which is so fixed or constrained 
that it controls the said member, which slides over it, during 
the first part of the —— operation, the member at the 
desired point in the operation sliding og the end of the guidin 
device and becoming free thereof. In the device illustrated, 
the transverse actuating shaft is mounted in a bracket b, 
which is pivotal about a vertical axis, the pivot — formed 
& tn mn 





by the bolt c, This is a well-known arr 
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80 chat the rear end of the lever h is held down, thus causing 
the piece ‘ at the front end to hold the link e in such angular 
relation to the link d that the end member y of the coupling- 
chain rises up in front of the coupling-hook o until it reaches 
a position above the end of the coupling-hook. At this point in 
the operation the roller on the lever A reaches the end of the 
member &, and is moved clear thereof, so that it is free to rise. 
This permits the piece i‘ at the other end of the lever h to fall, 
whereby the link ¢ and the end member y of the coupling-chain 
are released, and allowed to fall forward, the member g dropping 
over the ee o. On the release of the handle n the 
member 7 drops into the position shown. For uncoupling, the 
handle n is turned in the same direction, but with a sharp move- 
ment, and is allowed to fall back one. In the sharp upward 
movement which is. given to the link e, the coupling-chain is 
extended, and it then pulls backward the top ends of the link e, 
so that when the handle n is allowed to fall immediately, the 
end member g of the chain will still be drawn well back, and will 
easily clear the hook 0, It will be understood, however, that if 
the handle n were jerked up sharply, and then slowly lowered, 
the link e would hold out the end member y of the te ae ee a 
sufficiently far to cause it to engage again with the coupling-hook 0 
of the adjacent vehicle. The quick releasing movement is very 
easily made, however, and causes no difficulty at all. (Accepted 
March 6, 1912.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


12,944/11. Schaeffer and Budenberg, Limited, 
Manchester. (Schaefer and Budenberg, G.mb.H., Magde- 
burg-Buckau, Germany.) Pressure - Gauges. (2 Figs.) 
May 30, 1911.—This invention relates to pressure-gauges in which 
two separate pressure-indicating tubes are employed to act upon 
a single indicator or pointer through connecting-links and alever 
to indicate differences between, or the sum of, the different 
internal pressures to which the two tubes are ex In carry- 
ing this invention into effect, the end of one of the pressure-tubes 
is connected to one arm of a two-armed lever capable of angular 
motion around a stationary centre or pivot, the other arm of this 
lever being connected, either directly or indirectly, to the indicat- 
ing pointer of the gauge, to which pointer the end of the other 

ressure-tube is also connected through means other than the 
ever. A and B are the two pressure-gauge tubes. A is supposed 
to be ted to a cond r whose pressure is to be recorded, 
and B is the pressure-tube co-operating with A, but exhausted of 
air and hermetically sealed. Both are externally subjected to 








atmospheric pressure. The tube A is connected to the pointer D 
by the link ©, the pointer being hinged or pivoted to one end 
of a two-armed lever F centrally pivoted in a fixed bracket. 
The other end of the two-armed lever F is connected by a link 
E! to the end of the other and hermetically sealed tube B. 
Thus, on an increase of the atmospheric pressure, to which both 
tubes are a and by which they are equally affected, 
the end of the tube A would move to the left (without any restraint 
from the tube B) to move the pointer to the dotted position y. 
But, at the same time, the end of the tube B would move an equal 
distance (unrestrained by A) to the rightand move the lower end 
of the two-armed lever F in the same direction. The upper arm 
of this lever would move correspondingly to the left, and by its 
connection to the lower end of the pointer D would give it angular 
motion around the connection with the link C. e resultant 
effect of the equal movement of the two tubes as a consequence of 
atmospheric pressure variation would be that the indicating end 
of the pointer would remain about stationary. (Accepted April 3, 


1912.) 
TEXTILE MACHINERY. 


8372/11. J. F. Dowding, Manchester. Sptaning- 
Machines, (9 Figs.) April 4, 1911.—This invent relates 





is a loose, but controlled, spindle ; b the bars of a bar-carrier 
secured at their lower ends to a — or plate on the driving- 
whirl c; at the top the bars b are held rigid and approximately 
parallel to the spindle @ by means of a —~ j or ring }!, through 
which the yarn passes to and carries round the loose traveller 
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on the ring e in an ordinary lifting rail y. The loose spindle a is 
not driven in any way, but is ragged round by the pull on the 
yarn and is supported in the spindle rail z in a bolster f and ball- 
bearings to minimise friction. When using heavy counts the 
spindle can be retarded by vanes acting against the resistance of 


theair. (Accepted April 3, 1912.) 
MISCELLANEOUS. 
22,606/11. Fried. Kru Akti eselischaft Ger- 
werft, Kiel-Gaasden. Cam Discs. [1 Fig.) 


May 8, 1911.—This invention relates to cam discs in which the 
controlling cam is arranged upon a removable piece, and, accord- 
ing thereto, a dovetail-shaped removable piece is held in the 
direction of rotation between an undercut surface on the cam 
disc and a similar undercut surface on the nose of an adjustable 
screw-bolt, and can be adjusted on a surface co-axial with the 
cam-shaft, after loosening the screw-bolt, by inserting thin pack- 
ing-strips between the bearing surfaces, or suitably filing away 
the bearing surface of the removable piece. A is the cam disc, 
and B is the dovetail-shaped removable piece, which carries the 
controlling cam B!, and can be introduced into a cavity @! in 
the cam disc, the end face a2 of which cavity is undercut to corre- 
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spond to the form of the piece B. The bearing surface a* for the 
removable piece is curved concentric to the axis of the cam shaft. 
The removable piece B is secured to the cam disc A by a screw- 
bolt C, which is movably carried in a hole in the cam disc, and has 
a nose Cl, The surface c? of the nose C! forms, together with the 
surface a2 of the cam disc, an undercut recess corr nding to 
the shape of the piece B, and into which the remova’ le piece B, 
with the cam B!, is tightly drawn when the nut c* is tightened 
up. The piece B is prevented from moving laterally in a direction 

rallel to the axis of the cam disc by a pin D. To move the piece 

a slight amount in one direction or the other on the periphery 
of the cam disc A, it is merely necessary to slack back the screw- 
nut c3, and either insert thin packing-strips E between the 
bearing surfaces /2 and a2, or to suitably file away the surface )? 
of the removable piece. (Accepted April 3, 1912.) 

18,905/11. R. Kennedy, Kilmarnock. Water-Meters. 
(3 Figs, August 23, 1911.—This invention relates to rotary 
inferential water-meters of the turbine type, and, according 
thereto, the turbine-wheel comprises upper and lower discs 
without central connection, but connected by the edges of blades 
which extend between them, an aperture being formed in the 
lower disc, nr Bsn a stationary arbor projects, means 
connecting a rotating arbor to the upper disc being also provided. 
The turbine-wheel consists of a number of blades A carried by the 
two discs B, C, connected the one, B, to the upper, and the 
other, C, to the lower edges of the blades A. e recordin 
mechanism is actuated, as usual, by a pinion D on an arbor 
carried by the turbine-wheel. The lower end of this rotating 





arbor E is screwed into the upper end of a socket G and secured, 
when adjusted in position, by a jam-nut H. The socket G passes 
through, and is secured in, an aperture in the centre of the upper 
disc B. A stationary arbor J projects through a central aperture 
in the lower disc C, and extends into the lower end of the socket 
G of the rotating arbor E, so that its upper end forms the usual 

ivot on which the lower end of the rotating arbor turns. The 
ower disc C not only strengthens the wheel, but provides an 
additional bearing turning on the stationary arbor J, and thus 
prevents possible canting of the turbine-wheel without its being 
necessary to make the socket G of the rotating arbor E of such & 
depth as to entirely surround the part of the stationary arbor J, 
which is within the wheel. (Accepted March 27, 1912.) 
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Chemical Works: Their Design, Erection, and ipment. 
By 8S. 8S. Dyson and 8S. 8. Cuarxson. London: The 
Oil and Colour Trades’ Journal. [Price 21s.] _ 

In this work great personal experience in special con- 
struction is placed apparently in the hands of those 
who propose to erect chemical works on a large 
scale. Such an undertaking is beyond the powers 
of amateurs, while capitalists about to embark on 
such ventures can command the aid of experts. 
That is equivalent to saying that those who have 
not had to build on a large scale are apt to wonder 
if a sufficiently critical audience will be found to 
warrant Messrs. Dyson and Clarkson in the pro- 
duction of this expensive volume. But we are 
given to understand that there is room for the 
chemical engineer—that is, for one who is pos- 
sessed of a combination of engineering and chemical 
skill, who has the necessary engineering training 
to devise the required plant, and sufficient acquaint- 
ance with chemical processes to ensure the effi- 
ciency of the plant so designed. Such experts 
may find this k useful. It is replete with 
many valuable suggestions, in which experience 
and ingenuity are combined, and in some cases, 
possibly, it offers a counsel of perfection that 
cannot be attained, and compromise becomes neces- 
sary. For instance, in the choice of a site we can 
easily understand the advantages —— from 
securing the conditions here enumerated, and 
the desirability of avoiding certain other con- 
tingencies which might be injurious to oneself, or 
prove an annoyance to one’s neighbours, but we 
doubt if these ideal conditions are ever found all 
collected within a limited area. The authors 
enter into such minutiz as to recommend investors 
to have regard to the direction of the prevailing 
winds, lest an evil-smelling industry should betray 
its presence, with the inevitable result that an 
action for damages would lie. Unfortunately, 
attention to the prevailing winds will not protect 
the manufacturing chemist. The writer of this 
note was called as a witness to prove that growing 
crops had suffered from gaseous emanations, albeit 
the direction of the prevailing winds seemed entirely 
on the side of the chemical works. We do not see 
the suggestion made here, but it is not a bad plan 
for the chemist to take samples of the air at a 
definite distance from the outlet, and determine 
the character and composition of the dust in a known 
volume of air. Besides the protection afforded in 
legal cases, such information is very valuable for 
medical purposes and social statistics. 

Naturally, many suggestions made here are applic- 
able to other works than chemical. Power-houses, 
for instance, are required for many purposes, and 
the general rules laid down would have a wide 
application. Some of these, of course, are obvious 
enough ; such as construction of roads, access to 
means of transport, facilities for removal of waste, 
provision for storage, &c. But niceties in conveni- 
ence of arrangement and the ordering of minute 
details are no doubt best committed to the hands 
of the trained expert. At an early stage, we are 
recommended to pay particular attention to fire-. 
engines and systems of fire prevention, matters, 
perhaps, an ordinary engineer or architect would 
hardly take into consideration in the early days of 
construction. The description of ambulance ad- 
ministration, too, is very interesting, but without 
suggestion one hardly contemplates provision for 
injury to employees before the foundations are 
ald. 

As we have said, the erection of the power-house 
is described in sufticient detail, and the arrangement 
of boilers and flues, though having little to do with 
chemistry, will no doubt be found satisfactory. A 
considerable space is devoted to the discussion of 
the choice of engines and of turbines, but there 
might well have been included designs for the con- 
struction of a gas-producing plant and for the 
installation of some types of internal-combustion 
engines, 

The portions of the treatise more particularly con- 
nected with chemical plant give detailed descriptions 
of suitable constructions for the manufacture of 
sulphuric, nitric, and hydrochloric acids. As more 
or less connected with some of these processes, 
artificial manures and the preparation of sulphate 
of ammonia receive attention. Plant for the manu- 
facture of high explosives is also described, but 
this section is limited to special applications. The 
uthors contend, no doubt rightly—for the working 


drawings appear to have been carefully prepared 
—that in these chapters which deal vith parti- 
cular departments of chemical plant ‘‘ the works 
manager, who is confronted with the task of design- 
ing such plant, has placed before him a reliable 
guide, especially to the constructional side of the 
work.” Nevertheless, we imagine few works 
managers would care to accept heavy responsibili- 
ties without further guidance. In another section 
attention is given to the general plant which is 
required in the equipment of a chemical works. 
Of course, this section could have been much 
extended, and still remain incomplete. If one 
wanted information in one direction—say, of 
dynamos—he does not get much satisfaction by 
studying another, perhaps specimens of a vacuum- 
drying plant. Selection is necessarily difficult. 
Sometimes one is tempted to think that the choice 
of subjects has been decided by the illustrations, 
but the authors distinctly state that they ‘‘ have 
been careful, as far as ible, to eliminate the 
catalogue element.” Their efforts have hardly been 
crowned with success. It is annoying to find such 
expressions as ‘‘ this figure shows a type of engine 
made by Messrs. A and B, of C, which is suit- 
able where small units are required, and which, 
while highly economical, is thoroughly well made, 
free from complication, very solid and strong, 
and moderate in price . . . their reputation is suc. 

that no hesitation may be felt in adopting,” &c. 
Or ‘‘ by the courtesy of Messrs. D. and E., of F., 
the authors have been enabled to include a full 
description, with illustrations, of some of the prin- 
cipal types of the apparatus.” 

The Cock concludes with some appendices, in 
which are given the Alkali Works Regulation Act, 
and some rather incongruous remarks on the subject 
of ‘‘ Welfare Work, or Prosperity Sharing.” We 
think the book would have been better, or at least 
more thorough, if the authors had been content 
to discuss fewer subjects. 
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THE USE OF CHARTS IN THE 
PREPARATION OF ESTIMATES. 


By Epwarp G. Friecenen, A.M.I. Mech. E. 


In the preparation of estimates of all kinds, time 
enters as a most important factor. It may become 
necessary, for instance, in order to take advantage 
of an unexpected opportunity of quoting, to compile 
a specification and estimate at the shortest possible 
notice, whilst, on the other hand, as in the case 
of tenders to public bodies, a definite date, generally 
two or three weeks ahead, is announced up to which 
tenders will be received; and since the tenders 
sent-in remain unopened until after that date, no 
benefit is to be gained by posting them in advance. 
The bulk of inquirers, however, are content to 
receive tenders at the ‘‘early convenience” of the 
manufacturers concerned, and although the majority 
of firms will submit their proposals in the course of 
a few days, there are netabte exceptions where the 
estimating departments appear to be constantly in 
arrears. 

Without discussing, on the one hand, the advan- 
tages to be gained by being first in the field with a 
complete pod attractive proposal, or, on the other 
hand, the risk thereby incurred of having one’s 
price divulged for the guidance of a competitor, 
there can be no question that any method that will 
lighten the labour involved in preparing a tender 
by reducing the time absorbed by the merely mecha- 
nical portion of the work will thereby enable the 
estimator to give greater attention to the special 
features of each case, and will tend to prevent his 
work getting behindhand during those periods when 
inquiries are exceptionally numerous ; furthermore, 
it will enable him in many cases to submit alterna- 
tive proposals, for which, in the ordinary way, no 
time could be spared. We shall confine our remarks 
in what follows more especially to the preparation 
of estimates for electric-crane work ; but it will be 
obvious that the methods advocated can be applied 
with equal facility to other branches of manufac- 
ture. 

An advantage of such time-saving devices that 
appeals with special force to the estimator for crane- 
work is the ability thus secured to determine 
quickly the type, leading dimensions, approximate 
weight, electrical equipment, &c., appropriate to 
the crane he intends to offer, thus enabling him to 
get an estimate-drawing put in hand in ample time 
to allow the draughtsman to produce a satisfactory 
design. 

By way of illustration, the charts described below 
will refer chiefly to the specific case of electric over- 
head travelling cranes. The number of types of 
cranes regularly manufactured is now very great, 
but perhaps no other isso popular, or exhibits moro 
variation in its essential features, than that selected ; 
for whilst it will frequently be possible to quote for 
a steam or electric jib-crane or winch directly from 
a standard price-list, with overhead cranes this is 
rarely the case, and each inquiry must be con- 
sidered upon its merits to enable the most suitable 
offer ta be Do forward. In tackling such problems, 
it is found to be a good rule to deal with the 
known factors first, afterwards deciding the various 
points — which the exercise of judgment is 
permitted. 

In the case of established buildings the space 
available for the crane, and the nature of the 
current supply, are usually definitely stated by the 
customer ; but since inquiries are frequently am- 
biguous even upon such essential points, it should 
be the rule to state definitely in the specification 
the basis upon which the estimate has been pre- 
pared, and to show clearly upon the drawing the 
space required for the satisfactory operation of the 
crane, indicating also any projections that would be 
likely to foul existing fixtures in the building, and 
also the position suggested for the main trolley- 
wires. 

Such information is invariably of far greater 
service to the engineer than fulness of construc- 
tional details, which are far better indicated by 
photographs of similar jobs. 

The speeds of the various motions under full 
load are sometimes specified by the customer, 
although in many instances these details are left 
to the judgment of the maker. In any case, how- 
ever, it is generally open to the latter to submit 
speeds in accordance with his standard practice 
as an alternative, if by so doing he can quote 
a reduced price, or, perhaps more acceptable, 





earlier delivery, due to the use of stock patterns 
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and parts. The first chart, Fig. 1, which is based 
upon the formula :— 
B.H.P = 0.068 x load (tons) x speed (f.p.m) 
hail Efficiency 
shows the connection between hoisting speed and 
brake horse-power for various loads, taking into 





account, of course, the mechanical efficiency of!a variable factor of safety, from 8 in the smallest | 


crane, we have the chart, Fig. 4, giving the leading 
particulars of lifting-ropes. 

Here, again, the prices shown refer only to a 
particular case, and the user would modify them to 
suit his requirements. The grade of rope covered 
is of 100 to 110-ton wire, up to 1}-in. circumference, 
and of 90 to 100-ton wire for the larger sizes, and 


the crab-gearing under full load, which will vary | size to 6 for the 3-in. rope, has been introduced. 


both with the size of the crane and the type of 
gearing employed. The estimator will usually | 


In the preparation of such estimates as we are 
now considering the greatest variant, perhaps, at 


| spans, especially when associated with the smaller 
| lifting capacities, it becomes the paramount item 
of the loading, and it will therefore be necessary to 
| exercise the greatest care in its determination. 

The chart, Fig. 5, page 793, is intended to facili- 
tate the estimation of the weight of main girders of 
normal construction. ; 

To ascertain the ‘‘ equivalent concentrated load ” 
| upon each girder, we must add to half the weight 
| of the crab and of the maximum load half the 
‘estimated weight of the girder itself and its plat- 


have access to test records for his guidance | least in cranes of medium and long spans, is the form, if any. 
upon this point, but the approximate values given | weight and type of the main girders. 


may be taken as typical of machine-cut spur- 
geared crabs under favourable conditions. 

The next chart (Fig. 2) will, in a 
similar way, facilitate the calculation 
of the brake horse-power required 
for the traversing and travelling 
motions, and is based upon the 
formula :— 

B.H.P. = Total moving load (tons) 

¥ tractive effort x speed (f.p.m.) 

33,000 7 
In working out test records of over- 
head cranes it is usual to express 
the ‘‘ tractive effort” in pounds per 
ton as exerted at the motor thus : 
Tractive effort (pounds per ton) 
Motor B.H.P. x 33,000 
Travelling speed x tons moved © 

It will be noticed that the figure 
thus obtained contains an allowance 
for the transmission losses between 
the motor and the track - wheel 
treads, and is thus in the most 
convenient form for use, provided 
that the above qualification is not 
lost sight of. . 

To secure simplicity.and, where 
possible, interchangeability of parts 
it is the commendable practice of 
many firms to confine themselves to 
a few standard powers and speeds 
of motors for use upon their cranes, 
and thus, in quoting, they will put 
forward the nearest standard motor 
that will be suitable for each motion. 

This involves sometimes, it is true, 
offering a 10 - brake - horse - power 
motor where only brake horse- 
power to 9 brake horse-power is 
actually indicated; but the difference 
in cost is inappreciable, and in such 
cases the offer of increased speed 
that will thus be obtainable may 
sometimes be made available as a 
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Fig.3. 


selling point. 

The Resesion charts can thus be 
used in two ways :— 

(a) Directly, to find the power 
required from the speed specified or 
assumed. 

(b) Inversely, to find the speed 
that the nearest standard motor, 
when applied to the motion, will 
give. 

Having fixed the size of the motors 
to be employed, the next chart, 
Fig. 3, will enable us to determine 
approximately the current consump- 
tion of each at full load, and can be 
used both for contimuous current 
and three-phase induction-motors, 
the current in the latter case being, 
of course, the stator or line cur- 
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Speed and Brake Horse Power. 





With the exception, perhaps, of deflection, it is 
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5-10 ” 
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By reference to the chart we can now find thie 
approximate weight of the girder required; but 


rare for any stipulation to be made in the inquiry ' should our first attempt indicate that our provi- 


Fig.2. 
Tractive Force(Refrred to Motor). Travelling Speed ; Full Load . 





essa Brake Horse -Power for Travelling & Traversing. 


4. 


PRICES PER 100 


Graumtference. 


Assumed Efficiengy at Full Load. 


Controllers, Resistances Etc. 





Crane Ropes. 


sional estimate of this weight was incorrect, the 
| ** equivalent concentrated load” assumed must be 
| modified, and a second reading taken. 

It will be noticed that the curves upon this chart, 
from 40-ft. span upwards, refer to double-plate 
web girders only. 

| Lattice-braced girders —- be expected to show 
a slight saving in weight at this span, increasing to, 
say, 25 per cent. saving upon the longer spans and 

| heavier loads. Since, however, it is usual to give 


rent, a power - factor of 0.85 being assumed|concerning these, and consequently it is not|the customer the option of plate-web or lattice- 


throughout. 

From the same chart, and upon the basis of | 
current and voltage, the most suitable sizes of 
controllers, resistances, cables, and trolley-wire 
can be ascertained for noimal cases. The informa- 
tion afforded by the chart will naturally have to be 
supplemented by the user’s judgment in every case, 
but it affords a rapid means of arriving at the above 
essential requirements, and admits of easy modi- 
fication to agree with the current practice of the 
user. In Fig. 3 the lines and circles, indicating 
respectively the capacity of controllers and resist- 
ances, refer only to a certain make by way of illus- 
tration, and will have to be modified to suit the 
limits of the controlling apparatus actually put 
forward. 

Turning now to the mechanical features of the 





| having regard to the difference of opinion t 


ticular case differ materially in many respects, 

hat is 
bound to exist as to the most suitable type, depth, 
and working stress. 

This discrepancy is generally most marked at 
those spans and loads where the carrying capacity 
and stiffness of joists and compounds reaches a 
limit, and it becomes therefore a matter of judg- 
ment or policy whether riveted girders should be 
put forward. 

The calculation of the approximate weight of a 
girder for a given duty involves of necessity a pro- 
visional estimate of this weight in order that the 
bending tendency of this can be duly allowed for. 
Upon short spans the accuracy of this preliminary 
estimate is of small importance, but upon long 


| surprising that the offers submitted in any par-| girders at the same price, the basis of plate-web 


| weights for estimating is usually the safest. 
| The estimation of the structural weight of end- 
| carriages cannot be systematised to any extent 
owing to the variation in their design due to dif- 
ferent modes of attachment to the main girders, 
governed mainly by the amount of head-room avail- 
able for the crane. The chart, Fig. 6, may, how- 
ever, be taken as a rough guide in the absence of 
more definite data or of detailed calculation, the 
weights given referring to a pair of end-carriages 
with their appropriate tie-plates for attachment to 
the main girders in each case. : 
The chart also indicates the approximate weight 
of the usual timber platform with its hand-railing 
and brackets. 
| In the case of girders the estimator is frequently 
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required either to work to a given maximum supply the necessary lateral strength, and to allow | specification should be decided upon and adhered 
deflection, or to specify what maximum deflection for this upon the chart the direct stress due to | to, and it will generally be found that many of the 


he is prepared to guarantee under test. | vertical loading only, and taken over the gross | items remain unaffec 
been assumed to diminish uniformly | 


To the case of a built-up beam of varying depth, | area, has 
such as the typical crane-girder, the ordinary theo- | 
retical formula cannot be conveniently applied. | 6. 
The chart, Fig. 7, has therefore been based upon | 


| 
| 
| 


Fig. 5. 





fesse) Weight of Main Girders. (ess2r) Waght of End-Carriages Etc. 
1g. 9. 





Depth - Feet. 


Width—Inches. |x. 





~ Feet. 
Overall Dimensvons of Normal Girders 


or of (2537-2) 


from this value to 3} tons per sq. in. 
only at 80 ft. span. By the use of this 
chart it can be readily seen whether 
the girder pro will be stiff enough 
to comply with the specification, and, 
if not, to what extent the stress or 
depth must be modified to secure the 
desired result. 

It is often desirable to specify the 
depth and width of the girders pro- 
posed, and although the designer’s 
judgment will not mislead him greatly 
in this matter, a chart such as that 
shown in Fig. 8 tends to uniformity in 
this respect and prevents overlapping. 
It will be noticed that the depths 
and widths advance by steps at definite 
spans to correspond to market sizes or 
level figures, and that the proportion 
of both width to span and depth to 
span varies slightly according to the 
ey of the crane. 

t is fairly safe to assert that the 





(enor x Approazimate Weight of Packing Cases. 14 In. Deal 
an empirical rule, “recommended by Thorpe, as | béte noir of the average estimator is the preparation 


|of the detailed shipping specification that must 
— a accompany all quotations for export trade. In the 
= ‘Span in feet)? x stress on gross flange area — ‘compilation of such sheets guessing plays an 
- 4000 x depth in feet | altogether too conspicuous part. 
_ This represents the result of experience with) If, on the one hand, the result errs upon the 
riveted girders, and accords fairly well with prac- | side of too great weight and bulk, the tender may 
tice. It should be noted particularly that the be ruled out at once on that account alone ; whilst 
stress In the present instance is the mean stress should a ‘‘light” specification assist in securing 
‘aken over the gross area of the flange, no deduc- | the order, the firm run the risk of losing the con- 
tion being made for tivet-holes. * | fidence of its client, who will not relish having to 
_In preparing the chart, a stress of 4} tons per | pay any unexpected additional freight. 
pe: of gross flange area has been assumed up to; Any means, therefore, that will reduce the un- 
“J tt. span. Beyond this, some provision will be | certainty and labour of the process is a step in the 
required upon the flange area of the girders to| right direction. For standard cranes a form of 


follows :— 
Deflection (inches) 








by changes in span, &c 
For reducing the shipping measurements of the 


various items to cubic feet or ocean tons, as may 
be preferred, Fig. 9 will be found of great service, 
the accuracy obtainable being quite sufficient for 
all ordinary purposes. 

| Clients frequently ask for both gross and net 


; 7 Tons per Sqtdn.of 





(es37.6) Deflection of Girdars. 





Shipping Measurement of Packages 


weights of packages to be stated. Owing to the 
time involved in looking up previous packing-lists 
of similar work, the weights of the various packing- 
cases are frequently guessed at, a process that can 
hardly be considered satisfactory. Our last chart, 
Fig. 10, is intended to show the approximate 
weight of ordinary unlined cases of 1}-in. deal, and 
by its use consistent results of reasonable accuracy 
can be obtained with great rapidity. 

By the use of the bottom scale in conjunction 
with those immediately above it the number of 
cubic feet of timber used in the construction of the 
case can be estimated. 

In the foregoing we have endeavoured to indicate 
briefly some methods of economising time and 
labour in the preparation of estimates. Our 
examples have necessarily been confined to one 
type of crane only, but other applications will 
readily occur to the reader. 

It is desirable that such charts should be boldly 
and clearly constructed to facilitate ready refer- 
ence, to prevent mistakes, and, above all, to avoid 
that appearance of great accuracy that fine lines 
and close divisions always tend to produce. 

It is quite — to obtain great accuracy by 
the use of such charts, but for our present purpose 
such acccuracy is not only unnecessary, but incon- 
sistent with the data available. Charts for estimat- 
ing purposes should be drawn to a liberal scale, 
upon tough paper or tracing-linen, and arranged in 
a binder with a suitable thumb index. 

For the greatest utility their scope should not be 
too ambitious, and they should be so clear that in 
the majority of cases the results can be read with- 
out the aid of a pointer to trace from one set of 
lines to the next. 

By the use of logarithmically-divided base-lines 
almost any ordinary formula can be represented by 
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parallel straight lines, the location of which can 
quickly be found, thus eliminating the labour and 
likelihood of error introduced when curved lines 
have to be fitted to plotted points ; further, the 
parallel lines facilitate the reading of the chart. 

The foregoing remarks and illustrations touch, 
of course, only the fringe of the subject, and are 
restricted to a definite type of machine. It is 
fairly certain, however, that once the estimator 
has constructed a set of charts upon the lines 
indicated, suited to his special needs, he will be 
able to find constant employment for them. 








THE .INTERNATIONAL ASSOCIATION 
FOR THE PROTECTION OF INDUS- 
TRIAL PROPERTY. 


(Concluded from page 767.) 
CoMPULSORY WORKING AND LICENCES. 


Tue compulsory working of patents and the 
compulsory grant of licences are questions of 
which much is heard, and which are of great interest 
to all those who have any dealings with patents. 
The International Association has in the past given 
much attention to the matter, and has always been 
antagonistic to legislation requiring compulsory 
working, deeming it to the advantage of patentees 
and of the public that machinery for the compul- 
sory grant of licences should be provided to meet 
those cases in which the patentee is prevented 
from working or dves not work his patent. The 
present Congress has had papers on the subject— 
one by Messrs. Oliver Imray and Hugh Fletcher 
Moulton, a second by Herr Hans Schwoiser, and a 
third by Dr. C. Wiegand. 

Messrs. Imray and Moulton’s paper is a review 
of the position of affairs in this country consequent 
on the adoption of the plan of defeasance of a 
patent in the event of its not being worked within 
four years of the date thereof. The amendment to 
our law was made as the result of an agitation 
started by Mr. Levinstein, and the enacting sec- 
tion is Section 27 of the Act of 1907. We have, 
on previous occasions, dealt with decisions that 
have been given on this section. 

Messrs. Imray and Moulton point out that the 
compulsory working of patents was at one time 
almost universal in countries having patent laws, 
with the exception of Great Britain and some of its 
Colonies, and of a few other countries ; and that 
the United States at one time had compulsory 
working, but abandoned the system, as the authori- 
ties did not deem that it was for the good of the 
State. In this country the Chartered Institute of 
Patent Agents, being fully conversant with the 
hardship involved on inventors and patentees, has 
always been antagonistic to any suggestion en- 
tailing compulsory working, and almost since its 
inception has done its utmost to urge its views 
on the British and on foreign Governments as 
opportunities arose. The Institute has been so far 
successful that when new patent laws were promul- 
gated in Austria, Hungary, Sweden, Canada, Mexico, 
and Norway, it was instrumental in having sub- 
stituted for compulsory working, formerly required 
in these countries, the power to grant compulsory 
licences when the invention was not actually 
worked in the country itself. More recently it 
has persuaded the Governments of Australia, 
India, and New Zealand that Section 27 of the 
British Act, which those Governments proposed to 
incorporate into amending Acts, was too drastic, 
and the corresponding sections, before becoming 
law, were considerably modified in the interests of 
inventors and patentees, and the maintenance 
of patent property. 

Section 27 was introduced into the Act of 1907 
against the adverse opinion of those best qualified 
to judge of the merits and demerits of compulsory 
working, and against the view of the very strong Par- 
liamentary Committee appointed in 1900 to inquire 
into the working of the Pavents Acts, which reported 
that it could not accede to the suggestion made for 
some plan for the defeasance of a patent in the 
event of its not being worked in this country as 
—— to the compulsory granting of patents. 

o the general public, the idea of compulsory 
working ——- and doubtless still appears, to 
be an ideal measure for enforcing manufacture and 
the employment of labour ; but the fact was over- 
looked that if the British Government insisted 
on compulsory working, foreign countries would 
retaliate, either by new regulations or by a stricter 





interpretation of their laws, which had been read 
much more leniently of late. 

The alteration of the British law has, in the 
opinion of the authors, had a serious and sweeping 
effect. A patent has always been a somewhat 
doubtful property, and capital has always been very 
loth to invest in it, because there are so many 
——- on which it might be attacked. Section 27 

as, in the opinion of the authors, rendered a 
patent a far less secure property and has destroyed 
to some extent the monopoly of fourteen years 
hitherto granted to a patentee, and has deterred 
capitalists from financing inventions and introduc- 
ing industries into this country. Formerly, the 
owner of a British patent could prevent importation 
or permit importation subject to the payment of a 
royalty ; but now, under Section 27, a foreign 
manufacturer, if working on a larger scale than 
the patentee in England, can, either himself or 
through someone on his behalf, have the British 
patent revoked, and then freely import. It has 
also to be borne in mind that Section 27 is also 
available by way of defence to an action for in- 
fringement ; consequently a patentee or capitalist 
may, after establishing the industry in this country, 
find it necessary to attack an infringer who pleads, 
as a defence, that the patent is liable to revocation 
on the ground of non-manufacture to an adequate 
extent. In the opinion of the authors, Section 27 
is much more likely to check than foster the 
industries of the country. 

The authors give particulars of the result of over 
three years’ working of Section 27. Up to Decem- 
ber, 1911, 81 applications for revocation had been 
filed; 42 of these applications have been abandoned 
or dropped owing to the expiry of the patents. 
Consequently there have been only 39 applications 
to be dealt with. Decisions have been given in all 
of the 39 cases, eight of which decisions have been 
appealed against and judgment given. Of the 
39 cases, 13 patents were revoked by consent ; 
why, it is difficult to ascertain, or whether such 
revocation has led to the establishment of new 
industries in this country. Of the remaining 26 
cases, seven applications were dismissed, extensions 
of time being granted in two cases. This leaves 
19 cases in which the patents were revoked by the 
Comptroller after a contest. Eight of his decisions 
were appealed against ; in six of these appeals the 
Comptroller had made orders revoking the patents, 
but on appeal the Court allowed four of the appeals, 
and dismissed the applications to revoke ; and in 
the other two cases the Comptroller’s decision was 
confirmed. In the other two appealed cases the 
Comptroller dismissed the applications for revoca- 
tion ; in the one case the Court supported the 
Comptroller’s decision, and in the other, solely on 
a question of costs, the appeal was settled between 
the parties. 

Many of the applications to revoke had evidently 
the sole object of obtaining the right to import 
goods manufactured abroad, and had not the object 
of establishing the industry in this country. Accord- 
ing to the published evidence, only a very few 

atents have been revoked at the instance of a 

ritish manufacturer who stated that he was anxious 
to manufacture the patented article. As a result, 
therefore, of over three years’ working of the 
section, there have been only some five patents per 
annum actually revoked for non-compliance with 
the law. The results attained are, therefore, infi- 
nitesimally small compared with the large number 
of existing patents, approximately 100,000, and 
this, in the authors’ opinion, is in itself an absolute 
proof of what a small call there is for the altera- 
tion made in the law; an alteration practically 
admitted by all countries, from many years’ experi- 
ence, to be a mistake. 

The authors provide a very useful summary of the 
gist of the decisions given, and as it may be of use, 
we quote the summary in extenso. 


The English Courts have decided that what is to be con- 
sidered is locality of manufacture of the class of article 
for which patent protection is claimed, and that ‘‘patented 
article” does not necessarily mean an article which has, in 
fact, cone within the Realm so as to be within the mono- 
poly granted by British Letters Patent, but includes 
articles of the same kind manufactured and sold abroad. 
Further, they have decided that the phrase includes such 
articles whether made by the patentee or by infringers, 
and that manufacture abroad by others than the patentee 
can be invoked against him, while manufacture in this 
country by infringers can be considered in his favour. 
The question is not, therefore, whether the majority of 
the articles sold in this country are manufactured here or 
not, but whether, considering the extent of the manufac- 
ture throughout the world, British industry has been fairly 





treated by the patentee, taking into consideration its needs 
and commercial development with respect to the article in 
question. In particular, if there has been no manufacty re 
in any country, or if manufacture, though commenced 
has, in fact, been abandoned abroad, there is no ground 
for revoking the patent. On the other band, it has been 
held that it is not sufficient for the patentee to say that 
there is no manufacture here because there is no demund 
for the article, unless the patentee shows that he has 
endeavoured to produce a demand for the article here, 
and has used businesslike methods for this purpose ; but 
if the patentee has made proper efforts to introduce tlie 
manufacture here, he will not be penalised for mere want 
of success, and the task of a patentee who seeks to show 
a satisfactory reason for non-manufacture in this country 
is considerably easier where there has been no importation, 

Where the patent is merely for a particular part of an 
article the patentee sufficiently complies with the law if 
that part is manufactured here. It has not yet been 
decided whether in the case of a patent for a combination 
it is sufficient if the machine is assembled here. 

The question of whether the manufacture here is 
adequate is a question of fact which has to be determined 
according to the particular circumstances of each case ; 
but it has been said that manufacture in this country will 
not be considered as adequate if it is less than it would 
have been had the patentee not abused his monopoly, or 
given preference to foreign countries. But it has been, 
to some extent, recogni that it is natural for an in. 
ventor to first develop an invention where he is first 
located or has his business, and the tribunal regards more 
favourably the case of a patentee where the only manu- 
facture alleged has been under these circumstances, and 
where he has not done anything to hamper others manu. 
facturing here. 

The mere fact that licences have been offered is not in 
itself a sufficient answer to an application for revocation 
under this Act if no manufacture Sea, in fact, taken place 
here. But such offers considerably assist the patentee if 
he alleges that there is some sufficient reason why the 
industry has not been started here. 

A few examples may be given of what reasons for non- 
manufacture have or have not been considered satisfac- 
tory. Where the patentees showed that they had been 
for five years perfecting the manufacture in their own 
country, and had then, and before the application to 
revoke was actually made, taken steps to have the articles 
manufactured here, though nothing had actually been 
done, this was held to be a satisfactory reason. So again 
in the case where the article was one for which there was 
only a small demand in this country, and the patentees 
had promptly begun negotiations for the sale of their 
patent here, though these were not concluded until after 
the expiration of four years, no order was made. Small- 
ness of demand and difficulty of manufacture were also 
accepted ; and it was further held that it was reasonable 
for the patentee to make certain portions of the first 
machines sold here abroad in order to ensure their being 
satisfactory. In another case the fact that the patent 
was practically out of date, though a few parts had been 
imported for existing machines, was accepted as a satis- 
factory reason for not starting the manufacture here. 
Again, where the patent was for improvements in appa- 
ratus for which the applicants for revocation held a 
master patent, which they had used to prevent manufac- 
ture here, the patentee was held to have given a satis- 
factory reason for his failure to manufacture in this 
country. 

The fact that the patentee had tied his hands by an 
agreement not to grant licences here, even though such 
agreement was made before the passing of the 1907 Act, 
was held no sufficient reason; and so far the tribunal 
has refused to accept suggestions that satisfactory labour 
cannot be found in this country. 

The Act gives the tribunal power to make an order for 
the revocation of the patent unless within the limited 
time the requirements of the Act as to manufacture are 
complied with. This order can, however, only be made 
where the patentee fails to give a satisfactory reason for 
the absence of manufacture, and, in fact, has only been 
made in two cases. It is, of course, always open to the 
applicant for revocation to make fresh application should 
manufacture in this country not be established or 
dropped. 


Messrs. Imray and Moulton have taken the 
trouble to ascertain the effect in other countries 
where compulsory working is obligatory. It appears 
that in Denmark, where there are some 4400 patents 
in force, only one has been revoked on the ground 
of non-working. In France, some forty to fifty 
patents out of a total of 44,000 have been declared 
void in the past 15 years. And in Belgium the 
number of actions is even less, as there have only 
been seven actions in the last 15 years, during which 
period some 144,000 patents have been granted. Of 
patents granted in Germany, of which there are some 
43,000 in force, only twenty-six have been revoked 
during the years 1906 to 1911 inclusive. We cannot 
quote all the statistics given in the paper, but we 
have quoted sufficient in support of the authors 
argument that in all countries where working is re- 
quired the proportion of patents revoked or found 
invalid on the ground of non-compliance with 
the law as to working is absurdly small, and that 
for this very unimportant result a slur on, or an 
additional ground for questioning the validity of, 
all the remaining patents stands out as a deterrent 
to the investment of capital for exploiting what 
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may be very valuable inventions. The authors 
continue :— 

Now, if the object of a compulsory working clause is 
the establishment by foreigners in a country of works for 
carrying out processes and manufacturing articles which 
have been patented in such country simply for the pur- 

of securing a monopoly for such foreign industry 
and trader, it is still doubtful if this result will benefit 
the home manufacturer or consumer, although it should 
apparently benefit either one or the other. It is par- 
ticularly doubtful whether it will benefit the home manu- 
facturer, because it may safely be assumed that if a 
foreign manufacturer instals works in any country foreign 
to his own, for the production of a patented article to 
meet the compulsory working clause, he will by no 
means confine his energies to that particular article or 
line, but will doubtless extend his operations to the 
manufacture of other articles which his works plant 
is adapted to produce, and thus enter into competition 
with established industries of native manufacturers, 
with the inevitable result of a reduction, not only in 
the price of such other articles, but also in the volume 
of trade in such articles hitherto enjoyed by the native 
manufacturer. On the other hand, it is not easy 
to see how the establishment by foreigners in an alien 
country of works for the manufacture of patented articles, 
hitherto manufactured elsewhere, will benefit the home 
consumer of such articles, since it is obvious that if this 
course involved a reduction in the cost of production, and 
resumably therefore in an increased profit to the manu- 
acturer, it would already have been adopted. It is more 
reasonable to suppose that the duplication or multiplica- 
tion of establishments (and probably the greater cost of 
labour in the alien country) would necessarily involve an 
increase in the price of the patented article to the dis- 
advantage of the consumer in the alien country. 

The effect of the passing of Section 27 of the Act of 
1907, which we cannot help condemning as a retrograde 
step, has caused considerable agitation antegonistic to 
British patentees in all countries of the world, and result- 
ing ae measures have already taken effect, or may 
be anticipated. ; Ah 

As a matter of fact, the United States of America is at 
the present time seriously considering the passing of an 
Act relating to compulsory working. 

In conclusion the authors say that there is a 
possibility of an amending Act being introduced 
into this country shortly to enable some of the 
new provisions of the International Convention 
agreed to at Washington to be carried out, and an 
attempt will be made to get modifications intro- 
duced into Section 27. Some of the amendments 
which are suggested are :— 


1. To obtain a definition of the word ‘‘ mainly” by 
incorporating into the section words to define that 
‘“‘mamly” means more than 50 per cent. of the demand 
in the United Kingdom is met by importation from 
abroad. 

2. To make this section only applicable when the 
applicant can satisfy the Comptroller that he has been 
refused the grant of a licence on reasonable terms, and 
that he is prepared to manufacture the patented article 
or carry on the process in the United Kingdom in the 
event of the patent being revoked. : 

3. To give power to the Comptroller in any case, 
instead of making an order for the revocation of the 
patent, to make an order for compulsory licence to the 
applicant for revocation, in accordance with the pro- 
visions of Section 24. 

This latter suggestion is carrying out the suggestion 
of Mr. Justice Parker made during the hearing in the 
matter of Taylor’s patent, when he reversed the decision 
of the Comptroller revoking Taylor’s patent. 

Herr Schwoiser’s paper deals with compulsory 
working from the point of view of Austrian 
industry. He is of opinion that the entire 
abolition of compulsory working in States of the 
International Union is not to be recommended ; 
and that, on the other hand, the proposal to sub- 
stitute the compulsory grant of licences for com- 
pulsory working ought to be at once accepted by 
industrial circles, because this would prevent a 
patent, the subject of which could be economically 
manufactured within a country and for which there 
is an obvious demand, remaining unworked. 

Compulsory working and compulsory licensing of 
patented inventions in Germany are dealt with by 
Dr. Wiegand. They are regulated by the law of 
June 6, 1911, which states that :— 

If the patentee refuses to another the permission to use 
the invention when offered remuneration and guarantee, 
the right to use the invention can be accorded (com- 
pulsory licence) to the other person, if the grant of this 
permission is demanded in the public interest. The 
right to use the invention can be granted with limitations, 
and be made dependent upon conditions. 

The patent can be revoked, provided State treaties 
do not prevent this, if the invention is exclusively, or 
mainly, worked outside the German Empire or the 

rotectorates. The assignment of the patent to another 


is without effect if it only has the object of avoiding 
revocation. 


Before the expiry of three years after the publication 


of grant of the patent, no decision can be rendered against 
the patentee. 


Under the previously existing law a patent could be 


revoked if the invention was not worked to a sufficient 
degree within the country, or, at any rate, everything 
done to secure this working. Opposition to this uncon- 
ditional pe pond working was made by numerous manu- 
facturers and lawyers, and it was shown that the system 
of compulsory working in itself led to an uneconomi 
splitting up of the source of production, and that conse- 

uently the abolition of compulsory working was to 

esired. The German Government adopted this view 
in principle, but pointed cut that so long as other im- 

rtant manufacturing countries, in which the German 
industries and German applicants for patents had impor- 
tant interests, retained their compulsory working pro- 
visions or introduced them afresh, a general abolition 
of compulsory working in Germany was not to be recom- 
mended. On the other hand, in all cases where another 
State was ready to accord the same benefit to German 
inventors, compulsory working should be abolished as 
against this State by treaty. 

The present provision of the law regarding com- 
pulsory working follows essentially the lines of the 
new English Patent Act. An invention must be 
worked exclusively or mainly outside the German 
Empire or Protectorates for the possibility of revoca- 
tion to arise. As tothe meaning of ‘‘ mainly,” the 
Courts will have to decide; perhaps they will follow 
the ruling of the English Courts. As regards the 
importation of patented articles from abroad into 
Germany, and the effect of importation upon the 
eventual revocation of the patent, nothing is 
provided in the law. On general principles, how- 
ever, particularly in view of the International Con- 
vention, it is assumed thatif there is no importation 
or but little importation into Germany from abroad, 
the risk of a patentee having his patent revoked is 
reduced, for there are often important grounds 
which prevent the patentee from working his 
invention, if he neither manufactures at home nor 
imports the patented article from abroad. The 
conditions under which the compulsory licence may 
be granted are that an application must first 
made to the patentee, and this application must be 
accompanied by an offer of reasonable remuneration 
and guarantee. If the patentee, nevertheless, re- 
fuses permission to use the invention, and if, at 
the same time, the grant of this permission is in 
the public interest, the applicant for licence can be 
accorded the right to use the invention. The right 
can be granted with limitations, and be made 
amp upon conditions—that is to say, not 
only upon the payment of a fixed royalty, but the 
licensee may be obliged to undertake certain obliga- 
tions regarding manufacture, as to the quality, for 
instance, of the goods to be manufactured. 

Principles regarding the operation of the new law 
cannot yet be deduced from the decisions given by the 
Courts in question, for at present no decision either of 
the Patent Office or of the Imperial Court has been pub- 
lished. It may be assumed that the conception of 
** publie interest,” which was contained in the old law, 
will be interpreted in essentially the same manner as 
before. Thus, for example, a public interest will be 
assumed if an invention of the applicant for licence 
constitutes an important improvement over that of the 

tentee. iewelinn to the arguments preceding the 

w, a public interest will also have to be admitted if the 
advantages of the invention are not, or only insufficiently, 
obtainable within the country, or if the use of the patent 
is made subject to too onerous conditions. In addition 
may be mentioned the case where the exploitation of the 
invention by a single individual threatens the existence 
of other undertakings. 

The provisions of this law were considered to be 
of such importance that, notwithstanding the fact 
that the Patent Law is to be radically reformed 
within a comparatively short time, the provisions 
in question were incorporated in a new law. 

The question of compulsory working and com- 
pulsory licences is, as all will admit, an important 
one to all those who own, or are in any way in- 
terested in, patents. The Congress gave the matter 
the attention which it deserves and discussed the 
question fully; as a result, the present Congress 
re-affirmed the decisions to which previous Con- 
gresses had come and which we have already men- 
tioned. The opinions and decisions of these Con- 
gresses have, in the past, had considerable influ- 
ence, and will, no doubt, in time enable the object 
of the authors to be achieved. The majority of 
the members of the International Association have 
had long and personal experience of the effects and 
results of compulsory working in their own and 
foreign countries, and they have not found that 
great boom in trade and the establishment of new 
industries which we were assured were to come 
to this country as the result of the passing of 
Section 27 of the 1907 Act. We ventured at the 
time to dissent from the view and expressed grave 
doubts as to the results alleged to have accrued. 


these were principally concerned with the registra- 
tion of trade-marks and the protection of industrial 
designs and models, or else were entirely legal and 
only interesting to patent agents and lawyers. 





be} WEST RIDING RIVERS AND TRADE 


EFFLUENTS.—No. V. 

Samples.—Securing facilities for obtaining true 
samples of effluents passing into the rivers is an 
important detail. In this connection the statement 
of Mr. Atter, the Clerk to the West Riding Rivers 
Board, laid before the Royal Commission on the 
Disposal of Sewage, says :— 

‘* Under the Act of 1876there is no express power 
to take samples, and under the West Riding Rivers 
Act, Section 15, the power to take samples is 
limited to those taken (a) in relation to proceed- 
ings under that Act, and (b) at the point where the 
effluent passes into the stream. There are many 
cases where it is impossible to take a sample at 
the exact point where it discharges into a stream. 
The outlet may be submerged, or the stream into 
which it discharges may be, and very often is, 
culverted. The inspectors of the sanitary authority 
should have the power to take samples wherever 
they can be obtained, and if they cannot be 
obtained in any other way, even to open the ground 
and uncover drains for the purpose, reinstating them, 
of course, when the samples have been taken.” 

The examination in sample facilities was chiefly 
taken by Mr.. Reginald Tatton, late Chief Inspector 
of the Mersey and Irwell Joint Board, whose own 
personal experience well fitted him to undertake it. 
As just stated, Mr. Atter would give the inspector 
the power to go on the premises concerned, limiting, 
however, this power, so that it shall not interfere 


be | With the trade processes actually being carried on. 


Mr. Atter cited the Acts of the Middlesex County 
Council and Thames Conservancy, giving power to 
enter between 9 a.m. and 4 p.M., and to open, 
examine, and reinstate drains. He also quoted the 
Alkali Works Regulation Act, which gives very wide 
powers of entry and inspection, with compulsory 
facilities, &c. To Mr. Tatton’s suggestion as to the 
probability of meeting with ‘‘very strong opposition” 
on the part of the traders, he = that he expected 
none, as in nine cases out of ten they were only 
too glad to show what was going on; it was the 
obdurate, obstructing trader that made compulsion 
necessary. ‘‘ He stands on his rights and says: 
‘You can take a sample if you can get it at the 
point where it goes into the stream. If you come 
within this door of mine, I shall know how to deal 
with you.’” That is typical of a certain class of 
the Yorkshire man. 

Mr. Atter gave an instance in point which occurred 
in Halifax. In this case three mills are situated on 
the stream, one below another. The top mill dis- 
charges into a conduit underground, 5 ft. or 6 ft. in 
diameter. The conduit extends down-stream, and 
receives the second mill’s effluent, and, again, the 
third mill’s effluent. The man at the top showed 
what he put in, and where. The second man said 
inspectors should not come into his premises at all, 
and so far he had succeeded in keeping them out. 
The bottom man put no difficulty in the way, but it 
is impossible to get up the conduit ; itis full of water 
and steam, and a man who tried to do so would be 
taking his life in his hands. Another instance of a 
similar character was given of what might be called 
the accidental impediments which are favourable 
to pollution and law- breaking. 

Mr. Atter desired to have an order of the Court, 
provided that such order did not limit the time for 
inspection. If any point of time were fixed, say 
10 o’clock in the morning, no doubt a very good 
effluent would be found at that hour. He thought 
it would be a mistake to limit the hours of inspec- 
tion to between ten and four, as in Yorkshire the 
system of mill-work involved much overtime. In 
busy times much pollution is discharged at night. 
Mr. Tatton, doubtless from his great practical 
experience, suggested that one reason why special 
inspectors were so well received was that they had 
now no compulsory powers. ‘‘If they had the 
right they may say they had the power, and you 
cannot stop them. Would not that set the traders 
against them?” To this the obvious answer was, 
that the power was needed against him who stands 
upon the letter of his rights, not against him who 
does not. No difficulty has been created by the 
compulsory powers of the Alkali and other similar 
Acts. 











The Congress also dealt with other matters, but 





From the manufacturers’ point of view, Mr, Mills 
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FERRO-CONCRETE PONTOON ON THE MANCHESTER SHIP CANAL. 
CONSTRUCTED ON THE HENNEBIQUE SYSTEM FROM THE DESIGNS OF MESSRS. L. G. MOUCHEL AND PARTNERS, LONDON. 
(For Description, see Page 799.) 
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explained, the Alkali Act only empowered entry for 
the purpose of inspecting any process which was 
being carried on. Itdid not authorise the taking of 
samples. The Thames Act referred to sewage, and 
not to trade effluents. It was further demonstrated 
that the Middlesex Acts did not empower the open- 
ing of premises for the purpose of taking samples. 
None the less, power was given to take samples 
not only at the point where the effluent passes into 
a stream, but also at the point from which it flowed 
into a stream, whether directly, or through, or under, 
other lands or premises. The West Riding mill- 
owners would not object to similar power being con- 
ferred upon Rivers Boards. The words in italics 
would certainly extend the existing powers of entry, 
but do not a r to meet all the difficulties set 
forth by the West Riding Rivers Board’s solicitor. 

D.scharges by Joint Outlet.—In many cases two or 
more manufacturers discharge their trade liquids 
through one outfall or drain into a stream. In 
such cases it is difficult to prove who is responsible 
for the pollution of the stream caused by the 
discharge from the common drain or outfall. At 
the time the sample is taken only one of the mills 
may be sending forth polluting liquids, It is sug- 
gested by Mr. Atter that a sanitary authority 
should have power to take samples of the liquid 
discharged into the drain from all or any of the 
premises, and to take proceedings against the 
occupiers jointly or individually. This suggestion 
may be deemed to be covered by the last, the 
whole pointing to the necessity of a proviso in the 
next Act insisting on each trader providing such 
means as will enable inspectors to take samples 
within or without the premises. 

It may be interesting to give, from the writer's 
experience, an example of the rough-and-ready treat- 
ment of rivers in Yorkshire, which was the outcome 
of the mutual convenience of a few neighbourly 
manufacturers, situated upon a certain much-abused 
stream. These firms wished to improve their engine 
and boiler service, at a minimum cost, and there- 
fore constructed a joint outlet drain of a primitive 
but efficient kind. This expedient was occa- 
sionally adopted in days of non - purification to 
carry foul effluents past the pure water intakes 
of joint owners below a head factory. About 
1872, we remember the first length of a rough goit, 
or intercepting channel of rude masonry, being laid 
down for this pur in the River Calder to accom- 
modate two mill- owners. This was gradually 
extended to include others, until it reached a length 
of several hundred yards. It was constructed 
entirely in the river bed, and was a gross and 
wholly illegal obstruction of the waterway, being 
walled to 15 in. or 18in, above the ordinary level. 
It is a remarkable fact that this foul-water channel, 
of which the left bank of the river formed one side, 
was tolerated for nearly twenty years. 


PROCEDURE. 


This forms the remaining half of Mr. Atter’s 
statement, in which will be found suggestions of 
grave importance, demanding the close attention of 
all who are officially, professionally, or commercially 
interested in advancing the treatment of rivers. 
The subjects to which they refer are as follow :— 


a. Jurisdiction of the Local Government Board. 
b. Time-limit for consent or refusal. 

c. Means available. 

d, Two months’ notice. 

e. Proceedings againat firm. 

f, Jurisdiction of Rivers Board. 


(a) Jurispiction or THE LocaL GovERNMENT 
Boarp. 


Under Section 6 of the Rivers Pollution Preven- 
tion Act, 1876, proceedings in respect of offences 
against Part 3 of that Act can only be taken 
with the consent of the Local Government Board. 
The jurisdiction of the Loca! Government Board in 


these matters should be clearly defined, and they | 


should not be asked to decide the merits of defences 
which are purely legal. Their jurisdiction should 

limited to deciding whether the liquid discharges 
are of a polluting character and whether means for 
rendering them harmless are reasonably practicable 
and available under the circumstances of each case, 
having regard to the probable cost and to the 
effect upon the industry or trade. If this suggestion 
is not considered practicable, it might be provided 


that if the Local Government Board refuse their | This decision, Mr. Atter remarked, wasa very wide | 
consent in any case, they shall state tho reasons for one, and the Commission regarded it as of distinct 
their refusal, and if any of those reasons involve a | interest, and useful to their work. 


| Riding of Yorkshire Rivers Board v. Butterworth 








question of law, the Rivers Board may appeal to 
the Court of Appeal. 

The patchwork legislation of the past forty years 
dealing with rivers pollution reminds one of the fine 
epithets of an eminent writer and thinker who, 
himself a master of style, described, even forty 
years ago, the hurried legislation of that day as 
‘*an incoherent and undigested mass of law shot 
down, as from a rubbish cart, on the heads of the 
people.” The West Riding Rivers Act partakes of 
this congenital defect, nice points of law and proce- 
dure being put into the hands of a Local Government 
inspector who is neither judge, barrister, nor solicitor, 
and not only that, but who never takes short-hand 
minutes nor indeed, as a rule, detailed notes of any 
kind in the cases referred to. This procedure leads 
to a curious kind of haphazard justice, as is clearly 
proved by Mr. Atter’s evidence. What he seeks is 
that the Board should not be asked to determine 
anything more than the two facts: first, whether 
the liquids impugned are polluting ; and, second, 
whether means for rendering them harmless are 
reasonably practicable and available. These points, 
under Section 6, they are bound to consider ; but ] 
in practice they take the view that limitation is not 
implied, and that they are within their rights in 
dealing with other matters. Looking through the 
various proceedings, he finds it is several years since 
any offending manufacturer has raised the point 
that there are no means reasonably available for 
dealing with his refuse, admittedly polluting. There 
are cases in which he has pleaded that he has not 
got in his possession (or occupation ?) sufficient 
room, or that no room is available upon which to 
construct works ; but in these latter years he has 
never pleaded that his stuff cannot be purified by 
certain processes at reasonable cost. 

On the other hand, defences and pleas put forward 
have been many and peculiar ; chiefly: the Royal 
Commission has reported ; there will soon be a Bill; 
you ought not to give your consent until that Bill 
is introduced. In other cases it has been pleaded 
that the Dewsbury and Batley Corporations are 
going to introduce Bills on the lines of the Hudders- 
tield Bill, giving traders a right to use the sewers. 
‘*Let your consent stand over for some months, 
and let us see what they do.” Again, it is not un- 
common to call a stream a sewer, and claim non- 
liability for discharging into a sewer, this being a 
defence justly over-ruled by the House of Lords in 
a case, judgment on which was got in November 26, 
1908. At this point the chairman of the Com- 
mission said, ‘‘ But that is a legal point which you 
are quite prepared to leave to the Local Govern- 
ment Board?” ‘*That, sir,” replied Mr. Atter, 
‘is a legal point which I should prefer to have 
decided by a court of law, rather than by the Local 
Government Board, for this reason, that I think it 
obvious—it is agreed on all hands—that uniformity 
is most desirable. That can only be obtained by a 
certain measure of publicity, which is gained by 
fighting in open court, and there you get a decision 
by a judge who gives his reasons for it, and subject 
to appeal before the highest judges in the land. 
The Local Government Board frequently, when 
they refuse their consent, absolutely refuse to give 
their reasons . . . . That makes the position very 
difficult. We do not know what their reason is— 
we do not know what they thought was defective 
about the procedure, or about the proof, or about 
the law. Sicensdines have been greatly delayed 
on this very defence of the sewer. It was argued 
very strongly that a manufacturer who discharged 
his trade liquid into a sewer was absolutely pro- 
tected ; but the House of Lords have now decided 
that is not so.” 

This is a complete answer, expressing in terse and 
logical sequence the fruits of experience ; for which 
reason we have given it in extenso. The impromptu 
interjection by the chairman of the very opposite 
view gave the witness his opportunity, and he made 
the best use of it. 

The case just referred to. was that of the West 


and Roberts. It was decided at the Holmfirth 
County Court. The defendants appealed to the 
Divisional Court, to the Court of Appeal, and to 





the House of Lords. The courts held that it was 
no defence to a manufacturer that he passed his 
trade liquids through a sewer if that sewer dis- | 


Before the conclusion of Mr. Atter’s evidence, 
Mr. Stafford made a useful interrogatory on juris- 
diction and Local (sovernment Board procedure, to 
which Mr. Atter made answer that he much pre- 
ferred that Board asa tribunal to determine whether 
the liquid is polluting and whether means of ren- 
dering it harmless are reasonably practicable, but 
that when it came to deciding a legal point, purely 
a question of law, he preferred the decision of the 
Court. He did not think it would increase litiga- 
tion ; it would minimise it, because one case in 
each of the points he had mentioned would decide 
the question once and for all, while at Local 
Government inquiries the same case was argued out 
time after time. These inquiries were held by com- 
petent officials on the engineering staff of the Local 
Government Board. It might be readily imagined 
how difficult it was for a lawyer to debate a pure 
proposition of law before a layman. In their own 
cases the Rivers Board had nearly always a short- 
hand note which did not go before the Local 
Government Board unless they asked for it. The 
inspector’s note, such as it was, came before the 
Board ; but the witness’s point was that the non- 
legal mind could not take a proper note of the legal 
argument, even for the use of competent lawyers; 
that the evidence was not taken by the inspector, 
nor did he take a special note of a legal argument 
and read it out for the benefit of each side. He 
did not know the contents of the inspector's 
note in any case which he had conducted. As a 
matter of fact, he knew by following his pen what 
brief notes indeed lie had been taking of his own 
(Mr. Atter’s) legal arguments. 

Mr. Stafford commented upon the different and 
judicial way in which Local Government inspectors 
in Ireland did their work, and suggested that it 
would be much simpler if the Order were made 
by the Local Government Board instead of by pro- 
ceedings in the Court of Session, to which the 
witness agreed, but only subject to the Board 
giving their reasons for consent or refusal. With- 
out these, a decision was often no guide. The 
costly decision of a Court was easier and cheaper, 
because if a case were once decided there was an 
end of it. With the able legal advice at the 
service of the Local Government Board, it would 
not be impossible to exclude questions of law. 
Finally, there were two grounds urging legisla- 
tion: the temporary cause of delay operating 
just then, and the permanent difficulty of pro- 
cedure. 

This suggestion in Mr. Atter’s statement is not 
referred to in the evidence (which may be generally 
regarded as hostile) of the West Riding Millowners 
and Occupiers’ Association. This may be reasonably 
taken as implying their assent. 

While it is not intended to cover the whole 
ground of evidence even in a general sense, it is 
relevant here to refer to the evidence of Messrs. 
Hugh Stowell, A.M.I.C.E., Chief Engineer of the 
Mersey and Irwell Joint Committee, and Frank 
Scudder, F.I.C., their consulting chemist, on this 
question. 

They go much further, withstill longer experience, 
in respect of the limitation of the powers of the 
Local Government Board. They ask, in the first 
place, that power should be given to Rivers Boards 
to institute proceedings for wilful misuse of an 
efficient plant without first obtaining the consent 
of that Board, and, in the second place, that the 
provisions of their own Act should be extended, 
and that similar requirements to those that are ex- 
acted in the Mersey and Irwell watershed should 
be exacted all over the country. On thatsuggestion 
it may be observed that the necessity for such an 
alteration has been proved to demonstration by Mr. 
Atter ; is silently c nsented to by their strongest 
opponents, the most powerful body of millowners 
in the West Riding ; and commends itself to all 
who are versed in the practice of differentiating 
law from fact in disputes at law. It would be well 
also to add to it the consideration as to whether 
the Irish practice of the Local Government inspec- 
tors, as set forth by Mr. Stafford, should not be 
adopted in such cases in respect of shorthand 
notes. 





Exaisition or Non-Ferrovus METALS AND THEIR APPLI- 
caTIoNs.—Under the auspices of the Institute of Metals 


charged into a river, and if the pollution at the out- | an exhibition illustrating applications of the non-ferrous 


let of the sewer could be attributed to his discharge. | 


metals and alloys will be opened by Sir 


Gerard A. Muntz 
Bart., on June 15 next, in the Royal Agricultural Hal . 
Many of the principal manufacturers have taken stands, 


| and the Exhibition, which will remain open to the 28th 
| inst., promises to be of great technical interest. 
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FERRO-CONCRETE SLUDGE - PUMPING 
PONTOON ; MANCHESTER SHIP CANAL. 
By W. Noste Twetvetress, M. I. Mech E., 

. M. Soe. Ing. Civ. (France). 

BarcEs, boate, and other vessels of ferro-concrete 
represent @ Class of construction which to many people 
may seem to be not less revolutionary than the sub- 
stitution of iron for timber in shipbuilding appeared 
to their fathers. But this particular application of 
ferro-concrete is not in reality of recent origin, for as 
far back as the year 1849 a reinforced-cement boat 
was built by M. Lambot-Miravel, and exhibited by 
him at the Exposition Universelle of 1855. An early 
example of ferro-concrete barge-building is furnished 
by the vessel completed in 1906 for M. Grancher, 
of Aveyron, in France, and employed regularly since 
that year for sand-dredging. umerous barges and 

ntoons have been built of ferro-concrete during 
the last few years for employment on the Tiber, the 
Panama Canal, and elsewhere, and a petrol motor-boat 
has recently been constructed in the same material 
for pleasure trips on the River Oder, in Germany. 

Notwithstanding these developments abroad, the 
first example of a ferro-concrete vessel in this country 
is the pontoon constructed for the Manchester Ship 
Canal Company on the Hennebique system, in accord- 
ance with the designs of Messrs. L. G. Mouchel and 
Partners, of Westminster, and illustrated on pages 796 
and 797. The pontoon measures 100 ft. long by 28 ft. 
wide by 8 ft. 6 in. deep from the keel to the main deck, 
and will draw about 6 ft. 6 in. of water when fully 
loaded. Its construction was authorised by the late 
Mr. Hubert Congreve, M. Inst. C.E., chief engineer to 
the Manchester Ship Canal, and the contract was 
entrusted to the Yorkshire Hennebique Contracting 
Company, Limited, of Leeds. 

We understand that the reasons influencing the 
adoption of ferro-concrete, instead of steel, were the 
lower initial cost, the elimination of maintenance 
charges, and the readiness with which repairs could 
be executed in the event of collision or other accidental 
causes. There is little probability that the pontoon 
will ever be seriously damaged by collision, in view of 
the remarkable resistance of ferro-concrete to violent 
shock, as illustrated by the collisions at the Purfleet 
Jetty and the excellent results given by the same 
material in fortifications during the Russo-Japanese 
War. Another interesting point connected with the 
safety of the pontoon is that it is divided transversely 
by four watertight bulkheads and longitudinally by two 
watertight bulkheads, one on either side of the boiler- 
room, and by three similar bulkheads elsewhere. The 
ample measure of security affurded by the watertight 
compartments so formed may readily be realised by 
examination of Figs. 1, 4, and 5. 

The following general description of the arrange- 
ment and mechanical equipment of the pontoon should 
be read in conjunction with Figs. 1 to 5, page 796. 

Commencing at the left-hand of Fig. 1, the first 
compartments, entered by hatches from the main deck, 
are devoted to the storage of ropes and sundry requi- 
sites, the outer water-tight compartments being acces- 
sible, here and elsewhere in the vessel, by means of 
circular manholes, as shown by small circles in Fig. 2. 
The next compartment is occupied by the coal- 
storage bunkers with sloping floor, the stokehold, and 
a steam boiler. The bunkers provide the storage 
capacity of 40 tons, the floor of the stokehold is covered 
with }-in. chequered steel-plate, and the boiler, which 
is of the Scotch marine type, measures 13 ft. 8 in. in 
diameter by 10 ft. 6 in. long, and will be responsible 
for the load of 58 tons on the three foundation-cradles 
shown in Figs. 1 and 5. 


Over the next two compartments is built an upper | b 


deck with foundations for a compound vertical steam- 
engine, condenser, three centrifugal pumps, and three 
steam winches, with various necessary auxiliaries, the 
mechanical plant weighing about 43 tons, and as the 
greater part of this load is at one side of the pontoon, 
it will be counterbalanced by water ballast in the 
water-tight compartments on the opposite side of the 
vessel. The forward compartments provide space for 
additional water ballast as a counterbalance to the 
weight of the steam boiler and coal in the bunkers. 
It will also be gathered from the foregoing description 
that the numerous water-tight com ents and the 
powerful pumps at command provide ready means of 
trimming the vessel to suit any conditions that may 
arise. 

Fig. 1 shows the two 12-in. square bollards, one at 
each end of the pontoon, constructed in the form of 
& stout post seated after the fashion of a mast and 
firmly stayed by the main decking. These bollards 
are for the attachment of towing cables, steel bollards 
of the customary form for mooring purposes being pro- 
vided at convenient points along the sides of the main 
deck, as shown by the photograph reproduced as 
Fig. 21. In order to protect the exterior from 
accidental abrasion, and also for the protection of 
other vessels that may come in contact with the pon- 
‘oon, the sides and ends of the latter are fitted with 
two parallel lines of horizontal. timber fenders con- 


nected by vertical timbers at intervals, all of these 
being 6 in. thick, and secured in place by bolts moulded 
into the concrete, and projecting, as shown in Fig. 21, 
after removal of the timber shuttering. 

We understand that after the pontoon has been 
launched suitable provision will be made for protect- 
ing the machinery on the upper deck, and for shelter 
otherwise requisite, by the erection of deck-houses, 
which do not come within the scope of the contract 
for the ferro-concrete work. The place allotted to the 
pontoon in the general programme for dredgin 
operations on the ship canal will be clear after peomeal 
of the following statement. The dredgers in regular 
operation discharge into hopper barges, by which the 
sludge is transported to points where arrangements 
have been made for its dis The new pontoon 
has been built for the purpose of enabling dredged 
material to be ee on low-lying land anywhere 
along either bank of the ship canal, improving the 

uality of the land and conducing to economical disposal 
he pontoon will be towed by steam-tugs to selected 
— and there moored, the hopper barges will then 
towed from the dredgers as they are filled and 
moored alongside the pontoon. The suction-pipe of 
the pontoon will be lowered into the barge to be 
discharged, and the delivery pipe will deliver material 
upon the area selected for its reception. The pontoon 
will remain in position for as many days or weeks as 
may be convenient, and will be moved from place to 
place as necessitated by the exigencies of dredging 
operations. 

The illustrations accompanying this article are 
reproduced from some of the contract drawings, 
and show the details of construction so clearly that a 
lengthy description is scarcely necessary. 

The longitudinal and transverse sections in Figs. 1, 
4, and 5 convey a good idea of the hull and the various 
water-tight compartments. The outer shell is 3 in. 
thick, except beneath the coal-bunkers and boiler- 
room, where the thickness is increased to 4in. The 
interior bulkheads are 34 in. thick, the main deck is 
3 in. thick, and the upper deck 4 in. thick. These 
dimensions refer merely to the slab construction cor- 
responding to plates in steelwork, the framing of the 
vessel, including beams, columns, counterforts, knee- 
braces, and bracings as required. Particulars of all 
the latter are given in our illustrations, which also 
include various details to enlarged scale. 

Fig. 2 is a sectional plan through the supports for 
the upper decking, and Fig. 3 is a sectional plan at 
water level. The beams and columns carrying the 
upper deck are shown in Fig. 6, which also gives the 

itions of the engine and pump foundation beds. 

ig. 7 is a detail illustrating the connection between 
the decking and the longitudinal bulkhead at the 
right-hand side of the boiler-room in section Y-Y', 
Fig. 5. Fig. 8 is a horizontal section through the 
middle column at the junction of the longitudinal and 
transverse bulkheads at the back of the steam-boiler, 
and Fig. 9 is a similar section through the column at 
the intersection of the longitudinal bulkhead with the 
next transverse bulkhead, close to the section line 
V-V!? in Fig. 1. Fig. 10 is a section typical of the outer 
shell of the pontoon, and Fig. 11 is a transverse section 
through the important beam, of which details are given 
in Fig. 14, this beam ing along the middle of the 
compartment occupied by the coal-store and boiler, 
as represented in Figs. 1 and 3. 

Figs. 12 to 14 contain interesting details of the 
intricate and difficult construction in the bottom of 
the pontoon. Fig. 12 is typical of the framework 
generally, Fig. fs shows the eonstruction of the 
cradles for the steam-boiler, and Fig. 14 is a part 
longitudinal section of the beam under the coal- 
ers and steam-boiler. Fig. 15 is a sectional eleva- 
tion of a typical column beneath the main and upper 
deck, the Seating showing the connections with the 
bottom and main deck of the vessel, Fig. 16 being a 

lan of the reinforcement in the bottom connection. 

igs. 17 and 18 are sections illustrating the reinforce- 
ment of the centre longitudinal bulkhead and the 
nature of the connections at the top and bottom. 
Fig. 19 is an enlarged detail, partly in section, of the 
longitudinal and transverse ms at main-deck level 
on the left-hand side of Fig. 5 ; and Fig. 20 is a typical 
cross-section of the diagonal bracing members repre- 
sented in elevation by Figs. 1 and 4. Fig. 2] is a view 
of the pontoon after removal of the timbering, and 
virtually ready for launching. 

On August }, 1911, the site for the construction of 
the pontoon was selected near Irlam by Mr. Hubert 
Congreve, M.- Inst. C.E., and Mr. David Jones, one 
of the managing directors of the Yorkshire Henne- 
bique Contracting Company, Limited. Three days 
later preliminary works were commenced on the site 
by men under the direction of a foreman, and on 
August 14 timbering was started for the foundation 
of the vessel. Supplies of cement, sand, and washed 
Penmaenmawr granite broken to g-in. gauge were 
received by the contractors during the first week in 
September, and on October 4 a commencement was 
made on the work of fishtailing the steel bars received 





on the same day. In the meantime good progress had 





been made in the erection of timbering, and on 
October 18 the contractors began to place the reinforce- 
ment in position ready for the concreting started on 
November 1. On the 23rd of the same month the 
beams in the bottom were finished and the bulkheads 
were begun. Four days later timbering for the main 
deck was commenced at one end of the pontoon, all 
the bulkheads having been completed to main-deck 
level by December 16, and the work of stripping the 
shuttering from the bulkheads was started two days 
later. 

On January 2, 1912, the contractors commenced to 
concrete the main deck, which was finished before the 
end of the month, with the exception of one bay 
where work had been stopped by severe frost. On 
February 6 the upper deck columns were started, and 
by March 9 all the ferro-concrete work was finally com- 

eted. The timbering for the engine and machinery 

s was next taken in hand, the concrete for these 
having been finished on March 16. On April 9 a com- 
mencement was made in the operations of testing the 
various water-tight compartments, and of preparing 
timbers for launching the pontoon. On May 6 the 
contractors began to fix the timber fendering outside 
the hull, and on the 13th of the same month twelve 
water-tight compartments had been tested and 
approved, six being then full of water, and two 
remaining to be filled. It may be added that opera- 
tions were delayed considerably by the coal strike. 

Subsequent to the regrettable death of Mr. Congreve, 
the responsibility for the construction was taken over 
by Mr. H. A. Reed, M. Inst. C.E., the present chief 
engineer to the Manchester Ship Canal Company, with 
the assistance of Mr. F. B. Greenwood, eM. Inst. 
C.E., the assistant engineer to the company, Mr. 
Lewis acting in the capacity of resident engineer. 
Messrs. L. G. Mouchel and Partners were represented 
throughout by Mr. Harry W. Towse, M.S.E., their 
district engineer. At the present time the pontoon is 
quite ready for launching, an operation which, we are 
informed, will be performed in the course of a few days. 





330 - BRAKE - HORSE- POWER TANDEM 
GAS-ENGINE. 

Messrs. Kynocu, Limited, of Birmingham, have 
recently constructed for the Hampden Cloncurry 
Copper Mines, Queensland, three tandem gas-engines 
of 330 brake horse-power each, and one of these we 
now illustrate on pages 800 and 801, Fig. 1 being a side 
elevation, Fig. 2a Eingitedinal section, Fig. 3 a sec- 
tional plan, Fig. 4 @ perspective view reproduced from 
a photograph, and Fig. 5 a transverse section through 
the combustion chnatbee. These engines are similar 
to the larger sizes of single-acting cylinder engines 
built by the firm, in that they have their cylinders 
entirely supported, but they possess some interest- 
ing features of their own. The frame and the com- 
bustion chambers are spigoted into each other, 
thus making perfect alignment for erection easy. 
This may be seen in Figs. 2 and 3. The cylinders 
of the engine are alike, with the exception that the 
forward one is made longer than the other, because 
the piston of this cylinder is of the trunk form. The 
parts forming the combustion chamber (which also 
carries the valves)are so made that they are, with 
slight modification, interchangeable, as will be seen 
at A and B, Figs. 2 and 3, page 800. In the case of 
B, the casting receives the gland for the metallic 
packing round the rod between the two pistons. 

The valves are not arranged on the centre line of 
the engine, as is the usual practice in single-acting 
engines, but are placed sufficiently off the centre line 
to allow the exhaust-valve to be withdrawn past the 
piston-rod, thus dispensing with heavy loose valve 
casings, the objection to which particularly is that 
they have to be lowered into pits below the engine 
every time the exhaust-valve requires cleaning and 
grinding in. The arrangement of Messrs. Kynoch is 
shown in Fig. 5, and alsoin the plan, Fig.3. The arrange- 
ment will, however, be best understood on reference to 
the former of these illustrations. In this figure it will 
be noticed that the chambers are of very simple con- 
struction, consisting virtually of two cylindrical pas- 
sages A and C at right angles to each other, and joining 
the outer casing of the water-jacket D at their ex- 
tremities. This methed of construction has, we 
understand, been so successful (not one of these com- 
bustion chambers ever having cracked owing to heat 
strains) that it may now be regarded as quite reliable. 
The inlet and exhaust valves are shown at E and F 
respectively, the latter being water-cooled by means 
of the pipe G, up which the water flows, and returns 
through the annular space between this tube and the 
stem of the valve. It will be noticed in Fig. 2 that 
immediately behind the extreme inner end of the 
piston travel there is a small valve H, the function of 
which is to eject any excess of lubricating oil that 
may have been admitted to the cylinder together with 
small particles of carbon deposited in course of time 
from the burnt oil. The inlet for the gas is shown at 





I, Fig. 5, and that for air at J, the flow of the gas being 
saguinted by the equilibrium valve K. The inlet valve 
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330-BRAKE-HORSE-POWER TANDEM GAS-ENGINE. 
CONSTRUCTED BY MESSRS. KYNOCH, LIMITED, ENGINEERS, BIRMINGHAM. 


Figt. 














E has a very long spindle, which extends up into the 
box L containing the spri 
holds the valve E against its seat, the valve bein 
opened by the lever N. which is actuated by the | 
O from the cam-shaft P; the pressure of the end of 
the lever N being transte to the collar on the 
sleeve Q. The equilibrium valve K, when the valve E 
is closed, is held up by the collar on the sleeve R ; but 
when E is opened, this collar being lowered, the valve 
K is forced down "y the spring S, which bears on the 
top of the sleeve T, through the part U, and is 
admitted to the combustion chamber along with air. 
This lowering of the valve K can, however, only 
happen when it is allowed by the trip-lever V being 
pen oe from the lever X, the latter holding up the 
part U, and therefore the valve K. The trip-lever 


V is connected to the governor Y, and is held uut of 





M, the force of which | has 


& 
--¥.-------_—_ Flywheel 10'0} 
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engagement (as shown in Fig. 5) until the governor 


risen to an abnormal extent owing to the engine 
running away. When, however, the speed has 
become excessive, the lever V is forced against the 
end of X. The supply of gas is normally regulated by 
the governor through the rod Z, which actuates the 
throttle-valve a. e valve K is really only an 
emergency valve to prevent accident in case the load 
should suddenly be taken off the engine. 

It will be noticed that the pistons and piston-rods 
are water-cooled, and the way in which this is carried 
out is clearly shown in Figs. 2 and 3, above. The 
cooling water enters the trombone-pipe 5, Fig. 2, and 
passes into the front piston c, and from the front piston 
the water travels into the piston-rod, and after travers- 
ing its length the passage d, it enters the back 





piston e, from which it issues by means of the recipro- 








cating pipe f into a channel cast in the intermediate 
bed-plate and out at the pipe g. The cooling water 
to all the parts is contusion by a central distributing- 
box, and tke water outlets from the various parts are 
conducted to open-top funnels, one of which is seen 
at h, Fig. 2,80 that the temperature of the water can at 
any time be ascertained and adjusted. The method 
of securing the trombone pipe 4 at its fixed end is 
shown in Fig. 10, the joint ie & flexible one. — 

The piston-rod packing between the two cylinders 
is made very accessible by means of a roomy opening 
in the frame of the engine, the opening being 
strengthened by the bolt i, Figs. 1 and The 
— itself is made by the United States Metzllic 

acking Company, and is of simple construction, all 
the rings and their casings being numbered consecu- 
tively, so that the cnialean can easily replace the 
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830-BRAKE-HORSE-PUWER TANDEM GAS-ENGINE. 


CONSTRUCTED BY MESSRS. 


KYNOCH, LIMITED, ENGINEERS, 


BIRMINGHAM. 
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various parts after they have been dismantled for| Oil under 
cleaning. The piston-rod is of nickel steel, which has | both the pac 
been found the best material for taking a hard surface | from a amall 


aud resisting wear. An experience of over six years |@ single-acting wy pre pum 
and delive 


has proved this packing satisfactory in every respect. | tration, Fig. 1, a 





scure ig used for the lubrication of | feeds to the front and back pistons 


and the pistons. The oil is drawn | the quantity of oil 


attached to the side of the bed by | valves below the sight-feeds. 


, shown in our illus- 
t 2, 


adjus 











, and the packing, 
ted by needle 
An exoess of ail is 
slways taken by the pump on its suction stroke, the 
through three sight- | surplus being returned to the tank through a relief 
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valve, so that any quantity of oil can be 
through the various sight-feeds with a single pump. 
Fo lubrication is also adopted for the , +A and 
the small end bearings of the connecting-rod, the oil 
for this purpose being pumped by asmall rotary pump, 
from a filter tank arranged in the foundations by the 
side of the bedplate, into the end of the crank-shaft, a 
pressure-gauge and by-pass being provided in the 
delivery circuit, so that a constant pressure of oil can 
be maintained. The oil, after passing through the 
big end of the connecting-rod, is transmitted through 
a hole drilled longitudinally through its axis (shown 
at j, Fig. 2) to the small end bearing, from which it 
escapes into the bottom of the piston, being ejected 
into the base of the bedplate by a specially designed 
aluminium pipe attached to the front of the piston. 
The bedplate is drained into the filter tank, so that 
the same oil is used over and over again. In order to 
prevent splashing from the big end with oil under 
pressure, a casing of planished steel with an oil-tight 
guard is averted The oil-filter is shown in detail in 
Figs. 6,7, and 8, page 801. The filter is placed in the 
oil-tank k, Fig. 1, the oil being drawn through it up 
the pipe /. The filter consists of a rectangular 
frame m, each face of which is covered by a perforated 
plate, as shown in the plan, Fig. 7, and,over each of 
these plates fine copper-wire gauze is stretched. The 
purpose of the perforated plates is, of course, to hold 
up the thin wire gauze against the pressure of the oil. 
Cylindrical wire-gauze cylinders were at first tried, 
but they were found unable to withstand the collapsing 
pressure. 

The main bearings are in four parts and are provided 
with wedge adjustment. They are lined with white 
metal, as is also the large end bearing of the con- 
necting-rod. The small end is, however, of iman- 
ganese-bronze, this metal being found to stand the 
oscillating motion of the rod, coupled with the rather 
heavy pressure, better than white metal. The propor- 
tions of the crank-shaft are ample, a feature of all the 
engines built by this firm. 

As before stated, the governing of the engine is 
done by throttling the gas only, and the compression 
is practically constant at all loads. This is especially 
desirable in tandem engines, as the weight of the 
reciprocating parts is greater than in single-cylinder 
engines, and the constant compression cushions the 
= on the inward stroke, besides keeping the 

arings constantly up to their work. 

Ignition is by means of a low-tension magneto 
machine, the levers of which are operated by a trip- 
gear slow-speed engagement. The arrangement is 
shown in Figs. 5 and 9, where n is the magneto and 
o the trip-gear. The sparking-plugs are shown at p, 
Figs. 5and 9. The timing of the spark can be adjusted 
while the engine is running, so as to ensure the best 
result with any mixture. 

The engine is started by means of compressed air 
at a pressure of 150 lb. per sq. in., the engine being 
provided with an arrangement for automatically ad- 
mitting each charge to the back cylinder at the correct 
time, so that full speed may be got up if necessary 
with air only. The admission- valve for the com- 
pressed air is shown at qq, Figs. 2and 3. When the 
engine is started, the exhaust-roller can be moved 
along the shaft by hand, so as to bring into action a 
cam-path that reduces the compression in the cylinder 
to one half, so as to make the starting easier, the roller 
being moved into working position when the engine has 
started. The compre air is pum into receivers 
of welded steel at a pressure of 150 lb. per sq. in., by 
a small engine working on petrol or petroleum, as 
may be convenient. he engines were tested for 
7 hours for an average continuous load of 287 brake 
horse-power, during which time a mechanical efficiency 
of 87 per cent. was obtained. At full load this 
mechanical efficiency rises to 88.25 percent. ‘The coal 
consumption was 0.81 1b. per horse-power hour, the fuel 
containing 13,267 B.T.U_ per lb., and the oil consump- 
tion over the same period was 0.033 oz. per brake- 
horse-power hour. 

The engines were constructed to the general 
requirements of the Hampden Oloncurry Company’s 
consulting engineers, Messrs. Fyvie and Stewart, and 
have been arranged to work with pressure-gas plants, 
manufactured by Messrs. Dowson and Mason, and 
ordinary bituminous coal will be used. We have had 
the opportunity of seeing this engine at work under a 
brake bal of 330 horse-powe at the makers’ works, 
and were particularly struck with its quiet running 
and remarkable steadiness. 





Tue INSTITUTION OF AUTOMOBILE ENGINEERS: Paris 
Vistv.—A special meeting of members of this Institution 
in Paris has arranged, with the object of visiting a 
number of works in the neighbourhood. The party will 
leave Victoria at 8.45 . on Wednesday, the 19th inst., 
and the meeting will continue until the end of the 
week. The arrangements include visits to the works of 
the following firms :—Darracq, Mors, Gobron-Brillie, 


Lemoine, De Dion-Bouton, Panhard-Levassor, Gnome, 
and Deperdussin. 





THE “TITANIC” INQUIRY.” 


Tue Court of Inquiry which has been investigating for 
some weeks past the foundering of the Titanic has now 
entered upon the examination of technical witnesses, 
whose views are of special interest to all shipbuilders and 
engineers. We therefore record the evidence given on 
such naval architectural and engineering questions.* The 
Court is constituted of Lord Mersey, as President, and 
of the following five assessors :—Rear-Admiral the Hon. 
S. A. Gough Calthorpe, Captain A. W. Clarke, Com- 
mander F. C. Lyon, RN. R., Professor J. H. Biles, and 
Mr. E. C. Chaston. The meetings, which have been 
held in the London Scottish Hall, Buckingham Gate, 
S.W., were up till the afternoon of Thursday, June 6, 
occupied aelak with hearing the recitals of survivors. 

The first technical witness examined was Mr. Edward 
Wilding, naval architect to Messrs. Harland and Wolff, 
the builders of the vessel. Mr. Wilding put in a state- 
ment describing in detail the construction of the ship, and 
exhibited a number of plans, most of which had been 
specially prepared for the use of the Committee.t He 
stated that the load draught of the Titanic was 34 ft. 7 in., 
and her displacement at this draught was 52,310 tons. 
There were he said nine decks in all, the height between 
them varying in different cases from 8 ft. to 10 ft. 6 in. 
The ship was built under the survey of the Board of 
Trade, and also met the requirements of the American 
emigration laws, which demanded that the area appro- 
priated to each third class passenger should be some 20 per 
cent. more thanthat required by the Board of Trade. 

The witness was first questioned as to the provision 
for the electric lighting of the ship. The main electrical 
machinery was situated, he stated, abaft the turbine- 
— room (Fig. 9, Plate L.), but there were in 
addition two emergency sets located above the turbine- 
engine room and above the tops of the bulkheads (see 
Fig. 5, Plate L.). These could be supplied with steam 
from any boiler in the ship, whilst the main set could be 
— from boiler-rooms Nos. 1, 2, and 4. 

The supply of energy for the wireless eer plant 
was, he believed, obtainable from three independent 
sources. In the first place it could be taken from the 
main electric - generating plant which was worked all 
day ; secondly, a supply could be obtained from one of 
the emergency dynamos, which were runevery night ; and 
thirdly, there was also, he understood, a small storage 
battery which would yield the supply necessary during a 
short time. In addition to the above, the ship was 
fitted with submarine signalling plant. The electric 
lighting of the ship was, he said, so arranged that certain 
lights could only be turned on or off from the main 
switchboard, so that it was impossible for any section 
of the ship to be left wholly in darkness'through the 
inadvertence of a passenger. For handling the boats 
there were four electrically-driven winches (Fig. 12, page 
803). These were provided really for lifting the boats, 
since the operation of ge could be performed just 
as quickly by hand. The — t of the boat-deck above 
the keel was 96 ft. 6 in., which corresponded to a height 
of over 60 ft. above water at the time of the disaster. 
This boat-deck (Fig. 12) was 515 ft. long. At its forward 
end there were two ladder-ways leading to the promenade 
deck. There was next a wide first-class stairway abaft 
the officers’ quarters. Further aft, on each side of the 
casing for the third funnel, was an additional ladder-way, 
and from the foot of these, abaft the third funnel, was a 
stairway which was contmued right down to E deck 
(Fig. 6, Plate L.). For thesecond-class passengers, at the 
after end of the boat-deck, a stairway 5ft. 6 in. wide was 

rovided, which was continued down through all the 
ecks, from all of which it could be entered, with the 
exception of from deck A (Fig. 2, Plate XLIX.). An 
additional stairway 5 ft. wide was also provided from 
deck A to the lower decks. From this stairway access 
could be obtained to the main second-class stairway 
to the boat-deck by ing through the second-class 
smoking-saloon on yw A. 

The third-class passengers in the forward part of the 
ship had, he stated, direct access to C deck (see Fig. 4, 
Plate X LIX.), from which they could get up to the boat- 
deck either by the ladder-ways provided forward of the 
bridge, promenade, and boat-decks, to which the only 
obstruction was a hinged rail, which was not fastened or 
locked. Through an emergency door, which was not 
locked, they could also get access to the main first-class 
stairway. The third-class passengers amidships could, 
when the water-tight doors were open, get direct access 
to the second-class stairways ; whilst if these doors were 
closed, they could enter the engine-room casing and thence 
go up the ladders to the skylight and out on to the boat- 

eck. The ladders in question, he explained, were stair- 
ways in all but name, but had metal instead of wooden 
steps. ird-class passengers aft, could in all conditions, 
by their own stairways, get accese to the shelter-deck, 
and thence » to the boat-deck by the second-class 
stairways. There was no physical barrier in their way 
but a hinged rail. Of the emergency doors, which he 
had mentioned as being also at their service, there were 
four. These were not locked, and were passed through 
daily by the stewards. 

From each stokehold and engine-room, ladders led u 
above the level of the water-tight bulkheads. Wit 
reference to the statement of Frederick Scott, a greaser, 
who had given evidence that he had had to release a 
mate in the after part of the ship by open: g a water- 





* This evidence will be much more easily followed if 
reference is made to the complete plaus of the Titanic, 
Plates XLIX. and L., and pages an | 804. 

+ The description of the Olympic and Titanic was 
given in ENGINEERING, vol. xc., pages 564, 620, and 693 ; 
vol, xci. page 678. 





tight door, Mr. Wilding said that this was quite un. 
necessary, since there was a os up ladders from this 
compartment to above the bulkhead level. He had been 
up it himself, and the man must have been a stranger to 
the ship not to have known of it. 

The bridge-deck, he explained, was not the captain’, 
bridge, which, in fact, was located on the front of the boat. 
deck. The bridge-deck (see Fig. 3, Plate X LIX.) consti- 
tuted the top flange of the ship considered as a girder, 
and above it the construction was lighter. The only 
decks which were water-tight were that part of the lower 
deck (see Fig. 8, Plate L.) forming the top of the peak 
tank, and another section of the same deck at the stern. 
The Board of Trade required this to be water-tight where 
it formed the roof of the shaft tunnel in case of the skin 
of the ship being punctured by a broken shaft. Actually, 
however, this water-tight section was carried considera)) y 
further forward than was required by the Board of Trade. 

From boiler-room No. 6, the witness explained, there 
was a water-tight tunnel or a fireman’s e (see 
Fig. 10, Plate L.). This extended along the tank top 
up to bulkhead No. 2, where it terminated in a water- 
tight trunk, which extended up the top of the lower 
deck. In each wing of this trunk there was a spiral 
staircase, 2 which the firemen gained access to their 
quarters. he corner of this casing came at one point 
within 3 ft. 3 in. of the skin of the ship. The evidence 
showed that the wall of this trunk had been pierced, so 
that the ice must have penetrated the ship up to this 
level at least, and in sufficient bulk to break the partition 
in question. 

e inner bottom of the ship, he continued, extended 
fore and aft over about nine-tenths the total length. It 
was constructed on the cellular system, with a *‘ floor” 
or web-plate at every frame running right across the 
ship. It was 63in. deep for the most part, but 78 in. 
deep under the reciprocating engines (Fig. 13, page 804). 
Over half the length of the ship it extended up the 
sides to protect the bilges. He did not think that its 
extension further up the sides of the ship would have, 
in this instance, heen any safeguard. A double skin was, 
he admitted, a protection against small wounds, but the 
wound in the Titanic, as he had already pointed out, 
penetrated to a depth of over 3 ft. One disadvantage of 
a double skin was that it reduced very considerably the 
utilisable space; but another was that the interspace 
between the skins was difficult of access, and there was a 
great danger that it would not be properly looked after, 
and serious corrosion ensue, so that a double skin in the 
merchant service was likely to be an ultimate disadvan- 
tage. In the Navy it was feasible to use such a system 
of construction, cause more careful supervision was 
practicable. The experience of his firm had been decidedly 
against the system. The same objection did not apply to 
the simple double-bottom. The spaces here were much 
larger and of more simple and convenient form, and thus 
were more easily looked after, while the awkward spaces 
which would result from the adoption of a double skin 
were not. Round the turn of the bilges, the witness 
stated, the skin consisted of two thicknesses of plating 
close riveted together. 

Questioned as to the construction of the Mauretania 
and Lusitania, Mr. Wilding said that the tank-top wasin 
these ships also only carried up to the turn of the bilges, 
but as the bilges were more rounded, the actual height 
above the keel was greater.* The height to which the 
double bottom was carried was, moreover, about 1 ft. more 
in the case of the Mauretania than in that of the Titanic. 
The Mauretania had longitudinal water-tight compart- 
ments and water-tight bunkers along the sides of theship. 
An objection to the use of water-tight bunkers was that 
the coal had to be worked through water-tight doors, and 
it was then difficult to maintain these in an efficient 
condition. Longitudinal water-tight bulkheads were open 
to the objection that, any water entering them, being 
unable to pass to the other side of the ship, would produce 
a list, making it impossible to lower the boats on one 
side of the ship. 

In the case of the Titantic the list was very small 
until near the end. He thought it would be difficult to 
counteract a list due to the flooding of a longitudinal 
compartment by trimming the tanks, as such an opera- 
tion was slow. It would also be difficult to provide for 
counteracting such a list by flooding the corresponding 
bunker on the opposite side of the ship, since this involved 
the use of water-tight doors in the bunkers, of which 
they had had such unsatisfactory experience that his firm 
discouraged their use. 

The slight list which the Titanic at first experienced 
to starboard was due, he thought, to the fact that tine 
post-office and baggage-room on that side were flooded 
at an early stage, whilst an equal flooding of the corre- 
sponding area on the port side was checked by certain 
partitions. Later on the water got above the E deck into 
the working alley, known as “‘Scotland Road” (see 
Fig. 6, Plate L., on the port side), so that it was then 
able to get most easily along the port side of the ship, 
on to which all the stewards’ rooms opened. At this time 
the reduction in the stability of the ship had become 
serious, so that a moderate excess of weight would cause a 
considerable list 

In answer to further questions, the witness stated that 
forward and aft of the central section of the ship the 
double bottom constituted single compartments or tanks, 
but where it extended to the bilges it was subdivided, 
there being four se te tanks under the engine- 
room floors, and right aft, the double bottum again 
constituted a single tank. Again, as regards the state- 
ment which had at made that the ship broke in two 

* The section of the Lusitania was illustrated in 
ENGINEERING, vol. Ixxxiv., page 130, and that of the 
Mauretania in ENGINKERIYG, vol. Ixxxiv., page 617. 
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that there would have been a risk of the boats breaking 
in two if lowered with their full complement were in 
error. One of those supplied to the Olympic was actually 
raised from the water to the boat-deck level on May 9, 
1911, when carrying a load equal to their full complement. 
This test had not been made to test the boat, but the 
electric hoisting-gear. The weight in that case was 
equivalent to sixty-five people on board, and with this 
weight the boat was raised and lowered six times, and 
was afterwards found to be quite unstrained. The 
attention of the ship’s officers had not been directed 
specially to these tests, but he had thought that the 
strength of the boats would have been well known to 
them. The falls could, he said, be disengaged simul- 
taneously at each end by moving over a lever amidships. 
This could be done, pis | had been done, with the boats 
still suspended in the air. The device in question was 
the invention of a White Star captain, and was specially 
serviceable if a boat had to be lowered into a sea-way. 

There would, Mr. Wilding stated, be no difficulty in 
lowering two boats in succession from the same davits, 
though it would require a quarter of an hour or so to 
disentangle the falls again after the first boat had been 
rel The plan of using a single-wire rope fall, in 
conjunction with suitable gearing was therefore worthy 
of consideration. 

Motor lifeboats had not been supplied to the Titanic. 
By the Board of Trade rules a motor lifeboat might be 
substituted for one of the ordinary lifeboats, but such a 
boat would accommodate a smaller number‘of people. The 
Engelhardt collapsibles differed from the Berthon in 
that their buoyancy was in no way dependent upon the 
integrity of their canvas sides. e fourteen lifeboats 
were all fitted with compasses, but not the emergency 
boats or the Engelhardt ts. Even these, however, 
had some supplies kept in the thwarts. 

In reply to questions by Mr. Clem Edwards, Mr. 
Wilding stated that no water test had been made of the 
bulkheads, and he said that it was not, as suggested by 
the querist, the practice for Lloyd’s to insist on such a 
test. The bulkheads were, however, tested by a plying 
straining forces to them. The fore peak was subjec 
to a water test, as it formed a tank. For proportion- 
ing bulkheads there were, he informed Mr. Edwards, 
two standards taken as a is for the scantlings—viz., 
Lloyd’s rules and the report of the Bulkhead Committee. 
In the first instance, these rules served as guides, and 
the result was then checked by detailed calculation. 
The bulkhead in front of boiler-room No. 6 was, he 
informed Mr. Edwards, 44 ft. high from the tank top. 
The plating at the lowest level was 0.56 in. thick, and 
the thickness from deck F to deck E was 0.30in. The 
stiffeners were spaced 29} in. apart, as compared with the 
30 in. demanded by Lloyd’s, and this did not mean less 
than Lloyd’s requirements, as suggested by Mr. Edwards, 
but that the bulkhead was better than demanded by 
Lloyd’s. In further reply to Mr. Edwards, the witness 
stated that when vessels were being built for classification 
at Lloyd’s, there would be one or two surveyors looking 
~ all the work for classification being built in the 
yard. 

It was not true, as Mr. Edwards insinuated, that there 
was no independent check of the quality and sufficiency 
of the work. As a matter of fact, there were two such 
independent checks. In the first place, it was the business 
of the assistant manager to see that the plans were being 
complied with in the yard. If this was not being done, 
the error was corrected at the expense of the workmen 
responsible. In the next place, the whole of the work 
was under the continuous survey of the Board of Trade 
surveyors, who collectively must have paid 2000 to 
3000 visits to the ship. It was quite true, Mr. Wilding 
continued, that no official statement of the Board of 
Trade requirements had been published, but his firm 
knew well from experience what these requirements were. 
There was, in fact, a ‘‘ Board of Trade practice,” which 
had to be complied with. So far as bulkheads were con- 
cerned, they were guided by the report of the Bulk- 
head Committee. Lloyd’s, he continued, had no general 
rules applying to vessels more than 650 ft. long, and the 
plating of the Titanic’s bulkheads was 10 to 15 per cent. 
in excess of Lloyd’s requirements. 

In answer to further questions from Mr. Edwards, the 
witness said that the action of the float which automati- 
cally released the water-tight doors would not be affected 
by any rush of water, since it was protected from such a 
rush by being under the stokehold floor. Mr. Edwards 
suggested that the water might shoot solidly across 
through one water-tight door and into the next compart- 
ment through the opposite door before the latter could 
close; this the witness said was impossible, since the 
velocity attained would depend on the head, and could 
not possibly exceed 44 ft. a second. The top of the 
stream would therefore reach floor level and in to 
spread long before it reached the opposite door. Mr. 
Edwards was also — in error in supposing that the 
stream would shoot furthe: if the doorway were partially 
blocked, since the velocity attained depen edeahdron the 
head producing it. The attempt made by the engineers to 
get further pumping power at work in boiler-room No. 4 
was due, Mr. Wilding thought, to the fact that the pump 
here, which could deliver 150 tons, and the pump in room 
No. 3, which could deliver 250 tons per hour, were unable 
to keep down the water in room No. 4. There was, 
however, a third pump in room No. 3, capable of deliver- 
ing 150 tons an hour; but this could not draw from 
room No. 4, and it was to fit > an emergency length of 
piping that the engineers had the lower doors in the after 
end of the ship and along the tank 4 re-opened. The 
necessary piping had to be brought from a distance of 


nearly 500 ft., and through confined spaces, and then be 
coupled up. If this was done in half-an-hour, he thought 
ve been a very smart piece of work. 


it would As the 
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water was not getting into the aft compartments, he saw 
no objection to opening the doors in question ; but for this 
to be possible they must have been released from the 
bridge, probably at the request of the chief engineer. It 
was, he thought, an advan to uce the number of 
doors to a minimum, since such doors could never be quite 
as reliable as a solid bulkhead. With longitudinal bulk- 
heads a very large number of doors were required. 
Aoollision-mat, he thought, might ibly have been of 
use had there been only one opening, but fifty or sixty men 
were required to get one into p as the proper fixing 
of it was a matter of trial and error, and took a long time. 
It would not be possible to fix a number of collision-mats 
simultaneously over different punctures. Counsel’ssugges- 
tion that something of the nature of an umbrella might 
be shoved through from the inside and then opened out 
was quite impracticable, owing to the enormous rush of 
water. 

At the meeting of the Committee on Monday last, Mr. 
Edward Wilding continued his evidence, stating, in reply 








to Mr. Scanlan, that the plans of the lifeboat ments 
were got out in the drawing-office of Messrs. Har and 
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Wolff. So far as he knew, these plans were not submitted to 
the White Star Company. He had seen the method pro- 
by Messrs. Welin for handling three boats at one 

set of davits, but he did not think that the proposal was 
one he would care to recommend. The actual number of 
boats provided was, he believed, sufficient. In some cases, 
as in some of the Hamburg-Amerika ships—he believed 
it was the case with the Amerika—boats were carried on 
The ship in question had been built by his 
measured 670 ft. by 74 ft., and was rated at 
23,000 tons, being thus about half of the size of the Titanic. 
The number of passengers carried was, however, at out 
the same in the two ships, the Amerika being designed 
to carry many more hind alan passengers, and her total 
boat accommodation was about the same as was provided 
on the Titanic. The German regulations as to boats were 
about 10 per cent. in excess of the Board of Trade require- 
ments, but were graded up to 45,000 tons, which was the 
size of the Imperator, now being completed, and for still 
larger displacements the rules provided that the boat 
accommodation should he proportionately increased. The 
President Lincoln, of the Hamburg-Amerika Line, was 
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designed to carry 4105 in all, of which number 1465 could 
find places in the boats. The President Grant could 
carry 3991 persons, and had boat accommodation for 1516. 

In reply to questions from Mr. Harbinson, Mr. Wilding 
explained that his views as to the boat accommodation 
necessary was not based upon the unsinkability of the 
vessel, but upon the fact that it would float when fully 
laden with any two compartments flooded, and in the 
conditions in which the accident occurred, she would 
actually have been safe if three compartments had been 
flooded. The P. and O. and the Royal Mail Companies 
did, he understood, provide boat accommodation for the 
whole of those carried on shipboard ; but of these lines 
the P. and O. carried no emigrants, and the Royal Mail 
Company very few. So far as the liners to North 
America were concerned, he believed none carried suffi- 
cient boats to accommodate all on board. 

I; was here stated by Mr. Harbinson that the Allan 
Line did, but Mr. Wilding said he believed this was not 
the case before the accident to the Titanic. 

It was not true, Mr. Wilding continued, when the 
Olympic was being launched, that on being wafted gently 
against the wall her sides crumbled up like tinder. The 
plating was merely slightly dented, and there was nu 
necessity to use heavier skin-plates, which were 1 in. 
thick. 

He did not consider it advisable to instal additional 
boats for the third-class passengers in the well decks. It 
was not true that they could not get to the boat-deck, 
the evidence clearly establishing that they did actually 

et there, and this was, he believed, the best place for the 
joats. In the case of the Teutonic and Majestic, which 
had been built by his firm, but rather before his time, 
longitudinal bulkheads were provided in the first instance. 
These were, however, subsequently removed, since further 
consideration led to the belief that if one side were 
flooded the consequent list would endanger the vessel. 
As for the effects of the fire in the bunker, which was 
said to have made the plating red-hot, Mr. Wilding said 
that it was not the case that this would render the plates 
very brittle, though it might make them a little less 
ductile than they were originally. 

The German and American requirements for boat accom- 
modation were slightly in excess of the Board of Trade 
requirements, but he had no information as to what was 
actually provided in the case of the Philadelphia, New 
York, St. Louis, and St. Paul, which were the only four 
liners sailing under the American flag. The skin plating 
of the Teutonic, he continued, was 20 per cent. in excess 
of Lloyd’s requirements. Lloyd’s rules, so far as they 
went, would have required the Titanic to have had 
thirteen water-tight bulkheads; actually there were 
fifteen. He did not believe that there was any explo- 
sion of the boilers before the vessel sank, but these boilers 
would probably slip off their seats when the ship was 
35 deg. down by the head. Since the lights were kept 
going up to the end, the emergency dynamo was 
evidently still getting steam, probably, he thought, from 
boiler-room No. 2. The fall of the funnels came about 
because at the end the water rose faster outside the 
casings which supported them than inside. This casing 
was not designed to take a heavy Fg and thus 
collapsed, letting the funnel down. It was not the case, 
as counsel suggested, that the expansion joints provided 
weakened the ship, since these joints were confined to the 
promenade and buat decks, which had no structural signi- 
ficance. The maximum speed of which the Titanic 
would have been capable, given fine weather and an 
experienced crew, was 23} knots, but to attain this the 
whole of the boilers would require to have been in use. 
Of the nine members of the staff of Messrs. Harland 
and Wolff on board not one was saved. The boat- 
falls, he continued, had been tested since the accident, 
and it was found that each individual length of ro 
would carry 5 to 52 tons, so that the strength of the 
falls as a whole was 60 tons. Some experiments had 
been made to test the stability of the ship, and from 
these it appeared that if 800 passengers ran to one of the 
sides of the Titanic in her then trim they would produce 
a list of 2 deg. This would be quite perceptible on 
the flat decks, which had a camber of only 3 in., being 
equivalent to a rise of about one in twenty-eight, which 
was quite an appreciable hill. He had on different 
occasions, accompanied either by members of the com- 
mittee or by counsel, tested the time required to reach 
the boat-deck from the most distant of the third-class 
quarters. At a slow walk the time taken varied, on the 
different occasions, between 3 and 34 minutes. 

(Juestioned as to the construction of the Mauretania, 
Mr. Wilding said that on that ship there were, he 
believed, forty-seven water-tight doors, as against twelve 
on the Titanic. The Mauretania and Lusitania 
however, he understood, been designed to meet Adini- 
ralty requirements for use as auxiliary cruisers. The 
float for automatically releasing the water-tight doors in 
the Titanic had been tested, and worked perfectly. The 
loss of the Titanic became inevitable,once No. 6 boiler- 
room, the fore , and the three holds‘were flooded. If 
No. 5 bulkh had been carried up to D deck, the boat 
would not even then have survived; whilst with No. 4boiler- 
room flooded, no possible height of bulkhead would have 
sufficed. He did not think that the water in this room 
came over the bulkhead, as it would have been seen fall- 
ing, whilst the evidence showed that it rose through the 
floor. The actual freeboard of the bulkheads was twice 
that recommended by the Bulkheads Committee. 

A thorough search had, he said, been made at the 
offices of Messrs. Harland and Wolff, and no trace could 
e found of plans for greater boat accommodation having 
been submitted to the White Star Company. 

As to the question as to whether greater safety to 
passengers was to be secured by increased floatability 
vr macreased boat accommodation, he held a very 








strong view A. favour = ee angen | eg 
suggestion t special ts sho arranged for- 
ward and aft for the accommodation of the third-class 
passengers was, he thought, inadvisable. If placed in 
the forward well they would be liable to da from 
the seas which came aboard, whilst those aft could 
not safely be lowered into a sea-way, and a slight scend 
might stave them in on top of the propeller blades 
A aon tee he said, was useful only for illuminating 
a narrow channel, such as the Suez Canal, but was in- 
advisable when the look-out had to cover a considerable 
arc, as objects out of the direct line of the beam became 
more difficult to distinguish. A search-light had, indeed, 
been fitted to the City of Paris, and abandoned, he under- 
stood, se it was found useless. Though it might 
show up an iceberg well, he doubted whether it would be 
effective for a derelict which lay low in the water. In 
new boats it was, he said, pro to increase the 
floatability beyond that of the Titanic, but the plans 
were not definitely decided on. 

In answer to Lord Mersey, Mr. Wilding said that 
the total water-ballast capacity (including fresh water) 
was 5754 tons, of which 190 tons were in the fore 
peak and 115 tons in the aft peak tank. As to the 
question of the advisability of making the decks them- 
selves water-tight, there were arguments both for 
and against. In the present instance a water-tight 
deck a little below water-level would have saved the 
vessel; but in the case of certain other possible acci- 
dents, in which the skin might be pierced above the 
deck level, the water which came on board on top of 
the proposed water-tight deck might lead to a capsize. 
He we ee there was no advantage in having a water- 
tight deck above the level of the bulkheads. The Victoria 
had such a deck, but he would rather obtain safety in 
some other way. One objection to the system was the 
ditficulty of securing the permanent water-tightness of 
the coverings to the hatches through which the cargo had 
to be worked. In any case, large openings would be 
necessary to the boiler-rooms, and thus the casings would 
have to be extended up as water-tight cofferdams above 
this deck. A purely commercial consideration was that 
it would render valueless for either passengers or crew 
considerable portions of the ship, and he agreed with Lord 
Mersey’s ——— that once a ship ceased to be com- 
mercially workable she ceased to be oy * 

As to the proposal to curry up the bulkheads to the 
C deck-level, the most serious disabilities lay in the 
Board of Trade regulations for providing exits to the 
third-class quarters. There were some other objections, 
but these he thought could be overcome. 

The structural plans of the Titanic were handed to the 
Board of Trade inspector at Belfast on June 3, 1908, 
who, he believed, had been instructed from head-quarters 
to ask for them. Receipt was acknowledged, but, so far 
as he was aware, no criticisms or comments were made on 
these plans by the Board of Trade, though he believed 
they were carefully examined by them. The plans in 
question were not sent to the White Star om : an 
few comments and criticisms had been made by the 
of Trade inspectors on minor points which arose during 
the execution of the work. 

This concluded Mr. Wilding’s evidence, for which Lord 
Mersey tendered the thanks of his committee, who felt, 
he said, that Mr. Wilding had tly assisted them. 

The next witness called was Mr. L. Peskett, the naval 
architect to the Cunard Company, who stated that he had 
given very careful consideration to the relative merits of 
transverse and longitudinal bulkheads, and had arrived at 
the conclusion that a combined system was the best for very 
large vessels. In the Mauretania and Lusitania, for the 
designs of which he was responsible, there were thirteen 
transverse bulkheads. Of these, that nearest the stern 
extended up to B deck, and the rest up to C deck.* 
These transverse bul were subdivided by longi- 
tudinal divisions. Thus from the forward end of the 
engine-room a bulkhead of this kind extended on each 
side of the boiler-rooms up to the fourth transverse bulk- 
head. The spaces between these and the sides of the 
ship were used as bunkers, and were further subdivided 
by small transverse wing bulkheads, not more than 40 ft. 
apart as a maximum. The two boats in question were 
built to his design, the ~»e.by Messrs. Swan, Hunter, 
and Co., and the other by Messrs. Juuis “rown and Co. 
—— were built at actual cost R ag’ @ percentase for 
profit. Aft of the engine-room, Mr. Peskett continued, 
were further longitudinal bulkheads, inside of which the 
auxiliary machinery was placed. Further, water-tight 
decks were provided above the trimming-tank and over 
No. 1 hold and the chain-locker, this being the orlop 
deck. Further aft a water-tight deck was fitted above 
the space between bulkheads Nos. 3 and 4, and, finally, a 
third water-tight section covered the space aft of bulk- 
head No. 10 on the level of E deck. This extended 
over three compartments. There was also a double 
bottom which was carried up to 8 ft. above © the 
base-line. This system was, he considered, the best 
for very large vessels. Any chance of a dangerous 
list due to compartments on one side being flooded 
could be corrected by admitting water on the a. 
site side, and the trim of the vessel resto y 
letting in water aft. He had, however, made no experi- 
ments on this head. He did not consider that there was 
any serious objection to’ working coal through water-tight 
doors. In the Lusitania and Mauretania these doors 
were all closed by hydraulic power. The hydraulic 
cylinder was fitted to the door framing, and not to the 
bunker plating, so that it was not affected 
of the latter. 





* The bulkhead arrangement of these steamers is fully 
illustrated in our issues of August 2, 1907, and Nov- 
ember 8, 1907. 





by distortion | 
The system used was known as the Stone- | 


Lloyd. Similar doors were fitted to the transverse bulk- 
heads and the machinery spaces. The bunkers, he should 
add, were screened, to prevent the coal piling up through 
them ; but in some apenas the cual tnd n allowed 
to pile itself up through the door at an angle of 
45 deg., and even then there was no difficulty in closing 
the door down through the heap. To ensure the mainten- 
ance of the doors in proper order all of them were closed 
down daily at 12o0’clock. All the principal doors were, 
as stated, operated hydraulically on the Stone-Lloyd 
system. They could all be closed from the bridge, and 
each could be opened or closed locally. Thus a man, if 
shut in, could let himself out, even if the door had been 
closed from the bridge, but so soon as he released the 
hand-lever the door would again close. Further hand- 
gear was provided by which the doors could be positively 
operated from the upper deck by means of rods and gear- 
ing. in accordance with the Board of Trade regulations. 
m being called on by Lord Mersey, Mr. Wilding here 
stated that a similar gear was provided on the Titanic. 

Continuing, Mr. Peskett said that in all there were 
sixty-nine water-tight doors, of which ten were above 
the water-line—viz., nine on the main deck and one on 
the lower deck. All these were operated by hand only. 
Of the er doors, thirty-six could be closed both 
by hand and by the Stone-Lloyd gear. 

He strongly believed in fitting a water-tight deck below 
the water-line. The danger of the ship capsizing through 
the entrance of water above this deck could be obviated 
by suitable subdivisions ; and in the Aquitania, now build- 
ing, he had made the water-tight deck continuous, the 
engine and boiler hatchways being carried up through 
it as cofferdams as far as the top deck. He had 
found no difficulty in keeping tight the covers to 
the hatciways through this deck in spite of cargo 
having to be worked through them; but he should state 
that in express liners the cargo carried was very light, 
and did not consist of goods likely to cause damage. len 
with heavy goods, however, he considered that the per- 
manent maintenance of the water-tightness of the covers 
was merely a matter of proper design. The Mauretania 
and Lusitania, he added, were built about five years 

o. The same system of subdivision was now being 

opted for the new German liners, but he considered that 
for ordinary ships transverse bulkheads were sufficient. 
He did not approve of having a high-level water-tight 
deck, as this would make the ship very difficult to work, 
and it would be impossible to provide for passengers 
below it. The Mauretania and Lusitania, he continued, 
had been built as naval auxiliaries, and were the onl 
boats afloat, so far, subdivided on the system described, 
In the case of the two boats in question, the height of 
the bulkheads above water-level varied from 23 ft. 
forward down to 17 ft. amidships, whilst aft it attained 
22 ft. The plans were submitted both to Lloyd’s and 
to the yall g of Trade. Some of the designs had been 
got out in conjunction with the Admiralty, but the 
method of subdivision had been adopted by him in the 
preliminary designs without consultation or reference 
to that y- 

The next witness was the Right Hon. Alexander Car- 
lisle, formerly chairman of the managing committee of, 
and general manager of, Messrs. Harland and Wolff. He 
had also, he stated, been a member of the committee 
appointed to advise the Board of Trade as to the life-saving 
equipment of vessels, and attended two of their meetings 
in 1911, when one of the subjects discussed was the provi- 
sion of boats. An interview with him, published in the 
Daily Mail on April 18 last, correctly represented his views. 
When engaged in working out the plans of the Olympic 
and Titanic he had considered the possibility of providing 
that each set of davits should be designed to operate four 
boats, and had got Messrs. Welin to design davits for 
that purpose, which he had submitted to Lord Pirrie 
and the White Star Company, pointing out the pos- 
sibility that the Board of Trade might demand addi- 
tional boat ae for these giant liners, and that 
it would be well to fit, in the first instance, davits 
which could meet the case. These davits were actually 
fitted on board both ships, but the additional boats 
were not supplied. The plans had been brought before 
Mr. Ismay and his co-director, Mr. Sanderson, in 
October, 1909, and in January, 1910, and on each occa- 
sion 5 to 10 minutes was spent in discussing them. 
Four boats for each davit could, he considered, be 
Ca.sic? without difficulty on the Titanic and 


Olympic -‘e being permanently slung, as was the usual 
practice in and O. liners. In bad weather he did not 
consider be *% would be of any use, but in good condi- 


tions he tho. "ht that the whole could be lowered 
in an hour, aud since one boat was carried ready 
slung, two could easily be got off in half-an-hour. 
The greatest loss of time was in getting the falls 
right again after a bodt had been lowered and reléased ; 
but by the use of wire ro and gearing this draw- 
back could be obviated. The design of the Olympic 
and Titanic, so far as settling the main dimensions went, 
lay with Lord Pirrie, whilst the responsibility for the 
adequacy of the lifeboats lay, he considered, with the 
Board of Trade. He could not say who was responsible 
for deciding that more boats should be carried than were 
demanded by that body. He himself retired from the 
| builders’ firm in June, 1910. Personally he considered 
| that the Titanic ought to have had forty-eight lifeboats, 
or three times her actual equipment. He had always 
held this view, but had never definitely told the White 
Star directors that the supply of boats was inadequa 
though he showed them plans by which more boats cc 

be accommodated in case the of Trade increased 
their requirements. The plans in question he had 
taken to the meeting of the Advisory Committee of 
the Board of Trade in 1911. 

| Mr. Edwards, in continuing the examination of the 
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witness, said that Mr. Sanderson had objected that the 
provision of more boats would tend to make the Titanic 
top-heavy, and Mr. Carlisle agreed that this was a serious 
objection. Mr. Edwards then asked if this could not be 
obviated by sacrificing a deck—say the promenade deck— 
so as to reduce the level at which the boats were carried. 
Mr. Carlisle to this replied that it would make very little 
difference. He could not state whether the total weight of 
the boat-deck was more than thatof the boats, which accord- 
ing to Mr. Edwards, would weigh 14 tonseach. Mr. Edwards 
then remarked that the witness had prepared a design 
by which sixty-four boats were to be carried on the actual 
boat-deck of the Titanic, and that now he objected that 
they would make the ship tender if this deck were done 
away with, and they were carried at the level of the pro- 
menade-deck. To this Mr. Carlisle replied that he had not 
at that time gone into the matter from this standpoint, but 
that if on the stability test of the ship she proved tender, 
it would have been quite possible to correct this by a very 
slight increase in the ballast carried. ; 

uestioned as to bulkheads, Mr. Carlisle expressed a 
strong preference for the transverse type, which he thought 
should be carried higher, though it would be no use 
extending them beyond the weather-deck. He believed 
in having very few doors, and that all doors should 
closed at night. In reply to a statement by Mr. Scanlan 
that in warships there were no water-tight doors on the 
tank-top level, he said this plan would be impossible of 
adoption in the mercantile marine, both mechanically 
and commercially. Questioned as to the nature of the 
mechanical difficulties, he said that in the merchant 
service there was not, as in warships, artificers to over- 
look the working of the boilers and machinery in the 
different compartments, and that it was therefore neces- 
sary that tke engineers should be able to pass easily from 
compartment to compartment. On it being pointed out 
that this was a commercial and not a mechanical diffi- 
culty, he stated that in a warship the hands stayed for so 
long a time that they had a thorough knowledge of the 
vessel, whilst in the merchant vessel fresh crews were 
ship every trip. He considered, therefore, that the 
be itions of the two services were in no way compar- 
able. 

Further questioned by Mr. Laing, the witness said that 
in 1911 he had told the Advisory Committee of the Board of 
Trade that their rules for boat equipment were inadequate. 
He admitted that he was now financially interested in 
Messrs. Welin, who supplied the davits, having joined that 
firm in August, 1910. In answer to the Attorney-General 
he had, he admitted, signed the report of the Advisory 
Committee, which recommended that for ships of 45,000 
tons and upwards the lifeboat accommodation should con- 
sist of sixteen boats under davits, having a cubic capacity 
of 8300 cub. ft., in addition to accommodation in the shape 
of rafts, &c., equivalent to three-fourths of the above 
capacity. These requirements, the report continued, 
should not apply if the ship was sufficiently subdivided 
and fitted with wireless telegraphy. This report, he ad- 
mitted, had been signed by him, as he did not think it 
would be fair to introduce new regulations which would 
run existing boats into great expense and difficulty. 

At Tuesday’s meeting of the Titanic Inquiry Com- 
mittee, the bearing of further technical evidence was 
postponed for the purpose of taking the statements of 
two captains having long experience 1n the trans-Atlantic 
service. In the first instance, however, Captain C. A. 
Bartlett, marine superintendent of the White Star Com- 
pany at Liverpool, was placed in the box, and deposed 
that, in his opinion, any considerable increase in the 
number of boats carried would be unwise, and he was 
strongly opposed to the use of searchlights or to providing 
the look-out men with binoculars. 

Captain Bertram Hayes, a White Star commander, 
engaged on the Canadian route, was next examined, and 
stated that on this route ice was frequently met with, 
particularly off the Belleisle me e never slackened 
speed in clear weather because of the presence of bergs, nor 
did any other Atlantic liner. Bergsin clear weather could 
be seen 5 to 6 miles off, and he had seen them at 10 miles. 
He had run at full speed between bergs on dark clear 
nights without hesitation. He had never seen a black 
herg such as was said to have caused the disaster to the 
Titanic, and the conditions must have been abnormal to an 
extraordinary degree. 

Captain Hayes’s evidence was confirmed in every par- 
ticular by Captain Passow, of the American Line. 

Following this, Captain Miller, assistant hydrographer 
at the Admiralty, stated that on the whole he thought 
the disadvantages attaching to the use of searchlights in 
merchant ships on the trans-Atlantic pa‘ outweighed 
the advantages. If they were adopted, the most strin- 
gent regulations should govern their use. 

In the afternoon Sir Walter Howell, an assistant secre- 
tary to the Board of Trade, was exs.mined. He had, he said, 
been chief of the Marine Department since 1899. Of late 
years international understandings as to the fitting of 
safety appliances at sea had become pretty general. As 
showing the eo and increasing safety of the trans- 
Atlantic trip, he staved that ‘n the decade from 1892-1901 
the total numer of passengers carried both ways 
between Europe and America was 3} millions, for the 
most part in British ships. The number of passengers 
on the British ships who lost their lives in that 
time was 73. Taking next the decade from 1902-11 
the total traffic had risen to over six million passen- 
gers, of which, as before, much the greater part were 
carried on British ships. The number lost on British 
ships in that decade was nine only. It was the practice, 
he stated, to have a survey at least once a year of all 

assenger ships carrying more than twelve passengers. 
The Board of Trade policy 2s to bulkheads and sub-divi- 


sions was to leave shipbuilders a fairly free hand in order 
to avoid stereotyping practice by means of detailed rules 





and regulations, which their experience had proved to 
cramp development. The first Seed of Trade regula- 
tions as to the provision of bulkheads was made in 
1846, and the rule then promulgated required the pro- 
vision of a bulkhead on each side of the boiler-room and 
engine space. A similar requirement appeared in the 
regulations of 1854, but in 1862 the rule was repealed, as it 
was believed to be unsuitable. Since that date they had had 
a general rule that if ships weredivided intoefficient water- 
tight com ments, the number of ‘‘ extra” boats might 
be halved. The rule in question had been in existence 
twenty-two years, and in that time they had had 103 
applications for the exercise of this dispensing power, 
which had nm granted in 69 cases. Such applications 
had, however, got fewer from year to year, and now 
averaged about four a year. When this rule as to the 
fisting of two bulkheads was repealed, as above explained, 
shipbuilders immediately began to fit four, five, and six, 
so that he thought the laying down of a minimum rule 
tended to make shipbuilders adopt such a rule as a maxi- 
mum. 

The view of the Board of Trade had been, that efficient 
sub-division of a ship wasin every way preferable to the 
provision of many boats, and this was why they had 
consented to relax their requirements as to boat capacity 
when ships were efficiently bulkheaded. The Bulkhead 
Committee of 1891, which sat under the presidency of Sir 
Edward Harland, had been appointed to guide the Board 
of Trade as to what constitu efficient sub-division, and 
this committee advised that greater inducement should 
be given to shipbuilders to construct such ships by a still 
further relaxation in the capacity demanded in the boats, 
but their recommendation had not been acted on. 

As matters stood, the Board uired a minimum of 
four bulkheads—viz.—a collision bulkhead, not less than 
ee the length of the ship away from the stem; a bulk- 

ead on each side of the machinery space; and a fourth 
aft to protect the tunnel. In the absence of these the 
surveyor would refuse to pass the ship. At the same time, 
however, the surveyors were instructed that further sub- 
division than the above minimum was regarded as desir- 
able, but they were not to refuse their ‘‘declaration,” 
as to the Board’s uirements being satisfied, solely on 
the ground that coly lone bulkheads were provided. 

The examination of Sir Walter Howell was continued 
on Wednesday, but led to the disclosure of little of tech- 
nical interest. 

The witness stated that under the Merchant Shipping 
Life-Saving Appliances Act, passed in 1888, the rd 
of Trade were given powers to frame rules as to boats and 
life-saving appliances generally, and to refer certain 
matters connected therewith to an advisory committee 
representing shipbuilders, shipowners, underwriters, 
officers, and seamen. Rules were prepared by this com- 
mittee and adopted in 1889, and were revised in 1890, so 
as to permit of a reduction in the equipment of “extra” 
boats when the ships were considered by the Board 
of Trade to be efficiently subdivided. The rules as 
to boat equipment were upon gross tonnage, and 
not on the number of passengers carried, it being 
decided that the latter was an impossible basis, as 
would be evident from considering the case of emigrant 
ships. For cargo-boats, on the other hand, where there 
was no difficulty in providing accommodation for all, 
sufficient boats for the whole of the crew had to be carried 
on each side of the ship, a regulation imposed because it 
— often be impossible to launch the boats on one 
side. 

In this connection the Attorney-General pointed out 
that with passenger and emigrant ships the best skill was 
utilised to render the ships, so far as ible, unsink- 
able, thus reducing the necessity for a — boat equip- 
ment. Had therules for the Titanic been the same as 
for cargo-boats, forty-eight lifeboats would have been 
required on each side. 





Sir Walter Howell, on further examination, stated | 
that in 1890 new rules were made, which provided that 
boats, and rafts equivalent in capacity to three-quarters 
the standard equipment of boats under davits, should also 
be provided, and in June, 1894, a modification was made 
by which half of these “extra” boats might be dis- 
pensed with if the ship were declared efficiently sub- 
divided by the Board of Trade. In 1894 the largest boat 
afloat was the Lucania, which was of 12,952 tons, and 
carried 1857 passengers and crew. Up till 1901 there was 
no very great increase in the size of ships; but in that 
year the Celtic, of about 20,000 tons, was launched, 
followed, in 1904, by the Baltic, of about the same size, 
and further large ships were projected. 

Under the rules in force when the Titanic was launched 
she would have had to have under davits sixteen boats, of 
5500 cub. ft. capacity, plus three-quarters of this capacity | 
in ‘‘extra” boats and rafts, making a total equivalent to 
9625 cub. ft. If, however, she had a silat toe a reduc- 
tion in the view of being efficiently subdivided, the 
requirement would have m 7750 cub. ft. capacity, 
Actually she had boat and raft capacity equivalent to 
11,325 cub. ft., which was considered sufficient for 1178 
persons. 

In the opinion of the technical advisers of the Board, 
Sir Walter Howell said, the great increase in the size of 
the ships was fully covered by the improvements effected 
in their construction, by the adoption of regular routes 
across the Atlantic, and a little later by the introduction 
of wireless telegraphy. Nevertheless, in 1911 the Board 
appointed an Advisory Committee, constituted as before, | 
to advise them as to what new regulations should be| 
made as to boat accommodation and other life-saving | 
appliances on boats up to 45,000 tons. The Board, in 
appointing the committee, drew attention to the fact | 
that the area of the boat deck increased, of necessity, | 
less rapidly than the tonnage. The Committee reported | 


on July 4, 1911. They pointed out that the increase in | 








the number of passengers carried was not in proportion to 
the tonnage, since boats of 10,000 tons and upwards were 
built mainly to attract first and second-class passengers. 
It was impossible, they said, to place davits forward of 
the bridge, and undesirable to have them on the quarters, 
and they considered it questionable whether it would he 
wise to increase the number of davits. They submitted a 
table of boating requirements for vessels up to 45,000 
tons. Under these proposals the Titanic would have 
carried sixteen boats under davits, and another eight so 
arranged that they could readily be attached to the davits; 
but unless the ship were efficiently subdivided, she would 
have to provide additional accommodation to the extent 
of 75 percent. With efficient subdivision the Committee 
recommended that these extra boats should be entirely 
dispensed with. This report had not been acted on before 
the accident to the Titanic, and it had, in fact, been 
decided to refer it back to the Advisory Committee for 
reconsideration as to the character of the lifeboats to be 
fitted. The Committee had recommended that the draught 
of such boats should not exceed 44 per cent. of the beam, 
and it was experiments made subsequently with lifeboats 
which determined the Board of Trade to ask that this 
should be reconsidered. In the meantime occurred the 
accident to the Titanic. 

Sir Robert Finlay stated that on the President Lincoln 
and President Grant (German boats) the boat accommo- 
dation was equal respectively to 38 per cent. and 36 per 
cent. of the total oenler of souls which could be carried ; 
on the Titanic it was 32 per cent. 

Sir Rufus Isaacs stated that from the figures given it 
appeared that the German authorities had some dispens- 
ing power, as the percentages in question were less than 
their legal scale required. 

After some questions by Mr. Scanlan, Mr. Clem. 
Edwards inquired as to whether the Board of Trade had 
laid down precise regulations as to the number of bulk- 
heads to be fitted and their scantlings, and was informed 
that this was not the case, the Board of Trade preferring 
to rely on the provision that no ship carrying emigrants 
could receive a clearance declaration unless their technical 
officers were prepared to certify that she was in every 
respect seaworthy. Similarly, with passenger boats not 
carrying emigrants, a passenger licence was only granted 
on the declaration of the surveyor that he was satisfied 
with the details of her design and construction. 


(To be continued.) 








NOTES FROM THE NORTH. 
Giaseow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a steady tone, but business 
was limited to 2000 tons of Cleveland warrants at 53s. 64d. 
cash, 53s. 84d. fifteen days, and 53s. 94d. one month. 
At the close there were sellers at 53s. 64d. cash, 53s. 104d. 
one month, and 54s. 44d. three months. In the after- 
noon the market was stronger, but again the deal- 
ings were small, and consisted of 1500 tons of Cleve- 
land warrants at 53s. 10d. fourteen days, and 53s. 11d. 
one month. Closing sellers’ quotations were firmer, 
53s. 9d. cash, 54s. one month, and 54s. 6d. three 
months. Cash sellers of hematite quoted 71s. 44d. 
On Friday morning Cleveland warrants were stronger, 
and 5000 tens changed hands at 54s. 24d. one month, with 
sellers over at 54s. cash, 54s. 3d. one month, and 54s. 9d. 
three months. In the afternoon the market was just the 
turn easier, and Cleveland warrants amounting to 4000 
tons were done at 53s. 11d. cash, 53s, 114d. four days, and 
at 54s. 2d. twenty-eight days and one month. At the 
close there were sellers at 53s. 114d. cash, 54s. 24d. one 
month, and 54s. 84d. three months. Hematite was 
firm at 71s. 6d. cash sellers. On Monday morning 
the tone was firm, and 6000 tons of Cleveland warrants 
were dealt in at 54s. cash and four and seven days, 


| 54s. 3d. one month, and 54s. 9d. and 54s. 84d. three 


months. The close was easier, with sellers at 53s. 11d. 
cash, 54s. 2d. one month, and 54s. 8$d. three months. 
One lot of hematite changed hands at 71s. cash, with 
sellers over at 71s. 3d., and buyers at 70s. 9d. cash. The 
market had a firmer feeling in the afternoon, but business 
was limited to 1500 tons of Cleveland warrants at from 
54s. 2d. to 54s. 3d. one month, and 51s. 8d. three months. 
Closing sellers quoted 54s. cash, 54s. 34d. one month, and 
54s. 9d. three months. Hematite was stronger at 71s. cash 
buyers. On Tuesday morning Cleveland warrants were 
steady and 2500 tons were done at 54s. 1d. cash and six days, 
and from 54s. 3d. to 54s. 44d. one month. At the close 
there were sellers at 54s. 04d. cash, 54s. 34d. one month, 
and 54s. 10d. three months. The afternoon session 
was quiet, and the dealing consisted of one lot of Cleve- 
land warrants at 54s. 44d. one month, with sellers over 
at that figure, and at 54s. 14d. cash, and 54s. 104d. three 
months. When the market opened to-day (Wednesday) 
a dull tone prevailed, and the total business only 
amounted to 1500 tons of Cleveland warrants at from 
54s. . to 54s. five days. Closing sellers quoted 54s. 0d. 
cash, . 4d. one month, and 54s. 10d. three months. 


‘In the afternoon Cleveland warrants were again easier, 


and a small business was put through at 53s. 11d. cash 
and six days. The turnover was 1000 tons, and at the 
close the quotations were 53s. 11d. cash, 54s. 2d. one 
month, 54s. 8}d. three months sellers. 


Sulphate of Ammonia.—There has been less doing in 
sulphate of ammonia during the past week, and the price 
is a little easier. The current quotation is now from 
141. 12s. 6d. to 14/. 15s. per ton for prompt lots, Glasgow 
or Leith. The amount shipped from Leith Harbour last 
week was only 4 tons. 

Scotch Steel Trade.—The Scotch steel makers are still ex 
periencing a very strong demand for heavy material, and 
so urgent 1s the appeal from consumers that great activity 
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is general all round. A fair amount of export business is 
being done, and inquiries are also very satisfactory. In 
the black-sheet trade the demand is very much in excess of 
the output, and the bookings are very far forward. Prices 
are exceedingly firm, and rumours are current of a further 
advance in quotations at no distant date. Structural 
sections are In request and makers are well em- 
ployed. The following are the present prices :—Boiler- 
plates, 81. 12s. 6d. per ton; ship-plates, 7/. 17s. 6d. per 
ton ; angles, 7/. 10s. per ton; and bars. 8/. per ton—all 
less 5 per cent. delivered Clyde or equal. 


Malleable-Iron Trade.—In the malleable-iron trade of 
the West of Scotland the makers have been fairly inun- 
dated with orders during the past few weeks, and they 
have now enough work on hand to ensure steady running 
for some considerable time to come. The increase in 
prices mentioned here last week as highly probable has 
now become an accomplished fact, as the quotation for 
crown bars has been raised by 7s. 6d. per ton. The new 
price is now 7/. 15s. per ton, less 5 per cent., but the 
advance to this figure has had the effect of a partial 
check to the flow of new business this week. 


Scotch Pig-Iron Trade.—A good demand exists for all 
kinds of the ordinary qualities of Scotch pig iron, and 
makers are very busy. Inquiries from the Colonies are 
also on a good scale, and with an increase in the number 
of furnaces in blast, there is naturally more iron on offer. 
Prices are firm, and the following are the market quota- 
tions for makers’ (No. 1) iron :—Clyde, Calder, and 
Summerlee, 71s. 6d.; Langloan, 71s.; Gartsherrie, 72s.; 
and Coltness, 86s. 6d. (all ~~ at Glasgow) ; Glen- 
rarnock (at Ardrossan), 71s.; and Shotts (at Leith), 71s. 6d. 

{ematite is rather more active, and shipment orders have 
been put through at 74s., with home business just a shade 
easier. 

Shipbuilding.—Messrs. Mackie and Thomson, Govan, 
have received the contract to build a high-class agg 
and cargo steamer for South Australian owners. This 
vessel will be 212 ft. in length over all, and will havea 
carrying capacity of nearly 800 tons. She will have her 
engines supplied by Messrs. Muir and Houston, Glasgow, 
and will have a speed of 11 knots. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The amount of coal sent through 
Hull during the month of May shows an improvement ; 
but on the past five months of this year there is a con- 
siderable decrease as compared with 1911. The figures 
for the corresponding periods are :—2,368,013 tons this 
year, and 2,535,536 tons last year—a difference of 167,523 
tons. The ton for May was 656,154 tons, against 
611,088 tons in May, 1911, showing an increase of 45,066 
tons. The coastwise exports amounted to 87,730 tons, 
and the foreign exports to 337,971 tons, only a little less 
than the amount in May last year. The five months 
total of foreign gro this year show a falling off 
amounting to 444,726 tons. The comparative figures are 
871,105 tons and 1,315,831 tons respectively. The biggest 
Continental buyers during the month were Russia, Ger- 
many, and Italy, the twolast named showing substantial 
increases. The Denaby and Cadeby main collieries main- 
tained their lead for output, but it was with a very dimi- 
nished figure as compared with the production for the 
corresponding month of last year. 


The Sheffield Exchange.—The advantages which the 
possession of an exchange for the coal, iron, steel, an 
allied trades confers upon Sheffield were dwelt upon at 
the second annual meeting of the Exchange held at the 
Royal Victoria Station Hotel last Friday. The Presi- 
dent, Mr. T. W. Ward, who was re-elected, was optimistic 
about the Exchange’s future, and indicated that in spite 
of the innate conservatism of Sheffield manufacturers, it 
was an institution that is becoming more and more 
apprecia It was also pointed out that Sheffield 
without an Exchange would be Sheffield behind the 
times, a state of affairs which was, of course, the last 
thing desired. It was reported that the number of sub- 
scribers was 133, the tickets of membership issued 248, 
and that there was a cash balance in hand. 


South Yorkshire Coal Trade.—The most noteworthy 
feature of the past week in the local coal market has 
been the strength of the demand for house coal. The 
spell of rainy and colder weather has had the effect of 
bringing consumers on to the market, and merchants have 
had to deal with asteady stream of inquiries. Thesteam- 
coal branch has not been idle. Orders are coming for- 
ward well, and there have been good deliveries both for 
shipment and to manufacturers at home. In all branches 
top — have been maintained, and even higher figures 
may be quoted in the near future. ufacturers generally 
fully anticipate that fuel will be more expensive. Along 
with the briskness in the two main branches there isa very 
active call for slacks and coke, but supplies of the latter 
are still on the small_side. Quotations are about the 
same, the current figures being :—Best branch hand- 
picked, 14s. to 15s. ; ley t Silkstone, 12s. 6d. 
to 14s. 6d. ; Silkstone, 11s. 6d. to 12s.; Derbyshire best 
be ights, 11s. to 12s. ; Derbyshire house, 9s. 6d. to 10s. 6d.; 
est nuts, 9s. 6d. to 10s. 6d. ; small nuts, 9s. 6d.; York- 
shire hards, 11s. 3d. to 12s. ; Derbyshire hards, 10s. $d. 
wo lis. 6d.; rough slacks, 7s. to 8s. ; seconds, 48. 6d. to 
5s. 6d.; smaller, 3s. 6d. to 4s. 6d. 


. Zron and Steel.—The general state of the Sheffield 
industries is something approaching a ‘‘ boom.” Rarely 
in recent years has there been such an all-round activity, 
with scarcely a department that dogs not report full order- 
books. The a of iron has been so great that 
local users have found themselves compelled to contract for 
fresh supplies long before they anticipated. This demand 





is enabling the ironmakers to maintain a firm attitude, 
and the raw material market shows, if anything, an even 
stronger tone. East Coast mixed numbers have been 
bought at a very i. figure to cover deliveries up to the 
end of the year. The production in Derbyshire is still 
restricted, but it is reported that Lincolnshire common 
iron makers are now turning out their usual quantity. 
Prices show a further advance, and the end of the 
rise cannot be predicted. The finished-iron makers 
have found themselves so taxed with orders that they 
are able to command another price advance, and bars are 
now selling at 8/. 5s. a ton. e prices of Bessemer and 
Siemens steel have also gone up, but there is a big business 
being done in forgings and castings. The shipbuilding 
demand is of big proportions, and this further makes an 
increased call upon the manufacturers of engineers’ tools 
and tool-steel, both of which branches are in a very pros- 

rous condition as well as the file trade. The manu- 
acture of steel for motor-car parts is a steadily growing 
department of local trade. The general activity in al 
branches is well illustrated by the number of extensions 
—~ made to works premises and the-enlargement of 
plant. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There has been rather 
more doing in pig iron this week. Buyers have come for- 
ward rather freely, and have shown a disposition to place 
orders for delivery ahead, but forward business has not 
been easy to arrange. Producers of all kinds of pig iron 
are very well placed, and having good contracts made, 
they are not disposed to sell forward except at higher 
rates than buyers care to offer. Up to 54s. 6d. has been 
realised this week for No. 3 g.m.b. Cleveland pig, but an 
easing in warrants has brought the general market quota- 
tion k to 54s. 3d., whilst No. 1 is 59s. 3d.; No. 4 
foundry and No. 4 forge, each 54s.; and mottled and 
white iron, each 53s. 9d.—all for early delivery. East 
Coast hematite pig is in fairly good request, and the 
increased output is fully taken up. Stall more fur- 
naces are likely to be blown in on hematite. For this 
month’s delivery, Nos. 1, 2, and 3 range from 71s. 6d. 
to 72s., and for delivery beyond June few sellers 
will entertain offers below 72s. 6d. There is little or 
nothing passing in foreign ore, consumers being very well 
bought, but values are fully upheld on the basis of 21s. 6d. 
ex-ship Tees for Rubio of 50 per cent. quality. Local 
demand for coke is large, and the supply is inadequate 
notwithstanding inc output. uyers endeavour 
to fix the price at 19s. for average blast-furnace kinds 
delivered here, but 19s. 6d. has been paid, and some 
sellers ask even more than the latter named price. 


go and Stocks of Pig Iron.—Shipments of pig 
iron from the Tees continue on a satisfactory scale, an 

they would be considerably heavier if more vessels were 
available. To date this month loadings of pig average 
4052 tons per working day, the total despatches amount- 
ing to 40,522 tons. To the same date last month the 
total clearances of pig were returned at 34,927 tons, or a 
daily average of 3492 tons; and for the corresponding 
part of June last year the shipments reached 36,608 tons, 
or an average of 3660 tons per working day. Practically 
the only stock of iron is the 335,072 tons of Cleveland 


.total, 26,694 tons. 


of securing further reductions. The best Admiralty large 
steam coal has made 17s. 6d. to 18s. per ton ; secondary 
qualities have ranged between 16s. 3d. and 17s. 3d. ; best 
bunker smalls between 9s. 9d. and 10s. 3d.; and cargo 
smalls between 8s. 6d. and 9s. per ton. The house-coal 
trade has remained quiet and dull ; good households have 
made 17s. 6d. to 18s. 6d. per ton ; No. 3 Rhondda large, 
16s. to 17s. ; and smalls, 12s. to 12s. 6d. per ton. No. 2 
Rhondda —— has brought 12s. 6d. to 13s. ; and No. 2 
smalls, 8s. 6d. to 9s. 6d. ton. Patent fuel and coke 
have shown no change. As regards iron ore, Rubio has 
realised 20s. 6d. to 21s. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 


Bristol Docks.—The Royal Edward Dock is stated to 
have increased the amount of dredging required at Bristol 
to the extent of 60 percent. For five years before the 
dock was opened the ave: annual cost was 13,4701. ; 
now the total has grown to 22,000/. The increase is con- 
sidered to be due, to some extent, to the use of obsolete 
dredging-plant, and the docks committee of the Bristol 
City Council proposes to expend 43,000. upon new plant, 
as they consider that this will ultimately reduce the 
dredging expenditure of the Council. 


South Wales Coal.—The shipments of coal from the 
six principal Welsh ports—Cardiff, Newport, Swansea, 
Port Talbot, Neath, and Llanelly—in May were :— 
Cardiff—foreign, 1,754,404 tons ; coastwise, 369,746 tons ; 
total, 2,124,150 tons. Newport—foreign, 325,441 tons; 
coastwise, 78,585 tons; total, 404,026 tons. Swansea— 
foreign, 242,627 tons; coastwise, 48,693 tons; total, 
291,320 tons. Port Talbot—foreign, 145,705 tons ; coast- 
wise, 10,155 tons; total, 155,860 tons. Neath—foreign, 
9808 tons; coastwise, 14,402 tons; total, 24,210 tons. 
Llianelly—foreign, 17,495 tons; coastwise, 9199 tons; 
The aggregate shipments for the 
month were, accordingly, 3,026,260 tons, showing an 
increase of 261,562 tons as compared with May, 1911. 


Pembroke.—A light armoured cruiser, which is to be 
built at Pembroke, is expected to be shortly put upon 
No. 5 building-slip. The labour outlook at Pembroke is 
now, of course, considered to have improved. A large 
———- of material has arrived for the Nottingham, and 
- e = be commenced at once after the launch of the 

earless. 


The Ebbw Vale.—The profits of the Ebbw Vale Steel, 
Iron and Coal Company, Limited, for 1911-12 were 
70,321/., as compared with 50,645/. in 1910-11; 81,9872. in 
1909-10 ; 77,282/. in 1908-9 ; and 161,067/. in 1907-8. The 
dividends for the five years have been as follow :— 
1911-12, 3 per cent. per annum ; 1910-11, 24 per cent. per 
annum ; 1909-10, 5 per cent. per annum ; 1508-9, 24 per 
cent. per annum; and 1907-8, 10 per cent. per annum. 
The collieries worked only one complete month during 
the past year, stoppages having occurred on account of 
extended and additional public holidays, the dockers’ 
and railway strikes, and, finally, the colliers’ strike. The 
iron and steel departments were elosed down a few days 
prior to the annual meeting in June last year on account 
of depressed trade, occasioned largely by subsidised 
foreign competition, and they remained practically 
idle for a period of six months from this cause. 
They were re-started in December under greatly im- 
poet trade conditi and worked well until 

rought to a stop in March by the colliers’ strike. 





tons. 


Manufactured Iron and Steel.—Most satisfactory and 
encouraging accounts are given of all branches of the 
manufactured iron and steel trades. Output is on a very 
large scale, the make of some firms constituting records. 
Several producers are too busy to undertake further work 
at present. Quotations all round are very firm. A further 
advance of 10s. has been made in iron ship-rivets, and 
prices of other descriptions may be further raised at any 
time. Common iron bars are 8/.; best bars, 8/. 7s. 6d.; 
best best bars, 8/. 15s.; packing iron, 6J. 5s.; iron ship- 
plates, 7/. 10s.; iron $8 “ty 81.; iron girder-plates, 
71. 15s.; iron boiler-plates, 8/. 5s.; steel bars (basic), 7/. 15s. ; 
steel bars (Siemens), 8/. 5s.; steel ship-plates, 7/. 15s. ; 
steel oo 71. 7s. 6d.; steel os 82. 2s. 6d. ; 
steel boiler-plates, 8/. 10s.; steel joists, 6/. 17s. 6d.; cast- 
iron ape chairs, 3/. 12s. 6d.; light iron rails, 6/. 12s. 6d. ; 
heavy steel rails, 6/. 5s.; steel railway sleepers, 7/.; and 
iron and steel galvanised corrugated sheets, 12/.5s.—sheets 
less 4 per cent. f.o.b., railway material net, and all other 
descriptions less 24 per cent. discount. 

Teesside Firm's Er tice Dutioy Orders. — Messrs. 
Head, Wrightson and Co., Limited, of Thornaby-on- 
Tees, have executed a good deal,of work for South 
American railways. Amongst the firm’s orders rece 
obtained is one of six-deck spans of 20 metres clear, to 
carry the Canute branch of the Buenos Aires and Pacific 
Railway over the River San~Juan, and four-deck spans 
of 20 metres clear for single-s bridges over other 
rivers. Only recently Messrs. Head, Wrightson shipped 
for the same railway a four steel-skew span bridge to 
cross the Calle San Martin at Mendoza, in place of a 
single-track bridge previously used. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has shown a quiet and 
even weak tone. Tonnage arrivals have been restricted, 
and the collieries alse stopping in consequence of a 
shortage of empty wagons, the ition is in favour of 
buyers, concessions being readily obtainable for imme- 
diate delivery. Forward business has been inactive, 
intending buyers pursuing a waiting policy, in the hope 





pig in the public warrant stores. This stock continues| The profits resulting from the operations of these 
to be steadily drawn upon to meet current requir ts, | departments are satisfactory for the period worked, 
d| the withdrawals to date this month amounting to 9784 | and in view of the idle and broken time. A new pit at 


Cwmcarn is —. and will commence winding coal 
this month. new plant for the manufacture of galva- 
nised corrugated steel sheets is being erected on the 
Company’s freehold property at Ebbw Vale. New brick 
works at Sirhowy, increasing the output of bricks by 
100,000 per week, were sta: successfully in the autumn 
of last year. During the past financial year tube works 
erected on freehold land at Pentnewydd have been 
acquired for the pur of providing an additional 
branch of finished pr uct. The total expenditure upon 
new works during the past year amounted to 66,272/ 


Llanelly.—Local trade has been active, the principal 
industries being well employed, Tin plates have been in 
good demand, and most of the makers are well supplied 
with orders. There has also been a good demand for 
steel bars, and all the furnaces are in operation. The 
coal trade has shown little change. 








SrramM-BoiLeR ConsTRUCTION.—This is the title of a 
book of some 167 pages, issued by the National Boiler and 
General Insurance Com . Limited, Manchester. It 
has been compiled by Mr. Edward G. Hiller, M. Inst. 
C.E., M.I. Mech. E., chief engineer tothe Company. The 
rules contained in the book embody the principal features 
of the practice of the “‘ National” Company in the desi 
of land boilers, numerous illustrations being given. e 
book is very nicely got up and is well printed. It is 
— by Messrs. Taylor, Garnett, Evams and Co., 

imited, Manchester, the price being 1s. paper covers, 
and 1s. 6d. bound full cloth, net. 


Tue British CuaMBeR oF Commerce, Paris (INcor- 
PORATED).—The annual report of the above Chamber for 
1911 has recentl oust, and contains comparative 
statistics of Anglo: rench trade for 1911, with a sum- 
mary of French legislation in the same year. It 
contains an alphabetical list of members, treaties con- 
cluded by the United oe in 1911, treaties and 
conventions concluded by France in 1911, French laws, 
decrees and regulations during 1911, and circulars of the 
French customs during 1911. It may be procured from 
the Secretary, British Chamber of Commerce, 17, Boule- 
vard de la Madeleine, Paris. 
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PLATE XLIX, 





ANEPLANS SHOWING BULKHEADS, MEANS OF EGRESS FROM LOWER DECKS &¢. 
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your keeping, and beg you to maintain it unsullied 
by refusing to be either frightened or cajoled into 
ceasing work.” These are wise words, worthy of 
acceptance at all times alike by masters and men. 
Were this spirit more general there would be no 
need for guarantees or penalties. 

But first, consideration should be given to the 
need for, and the method of making, agreements. 
Why is there unrest ? No comprehensive reply can 
be attempted ; but one cause is calloubtelir the 
effectiveness, as a weapon in the hands of labour, 
of the Parliamentary vote of their Demands 
are lightly made, threats are el go th no qualms 
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LABOUR AGREEMENTS, GUARAN- 
TEES, AND PENALTIES. 

Eacu successive wave of labour unrest adds to 
the turmoil and welter through which the ship 
of industry has to be steered by those in charge. 
If its course lay through the well-known and 
charted waters of the past, the difficulties might 
be confidently met by courage and skill. But it 
has entered unknown seas, in which the currents 
and winds alter from day to day, and unexplored 
obstructions lie thickly. To drop metaphor, capital 
and labour have ceased to be the sole parties in 
industrial disputes, and to fight their battles in 
the accustomed fashion. Labour has called in to 
its aid political influences, and has even impressed, 
by the threat of starvation, the whole community 
as unwilling recruits to its cause. Entirely new 
conditions have arisen, and the experience of the 
past furnishes no certain guide through the diffi- 
culties of to-day. The trouble at the London 
docks is illustrative of these changes, and it is 
therefore pertinent to review not so much the 
course of events as the significance of the proposals 
brought forward, because these latter have a wider 
importance than the immediate circumstances 
suggest. In the settlement of labour difficul- 
ties, as in all affairs of life, the creation of pre- 
cedents cannot be ignored, a truth not always 
acted upon by active agents in their haste to bring 

ce. ‘‘A fight to a finish” is better than a 





2| peace which cannot be lasting, even if the cost is 
2 | heavy, and the employers in the Port of London 


have therefore justification in refusing to accept 
either tentative or immature schemes which are 
difficult, even if possible, of application, and bring 


3 | no assurance of finality in results in this or in other 


branches of industry. 

The most baneful influence at work in industrial 
legislation and in the administration of labour 
affairs is the haste to meet immediate trouble by 
ill-devised proposals regardless of ultimate issues 
Peace 
without content is futile. A consequence is the 
breaking of agreements or failure in the discipline 
requisite to the fulfilment of conditions accepted, 
perhaps unwillingly, put inevitable in accordance 
with the need for compromise. It is not without 
justification that Father Hopkins, one of the trustees 
of the Seamen and Firemen’s Union, writes to the 
members :—‘‘ Last year you and I came to an 


see | honourable settlement of our then disputes with 


the shipowners... . . Until we give adequate 
notice to the shipowners concerned of the termina- 
tion of those agreements we are bound, as honour- 
able men, to abide by them. I cannot come to 
you in this crisis. I therefore place my honour in 





of conscience, because Government interference is 
assured. As Mr. Bonar Law said in the House 
of Commons on the 5th inst.: ‘‘I know perfectly 
well that right hon. gentlemen on the Bench [the 
Government] and those who sit behind them are 
so afraid of doing anything that will run the risk 
of losing the Labour vote in this House that they 
—to put it mildly—go very gingerly in all cases of 
this kind. I daresay there are many behind me 
[the Opposition] who have a similar fear of effect on 
the Labour vote.” The Parliamentarian is not un- 
biassed, and, as we have time and again contended, 
the judicial bench, rather than the party politician, 
is the source from which we hoch dome impartial 
guides for employers and employed in the settle- 
ment of their affairs. Sir Edward Clarke’s inquiry 
was a move in the right direction ; its ineptitude 
is due to the fact that there was no power to 
recommend terms of settlement. 

The Government interference failed because there 
was insuflicient knowledge of the special conditions, 
and a deticiency of that judicial impartiality needed 
to measure correctly the rights and wrongs and the 
difficulties of forcing comprehensive terms. As an 
industrial nation we have accepted the principle of 
federation of employers and union of workers ; but 
there are limits to the compass of both. This is 
almost obvious, and yet the Government wrecked 
the initial negotiations by insisting that a!l em- 
ployers associated with the loading and discharging 
and distribution of ships’ cargoes within the Port of 
London should be federated in order to come 
under agreement with the unions of the workers, 
of which there are many with diverse interests. 
But, apart from this, it is not in the interests of 
the nation that the federations and unions should 
be all-embracing, as the radius and disturbance of 
labour warfare are thereby widened. Again, 
however we may agree to accept the principle of 
unity of action . employer and employed 
respectively, perfect yer of action must be 
allowed to the individual. This appertains to 
the inalienable rights of the law-abiding citizen. 
An employer and a workman must be able to enter 
into a contract of service without let or hindrance, 
and the State must protect them from molestation. 
The view expressed by the Home Secretary that a 
non-union worker who takes the place of a union 
striker is acting in a provocative manner is per- 
nicious in the highest degree, and indefensible in 
the interests of Ts aw and order. Trade unionism 
must not be compulsory, nor can membership of a 
federation be obligatory on all employers, and 
agreements between federations and unions can 
only be made under these inevitable limitations. 

But agreements may still be useful adjuncts to 
maintaining industrial peace. Non-unionist workers, 
= as non-federated employers, there will always 

, and they may continue to act according to the 
dictates of selfishness, making conditions of service 
to meet their own interests. That is entirely 
within their rights ; but a penalty can always be 
exacted by the trade unions. They may forbid 
their men to work for such employers—no one can 
reasonably object to such course ; but it is quite 
another matter to order a sympathetic strike 
against all firms because a non-federated employer 
fails to conform to an agreement made by a federa- 
tion or by a large number of other employers. 
This is penalising the good Samaritan for the benefit 
of the Levite. The agreements made between 
federations and unions must, however, be honour- 
ably maintained by those who are parties to them, 
and who continue in the federation or union. 
Thus far masters and men may with justice act ; 
beyond this it is impossible to go. 

The principle of guarantees for the fulfilment, 
and of en for the infringement, of agree- 
ments has been strongly advocated for years in 
these columns ; but it would be a grave mistake not 
to mature thoroughly a scheme even for one branch 
of industry. It were better to evolve one applic- 
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able to all agreements. Of that in the boot and 
shoe trade much has been said. Years ago we 
commended it; but, however satisfactory it may 
serve as a basis, it must not be forgotten that 
there are no such complications in this trade as 
are to be found in most others. We should 
prefer that while there is a fund invested under 
trustees as a guarantee by federated employers 
and union workmen respectively, there should 
also be some form of penalty payable by the 
erring employer or employee directly, as, while 
the guarantee fund would be a safeguard against 
collective infringement, the penalty clause would 
obviate individual recalcitrance. The arrangement 
of details, however, raises many difficulties, but 
these are by no means beyond the wit of man to 
overcome. A contingency antecedent to the solu- 
tion of the problems is that work should be 
‘hs alow satisfactorily, and that the relations 

etween masters and men should be as amicable as 
possible. The first essential in connection with 
the Port of London is the return of the men to 
their work, and notwithstanding the order issued 
for a ‘‘ general strike,” there is little probability 
of the great body of workers being ‘* either fright- 
ened or cajoled into ceasing work.’ 








THE SELF-POLLUTION OF WATER BY 
NATURAL GROWTHS. 

We drew attention some time ago* to the bene- 
ficial effects brought about by the storage of water 
under certain circumstances, as demonstrated by 
Dr. Houston, of the Metropolitan Water Board. 
Dr. Houston, it may be remembered, has shown 
that typhoid bacilli perish rapidly in water if 
stored, and the provision for such a process is 
therefore advantageous in the case of public sup- 
plies drawn from rivers liable to a certain degree 
of pollution by sewage. Storage is, however, not 
beneficial in the case of all waters. Especially is 
this so with spring waters drawn from particular 
strata. The reason for this is not altogether clear, 
though several of the contributory causes are 
understood. 

Spring water, on being raised to the surface, 
absorbs gases and substances favourable to the 
growth of weeds which, on decay, seriously affect 
the quality of the water, so that, after storage, 
during which this growth and decay have developed, 
it may be rendered quite unfit for use. This aspect 
of the storage question was brought into promi- 
nent notice last week at the Cheltenham meeting of 
the Institution of Water Engineers. The discussion 
was appropriate to the district, since it is one in 
which a good deal of trouble of this kind has been 
experienced. The subject was referred to in the 
residential address by Mr. J. S. Pickering, 

. Inst. C.E., water engineer of Cheltenham. It 
was treated in greater detail in papers by Dr. J. H. 
Garrett, medical officer of health, Cheltenham ; 
Mr. G. Embrey, county analyst, Gloucestershire ; 
and Mr. R. Read, Assoc. M. Inst. C.E., city engi- 
neer of Gloucester. 

All these papers deal more particularly with the 
growth known as Chara Vulgaris, which develops 
readily in stored waters originating in the inferior 
oolite of the Cotswold Hills. It is suggested that 
the small quantities of phosphate and nitrate con- 
tained in these waters are favourable to the growth. 
The Chara Vulgaris is a plant which, growing in 
masses, may reach 1 ft. or more in height. It 
appears to prefer a rough or porous-lined bottom, 
such as brick, to grow on, in preference to cement 
lining, It develops very rapidly in the summer 
months, and in the autumn, when it begins to die 
down and the seed-pods have burst, the water 
becomes filled with secondary growth, most promi- 
nent in which are found little green moving balls 
(Volvox globator), just large enough to be visible to 
the naked eye. The decay of the Chara is accom- 
panied by discoloration of the water, to which is also 
imparted a distinctly fishy odour, which consumers 
naturally object to. This issu to be due toa 
kind of essential oil contained in the seed-pods. 

Mechanical means have been attempted for clear- 
ing reservoirs and ponds infected with this growth, 
but without any great success, and far better 
results seem to have attended efforts at chemical 
treatment. Mr. Embrey cited an interesting in- 
cident in this connection as having come under his 
notice at Sutton-Coldfield, in Warwickshire, some 
forty years ago. At that place an artificial lake 
was rendered practically useless for boating and 


* See ENGINEERING, vol. xcii., page 638. 





_new constant temperature point be reached. 


fishing by the growth of this plant. Attempts were 
made to clear the water with scythes attached to 
boats, but with little success for the expenditure of 
a great deal of effort and money. After a time it 
happened that a railway embankment was con- 
structed at one end of the pond, and ferruginous 
sand washed down from off it into the water, with 
the result that in one season the whole lake was 
completely cleared of the plant. On finding a 
dale trouble at Gloucester, Mr. Embrey sug- 
gested the use of ferrous-sulphate in one of the 
reservoirs, but a complaint as to the quality of the 
water having been connected, though apparently 
unjustly, with this experiment, it was not persisted 
in, and filtering alone was adopted until recently. 

In America treatment of the water with copper- 
sulphate has been tried with success, and it has 
also been used in recent years at Gloucester and 
Newport, Mon. At Gloucester it has succeeded, 
though some of the fish contained in the reservoir 
seem to have died on one occasion. At Newport 
also fish were lost, and in this instance the loss was 
attributed to the proportion.of chemical used being 
too great. Whether this was actually so or not is 
not quite clear, but the loss of fish at Gloucester 
has been put down, not directly to the chemical, 
but to the destruction by the chemical of the plant 
life on which the fishes subsist, the latter being 
literally starved. The proportion of 1 to 3,000,000 
seems to be sufficient to destroy the Chara, 
the best time for treatment being in the early 
spring (February), when the bottom of the reser- 
voirs is covered with diatoms. The chemical 
is applied in one of two ways. The commoner 
way is for it to be placed in a bag, which is towed 
up and down the reservoir by means of a boat. A 
more rational method appears to be that adopted 
at Gloucester, where the copper sulphate is scattered 
in fine crystals over the surface. The crystals 
quickly find their way to the bottom and dissolve 
there, where there is most work to be done, and it 
is claimed that of the two this method is the more 
effective. The reservoir treated is allowed to stand 
for three days, and it is curious to note that at the 
end of that time not a trace of the copper sulphate 
can be found in the water. What actually becomes 
of it is not clear. Experience at Gloucester has 
encouraged Mr. Embrey to affirm that this treat- 
ment will prove successful in the case of the upper 
lias and inferior oolite waters, and that no danger 
need be feared from the operation if performed 
with due care. 

It has been necessary at Gloucester to treat the 
reservoirs three times since 1905, the proportions 
used being never more than 1 in 1.000,000. It is 
stated that this proportion is not sufficient to harm 
fish, though apparently they may suffer subse- 
quently from want of food. At Gloucester this 
method has relieved the filters of a very considerable 
amount of work, and has resulted in successfully 
ciearing the reservoirs, for which previously it was 
necessary at times to empty them, sometimes at 
the cost of a considerable loss of good water. 








THE USE OF HIGH-PRESSURE GAS IN 
WORKS. 

Tue Institution of Gas Engineers, which has been 
holding a meeting this week at the Royal United 
Service Institution, devoted only part of its time 
on that occasion to the actual use of gas. In 
common with other bodies the Institution is exer- 
cised in its mind on questions of education and 
examinations, but it found some time to devote 
to the consideration of one or two practical 
matters. One of the most interesting subjects on 
which a paper was presented was ‘‘The Use of 
High-Pressure Gas for Manufacturing Purposes.” 
The author, Mr. A. W. Onslow, after considering 
the various methods of using high-pressure gas, 
concludes that the best results are to be obtained 
by maintaining the gas at constant pressure, and 
drawing in air under atmospheric conditions. 
If the pressure be kept steady, any heating 
furnace, for instance, can be calibrated, and 
desired conditions can be attained with cer- 
tainty after allowing the lapse of a known in- 
terval of time. Working at some definite pres- 
sure, it appears that a curve of furnace tem- 
perature plotted against time will always give a 
substantially ae line till the point of con- 
stant temperature be reached corresponding to that 
pressure. If the pressure be om § the tempera- 
ture will continue to rise with the time until the 
It 





should thus be possible to tabulate conditions for 
any heating furnace, and, instead of having to 
exercise a great deal of supervision over opera- 
tions, a works manager should be able to give in- 
structions as to the gas pressure to be used and the 
time to be allowed to elapse for the furnace to heat 
up before it is put to use. In order to save time, 
however, it might be preferable to use a higher 
pressure to start with and then to drop to the 
proper pressure required to maintain the tempera- 
ture at the figure desired. 

Mr.. Onslow is of opinion that with gas at 2s. 
per 1000 and coal at 20s. per ton there is little to 
choose between gas and coal firing as regards cost. 
As regards cleanliness, uniformity, &c., the advan- 
tages are, however, in favour of gas, and in many 
cases with properly-designed furnaces it is greatly 
superior to coal, not only from the point of view 
of cost, but, of course, from such aspects as con- 
venience and ease of manipulation. A properly- 
designed gas-furnace will enable the time of pre- 
— from the cold to be greatly shortened. 

n small work this may be a reduction of hours to 
minutes, and in furnaces for large work from days 
or weeks tohours. The saving in time is enormous, 
and is by itself a most valuable feature. 

The saving in cost is naturally largely depen- 
dent upon the effectiveness of the furnace itself. 
It is desirable that the furnace should be of a 
size suited to the work to be done by it. It is 
wasteful to use a large furnace for small work, and 
rather than.to do so it is more economical to erect 
a small temporary furnace of bricks and fireclay and 
lagging. For heating bars and such work, tem- 
porary furnaces may thus be quickly put up, and 
if the work changes they can be readily and 
cheaply altered to suit. Generally it seems to be 
advantageous for the combustion space, into which 
the gas flame plays, to be comparatively small. 
Thus the space surrounding a type-metal melting- 
pot should not have a greater width than 1 in. for 

ots up to 1 ton and heated by three or four burners. 

he introduction of tiles of refractory material as 
baffles often increases the effectiveness of the heat- 
ing process by raising the temperature and giving a 
better distribution. Mr. Onslow instances the case 
of an iron boxed-in hot-plate in which such tiles were 
substituted for sheet-iron baffles. The box was 
6 in. deep, and four burners were provided. With 
the metal baffles over the burners the temperature 
on the plate was 110 deg. Fahr., and at the bottom 
of the box was 65 deg. Fahr. After the intro- 
duction of the tile baffles, the temperature on the 
plate was 200 deg. Fahr., and at the bottom 
of the box was 165 deg. Fahr. The introduction 
of firebricks laid flat on the bottom of the box so 
improved the furnace that two of the four burners 
became unnecessary for a great part of the day. 

A satisfactory arrangement seems to be to have a 
shop supplied with gas at 200-in. pressure, to be 
reduced at the various furnaces, &c., by means of 
governors or valves, to the predetermined pressure 
corresponding with the temperature it is desired to 
maintain in each furnace. Pressures suitable for 
— work are as follows :—For melting tin or 
solder a pressure of 65 in. is found satisfactory. 
For small furnaees for hardening, &c., the same 
pressure may be used. For bluing steel from 
65 in. to 80 in. may be adopted, the flames playing 
horizontally under the lime-tray set in a brick 
frame. For the lead-pot for tempering steel the 
pressure should be 150 in., while for melting metals 
at from 2000 deg. to 2600 deg. Fahr. it should be 
200 in. Soldering-irons may be heated with gas at 
65 in., two burners, consuming 6 ft. of gas per hour, 
and playing direct on to the irons, being sufficient 
to keep a workman going without delays. For 
lighting, gas at 65 in. may be used. 

With proper care in the design of the furnace, 
gas heating can hardly fail to offer advantages for 
use in works. Satisfactory heating burners are 
available, and the various phenomena on which 
economical and uniform working is dependent are 
now fairly understood. There is still, however, 
according to the author of the paper above referred 
to, the need of a cheap yet efficient means of com- 

ressing the gas to the supply pressure of about 

in. 








STRIKES ANI) LOCK-OUTS IN BELGIUM 
FROM 1906 TO 1910. 

Tue Belgian Ministry of Industry and Labour 

have recently issued a book of over 340 pages which 

gives particulars concerning the strikes and lock- 
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outs which took place in the kingdom of Belgium 
during the years 1906 to 1910, both inclusive. 
Before reviewing briefly this publication, it is in- 
teresting to note that there is no word in the 
French language to translate ‘‘lock-out;” the 
French and Belgians use the English word, which 
they pronounce in their own way, and they have 
formed the verb ‘‘lock-outer,” which means to 
lock out. 

We find it stated that the strikes which took 
place during the period under review numbered 756, 
including ten which commenced in 1905 and were 


settled in 1906, and leaving out ten others which | ©4 


commenced in 1910 and were settled in the follow- 
ing year. The active strikers who took part in the 
756 strikes in question numbered 121,416; their 
striking threw out of work 44,815 other opera- 
tives, giving a total of 166,231 unemployed. 
This number included 11,666 female strikers, or a 
proportion of 9.68 per cent. of the total active 
strikers. The female operatives having numbered 
49,064 during the period under consideration, the 
number of female strikers forms a proportion of 
close upén 24 percent. Of the total number of 
strikes in question—756—there were as many as 
653 which involved only one establishment ; of the 
remaining 103 strikes, there were 58 which in- 
volved from 2 to 5 establishments; 15 from 
6 to 10; 20 from 11 to 25; 6 from 26 to 50; 
2 from 51 to 100; one which involved over 100 
establishments ; and one in which the number of 
firms involved could not be ascertained with any 
degree of accuracy, this being the strike of the 
Antwerp dock-labourers which occurred in 1907. 
The strikes which, apart from the latter, involved 
the largest number of establishments occurred in 
the building trade, cabinet-making, quarrying, the 
spinning trade, &c. Among the 2U strikes which 
involved from 11 to 26 firms was a miners’ strike 
in 1910, and several disputes in the flax-spinning 
industry. We find that in the period under review 
there did not occur one single strike in the heavy 
iron and steel trades. It is interesting to note that 
there were an average number of 25 strikers per 
strike in the case of 226 disputes, while there were 
only two disputes in which the total number of 
strikers exceeded 5000. 

With regard to the objects for which the strikes 
were declared, it is stated that there occurred 338 
strikes, involving 67,626 strikers, whose aim was a 
rise in wage. There were 21 strikes and 6052 
strikers for a reduction in the working hours ; 
53 strikes and 7190 disputants either for obtaining 
a modification or for opposing a modification in the 
organisation of labour ; 15 strikes and 1083 dis- 
putants for objecting to piece-work. In regard to 
the other objects aimed at, there were under the 
heading ‘* Personnel and Trade-Union Questions,” 
45 strikes and 5917 strikers for obtaining the dis- 
charge of managers, foremen, workmen, or appren- 
tices ; 106 strikes and 8862 strikers concerning the 
taking back of discharged workmen; 30 strikes 
and 4094 strikers with reference to trade-union 
questions The following tabular statement shows 
the situation with reference to the objects for which 
most of the strikes took place :— 


Per Cent. Per Cent. 
of Strikes. of Strikers. 


(Questions regarding wages 53.17 65.12 
Duration and organisation 

of labour ... np ie 11.77 11.79 
Shop regulations and fines 5.03 4.54 
Personnel and trade-union 

questions ... ph nt 23.94 15.54 


During the five years from 1906 to 1910, there- 
fore, more than half the strikes were entered into 
upon wages questions, and they involved a large 
number of strikers. The trades involved were 
mining, textile industries, the building trade, wood- 
working and cabinet-making, and transport. A 
curious point which is evidenced by the above table 


is that a large number of conflicts—over one-fifth | 


vf the total (23.94 per cent.)—were due to trade- 
union questions, whilst the number of workpeople 
interested in them only amounted to 15.54 per cent. 
he questions of duration and organisation of labour 
«ud that of shop-regulations and fines are far less 
important. 


‘The book also gives the classification of the. 
int of view of their duration, | 


strikes from the 
trom which we gather the following figures :— 


69 strikes (9.13 per cent.), involving 5268 strikers (4.34 | 
per cent.), lasted less than 2 days. 

218 strikes (28.84 per cent.), invulving 27,487 strikers 

(22.64 per cent.), lasted from 2 to 5 days. 





| 159 strikes (21.03 per cent.), involving 23,251 strikers 
(19.15 per cent.), lasted from 6 to 10 days. 
148 strikes (19.58 per cent.), involving 52,882 strikers 
(43.55 per cent.), lasted over 30 days. 
The latter figures take into account two im- 
portant strikes—that of the dock-labourers of 1907, 
Involving 8000 men, and lasting 73 days; and a 
| miners’ strike in 1910, in which 13,700 strikers 
took part, and which lasted 35 days. 

If now we consider the strikes from the point of 
view of the result achieved, we find that, in the 
period under consideration, a total of 133 strikes, 
| equal to a proportion of 18 per cent., in which 


12,887 strikers were involved, ended in favour of 
| the strikers ; there were, on the other hand, 452 
| strikes, or a proportion of 60 per cent., involving 
| 65,612 disputants, which ended in favour of the 
| masters ; and 171 strikes, equal to a proportion of 
22 per cent., involving 42,917 disputants, which 
came to a close by concessions made on both sides. 
For every 1000 strikers there were 106 involved in 
the strikes which attained their object, 540 involved 
in those which failed to attain their object, and 354 
involved in those which ended by mutual conces- 
sions. The proportion of strikes which failed in 
their object is a comparatively high one; it 
represents, on the one oe about one-fifth the 
number of strikes, and, on the other hand, only 
one-tenth the number of strikers. The strikes 
which ended by reason of mutual concessions—and 
these strikes, so terminated, occurred mainly in 
quarrying work, the building and the transport 
trades—cannot all be taken as constituting a com- 
plete failure as far as the strikers were concerned; 
from this point of view, in fact, we find it stated 
that the transactions which were carried out in the 
case of these disputes ended in favour of the 
masters as against the strikers in the proportion of 
6 to 4. 

The strikes which involved more than one estab- 
lishment, and were undertaken in order to obtain a 
rise in wage, or to fight a decrease in wage, or for 
any other cause directly connected with the wages 
question, were those which resulted the most 
favourably for the strikers. The figures relating 
to strikes for matters connected with the duration 
and organisation of labour were practically similar 
to those referring to the wages question, and ended 
in favour of the strikers. The strikes due to shop 
regulations and fines resulted much less favourably 
for the strikers. Therefore the strikes which had 
for their object wages and working hours had a 
better issue from the point of view of the workers 
than those undertaken for another claim; four 
strikes out of every ten undertaken in regard to 
wages and working hours met their object, and 
about half the number of strikers were implicated 
in conflicts which ended to their advantage. 

The most frequent methods of settlement were 
the unconditional surrender of the strikers, in 
226 strikes, and the successful issue of direct nego- 
tiations between owners and workpeople, in 233 
strikes. Trade unions intervened for the settle- 
ment of 124 strikes, whilst 33 were settled b 
arbitration and conciliation, and 140 ended by the 
discharge of the strikers implicated, to the number 
of 5887. 

With regard to the lock-outs which took place 
during the five years under consideration, from 1906 
to 1910, these numbered 21 ; they occurred at 562 
establishments, the staff so locked-out numbering 
29,510 men and 8852 female operatives. The 
greatest number of lock-outs occurred in the textile 
| industry, in which they numbered seven, involving 

23,728 operatives; then followed the transport 
| trade with one lock-out and 6000 operatives ; quarry- 
|ing, with one lock-out and 2900 operatives. We 
stated above that the strikes which had for their 
object a rise in wage numbered 338. As against 
this, we find that there occurred only two lock-outs 
brought about by the same cause. There were, 
further, nine lock-outs the object of which was 
to bring about the cessation of a strike ; six on 

sonnel and trade-union questions ; two having 
reference to the duration and organisation of labour 
‘and two on shop regulations. In regard to the 
| time the lock-outs lasted, the following figures are 
of interest :— 


Three lock-outs, involving 57 firms and 3135 opera- 
tives, lasted less than 10 days. 

Five lock-outs, involving 158 firms and 6625 opera- 
tives, lasted from 11 to 20 days. 

Five lock-outs, involving 71 firms and 11,368 opera- 
tives, lasted from 21 to 39 days. 

Eight lock-outs, involving 276 firms and 17,234 opera- 

tives, lasted more than 30 days. 











| Seine is also in progress, the displacement being 





Among the last was the lock-out which occurred 
in 1906, in the Verviers textile industry, and which 
lasted 54 days ; it involved 155 establishments and 
15,500 operatives. The longest lock-out, which 
lasted 117 days, only involved one establishment 
and 134 operatives. 

Most of the lock-outs —14, involving 522 establish- 
ments and 33,418 operatives—were settled by direct 
negotiation between the owners’ associations and 
the trade unions, or by mutual agreement. Among 
the remainder, three ended by the discharge of the 
operatives, to the number of 404, in three estab- 
lishments, and two, involving 17 firms and 3040 
operatives, were transformed into a strike. 








FRENCH WARSHIP BUILDING. 

Tue Navy Programme of France for 1913 pro- 
vides for the laying down of four battleships, in 
addition to the five to be advanced and the two to 
be completed during next year. This makes eleven 
in all in process of construction. The two to be 
completed are the Jean Bart and the Courbet, 
which were launched respectively at Brest and 
Lorient in September last. These vessels are of 
540 ft. in length, 88} ft. in beam, and at 29 ft. 
draught displace 23,100 tons. The Parsons turbine 
machinery, of 28,000 shaft horse-power, is to give 
them a speed of 20 knots. The five battleships 
now in progress are the Bretagne and Provence, 
building at Brest and Lorient, and the France, 
Paris, and Lorraine, building by contract, the first 
at St. Nazaire and the second at La Seyne. These 
are to be generally of the same dimensions as the 
Jean Bart, but 500 tons more is allowed for dis- 
placement on the same draught, and, in conse- 
quence, the power of the Parsons turbines will be 
29,250 shaft horse-power, to give 20 knots speed. 
Of the four new ships to be laid down, two will be 
commenced in the Government dockyards on May 1, 
next year, and two at Brest and Lodeut respec- 
tively on January 1, 1914. Although no official par- 
ticulars are given regarding these vessels, it is 
understood that they will be larger than those now 
in progress, the displacement tonnage being about 
25,500 tons, which will involve a further increase 
in power to ensure the same speed. As regards the 
armour, the thickness of the main broadside belt 
in the Jean Bart is 11 in., tapering fore and aft, 
with 7-in. armour up to the upper deck, while the 
bulkheads are also of ‘-in. armour. The gun- 
barbettes are of 10}-in. armour, and the secondary 
guns are placed on the broadside, behind the 7-in. 
upper belt. In the Jean Bart the armament includes 
twelve guns of 12-in. calibre, twenty-two of 5.5-in. 
calibre, and four 3-pounders. In the five later 
ships of the Bretagne type there will be ten 
13.39-in, guns, twenty-two 5.5-in., and four of 
1.85-in. bore. There will be four submerged tor- 

o-tubes. The complement of these ships is to 

34 officers and 1075 men. So far as the ships to 
be laid down next year are concerned, the prospects 
are in favour of corresponding armament, the 


Y | 13.39-in. being regarded as sufficient. 


No cruisers are provided for, and as regards the 
torpedo-boat_ destroyer programme, nine vessels 
are to be completed next year, seven of them at 
private works, and two in the dockyards. Three 
will be ‘‘continued,” and three will be laid 
down. The length of the later vessels in pro- 
gress is 265 ft. 9in., the beam being 26 ft. 7 in., 
and at 9ft. 10 in. draught the displacement is 
850 tons. These are twin-screw turbine-driven 
ships, and the armament includes two 3.9-in. and 
four 2.56-in. guns. Of submarine-boats, eight will 
be completed, ten continued, and three will be com- 
menced. The submarines are steadily increasing 
in size. These latter vessels are to be 242 ft. 9 in. 
long and of 19 ft. 8 in. breadth. Internal-combus- 
tion engines of 4800 horse-power are to be fitted, 
in order that the boats may have a speed on the 
surface of 20 knots, a fact itself illustrative of the 
great advance made in this t; of craft. There 
will be eight tubes for launching torpedoes, and 
the crew will include three officers and thirty- 
seven men. 

Certain miscellaneous ships are included. There 
is in pape a submarine-mine-laying ship called 
the Cerbere, of 566 tons, and with machinery of 
6000 horse-power, to give a speed of 20 knots. 
The vessel will carry one 2.95-in. gun, and will be 
manned by a crew of three officers and 62 men. 
This vessel was put in hand at St. Nazaire on 
August 5 of last year. A transport named the 
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3160 tons and the speed 12 knots. Next year 
there is to be laid down a gunboat to be called the 
Balny, of 214 tons, to carry six 1.46-in. guns. 
Another special ship to be laid down is a despatch 
vessel, which will. have a displacement of from 
1600 to 1800 tons, witha s of 17 knots. She 
will carry two 5.5-in. and six 2.95-in. guns. The 
Moniteur de la Flotte, from which we have taken 
these particulars, states that the total credit for 
new construction will amount to nearly 7} millions 
sterling for direct expenses, and 360,0001. for mis- 
cellaneous expenses. 








NOTES. 
Tue Evecrricat InpustRy IN JAPAN. 

Amone the numerous Western industries which 
have had a remarkable development in Japan 
during the past thirty years or so, one of the most 
interesting is that connected with electricity. For 
some years after the country was opened to 
Western intercourse the application of electricity 
was, for the most part, confined to telegraphy, but 
after the graduates of the Imperial College of 
Engineering had been for some time at work, the 
applications became very numerous. Not only are 
the telegraph and telephone systems of Japan very 
well developed, but electric railways and tramways 
are now common, while electrical power stations 
are being rapidly extended. The geological and 
topographical formation of Japan, and its abundant 
water supply, give it peculiar advantages for 
utilising, for industrial purposes, the numerous 
sources of water power which are to be found, and, 
indeed, so great has been the development in this 
direction that it has had an appreciable effect on 
the coal consumption. The Japanese take long 
views of the industrial and economic problems 
with which they are confronted, and there seems 
to be a settled policy to economise coal by utilis- 
ing to the utmost the available sources of water 
wer. The latest published returns show thirty- 
ve electric railway companies with an aggregate 
cspital of 121,455,000 yen (12,440,336/.); the total 
mileage of their open lines was 349 miles, and 
that of the lines not yet open 211 miles. Other 
twenty-eight companies have been registered (but 
had not opened business), with an aggregate capital 
of 33,430,000 yen (3,424,152/.), and the total mile- 
age of their projected lines was 368 miles. In 
addition to the above, there was an electric railway, 
owned by the Osaka Municipality, with a capital 
of 11,849,979 yen (1,213,7641.), with over 14 miles 
of open lines and 19 miles unopened. During last 
year many new enterprises were started, and remark- 
able progress was made in electric lighting, which 
continues to increase rapidly. The number of 
cities, towns, and villages in which electricity had 
been adopted for lighting purposes was 1133 at the 
end of 1910. The number increased to 1367 at 
the end of September, last year, showing an increase 
of 234 within nine months. The total number of 
electric lamps at the latter date was 2,121,738, 
being an increase of about 14 per cent. over that at 
the end of 1910. The increase of electric lamps, 
of course, means the increase of the demand for 
wer. The number of households using electric 
mps increased to about 740,000 at the end of the 
first half of last year, an increase of about 70,000 
households in six months. The rate of increase, 
as compared with the growth of telephone instal- 
lations, which have had a remarkable development 
in recent years, has been about five times as great, 
thus testifying to the rapid growth of the demand 
in favour of electricity for lighting purposes. The 
capital invested in the industry, of course, also 
shows a remarkable increase. The total amount 
of capital, debentutes, and loans invested reached 
over 395,450,000 yen (a yen = about 2s. 04d.) at 
the end of the first half of last year, against 
329,890,000 yen at the end of the preceding year, 
showing an increase of + bow’ 65,550,000 yen, or 
20 per cent., in the course of six months, as may be 

seen from the following statistics :— 








Second Half First Half 
of 1910. of 1911. 
Yen. Yen. Yen. 
Segoe dan 295, 953, 208 355, 179,731 + 59, 226,422 
Debentures 18,965,500 11,570,000 — 7,395,500 
Loans... 14,977,764 28,705,637 + 13,727,873 
Total ... 329,896,472 395,455,368 + 65,558, 896 


Adding to the above figures the new investment 
during the second half of last year, the total new 





investment for that year is estimated to exceed 
100,000,000 yen, which is an increase of over 30 
percent. forthe year. As there is reason to believe 
that the increasing tendency will continue in the 
present year, the development of the industry is 
— to present even greater activity in the 
uture. 


PREVENTION oF Coat-Dust ExPLosions. 


In a paper recently read before the Liverpool 
Section of the Society of Chemical Industry, Dr. 
J. Harger, of Liverpool University, boldly pro- 
poses to prevent dust explosions in mines by pur- 
posely impoverishing the air so that ignition cannot 
ensue. Whether or nota suitable atmosphere for 
mines could be created by mixing purified flue-gas 
with fresh air before the air enters the intake or 
in the intake, as he suggests, will have to be seen. 
Some of the main facts upon which Dr. Harger 
bases his suggestion are, however, generally 
accepted. Our atmosphere contains 21 per cent. 
by weight of oxygen. We can do with less ; for 
the exhaled air still contains about 17 per cent. of 
oxygen, and some of the oxygen in the atmosphere 
acts as a diluent like the nitrogen, so far as 
breathing is concerned. Quoting J. S. Haldane, 
Leonard Hill, and Benjamin Moore, Dr. Harger 
points out that men can do work in atmospheres 
containing only 17.5 or 18 per cent. of oxygen. 
The carbon dioxide is less injurious than is 
often assumed; for men have often to work, in 
breweries, in air containing 1 per cent. of carbon 
dioxide. Water vapour is much more trouble- 
some, especially when the temperature rises above 
70 deg. Fahr. On: the other hand, candle, petro- 
leum, and benzene flames will go out when the 
oxygen percentage sinks below 16 or 17 per cent. ; 
while hydrogen, acetylene, and coal-gas flames will 
continue to burn as long as 7.5, 9.5, or 11.5 per 
cent. of oxygen are present. One would naturally 
expect, and the idea is not novel, of course, that 
coal-dust ignition also required a minimum percen- 
tage of oxygen. Experimenting with dust produced 
by grinding lumps of coal, Dr. Harger obtained 
partial ignition (by electric sparks) when at least 
18 per cent. of oxygen was present, and full 
ignition when the oxygen percentage rose to 19 per 
cent. ; in air containing less than 18 per cent. of 
oxygen his coal-dust would not ignite. Some 
samples produced by grinding coal taken from the 
screens, the roadways and beams in the intake, 
would not ignite, but they did when air was 
blown through the dust and the fine dust allowed 
to settle, probably because the particles were then 
mixed with air and with purer dust. Dr. Harger 
also points out that dust explosions as a rule travel 
against the ventilating current and occur only in 
well-ventilated mines, which is, perhaps, too 
general a statement. That the oxygen percentage 
is important both for the ignition, which takes 
place only when the dust is fairly dense, and the 
detonation wave, which may develop after the 
combustion has travelled some distance and propa- 
gates at an enormous s , even if the air beyond 
the ignition zone contains little dust, is undisputed. 
Coal-dust explosion can more or less be prevented 
by keeping long stretches of roadways wet or 
covered with stone-dust. These remedies are 
troublesome, and not always applicable. Hence 
Dr. Harger suggests the lowering of the oxygen per- 
centage in the mine, which would render dust ignition 
impossible, as well as prevent coal and timber fires 
and gob fires (fires in the goaf or waste fed by the 
coal left there); and would make fire-damp explo- 
sions improbable. The mine air would have to 
be = prepared, and he thinks this might 
be done by mixing one part of flue-gas with 
fifteen parts of fresh air before or in the intake. 
The flue-gas should previously be purified from 
sulphur compounds and smoke, and should be 
passed through cuprous chloride to absorb carbon 
monoxide. his purification should certainly be 
very thorough and reliable. 





Dominion Steet Corporation.—The first financial 
statement issued by the Dominion Steel Corporation, 
Canada, extends from July 1, 1910, to March 31, 1912; 
and it appears that in the course of that period the 
company realised. a profit of 7,388,300 dols. Of this 
amount, 2,073,304 dols. was absorbed by financial charges, 
and 1,624,803 dols. by sundry redemptions of capital. 
As regards dividends, 980,000 dols. was divided between 
the holders of erence shares, and 1,225,204 dols. 


between the holders of ordinary shares. An allocation | pa: 


of 700,000 dols. was made to the renewal fund, and 
784,900 dols. was carried to the credit of 1912-13. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 5. 

Ir is generally conceded that an advance in pig 
iron will take place about July 1. By that time Con- 
nellsville coke contracts will all have been com- 
pleted, and the supply of last winter’s Lake Superior 
ores will have been exhausted. Pig iron is from 
25 to 60 cents per ton above the extreme low price of 
1911. Steel products are from 2.50 dols. to 4 dols, 
above the lowest point, and equalising advance will 
probably take place. Large purchases of basic pi 
have been made, one purchase amounting to 6(K)) 
tons. Forge has also _ purchased in large lots, 
the largest being for 8000 tons, third quarter delivery. 
Basic has been in heavy demand at all centres. 
There are signs of shortage of all kinds of pig iron. 
With the idle furnaces put into blast the furnaces are 
running above 30,000,000 tons a year. The general 
tenor of advices is that an expansion of demand 
cannot be much longer delayed. The American 
Sheet and Tin-Plate Company is operated in 
excess of 96 300 cent. of total capacity. There is a 
shortage of labour in the Connellsville region amounting 
to 29,000 tons in product. ‘he labour supply will be 
increased as fastas possible. These general conditions 
are stimulating a revival of demand which will break 
out atany time. A large quantity of pig is contracted 
for delivery during the latter half of the year. Prices 
of pig iron are very firm. When an advance takes 
place it will find stocks at furnaces exhausted. 
Southern furnaces are filling up with orders, and an 
advance there is quite imminent. In steel plate con- 
ditions are becoming acute, chiefly because of the heavy 
influx of orders for car works. The tin-plate works 
are crowded, and a large volume of new business has 
been shown within three days by inquiries from all 
quarters of the country. The purpose of the manu- 
facturing interests is to guard against excessive ad- 
vances, and as the summer months are usually dull, 
the present accumulation of orders will preserve 
normal activity. 








Prrsonau.—Mr. Philip S. Doherty informs us that he is 
no longer with the Worthington Pump Company, Limited, 
and has started business as an engineer and agent on his 
own account at 25, Victoria-street, Westminster.— 
Mr. Andrew Reason, who for upwards of 26 years has 
been connected with the large engineering firm of Messrs. 
Hicks, Hargreaves and Co., Limited, Soho Iron Works, 
Bolton, is now taking over the active management of the 
Ideal Covering Company. Limited, 158 and 160, Crook- 
street, Bolton, of which he is the managing director. 





Contracts.—We understand that Messrs. Mirrlees, 
Bickerton, and Day, Limited, Hazel-grove, near Stock- 
port, have recently received, in addition to a large 
number of orders for Diesel engines varying from 50 to 
200 brake horse-power, orders for one 500-brake horse- 
power engine for Moose Jaw Street Railway, Canada; 
one 750-brake-horse-power engine for the rough of 
Wallasey Electricity Works ; one 320-brake-horse-power 
engine for the Admiralty for Hong Kong Dockyard ; one 
250-brake-horse- power engine for St. Sampson’s Electricity 
Works, Guernsey (repeat order), besides ten engines rang- 
ing from 240 to 500 brake horse-power for other clients. 
The firm have also several engines on hand for the British 
Admiralty and the Turkish Government, &c. 





ASSOCIATION FOR THE INTERNATIONAL EXCHANGE OF 
StupEnts.—A Conference has been arranged by the 
above Association, to be held on June 28 and 29, at the 
Caxton Hall, the object being to enable the Committee 
of the Association to lay before a large and representa- 
tive international body an account of the work which has 
been accomplished along practical educational lines. 
Representatives of Colonial, American, and British 
Universities and University Colleges will be present 
as well as the High Commissioners and Agents-General, 
the headmasters of the principal public schools, the prin- 
cipals of several women’s colleges, representatives of 
important technical institutions, and chambers of com- 
merce, &c. It is expected that several well-known 
business men will also be present. At the meeting on 
Friday, June 28, under the chairmanship of the Right 
Hon. Lord Strathcona and Mount Royal, G.C.M.G.,a 
paper will be read on ‘‘ The Methods and Work of the 
Association,” by the Hon. Secretary. An address will also 
be given by Dr. Hadow, Principal of Armstrong College, 
giving an account of the first scholarship promoted by a 
university under thescheme. A d'scussion will follow. The 
second part of the day’s programme comprise an address 
by the Chairman, the Right Hon. Lord Courtney of 
Penwith, on ‘‘ The Value of the Work of such Associa- 
tions and the ‘Exchange of Professors,’ ” and addresses by 
Dr. Hamerschlag, of Pittsburg, and others ; a discussion 
to follow. There will also be a discussion on the ‘* Out- 
line of the Future Work.” On Saturday, June 29, the 
Right Hon. Lord Strathcona and Mount Royal again in 
the chair, Professor F. H. Marsh, Master of Downing 
College, Cambridge, and Chairman of the Central 
Purposes Committtee, will read a ae on “A 
Review of the Experimental Period,” which will be 
followed by a discussion. A series Of ‘resolutions will 
also be presented to the Conference for consideration. A 
rty of British engineering students left Bristol on 
April 17, and are now making a tour through Canada and 
the United States under the auspices of the Association. 
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THE TELEPHONE TRANSFER. 


Tue hearing of the National Telephone Company’s 
claim against the Postmaster-General in connection 
with the transference of their undertaking was com- 
meneced on Monday before the Railway and Canal 
Commission Court, composed of Mr. Justice Lawrence, 
the Hon. A. E. Gathorne Hardy, and Sir James 
Wodehouse. 

Sir Alfred Cripps, opening the case for the company, 
said the claims, which amount to over 20,000,0001. 
had been divided into twelve heads. 
for plant, No. 5 for plant constructed recently, in which 
no depreciation has taken place, No. 6 is an agreed 
small figure of 7592/., and No. 7 is for the books, 
maps, and records of the company. There was some 
question as to whether these were ‘‘plant” of the 
company, but in any case they had been taken over 
by the Postmaster-General. o. 8 is the claim for 
land and buildings, and No. 9 for licences which 
extend beyond 1911, when the general licence of the 
company expired. These are Brighton and Ports- 
mouth where the Company might go on till 1926, and 
Hull, where the Corporation were said to be carrying on 
the undertaking as agents of the Postmaster-General. 
Sir Alfred contended that, under the Telegraph Act of 
1899, Section 3, the company’s licence was co-extensive 
with any licence granted by the Postmaster-General, 
and until the latter took over the Hull undertaking 
compensation was payable to the company in respect 
of it. No. 10 is for the private-wire business ; No. 11 
for stores and tools, and No. 12 for furniture and 
fittings. These claims together amount to 20,924, 700V. 

All the figures are taken where possible from the 
company’s books, the basis of the claim being 
cost to the company, plus 10 per cent. for con- 
tractors’ profit. The quantities have in almost every 
case been agreed, but the company’s figures for 
cost and depreciation are disputed, and in some 
instances the Postmaster-General contended he was 
not bound to take over or pay for certain items. Sir 
Alfred then proceeded to explain the method on which 
the company had calculated depreciation. He 
assumed as an example a plant costing 100/. with a 
life of twenty years. In the first place, 5/. per annum 
is required to replace the capital ; beyond that, such 
asum is required that at any given time the sinking 
fund, together with the then value of the plant, equals 
100/. On the company’s method, after ten years the 
sinking fund and interest on the 5 per cent. table 
would amount to 38/., while the plant would be 
worth 62/. And this is the value to a buyer as 
well as to a seller, since, if the buyer puts 
aside to make up his capital expenditure, a 
sinking fund and interest at the same rate as 
the seller, he will at the end of the last ten years 
have repaid his capital with the assumed interest. 
The buyer paying 62/. for the last ten years will be 
just as well off as the seller who paid 100/. for the 
first ten years. 

Mr. Gill, the chief engineer to the company, was 
then called, and gave evidence as to the extent and 
nature of the undertaking. He said it was impossible 
to generalise, and the Court would have to go into 
the claims in considerable detail. He had divided the 
plant into three heads : (1) Lines ; (2) Exchange plant; 
and (3) Subscribers’ plant. The first was divided into 
underground and overhead lines. Mr. Gill then pro- 
ceeded to give evidence in some detail as to how his 
figures were made up, the prime cost being in almost 
every case taken ees the company’s ks, and 
averaged over a large number of years in order to take 
account of variations in price. In many cases this had 
been a work of great difficulty, and an elaborate system 
of checks had been adopted by the company to arrive 
at a fair and proper figure. 

Sir Alfred Cripps endeavoured to induce the respon- 
dents to produce their own valuation of the items as 
they were being gone into, but the Solicitor-General 
would not agree to this course, and preferred to reserve 
his documents till later in the case, which seems likely 

last the rest of the term. 





THE BRITISH FIRE-PREVENTION 
COMMITTEE. 

_A VISIT was recently made to Russia by a special 
Commission of this Committee in order to study the fire- 
preventive and fire-service arrangements of that country. 
‘he Commission consisted of six members, including Mr. 
Hdwin O. Sachs, the Earl of Londesborough, Mr. H. S. 
olker, Mr. Herbert Dyer, and Chief Officer Hockin, of 
lruro. The work of fire prevention isaccorded primary im- 
portance in Russia on account of the enormous annual fire 
joss; stated to be 30,000,000/. A paper was read by Mr. 
I forace S. Folker, F.A.I., before the International Fire 
_ ngress at St. Petersburg, which contained a summarised 
Cescription of the work of the British Fire-PreventionCom- 
inittee and its testing station. Arising out of this paper 

‘e following resolutions were unanimously adopted :— 
|) That the Congress deems it advisable that every 
civilised country have # society, committee, or in- 
stitution having objects similar to, and doing work 
similar to, that done by the British Fire-Prevention 


Nos. 1 to 4 are! 





| Comenittes. (2) That such societies, &c., should be 
formed of members unconnected with any trade or 
industry concerned in fire appliances or _fire-resisting 


construction, and be duly incorporated with an unalter- 
able proviso of this character. (3) That such societies, 
&c., when rationally formed, merit the regular substantial 
l financial support of their respective governments, havin 

| regard to the great economy in the national wealth an 
conservation of life and property that must result from 
| fire-prevention work systematically advocated and deve- 
loped under the guidance of such bodies. (4) That the 
constitution of the testing-station and successful work of 
the British Fire-Prevention Committee should serve 
as a basis for the formation of similar societies, com- 
mittees, or institutions, having regard to the eminently 
effective record of how the fire loss of England has 
materially decreased since the existence of the British 
Committee. 

The Congress was divided into four sections: (1) Fire- 
Prevention, (2) Fire Service, (3) Ambulance, (4) Fire 
Insurance. Some eighty papers were put forward for 
discussion, including the one by Mr. Horace 8S. Folker, 
to which we have alluded, and one by Mr. Edwin O 
Sachs, Chairman of the British Fire. Prevention Com- 
mittee. Among notable Continental papers were two by 
Chief Officer Reichel, Berlin, on ‘‘ Motor Appliances,” 
and by Chief Officer ag Hamburg, on ‘‘The 
Storage of Petroleum.” me twenty of the more 
important papers will be published in three languages 
by the International Fire-Service Council in their next 
bulletin. The Congress was opened by the Grand Duke 
Andrew, who attended a number of the meetings and also 
the social functions of the Congress. 

The executive work of the International Fire-Service 
Council was conducted by Chief Officer Meier, of 
Amsterdam (the President), and Mr. Edwin O. Sachs, 
of London (Vice-President), the latter occupying the 
chair on the Fire-Preventive Section. The Russian 
Reception Committee was under the chairmanship of 
Prince Lvoff (President of the Russian Fire-Service 
Society), Count Suzor (City Architect of St. Petersburg), 
M. Borodine and Chief Officer Litvinoff (St. Petersburg 
Fire-Brigade). The occasion of the Congress was taken 
for the ey of a fire-brigade display on the 
Champs de Mars, St. Petersburg, in which both the 
professional and the volunteer services participated, and 
similar displays were given at Moscow and Warsaw. 
During the course of the Congress several executive 
meetings were held by the International Fire-Service 
Council, as also the biennial general meeting, at which 
Mr. Edwin O. Sachs was re-elec a vice-president, 
Mr. Horace Folker an executive member, and Mr. Ellis 
Marsland joint honorary secretary. The next executive 
meeting of the International Council will be held in 1913 
at Leipsic, and the next International Fire Congress 
ag its auspices will probably take place at Copenhagen 
in 1915. 





THE PHYSICAL SOCIETY OF LONDON. 
AT a meeting held on Friday, May 31, Professor C. H. 
F.R.S., Vice-President, in the chair, a paper on 
“The Calibration of Wave-Metcrs for Radiotelegraphy ” 
was read by Professor G. W. O. Howe. 

Wave-meters consisting of a variable air-condenser and 
a set of coils can be calibrated approximately by calcula- 
tion from the known capacity of the condenser and the 
inductance of the coils. The most probable source of 
error is that due to the capacity from turn to turn of the 
coil. This can be allowed for, with sufficient accuracy 
for all practical purposes, by finding the natural frequenc 
of the coil alone, and calculating its effective or self- 
capacity on the assumption that the whole steady current 
inductance of the coil is effective even when it is oscil- 
lating freely. This capacity is then added to the capacity 
of the air-condenser. Another method of finding the 
required correction by comparison of the results obtained 
on the overlapping portion of the ranges of two coils is 
also described. 

The correction can be made small by suitably designing 
the coils. 

A paper on the “‘Applications of Heaviside’s Resistance 
Operators to the Theory of the Air-Core Transformer and 
Coupled Circuits in General” was read by Dr. W. H. 
Eccles. In circuits poses constant inductance, re- 
sistance, and capacity the differential equations for the 
currents and the voltages are linear with constant co- 
efficients, and may therefore be solved by aid of the known 
simple properties of symbolic operators. The symbolic 
aay method proves to be very compendious in pro- 
blems concerning the determination of the primary and 
secondary currents and voltages of transformers whenever 
the applied electromotive force can be exp as an 
exponential function of the time, or when it consists of a 
sudien application of a constant or an exponential 
function, and also when it is impulsive. 

In the paper the method is first applied to a pair of 
‘indirectly ” coupled circuits—i.e., circuits that are 
insulated from oak other. The cases of pure magnetic 
coupling, pure electric coupling, and of mixed magnetic 
and electric coupling, are treated in turn, and shown to 
be in operation all of the same form. Then general 
operational equations are obtained for direct coupling 
and for mixed direct and indirect coupling ; this latter, 
of course, includes all types of auto-transformers, both 
high and low frequency. Here again the operational 
equations are of the same form as in the case of 
magnetic coupling. The equations readily show that if 
the primary applied voltage be a pure sine or cosine 
alternating electromotive force, the well-known circle 
diagram for determining the instantaneous magnitudes 
cal ean of the primary and secondary currents in an 
ordinary transformer is applicable to the most general 











type of transformer, and is capable of certain extensions. 
It is then shown that a similar circle diagram can 
used for obtaining the primary and secondary currents in 
any general transformer under the application of the 
quasi-steady conditions of a slowly-damped alternati 
voltage. A further new theorem arises here, whic 
affirms that a similar =a method of computation 
can be used for deducing the voltages at the terminals of 
the primary and secondary condensers in a high-frequency 
transformer under steady or quasi-steady alternating 
current. 

In the second section of the paper it is shown how to 
calculate accurately the free periods and the dampin 
tactors of a coupled system with 2 deg. of freedom, an 
approximate formule arealsodeduced. The third section 
passes to the investigation of the currents and voltages 
produced in the circuits by sudden application or removal 
of a constant, a harmonic, or a damped harmonic electro 
motive force, and of those potest by the application of 
electromotive impulses. For this purpose formule ex- 
pressing the effect of the various types of symbolic 
operator occurring in the paper, on impulsive electro- 
motive forces and on ‘‘ sudden applications,” are deduced 
and tabulated. Using these tables of integrals it is very 
easy to write down quickly the solutions appropriate to 
any given transformer under the action of any of the 
types of electromotive force specified. These tables include 
all the cases likely to arise in wireless telegraphy and in 
ordinary transformers. 

As an example of the application of the methods, the 
problem of a primary spark-circuit and its antenna is 
worked out under resonance conditions, and for various 
couplings, and time-graphs are made of the primary and 
secondary currents and voltages. A further example is 
the solution for the incidence of a natural electric wave 
(a “‘stray”) on a receiving antenna and its resonant 
secondary. 

Some experiments on ‘‘ The Movements of Semi-Oily 
Liquids on a Water Surface ” were shown by Mr. Charles 
R. Darling. 

The effect produced when a drop of liquid is placed 
upon a clean-water surface is considerably modified if the 
liquid be slightly soluble ; whereas a drop of oil spreads 
and forms a permanent film, slightly soluble liquids 
form films which afterwards break into globules, which, 
if a certain minimum size be exceeded, break up into 
smaller globules, until a state of equilibrium is reached. 
The division of the films or globules is produced by inden- 
tations which spread until partition has taken place. 
This indentation gives to globules a reniform shape ; and 
in certain cases the distorted globules are projected 
violently across the surface of the water. The effects 
differ in intensity with different liquids, and phenomena 
peculiar to a given liquid may also be noted. he follow- 
ing are typical examples :— 

1. Aniline, after spreading into a film, collects into one 
or more large globules, which become indented round the 
edges, after which the globules recover their shape ; the 
recovery, however, being accompanied by the partition 
of small globules. This continues until the globule is 

uced to a very small size, after which no further move- 
ments are observed. 

2. Dimethylaniline forms a film which breaks up into 
small globules with great rapidity. The indentations, 
commencing at the edges, bifurcate and spread through 
the film, dividing it into small parts which become 
globular in shape. The partition is assisted by the for- 
mation of holes in the film, from which indentations 
spread and meet those which commence at the edges. 

3. Quinoline behaves similarly to (2), but the action is 
slower, enabling the breaking-up process to be followed 
ye d by the eye. The small globules which are formed 
finally become rings, a hole appearing at the centre of 
each, causing the globule to spread on all sides. These 
rings are quite permanent, and do not appear with the 
other liquids mentioned. 

4. Xylidine, 1:3: 4, forms globules which become 
indented on one side, and then move rapidly across the 
surface, and then recover their shape; after which in- 
dentation and projection are repeated until the globules 
are broken up into smaller ones, when the action ceases. 
The behaviour of xylidine is similar to that of orthoto- 
lindine, to which the author has previously called atten- 
tion. 

In explanation of these actions it is suggested that the 
surface tension of the water, which causes the drop to 
spread into a film, is weakened by the solution of the 
liquid. The opposing tensions (air-liquid and water- 
liquid) then overcome that of the water, with the result 
that the film is drawn back and indented. The strength 
of the air-water tension is afterwards et pd restored 
by the sinking or diffusing of the dissolved part, so that 
the drawn-up mass again tends to spread. Indentations 
in a film or globule would therefore occur at the point at 
which the air-water tension had become most weakened ; 
and if the opposing tensions were strong, the globule 
would be drawn across the surface. Equilibrium would 
then be produced when the air-water tension had become 
uniformly weakened, and the opposing tensions (now 
acting on small eae of greater curvature than the 
larger masses, and therefore at a larger angle to the water 
surface) possessed a resultant tension equal to that of the 
soiled water. 

An account of some ‘‘ Surface Leakage Experiments with 
Alternating Currents” was given by Mr. G. L. Adden- 
brooke. 

Experiments on dielectrics at different temperatures 
and over a wide range of periodicity, showed that the 
losses found were in some cases partly due to surface 
leakage. When this latter was eliminated, and the data 
obtained with the surface leakage and without were com- 
pared, it did not seem as if the portion of the losses due 
to surface leakage could be accounted for by assuming 
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that it was constant at all periodicities, as is the case with 
the losses in metallic conduction. 

Measurements were therefore made to ascertain the 
behaviour of the surface leakage alone. 

For this purpose strips of tinfoil were pasted on a sheet 
of glass 1 in. apart, and the relative losses with an alter- 
nating current of 42 periods and a continuous current 
were measured, the pressure being the same in both cases. 
The following are the results :— 











| Relative Losses. 
State of Film on Glass. — a nenenn —s 
| Con- Alter- 
| | tinuous. | nating. 
e megohms | 
Ordinary day . wat 300 | 1 | 3 
Drierday .. - = - | 570 | 1 | 4 
Film dried first in eun and cooled) 770 | 1 5 
Another glasssurface .. ..| 60,000 | 1 15 approx. 


The power factor was high in all cases. 

Ebonite.—Similar experiments showed a much higher 
ratio for the losses—namely, 1 : 40. 

Porcelain Insulators.—The ratio in this case was as 
high as 1: 60 ona dry day, but part of this leakage may 
be through the material. 

The relative leakages between the primary and secon- 
dary of a small induction coil and a small transformer 
were respectively 1: 4.5 and 1:8. In these cases, also, 
the leakege was doubtless partly through the insulation. 

Further experiments described show that the moisture 
present must be in a very attenuated state for the differ- 
ences in the losses found to become sensible. Ordinary 
water, even in very thin films, does not show the effect. 

The striking similarity between the above results and 
results obtained by measurements made of these losses 
through dielectrics are pointed out. 

The suggestion seems warranted that in both cases the 
effects may be due to the same fundamental cause—viz., 
the presence of a very diluted electrolyte. 





Tue Bryan Donkin Company, Limitep: Erratum. 
—We regret that on page 715 ante there appeared an 
erroneous statement with regard to the above company. 
We stated that the ‘‘ present members of the firm are 
Bryan Donkin and win Bryan Donkin,” whereas the 
only’ member now living is Mr. Harry J. Donkin, 
the other two gentlemen having died some few years ago. 





Ovr Raits Asroap.—This has so far been a dull year 
for the export rail trade, the Argentine demand having 
been languid, although larger exports have been made to 
Australia and New Zealand. The exports for May were 
only 17,736 tons, as eee with 25,299 tons in May, 
1911, and 38,858 tons in May, 1910, while for the first five 
months of this year the aggregate export movement was 
168,259 tons, as compared with 169,303 tons and 185,979 
tons in the corresponding periods of 1911 and 1910 re- 
spectively. 





Russian NaAvat Expenpirure.—Reuter’s correspon- 
dent at St. Petersburg, on tho 4th inst., cables: The 
Council of the Empire to-day voted an expenditure of 
162,000,000 roubles (16,200,000/.) for the Ministry of 
Marine, instead of the 159,000,000 roubles passed by the 
Duma. Admiral Birileff, the reporter of the budget for 
the Ministry of Marine, said that, as the result of his 
personal inspection, he could say that the state of the 
navy had improved in a marked degree. The construction 
of four Dreadnoughts had made so much progress that 
their completion might be looked for in 1914. If the 
shipbuilding poem were confirmed, large sums must 
be spent to enable Russian yards to be in a state of effi- 
ciency at all comparable with foreign yards. The Navy 
Department had already left out forty-six old warships 
from its calculations, and there were fifty-six more that 
would, he hoped, soon be placed out of service. 





THE Accepranck TRIALS OF THE Barrie-CrvUIsER 
**Lion.”—The Lion completed on Tuesday morning her 
twenty four hours’ acceptance steam trial. She left 
Plymouth Sound on Monday morning, and began the 
trial at 9 o’clock. As the conditions of the contract 
with Messrs. Vickers, Limited, who constructed the 
machinery, had been completely fulfilled on the former 
tests, the aim now was to ascertain that everything 
worked satisfactorily after the usual ‘‘ opening out” of 
the machinery for inspection. The usual procedure at 
such acceptance trials was followed, and runs were made 
at various speeds. During the twenty-four hours’ steaming, 
however, a series of runs at progressive speeds—four runs 
being made at each of five different speeds—was made 
over the measured course a. Polperro; but there was no 
attempt to develop full power. e trial was thoroughly 
satisfactory, the speeds realised for the powers deve- 
— being most favourable. After the vessel returned 
off Plymouth Breakwater the deep-sea anchor trials 
were carried out, and the vessel returned to the Sound 
and is taking in stores preparatory to leaving to 
join the Fleet. In addition to Captain Duff, who is in 
command of the Lion, and of Engineer-Commander 
Green, who is in charge of her machinery, there were 

resent: for the Vickers Com » Mr. James 

cKechnie, one of the directors tort of Controller of 
the Navy, Captain Hall ; for the Director of Naval Con- 
struction, Mr. W. T. Davis; for the Engineer-in-Chief of 
the Fleet, Engineer - C; in Whayman; and for the 
Devonport Dockyard, manders Willoughby and 
Mountifield. 





POSITION OF NEUTRAL AXIS IN REIN- 
FORCED-CONCRETE BEAMS. 
To THE EpiToR OF ENGINEERING. ; 

S1z,—With reference to the position of the neutral axis 
in reinforced-concrete beams, the following notes will, 
perhaps, serve to make the matter clearer :— 

The whole problem of the effective moment of resist- 
ance of a reinforced-concrete beam depends on the loca- 
tion of the neutral axis. Asa matter of fact, there is an 
ambiguity in connection with this, which always makes 
it uncertain where the said axis lies. The attached dia- 
grams (Nos. 1 and 2) indicate the conditions: (1) If the 
tensile strength of the concrete is appreciable (no minute 
cracks or flaws); and (2) if the tensile strength is neglected. 
Both assume a constant value for E in the concrete, and 
Bernoulli’s hypothesis of plane strain. : 

The first is the more desirable condition ; but in view 
of the uncertain tensile strength of cement at all times, 
this state may at any moment fail, and lapse into that 
indicated by the second diagram. The moment of resist- 
ance in the second case is somewhat less than that in the 
first, but the difference is not so great as it appears at 
first sight. 

If the value of E is not constant, and the ‘* parabolic” 
rule for etress variation is adopted, similar diagrams 
(Nos. la and 2a) are obtained. : 

The existence of an intermediate state is probable, the 
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tension side only failing beyond a certain limiting stress, 
but maintaining some resistance. The neutral axis then 
lies about the middle of the section. 

It is noteworthy that in all cases the moment of resist- 
ance for a rectangular reinforced-concrete beam can be 
written :— 

M=te° b a. 


0 = 
6 


where 7 is a coefficient depending on the position of the 
neutral axis, the modular ratio, and the amount and 
position of the reinforcement. For all cases it appears 
to be less than 1.5 and more than 0.75, so that a reinforced- 
concrete beam is about the same strength as a simple 
concrete beam would be if its full compressive stress could 
be permitted, or about ten times as strong as a simple 
concrete beam in —— circumstances (in which the 
maximum stresses depe on the tensile limit). The 
following values of ‘y are useful :— 


Case No. 1. 
2c? + 6m (1l—c—k)P nj/e + 2(1-c)/e. 


Case No. 2. 
Omit third term. 
Case No. la. 


2.42 + 6 mn (1—c—k)¥/ct + 2.4 (L—c)*%/eb , 
Case No. 2a. 


Case No. 3, 
Intermediate between Nos. la and 2a. 


Omit third term. 


Where 
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Much of this is, of course, ancient history; but I 
believe I am right in saying that it links the whole 
business together with a —— completeness. 

Yours faithfully, 
HERBERT CHATLEY. 
ineering College, Tangshan, North 
China, May 14, 1912. 
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‘THE LABOUR UNREST.” 
To THe Epiror oF ENGINEERING. 

Srr,—As your leader (see ENGINEERING, May 31) tells 
us, we have had, indeed, a plethora of *‘‘ causes and 
cures” for the present unrest in the labour world ; and, 
in full appreciation of your contentions, we are satiate 
with the reading of ‘* remedies” pro by men who, 
however brilliant they may be in the area for which their 
particular proclivities and environment best fits them, 
are not sufficiently familiar with the ‘‘ rock-bottom ” 
problems of industrial life. Undoubtedly there is more 
need of the most careful and broadminded adjustment of 
the differences between =— yer and employed than 
existed at the time Mr. < v. ae —€ yee 
twenty years ago—especially in reference to the class of 
oleae “ which he once belonged. In my opinion, 
Sir, the needs of ‘‘now” and “then” are as dissimilar 
as the changes in workshop practice and works ad- 
ministration which have taken place during the last 
two decades, and men, whatever their other qualities 
may be, who have been out of the shops for so long as 
that are, without doubt, unable to intelligently grasp, 
and much less able to clearly specify, efficient methods of 
adjustment. Mr. Barnes, who has done yeoman work for 
many years in the cause of labour, seems to have fallen 
into a condition of somnolent reminiscence when he wrote 
the paragraph you refer to in your leader. When he 
wrote that ‘twenty years ago men used to work fairly 
comfortably, &c.,” he, of course, stated a fact, but a fact 
of no greater import than if he had wrote that ‘‘ Queen 
Anne was dead.” He, with all other live men. will at 
once admit that it is vain to shed tears because the good 
old days are gone, and will as freely concede that we are 
“up against ” problems to-day that were unknown and 
unanticipated twenty years sgo, and it is these with 
which we have to deal, and notwithstanding ancient and 
obsolete philosophy. ae: 

Home competition, the rivalry for business, cee 
compels employers to strain every point wherewit 
to ao a profic on their business, and no one should 
blame them for that, at least in the abstract. It may be 
that the methods adopted by some are not altogether of 
a pleasing nature to the employee, and it may be also that 
the administration of some concerns is not the best and 
most profitable for themselves. But so long as it is 
recognised that both employers and employed are equally 
insistent on making money for themselves, we have a 
base to line up frum; and it is just here, Sir (and with 
the reminder that we have international as well as home 
competition) that individual excellence as a personal and 
national profit-procuring asset is seldom referred to by the 
leaders of industrial campaigns. Why is this, Sir? We 
have “‘ minimum ”*—an opiate for an apparently 
incurable evil—dinned everlastingly in our ears, a guaran- 
teed living wage for the worker, no matter how incompe- 
tent, negligent, and lazy he may be. But how few there are 
whostimulate the worker to conserve every possible means, 
to so equip himself, that he may, in true consistency with 
the law of supply and demand, claim a much higher wage 
than those whose industry, not to say intelligence, is not 
so great. The platitudes of those who exhaust all their 
energies in fighting for a wage they do not earn are 
common, and often nauseous, when they say, “‘if we are 
not intelligent, or competent, or industrious, that is not 
our fault.” So they must he paid a wage which it is 
only assumed they earn. But there is to my mind, Sir, 
an infinity of evil in that argument, an argument which 
is more prevalent and insidious than some imagine. It 
is an argument which the shiftless, the drunken, and the 
lazy trade in, to the immense disadvantage of those who 
strive by all known means to increase their money value 
as producers. The evil still further eats into our indus- 
trial system ; the fact that all when arriving at adult age 
will be guaranteed a living wage is fatal in an immense 
degree to the anxiety to acquire unusual expertness either 
with hand or brain, and this, I fear, the paying of pre- 
miums to the undeserving, the robbing of the deserving 
to do this, must have a most undesirable result in con- 
nection with international trade. 

I hold a brief for the good workman, and would pay 
him according to his productive value, and those who 
desired equal pay must equal him whether the workman 
is a mechanic or a labourer, or a clerk, and there is 4 
disparity—a difference between men of these callings of 
as much as three and four toone. I would pay according 
to product and assiduity. 

o one, least of all the writer, expects such a gospel 
as this to be accepted by all, but I am certain that 1? 
were good for it to be preached—good for the man, £° 


for the employer, good for the nation. If the graduations 
of eneqilonse end towards the highest standard, instead 
of, as is now, ‘to the low one, we should have a gradu 
improvement in the workman, he, by intelligence #0 
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expertness, and by working no harder, would be a greater 
asset to himself and to his employer. . 

Fach individual worker being of ter money value, 
the country, in the aggregate, would be the same. 
though each skilled and industrious man would be paid 
high wages, the country would not experience loss of 
trade; but, on the other hand, and as a direct result of 
individual improvement of each worker, would command 
the markets of the world. 

This contention may seem Utopian, Arcadian, or what 
not to some, but it embodies a scheme of equity far greater 
than those which advocate the ‘‘ buccaneering” systems, 
and which exploit the hard worker, and the expert to the 
disabilities, and worse, of the others. 

I am, Sir, ee «| yours, 
J. T. Towson. 

50, Newland-street, Silvertown, E., June 3, 1912. 








GOVERNING OF STEAM-TURBINES. 
To THE Epitor OF ENGINEERING. 

Sir,—The first part of Mr. Lumb’s letter in your last 
issue reminds me of the story of the man who had a great 
theory of the immutability of things, particularly if out- 
ward appearances were unaltered. But one day this 
philosopher met a scoffer who put a problem tohim. The 
scoffer said : Bg gy a man has a knife with a loose 
blade, and the blade gets lost, and the man has a new 
blade fitted to the old handle, would the knife still be the 
same?” ‘‘Certainly,” said the man with the theory. 
**Now,” said the scoffer, *‘»upposing he lost the handle, 
and had a new one put to the blade, would it be the same 
knife then?” ‘* Ye-es,” said the theorist. But the 
scoffer tied him up by saying: ‘‘ Now supposing someone 
found the old blade and the old handle, and put them 
together, what would that be?” 

Mr. Lumb apparently is like the man with the theory. 
He would maintain that the Whitehead governor is still 
the Whitehead governor after altering it to something 
which it was never intended to be. Such a theory could 
be comfortably extended by a little alteration and some 
additions. For instance, he might make the governor 
into dining-room ornaments, or, perhaps, a stone-breaker. 
Or we might make of his own arrangement a tachograph 
or aclock (albeit a somewhat complicated one), but I do 
not think I should maintain it was still Mr. Lumb’s 
governor. 

With regard to the second part of Mr. Lumb’s letter, 
if he calls the load he referred to a rapidly varying load, 
what would he call the load usually experienced in an 
electrical supply station operating tramways or electric 
railways where occasionally the full load may be thrown 
off and on again inside ten seconds. With a load of this 
kind the Whitehead and Chorlton-Whitehead governors 
will give superior results to any other type of governor 
on the market, and we are prepared to guarantee a less 
momentary variation than can be obtained by any other 
governor under the same conditions, giving at the same 
time a permanent variation between no load and full 
load not exceeding 1 per cent. 

Referring to Mr. Towlson’s letter in your issue of the 
24th ult , in describing his system of governing he speaks of 
a steam piston-valve being coupled directly to the governor, 
and controlling the oil-relay cylinder. As written this is 
somewhat confusing, no mention being made afterwards 
of steam ; but if the word ‘‘ steam” hes crept in inad- 
vertently, Mr. Towlson will be interested to know that I 
was shown the identical arrangement some seven years 
ago at the works of Messrs. W. Giinther and Sons, 
Oldbam, by whom it was employed, and may beé still for 
anything I know to the contrary, to control their water- 
turbines. I have no personal knowledge of the working 
of this arrangement in practice, but they had had it in use 
several years, I believe, at that time. 

The arrangement sounds very nice theoretically, but 
I would remind Mr. Towlson that many beautiful theo- 
retical governors have been designed — the parabolic 
governor once employed by Messrs. Galloways, for in- 
stance —which did not pan out so well when put to work. 

The Whitehead and Chorlton-Whitehead governors, on 
the other hand, are no experiment, and the fact that fully 
ten times the number are being made now than were made 
— years ago is sufficient indication of their successful 

forking. 

I would like to add that, personally, I prefer the direct- 


acting governor to the one working through a relay system, 
nual | have had a moderately extensive experience of both 
systems. 


Respecting the last paragraph of Mr. Towlson’s letter, 
he will find several Chorlton - Whitehead governors 
Working at the Deptford Station of the London Elec- 
tric Supply Corporation, A record from one of the 
engines fitted was reproduced in Mr. Partridge’s article 
ont h_ —o transmission for the London, Brighton, 
on South Coast Railway in Electrical Eg 
May 11, 1°11, in which will also be found Mr. Part- 
Snes opim.a on the governing. A further record 
rom & gas-eng ‘ae built by Messrs. Mather and Platt, 
nd fitted with a “horlton-Whitehead governor, driving 
& cotton-mill, will b. found in The Engineer, December 13, 


1907. Two of the 1. rgest stationar i i 

setiaahieat Ma y engines in the 

_ ‘ry, built by the Watlsend Slipway and Engineering 
ompiuny, and working at the Stuart-street station of the 


Manchester Corporation, are fitted with Whitehead 
g wernors, The Toad on these engines is almost entirely 
Sram vay and industrial, and therefore very irregular, 
a the speed records by the station instruments show less 
_ sn one quarter of 1 per cent. variation from the mean 
speed. These engines have several times been described 
in the technical Press, 
the above area few only amongst many unimpeachable 
records. As for Mr. Towlson’s abili-y to report o. them 
iendently, with all respect to Lim, I can unly say 


linut 


that his letters do not show that familiarity with govern- 
ing problems, or with what has been done in governing in 
recent years, which is necessary in order to give material 
weight to his opinion. 
Iam, yours faithfully, 
F. O. L. CHoruton. 
The Monovel Governor Company, Bury, 
Lancashire, June 12, 1912. 








A LECTURE-TABLE INTERPRETATION OF 
COOLING CURVES. 
To THE Epriror oF ENGINEERING. 
_ Smr,—The sketch subjoined, which is partly in section, 
is intended to show a mechanical analogue to the appa- 
ratus producing the “‘cooling curves” which appear so 
ay in metallurgical papers. 

The temperature of a cooling specimen may be repre- 
sented for the present purpose by the length F G of a bar 
F H, which can be slid through the split holder at G. 

The rate at which F G shortens may be adjusted so as 
to he the same at which the weight of the sand-clock falls. 
The pencil will then draw a vertical line such as A B. 

The occurrence of recalesence is illustrated by stopping 
the shortening of F G—say, when the pencil is at B. The 
action of the clock will then cause the horizontal line B C 
to be drawn. 

When cooling recommences F G must be made to cool 
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(shorten) at a greater rate than before in order to bring 
the line back to D, and here, I fancy, the analogy fails. 

If the cooling becomes slower, the line will incline 
towards I ; if it becomes faster, it will incline towards K. 

Equilibrium curves are obtained by plotting a series of 
such points as C over a representing the composition 
of the metals considered. 

As I have found some difficulty in understanding these 
curves, I should like to know how far this is a fair inter- 
pretation, and whether an equally simple apparatus can 
be devised which comes closer to the actual phenomena. 

f course. it would be easy to magnify both the 
vertical and horizontal motions, but it does not appear to 
be advantageous, 

The figure is not drawn to scale, as if the sliding 
portion were shown long enough to produce the diagram 
A E, it would occupy an unnecessary amount of your 
valuable space. 

Yours faithfully, 
C. H. WincFIELD. 
28, Victoria-street, Westminster. 





THE INSTITUTION OF MunIcIPAL ENGINEERS.—A meet- 
ing of the Institution of Municipal Engineers was held 
at the London Aerodrome, Hendon, on the afternoon of 
the 12th inst., when some papers were read dealing with 
such aspects of aviation as were likely to render it in the 
future of direct professional interest to municipal engi- 
neers. From the number of ladies present at the meet- 
ing we take it that it was looked upon by the Institu- 
tion rather in the light of a holiday visit than as of 
technical importance, and it was unfortunate that 
unfavourable weather prevented the carrying out of 
the display, other than in a very restricted form, which 
had promised by the Graham White Aviation 
Company. The most interesting of the papers was one 
dealing with by-laws and regulations in reference to 
aviation, which was read by Mr. B. Wyand, the Secretary 
of the Institution. We can hardly say that Mr. Wyand 
was able to make am | a which appeared to 


of immediate practical utility ; but, as coming from the 


secretary of a society of municipal engineers, we were 
delighted with the dictum that local by-laws and regula- 
tions are must undesirable in connection with aviation, 





and that + Il legisiature and rules. must: be framed on a 
Nitivual basis. 


THE OPTICAL CONVENTION, 1912. 


Ir is the intention of this Convention to hold an 
exhibition at the South Kensington Museum from June 19 
to 26 inclusive. There will be a trade exhibition contain- 
“so collection of British optical manufactures, and a loan 
exhibition which will comprise many interesting instru- 
mente from the historical point of view ; in addition to 
which there will be demonstrations in a public demon- 
stration room on the first floor. The following is the 
programme of the proceedings :— 

Wednesday, June 19,12 noon. Reception Hall opened 
for the distribution of eatalogues and tickets, and other 
business; 8 p.m., inaugural meeting for Presidential 
Address ; 9 p.m., reception of the members of the Con- 
vention by the President. Conversazione.—Thursday, 
June 20, 10 a.m., reception of members of the Royal 
ge mg Society ; meeting fcr the reading of papers, 
at which Mr. H. Chapman Jones (President of the Royal 
Photographic Society) will preside ; ‘‘ The Micro-Spectra 
Method of Natural-Colour Photography.” by Messrs. J. 
and E. Rheinberg; ‘‘Sector Shutters,” by Mr. C. F. 
Lan Davis ; ‘‘The Transmission of Visible Light Through 
Photographic Lenses,” by Mr. R. W. Cheshire; **On 
the Principal Surfaces of a Lens,” by Mr. P. Everitt; a 
paper by Mr. T. Smith ; 12.45 p.m., assembly of members 
to meet the Director of the Science Museum; 3 p.m., 
visit to the Science Museum, South Kensington, on the 
invitation of the Board of Education ; 8 p.m., public 
lecture on *‘Some Optical Illusions” (with demonstra- 
tions), by Professor Stirling, F.R.S.— Friday, June 21, 
10a.m., joint meeting with the Physical Society, at which 
the President of the Society, Professor Arthur Schuster, 
Ph.D., F.R.S., will preside ; demonstration of laboratory 
apparatus and experiments, by Dr. G. F. C. Searle; 
‘* Diffraction Patterns,” by Mr. J. W. Gordon; ‘* The 
Shape of Scales se for Reflecting Instruments with 
Conzave Mirrors,” by Mr. E. H. Rayner; ‘The Visi- 
bility of Distant Lights,” by Messrs. C. C. Paterson and 
B. P. Dudding; ‘‘Some Points in the Use and Design 
of Refractometers,” by Dr. T. M. Lowry; ‘Some 
Recent Advances in the Measurement of “a and Illu- 
mination,” by Messrs J. S. Dow and V. H. Mackinney ; 
8 p.m., ‘‘ Some Models, Illustrating Geometrical Optics,” 
by Professor Silvanus P. Thompson; ‘‘ The Measure- 
ment of Colour,” by Messrs. A. J. Bull and A. C. 
Jolley; ‘‘ Optical Pyrometers,” by Dr. J. Harker.— 
Saturday morning, June 22, visits to various works and 
factories in the neighbourhood of London.—Monday, 
June 24, 10 a.m., reception of members of the Optical 
Society ; meeting for the reading of papers, at which 
Professor Silvanus P. Thompson, D.Se., F.R.S. (Past 
President, Optical Society), will preside. Section A :— 
**On the Design and Construction of Large Polari- 
scopes,” by Professors E. G. Coker and Silvanus P. 
Thompson ;” *‘Some Alloys Suitable for Instrument 
Work,” by Dr. W. Rosenhain ; demonstration of colour- 
mixing apparatus, by Mr. T. H. ay © “A New 
Spectro-Colour Mixing Apparatus,” by Dr. Edridge 
Green; ‘‘Some Ultra-Violet Spectra,” by Mr. J. W. 
Gifford ; ‘‘A Method of Tracing Caustic Curves,” 
by Dr. A. S. Percival; “Simple Constant Deviation 
and Auto-Collimating Mirror Spectroscopes,” by Mr. 
R. A. Houston; (1) ‘‘An Objective Achromatised 
by Water;” (2) ‘‘On Glass Specific - Gravity Balls,” 
by Mr. T. H. Blakesley. Section B, presided over 
by Sir David Gill, K.C.B., F.R.S. (President Optical 
Society); ‘*Scotomograph,” by Dr. Tomlinson; ‘On 
Binocular Visions,” by Dr. William Ettles; ‘ Im- 
proved Indirect Opnathalmoscopy,” by Mr. L. 
rance; ‘The Katoptrograph,” by Mr. J. H. Sut- 
cliffe (Some Experiments in Corneal Photography)” 
“The Ophthalmic Significance of Facial Asymmetry,” by 
Mr. H. L. Taylor; *‘ On Aspherical Surfaces on Spec- 
tacle Lenses (Gullstrand’s Cataract Len-es),” by Dr. 
Moriz von Rohr. 3p.m., Visit tothe National Physical 
Laboratory, by invitation of the Director. 7.30 for 8 p.m., 
Dinner of the Optical Society. Members of the Con- 
vention desiring to be present at this dinner may obtain 
dinner tickets on application to the Secretary of the 
Executive Committee, price 7s. 6d. Tuesday, June 25, 
at 10a.m. Reception of the Fellows of the Astronomical 
Society ; meeting for the reading of pagem, at which the 
Astronomer Royal, Dr. F. W. Dyson, F.R.S. (President 
Royal Astronomical Society), will preside ; ‘* Errors of 


Observation,” by Messrs. T. Y. Baker and G. H. Bryan; 
**Notes on Surveying Instruments,” by Mr. B. F. 
Keeling; ‘‘On the Testing of Objectives,” by Mr. 8. D. 


Chalmers; ‘‘On the Design of Spectrographs,” by Mr. 
— Eagle ; “The Weskelians » art ‘Winstsine Tasting 
Bench,” by Mr. William Shackleton; ‘* Fundamental 
— of yea sa by Dr. Nicholson. 3 p.m., 

isit to the Royal Observatory, Greenwich, by invitation 
of the Astronomer Royal. 8 p.m., Public lecture by 
Professor H. H. Turner, D.Sc., F.R.S., on ** The Great 
American Observatories.” Wednesday, June 26, at 
11 a.m., Meeting of members to wind up the business of 
the Convention. 





THE DirecrorsHiIP OF WORKS AT THE ADMIRALTY.— 
Colonel Sir Edward Raban, K.C.B., R.E., Director of 
Works at the Admiralty, will relinquish his appointment 
on August 8 next, on attaining the age of sixty-two. 





‘* DicTIONARY OF ENGINEEKING TERMS IN ENGLISH AND 


be | SPANISH :” ErratuM.—In our issue of May 24 last, page 


684, in our list of ‘‘ Books ived,” we included a notice 
of Garcia and Cornett’s Mi og gee <! of Engineering 
Terms in English and Spanish,” published by Messrs. 





Hirschfeld Brothers, Limited, and by a clerical error, 
which we much regret, gave the price as 2s. 6d., whereas 
it should Lave been 4s. net. 
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CARGO - LOADING AND DISCHARGING 
APPLIANCES AT IMMINGHAM DOCKS. 


Tue enterprise of the Great Central Railway Com- 
pany, under the general management of Mr. Sam Fay, 
is once more demonstrated, not only by the extent of 
the new harbour at Immingham on the Dumber, but by 
the high efficiency—already proved since the docks 
were opened—of the scoala equipment for the 
loading and discharge of cargo. Three years ago we 
described fully the works embraced in the construction 
of the docks, and we now illustrate prominent features 
of the mechanical appliances. To enable the reader 
better to understand these appliances, we may premise 
our description with a short general note regarding the 
extent of the dock works, which were designed by Sir 
John Wolfe Barry and Partners, and constructed 
by Messrs. Price, Wills and Rees, London. The 
works completed consist of a main central basin 
1100 ft. square, with a bay or arm in the south-west 
corner having a length of 1250 ft. and a width of 375 ft., 
making, with the central basin, a deep-water area of 
384 acres. Eventually, however, there will be four 
corresponding bays or arms, one at each corner of the 
main dock, the two bays on each side being separated 
by # central mole, which will add greatly to the berth- 
ing and loading accommodation. The ultimate deep- 
water area will then be 7] acres, and the total 
quayage 14,100 ft. Already 6760 lineal feet of quayage 
are in use, and the view we publish on page 808, Fig. 1, 
shows one side of the muin basin, with the south- 
western arm completed, and six coal-loading hoists. 
Entrance from the River Humber is through a lock, 
850 ft. long by 90 ft. wide, the depth of water on 
the sill being 474 ft. at high water of ordinary spring 
tides, and 44 ft. at high water of ordinary neap tides, 
the ranges of tide being respectively 19} ft. and 12 ft. 
In the Souk itself there is a depth of 354 ft. below 
high water of ordinary spring tides, and 32 ft. below 
high water of ordinary neap tides Jetties have been 
built into the river in the form of a V/, with flattened 
tops, to facilitate the entry of ships. In our previous 
article (vol. lxxxvii., pages 653 and 717) we published 
sectional drawings of the docks, with details of the 
hydraulic gates and the other appliances in connection 
with the docks, and we may now proceed to a descrip- 
tion of the mechanical features in connection with the 
loading and discharge of ships. 

A on proportion of this important part of the 
undertaking has been carried out by Sir W. G. 
Armstrong, Whitworth and Co., Limited, Elswick- 
on-Tyne, under the direction of Mr. Charles Arthur 
Rowlandson and Mr. J. B. Ball, engineers of the 
Humber Commercial Railway and Dock Company, 
Limited, which is allied to the Great Central Rail- 
way Company. The me age constructed by this 
firm included five coal-hoists, one 50-ton, two 5-ton, 
and eight 3-ton hydraulic luffing-cranes of the pillar 
type, with the required power plant for the opera- 
tion of these and other appliances, including the lock- 
gates, capstans, &c. A large number of hydraulic 
turnover capstans are provided for the transit sheds 
and quays, and also at the coal-hoists. In the case of 
the latter, the ordinary type of capstan, for use with 
an ordinary hemp rope, is provided. On the lines at 
the sheds the capstans are of the reel type. In this 
bq « the rope is fixed permanently to the head, which 
is free to revolve by itself, in order that the rope ma 
be unwound, the head being afterwards engaged wit 
the crank-shaft by means of a clutch. In this way all 
handling of the rope, except for actually attaching it 
to the wagon, is avoided. 

The power plant includes four pumping-engines, of 
which one is illustrated in Fig. 2 on page 808, nine 
boilers, four accumulators, and other accessories for 
such plant. The boilers are of the two-flue Lancashire 
type, 30 ft. long by 8 ft. 6 in. in diameter, with flues 
3 ft. 5in.indiameter. The grate area in each is 43sq. ft., 
and the working pressure is 180 lb. per sq. in. Two 
feed-pumps, each capable of delivering 8000 gallons 
per hour, are fitted, and, as indicative of their ability 
to meet future demands, it may be stated that they 
are each of sufficient capacity to feed ten boilers. The 
two feed-water filters are of the vane ng type, and 
are fitted to the feed-pipes, while each boiler has a 
Hotchkiss circulator and cleaner, The economisers 
are of the Clay-Cross type, arranged in two units, each 
with 256 pipes, with a separate scraper gear for each. 
Every unit can be cut out for examination indepen- 
dently of the other. Superheaters of the Bolton 
down-take type are fitted to the boilers to give steam 
of 500deg. The boilers were made by Messrs. Thomas 
Beeley and Son, Limited, Hyde, near Manchester. 

The four steam-engines are of the horizontal surface- 
condensing compound type, having cylinders 24 in. 
and 44 in. in diameter respectively by 36 in. stroke. 
The high-pressure cylinder in each case has a double 
slide expansion gear, so that the point of cut-off can 


readily be varied while the engine is running. 

engine delivers 700 gallons of water per minute against 
an accumulator pressure of 800 1b. to the sq. in., which 
is equivalent to an indicated horse-power of 530. 
There are four force-pumps arranged in pairs, end to 





end, the plungers having a diameter of 6in. The 
four accumulators each have rams 22 in. in diameter 
and 36 ft. stroke, weighted to give a pressure of 
800 lb. throughout the mains. Two of the accumulators 
are placed one at each of two corners of the dock 
furthest away from the power-house, in order the better 
to ensure this latter result. These are accommodated in 
steel houses. The mains, pressure and return, are of 
Mannesmann solid drawn steel tubing, laid as far as 
ible in 36-ft. lengths, the main pressure pipe 
ing 8 in. and the return water-pipe 10 in. in 
diameter. The water for the pumps is stored in a 
steel tank 120 ft. long by 6 ft. 6 in. wide by 3 ft. 6 in. 
deep, divided into five sections, from any of which 
the water can be drawn, so that any compartment can 
be emptied for cleansing. 

One of the more interesting units in the installation 
is the series of hoists for loading coal from wagons, 
and a notable feature in connection with these is 
their great range of action. As shown in Fig. 1. 
there are six such hoists capable of dealing with 
end-tip or bottom-door wagons, of a gross weight 
of 30 tons, the dimensions of the wagons provided 
for being 25 ft. long over buffers, 8 ft. 3 in. wide 
and 8 ft. 8 in. high. The tendency towards the 
construction of verv large ships has induced those 
responsible for the Immingham Docks to proportion 
their entrance lock, and to make the depth of water 
within the basin such as will meet future development 
in the size of ships, and also to provide for a great 
height of lift in these hoists. In all probability, with 
only one exception, these hoists are the highest yet 
constructed, the range being 71 ft. above rail-level. 
The wagon at this height is tipped to an angle of 45 
deg. The full wagons are drawn on to the cradle at 
quay level, and the empties are run off on an overhead 
viaduct, as shown in the engraving. There has, too, 
been a general advance in the speed at which these 
hoists operate, and in the Immingham installation Sir 
W. G. Armstrong, Whitworth and Co. have arranged 
for a speed of lifting and lowering of 180 ft. per minute 
with a pressure of 800 1b. per sq. in. on the accumulator 
at the power-house. With the details of construction 
of these hoists we hope to deal in a later article. But 
here it may be noted that one of these hoists differs 
slightly in respect that it has been designed for a lift 
of 56 ft. only. 

In our two-page plate we illustrate the 50-ton hy- 
draulic lifting crane (Figs. 3 to 6). This crane is of 
the double-powered type, being capable of lifting a 
load of 50 tons or of 25 tons from 30 ft. below to 50 ft. 
above quay level, or through a total range of 80 ft., 
and of liftin it from a maximum rake of 50 ft. toa 
minimum mm of 20 ft., while the range in turning is 
through 420 deg. The lifting speed for a 50-ton load 
is 20ft. per minute, and for the 25-ton load 30 ft. per 
minute, the turning speed being 200 ft. and 250 ft. 
per minute respectively when the crane is at full rake. 

The pedestal is constructed of steel plates and 
angles and has an archway through it, as shown in 
Fig. 4, in order to allow of the passage of wagons on 
two lines of rails. The pillar is also of steel plates 
and angles, and rotates in middle and bottom bear- 
ings in the pedestal. The former is fitted with a ring 
of steel rollers working between outer and inner sur- 
faces, the outer being of cast steel. The bottom 
gudgeon is of steel, working in a cast-iron socket, with 
gun-metal wearing faces, having large surfaces on the 
parts that carry the weight of the pillar. The jib is 
of steel and is pivoted on the front to the pillar. The 
general construction is clearly shown on the drawings 
reproduced, 

he lifting machinery, which is secured between the 
side plates of the pillar (Fig. 3), consists of an hydraulic 
cylinder fitted with concentric plungers, crosshead, 
and guides, with multiplying gear in the ratio of 
4:1, working through two steel wire ropes 7} in. in cir- 
cumference, and having a breaking strength of about 
200 tons. These ropes are attached to fast ends on 
the pillar, and are led thence over the multiplyin 
gear and conveyance sheaves, being attached to a stee 
equalised link, to which is secured a ball-bearing 
swivelling shackle. Pawl-gear is provided for holding 
the larger plunger of the hydraulic lifting cylinder in 
place when the light load is being lifted. This pawl- 
gear is actuated by a lever from the working cabin. 

The luffing machinery consists of an hydraulic 
cylinder carried on a frame at the back of the pillar 
(Figs. 4 and 6), with a plunger and steel cross- 
head acting directly on one end of the steel luffing- 
stays, the other end of which is, of course, attached to 
the jib. The arrangement is such that while luffing 
the jib the path of the load will be approximately 
horizontal. The luffing-ram cross-head works on steel 
guides attached to the frame, having gun-metal liners 
on the wearing surfaces. To ensure that the jib can be 
luffed out when no load is being carried, there is fitted 
a constant-pressure plunger. 

The machinery for rotating the crane consists of two 
cylinders secured to the sides of the pillar (Figs. 3 
and 4), fitted with plungers, crossheads, and multiply- 
ing gear in the ratio of 2: 1. The drum for the turning 





All the valves for the various motions described 
are located in the working cabin attached to the 
illar, as shown in Fig. 4, and these are actuated by 

nd-levers from @ cabin so placed that a complete 
view of the surroundings is obtained. The valves for 
lifting, lowering, and luffing are of the mitre type, 
having gun-metal spindles and seats. The turning. 
valves are of the slide pattern and of gun-metui, 
The sheaves are bushed with gun-metal, and work on 
steel pins... 

The ten movable cranes constructed to traverse the 


‘whole length of the pig-iron quay are allof the double. 


power type. Two of them are adapted for working 
with loads of 5 or 3 tons, and eight for dealing with 
loads of 3 or 14 tons, through a range of 80ft. We 
illustrate on page 817 one of the smaller cranes, which 
is exactly the same as the larger crane, excepting that 
the rena. | is greater. The range of lift is in all cases 
the same as that for the 50-ton crane, and the range 
in turning is the same. The 5-ton cranes have been 
designed to lift the full load at a speed of 3 ft. per 
second, and to rotate through the complete circle in 
30 seconds, while, when carrying the full load, the 
3-ton crane has a lifting speed of 5 ft. =e second, and 
turns a complete circle in 25 seconds. The pedestal, of 
steel plates and angles, is carried, the front portion on 
two rollers running on a railway track on the coping of 
the quay, while the back portion has rollers laid on the 
track of a gantry, the height of this being arranged to 
suit the railway loading gauge, and therefore to pass 
trucks traversing the railway track on the quay-level 
Hand-travelling gear is provided in connection with 
all the rollers, and screw-chocks are fitted at each 
corner of the pedestal to relieve the weight of the 
crane from the rollers when the crane is in operation 
and not being traversed. The jib, of steel, is pivoted 
at the front, and the lifting machinery is secured 
between the side plates of the pillar, as shown in 
Fig. 8. In this case the multiplying gear is in the 
ratio of 6:1, and, as in the larger crane, pawl- 
gear is provided to hold the larger plunger in 
place when the crane is working at the smaller 

wer. The steel-wire rope is of 34 in. circumference, 
with a breaking strength of 48 tons in the case of the 
5-ton crane, and of 3 in. in circumference and a break- 
ing strength of 36 tons in the case of the 3-ton crane. 
The luffing and turning machinery generally is of the 
same design as in the case of the 50-ton crane, but 
proportioned, of course, to suit the load, there being 
a direct-acting ram and cylinder fixed at the top of 
the crane-pillar, while the turning machinery, with 
gear multiplying in the ratio of 2: 1, is fitted to the 
sides of the pillars and works through a chain. 


(To be continued.) 








ELECTRICALLY-DRIVEN OPEN-SIDE PLANING-MACHINE : 
ErratuM.—On page 768 of our issue of June 7th, in an 
article describing an electrically-driven open-side planing- 
machine constructed essrs. George Richards and 
Co., Limited, of Broadheath, and fitted with an electric 
driving equipment of the Lancashire Dynamo Company, 
the word S deepening ” should have been ‘‘ increasing.” 
The sentence should read—‘‘ This gear also provides for 
speeding up between surfaces at some distance apart, and 
for increasing the speed after the tool has entered the 
cut.” 





MILirary AEROPLANE COMPETITION, 1912.—With refer- 
ence to the ‘‘ Notice to Competitors” (M.A.C. Form C) 
in the above competition, dated May 16, 1912, the Secre- 
tary of the War Office announces that to meet the wishes 
of competitors the date on or before which aeroplanes are 
to be delivered at the Army Aeroplane Sheds at Lark 
Hill has been tponed from July 15 (the date stated in 
paragraph 4 of the ‘* Notice to Competitors”) to July 31, 
1912. In addition, it is notified, with reference to the 
statement in paragraph 8 of the ‘‘ Notice to Competitors, 
to the effect that entries will be received by the Secretary 
of the Judges’ Committee on or before June 15, 1912, 
that an extension of time up to June 21, 1912, will be 
allowed in cases where the Judges’ Committee are satisfied 
that there are reasonable grounds for the delay on the 
part of the competitors. 





Brocrarny or Lorp Keivin.—By_ request of the 
International Electrotechnical Commission, Professor 
Silvanus P. Thompson, author of the well-known excel- 
lent *‘ Life_of Lord Kelvin,” has compiled a short bio- 
graphy of Lord Kelvin. Though, of course, paying due 
attention to the electrical researches of William Thom- 
son, the small biography gives a very lucid general 
sketch of the work and the life of the philosopher, who 
was born on June 26, 1824, died on mber 17, 
1907, being buried in Westminster Abbey, next to 
Newton. e biography is written both in English and 
French, and is gana with a very good portrait of 
Kelvin ; it is a booklet of thirty-six pages, small quarto, 
of the usual style of the publications of the International 
Electrotechnical Commission, the English and French 
versions being printed on opposite en. The publishers 
for the Commission are Messrs. Hudson and Kearns, 
Limited, and the biography can be obtained at the 
price of 1s, 2d., post-free, from the central offices of 
the Commission at 28, Victoria-street, Westminster, 


chains has plain grooves, and is bolted to the pedestal. 'S. W. 
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INDUSTRIAL NOTES. 


Since we last went to press the aspect of the trans- 
port workers’ strike has changed very a 
and some surprises have come before the public. As 
our views on the situation are, however, explained in 
an article on page 809, it will be sufficient here 
briefly to recount the events that have taken place 
since Thursday in last week. It will be remembered 
that it had been announced in Parliament by Mr. 
Lloyd George that the Transport Workers’ Federation 
had offered monetary guarantees for the observance 
of agreements if the employers would do the same. 
In reply to this, the masters asked to be allowed 
until the following Monday to consider the ques- 
tion before giving their reply, a request that was 
granted by the Government, and so matters stood 
until the beginning of this week. The men’s 
leaders issued a sort of ultimatum to the Government 
that if the masters did not reply, or gave an unfavour- 
able answer, @ national transport strike would be 
declared. Mr. McKenna did not make the prospect 
of peace any brighter by a statement he made in the 
House of Commons on Thursday to the effect that it 
was not his intention to protect non-union and free 
labour that was brought to the Port of London in 
order to carry on the work at the docks. 

The reply of the employers on Monday to the 
Government proposal was really the only one they 
could give consistent with all the facts of the case. 
It was to the effect that they completely rejected 
the Government scheme. The result of this was that 
the National Executive recommended a general stop- 

ge at once. It appears, however, very doubtiul 
whether this recommendation will be attended to, for 
the feeling of the men does not seem to be at all 
favourable to a general strike. The following are 
the reasons given by the masters for their decision :— 
** (1) They recognise that the provision for a substantial 
cash deposit would afford better safeguards than now 
exist, but they are of opinion that the scheme would 
not achieve the end which the Government have in 
view. (2) It would be absolutely impracticable to 
federate efficiently the employers in the transport 
trade, either as a whole or in sections. Such cases as 
those which are alleged to be —— for the 

resent strike would therefore not provided for. 
Sir Edward Clarke also takes this view. (3) Even if 
legislation were obtained, foreign shipowners, who 
constitute a large element in the trade of the Port 
of London, walk, under their treaty rights, be un- 
affected by any scheme, and British employers would 
therefore & at a disadvantage. (4) No provision is 
made in the submitted scheme for the representation 
of non-unionist labour. (5) Schemes for dealing with 
labour questions in the Port of London as between, 
and affecting, individual trades and their workmen 
must, in view of the vast and conflicting interests 
involved, be complicated and require exhaustive 
discussion if the settlement is to be of a permanent 
character, and in the opinion of the conference this 
discussion can only take place after work has been 
resumed.” At the time of going to press the attempt 
to bring about a national strike of the transport 
workers has been a complete failure. 





The annual report of the Amalgamated Toolmakers 
tor 1911, which has recently been issued, is a very 
satisfactory one, and must be a source of congratula- 
tion to the members. Although they have me 
somewhat accustomed to good reports for some time, 
they perhaps did not expect one quite so satisfactory 
as the one that has just appeared. The increase in the 
membership is one feature of this prosperity, for during 
the year there was an increase of 1453, the increase 
in 1910 over the year that preceded it being only 
702. The income during 1911 was 14,458/. 18s. 7d., 
which included interest of 432/. 13s. 1ld. This was an 
increase of 1949/. 32. 54d. over 1910, and 3866/. 7s. O4d. 
more than in 1909. The expenditure on benefits was : 
—Donation, 3064/. 3s. 6d.; sick pay, 1122/. 14s. 5d.; 
sick dividend, 700/. 3+. 84d.; benevolent grants (in- 
cluding Christmas grants), 223/. 12s. 10d.; members to 
situations, 53/. 6s. 7d.; superannuation, 393/. Os. 6d. ; 
accidents, 50/.; and funeral, 274/.—being a total ex- 

nditure of 5881/. ls. 64d. The reserve funds have 

n increased to the sum of 6125/. 23. 74d., which 
represents upwards of 1/. per member, bringing up the 
total funds to 24,494/. 14s. 5d. at the end of the year, 
or a membership value of 4/. per member. All this 
means that the membership was increased 33 per cent., 
the income 15 per cent., and the reserve fund by 33 per 
cent. during the year, which may be looked upon as 
very satisfactory. The membership in April last was 
6521, against 5050 in April 1911, and the reserve funds 
in the same two months were 27,500/. and 22,000/. 
respectively. The report contains some interestin 
extracts from the writings of Henry George, an 
articles on social matters, including the ‘* White Slave 
Trade.” 





The quarterly report of the Constructive and Ship- 
wrights Association for January, February, und 


March has recently appeared, and refers to the late 
cecal strike (which injuriously affected so many indus- 
tries in the country) in a way that to the ordinary 
unprejudiced man is quite incomprehensible. The 
employers are blamed tor the whole trouble and are 
classed among those who in order to enforce their will 
do not hesitate to put the whole community to suffering 
and loss. The.e is nothing much clearer to the ordinary 
man than that the whole trouble originated in the 
unions not keeping the agreements they had solemnly 
made. During the quarter the shipbuilding and ship- 
repairing industry was very busy, and the Associa- 
tion’s members were everywhere fully employed. 
There was a net gain to the funds of 6663/. lls. 8d., 
which, added to the reserve funds in hand at December 
31, 1911—102,501/. 16s. 24d.—brought the total 
reserve fund on March 31 to 109,165/. 7s. 10d. The 
income for the quarter amounted to 17,071/. 12s. 34d., 
while the total expenditure was 10,408/. 0s. 74d. The 
total benefits paid out during the quarter amounted to 
5941/. 16s. 9d. 








According to the Morning Post one result of the 
high price of coal during the strike in Yorkshire has 
been a rapid growth of working-men’s coal associations. 
Ita rs that since Easter there have been formed in 
the West Riding about a dozen such associations, which 
now contain some thousands of members. It is now 
intended to federate these associations in order to 
combine in making contracts for coal at rates which 
will render it difficult for merchants to compete with 
them. These coal societies are not co-operative 
societies in the ordinary sense, as they pay no divi- 
dends, their object merely being to keep as low as 
possible the price of coal. 





The position of the lower-paid grades in the one 
ment of the North-Eastern Railway Company recently 
came up before the Conciliation Sonteotnes at York. 
The matter was considered in view of the increase in 
the cost of living that is said to have taken place 
lately, and also of the fact that the award of Sir James 
Woodhouse does not expire until the end of next year. 
Substantial concessions were, after prolonged dis- 
cussion, granted by the company, principally to men 
receiving wages under 28s. a soak. The grades chiefly 
affected are platelayers, platform porters, goods ware- 
house staff, sulleymen, locomotive shed and outdoor 
staff. The advance of pay will commence on June 21, 
and about 7000 men will benefit. 


According to the J'iimes, the accounts of the South 
Wales Miners’ Federation show that of a total income 
of 312,491/., 213,687/. was spent on strikes and luck- 
outs during the year 1911. The Cambrian dispute was 
responsible for an outlay of over 178,000/., and since 
then the national coal strike has cost the Federation 
practically 116,000/., which comprised the funds of 
the Federation, its districts and lodges, when the 
strike began. 








The award of the Joint District Board for Scotland 
under the Miners’ (Minimum Wage) Act was issued 
last week, its effect being to bring about a substantial 
increase in the wages of the Scottish miners. The 
demand made before the strike was 63. a day, but 
afterwards the amount claimed was 6s. 6d. The 
rate has now been fixed by the independent chair- 
man at 5s. 10d., or 2d. below the district rate 
that formerly prevailed in Scotland. In the case 
of the previous rate of 6s., this, however, repre- 
sented the average wage earned, which ranged from 
about 4s. 6d. a . for men working in abnormal 
places to about 7s. 6d. Under the new conditions 
5s. 10d. will be the minimum for adult coalminers, 
fillers and drawers, pushers, stonemen and drivers ; 
firemen and shot-firers will receive 5s. 6d.; road- 
men, repairers, or timbermen, and on-cost drawers, 
5s. ; and all others, 4s. 9d. ; boys (workmen under 
21 years of age) employed at on-cost work are to receive 
a wage rising from 2s. 2d. at the age of 14 to 4s. 6d. 
at the age of 21. The rates for other boys vary from 
2s. 7d. to 5s. 4d. a day, according to age. Ironstone 
miners have had fixed for them a special rate of 5s. 7d. 
In the case of workmen who find their own explosives 


tion to the minimum rates mentioned. There appears, 
however, to be some dissatisfaction among the coal- 
owners in Ayrshire, where the new scale is higher than 
the existing minimum rates. 


The London building trade is not to be disturbed by 
a strike, as was feared—at any rate, not for the present. 
The strike was to have taken effect next week, notices 
having been posted to that effect. The principal trade 
union concerned, the Amalgamated Society of Car- 
penters and Joiners, has had concessions offered to 
|it by the employers, which have been accepted, as 
have also concessions to the Builders’ Labourers and 
other unions involved, and the strike notices have 
therefore been withdrawn. It is understood that 
instead of an immediate increase of 1}d. per hour, as 
| was asked for by the men, the employers offered to the 








the cost of these explosives will be received in addi- | \fq, 





mters and joiners an increase of 4d. an hour in 
September and a further $d. an hour in March next. 
There will be no alteration in the hours of work. 


The Warwickshire Miners’ W. Board, after hold- 
ing several meetings, have agreed on a scale of wages 
which has been submitted to Sir Walter Lawrence, 
Bart., the independent chairman, for consideration. 
The employers’ representatives and those of the miners 
were able to agree upon a scale without calling in the 
aid of the independent chairman, but his approval was 
necessary on certain matters. According to the new 
scale no adult shall enter the pit under 4s. 6d. a day, 
and this is a distinct improvement on the old con- 
ditions, when many men had to commence at 3s. 6d. 
aday. Stall-men are to receive 7s. a day, which is in 
accordance with the rate fixed at the Birmingham 
conference last autumn ; loaders at face, 5s. 4d. ; re- 

irers (head timbermen), pickmen, and getters, 6s. 1d. 
or eight hours, and 5s. 4d. for seven hours ; other 
repairers (not merely shovelmen), 5s. 4d. The prin- 
cipal concessions appear, however, to have been 
made to the boys. It was originally proposed to 
start boys of 14 years at Is. 6d. a day, but 2s. has 
been fixed as the commencing rates. Afterwards, the 
following rates are to be paid:—Age 14}, 2s. 2d.; 
age 15, 2s. 4d. ; age 154, 2s. 6d. ; age 16, 2s. 9d. ; age 
163, 2s. lld. ; age 17, 3s. 1d. ; age 174, 3s. 3d. ; age 
18, 3s. 6d. ; age 184, 3s. 8d. ; age 19, 3s. 10d. ; age 19}, 
4s. a 20, 4s. 2d. ; age 204, 4s. 4d.; and age 21, 
4s. 6d. 








The aspect of the strike of miners in the Black 
Country has not improved since last week. On Satur- 
day last the miners’ agent received a letter from 
Messrs. Pitt and Co., whose men are out, stating that 
as the men had not returned to work, the horses would 
be drawn up and dams put into the pits, and the firm 
had decided not to pay anything outside Sir Walter 
Lawrence’s award. The main point of difference now 
appears to be that of beer allowance to the boys. It is 
contended that the boys are entitled to start at 2s. a 
day, although the award of Sir Walter Lawrence only 
gives them Is, 10d. The boys assert that beer, or 
money in lieu thereof, amounting to ls.a week, has been 
granted from time immemorial, but the employers 
refuse to continue it. 





On the occasion of the opening of an Apprenticeship 
Trades’ Exhibition in Fulham Town Hall on Saturday 
last, by the Bishop of London, his Lordship said that 
what the Apprenticeship Committee was attempting 
to do for the boys of Fulham was what was most 
wanted for the boys of England. The object of the 
association was to put a stop, as far as possible, to the 
wastage of boy life through lads going into blind- 
alley employment and being thrown upon the world 
at seventeen or eighteen years of age with no know- 
ledge of any trade. England had made her name 
through her skilled artisans, but he was not quite 
sure they were retaining their reputation, and they 
certainly could not do so unless the boys were properly 
trained. The efforts of the Apprenticeship Com- 
mittee were part of a great national work. It was in 
addition to what the State was doing in connection 
with the Labour Exchanges, and was to afford moral 
and spiritual help at the critical time of a boy’s life. 








Hegavy-Oit Enoines: Exratum.—Captain Sankey has 
pointed out to us that there was an error in the figures 
given by him in the fourth Howard Lecture on ‘‘ Heavy- 
Oil Engines,” which was reported in our issue of the 
31st ult. The error, which appears on page 722, has 
reference to the annual cost of a gas-engine with pressure 
plant. This cost should be 996/. instead of the 1096I. 
which is given. 





Hypravutic ASH-EXPELLERS.—The Cunard Company 
have entrusted the order for the apparatus for the dis- 
posal of the whole of the ashes from their new vessel, the 
Aquitania, to Messrs. J. Stone and Co., Limited, of 
Deptford. This firm have received instructions imme- 
diately to put in hand a Jarge number of their new patent 
po ayn underline expellers for this vessel. This type 
of ash expulsion has been exhaustively tested under all 
conditions of service in the Cunard turbine steamer 
uretania. 





VERBAND DEUTSCHER ELEKTROTECHNIKER. — At the 
opening ceremony of the annual meeting of the German 
Society of Electricians, which took place in Leipzig on 
Thursday, June 6, the Council of the Institution of 
Electrical Engineers presented a portrait of Faraday, 
admirably painted by Miss Beatrice Bright, to Dr. 
Budde, the President of the International Electrical 
Commission, as a mark of personal esteem. This was 
received by the German electricians with much kindly 
feeling and many warm expressions of gratitude. The 
meetings, at which some 300 members were present, 
were held in the Kaufhaus, and the festivities included a 
banquet given by the Town Council, at which some 1500 
people sat down, two or three receptions ending with an 
excursion by rail to the Kyffhauser, the famous monu- 
ment, where the foundation of the empire is comme- 
morated. 
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THE TRANSMISSION OF ELECTRICAL 
ENERGY 


The Transmission of Electrical Energy by Direct 
Current on the Series System.* 
By J. S. HicHFIELD, Member. 
INTRODUCTION. 

In his paper of March 7, 1907,+ bearing the above title, 
the author had the privilege of putting before ‘this 
Institution some facts and theories in regard to this very 
interesting system. He endeavoured to show that it 

ssed certain advantages over the alternate-current 
parallel system which rendered its adoption under some 
circumstances advisable, and that for certain specified 
applications the constant-current series motor 
uliar advan . He also dealt with general considera- 
tions governing the design under varying conditions. 

Since writing that paper matters have p sed. 

After the most careful consideration, the Metropolitan 





Electric Supply Company decided to use the series 
system for supplying their western area, and the plant 


fig. 7, JOINT FOR IOQOOOVOLT LEAD-COVERED CABLE. 
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was put to work in March of last year and has been 
running steadily ever since; two sets of winding-gear 
have been constructed, and the Moutier-Lyon system (the 


largest series transmission yet erected by M. Thury) has | Trad 


been largely extended. 

_ The western area system of the Metropolitan Company 
is designed ultimately to feed an area containing 300 square 
miles, the extreme distance by road to the remote points 
from the power-station at Willesden being about 28 miles, 
The company hold, and are now working, the Orders in 
Southall, Hanwell, Brentford, and Acton, and possess 
bulk-supply powers in the remaining districts to which 
it 1s not certain when the opportunity will arise for 
giving supplies, 

_Owiug to the small load existing in a great part of the 
district, the important matter was to design a system 
which would involve the least possible cost in mains and 
at the same time admit of ready and inexpensive expan- 
Sion to meet the requirements of a rapidly increasing 
Population. It was also necessary to use a system which, 
while being inexpensive for short distances, could 
readily extended to very long distances. Another con- 
sideration to be kept in view was that at some future date 
it might be advisable to carry the supply to still greater 
distances. In short, it was realised that a system having 
these particular advantages might be of great commer- 
cial value, and in view of the fact that the immediate cost 
for the present short distance was not greater than that 
of other systems, it was decided that the possible future 

ercial value was sufficiently great to warrant a 


comr 


dk ‘srture from existing methods. 

Portions of the area are already supplied by existing 
companies and local authorities, some 2 alternating and 
some by direct-current systems, and it is contemplated 


I a 
MAPLE KLIN MOSSE 
Special compounds \ ‘Copper ferrule Insulation 

Fig.2MAIN SWITCHBOARD WITH LINE AND EARTH SWITCHES AND INSTRUMENTS. 





that in time some, or all, of these may think it wise to 
manny their present plants with a bulk supply. In 
such cases it is usually found that it is for a time econo- 
mical to use the bulk supply for part of the load and to 
employ the at oe to supply the peak load. In 
order to utilise the bulk supply to the best advantage, it 
is necessary to work it in parallel with the existing plant. 
In the case of an alternating-current plant it is very 
difficult to take a supply at a different frequency, and 
to work the necessary er om ag motor-generator 
in parallel with the local plant. With the series 
system parallel running in such cases presents no 
difficulty. 

It was decided to lay mains having a capacity of 
10,000 kw. with sufficient reserve in the case of break- 
down, and after much research it was found that two 
single-conductor cables, having a core of 0.125 sq. in. sec- 
tion with 4 in. of paper insulation sufficient for 100,000 
volts direct current could be laid in iron pipe at less cost 
than any other system of similar capacity. To provide 
for continuity of supply in case of breakdown of one of 
the mains, it was desirable to use the earth as the spare 


SECTION A.B. 
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ps a on * ‘The Laying and Maintenance of Transmission 
ables.” 

These joints are shown in section in Fig. 1. They. are 
made in the following way :—The lead is first carefully 
removed. Steps are made in the paper insulation by 
carefully unrolling each layer and tearing, not cutting, 
it off, so as to form four steps. The conductors are joined 
by a sweated sleeve, and the whole is covered by a paper 
ribbon, 1 in. wide, wound on to the joint off a te! ay In 
this way the paper is never handled, and consequently 
moisture is not left in the joint. A lead sleeve is then 
drawn over the joint, and plumbed to the lead sheath of 
the cable. It is then filled with compound. They are 
inexpensive, and have proved themselves most reliable. 

Each cable length of 220 yards was tested in the factory 
to 75,000 volts alternating current at 60 cycles, the pres- 
sure being applied for 10 minutes ; a 6-ft. piece of each 
length manufactured was tested to 130, volts alter- 
nating current at 60 cycles, which pressure was resisted 
for about 5 minutes ; the type of joint used was tested 
up to 150,000 volts 60 cycles without breaking down. 
After laying the whole length of cable was tested to an 
alternate-current pressure of 20,000 volts 60 cycles for 
35 minutes. 

Cable-testing by alternate current is not satisfactory 
unless a low frequency is employed, and a low frequency 
necessitates the use of very large transformers in order to 
supply the charging current ; this is particularly difficult 
where very high pressures are requi Consequently 
it was decided to test the cables with direct current at a 
pressure of not less than 150,000 volts. In order to 
obtain this pressure a special machine was constructed 
of a similar type to that used by Mr. Watson in the 


Fig.3. MOTOR-GENERATOR SHOWING INSULATED FOUNDATIONS. 
GENERATOR OUTPUT: IO0AMPERES 5000 VOLTS ( ) 
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conductor. Further research having shown that this was 
possible without risk of interference with other electrical 
circuits, this method, with the consent of the Board of 
le, was decided upon; thus the cost of a third or 
stand-by cable was avoided. 

For the secondary supply the mains are of much less 
capacity, and can be tapped at frequent intervals to 
supply small sub-stations for town and village lighting 
and fairly large power consumers. A somewhat hig 
pressure being necessary for this purpose, it was decided 
to use 3-phase alternate - current mains at 3000 volts 
pressure, and for the low-tension system supplying small 
consumers a 3-phase 4-wire system at 415 volts pressure 
between phases. This network showed lower costs and 

ter convenience than any other. The comparatively 
igh secondary pressure enables an area of about 10 square 
miles to be worked from each sub-station. Thus in spite of 
the scattered nature of the demand each sub-station will 
grow to considerable dimensions, enabling larger plant 
to be used. 

Cable System.— The transmission cable system, as 
already stated, consists of two plain lead-covered paper- 
insulated cables drawn into cast-iron pipes of 24-in. inside 
diameter, the pipe-joints being made with yarn and clay 
and being electrically bonded by means of three corru- 
gated iron wedges which bite into the iron. These 
wedges make a very good joint and are inex ve. 
Special split cast-iron boxes are used to hold eac cable- 
joint, and small split boxes are used at bends. There are 
no brick pits or surface covers; the cable is surrounded 
throughout its length by cast iron; thus the cable is 
admirably protected. The present system supplies | 
- ven | the power-station to Southall, a distance of a m 
7 miles. 











* Laper read before the Institution of Electrical Engi- | 


neers at Glasgow, June 12, 1912 
T See ENGINEERING, vol. Ixxxiii., page 358. 


The joints in the cables are made with paper on a | 
method developed and used by the Metropolitan Company | 
for some years on the 10,000-volt concentric cables, and 
described by the author in the discussion on a paper by C. 
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experiments he has described to this Institution, but 
having a greater capacity. The machine consists of a 
generator of the Voss type, direct driven by a motor at 
about 1000 revolutions per minute. The generator and 
motor are completely enclosed in a cast-iron case, the 
high-tension terminals for the supply to the motor being 
brought through the case by large ebonite insulators. 
The case is then filled with nitrogen at a pressure of 
200 Ib. per sq. in. The motor is supplied with current 
from the small generator, which, of course, owing to its 
direct connection with the motor, is cha: at the full 
pressure ; it is therefore necessary to insulate this gene- 
rator from earth in the same way as the whole machine is 
insulated. This generator is in its turn driven bya motor 
by means of two wooden pulleys and a cotton rope which 
rovides ample insulation for the maximum pressure given 
y the machine. Small mechanical defects occurred in the 
machine and caused delay in carrying out the tests which, 
in fact, have not yet been comple’ When connected 
to one cable with its switch-gear the machine maintained 
for periods of about 30 minutes a pressure of 130,000 volts, 
and for short periods a ge of 150,000 volts, the total 
energy put into the cable and switch-gear being approxi- 
mately 500 watts, this leakage being due to 1 dis- 
charges at various points. The pressures were m 
by a single-cell Kelvin-type voltmeter working in com- 
pressed air at a pressure of 200 Ib. per sq. in. A 
The author regards the construction of this machine asa 





* Journal of the Institution of Electrical Engineers, 
vol. xlvii., page 339, 1911 
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— a ant Siete atte Watson and 
the makers are tly to be congratu ° 
It is goopensd ti’ continue these tests with an improved 
apparatus, as much information is ui not only in 

to the insulation of the cables, but also in connec- 
tion with the machines and foundations. The tests 
already carried out, together with the experience of the 
Moutier-Lyon plant, are, the author thinks, quite suffi- 
cient to prove that the cable system can be successfully 
worked at a pressure of 100,000 volts. 

Switch-Gear.—Each end of each cable is connected to 
its own switching-panel, shown in Fig. 2. The panel 
contains two switches, one for coupling the cable to the 
power-station or sub-station circuit, and the other for 
coupling the station circuit to earth. The two switches 
are interlocked, so that it is impossible to draw one until 
the other has been closed. The instruments consist of an 
ammeter in the line, an ammeter in the earth circuit, and 
a voltmeter to show the pressure between the line and 
earth ; the latter is provided with a switch, so that it 
can be conveniently disconnected from the circuit. The 
panels provide for double insulation, the various instru- 
ments and switches being carefully insulated with large 
porcelain insulators from nt; my the frames carryi 
the panels are again insulated from earth. Itisa epssil 
advantage of the series system that, with the exception 
of the cable, it is possible to provide double insulation 
at all points. 

Power-Station Plant.—It was decided to drive the first 
machines by means of synchronous motors supplied with 
energy from the alternate-ourrent generators already 
installed in the power-station. Later on, when steam- 
driven direct-current sets are installed, these machines 
will form a convenient link between the direct and alter- 
nate-ourrent systems. There is nothing special about 
the synchronous motors, which were machines already in 
the possession of the company. It was for this reason 
that so lowa 8 as 200 revolutions per minute was 
chosen for the direct-current generators. 

The direct-current generators shown in Fig. 3 have six 

les. The commutators are 60 in. in diameter and 67 in. 
ne, and contain 1439 segments. Since the maximum 
current to be collected is 120 amperes, only two sets of 
brushes are required. Co uently, not only does the 
communicator run almost without noise, but the wear is 
inappreciable. The machines are designed to run spark- 
foal at any load, but will allow the current to be varied 
from 70 to 120 amperes. The normal pressure is 5000 
volts ; this is the highest pressure for which a machine of 
this type has, so far, been designed. Therefore the out- 
put of the machine at 100 amperes is 500 kw., and at 
120 amperes 600 kw. The performance curves of these 
machines are shown in Fig. 4, and the armature in Fig. 5. 

The current is maintained constant by a regulator 
which serves to regulate the working field by moving the 
brushes from full to no-load position, and at the same 
time shunting a part of the field current by means of a 
diverter. The regulator, shown in the photograph, 
Fig. 6, and in the diagram, Fig. 7, is driven by a small 
belt from the end of the generator shaft. It consists of a 
small turbine wholly submerged in oil. The turbine 
serves to maintain a pressure of about 25 lb. per Ms in. 
In the case containing the turbine is a vertical cylinder in 
which moves & gate on a vertical shaft through a segment 
of the cylinder. This gate is immersed in oil, and the 
supply under pressure from the turbine can be direc 
to either side, so as to rotate with great force the shaft 
to which it is attached. This shaft is geared by means 
of bevel-wheels to a horizontal shaft, which acts directly 
on the brush-rocker. The supply of oil from the turbine 
is taken through a small piston-valve, which serves to 
distribute it to either side of the gate above mentioned. 
The position of the main valve is controlled by a sole- 
noid, through which the main current passes, pulling 
against a spring and controlling a relief valve. It will be 
seen that the  eappancne is of the relay type, and that any 
variation in the current through the solenoid changing 
the direction of the flow of oil brings a very large force 
into action to move the brush rocker and diverter switch. 
The rocker is mounted on roller bearings, so that it will 
move with great ease, and, a to this and the great 
force exerted by the regulator, there is very little possi- 
bility of failure. In addition to the main spring, there 
are additional springs to prevent hunting and to provide 
for the even distribution of load between the machines. 
The changes in load on the system are not very rapid, 
and consequently the regulators are not adjusted for 
regulating at very great speed, but the type of regulator 
is capable of oe | adjusted for qany J variations from 
no load to full 1 taking place in less than one second. 

The generators are driven through an insulating 
coupling of the Zodal type, consisting, asshown in Fig. 3, 
of two discs fitted with pins and rollers for carrying the 
main forward driving belt and reverse belt, which is 
necessary to enable the set to be started from the direct- 
current end and to keep the whole coupling rigid. This 
coupling has also a slipping member which is essentially 
a disc form of clutch. This is set to slip when the load 
on the generator exceeds 25 per cent. overload. If the 
action of the governor could be made instantaneous this 
ene coupling would not be required ; but it is a use- 
ful device to prevent damage to the generator, and, by 
slipping, it gives time for the regulator to bring the 
brushes to the right position to meet sudden changed 
conditions of load on the system. 

The regulators used on these machines are naturally a 

~ improvement on those employed on some of | 
hury’s earlier systems, and, —s this plant has been 
running only some nine months, further improvements 
have been made in the regulators and safety devices, and 
it is probable that, in consequence of improvements in the 
generator and regulator d it will be possible to dis- 
pense with the slipping coupling in future sets. 





In addition to the regulator each generator is fitted supported on stoneware insulators embedded in hi: 
insulating asphalt, the space round the beds — 


with a short-circuiting switch and operating mechanism, 
which short-circuits the machine in the event of reversal 
of direction. This could 
for instance, if the coupling belt broke on one generator 
out of several in series, this machine would pull up and 
reverse its direction ; as soon as this occurred the switch 
would short-circuit the machine and cut it out of circuit. 
The operating switch shown in Fig. 8 for putting the 

nerator into circuit consists of a four-point rotary switch. 

is is mounted on a pillar, which also carries a carbon 
break-switch, which works in parallel with the rotating 
switch in such a way‘as to prevent damage to the latter 
by the arc formed when the inductive circuit of the 


happen under certain conditions; | 











filled in with pure bitumen. This makes a very muc 


sounder job, both mechanically and electrically, than the 


older method of supporting the machines ns 
ara pporting on pot insu- 


. The object of the whole design of the cable and ear 
inside the station is to make it practically immune ‘ om 


either mechanical or electrical breakdown ; all live 11 tal 


is doubly insulated from the point where the cable« are 


attached to the switchboards. 


The floor itself is constructed of concrete, on \ hich 
| asphalt to the thickness of 2 in. is carefully laid. [t 
was necessary to exercise the greatest care in laying the 
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Fig. 5. ARMATURE oF 5000-Votr ContrnvoUs-CURRENT GENERATOR. 

















Fie. 6. 5000-Votr Conrinvous-CuRRENT GENERATOR. 


generator is opened. In addition, the pillar carries an 
ammeter to show the current given by the machine, and 
a voltmeter for ing the volts across the terminals. 
It was decided to mount the switch pillar on the frame 
of the machine. This method is a great improvement on 
the old one of using a separate pillar; it makes a neater 
job, is less expensive, and is more secure. 

In addition to these switches on the machine isolatin 
switches are fitted under the floor for the purpose of dis- 
connecting the machine switches from the circuit. These 
switches are shown in Fig. 9 ; they are four-point switches 
similar to those fitted on the machines, but having con- 
siderably larger spaces. The switch works under oil, and 
the cast-iron box containing the switch is itself enclosed 
in a cast-iron box, from which it is insulated by large 

¥ insulators. These switches have all been tested 
with a pressure of 110,000 volts alternate current applied 
for about 10 minutes. ; 

The generators themselves are carefully insulated from 
earth. The details of the foundations are shown in Fig. 3. 
The generators are 





bolted to concrete blucks, which are | 


asphalt in order to provide the highest possible insula- 
tion. Careful tests were made on the asphalt to ascertain 
its insulating properties, and experiment indicated that a 
floor constructed in this way would require many hundreds 
of thousands of volts to produce a puncture. ; 

_ In machines desi ty for such high pressures it is 
important to limit the pressure that can occur between 
either pole of the machine and the frame, thus not only 
reducing the stress on the insulation, but at the same 
time limiting any possible danger from accidental contact 
with live parts of the machine. For this purpose a resist- 
ance of 0.8 megohm is fitted to the machine-frame, the 
ends being connected across the terminals of the machine. 
The centre point of this resistance is connected to the 
frame of the machine, and consequently the total pres- 
sure between either pole and the frame is limited to half 
the pressure given by the machine, and an operator stand- 
ing on the frame of the machine and touching one pole 
cannot receive more current than the high resistance will 
allow to Guards are provided on each machine to 
prevent accidental contact between the insulated frame 
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of the direct-current machines and the earthed frames of 
the alternate-current motors. ’ 

Three motor-generators are now installed at the power- 
station, two being fitted with alternate-current motors 
for starting from the alternate side, the third machine 
being always started by means of the direct-current 

merator. 

Beo)-Station Plant.—The plant at Southall, shown in 
the photograph (Fig. 10), consists of three direct-current 
motors (shown in Fig. 11) driving three 250-kw. gene- 
rators, supplying three-phase ene’ at 3000 volts 50 
cycles. The machines run at aa of 500 revolutions 

r minute. 

Owing to the high speed at which these machines run, 
they are, for their output, smaller, and the commutators 
are smaller than the generators at the power station. 
The motors drive the generators through an insulating 


The generators are connected to the main switchboard, 
—_ which the 3000-volt feeders are carried from the sub- 
station. 

_ The earthing switches are connected to the earth-plates 
in a similar way to those at Willesden. 

Earthing Methcds.— Before describing the actual method 
of operating the system, it is desirable to give a short 
description of the considerations which led to the final 
adoption of an earth return. The commercial advan 
were, of course, at once apparent, but before deciding 
— the use of the earth for regularly carrying consider- 

le currents, it was necessary to make sure that such 
use would not cause interference with other electrical 
systems, and would not cause 

M. Thury has carried out a t deal of work on this 
subject, and both the French and Swiss Governments 
have appointed committees to inquire into the matter. 


to property. 
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as to the possibility of the successful use of the earth near 
London, turther experiments were necessary, and it was 
decided that, in any event, the earth-plates should be 
situated at a considerable depth below the ground 
surface, and that connection should be made to them by 
insulated cables, in order to avoid stray currents in the 
neighbourhood of the plates. 

© experiments were carried out in order to obtain the 
following information—namely :— 

(a) At what depth below the surface must the plates be 
buried in order that the effect of currents at or near the 
surface should be negligible. 

(b) The size of plates to be used and their number. 

_{e) — distance apart at which the plates should be 
situated. 

(a) The value of the earth resistance and its constancy. 
n short, the experiments were undertaken to ascertain 
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coupling of a similar type to that used at the power- 
station, but they are not provided with a slipping 
member. ‘The speed of the machines is kept constant by 
4 regulator of a similar type to that employed at the 
power-station, with the exception that in p of the 
- n-valve being controlled by a solenoid, it is controlled 
y the pressure supplied by the oil-turbine. This pres- 
sure is balan against a spring. Since the pressure 
given by the turbine varies with the uare of the speed, 
& Very sensitive speed-governor is obtained. Any in- 
crease in the g of the turbine produces an increased 
pressure, which acts on the piston-valve which serves to 
whi ey the pressure to one or the other side of the gate 
Waite controls the position of the brushes. e@ motor 
- ae ad ot fey: = a supplementary spring, which 
events ing in the same i 

generator re a way as the springs on the 
The switch-gear in the sub-station is 
to that in the 
being fitted ; th 
from 


é recisely similar 
power-station, panels of the same type 
re © mains are carried to isolating switches, 
which cables are laid to the starting switches on the 
difference being that ammeters are 

motors, and consequently are not 





machines, the onl: 
not i 
ft — on 
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| Further than that, the Rhone water is so 
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The town‘of]Lausanne was supplied from Saint Maurice 
through a single conductor with the earth as the return 
for 443 days continuously. Iron earth-plates were used, 
and during the whole time of their use it was found that 
their resistance changed very little. The current was 
150 amperes, and theoretically the plates should: have 
been oxydised away in less than two months, but appa- 
rently after a layer of oxide has been formed further action 
~s very slow. The total resistance of the earth connections 
was about 1.6 ohms, and it was found that no inconveni- 
ence was experienced in connection with telegraphs and 
ay 

The Swiss Commission is still at work on this subject, 
and doubtless their report, when issued, will contain much 
valuable information on this interesting — 

The geological formation of the Rhone Valley is, of 
coures, altogether different from that near London. It is, 
in fact, not nearly so favourable for the perpen, consist- 
ing ly of highly insulating rock, and the layer of soil 
and other conducting material is comparatively thin. 
ure that its 
conductivity is exceedingly bad; it would be truer to 
state that its insulating properties are high. Conse- 
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the best method of adapting the earth as a permanent 
conductor for industrial currents in such’ a way as toavoid 
interference with telegraphs, telephones, or other users. 

With the first object in view four iron plates were 
buried in the earth, situated vertically above each other, 
as indicated in the diagram (Fig. 12). The area of each 
plate was 4 ft. by 2 ft. 2in., with the exception of the 
top plate, which consisted of a length of 6-in. Pipe. 
These plates were made one pole of a circuit, the other 
pole consisting of large masses of iron buried in the 
ground round the works, chiefly condensing water-pipes 
of very large size, which make an excellent earth, the 
resistance of which was found to be negligible as com- 
pared with the resistance of the test-plates. A steady 
current was then passed between one of the plates and 
the station earth, measurements being made between the 
various points by means of a Kelvin electrostatic volt- 
meter for the high readings, and by a moving-coil volt- 
meter for the low readings. 

The following observations were made—namely :— 

1, With a steady current of 20 amperes ing between 
the earth-plate, 20 ft. deep, and the large main earth, the 
measurements were :— 


Between the earth-plate and— 


Volts. 

A point 120 ft. away 165.0 

a ft. away tee 165.0 

The surface earth-plate ... : ‘ite 163.5 
Between the surface earth-plate and— 

A point 120 ft. away 0.024 

mI 60 ft. away a ons 0,016 

Between the earth-plate, 10 ft. underground, and— 

A point 120 ft. away 0.035 

- 60 ft. away ‘ats 0.024 


2. With a steady current of 21 amperes passing between 
the earth-plate, 30 ft. deep, and the large main earth, the 
measurements were :— 


Between the earth-plate and— 


Volts. 
A point 120 ft. away 135.0 
eS 0 ft. away on 134.5 
The surface earth-plate ... 133.5 
Between the earth-plate, 10 ft. underground, and— 
Velt. 
A point 18 ft. away cs -_ 0.008 
Between the surface earth-plate and— 
A point 120 ft. away Be 0.020 
= 60 ft. away 0.010 
ue 18 ft. away a ‘ 0.004 
3. With a steady current of 21 amperes ing between 
the surface earth-plate and the main earth, pressure read- 


i were taken between the surface plate and spikes 


driven into the ground at various points. The results 





quently, it was felt that before arriving at any decision 


are shown on Fig. 13. 
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All the above readings were taken with the positive 
pole of the generator connected to the test-plate. 

The foregoing experiments indicated that the ure 
fali occurred in the immediate neighbourhood of the plate 
—in fact, at the plate itself, and that when the current 
was carried to a depth of only 10 ft. the pressure drop in 
the neighbourhood of the plate was exceedingly small. 

Further tests, to make sure of the absence of the pos- 


sibility of interference, were made by using the pilot- 
wire as the test-wire, and taking readings of the difference 
in pressure between Willesden and an earth-plate in the 
Brent River about 1 mile from Southall, with the current 
A varying difference in pressure 
of from 0.6 to 1 volt was observed when the circuit was 
worked with a completely insulated system, this being 
due to the London United Tramways system on the 


to earth and without. 


plotted on Fig. 16, with similar plates, in order to show 
the difference between the conductivity of the connection 
in water and in clay, and also to show the effect of x: ing 
three plates situated close together and the same plates 
situated at various distances apart. The curves indicate 
that there is little advantage in spacing the plates q 
greater distance apart than 6ft. They also indicate that 
plates buried in clay have more than twice the conduc. 
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Figures in volts measured between plate and a spike driven into 
the ground at each point shown. Pilate positive. Current 
21 amperes. 


current flowing through the 
earth the readings varied at 
from 1.6 to 2 volts ; thus the 
effect of the earth current 


Pi te 
(2a62.m) 


| was to raise the pressure by 
| 1 volt. , 
Using the pilot-wire connected in parallel with the | 


tivity of similar plates buried in water. To decide exactly 


earth a current of 3 milliamperes was observed without the | the distance apart at which the plates should be buried a 


current in the earth, and 8 milliamperes with 90 amperes 
flowing, the resistance of the pilot-wire being 279 ohms ; 


the difference in pressure between the earth at Southall | 


and Willesden due to the earth current was 1.4 volts. 

The latter tests were made by the Post Office engineers, 
who kindly gave us much assistance in these investigations. 

A series of experiments was carried out with different 
sizes of plates, and Fig. 14 shows the results of the tests 
on the various sizes of plates used. The tests were made 
on plates suspended in the canal, and from the results 
obtained the curveson Fig. 15 were plotted. These curves 
show that with a current of 1 ampere per 600 sq. in. of 
sn little advantage is obtained | by mak 


r. 
urther readings were taken, the results of which are 


ing the plate | 


further series of experiments was made, and typical 
results are shown in Figs. 17 and 18. These tests again 
clearly indicate that when the plates are buried at 4 
distance of 6 ft. practically the maximum conductivity 18 
obtained, and that plates at this distance apart have 
nearly twice the conductivity of plates 1 ft. apart. 
Before completing the above experimental work, earths 
were made at Willesden and Southall in the following 
way—namely: At each place three boreholes were made 
at the positions shown in Figs. 19 and 20, each bore- 
hole having a diameter of 7 in. and a depth of approx)- 
mately 35 ft. The first series of experiments recit 
indicated that such a depth was perfectly safe. This gave 
a current of 33 amperes per plate, and it was consider 
that the plates could carry this current for temporary use. 
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For permanent use, however, probably six plates would 
be required se as to reduce the current to one-half. The 
earth-plates consisted of cast-iron pipes having an out- 
side diameter of 6 in. and a length of 9 ft. To each plate 
an insulated cable was bonded, and arrangements were 
made for measuring the current carried by each plate. 
After the pipe was pl | in the borehole, the space 
round it was filled in with chalk, the cable being 
brought up to the surface by means of an insulated tube. 
The plates at Willesden are all buried in ordinary London 
clay, and at Southall in fine gravel, which is generally 
very dry. After the system was started for permanent 
supply, careful measurements were made in order to 
ascertain what variations took place in the resistance of 
the earth connections. The resistance of the two earths 
is almost exactly 1 ohm, so that although only three 
plates were used, the earth is a very effective one. 

It may be said generally that the experiments 
show that plates buried at a considerable depth offer less 
resistance than plates buried at the surface. The author 
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is inclined to think that this is due largely to the heavy 
pressure on the plate when buried at a depth. 

‘When the earth is put in parallel with either cable, 
with 90 amperes in the main circuit, 30 amperes flow 
through the cable and 60 amperes through the earth, so 
that the ordinary resistance of the two earths is approxi- 
mately one-half the resistance of either cable. 

In order to ascertain what change took place in the 
resistance, a current of 90 amperes was allowed to flow 
through the earth-platesfor some time, and since the figures 
may be interesting, they are given at length, as follows :— 

With a constant current of 90 amperes, the fall in 
pressure was as stated in Table A, annexed. 

,.An earth will now be made by driving a shaft 5 ft. in 
Ciameter to a depth of 30 ft., and six earth-plates con- 
sisting of cast-iron pipes, 6 in. in diameter and 3 ft. long, 
will be buried radially at the bottom ; in this way it will 
de possible to keep a close cbservation of their condition. 

The commercial use of the earth as a conductor may 
very great. When used as a spare conductor it saves the 
cost of a spare cable; the cost of the earth connections is 
® negligible matter as compared with the cost of the 
cable, and where a very long transmission is required— 
say 100 miles—the advantage is immense. A line of 
100 miles, consisting of two 0.125 sq. in. conductors, will 
have @ total resistance of 68.3 ohms, so that with a 
current of 100 amperes the number of kilowatts required 
to keep the line charged is 683, or nearly 7 per cent. of 
the maximum capacity of 10,000 kw. at 100,000 volts. 

sing an earth return with the same two cables in 
parallel, and assuming that the earth resistance is 1 ohm 








(a figure which can be readily obtained) the total resist- 
ance would be 18 ohms, and the number of kilowatts to 
keep the line charged would be 180 kw., or 1.8 per cent. of 
the total capacity of the line. In the latter case, either 
conductor would carry the full load of the system, so that a 
complete duplicate transmission system is provided for. 

————s his former paper the author dealt very 
fully on the question of efficiency ; co uently it is 
unnecessary to take up much time now. The line loss 
admits of ready calculation, and he finds that the most 
convenient method is to arrive at the mean power to keep 
the line charged, to estimate the annual cost of running the 
necessary plant, and to treat this cost as a standing c! 

He has worked out, and shows in the form of curves in 
Fig. 21, the amount of the line losses at the various load- 
factors, efficiencies and percentages of the maximum load 
for which the system isdesigned. The curves show the 
value of the losses with a completely insulated system, 
and for the same system operated with two wires in 
parallel and with the earth used as the return. 
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TABLE A. 
Fall at 
Date, 1911. Total Fall. Willesden. 
Volts. Volts. 
With the Willesden Earth as Positive: 
July 13 on ~ os 108 48 
o on + oe 108 48 
~ ne ee “ 94 48 
o i ot . 100 48 
. - se “ ‘ 94 48 
oa a a a 99 50 
» 2 - oe re 99 50 
o» 2 a i om 100 49 
» 22 ee _ _ 104 49 
» 2 - - ae 105 49 
»» 27 (after rain) ne 75 26 
With the Willesden Earth as Negative : 
July 6 - - ee 106 — 
o 8 at a a 112 30 
10 a.m. oe 118 
» 10 { 4p.m, A 122} 29 
10 a.m. i 133 
12 noon é 137 
» i 4 p.m. ie | = 
9 p.m.* + 178 
With the Willesden Earth as Positive : 
10.30a.m.  .. 78 28 
duly 12 { 5 p.m. 94 35 
so 108 48 


* This test indicated that the resistance of the Southall 
earth was rapidly rising, the —_ in pressure being at the 
rate od » volts in 20 minutes ; at this point the earth connection 
was broken. 


The actual working efficiency of the system described 
is of little value, as the load at present is small—only 
some 300 kw. For the last six months the ratio of the 
three-phase energy sent out at Southall to the direct- 
current input from Willesden was 77 per cent., and 
during this time the maximum alternate-current load has 
not exceeded 275 kw. 


by means of its starting-motor, either with the mains 
open or on short circuit, the regulator is set to give the 
proper line current. An incoming generator is generally 
started from the direct-current side, and the motor 
paralleled into the circuit. 

The sub-station motors are started by opening the 
switch and rotating the brushes until full speed is 
reached, when the — is put into action; the 
speed can be very closely adjusted so that paralleling the 
sub-generators is a particularly easy operation, one man 
attending to the plant. 

With several generators in series all fully loaded, any 
failure to one necessitating its removal from the circuit 
results only in the slowing down of the whole plant. 

en two insulated mains are in use, an earth at any 
point does not interfere with the supply ; the voltmeters 
at once show which main is injured, and it can be cut out 
of circuit after the system has been earthed at each side 
of the fault. 

When running on one cae with earth return, an earth 
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on the cable will cut out all sub-stations beyond the 
point where the fault occurs. 

Size of Generators.—The present safe limit of pressure 
on a single commutator appears to be about 5000 volts. 

uently for a maximum line pressure of 50,000 volts 
ten machines are required, and if these are driven in 
pairs, five units of plant are required in the system. The 
output of each unit depends on the line current adopted ; 
a 300-ampere line would require five units each of 3000-kw. 
output. 

It does not seem likely that these high-tension direct- 
current generators can be built to run at steam-turbine 
8 s; but a turbine drive is now available by the use of 
the beautiful double-helical gear employed by Sir Charles 
Parsons for driving slow-speed propellers in marine work. 
A very good plant unit would consist of separate high 
and low-pressure turbines, each driving by ing one or 
two slow-speed generators. Careful designing is required 
for the couplings, but there ap to be no serious diffi- 
culties in constructing plant unite of very large size. 

The author believes that the day will come when 


entage of 





| internal-combustion engines of large size will be used 
| to supplement the steam-turbine in our power-stations, 


ration.—The actual operating of the plant is ex- | and for such work the series system offers special advan- 


ingly simple. The first generator is run up to speed tages, owing to the fact that it is independent of any 


824 


ENGINEERING. 





(June 14, 1912. 





ordinary speed variations and is clear of all the diffi- 
culties mherent in parallel running. ) 

Cost of the System.—The detailed tables of costs in the 
previous paper are now in some respects out of date, but 
the comparative figures are still substantially correct. 

The cost of a series direct-current power station where 
either water turbines, Diesel, gas, or reciprocating steam- 
engines are used is generally not more than that of a 
similar alternate-current station. Where large steam- 
turbine stations can used, direct-current plant of 
similar output would be more expensive. 

The cost of the sub-station plant and gear, as has been 
already stated, is about the same as that of an alternate- 
current motor-generator station working at any pressure 
suitable for direct use on the motors ; if step-down trans- 
formers are required, the advantage will generally be 
with the direct-current station. 

The transmission line is far less costly than a three- 

hase line of similar eer The actual cost of the 
foe, having # capacity of 10,000 kw. with one cable 
disabled, worked out at 16007. per mile; this includes the 
two cables laid in cast-iron pipes and a telephone cable, 
and the cost of the earth connections at each end. The 
cost of a single three-phase armoured cable of 5000-kw. 
capacity at 20,000 volts, including cost of laying, is about 
30001. per mile, or twice the cost without any provision 
for breakdown. 

In many cases it is found the cost of an underground 
Thury system does not exceed the cost of a three-phase 
overh —_ of similar ae ; 

When the author read his former paper it was 
inferred by some engineers that he magus that the 
series direct-current system would dis: the better- 
known parallel systems. This he did not do. He said then, 
and repeats, that each its own sphere ; that for 
certain work the series system and series-wound constant- 
current machines possess great advantages as to cost and 
convenience over other systems. For very long-distance 
transmission, ially where underground mains are 
necessary, it is possible where the alternate-current system 
is not possible. Where energy has to be taken toa great 
city from a distance, whether from a water-power station 
or @ steam station situated at the coal-fields, the under- 
ground system offers great advantages as compared with 
the overhead system in respect of security of supply and 
cost of maintenance. In many instances the underground 
direct-current system can be laid at no greater cost than 
the three-phase overhead system. The system might be 
advantageously used for railway supply, especially where 
water-power is available, since it enables a very long line 
to be fed from a single power-station. It is nearly as 
easy and inexpensive to insulate for 100,000 volts as 
for 20,000 volts; all that is necessary is to design the 
couplings and machine insulation for the higher pressure. 
With this high pressure any practicable distance from a 
power-station is ible. . 

The series machine is well a gre for any special work 
where variable speed is required, as for driving, winding, 
and hauling gear, and for rolling-mills. It has been 
found economical to instal a separate series system con- 
sisting of a generator and motor, the former driven by a 
three-phase motor to drive a single winding gear. The 

+ advantage for these purposes is, of course, the com- 
ination of constant torque with any degree of | 
variation and the absence of the losses incurred in any 
form of rheostatic control. 

In conclusion, the author is glad to state that the 
whole of the plant and cables for the western area supply 
were built in thiscountry. With the invaluable guidance 
of M. Thury, the company’s staff have handled the plant 
with the test success, and the author feels it right to 
bear testimony to their great help in bringing the work 
to a successful issue. 








THE CORROSION OF IRON AND THE 
PROTECTION OF STRUCTURAL IRON- 


WORK.* 

By L. Arcuegvtt, F.I.C. 
(Concluded from page 788.) 

Tx action of water upon iron in hot-water pipes and in 
steara-boilers is very different. In the former the car- 
bonic acid is retained in solution in the water; in the 
latter the gas is given off freely. Many years ago the 
author’s attention was directed to serious corrosion of the 
wrought-iron hot-water pipes at a hotel in Leeds. It was 
noticed that the hot water when turned into the baths 
and lavatory-basins was either red in colour or rapidly 
became so on exposure to the air, and deposited a red 
sediment. He obtained a piece of 1}-in. wrought-iron pipe, 
12 in. long, and had it welded up at one end. The open 
end was closed with a rubber “> through which a 
straight glass tube was passed. e iron pipe having 
been thoroughly cleaned inside was filled with Leeds 
water quite ull, and the stopper was inserted until the 
water rose in the a tube. The iron pipe was then 
placed upright in boiling waver. After 10 minutes the 
stopper was removed, and the water when poured out 
into a white basin was found tc have a strong red colour. 
Some more of the water was then saturated with CO, 
and heated in the ipe. A large quantity of hydrogen 
gas was now expelled through the glass tube, owing to the 
reaction Fe + ls = FeO, + On removing the 
stopper and pouring out the water this time it was found 
to be nearly clear and pale-greenish in colour. It almost 
immediately began to oxidise and turn red, and in a few 
hours deposited a bulky precipitate of red ferric hy- 
droxide. A similar experiment was made with s 
water which had been thoroughly boiled to remove all CO,, 
and in this case there was little or no action in the pipe. 


™ Paper read to the Derby Society of Engineers. % 





It became evident, in fact, that all the trouble was 
caused by the carbonic acid in the water, and the 
fact that the water was so soft as to deposit no protective 
coating of carbonate of lime in the pipes. It was proved 
that the water had no perceptible action on copper. 
iron service pipes were therefore replaced by copper, 
and there has been no further trouble. 

Another curious case came under notice more recently. 
A hotel in London was supplied with New River water, 
which is a hard water containing carbonate of lime, 

is caused a deal of trouble by depositing 

the carbonate of lime inside the hot-water service- 
ay and choking them up. In course of time a bore- 
ole was sunk into the chalk beneath the London clay, 
and a very soft water was thus obtained, which was 
supplied to the hotel instead of the New River water. 
Some time afterwards complaints were received that the 
soft water was corroding the pipes, and, in fact, in six 
years some of the wrought-iron pipes were entirely 
corroded through by it. No corrosion had been noticed 
with the New River water, and it was therefore con- 
cluded that the bore-hole water was corrosive and the 
other water was not. Experiment, however, proved 
that the facts were quite the reverse. Weighed strips of 
polished hoop iron were placed in glass 8 filled with 
the two waters, one pair of flasks being heated and the 
other allowed to stand at the ordinary temperature. 
After cota: Gone hours the strips were taken out, care- 


fully cleaned, and weighed. The following results were 
obtained :— 
Loss of Weight (gramme). 
At Ordinary Tem- At 212 Deg. 
perature. Fahr. 
In well water eee 0.0044 0.0042 
In New River water... 0.0090 0.0157 


The New River water was thus proved to be the more 
corrosive of the two, but the pipes had been protected 
from its action by the carbonate of lime deposited in 
them. The soft bore-hole water, however, which de- 
posited nothing to protect the iron, was enabled to exert 
a serious and continuous corrosive action, and thus in 
practice proved the more corrosive of the two. 

All natural waters, when heated in wrought-iron pipes, 
may be expected to exert a corrosive action on the iron at 
first, and whether the action continues will depend 
entirely u whether the pipes do or do not become 
protected by a deposit of carbonate of lime. Galvanising 
will protect the iron so long as the zinc coating lasts, 
which wil] not be for long; but in the case of hard chalk 
waters it will probably last quite long enough to preserve 
the iron from corrosion until the protective coating of 
carbonate of lime has formed, and will therefore prove 
advantageous for such waters. Steel* reports a case 
where Green’s economiser pipes of cast iron were dis- 
solved away by the soft water of Sydney, New South 
Wales, in a few months, only a thin outer shell remain- 
ing. About 84.5 per cent. of the iron and the whole of 
the combined carbon and sulphur had disappeared, and a 
residue remained in the eg containing the whole of the 
graphite, phosphorus, and silicon, the latter as oxides, 
which formed a thick layer of plumbago-like material on 
the inside of the pipes. 

It makes a t difference whether there is a con- 
tinuous flow of fresh hot water through the pipes, as in 
hot-water service-pipes, or whether there is merely a 
circulation of the same water, as in heating pipes. In 
the latter case the carbonic acid and oxygen are not 
renewed, and the corrosive action, which is slight, soon 
comes to an end. One therefore never hears of the 
Sas of heating pipes, the life of which is indefinitely 
ong. 

In steam boilers a quite different set of conditions pre- 
vails. Here the carbon dioxide and oxygen are rapidly 
expelled from the water, and their corrosive action is 
= lessened, though not entirely removed, for the 
eed-water added continually renews t gases, and 
consequently they are never —, absent, and hence 
their injurious effect on the iron, though more slowly, 
may be none the less surely produced. In boilers, how- 
ever, other phases of the question present themselves, 
such as the corrosive action of saline solutions at high 
temperatures, the influence of impurities in the boiler 
plates, the effects of strain and of the contact of dis- 
similar metals. 

It is a well-known fact that all waters are not equally 
corrosive, and that the corrosivity depends upon the 
nature and amount of the dissolved salts. Very soft 
waters, such as that of Loch Katrine, for instance, con- 
tain such a trifling quantity of matter in solution that 
they deposit next to nothing on the boiler plates, which 
remain fairly exposed to attack by the dissolved gases. 
The amount of corrosion that goes on is then dependent 
upon the amounts of carbonic acid and oxygen brought 
in with the feed-water, and also upon the composition of 
the steel or iron boiler-plates. Most waters, however, 
contain salts in solution. Some of these salts which make 
the water hard—i.e., destructive to soap—deposit carbo- 
nate of lime, magnesia, and sulphate of lime as a crust 
upon the plates, which protects them from corrosion less 
or more, according to whether the incrustation is soft and 
porous or hard and non-porous; other salts, generally 
the sulphate, chloride, and carbonate of sodium, do not 
deposit, but remain dissolved, and as the water is evapo- 
rated form a corrosive solution of increasing st \. 
Softened waters, which have had their incrusting salts 
removed by chemical treatment, leaving the soluble salts 
in solution, and perhaps even increasing their amount, 
are more liable to attack the plates than the hard water, 
and care has to be taken not to remove the whole of the 


* Journal of the Society of Chemizal Industry, 29 
(1910), 1141. 





incrusting salts, lest by so doing the plates should be 
exposed to corrosive attack and the evils caused by exces- 
sive incrustation replaced by another and perhaps greater 
evil. Cribb and Arnaud, in 1905,* and Heyn and Bauer} 


The | more recently, have shown that dilute solutions of sodiun; 


or potassium carbonate stimulate corrosion, and waters 
which are softened by sodium carbonate may thus be 
rendered actively corrosive if the sodium car te be 
used in excess. As the amount of the alkali increases, 
the corrosivity increases up to a certain concentration, 
and then diminishes again, and we have the remarkab!c 
fact that strong solutions are protective to iron, whilst 
dilute solutions are actively corrosive. 

It is only within the last four years that the action of 
saline solutions upon iron systematically studied, 
by Heyn and Bauer} in Germany, and by Friend and 
Brown§ in this country. Heyn and Bauer have studied 
the action at ordinary temperatures of many of the most 
commonly occurring salts, in solutions ranging in strength 
from highly dilute to saturated solutions. Their results 
are capable of being represented di atically by a 
curve. The general effect of dissolving any single salt 
in distilled water at ordinary temperature is to make it 
more corrosive to iron. If the corrosive effect of distilled 
water be so much, the addition of a soluble electrolyte 
increases the action up to a further point, which is called 
the ‘‘critical concentration ;” beyond this the corrosive 
effect diminishes as the concentration increases, until it 
finally becomes nil, and from this up to the saturation 
point the solution is actually protective. In the great 
majority of cases, however, the nil point is never reached ; 
in other words, the water becomes saturated with the salt 
before the corrosivity of the solution ceases, and the curve 
therefore terminates at some earlier point. 

_Solutions of chromie acid and chromates are excep- 
tional, in that they have no “‘ critical concentration” and 
tend to be protective from the first. | Cushman has 
applied this fact in practice to the preservation of fence- 
wire in America by ing it through a solution of potas- 
sium bichromate of suitable seeagih. He found that 
the wire so treated resisted rusting longer than ordinary 
wire,|| and he haseven proposed to put potassium bichro- 
mate into steam boilers to prevent or check corrosion. 
Soon after reading his paper the author made experiments 
in the laboratory, and found that the addition of bichro- 
mate to a concentrated water drawn from a boiler, in 
proportions ranging from 10 to 100 grains per gallon, did 
not prevent the corrosion of steel, especially when in 
metallic contact with copper, as in a locomotive boiler, 
in fact, in some of the experiments serious local pitting 
resulted, and he came to the conclusion that it would be 
dangerous to put bichromate at any rate into locomotive 
boilers. This subject m mere recently and com- 
pletely investigated by Friend and Brown,‘] who have 
shown that potassium bichromate, instead of being pro- 
tective, may become actually corrosive in the presence of 
other salts, owing to the liberation of acids which tend 
to destroy the passivity produced by chromic acid. In 
the presence of other electrolytes much better results are 
obtained with neutral potassium chromate than with 
bichromate, but the quantity required to produce a 
tangible result is considerable. 

One is naturally led to inquire why the corrosive 
effect of dilute solutions should be lessened as the 
strength increases. © answer appears to be that the 
lessened corrosion is due to the diminished solubility 
of -oxygen, confirming what has been known about salt 
solution for seventy years. Adie in 1845 read a paper 
before the Institution of Civil Engineers, in which he 
showed that wrought iron in eighty days lost nineteen 
times as much by corrosion in fresh water as in saturated 
common salt solution, and cast iron four times as much. 
Friend has recently shown, in fact, that in the entire 
absence of air salt solutions have no action whatever 
upon iron. Sea-water, nevertheless, is corrosive at 
ordinary temperature even in the absence of air, owing to 
the magnesium chloride present. In marine boilers, 
however, a certain amount of sea-water is found beneficial. 
Rowan in 1876 quoted the case of a steamer whose boilers 
were worked with a minimum proportion of sea-water, 
and in twelve months were so badly corroded that a new 
set were required. In the new boilers the proportion of 
sea water was considerably increased, and the life of the 
boilers greatly prolonged in consequence. It is evidently, 
therefore, of the greatest importance to exclude air from 
boilers as much as possible, and to take care, especially 
in using condensed water, that air is not pumped in with 
the feed. Stromeyer** states that corrosion of marine 
boilers using condensed water has been very materially 
reduced by the introduction of slow-running pumps. 
which do not require air for their smooth working, and 
which cease running when there is no water supply. The 
air dissolved in natural soft waters must, of necessity, be 
introduced with the feed. Attempts have been made to 
extract this air by passing the water through a vacuum 
chamber, but with no very marked success. Beneficial 
results have, however, resulted from the presence in the 
feed of organic matters which combine with the dissolved 
oxygen, such as tannin. No doubt the beneficial effects 





* Analyst, vol. xxx. (1905), page 225. 

+ Mitteilungen, vol. xxvi. (1908), page 1. 

t Loe. cit. 28 (1910) 52. ‘ 

§ Journal of the Iron and Steel Institute, 1911 (1), 


125. 

|| Brereton Baker (Chemical Society Annual Reports, 
7 (1910), 38), states that all attempts made by him to make 
iron passive to ordinary water by treatment with dilute 
chromic acid have been unsuccessful, and this agrees with 
mv own observations. 

J Loc. cit. _— 

** Annual Report to the Manchester Steam-Users 
Association, 1909. 
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of sodium arsenite in preventing corrosion are due to the 

me cause. 
ow althou h the systematic researches of Professor Heyn 
and Dr. Friend, which have been referred to, have thrown 
very valuable light upon the corrosive effects of salts in 
solution, much more work needs to be done, especially 
at higher temperatures, and under conditions such as 
obtain in steam boilers. Most of the researches have 
been made at temperatures no higher than ——. Fahr., 
and in solutions freely exposed to air and light. If corro- 
sion took place in steam-boilers to the extent shown 
possible by some of these experiments, the lives of boilers 
would be measured by weeks or months instead of years. 

We know that temperature influences the results vastly, 
especially by seseung Se solubility of gases, and also 
that corrosion is much less active in the dark than in 
daylight. 

Soother cause of active corrosion to which reference 
should be made is the presence in the water of fatty acids. 
Corrosion from this cause has become less frequent since 
the introduction of mineral oils as lubricants ; but in the 
days when animal fats, such as tallow, were commonly 
used in cylinders, and even put directly into boilers, such 
cases were common. Animal and vegetable oils are com- 

und bodies, which, when heated with steam, split up 
into fatty acids and glycerine. The fatty acids thus set 
free are very corrosive to iron and many other metals. 
Oleic acid from olive oil, if heated in a test-tube with 
water and iron filings, attacks the iron vigorously, form- 
ing brown ferrous oleate and evolving hydrogen gas. The 
ferrous oleate is decomposed, . into ferric 
hydroxide and free oleic acid, which again attacks more 
iron, and in this way quite a small quantity of free fatty 
acid has been known to perforate wrought-iron plate 
more than 4 in. in thickness. Pitting and corrosion | 
the bottom of steam boilers may result from this cause, an 
also at the flanges and screwed joints of water-pipes when 
red-lead and linseed oil are cond to make the joints. The 
danger of allowing grease of any kind to obtain entrance 
to steam boilers is now too well known to need insisting 
upon. In screwing the stays, fittings, and wash-out 
plugs into boilers, pure mineral lubricants should be used 
exclusively, and all surplus oil should be removed from 
new boilers by thoroug digestion under pressure with 
hot soda solution and washing out with clean hot water 
before putting the boilers into use. 

It is a well-known fact that neither iron nor steel are 
homogeneous metals. If the polished and etched surface 
of a piece of wrought iron be highly magnified, it is seen 
to be composed of polygonal crystals of iron and particles 
of slag ; and if you look at an etched specimen of wrought 
iron, you will see that it is built up of layers of iron, 
between which the ~*~ of slag are sandwiched. en 
medium carbon steel is similarly magnified, it is seen 
to have a still more complex structure, composed of 
areas of iron containing in solution more or less manga- 
nese, phosphorus, and silicon, darker areas of carbide 
of iron occurring in the complex which we call pearlite, 
sulphur existing as isolated particles of sulphide of manga- 
nese and frequently particles of slag. These different con- 
stituents are not uniformly mingled together, but present 
a variety of structures depending upon the heat treat- 
ment and kind of work the steel has undergone. The 
pom. for instance, is not always lamina In 

ardened steels it is more or less completely emulsified, 
and in hardened steels granular. According to a recent 
report of the British Association Committee, which is 
investigating the corrosion of carbon steels, the state 
of division of the carbon has a great influence on the 
rate of corrosion in sea water, the hardened steels 
corroding more rapidly than the unhardened or tem- 
pered steels. The different varieties of pearlite also 
differ in polarity. Moreover, the impurities in the 
molten steel have a tendency to segregate during solidi- 
fication, sometimes so seriously that drillings taken 
from different parts of the finished material may have 
a quite different chemical composition. Areas of dif- 
ferent electrical polarity are thus formed, between which 
action readily occurs, stimulating corrosion. Owing to 
the ingenuity of Drs. Cushman and Walker we have been 

ut into possession of a chemical reagent, to which they 

ave given the name of “‘ ferroxyl,” which shows this in 
a very beautiful manner. It is a jelly containing in solu- 
tion phenolphthalein and potassium ferricyanide. The 
phenolphthalein gives a soe colour in the presence of 

ydroxyl ions, and the ferricyanide gives a deep blue 
precipitate in the presence of soluble ferrous iron. The 
jelly merely serves te localise these effects and prevent 
them from running into one another. If a piece of iron or 
steel is placed in the melted jelly and the jelly allowed to 
set, there are developed on the surface of the metal pink 
areas and blue areas indicating the positions of nodes of 
opposite polarity. The blue colour shows the anodic 
areas where iron is going into solution, the pink colour 
shows the cathodic areas where no iron is being dissolved. 

It is thus possible to demonstrate in a simple and con- 
vincing manner a fact which throws a flood of light on 
“en cause of localised corrosion or pitting, especially in 

oilers. The ferroxyl indicator may be employed to 
Cemonstrate :— 

L Nodes in a piece of steel boiler-plate (scale removed). 
be io in wrought iron (scale removed by sand- 

*. Nodes in exceptionally pure boiler-tube steel. 

_ Boiler-plate partially protected by mill-scale (where 
the scale has been removed the iron is corroding, as shown 
by the blue spots). 

5. Cast iron. 

. 6. Tin-plate (where the tin has been removed the iron 
1s corroding). 

5 Wrssuned iron (complete protection) 

. iron na ing w : : 
protected by the mill-scale, ng where the iron is not 





9. Electrolytic iron. 

10. Steel riveted to copper. 

11. Steel riveted to brass. 

We learn from the ferroxyl indicator the great import- 
ance of obtaining for such purposes as steam-boiler con- 
struction iron and steel as homogeneous as possible, and 
it would be worth while to pay a high price for such 
material. Cobb* has sta in a recent paper the 
presence of an impurity in iron determines so many 
corrosion centres, and its influence depends more on 
quality and distribution than on quantity ; a more homo- 
geneous iron, even if chemically less pure than another, 
may, therefore, be more highly resistant to corrosion. 
The same difference of electrical polarity as is found 
between different areas of the same pieces of iron, exists 
between different —— every piece tested showing 
electrical effects with every other. Not only, therefore, 
is homogeneity of composition, important in each indi- 
vidual part of a structure ex to corrosive influences, 
but = different parts should be as much alike as 

e. 

Owing to the extreme difficulty of preventing segre- 
gation of the impurities in iron and steel, and of produc- 
ing a perfectly homogeneous material, the less impurities 
the better. Unfortunately, the nearer a commercial iron 
or steel approaches purity the more difficult it is to 

roduce it in a thoroughly deoxidised and degasified con- 
Sicion. Cushman states, however, that there is now 
being made in the United States in several rolling-mills 
an extremely pure ingot iron containing less than 0.05 
per cent. of total impurities. He gives the analysis as :— 





Per Cent. 
Iron... 99.95 
Carbon... 0.026 
Phosphorus 0.004 
Sulphur 0.019 
Total ... 99.999 


This, he says, is no chemical curiosity, but is manu- 
factured in basic open-hearth 50-ton converters. As 
showing how much more resistant such iron is to the 
action of sulphuric acid than ordinary iron and steel, 
Friend quotes the following results from a — 
issued by the American Rolling-Mill Company. Small 
plates of this iron, of ordinary steel, and of charcoal iron 
were polished, weighed, and completely immersed in 
dilute sulphuric acid of 25 per cent. strength at 110 deg. 
Cent. for 14 hours. The steel lost in weight 87.5 per 
cent. and the charcoal iron 52.1 per cent., but the ingot 
iron lost only 2.16 per cent. If metal so free from 
manganese can be depended upon to be free from oxygen 
and thoroughly reliable mechanically a great field of 
usefulness lies beforeit. Several patents have been taken 
out by the International Metal Products Company, of 
Newark and Middleton, U.S.A., for ingot iron e by 
the basic process and deoxidised with aluminium ; the 
object stated being to obtain an iron of at least 99.80 per 
cent. purity, containing not more than 0.04 per cent. of 
either carbon or manganese, not more than 0.10 per cent. 
of carbon, manganese, silicon, sulphur and phosphorus 
together, and not more than 0.04 per cent. of oxygen. 
The metal is stated to possess a very high degree of 
malleability and ductility, and to be very resistant to 
corrosion. This pure iron is well worth the attention of 
engineers. 

One of the most injurious impurities in steel is avin, 
and one of the most active in causing corrosion. In all 
well-made steel the sulphur exists as manganese sulphide, 
disseminated throughout the metal in the form of more 
or less minute particles, which can readily be seen when a 
— section is examined under the microscope. These 

orm active corrosion centres, which are not electrolytic 
but lead to the formation of sulphuric acid by oxidation, 
which attacks the iron. An interesting example has been 
given by Huntley.+ Serious pitting had started in a 
stand-by boiler at the generating station of the London 
Electricity Supply Corporation, which caustic soda was 
found powerless to stop. examining the boilers 
numerous blisters were seen, varying in size up to 30 mm. 
in diameter, the bulk of them being just below the water- 
level. On pricking the blisters each was found to contain 
a liquid with a fine black powder in suspension, and a pit 
was seen to be forming in the centre of each blister. 
Analysis showed that the liquid was a solution of ferrous 
sulphate, containing free sulphuric acid, although the 
water in the boiler was alkaline and contained much less 
sulphur than the liquid in the blisters. The pitting was 
traced to the sulphide of manganese in the steel, which 
by oxidation gave rise to free sulphuric acid, which 
attacked the iron, forming ferrous sulphate. This being 
oxidised to ferric sulphate by the oxygen in the water 
would attack more iron, and in the quiescent water of the 
stand-by boiler the oxides precipitated by the alkali in 
the water would not be washed away, but would seal in 
the corrosive liquid with a semi-permeable membrane, 
through which the oxygen of the water could pass, 
but not the caustic soda. The use of sodium arsenite 
instead of caustic soda completely stopped the trouble, 
the arsenite presumably using up the oxygen in the 
water. 

The influence of strain on corrosion must be mentioned. 
It isa subject on which the late Thomas Andrews worked 
for many years, and his results are to be found in papers 
communicated to the Institution of Civil Engineers. He 
found that strain always a diff of potential, 
and the use of strained material should, therefore, be 
avoided where corrosion is likely to be set up by it. To 
this Friend attributes the unusual tendency to corrosion 
shown by indentation and abrasions on the surfaces of 


° Journal of the Iron and. Steel Institute. 1911 (1), 170. 
+ Journal of the Society of Chemical industry, vol. 
xxviii. (1909), page 339. 














boilers. Stromeyer su ts that grooving may also 
arise from this cause, ‘‘those portions of the boiler which 
are most severely strained being attacked by the salts 
in the boiler water, and as these regions get thinner, 
and especially if the reductions are of the nature of thin 
lines or grooves, the local stress increases and with it the 
corrosive action.” He suggests that if this be the true 
explanation the action would proceed most rapidly where 
the concentration of the salts is test, and mentions a 
curious confirmation of this which was afforded by the 
failures of some caustic soda evaporators. Where the strains 
were severe, and only in these places, rivet heads flew 
off on the caustic side, and tubes cracked where they had 
been enl by the expander. The experiment was 
then tried of turning several] pairs of mild steel rings, 
shrinking one of each pair into the other, and then 
exposing them in a caustic evaporator for several months. 
On removing the ri cutting them up and bending 
them, those which had been subjected to a tension stress 
were f6und to be quite brittle, but those exposed to a 
aggre stress were perfectly. ductile. 

The action reminds one of the brittleness which may 
be caused by acid corrosion. ilway engineers are 
familiar with the fact that the springs of wagons which 
have carried acid materials, such as nitre cake, are 
frequently found broken as the result of corrosion by the 
acid liquid which drains from such material when loaded 
wet or seriously wetted by rain in transit. This effect is 
due to the occlusion of hydrogen which is given off by the 
action of the acid on the metal; thus Fe + H,SO, = 
FeSO, + He. It has been shown that iron wire immersed 
in dilute sulphuric acid can absorb twenty times its 
volume of hydrogen, which becomes condensed in the 

res of the metal. The brittleness is only a temporary 

eature, as the hydrogen is slowly given off again on 
exposing the wire to the air at ordinary temperature, and 
- yy y annealing at a red heat, and the metal, if not 
left in the acid for too long, regains its normal properties. 
Longmuir found that even stoving overnight at 100 deg. 
to 150 deg. Cent. was sufficient to eliminate the absorbed 
oxygen from steel rods § in. in diameter. He has made 
the rather remarkable su tion that the corrosion of 
steel rails in tunnels, which is the result of slow attack by 
very dilute acid, may in the course of a few years develop 
brittleness of the rails corresponding to that of a more 
rapid attack by stronger acid. 

‘o sum up what has been said about corrosion of steam- 
boilers, we see that the causes which may lead to internal 
corrosion are very numerous, and include :— 

1. The corrosive action of dissolved gases and salts in 
the feed water. 

2. Segregation of cnpanttioe and general want of homo- 
geneity in the metal of the boiler-plates. 

3. Sulphide of manganese in the steel. 

4. Local galvanic acid due to strain in the metal. 

5. Galvanic action due to the use of dissimilar metals in 
construction, leading to local corrosion, as of the iron 
stays in metallic contact with the copper fire-box plates 
of locomotive boilers. 

The remedies are :— 

1. Exclusion of air as much as possible. 

2. Avoidance of a weak alkaline condition of the feed 
water and of excessive concentration, especially in pre- 
sence of alkaline chlorides, sulphates, and nitrates. 

3. The use in construction of steel of high quality, 
with special reference to freedom from sulphur and 
een of composition. 

4. Avoidance of strained metal and of anything which 
may lead to the setting up of local strains. 

The mill-scale, or skin of the iron, where it remains, 
must exert a considerable influence on corrosion. If it 
were intact all over the interior of the shell, it would be 
a valuable protection ; but in bending the barrel-plates 
the greater part of the scale shells off, remaining attached 
only in places, and here pitting is promoted. The only 
remedy for this would be the entire removal of the scale. 
Tank-plates are treated in this way by the Admiralty by 
pickling in acid, but one would hesitate to recommend 
treating boiler-plates in this manner, for fear of render - 
ing them brittle. 

he interesting subject of ferro-concrete can only be 
touched upon in the very briefest manner. So long as the 
iron or steel is completely encased in a compact mass of 
good cement concrete, preservation is perfect. Slight 
porosity is not harmful, provided the cement contains a 
sufficiently small excess of free lime. But even the 
slightest electrolytic action is highly dangerous, and 
therefore the greatest care must be taken to shield the 
metal from stray electrical currents from power-stations 
and tramways. Knudsen (Journal of the Franklin Insti- 
tute, 168 [1909] 132) has shown how exceedingly difficult 
this shielding mes when the earth is used as a return, 
and the only way of avoiding access of stray currents 
with certainty is to use a non-grounded return. 

In bringing these remarks to a conclusion, the author 
is aware that he has laid himself open to the charge of 
having dealt very imperfectly with many branches of a 
very complex subject, any one of which would have 
sufficed for a single evening. But knowing that your 
interests are diversified, he a that by covering a wide 
ground hé should appeal to a larger number, and thereby 
promote a better discussion. 








Tue BrrMincHamM Excuaner Directory oF MEMBERS, 
SUBSCRIBERS, AND REPRESENTATIVES, 1912.—This book 
contains a list of the officers of the Exchange, alpha- 
betical list of members and subscribers, alphabetical list 
of ticket-holders, ae classification of professions 
and trades, a list of the by-laws and other matters, and 
also an account of the origin of the Exchange. It is 
“7 by authority of the committee, the price being 
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ELECTRICAL APPARATUS. 


6071/12. C. J. Beaver, Hale, and E. A. Claremont, 
h Cables. (6 Figs.) February 29, 
1912.—A coupling for electric cables, according to this invention, 
comprises a longitudinally-divided saddle-sha contact-piece 
united by a threaded stem, a second saddle-piece cummenniing 
the longitudinal y divided contact-piece, and with a hole thro 
which the threaded stem passes freely, and a nut screwed on the 
stem to force down the second idle-piece, and to press the 
halves of the divided contact-piece into firm contact with the 
electrical conductor. In Fig. 1 the position of the saddle-shaped 
contact-piece a relative to the conductor b is shown when the nut 
¢ is only partly screwed down on ite screwed stem a@!. The 
contact-piece is shown divided longitudinally at a, the division 
extending agony hy the stem a!, In . 2 the contact-piece 
a is shown in ite position relative to the conductor 6 when 





the nut ¢ is screwed down tightly on the stem a}, the division a? 
being partially closed. It will clear that the resultant pres- 
sure exerted in screwing down the nut c is transmitted to the 
longitudinally-divided contact-piece a through the saddle-piece 
of rigid construction d, so that the resultant pressure which is 
exerted on the contact-piece a comes at such an angle to the 
centre line of the stem a! that the contact-piece a is forced into 
close contact with the conductor b. It will also be clear that in 
forcing the contact-piece a into the position shown in Fig. 2 the 
extreme edges of the contact-piece @ are forced further round the 
conductor, so that the contact-piece a embraces a larger propor- 
tion of the circumference of the conductor when the nut c is 
screwed home, as in Fig. 2, than when only partly screwed down, 
as in Fig. 1, provided that the contact-piece @ is of suitable form 
and tapering section, and is made of such material that it has the 
necessary resilience. (Accepted April 25, 1912.) 


2471/12. Hartmann and Braun ., 


° '. terna' urren 

ers. (6 Figs.) February 3, 1911.—This invention relates 
to vapour alternating-current rectifiers, and has for its object to 
prevent the occurrence of flashing between the insulated anode 
and the metallic walls of the vacuum vessel commonly aay a 
in apparatus of this a In order to attain the object 
above referred to, a protecting shield or screen is arranged within 
the vacuum vessel in such a manner as to ensure the essential 
rapid equalisation of the vapour, and as regular a cooling effect as 





ible at all parts of the vessel. According to the construction 
llustrated, the shield is built up of conical sections /, the smaller 
end of each section projecting within the larger extremity of the 
next adjacent section to a degree regulated by the exte lugs V, 
which also serve to maintain the secti concentric within the 
vessel g. Under such conditions no serious resistance is offered 
to the free of the vapour from the cathode k to the 
cooling walls, and the condensation, owing to the evenness with 
which it is distributed, is intensified. The maximum load for a 
oa of given size is consequently increased. (Accepted May 1, 





MINING, METALLURGY, AND MET 
WORKING. _ 


1 . W. Moore, Flixton, and H. Stret- 
ford. Moulding Apparatus, [4 Figs.) April 26, 1911.— 
Loam-arms, or loam-boards or strickles, have been constructed 


with a rotary arm and a disc formed with a cam-groove of the 
shape of two semi-circles, and a part of which co to the 
8} for a core, between them, a runner or pin fitted to 
the arm to engage the cam- ve, for the p: of queuing 
out two separate semi-ci parts with an aaditional part in 
which a separating core or strip can be placed. The invention 
consists in guiding the radial movement of the strickle by a 
slide having dovetail grooves arranged in the radial arm. The 
apparatus is constructed with an arm A mounted upon, and 


capable of rotation about, a pin or pivot B mounted in a fixed 
bracket C. To the ro’ 

ie of movement lo 
of rotating with it. 


arm A is connected a loam or mould- 
tudinally in relation to 


ing-board D oc 
 moulding-board D is 


the arm A 


fitted with a dovetail slide d to fit into a similar groove ain the 
rotary arm. Upon the pin B about which the arm rotates and 
above the arm is fitted a cam E of py or oval shape, semi- 
circular at the e and the dovetail slide d, to which the mould- 
ing-board D is attached, is fitted with a bowl or runner to traverse 
the cam as the arm A revolves. The arm A as it revolves carries 















Z 
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with it the slide d, and the moulding-board D and the slide is 
moved outwards by the cam to construct a mould G, as shown in 
Fig. 2, semi-circular at both ends, and with a centre part 9 which 
ean be removed or filled in with a core or division piece to form 
two semi-circular or semi-cylindrical castings such as for a cylin- 
drical casing in two parts to be bolted together. (Accepted 
April 11, 1912.) 


10,796/11. Mavor and Coulson, Limited, and 8S. M. 

vor, ow. Removing Dust from Mines. 
(6 Figs.] May 4, 1911.—In apparatus, according to this inven- 
tion, for removing dust from rough surfaces, comprising a hood 
having a suction-pipe, through which air is drawn by means of an 
inducer operated by compressed air, associated with means for 
directing compressed air so as to disturb dust in the region of 
the suction area of the hood, for use in mines where a supply 
of compressed air is provided for power purposes, the inducer 
and the aforesaid means each derive their supply of compressed 
air from the supply provided for power purposes in the mine. 
In apparatus according to this invention, a hood A is pro- 
vided with an open mouth having a suction-pipe B fit to 
the head of the hood, through which air is drawn to create 
a strong suction within the area embraced by the hood. 
Apparatus having two hoods A, A is represented for use in 
a mine where a supply of high-pressure air is provided for 
power purposes within the mine, and for creating the required 
suction a casing © is provided, having a suction - inducer 


























fitted therein, consisting of a jet-pipe directed towards a 
tubular branch leading to a filter chamber E. The suction- 

ipes B, B are connected to the casing C, and the jet-pipe 
is connected to a service main in the mine. For berm f 
the supply of air-pressure to the jet-pipe a valve is provided. 
Within the area covered by the mouth of the hood A, air under 
a carried by a pipe H inside the suction tube B is 

rected to impinge upon the surfaces from which the dust is to 
be removed and which the mouth of the hood is adapted to cover, 
the air being projected with sufficient force so as to cause the 
da accumulated upon the surfaces, to be disturbed and rise, 
and be directed:so as to cause the dust in rising to come within 
the influence of suction within the hood. In some cases the air 
for disturbing the dust may be equal in volume, or it may be 
slightly or materially less than the volume of air carried away by 
the —. In pressure, the air for disturbing the dust 

e wal 


may equal ter-gauge indication of the suction, or it may 
be greater in a small or og degree. The air for disturbing the 
dust may be jected in the form of a single jet.—( Accepted 
April 24, 1912. 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
11. J. H. 8. Asquith and J. W. 8. uith, 
Radial “Machines. [5 m 


igs.) - 
ber 16, 1911.—This invention relates to mechanism for locking 
and unlocking the radial arm in radial drilling-machines of the 
type in which a shoe is made to en with the flange of the 

-pillar by means operated by a horizontal shaft, and a lever 
carried by and adjustable with the spindle-slide. According to 
this invention, as applied to fixed-arm machines, a segmental 
slot A is formed in the arm-sleeve B, exposing the drill-pillar C. 
Pivoting upon a lug D on the sleeve B is a segmental shoe E, also 
secured to one end of the ordinary horizontal shaft F. The latter 
has a screwed portion G rating within a nut H in a further 
lug J, also on the sleeve The shaft is operated by the cus- 





tomary hand-lever K, adjacent to and adjustable with the spindie- 
slide L. The pulling over of the lever K from the position shown 





in dotted lines to the position shown in full lines causes the 
screw G to exercise a clamping action on the shoe E, the latrer, 
being in direct alignment with the shaft F, is pulled against ing 




















pillar and grips the same over a large part of its circumference, 
thus instantly and effectually locking the radial arm. (Accepted 
April 24, 1912.) 


MOTOR ROAD VEHICLES. 


yagts. R. H. Fowler and G. 
W. T. Lalonde, yiesten-enper. mo- 
tives. (8 Figs.) January 9, 1912.—In a road locomotive, accord- 
ing to this invention, and wherein freedom for play of the springs 
is provided between the third-motion wheel and the road-wheel 

ur-pinion, the bearing of the third-motion shaft slides within 

e boss ing the third-motion wheel, and the latter drives 
the interm or road-wheel spur-pinion on the third-motion 
shaft ———_ an internal ring of teeth of pitch circle greater 
than, andslightly eccentric to, the pitch circle of the teeth on the 
intermediate or road-whee! spur-pinion. The driving spur-wheel a 





revolves on the hollow boss b carried by the body of the engine, 
the wheel a being driven from the crank-shaft. The bearing c 
of the third-motion shaft d can slide up and down within the 

. The pinion ¢ keyed to the shaft d has two external rings 
of teeth, of which e! engages with the gear-wheel on the hind 
road-wheel axle, the engag t being ly maintained 
by the link f, which connects the bearing ¢ with the hind axle. 
The second ng of teeth e2 engages on one side with the internal 
ring of teeth a! of the wheel a, and in consequence of this the 
wheel e may share the vertical movements of the hind axle due 
to the play of the springs without b ing disengaged from the 
wheela. (4 April 24, 1912.) 


STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 

5069/12. D. R. Todd, Manchester. Water-Tube 
Boilers. (2 Figs.) February 29, 1912.—In water-tube boilers of 
the type in which the lower tube elements consist of semi- 
cylindrical vessels, the flat, or substantially flat, tops of which 
form the tube-plates, the lower tube element A, which retains 
for the or part of its length its former fiat, or substantially 
flat, topped semi-cylindrical form, has arranged transversely across 
its front end a mud-drum B, preferably cylindrical, and the axis 
of which cute or near the centre line of the element. This 
end of the element is closed by an inwardly-flanged plate C fitting 
within it and preferably inset across its face to the contour of 
the cylindrical mud-drum. Communication is formed between 


Fig.1. 














a 


























mud-drum and element by short thimble-like tubes D expanded 
into apertures in this plate and in the wall of the mud-drum. 
Baffles E are arranged within the mud-drum, and it is to be under- 
stood that such mud-drum may serve any desired number of the 
elements. The rear end of the element is closed by a plate 
similarly inwardly flanged and having a comparatively large sub- 
stantially central flanged circular aperture, in which is secured 2 
pipe H of diameter, flanged at its rear end to receive 4 re- 
movable cover J, giving ready access to the interior of the element 
for cleaning purposes, the fixing of tubes, and the assembling and 
fixing of the thimble-like tubes forming connection with the mud- 
drum. (Accepted Avril 24, 1912.) 
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“ ” now propose to deal with some pcints relating to 
THE U.S. BATTLESHIP “MAINE. the recovery of the wreck as carried on to a later 


By Lieut.-Colonel J. T. Buckn11t, late Major R.E., | date. 
and late Secretary for Experiments, R.E. Com- | It may be remembered that in 1898 I penned a 


mittee. | series of articles* on the report of the Naval Board 
On March 15 last (see page 365 ante) the official which assembled at Havana soon after the disaster in 


report the initial explosion which destroyed the 
Maine was declared to have occurred outside the 
ship, and soon afterwards war was declared against 
Spain, an action which Americans themselves find 
it hard to justify on any other grounds. After four- 
teen years it was determined to remove the wreck, 
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Fie. 1. Arrer Portion or THE Unitep States Batriesnip ‘“‘ Marne,” AFLoat aFreR WrecK-Ralsina OPERATIONS. 
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Fic. 2. View or Portion or WRECKAGE, SHOWING, Kget, &c. 


record of the preliminary operations carried out for | February, 1898, the report being transmitted to Con- 
the purpose of _Taising the wreck of the United | gress by the President on March 28, 1898. By this 
publidee ee Maine in Havana Harbour was | — — i ee aCe 

published in EnGineertne. This record described| + 5 752, | 
the progress of the work up to June 30, 1911. I and 4 couareerser se Eritel fas ey 











| because a large and increasing bank was forming 
where the best anchorage in the harbour.used to 
| exist, and the 2 was taken so to perform 
| the work that the parts of the wreck would not be 
| disarranged, the object being, if possible, to arrive 
|at the truth concerning the ‘‘ nature and location 
of the explosion or explosions which caused the 
disaster.” 

The articles published in 1898 attempted to 
show that the finding of the old Naval Board was 
not justified by the evidence of the survivors or 
by the wreck itself as then displayed. Opinions 
were much divided on the subject, and the late 
Professor Goldwin Smith, among others, wrote to 
me, entirely concurring with my concluding sen- 
tence, which was as follows :—‘‘ It therefore seems 
to the writer that Americans should dismiss from 
their minds the idea that the Maine was blown up 
by the Spanish authorities, or with their cognisance, 
the evidence pointing in the other direction—viz., 
that the disaster was purely accidental, and that the 
explosions were confined to the interior of the ship.” 

he theory I adopted was as follows -— 


1. That the initial explosion occurred in the 6-in. 
reserve magazine—port side—about frame 27 (see Figs. 1 
and 2 of the report).* 

2. That the contents of this magazine immediately 
became involved. N.B.—The contents of this magazine, 
| first stated to be only 200 Ib. of saluting powders, were 

afterwards corrected. ‘‘We must have had very much 
|more than 200 lb.” (Lieutenant Holman, page 36 of the 
| report). [Now, 1912, the magazine is s‘ated to have held 
a large quantity of black powder. ] 

| The energy of this explosion would he mainly directed 
to the lines of least resistance—viz., to the adjoining 
10-in. shell-room starboard of it, and to the 6-in. maga- 
zines forward, and to starboard of it. At the same 
time a tremendous pressure would be exerted upon the 
longitudinal bulkhead to port which separated it from 
bunker A 16. 

3. This pressure, being increased by the further igni- 
tion of parts of the contents of the 10-in. shell-room and 


* See page 502 of EncinzeRinG of April 22, 1898, 
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of the 6-in. magazine, it would find a vent, and at 
the same time mvolve the 10-in. magazine under the 
starboard turret, as also the forward 6-in. magazine. The 
principal n> ge at this part of the ship being on the 
starboard side, if the initial explosion occu on the 
port side, as suggested, the result would be decks lifted 
and the port side blown out. : . 

4. Having found these vents, the cumulative explosion, 

which lasted, perhaps, 2 seconds, ee 3 seconds, and 

ibly more, and which was so graphically described 

y one of the survivors as simply ‘‘the roaring of the 

ship,” would be discharged through these vents towards 

port, driving everything before it to port that previously 
existed in that part of the ship. : 

5. The explosion of the large 10-in. magazine would 
drive out everything before it within 50 deg. or 60 deg. 
of the zenith; but, being a slow-burning powder— 
‘*brown ”—its principal effect would still be towards the 
vents already opened—viz., upwards and to port... 

6. The principal discharge of this huge cumulative 
explosion being to port, and its duration being an appre- 
ciable time period, the ship itself in the vicinity of frame 
27 was evidently subjected to a very powerful reactionary 
force ; in fact, the ship itself was like a floating rocket, 
burst near the centre, and driven sideways by reaction to 
starboard. 

7. When the great explosion occurred, completing the 
demolition of the ship’s sides, decks, &c., it would 
press the double bottom downwards ; but the mud being 
so close, a reaction or recoil would ensue, tending finally 
to buckle the bottom upwards ; and this would occur at 
the same moment of time that the wall of water sur- 
rounding the crater of explosion fell back to the axis of 
explosion after the gas pressure had expended itself. 

8. Moreover, at this same instant, the after body of the 
Maine would be subjected to a water pressure on its im- 
mersed cross-section tending to drive the after body for- 
ward: but I take it that this force would be small in 
comparison to the reactionary force to starboard due to 
the explosion itself during its accumulation of pressure. 

9. Whether so or not, there were evidently several 
important forces: one tending to drive the after body 
forward ; another tending to drive the whole ship to 
starboard, and to rupture her at its point of application ; 
and another tending to buckle the ship’s bottom upwards. 
At the same time the bow chain by which the vessel was 
singly moored was strained to port. 

10. Evidently these forces would tend to bring about 
pny | what is now known about the wreck. The bow 
**sunk like a shot,” one eye witness said, and the momen- 
tum of the ship to starboard would bring the fore body 
into the ition described 7 the professional divers. 
The simultaneous motion of the after body to forward 
and to starboard would crumple and twist that portion of 
the double bottom still remaining in such a manner as not 
only to twist the bent keel at frame 18 in the manner of a 
knuckle-joint, but also to account for the longitudinal 
corrugations in the inner skin of the double bottom noted 
by ship’s diver Olsen. 

11. There is nothing in the least degree improbable in 
the above theory of the Maine disaster, and it agrees 
with the wreck, which, after all, is the most important 
and reliable witness. It is based principally on the 
reaction caused by the explosion itself to starboard hori- 
zontally during the whole time of the “roaring ;” also to 
the reaction from the muddy bottom from the final great 
explosion. It takes into consideration the bow chain and 
the inrush of water (with its floating bodies, including 
the remaining portions of the wrecked ship) to fill the 
crater of explosion. 

12. The proximate cause of the explosion may never be 
known. If due to any neglect, the culprit may be dead ; 
and if he be still alive, he would naturally take consider- 
able care to let it remain unknown. For my own part, I 
think it was due to coal-heating in bunker A 16, which 
was what is known as a “‘ difficult bunker ”—+.¢., one that 
it was not easy to fill or empty. It was full of soft coal 
—‘* Pocahontas,” 40 tons—and had been so for somé 
time. There was evidently some fear as to coal-heatin 
in the bunkers, although nothing of the kind had occu 
in the Maine. Her bunkers were fitted with ‘ the usual 
thermostats,” but ‘‘ oy did not work very well. Some- 
times they rang when there was no coal in the bunker.” 
In fact, there were only two thicknesses of steel in con- 
tact between the soft coal and the saluting gunpowder, 
and this although it was considered necessary to equip the 
coal-bunkers with thermostats. Comment is unnecessary. 

13. Again, as regards rockets, which have ever’ been 
such a fruitful source of — Lieutenant Holman 
was asked (page 141 of the report) to “state where 
rockets and blue lights and such things were stowed on 
board the Maine,” and he replied doubtfully. No other 
witness was asked about the rockets. 

14. On the whole, there seems to be no necessity for 
going outside the ship to account for the primal explosion. 

A reprint of these articles was in the hands of 
General Bixby, the Chief of Engineers, U.S.A., 
when he wrote to me on the 3rd and 16th of October 
last, at the time when the unwatering of the wreck 
was —, completion. On October 3 the 
General wrote :— 

‘* 1. As to the cause of the explosion . . . so far 
as the War Department is concerned, no investiga- 
tions with this end in view are contemplated. The 
duty of the War Department is merely to remove 
the wreck. 

‘*2. If any report be made, it will be by the 
Navy Department . . . and such report will 
probably be printed.” 

On October 16 the General wrote enclosing a 





copy of the official report on the operations up to 
June 30, 1911, and this, as stated above, was pub- 
lished nearly in eatenso in ENGINEERING of March 15 
last (see page 365). General Bixby added : ‘‘ You 
are at liberty to publish any parts of my former 
letter, or of this letter, or of its enclosures, at 
your pleasure.” Also :— 

‘**No authority of Congress exists for any exami- 
nation into the original causes of the destruction 
of the Maine; and no authoritative opinions as 
to such causes have been given out by any 
Government officer since the publication of the 
original Naval Board of Inquiry immediately after 
the explosion.” . . . ‘‘ At present date, the rear 
half of the boat, practically undamaged, has been 
examined and cleared out down to the engine- 
rooms, about 35 ft. below water-level ; and the 
front half, half missing and half a mass of twisted 
metal, has been uncovered down to within about 
10 ft. of the original bottom of the boat. Every- 
thing so far exposed to sight shows that the damage 
to the front half of the boat by the magazine 
explosion was so complete, or so extensive, as to 
a obliterate all indications which might 

ave been theretofore left of any possible other 
explosion, outside or inside, or of any cause of the 
magazine explosion. Should you hear that I, or 
anybody else in authority, or even well informed, 
has stated the cause of the explosion, whether 
inside or outside, you can safely deny the state- 
ment, as nobody as yet is in a position to know 
whether such statement is correct or not. The 
old Navy Board reports as to the results of 
examinations by divers are all fairly well cor- 
roborated. Their inferences or deductions are still 
subject to dissension, and may be so indefinitely.” 

General Bixby was also good enough to forward 
a copy of a photograph showing the pile of bow 
wreckage. This photograph, which is now repro- 
duced in Fig. 2, on page 827, shows the position of 
the _ which so much influenced the old Naval 


I would point out the importance of the sen- 
tences quoted above They are tantamount to 
declaring that General Bixby did not (in October 
last) agree with the finding of the Naval Board in 
1898, although he did agree with the wreck facts 
= which the said Board based its finding. The 
P otograph (now reproduced) was sent with the 
etter from which the quotations were made,-and 
shows the keel bent upwards and in the air ; never- 
theless, the General penned the sentences quoted. 

The new Board, with the report of which I 
intend now to deal, bases its finding on new facts, 
known neither in 1898 nor in October, 1911. These 
facts are dealt with in its report now to hand, and 
I now pro to examine it and to analyse the 
finding. e Board was com thus :—Senior 
member, Rear-Admiral C. E. Vreeland. Members: 
Chief-Constructor R. M. Watt; Colonel W. M. 
Black, Corps of Engineers, U.S.A. ; Commander 
J. Strauss; Commander C. F. Hughes, all of the 
United States Navy, except Colonel Black. 

The report is dated Havana, December 1, 1911, 
and occupies but eight small pages. On the first 
page the says :—‘‘ There were two explosions 
of a distinctly different character.” This state- 
ment is not in accordance with the evidence pub- 
lished by the first Board ; thirty witnesses testified 
toa single great explosion, and thirteen toa double 
explosion, some of the latter being inside the after 
part of the ship, on the deck of which fell the 
conning-tower, weighing about 50 tons, after being 
driven 85 ft. aft and inverted. This would produce 
a sound to those officers underneath very similar to 
an explosion, but perhaps of a different character. 

This question of two distinct explosions, or of 
one explosion somewhat drawn out and sustained 
during an appreciable interval of time, was care- 
fully analysed in 1898, with the result that the 
balance of evidence was greatly in favour of a 
single great and sustained explosion. The new 
Board gives no reason for taking the other view, 
which is against the evidence. 

The report is mainly composed of detailed de- 
scriptions of the damage done to the Maine, as 
displayed by the unwatering, and the ship is 
divided into four portions for this description :— 

(a) Forward portion, from the bow to about 
frame 17 or 18 ; length about 60 ft. 

(6) Portion in vicinity of forward magazines, 
= frame 18 to about frame 30; length about 

t. 

(c) Forward boiler-room portion from frame 30 

to frame 41 ; length about 44 ft, 





(d) After half of ship from frame 41 to stern; 
length about 172 ft. 

Uf these four portions the three (a), (c), (d) are 
stated to afford no evidence affecting the finding of 
the Board, or differing from the report of the first 
Board in any important particulars. (d) was almost 
intact, and has since been bulkheaded forward, 
floated out of the harbour, and sunk in deep water.* 
(c) was much damaged in the upper part, which held 
the conning-tower already referred to; but the 
lower part was so little hurt that the forward 
boilers were only moved from 5 ft. to 10 ft, and 
this mainly by rolling. (a) was much as described 
by the former Board in 1898. (b) is the portion 
on which the Board rests its ‘‘ finding,” and it 
seems necessary to print this part of the report. 


24(b). Portion in vicinity of forward magazines, froin 
frame 18 to about frame 30, a length of about 48 ft. The 
upper part of this area, including the starboard 10-in. 
turret and guns, is entirely swept away. There is left 
in position only about half of the bottom, nearly all of 
which is of the starboard side of the ship. The ship as 
built had transverse bulkh on frames 18, 21, 24, and 
30, and in the hold had two fore-and-aft bulkheads 
between frames 18 and 24, and four fore-and-aft bulk- 
heads between frames 24 and 30. Of these bulkheads 
bounding magazine spaces, only one is stiH attached to 
the intact portion of the ship—namely, the fore-and-aft 
bulkhead on starboard side separating the 10-in. magazine 
from coal-bunker outboard of magazine. This bulkhead 
is turned down to starboard against the inner bottom. 
The section of transverse bulkhead 21 between store- 
rooms on the starboard side is still attached to the ship's 
side, while a part of this bulkhead 21 between the maga- 
zines was found inverted and atframe28. All side-armour 
and all side-plating above armour shelf are missing. The 
keel line of this portion, beginning at highest part given 
above, frame 18, is inclined vertically downward for 
about 15 ft., frame 18 to 22, then the s' ~ decreases to 
15 deg. from the horizontal until it reaches the prolon- 
gation of after intact keel (ahout frame 35). The outer 
flat keel-plate remains unbroken throughout ; the vertical 
keel and flat keelson are broken at frames 18, 214, and 30, 
and flat keelson at frame 27. The upper decks of this 
portion of the ship were displaced upward and forward 
or aft from the breaks. 

27. Outer Bottom Plating.—The starboard half of 
plating within the worst damaged area in vicinity of for- 
ward magazines, frames 18 to 30, is still practically intact 
as far upas armour shelf, except for the irregular diagonal 
break forward, frame spaces 17 to 24. The outer flat 
keel is practically in position with reference to adjacent 
parts of bottom. 

28. The port outer bottom plating, between frames 18 
and 32, is displaced and distorted, either in or out, as 
given below. 

29. All of this plating, below armour shelf, is exposed 
to view except a section above the bilge-keel forward of 
frame 30 to 29, which is attached, in part at least, to other 
bottom plating in sight farther forward, as shown by 
soundings where the visible part enters the mud at its 
frame No. 20, or thereabouts, being inclined downward 
in the same direction as the bow of the ship is pointed 
and flat against the bow. 

30. The remaining bottom plating in question, port 
side, between garboard strake and bilge-keel, consists of 
four strakes—B, C, D, and E. Plates in these strakes 
are each 20 ft. long, and vary in width from 3 ft. to 4 ft. 
The length of the area in question is about 56 ft., each 
strake therefore having three or more lengths of plate in 
it. In this area there are several breaks and tears, along 
seams, across butts, and three lines 6f breaks across 
plates. In general the breaks resulted in separating the 
adjacent plating into four distinct sections, which are 
still attached to the ship at their ends farthest from the 
breaks apenas Cam from each other. The sections 
may be bounded by their breaks or tears, and their direc- 
tion of motion briefly analysed as follows :— 

31. Section No. 1: Formed by parting the rivets of the 
inboard seam of garboard or A strake from frame 31 for- 
ward to the butt at , across the butt-strap at 304, 
forward along the inboard seam of B strake to 274, across 
the butt-strap of B strake at 27}, aft along the outboard 
seam of B strake to about 28, irregularly and diagonally 
across C strake from frame 28 to 29, and aft along the 
outer seam of C strake as far as frame 33. This section 
of plating of B and C strakes as just described, an area 
of as 100 sq. ft., was displaced upward, in- 
ward, and to starboard through de grmeng | 180 deg., 
having swung about an axis of about 45 deg. from about 
30} inboard and forward to about 314 outboard and aft. 
The transverse floor-plates between the outer-skin plating 
above described and the inner bottom were crumpled ; 
that part of the inner bottom plating directly over this 
section of outside plating was displaced inward and aft 
and crumpled in numerous folds. The longitudinal 
directly over the centre of B strake tore about frame 28, 
was twisted, the forward end displaccd upward, and left 
eee 6 ft. above its original position. ; 

The condition of the plating described herein as 
section No. 1 was noted by divers in 1898. 

33. Section No. 2: Out of section No. 1 and some- 
what similar in shape. Formed bf parting the rivets 
along the inboard seam of D strake, nning about 
frame 33 and extending forward to about frame 29, then 
by a diagonal tear across C strake from frame 29 to 
frame 28, forward by parting the rivets along the inboard 





* This section is shown afloat in Fig. 1, on page 827. 
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seam of C strake to 264, tearin enna p across 
C strake, parting the rivets in the butt-strap of D strake 

at 264, aft along the outboard edge of D strake to 27}, 

and by a tear irregularly across KE strake about 274, then 

by ting rivets aft along the outboard edge of E strake 

to about 29, beyond which there is a series of tears across 
plating all the way up to the armour shelf. This section 

was displaced downward and outward about a fore-and- 

aft axis near the bilge-keel (on F strake). 

34. Section No.3: Directly forward of original location 
of section No. 2. Formed by parting the rivets along the 
inboard edge of B strake from 18 aft to 224, across butt- 
strap of B strake at 22}, aft along the inboard edge of 
C strake to 264, tearing transversely across C strake 
at 26}, across butt-strap of D strake at 264, aft along in- 
board seam of E strake to 274, irregularly across E strake 
abaft 27, and forward along outboard edge of E strake to 
frame 15. This section was displaced outward, pivoted 
about 17, and is now flat against the bow, with its original 
inside now outside. 

35. Section No. 4: Originally adjacent to and above 
section No. 3. The portion now exposed includes all the 
side plating above the outboard seam of E strake (parted 
from frame 15 aft to where it disappears in the mud, 
about 22). It is impossible to fix definitely the after- 
boundary of this section, as the extreme end is still in 
the mud. This section was displaced similarly to section 
No. 3, out and forward about an axis across frame 15. It 
is now lying flat against the forward intact portion, after 
end pointed downward, with the original inner side now 
outside. 

37. The condition of the vertical keel and flat keel at 
frame 18 was ascribed by the Court of Inquiry of 1898 to 
the direct effect of an explosion exterior to the ship in 
that vicinity. Because of its better opportunity for a 
detui examination of this wreckage, now fully ex- 
posed, the Board concludes that the external explosion 
was not in the vicinity of frame 18. The Board believes 
that the condition of the wreckage, other than that of 
B and C strakes from 274 to 33 described hereafter, can 
be accounted for by the action of gases of low —s 
such as the black and brown powders with which the 
forward magazines were stored. The protective deck and 
hull of the ship formed a closed chamber, in which the 
gases were generated and partially expanded before 
rupture. 

FINDING. 


38. The port garboard strake between 274 and 31 was 
dished upward along its outboard edge as much as 24 in. 
from a straight line between 274 and 31, the dish dis- 
appearing about 31. At a butt-strap in this garboard 
strake midway between frames 30 and 31 the after plate 
and strap were found pulled away from the forward plate 
and upward fully 6 in. farther than the after end of the 
forward plate, having been torn loose from the flat keel- 
te — parting the rivets on the seam between 304 
an 2 


ol. 

39. Bstrake was reinforced for its entire length by a 
continuous longitudinal. This B plate parted the rivets 
along its inboard seam from 304 forw: to 274, across 
= outt-strap at 274, and aft along its outboard seam 
to 28. 

40. The next plate outboard, C strake, was torn irregu- 
larly from 28 inboard to 29 outboard, and parted the 
rivets along the outboard seam as far aft as frame 33, 
remaining attached to B strake along its inboard seam 
from frame 28 aft. This plating, formed of Band C plates 
as just described, an area of approximately 100 sq. ft., 
was displaced upward, inward, and to starboard through 
approximately 180 deg., having swung about an axis from 
= ut 30} inboard, and forward to about 314 outboard and 
aft. 

41. The transverse floor-plates between the outer skin- 
plating, above described, and the inner bottom plating 
were crumpled. The part of the inner bottom platin, 
directly over this section of outside plating was akgineh 
inward and aft, and crumpled in numerous folds. 

42. The longitudinal directly over the centre of B plate 
parted its fastenings, broke about frame 28, was twisted, 
the forward end was dis upward, and left approxi- 
mately 6 ft. above its original position. 

43. The Board finds that the injuries to the bottom of the 
Maine, above described, were caused by the explosion of a 
charge of a low form of explosive exterior to the ship 
be tween frames 28 and 31, strake B, port side. This re- 
sulted in igniting and exploding the contents of the 6-in. 
reserve magazine, A-14-M, said contents including a large 
quantity of black . The more or less complete ex- 
plosion of the contents of the remaining forward magazines 
followed. The magazine explosions resulted in the destruc- 
tion of the vessel. 


It will be noticed that the finding differs from 
that of the former Board. Both Boards attribute 
the disaster to the same cause—an explosion ex- 
ternal to the ship ; but while the first Board located 
this explosion at frame 18 from the wreckage of 
the vertical keel and flat keel at that place, the 
second Board di 8s, and adds that ‘‘ this and 
all the wreckage other than that of B and C strakes 
from 27 to 33 can be accounted for by the maga- 
zine explosions.” This, however, is open to argu- 
tment. How can such explosion or explosions 
sccount for the keel in the air? My theory in 1898 
“till held) was that the keel was knocked up by the 
refi ux action of the water and the floating portions 
of the ship to fill the crater of explosion. 

Let us bear in mind that the first Board’s find- 


ing is denied by the second Board on a crucial 
matter, May not the second Board’s finding be 





equally erroneous? The reasons for the finding are 
centred in the sentences printed in italics (in the 
report itself), and if the first Board had acted 
similarly the sentences concerning the uplifted keel 
would also have been italicised. 

First, we find the dishing upward of the gar- 
board strake, between frames 274 and 31, along its 
outboard edge regarded as a proof of an external 
explosion ; but this effect could have been produced 
in many ways during the water turmoil following 
the great explosion—viz., that of the magazines. 
Portion (b) of the ship was hewn into fragments, 
and hurled outwards from the centre of effort. A 
huge crater was formed, in addition to the space 
— by portion (b) before the explosion. 

When the water fell back, carrying with it many 
wrecked sections, and drawing with it the after 
half of the ship, what more likely than that the 
dishing, either up or down, of the oatboard edge 
of a garboard strake ? 

The next sentence, in italics, records the dis- 
covery of a section of bottom plating of 100 sq. ft. 
displaced upward, inward, and to starboard through 
approximately 180 deg. The Board evidently thinks 
that this was produced by gas pressure external to 
the ship. This section, if held on its inner edge, 
would receive from the water of crater replace- 
ment a blow upwards, from outwards, and to 
starboard, tending to turn it precisely as it was 
found. Moreover, if this section had been driven 
in by an external explosion, it would be in frag- 
ments, and in no sectional form whatever. 

Again, the transverse floor-plates of the same 
section were crumpled, and the inner bottom 
plating displaced inward and aft and crumpled in 
numerous folds. If due to an external explosion, 
why is the outer plating not mentioned ? 

An internal explosion may account for it. When 
the side of the ship was being folded outward an 
enormous tensile strain would be placed on the 
inner plating of the ship’s bottom, and an enormous 
compression put upon the outer plating. The 
inner plating would be rent asunder at its weaker 
places. Gas at explosive pressure would enter 
these fissures as formed, filling some of the cells 
of the double bottom, not all of them. 

Picture these various and conflicting forces, and 
the tearings, bendings, and corrugations, this way 
or that, can be accounted for. So long as the 
inner skin of the bottom held against the tensile 
strain due to the folding out of the ship’s sides, 
bending to an inside pressure would be resisted. 
The relief of tensile strain and of inside pressure 
would be nearly simultaneous. If gas at high 
pressure had entered cells in the double bottom 
through small apertures, it would escape more 
slowly than the escape of the internal gases from 
the hull of the ship, and it is conceivable that some 
portions of the inner skin of the double bottom 
might thus be bent upwards. 

Again, the longitudinal over B plate that broke 
about frame 28, and was twisted, the forward end 
being displaced wpward, may have been done in the 
same manner as described for the wreckage of the 
section 100 sq. ft. in area. 

The verdict or finding that an external explosion 
started the disaster gives no hint as to the size of 
the charge or its distance from the outer plating of 
the ship. As there were only 14 ft. of water under 
the Maine’s bottom, a large mine would have driven 
the bottom and the magazines into the air before 
they exploded, if they exploded at all. The sides 
of the ship would have been left standing, and the 
wreck would have been entirely different. 

On the other hand, a small mine, whether the 
explosive be of ‘‘low form” or not, would have to 
be placed in contact with the outer skin of the 
ship if the flash had to ignite the contents of the 
reserve magazine on the other side of the double 
bottom. Such a mine would make an unmistake- 
able hole through the outer skin, but nothing of 
the kind is recorded in the report, which reads as 
if the various sections could be roughly pieced 
together. We are therefore faced with the follow- 
ing :— 
i. That the wreck as a whole, and the circum- 
stances of the explosion, absolutely deny a large 
mine. 

2. That a small contact mine, capable of punctur- 
ing the bottom and igniting the reserve magazine, 
is not recorded by the wreck. 

As neither a large nor a small mine fits the case, 
any unbiassed judge must regard the theory of an 
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ning-tower, &c., were bent, torn, and driven this 
way and that, but nothing in the report of the 
second Board warrants the theory of an external 
explosion. If there be, it would not cost much to 
reproduce the result on the next out-of-date 
battleship before she is sent to a breaking-up yard 
in the United States. The internal charge, being 
limited as a small internal charge, properly placed, 
would be as easily ignited as a large charge. The 
problem would be to fire ‘‘ a charge of a low form of 
explosive exterior to the ship” so as to ignite an 
interior charge, without making a big hole in the 
outer plating, and leaving the double bottom in 
a number of torn sections, which can be roughly 
pieced gr 

If smaller matters be worthy of consideration, 
how can we account fora mine being laid at the 
moorings, before the Maine came, without the 
knowledge of the inhabitants of the port. Yet 
fourteen years have elapsed, and no whisper has 
been heard to confirm it. Moreover, if so planted, 
why was the explosion delayed for three weeks ? 
Again, if the mine was placed and fired on 
February 15, how can we reconcile this with proper 
guarding and vigilance on the part of the crew? 
Evidence in the old report spoke of sentries ; 
and a launch, with steam up, was lying at a boom 
end on the starboard side of the Maine. The 
evidence of the crew was decidedly adverse to the 
possibility of a boat having placed a mine that 
night. The crew of the Maine was alert. They 
felt that their ship was moored in a hostile harbour. 





FOUNDRY PLANT AND MACHINERY. 
No. XLVIII. 


By JoserH Horner, 


As the majority of moulds include cores in a 
greater or less number, it is natural that moulding- 
machines should be followed by the use of machines 
for making cores. Yet by comparison with the 
former there are few of the latter, and they are 
mostly built after a very limited number of models. 
Development in core- making has not been so 
rapid or so far-reaching as that of the mould- 
machines. This may be explained by two facts: 
one, that greater difficulties are met with in making 
cores than moulds ; the other, that all small plain 
cores are made very cheaply by boys, and in some 
foundries by girls, working for a few shillings 
weekly. Core-making is the first work at which 
apprentices are placed. Only, as a rule, are the 
larger and more intricate cores prepared by skilled 
workmen. 

Cores may be broadly classified under three heads : 
first, those made of various green-sand mixtures, 
not dried, and which form an integral portion of 
a mould, a mould which ‘delivers its own core.” 
These may be made separately from the mould, or 
be combined with one of the mould parts, either 
top or bottom ; but the feature common to all is that 
they are formed by the pattern itself. Generally 
these are not included under the definition ‘‘ core,” 
because they are an integral part of the mould, and 
are produced by the pattern. The term ‘‘ core,” 
as commonly understood, denotes something formed 
in a box distinct from the pattern, to be subsequently 
inserted in the mould, with or without the locating 
aid of a print impression. These—the second class 
—are made in one of the very numerous core sand 
mixtures, and dried in a stove. As they differ from 
moulds in not receiving the support afforded by a 
flask, they must, the very smallest excepted, be sus- 
tained by interior skeletons—a simple wire or wires in 
the smallest, heavy grids of cast iron in the largest, 
with many intermediate constructions. They must 
also be vented, and exits be provided to bring the 
vents outside the moulds. These constitute by far 
the largest class of cores, for the making of which 
machines are utilised. The third group consists o 
loam cores swept up in plastic loam on or around a 
skeleton jou of bricks and iron grids, and dried. 
Only occasionally are loam cores made in a box, 
but these cannot be dealt with by machines. 

The majority of hand-made cores are of such 
shapes and proportions that the box must be 
divided to effect their delivery. If a plain round 
hole in a casting must be parallel, it must be cored, 
even though its depth or thickness does not exceed 
its diameter. There are then two ways of making 
these cores, one being to ram a divided box from 
the ends, and se te the halves from the core ; 
the other to make two half cores in one half box, 





and paste them together, The latter is only prae- 
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ticable when there is no ‘‘handing”’ of the core, | 
and it is a method therefore reserved for sym- | 
metrical boxes of large dimensions only, and where | 
only moderate numbers of castings are required. —_| 

From this point two kinds of cores diverge, one | 
including those of parallel shape, or those with | 
enlargements at one end, but still parallel in each 
longitudinal section, and those which are not 
parallel, or which do not follow a linear axis longi- 
tudinally. To the latter belong all the vast numbers 
of cores of which cocks, and bend and branch 
pipes are typical. Corresponding with these two 
general shapes are two main types of machine. The 
first only are dealt with in this article. These cores 
can be made in solid—i.e., undivided—boxes, from 
which the cores can bé pushed out endwise ; the | 
other kinds must have boxes divided along the | 
centre, and the halves removable to permit of | 
delivery. 

Probably the largest number of core-machines | 
in use are those for making cores of cylindrical and | 
polygonal sections. Of the common round and 
square cores many thousands are used in a year in 
every foundry. These were formerly, and are now, 
made in wooden or iron core-boxes, jointed and 
parted longitudinally, leaving very slight *‘ fins ” or | 
joint marks down the length of the core. They are | 
rammed from the ends, and are strengthened with 
a wire or rod, and vented with another wire or rod 
inserted centrally, or approximately so, and with- 
drawn. Many years ago crude machines were used 
in a few foundries for ramming these cores in iron 
tubes, and pushing them out endwise. Similar 
machines, but improved, are now made in large 
numbers. A sand-hopper, carried on a table on 
standards, receives a considerable supply of pre- 
pared sand. To the top of the table numerous core- 
moulds or boxes are attachable, within which the 
cores are rammed by hand, and from which they are 
pushed out upwards by a ram actuated by a lever, 
or by a hand-wheel, a pinion, and rack. The 
moulds are made of a good length, ranging from 
about 8 in. to 16 in., according to diameter, and 
shorter lengths of core are made by the setting of 
the ram or plunger. Several hundreds of small cores 
can be produced in a day bya lad. In the older 
design the rack lies below the ram. In an improved 
form the rack is carried to one side, with the advan- 
tage that the table is lowered with more convenience 
to the operator, and sand cannot fall down on the 
rack. The weight of the rack is also counterbalanced. 
The cores made in such machines range from about 
lin. to 6in. in diameter, for which range three 
machines are usually required, each equipped with 
a certain number of core-boxes. 

Figs. 722 and 723 show one of the multiple ma- 
chines for small cores built by the London Emery 
Works Company. It is made in four different sizes, 
subject to variations, this one being the smallest, 
making cores up to 1} in. in diameter by 4 in. long. 
The largest in the series deals with a maximum dia- 
meter of 8 in, and length of 16in., while the number | 
of core-bushes or boxes also varies. In the machine | 
shown there are six boxes, A, of gun-metal. The) 
cores are rammed by hand and thrust out by the | 
piston-rods actuated by the lever B. The cores | 
may be all of the same length, or of different | 
lengths, which are adjusted by the nuts a, a on the | 
lower ends of the piston-rods, threaded, and | 
oe a through the table. When only one core is 

ing made at a time, or if all the cores being | 
produced are of the same length, this is arranged 
by moving the stop © on the quadrant D to the | 
length required. The quadrant is graduated on the 
edge so that the exact length can be obtained | 
quickly. The machine framework comprises a base | 
and a table connected by two columns, and a sand- 
box above the table to one side. 

In some of the machines for larger cores, still | 
employing a lever, the cores are delivered by the 
movement of the bush or box instead of by the | 
plunger. This is found more satisfactory when | 
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Fies. 724 to 726. Verticat PLuncer Type. 


the lever is retained, probably because the bush ramming. The length of the core is set by the 


affords a steadier and more reliable support to the 
exterior, imitating in this respect the action of a| 
stripping-plate. This particular machine, Figs. 724 | 
and 725, makes cores toa maximum diameter of 5 in. | 
and to a length of 12in. In this design the core- 
boxes are registered into a table above, and enclosed 
in a casing A attached to the table, the whole being 
pulled down over rigid pistons by the lever B 
through the medium of the side links seen. The’ 
lever moves over an arc as in the last, having a 
stop by which itsamount of movement is fixed. A 
catch on the lever holds it in position during the | 


hand-wheel C, bushed to fit over the rocking-shaft. 
A pinion a at the opposite end of the bush engages 
with a rack on an extension of the piston-rod. 
When set, it is locked bya pad and leverD. Small 
cores can be made on this machine by the substitu- 
tion of small bushes, Fig. 726, fitting in a holder, 
which is of the same size as the collar of the large 
bushes. The holder is bored as shown to receive 
the smaller bushes. 

The largest machine made, Figs. 727 and 728, 
is worked out on a different a. The use 
of a lever not being desirable, the push-out method 


is resumed, operated by a hand-wheel A and gears 
and a screw B. The hand-wheel is so arranged 
that one complete turn raises the plunger 1 in. 
Stops are provided at every } in. to facilitate the 
setting of the machine to the exact length of core 
required. The illustrations embody a similar 
alternative to that in the previous machine. 
Fig. 728 shows the fitting of a large core-box, 
Fig, 727 that of two small core-boxes in a holder. 
Corresponding plungers are fitted to the top of the 
piston. Another variation is shown by Figs. 72" 
and 730, being a machine which can be fitted wii! 
other shapes than round boxes. The one shown !s 
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for making cores for drop or pocket prints to stop 

themselves off. It is operated by a lever and a 
spiral gear working in a screw. 
; When a core is not of equal diameter throughout, 
but is shouldered or enlarged in any way in portions 
of its length, a push-through machine of this kind 
is useless. Divided core-boxes must then be used. 
Pisis at once opens up a large number of designs for 
both hand and power-ramming. A standard design 
| of machine of the first-named kind, Figs..731 and 
(02, by the Badische Maschinenfabrik und Eisen- 
; £ esserei, is similar to that shown in a previous 
arucle for making cooking-pots. The halves of the 
' core-box are mounted on tables moved horizontally 
by mght and left-hand screws, towards and away; 
from each other. ‘The halves being closed, the; 
core 18 rammed, and the ‘box parts are then drawn 
away from it by turning a hand-wheel-or a lever., 
In complete machines a sand-bin is fitted at one end, 
either being fixed or travelling on wheels. Several 
ot these boxes may be arranged on one table, and 
of the same or of different shapes. 
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THE INTERNATIONAL EXHIBITION 
OF NON-FERROUS METALS. 


Tuts Exhibition, which is now open at the Royal 
Agricultural Hail, Islington, is of much interest, 
though it is more successful in furnishing examples 
of what has been achieved in the production of 
various alloys that now enter largely into mechanical 
industries than in demonstrating how these achieve- 
ments have been arrived at. Of course, manufac- 
turing processes involving the melting of metals 
could not be attempted in the Agricultural Hall ; 
but, on the other d, mechanical methods of 
catrying out certain processes might have been 
introduced. In support of this statement we 
may, say that there is very little machinery in 
the Hall, and this fact appears (from what we 
gathered in conversation at some of the stands) 
to be a-source of considerable disappointment to 
a@ number of exhibitors. Whether this lack of 
machinery is due to the action of the authorities 
who have organised the Exhibition, or to the 
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exhibitors themselves, we cannot say, but it is 
certainly a notable omission. Otherwise the Exhi- 
bition, though small, illustrates very well the 
advances that have been made with non-ferrous 
alloys. When we visited the Hall, however, a good 
many of the stands had no one in attendance who 
could give reliable information, some stands being 
altogether deserted. This, too, was not at an 
extraordinarily early hour, for the condition per- 
sisted till after 1 »y.w. The Exhibition, though 
called one of non-ferrous metals, is clearly not 
altogether such, for it is not easy to draw a hard 
and fast line between what is and what is not a 
non-ferrous metal. Certain metals or alloys may 
be non-ferrous themselves, but are so closely con- 
nected with ferrous metals, and depend so largely, 
if not entirely, on this for their usefulness, that to 
attempt to sever this connection would at once 
cripple the value of such a collection of material 
as is now on view at the Agricultural Hall. The 
title given to the Exhibition 1s therefore somewhat 
of a misnomer, because the display has not been 
confined to non-ferrous metals. 

A stand that is at once noticed as one enters the 
Hall is that of the Yorkshire Copper Works, 
Limited, Leeds, for it contains some striking 
examples of drawn-copper tubes, into which 
various copper alloys enter. Some condenser- 
tubes made from the alloy ‘‘ Bemal” are of par- 
ticular interest as being a speciality of the firm. 
This alloy is the result of attempts to solve 
the troublesome problem of the corrosion of 
condenser -tubes, and, to judge from samples 
exhibited, a high degree of success has attended 
these efforts, for samples are shown of pieces 
of tube of different compositions, among them 
being ordinary best brass and Admiralty mixture, 
made by four of the leading tube manufacturers. 
The test extended over a period of fifty-four 
weeks, all the specimens being subjected to the 
corrosive effects of acid at the same time and under 
the same conditions. At the end of the time it 
was found that the tubes made of ‘‘ Bemal” were 
practically unaffected, while all the others were 
seriously wasted, some of them having actually 
gone to pieces. Another special alloy made by 
this firm is ‘‘Leespec ;’ from this they make 
boiler - tubes, which have a guaranteed tensile 
strength of 17 to 174 tons per sq. in., with an 
elongation of from 55 to 60 per cent. in 2.in. under 
normal conditions. When tested at 200 deg. Cent. 
the tensile strength is said to be over 16} tons 
per sq. in., with an elongation of 59 per cent. The 
wearing qualities of the tubes appear to be excel- 
lent, some tests having been carried out on them 
by blowing coke peas through them at a pressure 





of 20 lb. per sq. in. for 1176 hours. At the end of 
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the time it was found that the loss of weight was 
50 per cent. more with British standard tubes than 
with these. Another of the firm’s alloys is ‘‘Gumal,” 
a gun-metal suitable for chemical manufacturers 
where resistance to corrosion is of importance. 
All the tubes made by this firm are drawn, and 
some of the examples on view are well worth 
careful examination, specimens being shown from 
the smallest to the largest size they manufacture, 
the former of these having a bore of considerably 
less than 4; in., and the latter a bore of 13 in. 
Larger sizes can be made, but up to the present 
time there has been no demand for them. Re- 
garding the length to which some of these tubes 
can be drawn, there is on view a solid-drawn 
copper tube 600 ft. long and # in. in diameter 
outside, while another tube may be seen in the 
form of a coil, which is 150 ft. long, with an 
external diameter of lin. and an internal diameter 
of #in. The specimens of copper hydraulic tubes 
exhibited at this stand ought <i to be seen, one 
of them being 14 in. in diameter outside and } in. in 
diameter inside ; but perhaps what will prove of 
particular interest to hydraulic engineers is a 
copper-lined hydraulic cylinder, the lining having 
been put in by a new process. 

At the stand of the International Vanadium Com- 
pany, Limited, 49-51, The Albany, Liverpool, may be 
seen a collection of raw materials and manufactured 
products connected with the metals vanadium, 
uranium, and titanium, the most important of these 
in many ways being vanadium. Of this metal speci- 
mens of ores are shown which have been mined in 
different parts of the world, particularly in America. 
Oxides and salts used for various manufacturing 
purposes are also on view. The alloys ferro- 
vanadium and cupro-vanadium, which are employed 
in the steel and brass industries, specimens of 
vanadium steels, as well as castings, made with 
the firm’s alloys, are also exhibited, from which 
may be gathered the remarkable effects resulting 
from the introduction of small quantities of 
vanadium into different metals. Several by-pro- 
ducts are also on view, one of which is the slag 
obtained in the final process of reduction of vana- 
dium oxide. It contains about 80 per cent. of 
alumina and is similar to carborundum, being used 
in a similar way as an abrasive. As an ocular 
demonstration of the value of vanadium in steel an 
ordinary carpenter’s hand-saw is shown, the blade of 
which is coiled round a circular block of wood, 
5 in. in diameter, the blade being fixed to the block 
by screws at the end, and then bent round as tight as 
possible till the handle comes against the coil. The 
saw is then strapped in that position to show what 
the blade will stand. We were shown one of these 
saws which had been in a. similar position for 
several days, but which returned to its normal 
condition when released, being then quite straight. 
Moreover, this saw had been used to cut through a 
piece of g-in. diameter steel bar, and was appa- 
rently unaffected thereby. 

One of the most important alloys exhibited at 
this stand is cupro-vanadium, which is much used 
in the brass industries. For the production of 
practically pure copper it is very effective. One 
great trouble with the cast copper of commerce is 
that of blow-holes, and the introduction of cupro- 
vanadium eliminates these. When the copper is 
to be melted the cupro-vanadium is placed first in 
the pot and the copper on the top, the whole then 
being melted. he copper when melted takes 
up oxygen, which is absorbed by the vanadium, 
the result being a very pure copper of a percent- 
age of 99.8, The vanadium therefore acts as a 
scavenger, The quantity of the alloy added is 
from } to 1 per cent., and the ductility of the 
copper is increased. If more of the alloy be 
added, the electric conductivity of the copper 
is decreased, whereas the amount mentioned, if 
anything, increases this conductivity. The copper 
so treated casts absoluiely solid, and specimens 
are shown which demonstrate this. In the case 
of vanadium-bronzes, the vanadium much increases 
their strength and wearing properties. A trolley- 
wheel of this bronze for running on electric wires 
is shown, and it is claimed that it has about three 
times the life of a trolley-wheel made from ordinary 
bronze. The addition of vanadium to iron and 
steel used in locomotive construction has been 
found to give very good results, and it is now added 
to the cast iron used for locomotive cylinders. 
Manufactured products of uranium are also shown 
at this stand, as well as ores and alloys of 
titanium. 


Thermit, Limited, 27, Martin’s-lane, Cannon- 
street, E.C., have an interesting collection of 
exhibits, among which are pure metals and alloys 
made by Dr. H. Goldschmidt’s patent alumino- 
thermic process. The metals exhibited include chro- 
mium, 98-99 per cent.; ferro-chromium, 60 per cent. ; 
chromium-copper, 10 per cent.; chromium-manga- 
nese, 30-70 per cent.; manganese (free from iron), 
97 per cent.; manganese-copper (free from iron), 
30 per cent.; molybdenum, 98.99 per cent.; and 
others. Manufactured articles containing some of 
the above are also shown. A new exhibit at this 
stand is ‘‘Sab” brass alloy. The drawback to the 
introduction of manganese, tin, aluminium, and 
iron in brass is that they do not readily alloy them- 
selves with the brass, and in order to make them 
do so it is sometimes customary to introduce an 
intermediate alloy, such as, for instance, ferro-zinc, 
for the purpose of introducing iron. With these 
intermediate alloys, however, the brass has to 
be heated to a high temperature, so causing a 
loss of zinc, and also causes absorption of oxygen 
in the form of zinc oxide. In oe to overcome 
this, the special brass alloy ‘* Sab” has been intro- 
duced, which alloys easily with brass at a low tem- 
= By ite addition, various elements in a 

efinite percentage can be introduced into the 
copper and zinc bath. For instance, if 8 per cent. 
of ‘*Sab” be added to a brass containing 60 per 
cent. copper and 40 per cent. zinc, a brass will be 
pert : having atensile strength of 33tons per sq. in. 
and an elongation of 30 per cent. in a length of 
5 in. In physical properties it is claimed to be 
equal to any special brass on the market. The 
firm also produce manganese titanium as a de- 
oxidising agent for brass and bronze. It is produced 
by the ‘‘ Thermit ” process, and contains 30.35 per 
cent. titanium. It is said to be a more stringent 
oxidising agent than manganese-copper, and only 
about one-third the quantity of this latter material 
is required. Titanium thermit is also made by this 
firm for iron and steel foundries. When used in 
small quantities it is said to cleanse the metal and 
render it more fluid. When added to cast iron it 
increases the transverse strength about 5 cwt. on 
a bar 2 in. by 1 in. section, carried on supports 
placed 3 ft. apart. 

Messrs. Vickers, Limited, Vickers House, Broad- 
way, Westminster, S.W., have a very comprehen- 
sive exhibit of ‘‘Duralumin,” an alloy of aluminium, 
which we described on page 510 of our ninetieth 
volume. Among other exhibits at this stand is 
shown, under a magnifying glass, a small nut and 
screw with over 100 threads to the inch, in order 
to demonstrate the remarkable adaptability of the 
metal to very delicate work. The alloy, as is now 
well known, is admirably adapted for use in con- 
nection with aeroplanes and airships, and it is now 
being used for motor-body construction and parts 
at one time made of steel. Perhaps the most 
remarkable property of this new alloy is its great 
strength combined with the lightness of aluminium. 

Another alloy of aluminium, ‘‘sulphalium,” is to 
be seen at the stand of the Sulphalium Meta] Com- 
pany, Dock House, Billiter-street, London, E.C., 
where a very interesting collection of intricate cast- 
ings made from the material is shown. The advan- 
tages it 8 over aluminium are the readiness 
with which it can be machined, as it does not clog 
the tools or files. It is not affected by sea-water, 
and on this latter account is, we understand, being 
largely used by the Admiralty. Castings made from 
it are subject to very little shrinkage, and are 
not liable to blow-holes. We, however, gave a 
description of it on page 150 of our ninety-second 
volume. 

The stand of the British Aluminium Company, 
Limited, 109, Queen Victoria-street, E.C., is 
well worth a visit, containing as it does a great 
variety of articles manufactured from aluminium. 
Among these are some very fine castings and 
—_ of spun and pressed work. While on 
the subject of aluminium, we may mention that a 
new solder, called ‘‘ Mepo,” for aluminium and alu- 
| minium alloys, is to be seen at the stand of Messrs. 
|G. D. Greenwood and Co., 26, Ufton-road, Down- 
'ham-road, London, N.E. As a rule people are 
rather sceptical about these solders, so many of 
them being of little — use, but this one 
| appears to have proved successful. It is made in 
| five qualities, according to the nature of the 
| work for which it has to be used. No. 1 is 
for large aluminium castings, where great strength 
‘is required. No. 2 is for smaller castings, which 





_ will not bear the temperature with which it is 


necessary to work with No. 1. No.3 is for stop- 
ping holes in gear-boxes, &., and can be used 
with a soldering-iron or blow-lamp. No. 4 is for 
mediym sheet-work, &c., and No. 5 for very thin 
work, and melts at the lowest temperature of them 
all (about 240 deg. Fahr.), so that it is suitable for 
all kinds of work for which ordinary tinman’s 
= would be hoy - other metals. No flux 
whatever is requi all that is necessary being 
that the parts must be free from grease. ' 

Other good exhibits may be seen at the stands of 
Messrs. rle, Bourne and Co., Limited, East- 
street South, Spring Hill, Birmingham, makers of 
sheet-metals, tu and wires; Messrs. Betts and 
Co., Limited, 1, Wharf-road, City-road, London, N., 
makers of collapsible tubes, tea-lead, tinfoil, &c.; 
Messrs. Locke, Lancaster, and W. W. and 
R. Johnson and Sons, Limited, Bridge - road, 
Limehouse, E., where various samples of pig-lead 
may be seen. There are also other well-known 
makers of special alloys in evidence, among them 
being the Muntz Metal Company, Limited, French 
Walls, near Birmingham, and the Hoyt Metal Com- 

ny of Great Britain, Limited, 26, Billiter-street, 

ondon, E.C., makers of Babbit metal, &. . 

Coming now to machinery, of which there is not 
much, Messrs. W. H. A. Robertson and Co., 
Limited, Lynton Works, Bedford, exhibit machines 
for wire-drawing, tube-producing, &c. One of 
these, a No. 2 continuous wire-drawing machine, is 
capable of drawing copper wire from 14 I.W.G. 
down to 21 I.W.G., and producing from 500 lb. to 
700 lb. per day of ten hours; one operator 
being in attendance. In addition, there is a 
No. 4 continuous wire-drawing machine capable of 
drawing wire down to the finest sizes. This 
machine is fitted throughout with ball-bearingr, 
and has an automatic spooling gear for winding the 
drawn wire direct on to bobbins. There are also 
other machines worth seeing. 

The Rapid Magnetting Machine Company, 
Limited, 18, The Crescent, Birmingham, exhibit 
some of their electro-magnetic separators for ex- 
tracting iron cuttings, &c., from cuttings of brass 
and similar metals. One of the “‘standard” type 
machines will treat successfully a mixture of 99 
per cent. of iron and steel, and only 1 per 
cert. of non-magnetic material. There is also 
one of the makers’ ‘‘Rapid” scrap-testers, con- 
a 0 of a powerful electro-magnet, which is 
placed on the sorting- bench. When the pre- 
sence of iron (which may be entirely hidden 
in brass or other non-magnetic metal) is sus- 
pected, it is only necessary to place the piece 
of scrap against the magnet, when the presence of 
iron is immediately detected. The firm will test 
(by appointment) any samples up to 14 lb. weight 
brought by visitors. A Hoéveler Liquid - Fuel 
burner is shown at work at the stand of the 
Tandem Smelting Syndicate, Limited, Merton 
Abbey, London, S.W. The Exhibition closes on 
the 28th inst. 





German Coat Exports.—The exports of coal from 
payne in the first four months of this year were 
10,542,325 tons, as compared with 8,387,020 tons in the 
corresponding period of 1911. The principal exports in 
the first four months of the last two years were as fol- 
lows :—To Belgium, 1,768,524 tons, as against 1,429,332 
tons; to Holland, 2,186,633 tons, against 1,851,542 tons ; 
and to the Austro-Hungarian Empire, 3,759,464 tons, 
against 2,958,687 tons. 





Tue Royat Society or Arts.—The Council have 
awarded the Society’s silver medal to the following 
readers of papers during the session 1911-12. At the 
ordinary meetings :—‘‘ The Efficiency of the Aeroplane,” 
by Mr. Algernon E. Berriman. “ evens Progress in 
re hy,” by Professor G. W. Osborn Howe, 
M.Sc., M.L.E.E. “Gem Engraving,” by Mr. Cecil 
Thomas. ‘‘ Education in Science as a Pre tion for 
Industrial Work,” by Mr. H. A. Roberts, M.A. ‘‘ The 
Marine Biological Association, and Some Account of the 
Work it has Accomplished,” by Mr. F. Martin Duncan. 
«The Whaling Industry of To-Day,” by Mr. Theodore E. 
Salvesen. ‘‘ Technical Education in Ireland,” by Mr. 
George Fletcher. ‘‘British Rule in Nigeria,” by Mr. 
E. D. Morel. ‘‘The Manufacture of Nitrates from the 
Atmosphere,” by Mr. Ernest Kilburn Scott, Assoc. 
M. Inst. C.E., M.I.E.E. In the Indian Section :— 
‘Fisheries of Bengal,” by Mr. J. Travis Jenkins, 
D.Sc., Ph.D., Superintendent of Lancashire and Western 
Sea Fisheries. ‘*The Indian Census of 1911,” by Mr. 
E. A. Gait, I.C.8S., C.1.E., Census Commissioner for 
India. ‘The Central Provinces,” by Sir John 0. 
Miller, K.O.S.I. ‘Indian Railways,” by Mr. Neville 


Priestley, ine director, South Indian Railway. 
In the Colonial tion :—‘‘ Irrigation in South Africa, 





by Mr. W. A. , M. Inst. C.E. ‘Colonial Vine- 
Calture,” by Mr. H. Burgoyne, M.P. 
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THE HELE SHAW ROTARY PUMP 
AND MOTOR. 


THE transmission of power from electric motors 
and internal-combustion engines by means of hy- 
draulic pumps and motors is by no means a new idea, 
but the system now being brought forward by Messrs. 
Compayne, Limited, of 64, Victoria-street, S.W., has 
several points of novelty which place it in a different 
category from most of its predecessors. — 

The system now under review, which has been 
patented by Dr. Hele Shaw, F.R.S., is chiefly notable 
onaccount of the simplicity of its construction, all the 
hydraulic parts being cylindrical, and on account of the 
means adopted for the reduction of friction. A further 
simplification lies in the fact that no valves are used for 
obtaining reversal, either on the pump or on the motor. 

The construction of the pump will be gathered 
from the diagrams, Figs. 1, 2, and 3, below, from 
which it will be seen that the rotor or cylinder body 
comprises a series of radia] cylinders revolving on 
fixed spindle. In the length of this spindle two 
passages P and Q are formed, communicating with 
two ports, which alternately communicate to the 
cylinders as they are rotated. Mounted in the casing 
of the pumps is a guide-ring, which can be dis- 
placed horizontally to either side of the centre line 
of the cylinder body by means of the spindle E, 
and which forms a bearing on its inner circumfer- 
ence for a series of slipper-blocks, which form 
abutments for the plungers fitted to each of the 
cylinders. In Fig. 1 this guide-ring is shown con- 
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supply. In this latter case the make-up oil is main- 
tained at a pressure of about 30 lb. per sq. in., so that 
as soon as the pressure on the main suction falls to this 
pressure the non-return valve allows the leakage to be 
made good. 

Having now given a ares account of the operation 
of the system, we will proceed to a more detailed 
description of the pump and motor, and of the appli- 
cations to which they have been put. 

The general design of the pump is shown in Figs. 5 
and 6, on 834, and from the description which 
is given below it will be seen that although the prin- 
ciple of operation follows that already given, an 
important modification is made in the construction 
of the guide-ring. The centre spindle, which is made 
of ened steel, is fixed in the outer casing of 
the pump, and is accurately ground to a running fit 
for the cylinder body which rotates upon it. At the 
outer a of the spindle two pipe connections are 

rovided, communicating with the two P and 
which terminate at the centre line of the pump in 
two ports. In the pump shown seven cylinders are 
provided, these being bored radially in the disc- 
shaped cylinder a . which, as already mentioned, 
runs upon the fixed spindle, and is driven by a shaft 
passing through the side casing, and is further sup- 
ported by the ball-bearing shown in Fig. 5. The 
outer edge of the disc is reduced in thickness, and 
slots are formed in the sides of the cylinders which 
allow the gudgeon-pins D carried by the pistons to 
through. To each end of the gudgeon-pins are 
fitted slipper-blocks 8 working in the “floating 
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centric with the cylinder body, and on this latter 
being rotated, as indicated by the arrow, there being no 
relative motion between it and the plungers, no 

jumping action takes place. If, however, the ring 
o moved to the position shown in Fig. 2—namely, to 
the left of the centre line—it will be seen that the 
plungers above the centre line will move outwards in 
the cylinders, and suction will take place through the 
passage P, and delivery through the other e Q. 

y moving the guide-ring to the opposite side of the 
centre line, as shown in Fig. 3, it will be seen that the 
direction of flow of the fluid pumped is reversed, and 
thus delivery is effected by means of the P, and 
suction by the eQ. It will be readily seen that by 
giving a partial movement to the guide-ring to either 
side of the centre, the rate of pumping can be regu- 
lated as desired in either direction with a constant 
speed of rotation. It is further obvious that the 
reversal cf flow can be effected without shock, since in 
passing the ring from one side of the centre to the 
other the flow is brought gradually to zero before this 
change is made. 

The motor working in connection with this pump 
is of similar construction, but is provided with a 
fixed guide - ring, and consequently has a constant 
stroke. By connecting the pump and motor in 4 
closed circuit, and by suitably adjusting the position 
of the guide-ring on the former, a fine gradation of 
speeds may be obtained on the motor in either direc- 
tion, the pump being run at a constant speed in one 
direction. Further, by duly proportioning the relative 
displacements of the pump and motor-pistons any 
desired ratio of ‘‘ gearing” can be died. 

_ The method of connecting up the pump and motor 
is shown in the diagram, Fig. 4, annexed. From the 
pump two main pipes P and Q are led from the two 
passages in the fixed spindle, and communicate with 
similar passages in the motor-spindle. As is usual in 
such methods of transmission, the working fluid em- 
ployed is oil, and a certain amount is allowed to pass 
the working parts to ensure efficient lubrication. In 
the case of the pump this leakage is drained from the 
casing to @ reserve oil-tank by means of a small pipe, 
as indicated. This leakage oil is returned to the main 
circuit by means of one of the two small pipes fitted with 
non-return valves, also shown in the , the one 
coming into action corresponding to the suction side 
of the pump. In the case of the motor, the leakage 
passes from the top of the casing, which is thus alwa 

maintained full of oil. The may alternatively 

placed above the pump, in which case a small pump 
's provided for raising the oil, or the oil may be 
collected in a closed chamber, and delivered under 





pressure by means of a special pump to the main. 
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ring” U, which latter forms an essential feature ot 
the design. 

In previous attempts at the design of variable-stroke 

umps of this description the guide-ring had always 
— stationary, with the result that an excessive 
amount of sliding friction existed between this ring 
and the slippers, or their equivalent ; but in working 
out the design of his pump Dr. Hele Shaw hit upon 
the happy idea of mounting the ring in roller-bearings 
and thus reducing this friction to a nominal amount. 
Referring to Fig. 5, it will be seen that a set of roller- 
bearings R is mounted in each of the two sliding 
frames T fitted in the casing (shown dotted in 
Fig. 6), and these bearings the floating guide- 
ring U, leaving it perfectly free to revolve on its axis. 
The only sliding motion of the slippers is that due to 
the slight difference in angular movement of the 
cylinder body and floating ring, which is proportional 
to the stroke of the pistons. e two sliding frames 
are connected to a spindle E, passing through the 
casing, which is coupled to the gear controlling the 
stroke or direction of delivery of the pump. 

From this description of the pump it will be seen 
that all the working parts are of circular shape, and 
thus offer no difficulty in their accurate manufacture, 
since they can easily be ground to the desired limits. 
A number of these pumps have been put to extended 
use, and it has been nd that on account of the 
efficient lubrication wear is practically non-existent, 
and the rotating being in nearly perfect 
balance, vibration does not occur even at high — 
It has been found, however, that in the ger 
pumps, when working at high speeds and with full 
stroke, a certain amount of noise is created, due to 
hydraulic shock, on the cylinders being put in com- 








munication with the discharge port at the commence- 
ment of the inward stroke of the pistons. The dif- 
ference of pressure at this point is practically the full 
working pressure of the pump, and in the event of an 
air being entrained in the oil during the suction peri 
there would naturally be a rush of oil from the dis- 
charge pa into the cylinder. Where the noise caused 
has to be avoided, the bridge between the ports is 
increased so that the pressure is raised in the incom- 
ing cylinder to the working pressure before it is put 
into connection with the discharge port ; and in order 
to prevent an excessive rise in the cylinder, s small 
auxiliary port, fitted with a relief valve, is provided 
in the extended portion of the bridge. It was found 
that this modification introduced a similar form of 
shock in the reverse direction, however, when working 
with a short stroke, but this trouble was overcome by 
drilling a small hole from the main port into the 
auxiliary port, of sufficient size to equalise the pres- 
sures before the main port was uncovered. 

It will be noted that no packings are used in the 
construction of the pump, and the leakage, which 
ensures efficient lubrication, is comparatively small, 
as will be judged from the efficiency curves referred 
to below. The leakage past the pistons finds its way 
into the revolving ring, where it lubricates the slip- 
pers, &c., and finally overflows into the main casing 
and is drained to the reserve tank. 

From the drawings of the motor reproduced in Figs. 
7 and 8, e 834, it will be seen that the design is 
similar to that of the pump already described. The 
essential difference, however, is that the floating ring is, 
in this case, replaced by a fixed ring, which is so formed 
that the pistons make two strokes for each revolution 
of the motor. As previously mentioned, the motor 
pistons have a fixed stroke, and in order to obtain a 
uniform angular velocity, and, consequently, uniform 
turning moment, the guide-ring has to be of special 
form. In the motor, also, the slippers are replaced by 
ball-bearing rollers, whilst the central spindle is formed 
with four ports, which are connected in their correct 
eee to the oil-pipes from the pump in the casting 
bolted to the outer end. 

A special form of transmission gear, which has been 
successfully applied to a ffin-engined road-roller, 
is shown in Fig. 9, page B34. In this instance the 
pump and motor are mounted upon the same central 
spindle, and the two casings are bolted together. In 

is example the connecting pipes are dispensed with, 
since the passages in the spindle are arranged to give 
the correct distribution of the oil from the pump to 
the motor. The pump shaft is directly connected to 
the engine shaft, and the complete gear bolted to the 
engine casing, and we are informed that even when 
working over rough ground no difficulty has been 
experienced in starting from rest without shock, and 
owing to the gradual manner in which the load can be 
applied, this can be done without causing the engine 
to stop. 

An ga in which the pump has been most 
successful is in connection with the operating of steerin, 
gear, and an example of such an arrangement, whic 
was fitted on the Selandia by Messrs. John Hastie and 
Co., Limited, Greenock, is shown in Figs. 10 and 11, 
page 834. In this case the pump is driven by an 
electric motor, and is kept continually running. The 
two pi from the pump are connected to two 
hydraulic rams, which serve to operate the rudder in 
opposite directions, and thus, on putting the pum 
in operation, oil is drawn from one cylinder aa 
forced into the other, the movement of the rudder 
being dependent on the direction of the flow of oil 
which is controlled —Se movement of the floating 
ring of the pump. he movement of this ring is 
operated by a telemotor from the navigating bridge in 

e usual manner, and as soon as the rudder comes to 
the desired position, the ring is automatically replaced 
in the neutral phase. The two rams are further 
connected by a pipe fitted with relief valves, which 
allow oil to pass from one to the other in the event 
of the pressure rising above a predetermined amount 
in either of them; thus in the event of a wave strik- 
ing the rudder during rough weather, the shock is not 
transmitted to the gear. e movement of the rudder, 
however, at once operates the pump in the desired 
direction, and thus the rudder is again restored to its 
original position. Many other applications of this 
pump to the operation of hydraulic rams have been 
successfully carried out, in many cases displacing the 
more usual pump and accumulators used in connection 
with riveting plant, hydraulic cranes and presses, and 
such-like plant. 

In Figs. 12 to 16, on 835, we reproduce draw- 
ings showing the application of the Hele Shaw trans- 
mission to the chassis of a motor vehicle. From the 
general arrangement drawings, Figs. 12 and 13, it will 
be seen that the pump B is bolted to the engine 
casing by which it is directly driven without the use 
of any form of clutch, The oil-pipes from the pump 
are taken to a universal joint F, rigidly connected to 
the chassis framing, and in this joint suitable ports 
are provided for copeeeing the oil circuit from the 
pump to two pairs of pipes leading to two motors in 
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double function of oil-pipes and torque- 
the two motors work in 
a perfect differential action is provided. 
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THE HELE SHAW ROTARY PUMP AND MOTOR. 
CONSTRUCTED BY MESSRS. COMPAYNE, LIMITED, ENGINEERS, LONDON. 
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FLOATING RING REMOVED. 
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a which are connected 
by means of a ing bolted on to 
motor casing, which forms the two auxiliary passage in the axle, and thence by means 


the driving-wheels. These latter pipes perform the | side discs of the wheel, is mounted on gun-metal bear- 
2, and since ings on the axle, and is rotated by the cylinder 
rallel from the pump supply, | which in this case is fixed on the axle, as al 
| described. The axle is bored from its outer end to 


he construction of the motors follows that already | receive the rotating valve, which is driven from the 
described, and the section of a wheel given in Fig. 14| wheel-cap, as shown. The whole casing is made oil- 
will make the arran, 
fixed, is provided wi 
to the supply 
its inner end, 


ment clear. The axle, which is | tight, and the leakage oil is drawn from its circum- 
ference by means of a pipe projecting radially from 
is pipe is connected to an 











the oylinder body. 
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of a pipe, connected to the casting at its inner end, to 
the universal joint. From this jointa pipe is taken to 
an auxiliary pump A (Fig. 13), driven from the half- 
time shaft on the engine which returns the leakage oil 
to the main system through the relief-valves R. This 
pumpalso deals with the leakage oil from the main pump. 
In arriving at this system of rigid pipe connections 
combined with the universal joint, for the pressure- 
oil supply, a considerable amount of experimenting was 
carried out with various forms of flexible tubing. As 
a result, it was discovered that although it was 
possible to obtain tubing that successfully withstood 
the working pressures used, on the application of this 
pressure the tube ceased to be flexible, and so was of 
no use for the purpose intended. Since this point may 
not be generally realised, we consider it of sufficient 
importance to mention it in this connection. 

n connection with the speed control, a second 
auxiliary — B, Fig. 13, is used. The arrangement 
of this control gear is shown in detail in Figs. 15 and 
16. The operating pedal is connected to the floating 
ring of the auxiliary pump by a system of levers, so 
that, by raising or depressing the pedal, the flow of oil 
can be regulated as desired. The pipes from this pump 
are connected to a double-acting ram, which controls 
the movement of the floating ring on the main pump 
in a similar manner to that described above in con- 
nection with the steering-gear. Like the steering-gear 


also, as soon as the ram has travelled into the posi- 
tion necessary to adjust the main pump to give the 
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desired quantity of oil for the speed corresponding to 
the position of the operating pedal, the floating ring 
of the auxiliary pump is replaced in its neutral posi- 
tion, and remains in that position until a further 
operation of the pedal occurs ; this is effected by the 
Te gear, shown in Fig. 16. 

The locking-lever, shown in the drawings, operates 

a cam which maintains the operating al in ite 
neutral position when the car is at rest. The position 
of the cam further controls the amount of movement 
which can be given to the pedal either in the forward 
or reverse direction, which will be understood from 6 
reference to Fig. 15. 
_ Io this drawing the lever and its cam are shown 
in the neutral position, and consequently the 1 
cannot be moved ; by putting the lover forward the 
pedal is raised by means of the spring shown, the 
amount of this rise, owing to the formation of the cam, 
being greater as the lever is moved forward. This 
operation of the pedal causes the main pump to deliver 
oil to the motor and drive it in the forward direction. 
On again depressing the pedal it comes to rest at the 
neutral position, whatever the forward position of the 
lever, owing to the set-screw on the lower arm coming 
in contact with the cam. By bringing the lever 
backwards to the reverse position the car can be 
manceuvred in either direction by raising or lowering 
the pedal, a portion of the cam being cut away as 
shown to allow clearance for theset-screw referred to 
above, and thus permit the pédal to be depressed. ‘into 
the reverse position. 

In actual operation the transmission is extremely 
flexible, and on agcount of the gradual reversal of the 
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oil-flow it is ible to change over from full speed 
in the forward direction to the reverse direction with- 
out shock. The action of reversing naturally acts as a 
brake, and although an pon ae | brake is fitted, the 
whole control of the car can effected by the single 
pedal controlling the action of the pump. On the 
dashboard of the car two pressure-gauges are mounted, 
which indicate to the driver the conditions of working, 
and in common with other applications of the gear, 
relief-valves are fitted, which relieve the pressure at 
any desired pressure. ; , 
Among the many interesting applications to which 
the system has been adapted may be mentioned the 
operation of searchlights and the training of guns, and 
it can be readily understood from the account 
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a of the system that for both purposes the very 
rge range of adjustment given makes it specially 
suitable. 

The results of efficiency tests upon the pump and 
transmission gear are given in the curves repro- 
duced in Figs. 17, 18, and 19, above. In the former 
of these figures the great increase of efficiency 
due to the introduction of the floating ring is 
clearly shown. The three curves in this figure all 
relate to the same pump, which, it is stated, was 
tested under the same conditions, the lower one 
corresponding to the pump fitted with slippers 
and a fixed ring, giving a maximum efficiency of 
55 per cent. The middie curve refers to the a 
fitted with ball-bearing rollers and a fixed guide, 
gives a corresponding efficiency of 62 per cent., whilst 





the upper curve, with the Hele Shaw patent ring, 
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shows an efficiency of approximately 90 per cent. In 
Fig. 18 a set of efficiency curves for a. more recent 
design of pump is given, from which it will be seen 
that at the normal full load, corresponding to about 
1000 lb. per sq. in. working pressure, an efficiency 
of 90 per cent. is given with the full stroke. 

The remaining curve, given in Fig. 19, relates to a 
test on an experimental 15-horse-power transmission 
for a motor vehicle which shows a maximum over-all 
efficiency of 75 per cent., this being the ratio of the 
power delivered at the road wheel to that supplied 
to the pump, and thus includes all mechanical and 
leakage losses of the gear. In a more recent test, 
however, on a 30-horse-power set having a lower range 
of effort, and intended for marine propulsion, it is 
stated that an over-all efficiency of over 80 per cent. 
was obtained. 





INDUSTRIAL NOTES. 

SINcE we wrote last week the course of events with 
regard to the National Transport strike has confirmed 
our belief and the statement that we made at the com- 
mencement of the trouble, that the attitude and conduct 
of the men was a breach of agreement, and the noisy 
talk of their leaders was nothing more than an attempt 
at intimidation. The almost complete collapse of all 
their efforts to create any enthusiasm in the provinces 
confirms this, and the leaders now stand discredited, 
looking about for any way out of the false position in 
which they have placed themselves, in order that they 
may have as easy a “‘let-down” as possible. The masters 
have naturally refused to give any help in the easin 
process, leaving the leaders to take their chance an 
extricate themselves as well as they can. They 
naturally point out that the leaders never for a 
moment considered them when they ordered the 
strike, and they must now take the consequences. 
This is, of course, perfectly true; indeed, to judge 
from the language the leaders have been in the habit 
of using, antiing would have pleased them better, if 
they could have done it, than to have trodden the 
employers completely underfoot. Fortunately for the 
—_ and the men themselves, they were unable to do 

is. 





According to the Board of Trade Labour Gazette, 
which appeared on the 18th inst., the state of the 
labour market was as follows :— 

Employment continued toimprove during May, and 
by the end of the month was as good, on the whole, 
as before the national coal strike. 

The improvement was most marked in the pig iron, 
iron and steel, engineering, glass, and brick trades. 
The only important exception was the shipbuildin 
industry, in which production was somewhat restric 
through lack of materials. 

As com with a year ago, employment in most 
of the principal industries showed an improvement, 
which was especially noticeable in the iron and steel, 
textile, clothing, pottery, and glass trades. In the 
pig iron, shipbuilding, and building trades, however, 
there was some decline. 

In the 392 trade unions, with a net membership of 
836,949, making returns, 22,307 (or 2.7 per cent.) 
were returned as unemployed at the end of May, 1912, 
compared with 3.6 per cent. at the end of April, 1912, 
and 2.5 per cent. at the end of May, 1911. 

Returns from firms employing 453,098 workpeople 
in the week ended May 25, 1912, showed an increase 
of 4.2 per cent. in the amount of wages paid com- 
pared with a month ago, and of 6.6 per cent. compared 
with a year ago. 

‘The changes in rates of wages taking effect in May 
affected 201,000 workpeople, and resulted in a net 
increase of 74007. per week. Amongst those whose 
wages were increased were nearly 14,000 building 
trades operatives in various districts, 175,000 coal- 
miners in Northumberland and Durham, and 3500 
blast-furnacemen in West Scotland. In the Forest 
of Dean 5500 coal-miners sustained two decreases. 

The most important dispute which began in May 
was that affecting about 60,000 transport workers in 
the Port of London. Other important disputes in 

rogress during the month were those involving about 
9,000 tailors and tailoresses in London ; 1800 bobbin 
workers at Liverpool and Todmorden ; 1100 fitters, 
turners, &c., at Birkenhead ; 1000 coal-miners near 
Wakefield ; and 800 ~~, labourers near Glasgow. 
Seventy-two disputes begen in May, and the total 
number of workpeople engaged in all disputes in pro- 

ress during the month was 99,156, as com with 

,045,499 in April, 1912, and 36,868 in ay, 1911. 
The time lost in May owing to these disputes is esti- 
mated at 981,700 working days, as compared with 
7,087,300 in April, 1912, and 523,800 in May, 1911. 

In addition to the London Transport strike, the 
cases dealt with during the month under the Concilia- 
tion Act include ironmoulders, Scotland (Falkirk dis- 
trict) ; tramwaymen, London ; carpenters and joiners 
and painters and plumbers, North Staffordshire ; 
painters, Erith ; electricians, Leicester ; shipwrights 
and joiners, Southampton ; boot and shoe workers, 





Kettering and Northampton ; worsted spinners, 
Ayrshire ; engineers (demarcation dispute), Birken- 
head ; and tin-plate workers, Llanelly. Most of the 
awards under the Coal Mines (Minimum Wage) Act, 
1912, have now been issued. 





The monthly report of the Associated Blacksmiths 
and Ironworkers’ Society for the four weeks ended 
June 4 has recently appeared, and shows that the 
income returned during this time amounted to 
7021. 88. 44d., and the total expenditure to 587/. 14s. 7d., 
of which unemployment payments absorbed 87/. 10s.4d. ; 
superannuation disbursements, 163/. Is. Od. ; sick 
benefit, 121/. 14s. 2d. ; funeral payments, 17/.; manage- 
ment, &c., 196/. 1ls. 1d., Ship-smiths in Belfast have 
had their time rates increased by 1d. per hour, and 5 per 
cent. added to piecework earnings ; engine smiths, 1s. 
per week, and 24 per cent. added to piecework earn- 
ings. This establishes a minimum rate of 39s. 3d. per 
week for both sides of the industry, and the advance 
is made retrospeetive, dating from the first day of last 
month. Attention is called to the importance of mem- 
bers making up their minds at once es the 
question of declaring whether they will make the 
Society their ‘‘ Approved Society” for the purposes 
of the Insurance Act, but it is feared that many of 
the members will allow themselves to drift into the 
Post Office. The decision should be taken before the 
first week in July. The total membership of the Society 
at the end of May stood at 3377, which was an 
increase of six on the previous month. 





The monthly report of the eae Makers’ 
Society for June shows that trade is still disorganised, 
owing probably to the many disputes now in progress. 
Three months ago the unemployed numbered only 
114 out of a membership of nearly 15,000, whereas at 
the time the June report was issued the number had 
risen to 190, a figure that ought not to have been 
reached but for disputes, considering the present very 
good state of the engineering trade. The question is 
asked whether the members are taking full advantage 
of the labour exchanges, for, if they are not, they are 
reminded that non-members most probably will do so, 
to the detriment of the unionists. Some strong 
remarks are passed on some of the branch secretaries, 
who are said to be very lax in the way they attend to 
their duties. 





The monthly report of the United Pattern-Makers’ 
Association for May, which has recently appeared, 
states that the trade seems now to have entirely 
recovered from the effect of the coal strike, and the 
number of the unemployed has assumed normal con- 
ditions. At the end of the month 189 members were 
involuntarily unemployed, a reduction of 91 per cent. 
in the numbers returned as signing the vacant book. 
At the end of April the percentage of idle members 
was very low, and stood at 2.4 per cent. 

In the Durham coalfields things are by no means 
settled, and a fresh agitation has been started for the 
amendment of the Minimum Wage Act. At West 
Stanley on Saturday last the following resolution was 
passed :—‘‘ That this mass meeting of Durham miners 
welcomes the agitation for remedying the surface 
workers’ grievances, amending the Seioun Wage Act 
by the abolition of the obnoxious clauses, the modify- 
ing of the district rules, and the inclusion in future 
legislation of all men and boys in and about the mines 
under a broad minimum wage scheme.” What this 
really means. is not quite clear. 





Great disappointment has been expressed by the 
General Council of the Cannock Chase Miners’ Asso- 
ciation that the independent chairman has not awarded 
the scheduled rates, placed before him by the work- 
men’s representatives, and the Miners’ Federation of 
Great Britain is to be asked at once to take such 
action as is possible in Parliament so that the scheduled 
rates may be incorporated in an amended Minimum 
Wage Act. 





In South Wales, at a meeting of the District Coal 
Board held at Cardiff on Saturday, under the chair- 
manship of Lord St. Aldwyn, a suggestion that the 
age limit at which workmen should’ b be entitled to 
the minimum wage should be raised from 18 to 20 years, 
was agreed to by the workmen. The old-age limit at 
which the minimum rates should cease to apply was 
fixed by the chairman at sixty-three years. rd St. 
Aldwyn said he would probably fix special rates for 
small collieries like those in Pembrokeshire. 


It was stated on Monday last by the Flintshire 
coal-owners that they view with alarm the minimum 
wage award for North Wales, for they state that 
Flintshire coal-mining is now unremunerative on 
account of local mining conditions. Further, they 
state that half a million invested in Flintshire mines 
has not of late years yielded a single penny of profit, 
and therefore the mines must be closed. Much un 
employment may therefore be expected in the county. 





On Monday last, Lord Hunter, the neutral Chairman 
of the Scottish Coal Conciliation Board, concluded at 
Edinburgh the hearing of the arguments brought 
forward by coal-owners and miners’ representatives 
with regard to the wages question, and reserved his 
decision in regard to the men’s claim for a general 
advance in wages of 25 per cent. on the existing rates, 
which had been refused by the employers. 





The Black Country miners have completely failed 
in their strike, the movement having collapsed. 
Nearly all the men returned to work on Monday last. 
It will be remembered that the trouble originated 
owing to the resentment of the men against the con- 
ditions of Sir Walter Lawrence’s award, but it resolved 
itself into a struggle over the boys’ beer allowance. 
The men have now returned to work under the terms 
of the award. The strike was evidently hastily 
declared, and this is now acknowledged by many of 
the miners, who state that the various grades had 
received no opportunity of ascertaining how they 
would fare under the award, the struggle having com- 
menced before the first making-up day. 





There seems likely to be a crisis in the shipbuilding 
trade of the country, and it is thought many 
people that before the summer is over we shall see 
one of the severest struggles in the trade that has 
been experienced. At present all things are quiet, but 
there are signs of trouble. Ata recent conference in 
Edinburgh there was a failure to settle the apprentice 
question, and this was the first sign of trouble. It 
was the action of the executive council of the Boiler- 
makers’ Society that first raised the issue, for some 
three or four months ago they had instructed their dis- 
trict officials to form the apprentice riveters, platers, 
caulkers, and angle-smiths into Bogen branches of 
the Society. ‘‘ Apprentice cards” were issued by 
the Society, by which the young worker was to be 
recognised as a legitimate apprentice, entitled to claim 
admission into the Society when the years of his 
apprenticeship are over. One of the conditions of 
apprenticeship was that each apprentice must serve 
his whole time in one establishment. This was, of 
course, impracticable. 

It sometimes happens that a yard may have a large 
number of apprentices with unexpired time and be 
very short of work, while another yard may have lots 
of work and few apprentices. The society did not, 
however, allow more than two apprentices to every 
seven journeymen in each yard. Another question 
likely to cause trouble is the demand for a shorter day, 
with which is combined the revival of a demand made 
fifteen years ago, intended to give the Amalgamated 
Society of Engineers sole and absolute charge of their 
engine shops, which was then absolutely refused by 
the masters. The forty-eight hours’ week asked for 
in the shipyards was rejected by the employers, who 
said that it is out of the question at the present scale 
of wages. The men, on the other hand, maintained 
that they would not consent to a reduction of wages 
and so the matter now stands. 

The matter again came up before a conference 
held at Edinburgh on Wednesday, at the close of 
which it was officially stated that the boiler-makers’ 
request for a 4 per cent. advance had been refused. 
The question of a reduction of working hours was 
discussed, and the employers stated that they were 
not able to alter their previous refusal to adopt the 
suggestion. With regard to the question of apprentice 
cards, though it was discussed at some length, the 
parties failed to agree. As to the suggested amend- 
ment of the shipyard agreement, the representatives 
of the workmen were not in a position to submit the 
proposed amendments, so the matter was postponed. 
It was formally announced that the local associations 
had agreed to the general advance of 5 per cent. 
recommended at the last conference. 





It is stated that there has just been arranged an 
important combine in the iron trade, and that a new 
company will be registered, to be known as the 
Scottish Iron and Steel Combine, Limited. It will 
take over the works of many of the principal Scottish 
malleable-iron makers, and will have a capital of 
approximately 1,000,000/. Thirteen different concerns 
have been taken over, with a combined output of 
250,000 tons a year. 








Proposep ENGINEERS’ CLUB FOR MANCHESTER.—It is 
proposed to form in Manchester a club for the use of 
engineers and others who are intimately connected with 
engineering, as it is felt that such an institution would 
prove to be of very considerable benefit. The objects are 
to provide means of social intercourse and the usual club 
facilities for those who are concerned with engineering; 
to meet the convenience of members whose business cals 
them to Manchester; to provide a hall for technical 
meetings, &c.; and to establish a home for a technical 


library. Further particulars may be obtained from Mr. 
-| Arthur L. Green (secretary pro tem.), 8, Westminster: 
avenue, Manley Park, Manchester. 
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CRANK-SHAFTS FOR DIESEL OIL- 
ENGINES. 
To THE EpiTor OF ENGINEERING. . 

Srr,—In reply to ‘‘S.’s” letter on the above subject in 
ENGINEERING of May 31, I would point out that it is 
interesting as showing the different results obtained by 
making different assumptions. It is difficult to agree as 
to what is the real nature of the constraining action of a 
journal on a crank-shaft, and the amount of the bending 
moment assumed by me in the paper was only used 
because it is the one most favoured by engineers. 

“$5 assumption is very interesting, but we know 
from practice that the shaft is not always floating on a 
film of oil, and although it appears to be an ideal aasump- 
tion, such assumptions are not allowable when dealing 
with anything made by the hand of man. In design work 
it is usual to assume the maximum loads that may occur 
on the structure by loading in a particular manner or from 
the effects of wear, and there is no reason why this policy 
should not be followed in the case of crank-shafts. 

Crank-pins, of course, must be designed to carry the 
twisting moments passed through them from the adjacent 
cylinders, and this is one of the reasons why I went so 
carefully into the twisting moments to show how they 
vary along the shaft and to find where the maximum 
occurred, so that that maximum could be used for deter- 
mining the general dimensions of the crank-shaft, webs, 
and pins. 

On account of the amount of ground covered hy the 
paper, I thought it was quite sufficient to give these 
constants, and care designers to make their own deduc- 
tions. 

“‘S.” has made a mistake in assuming that I have used 
the mean pressure during the cycle in estimating the 
twisting moment in the shaft, and nowhere in the paper 
do I give a rule for the twisting moment occurring in the 
shaft alone, so that the one he quotes must have been 
manufactured by himself. The mean pressure developed 
during the cycle only appears in the formula, because it 
was necessary to calculate the mean twisting moment, 
and when this is multiplied by the ratio of maximum to 
mean, as given in the tables, the maximum twisting 
moment in the shaft is obtained. : ; 

This is not done separately, but is all combined in the 
formula, and, in order to clear up the point, I give the 
method of deducing the formula, which I hope you will 
be able to publish. The method is not new, and was, I 
think, first given by Professor Kline for steam-engine 
crank-shafts. I give my own version of it as adaptable 
to Diesel engine Shafts, and anyone can insert their own 
assumptions, and obtain a rule to suit any particular 
requirements. : ; 

Repeating the symbols given in the paper, and adding 
a few others, we have :— 


d = diameter of shaft in inches. 

D = diameter of cylinder in inches. 

I, =stroke of piston in inches. 

f =stress in pounds per square inch. 

P = mean pressure in cylinder in pounds per square 
inch, 

P,, = maximum pressure in cylinder at instant of maxi- 
mum twisting moment. 

N = revolutions per minute. 

n° = number of four-cycle cylinders. 

maximum twisting moment. 

mean twisting moment. 

_ distance between centres of hearings _ Ls 

a diameter of cylinder vb 

____ piston stroke me 

~ diameter of cylinder D’ 

M; = maximum twisting moment. 

M» = bending moment. ; 

M- =combined moment calculated as a bending 
moment. , 


Mean twisting moment 
_ LHP. x 33,000 x 12 
= 2rN 
Multiplying this by Rm we get— 
I.H.P. x 33,000 x 12 x Rm 
SS ae 7 


oDFLSs 
LHP. = 4x i2 x 33,00 ° * 


Inserting this value in equation (2) we get— 


D2 P La Rm 
iio. + «@ 


m= 





b 





in.-lb. . » & 





M: 
But 


L 
Let b= p then L=6D. 


Hence equation (4) becomes 
Ds P bn Run 
M, =- “16 ‘ ° - (5) 
The bending moment on the shaft we are assuming to 
be —, where W = piston load, and / = distance 
between bearing centres. 


Then 
wi l rDP 
M Ss -— = = = — 
8° anda D’ and W 4 
. — ~ Ds Pna 
~» Ms = I es. Se 





Divide both sides by M; . 
hen 7 
Me _ oo Ms . Me? 
M. = O35 5a + 0.65 4/( ) +1. (8) 
or 


— f none . ./(Mo 2 
Me = Mr { 0.35 54° + 0.65 4 = ) +1} @) 
Inserting the values of M; and M?, equations (5) and 
(6), in equation (9) we get— 
_ D§P bn Rm» [0.175 t Pra 
8 is L Pon Rn 


wPaa Yl 
+ OG Vz bn Rin ) +1 J - (10) 
_ The resisting moment of a circular section to bending 
18— 


Me 


T 
32 fa ‘ ‘ - 
Equating this to Mc , equation (10) and solving for d 


we have— 
8 = 
pa 2 Poin Rm 0.175 rf Pha 
é=D eae, { Pon Rm 


+ 0.65 NP Te y +1}. (a2) 


Let a = PbnRypand y = Pa “| Inserting these in 


equation (12), and simplifying 


a=DA/*{ oa0y +065 J+ 04} 119) 


Ds aeiieaias 
j= ao” {0.35 y + 0.65 Vv + 04 } (14) 


and 


Taking ‘‘S.’s” assumptions that 
T. = 0.5 Mo +157 Me2+Mr2  . (15) 


where T. = combined moment calculated as a twisting 


moment, and that the bending moment is — where W 
= piston load, and / length of main bearing. 
quation (6) would become 


M,; = 7D? Pra P : P (16) 
16 
where 
a length of main bearing 


cylinder diameter 


a would have a certain value for similar engines, 
M; would be as given in equation (5). 
The moment of resistance of the shaft to twisting is 


T 
— fd, 
16 f 
and the final form of the rule would read, 
— 3 x *) 
d@=D VF {o.5 y+15 /y +01 }. (17) 


a and y have the same values as given for equation (13), 
and care should be taken to use the correct value of a. 

uations (13) and (17) are rather big, but it is ever so 
much quicker to use them, rather than calculate the 
bending and twisting moments separately and then com- 
bine them. 2 and y can be tabulated, as they will 
have certain values for a particular type of engine, thus 
greatly reducing the amount of calculation. 

The loads calculated from the indicator cards are 10 to 
15 per cent. greater than those actually coming on the 
crank-shaft, on account of the frictional losses at the 
cylinder walls, gudgeon pins, &c. This is all to the good, 
of course, but it should not be lost sight of when calcu- 
lating shaft-diameters. 

From the foregoing it will be seen that it is the mean 
pressure, as shown by the indicator cards, that is to be 
taken, and not the mean pressure of the working stroke 
only, as suggested by ‘‘S.,” and that this will be correct 
for any number of Papen tf -_ not for a few 
cranks only, as vaguely sugges y “Ss.” 

With Diesel engines the shafts generally go at the 
bearings, or at the webs close to the bearings, and the 
fly-wheel has been the chief cause of the failures. This 
is one reason why marine people are so anxious to get rid 
of the fly-wheel. It is not safe to argue from gas-engine 
practice to Diesel engines, because the maximum pres- 
sure in a Diesel engine is continued for some part of the 
down-stroke, giving a large twisting moment on the 
crank-shaft, F sete. in a gas-engine the maximum pres- 
sure is instantaneous and falls away rapidly as the piston 
advances. 

For a connecting-rod of 4.5 cranks (as assumed by me in 
the paper) the maximum twisting moment occurs when 
the crank is from 30 deg. to 35 deg. over the dead centre. 
The cards given in the paper are on a stroke base, whereas 
the twisting-moment curves are on an angle base, aud 
this may have misled ‘“‘S.” If he finds the position of 
the piston when the crank is at the position given above, 
I think he will find the pressure to be 420 1b., as men- 
tioned in the paper. J 

The foregoing calculations relate to four-cycle engines. 
For two-cycle single and double-acting the values of 
x and y wi pan on 

IT am, fai 





“RADIANT HEATING.” 

To THE Eprror OF ENGINEERING. 
_ Srr,—Our attention has been called to a letter appear- 
ing in your issue of May 31 from Mr. T. Mohn, in which 
a certain statement appears which is so incorrect that we 
feel it necessary to call attention thereto. In the first 
paragraph your correspondent says: ‘‘I venture to say 
that the gas-cleaning plant for a Bone-McCourt boiler 
will be very much more complicated than that for a gas- 
engine.” This statement is entirely wrong, because gas 
for use in the Bone-McCourt boiler does not require to 
be cleaned to anything like so high a degree as when the 
same gas has to be used in gas-engines, and there is, there- 
fore, absolutely no reason why the gas-cleaning plant 
should be any more costly. 

Towards the end of the letter the question is asked, 
** How long will an efficiency of 95 per cent. of the boiler 
be maintained?” Whatever the efficiency of a Bon- 
court boiler may be when new, it remains the same for an 
indefinite period, because no scaling of the tubes occurs. 
A ready check on this statement is provided by the fact 
that the final temperature of the gases has been found not 
to vary, and this temperature is, of course, a direct indi- 
cation of the heat efficiency of the boiler. It is important 
in a discussion of this kind that the Boncourt gas fired 
boiler should be properly credited with those factors 
which make for its wonderful all-round economy. In many 
cases the great elasticity of this boiler as regards output 
without loss of economy provides another very valuable 
feature. Any number of tubes can be lighted or turned 
out instantly, to vary the total output of steam as 
required, and however many tubes may be in action, the 
efficiency of each is constant. 

We shall be glad if you will insert this letter in your 
next issue. 

Yours faithfully, 
For Rapiant Heatine, Limitep, 
James W. WIiLson, Managing Director. 
Carlton Works, Armley, Leeds, June 14, 1912. 





THE CORROSION OF BRONZE PROPELLER- 
BLADES. 
To THE Eprror oF ENGINEERING. 

Sir,— Reverting to the letter on page 780, some excel- 
lent photographs of corrosion a) r on pages 34 and 35 of 
your current volume, where Figs. 5 to 11 show the 
Mauretania’s blades, as to which a reference was given to 
the Scicntific American in the letter in question. 

The stereoscopic views on page 34 show the depth of 
the corrosion in an admirable manner. I see Mr. L. 
Archbutt alludes to some experiments by Mr. Stromeyer 
(top of third column, 825), which show what the 
result of the experiment I suggested to Mr. W. Ramsay 
would Apparently, compressive stresses do not 
increase — while tensile stresses do. This is 
just what I expec when making the su; tion, but it 
does not clear up the discrepancy, which i inted out, 
between the results obtained by Thomas Andrews and 
those of other investigators. 

Yours faithfully, 
—_ C. H. Winertetp. 
28, Victoria street, Westminster, June 14, 1912. 
To THE Eprror or ENGINEERING. 

Srr,—I have to thank Mr. Wingfield for his apprecia- 
tion of my article, and for calling my attention, in his 
letter published on page 780, of your issue of the 7th inst., 
to earlier papers on propeller corrosion, which, as the 
subject is of comparatively recent interest to me, had 
escaped my notice. 

My sketch of type E (Fig. 5) may have conveyed the 
idea that the centres of corrosion are always situated as 
shown, whereas they may occur at the centre line, when 
they would coincide, or at any position intermediate 
between that and the edge. I ought further to have raid 
that they are only approximately symmetrically disposed, 
and that on the thrust face of the blade the corrosion is 
more pronounced. I am inclined to think that type E 
is a distinct variety of corrosion, and if, as I suspect, it 
is caused by the more or less undam vibration of the 
blade, the unequal thickness of the leading and the 
following edges would possibly modify the symmetry to 
some extent; that the thrust face is corroded most is 
—— due to the water pressure preventing the blade 

rom bending as much in one direction as the other. 

It is very interesting to know that vibration had been 
so early suspected as a possible cause of corrosion. ‘‘Cast 
Iron,” the anonymous correspondent referred to by Mr. 
Wingfield, says :—‘*I shall not waste your space by 
attempting to establish propositions 1 and 2, as they 
represent only my own opinion, and may stand for as 
much or as little as they are worth.” 

It is possible that he had electrolytic corrosion in his 
mind, but I suspect that he shared with Mr. Burlingham 
the view that the action was due to the bending and 
fatigue opening up the crystalline structure of the metal, 
an idea not greatly removed from the truth. Iagree with 
Mr. Wingfield that Mr. Burlingham’s Fig. 5 suggests 
contact with some solid obstruction. I have never yet 
seen a bent edge of this kind that was not so caused. His 
Figs. 1 and 2 in the same paper show characteristic edge 
corrosion (type C). : 

Mr. Maginnis’s paper in vol. xxvii. of ENGINEERING 
deals with cast-iron propellers. I have frequently seen 
corrosion of the kind shown in his Figs. 11 and 12 in iron 
blades, the common cages being that dirty metal 
had been swept up to the tip during the casting of the 
propeller. However, I offer no opinion as to this. 

If my information is correct, there was a decided 
change in the design of the Mauretania’s new pro} 





D. M. SHannon. 





M =0.35M +065 /M,?+M.2 . (7) 


r. 
iehfully yours, 
Dalmuir, Scotland, 


involving considerable stiffening of the blades, I believe 
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the first set are still in existence, so that a comparison 
ought to be possible. I remember seeing these old pro- 
pellers after they were removed from the shafts; the 
corrosion was of type A, or possibly between A and B, 
with, if I remember rightly, slight edge corrosion. I 
have not had an opportunity of examining her present 
set, but I understand they show little or no deteriora- 
tion. 

Acting on Mr. Wingfield’s su tion, I varnished my 
manganese-brass electrodes, with the result that while 
compressive strain showed only a few milli-volts, the 
electromotive force generated by tensile strain exceeded 
the reading of my galvanometer ; this is what one would 
anticipate in view of the fact that the corrosion is more 
evident on the convex or stretched face of the blades. 
There is evidently some difference between tensile and 
compressive strain as regards the quantity of electricity, 
but in both cases the strained electrode becomes positive. 
This point might be further investigated with advan- 


tage. 

“f am afraid I cannot throw any light on the contra- 
dictory results obtained by the late Mr. Andrews and 
Messrs. Burgess and Dickens, except to suggest that 
turning the electrodes may have had some influence on 
the results, since the shearing action of the tool would 
have some superficial hardening effect on the metal. A 
better method would, I think, be to take a bright bar of 
iron and anneal it in an indifferent atmosphere, so that 
the metal remains free from oxide, cut it in two, stretch 
one half beyond the elastic limit. and use it as an elec- 
trode against the other portion. Under these conditions 
I think it would be found that the stretched metal would 
always be itive ; the size and shape of the electrodes 
does not affect the result. 

The Chemical News of May 24, 1912, publishes the 
following short abstract of a paper read before the 
French Society of Sciences by J. Pionchon :— 

‘*When an electric cell is made by immersing two 
plates of the same metal in an electrolytic liquid, and 
one of the electrodes is struck a few sharp blows, the 
chemical] relation of the metal and the liquid is moment- 
arily disturbed, and a current passes from the electrode 
which has been struck towards the other. This may be 
explained by supposing that the metal undergoes 
ionisation, and when copper and water are used it is 
found that traces of copper undergo solution in the 
water, although they cannot be detected by chemical 
methods.” 

This worker deals with the subject from a purely 
scientific standpoint, and his results are strikingly corro- 


borative of my own. 
Yours == ¢ 
Wm. Ramsay. 


23, Sycamore-road, Birkenhead, June 17, 1912. 





CAM DIAGRAMS. 
To THE EpiTor oF ENGINEERING. 

Srr,—Mr. Barford’s letter on the above subject, appear- 
ing in your issue of the 7th inst., is interesting from 
various points of view. The method used in drawing the 
curves has not been explained, and consequently the 
letter lacks the force it might otherwise have had. The 
letter contains many es statemen which I 
cannot accept simply on Mr. Barford’s authority, and 
from the general tone of it one would naturally infer 
that the last word had been said on this subject. 

Any conclusions on cam design given in the paper were 
only those rigidly supported by actual practice. The 
usual method of giving clearance is now generally recog- 
nised as being noisy and destructive. have tried the 
cams shown in Figs. 13 and 14 of my paper, the one in 
Fig. 13 both with and without clearance. The one 
shown in Fig. 13 without clearance was by far the best, 
and there was no perceptible noise coming from the cam 
and roller part, any that did exist coming wholly from 
the clearance given at the valve-spindle, which was 
necessary to allow for expansion. By increasing the clear- 
ance it was noticed that the roller was actually thrown off 
the cam by the force of the impact, and assumed contact 
a little higher up. This was reduced by increasing the 
compression on the valve-springs, but was not wholly 
eliminated, and from the same cause the valve chattered 
on its seat when the cam left off. I tried to photograph 
this action, but could get no satisfactory results. 

The opening faces of the cams shown on Figs. 16 and 17 
are not the same as Mr. Barford assumes, and this I 
clearly state in the paper. This accounts for the differ- 
ence in the diagrams, and I think if Mr. Barford draws 
di ms for such cams, to give the same valve lift, but 
with the clearance greatly exaggerated to give exaggerated 
results, he will also get a difference. 

His remarks with regard to the gas-s curves are, 
I think, very weak. thought the method of obtaining 
the gas-speed curve from the piston speed and valve- 
opening curves was so simple as not to require any 
explanation. I would point out that the —— curve 
begins and ends at zero simply because the piston-speed 
curve begins and ends at zerv. I did not infer that 
there was no outflow of gas at these points, and I did 
not think anyone else would do that, least of all an 
oil-engine man. It is common knowledge that the 
exhaust valve is opened a long way ahead of the dead 
centre, in order to get rid of the high-pressure gases. 
What the speed is during this period would be impossible 
to calculate on account of the number of variables. For 
instance, the pressure of the gases is falling, the tempera- 
ture is also falling, the valve area is increasing, the piston 
speed is decreasing, and there is the irregular form of the 
edges over which the are flowing, and, finally, the 
inertia of the gases. Some of these reasons demand that 
lag should be given. The amount and advantages of lead 
and lag were, of course, found by experiment. It will be 
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seen, therefore, that the gas-speed curve begins when the | 
piston begins to push the exhaust gases out of the 
cylinder, and ends as soon as it has finished pushing them 
out, and there is no use, I think, in taking up space in 
your paper with useless fault-finding. 

I still maintain that the diagrams are extremely useful 
as showing us where economies and increases in power 
can be effected. 

Considering that the paper is the condensed results of 
some 600 diagrams, I think it was quite impossible to 
describe them minutely, and consequently I left a good 
deal for designers to draw their own conclusions from. 

I am, sincerely yours, 


Dalmuir, Scotland. D. M. SHANNON. 





Tue InsTITUTION OF MuNIcIPAL EnGIngERS.—A joint 
meeting of the North-Eastern and Eastern Districts of 
the Institution of Municipal Engineers will be held at 
Peterborough on the 3rd prox. After arrival at Peter- 
borough the members will proceed by train to Yaxley, 
where a visit will be paid to the Fletton Brick Works of 
Messrs. Eastwood and Co., Limited. After this visit a 
short business meeting will be held, at which the officers 
for the year 1912-13 will be elected. A return will then 
be made to Peterborough, in which town visits will be 
made to various places of interest. 








Tue StoraGE AND HANDLING OF CELLULOID FILMS IN 
Lonpon.—It was recently su ted by the London 
County Council in its General Powers Bill that they 





should have powers given them to license premises used 
for the storage of cinematograph films, so that the risk 
from this very dangerous class of material should be 
reduced as far as possible. Although some of the great 
manufacturers and renters of these films use every pre- 
caution against fire, there are a number of establishments 
that are said to be ey | mismanaged from the fire 
— of view. The General Powers Bill proposed by the 
sondon County Council was before the Local Legisla- 
tion Committee of the House of Commons last week. 
Evidence pointing to the necessity of restrictions was 
submitted hy the Chief Officer of the London Fire- 
Brigade and others who thoroughly understand the sub- 


| ject, ee prams being strongly opposed by the 


ncorpora: Association of Kinematograph Manufac- 
turers, the Incorporated Association of Film-Renters, 
and others connected with the trade, which opposition, in 
addition to the attitude taken up by the former chairman 
of the London County Council Building Acts Committee, 
encouraged the islation Committee to refuse 
to grant the necessary powers. It can only be regarded 
as regrettable that such a refusal was sanctioned. There 
appears to exist a prejudice against the London County 

uncil on these matters, causing many useful proposals 


| of that body to be ignored by Parliament. Party feeling, 
| which should have no voice in such technical matters, 


seems to have undue influence, with the result that those 
who should be protected from the risk of fire and similar 
dangers suffer. Few instances of the uselessness of 
Parliamentary Committees in dealing with technical sub 
jects, where life and property are concerned, are more 
marked than this, 
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TURBINES OF H.MS. 


“ CONQUEROR.” 


CONSTRUCTED BY MESSRS. WILLIAM BEARDMORE AND ©O., LIMITED, GLASGOW. 
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sure and two low-pressure. But whereas the high- 
pressure ahead and astern turbines are in separate 
casings, the low-pressure ahead and astern turbines 
are, in each instance, arran in one casing. We are 
able on page 842 and on this page to give illustrations of 

rt of the machinery of this vessel. A group of the 

beock and Wilcox type boilers is illustrated in Fig. 1, 
page 838, while Fig. 2 is reproduced from a photograph 
of the condensers. On this page the high-pressure ahead 
and astern turbines are shown being steamed, in Fig. 3. 
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HieH-PREssuRE AHEAD AND ASTERN TURBINES BEING STEAMED. 














Fig. 4. Upper Har or THE HicH-PRessuRE TuRsine CasInec. 


H.M.S. ‘*CONQUEROR.” 


THE latest of the British battleships so far con- 
structed—the Conqueror—has completed her steam 
trials, and these have yielded most satisfactory results. 
The speed attained on the full-power trials on the 
measured runs exceeded the rate achieved by an 
Dreadnought battleship in the British Navy, and, 
indeed, any battleship of the same fighting power in 
any foreign country. The Conqueror on her trials 
attained a mean speed of 22.126 knots, whereas the 
sister-ship—the Thunderer—got 2008 knots; the 
Monarch, 21.88 knots ; and the Orion, 21.02 knots. The 
speed aimed at in these various ships was 21 knots, but 
the propellers are different, and there is a reserve of 
steam power to meet contingencies in service. In the 
case of the Conqueror the vessel was run for a short 
time, when at sea, at a power considerably in excess of 
that required by the contract. The designed power of 
the machinery was 27,000 shaft horse-power, and on 
the eight hours’ trial the actual mean was 28,430 shaft 
iorse-power, the two starboard turbines developing 
14,380 shaft horse-power, and the two port turbines 
14,050 shaft horse-power, the mean revolutions of all 
tour shafts being 322 revolutions per minute. The 
steam pressure at the boilers was 230 lb., and at the 
engines 217 lb., the vacuum being 28.3 in., with a 
parometer reading of 29.82 in. The coal consumption 
throughout the trial was 1.74 lb., which is very 
satisfactory. During this trial six runs were made 
over the measured course at Polperro, and on these 





The top half of the high-pressure turbine casing is 
illustrated in Fig. 4. In Fig. 5, page 842, are shown 
the low-pressure ahead and astern turbines complete, 
from the after end. In Fig. 6 the same turbines are 
shown, but from the forward end. Fig. 7 is an illus- 
tration of the top half of the low-pressure turbine- 
casing, while Fig. 8 shows the low-pressure ahead and 
aetern turbines being prepared for steaming. 

The Conqueror, which is of 22,500 tons displace- 
ment at a draught of 27 ft. 6 in., has a length between 
| perpendiculars of 545 ft., a beam of 88 ft. 6 in., and a 
| depth moulded of 43 ft. 6in. As we have on former 
| occasions described the vessels of the class, nothing 

more need be said here regarding the hull, except that 
| the ship is fitted with ten 13.5-in. breech-loading guns, 
| placed in pairs in barbettes, so arranged on the centre 
| line that all five can be fired on every broadside, and 
that, in addition, there is an auxiliary armament having 
a combination of 6-in. and 4-in. guns. The Conqueror 
has been built and engined by Messrs. William rd- 
more and Co., the keel having been laid on April 5, 
1910, but the construction has been delayed owing to 
labour troubles. The firm are to be congratulated on the 
success of the performances of the ship and well merit 
the confidence shown by the Admiralty in placing 
with them the order for the battleshi Beabow, pro- 
vided for under the programme of 1911-12. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 12 

JUNE 30 ends the fiecal year for buying by many of 
the industrial corporations and railroads, and with its 
approach steel-buying shows signs of falling off. Many 
of the inquiries now before the trade and many im- 
provement projects will likely be carried over into 
July in order to be in the next fiscal period, with 
prices firmer and on a slightly higher basis. Plates 
and shapes are well sold up; car-builders are in 
great need of material, and are making effort to 
obtain prompt deliveries of pending contracts, and are 
offering 1 dol. to 2 dols. premiums for acceptance of 
new business on a prompt shipment basis. In many 
instances mills are two months behind on deliveries, 
and are hampered by labour shortage. In the 
Youngstown and Pittsburg districts alone 50,000 more 
unskilled labourers could find employment, while in 
the entire steel field the shortage of labour is estimated 
at 100,000. Large quantities of pig iron have been 
inquired for during the past week, but very few 
purchases have been made, and large consumers are 
waiting to observe what course the market may take. 
Newey or tng furnaces are out of the market, most of 
them being sold up to the end of the third quarter. 
This forward buying indicates that prices are more 
likely to advance than to remain where they are. 
Business indications point to great activity during 
the summer, and it is regarded as quite certain that 
prices will harden during July and August. The 
steel-car builders are purchasing all the steel they can 
lace orders for, in view of the urgency for steel cars 
y most of the leading systems. The demand for 





runs the machinery worked with marvell us regu- 
larity, the variations in the mean revolutions of the | 
turbines being between 338 and 340.5 revolutions per | 
minute. The speed attained varied very little, the rate | 
in these six successive runs being 22.962 knots, 22.109, | 
22.133, 22.133, 22.133, and 22.109, giving a mean 
speed of 22.126 knots, which, as we have said, is the 
highest speed in any ship of the class to which the 
Conqueror belongs. 

On the 30-hours’ coal consumption trial equally satis- 
factory results were got. The mean power developed was | 
19,081 shaft horse-power, almost exactly equallydivided 
between the two starboard and the two port ehafts. 
The boiler pressure was 226 lb., the vacuum 28.6 in., 
with a barometric reading of 29.57 in., while the coal 
consumption was notably low. Six runs were also 
made on this trial, and the mean speed was 19.36 knots. 
Equally with this and the full-power trial the ship was 
loaded to her service draught, and the stokeholds were 
under practically natural draught conditions, no diffi- 
culty being experienced in maintaining full steam pres- 
sure. So there is no doubt that, so far as the design is 
concerned, the machinery is highly satisfactory. 

There are eighteen boilers in the ship, of the Babcock 
and Wilcox type, and the ratio of heating surface to 
grate area is 35 : 1, while 2} sq. ft. of heating surface is 
provided per unit of power. The turbines are of the 
Parsons type, mounted on four shafts, there being 
two high-pressure ahead turbines and two low-pressure 
ahead turbines, while the astern turbines are also | 
arranged similarly in series, there being two high-pres- | 


structural material is maintained, and present indica- 
tions are for an active summer at outside prices. 
Orders for steel rails have been heavy, and the general 
outlook is encouraging. 








Tue Copper Market.—In their report, dated the 
17th inst., Messrs. James Lewis and Son state that a 
further advance in the price of Standard copper of 3/. per 
ton had taken place during the past fortnight—from 
761. 2s. 6d. to 791. 2s. 6d. for cash. Up to 791. 2s. 6d. 
was paid on the 6th inst., from which there was a reces- 
sion to 77/. 15s. on the 14th, due to extensive liquidation 
to secure profits. This fall had been recove on the 
17th, the closing values being 79/. 2s. 6d. cash and 79/. 15s. 
three months. Sales amounted to about 40,000 tons. 
The etatistical position continued .very strong, and con- 
sumers were threatened with a serious scarcity of refined 
copper, aggravated by a continuance of the strikes 
at two of the largest American refining works, and 
the rapid diminution of the stocks held on this side 
of the Atlantic, as well as of those held by American 
refiners. Electrolytic copper had been sold freely up 
to 80/1. 15s. per ton c.if., and from warehouse hook 
American 7. bein fully sold for delivery up 
to September. Messrs. Lewis's statistics showed an 
increased import into Europe from the United States of 
21,702 tons, but from other countries a decrease of 13,448 
tons. The consumption of Europe was 19,080 tons larger 
than during the same period last year, but the exports 
had fallen off 5387 tons. The fact that the consumption 
in England was 7482 tons less showed the reduced stocks 
held hy English manufacturers, in view of the general 
admission that both the copper and steel trades had been 
and were still exceptionally active this year, 
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CARGO LOADING AND DISCHARGING 
APPLIANCES AT IMMINGHAM DOCK. 
(Concluded from page 816.) 

WE supplement the drawings given in our issue of | 
the 14th inst. by publishing on Plate LII., this week, | 
the complete drawings of one of the 30-ton coal-hoiste, 
of which six have been constructed by Sir W. G. 
Armstrong, Whitworth and Co., Limited, at their | 
works at Elswick-on-Tyne. As we mentioned in our | 

revious article, these hoists are double - powered, | 
| ortie capable of dealing with wagons either of 30 or | 
20 tons weight, including contents, and of 25 ft. in 
length over the buffers. The height of lift is, as we | 
formerly stated, exceptionally great, being only ex- | 
ceeded in the case of one other hoist in this country. 
The height from quay level is, in the case of five of the | 
hoists, 70 ft., and in the remaining hoist 56 ft., while | 
each hoist is capable of tipping the wagon at any height | 
through an angle of 45deg. The speed of lifting, too, | 
is high—namely, 180 ft. per minute, with a pressure 
in the mains of 800 Ib. per sq. in. 

The hoist-framing, which is clearly shown in the | 
illustrations, is constructed of steel plates and em 
braced vertically and horizontally, and secured to| 
the concrete foundations by eight wrought-iron bolts | 
and nuts. The hoist-cradle is similarly constructed | 
The floor is timbered on each side of the rails. The | 
tipping-frame, which is also of steel, is hinged at 
the front end of the cradle, and is fitted with rails | 
having turned-up ends, while to the rear is @ cross- | 
beam, to which the tipping-ropes can be attached. 
Chains secure the wagon to the tipping-frame. This 
frame or cradle is raised from the quay level, when 
full, by two steel-wire ropes, one on each side, work- 
ing over multiplying and conveyance sheaves. ‘Ihe 
hoisting ropes are 74 in. in circumference, and have a 
breaking strength of about 195 tons. The tipping 
ropes are of 44 in. circumference, with a breaking 
strength of 72 tons. The cradle guides are formed ot 
steel angle-bars bolted to timbers, which are carried 
on the sides of the framing. On the underside of the 
frame is a hopper, built up of steel plates and angles, 
for dealing with hopper wagons, an automatic tum- 
bling apron being fitted t to bridgeover the space between 
the lover edge of the hopper and the heel end of the 
main shoot, as shown at Fig. 10. 

The lifting machinery consists of three hydraulic 
cylinders bolted to steel girders, and secured verti- 
cally to the side of the framing in the position shown. 
The plungers in the cylinder are of cast iron, and 
work downward, through a gland, acting on the cross- 
head. This is fitted with guides, one on each side, 
working on wrought-iron guide-bars, each of which 
is carried at three points by brackets fixed on the 
girders on the hoist cradle. The crosshead is fitted 
with sheaves for taking the tipping-ropes, as well as 
the multiplying sheaves for the lif —— the ratio 
being 2:1. Conveyance-sheaves are also fitted on 
the frame. One of the cylinders is arranged to be in 
constant communication with the accumulator, so as 
partially to balance the weight of the cradle and 
minimise the amount of pressure water used. When 
the maximum load of 30 tons is being lifted, all three 
cylinders are in use; but for raising 20 tons two 
cylinders suftice. 

The hydraulic cylinder for tipping the cradle is 
placed over the lifting-cylinders, and is secured to the 
girders which carry the latter. The plunger in this 
case—also of cast iron—works upward through a gland, 
and acts as a crosshead, guided by wrought-iron bars 
in @ manner corresponding to that in the case of the 
lifting-cylinders. he multiplying-sheaves fitted in 
this case are in the ratio of 2 tol. The arrangement 
of the lifting and tipping-ropes is such that the 
tipping-frame can be tipped at any point of the ver- 
tical range of the cradle. 

The shoot, which is of steel plates and angles, is fitted 
with hinged doors at the nose end, adjustable b 
chains to regulate the flow of coal. The outer end is 
raised or lowered by steel-wire ropes, each 4? in. in 
circumference, and having a breaking strain of 80 tons. 
Each of these ropes is led over conveyance sheaves, 
and wound on a drum on the top of the framing, the 
two drums being actuated by worm gearing and shaft- 
ing by a single hydraulic engine, the angle of the 
thread of the worm being devised to hold the loaded 
shoot in any position. The reversing gear, operated 
by friction-clutches, is fitted between the hydraulic 
engine and the worm gear, so that when both drums 
are in gear the nose end of the shoot is lifted or 
lowered, while with one drum in gear the shoot is 
swivelled to one side or the other, the lateral range 
being 5 ft. on either side of the central position. The 
hydraulic engine has three cast-iron cylinders with 
cast-iron rams 3; in. in diameter and a 12-in. 
stroke. The cylinder glands are bushed with brass, 
and the working and regulating-valves are also of brass. 
The hydraulic engine and friction clutches are con- 
trolled from the cabin at the side of the hoist-framing. 
The heel end of the shoot is carried on a steel girder, 








having pawls engaging in two cast-iron racks fixed to 
the front vertical member of the framing. Safety | 


chaius are also provided. At the same time provision 
is made for raising and lowering the heel end of the 
shoot by temporarily attaching it to the cradle by 
hinged levers or pawls engaging with the shoot. The 
shoot projects 25 ft. from the face of the framing 
when at the usual angle for working. The maximum 
height of the underside of the nose end is 56 ft. for five 
of the hoists, and 42 ft. for one hoist, above the quay- 
level when the shoot is at the usual angle for shipping 
coal. A lengthening-piece for the shoot (6 ft. long) is 
arranged for, and slides on the shoot, being adjustable 
through a worm and a rack by hand-gear on the cradle. 

The working valves for the lifting and tipping ma- 
chinery are a the balanced mitre type, having cast- 
iron casings with gun-metal spindles and seats. The 
valves are placed at the bottom of the framing, and 
are operated from the working cabin placed on the 
framing of the hoist. The valves in connection with 
the hydraulic engine for operating the shoot are located 
in the same place. There is also adjustable from the 
working cabin the automatic cut-off gear fitted on the 
lifting motion to bring the cradle to rest at - pre- 
determined height. Stops are fitted on the rail-level 
at thefentrance to the hoist, and these are actuated 
automatically through levers and counterweights by 
the rise and fall of the cradle, the arrangement being 
such that the stops come into action, and prevent the 
wagons running into the hopper-well when the cradle 
is raised. The hoisting and tipping machinery is, of 
course, encased in corrugated steel sheeting, fixed on 
steel frames. 

After a wagon has been emptied it is run off ata 
declination to the marshalling sidings, the hoist 
descending for another full wagon. 





German Coat Propuction.—The production of coal 
in the Zollverein in the first four months of this year was 
56,083,434 tons, as compared with 52,462,032 tons in the 
corresponding period of 1911. To these totals Prussia 
contributed 53,005,562 tons, as compared with 49,394,628 
tons ; Bavaria, 266,974 tons, as compared with 257,904 
tons; Saxony, 1,681,813 tons, as compared with 1,716,419 
tons; and Alsace and Lorraine, 1,129,085 tons, as com- 

d with 1,002,775 tons. In the Prussian totals the 
ene Dortmund district figured for 31,089,667 tons and 
29,791,160 tons respectively. 


PrRsONAL.—We have been asked to announce that 
Mr. Gilbert Austin, A.M.I.E.E., has been made a 
partner in the firm of Messrs. W. C. Martin and Co., 
electrical engineers and contractors, 10, West Camp- 
bell-street, Glasgow.—We understand from Messrs. 
Geor, Ellison, Victoria Works, Warstone-lane, Bir- 
mingham, that, owing to the increase of orders received 
during the past year, they have found it necessary 
to take additional premises, and have secured a large 
works situated in Summer Hill-street (14 to 17), 
Birmingham.—Building operations have been started 
upon a further extension of the Redditch works of 

essrs. Herbert Terry and Sons, the oe | —— 
lists. We are informed that Mr. Robert H. h 
has resigned his ition of chairman and managing 
director of the Selson Engineering Company, Limited, 
and that Mr. Henry M. Sonnenthal has Coon appointed 
in his place. 








AvusTRALIAN Statk Iron Works.—The New South 
Wales Minister for Lands announces that a leading Bill 
to be introduced in the coming session of the State Parlia- 
ment would be one to develop the iron industry as a 
State concern. To that measure they attach supreme 
importance. It wasa standing disgrace to the community 
that no effort had been made to establish that industry 
on a sound basis. They were determined that the iron 
industry should not be made the sport of speculators to 
run it for their own ends. It would be established by 
purchase, or as a new industry. If it was placed under 
the independent control of an ironmaster from England 
or America (he said), with perhaps a local officer to 
assist, it could be run, not for profit, but in the interests 
of the State. They could then supply the whole of 
Australia with iron, and build up a great city on the 
industry. They did not want a Carnegie or a steel trust 
built up at the expense of the community. 





Prorit-SHARING AND Co-PARTNERSHIP.—For the pur- 
pose of an inquiry into profit-sharing and co-partnership, 
which is now being conducted by the Labour Department 
of the Board of Trade, it will be of much advantage if firms 
having in force schemes of this character, with which the 
Department has not hitherto been in communication, will 
send their names to the Comptroller-General, Labour 
Department, Gwydyr House, Whitehall, London, S.W. 
It should be observed that any particulars, which the 
firms supplying information state that they desire not to 
be published in connection with their names, will be 
referred to in the report subsequently to be published in 
such a manner as not to be capable of being identified as 
relating to the firms in question. It is expected that 
some little time must elapse before it is possible to bring 
this inquiry to a close and publish the report embodying 
the whole G: its results. An examination of the returns 


| already received has shown that the schemes adopted in 


different cases exhibit a very interesting variety of type, 
and it is proposed to publish in the next (July) issue of 
the Board of Trade Labour Gazette a concise epitome 
showing the leading features of a large number of these 
systems, the investigation of which has been completed. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet, and Cleveland warrants opened 
with an easier tone, The dealings consisted of 3500 tons 
at 53s. 104d. five days, and from 53s. 104d. to 53s. 10d. 
seven days, and closing sellers quoted 53s. 94d. cash, 
54s. 1d. one month, and 54s. 74d. three months. The 
market was steadier in the afternoon, when 2000 tons of 
Cleveland warrants were put through at 53s. 10d. cash, 
and from 54s. 1d. to 54s. 14d. and 54s. 1d. one month. 
At the close there were sellers at 53s. 10d. cash, 54s. 1d. 
one month, and 54s. 74d. three months, while sellers 
of hematite quoted 71s. 6d. one month. On Friday 
morning the tone was firm, and 5000 tons of Cleveland 
warrants were done at 53s. ild. and 53s. 104d. cash, 
54s. seven days, and 54s. 8d. three months. Sellers’ 
closing quotations were 53s. 11d. cash, 54s. 2d. one month, 
and 54s. 9d. three months. In the afternoon the market 
was quiet but steady, and only one lot of Cleveland 
warrants changed hands at 54s. 2d. one month, with 
closing sellers at 53s. 11d. cash, 54s. 24d. one month, 
and 54s. 9d. three months. On Monday morning 
Cleveland warrants were firmer, and 4000 tons were 
done at 53s. 114d. cash, 54s. 24d. and 54s. 3d. one 
month, and 54s. 9d. three months, with closing sellers 
over at 54s. cash, 54s. 34d. one month, and 54s. 9d. three 
months. A stronger tone prevailed in the afternoon, and 
the dealings in Cleveland warrants were again 4000 tons 
at 54s. 1d. cash, and 54s. 10d. three months. At the close 
there were sellers at 54s. 1d. cash, 54s. 44d. one month, 
and 54s. 104d. three months. On Tuesday morning the 
market had another a“ upward tendency, and Cleve- 
land warrants were dealt in at 54s. 2d. cash, 54s. 5d. one 
month, and at 55s. and 54s. 114d. three months. The 
turnover was 3500 tons, and closing sellers quoted 
54s. 2d. cash, 54s. 54$d. one month, and 54s. 114d. three 
months. Cash hematite was quoted 71s. 3d. In the 
afternoon the dealings were confined to 1000 tons of 
Cleveland warrants at 54s. 6d. and 54s, 54d. one month, but 
the close was easier at 54s. 5d. one month and 54s. 11d. 
three months sellers. Cash warrants were firm at 54s. 2d. 
sellers. When the market opened to-day (Wednesday) 
Cleveland warrants were fairly steady, and 4500 tons 
were dealt in at 54s. . thirteen days, 54s. 64d. and 
54s. 54d. one month, and at 55s. three months. At the 
close sellers quoted 54s. 24d. cash, 54s. 6d. one month, 
and 55s. three months. ne lot of hematite changed 
hands at 71s. 13d. cash, with sellers over at 71s. 3d. for that 
position, and buyers at 71s. cash and 71s. 44d. one 
month. In the afternoon a strong tone prevailed, and 
Cleveland warrants were done at 54s. 4d. cash, 54s. 44d. 
a and 55s. 2d. three months. The turnover was 
limi to 2000 tons, and closing sellers’ quotations were 
up to 54s. 44d. cash, 54s. 74d. one month, and 55s. 2d. 
three months, 


Sulphate of Ammonia.—The market for sulphate of 
ammonia has had an easier tendency of late, and a fair 
amount of business has m put through. The current 
quotation is from 14/. 10s. to 14/. 12s. 6d. per ton for 
prompt delivery, Glasgow or Leith. The total quantity 
shipped from Leith Harbour last week was 2580 tons. 


Scotch Stecl Trade.—There has been no change in the 
ruling conditions in the Scotch steel trade lately, and the 
various rolling-mills are all being kept going at full pres- 
sure in the endeavour to cope with the recent rush of 
specifications. Quite a e tonnage of heavy material 
is going rapidly into consumption, and inquiries are in 
circulation for considerable quantities of stuff for export. 

roducers of light steel are fairly well employed, and for 
black sheets in particular there is no falling-off in demand ; 
indeed, consumers are more urgent than ever to get sup- 
= forward before the annual holidays next month. 

fficial prices are firm and unchanged. 


Malleable-Iron Trade.—In the West of Scotland malle- 
able-iron trade there is a greater amount of activity at 
the present time than has been neticeable during many 
recent months. oe ee + are plentiful, and order- 
books are well filled with contracts sufficient to keep 
machinery running steadily well into the autumn. 
Owing to the advance in prices this month, the booking 
of new business has fallen off a bit, but this was quite 
anticipated, and is only expected to be temporary. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade is 
at present in a very strong and healthy position, and for 
the ordinary qualities of Scotch iron there is a good 
demand. Some of the special brands are practically 
sold out, and supplies of them cannot be obtained. The 
number of furnaces now in blast in this country is eighty- 
one. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 72s.; Gartsherrie, 72s. 6d.; 
Calder, Summerlee, and Langloan, 71s. 6d.; and Colt- 
ness, 86s. 6d. (all shipped at Glasgow); Glengarnock (at 
Ardrossan), 71s.; Shotts (at Leith), 71s. 6d.; and Carron 
(at Grangemouth), 72s. 6d. Hematite iron is in dull 
request, but deliveries are on a fairly large scale. 








Inon-OrE Imports.—Our dependence upon foreign 
countries for supplies of iron ore is shown by the fact 
that in the first five months of this year we imported 
2,279,545 tons of ore. This compared with 2,882,761 tons 
in the corresponding period of 1911, and 3,022,835 tons in 
the corresponding period of 1910. Spain is the principal 
source from which we draw external supplies of iron 
minerals. The imports from that country declined, how- 
ever, in the five months ending May 31, this year, to 
1,566,396 tons, as compared with 1,904,208 tons and 





2,194,696 tons in the corresponding periods of the two 
previous years. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The general. position of 
the local coal trade may be said to be very satisfactory. 
There is an all-round firmness in values, with prospects 
of advances early in next month. The house- demand 
is above the ony = for the time of the year, and 
merchants are fairly busy. The steam-coal trade is good, 
and considerable quantities are going away for shipment. 
The inquiry for industrial hards is of satisfactory propor- 
tions, necessitated by activity at Sheffield works. Under 
these conditions collieries find themselves with few stocks 
on hand. The railway companies, in addition to taking 
substantial deliveries on contracts, are doing a certain 
amount of buying in the open market. Gas coal is going 
away well. Advances are quoted on renewals of con- 
tracts. There is a strong market for slacks and coke, 
but the latter is still in somewhat restricted supply. 
Latest quotations :—Best branch hand-picked, 14s. to 
15s.; Silkstone, 11s. 6d. to 12s.; Derbyshire best brights, 
lls. to 12s. ; Derbyshire house, 9s. 6d. to 10s. 6d.; best 
large nuts, 93. to 10s.; small nuts, 8s. 9d. to 9s. 3d.; York- 
shire hards, 11s. 3d. to 12s.; Derbyshire hards, 10s. 9d. 
to lls. 6d.; rough slacks, 7s. to 8s. ; seconds, 4s. 6d. to 
5s. 6d.; smaller, 3s. 6d. to 4s. 6d. 


Tron and Steel.—There is no relaxation of the pressure 
in practically all departments of Sheffield trade. In 
some cases, so considerable is the accumulation of arrears 
and new work, that manufacturers find still further 
orders an embarrassment. The raw material market is 
no easier, and consumers have less likelihood than ever 
of profiting by a waiting policy. The pig-iron makers 
have again put up a and the common irons stand 
at high figures, both the Lincolnshire and Derbyshire 
sorts. In some cases the demand isso large that makers are 
unable to supply the full deliveries required. A consider- 
able move in the direction of fixing up new contracts will 
shortly have to be made. Finished material continues to 
occupy a very good position. Very high prices are 
being paid for billets, of which there is a short supply, 
although makers are doing their utmost to meet the 
demands. In the general steel trades things are busy 
all round. Railway steel manufacturers are very active, 
and some are booked for nearly a year forward. They 
have made further price advances, notably in springs. 
Advancing prices are a feature in all branches of the steel 
trade. It has been inevitable for some time, with the 
rise in raw materials and the multiplication of works 
charges, and the present period of good trade gives an 
opportunity for such a policy to be put into operation. 

he makers of tool-steel and tools are doing big business, 
and have every prospect of a continuance of prosperity. 
The Russian demand is heavy, and inquiries from India 
are on an exceptionally large scale. Exports are expand- 
ing all round, and there is a specially flourishing appear- 
ance about the agricultural implement and machinery 
branches. There was some fear that a couple of local 
firms might be very adversely affected by the War Office 
announcement that no more orders for bayonets were to 
be given out this year. However, the firms concerned 
are not, it is understood, totally dependent upon Govern- 
ment work. 








Coat in Swepen.—According to a recently prepared 
report on Sweden’s coal deposits, the output during 1910 
amounted to 302,678 tons, representing a value of 
2,328,678 kr. (129,377/.), whilst the imports of coal into 
Sweden amounted to 4,180,250 tons, representing in value 
56,133,194 kr. (3,118,516/.). Sweden’s home production 
of coal thus only amounts to 7 per cent. of her aggregate 
requirements. 





Pocket Eprtion OF THE “‘ ELECTRICIAN” TABLES OF 
ELxcTRicIty UNDERTAKINGS.—In response to numerous 
requests for the tables that are included in ‘*‘The Elec- 
trician Electrical Trades’ Directory and Hand-Book,” 
the Electrician Publishing Company, 1, 2, and 3, Salis- 
bury-court, Fleet-street, E.C., have issued a pocket 
edition of these tables, which will, we are sure, prove 
very useful to a great number of people. It is unfortu- 
nate, however, that it should have been found necessary 
to print some of the matter contained in the book so 
small that it can only be read with difficulty in a good 
light. The price of the book is 1s. net. 


New Brunswick.—The first sod of the St. John Valley 
Railway has been turned, and Mr. Fleming, the colonial 
Premier, expects that 100 miles will be ed and ready 
for track-laying by the spring of 1913. When the St. John 
Valley Railway is completed, the Canadian Northern 
Railway Company will be able to get a short line into 
St. John, using the Intercolonial Railway to Riviére du 
Loup, the Temisconata Railway to Edmundston, the 
Grand Trunk Pacific Railway to Grand Falls, and the 
Valley Railway to St. John. The first grain to arrive 
at St. John for summer shipment came over the Grand 
Trunk and Intercolonial Railways to the Intercolonial 
Railway elevator, for shipment to London. Steamers 
on the St. John and London route will carry altogether 
about 80,000 bushels this season. A sub-contract for a 
breakwater and dry dock, excavation at Courtenay Bay, 
St. John, has been awarded by the Norton Griffit 
Company to Messrs. McDonald and Doheny, of Alex- 
andria, Ontario; work has been commenced, and about 
100 men are at present en The Elder Dempster 
Company is running a monthly steamer service between 
St. John and Cuba. Ontario capital is interested in a 
project for damming the South-West Miramichi, and 
Re neseting electric power for towns in the Miramichi 

lley. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mripp.essroucH, Wednesday. 
The Cleveland Iron Trade.—The pig-iron trade is steady 
and strong, with transactions on a fairly good scale. 
Deliveries would be much heavier than they are if more 
iron was available for prompt delivery. Sosmenes are 
now working pretty well, with the result that customers 
are receiving better — omg of pig than they were a little 
while but many makers are still a good deal in arrears 
with deliveries. Thesituation here is materially strength- 
ened hy the better reports from America, the better 
shipments due to more vessels coming to hand, and the 
steady decline of stocks. No. 3 g.m.b. Cleveland pig is 
firm at 54s. 7}d. f.o.b., at which figure several fairly 
ls have been disposed of. No. 1 is fully 
59s. 74d. No. 4 foundry and No. 4 forge each stand 
at 54s. 1}d., and mottled and white each at 53s. 104d. 
All the foregoing quotations are for early delivery. Good 
inquiries for East Coast hematite pig are reported, and 
advance in value is anticipated. Nos. 1,2, and 3 are 

selling at 72s., for early delivery Business in forei 
ore is still inactive, but sellers have good contracts ane, 
and they show no disposition to give way, with the result 
that market quotations are nominally upheld on the basis 
of 21s. 6d. ex-ship Tees for Rubio of 50 per cent. quality. 
Imports of ore to the Tees are large. p to date this 
month they are officially given at 118,000 tons. _ 
— continue to be obtained for coke. Demand for 
ocal “a is heavy, and supply is inadequate. 
Up to 19s, 6d. is realised for average quality of blast 

furnace coke delivered at Tees-side wor 


Stocks and Shipments of Pig Iron.—To-night (Wednes- 
dey) there lies in the public warrant stores 326,209 tons 
of Cleveland pig, of which 321.085 tons is No. 3 quality, 
3101 tons other kinds deliverable as standard, and 2038 
tons other kinds not so deliverable. Since the beginning 
of the month 18,647 tons of iron have been taken from 
the stores, or an average withdrawal of 1200 tons per 
working day. Nearly 200,000 tons have been withdrawn 
since the commencement of the recent coal strike. Ship- 
ments of pig iron from the Tees to date this month reach 
69,671 tons, or an average of 4644 tons per working day. 
To the same date last month the loadings were returned 
at 59,298 tons, or a daily average of 3951 tons, and for the 
corresponding part of June last year the clearances 
amounted to 66,926 tons, or an average of 4461 tons per 
working day. 

Manufactured Iron and Steel.—All branches of the 
manufactured iron and steel trades are fully employed, 
and, in fact, the output of several firms is larger than ever 

fore. Many producers have contracts made which will 
keep them well employed for at least the next eighteen 
months, and good inquiries are in the market. So busy, 
however, are some manufacturers that they do not care 
to book further orders at present, believing that still 
higher quotations for most descriptions of finished iron 
and steel are likely to rule in the near future. Common 
iron bars are 8/.; best 81. 5s.; best best bars, 
81. 15s.; iron ship-plates, 7/. 10s.; iron “% t% 81.; 
iron ship rivets 9/.; iron girder-plates, 7/. 15s.; iron 
boiler-plates, 8/. 5s.; packing iron, 6. 5s.; steel bars 
(basic), 77. 15s.; steel bars (Siemens), 8/. 5s.; steel ship- 
plates, 7/. 15s. ; steel ship-angles, 7/. 7s. 6d.; steel boiler 
plates, 8/. 10s.; steel strip, 7/. 12s. 6d.; steel hoops, 7/. 15s. ; 
and steel joists, 6. 17s. 6d.—all less the customary 24 
per cent. Cast-iron columns are 6/. 10s. ; cast-iron rail- 
way chairs, 3/. 12s. 6d. to 3/. 17s. 6d.; light iron rails, 
6. 10s. to 6/. 12s.6d.; heavy steel rails, 6/. 5s. to 61. 7s. 6d.; 
and steel railway sleepers, 7/.—all net at works. Iron 
and steel galvanised corrugated sheets, 24 gauge, in 
bundles, stand at 12/. 5s. f.0.b.—less the usual 4 per cent. 





Devuxteme Concris NationaL pu From. —This 
Co is to be held at Toulouse, from September 23 to 
25, this year, under the patronage of M. Pams, Minister 
of Agriculture, the Ministers of the Interior, of War, the 
Colonies, Public Works, Commerce and Industry. It will 
be divided imto six sections, as follow:—Section I., 
freezing materials and gas liquefiers; Sections II., III., VI., 
general applications of refrigeration ; Section IV., the 
transport of freezing materials ; and Section V., adminis- 
tration and legislation. 





THE ASSOCIATION OF ENGINEERS-IN-CHARGE.— ma 
the courtesy extended to the Association by Mr. F. W. 
Bridges, organising manager of the International Exhibi- 
tion of Non-Ferrous Metals, now being held at the 
Agricultural Hall till June 28, an official visit has been 
arranged to take * on Thursday evening, June 27, at 
7 o'clock, when the chairman and other officers of the 
Association will have pleasure in meeting the members 
for a tour of inspection of the important collection of 
metals and alloys, so intimately connected with the 
engineering profession. 





Hanpy Guipes To THE NATIONAL INSURANCE ACT, 
1911.—There have recently been published by Messrs. 
Charles Knight and Co., Limited, 227-239 Tooley-street, 
London, 8.E., two little booklets, the object of which is 
to explain in a clear and simple manner the application 
of —! very anes See ne yond — + dag 

ved so great a puzzle to many people. of t 6 
Kn ht’s Householders’ Help to the National Insurance 
Act, 1911,” and the other ‘‘ Knight’s Guide to the Insur- 
ance Act for Employers and Cashiers.” They should 
both prove useful, as embodying as briefly as possible all 
that it is n to know regarding the application of 


the Act. The former should lighten very materially the 
mental burdens of the average householder regarding the 
Act. They are published at 2d. each. 


NOTES FROM THE SOUTH-WEST. 
Cardif.—Tonnage arrivals over the week-end again 
proved disappointing, and the steam-coal trade has been 
quiet in consequence. Forward business has also been 
restricted, buyers still pursuing a waiting policy. Stocks 
of large coal have become heavy, and quotations, under 
the circumstances, have nm to some extent nominal. 


The best Admiralty large has been priced at 17s. to 
17s. 6d. el vane yy A ualities at 15s. 6d. to 16s. 9d.; 
best bunker smalls at 9s. 6d. to 10s.; and smalls at 


8s. 6d. to 9s. per ton. The best household coal has 
brought 19s. to 20s.; good ordinary qualities realising 
17s. 6d. to 18s. 6d. per ton; No. 3 R da large has 
made 16s. to 17s. ; and smails, 12s. to 12s. 6d. per ton. 
No. 2 Rhondda la has brought 12s. to 12s. 3d. ; and 
No. 2 smalls, 8s. 6d. to 9s. 6d. perton. As regards iron 
ore, Rubio has realised 20s. 6d. to 21s. per ton, upon a 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Tredegar Iron and Coal.—The annual report of the 
directors of the Tredegar Iron and Coal Company, 
Limited, shows a falling off in profits owing to the 
increased cost of production arising from the serious 
labour troubles which affected South Wales throughout 
the greater part of last year. Apart from the coal strike, 
other labour troubles caused frequent stoppages of the 
pits, and led to such disorganisation of shipping that con- 
tractors for several months were unable to carry out their 
engagements with punctuality. Exceptionally hot 
weather last summer also materially affected the Com- 
pany’s operations through an abnormal percentage of the 
mniners absenting themselves from work, while the output 
of coal showed a substantial decrease. The total coal 
production for the 52 weeks was 1,558,821 tons, a decrease 
of 264,112 tons. The development of the Oakdale pits 
was interfered with, and the hope of a eT 
inoreased output during the year was not fully realised. 
Work is now proceeding satisfactorily at all the Com- 
pany’s collieries, and developments at Oakdale and 
sinkings at Markham are — good progress. The 
directors recommend dividends of 6 per cent. upon the 
wh” oe mS” res, free of income tax, carrying 
forward 31,6291. 

Parcels by Motors.—The conveyance of —~ mails b 
road-motors is increasing in the West of England. 
nightly service from London to Bath and Bristol was 
recently started, and it is now the intention of the postal 
department to convey parcel mails between Bath and 
Gloucester, Birmingham and Gloucester, and Cardiff 
and Gloucester by motors. The cars will only be run 
during the night, and will only take parcels. By this 
policy the post-office will be relieved of all parcel pay- 
ments to the railway companies, and will, in fact, come 
into direct competition with the railway interest. 


Blaenavon.— After having been dam down for three 
months, the Blaenavon blast-furnace has been restarted. 
The furnace was damped down in the middle of March 
in consequence of the coal strike and the consequent 
lack of fuel. 

Bristol Docks.—The Bristol City Council has approved 
the acquisition of new dredging plant at a cost of 3 3000., 
as recommended by the docks committee. The old 
dredging plant is to be disposed of. 

Welsh Coal for France.—The French Admiralty has 
placed an order for 10,000 tons of best a steam coal 
with Messrs. Lysberg, Limited, Cardiff. liveries are 
to be made at Toulon within a fortnight. 








Our Locomotive Exports.—Our locomotive exports 
have been saree maintained this year, and they showed 
in May a decided tendency to decline. The value of the 
shipments in May was only 138,596/., as compared with 
ee in May, 1911, and 167,589/. .. ay, —_ 

rgentina was the largest importer, the engines for- 
warded to that quarter in Ma: Neier valued at 37,3822., 
as compared with 40,226/. and 65,7461. The aggregate 
value of the locomotives exported to May 31, thes year, 
was 851,752/., as compared with 930,315/. and 759,126/. in 
the corresponding periods of 1911 and 1910 respectively. 





University oF Lonpon anp Town PLANNING.—We 
understand that in view of the growing importance of 
town planning, a committee has been formed for the pur- 

of arranging for a summer school on the subject. 
The Board to promote the extension of university teach- 
ing with rd to this will meet at the Hampstead 
Garden Suburb, on August 3 to 17, 1912. The followin 
course of lectures has arranged :—‘‘ The Practice o' 
Town Planning,” eight lectures and demonstrations, by 
Mr. Raymond Unwin, F.R.I.B.A. ‘Town Planning 
in Foreign Countries and Past Times,” four lectures, 


by Professor S. D. Adshead, F.R.I.B.A. ‘‘The Town 
Planning Act,” and other | aspects of the subjects, 
three lectures, by Mr. E. Abbott. ‘ The Engineer- 


ing and ren ee of Town Planning,” two 
lectures, b r. W. R. Davidge, F.S.1., A.R.I.B.A., 
Assoc. M. Inst. C.E. Two lectures by Mr. O. L. Pepler, 
F.S.I. ‘Tle Public Health Aspect of the Town Plan- 
ning Movement ;” two lectures by Dr. G. F. McCleary, 
M.D., D.P.H., medical officer of health to the Borough of 
Hampstead. In addition to these the following special 
lectures have been yy 4 The Ethics of Suburb 
Planing,” by Mrs. 8. A. ett ; ‘‘ Examples of Garden 
City Estates,” by Mr. Ewart G. Calpin ; “* The Financial 
Aspects of Town Planing,” yy Mr. Vivian, J.P. ; 
** Modern Town Planing in , and Modern Town 
Planning in America.” There will also be excursions and 
visits to places of interest. Further particulars may be 
obtained from the secretary, Mr. J. 8. Rathbone, the 





Institute, Hampstead Suburb, London, N.W 
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er’s Boghandel, Carl Johans Gade, 4] and 43. | 


6|railways of Belgium have cost about 4015/. per 





|pay, and if they are not to be expected to pay, 
| difficulties in development immediately arise. 

If the Belgian system is any criterion, light 
railways here could not be ex to pay he 


NOTICES OF MEETINGS. 


Tae Instrruts or Sanrrary ENciIneeRs.—Saturday, June 22, at | 
oo enone Exhibition of Bon Feseus Metals, as the = 
icultu . Islington, N. lessor ‘ er | . 
a aA. DiSe., CESS, Bi ted, S.. Sortusse rad | financial position of the Belgian Chemins de Fer 
nee! nsbury Techn ollege, eliver a lecture in * . . : . . 
the Lectare Hall on *thaae of Givens te Metals,” illustrated by | Vicinaux is gone into, in some detail, by Lieut. 
otographs in natural colours of bodies under stress. The Pre-|Colonel H. A. Yorke, in a report (Cd. 6158) 
oS - 2 pag Ya kg Prdey, Se os btn | recently issued by the Board of Trade. The deve- 
the last ordinary meeting of the session, at the Imperial College lopment of this system has only been possible with 
of Science, Imperial Institute-road, South Kensington, S8.W. | the assistance of the State. The lines give on an 





finery ‘why Feebenne Meaet' Wiken ond Rame BO. Obs ctic average a return of under 3 per cent. on the capital 
and A.'E. Power. 2 “The Efficiency of Generation of High- invested, and many lines pay nothing at all, their 
Frequency Oscillations by Means of an Induction on ag on | dividends being obtained by spreading out the 
Peattion &. "" Dielectric Hysteresis at Low Frequencies,” by Surplus revenue from the older lines over the less 
Professor W. M. Thornton. on = eee SS oe — of prosperous portions of the system. Such adjust- 
Water Along Capillary Soda Glas Tube at Low Rates of Shear.” Tents between accounts of separate undertakings 
sation of Steel,” by Messrs. 8. W. J. Smith and J. Guild. |imply, of course, unity of control, which, in fact, 
~~. | @xists in Belgium in the ** Société Nationale,” but 
EK N ton N E E RI N {; | which, so far as we are aware, has never been con- 

a templated for this country. , 
It is usually accepted that light railways are 
FRIDAY, JUNE 21, 1912. ‘intended to assist in rural development by pro- 


viding additional facilities for the conveyance of 
produce to the markets. Lines of this kind would 
naturally be more serviceable in an agricultural than 
in a pastoral country, and might therefore be ex- 
pected to stand a greater chance of success in Bel- 
gium than in this country, where grazing is followed 
|to a greater extent. Yet in Belgium, as has been 
nection, of light railways. When the question is | shown above, they can show only a poor return 
raised, the mind instinctively turns to what has | above working expenses, and a closer investigation 
been done in this way on the Continent, and more | will reveal the fact that, of the gross revenue, 
pre-eminently to the development which has taken | about two-thirds is derived from passenger traftic 
place in Belgium. In no country have light rail-|—in fact, from tramway service, much of it in the 
ways, as feeders to main lines, been taken up 80 | neighbourhood of the larger towns—and not from 
vigorously as in Belgium, and in some measure | carriers’ business at all. It does not therefore 
comparisons between this country and that are not | seem illogical to conclude that motor services would 
altogether misplaced. If England and Wales alone | probably prove much more promising here than 
be considered, they are found to have, according | would light railways. 
to the figures for the 1911 census, a population of | Another point to be considered is that of finance. 
about 618 to the square mile. Belgium, the most | The attempt made to get private investors to embark 
thickly-populated European country, has about 648 | on light railway development in Belgium was a 
inhabitants per square mile. While, however, | complete failure, and it was not until the matter 
England and Wales have about 447 miles of railway | was backed by public finance that anything appre- 
per million inhabitants, Belgium es no less |ciable was done. Although private investors are 
than 696 miles. In England and Wales the | still able to take an interest in this form of enter- 
aggregate length of narrow-gauge lines is practically | prise, the returns offer so small an inducement 
insignificant, but in Belgium the railway mileage | that only 1.5 per cent. of the capital is in their 
is roughly divided in equal proportions between | hands. With prospects in this country even less 
normal-gauge main lines and narrow-gauge feeder | bright than in Belgium, it seems almost certain 
lines. The question then becomes one as to whether | that such development here would only be possible 
England and Wales are better off with their 447 | with the backing of public money. How any serious 
miles of main and important branch-line system than | attempts in this direction, on a large scale, would 
Belgium with some 348 miles of main line and an) be received it would be difficult to say. A few 
equal amount of light narrow-gauge line per million years ago they would have been denounced as 
inhabitants. The question is not easy to answer, as it contravening national ideals, and much the same 
involves a considerable conflict of interests. Taking | feeling seemed to be in evidence recently during 
all things into account, and in view of the prospec- | the committee stage of the Light Railways Bill, 
tive development of motor transport, we cannot now before Parliament. 
think that there is now any likelihood of great light | Such a practice would rightly be objected to by 
railway development in this country. | the large y of investors in our excellent railway 
It is true that in theory we already possess light | system, already badly hit by the one-sided rate-aided 
railways, but in practice these have worked out as | competition of the tramways. With few exceptions, 
nothing more than branch lines of normal gauge, | it is scarcely possible that light railways could fail 
constructed under somewhat less stringent regula- to introduce additional competition, although, in 
tions than those laid down for regular lines. | theory, they are intended to be merely feeders of the 
Mr. Elliott-Cooper, at the Engineering Con- | larger systems. In Belgium it matters little whether 
ference of 1907, maintained that the light rail-| such feeders supply one main line or another, since 
way policy of England could boast theoretically | the latter all belong to the State. Here they are 
of four appreciable advantages —viz. :—(1) The separate undertakings in private hands, and, as even 
fencing of arable land was not compulsory ; (2) the present Prime Minister has had to admit that 
no costly stations were required; (3) economies the case for nationalisation has not been proved, 
at level crossings, no gates or houses being neces- | there would seem to be little prospect of being able 
sary ; and (4) very few signals being insisted upon. |to overcome this difficulty except by allowing 
All these are likewise features of the Belgian | ‘‘ working agreements” in their widest sense. 
Chemins de Fer Vicinaux system,; but while in complete co-operation existed between the main 
Belgium the inhabitants have usually been satistied systems, there would be less trouble to fear from 
with such conditions, in England the public insists | the suggestion that light railways should receive 
on a good deal more than is demanded by the Light | assistance from the local public purse. 
Railway Commissioners, On the whole, however, we are of opinion that 
In spite of the cruder methods of working the much more flexible system of motor services 
and construction, however, the narrow - gauge would serve the pu better, Such a service 
has manifold advantages. It forms, in the first place, 
a redeemable investment, as no money need be 
spent on permanent works which cannot. be re- 
converted into cash, should success not attend the 
enterprise. The service is more easily adjusted to 
temporary requirements. It can be concentrated 
at spots which, so far as the transport of produce 
is concerned, may suit the temporary require- 
ments of its patrons, instead of having to keep to 
fixed routes. These and other features which con- 
tribute to low capital cost on unconvertible fixtures 
would appear to give motor transport a consider- 
able advantage over light railways, where the 





LIGHT RAILWAYS. 

Every now and again the efforts of those anxious 
to see the rural districts of this country placed 
upon a more prosperous footing are directed to 
the investigation of the ibilities, in this con- 


mile, and are yearly becoming more expensive 
to build as the standard of requirements is being | 
raised. In Ireland the principal independent 
light railways have cost a very similar amount, 
while in Germany the cost has been greater by 
20001. per mile. The requirements of the public 


here would certainly lead to greater capital expen- 

diture than in Ireland, and the cost of narrow- | 

gauge light railways here would probably more 

c s58| nearly approach the cost in Germany than in 
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Belgium and Ireland. It seems to us extremely 
problematical whether lines so constructed would 








TP 





PEAS WER 


_344 


ENGINEERING. 


(JUNE 21, 1912. 





success of the latter is anything but assured, as 
would appear to be the case here ; while, it may be 
added, if the motor service develop sufficiently, the 
time would come when a normal - gauge branch 
line could be Jaid down without risk. 





ENLARGEMENT OF THE KAISER 
WILHELM CANAL. 

Wuewn the canal from Holtenau, near Kiel, on 
the Baltic, through Holstein to Brunsbiittel on 
the Lower Elbe was opened in 1895, it was fore- 
seen that the canal would have to be widened and 
deepened in due course, and this was pointed out 
also in the series of articles which we then pub- 
lished—a series, we may perhaps mention, which 
caused some inquiries in the Reichstag as to how 
it was that a detailed description of the canal could 
first appear in a foreign journal. 

When, about ten years after the opening of the 
canal, the German Government asked for a very 
large credit for the enlargement, the Government 
and the experts were blamed for not showing 
greater foresight and for placing a heavy burden 
on the country, which might have been saved if 
they had had the courage to demand from the first 
all that was necessary, or would soon become so. 
There was some justitication for this charge. But 
it is also clear that the canal would perhaps not 
have been built at all had anything like the pre- 
sent grant been insisted upon. In the first 
instance, the outlay was too heavy for Prussia, 
which had primarily to bear the expenditure, since 
the canal is all on Prussian territory, and the Em- 
pire is only indirectly, though certainly very mate- 
rially, interested in it. And, secondly, not even 
those who predicted the necessity of an early 
enlargement would have been ready to consent to 
the dimensions of the canal and locks which are 
now conceded to be indispensable. The develop- 
ment of shipping, and of naval architecture in 
particular, has outrun all expectations. Another 
point should not be overlooked. Some under- 
takings are drafted and carried out on the grandest 
style in order to obviate future extensions. The 
promoters of other undertakings are satisfied with 
making a modest start, willing to add to their plant 
as the wantarises. The latter, perhaps, finally spend 
more capital in original outlay than the former ; 
but they escape having to pay heavy interest 
for years on dead capital, their enterprise flourishes 
almost from the beginning, and the policy seems, 
on the whole, wiser, though the extension work 
may be difficult. 

The enlargement of the great canal which joins 
the Baltic to the North Sea will not be an easy 
matter. The new canal will contain twice as 
much water as the present; width and depth 
are to be increased, sharp curves to be eliminated, 
and the two big locks at the two entrances 
are to be replaced by the biggest locks in exist- 
ence, surpassing those now in the course of 
erection on the Panama Canal ; bridges are to be 
reconstructed, and all this without interfering with 
the traftic. That is the difficulty which causes the 
estimates for the enlargement to exceed the 
original outlay. A sum of 223 million marks (more 
than 11 million pounds) was granted in 1907 for the 
canal enlargement. Operations were begun in 1909, 
and are to be completed by 1915, though certain 
accessory constructions may extend into the 
following year. We will review the main features 
of the projected alterations, taking our information 
chiefly from a paper on the subject which Mr. 
Hans W. Schultz, of Kiel, brought before the 
meeting of the Schiffbautechnische Gesellschaft, 
held at Kiel in the first week of June. 

The bottom width of the Canal is to be doubled 
to 44 m. (144 ft.), the depth to be increased to 
11 m. (36 ft.) at ordinary canal level; that will 
give a water-level width of 102 m. (335 ft.), instead 
of 66 m., and a canal profile »f 825 sq. m. (8880 sq. ft. ), 
instead of 413 sq. m. ‘There are some rather 
awkward curves near the Kiel end of the canal; 
the minimum radius of curvature will be 1800 m. 
(more than 1 mile), and of that there will be only 
very few cases; most of the curves will have a 
radius of more than 3000m. The ten pasaing- 
places will have lengths of from 600 m. to 1100 m. 
and of 1400 m., and bottom widths of 134 m. and 
89 m. (437 ft. and 292 ft.); the latter figure con- 
cerns spots where shi — on both sides of 
the mid-water line. ore than 100 million cub. m. 


(about 3550 million cub. ft.) of soil will have to be 
excavated ; about two-fifths of this mass are above 





water-level. The locks are to have a useful length replaced by a high arch several miles further east, 
of 320 m. (1083 ft.), a width of 45 m. (147.6 ft.), , which means 15 miles of new track. The ferries. 
and a depth of 13.77 m. (45} ft.) ; this depth will | which cross the canal at various points, are all being 


meet any later deepening of the canal 


. The , transformed into steam ferries ; ice-breakers wil! 


corresponding figures of the Panama Canal locks . also be provided. 


are 305 m., 33.5 m., and 12.20 m. 


Each lock will | 
be fitted with three slidiny-gates, each weighing be noticed. 


The arrangements made for the workmen should 
As sufficient numbers of men— 


1000 tons, to be worked by electricity ; the middle there were 7600 employed last summer—could not 


te is to serve for dividing the huge lock-chamber 
into two chambers of 100m. and 221 m. useful 


be found in the district nor in other parts of 
Germany, labourers from foreign parts are also 


lengths, which will in many cases be a sufficient | being employed, but in a minority only, and con- 


length. The new locks will require new and 
spacious dock basins. Some of the railway and 
other bridges crossing the canal will have to be 
raised, and many new buildings are required. 

Much ground has, of course, had to be acquired, 
but in six cases out of every seven the compensa- 
sation question has not caused any difficulty. A 
good deal of the excavating in the dry is finished 
already. A dam had to be left along the present 
canal bank, so that the excavation beyond could 
be carried on in the dry. These dams have been 
secured in various ways to protect them from the 
wash of sing steamers and from wind waves 
One of the best ways of covering the dam has been 
to pile up stones on the batter, from 2 metres 
below the water-level up to 1 metre above it, a 
vertical height of 3 m. (10 ft.); the lower layer, about 
25 cm. (10 in.) in thickness, of stones, consists of 
blocks, the upper of broken stones of more than fist 
size. The batter is 1 in 2},andthe method has proved 
efficient and simple, particularly also because the 
stones are easily replenished from a boat moving 
along the bank. Considerable use is being made 
of spoon dredgers; they generally take about 
2 cub. m. of spoil, but the largest size can take 
3.5 cub. m. (125 cub. ft.) at a time, and yet be 
transported whole by rail, running on their own 
wheels. In dredging in the wet, the spoil or 
sludge is sometimes discharged through shoots 
1000 metres in length. In some parts the heavy 
loam and marl have to be removed by elevators ; 
an elevator consists of two boats fixed at such 
a distance apart that a spoil-barge, in which 
the spoil is primarily deposited, can get under 
the bridge connecting the two boats; the tough 
spoil is finally flushed down a shoot fixed 
high up, which cannot be over 80 metres in length, 
however. These elevators are neither very eflicient 
nor cheap; but they have to be used at some 
spots. owerful suction-dredgers are working 
with great success. Most of the excavation work 
is done by contract ; the canal administration does 
not do much of this work directly. 

The two new locks are very expensive construc- 
tions. An enlargement of the old locks with the 
traffic continuing to pass through being out of all 
question, entirely new locks are being built next 
to the old ones, and the ground-water level had 
first to be lowered in the excavations. This is done 
by means of pipe-wells and electrically-driven 
centrifugal pumps, which require about 600 horse- 
power night and day ; the pumping is quite suc- 
cessful, although the bottom of the pit lies 20 m. 
(65 ft.) below canal-level. This depth could be 
attained at once at Holtenau, where the new lock 
is being built in concrete and clinker with granite 
facing. At Brunsbiittel a solid foundation is only 
reached 22 metres below water-level, and there was 
danger that: the old lock walls might begin to shift 
if the whole depth had been excavated. The pit 
has been given a depth of 10 metres only, there- 
fore, and piles have been driven into the ground 
on which the new walls rest ; a great deal of sheet- 
piling has also had to be applied ; the chief difti- 
culties have, however, been overcome. 

While the subsoil is firmer at Holtenau, the 
space there is so cramped that the new lock is 
being built in sections according to a detailed 
scheme. There is no room for transporting 
materials on inclined planes, and every thing has 
to be raised and lowered vertically by means of 
cable cranes, driven, together with the concrete- 
mills and other machinery, from the electric power- 
station. 

Two of the railway bridges on the lines from 
Kiel and Neumiinster to Rendsburg (on the Eider) 
are swing-bridges and are to he replaced by arches 
and to be raised 37 metres; the chief trouble in 
this case is that Rendsburg lies so near the north 
bank of the canal that the permanent way has to 
be relaid in a long loop, lest the gradient down to 
Rendsb station be too steep. The Holtenau 
bridge is being raised on the cantilever principle ; 
the railway swing-bridge at Taterphahl is to be 





tractors have to satisfy the administration that 
they have in vain attempted to engage German 
workmen. All unmarried men must live in the 
barracks — this restriction does not apply to 
Holtenau and Brunsbiittel, where barrack life is 
voluntary—of which 30 are in use. The charge for 
lodging, breakfast, and dinner is 0.80 mark (9.6d.) ; 
warm supper is 0 10 or 0.20 mark extra. Every- 
thing is done to suppress indulgence in alcoholic 
drinks without absolutely forbidding them. Con- 
tractors and barrack inspectors are obliged, if asked, 
to take charge of the money of the men, to put it 
into the savings banks, or to send it to their relations. 
Sunday work and overtime are allowed only by 
special license in exceptional cases. Every labourer 
is medically examined before he is engaged, and 
remains under medical control. The various arrange- 
ments for the workmen and their barracks are said 
to have caused an outlay of 100,0001. 








GRINDING-MACHINES. 

ALTHOUGH users of grinding-machines generally 
have nowadays a better idea of the principles in- 
volved than formerly, considerable interest will 
always be aroused by a paper connected with the 
subject, provided the author has practical know- 
ledge. In a paper read by Mr. H. Guest before 
the Institution of Automobile Engineers recently 
several interesting points were raised, and although 
the author of necessity covered a certain amount 
of old ground, the matter was put forward in an 
interesting manner. 

Among the factors which have made the high 
degrees of accuracy, now attainable, possible is the 
improvement in instruments for measuring to very 
fine limits, and notably the screw micrometer. 
Without such means of measurement it would have 
availed nothing to bring grinding-machines to the 
degree of perfection which now exists. Dealing 
first with the improvements made in the grinding- 
wheels, the author suggested that with the arti- 
ficial abrasives now available it would not appear 
that any improvement can be looked for, as regarded 
hardness, unless a material harder than the diamond 
can be discovered wherewith to true up the wheels, 
since at the present time the diamond is the only 
substance capable of dealing with the existing 
wheels. 

Regarding the various bonds used for holding 
the abrasives, it was pointed out that the vitrified 
bond, made of fused clays and such-like material, 
gave the best results, except where very thin wheels 
were necessary, when the elastic, or vulcanised, 
bond was necessary. Mention was made of the 
shellac bond as being of low tensile strength, and 
not suitable for withstanding the action of water ; 
but it must be pointed out that large numbers of 
these wheels are made and are in continual work, 
both for wet and dry grinding, of a rough and heavy 
character. It cannot be said, therefore, that they 
fail in the qualities mentioned, though they are not 
so suitable for precision grinding as the vitrified 
wheels. In this connection it may be of interest to 
note that at least two firms in this country have in 
recent times taken up the manufacture of the latter 
class of wheel. 

An interesting point was made in connection 
with the qualities of the wheel affecting the safe 
peripheral speed at which it might be run ; and it 
was shown that this depends entirely on the 
strength and density of the bond, and is indepen- 
dent of the size of wheel. The speed usually 
adopted is about 5000 ft. to 6000 ft. per minute, 
and the desirability of all wheels being tested 
before despatch by the makers was recommended. 
In connection with this question of safety of 
wheels, the manner of mounting may be referred 
to, as many cases of broken wheels have been 
directly traced to carelessness in this respect. 
Where the wheel is held between washers upon the 
spindle the hole should be bushed with lead, so that, 
if necessary, it can be made to fit easily on the shaft, 
and care should be taken to see that soft packing is 
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inserted between the washers and the wheel. It is 
infinitely better, however, that wheels be mounted 
on collets so constructed that they firmly hold the 
wheel independently of the attachment to the 
spindle. As pointed out in the paper, the pressure 
between the work and face of the wheel is very 
small, and thus it is only necessary to clamp the 
wheel on the spindle sufficiently tight to ensure 
that it does not slip under working condi- 
tions. If suitably constructed, the collets will en- 
sure the wheel being mounted practically true 
upon the shaft, and so prevent undue loss in 
truing up when wheels are changed. Another 

oint in connection with the mounting wheels in 
suitable collets is that if a wheel should be broken, 
the pieces are retained, and consequently there is 
less liability of damage to workmen. 

A point raised during the discussion on this 
paper was the liability of vitrified wheels to be 
damiged by frost, the speaker referring to two 
wheels which had come under his notice and which 
had apparently failed due to this cause. Although 
we are not aware that similar breakages have been 
previously recorded, it would appear that, on 
account of the porous nature of such wheels, suffi- 
cient water might be retained to cause damage to 
the wheels when subjected to freezing. 

In connection with actual grinding the importance 
of a plentiful supply of water to prevent heating 
was pointed out, and the use of soda or a soluble oil 
to prevent rusting of the work was recommended. 
In peactically all modern machines the importance 
of an ample supply of water is realised except in 
the case of internal grinders, where, up to the 
present, but few makers have made adequate pro- 
vision in this respect. Although a copious supply of 
water tends to prevent distortion of the work due to 
temperature effects, it will not prevent changes of 
shape due to the removal of metal from work which 
has been stressed internally due to the process of 
manufacture, and in all cases it is to recom- 
mended that some time be allowed to elapse 
between the roughing and finishing cuts to enable 
the material to take up its natural position. 

The accuracy possible on modern grinding- 
machines was mentioned as being of the order of 
gogo iN. OF ygyp in. on the diameter of cylindrical 
work. It may be suggested that such fine limits 
could not be worked to, say, in grinding a long 
shaft, on account of the wear of the grinding- 
wheel, but it is pointed out that in any case the 
wear cannot exceed the amount of the cut. On 
each successive application of the feed, the wheel 
would only come in contact with the larger dia- 
meters, and thus, by finishing with a sufficiently 
fine feed, the error would be practically reduced to 
the amount of wear on the wheel. 

The necessity for softer wheels for internal 
grinding and for surface grinding with face wheels 
is explained by the fact that a larger amount of the 
wheel surface is in contact with the work, and so 
renders the removal of the dulled particles of 
abrasives more difficult, Further, the actual cut 
taken by individual grains is longer, and con- 
sequently they become dulled more rapidly, and 
freer cutting can be obtained by employing a coarser 
grain and softer bond than is used on similar 
material in the case of cylindrical grinding. The 
increased area of contact and the more rapid dulling 
of the cutting particles naturally increases the 
amount of power absorbed, and a more careful 
choice of wheel is necessary for surface grinding. 
Too hard a wheel will unduly increase the power 
and diminish the output, whilst too soft a wheel 
Wears away so quickly as to make the cost of re- 
newals a serious matter. 








THE OPTICAL CONVENTION. 

Tue Optical Convention was opened last Wed- 
nesday evening, when the President, Professor 
Silvanus P, Thompson, D.Sc., F.R.S., delivered 
his inaugural address in the Physical Lecture 
Theatre of the Imperial College of Science and 
Techaology. We have several times drawn atten- 
tion to this important Convention, the second of 
its kind. The first was held in 1905, at the North- 
ampton Institute, Clerkenwell, E.C. That seven 
years have elapsed before that venture has been 
repeated has several reasons ; but want of success 
of the first is not one of them. The Northampton 
Institute was then chosen because it is intimately 
connected with — work, and is, in a way, the 





centre of the industry in London. This time the 
Government placed rooms in the South Kensington» 





Museum—in the Southern Galleries of the old 
Science Museum—at the disposal of the Convention 
for the Exhibition, and the Lecture Theatres of the 
Imperial College of Science are available for the 
morning and evening meetings, which were, or 
will be, held on the Thursday and Friday of this 
week, and the Monday, Tuesday, and Wednesday 
of next week. Saturday, this week, is reserved for 
excursions to works in and near London, and on the 
afternoon of Monday next a visit will be paid to 
the National Physical Laboratory, and on the after- 
noon of Tuesday to Greenwich Observatory. We 

ublished last week a list of the papers to be read. 

he Royal Astronomical Society, the Physical 
Society, and the Royal Photographic Society are 
participating in these meetings. The subscription 
for members has been fixed at the very low figure 
of 5s.; donations of Il. or 51. entitle to’ the privi- 
leges of foundation members ordonors, and it is 
to be hoped that new members of the privileged 
class will still join. Admission tothe Exhibition is 
free, and will be so all the time that the Exhibition 
is open, from 10 a.m. to6 p.M., till Wednesday, 
June 26. The entrance to the Exhibition is from 
the Exhibition-road, on the left-hand side as we 
go north from South Kensington station. The 
College is practically in the same block of buildings, 
which is very convenient. 

When an exhibition remains open for a week, we 
are justified even in this exhibition age to think 
that it will be advisable to postpone a visit, not to 
find more packing-cases than exhibits. This time 
the Exhibition was ready on the appointed Wednes- 
day afternoon. The first comparative impression 
may have been that the Exhibition is smaller than 
that of 1905. That is apparent only, however. 
The large hall of the Northampton Institute afforded 
ample space. In the galleries of the museum— 
there are two, a lower and an upper—the stands 
and cases are more crowded ; but the Exhibition is 
certainly quite as rich as that of 1905, and, to 
judge by the catalogue, which has increased by 
one-third, larger. This catalogue, a small quarto 
volume of nearly 400 pages, is excellently compiled 
for instruction, and will have a lasting value ; 
the fact that French and German editions of the 
catalogue are in preparation is sufficient evidence 
of this. Introductions to the different sections 
draw the attention of the reader to the objects and 
special features of the respective instruments and 
apparatus, and then follow the descriptions of the 
exhibits as supplied by the manufacturers, but 
revised by the Committee. The catalogue distin- 
guishes twenty classes of exhibits ; the exhibitors 
are arranged in alphabetical order in each class. 
Thus the various articles shown by one firm are not 
grouped together in the catalogue, but the name 
index and the subject-matter index enable every- 
body to find the desired information quickly. 
Cards referring to the pages on which the respec 
tive objects are described are, moreover, placed 
near the exhibits. The primary object of the 
Convention is to teach ; hence the scientific meet- 
ings, demonstration-rooms, and the general charac- 
ter of the exhibits ; the advertisements are quite 
separate from the descriptive part of the catalogue. 

That both the Convention and the Exhibition are 
British is not in any way accentuated, but a fact. 
Only British-made goods are admitted, except that 
there are a few apparatus of foreign make in the 
loan collection. The papers are all in English, too, 
and all, with one exception, by British scientists. 
What was not obtainable on the first day, but may 
be in preparation, is a key to the stands, showing 
where each firm is to be found. The head office of 
the Optical Convention is at 32, Victoria-street, 
Westminster ; for the Convention week the address 
is the Science Museum, Southern Galleries, South 
Kensington. 


PRESIDENTIAL ADDRESS. 


The initiation of the Convention by the presi- 
dential address was preceded by a few words of 
welcome which the Parliamentary Secretary of the 
Board of Education, Mr. P. Trevelyan, expressed 
on behalf of the President of the Board, Mr. 
Pease. The Board, he said, hoped that the nation 
would soon have a science museum which would 
accommodate both permanent and occasional exhi- 
bitions of scientific character. 

The address of Principal S. P. Thompson was a 
brilliant inauguration, worthy of the occasion, and 
abounding in weighty suggestions. We intend to 
reproduce it in our next issue. It was along address, 
and its delivery took more than an hour. It would 





be useless to attempt to abstract it ; we can merely 

ick out a few salient points. The seven years, 

rofessor Thompson began, that had elapsed since 
the last Convention had not been marked by any 
sensational optical discovery, like the invention of 
the telescope, of the kaleidoscope, of which 300,000 
were sold within the first six months, the 
stereoscope, the Réntgen-rays bulb, or the kine- 
matograph, which had drawn from the public 
a thousand times as much money as any of the 
discoveries named. But the development of optics 
showed that Newton’s hypotheses non fingo had not 
induced others to abandon theorising, fortunately. 
It was better to set before oneself some directive 
hypothesis than to work aimlessly, even if the 
hypothesis should finally prove to be wrong. The 
views of Plato, that light consisted of visual rays 
which proceeded from the eye, and of Pythagoras, 
that it consisted of corpuscles shot out from the 
shining bodies, were not inconsistent with the geo- 
metrical laws of light, and the wave theory of light 
of Huygens, according to which the ray was merely 
the path of the waves, was little more than an admis- 
sion of the fact of the rectilinear propagation of light. 
Geometrical optics, Professor Sean argued at 
length, dealt solely with directions of the light path, 
and the formation of images was independent of 
the particular optical mechanism, and purely a 
question of projective geometry. That had been 
understood “ Gauss and Moebius and Maxwell, 
and more fully explained by Abbe. Going back 
to the two giauts, Rooke and Huygens, Professor 
Thompson pointed out that Newton himself ad- 
mitted the probability that emission was performed 


|in shining bodies by the vibrating motions of their 


parts, and that Huygens had given his lenses enor- 
mous focal length (150 ft.), to avoid aberration. It 
was striking that, while opticians were still 
anxious to correct for curvature, our eye received 
the image on a curved surface. 

Professor Thompson proceeded to a masterly re- 
view of the progress made as to the various optical 
phenomena, of which he distinguished forty groups. 
The books and researches of Czapski, Rayleigh, and 
Wood; the wonderful plane parallel plates which 
Messrs. Hilger supplied, perfect within half a wave- 
length; and many other things, even leaving out phy- 
siology and photography, for want of time, proved 
that the lack of sensational, novel discoveries did 
not involve a want of great advance. In conclusion, 
Professor Thompson pleaded for an institute in 
which optics should properly be taught, in which 
brain-craft and handicraft were united, not two 
separate schools for calculators and for workers, 
not under the baneful influence of a University. 
The optical industry was in deadly earnest in 
demanding such a centre of optical training. The 
optical 7 pe apd of the Northampton Institute 
was now the only representative of its kind in the 
country. The usual vote of thanks was omitted, 
and a reception in the Exhibition followed the 
delivery of the address. 


THe EXHIBITION. 


As the Exhibition was only opened on Wednesday 
afternoon, we cannot this week group our notices 
as we should desire; we hope to do this in the 
article which will appear in our next issue. 

Optical glasses are only exhibited by one firm, 
Messrs. Chance Brothers and Co., Birmingham. 
Scientific glass-making began on the Continent 
about a hundred years ago, was soon taken up in 
England, and has recently again made important 
strides in this country. There remain un- 
solved problems for the optical-glass maker ; 
but their solution is not more sdrenend else- 
where probably than here. The most remarkable 
exhibit of Messrs. Chance is an irregular block 
of hard crown glass weighing 350 lb., made for 
Sir Howard Grubb, for a 26-in. objectglass, which 
will weigh 120 lb. The block is free from all 
strie ; it looks a little green, but prisms cut 
from the same glass ny a perfectly colourless 
and transparent. The few small air bubbles to 
be noticed are not counted as imperfections, 
and the block is a remarkably perfect, per- 
haps unique, specimen. The moulding of such 
glasses to plates or discs—e.g., of two plane 12-in. 
discs exhibited—will take a month, the fine anneal- 
ing several months. The firm prides itself on its 
excellent annealing, and Messrs. Beck show on 
their stand, among other things, a prism of Chance 
glass and another of foreign make ; the former 





proves to be absolutely free from internal strains 
when examined in polarised light. Discs of 
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speculum glass are made up to 36 in. in diameter. 
Very fine are the pentagonal prisms of the firm, 
supplied for range-finders. Cover glasses for micro- 
sco are made in three thicknesses, both round 
and square. The borosilicate crowns, barium 
crowns, light and heavy flints of Messrs. Chance 
range in their n, from 1.5 up to 1.71, in their 
» from 63.3 down to 29.9, and in their medium 
dispersion from 0.008 up to.0.238, _ ti 
Optical silica glasses are not especially exhibited. 
Simple optical elements—lenses, prisms, mirrors, 
&c.—are shown by several firms. We notice the 
very fine proof planes, 8} in. in diameter, of 
Messrs. Aldis Brothers, of 13, Old Grange-road, 
Birmingham. One pair is mounted in a dust-tight 
glass case, and electrically illuminated from behind, 
a brass knob being so arranged underneath the case 
that it can be pressed upward by hand to make 
the interference colours shift ; such colours are only 
visible when the distance between the two optically 


plane or curved plates does not exceed oan in. 


Messrs. J. H. Dallmeyer, of Willesden, N.W., 
have worked their proof plates to deep curves, 
showing Newton's rings between them ; the accu- 
racy claimed is a0 a0 in. In one of their large 
prisms the strive can be seen as fine lines curlin 
right through the block. Messrs. Negretti an 
Zambra, of 38, Holborn Viaduct, E.C., exhibit 
series of optical systems with object-glasses up to 
4} in. in diameter. The New Yulo Manufacturing 
Company, of Park-road, Bowes Park, N., show 
reading glasses with aluminium frames, round and 
square, not made of special glasses, of course, and 
Coddington lenses ; and the Periscopic Prism Com- 
ny, of 70, Chalk Farm-road, N.W., exhibit 
rosilicate prisms and discs in the rough, smooth, 
and polished conditions. 
Messrs. Alexander Wright and Co., of Artillery- 
row, Westminster, coat their mirrors for search- 
lights, &c., on the back surface with gold from an 
acid solution of gold chloride. The gold reflects 
the yellow and red better than silver, and the re- 
flected rays are said to penetrate a foggy atmosphere 
better. They also reduce palladium on glass from 
a neutral solution of its chloride to obtain good 
mirrors, also of high reflecting power and of a stecl 
hue ; these palladium coatings are very hard and 
do not tarnish in sulphurous or damp atmospheres 
The replica of a Blythwood grating, of 40,000 lines 
to the inch, made at the National Physical Labo- 
ratory, which Dr. L. Levy shows on behalf of 
the firm, is very interesting. The grating was 
gilded, the gold backed with copper to a sufficient 
thickness, and the coating afterwards separated 
from the grating by being immersed in warm water; 
the thus obtained replica was finally coated with 
palladium, and a new grating in this way produced 
which shows the slight defects of the original, but 
seems to be an excellent copy. Of other exhibits 
of Messrs. Wright and Co., we mention the Dibdin 
hand photometer, a novelty, a simple portable 
instrument for determining the illuminating eftect 
or the power of light sources. The whole instru- 
ment consists of a box, 15 in. by 5 in. by 5in. The 
screen is near the one end ; exactly 1 ft. from it is 
the lamp, and on the top of the box the scale in 
foot-candles, over which a pointer slides. This 
pointer varies the lamp resistance to the lamp 
through a rheostat in the box. To make an 
observation in diffused light the disc-box is opened 
and stood on end. If the scale range should 
be insufficient, the lamp is fixed at 4 ft. from 
the screen. The standard photometer bench of 
the firm, also exhibited, is a duplicate of the bench 
which they supplied for the National Physical 
Laboratory. It is fitted with the C. Paterson 
lamp-rotator, in which the lamp is suspended in a 
Girame. The Simmance-Abady street photometer, 
also of the same firm, is placed on a small one- 
wheel truck. The standard of light isan illuminated 
surface of 15 mm. square, coated with barium 
sulphate and equally illuminated all over its surface, 
which is exposed in part or as a whole with the 
aid of a micrometer movement scaled into 300 
equal parts, so that the standard of illumination 
can be varied from nothing up to maximum by 
0.003 of a foot-candle. The current through the 
metal-filament lamp is controlled as in the Dibdin 
photometer ; the photometer head is of the Sim- 
mance-Abady flicker kind. 
Messrs. Everett-Edgcumbe and Co., of 117, Vic- 
toria-street, S.W., and Hendon, likewise exhibit 
photometers, of the Trotter type, which we have 





| described on former occasions. Their luxometer 


indicates surface brightness, and the rotating 
lamp-holder of the photometer- bench is fitted with a 
mirror screen, two mirrors being joined at an on ps 
in such a way that a threefold image is seen, and a 
relatively slow rotation suffices to give uniform 
illumination ; this feature is not of importance now 
with the powerful metal-filament lamps used. 

Naturally, surveying apparatus occupied a good 
deal of space in the Exhibition. Some ten firms 
are represented in this section, and a large variety 
of first-class instruments of all kinds are to 
seen. For the most part these are of forms 
which have become well known in recent years 
and are varieties of the usual standard instru- 
ments, with, in some cases, refinements and new 
details only. It would be invidious to pick out 
from among such exhibits those of any special 
firm. The makes of theodolites, levels, &c., 
are representative of the best modern practice, 
as might be expected on such an occasion, and 
in a general way the novelties are confined to 
smaller apparatus or to detail. There are, how- 
ever, one or two exceptions. Messrs. C. F. 
Cassella and Co., Limited, Rochester-row, London, 
S.W., among other instruments, exhibit a new 
distance-finder, designed by Mr. E. A. Reeves, 
F.R.A.S. This instrument consists of a bar, 
3 ft. long, carried in two bearings on a table, and to 
the ends of which were fixed two telescopes. One 
telescope contains fixed horizontal and vertical wires, 
and this is trained on the fixed object. The other 
telescope is similar, except that it is fitted with a 
second vertical wire adjustable by a micrometer 
arrangement. This second wire is moved across until 
it falls on the object sighted by the other telescope, 
when the micrometer is read off and the distance 
is then obtained by a scale engraved on the base- 
bar. The instrument is useful in broken country, 
where direct measurement cannot be used, and it is 
arranged so that it can also be employed as an 
alidade by unshipping the bar and mounting 
one of the telescopes on a pillar provided. At 
the same stand may be seen a folding alidade, 
in which the pillar, on which the telescope is 
mounted, is hinged to the bar, and may be folded 
flat so as to occupy very little space. The 
bar of the alidade has a parallel rule attached 
to it. Some small altazimuths are also shown by 
Messrs. Cassella, while among the refinements on 
standard instruments may be mentioned a special 
tangent micrometer, designed by Mr. Reeves, and 
fitted to a transit theodolite. This attachment 
enables readings vertically and horizontally to be 
taken to the nearest five seconds. A small lens is 
provided for reading the micrometer scale, which is 
engraved on a dial. 

At the stand of Messrs. Negretti and Zambra, of 
38, Holborn-viaduct, E.C., among other instru- 
ments is shown one of their ‘‘theodolettes,” an 
improved form of altazimuth instrument. The 
telescope of this small instrument gives a magnifi- 
cation of six diameters, enabling the horizontal and 
vertical circles, divided to half a degrae, to be read 
accurately. Two cross levels are provided, mounted 
on a revolving band, and can be used for levelling 
the instrument in either the horizontal or vertical 
plane, the band being turned so as to bring the levels 
to their uppermost position in each case. The instru- 
ment is mounted on a light telescopic tripod stand, 
to which it is attached by a bronze universal joint, 
giving the necessary range of movement to enable 
the instrument to be used in either the horizontal 
or vertical plane. Among other exhibits, the same 
firm showed a hypsometer, designed with a special 
view to portability and safe carriage. This small 
apparatus was originally designed for use by Dr. 
Simpson in the National Antarctic Expedition, 
1910. The high-range thermometer is fitted into 
a brass tube, which acts as a protector, and of 
which sections may be unscrewed according to 
the level at which the mercury stands. A fitting 
of some interest, which Messrs. Negretti and 
Zambra are now spplying to their sextants, consists 
of a new fine adjustment. This arrangement 
employs one nut only for both the first and final 
adjustments. On the periphery of the arc a scroll 
is developed, and the swinging arm carries a milled 
nut set radially, and having on its inside face a 
scroll corresponding and engaging with that on the 
sextant arc. A spring push is attached to the nut, 
so that when the nut and push are both gripped by 
the fingers the nut does not engage with the scroll 
on the arc. The arm may fey moved to an 
position on the arc. On releasing the nut and peak 





the scrolls engage, and then the nut may be turned 
either way to the required fine adjustment. 
Among the more miscellaneous apparatus is to 
be found, in Messrs. C. F. Cassella and Co,’s exhibit, 
the latest model of Captain Sankey’s testing-machine 
for workshop use. This machine has undergone 
several modifications since it was first introduced. 
The records, instead of being taken on a disc, are 
now taken on a paper wrapped round a drum, to 
which the pencil-carrier imparts the necessary 
motion. The firm also show a pocket Mariotti 


be | barometer arranged so that the mercury cistern can 


be detached and carried separately. 

Messrs. Aldis Brothers, Sparkhill, Birmingham, 
show an optical level for use on board submarines, 
This is designed to replace the ordinary curved 
tubular bubble level as now used, the chief defect of 
which is that it is very slow in indicating any altera- 
tion of the inclination of a vessel in diving or rising 
to the surface. Messrs. Aldis’s instrument consists 
of a small level placed just below an electric light 
within an upright projector tube. The bubble 
acts as a lens, which is displaced if the tube is 
inclined. A mirror on the end of the projector 
tube throws a line of light, which is the image 
of the incandescent filament, on to a suitable scale 
some distance away on the side of the vessel, and 
any alteration in the level of the hull is imme- 
diately notified on this scale by a movement of 
this index mark. The prompt indication thus 
secured enables corrections to be made before the 
effect has become serious, whereas with the usual 
curved level, with its sluggish motion, the correc- 
tion can only be applied after the movement has 
proceeded for some time. 








NOTES. 
A ‘*Trranic” Enarngeers’ Memoriat. 

As the great majority of our readers probably 
know, in the Titanic disaster not one of the engine- 
room staff was saved. This is a simple enough 
statement, and yet the fact it records must have 
involved a devotion to duty and a quality of 
heroism on the part of the men forming that staff 
of which both the country and the profession 
to which they belong may well be proud. The 
peculiar difficulty and horror of the position under 
which the engine-room staff must have found them- 
selves at the time of the disaster, and the more 
than admirable way they behaved in it, were well 
pointed out by Lord Charles Beresford in his letter 
to the Times of April 22, which we reprinted on 
page 562 of thisvolume. We need not now repeat 
his words. What we wish to do is to direct our 
readers’ attention to and invite their sympathy 
with a fund which is being raised to erect a memorial 
at Liverpool to this engineering staff. It is pro- 
posed that the memorial shall occupy some position 
on the banks of the Mersey, and so shall form a 
permanent and evident record of the heroism 
which was displayed by the engineers and their 
assistants in April last. This Liverpool fund has 
the Right Hon. Earl Derby as President, and a 
very distinguished list of Vice-Presidents, which 
includes the Marquis of Graham, the Marquis of 
Bristol, and Lord tn The Chairman of the fund 
is Mr. Arthur J. Maginnis, M. Inst. C.E., of 28, 
Chapel-street, Liverpool, and the Hon. Secretary 
is Mr. C. Nelson, of 10, Drury-lane, Liverpool. 
Although the fund is intended primarily for the 
erection of a memorial at Liverpool, as stated 
above, it is hoped that a sufficient sum may be 
forthcoming to assist towards the erection of 
memorials in other towns. No doubt the actual 
form of such other memorials will be determined 
by other funds which are in process of collection 
for purposes similar to the Liverpool fund. 


Minino Inpustry IN Japan. 


The great development in Japan of industries 
carried on in Western style has led to a large 
increase in the output of minerals. During the 
last three decades the mining industry of Japan 
has taken giant strides. In the beginning of the 
present era (Meiji) the Government worked all 
the mines in the country, adopting the mining 
system of the West, with a view to giving an ex- 
ample to private mine-owners. Later the Govern- 
ment sold its mines. Since then the country’s 
mining industry has progressed steadily, and 
attained its present development within a com- 
paratively short period, that development being 
especially remarkable since 1887. The total value 
of the various mineral products hardly exceeded 
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10,000,000 yen (1,000,0002.) before 1887, but during 
the next decade the production gradually increased, 
together with the development of business enter- 
prise among the general public. The total yield 
reached about 60,000,000 yen in 1901, six times the 
figure of ten years before. After the war with 
Russia the production increased in an astonishing 
degree, the total value of the yield in 1907 reach- 
ing 110,000,000 yen. A slight decrease in value has 
taken place during the past few years, owing to 
a fall in the market price of the principal minerals. 
Still, the total yield in 1910 was 105,000,000 yen 
in value, showing an increase of over ten times the 
figures of two decades ago. Of the various prin- 
cipal minerals, coal and copper, which give about 
80 per cent. of the total production, show a most 
remarkable increase, the former having increased by 
seventeen times, and the latter by about nine times 
in thirty years. In other words, coal increased from 
920,000 tons in 1881 to 15,530,000 tons (valued at 
15,530,000 yen) in 1911, and copper increased to 
83,490,000 catties, against 9,360,000 catties in 1881 
(a catty is the Chinese pound, and is about 1} Ib. 
avoirdupois). The annual production of gold, silver, 
iron, and petroleum oil, ranges between four and 
five million yen in value. A representative deputa- 
tion of the American Institute of Mining Engi- 
neers have visited Japan, and they have published 
their impressions, which are very interesting. 
One of them says that what struck him most was 
the large number of technically trained men that 
are in the employment of the mines and collieries 
which they visited. They met at those places uni- 
versity graduates, which is more than they were 
likely to meet in visiting a dozen mines in the 
United States. In that country it is customary to 
say that the specialist is to be distrusted. In 
Japan, if there is any distrust, it is of the practical 
man, using that term in the sense in which it is 
used in America, as one who has obtained his whole 
knowledge of the industry by working in it. In 
America more immediate results are obtained, but 
they often overlook opportunities for the future. 
In Japan, if they are sacrificing anything, they are 
sacrificing the present for the future. 
large percentage of scientifically trained men work- 
ing in their mining industry, the Japanese are sure 
to make, in the long run, even better use of their 
resources than has been the case in the United 
States. The writer was highly impressed with the 
character of the labourers. In some cases more 
men and overseers were employed than would have 
been employed for similar work in America; but in 
a good many of the mines, the workers, man for 
man, were performing the same duties as similar 
workers in America. Another writer says that the 
resourcefulness of the Japanese nation and its 
advancement in science and art are most surprising, 
when we consider the limited time in which such an 
advancement has been made, and he thinks that: it 
is no exaggeration to assume that within twenty-five 
years from now young Americans will visit Japan 
to see the best of European development in the line 
of machinery and industrial equipment, as he feels 
that everything will undergo such discrimination 
and selection that the Japanese will have adopted 
and applied to their needs only the best. 





_Conrracts.—We understand that the ‘‘Sun” Patent 
Evaporator Company, Limited, 428, Tower Buildings, 
Water-street, Live’ l, have recently received several 
orders, among them being the following :—‘*Sun” patent 
superheaters, &c., for the Hoylake Electricity Depart- 
ment, Hoylake, and for the Wallasey Electricity Depart- 
ment; “Sun” turbo mps for Messrs. Long and 
Crawford, Messrs. Burnell and Co., Limited, and Messrs 
J. Readhead and Co., Limited ; also ‘‘ Albion” recorders 
to the Bombay Electricity Department, the Charing Cross 
Electricity Department, the Manhattan Corporation, 
N.Y., the South Metropolitan Electricity Department, 
the Wandsworth Gas Company, &c.—Recent orders for 

Victoria ” turbo — booked by Messrs. Jens Orten- 
Boving and Co. include several important mining and 
watcr-works installations, amongst which are included 
orders from the Montreal Water and Power Company 
(rey: at order) for two = each to deliver 7000 ons 
per minute against a of 455 ft. at 1260 revolutions 
per minute, each pump being coupled to a 1400-brake- 
orse-power motor; one pump for the Berrida Tin- 
Fields, Limited, to deliver 1900 lons per minute 
against a head of 103 ft. at 600 revolutions per minute ; 
one pump for the Great Western Colliery, South Wales, 
to deliver 417 gallons per minute against 750 ft. head at 
Lao revolutions per minute ; one pump for the Goss Moor 

in Alluvials Company, Limited, to deliver 3130 gallons 
per minute against 112 ft. head at 580 revolutions per 
minute ; also four 600-gallon-per-minute for the 
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THE TELEPHONE TRANSFER. 


Tue hearing of the National Telephone Company’s 
claim against the Postmaster-General was continued 
this week before Mr. Justice Lawrence and his col- 
leagues in the Railway and Canal Commission Court. 

Mr. Gill, the company’s engineer-in-chief, was 
further examined and gave minute details of the cost 
of conduits. Some discussion arose as to the way in 
which the sum spent by the company on supervision 
was allocated. Mr. Gill had taken the aggregate sum 
so spent, worked it out as a percentage of the total cost, 
and had taken the same percentage of each individual 
item, such as conduits, iron pipes, &c. In somecases this 
work had been done by contractors, and at first sight 
it looked as if supervision had been charged twice ; 
but, as Mr. Gill pointed out, the supervision was really 
allocated to the money, and not to the work. The 

int was important, as it ran through many items. 

he Solicitor-General at this point a proposition 
that the Court should consider and give their , rm 
on the item then under consideration before going 
further with the case. 

Mr. Justice Lawrence said this would be possible 
only if both sides agreed to accept the principle 
decided, if there were any, as applying to all other 
similar items. He said he was not prepared to deliver 
a series of interlocutory judgments, so that the case 
should go to the Court of Appeal in sections. 

Sir Alfred Cripps, while willing to adopt any method 
which would really shorten the case, doubted the 
effect of this suggestion, and deprecated any question 
of appeal being raised. The Court adjourned for a 
short time in order that the parties might consider 
the matter, and on the resumption, Sir Alfred Cripps, 
for the company, intimated that he could not accept 
the suggestion. Certain elements under each head, he 
said, were similar, yet it was really impossible to 
separate principles from valuation in any useful way. 
Mr. Justice Lawrence intimated that separate decisions 
must be given for items such as plant and lands. Sir 
Alfred’s view was that the award would be a lump 
sum, but the Attorney-General objected to this, as it 
was not the practice of the Court to give lump sums, 
and he wished to have each claim separately assessed. 

Mr. Gill was then further examined, and gave 
details of the claims for cables and overhead A sat 
which together amounted to nearly 9 million pounds. 
ages, he explained, had been taken as an average 
over the six years 1904 to 1910. If they had been 
taken as on December 31, 1910 (the day of the 
transfer), the claim would have been more. The only 
new point here was the cost of obtaining wayleaves 
—a very heavy one—which the Post Office dispute on 
principle. 

Mr. Gill then dealt with the claim for exchange 
equipment amounting to 2} millions. It had been 
found — to generalise about this, and each 
item had been separately valued. 

Mr. Justice Lawrence interposed, and remarked 
that as there were only thirty-three working days 
before the end of the term, he hoped some business- 
like arrangement might be come to. 

Continuing his evidence, Mr. Gill explained the 
item of 4.44 per cent. charged on the whole claim for 
cost of raising capital. Whoever had to spend a large 
sum of such an undertaking, whether employer or con- 
tractor, would have to spend some percentage in 
raising the — and 4.44 per cent. was the amount 
the company themselves have o-. 

The witness then dealt with depreciation, having 
finished his evidence on the prime cost of the plant. 
The principle was to take (a) amount to be redeemed 
or replacement cost, ()) life of plant, (c) age, which is 
in most cases agreed, and then to calculate what 
periodic payment toa sinking fund was necessary to 
redeem the amount in (a) through the period in (5). 
This amount is then applied to the agreed life and 
gives the measure of the depreciation. The claim of 
the company is, of course, the <a cost less 
this sum. In some cases—e.y., cables—the scrap value 
has also to be taken into account, while in others—e.¥., 
poles—the scrap value is negative, a pole costing more 
to remove than it is worth. 

Mr. Gill was then cross-examined by Mr. Buck- 
master, K.C., on behalf of the Postmaster-General. 
He said the company’s claim was based on what it 
would cost to establish the plant at the given date 
less an allowance for depreciation. It would not be 
fair to base the cost on the prices of a particular day. 
What it had cost the company was a fair guide to 
what it would cost a contractor, Mr. Buckmaster 
then put several freight figures to the witness, 
which were for the same matters lower than the 
claim. Mr. Gill could not explain the discrepancy, 
but would look into it. The reinstatement charges 
were to by the Post Office as being reasonable. 

Mr. Buckmaster said he should submit that the 
proper basis was to take the work as having been 
done by a contractor all through. Further cross- 
examined, Mr. Gill said that if supervision, engineer- 
ing, and administration came to per cent. of the 
total claim, he did not think it too large, considering 





the nature of the business. He had added 5 percent. 
for engineering charges, not because the company had 
spent it, but use anyone else building up the 
system would charge that. As to the item of 4.44 per 
cent. for raising the capital, this had to be paid, 
whether the work were a by an employer direct 
or by a contractor. 

He admitted that on the Post Office hypothesis his 
figures would be incorrect in some instances. This 
was the state of the case when the Court adjourned 
on Wednesday afternoon. An impression is gaining 
ground that some method must be found to shorten 
the seg ag as, at the present rate, they will 
last for months. 








THE ‘ TITANIC” INQUIRY. 
(Continued from page 806.) 

THE examination of Sir Walter Howell, the head of the 
Marine Department of the Board of Trade, was continued 
on Thursday, the 13th inst., by Mr. Harbinson, who 
elicited that, as a maximum, the number of Irish emigrants 
on board the Titanic amounted to 113, possibly less, and of 
these, Mr. Harbinson stated, about 60 were saved. 

The Attorney-General next gave some particulars as to 
the German requirements for emigrant vessels. The 
German rules, he stated, were, like those of the Board of 
Trade, based on the tonnage, and not on the number 
of passengers carried, but in a boat of the size of the 
Titanic the German rules would have required the fitting 
under davits of boats having a total capacity of 21,328 
cub. ft., plus the equivalent in rafts, collapsibles, and the 
like of another 10,604 cub. ft. The number of boats 
under davits would then be 34, and the total accommoda- 
tion provided would be sufficient for 3198. 

Mr. Laing here remarked that there were no data avail- 
able as to the number of passengers the Titanic would 
have been licensed to carry under the German rules, stat- 
ing a little later that he understood that it would have 
been from 10,000 to 12,000 third-class passengers. 

A newspaper cutting was handed in showing the pro- 
portion o pees | accommodation, and the number of 

mgers carried, on large German ships, which, the 
resident stated, showed, if accurate, that the boating 
accommodation, though far from sufficient for all on 
board, was more than that provided for by the British rule. 
Actually, as matters stood, Mersey said, it would 
seem that had the Titanic been boated according to the 
German rules, there would, in view of the small number 
of passengers actually on board, have been sufficient boat 
accommodation for all. 

Mr. Laing then recalled that on the German ship 
President Lincoln the boat accommodation for a total of 
4108 gers amounted to 1465, or 35.5 r cent. 
The President Grant, belonging to the same line, was 
licensed for 3991 passengers, and carried boats for 37.9 
per cent. of this number. 

Lord Mersey here remarked that much animadversion 
had been directed to the various luxuries, such as swim- 
ming-baths, racquet courts, &c., provided for the first- 
class ngers, the suggestion being that boatin 
accommodation had been sacrificed to provide these. If, 
however, as under the German rules, the boating accommo- 
dation depended on the tonnage, it would appear that 
the provision of these spaces devoted to “luxuries” 
entailed an increase in the number of boats to be pro- 
vided, whilst a amy pee | reducing the number of 
passengers for whom it would be required. 

The next witness called was Sir Alfred Chalmers, 

rofessional member of the Marine Department of the 
rd of Trade from 1896 till 1911. The witness stated 
that his immediate subordinates in this position were 
Mr. Boyle, the chief surveyor for ines, and Mr. 
Archer, the chief surveyor for hulls. The plans of the 
Titanic were obtained by Mr. Carruthers, the local 
officer at Belfast, and forwarded to London for detailed 
examination and study by the chief surveyors, In case 
any difference of opinion arose between the constructors 
and the local Board of Trade surveyor, the latter, if 
unable toadjust matters, would, he said, seek advice from 
the head office. Ifa ship were satisfactory, the surveyor 
gave « declaration to that effect to the owners, who sent 
it to the Marine Department of the Board of Trade, which 
then issued a — certificate. A boat carrying 
emigrants, such as the Titanic, would further have to 
obtain clearance each trip from the local representative of 
the Board of Trade. So far as the Titanic itself was con- 
cerned he had nothing personally to do with the ship, 
having retired, as stated, in 1911, to be succeeded by 
Captain Young. 

n advising his chief in 1904, that no further boat 
accommodation should be required on ships such as the 
Olympic and Titanic than on boats of 10,000 tons, he had, 
Sir Alfred proceeded, been guided mainly by the splendid 
record of safety of the trans-Atlantic passenger services, 
Statistics showed that it was the safest travelling in the 
world, owing mainly to the voluntary action of the owners 
in continuously improving their boats. This being the 
case, he held that it would be a mistaken policy for a De- 

ment of State tointervene. Again, as the ships grew 
igger, their safety was increased, since they were not 
only structurally stronger, but were sub-divided into a 
greater number of compartments. Here again, as the 
ship-owners were voluntarily proceeding rapidly along the 
path of safety, he thought they should not be interfered 
with. Moreover, he consid that 16 boats were the 
maximum number that could be rapidly dealt with at 
sea, and thus it was best to attain safety by other means 
than uselessly encumbering the ship. Yet again, the 
agreement to adopt distinct definite routes across the 
Atlantic for East and West-bound traffic greatly reduced 
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the risk of collision and the dangers from ice and fog. 
Tt had further to be noted that wireless telegraphy was 


rapidly coming into extended use on shipboard. Thus | h 


the Carmania was fitted in 1901, and the rest of the 
Cunarders in the same year. In 1902 the Allan Line had 
also fitted the system, which by 1904 was in pretty general 
use. Still another reason for deciding that an increase in 
the number of boats would be unwise arose in connec- 
tion with the manning question. It would be quite evident 
that if these very large ships were crowded with boats 
they would have to have an equivalent number of hands 
to man them, and these extra hands would not be required 
for the working of the ship, but would be uselessly 
carried to and fro. 

Owing to the voluntary activity of the owners safety 
provisions had been carried far beyond what the Board 
of Trade could reasonably have required, and this being so, 
he thought the Department of State had heen well advised 
to hold its hand. His view was that the actual scale fitted 
all sizes of ships then afloat. He had not in consequence 
of the disaster to the Titanic changed in any way his 
opinion in this regard, and still considered that it would 
be inexpedient to extend the scale. Had it been decided 
to do this the Board would have been practically com- 
pelled to refer the matter to an advisory committee, and 
in that case the capacity recommended would have been 
less, he thought, than was already obtained by voluntary 
effort, and, since it would be considered the expression of 
an authoritative opinion by experienced men, would, in 
practice, form the maximum, and not merely the minimum 
equipment provided. Hence from every point of view the 
matter was best left to the discretion of the shipowners. 
The seale which was in force up to 1890 did not reach 
beyond 1500 tons, but ships of some 10,000 tons were 
actually afloat. The requirements of the scale, issued in 
that year, represented the average practice at the time 
of the owners of these largeships. A revision of the scale 
at that time was desirable, but there was no occasion for 
it now, since what was sufficient for a 10,000-ton boat was, 
for all practical ends, also enough for one of 50,000 tons. 
Shipowners of the class here in question made a point of 
exceeding in oe? detail of their vessels the requirements 
of the Board of Trade. 

His personal view was, however, that the Titanic would 
have been a better sea-going vewsel with the official 
number of boats, which for life-saving purposes would, 
he considered, be just as good as the larger number. It 
was, in his opinion, not desirable to encumber the boat- 
deck, There was no practical difficulty, apart from this, in 
fitting more boats, but his own view was that the large 
number carried on the German boats would, in case of 
disaster, prove to be a bag | bad error of judgment. In 
disasters of the ordinary kind, sixteen boats were as 
many as could be rapidly handled, and even in the case 
of the extraordinarily exceptional circumstances attend- 
ing the Titanic catastrophe, he was by no means con- 
vinced that fewer would have been saved with fewer 
boats, which would, he ge have then been better 
filled. A congested boat-deck made working very diffi- 
cult. All the boats not underdavits had to be man-handled, 
and he was still of opinion that the old scale was suffi- 
cient. As the professional member of the Marine De- 
pactenet, he visited every port at least once a year, an 

y talking over matters with the local representatives, 
secured uniformity of practice throughout the kingdom. 
He could safely assert that this system worked admirably. 

In very to Mr. nlan, he said it was the unusual 
size of the Olympic, when projected in 1904, which caused 
him to give special consideration to the subject of boats. 
The largest liner then built was rated at 31,000 tons, and 
with the jump to 45,000 tons he thought it might be 
prudent to refer the question to an advisory committee, 
which was done. He considered that each lifeboat would 
require three deck hands, or in some cases two, which 
latter igure might be taken as a minimum, and the scale 
was more or less based upon the number of such hands 
which could appropriately be carried on these large ships. 

Captain Young, who succeeded the last witness as 

rofessional member of the Marine Department of the 

rd of Trade, was the next witness, and said that in 
1911, whilst still the Board’s local official at Liverpool, 
he had given careful consideration to the question of 
the number of boats which should be provided on these 
large vessels, and he was not altogether in accord with 
the opinion expressed by his predecessor. The reason 
why no action had been taken on the report of the 
Advisory Committee —, oa he found that in order 
to treat the matter as a whole, it was necessary to con- 
sider not merely the number, but the character of the 
lifeboats. This question had necessitated a good deal of 
experimental work, on the conclusion of which it was 
decided to refer the matter back again to the Committee 
for reconsideration in view of the fresh facts established. 
This was the sole reason for the long delay in taking 
action on the Committee’s report. is view was that 
a careful revision of the scale should now be made, but 
that the increase should not be directed to providing 
boat accommodation for ail on board, but for the proper 
and safe transfer of the whole from one vessel to another. 

The Tit nic, heconsidered, shouid have had at least 26 
boats under davits, equivalent to 8200 cub. ft., and if 
these were not sufficient for all on board the old rule 
as to supplementary boats should be continued. His 
views on this head had been formed long before the 
Titanic disaster. Where practicable, he saw no reason 
why sufficient boats for all should not be provided. 
These could have been carried on the Titanic, but it 
would have been necessary to pile one on top of the other, 
as to carry the full authorised number of passengers 
sixty-three boats would be needed. Henoe, though prac- 
ticable, he did not think it would, in this case, ond 
been desirable. In this connection it was nevessary to 
gonsider the time which would be needed to get the 





inboard boats into the water. With well-trained deck 
hands and broad daylight, this was difficult if the ship 
ad any movement, and with the prevailing de of 
training it would be still worse. This was not, he said, 
the fault of the men, but of circumstances. Another diffi- 
culty in boat-handling lay in the great height of the deck 
on which the boats had necessarily to be placed. In most 
cases of accident there would be a sea on, and as each 
boat, being lowered, constituted a pendulum, the greater 
the height the ter the danger of its being staved in. 
In some cases the provision of many boats would render 
a ship more tender. A boat of 600 cub. ft. capacity 
weighed 2 tons, and sixty-three boats of this capacity 
would be a lot of weight to place at a height of 65 ft. 
though it might be well enough in fine weather. Ina 
rough sea. however, such an equipment on the Titanic 
might render her somewhat tender, though, perhaps, not 
to a serious degree. This tenderness could, the witness 
stated, be to a certain extent compensated for by ballast- 
ing. The fact remained, however, that it would not be 
practicable to carry on the Titanic sufficient boats to 
save all on board in case the disaster had occurred in rough 
weather. 

In answer to further questions, the witness stated that 
the report of the Advisory Committee was received on 
July 4, 1911, and it was decided to refer the matter back 
to them on April 4, this year. The cause was that the 
form of lifeboats had been steadily deteriorating, so that 
only in the calmest weather would many of them os 
anything like the number for which they were rated. 
The boats supplied by Messrs. Harland and Wolff were, 
however, of a very g form. Experiments made with 
other boats at London, however, showed that many boats 
were much too deep for their width, and could not have 
carried their ra number of passengers without cap- 
sizing, and this was confirmed by further experiments at 
Glasgow and Liverpool. 

Continuing his evidence on Friday, June 14, Captain 
Young said that in February, 1911, he represented his 
department at Liverpool, und received a letter, in which 
he was asked to draft a scale of boating for ships of 
from 10,000 tons up to 50,000 tons gross register. In 
doing this he was instructed to consider what was 
reasonable and practicable, and always to keep in view 
the growing safety of — due to their more and more 
complete subdivision. Similar requests were made 
to the local officials at London and at Glasgow, and a 
fourth scale was prepared by Mr. Archer, the Board’s 
naval architect. In replying to this letter, Captain 
Young said, he had drawn attention to the fact that the 
increase in the number of passengers carried was not 
proportionate to the tonnage. The great expense of 
running the Mauretania and the Lusitania would, he con- 
sidered. drive shipowners in the direction of providing 
less speed and greater cargo capacity, and he was of the 
opinion that a ship of 50,000 tons gross might thus, in 
practice, carry habitually fewer passengers than existing 
30,000-ton boats. He also had considered how the manning 
question would be affected by the provision of more boats, 
even if firemen and stewards were trained to be capable 
hoat-hands. On the Mauretania and Lusitania the boat- 
ing accommodation was for 970, leaving 2000 unprovided 


d| for. As matters stood, he considered the then scale was 


fairly adequate for ships of 10,000 tons, but that if there 
were no increase for larger sizes the latter would gain an 
unfair advantage, which in itself was 4 sufficient reason 
for extending the scale. On examining the records of 
different ships, he found that the great increase in the 
number carried was with ships from 15,000 to 30,000 tons 
ert and hence, in drawing up his draft table, the ratio of 
— capacity to tonnage was made a maximum within 
these limits. Hence, taking everything into account, he 
his scale on the idea of providing 5 cub. ft. for each 
soul — to be carried, but as no reasonable boating 
scale would provide a place for all, he held that the main 
factor in securing safety must subdivision of the ship. 
Again, to prevent the adoption of boats of abnormal 
size, he considered that only half the additional capacity 
should be required to be under davits. The Lusitania 
had boats of 600 cub. ft. each, which were difficult to 
handle, and he accordingly recommended in his letter 
that the boats should be of cub. ft. capacity, any boat 
longer than 28 ft. being cumbersome. 

e draft scale which accompanied his letter would 
have required the Titanic to carry under davits twenty- 
four boats, having a capacity of 10,900 cub. ft., plus the 
equivalent of three-quarters of this amount as additional 
boats, part of which mighton application be dispensed with, 
if the ship were passed as efficiently subdivided. The 
total accommodation without such a dispensation would 
have been sufficient for 1907 persons. The draft received 
from the Board’s official at London corresponded pretty 
closely with his own, whilst the Glasgow officer recom- 
mended fewer boats. These reports, on receipt at head- 
quarters, were considered by Sir Alfred Chalmers, whose 
own opinion was that the Glasgow scale met all require- 
ments, the ratio of boating capacity being throughout 
about 50 per cent. of the passenger accommodation, and 
this scale he recommended should be submitted to the 
Advisory Committee, who should, he proposed, also be 
asked to consider the advisability of not requiring 
efficiently subdivided ships to provide any of the “‘addi- 
tional” capacity. The manning scale, he thought, could 
not be extended until this boating question had been 
settled. Though this was the advice of Sir Alfred 
Chalmers, it was ultimately decided not to send any scale 
— aw Committee, but to give them an absolutely 

an 


The Glasgow scale, Captain Young continued, provided, 
for a ship of the size of the Titanic, eighteen boats 
under davits, with a capacity of 9700 cub. ft., with the 
usual three-fourths of ‘‘ additional” accomm , 
though the view wag expressed that this latter might be 


wholly dispensed with in efficiently subdivided ships. In 
the table sstusitted by Captain Parks, of London. it wan 
proposed that a ship of the size of the Titanic should carry 
twenty-six boats under davits of 9500 cub. ft. capacity, 
with, as before, the usual three-fourths of additional accom. 
modation. None of these scales was submitted to the 
Advisory Committee, who prepared a scale of their own. 
By this scale the Titantic would have been uired to 
have had sixteen boats under davits, plus eight boats 
readily available for attachment to davits, making a total 
of 8300 cub. ft. (equivalent to 830 passengers), and they 
recommended that, in the case of efficiently subdivided 
ships, no “‘additional” accommodation should be pro. 
vided. The existing table would require boats under 
davits of 5500 cub. ft. capacity, plus three-fourths of this 
as ‘‘additional ” accommodation. 

His present view, Captain Young continued, was that 
considerably more boats should be carried where this was 
conveniently practicable, but the Board would be strongly 
averse to the piling of boats one on top of the other, and 
he believed that, for all ordinary collisions, boats equiva- 
lent to 50 per cent. of the eet accommodation 
would be ample. He considered that two boatmen should 
be supplied for each boat, but these should not neces. 
sarily be deck hands. 

Questioned by Mr. Edwards, the witness stated that he 
considered the system of bulkheads on the Mauretania 
rather better than those adopted for the Titanic. 

The Attorney-General here stated that the scale pre- 
song by Mr. Archer, the Board’s naval architect, would 

ave required the Titanic to have twenty-four boats 
under davits, with a total capacity of 14,250 cub. ft. ; so 
that, including the ‘‘additional” accommodation, the total 
—- provided would be 24,937 cub. ft. 

n answer to the Attorney-General, Captain Young 
said that he had su uently amended his scale, as the 
result of visits to the Tees, Tyne, and Clyde. These 
visits impressed on him the enormous improvements 
which were being effected in the bulkheading of shi 
and led him to conclude that fewer boats would suffice 
than were provided for in his original scale, and this 
revised scale was sent to the Advisory Committee, but 
only after that body had presented their report. Accord- 
ing to this revised scale the Titanic should have carried 
26 boats under davits, with a capacity of 7900 cub. ft. 

Captain Jones, of the Dominion Line, Canada, was the 
next witness, and stated that it was the invariable prac- 
tice in clear weather never to slacken speed on the report 
of ice, until the ice itself was actually seen. If then this 
ice was field ice the ship would be stopped and the field 
examined, and then cautiously passed through ; but in the 
case of bergs only, no reduction in speed would be made. 
The full speed of his ship was 15 knots. On a dark and 
clear night the glare from ice could be seen 3 miles off, 
and the ice itself fully a mile and a half away. The ice 
blink, he stated, was not invariably visible, but the ice 
itself could always be seen in time to clear. Fogs were 
very liable to occur in the neighbourhood of ice, and it was 
thus considered advisable to get through the ice region as 

uickly as possible, as a fog enormously increased the 
anger. 

Another witness who gave similar evidence was Captain 
Cannon, of the Atlantic Transport Line, who stated that 
it was never the practice to reduce speed in the ice region 
until the ice was actually seen, which could be done at as 
much as 3 miles away in night time. He could not account 
for the iceberg which wrecked the Titanic not having 
been seen till less than half a mile away. He should have 
expected to have seen it at least 2 miles off, and the 
blink he had seen 7 miles off, the appearance being that 
of a large mass of luminous paint. The appearance of 
bergs, he continued, varied. merally they were white 
glistening masses, but sometimes less white. On one 
occasion he had seen a berg capsize, and what had pre- 
viously been a white glistening mass appeared, after the 
confusion had stilled, as a dark blue one. He had never 
seen another of this dark blue colour. He was opposed 
to the use of binoculars by the look-out, one reason 
against them being that, in the ice region at any rate, 
they were very liable to be fogged by condensation. 

Mr. Francis Carruthers, M.I.N.A., the surveyor under 
whose supervision the Titanic was built, was the next 
witness. He had, he stated, served 13 years as a seagoing 
engineer, and been 16 years with the Board of Trade, 
having had four years’ experience in ship-surveying before 
he joined the Department. His business was in the 
main the superintendence of new construction. The 
Titanic took about 24 years to build, and he made his 
‘declaration ” in due course. Some minor differences of 
opinion had arisen between the builders and himself 
which had needed reference to London. He had objected, 
for instance, to the construction of the collision bulkhead, 
which was stepped forward in the vertical plane. This 
objection had been upheld by his superiors, and the matter 
settled by the introduction of an additional bulkhead. 
Another question arose as to the height to which the 
bulkheads should be carried ; and this was settled by 
fixing the freeboard so that it was greater than required 
b e scale for awning-deck vessels. Under the rules 
of the Department it was then not necessary to carry the 
bulkheads up further than one deck below the upper deck. 

At the opening of the proceedings on Monday, June 17, 
a diagram was put in showing the turning circle of the 
Titanic, but the diameter of this did not transpire in the 
evidence. ; 

After a statement from Mr. Carruthers that he did 
not see any acetylene buoys fitted to the Titanic, Mr. 
Chantler, another Board of Trade surveyor in the Belfast 
district, was called, and gave evidence that he had 
received in May, 1911, special instructions to examine 
into the suitability of lifeboats constructed in his dis- 





tion, | trict. The construction of the boats for the Titanic was 


commenced on May 30, 1911, and he had seen them 
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through the sho They were of 648 cub. ft. capacity, 
and = intended to carry sixty-five people, and prs | 
have been safely lowered into the water with a weight on 
board of double this amount. Actually, with sixty-five 
on board, the stress during lowering would, he cu- 
lated, be about 2 cwt. per sq. in. at the gunwale and 
about 2} cwt. per sq. in. at the keel. His duties had 
relation to the structure of the boats only, their measure- 
ment and equipment resting with other officers. 

The next witness was Mr. Peacock, the surveyor at 
Glasgow, who had tested and inspected the Engelhardt 
boats. He had found by actual trial that each of these 
could carry forty-seven persons. _ : ‘ 

The next witness was Captain Clarke, emigration 
officer at Southampton, who stated that his inspection 
of the Titanic extended over three cw The crew were 
mustered and inspected by him, with the assistance of 
two medical officers. Two ts were lowered with 
eight deck-hands in them, but, in accordance with what 
had been the practice of the department, no test was 
made of the capabilities, as boatmen, of the stewards and 
firemen. The third-class accommodation on the Titanic 
was, he said, very good. In view of the Titanic disaster, 
he thought it might be better in future to have more than 
two boats lowered for test, but he did not consider it atall 
necessary thatall should be. Questioned as to why the fire 
in the bunker had not been reported to him, he said this 
would not be done unless the fire was serious ; small 
fires in bunkers were a matter of common occurrence. 
At the time of his inspection some of the emergency 
doors between the third-class quarters, and the ways of 
access to the boat-deck, were locked. This was the usual 
practice on the day of sailing in order to prevent firemen 
and stewards passing through them. In reply to further 

uestions, he thought the methods of msaneeng Seseate 
should be improved. As for collision mats, he had never 
known of them being carried in the merchant service. 
Questioned as to the adequacy of the Board of Trade’s 
staff, he expressed the view that it should be doubled ; 
but, in reply to Lord Mersey, said he did not know a 
single department of the rd of Trade which the 
officials concerned did not believe to be understaffed. 
Questioned as to why emigrant ships had to be specially 
cleared, and ordinary passenger vessels not, the witness 
declared his inability to say. The Attorney-General 
said that it was because ordinary passengers could be 
trusted to look after their own interests, whereas experi- 
ence had shown that it was necessary to treat emigrants 
as children. 

Mr. William David Archer, principa] ship surveyor to 
the Board of Trade, was next called, and stated that he 
had held his present position since 1898, having ey 
been for seven years naval architect to Messrs. J. and J. 
Thomson at Clydebank. It lay with him to say what 
freeboard should be granted to particular ships, and Mr. 
Carruthers, the Board s surveyor at Belfast, through- 
out been assisted with the witness’s advice. In accordance 
with a request of the department in February, 1911, he 
had drawn up a scale of boating capacity, which, in his 
view, should be provided in boats of over 10,000 tons 
register. 

n order to keep down the number of davits in very 
large ships, he proposed that the boats should be of 600 
cub. ft. capacity, and that in all for a ship of 50,000 
tons the equivalent of forty-six boats, capable of carrying 
3996 persons, should be provided, unless the ship was 
efficiently subdivided. Did the ship satisfy that condi- 
tion, his scale would require the equivalent of thirty- 
six boats, capable of accommodating 2131 passengers. 
At the time, however, he submitted this scale, he 
suggested that in order to encourage efficient sub- 
division of the hulls of the ships greater concessions 
should be made as to the ‘‘ additional” boats re- 
qe. In that case he Pee that under davits a 
ship of 50,000 tons should carry boats of 7750 cub. ft. 
capacity, plus an equal amount not under davits, thus 
providing for a total of 1743 passengers. In a further 
minute he suggested that as it would not be very practi- 
cable to have more than 10 davits aside, that one-third 
of the boats might be carried inboard, and that a 
50,000-ton boat, claiming no exemption, should provide 
in boats the equivalent of 27,125 cub. ft., which would be 
enough for over 2500 passengers. His opinions had 
somewhat modified by the Titanic disaster. In the first 
place he thought Rule 12, permitting of the exemption 
of efficiently subdivided boats should be abandoned ; 
secondly, that the capacity provided should be regulated 
not by tonnage, but by the number of passengers carried ; 
and finally, that before the percentage of boating 
capacity to total passengers was fixed, an expert com- 
mittee should be appointed to devise some better method 
of getting boats into the water than existed at present. 

"he Attorney-General said that a table had been pre- 
pared showing that in German ships the boating capacity 
was in practice considerably less than the number of 
passengers carried. As far as he could ascertain, the 
Titanic, under the German rules, if no allowance were 
claimed for her subdivision, would have been required to 
provide boat capacity for 3198 souls, or such smaller 
erged would suffice ae one on board, but he 
1nd no information as to what the r capacity of 
the 'Titanie would have been on the ae soning. 4 

{n reply to Lord Mersey, Mr. Archer said motor life- 
boats would have the advantage of a greater in 
transferring passengers to another ship, and would not 
require to navigate them more than two skilled hands. 
in answer to Mr. Edwards, Mr. Archer stated that 
ame ag was raised to the collision bulkhead of the 
‘itanic, in that it did not go straight up to the C deck, but 
took a Ede course, being stepped forward a few frames 
at the E deck level, and was thus, above this latter deck, 


& little nearer the stem than the one-twentieth of the 
length specified in the Board’s regulations, 





Tn answer to Mr. Edwards, the witness explained that 
on receiving the plans of the Titanic from Belfast the 
nominal stress on the metal was calculated on the assump- 
tion that the maximum bending moment would be equal 
to the displacement multiplied by one-thirtieth of the 
length. On this assumption the nominal maximum stress 
on the plating amounted to 9.9 tons per sq. in. The soant- 
lings for a boat of 26,000 tons were then taken out in his 
office, according to Lloyd’s rules, and the nominal stress 
on the plating of this hypothetical boat calculated on the 
same assumption. The resultant figure was 12 2 tons per 
sq. in., 80 that the Titanic was substantially stronger t 
would be demanded by Lloyd’s rules. He explained to 
Mr. Edwards that though no simple comparison could be 
made between the scantlings of two similar ships of 
different sizes, the stresses, calculated on the same hypo- 
thesis, would be strictly comparable. 

Mr. Edwards then asked why the bulkheads were not 
closed in by a water-tight deck, as, he said, was demand 
by the report of the Bulkhead Committee. The witness 
explained that in this particular connection the water- 
tight deck was to be taken as water-tight from water 
coming on board above the deck level, but not as water- 
tight to water coming up from below, and that, as a 
matter of fact, no merchant vessel had ever been built 
with the bulkhead deck water-tight in the latter sense. 
In the Mauretania and Lusitania the water-tight decking 
provided, taking the term as meaning tight to water 
coming from below, was fixed, not at the level of the 
top of the bulkheads, but at or below the water-line. 
The witness stated that in vessels not carrying muc 
cargo there was an advantage in having one deck water- 
tight in the most complete sense, but it was impracticable 
in other cases. The hatchways could, it was true, 
**trunked” up between the different decks ; but to stow 
cargo between decks it would be necessary to have lateral 
openings in these trunks closed by water-tight doors, 

rough which much of the would have to be 
worked. In the case of the Titanic he had recommended 
the trunking of the hatchway of No. 1 hold between 
E deck and D deck, but as no cargo was stowed on E 
deck, this presented no difficulty of the kind he had just 
set forth. He also had recommended carrying up, water- 
tight, the casing for the firemen’s stairways to the level 
of D deck, and he still thought these two alterations 
would have been improvements. The builders had, 
however, pointed out to him that even if water got full 
access to the hatchway in question and to the staircases, 
the ship would only be 24 t. down by the head, and his 
own calculations sho that the bulkhead top would 
still be 15 ft. above the water-line, and hence he had 
not thought it right to refuse to sanction the ‘‘declara- 
tion.” Actually the adoption of the changes he had 
advocated would have had absolutely no effect in 
diminishing the results of the disaster. In the first 
instance the builders of the Titanic had sought to pro- 
vide a freeboard of 10 ft. 9in.; but as the corresponding 
figure for awning-deck vessels would, by the rules, be 
11 ft. 2 in., he had pointed out that with the pro 
freeboard the bulkheads would have to be carried up to the 
upper deck. This was met by the builders increasing the 
freeboard to more than the awning-deck table demanded. 
His objection to the collision bulkhead, he explained, 
was not that it did not go up high enough, but that it 
did not go up straight. Had the bulkheads been carried 
up to E deck, the ship might have floated somewhat 
longer, but carrying the B bulkhead up to the C deck 
would have had no effect on the gravity of the accident. 

In answer te Mr. Laing, he said that the scantlings of 
the Titanic were quite satisfactory. 

The first witness called when theCourt met on Tueeday, 
the 18th inst., was Sir Alexander Boyle, the engineer- 
surveyor to the Board of Trade, who stated that with him 
lay the responsibility for the adequacy of all the machi- 
nery with which the Titanic was equipped, and he was 
prepared to certify that the whole of this was good and 
sufficient. r 

Lord Mersey then asked the counsel for the White Star 
Company to consider the practicability of fitting plant 
by which water could be excluded from the 
section of a ship by closing in the openings, and ex- 
pelling the water by means of compressed air. 

Sir Robert Findlay stated that such a process had, so 
far, been used only in salvage operations, but that the 
matter would be carefully considered. 

Mr. Sharpe, the emigration officer at Queenstown, de- 
posed that the Titanic sailed with 606 first and second- 
class passengers and 710 third-class, the total crew being 
891, one fireman having deserted on the day of sailing. 

Captain J. A. Hardy, principal examiner for the Board 
of Trade of candidates for masters’ and mates’ certifi- 
cates, and editor of ‘Notices to Mariners,” explained 
that the statement in the United States P#lot, that ice 
was to be met with on the “‘ direct route,” referred to the 


great circle route, which was considerably more northerly | h 


than that which had been followed by liners for some 
years back. It was still used, he stated, by cargo vessels. 

Sir Norman Hill, chairman of the Merchant Shipping 
Advisory Committee, since 1894 secretary to the Laver- 
pool Shipowners’ Association, and since 1896 chairman of 
the Shipowners’ Parliamentary Committee, said that his 
Committee, having — the work on which they 
were then eng in 1908, were reappointed in 1909, and 
again in 1911. is Committee consisted of twenty mem- 
bers, five of which were selected by the shipowners, one 
by Lloyd’s Register, one by the Liverpool Association of 

nderwriters, two by the Institution of Naval Archi- 
tects, one by the Marine Service Association, one by the 
Institute of Marine Engineers, one by the Marine 
Engineers’ Association, and three by the men’s 
Union. The appointments were made for two years 
only, so that any member could be laced by his 
pominators at the expiry of that period. "The Committee 








had been collecting information as to life-saving appli- 
ances, but had only dealt with matters specially referred 
to it until after the Titanic disaster, when it had been 
asked to report To peer 5 
Sir Norman Hill stated that he had got the complete 
short-hand notes of what had occurred at the meetings of 
the sub-committee on boating accommodation, to which 
Mr. Carlisle had referred in his evidence. is sub- 
committee consisted of seven mem of the main 
committee, to which were added by Statute another 
representative of Lloyd’s and a member appointed by the 
London Institute of Underwriters, and the Committee 
then co-opted Mr. Carlisle and Mr. Thomas Ross. 
This sub-committee, in addition to the question of 
ting accommodation, had also under consideration the 
revision of Rule 12, which relaxed under certain conditions 
the requirements for additional boats, and they were also 
asked to report as to the type of boat to be used. Mr. 


led | Carlisle was absolutely wrong in stating that when he 


joined the sub-committee a decision had already been 
arrived at as to the boating scale, though it was true that 
they had decided on the type of deck lifeboat they 
should recommend, and as to the methods of stowing the 
same. In his evidence Mr. Carlisle declared that the 
Committee had held that it would not be fair to burden 
a with the new scale, but as a matter of fact 
it was Mr. Carlisle himself who raised this point on some 
three or four separate occasions, though another member 
had started it. The witness himeelf had, however, from 
the outset expressed the view that whatever was the 


h | conclusion they came to, it must be enforced on all, and 


this conclusion was concurred in by the Committee 


generally, 

At the meeting in question Mr. Carlisle did show the 
two — which he had brought before the Court, for 
handling more than one boat from a set of davits. These 
he explained, and they were carefully examined by the 
Committee, who, however, considered the plan by 
which the extra boats were ordinarily stowed as pre- 
ferable. At the end of the meeting, as the short- 
hand notes showed, the witness had asked Mr. Carlisle 
if he was prepared to press forward his scheme for 
the present, and got the reply, *‘No, I think you are 
right in sticking to the sixteen under davits.” Abso- 
lutely no pressure was brought to bear on Mr. Carlisle 
to get him to sign the report. Throughout the greatest 
deference had been paid to his views, owing to his 
having had more experience with giant ships than any 
other member of the Committee. The scale actually 
recommended was, in fact, based upon a scale written 
out by Mr. Carlisle, which recommended for a boat such 
as the Titanic sixteen boats under davits, and no more, 
ge ht boats readily available for attachment to davits ; 

ut whilst Mr. Carlisle’s written scale recommended 
that the cubic contents of these boats should be 8200 
cub. ft., the committee raised the figure to 8300 cub. ft. 
Mr. Carlisle’s statement that he was only asked to join 
the Committee two days before the conclusion of its 
deliberations was technically correct, but absolutely mis- 
leading, since he was only asked to juin the sub-com- 
mittee in question, which ouly sat two days in all, Mr. 
Carlisle being present at both meetings. As the short- 
hand notes showed, it was not true that Mr. Carlisle 
expressed any dissatisfaction with the scale stated above, 
which was, in fact, his own scale, and his statement in 
Court to the contrary was incorrect. 

Since the loss of the Titanic the Committee had again 
considered the question of boating accommodation, and, 
so far as the boats under davits were concerned, they 
adhered to their recommendation of July last, but they 
had not yet reported as to the number of “additional 
boats” which should be carried. 

With reference to the revision of Rule 12, the Com- 
mittee did not wish to lower the standard of buoyancy 
suggested by Sir Edward Harland’s Bulkhead Committee, 
but thought that the details of the methods by which 
this buoyancy was to i might well be revised. 
The only practicable basis for a boating scale was tonnage. 
The average size of an emigrant ship to carry 2000 pas- 
sengers was about 10,000 tons, and taking fifty a boat, it 
would be necessary, if accommodation was to be provided 
for all, to put forty life-boats on a ship of 10, tons, 
which was impossible. Again, many boats of 3000 tons 
carried 1000 passengers, and experience showed that they 
did so safely, but it was quite impossible to fit boats, 
readily available for launching, to carry 2000 persons. 

He had, Sir Norman continued, details for twenty years 
past of the ~~ of ~~ in = —_ pe oe See 
passenger and cargo ts, the latter being required to 
carry sufficient boats for all on each side. The loss in 
the former class was a mere bagatelle compared with that 
in the latter, although the passenger boat trips were, he 
believed, at least three-quarters of the total cargo-boat 
tri In the twenty years, passenger and emigrant ships 
made about 32,000 voyages across the Atlantic. 
Taking all casualties which resulted in either loss of life 
or loss of the ship, the total was 25. In these 25 casualties, 
68 passengers and 80 of the crews lost their lives, makin 
a total of 148. Coming to cargo ships, in the same peri 
there were in all 232 casualties, resulting either in the 
loss of life or the loss of the ship. In these 232 casual- 
ties, 17 passengers and 1275 of the crews ponmes. 

Using tonnage as the basis for the ting scale, it 
appeared, on examining into 521 vessels, that 343, or 
Sow cent., did on this basis carry under davits a suffi- 
cient number of boats for all the poassegers, and that if 
they also carried three-quarters of this capacity in the 
pn be additional boats, as required by the regulations, 
428 boats out of the 521 would have boat accommodation 
for all. Hence the existing rules, based on tonnage, pro- 
vided boating accommodation for all in 80 per cent. of the 
total number of —- 

In reply to Mersey, who drew attention to the 
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fact that, whether wisely or the reverse, the Olympic was 
now carrying sufficient boats for all, Sir Norman Hill 
said that his committee were now carefully considering 
this very matter from the point of view of the safety of 
the ship and of the availability of the boats. 

Lord Mersey pointed out that in the case of the 
Titanic, where, according to the evidence, there was no 
disorder, the boats went away only two-thirds filled; so 
that in truth the boating accommodation was, in a sense, 
already too much. : : 

Sir Norman Hill said that many seen appliances 
for handling boats had been brought before his committee, 
but ve ae was the ——e of a large 
number of passengers. It was 1m ible to get passengers 
to take part in effective boat-drills, and were such legally 
ahewmtte deaths consequent from resulting pneumonia 
would far exceed those which would ever be saved by the 
boats. In reply to further questions as to the suggested 
modification of Rule 12, the witness stated that, with one 
exception, the Campania, no commercial foreign-going 
boat had been able to comply with the Board of Trade’s 
requirements so as to be permitted to dispense with a 
proportion of the ‘“‘additional boats.” Mr. Carlisle had 
told the Committee that no application had been made 
in the case of the Titanic, as it was known that it would 
be useless. In fact, no commercial ship of the size of the 
Titanic could be built to comply in detail with the require- 
ments of Sir Edward Harland’s Committee, which formed 
the standard in this matter of the Board of Trude. Of 


the four to five boats which made application yearly, | h 


those that met the requirements were quite small vesse 
Lloyd’s and the shipbuilders believed that there were now 
better methods of securing buoyancy than those recom- 
mended by Sir Edward Harland’s Committee, and the 
Committee therefore suggested that the Board’s standards 
should be revised, since for ships of over 10,000 tons 
Rule 12 was of no practical value. They wished, of 
course, to maintain fully the standard of buoyancy, but 
believed that the methods by which it was pro to 
secure this standard should be revised. If the Titanic had 
complied with the requirements of Sir Edward Harland’s 
Committee, it would on their recommendation have had to 
carry boats sufficient for only 830 people. Mr. Carlisle had 
shown them two plans, one a sketch showing the ——- 
ment of thirty-two boats on the Titanic boat-deck, and the 
other a plan of a single set of davits with four boats sus- 
pended onit. The written scale Mr. Carlisle put in recom- 
mended that for boats of 10,000 tons the boat provision 
should stay as before, but should be increased by succes- 
sive steps, so that @ ship of 45,000 to 50,000 tons should 
carry 16 boats under davits, plus eight readily attachable 
thereto, and this scale, in the deliberations of the 
Committee, was commonly referred to as Mr. Carlisle’s 
scale. 

As regarded the manning question, his committee had 
decided that this should be based not on tonnage, but on 
the number required to maintain efficient watches, and 
that, as now, no man should be classed as ‘‘ A.B.” unless 
passed by the nautical surveyor. ; j : 

As to motor lifeboats, Sir Norman Hill said that his 
committee wished to have some further experience before 
making their use compulsory, but had recommended in 
the meantime that they might be optional. 

The Attorney-General said that the Comeanin, of 
17,000 tons, was the largest boat which had got a dispensa- 
tion under Rule 12. Cross-Channel steamers generally 
had it, and also quite a number of excursion steamers. 

The next witness was 
the first ship to be fitted with wireless tel hy was the 
Kaiser Wilhelm der Grosse in 1900, and this was fol- 
lowed in 1901 by the Lucania, Campania, and other 
vessels. The form of agreement between his company 
and the shipowners then adopted was substantially that 
in use to-day. The distress signal in 1904 was C.Q.D., 
the first two letters being an all-station call, and the 
rules provided that it must be given os d by the order 
of the captain, but must be “relayed” without the inter- 
vention of the latter. Such a message, the rules provided, 
must take precedence over every other, and, on its receipt, 
operators must try and establish communication with the 
least ible delay. Another rule made it imperative 
that the distress signal should be treated in the same 
way, even if it came from ships not fitted with the 
Marconi apparatus. The International Radiotelegraphy 
Convention at Berlin decided that after July, 1908, 
the distress call was to be 8.0.8., but the 0.Q.D. was 
so well known that the cperators generally sent it in 
addition. He himself saw no reason why the c of 
letters should have been made. The Titanic was fitted 
with a 5-kw. plant, guaranteed to work over a radius of 
350 miles, but actually of considerably greater 
There were two operators, one being always on + which 
meant that he had then his ear always to a telephone. 
His. company issued every month a “communication” 
chart covering the principal North Atlantic trade route, 
and this showed the operator at what times he —_ 
expect to get within range of other vessels, and what 
vessels were within call on any given date. Where only 
one operator was employed, he was required, when not 
resting, to send out the genera: call, and to listen for 
30 minutes every two hours. On receiving a distress 
signa], the operator was = “rT to discontinue all other 
work, and attend to it. © priority of business was 
fixed by the following scale :—(1) Distress signals, to 
which everything else gave way. (2) Admiralty and 
Government messages. 3. M as to navigation 
from one ‘station to another. (4) Service messages. 
(5) Private messages. Navigation messages had to be 
signed by the captain, and written down on special 
forms. 

In answer te a further question, Mr. Marconi said that 
so far as he knew no ship was prevented from going to 


the aid of the Titanic by erroneous messages. He thought 


Mr. Marconi, who stated that | 4 





that it might be possible in one-man ships to arrange 
that one of the crew should have sufficient training to 
recognise distress calls during those periods when the 
operator was resting; but he considered that it would 
be better to make the distress-signal a bell call. To this 
uestion he had given much attention since the loss of 
the Titanic ; but in order to apply the method he proposed 
it would be necessary to alter the regulations approved 
by the International Radiotelegraphic Convention, and 
to make the first part of the signal, at any rate, to consist 
of a continuous series of impulses lasting 15 or 20 seconds. 
If that were dong, his tests showed that it would be quite 
practicable to operate an electric bell. 
Captain Ransom, of the s.s. Baltic, was next called, and 
stated that, if ice were reported, he did not double his 
look-out in clear weather, and he maintained his full 
speed. Mr. Ismay had crossed many times on his boat, 
but had never interfered in any way with the navigation. 
Questioned as to whether it was right for Captain Smith 
to leave the bridge after the ice warning was received, he 
stated that he considered this quite justifiable in clear 
weather, provided he did not go too far away. 
Sir Ernest Shackleton was next called and questioned 
as to the visibility of ice in clear weather. A berg 80 fo. 
high and of the ordinary type, not recently capsized, 
should, he said, be seen by day 10 or 12 miles off, and at 
night 5 miles off. Many bergs appeared more or less 
black, from the presence of earthy matter, and a berg 
might also fail to reflect light if recently capsized. He 
seen ice on the North Atlantic on four or five occa- 
sions, and twice observed dark bergs. Such a berg on a 
clear night if 60 ft. to 80 ft. high, might be seen three 
miles away, but this depended almost entirely on the 
condition of the sea. For detecting ice the look-out 
should be as close to the water-level as possible, and he 
therefore believed that a man should always to the 
stem on entering the ice region. In any case, he would, 
on entering such a region, take the ordinary precaution 
of reducing , and he considered a captain had no 
right to steam full s in an ice zone, as to do so 
ese enhanced the danger. In his own ship, 
specially built for work in ice, the maximum speed 
was 6 knots, and this he reduced to 4 knots on enter- 
ing an ice region. He was strongly of the opinion 
that it was a mistake to have two men together in 
the crow’s-nest, as he found one man paid more attention 
than two. He did not believe that glakses should be 
supplied to any look-out man, but reserved for the officer 
on watch. Generally a fall of temperature was no indi- 
cation of the presence of ice, though in the abnormal 
conditions in which the Titanic found herself on the day 
of the disaster, he should have considered that the fall of 
temperature observed might be due to approaching ice. In 
the course of his twenty years at sea he only remembered 
two occasions in which in mid-ocean there was an entire 
absence of both wind and swell. Such a condition made it 
more difficult to detect bergs. These had seven times as 
much extension below as above, and thus it took very little 
swell to cause a _—. As for the ice blink from a large 
field, this would be seen very clearly in such conditions as 
were encountered by the Titanic, but this would not be the 
case with the blink from a single berg. _In his Antarctic 
trip his boat was of 227 tons, and the look-out man at the 
stem was only 14 ft. above water, the man in the crow’s- 
nest being 90 ft. If he could have got his forward look- 
out man still closer down to the water he would have done 
so, and the height of the Titanic’s forecastle put her at a 
lisadvantage in the matter of detecting ice. He thought 
liners, in mn amen 3 an ice region, should slow down to 
mere steerage way, which, in the case of the Titanic, would, 
he thought, be about 10 knots. He would not, however, 
reduce speed for one, two, or even ten bergs seen in the 
daytime, but he would at night, on getting indication 
that he was entering an ice region. The practice of 
running at full speed was, he thought, due to the pres- 
sure of owners. He could give no definite grounds for 
this belief, but he had a general feeling that you had got 
to make your , or it would not be so good for you. 
He had not sailed the North Atlantic Save as a passenger 
since he was seventeen yearsold. Field ice he considered 
nouely as dangerous as bergs, as it was often 20 ft. 
ick. 
_ In answer to Lord Mersey, who asked whether if the 
ice were seen at sufficient distance to clear it there was 
an object in reducing s , Sir Ernest Shackleton said 
that with two or three bergs in sight there.was no object 
in reducing speed, but there was in a region, where putting 

m hard-a-port to avoid one berg might land you on to 
another. He did not consider it necessary to slow if it 
could be seen that no other ice was present. 

Asked by Lord Mersey at what distance the Titanic’s 
berg should have been detected, given the abnormal con- 
ditions, Sir Ernest Shackleton said that he thought it 
might have been seen at three-quarters of a mile, not 
more. A berg which had recently capsized might, he 
thought, extend laterally under water 200 ft., or, in 
special cases, three times as much. He again repeated 

at he strongly believed that there should not be more 
than one man in the crow’s nest. 

Dr. R. 8. French, of the Oceanic, gave evidence that 
the bodies on the Engelhardt boat discovered by that 
vessel and examined by him, did not die of hunger, as 
reported in the papers, but of exposure. 

At the meeting of the Court on Wednesday the 


Attorney-General said that the President’s suggestion | large 


as to the possibility of expelling water from a punctured 
compartment by means of compressed air had been the 
subject of some little manien, as the result of which he 
thought that the matter had better be left to the Tech- 
nical Advisory Committee. He then put in a list o 
the boating accommodation provided on German liners 
before and after the Titanic disaster. The Berlin, 
which had originally the smallest supply of boats, could 


f | out of gear as desired. The weig 





have accommodated 48 per cent. of the she 
was licensed to — Since the Titanic disaster this 
magne oe had, by the voluntary action of the owners, 

raised to 74 per cent., of which, of course, only a 
fraction was under davits. The tonnage of the Berlin 
was stated to be 17,324. 

Lord mee | drew attention to the fact that in the 
cases submitted the boating accommc dation provided was 
apparently based on tonnage, and not on the number 
carried. He further asked if information had been 
obtained as to the course pursued by the captains of other 
boats in the area in which the Titanic met her fate. The 
> on iamaamarae said he had some data, but had not got 

e 

After further evidence from master mariners to the 
effect that it was the practice in the North Atlantic to 
carry on at full speed in clear weather until ice was 
actually sighted, Mr. Wilding, the naval architect of 
Messrs. Harland and Wolff, was recalled, and put in 
diagrams showing the turning circles of the Titanic 
under different conditions. He also stated that on a test 
made of the Olympic when running at 21} knots, the 
time taken, after the order ‘‘ hard-a-starboard,” for the 
ship to turn two points was 37 seconds. The distance run 
et was 3%; knot, but was probably a little more, say 
1300 ft. In another test of the Olympic, when running at 
18 knots, the order was given to reverse both engines, keep- 
) therudderamidships. The time taken to get the way 
off the vessel was 3 minutes 15 seconds, and the distance 
travelled 2000 ft. On this occasion he stated that the re- 
versal of the engines was not effected as promptly as on 
some other trials, so. that the distance was a little large. 
He also submitted a diagram showing what would have 
been the effect on the Mauretania had she experienced the 
Titanic’s accident. The calculation had been made in 
conjunction with Mr. Peskett, and it was found that it 
would have been necessary to correct the list due to the 
longitudinal bulkheads by opening some of the water- 
tight doors into the bunkers on the other side. 

. Edwards asked the witness what would would have 
been the effect of carrying up —— the trunking round 
the spiral staircases, as suggested by the Board of Trade, 
and was informed that it might have possibly prolonged 
the life of the vessel by two or three minutes. It would not 
in any way have prevented the water topping the bulk- 
head, as it only covered the middle third of this bulkhead. 

Mr. Edwards also asked why data as tocurves of buoy- 
ancy and bending moments had not been supplied to the 
Board of Trade as —— but Mr. Wilding stated 
that these would only have enabled that body to correct 
the constant in their empirical formula for the bending 
moment—viz. :— 

B.M. = beoyaney x length 


Mr. Edwards also asked what weight of water would 
produce a ‘‘bending strain” in a bulkhead, and was 
informed that it was not a question of weight of water, 
but of height. Some bending strain would be caused by 
the smallest height of water, but the collapsing pres- 
sure corresponded to a head of about 150 ft., whilst 
the rivets might be loosened by a head of about 130 ft., 
Mr. Edwards was in error in supposing that loosening of 
the rivets would ‘‘accelerate the displacement.” As for 
the tests which Mr. Edwards mae to be necessary, 
such tests had already been le in other cases, and 
found to be in accordance with calculation, so that there 
ae now no necessity for directly testing every bulkhead 

uilt, 

After the completion of Mr. Wilding’s evidence, the 
Court adjourned till 10.30 a.m. to-day. 


(To be continued.) 








ENGINEERING SoHOLARSHIPS.—The Daimler Company 
again have for open competition five works scholarships, 
conferring free oe ag and other privileges. The last 
day of entry is July 31, and all those interested should 
apply to the Pupils’ Department, Daimler Works, 

oventry, for full particulars. 





Messrs. Swan, HunTER AND WIGHAM RICHARDSON.— 
This com has acquired on lease a piece of land at 
Southwick, { underland, for the purpose of developing 
its business. The site, which adjoins Messrs. Priestman 
and Co.’s shipyard, has the North-Eastern Railway 
behind it, and it is 11 acres in extent, with a river frontage 
of nearly 300 yards. 


Honovr to Mr. Epwin O. Sacus, F.R.S.Ep.—We 
understand that Mr. Edwin O. Sachs, F.R.S.Ed., has 
been accorded the distinction of a Knight (1st class) of 
the Royal Swedish Wasa Order, and the King has granted 
him permission to wear this decoration, which has been 
conferred upon him for his valuable services rendered 
in connection with the désign of the Royal Dramatic 
Theatre at Stockholm. 


100-Ton WeicHsripcr.—The South Durham Steel 
and Iron Company, Limited, Stockton, have just laid 
down one of the latest patent triple-combined weigh- 
bridges with a total capacity of 100 tons. machine 
has been designed and manufactured by Messrs. W. and 
T. Avery, Limited, of Birmingham, especially to suit the 
increase in the size of steel plates, &c. It has three 
separate Y gpenne having a combined length of about 
55 ft., and is provided with only one weighing beam or 
steelyard. It is so constructed that any combination of 
the three platforms can be brought into use or thrown 
Etridge was thoroughly 
tested to its full capacity when placed in its permanent 
position, and the steelyard, when indicating a load of 
100 tons, was sensitive to I Ib, ; 
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48-IN. HORIZONTAL LOG SAW. 


CONSTRUCTED BY MESSRS. A. RANSOME AND CO., 


LIMITED, NEWARK-ON-TRENT. 





WE illustrated on page 861 of our eighty-third 
volume a horizontal band-saw for cutting up logs, which 
was manufactured by Messrs. A. Ransome and Co., 
Limited, Stanley Works, Newark-on-Trent. We now 
illustrate a similar machine, with an abnormally large 
log in position, which has been made by the same 
firm. In the foreground may be seen a pile of planks 
that the machine has cut. The actual distance 
between the inside of the columns supporting the 
band-saw pulley carriage in the machine is 62 in., 
and the distance from the top of the timber-carriage to 
the under side of the saw-pulley when the latter is at 
its highest point is 6 ft. 114in. The log on which 
the machine is shown at work was cut up at the 
works of Messrs. John Sadd and Sons, Limited, 
timber merchants, Maldon, Essex. It was English 
oak, and of very irregular form, and had been felled 
over four years. It had to be adzed down to 
allow it to clear the under side of the saw-pulley 
carriage, and its length was 10 ft. 6 in. On account 
of its size the log was simply wedged on the table, the 
weight being sufficient to keep it in place without the 
use of dogs. The distance between the saw-blade and 
the bottom of the pulley carriage is 234 in., and a 
cut of 23 in. was first taken. Two more cuts were 
then taken, in order to reach the middle of the log, 
which was then converted into 4-in. planks. It is 
probable that this was the largest log ever cut in this 
country by a machine supposed to deal with logs under 
ordinary circumstances up to 4 ft. in diameter, or 
square, 








THE INFLUENCE OF HEAT 
HARDENED TOOL-STEELS. 


The Influence of Heat on Hardened Tool-Steels, with Special 
Reference to the Heat Generated in Cutting Operations.* 


By Epwarp G. Herpert, B.Sc. (Lond.). 


_ Berorg describing the experiments which are to form 
the subject of this paper, it 1s necessary briefly to refer 
to certain previous investigations made by the author, 
which were A described in a paper before the 
iron and Steel Institute in May, 1910.+ The subject of 
‘hese investigations was “‘The Cutting Properties of 
‘ool-Steel,” and they were carried out with the aid of 
he tool-steel testing-machine. This machine has been 
de scribed both in the paper referred to and in the tech- 
ical Press. Suffice it here to say that the machine 
ineasures the durability of specimens of tool-steel, which 
re made into cutting-tools of standard shape, and tested 
by being caused to cut away, by a turning action, a 
revolving steel tube of standard composition, hardness, 
and ‘dimensions. The standard traverse of the tool is 
ome per revolution of the tube, and the width of the 
chip 18 7 in., this being the thickness of the tube wall. 
he durability of the tool is measured by the length of 
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tube it will turn away before attaining a measured degree 
of bluntness. Tests are made ata succession of cutting 
speeds from 20 ft. per minute upwards, and the results 
are plotted out in the form of a ‘‘speed-curve,” in which 
ordinates represent durability of the tool and abscisse the 
corresponding cutting speeds. 

A set of speed-curves is shown in Fig. 1, 852. 
These curves exhibit the changes in the durability of a 
carbon steel, made dead hard and tempered for 15 minutes 
at various temperatures indicated on the diagrams. 

The general characteristics of these curves are :—A 
very low durability at the lower cutting speeds; an in- 
crease of durability as the cutting speed ino 3a 
maximum durability at cutting speeds of 50 ft. to 80 ft. 
per minute; and a decline of durability to a very low 
value as the speed was further increased. 

Two of the curves, taken from tools tempered at 
130 deg. and 140 deg. Cent. respectively, show two 
maxima with a depression between them. 

These general characteristics are common to the speed- 
curves of all the tool-steels that have been tested, whether 
of the carbon, tungsten, or tungsten-vanadium varieties. 
All are capable of giving either single or double-peaked 
curves, according to the heat treatment they have 
received, and all show a low durability at low cutting 
speeds, this characteristic being especially marked in the 
case of some high-speed steels, which latter often retain 
their durability at very high speeds. 

In the paper referred to, the theory was put forward 
that the observed —_ in the durability of cutting- 
tools are mainly caused by changes in the temperature of 
the cutting-edge, due to varying quantities of heat gene- 
rated at different cutting —_ 

The heat theory was confirmed by experiments show- 
ing that changes of durability corresponding to those 
which occur under varying cutting speeds can be pro- 
duced by varying the temperature of the tool in other 
ways while the cutting speed remains constant—viz., by 
wees the temperature of the water with which the 
tool is flooded; by varying the depth of cut (a heavy 
cut generating more heat than a light one), or by 
dispensing with the cooling water. It was shown also 
that the results of Mr. F. W. Taylor’s classical experi- 
ments with cutting tools are in strict conformity with the 
“cube law of cutting speeds” deduced by the present 
writer from a theoretical consideration of the heat gene- 
rated in cutting. The cubelaw is thus expressed :—‘* For 
constant durability of the cutting-tool the speed varies 
inversely as the cube root of the product of area of cut by 
thickness of shaving.” 

So much by way of introduction. In the present paper 
the heat theory of durability will be taken as experi- 
mentally established, and an attempt will be made to 
connect the observed changes in the cutting durability of 
tool steels with changes in the physical properties of the 
steels as shown by breaking tests made at various tem- 
peratures. 

The various problems that are to be dealt with may 
be clearly stated as follow :— 

A. It has been found by experiments on the tool steel 
testing-machine that all tool steels, without exception, 
have a very low durability, and are very quickly blunted 
when cutting under water at low speeds, and fine cuts, 
under conditions, that is to say which preclude any con- 
siderable heating of the cutting edge; and it has been 





found that any alteration in the cutting conditions which 
tends to increase the temperature of the cutting edge, 
results in an increased durability of the tool. at, if 
any, are the correlative changes in the physical pro- 
perties (strength, hardness, toughness, &c.), of hardened 
steel which occur when it is raised from a low to a higher 
temperature? 

B. All varieties of tool steel have been found to be 
capable, when suitably hardened, of producing double- 
peaked speed durability curves, the characteristics of such 
steels being that at a certain speed they are less durable 
than at higher and lower speed Is it possible to corre- 
late this low durability at a certain speed with a par- 
ticular physical condition at a certain temperature ? 

C. ah tool steels are found to lose their durability 
when the cutting speed is raised above a certain limit. 
Is there any corresponding change in their physical 
properties when they are heated above a certain tempera- 
ture? 

D. Assuming that each cutting speed corresponds to a 
definite temperature of the cutting edge (the weight of 
cut and all other conditions remaining constant), what are 
the actual temperatures of the rages | edge correspond- 
ing to the various cutting epeods and corresponding to 
the various changes in the durability and physical pro- 
perties of the steel ? 

Before dealing with these problems, it is necessary 
briefly to consider the nature of the actions tending to 
wear or blunt a cutting tool, and the correlative physical 
properties constituting durability, which the tool must 
possess in order to withstand these actions. 

The principal action to which a tool is subjected in cut- 
ting is one of friction under heavy pressure. This tends 
to rub the surface of the steel away, by causing the 

ticles of steel to slide over one another. To resist 
lunting by this action a tool must possess hardness. 

But the stress on the tool point is not constant, as the 
chip is detached it breaks up into a series of short seg- 
ments (more or less completely separated), and this 
process subjects the tool to a succession of changes of 
pressure, amounting almost to blows, and tending to chip 
off portions of the cutting edge. To withstand this 
action the tool must possess toughness. 

If we make a tool of glass and another of copper, and 
use them to turn a cylinder of soft material such as lead 
in the lathe, we shall find that both are very soon blunted, 
but from totally different causes. The glass tool, though 
extremely hard, is brittle, and is blunted by the chipping 
away of minute particles of the cutting edge. The 
copper tool, though very tough, is soft, and is blunted by 
the rubbing away of the cutting edge. 

If now we imagine that by some subtle alchemy we can 
gradually change the tool of glass into one of copper, it 
will probably pass through some intermediate stages 
where it will retain some of the hardness of glass without 
all its brittleness, and will have attained to some of the 
toughness of copper without all its softness. The tool 
in this intermediate state will probably keep its sharp 
cutting —_ much better than either the glass or the 
copper tool. A diagram showing the durability of such 
a tool in its successive stages would be likely to take the 
form of some of the curves in Fig. 1, the durability rising 
to a maximum as the tool lost its brittleness, and then 
falling to a low value as it lost its hardness. 

In order, then, to measure, throughout a range of tem- 
peratures, those physical properties of a steel which con- 
stitute its durability, it is necessary to test it at each 
= for hardness and for toughness. 

The usual method of testing toughness is that of the 

impact pendulum. Some preliminary experiments were 
made by this method, but it was found that whereas one 
specimen might be shattered with an absorption of the 
energy Of the pendulum so slight as to be difficult of 
measurement, another specimen only slightly different in 
temper would absorb the whole of the energy of a heavy 
pendulum without being bent or broken. It became 
evident that a shattering blow bears so little resemblance 
to the stress to which a cutting-tool is subjected as to 
afford very little useful information relative to durability. 
The method finally adopted was that of breaking the 
specimen, supported at the ends on knife-edges, by a load 
applied transversely at the centre. The apparatus em- 
saved is illustrated in Fig. 2. The specimen A was in 
all cases 3 in. long, } in. deep, and 41n. wide. It was 
supported on knife-edges B B, 2h in. apart. A third 
knife-edge C was affixed to a plate F, and guided by pins 
D D sliding freely in holes in F. The whole was placed 
in a bath containing water, oil, or salt, according to the 
temperature under investigation, the specimen being 
completely immersed in the liquid. he bath. was 
rested on iron blocks G G, with gas-burners or blow-pipes 
between them, and the whole was placed under the 
crosshead of the Olsen 100,000 lb. autographic testing- 
machine. 
In operation the bath was first heated, and the tem- 
perature (measured by a mercury thermometer) allowed 
to become stationary. The specimen was placed on the 
knife-edges, and five minutes were allowed for it to arrive 
at the temperature of the bath. The load was then 
applied, and the specimen broken or bent. The load and 
the deflection were aut ay recorded by the 
testing-machine. Some of the resulting diagrams are 
reproduced in Fig. 3. The height of each curve repre 
sents the maximum load applied to the specimen to 
break or bend it, and this maximum load is taken asa 
measure of toughness. Ourve a is from a specimen 
broken cold: being brittle, a small load sufficed to break 
it. Curve bis from a similar specimen broken at 238 deg. 
Cent. It was tougher, and broke at a higher load. 
Curve c is from a specimen tested at 278 deg. Cent. In 
this case the specimen was very tough. It supported a 
heavy load, and bent without breaking. 





For the purpose of investigation it was pecessary to 
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ascertain the hardness of the specimens at each tempera- | be expressed as the load required to uce yy in. deflec- | tool sufficiently to soften it and cause it to be blunted 
ture as well as their toughness. The somewhat elusive | tion, and the hardness number is obtained by dividing | immediately, but it was not known what would be the 
quality of hardness may be defined as the power of the maximum load in pounds by the deflection in tenths | effect of the lower temperatures generated at lower cutting 
resisting deformation under stress. It is commonly | : L | speeds. In order to reproduce these temperatures arti- 
measured by pressing a hard-steel ball into the surface of | Of an inch, H = iov’ | ficially, the a were heated in the apparatus 
the specimen with a definite force. The material which | | illustrated in Fig. 2, and broken at various temperatures 
takes the smallest impression, or, in other words, which | Experiments were first made on a crucible steel con- | as described. . 

shows the greatest resistance to deformation, is taken to | taining about 1.3 per cent. carbon. A bar 4 in. by } in. | The results of the breaking tests are plotted out in 
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be the hardest. The ball test cannot be applied to very | in section was cut into pieces 3 in. long, which were | diagrams A, B,C, D, Fig.4. The full lines in these diagrams 

hard materials, but the diagrams in Fig. 3 give us a| heated to 800 deg. Cent. and quenched in water. Some | represent maximum loads at which the specimens were 

means of measuring resistance to deformation or ote. of the specimens were left in the dead-hard state, others | broken or bent (toughness), and the dotted lines represent 

The relation between the load and the resulting deflec- | were tempered by being placed for 15 minvuées in an oil- | the or maximum load divided by deflection. 

tion is shown graphically by the slope of the curve. | bath at 136 deg. Cent. Others were tempered in like| Referring first to the toughness curves (full lines), it 

Specimen a was very hard ; it gave ee | a small defiec- | manner at 145 deg. and 175 deg. respectively. The prob- | will be seen that the di have certain features in 
Pp 


tion for each increment of load, the resulting | lem was to ascertain how the physical properties of steels|common. There is a decrease of toughness as the 
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diagram is nearly vertical. Specimen } was softer, and c | thus treated would be affected by the heat generated in | temperature rises from that of the atmosphere to 100 deg., 
very soft, and the slope of the d was ter as | cutting at various speeds. It was certain that a very | and a more or less regular increase of toughness between 
the hardness diminished. Numerically the ness may | high cutting speed would heat the cutting edge of the ' 100 deg. and 250 deg. or 275 deg. 
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Referring now to the dotted curves representing hard- 
ness, We again see certain characteristics common to all 
the specimens. The hardness was relatively high at 
atmospheric temperature, it was very much less at 50 deg. 
or 100 deg., it again attained a high value at temperatures 
varying from 150 deg. to 250 deg., and it fell very low at 
275 deg. to 300 deg., at which temperatures the specimens 
were so soft as to bend without breaking. It will be 
noticed that the hardness and toughness curves have widely 
different shapes, an increase of the one quality being ver 

enerally accompanied by a decrease of the other, thoug 

th decrease together between 20 deg. and 100 deg. 

We have here, according to our theory, two of the 
elements for determining the variations of durability 
with temperature; but it is very difficult to say, from 
inspection of the curves, which temperature might be 
expected to give the highest durability to the steel. 
The durability will be high when both the hardness and 
toughness are high. The durability will be low when 
either the toughness or hardness, or both, are low. Now 
it is evident that if we multiply the hardness number by 
the corresponding toughness number for each temperature, 
we shall obtain a new series of numbers fulfi the 
conditions just stated: they will be high when the hard- 
ness and toughness are both high ; they will be low when 
either hardness or toughness, or both, are low. These 
numbers should therefore in some d 
portional to the durability of the steel. e cannot 
say that they will be strictly proportional to dura- 
bility unless we assume that hardness and toughness 
are the only qualities constituting durability, and that 
they are equally important factors in durability, but these 
are assumptions we have no right to make. Hither hard- 
ness or toughness may be the more important factor, 
according to the nature of the material the tool is required 
tocut. It is an established fact that the steel which is 
best for cutting hard materials, such as tyre-steel, is not 
necessarily the best for cutting soft materials, such as 
mild steel or brass, and this may be because a harder tool 
is required for one class of material and a tougher for the 
other. Nor can we safely assume that hardness and 
toughness are the only factors in durability. Some steels 
(notably the tungsten steels) possess a poe of resist- 
ing abrasion which does not appear to —_— directly on 
harshness or toughness, and c#n only measu by 
an abrasive test—preferably an actual cutting test. A 
breaking test may give no evidence of the presence or 
absence of this quality. Theevidence to be obtained from 
the breaking tests must therefore be regarded as mainly 
negative evidence. It is certain that a tool which is very 
soft or very brittle will not be durable. Itisalmost certain 
that a given tool will gain in durability as it becomes 
harder and tougher ; but it by no means follows that the 
specimen of steel which carries the heaviest load with the 
least deflection will make the most durable cutting tool. 

Recognising, then, that the product of hardness and 
toughness may bear only an approximately proportional 
relation to durability, let us examine the curves produced 
by plotting these products on a temperature basis. The 
curves are shown in Fig. 5, and the durability-s 
curves obtained from specimens of the same steel by 
actual cutting tests made on the tool-steel testing-machine 
are shown in Fig. 6. Two sets of curves are shown in 
this figure. The full lines represent the durability of 
tools cutting under water, and the dotted curves are 
taken from the same tools cutting dry. 

_It is at once apparent that there is a very striking 
similarity between the curves obtained by breaking 
(Fig. 5) and those obtained by cutting (Fig. 6). In each 
case there is a very low durability at low speeds or tempe- 
ratures, a rise to a high maximum as the speed or 
temperature increases, and a fall to a low value when the 
speed or temperature exceeds a certain value. It is 
especially noticeable that the range of speeds and tempe- 
ratures which gives the steel a high durability is a — 
narrow one. One important difference will noticed. 
The breaking tests show a high durability at atmo- 
spheric temperature and a rapid fall to 50 deg. or 100 deg., 
but this feature is entirely absent from the curves obtained 
by cutting. From this it might be surmised that at the 
lowest cutting speed—viz., 20 ft. per minute—the ed 
of the tool was at 50 deg. to 100 deg., and that the too 
would have a higher durability when cutting at still lower 
speeds, Some experiments have been e with a view 
to confirming this inference, but hitherto without success. 
Tests were made at speeds as low as 2 ft. per minute, and 
the tool was flooded with a freezing mixture, but the wear 
was extremely rapid, and no increase of durability was 
found. There is no doubt a considerable amount of heat 
generated in cutting a tough steel, no matter how slow 
the speed, and it may be that the cutting-edge was con- 
siderably above atmospheric temperature even under the 
extreme conditions mentioned. This point, however, 
requires further investigation. 

Two of the tools used in the cutting tests—namely, 
those tempered at 136 deg. and 145 deg. ve double- 
peaked curves. It had previously been found (see Fig. 1) 
that carbon —_ om red between 130 deg. and 150 deg., 
give curves of this yaad and one purpose of the 
investigates was to find an explanation of this phenome- 
non. It cannot be said that the explanation is complete, 
though each of the breaking tests, and especially B, shows 
& rudimentary first peak. The relation between the 
hardness and toughness curves is complicated, their 
maxima and minima serge failing to coincide, and 
i 18 not surprising that the resultant curve of dura- 
bility should assume a complicated form. It has 
already been pointed out that the actual shape of the 
durability curve will depend on the relative import- 
nee of the hardness and toughness factors, and that 
= pend on the — conditions. It has 
wen found by experiment that the shape of the curve 
is by no means constant when the cutting conditions 





are altered. Thus Fig. 7 shows durability-speed curves 
obtained from the same tool ground with 0 deg., 
5 deg., and 10 deg. rake. The height of the first peak 
diminishes as the rake of the tool is in > in, 
it is seen in Fig. 6 that tools which give a double 
peak when cutting under water usually give only a single 
peak when cut dry. In this connection it may 
inted out that the cutting temperature is much more 
efinite when the tool is cutting under a copious stream 
of water than when cutting dry. In the former case the 
extreme edge of the tool, embedded in the metal, is 
heated to a temperature depending on the speed and 
remaining constant throughout the test. When no cool- 
ing medium is employed, the tool, the tube, and the 
jacent parts of the machine become gradually hotter 


as the test fen any the temperature becoming constant 
only (if at ee the generation of heat is balanced by 
radiation. is may account for the fact that dry cutting 


tests seldom, if ever, give double-peaked curves. 
Breaking tests were made with high-speed steels of 
two well-known brands. These specimens, 3 in. by 4 in. 
by pi were hardened by being preheated for 24 minutes 
at deg., then heated for 50 seconds at 1275 deg., and 
quenched in salt bath at 672 deg. for 30 seconds. The 
hardening of all the carbon and high-speed steel speci- 
mens used in these experiments was kindly undertaken 


pro- | by Mr.S.N. Brayshaw. The breaking tests were carried 


out in the manner described above, and the resulting 
hardness and eonmneee curves are shown in Fig. 8. The 
hardness curves (dotted) are somewhat complicated, but 
the curves of the two steels closely correspond with each 
other, and bear some resemblance to the hardness curve A 
(Fig. 4), taken from the dead-hard carbon steel. There 
is a marked fal] in ess from atmospheric tempera- 
ture to — and 100 deg., followed bya rise to 130 deg., 
a fall to 280 deg., with a smaller rise and fall at higher 
temperatures. The two toughness curves (full lines) also 
correspond in general form, though there is a great 
difference > the ' tures at w! — first minima 
occur (100 deg. an eg. respectively). 

Multiplying together the hardness and toughness 
numbers as before, we obtain the durability-temperature 
curves in Fig. 9. The durability-speed curves obtained 
from two of the specimens by cutting tests on the tool- 
steel testing-machine are given in Fig. 10, the dotted 
curves being obtained by cutting dry, and the full curves 
with water. 

The durability-temperature curves (Fig. 9) resemble 
those of the carbon steels (Fig. 5) in showing a marked 
fall in durability from atmospheric temperature to 50 deg., 
this feature being entirely absent in the curves obtained 
by cutting (Fig. 10). th the temperature durability 
curves, E and F (Fig. 9), show marked double peaks, and 
it will be noticed that in the case of steel E the first peak 
occurs between temperatures 100 deg. and 260 deg., thus 
corresponding roughly with the main peaks of the carbon 
steels (Fig. 5). The second peak in steel E occurs between 
260 deg. and 400 deg., at which temperature the carbon 
steel would be soft. . 

Turning now to the cutting tests, we see in curve E 
(Fig. 10) two peaks, the first occurring between 20 ft. 
and 120 ft. per minute, thus correspondin 
carbon-steel curves in Fig. 6, while the second peak in E 
(Fig. 10) occurs at 140 ft. per minute, at which s the 
carbon steels were incapable of cutting. There is thus a 
close correspondence between the “gy curves 
obtained by breaking and by cutting tests. It is true 
there is a great disparity as regards the relative heights 
of the two peaks, but this was to be pe ven 
though the steel were equally hard and tough when 
cutting at 70 ft. and at 140 ft. per minute (as would 
1 wang) from Fig. 9), the higher speed would naturally 
blunt the tool more rapidly. 

The curves of steel F are somewhat anomalous. The 
breaking tests show two distinct with a low mini- 


mum at 220 deg., the second ing a very large one, 
whereas the cutting tests (Fig. 10) show only a single 
peak extending from 20 ft. to 150 ft. per minute. 


The dotted curves obtained by cutting drv (Figs. 6 
and 10) are in all cases to the left of the corresponding 
‘* wet ” curves, and it is especially to be noted that all the 
tools when cutting at very low speeds were more durable 
when water was not used—i.e, when they were allowed 
to become heated. 

This effect of temperature on durability is clearly 
shown in Fig. 11, which represents the ripen 4 
curves of a high-speed steel tool cutti 1) dry, (2) wit 
lard oil, (3) with water. At the low epeeds, 20 ft. and 30 ft. 
per minute, the tool was most durable when cutti dry, 
and least durable with water. At the highest pmo by e 

ition is reversed, while at intermediate speeds the 
ford-oil gave the highest durability. The oil appears to 
exercise a double function. It acts as a cooling medium, 
and enables the tool to work at much higher speeds than 
are practicable when cutting dry; but, as a cooling 
medium, it is inferior to water, and therefore less con- 
ducive to durability at very high speeds. It has, how- 
ever, a lubricating effect which is not by water, 
and is highly conducive to durability at speeds which do 
not generate an excessive amount of heat. The oil gives 
the highest durability, but not at the highest speed. 

The curves in Fig. 12 illustrate the extreme importance 
of the time factor in the hardening of high-speed steel. 
The dotted curve represents the durability of a high- 
speed tool which was preheated for 4 minutes at 850 deg., 
heated for 1 minute at 1275 deg., and quenched in salt at 
675 deg. Cent. The full curve shows the durability of 
the same steel preheated for 24 minutes, and heated for 
50 seconds at the same temperatures. Evidently the 
first tool had been injured by too heating. 

Let us now see how far the results of the experiments 
enable us to answer the questions with which we set out. 

A. The low durability of all tool-steels, cutting under 


with the |h 





water at low speeds and light cuts, seems to be completely 
explained by the low values of ness and toughness 
which always occur at cutting temperatures of 50 deg. 
to 100 deg. The breaking tests have shown in every 
case that the product, hardness x toughness increases in 
value as the temperature is raised above 100 deg. The 
cutting tests have shown in every case that the durability 
increases when the cutting speed is raised above 20 ft. per 
minute. These cutting tests have also shown that the 
durability always increases when a tool working at 20 ft. 
per minute is allowed to cut dry i of with water, 
or with hot water instead of cold. It is im ible to 
doubt that these are different manifestations of the same 
—— change in the steel. 
clear recognition of this phenomenon is of great 
practical importance. A great deal of the metal cutting 
in every engineer’s shop consists in taking fine finishing 
cuts, —— with beret the tool. aw cuts -— taken 
at a slow s , the temperature of the cutting edge ma 
not rise ban 100 deg., in which case the tool will be 
quickly blunted. Its durability can increased by 
increasing the speed <: by cutting dry. Many cases are 
known to have occurred in ordi workshop practice, 
where an increase in cutting speed has actually resulted 
in increased durability of the tool. 
Low durability at low-cutting temperatures (on, for 
example, finishing cuts) is a familiar characteristic of 


high-s steels, and is most marked in tools which 
have suitably hardened for very high-temperature 
work.* High-speed steel can be so hardened as to retain 


its durability at fairly low temperatures, and there are 
now on the market tungsten steels specially adapted for 
low-temperature work, such as finishi very heavy 
forgings ; but every description of steel known to the 
writer loses its durability if the cutting temperature is 
low enough. It should be noted that a low cutting tem- 

rature can only occur-when there is a combination of 
ow speed with light cut. A heavy or moderate cut 
raises the ap ge ne of the cutting edge above 100 deg., 
even at ve ow 8 

B. The phenomenon of the double-peaked curve is not 
completely elucidated, though the evidence goes some 
way to explain it. The variations of hardness and tough- 
ness with temperature are of a complicated character, 
and the cleft between the two peaks of a durability curve 
appears to be caused 4 the conjunction of depressions 
in the hardness and toughness curves at a particular tem- 
perature. The relative heights of the two peaks are found 
to vary with the conditions of cutting, and this variation 


may be due to a co in the relative importance of 
the hardness and toughness factors, according to the 
of the tool. 


rg Ay the material cut, or the sha 
C. The decline in durability which takes place when 
a certain limiting speed is exceeded, is evidently cau 
by an actual softening of the cutting edge by the heat 
erated in cutting. This softening, which is extremely 
ocal, takes place even when the tool and the work are 
practically immersed in running water. The speeds and 
temperatures at which the softening ocours depend 
largely on the particular hardening process which has 
se applied . the tool, and are generally highest in 
ig — steel. 
D. It is not yet possible to establish an exact scale of 
cutting temperatures corresponding to the scale of cut- 
ting speeds, but a comparison of the temperature-dura- 
bility curves obtained by breaking tests (Figs. 5 and 9), 
with the speed-durability curves obtained by cutting 
tests (Figs. 6 and 10), enables us to make an approxima- 
tion, as in Fig. 13. 

To establish a correspondence between the speeds of 
ae = and without water, a comparison may be 
made between the full and dotted curves in Figs. 6 and 
10, from which it appears that the effect of using water 
is ~ my 4 to double the cutting speed ; in other 
words, the edge of a tool flooded with water attains 
about the same temperature as the edge of a tool cutting 
dry at half the speed. This must not be taken as a 

eral statement applicable to all cutting operations. 
he dry cutting temperature depends largely on the 
volume of metal operated upon. The tube used in the 
tool-steel 4 is small in diameter and light 
in section; it becomes considerably heated under a dry 
cut. In machining a large forging the body of metal 
absorbs a great deal of heat, with only a slight rise in 
temperature, and the use of water has less effect on the 
cutting speed. 

Considerable interest attaches to a comparison of the 
durabilities of carbon and are 8 It appears 
from Figs. 6 and 10 that the high-speed steel has two dis- 
tinct features of superiority. The speeds at which it 
attains its maximum durability are not very different 
from those at which carbon steel is most durable, but the 
high-speed steel is several times as durable at these 
speeds. Quite distinct from its superior durability at 
moderate cutting temperatures is the property possessed 
by high-speed steel of retaining some durability at tem- 
peratures high enough to soften carbon steel, but its 
actual durability under such conditions is much less than 
under conditions which do not unduly heat it. In other 
words, its abrasive quality appears to be more important 
that its heat-resisting quality. 

A comparison of the curves in Figs. 5, 6, 9, and 10 
lends force to the warning already given—that no abso- 
lute measure of durability can be obtained by a breaking 
test. The highest durability calculated from i 
tests was that of tool D, but the actual durability of this 
carbon steel, measured cues. was not a ree | 
high, and was much less n that of high-speed steel EK, 
which broke under lower loads. 





* There is reason to believe that the condition of low 
durability in such steels may occur at temperatures much 
higher than 100 deg. (see F, Fig. 9). 
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THE INFLUENCE OF CARBON ON THE 
CORRODIBILITY OF IRON.* 
By C. Cuapre.., B.Met. (Hons.), Sheffield. 
INTRODUCTION. 


Durine the past few years the subject of the corrosion 
of iron and steel has been receiving a well-merited and 
rapidly-increasing attention. are ag this fact, however, 
it 1s often difficult to obtain reliable information as to the 
specific influence exerted upon the corrosion of these 
metals by varying proportions of alloying elements. 
Especially is this the case with regard to the influence of 
increasing percentages of carbon on the corrodibility 
of iron. In view, therefore, of the prime importance of 
carbon in the metallurgy of steel, investigations have 
been carried out to ascertain the nature and extent of 
this influence. 

Two main elements of uncertainty enter more or less 
into practically all the An gy eigenen results that are 
available in connection with this question—the lack of 
chemical purity in the steels employed, and the negli- 
gence of precautions to ensure that the steels shall be in 
a uniform condition of treatment before testing. 


Special attention has been paid to these two features | 800 


throughout the present , which will therefore con- 
stitute a basis from which the influence of other elements 
upon the —e of steel may subsequently be indi- 
vidually and accurately determined.] %=-.eg wm °°" 


"wie 


GENERAL SCHEME OF INVESTIGATION. 


A series of practically pure iron-carbon steels has been 
prepared. Suitable bars of each steel have been sub- 


RESULTS OF CORROSION TESTS ON CARBON STEELS. 
12 


TREATMENT OF STEELS. 
Each ingot was rolled down so as to give about 4 ft. of 
a round bar, and the remainder taken down to § in. in 
iameter. The treatments employed are briefly described 
in Table II., together with the letters used to denote the 
respective treatments. 
Taste II.—Treatments and Characteristic Marks. 
Treatment. Mark. 
Rolled... eo a os o a R 
Normalised at 900 deg. Cent., cooled in air N 
Annealed at 950 deg. Cent. for twenty 
hours, very slowly cooled in furnace _... 
Quenched from 800 deg. Cent. in water ... 
Quenched from 800 deg. Cent., tempered at 
400 deg. Cent. Ag o i ae 
Quenched from 800 deg. Cent., tempered at 
500 deg. Cent. ‘sf ab sik s 
Detai_s or TREATMENTS. 


Rolled.—Test-bars were turned from the §-in. round 
bars as received from the mill. . 

Normalising.—This was carried out in a large gas- 
muffle on the §-in. size bars. These were put in at 
deg. Cent. ; the temperature of the muffle fell to 
about 600 deg. Cent., and was then gradually raised to 
900 deg. Cent. The bars were removed after twenty 
minutes at this temperature, and allowed to cool in air. 

Annealing. —This treatment was carried out in a coal- 
fired annealing furnace according to the details given in 
Table II. The j-in. round bars were employed for this 
treatment, so that the decarburised skin could be com- 
pletely machined off in the lathe in preparing the test- 


eo AP 





lighted, but situated so that no direct sunlight entered 
it. Variations in temperature were largely atmospheric, 
as the room was not artificially heated. 
Tasie III.—Analysis of Sea- Water Employed. 
Specific gravity at 12 deg. Cent., 1.0240. 
1000 parts by weight of sea-water contain :— 


Parts by Weight 
Sodium chloride ... ao 27.20 
Magnesium chloride 2.95 
Magnesium sulphate 1.84 
Caleium sulphate 1.20 
Potassium chloride 0.77 
Calcium carbonate 0.11 


After 91 days’ immersion the bars were taken out, wel! 
washed, cleaned with chamois leather until all adheren: 
deposits were removed, dried thoroughly, and weighed 
again. The bars were then re-immersed in the same jars 
and sea-water as before for a further period of 75 days, 
cleaned thoroughly again, and re-weighed. 

The results obtained are givenin Table IV., and are set 
out in — form in Figs. 2 and 3. 

It will be convenient to consider these results in threo 
main groups, as indicating the influence—(a) of carbon, (/) 
of treatment, and (c) of time, respectively, upon the corro- 
dibility of these steels in sea water. 


(a) Influence of Carbon. 


A comparison of Figs. 2 and 3 shows clearly that the 
influence exerted by increasing percen of carbon 
upon the corrodibility of iron is of two distinct types, 
dependent upon the treatment employed. 


9.4. RESULTS OF CORROSION TESTS ON 
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jected to typical heat treatments, and their relative corro- 
dibilities and other properties have been investigated in 
each of these various states of heat treatment. 
means not only has the influence exerted on these pro- 
perties by variations in carbon percen been deter- 
mined, but also the influence of variations in the chemical 
and physical condition in which the carbon exists in these 
alloys, within the range of commercial treatment. 
Microscopic investigations into the modus operands of 
the corrosion of iron-carbon steels have also been made, 
and have been productive of much interesting and impor- 
tant evidence, despite the considerable difficulty of 
examining corroded surfaces at high magnifications. 


PRODUCTION AND COMPOSITION OF THE STEELS. 


The steels were all manufactured by the coke crucible 
process in the metallurgical department of the University 
of Sheffield. Six ingots were made, ranging from 36 Ib. 
to 40 lb. in weight. The carbon contents ranged from 
0.10 per cent. to 0.96 per cent. The materials employed 
throughout the series were Swedish bar-iron and char- 
coal. This method has previously proved itself by far 
the most satisfactory one for the production of iron- 
carbon steels of a high degvee of purity. ‘‘ Killing” was 
effected by aluminium in every case, and all the steels 
gave sound ingots. 

The chemical analysis of the steels is given in Table I., 
together with the distinguishing number employed 
throughout the research for each steel. 

It will be observed that in no case do the total im- 
purities exceed 0.28 per cent. 


Tasie I.—Analysis of Steels. 


Phos- Alumi- 


Steel. ‘ 
No, Carbon. Silicon. phorus.) nium. 


percent percent. percent. percent. per cent per cent 
0.10 0. 0.091 0.030 0.011 0.02 


Manga- 
nese. Sulphur. 











1 019 0 

2 | O24 0.037 0.072 0.028 0.015 _ 

3 | 030 | 0.080 0.094 0.021 | O02 | — 
4 0.55 | 0,053 0.100 0.020 | 0.017 0.03 
i 0.81 | 0.048 0.168 0.028 | 0.016 _ 

6 0.96 0.018 0.133 0.027 | 0.014 | 0.08 
* Pa read before the Iron and Steel Institute, 


02 
Carbon per Cent in Steed. 


y these | 


Carbon per Cent in Steel. 


pieces, and its influence thus eliminated from the sub- | 
sequent tests. 

Quenching.—The bars were heated in a Brayshaw salt- 
| bath furnace to 800 deg. Cent., allowed to remain at that 
| temperature for fifteen minutes, and then rapidly 
| quenched out in water at 15 deg. Cent. 

Tempering.—The quenched bars were heated up to the 
required temperature in a lead bath, maintained at that 
temperature for ten minutes, and then cooled in air. 

It must be noted that in both the quenched and tem- 
pered series the test-pieces were machined to slightly 
over the finished size before treatment. Any influence 
pay exerted by the molten salt on the surface of the 

r was subsequently obviated by the entire removal of 
the surface in reducing to the required finished size. 


Corrosion Tests. 
Method of Experiment. 

Test-bars, 44 in. long by @ in. in diameter, were pre- 

seen from each steel in all states of treatment. h 

was drilled at a distance of } in. from one end, with a 
hole, $ in. in diameter, for suspension purposes. The 
suspension was effected by means of thin glass hooks 
passing through the centre of the corks closing the jars, 
as shown in Fig. 1. Separate jars were used for each 
test-piece, and free access by the air to the interior of the 
jar was carefully ensured in each case. 

The test-bars themselves were polished in the lathe to 
a uniformly high degree of polish with fine emery-paper. 

e importance of having the specimens as nearly 
Ses as possible is considerable, and must 
be insis'  - in com tive corrosion testing. The 
author has frequently found, during the microscopic 
examination of corroded surfaces, that the finest scratches 
from the polishing-block are often productive of more 
vigorous corrosion than occurs in any other portion of 
the specimen, even after several months’ immersion in 
sea water. So that uniformity of polish, as the nearest 
| practicable ideal, should receive careful attention in expe- 
rimental corrosion research. 

After polishing, the bars were accurately weighed, im- 
mersed in pure ether for at least an hour to remove all 
grease, dried in a vacuum desiccator, and then suspended 
in 700 cub. cm. of filtered sea water, as shown in Fig. 1. 

This sea-water was obtained from the Irish Sea, and its 
analysis is given in Table ITT. 








a London, May 9, 1912. 


The room in which the tests were carried out was well 


Tume in Days 


(aa0e-0) 


TABLE 1V.—Sea-Water Corrosion Results. 


| 


in 
in 
ys’ | 


Weight after 


Treatment. 


Weight after 
Loss in Weight 


166 Days’ Im- 
after 166 Da: 
Immersion 


Weight before 
Immersion, 
in Grammes. 

91 Days’ Im- 
mersion, 
Grammes 
Loss in Weight 
after 91 Days’ 
Immersion. 
mersion, 
Grammes. 


Carbon. 
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63.8254 | 63.5600 | 0.416 | 63.314 
63.6710 | 63.4004 | 0.425 | 63.1314 


Annealed 
(A) 


So 
- 
wo 
— 
fo} 
8 
ae 
3] 
co 
_ 
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| 63.5926 | 0.461 | 63.3240 | 0.881 


63.7760 | 63.5058 | 0.424 | 63.2750 | 0.786 

63.3868 | 63.1120 | 0.433 | 62.8724 | 0.812 

| 64.5350 | 64.2545 | 0.435 | 64.0012 | 0.827 

63.5522 | 63.2248 | 0.515 | 62.9880 | 0.974 

64.0190 | 63.6424 | 0.588 | 63.3224 | 1.088 

64.4842 | 64.1544 | 0.512 | 63.8125 | 1.042 
! 


64.0728 | 0.743 
' 63.9100 | 0.758 
64.0576 | 0.71 
63.0€00 | 0.872 
63.4576 | 0.955 
63.6457 | 0.868 
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@) 


64.5524 64.2950 


64.3982 | 64.1500 | 
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| 68.6534 | 0.771 

64.5608 | 0.981 
| 64.3835 | 1.010 
| 64.5232 | 1.088 
| 64.5400 | 1.124 
| 64.8552 | 1.119 
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"2746 | 0.806 
"4950 | 0.993 
35.2200 | 0.930 


96 | 66.0814 | 65.7049 | 0.570 | 65.4500 | 0.956 
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Tempered 
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In the normalised, rolled, and annealed steels, where 
the cooling through the critical ranges during treatment 
has been sufficiently slow to produce well-defined pearlite, 
the corrodibilities tend to rise with increase of carbon up 
to 0.81 per cent. carbon, but, without exception, fall again 
on reaching 0.96 per cent. carbon. This points very 
strongly to the conclusion that the corrodibility rises to a 
maximum at saturation point (0.89 per cent. carbon), and 
begins to fall on the appearance of free cementite in the 
steel. Other evidence, given later, also supports this 
conclusion. 

The ratio of the increase of corrodibility to the carbon 

rcentage 18 more satisfactorily shown in the 166 days’ 
immersion results than in those taken over the shorter 
period. From the upper set of curves shown in Fig. 2, 





Fic. 6.—Steel No. 1(N) after 20 weeks’ corrosion in sea- 
water, showing rectangular pits. Magnified 200 dia- 


meters, and reduced to 120 diameters. 





Fie. 9.—Steel No. 2 (A) after 48 hours’ corrosion in sea- 
Magnified 200 


water, showing early stages of attack. 
diameters, and reduced to 120 diameters. 





Fie. 12.—Low-carbon steel after three weeks’ immersion 


in sea-water, showing effect of roaks. 
diameters, and reduced to 120 diameters. 


it 1s seen that the increase in corrodibility after 166 days’ 
immersion is continuous with the rise of carbon from 
v.10 per cent. to 0.81 per cent. in the case of all three 
treatments considered. 

in the normalised and rolled steels this increase is less 
rapid in the low-carbon range, from 0.10 per cent. to 
about 0.30 per cent. carbon, than in the higher range up 
to ‘he saturation point. This feature is noticeable in the 
91 cays’ as well asin the 166 days’ immersion results. 

“he small influence exerted by carbon in the low per- 
entage range, probably accounts for the inconclusiveness 
©: many of the relative corrodibility results obtained 
curing the wrought-iron versus mild-steel contest. The 
greater quantity of ~~ and other impurities in the 
wrought iron may easily set up more than sufficient 
““-vanic action* to counteract the decrease in corrodibility 
due to lower carbon contents. 

_ +e annealed specimens are somewhat less regular in 
their behaviour with rise of carbon up to the saturation 

nt than is the case with the rolled and normalised 


* J. W. Cobb, Journal of the Iron and Steel Institute, 
‘911, No. 1, page 170, 





( 


Magnified 200 


steels, although this irregularity diminishes with more 
| prolonged immersion. The presence of massive cemen- 
| tite in Nos. 1 (A) and 2(A), and to a slight extent in 
No. 3 (A), due to the Fe,C lamine of the pearlite 
| partially coalescing together in the process of annealing, 
|may be largely the cause of the apparently irregular 
| behaviour of these low-carbon annealed steels. 
With regard to the decrease in corrodibility observed 
| with rise of carbon from 0.81 per cent. to 0.96 per cent., 
interesting confirmation has been obtained from experi- 
ments carried out on a series of iron-carbon steels 
containing 3 per cent. of tungsten. These steels were 
kindly supplied by Mr. T. Swinden, B.Met., to whom 
the author wishes to express his indebtedness. 
The analysis of the steels composing this series will be 


water, showing rectangular pits. 
meters, and reduced to 120 diameters. 





Fie. 10.—Steel No. 5(N) after 20 weeks’ corrosion in sea- 
water, showing pits due to manganese sulphide. Mag- 
nified 250 diameters, and redu: to 150 diameters. 


Fie. 13.—Low-carbon steel after three weeks’ corrosion 
in sea-water, showing effect of roak in the interior of 
the steel. Magnified 200 diameters, and reduced to 
120 diameters. 


found in Table V., and are taken from Mr. Swinden’s 

r* on ‘*Carbon-Tungsten Steels,” where further 
information regarding their microscopic and other 
features may be found. 


TaBLe V.—Analysis of Carbon- Tungsten Steels. 





a | 

a Tung- os; Manga- |. Phos- | Alu- 

s Carbon | aan Silicon. nese. Sulphur phorus minium 
p.c. p.c. p.c. pc. | pe. pc | pe 

924 0.14 3.25 0.044 0.065 055 0.010 0.011 

922 0.22 3.24 0.050 0.071 0.050 0.010 

921 0.48 8.11 0.060 0.075 0.050 0.010 

920 0.57 8.17 0.078 0.080 0.054 0 010 

965 ~ 0.89 3.08 0.939 | «0.0938 | 0.640 0.012 

964 1.07 3.09 0.040  «6-0.085 | «(0.042 =: 00.012 | —s«0.014 


The corrodibility tests were carried out under exactly 
the same conditions as those previously described, the 


. Journal of the Tron and Steel Institute, 1907, No. 1, 
page 291. 











Fie. 7.—Steel No. 1(N) after 20 weeks’ corrosion in sea- 
Magnified 200 dia- 





only deviation being in the case of steel No. 965, where 
the test-bar was only 3% in. long instead of the standard 
length (44-in). The results, after 91 days’ immersion, are 
given in Table VI. 

These results, which are graphically shown in Fig. 4, 
entirely corroborate those obtained with the iron-carbon 
steels. The corrodibility steadily rises to a maximum 
at 0.89 per cent. carbon, which is practically the satura- 
tion point in this series of steels (loc. cit.) The 
appearance of free cementite again produces a marked 
decrease. 

Comparison with the values given by the rolled steels 
in the iron-carbon series, shows that the influence exerted 
by the 3 per cent. of tungsten present in these steels is 
very small, and is quite insufficient to warrant any 

















Fie, 8.—Steel No. 1 (N) after 20 weeks’ corrosion in 
sea-water, showing non-rectangular pits. Mag- 
nified 250 diameters, and reduced to 150 diameters. 





Fie. 11.—Steel No. 2 (A) after three weeks’ corrosion in sea- 


water, showing decarbonised edge. Magnified 75 dia- 


meters, and reduced to 45 diameters. 





Fie. 14.—Steel No. 1(A) after three weeks’ corrosion in 
sea-water, showing the effect of mill scale action. Mag- 


nified 180 diameters, and reduced to 108 diameters. 


definite conclusions as to the influence of tungsten on 
the corrodibility of steel. 


TaBLe VI.—Sca-Water Corrosion Results on Carbon- 
Tungsten Steels. 





. Weight before ” per Loss in 

Mark. Carbon. Tungsten Ray wren Immersion | Weight. 
} GTAMMnies. | in Grammes. 

p-c. p.c. p.c. 
924 0.1 3.25 65.3618 65.1216 0.368 
622 0.22 3.24 65.3186 65.0726 0.378 
921 0.48 3.11 65.6550 65.3900 0.405 
920 0.57 3.17 64.3380 64.0746 0.412 
965 0.89 3.08 48 0280 47.7750 0.580 
964 | 1.07 3.09 63.7820 63. 5070 0.433 


The quenched and tempered steels of the iron-carbon 


series show a continuous rise in corrodibility, with 
increase of carbon throughout the whole range investi- 
gated, No indications of a maximum corrodibility at 
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the saturation point are found, as in the previously 
described instances. Magne ‘ 

The proportional increase in corrodibility is very rapid 
in the range from 0.10 per cent. to approximately 0.40 per 
cent. carbon, but beyond this point the rate of increase rela- 
tive tothe risein carbon percentage becomes very small. The 
increase in this latter range is remarkably constant. The 
dissimilarity between these two ranges is probably due to 
imcompleteness of the hardenite-ferrite solution in the 
low-carbon steels under the conditions of quenching 
which were adopted. f 

The behaviour of these steels in the higher-carbon 
range shows clearly that variations in carbon exert much 
less influence when the carbide is evenly distributed 
throughout the steel—either in solution or in the emulsi- 
fied form—than when it is present in the more con- 
centrated normal pearlite form. 

(b) Influence of Treatment. 

The influence of treatment is almost as important as 
that of carbon percentage. On the whole, annealing 
renders the steel most resistent to corrosion in sea water, 
whilst quenching causes it to corrode most rapidly. 
Normalising decidedly increases the corrodibility of the 
steels as rolled in this series. The extent to which this 
may prove to be a general rule must necessarily be open 
to modification, and possibly to exceptions, in view of 
the variations in these treatments in practice. The 
influence of tempering appears to be considerably 
influenced by the temperatureat which the tempering is 
carried out. In the case of treatment D (tempe at 
400 deg. Cent ), the corrodibility is but slightly less than 
that of the quenched steels, and generally higher than any 
of the pearlitic steels. On increasing the tempering tem- 
perature to 500 deg. Cent., as in treatment E, the corro- 
dibility is reduced in all except the very low-carbon 
steels. This decreased corrodibility, with rise in temper- 
ing temperature, is comparatively slight as measured 
after 91 days’ immersion, but after longer immersion 
becomes very pronounced. . 

The influence exerted by treatment upon corrodibility 
may be the result of changes produced in the physical or 
chemical condition of the carbide, and also in the physical 
condition of the steelas a whole. The information avail- 
able regarding the factors involved in the corrosion of 
steel is not yet sufficiently detailed for absolute certainty, 
but it is nevertheless probable that the main factors 
determining the corrodibility of pearlitic steels, and 
which may be influenced by treatment, are as follow :— 

(a) The difference of electrical potential between the 
pearlite and the ferrite or cementite. : 

(6) The difference of electrical potential between the 
Fe,C and the ferrite in the pearlite itself. - 

(c) The state of division of the Fe,C in the pearlite. 

(d) The differences of tential existing between 
various parts of the steel due to variations of internal 
stress. 

Accurate differentiation of the relative importance of 
these fectors in determining the sum total of the influence 
exerted by a given treatment is obviously difficult, as the 
same treatment may not necessarily influence all the 
factors similarly, so far as their influence upon corrodi- 
bility is concerned. With a view, however, to obtaining 
some evidence upon this point if — determinations 
of the electro-potentials of steels Nos. 1 and 5 in all states 
of treatment have been made, after several weeks’ immer- 
sion in sea-water. The method employed in these deter- 
minations has been to combine the steel sea - water 
element with a calomel electrode of known constant 
electro-potential. The electromotive force of the com- 
bination is then measured by comparison with that of a 
standard cadmium cell. The comparison is carried out 
by a modification of Poggendorf’s compensation method, 
a capillary electrometer being employed to determine 
the point of balance between the two electromotive forces. 

The values obtained may be taken as being at any rate 
roughly indicative of the relative electro-potentials of the 
ferrite and pearlite constituents respectively, in the 
various states of treatment ; and also, but to a less extent, 
of the difference of potential between the components of 
the pearlite itself. The results, together with the corre- 
og, differences of potential in each case, are given in 

able VII., and are arranged in the ascending order of 
the differences of potential. 

Taste VII.—Xlectro-Potentials in Sea-Water, dc. 





| | Lo0s in Weight Per Cent. 








Electro- Potential | after 166 Dave’ Tmmer- 
in Volta. | | sion in Sea-Water. 
| Difference | 

r - ll mememane ame 
£ Steel No. 5, | Steel No. 1, | Potential. | steel No. 4, | Steel No. 5, 
S 0.81Per | 0.10 Per | 0.55 Per 0.81 Per 
Fy Cent. | Cent. | | Cent. | Oent. 
& Carbon. | Carbon. | | Carbon. | Carbon 
A! 0.2150 0.2169 | -0,0019 | 0.847 | 0.941 
R 0.2129 =| §=6©0,2100 =| +0,0029 | 0.872 | 0.955 
E| 0.2288 0.2145 | +0.0188 | 0.903 | 0,930 
N| 0.9234 | 0.2088 | +¢.0146 | 0.974 1.088 
b 0.2216 | 0.2037 | +6.0180 1.067 1.111 





On comparing these differences of potential between 
the constituents with the corrodibility values in the 
corresponding states of treatment given by steel No. 4 
(see Table VITI.), in which steel, both ferrite and pearkte, 
are present in considerable quantities, a distinct correla- 
tion is seen to exist in the influence of treatment upon 
both values. This agreement is only slightly less com- 
Prat in the case of steel No. 5, failing in but one instance 
Table VII.). 


verning their corrodibility in cea-water are the two 
actors (a) and (b)—i.¢., the galvanic action between the 
pearlite and ferrite, and between the components of the 
pearlite itself. 

These two factors are accentuated in tempered steels 
by the emulsified nature of the Fe,C, which facilitates 
galvanic action in the pearlite ; and also by the presence 
of residual quenching stresses, which are likely to be 
sources of differences of electrical potential, and conse- 
quently of galvanicaction. The converse of these supple- 
mentary factors operates in the annealed steels, where 
the re-solution of the pearlite into the laminated variety 
reduces the number of galvanic couples within the pearlite 
toa minimum. The influence of annealing in removing 
stresses also comes into play in reducing the liability to 
corrosion, although a comparison with the corrodibility 
values of the rolled bars shows that this influence has 
been very small in the case of these steels. The wide 
variations in steels ‘‘as rolled,” however, render anneal- 
ing, nevertheless, a necessary safeguard where resistance 
to corrosion is required. 

Endeavours to ascertain and differentiate between the 
forces at work in the corrosion of quenched steels have 
not been productive of sufficiently clear evidence to 
warrant definite statements. Attention may be drawn, 
however, to the remarkable similarity in type which 
exists between the corrodibility curves of the quenched 
and tempered steels (Fig. 3), despite the fundamental 
difference produced in the condition of the carbide by the 
respective treatments. It might be mentioned in this 
connection that the electro-potential of steel No. 5 after 
quenching was 0.2040 volts. It will be seen by com- 
parison with the values given in Table VII. for the 
same steel in the tempered condition, that a very drastic 
change in potential is involved in the tempering of 
quenched steels. ‘This is so considerable as entirely to 
preclude any possibility of this similarity observed be- 
tween the corrodibility curves being due to any similarity 
in the electro-potentials of the main constituents. The 
evidence consequently tends, by a process of elimination, 
to attribute the similarity to the feature which is common 
to both their treatments—that is the physical influence, 
more or less modified, of the quenching process. On the 
other hand, this deduction derives little or no support 
from the results given by steel No. 1, where the influence 
of stresses is least complicated by the presence of carbon, 
and which should consequently be most productive of 
corroborative evidence on this point. 

Moreover, in the range above 0.4 per cent. carbon, in 
which the solution of the carbide may be presumed to 
have been fairly even throughout the steel, the corrodi- 
bility curves of the quenched and tempered steels are 
practically a linear function of the carbon contents. The 
concentration of the solution in carbon would therefore 
appear to exert some influence, but the small effect pro- 
duced by variations in this concentration, militate against 
it being considered a very important one. This question, 
therefore, is one that requires further investigation. 

(c) Influence of Time. 

Comparison between the results, after 91 days’ and 166 
days’ immersion respectively, shows that the influence of 
time on the rate of corrosion varies considerably with 
different steels over these periods, The most striking 
example is that of the E steels, where the ratio between 
the rates of increase of corrosion and of time falls on the 
average by nearly 10 per cent. 

In order to obtain some data as to the influence of 
time in a specific case under the conditions of test em- 
ployed, a series of six bars of steel, No. 1 (R), were im- 
mersed at the same time under standard conditions, and 
removed at intervals of 21 days after each other. The 
results are given in Table VIII., and plotted in Fig. 5. 


TaBLE VIII.—Injfluence of Time on the Rate of Corrosion. 
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In this low-carbon steel the corrodibility is practically 
directly proportional to the length of immersion through- 
out the period covered by the test. 

In view of Longmuir’s* interesting experiments on the 
mechanical deterioration of steels resulting from corrosion, 
the bars employed in this ‘‘influence of time” series 
were tested after immersion on Dr. Arnold’s alternating 
stress-testing machine. The usual standard conditions 
of test were employed. Similar tests were also carri 
out on the same steel before corrosion, and after 
166 days’ immersion. The results, which are included in 
Table VIII., show that no appreciable change has been 
ene in the mechanical properties of the steel within 

ve months’ immersion in sea-water. 


Notes on the Nature of the Deposits on the Bars. 
The deposits in general consisted, in the first place, of 
a complete outer layer of a light brown colour, which was 
flocculent in nature. This was easily removed on wash- 
ing, and constitutes the usual ‘‘rust.” Underlying this 


ied | areas. 


was invariably found a layer of darker brown colour, 
which was less flocculent and more adherent, but could 
usually be removed with comparative ease. Beneath 
this, on the surface of the bar itself, was found a thin 
layer of a very dark blueish-black colour. This was 
usually found in two forms. Sometimes it was very 
loosely adherent, and washed off fairly easy with rubbing, 
together with the dark-brown layer mentioned above. 
The quenched and tempered steels were usually even!y 
and completely covered by a layer of this form, but the 
steels in the other states of treatment were only partially 
covered by this deposit. The other form, which was 
found in the majority of the steels, and usually in addi- 
tion to the previous une, was mainly concentrated at the 
lower end of the bar, where it was very firmly adherent, 
and involved considerable difficulty in its removal. This 
bluish-black deposit tends to increase with a rise in the 
carbon ye , 80 that it is probably largely com- 
posed of the carbide residue resulting from the disinteg- 
ration of the surface of the bar, mixed with the ferrous 
hydroxide, which forms the first stage in the passage of 
the iron into the ultimate Fe,O, or ferric state of oxida- 
tion. 
Notes on the Surfaces of the Corroded Bars. 

The normalised, rolled, and annealed bars invariably 
showed a crystalline appearance on examination after the 
removal of the deposits. These markings were especially 

ronounced in the annealed steels, and tended to become 
i with rise of carbon. 

This type of surface was also found in the quenched 
and tempered steels in the case of Steel No. 1, and to a 
slight extent in steels Nos. 2 and 3; but in the higher 
carbon steels the surface shows an even, amorphous 
appearance, with few or no signs of crystallinity occurring, 

is supports the explanation previously advanced, 
accounting for the irregularity of the corrodibility results 
given by the low-carbon quenched and tempered steels, 
on the score of the incompleteness of the hardenite- 
ferrite solution in these steels under the conditions of 
quenching. 
Microscopic ANALYSIS. 

The microscopic features correspond quite normally to 
the structures demanded in pure iron-carbon steels by the 
respective carbon contents of the series. These have 
been previously described = Arnold* and others, so that 
detailed description may therefore be dispensed with. 
The main feature is the strong tendency to lamination in 
the pearlite, which is not only found in the annealed 
steels, but to a considerable extent in the rolled steels 
also. The pearlite in the normalised steels is mainly of 
the diffused variety. In the unquenched specimens of the 
0.96 per cent. carbon steel, the free cementite is found as 
specks evenly distributed over the field. 


Microscopic EXAMINATION AFTER CORROSION. 


This section of the work has been confined to the nor- 
malised, rolled, and annealed steels. The ordinary 
micro-sections used for the microscopic analysis were 
employed, and were taken from the treated bars before 
turning down to finished size. The edges of each micro- 
section were coated with paraffin wax to prevent an 
mill scale exerting galvanic action on the surface whic 
was being examined. The sections were polished exactly 
as for the usual microscopic examination, and then sub- 
jected to progressively longer immersions in sea-water. 

hey were then examined under the microscope, after 
the removal of the oxides by vigorous rubbing on selvyt 


cloth. 
(a) Steels Nos. 1, 2, and 3. Mild Steels. 


These steels are taken together because structural 
steels are usually found within this carbon range, and it 
is in connection with this class of steels that the question 
of corrosion becomes most important. 

The first feature in the process of corrosion is the 
appearance of numerous dark spots, due to the action of 
the manganese sulphide. After about two hours immer- 
sion the corrosion of the pearlite areas becomes faintly 
visible. This pearlite action rapidly increases in vigour, 
and begins to extend its influence to the immediately 
adjacent ferrite. The attack next develops at the boun- 
daries of the ferrite crystals, and after forty-eight hours’ 
immersion this feature becomes very marked (Fig. 9, 
page 855). So far as can be seen, this action along the 

errite boundaries is different from the production of 
boundary lines by ordinary etching effects, and suggests 
distinct penetration along these ferrite junctions. This 
may account, to some extent at any rate; for the well- 
known deteriorating influence exerted by prolonged cor- 
rosion upon the mechanical properties of mild steel. With 
further progress of time, selective corrosion of various 
ferrite crystals sets in, some crystals corroding with com- 
—— rapidity, whilst others remain quite untouched. 
his selective action is quite irrespective of the influence 
of the lite areas, and can be seen commencing even 
after forty-eight hours’ immersion (Fig. 9). Pitting 
also becomes pronounced in the ferrite after four or five 
days, especially in the ions surrounding the pearlite 
is action, cagular with the corrosion of the 

pearlite and adjoining areas, and the selective attack 
in the ferrite portions, continues until, after twenty-one 
days’ immersion, two distinct types of field begin to 
develop. The main portion consists of a dark corroded 
background, containing the pearlite areas and some of 
the ferrite. Under the microscope this background is 
confused and generally indistinct in its features, with the 
exception of a crystalline structure which is sometimes 
evident under the low-power magnification. An example 
of this is seen in part of Fig. 11. The remainder of the 
field, varying from about 30 per cent. of the whole in the 
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* Journal of the Iron and Steel Institute, 1911, No. 1, 
page 147; see also ENGINEERING, vol. xci., page 668, 





* Minutes of Proceedings of the Institution of Civil 
Engineers, 1896, vol, exxiii, 
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case of the 0.10 per cent. carbon steel, to approximatel 
10 per cent. in that of the 0.30 per cent. carbon steel, 
consists of | bright and comparatively unattacked 
ferrite areas. The pits previously mentioned are much 
more distinct and numerous, and show distinct signs of 
geometrical form. Three, four, and five-sided figures, 
suggestive of the various sections of the cube, are seen 
distributed over these ferrite areas, and can also be 
observed, although with greater difficulty, in the ferrite 
portions of the corroded background. 

The sections were then examined, after twenty weeks’ 
immersion, so as to obtain information ing the 
structure, after a period ot time comparable in length to 
those employed in the corrodibility determinations. The 
main background, consisting of the most deeply cor- 
roded portions, cannot be resolved under the microscope, 
except in some areas where the pits in the ferrite show 
up more clearly by reason of their sharp geometrical 
form. The bright ferrite areas remain, but in smaller 
proportions than before, varying from 20 per cent. to 5 
per cent. of the whole, with rise of carbon from 0.1 per 
cent. to 0.3 per cent. respectively. The proportion of 
these bright ferrite areas is larger in the annealed than 
in the normalised steels. Careful examination further 
revealed the fact that the surface of these bright ferrite 
areas was at exactly the same level as the original sur- 
face of the specimen, as represen by a few areas 
which had been preserved from attack by a covering of 
wax accidentally received whilst coating the sides. This 
identity of level was conclusively proved by the two 
areas both being in perfect focus at 400 diameters magni- 
fication, with the same adjustment of the objective lens. 
Thus, in very mild steels, an a Cemenened oy meme of 
the ferrite may remain completely uncorroded even after 
very prolonged immersion in sea-water. 

Intermediate in depth, between the bright ferrite and 
the deeply-corroded background, are also found occa- 
sional areas of gy tong penne ferrite, in which the 
process of attack has not proceeded so vigorously as in 
those areas found in the background. The pits in the 
ferrite constitute a most striking feature, on account of 
the extremely sharp development of their geometrical 
form as a result of the prolonged immersion. 

On detailed examination being made of the shape of 
these pits, it was found that those in the bright ferrite 
areas were almost exclusively rectangular, and princi- 
pully square, Figs. 6 and 7. Indeed, the total number 
of non-rectangular pits was not usually more than ten or 
fifteen in the whole of the bright ferrite areas, whereas a 
similar number of rectangular pits could often be found 
in a single one of these areas, as shown in the photo- 
micrographs. These non - rectangular pits were not 
usually complete, but an exceptionally well-developed 
and rare example is shown in Fig. 8, q 

The pits in the partially attacked ferrite, which has 
been previously described, were found to contain a very 
much larger proportion of non-rectangular sections than 
was found in the unattacked ferrite areas ; whilst the pits 
in the deeply corroded ferrite in the background showed 
a considerable ag eegnene oy of the non-rectangular 
sections, so far as they could be clearly seen under the 
microscope. 

__The pits in any particular ferrite crystal were invariably 
identical in shape, and in the directions of their main 
axes. They are evidently controlled, therefore, by the 
internal structure of the crystal itself, so that differences 


in the shape of the pits in respective crystals may be | be 


taken as indicative of differences in the relationship 
existing between the surface exposed to attack and the 
axes of those ferrite crystals. 

In view of the previously described variation in the 
general shape of the pits, with increase in corrodibility, it 
follows that the relationship between the crystallographic 
axes of a ferrite crystal, and the particular surface of it 
which is exposed to attack, is, ceteris paribus, an impor- 
tant factor in determining its rate of corrosion. This is 
quite in accordance with previous knowledge rding 
the variation of the solution pressure of cxyetal faces, 
with their relation to the crystallographic axes, but its 
practical importance as a factor in the corrosion of iron 
and mild steels has not previously been recognised. 

This factor has an important bearing on the corrosion 
of steel castings, where the crystals on the exterior tend 
to grow perpendicular to the surface during solidifica- 
tion. The relation of the exposed surface to the axes of 
the respective crystals is practically the same in ever 
case, 8o that differences of potential due to this factor will 
be at a — and the ne of the surface to 
corrosion wil proportionately greater in consequence. 
‘ )ther reasons have been adveneed in the past to account 
tor the generally observed resistance of castings to corro- 
Sion, and are probably to some extent correct, but this 
additional phase of the question is one which must also 
be kept in mind. 

Concerning the much-debated question of the corrosion 
of pure iron, it may also be remarked that it is difficult to 
see how even the purest iron, in the ordinary form, could 
“8 prevented from passing into solution when immersed 
— a cond ucting liquid. ifferences of potential between 
the ferrite grains themselves are inevitable, in view of 
the unavoidable variations in the orientation of the 
crystals, so that all the elements of galvanic action would 
Cpeeeauently exist. The author would venture to suggest 
: 1s new factor as an addition to Dr. Friend’s already 
engthy list of the ‘‘ various factors influencing the rate 
of corrosion of relatively pure iron.”* 


- (b) Steels, Nos. 4, 5, and 6. 
The large proportion of pearlite in these steels causes 


corrosion to take place rapidly. After one or two weeks’ of Gas 


‘mmersion it is practicaHy impossible to distinguish any 
* Carnegie Scholarship Memoirs, 1911, vol. iii, page 2 











clear features in the larger portion of the section by 
means of the microscope. After twenty weeks’ immersion 
the general field is confused and indistinct, none, the 
round _ due to manganese sulphide (Fig. 10). Steel 
No. 4 shows ferrite areas containing geometrically-shaped 
pits, but only in the case of the annealed steel are any of 
these ferrite areas bright and outstanding. In the 
annealed specimens of steels Nos, 5 and 6, mainly in the 
latter, a similar effect is also observed in the pearlite, 
where occasional areas are found distinctly raised above 
the general background. . 

The effect of decarbonisation was markedly shown in 
the microscopical investigations. The decarbonised edge 
of annealed steels (Fig. 11) was invariably much less cor- 
roded than the remainder of the specimen, and usually 
remained comparatively bright. A specimen of a low- 
carbon steel containing roaks showed the same effect 
after corrosion in sea-water, the fringe of the roak being 
but little attacked. Two examples are shown (Figs. 12 
and 13). The decarbonised surface of annealed steels 
would appear, therefore, to be of considerable value in 
protecting the steel from corrosion. ; 

The action of oxides in the corrosion of steel affords 
peculiar microscopic features. Several micro-sections, 
with some mill scale still on the ed were immersed 
without any wax coating on the sides. The resulting 
effect upon the surface adjoining the mill scale was the 
production of a large number of roughly circular pits, 
which extended some distance away from the mill scale 
itself (Fig. 14). The presence of the bluish-black deposit, 
which has been previously described, produces identically 
the same effect. 

So.vsiiry. 

The solubilities of all the steels have been determined 
in several acids, and also their electro-potentials after 
forty-eight hours’ immersion. Further investigation into 
the factors involved in the solution of steel in acids is 
intended before any detailed communication on the influ- 
ence of carbon and treatment on solubility is made. It 
may be stated, however, that the absence of correlation 
between the corrodibilities of the steels and their solu- 
bilities in 1 per cent. sulphuric acid solution is very 
marked. The so-called acceleration tests, in which the 
relative solubilities of steels in 1 per cent. sulphuric 
acid solution are taken as indicative of their relative corro- 
dibilities in neutral solutions, are entirely misleading and 
unreliable. 





SUMMARY. 

1. Influence of Carbon on Corrodibility.—(a) In rolled, 
normalised,and annealed steels, the corrodibility rises with 
carbon content to a maximum at saturation point (0.89 

r cent. carbon), and falls with further increase of carbon 

yond this point. (b) In quenched and tempered steels 
a continuous rise in corrodibility occurs, with increase of 
carbon within the range investigated (up to 0.96 per cent. 
carbon), no maximum corrodibility at saturation point 
being found in these steels. 

2. Influence of Treatment on Corrodibility.—Quenching 
increases the corrodibility to a maximum; annealing 
tends to reduce it toa minimum ; whilst normalising gives 
intermediate values. The influence of tempering varies 
with the tempering temperature. 

3. Factors Determining Corrodibility. —The electro- 
motive forces between the rlite and ferrite, and 

tween the ap ee of the pearlite itself, are the 
principal factors determining the corrodibility of unsatu- 
rated pearlitic steels above 0.4 per cent. carbon. In 
mild structural steels this galvanic action, due to differ- 
ences of potential between the constituents, is accom- 
panied by galvanic action between the ferrite crystals 
themselves. These differences cf electro-potential be- 
tween the ferrite crystals are the result of differences in 
their orientation. The state of division of the pearlite, 
and the presence of internal stresses in the steel, may 
also exert a considerable modifying influence on the fore- 
going factors. 

4. The influence of time on the rate of corrosion varies 
with different steels. In a low-carbon steel it is shown 
to be practically directly proportional to the length of 
immersion. 

5. The influence of corrosion on the resistance offered 
by a low-carbon steel to alternating stress is not appre- 
ciable within a period of five months’ immersion. 

6. Three od cent. of tungsten produces practically no 
change in the corrodibility of carbon steels. 

A ‘bonisation increases the resistance to corrosion. 

8. The two oxides, FeO and Fe,0, (mill scale), both 
exert a microscopical pitting effect on steel when in 
contact with it in sea-water. 

In conclusion, the author would state that the work 
recorded in this paper has been carried out under the 
auspices of the Research Committee appointed by the 
British Association to investigate e influence of 
elements on the corrodibility of iron. The author wishes 
to express his indebtedness to the other members of the 
committee—Professor J. O. Arnold (chairman), Professor 
W. P. Wynne, Professor A. McWilliam, and Mr. F. 
Hodson, for facilities and assistance afforded in the 
carrying out of the work, and to Dr. W. E. 8S. Turner 
(secretary), whose kindly counsel and help in many diffi- 
culties call for an especial tribute of ee. The 
author’s best thanks are also due to Mr. J. H. n, 


for the great care shown in the preparation and treatment | bad] 


of the test pieces. 





Tue InstrTuTION oF Gas Enoingers.—The Institution 
a at its recent annual povting, held at 

the Royal United Service Institution, Whitehall, elected 
tr bet Woodall as President for the ensuing year, 
whieh marke the Jubilee of the Institution, 





FOREIGN ENGINEERING PROJECTS. 

WE give below a list of foreign engi i rojects, 
further particulars of which may be ebeained 4 the 
Commercial Intelli B Board of Trade, 73, 
Basinghall-street, London, E.C. 

Turkey: The Aeting British Vice-Consul at Constan- 
tinople (Mr. M. G. Harris) reports that a competi- 
tion has been opened for the supply of 2758 ingots of 

ure zinc for boilers. Tenders will be received, up to 
June 26, at the Section de Il’Intendance du 4me Cercle du 
Ministtre de la Marine, Constantinople. Local repre- 
sentation is practically indispensable in the case of 
Turkish Government contracts. The Nachrichten fiir 
Handel wnd Industrie (Berlin) of May 30 states, on the 
authority of the German msul-General at Constanti- 
nople, that the Turkish Government have made impor- 
tant additions to the plans which were originally drawn up 
for the reorganisation of the naval arsenal at Constanti- 
nople. The original proposal to grant a concession to a 

rivate company to carry on the business of the arsenal has 
fallen through, and it is now reported that the Government 
will nolonger confine themselves todeveloping and modern- 
ising the Goldern Horn establishments, but will construct a 
new naval harbour and arsenal. For this purpose the 
Gulf of Ismidt and the Asia Minor bank of the Sea of 
Marmora, between Djirmen-Dere and Kazikli, have been 
suggested. To supplement the naval harbour at Ismidt 
it is proposed to establish another harbour for to o- 
boats at Laz-Bournou, a strip of land on the Asia-Minor 
bank, opposite Stamboul, and in this connection the 
Ministry of Marine recently published a notice inviting 
contractors for quay works, &c., to send in estimates. In 
addition to a quay, it is said that a breakwater will be 
erected there, as well as stores for ammunition, coal, and 
drinking water. The same issue of the Nachrichten pub- 
lishes an extract from a report by the German Consul at 
Aleppo to the effect that, owing partly to the construction 
of the Baghdad railway, there is likely to be in the near 
future an increased demand in the Aleppo district for 
machinery, such as stationary motors, mills, pumps, 
agricultural machinery and appliances, &c. As regards 
terms of business, it is usual for the sellers to grant credit. 
Buyers pay one-fifth to one-eighth of the amount, accord- 
ing to the extent and value of the order, before delivery, 
a hke amount on receipt of shipping documents, and the 
remainder in instalments, within eighteen months of the 
arrival of the goods in “9 (Syria). 

Russia: The Commercial Intelligence Branch of the 
Board of Trade is informed that the municipal authori- 
ties of a town in Russia propose to obtain powers to raise 
a loan of 18,700,000 roubles (about 1,974,000.) at 5 per 
cent., the proceeds to be spent, inter alia, on the follow- 
ing public works:—Central electric station, 3,500,000 
roubles’ (371,000/.); electric tramway service, 1,300,000 
roubles (137,800/.); water system, 2,000,000 roubles 
(212,000/.); sewerage, 3,220,000 roubles (341,3002.); mili- 
tary barracks, 1,500,000 roubles (159,000/.); school build- 
ings, 950,000 roubles (100,700/.); police headquarters, 
440,000 roubles (46,6407. ); hospital buildings, 590,000 roubles 
(62,5402. ) ; slaughter-house, 300,000 roubles (31,800/.) ; and 
a works, 200,000 roubles (21,200/.). ( Rouble = 


Italy: The Gazzetta Ufficiale of the 3rd inst. announces 
that tenders will be received up to the 27th inst. at 
the Council Chamber, Benevento, for the construction 
of an aqueduct to supply drinking-water to the town of 
Benevento. The upset price is put at 972,034 lire (about 
38,800/.). Altho the above contract will no doubt be 
awarded to an Italian firm, nevertheless the carrying out 
of the work may involve the purchase of some materi 
out of Italy. The same Gazzetta publishes a series of 
decrees granting concessions for the construction of the 
following lines of railway :—Susegana-Pieve di Soligo ; 
Francavilla - Locrotondo; Soresina-Soncino; Modena- 
Decima-Crevalcore ; Casarano-Gallipoli; Spilamberto- 
Bazzano. 

Belgium: H.M. Legation have forwarded the text 
of a decree, dated May 15, authorising the expenditure of 
15,000,000 francs (600,0001.) by the Ministry of Agriculture 
and Public Works for altering the course of the Scheldt 
below the city of Antwerp with a view of improving the 
port. The definite plans for the work must be laid before 
the Chamber of Representatives within a year from the 
promulgation of the decree. 

Bolivia : With reference to the notice on page 646 ante 
relative to the construction of a new port on the River 

y, some 75 miles below Corumba, it is notified 
that a copy of the plan of the proposed works, which are 


to be constructed by a British firm, has now been received 
from H.M. Legation at La Paz, and ma seen by 
British manufacturers at the Commercial Intelligence 


Branch of the Board of Trade, 73, Basinghall-street, 
London, E.O. 





Destruction oF CemENT Pipes By CHEMICAL REFUSE 
Warters.—We have repeatedly referred to the trouble 
caused by the deterioration of the Elbe water at Mag- 
deburg by the refuse of the many chemical works and 
mines of the district, the home of the potassium-salt 
industry. Recently a case of the destruction of a cement 
conduit for the sewage of Magdeburg by the refuse from 
some potassium-salt works near the city had to be in- 
quired into. The pipes, circular or oval in section, were 
corroded in their lower and middle portions, and 
had formed in the upper portion. The cement had 
been mixed with sand in the ratio of 1 to 3; it had been 
allowed to harden in the air, and had been given an 
internal coating of a tar \_— The magnesium 
salts in the refuse waters had, however, reacted with the 
cement in the usual fashion, yielding calcium chloride, 
which was washed-out. Earthenware pipes have now 
replaced the cement pipes. 
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in each case ; where none is mentioned the Specification is not 
illustrated. 
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of the Communicators are given in italics. 

— of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 


the ee of 8d. 
The date of advertisement of the mee of a Complete 
Specification is, in each case, given after abstract, unless the 


atent has been sealed, when the date of sealing is given. 


—— may, at any time within two months the date of 
the advertisement of the tance of a Cony Specification, 
ive notice at the Patent O, of opposition to the grant of a 


‘atent on any of the grounds mentioned in the Act. 


16,529/11. E. S. G. Rees, Wolverhampton. Centri- 
fu (3 Figs.) July 18, 1911.—This invention 
relates to impellers for centrifugal pumps, and, in an impeller con- 
structed according to the present invention, the blades are not 
all carried inwards to the eye, thereby leaving greater free space 
for the passage of the water at the entrance of the blades. This 
arrangement ia not in itself new, but whereas the intermediate 
rim-blades in known apparatus of the kind are of equal depth and 
of the same curvature as the main blades, according to the 
present invention the blades between the successive main blades 
are carried inwards to varying extent, so that their inner tips are 
in échelon with each other and with the inner tip of the main 
blade immediately in rear of the series, the inner tips preferably 
lying on the line which is the greatest distance possible between 
successive blade-tips, and which is also substantially normal to 
the stream-lines of the water. In the impeller illustrated, there 





(6 529) 





are three main blades a, and between each pair of main blades are 
three intermediate blades a!, a,2 a3, with their inner tipsarranged 
in échelon. With this arrangement of blades cavitation losses at 
the inner tips of the blades, due to differences of velocity between 
the entering water and the blade-tips, are reduced to a minimum, 
and there is more efficient picking up of the water both on this 

t and b there is no blanketing of one blade by 
another, or spilling of the water from one blade on to another. 
Moreover, with few blades extending inwards to the eye (and the 
main blades may be reduced to three, two, or even one), there is 
ample space to allow their tips to be made with a bluff instead 
of a sharp entrance, so as to keep frictional and cavitation losses 
a minimum, however the relative velocity of water and apr | 
may vary, and also to reduce the liability of certain kinds of solid 
foreign bodies being caught up and entangled on the blade-tips. 


(Accepted April 11, 1912.) 
Boveri and 


9937/11. Aktiengesellschaft Brown, 

0., Switzerland. Pumps. (2 Figs.) May 2, 
1910.—This invention rela'es to the conveying or pumping of 
liquids by means of the action of gas under pressure, such, for 
instance, as is found in the Humphrey pump. The invention 
consists, briefly stated, substantially in this that the explosion 
of gas and air mixtures sets a piston into motion, which imparts a 
certain or predetermined movement to a column of liquid, the 
expansion of the gases being so limited by arresting the piston 
(by means of a buffer or the like) that a vacuum is formed behind 
the piston—i.e¢., between the piston and the water-column—by the 
water-column, which, owing to its kinetic energy, continues to 
move. The formation of this vacuum causes water to flow in 
from the outside, after which the returning water-column, in 
co-operation with the additional ante of water which has 
been admitted, causes the piston to be pushed back, thus effecting 
an expulsion of the preducts of combustion and of the gases 
which were not burnt. After this the piston is again caused to 
move forward by the exp of the ium acting as buffer, 
thus causing a fresh charge of mixture to be drawn in, which is 
compressed by the return of the water-column, and soon. Inthe 
form illustrated, a cylinder a is provided with inlet and exhaust- 
valves b and ¢ respectively, which are controlled in any known 
manner. In this cylinder a piston d moves, which may take 
the form of a differential piston, the movements of which are 








now opens automatically. A small upward movement of the 
piston caused by the expansion of the air in the lower section 
of the air buffer increases the suction action of the pump. In the 
meantime the moving mass of waterin the pipe g has come to 
rest, and the water column, owing to the pressure prevailing in 
the air vessel, or owing tothe head against which the pump 
has to deliver, will now move in the opposite direction. This 
causes the piston d to be raised and the used gases to be 
expelled into the atmosphere through the exhaust valve c, 
which is now opened. The piston keeps on moving until it has 
reached the end of the cylinder, so as to expel all the exhaust 

. The compression of the air in the air-buffer will now be 
sufficient to impart a renewed acceleration to the column of 
water in the opposite direction, and cause even a further inflow 
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of water to take place from the receptacle m, though of smaller 
amount than on the explosion stroke. This stroke also forms the 
suction stroke for the piston d. Air and gas mixture enters 
through the valve } in a similar manner to that adopted in con- 
nection with gas-engines. The suction stroke is shorter than the 
remaining strokes. The water column returns again and com- 
presses the mixture. As, however, the piston does not go back 
such a distance as it does during the exhaust stroke, the air to be 
found in the air-buffer is only compressed to a slight extent. 
The energy or work expended in the compression which takes 
place in the air-buffer is recovered during the expansion stroke. 
Any regulation of the compression or stroke lengths which may 
b y ffected by opening or closing a smaller 
or greater number of apertures g as the case may be. (Accepted 
May 1, 1912.) 


SHIPS AND NAUTICAL APPLIANCES. 


14,278/11. A. Lambie, Port Glasgow. Water-Ballast 
Tanks. (6 Figs.) June 16, 1911.—This invention has reference 
to manhole doors for water-ballast tanks of the type in which two 
disc-plates are used. The improvements comprise the method 
of, and means for, fitting the door into position, and consist of 
first placing the lower plate into position by means of a port- 
able tool which, resting on the edges of the manhole opening, 
fie gramme A supports said lower plate. Clips fitted to the lower 
plate are then moved radially outwards over the edges of the open- 
Ing so as to hold said plate in position and permit the removal of 
the portable tool, after which the upper plate is placed in position 
and secured to the lower plate by the usual binding bolts and 
nuts. The manhole door to which this invention relates, has 
dished or countersunk recesses a stamped in the bottom door- 
plate ) for the receiving and passage of the bolts c. In the top 














limited by a buffer arrangement. The buffer action is obtained 
oe me go a collar fon the piston d. In view of the greater 
diameter of the collar /, a section of the continuation A of the 
cylinder ¢ projecting into the delivery pipe g, is provided with a 
larger bore, which section is a little longer than the length of 
the stroke, so that an anoulur space i, which is closed at both 
ends, is formed. A movement of the piston in either direction 
causes the air in the annular space ito be com , 80 that 
this air therefore exerts a buffer-like action on the piston at the 








door-plate d, which takes the place of a cross-bar, similar re- 








end of its stroke. Slots k facilitate the admission of fresh water | 
which enters from a receptacle m through a valve l. The cycle | 
of operations is as follows:—A mixture of gas, coal-dust, or of | 
liq fuel and air, &c., is caused to ignite above the piston d, 
whereafter the expanding gases force the piston in a downward 
direction until the pressure of the air-buffer arrests the move- 

ment of the p' The down movement of the piston 
displaces the water to be found behind the piston d through the | 
pipe g, and imparts to the same a certain velocity. The kinetic 

energy which now resides in the moving mass of water will not 

allow the same to come toa standstill when the movement of the | 
piston is arrested by the air buffer, but the mass of water will | 
move on for some distance, thus forming a vacuum between | 
itself and the piston, which vacuum causes the water in the 

receptacle m to flow into the pump through the valve 1, which | 


cesses ¢ are staniped, and by this arrangement the bottom sur- 
faces of the top disc d is flush with the tank top /, the thickness 
of the top door-plate disc d only appearing above the surface of 
the tank f. According to this invention, projecting slips or 
straps h, preferably of kneed or double-kneed shape, are attached 
by bolts to the under-plate ® of the door, and these clips A are 
formed with slots so that the kneed parts would bear over the tank- 
ae J, and thus carry the lower plate b of door, while the 

need parts would lie in inverted dished recesses provided on the 
In applying these improvements, the 


top plate d of the door. 
ition or removed by a port- 


bottom plate b would be placed in 
able double-key dish-pocketed appliance m, the kets of which 
fit over the screw-threaded bolts c, the straps A being slid along 
their slotted part clear of the tank-plating /; and when the straps 
h were reinstated, and the appliance m removed, the top disc- 


plate d fite over the bolts c and straps h, and the whole is screwed 
up tight together by adjusting screw-thread nuts cl.—(Accepted 
April 11, 1912.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


26,590/11. E. Bennis, Bolton. Mechanical Stokers 
(6 Figs.) November 28, 1911.—This invention relates to mecha 
nical stokers. The apparatus is constructed with a hopper to 
receive the fuel mounted upon a shovel-box B formed with two 
sides b and a curved bottom b!, over which a shovel D swings, 
The shovel is mounted upon a shaft d, and is operated by a spring 
E, the spring being compressed and released by a tappet El. A» 
arm or lever e on the shovel-shaft d connects the shovel with the 
spring E, and vee mm the tappet E!, the latter being mounted on 
the shaft e rotated by gearing. The shovel-shaft d is, preferably, 
made with depending shovel-arms d!, and the arm or lever ¢ 
integral therewith. The shaft d is journalled in bearings F, 
formed in the cover of top b2 of the shovel-box, with apertures 
through which the shovel-arms d! depend. The cover b2 between 
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the bearings F forms an oil-bath, and the caps of the bearings F 
are connected by a covering piece which encloses the shaft, which 
is thus encased except where it is necessary to expose it for the 
arms dl and e. The cover b2 is fitted complete on the top of the 
sides b of the shovel-box B, and can easily be removed and 
the shovel with it. The shovel-shaft is supported firmly at both 
sides of the tappet or driving-arm ¢, and also at its other end. 
One main advantage of this arrangement is that, instead of being 
some hours’ work to remove the shovel-arm, as it is when it is 
carried outside the box, and having a of attach ts, 
which are decidedly weak unless they are made very heavy, the 
whole apparatus is self-contained, and, by taking out four or six 
studs, can be lifted clean out of the box without any fp weeny 
trouble, and put in again in a few minutes. (Accepted April 11, 


TEXTILE MACHINERY. 


8571/11. H. Sykes and H. Sykes, Rawtenstall. 
Looms. (5 Figs.) April 6, 1911.—A shuttle-threading device 
consists, according to this invention, of a base-plate to support 
the shuttle, an air-nozzle adapted to fit against the shuttle 
adjacent to the eye of the latter, a fan for creating a current of 
air connected to the air-nozzle, a spring attached to the air-nozzle 
by one end and to a bracket at the other to effect an air-tight 
joint between the nozzle and the shuttle, and an adjustable 
bracket for enabling the shuttle to be placed in the correct 
position opposite the nozzle. Secured to the ordinary shuttle- 
stand a is an air-nozzie ) provided with an inlet ¢ for air arranged 
on or about the same level as the shuttle-eye d, when the shuttle 
is resting on its base. The nozzle is provided at the inlet side 
with a flange e against which the shuttle may closely fit so as to 





Fig 1d 

















prevent air passing between the two parts, and leaving a passage 
only through the eye d. The fitting face of the nozzle msy be 
covered with rubber or other material of a resilient character to 
ensure a tight joint. The shuttle is pressed against the nozzle by 
one or more springs i carrying the latter flexibly, and secured to 
a bracket j fi-ed to the stand a. The alignment of the shuttle-eye 
with the inlet ¢ for the air is accomplished by means of an 
adjustable bracket k secured to the stand a, the end of the shuttle 
coming against such bracket when being placed in ition. On 
the other hand, this bracket may be dispensed with, the bracket 
supporting the spring being adapted to act for the same pur))08e 
The nozzle b communicates with a tube m, which in ‘ 








is in communication with a small chamber n c a fan, 
which may be driven from the loom itself or directly from the 
line shafting. (Accepted April 11, 1912.) 
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THE CENTRE-OF-PRESSURE TRAVEL 
ON AEROPLANE SURFACES AND ON 
BIRDS’ WINGS. 


By ExtsHa N. Fates. 


Ix the Aeronautical Laboratory of the Massa- 
chusetts Institute of Technology the writer has 
recently been privileged to conduct a ten months’ 
research for the purpose of comparing the aero- 
dynamic phenomena pertaining to birds’ wings and 
to artificial wings. It is the objeet of this paper to 
record the results of certain experiments wherein, 
as substitute for birds’ wings, artificial copies thereof 
were tested. A direct study of bird flight is im- 
practicable because, as Langley has said, “‘It 
cannot include all the conditions under which -the 
bird is doing its work ; and much less assistance 
has been derived from studious observations on 
bird flight than might have been anticipated.” 
However, by means of embodying in an artificial 
model those features exhibited in typical bird’s 


Fig.1. STATIC HEAD APPARATUS. 
Di Showing Method of commurication between 
omall holes in Model and Manometer; the 
Pressures at oper. end being recorded. 
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wings, valuable information may be secured, as will 
be presently shown. 

Suitable apparatus for aeronautical laboratory 
research must impose the conditions of actual 
flight upon a small model in such a manner that the 
phenomena can be studied one by one in a precise 
manner. The writer made use of what is called 
the “wind-tunnel system,” wherein the model to 
be tested is fixed like a kite in a current of moving 
air, this air wesc from an air-duct fed by a 
ventilating blower. With this apparatus flight 
c« nditions can be imitated, provided the blast has 
al! its filaments parallel and of equal velocity. The 
latter requisite was a troublesome one ; its fulfil- 
ment required the painstaking work of a month’s 
time, involving examination by Pitot tube and 
‘tream-line apparatus, and appropriate arrange- 
ment of screens inside the wind tunnel. At the 
mouth of this tunnel various small model aero- 
plane wings, 6 in. by 24 in., and 4 in. by 24 in. 
in size, were located. The lift and drift, stream- 
lines, elemental pressures, and centres of pressure 
were then investigated. This paper deals only 
with the last two subjects, in which noteworthy 
results were obtained. 

Previous experimenters in these two subjects of 
elemental pressures and centres of pressure have 


demonstrated that the air passing above a soarin 
wing suffers depression, while that 4 
suffers compression. 


passing below 
The writer repeated at the 





outset the experiments of Eiffel, with the intention 
of continuing that brilliant scientist’s work. The 
results of all tests have been interpreted by 
graphical methods. Graphical representation of 
the pressures existing about various wings has led 
to the adoption of an aeroplane indicator diagram, 
so-called from its superficial resemblance to the 
steam-engine indicator diagram. It consists of a 
graph having for abscissee the projection on the 
chord of various points along the wing cross- 
section, and for ordinates, the components, normal 
to the chord, of the respective static pressures at 
these points. Superposed upon this static-pressure 
graph, moreover, is a dynamic-pressure graph, 
having the same abscissve, but for ordinates having 
simply the dynamic pressures existing at the points 
in question. : 

In order to determine the static pressures, a 
tiny hole, 0.025 in. in diameter, was drilled at the 
above-mentioned points; and to one end of the 
hole was applied a nipple whereby communication 
was establiched, through a rubber tube, between 


'g.2. AEROPLANE INDICATOR DIAGRAM. 
Normal to Chord. ; 
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above the wing is seen to exist. The conclusion 
follows that the depression cannot be caused by 
eddies, as has often been suggested, but by centri- 
fugal force. 

‘*Indicator ” comparisons applied to over eighty 
different tests, of which the a is typical, give 
evidence that wing curvature is an all important 
matter, especially as regards the top. The following 
phenomena on this point are hereby recorded :— 

Static head is in general maximum, either posi- 
tive or negative, at the point of maximum ‘curva- 
ture. When the air impinges upon that part of a 
wing presenting a positive angle of inclination, 
compression does not necessarily result. In Fig. 4 
one half of the top surface of the wing is at a posi- 
tive angle, yet no positive pressure exists ; on the 
contrary, the front half is ‘‘ sucked” forward into 
the wind bya negative pressure. This phenomenon 
is shown by Fig. 5 to be dependent upon the 
rear curvature of the wing ; it is seen that the posi- 
tive pressure at point A becomes negative when the 
tail-sheet B is affixed. Thus it is that a tapering 


Fig.3. AEROPLANE INDICATOR DIAGRAM. 
Area shows Effective Component Pressure 
Normal to Chord. é 
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the open end of the hole and an ether manometer 
(Fig. 1). This manometer was so delicate as to 
record pressures of 0.00003 lb. per square inch. 

To determine dynamic or kinetic pressures the 
‘*feeler” tube was devised. This was a small tube 
of various diameters, which was placed tangent to 
the wing surface ; with its open mouth at the point 
in question and headed directly against the air 
current. The feeler tube communicated with an 
ether manometer, whose readings were then func- 
tions of the kinetic pressures in the air stream. 

The dynamic and static heads, jointly represented 
in the aeroplane indicator diagram, offer an analysis 
of the invisible phenomena surrounding a wing. 
For from the static heads we have a measure of 
actual conditions, while from the dynamic heads we 
have a measure of possible conditions ; from both 
together we have a measure of efficiency. 

As an example of the use of the diagram (refer 
to Fig. 2) both static and dynamic heads above are 
seen to decrease as the rear of the wing is ap- 
roached, suggesting that there is a relation 

tween the two losses of head. The dynamic loss 
is caused partly by skin friction, but chiefly by 
eddies. Again, referring to Fig. 3, the dynamic 
head above is seen to be approximately constant 
from front to rear, having a value equal to that in 
undisturbed of the air blast, and indicating 
no loss of energy by eddies in the air passing above 











stern on a dirigible balloon lessens the head resist- 
ance, in which case the action is by ‘‘ suction” in 
front rather than compression behind. 

The indicator further discloses that the respec- 
tive pressures above and below a wing have no 
necessary relation. Fig. 4 represents a cylindrical 
surface, suitably provided with shelves at the 
anterior and posterior edges, so that when one side is 
under observation the other is in effect non-existent. 
The static heads recorded do not differ materially 
from those to be expected in the absence of the 
shelves. Either side lifts, by depression or com- 
pression, independently of the other; depression 
above does not entail compression below. Indeed, 
certain diagrams record depression both above and 
below, that above being, of course, predominant. 
Fig. 4 offers an explanation for the paradox of the 
surface that, at zero angle, lifts whether the air 
og og from the front or rear; it is evident that 
the top curvature alone accounts for the effect, and 
~y or may not be aided by the bottom curvature. 

n Fig. 2, representing a typical aeroplane wing 
at 5 deg. angle of inclination, two-thirde of the 
pressure shown is due to depression on top. Again, 
from certain experiments, not otherwise pertinent 
to this paper, it appears that stream-line distortion 
exists to a greater distance above than below the 
wing. And it becomes evident that the top curvature 
is, in general, more important than the bottom. 





the wing. At the same time a decided depression 





Furthermore, the top curvature determines the 
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character of the centre of pressure travel, as will | angle and subsequent ‘‘ diving.” Conversely, a/sensitive. The wing to be tested was so pivoted 
be presently demonstrated. It is well here to small increase of angle brings the centre of pres-|in the air-current as to rotate about any desired 
summarise the researches of Rateau, Sellers, sure forward with a resulting tendency towards | latitudinal axis; this axis being vertical in order to 

re iat obviate embarrassments due to gravity (Fig. 7). 
1tg.7. DIAGRAM OF CENTRE OF PRESSURE An appropriate angle of incidence would then 
APPARATUS PIVOTING SYSTEM. result such that the centre of pressure coincided 
with the axis. It may be said that experiment ; 


























ties showed the centre-of-pressure travel to be unaffected 
Quadrant by 100 per cent. variation of wind velocity, a con- 
Pivoted Wing Ne venient circumstance known also to previous 
experimenters. 

Poster his method of research offered a striking and 
visible example of conditions pertaining to actual 
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Prandtl, Eiffel, and others on centre of pressure ‘ 
travel. The data compiled by these experimenters | of this instability may be 5% 70 16 20 25 30 3S 40 50 
show that, in all existing aeroplane wings, when | witnessed by attempting “”” 4 Distance to Front Edge. 
the angle of incidence decreases from 90 deg. to the | to make a pencil stand 

vicinity of 20 deg., the centre of pressure advances | erect on its point; infinite 

—a stable phenomenon. When, however, the careavails nothing. And io cs be : ; ; 
angle of incidence is further decreased down to no aeroplane could fly unless a tail were employed | flight, instability manifesting itself in violent 
zero, the centre of pressure reverses its direction | to counteract the overturning tendency. vibration or rotation. Frequently, during a read- 
of travel—an unstable phenomenon (Fig. 6). In| To find a reason, and perhaps a remedy, for the | ing taken on little wings set at the flight angle, : 
aeroplane flight, a small decrease of angle causes | ‘‘ receding ” centre of pressure, apparatus was con- | they would pulsate violently, even though grasped i 
the centre of pressure to move rearward, with a| structed similar to that of Eiffel. In principle the | with the hand. Here was a terrible illustration of . 
resulting tendency toward further decrease of’ method was most simple, and in practice most’ the situation with which an aviator must deal. 
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Investigation showed that the only wing types 
where the ‘‘receding” centre of pressure did not 
obtain were : (1) those having the curvature con- 
cave upward; (2) those perfectly flat; and (3) 
those having ‘‘S” or ‘ bull” shape. The 
first type was out of the question. As to wings 
flat or nearly flat, it was soon demonstrated that 
the very slightest arching resulted in undesirable 
retrogression of the centre of pressure. The third, 
or ‘“‘ Turnbull,” type, was found, in a study of its 
‘‘ indicator diagram,” to derive its stability from 
a large downward pressure acting on the rear. All 
three were accordingly dismissed from considera- 
tion. The possible effect of a bird-like fuselage 
was next investigated and, disproved. 

A solution of the problem was found only after 
the bird’s wing had been copied. To a highly arched, 
unstable wing was added, above the front edge, a 
large prow similar in shape to the bone structure 
of a bird’s wing. The effect, as shown in Fig. 8, 
was to bring the stable portion of the graph into the 
flight region. The typical aeroplane wing No. 
was next treated similarly, with equally satisfactory 
results. Fig. 6 shows the centre of pressure graphs 
for wing No. 7 simple, with a prow added to the 
top only, and with prows added to both top and 
bottom of the leading edge. It is manifest that 
bulk at the front edge is advantageous to stability, 






especially so when above rather than below. From 
the standpoint of efficiency the main bulk should 
be above. 

Here, then, is a clue relative to the unstable 
centre-of-pressure travel. By means of further 
tests, Series 12 and Series 13, laws have been 
evolved whereby the remedy may be ised. 
These two series have for their purpose to investi- 
gate the effect upon stability of : (1) location of the 
point of maximum arching ; and (2) depth of said 
arching. In both series the wings have their lower 
surfaces all alike—perfectly flat; and thus the 
upper surface, in view of its preponderating im- 
portance, is studied independently of the lower. 

Let us here observe that all aeroplane graphs 
have certain features in common. They all slope 
from right to left in the system of co-ordinates 
adopted herewith, having a positive tangency for 
a distance ; then they reverse, and slope from left 
to right, having a negative tendency. Some graphs 
suffer the reversal twice, to be sure (No. 13b, 
Fig. 10), but are exceptional. The portions having 
positive tangency are stable, those having negative 
tangency are unstable. 

Notwithstanding the fact that all aeroplane wings 

fly at an angle of 2 deg. to 10 deg., and must 
utilise the unstable portion (Fig. 6), the writer 
believes that the bird’s wing utilises the stable 
portion. Hence it follows that a desirable graph 
is one whose stable portion traverses the flight 
region of 2 deg. to 10 deg. ; the unstable portion is 
undesirable, and may be ignored. 
_it is the stable portions in the graphs of 
Series 12 and Series 13 that have significance. 
The seven wings of Series 12 are all equally arched, 
17.65 of the chord length above and are flat beneath. 
I'he location of the point of maximum arching 
varies, however, from 6.3 to 34.6 per cent. of the 
chord length. The seven wings of Series 13 all have 
the points of maximum arching above located at 
14.5 per cent., and are flat below. The degree of 
arching varies from one-twenty-fourth to one-sixth. 
A study of the graphs (Figs. 9 and 10) shows that 
the stable portions are nearer the flight region if 
the location of maximum arching is near the front, 
and if the arching is great. From Fig. 10 it appears 
that the stable portion is short for the highly arched 
wings, and long for the slightly arched wings. 
The centre of-pressure travel is much shorter in 
the former than in the latter case, and the region 
of this centre-of-pressure travel is more distant 
from the front edge, 
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These observations are expressed in the follow- 
ing laws :— 

1. In an aeroplane wing, other things being 
equal, if the point of maximum arching or thicken- 
ing be moved toward the front, the stable portion of 
the centre-of-pressure graph will approach the 
flight region. 

2. In an aeroplane wing whose arching be thus 
near the front, other things being equal, if the 
arching be increased from one-twenty-fourth to 
one-eighth of the chord length, the stable portion 
of the centre-of-pressure graph will approach the 
flight region ; the centre of pressure will move 
further toward the rear, and the travel of the 
centre of pressure will be decreased. 

The application of the above ap we" to wing 
design produces a form strikingly suggestive of a 
bird’s wing (Fig. 11). The shape recommended by 
the writer should have the arching of its upper 
surface about one-eighth of the chord length ; and 
the location of the maximum arching or thickening 


7|not further than one-seventh the chord distance 


from front to rear. The lower surface, although 
of small effect on the centre of pressure travel, 
should have a gentle circular arch for the sake of 
efficiency. 

And the conclusion has been reached that the 
‘principles enumerated above apply to the bird’s 
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wing. Extensive investigation was devoted to the 
study of this probability. First of all it was 
established by careful caliper measurements on the 
wings of the gull, frigate bird, wild swan, eagle, 
hawk, vulture, and others, that the bone and 
cartilage enforced a thickness far in excess, pro- 
portionately, of that found in any aeroplane. It 
was then demonstrated that the wing cross-section 
was not materially distorted by the aerodynamic 
action of flight. This matter was the subject of 
tests, wherein :— 

1. The wing was properly weighted, in an 
inverted position, with sand. 

2. The wing was fixed in the air-blast of the 
wind tunnel. 

3. The wing, mounted on a carriage, was moved 
rapidly through still air. 

4. ‘‘ Indicator diagrams” were taken for artificial 
replicas of the bird’s wing. In this case the static 
pressures exhibited were incapable of causing 
appreciable bending moment in the feather quills. 

t follows that the ornithological specimens to be 
found in the Natural History Museums offer a fair 
model of the true soaring wing. Indeed, the 
blunt prow, the most rigid part of the whole wing 
cross-section, is the very feature shown in this 
— to be vital to longitudinal stability. 

t would seem, then, that the wing curvature 
principles recorded are none other than those 
utilised by the soaring birds. If so, the conclusion 
is reached that the vulture, gull, and other soaring 
birds do not depend for their safety upon acute 
mental exercise, so requisite to the aviator, but 
upon the inherent longitudinal stability of their 
wings. 





British Coat Exrorts.—The exports of coal from the 
United Kingdom in May were 6,449,036 tons, as com- 
with 6,205,833 tons in May, 1911, and 5,315,785 tons 
in May, 1910. In the five months ending May 31, this 
year, coal left our shores to the extent of 20,416,679 tons, 
as compared with 26,255,066 tons and 23,898,792 tons in 
the corresponding periods of 1911 and 1910 respectively. 
The following were the principal shipments in the first 
five months of the last three years :— 


Country. 1912. 1911, 1910, 
Tons. Tons. Tons. 
Sweden.. 1,030,269 1,358,327 1 337,047 
Germany 2,379,271 8,489,988 3,347,541 
France, . 8,415,107 4,473,896 3,890,391 
Spain 1,258,864 1,384,012 1,121,132 
Italy . 8,159,856 8,750,576 464,850 
Egypt . 997,94 1,288,357 1,067,012 
Argentina 1,082,730 1,433,502 1,172,544 








THE IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY.—No. III. 
By ©. A. M. Sura, M.Sc. 


Tue Royat Scoot or MINEs. 

Ir will be a matter of no little satisfaction 
to those who have been connected with the 
Royal School of Mines to know that its incorpora- 
tion with the Imperial College and its removal to 
the new buildings will not rob it of the old title 
by which it has been known for so many years. 
The inception of the school dates back to the 
year 1839, when sanction was obtained from the 
Treasury Department for the institution of a 
system of instruction, in connection with the 
Museum of Practical Geology, ‘‘ to illustrate the 
application of geology and of its associated sciences 
to the useful purposes of life.” This Museum, 
which was originally situated in Craig’s-court, was 
opened to the public in 1841, and was provided 
with laboratories, where students were instructed in 
analytical chemistry, metallurgy, and mineralogy. 
Ten years later the Museum was removed to its 
present site in Jermyn-street, where laboratories 
and lecture theatres were provided, and instruction 
in mining was added to the course of studies. In this 
year the school was inaugurated under the some- 
what lengthy title of ‘‘ The Government School of 
Mines and of Science Applied to the Arts,” and on 
account of lack of space additional accommodation 
was found for the Metallurgical Department in 
Marylebone-street. 

The increasing demand for technical education 
led the newly-formed Science and Art Department 
in 1853 to reorganise the system of instruction and 
to constitute mining one only of the branches of the 
school, which received the new title of ‘‘The Metro- 
politan School of Science Applied to Mining and 
the Arts,” and in this year the Royal College 
of Chemistry in Oxford-street became affiliated with 
the Jermyn-street School. A few years later, 
however, in 1859, the previous title was resumed, 
and the instruction practically confined to mining 
subjects, though chemistry was still retained as 
concerned its practical applications. 

A further dene of title occurred in 1863, when 
the name given was ‘‘ The Royal School of Mines,” 
and at the same time the degree of ‘‘associate” was 
instituted and made retrospective to all students 
who had graduated since 1851. During the followin, 
year a ‘‘ Royal School of Naval Architecture an 
Marine Engineering” was founded at South Ken- 
sington in connection with the School of Mines, but 
this was subsequently, in 1873, transferred to the 
Royal Naval College, Greenwich. 

In 1871 the school entered upon a new phase of 
its existence, in that the control, which had hitherto 
been exercised by the Geological Survey Depart- 
ment, was handed over to a council of professors, 
The growth of the school led, in 1872, to the 
removal of the chemistry, physics, biology, and 
other departments to South Kensington, leavin 
the Mining Department only at Jermyn-street unti 
1880, when this also was transferred to the same 
building as the other sections. 

During the year following this removal the 
school was again reorganised, and the title changed 
to ‘The Normal School of Science and Royal 
School of Mines.” During the years precedin 
this last change of title, various departments h 
been added, and in 1882 a School of Agriculture 
was also instituted, and continued until 1897. A 
yet further change of title occurred in 1890, when 
the ‘‘ Normal School” was constituted ‘* The Royal 
College of Science, with which is incorporated the 
Royal School of Mines.” Under this guise the 
school continued to occupy the well-known build- 
ing in the Exhibition-road until 1906, when the 
departments of chemistry and physics were removed 
to the new buildings erected by the Government 
in the Imperial Institute-road. In the followin 
year, as we have already mentioned, the Roya 
College of Science and the School of Mines became 
integral parts of the Imperial College, and during 
the past year the Royal School of Mines, com- 
prising the departments of mining and metallu 
of the Imperial College, have been removed to the 
new buildings in Prince Consort-road, of which the 
foundation stone was laid by the late King in the 
summer of 1909. 

At the inauguration of the original school it was 
stated that ‘ta school was being created of the 
highest class capable of affording the best instruc- 
tion and the most perfect training which can 
alone be hoped for from an institution which has 
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command of the most eminent and distinguished | 
talent."’ In passing through the various changes 
outlined above, this ideal has always been kept in 
view, but some few years ago it was realised that | 
considerable expenditure was necessary in order to 
bring the institution into an efficient state. Owing | 
to a lack of sufficient funds the equipment had 
been allowed to become obsolete, the remuneration 
offered was not sufficient to attract to the teaching 
staff those who would devote their whole time to 
the intere.is of the schuol, and the buildings did 





not give sufficient accommodation for the students, 
who were possibly attracted by the past records of 
the school. 

The general dissatisfaction, however, led to 
energetic steps being taken, and apart from the 
valuable assistance of those more particularly 
interested in the past records of their old school, 
many eminent men have generously supported 
and energetically assisted in the scheme of reorga- 
nisation which has resnited in the present 
equipment ard accounnudat.on . f the R yal Schou] 


| of Mines being the most complete in the Empire ; 
and, with its amalgamation in the Imperial College, 
it may be taken for granted that there is little fear 
that the highest traditions of the past will not be 
fully maintained. : 

In this present article we intend to deal with the 
equipment of these new buildings and the instruc- 
tion given, and to leave for a subsequent occasion an 
account of the other departments of the original 
school, which are included under the title of “‘ The 
Royal College of Science,” 
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Courses of Instruction.—As now arranged, the 
Royal School of Mines comprises two separate 
departments—namely, mining and metallurgy, in 
both of which the general course of instruction 
covers a term of four years. The table annexed 
will give a me idea of the subdivision of the 
courses, and it will be seen that in each depart- 
ment the first two years follow the same course of 
studies. It must be further pointed out that the 
work of these two years is carried out in the various 
departments of the Royal College of Science and 
City and Guilds (Engineering) College, where 
special classes are arranged adapted to the require- 
ments of the students. 

It has recently been decided that all students 
entering the school shall be required to pass an 
entrance examination, in which respect the example 
of the City and Guilds (Engineering) College is 
followed, and the new rule will come into force for 
the ensuing session. The fees for the ordinary 
course are about 451. per session. 

_ Scholarships.—The scholarships available include 
six annually presented by the Governors, four of 
which are open to first-year students and have a 
value each of 15l., and two for second-year students 
of a value of 251. There are also two, offered 
annually 7 the Council of the Institution of Mining 
and Metallurgy, having a value of 50. each, which 
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Schedule of Fowr Years’ Mining and Metallurgy Courses, 
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are open to associates wishing to take a practical 
course in mines or works. 

Diplomas, &c.—To those students who satisfac- 
torily complete a full course of mining or metallurgy 
a diploma of Associateship of the Royal School of 
Mines (A.R.S.M.) is moe hy and at presentthis also 
carries with it the diploma of the Imperial College. 
There are also a number of medals annually pre- 
sented provided a certain standard of excellence is 
attained. Of these the “Bennett Brough” is 
awarded for mine surveying; the ‘‘ De la Bache “4 
for mining ; the ‘‘ Bessemer” for the subjects of 
the third and fourth year metallurgy course ; the 
‘*Murchison” for geology; and the ‘* Warington 
Smyth,” which, in addition to the college work in 
the Mining or Metallurgical Departments, demands 
an original description of some mine, mining plant, 
or process. 


Tue BurLpines. 


The site on which the new school is erected, as 
will be seen from the key plan previously given 
(see page 685 ante), has a frontage of 300 ft. on the 
south side of the Prince Consort-road, with a depth 
of about 200 ft. The general arrangement of the 
buildings is shown in the plans given in Figs. 15 
to 19, on the opposite and present pages, from which 
it will be seen that the main laboratory practically 
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forms a separate one-storey building situated at 
the rear of the site. The main block, extending 
along the frontage, and the wing at the western 
end, contain the various lecture theatres and 
research laboratories, but at the present time only 
the western block is finished. The subdivision 
of the accommodation when completed will be as 
follows :—The lower ground and the ground floors 
will be given to the Department of Metallurgy, 
the first floor to the Department of Mining, whilst 
the two upper floors will contain the ey 
Department, which is regarded as a section of the 
Royal College of Science. 


DEPARTMENT OF METALLURGY. 


As previously mentioned, students do not enter 
this department, which is under the charge of Pro- 
fessor W. A. Carlyle, until the third and fourth 
years of their ordinary course. During the former 
year the mining students attend the first part of 
the course, which deals generally with the plant 
and methods of treating ores for the extrac- 
tion of various metals, together with lectures and 
practical work in connection with assaying. In 
connection with the latter subject a very com- 
plete laboratory is provided on the ground floor of 
the west wing, a view in which is given in Fig. 20, 
Plate LIII., which is published with this issue. In 
the centre of this room there is a balance-room for 
carrying out accurate weight determinations, and 
along two sides are a number of gas and coke- 
fired metallurgical furnaces of various patterns. 
On the completion of the main building, as will be 
seen from Figs. 15 and 16, on page 862, a number 
of smaller laboratories will be available for 
specialised work, which for the present is accoim- 
modated in the main laboratory, whilst there will 
also be separate lecture and class-rooms for this 
department. The metallurgy students are required, 
during their first term, to attend lectures on mining 
principles and on geology, and it is necessary that 
all students attend a course of tropical hygiene. 

The second term’s work is chiefly concerned with 
the study of iron and steel, and the lectures and 
laboratory work are arranged with the view of giving 
the students knowledge having practical application 
to modern metallurgical processes. In connection 
with pyrometry and metallography the most recent 
designs of apparatus have been installed. 

In the third year of the ordinary course the 
students are allowed to a certain extent to specialise 
in their studies, and for those who desire to take 
up advanced courses in iron and steel, arrangements 
have been made to enable them to attend the Metal- 
lurgical Department of the Sheffield University. 
During this year a series of visits, under the charge 
of the professor, are made to various metallurgical 
works in different parts of the country. 


DepPaRTMENT OF Minna. 

The control of this department, which during the 
ast six years has been in the hands of Professor 
. H. Cox, will pass, on his retirement in October 

next, to Professor W. Frecheville. As already 
stated, the accommodation for this department is 
on the first floor of the main building; but the only 
portion which is at present in actual use is the 
surveying drawing-oftice, shown in the plan, Fig. 17, 
on page 863, and the adjoining museum, which, 
for the present, is used as a lecture and class-room 
for the mining and metallurgical departments. 

As in the case of metallurgy, the instruction in 
mining is not taken until the third and fourth years 
of the course. During the third year the greater 
portion of the time is devoted to mine surveying, in 
which subject actual experience is gained by the 
students on a mine in Cornwall, the property of the 
Imperial College. The lectures on mining cover 
a survey of the general principles involved in 
mining various deposits and descriptions of the 
plant employed, whilst a special series of lectures 
are also given on business transactions connected 
with the mining industry. As in the case of the 
Metallurgical Department, students are also re- 
quired to attend the tropical hygiene lectures. 

In addition to the theoretical training given in 
this department, an important feature is the prac- 
tical work included. One of the conditions to be 
fulfilled by a student entering for the associate- 
ship is that he shall have passed at least six months 
on actual underground work in an approved mine. 
The total time stipulated amounts to at least 720 
hours in shifts of not less than six hours each, and 
one-half of this course must be carried out before the 
student is allowed to attend the mining lectures, 





&c., in the third year. A further suggestion is 
made that the time should be divided between a 
coal-mine and an ore-mine. 

In the last year of this course, in addition to 
advanced mining lectures, a considerable amount 
of time is devoted to work in the Bessemer labora- 
tory, the scope of which will be gathered from the 
description of the equipment, which is given later. 


Tue Bessemer LABORATORY. 


Connected with the Royal School of Mines in the 
past are to be found the names of many, including 
those of Huxley, De la Béche, Murchison, Playfair, 
Hofmann-Frankland, and Roberts-Austen, who are 
famous in the world of science, and the decision of 
the Bessemer Memorial Committee to apply the 





having a length of 240 ft. anda width of 125 ft., 
and is provided with a series of galleries running 
round three sides. A cartway communicating with 
the Exhibition-road gives access to the laboratory 
at its east end, and the materials are thus brought 
to the delivery-shed indicated in Fig. 15. From 
this point they are raised in skips to the gallery and 
transferred to the storage-bins, which are ranged 
along the south wall. As indicated on the plans, 
a series of tramways is provided for handling the 
materials. When required for use the ore is drawn 
from the bins into trucks, raised to the gallery, and 
passing over the weighbridge, is taken to the Had- 
field ore-breaker in the north-east corner of the 
gallery, from which it is delivered on to a belt- 
conveyor running across the building, which dis- 


























Fie, 24. 


funds at its disposal towards the cost of the equip- 
ment of the new Mining and Metallurgical Labora- 
tory has resulted in a fitting commemoration of the 
work of one who has done so much for the metallur- 
gical industry, and who, moreover, always took a 
keen interest in the instruction of the rising genera- 
tion. As will be seen from our illustrations, and 
the description which follows, the equipment has 
been carried out in a very complete manner, and 
very considerable assistance has been received from 
the various manufacturers, who in many cases have 
presented the plant or supplied it at greatly reduced 
prices. 
One of the leading factors in the scheme of reor- 
Ss and, in fact, of the foundation of the 
mperial College, has been the energetic action of the 
Institution of Mining and Metallurgy, and through 
the efforts of this body the authorities have been 
able to secure much valuable advice in the arrange- 
ment and selection of the equipment. 
The general arrangement of the laboratory will be 
seen from the two plans given in Figs 15 and 16, 
on page 862. It is a lofty glass-roofed building, 
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charges either to the dry-crushing or wet-crushing 
plant. The machines installed in the former consist 
of a Dodge crusher and two pairs of crushing-rolls 
and two ball-mills. From this room elevators convey 
the material to the gallery, where it is passed through 
a series of sizing-screens or alternatively on toa 
sampling-floor. From this point the crushed mate- 
rial is passed to a series of concentrators and 
separators, which include examples of all the more 
general types of machines. This plant is arranged 
partly on an intermediate gallery and partly on the 
main floor at the eastern end of the laboratory, and 
comprises a series of four-compartment jigs, Wilfley 
tables, Frue vanners, an Acme table, and magnetic 
separators, &c. Arrangements are made so that, in 
passing through the various processes, the material 
under treatment can, if necessary, be again re-treated 
at any point. Some idea of the extent of the equip- 
ment, which in most instances is of full size, will be 
gathered from the views reproduced in Figs. 21, 
22, and 23, on Plate LIII., and Fig. 24, on the 
present page. At the north end of the concen- 
trating gallery is a complete wet-cyanide treatment 
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lant, which is partly to be seen in Fig. 24. In 

ig. 23, on Plate LIIL., is given a view in the wet- 
crushing house, which contains a Hurtingdon mill, 
a two-stamp and a five-stamp battery. ese ma- 
chines are placed on the main floor of the building, 
and are enclosed in a timber building efficiently 
lined with felt and provided with double windows, 
in order to deaden the noise created when they are 
working. 

The tailings from the various machines are all 
collected in a series of covered channels, which 
discharge into pi leading to collecting -tanks 
placed below the floor at the centre and at the west 
end of the laboratory. From these tanks the 
tailings are raised by means of a Frenier pump toa 
series of settling-pits indicated in Fig. 15. Auto- 
matic samplers are arranged throughout the plant 
to collect samples for examination purposes. The 
water from these pits is returned to a set of storage- 
tanks at the east end of the building, and may be 
again used in the various processes; whilst for 
demonstration purposes the settled materials may 
be again passed through the machines before being 
carted away. 

At the western end of the laboratory are plants 
for smelting, roasting, and the dry treatment of 
ores, &c., this portion of the building being more 
particularly equipped for the use of the metallur- 
gical department. The work of the two departments 
must of necessity, to a certain extent, overlap, and 
arrangements are made for the materials treated to 
pass from one department to the other for treat- 
ment at various stages. 

The plant in this department includes a drying- 
floor, reverberatory and roasting and smelting 
furnaces, a water-jacketed blast-furnace, &., and 
also a complete dry-process chlorinating and cyanid- 
ing plant. Provision has also been made for the 
erection of an electric-steel furnace. 

In addition to the plant detailed above, a repre- 
sentative collection of rock-drills of various 
patterns is installed, and the students are instructed 
in the construction of drills which they subsequently 
put to practical use in the laboratory. 

All the plant is driven by means of electric 
motors, and the building is equipped throughout in 
such a complete manner that it can justly lay claim 
to being the finest institution of its kind in the 
Empire. One is rather apt to question whether 
the students will fully appreciate the many conve- 
niences in the form of electric lifts and so forth 
that are provided; but since these provisions have 
been made after due consideration, it may be 
taken for granted that the authorities have acted 
wisely in this matter. 

It is intended to place the equipment of the 
Royal School of Mines at the disposal of those 
requiring to treat materials experimentally, and for 
this certain fixed rates are to be charged. It is 
hoped that in this way it will be possible to widen 
the field of instruction given to the students. 








THE OPTICAL CONVENTION. 
(Continued from page 846.) 

TxeE Optical Convention was closed last Wednes- 
day, after a very successful and busy week. Before 
commenting upon the transactions and the very 
large number of papers which were read, and ably 
and critically discussed, we will finish our account 
of the Exhibition. In doing this we shall more or 
less follow the grouping of the catalogue, but shall 
notice the various exhibits of one firm together so 
far as convenient. 

The increased demand for spectacles has en- 
couraged the introduction of varied novelties, espe- 
cially in bi-focal lenses. In the solid bi-focal, made 
from a solid piece of glass, the dividing line may be 
imperceptible ; in other bi-focals, two glasses of dif- 
ferentrefractive indices are either cemented together 
or fused together. As regards coloured glasses, the 
blue-green type, which absorbs the wh is much 
better for furnace workers than the cobalt blue, 
and the greenish-brown fieuzal type is replacing 
others for protection against ultra-violet rays. 

‘The fusion process is applied by Messrs. tok, 
Limited, of Letchworth. According to their 
Brosch process, a glass slab is ground down to the 
* reading” curve ; another glass of higher density 
is then ground down to the same curve. A piece is 
cut out of the lower edge of this latter lens, and 
into the aperture so formed the reading-lens is 
fitted; the two are then fused together and 
ground to the finished lens ; seventeen operations 





are required. The bi-focal lens uf Messrs. Pillischer, 
58 Sor Bond-street, W., has a curved divided 
line right across the glass; Messrs. J. and H. 
Taylor, of 38, Kirby-street, Hatton - garden, 
cement two pieces together, or cut one down to 
different curvatures. e Uni-Bifocal Company, 
of 188, Strand, W.C., applies a process of grinding 
lenticulars from asolid piece ; very careful centerin 

is uired and is evidently obtained. The coueal 
raised portion is ground first, before the flatter por- 
tion, from a flat or a curved slab; the result is a 
round piece of a spherical shell, which is cut cross- 
ways into four pieces and ground down to four 
lenses. Inthe ‘‘ luxe” pattern the dividing line 
is invisible ; in the ‘‘ demi-luxe,” for myopes, the 
central part of the dividing line is ground away to 
obviate the irritation caused when the eye passes 
from one field of vision to the other. Messrs. Culver, 
of White Lion-street, Pentonville, N., exhibited 
examples of Baker’s reversible bi-focal spectacles, 
in which the lenses are so mounted in the frames 
that they can be turned top for bottom by means of 
small milled heads at the sides, thus enabling the 
reading and distance lenses to be brought into the 
line of sight as the wearer desires. In the ‘‘rimluc”’ 
fittings used by Messrs. Culver for spectacles and 
eye-glasses, to replace the rimless variety, the 
lens is held by a fiat metal band ; a groove in the 
rim is filled with solder, which by fusion is united 
with the rim, which enables the glasses to be kept 
quite free from overlapping brackets, &c. They 
also showed examples oF the Sutcliffe keratometer. 

The Anglo-American Optical Company, which 
prefers to be known as the British Optical Manu- 
facturing Company, of 47, Hatton-garden, W.C., 
had a power-driven optical bench on view, for 
grinding up to twelve lenses at a time. The 
lenses are separated by rubber pads, taken up by a 
wire clip, and fixed between the two parts of 
a shaft, which is divided in the middle and bears 
the form-plate at one end; the shaft is gently 
drawn against the Craigleith stone wheel by a spiral 
spring. The bench also supports a lens-drilling 
machine and a diamond-tool machine for rough 
edging. 

Binoculars and small telescopes might still be much 
improved on the lines which Dr. Drysdale pointed 
out at the Convention of 1905. The chief firms 
represented were: Messrs. Atchison and Co., of 418, 
Strand (‘‘ target ” telescope, also astronomical tele- 
scopes); Messrs. Houghtons, Limited, 88, High 
Holborn, W.C., and wend (also sextants and 
surveying instruments); Messrs. Negretti and 
Zambra ; Messrs. W. Ottway and Co., Orion 
Works, Ealing (also astronomical telescopes, 
coelestats, and control pendulums); Messrs Raphael, 
of Hatton-garden, E.C. (the whole lens system of 
the micro-telescope can be taken out together with 
its mounting and be used as a compound micro- 
scope ; the firm also showed ophthalmoscopes) ; 
Messrs. J. H. Steward, 406 and 457, Strand, W.C.; 
Messrs. Watson and Sons, of 313, High Holborn, 
W.C.; and Messrs. C. Zeiss, of 13 and 14, Great 
Castle-street, Oxford-circus, who showed binoculars 
with central twin focussing mechanism, allowing 
also of separate focussing for the right eye. 

In astronomical instruments advance has par- 
ticularly been made in large reflecting telescopes. 
To the firms just mentioned we add the name of 
Sir Howard Grubb, of Dublin. Neither of his two 
great equatorials (German type), now being made 
for the observatories at Johannesburg and at 
Santiago de Chili (26-in. and 24-in. object glasses) 
was exhibited, of course ; but the catalogue con- 
tains good descriptions of these, and of the star- 
plate measuring-machine, which we will notice in 
connection with the Loan Collection. In nautical 
instruments we found again some of the.firms men- 
tioned ; further, Messrs. Aldis Brothers, of Bir- 
mingham, and Messrs. Casella and Co., of 11, 
Rochester-row, Westminster (both referred to last 
week). Further, Messrs. Hughes and Sons, of 59, 
Fenchurch-street, E.C., showed their new ‘‘ Stella” 
sextant, which is distinguished by a self-clamping 
and self-centering tangent screw. Their zenometer 
measures the distance of any object on the water 
by determining the angle of depression, and is 
intended for facilitating navigation in pilotage 
waters ; the instrument forms an attachment to a 
sextant and is the invention of Captain W. H. 
Parker, R.N.R. The Cowie azimuth instrument 
is a novelty embodied also in the new Hughes 
standard compass of 1912. Other exhibits were the 
Endall Morse signalling apparatus (a 10-ft. teak 
pole to be fixed to the deck with Endall lamp and 








one-third dioptric lens ; range, 15 miles), and the 
baro-cyclonometer, an aneroid fitted with a zone 
ring marking the normal barometer for the latitude 
=i, and a cyclone disc, based on the design 
of José Algué, of Manila Observatory. 

The fine adjustment for sextants of Messrs. 
N egretti and Zambra is fitted with a milled head, 
which is turned in the ordinary way for making the 
fine adjustment, but can also be pulled out to 
allow the arm to move free. 

The great variety of microscopes displayed marked 
the tendency 2 special pag of micro 
scopes for specia a. Among firms repre- 
en was Mr. 0. Ba er, of 244, High Holborn, 
who also showed three -lens oil-immersion dark- 
ground illuminators, and the J. E. Barnard-Baker 
geometrical slide photo-micrographic apparatus. 
The base of this apparatus is formed by two cast- 
ings of the girder type, each resolved into a triangle, 
and the parts are mounted on sliding plates of cast 
iron, which rest on the one rail and glide with 
two V-grooves on the other ; the rails are encased 
in brass tubes. The microscope is on a cone fitting, 
and the camera can be raised and lowered, bein 
——— on feet firmly fixed to the geometrica’ 
slides. 

Messrs. R. and J. Beck exhibited in this class 
Rosenhain’s metallurgical microscope, specially 
devised for examining metallurgical specimens, and 
provided with various arrangements of illuminatin 
apparatus. Messrs. Beck also show an optica 
bench for micro-illumination. This consists of an 
iron-framed table, with castors and levelling-screws, 
which carries a complete set of illuminating appa- 
ratus movoted on a steel bar, which is also fitted 
with levelling-screws. This illuminating apparatus 
comprises an automatic arc-lamp, a two-lens con- 
denser, a water-trough, &c., and the light applied 
by it enters the condenser of a microscope arranged 
with its body horizontal, the microscope being 
placed on a tilting-table mounted on the main 
table of the bench. The arrangement can also be 
used for projection purposes. Gordon’s apparatus 
for photo-micrography is also shown. In Dr. 
Houston’s spectro-photometer an ordinary Beck 
grating spectroscope is mounted on a detachable 
stand; in front of it the nicol is mounted on a 
disc, so as to rotate about the collimeter; then 
follows a condensing lens, and the special prism— 
a cube, half of glass and half of Iceland spar— 
which collects from the source of light two beams, 
in one of which the absorbing solution is placed. 
The two beams, polarised at right angles to one 
another, are focussed in juxtaposition on the slit, 
and the intensities of the two spectra are matched 
by rotating the nicol. The apparatus serves chiefly 
for measuring the fraction of light of different 
colours absorbed by solutions. 

The Holophane lumeter, made by Messrs. Beck, 
was described by its inventors, Messrs. Dow and 
Mackinney in one of the papers read before the Con- 
vention, and will be noticed. In the Steinheil sphero- 
meter of Messrs. Beck the lens is placed on a ring 
of hardened steel fitted to the upper portion of the 
standard, several rings of different sizes being pro- 
vided. A central plunger carries a light lever, the 
index end of which is kept raised by a counter- 
balance at the other end. e plunger is raised by 
a micrometer screw until a point on the lever comes 
into gentle contact with the lens, when the index 
end of the lever is depressed. As soon as the 
index end of the lever corresponds with the zero 
on a scale, the reading of the micrometer screw is 
made ; readings are taken to 0.00001 in. We should 
- mention the collection of prisms shown by the 

m. 

The chief novelty exhibited by Messrs. Beck was 
the dial gun-sight for indirect firing, a modification 
of a German invention which the firm now makes 
for the Army. The new dial sight for the artillery 
depends for its action on a right-angle prism at its 
upper portion, which rotates, in order to sweep the 
horizon and find the position of the enemy, and at 
once register his position in degrees and minutes of 
arc from a known fiducial zero, so that it can be 
telephoned down to the hidden guns, If, however, 
this prism alone were rotated, the field of view 
would rotate during the process, and to avoid this 
the horizontal portion of the instrument contains 
within it an internal revolving sleeve, which con- 
tains a second reflecting prism, which is made to 
revolve at a rate one-half the speed of the right- 
angle prism by means of bevel - wheels. This 
revolving prism corrects the defect which would 
otherwise destroy the usefulness of the sight, and 
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keeps the image vertical as the right-angle prism 
revolves, and thus keeps a stationary image. 

The action is as follows:—An observer places 
himself at a position where he can see the enemy, 
but his battery of guns are hidden. At the same 
time the observer and the guns are in such a posi- 
tion that they can both see some object at the 
back, although the observer only can see the 
enemy. The observer, having found by his dial- 
sight that the enemy is at a certain angle in 
degrees and minutes to the known object, tele- 
phones this information to the gunners, who set 
their guns by means of similar dial-sights to the 
same angle to the known object at the back, and 
can thus hit the enemy without seeing them. The 
instrument requires an exceedingly accurate align- 
ment, and must be very strong to stand high-speed 
travelling over rough ground. 

Of other microscope makers who exhibited we 
may mention Messrs. Leitz, of 18, Bloomsbury- 
square, W.C. ; Messrs. S. Maw, Son and Sons, of 
7, Aldersgate-street, E.C. (who also make the 
Martin centrifuges) ; Messrs. Newman and Sinclair, 
of Highgate (manufacturers of kinematograph 
appliances, perforators, kinema printing-machines, 
and of the ‘‘reflex kinema” camera); Messrs. 
J. Swift and Sons, of Tottenham Court-road, W.; 
Messrs. Reynolds and Branson, of 14, Commercial- 
street, Leeds (kystos cameras, also pho phic 
and projection apparatus) ; and Messrs. W. Watson 
and Sons, who make various microscopes of the 
Van Heurck and other types, also a ‘‘ works” 
metallurgical microscope for factory use. 

Photographic apparatus, lenses, cameras, &c., 
were exhibited by Messrs. Aldis; Messrs. J. H. 
Dallmeyer, of 25, Newman-street ; Messrs. Hough- 
ton ; James Sinclair and Co., of 54, Haymarket, W.; 
Messrs. Taylor, Taylor and Hobson, of Leicester 
(Cooke lenses); and Messrs. Watson. Many of 
the projection apparatus (Messrs. Hughes, Messrs. 
Newton and Co., of 72, Wigmore-street, W., and 
others) were fitted with automatic arc-lamps, the 
carbons of which are at right angles to one another. 

As regards spectroscopic and interference appa- 
ratus and polariscopes, the greatest progress 
been made in interferometers, the resolving power 
of which is determined either by \/4 A, where A and 
(A + AXA) are two wave-lengths which the instru- 
ment just enables the observer to discern as separate, 
or by the product P N, where P is the order of the 
—_ (or the number of wave-lengths of different 
phase between successive beams) and N the number 
of interfering beams. The N rarely exceeds 40, the 
P may be very large, so that products P N of 
400,000 and more result. The N are increased by 
successive reflections of the light at the two sides 
of a slab or film (with half-silvered glass boundaries 
in the Fabry-Perot instrument) or by causing the 
beam to strike one of two plane-parallel plates at 
grazing incidence (Lummer and Gehrcke). Some 
of these instruments are better suited for absolute 
wave-length determinations than the diffraction 
gratings, whose imperfections are more and more 
recognised ; yet gratings are wonderful things, 
and the celluloid replicas of gratings, made by Mr. 
T. Thorp, of Manchester, are very largely used for 
the comparative spectroscopy and were to be found 
on many stands, 

The first firm to be mentioned in this field is 
undoubtedly that of Messrs. Adam Hilger, Limited, 
of 75a, Camden-road, to whose exquisite skill Pro- 
fessor S. P. Thomson paid so high a tribute in his 
presidential address. Most of their beautiful 
instruments have already been described in our 
columns. The exceptions are the direct vision 
pocket spectroscope with interference étalon (the 
étalon being a plane-parallel disc silvered so as to 
reflect most of the light and to transmit only a 
little), and their Féry refractometer for the direct 
determination of the index of refraction of liquids. 
The liquid is contained in a cell, the vertical walls 
of which are formed by two wedge-shaped prisms, 
so that the liquid itself fills a wedge space ; this 
cell is surrounded by another, built up of metal 
and two plano-convex lenses, whose plane inner 
faces are parallel to the vertical prism faces. In the 
spaces between the two cells there circulates water, 
which a lamp keeps ata certain temperature. 

Two other novelties exhibited by Messrs. Hilger 
belonged to other departments. Their photo- 
measuring micrometer is fitted with a real micro- 
meter ; that is tosay, a screw well cut between dead 
centres on a special lathe with special screw, and 


ground into its nut with due care. Theinstrument 
has a base of cast iron, and the slide is mounted on 





two iron standards. The other novelty was the 
Steiger millionaire calculating-machine, made by 
Hans Egli, of Ziirich ; being a foreign product, it 
was entered in the catalogue as belonging to the 
Loan Collection. It is a very remarkable, probably 
unique, machine. When ae each turn of 
the crank completes one calculation ; thus, if we 
multiply by 357, the first turning gives the result 
of the multiplication by 3, the second the result of 
multiplying [ 35, and the third the final product. 

Other spectroscopes, &c., are mentioned in other 

laces; refractometers were also exhibited by 

essrs. J. H. Steward. Photometric appliances 
could be seen in the great variety which they have 
now attained, thanks to the recent practical develop- 
ment of this badly misunderstood and neglected 
branch of science. Several apparatus have already 
been noticed. Messrs. W. Sugg and Co., of 
Regency-street, Westminster, showed, in addition 
to Carpenter’s Argand burner, and a Harcourt 
10-candle pentane lamp, their radial photometer 
fitted with an automatic angle-setting disc-box to 
take the candle-power of any light quickly at any 


angle. The large photometer bench for testing 
incandescent gas-lamps, exhibited by the South 
Metropolitan Gas Company, of 709, Old Kent-road, 


S.E., is also fitted with this box. Messrs. Sugg 
also explained the use of reflectors. 

Globes, shades, and reflectors have also received 
more attention from scientists in recent years. The 
Adnil Electric Company, of Artillery-lane, E.C., 
suspends a group of metal-filament lamps from a 
cone-shaped metallic reflector into a cup-shaped 
opalescent glass shade, which is itself suspended 
by a ball-and-socket joint. The globes of the 
Holophane, Limited, 12, Carteret-street, West- 
minster, are ribbed outside and smooth inside, or 
fitted with ribs both inside and outside at right 
angles to one another, so that the prismatic ribs 
ap dissolved into points; they also make 
reflectors (uniflux), curved sheets or silvered glass, 
for the illumination of pictures, the lamps being 
fixed in the longitudinal axis about which the 
reflector is curved. The Benjamin Electric Com- 
pany, Limited, of 117, Victoria-street, make holo- 

hane reflectors of steel for factories. Messrs. 

ames Keith and Blackman, Limited, of 27, 
Farringdon-avenue, E.C., explained the distribu- 
tion of light with Keith inverted lamps ; and the 
Union Electric Company, of Park-street, South- 
wark, S.E., did the same with their ‘‘ Excello” 
flame arc-lamp, with dioptric inner globe. 

The next class of the catalogue deals with 
ophthalmic instruments, which were shown in con- 
siderable variety by Messrs. Dixey and Son, of 3, 
New Bond -street; Messrs. William Gowland, 
Limited, of Croydon (new keratometer, standard 
trial lenses) ; Messrs. phael’s, Limited, Hatton 
Garden ; Messrs. Reiner and Keeler, of 9, Vere- 
street, Cavendish-square ; Messrs. Sampson Low, 
Marston and Co., of 100, Southwark-street, S.E.; 
and Messrs. Storey and Evans, of Rawdon-street, 


eeds. 

Colour photography was practically represented 
by three firms only. Messrs. Hunter, Limited, of 
16 to 18, Bride-street, Ludgate-circus, E C., showed 
a 15-in. by 12-in. are-gear process camera for line, 
half-tone, and’ three-colour process block-work, 
mounted on a special stand. The Haas screen, 
with 130 lines to the inch, has a diameter of 134 in., 
and is mounted in an aluminium circle (divided to 
rotate the screen to any angle) and aluminium plate 
within a solid iron frame, which is provided with 
aluminium sticks, clamp-plates of sterling silver, 
(for fixing a wet plate) and asafety-catch. The lens- 
board is fitted with a rotary filter-holder for five 
Wratten filters (on a machine-turned saddle and 
turntable), red, green, blue, K,, and transparent 
(aesculin) ; through a window the colour of the filter 
in position can be recognised. The optical system 
consists of Dallmeyer stigmatic process lenses and 
prisms. The new Hunter all-iron camera stand 
consists of four iron rods, braced together to form 
a bed of four bars in two vertical planes ; the two 
lower rods are suspended by strong springs from low 
standards. This frame — the camera, the 
two swinging arc lamps (Hunter enclosed 12 am- 
peres), and the easel and copy-board complete, so 
that vibrations do not disturb the work. 

The other process camera, exhibited by Messrs. 
A. W. Penrose and Co., of 100, Farringdon-road, 
E.C., was not mounted on a special frame. A circular 
Levy screen with 150 lines to the inch is used, 
which can also be rotated to get the ruling (b 
diamond) to any desired angle to the horizontal, 





A Cooke process lens and prism are attached to the 
camera. The light-filters are of the Klein type ; 
an orange filter is used for the blue printing plate, 
a greenish-yellow filter for printing red, and a trans- 
arta (aesculin) filter for printing yellow. The filter- 

older is so arranged that it can take liquid filters as 
well ; and a triple filter-holder of the firm is a narrow 
aluminium box containing three glass troughs 
mounted on a rack which brings them successively 
in position. The colour - filters, we should say, 
consist of a coloured gelatine film between two 
pieces of glass (several inches square, as a rule), 
to which the film is cemented with Canada balsam ; 
the glasses must be optically plane (which makes 
the filters very expensive), and the absorption of 
rays should suddenly terminate to get pure shades ; 
this is not well realised (best with the red), and 
the colour-printed photographs, to be seen in 
various parts of the Exhibition, did not appear 
particularly successful. Messrs. Penrose further 
exhibited a direct-vision spectroscope for testing 
colour filters, and a camera for simultaneously 
obtaining three negatives for process work. The 
Lippmann dark slide for the interference colour 
process, likewise on their stand, has only historical 
interest ; this method has not advanced. 

The K filters of Messrs. Wratten and Wain- 
wright, of Croydon, are dyed with filter yellow K, 
which completely stops ultra-violet and cuts blue- 
green out more or less, and are made in three 
depths, the deepest—the K,—being said to give 
the most perfect monochrome rendering for coloured 
objects, while only increasing the exposure five- 
fold ; the plate must, however, be uniformly sensi- 
tive to the spectrum from green to red inclusive, 
like the Wratten pan-chromatic. The K, filter is 
for short exposures. 

Surveying instruments, the next class in the 
catalogue, were noticed last week. We may supple- 
ment that notice, however, by adding the firms of 
Messrs. Aston and Mander, of 61, Uld Compton- 
street, W.; Messrs. Hall Brothers, of 53, Spencer- 
street, E.C.; Messrs. W. Ottway and Co. (also helio- 
graphs); Messrs. J. Pillischer, of 88, New Bond- 
street, W.; Messrs. J. H. Steward, 406, Strand, 
W.C. ; and Messrs. E. R. Watts and Son, of 123, 
Camberwell-road, S.E. (the H. Cooke centering 
arrangement and the ‘‘Precise” level). The 
Verschoyle ket transit of Messrs. Short and 
Mason, of Walthamstow, is a combination of the 
Abney level, prismatic compass and clinometer for 
preliminary surveying in mines ; by one reading the 
instrument gives both the magnetic bearing and the 
vertical angle. Their mining aneroid is graduated 
for altitudes from 2000 ft. below sea-level to 4000 ft. 
above. We did not see any range-finders in the 
Exhibition. 

In the large class of meteorological instruments 
we may notice first several instruments of the 
Cambridge Scientific Instrument gy which 
we should have mentioned before, had we not 
described many of their productions on previous 
occasions. Curves were exhibited obtained with 
both the Callendar atmospheric temperature 
recorder and the Callendar bolometric sunshine 
recorder during the solar eclipse of last April. 
The temperature fell slowly and irregularly to a 
minimum at about maximum eclipse; the bolo- 
meter descended quite sharply and rose as rapidly 
again in a clean Y curve. The resistance ther- 
mometer consists of an open frame in which 
bare platinum wire is wound in a zig-zag. The 
bolometer is a sheet of mica, about 2 in. by 2 in., 
divided into four squares, each wound with plati- 
num wire; the wires of two squares diagonally 
opposite one another are in series ; in two squares 
the wire is bare, in the two others blackened, being 
covered with Callendar glass enamel, which is fused 
in a muffle furnace. The wire is not particularly 
fine—0.008 in. in diameter. The mica sheet is 
mounted in the upper part of a cylindrical glass 
case, which is hermetically sealed and contains dry 
air. The two platinum wires are joined to the 
opposite arms of the recording Wheatstone bridge 
(Calendar recorder), the style of which can 
directly be connected with a planimeter, so as to 
integrate the curve. 

Other novelties are the C. T. R. Wilson electro- 
scope and the universal portable electrometer ; 
both are designed for experiments in ionisation and 
radioactivity, and were mentioned by Sir J. J. 
Thomson in his recent lectures. In the former 
is observed the repulsion which takes place between 
a single gold-leaf and the prolongation of the wire 
which supports it. The movements of the gold- 
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leaf are examined without the use of any micro- 
scope, on the Elster-Geitel method ; the deflections 
are read off against the reflected image of a milli- 
metre scale, and all errors due to llax are 
avoided ; quartz insulation is used. The second 
instrument measures very small potentials and also 
higher potentials ; the gold leaf hangs within an 
inner case, which is maintained charged to a 
suitable potential by means of a quartz jar; the 
charges are measured by a constant potential 
method, with the aid of a compensator attached to 
the instrument. 

We pass over the barometers, hygrometers, rain- 
gauges, thermometers, &c., of Messrs. Casella ; 
Messrs. Darton and Co., of 142, St. John-street, 
E.C.; Messrs. J. H. Steward, 406, Strand, W.C. ; 
and the special types of barograph, thermographs, 
&c., for aviation and ballooning, which Messrs. Short 
and Mason, of Walthamstow, construct in conjunc- 
tion with the Meteorological Office. The last-named 
firm also exhibited their portable current-meter 
(fan-screw) for determining the rate of flow of small 
rivers and of the tides. r. R. W. Munro, of 103, 
Cornwall-road, South Tottenham, N., was the only 
exhibitor of an instrument which has very often been 
alluded to in our columns—the seismograph of Pro- 
fessor John Milne, F.R.S., now installed in some 
sixty observatories all over the world. It consists 
of a long, light horizontal boom, bearing at its one 
end with a needle-point against an agate cup, 
adjustably fitted on the standard, and supported 
at its other end by a fine wire from the top of the 
standard. The natural vibration period of. the 
beam is 15 seconds, and the free end of the boom 
(which carries the style, or is perforated so that a 
small lamp above produces a pho ee record) 
magnifies the tilt of the instrument by an earth- 
quake about half-a-million times; thus 1 mm. 
corresponds to 0.4 second of an arc. The sensitised 
paper moves at the rate of 250 mm. per hour with 
its drum, which is rotated by clockwork, and is also 
advanced longitudinally, so that a spiral record is 
produced. Two booms at right angles to one 
another can record on the same drum, to give the 
N.S. and the E.W. components. 

The straight-line hand dividing machine for 
dividing thermometer-tubes, flat or bevel-edge 
scales, &c. (maximum lengths, 134 in., 24 in., and 
40 in.), and the self-recording tide-gauge (Baldwin 
Latham type) of Mr. Munro, of Cornwall-road, 
South Tottenham, are not new. There was a 
novelty, however, in his anemographs. 

In the Dines-Baxendell anemograph a Dines pres- 
sure-tube anemometer is combined with a direction- 
recording apparatus, only one vane (provided with 
a special head) being required ; the vertical shaft of 
this revolving head is carried down through the 
tubular pillar to the cylinder of the direction- 
recorder, which it drives through a universal joint. 
The new wind-direction recorder of Messrs. Munro 
and Rotter now is a simple device, which can also 
be fitted toa Dines anemometer to obtain acombined 
pressure-tube and direction-recording instrument. 
The new device consists of a cylinder (which turns 
with the shaft of the one vane, two vanes being 
formerly the rule), in which a spiral groove is cut, 
a roller running on the cam surface of the groove, 
a pen lever guided by the roller, and a clock drum. 
The spiral has a drop of § in ; on the top of the 
cam is a small piece of hard steel of A shape, a 
second small lever above the first is fitted with a 
knife-edge corresponding to the A-piece on the 
cam, and the arrangement is such that the knife- 
edge runs over the A just when the wind is straight 
from the north. 

Messrs. Negretti and Zambra had amongst their 
very large collection of instruments already referred 
to, deep-sea thermometers, barographs, hyetographs 
(rain-recorder), Halliwell-Dines anemo-biagraphs 
recording pressure-tube anemometers, &c., also a 
new Halliwell wind-direction recorder, which is 
very similar to the one just described, but still 
sim pler apparently, and has been on the market for 
some time. It will be understood that the roller 
rises in the groove, as the vane continues to turn in 
one direction, until it reaches its highest point, 
when it drops through a gap, so that the pen-lever 
descends by gravity ; this downward movement is 
damped by a dashpot. In both the instruments 
the pen is always in contact with the chart on the 
drum, and the traces are vertical. 

_ Another novelty of Messrs. Negretti and Zambra 
is the baro-vacuum gauge especially designed for 
steam-turbines, in the condensers of which a high 
vacuum should be maintained independent of the 





fluctuations of the barometer. The gauge is itself 
an ordinary mercury barometer provided with 
accessories, so that the air-pressure and the con- 
denser vacuum can eoliidle be read off. Through 
a piece of stout rubber tubing the barometer is 
connected with a glass bottle partly filled with 
concentrated sulphuric acid ; another rubber con- 
nection joins this bottle to strong brass pipes, and 
taps establish communication with the atmosphere 
or the condensers. The air admitted for taking a 
reading of the air or condenser pressure is dried 
before it comes in contact with the mercury by the 
acid, which is renewed from time to time by 
unscrewing the rubber seating of the bottom. The 
whole gauge was first made in one piece ; the inser- 
tion of rubber connections makes it easier to 
replace any broken part, and the brass pipes are 
so firmly secured by bolts that a wrench may be 
applied without injury to the glass parts. 


e catalogue distinguishes three more classes : | 


general laboratory apparatus, apparatus received 
too late for classification, and loan collection. We 
have already described several exhibits classed 
under these heads. Messrs. Aldis Brothers, of 
Birmingham, show a complete set of their A.C. W. 
three-sphere spherometer for measuring curva- 
tures, together with sundry lenses. e three 
pointed legs, on which the spherometers stand, they 
justly assert, do not accurately determine a circle 
of unvarying radius on the sphere to be tested ; 
the tips of the legs should be very sharp, and, if so, 
they will either damage their base, or be themselves 
damaged. The legs, therefore, in Messrs. Aldis’s 
instrument are made to end in three equal spheres, 
and the central micrometer screw terminates again 
in an equal sphere. If the spherometer rests with 
all four spheres in contact with a convex spherical 
surface of radius R, the four centres of the small 
spheres of radius r will all lie on a sphere of radius 
(R +r). The lenses to be tested are placed on the 
top of the spherometer. 

The Dimmock-Branson chrometer of Messrs. 
Reynolds and Branson, of Leeds, serves for the 
determination of creatinin and indican, and the 
correct registration of any transparent solution. 
It has been modified at the suggestion of Professor 
H. R. Proctor, of the Leather Industries Depart- 
ment of Leeds University, to permit of the use of 
Lovibond’s scale of glasses. There are two cylin- 
drical tubes, side by side, both graduated, one for 
the standard solution, the other for the liquid to 
be examined ; the latter is connected by rubber 
tubing to a levelling tube. The illumination is by 
a mirror from below, and the observer looks down 
the tubes and adjusts the height of the liquid 
column until the two discs at the bottom appear 
equally illuminated. 

Mr. Lovibond (Tintometer, Limited), of Salis- 
bury, showed his educational set, or colour edu- 
cator, and his system of testing for colour blindness 
under different conditions (daylight, night signal- 
ling, different colour perceptions in the two eyes). 
He divides each of his six diffraction-spectrum 
colours (leaving out the indigo sometimes distin- 
guished) into twenty units of colour depth, and he 
demonstrated, ¢.g., by his scale of standardised 
colour equivalents (coloured glasses) that different 
red Board of Trade signal glasses, made by reputed 
firms, may be of very different shades indeed. 
The Cold Chemical Company, of 13, Canal-road, 
Kingsland-road, N.E., showed phosphorescent sub- 
stances in double-walled tubes, and also luminous 
paints of different colours in powders, together with 
a varnish to apply them. essrs. Johnson and 
Sons, of 23, Cross-street, Finsbury, exhibited an 
optical black of velvety appearance for aluminium 
made by the Atkinson process. 

In the Loan Collection we noticed the star-photo- 
graph micrometer for photographs of 6} in. square, 
which was lent by Professor Fowler ; it was made 
by the Cambridge Scientific Instrument Company, 
and forms a modification of the original design of 
Mr. H. R. Hinks. The réseau lines are 5 mm. 
apart ; the scale in the secondary fucal plane allows 
readings to be taken down to 74 mm., and the 
micrometer screw down to 345 mm. ; the errors of 
the instrument are said to be inappreciable. 

The other instrument for measuring stellar photo- 
graphs was constructed by Sir Howard Grubb for 
the Radcliffe Observatory, Oxford, and its 24-in. 
photographic telescope. It is a much heavier 
instrument, and is provided with a reading micro- 
scope of a novel design. The microscope is carried 
by a strong cast-iron tribrach, supported on pillars. 
There is a central tube containing a glass cube 


(made up of two isosceles right-angled prisms, one 
of the bases being coated with a film of galena), 
which faces three achromatic objectives, which are 
held by brass tubes, screwed into three sides of the 
central tube ; there is nothing on the fourth side. 
Two of the objectives together form a doublet lens 
at right angles to the plate, and the light from the 
plate in a parallel pencil through the first 
objective, the cube, and the second objective. 
A small réseau is ruled on a silvered glass plate, 
adjustably fixed in the focal plane of the third 
objective. The galena surface mentioned serves 
as a mirror, so that the second and the third objec- 
tives are likewise combined to form a doublet. The 
white réseau gives intervals of 10 seconds of are, 
which the micrometer screw divides into 100 parts, 
each of 0.1 second of arc. 

Messrs. Carl Zeiss, Limited, of 13 and 14, Great 
Castle-street, had several interesting exhibits in 
the Loan Collection: a Pulfrich refractometer for 
solids and liquids, an Abbe refractometer, tele- 
Foe spectacles with Galilean-lens system for 
extreme myopia, and the new Gullstrand ophthal- 
moscope. This instrument consists of a suitable 
stand carrying a vertical tube containing the illu- 
minating apparatus and a horizontal tube forming 
the observing telescope. At the point where the 
axes of these two tubes intersect is placed a glass 
wedge mounted at an angle of about 45 deg., which 
projects the beam of light from the illuminating 
apparatus into the eye of the patient, who sits 
facing the observer. The illuminating apparatus 
comprises a Nernst lamp, a slit, and an aplanatic 
lens, which projects an image of the slit into the 
eye of the patient. The observing telescope is 
fitted with an ophthalmic lens next the glass 
wedge, and this combined with the system of the 
patient’s eye enables the fundus of the eye to be 
examined. Provision is made for either mono- 
cular or binocular examination, but the latter 
is only — with a widened pupil. The 
cataract lenses of Gullstrand, whose name was 
often mentioned in the discussions of the Conven- 
tion, were also on view. Messrs. Zeiss also lent 
one of their beautiful epidiascopes—a lantern for 
projecting opaque objects by reflected light, or 
translucent objects by transmitted light—for de- 
monstrations. The gas-and-water interferometer 
was briefly mentioned by us in connection with the 
last Soirée of the Royal Society. Analyses are 
based upon the examination of the refractive 
indices of a given gas (or liquid) and a standard 
gas (liquid). Mine gases are analysed in this way ; 
the percentage of salt in water can be read to 0.003 
per cent., and drinking and waste waters may be 
controlled. 

There were a great many historically interesting 
things to be seen in the Loan Collection. Mr. 
Thomas H. Court exhibited old microscopes of 
Culpeper and others. Professor 8. P. Thompson 
showed some relics lent by the Royal Society : an 
original Nicol prism ; six gratings made by Fraun- 
hofer, apparently glasses more than 1 in. square, 
covered with gold-foil, and ruled ; also Fraunhofer's 
brass plates, with rows of fine perforations, c., and 
he demonstrated some of Newton’s original experi- 
ments in the Isaac Newton Room with apparatus 
constructed in accordance with Newton’s ‘*Opticks.” 
There was a valuable collection of old and modern 
books on optics, comprising some very rare speci- 
mens. Other apparatus, Listorical or more or 
less of their own, were exhibited by Mr. E. E. 
Fournier d’Albe (the optophone, a selenium cell 
and telephone, with the aid of which blind people 
can locate lamps, windows, shadows, and can trace 
the outlines of large distant objects); by Mr. J. 
W. Gordon, the honorary secretary of the Con- 
vention, to whom so much honour is due (various 
parts of sub-stage mechanism, a mercury globule 
collimator for microscopes, a ruling-machine with- 
out screw or wedge, working with the aid of a 
slipping-grip by repeating a measured step between 
stops at adjustable distances, which are themselves 
fed forward); by Major Frank L. Grant (an 
interesting little dumpy reflecting telescope made 
by James Watson in 1794), and others. 

Having thus dealt with the exhibition arranged 
in connection with the Optical Convention, we shall, 
in our next issue, report such part of the proceedings 
and discussion as is likely to interest our readers. 














| Weise Coan ror Brtcium.—It is understood that 
| orders for about 25,000 tons of Welsh smal! steam-coal 
| have been placed with South Wales exporters by the 
| administration of the Belgian State railways. 
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PETROL-MOTOR VEHICLES FOR AGRICULTURAL PURPOSES. 


Fig4. 








Fie. 4. 36-Horse-Power Tractor ror PLouGHING, 












| 
| 


=. 
ihe 


ai 














IK------88 6-H 





i 


UW 




































ta. 





---900 "4m Dicac->4 = | Dia------- 
ee Wheel Base 13' 0° a 














hardened steel, and are completely en- 


| lig igaaiadaantas r closed and protected from dirt the 

( j ) weather. The differential can aleo be 
l locked by the driver without leaving his 

seat. e radiator is of what may be 


a called the surface-condenser type, the 
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tubes, through which air is drawn by 
means of a fan driven by belting from 
the engine crank-shaft. The weight of 
the forward part of the tractor is trans- 
mitted to the front axle through a ~—_ 
multiple plate-spring. The ends of this 
spring are to grip the axle on 
both sides, the axle being square in 
section, and through this spring the 
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4 steering motion is transmitted. This 
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——,. 1} —_—_— steering is effected by means of a worm- 
rarer’ ‘ gear. The trailing end of the tractor ia 
' also spring-supported, there being two 


see H spiral spri arranged underneath it, 
en aed “ as indionted in Fig. 4 








Fics. 5 to 7. 3 To 4-Ton Lorry. The 3-4-ton lorry chassis, esented 


in Figs. 5 to 7, we hope to deal more 


6 'n. to 8 in. deep. In this way 3% acres can be | effected by a high-tension magneto. As with the larger | fully with on a future occasion. It is essentially the 
poughed per hour with a petrol consumption of | engine, the lubrication is of the forced-feed type, which | same as is fitted to the motor-buses built by Messrs. 


il pints. 
“© horse-power, is illustrated in Fig. 3, 0 ite, and 
‘'g. 4, above. This has been designed es 8 general- 


\ smaller tractor, fitted with an engine rated at | each important working part. The gene’ 


ensures a sufficient but not too lavish sup ly of oil to | Daimler, Limited, butis, of course, suited for any kind 
esign of the | of heavy commercial motor vehicle. It has a four- 
| frame is well shown in Fig. 4. It consists at the forward | cylinder sleeve - valve engine, the cylinders _— 
| end of steel channels, well braced together, whilst the | 110 mm. in diameter, with a 150-mm. stroke, and i 


p'rpose machine, and can haul ploughs, harvesting | back portion consists of deep side plates as indicated. | will develop 40 horse-power when running at 1000 revo- 
p-snts, and drive thrashing machinery. It is fitted with Below the frame, near its centre, is a winding drum. | lutions per minute. e ignition is of the Bosch high- 
ree travelling speeds and a reverse. The engine has The clutch is of the simple conical type and not | tension magneto type, and, as with the tractors already 


‘our cylinders, 120 mm. in diameter by 150 mm. stroke, likely to suffer in unskilled hands. 





ree 8 8 | described, the lubrication is positive, being supplied 


and has the firm’s sleeve valves. ough rated at| forward and one reverse are fitted, the whole being | by a multiple plunger pump. The magneto is driven 
under easy control from the driver’s seat, as in a | from one end of a shaft chain-geared to the eccentric 
regular motor-car. The gear-wheels are all of case- | shaft, the other end driving a centrifugal pump which 


6 horse-power, it can develop 50 horse-power when 
run at 1000 revolutions per minute. The ignition is 
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maintains the water circulation through the jacket. 
The connection between the driver and the follower is 
in all cases effected by a flexible leather coupling. 
Similar flexible leather couplings are used to replace 
the usual type of universal joint as titted at each end 
of the Cardan shafts, and are stated to work admirably. 
The gear-box has three forward gears, all chain-driven. 
The wheels for these are of a tough variety of steel, 
but are not hardened. The reverse-gear is of the 
spur-wheel type, and in this case the teeth are case- 
hardened. The changing of speeds is effected on the 
usual gate system, but a spring catch prevents the 
reverse-gear being thrown into action by the inadver- 
tence of the driver. All gears are interlocked, so that 
it is impossible to put two simultaneously into opera- 
tion. The final drive to the differential is of Lan- 
chester’s worm type. The radiator is of the water-tube 
type, the tubes being of copper, ,, in. in diameter, 
sweated into the headers at top and bottom. The 
weight of this radiator is transmitted to the frames 
through rubber blocks, on to which it is held down by 
long helical springs tightened up by nuts. 

An interesting attachment to the engine is a rota- 
tory oscillation damper. This consists of a fly-wheel 
mounted on the crank-shaft, but driven therefrom 
through a multiple-dise clutch. — sudden accelera- 
tions, positive or negative, cannot be followed instantly 
by this fly-wheel, which accordingly slips on its clutch, 
and in so doing damps out an incipient oscillation. 
The rim of this fly-wheel takes the fan belt. 

The engine is suspended from the frame by long 
bolts passing through pressed-steel cross-braces. These 
are humped up in the middle, so that the crank-casing 
lies below them, and the crank-shaft is on the same 
level as the main shaft of the gear-box. In all four 
bolts are used to suspend the engine. The two at the 
rear are widely spaced, but the forward pair are close 
together, thus giving an approximation to a three-point 
suspension. The side frames are flitched beams con- 
sisting of ash centres, flitched on each side with steel 
plates. This system, under heavy work on the London 
streets, is stated to have proved much more satisfac- 
tory than the more usual pressed-steel frame. 

The steering is of the Ackerman type, but so 
arranged that the centre lines, about which the wheels 
turn when the steering-gear is actuated, pass through 
the point at which the corresponding tread touches 
the ground. The wheel base is 13 ft., and the width 
of the wheel track is 5 ft. 8 in. 








INDUSTRIAL NOTES. 

THE deputation of business men that met the Prime 
Minister on Friday last, in order to lay before him 
their views on the prevalent labour unrest, cannot be 
said to have gained much satisfaction from the inter- 
view, for, on the whole, the Prime Minister’s replies 
were evasive. Whatever he thought about the ques- 
tions laid before him, he was evidently not going to 
commit himself in any way. The deputation was a 
very influential one, being appointed by the Associated 
Chambers of Commerce, and represented the principal 
trades of the country, and the most important indus- 
trial centres. As one would have expected, the points 
urged by the speakers included the necessity there is for 
some alteration to the Trades Disputes Act, either by 
the total abolition of the right of ‘‘ peaceful picketing,” 
or by its proper regulation. This matter is, indeed, 
of the highest importance, in view of the abominable 
ny and coercion that have been practised during 
the London dockers’ strike, and on many other occa- 
sions since the unjust Act became law. The import- 
ance of financial guarantees for the —— out of 
agreements was another point brought forward, 
and the suppression of strikes in large federated 
trades, like the transport trade, by the imprison- 
ment, if necessary, of the leaders. Nothing defi- 
nite resulted from the interview, the deputation 
being put off with vague promises and pleasant 
words, which probably mean very little. There was 
one point, however, un which the Prime Minister was 
clear, and that was, that he is of opinion that it is 
extremely undesirable that a Government, as a Govern- 
ment, should concern itself in industrial disputes. A 
curious statement, however, to come from the head of 
a Government that has probably interfered more in 
industrial affairs than any other, an interference 
which, to judge from results, it would have been 
better for the country at large if it had not taken 
place, or had been confined to maintaining law and 
order. To judge from his replies, the Prime Minister 
evidently does not believe in compulsory arbitra- 
tion, and it is perhaps true that the country is not 
yet ready for it. In its place, however, the Canadian 
method, which does not go so far, might ibly be 
adopted. It makes it penal for anyone to bring about 
@ breach of industrial without previous investi- 
gation. On this point the Prime Minister promised 
to have an investigation made at once. Another 
matter discussed was that of co-partnership and profit- 
sharing, to which many people look with great faith 
asa means of lessening future friction between masters 
and men; and in connection therewith the announce- 





ment that the Government intend publishing in 

September next a full account of the various existing 

systems of co-partnership and profit-sharing will no 
joubt give satisfaction. 





There is nothing particularly new to relate regarding 
the dockers’ strike. It is gradually dying out, in 
spite of the efforts of the agitators; but the aftermath 
is terribly realistic so far as the sufferings and priva- 
tions caused by it are concerned. There is great 
suffering in many districts round the docks. Many 
cases of intimidation and violence have been brought 
before the magistrates, and it is satisfactory to note 
that many of these have received due punishment. It 
is high time that some means should be found to bring 
home the responsibility for such strikes as the one we 
have recently witnessed, and there is little doubt that 
this will be done. 





Many people appear to have felt some anxiety as 
to whether the railway men at Poplar would stop 
work, threats to do so having been uttered by some 
men. There does not seem, however, to be any 
ground for anxiety, and Mr. J. H. Thomas, M.P., of 
the Amalgamated Society of Railway Servants, stated 
on Tuesday last that he attached no importance to 
these threats; they had been uttered by certain people 
on their own responsibility and had no backing from 
the men. 





The monthly report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders for June 
indicates a satisfactory increase in the membership 
during May last, the admissions amounting to 512, 
while those who ran out or died were 217—an increase 
of 295. The total membership now stands at 57,000. 
The expenses for May were 7435/. 14s. 10d., against 
72631. lls. in April, or an increase of 172/. 3s. 10d. 
during the former month. 





The Society of Amalgamated Toolmakers’ monthly 
report for June contains, as usual, a statement of the 
condition of the society for the previous month, and 
from it we gather that, at the end of May last, the 
membership amounted to 6613, against 5182 in 1911— 
an increase of 1431 in the twelve months. There were 
78 members unemployed at the end of May last, com- 

ared with 56 at the end of the same month last year. 

he reserve funds in the same two months respec- 
tively amounted to 28,000/. and 22,000/.—an increase 
of There is some interesting reading on social 
matters in the report. 


On Friday last the award of Lord Hunter, the inde- 
ndent chairman of the Scottish Coal Conciliation 
rd, on the miners’ application for an advance of 
wages, was issued. The demand was for an ad- 
vance of ls. a day on existing rates, and Lord Hunter 
granted an increase of 6d. a day to the miners. By this 
the average rate for the district is brought up to 6s. 6d. 
a day. This increase took effect from Wednesday 
last, and is quite distinct from the question of the 
individual minimum wage. The output of coal and 
the ruling prices are what it is based on. 





The proposed amalgamation of the Building Trade 
Unions was considered at a meeting held in London 
on Friday. The proposed amalgamation was con- 
sidered under the title of the Amalgamated Building 
Workers’ Union, and the object is to maintain ‘‘a 
fighting organisation, working to improve the con- 
ditions of the workers.” It was understood at the 
close of the meeting that the conference represented 
thirteen unions, and that they had approved of the 
scheme. It is expected that « ballot of the members 
will be taken not later that September 30. 


On Friday last the District Coal Board for South 
Wales and Monmouthshire eoncluded its sitting at 
Cardiff, and it was then intimated by the independent 
chairman, Lord St. Aldwyn, that his award would be 
ready in a fortnight, and he hoped it would give 
satisfaction and tend towards peace. 








At the end of last week trouble threatened at the 
South Pelaw Colliery, Newcastle-on-Tyne, regarding 
the working of the Miners’ Minimum Wage Act. On 
account of the ‘‘score price” having been reduced by 
the management, the putters came out on the Thurs- 
day night, and at a general meeting on the following 
day certain grievances from which the men said they 
suffered were discussed, the management being charged 
with forcing the Minimum Wage Act beyond its 
strictest meaning. After appointing a deputation to 
wait on the manager, it was agreed not to resume 
work till the concessions asked for had been granted. 

In the two great shipyards in Belfast about 25,000 
hands are eng ; ae according to the Morning 
Post, — are taking the keenest interest in the 
threatened dispute in the shipbuilding industry. The 


men in these works are, however, in rather a different 
position from those in other centres, as the employers 








are not associated with the Shipbuilders’ Federation, 
having severed their connection with that body after 
the M.S.E. strike in the ’nineties. It is, however, 
the opinion of some trade unions in the city that this 
fact will not necessarily prevent a strike spreading to 
Belfast, because the shipworkers there are keen sup- 
— of an eight-hour day. It would, however, only 

on the question of an eight-hour day that the workers 
would come out, as the principal trade unions have, 
during the past six months, entered into agreements 
with the employers whereby the wages at present in 
vogue would stand for five years. On the question of 
hours, however, it is thought to be certain that if the 
proposed ballot on the question of a national strike 
takes place, a very large majority will be in favour of 
it in Belfast. 





The strike of French seamen has caused consider- 
able trouble and inconvenience in the country, and at 
some ports work at the end of last week was at a 
standstill. It was announced last week that the 
Government had made proposals with regard to arbi- 
tration that had not been accepted. The beginning of 
this week saw little change in the aspect of the strike. 
A manifesto was issued by the Inscrits Maritimes 
announcing that it ie prepared to submit to arbitra- 
tion, the blame being thrown on the companies. It 
had been pramenlinass, Se the Government on Saturday 
that the Minister of Marine had prepared a plan for 
using the navy to maintain the mail services in the 
Mediterranean, and this came into force on Monday. 
The Syndicalist leaders have, however, endeavoured 
to persuade the dockers to boycott the ships on which 
bluejackets are employed. A ship left Marseilles for 
Corsica, however, with a bluejacket crew, and the 
Carthage, of the Compagnie Transatlantique, which 
sailed for Algiers on Tuesday, was manned by sailors 
from Toulon. 





Lisbon was under martial law at the end of last 
week and the beginning of this owing to the tram- 
way strike, and the oaliee were all specially armed, 
and the stations are guarded by police. In con- 
sequence of these precautionary measures the fear 
of a general strike is said to have diminished. On 
Monday last the railway employees decided against a 

eneral strike, and trains have been run as usual. The 

overnment appears to have succeeded simply by 
carrying out its first office—that of protecting life and 

roperty and ans men willing to work from 
Sete molested. Of course, this action has been 
construed by the Syndicalists into the Government 
favouring the companies; but this is natural, the 
Syndicalists wanting pares just their own way. 
Quietness is said now to prevail in the city, and the 
troops are being withdrawn. 


Mr. Samuel Gompers, Mr. John Mitchell, and Mr. 
Frank Morrison, respectively president, vice-president, 
and secretary of the American Federation of Labour, 
have been found guilty of contempt of court by the 
Supreme Court of the district of Columbia, for refusing 
to obey the injunction of the Court prohibiting them 
from black-listing the Bucks Stove and Range Com- 
pany. Mr. Gompers was sentenced to one year’s 
imprisonment, and Mr. Morrison to half that time. In 
the case of Mr. Mitchell sentence was reserved, as he 
was not present. An appeal will, it is said, be made 
to the Supreme Court of the United States, bail being 
allowed in the meantime. This is the second trial of 
these men for contempt of court. 








Speaking at the annual meeting of Messrs. John 
Brown and Co., Limited, at Sheffield, on Tuesday last, 
Lord Aberconway said that the year had been a very 
remarkable one, and they were lucky in coming 
out of it as well as they had done. There had been 
a great influx of gold into the world, which put up the 
price of all raw material, and there had also been 
a steady rise in wages, and there was an increase 
in the price of all their commodities. Legisla- 
tion also had financially affected the interests of the 
employers adversely. Taking everything into account, 
it was clear that a much greater turnover would be 
necessary in the future to produce the same profit on 
the same capital, and also there would be the necessity 
for continuous and steady work without dislocation 
due to strikes, both in the interests of capital and of 
the workmen. Owing to the strikes they had had to 
take work at prices that left no profit at all, and in 
order to complete ships they had, owing to delays 
caused by disturbances, rue | to pay extra money 
in overtime, which deprived them of any reasonable 
profit there might have been. The new Insurance Act 
would, he said, cost their company 25,000/ a. year. 





A women’s co-operative farm is under consideration. 
In fact, the scheme has advanced so far that a suit- 
able site of 223 acres near Heathfield, Sussex, has 
been selected in case the plan comes to a definite 
conclusion. The work on the farm will deal with 
live-stock, horses, cows, sheep, pigs. poultry, rabbits, 
bees, and dogs, in addition to which there will be 
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extensive fruit-growing and vegetable and flower 
culture, and the wing of —— crops, such 
as roots, corn, fodder, &c. The promoters consider 
that all such produce would find a ready market. 
Statisties show that 35,000/. is paid annually for 
what are commonly called Ostend rabbits (tame rab- 
bits), and Denmark sends annually 14,000,000/. worth 
of butter to this country, while 8,000,000/. is expended 
on imported pork. The sum spent annually for foreign 
eggs also amounts to a very large sum, running into 
millions. An object of the Women’s Co-Operative 
farm will be to give a complete and efficient training 
in all branches of work, including domestic economy, 
to those who desire to emigrate, as well as employ- 
ment of a congenial nature to numbers of girls 
of the educated claeses. There will be an e‘ght- 
roomed residence on the farm, as well as two neat 
cottages. 





The question of the employment of boy messengers 
came before the Liverpool Education Committee re- 
cently, and the subject of the dismissal of the boys 
from service after they had been several years em- 
ployed as messengers was discussed. Mention was 
made of two boys who were turned adrift, one at the 
age of twenty-one and the other at the age of nineteen, 
the former having been employed for five years 
the latter for three years ; they were only receiving a 
wage of 10s. a week each. They had gone into a com- 
pletely ‘‘blind alley.” The boys had had three 
months’ notice given them, in the hope that they 
would in that time be able to find employment. It is, 
of course, very difficult to know what to do under 
such circumstances, but there is no doubt that it would 
be a great blessing te the country if something could 


be done to save boys from being eventually stranded | 8T° 


as industrial derelicts. In the case mentioned some 
place may be found for the boys by the Corporation, 


but there are hundreds of cases where the boys, after | P 


their services are no longer required as messengers, go 
to fill the ranks of the unemployed. They are much 
to be pitied, because in many of them is first-rate 
material out of which to make contented and useful 
citizens. 





THE NEW WORKS OF MARCONT’S WIRE- 
LESS TELEGRAPH COMPANY, LIMITED. 
In view of the International Radiotelegraphic Con- 

ference now sitting in London, Marconi’s Wireless 
Telegraph or Limited, arranged for a visit of 
the delegates and others to their new works at 
Chelmsford on the afternoon of the 22nd inst. The 
company also gave a dinner at the Savoy Hotel in the 
evening of the same day. The two events were a 
distinguished success, some three to four hundred 
guests taking part in both festivities. It is unnecessary 
for us to refer at any length to the dinner, as the 
speeches which were made at it were all of a com- 
plimentary nature only, and contained no technical or 
other references to radiotelegraphic work which we 
need record. We propose, however, to give a brief 
account of the new works. 

It was in 1898 that the Marconi Company first 
established a factory in Chelmsford. This factory 
was from time to time extended in order to cope with 
the increasing business, but finally proved incapable 
of keeping up with the orders, so that in the early 
part of this year, when the factory had been working 
night and day for many months, it was decided to 
erect entirely new works. Ten acres of freehold 
land were accordingly purchased, and erection was 
pressed forward so rapidly that the place was in 
working order seventeen weeks later. The ground 
was pegged out on February 10 and the bricklayin 
began on February 26. The buildings, floors, an 
piping were practically completed early in May. In 
all 24 million bricks were laid and 400 tons of steel- 
work were erected. 

‘he site of the factory lies alongside the Great 
Eastern Railway Company’s main line to Colchester, 
and is separated from their goods yard by New-street. 
A connection has, however, been taken across the 
street and a double siding laid along one side of the 
works for the entire length. The office building, 
ich is of brick, with stone facing, occupies a ition 
acing New-street, while the main works building lies 
chind and alongside the siding above mentioned. 
The main works building is 466 ft. long by 150 ft. 
“ide, and is of brick, with a saw-tooth roof. It is 
‘vided into a machine-shop, condenser and winding- 

\-», mounting-shop, carpenters’ shop, stores, test and 
packing-rooms. The packing-rooms and the test-room 

heavy apparatus are situated alongside the siding, 

‘| alongside each other, so that completed apparatus 
be shipped without again passing through the 

hops. The factory is heated by low-pressure hot- 

water radiators, and has some sixty-five wooden 

shafts in the roof, giving a natural ventilation. A 

vater-tower, carrying an 8000-gallon tank, has been 

built over the packing department for ordinary ser- 
vice and for supplying the Grinnell sprinklers, which 
are fitted throughout the factory. It is filled from 
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‘|ness has now reached. 


a 400-ft. borehole, which has been driven on the works. 
A supply of electric power for the driving of the 
machines is obtained from a works power-station which 
has been built on the opposite side of the siding from 
the shops. ‘The station is fitted with De Laval tur- 
bines, and has a cooling pond of 10,000 sq. ft. area. 
It was evident during the visit on the 22nd inst. 
that the works were but recently finished, and were 
not actually in full operation ; but, in view of the fact 
that a start was made only in February last, the state 
of completion was very striking. "The architects, 
Messrs. Dunn and Watson, and the builders, Messrs. 
Cubitt and Co., Limited, are certainly deserving of 
much praise for the speed with which the work has 
been carried through. The size of the works is quite 
impressive, and suggests in a very definite way the 
commercial basis which the wireless-telegraphy busi- 
During the visit various pro- 
ducts of the company were set out for inspection. 
These included military wireless sets of the knapsack, 
cavalry, and limber patterns. There was also a mili- 
tary set on view, fitted to a motor-car. The masts 
for these portable sets are in general made up of 
wooden sections fitted ther with socket joints, 
but the knapsack eet, which was on view, had a mast 
of duralumin. The knapsack sets havea range of from 


and | 5 to 10 miles, and the cavalry sets one of from 40 to 


50 miles. Various ship wireless sets were also shown. 
There was one of 4-kw. capacity, intended for small 
cargo-boats ; others of 14 kw. and 3 kw. for larger 
vessels, a 5-kw. battleship set, and a large 15-kw. 
set intended for the largest size of passenger ship. 
During the afternoon communication was maintained 
with Poldhu from this latter set by means of a 200-ft. 
steel mast, which had been erected in the works 
unds. This mast was a temporary one only, as it 
is intended to build two 450-ft. masts at the worke. 
These will be 3 ft. in diameter, and built up of 4-in. 
ressed-steel plates. They will have each five sets of 
insulated stays connected to four steel anchors. The 
anchors will be set in 100-ton concrete blocks set at a 
radius of 220 ft., and the central foundation block 
will be of 120 tons. 








MACHINE FOR TESTING LUBRICANTS. 

Every engineer knows that the reduction of friction 
to a minimum is one of the most important factors in 
the economical running of all kinds of machinery, yet 
the matter does not by any means receive the careful 
attention that it deserves. By this we mean that 
sufficient care is not always exercised in the selection 
of the best form of lubricant for different purposes, 
although a very great deal lies in this proper selection. 
To this it may said that it is not always an easy 
matter to decide what is the most suitable lubricant 
to use, and there is no doubt a good deal of truth in 
this statement. But it has not now the same force 
that it had some years ago, in that there are at the 
present time available — accurate methods by which 
the properties of all kinds of lubricants can be ascer- 
tained. These methods are well worth attention, for 
it is only by them that the full advantage arising from 
modern improvements in the machinery equipment of 
any installation can be derived. In order to minimise 
the cost of power production and, at the same time, 
lessen the wear and tear of frictional parts of machi- 
nery, it is necessary to make use of the most suitable 
lubricating material, and in order to do this the user 
must know with certainty the economical value of a 
lubricant before actually putting it into use. 

The data available hitherto have been obtained 
chiefly from chemical and physical analyses, but 
these alone are not sufficient and are frequently 
misleading. It is not enough to know, for instance, 
the percentage of acidity and pitchy ingredients in 
an oil, its specific gravity, flash-point and viscosity, 
&c., though these particulars are of value in their 
way; they do not, however, afford a reliable basis on 
which to judge of the suitability of the oil or grease 
for any given purpose. Of far greater importance are 
practical tests under actual working conditions, but 
such tests involve considerable risk and great and 
unnecessary expenditure of time and trouble. 

Certainly, many plants are not using the materials 
best adapted to their requirements, and quite different 
qualities would, in many cases, be substituted if those 
in charge of the plants were fully informed as to the 
value of the lubricants relatively to the eporerr! on 
which they are used, and if there were available a 
ready means of determining the minimum of friction 
which should exist in the bearings when using the 
most suitable quality of lubricant. From this it 
follows that there may easily be a large and, at the 
same time, indeterminate waste of power and an 
undue degree of wear and tear of the frictional 
surfaces. Unfortunately there are, in most cases, no 
visible. or audible signs to indicate that the oil or 

rease in use is not of the right quality to give the 
highest percentage of efficiency possible. It is here 
that the resources of the engineer frequently fail, 





for even if the oil be — as the cause of 
trouble, it is generally too lengthy and too risky a 


business to undertake the experiments necessary in 
order to set the matter beyond doubt and select 
another and more suitable lubricant. Thus the use 
of the oil, the efficiency of which is doubtful, con- 
tinues, because of the lack of means for proper testing, 
and the plant continues to run under yi oe aah us 
conditions. In some cases, also, the use of an inferior 
or unsuitable oil may be continued, because it is of a 
well-known brand and high priced, although its eco- 
nomical value may be less or, at any rate, no more 
than that of a considerably cheaper lubricant. 

Recognising the importance of bela able to deter- 
mine the practical value of a lubricant without being 
under the necessity of undertaking long and hazardous 
experiments in actual use, attem i: tavo for many 
years been made to construct oil-testing machines, 
which have hitherto been mainly on the principle of 
a horizontal or vertical spindle with a surrounding 
bearing. These machines have all had one common 
yrarenler gp however, that the concave and curved 
shapes of the bearing and spindle do not respectively 
admit of a sufficiently exact adjustment to each other. 
Under the first tests damage may occur to the fric- 
tional surfaces, which surfaces cannot be renewed 
exactly as they were before, and it is then impossible 
to establish with these machines a constant standard 
of the lubricating value of the oils under test. 
Moreover, these machines cannot satisfactorily test 
cylinder oils, and yet the determination of the lubri- 
cating value of such oils before actual use, whether for 
wet or dry steam, is very important ; and particularly 
so in connection with internal-combustion engines. 

In order to overcome these objections a machine has 
been invented which is now being placed on the market 
by the Stern Sonneborn Oil Company, Limited, Royal 
London House, Finsbury-square, London, E.C., aleo 
of Glasgow, Paris, &c., and which we illustrate on the 
next page. It is known as the Sternol patent oil-testing 
machine, and has been constructed to meet the needs 
of the most widely varying plants, and to produce the 
conditions obtained in actual practice. It determines, 
and automatically records, the properties which govern 
the values of different lubricants when in actual use, 
and it is claimed that it is the first machine really 
available for the purpose, and that it has made clear 
many hitherto obscure points about lubricating media. 
The speed of the machine can be varied to produce 
the equivalent of from 50 to 3000 revolutions per 
minute—that is, a speed of the frictional surfaces of 
about 5 in. to 25 ft. per second. The pressure can be 
varied from 1 lb. to 750 lb. per sq. in., and the tem- 
perature can be raised from that of the frictional 
surfaces when at rest to about 450 deg. Cent. This 
is more than equivalent to the heat of dry steam 
produced under the highest pressures. 

A special feature of the apparatus is that, by using 
it with a high-pressure steam-boiler or superheater, 
cylinder oil can be tested under actual working condi- 
tions. Byexposing the oil tothe influence of superheated 
or saturated steam for any period, it determines to what 
extent, if any, disintegration of the oils and formation 
of sediment takes place. After testing, the cylinder 
oil is, by means of steam or hot air, blown on to a slip 
of paper, on which is clearly seen the condition of the 
oil, and the changes it has undergone through the 
treatment to which it has been subjected. After this 
the oil is again tested in the machine itself, in order 
to determine what change has taken place in ite 
lubricating value, through the influence of heat. On 
the same slip of paper the machine indicates auto- 
matically the degree of friction and the temperature 
of the frictional surfaces, and ascertains the absolute, 
as well as the relative, values of the lubricants. In 
this way a standard is established which enables the 
values of the frictional curves to be exactly expressed 
in figures. The temperature of the frictional surfaces 
is sometimes obtained by means of a thermometer and 
sometimes by a thermograph, which latter automati- 
cally registers the degree of heat on the same slip of 
paper on which is shown the degree of friction. The 
number of revolutions is indicated on a tachometer. 

A general view of the apparatus in perspective is 
shown in Fig. 1, page 872, while the details may be seen 
in Figs. 2 to 19, on pages 872 and 873. The attach- 
ment for testing cylinder oils under dry heat and wet 
and dry steam is shown in Fig. 2. This part consists of a 
vessel A with a cover B, the vessel A containing another 
vessel C, which is in communication at the bottom with 
the pipe D, as shown, through which steam is admitted 
when the oil has to be tested in this way. Inside the 
vessel C are two cylindrical parts E and F, which 
are formed with spiral ribs on the outside, E being 
made to fit closely within the vessel C, and F within 
E. The vessel C stands upon an asbestos pad G, 
and has on it a cover H, which is screwed on. The 
vessel C is shown in part section with its gover 
in Fig. 3. The oil under test is fed into the 
steam, and enters with it at D, and flows into the 
outer spiral chamber at I, passes up the spiral and 
through the opening J into the spiral F, which it 
descends, going out at the bottom by the opening K 
to the central -hole L, whence it esca into the 





chamber A through the opening M, and out of the 
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chamber A into the pipe N. According to the nature 
of the mixture of steam and oil, any constituent from 
the latter tending to deposit settles on the surface of 
the spirals, and the amount and nature of such 
deposit may be ascertained by removing the covers B 
and H, and withdrawing the spirals, while, at the 
same time, the length over which such deposits extend 
may be readily seen, and, if desired, the deposits may 
be removed and subjected to further tests. The 
temperature of the steam is indicated by the thermo- 
meter O, and any desired temperature may be —_ up 
by means of the burner P. After passing through the 
vessel A, the steam and oil can be blown through the 
tube N on to a slip of paper Q, on which is shown 
the condition of the oil after treatment. 

The part of the machine in which the frictional 
tests are carried out is shown in Fig. 4, which is a 
part-sectional elevation. The two parts R and T form 
the two friction members. They have annular sur- 
faces, between which lubricating oil or fat is fed in any 
suitable manner, such as by raising the upper member R 
and supplying oil between the surfaces, or by pro- 
viding an oil pan on R from which oil may be fed to 
the surface through a small hole. The lower friction- 
member T is mounted on a vertical spindle driven by 
the bevel-wheels W and V from the pulley, as 
shown, the source of power in this case being a small 
motor which may be seen in Fig. 1, but any con- 
venient form of drive may be adopted. Means 
are also provided whereby the spindle U can be 
made to rotate a short distance one way or the 
other by means of the mechanism, shown in Fig. 6 
and in the background in Fig. 1, which is driven by 
the rope-pulley Z. From this pulley reciprocating 
motion is given to the crosshead a, which motion is 
transmitted to the end of a lever keyed on the spindle 
U, Fig. 4, but not shown in that figure. The friction 
members R and T are surrounded by a casing b, in 
which there are the steam inlet and outlet connec- 
tions c and d. The upper friction member is carried 
on a vertical rod ¢ which passes through a gland on the 
casing. This rod has an enlarged parton it at/, form- 
ing a piston, and a small pipe connects the steam 
— in the casing ) with a small annular s g 
above the piston, as shown in Fig. 4. This is done in 
order that the pressure on both sides of the piston 
may be equal. The rod ¢ is loaded by means of the 
lever h held down at one end by the spring balance, 
by means of which a varying load can be put upon 
the friction members. A jacketj surrounds the casing 
b, and means are provided for cooling the lower friction 
member T with water, if desired, for which purpose a 
pipe k leads to the interior of the casing 6, and there is 
an overflow pipe which is not shown in our illustra- 
tion. 

The pipe k may, if desired, be used as a run-off pipe 
for condensed steam. When required, the casing } 
can be heated by means of the Bunsen burner/. The 
instrument is also fitted with a recording apparatus, 
which is shown in Fig. 5, on which there is a spiral 
spring thermostat m, the thermometer-tube n leading 
therefrom through the rod e to the friction members. 
The rod ¢ is connected by means of a lever p with the 
pencil r, which works over the recording arrange- 
ment s, Figs. 4and 5. In connection with the lever p 
is a spring ¢, whichis put in tension by the movement 
of the lever. On the lever p there is also a pawl u, 
which engages with a toothed rack », and prevents 
a return movement of the lever p until released by 
the disengagement of the pawl. The thermometer 
is connected with a pencil x carried on the lever w, 
which works over a recording device y. The strips 
on which the records are so marked are moved simul- 
taneously and uniformly by mechanism, as shown ; 
and, if desired, the records can be taken on one broad 
strip. The strip is fed from the roller z, and passes over 
the guide-rollers a! and b' and the winding up roller c’, 
which is driven by worm-gearingas shown. When the 
spindle U has a to-and-fvo motion given to it, the spindle 
d@' (Figs. 4 and 7) is shifted sideways so that the worm- 
wheel e' is out of en ment with the worm on the 
spindle U (see Fig. 4), while the worm-wheel /? comes 
into engagement with the worm g' on the driving 
spindle of the rope-pulley Z, Fig. 6, for which pu 
the spindle d' is adjustably mounted in bearings. e 
operation of the mechanism is as follows :—When the 
spindle X is put in gear with the spindle U, the testing 
of the lubricating oil between the friction members R 
and T can take place under :he continuous rotation of 
the member T. Owing to friction, the member R is 
caused to rotate with the member T, and through the 
mute acting against the spring ¢ (Fig. 5) the recording- 
pencil r describes a curve on the recording strip. The 
friction member R will, of course, be rotated more or 
leas with the member T according to the nature of the 
lubricating oil or fat being tested. If the spindle d' is 
moved as before described. and the rope-pulley Z be put 


in gear with the spindle U, an oscillatory movement is 
given to the friction member T, through the mechanism 
shown in Fig. 6, and the properties of the oil under 
test can be ascertained under this motion, the member 
R being rotated, more or less, according to the fric- 
tion, the return movement of R being prevented by | 





MACHINE FOR TESTING LUBRICANTS. 
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the pawl u being allowed to engage with the rack v. | the free flow of oil to the point at which.it is tested. 


By this means the lubricant can, if desired, be tested 
both for rotary motion and for oscillatory motion, 
and the pressure can be varied by means of the 
spring balance. In addition to this, steam pressure 
can be applied during the test, the steam being enclosed 
in the casing > or passed through the same. Testa may 
also be carried out while the lower member T is cooled 
by water admitted by the tube k, the water running off 
by the tube c. This method is adopted if tests are 
made at a constant temperature 

The frictional surfaces of R and T are made in 
different ways, as shown in Figs. 8 to19. The first 
three of these show an arrangement similar to that of 
ring-lubrication bearings, the lower plate having two 
rings—one on the outer and one on the inner side. By 
this means a vessel for the reception of a compara- 
tively large quantity of oil is formed ground te 
frictional surfaces. The upper dise has on it a number 
of incisions with rounded edges, so as to facilitate 








Figs. 11, 12, and 13 show the surface arrangement of 
other discs, by means of which, and by a drop-feed 
lubricator, it may be ascertained how many drops 
of oil are required for proper lubrication under the 
conditions of the test, the frictional surfaces being kept 
in @ normal condition as regards both friction and 
temperature. Figs. 14, 15, and 16 show the arrange- 
ment for tests of solid lubricants. . Figs. 17, 18, and 
19 show the arrangement for testing cylinder oils. 
In this case the lower plate is farnished with incisions, 
which serve to remove superfluous oil, thus ensuring 
that only just sufficient oil is used for the purpose of 
the test. 

Some “‘ value curves ” for machinery-oil and cylinder- 
oils are shown in Figs. 20 to 32. In these Fig. 20 
is the curve.of a machinery oil well adapted for slow- 
running heavily-loaded bearings. Fig. 21 is well suited 
for machine and shaft bearings. As may be seen from 
the curves, the oil represented by Fig. 20 requires mu:¢ 
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Frictional Values 


MACHINE FOR TESTING THE QUALITY OF LUBRICANTS—SOLID AND LIQUID. 
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power than that represented by Fig. 21 to enable it to | with oil, Fig. 20, are as 42 to 88 and 20 to 88 respec- 
overcome the friction at 70 deg. Fahr. (20 deg. Cent.), | tively at 70 deg. Fahr. (20 deg. Cent. ). 

the proportion being 88 to 60. The oil represented by| Fig. 24 shows the comparative values of the four 
Fig. 22 is well adapted for lightly-loaded bearings, | oils just mentioned, Figs. 20 to 23. The oils were 
and Fig. 23 shows an oil well suited for high-speed | examined at temperatures of 16 deg. Cent., 20 deg. 
bearings. The proportion. of power required by oils, |Cent., 30 deg. Cent., 40 deg. Cent., 50 deg. Cent., 
Figs. 22 and 23, to overcome the friction, as compared 60deg. Cent., 70deg. Cent., 80deg. Cent., 90 deg. Cent., 








CBHSLSS = SE 





and 100 deg. Cent. , under the same conditions and modes 
of operation at each temperature, and the different 
values obtained have been marked in the tive 
divisions of the chart, and lines drawn through these 
give the curves. The horizontal figures on the chart 
indicate the different temperatures of the tests in 
degrees Centigrade, and the vertical figures 0 to 100 the 
proportional amount of friction—that is, the power 
required to work the frictional parts of the machine 
with the respective oils. Further, the divisions 0 to 100 
indicate the comparative amount of pressure which the 
different oils can withstand at the respective tempera- 
tures. If any points be taken in the same vertical in the 
curves of the different oils, they may be —— with 
similar points in the curves Figs. 20 to 23. © curves 
show that the values of the oils change proportionally to 
the temperature of the frictional surfaces. From these 
combined results can be established frictional standards 
for each of the four oils at all temperatures. The 
curves also indicate the proportionate thickness of 
the layer of each oil required at a given temperature, 
and, further, the comparative values of the oils in 
relation to their capacity for withstanding different 





874 


ENGINEERING. 


[JUNE 28, 1912. 





degrees of heat. Similar tests can be made with 
solid lubricants by substituting special discs in place 
of the ones used in testing machinery oils. 

Figs. 25 to 28 are the curves for four different grades 
of cylinder oils, which were subject to a constant tem- 
perature of 482 deg. Fahr. (250 deg. Cent.). The first 
curve shows a good lubricating property for 30 minutes. 
After 38 minutes the oil was consumed and the friction 
surfaces weredry. The second oil (Fig. 26) was a better 
lubricant than the first, as it lasted for 45 minutes, and 
was consumed after 57 minutes. The third oil (Fig. 27) 

ave the best results, as its lubricating properties 
asted 62 minutes, and it was consumed in 75 minutes, 
while the last oil (Fig. 28) lubricated for 35 minutes in 
a good way, after which it thickened slowly and the 
surfaces were dry after 75 minutes. Of these cylinder 
oils the third one was the best, having great durability 
and leaving no residue, while the last one left a con- 
siderable quantity. Fig. 29 shows the comparative 
values of three of these oils at 250 deg. Cent. The 
diagrams show that heat has a considerable influence on 
viscosity. The tests of a cylinder oil were taken at 
260 deg. Cent., 250 deg. Cent., 200 deg. Cent., and it 
will be seen from Figs. 30, 31, and 32 that the effect 
of temperature is considerable. 

It is not possible here to give further examples, but 
we think we have shown enough to illustrate what the 
machine is capable of as a means of testing the qualit 
of oils. It is also valuable for matchin a oils 
and all machinery oils and greases. e understand 
that it is open to inspection at the offices of the Stern 
Sonneborn Oil Company, where practical demonstra- 
tions of the apparatus will be given. 





ConTracts.—Messrs. Boulton and Paul, Limited, Nor- 
wich, have at mongers contracts for over seventy-t! 
buildings, including steel-framed buildings and bungalows 
reinforced with steel framing, and made fire-proof as well as 
insect-proof, for Central America and Lower Egypt.—We 
understand that the Yorkshire Boiler ogo simited, 
Holdsworth and Sons, Limited, Croft iler Works, 
Bradford, have recently received orders for three 24 ft. 
by 9 ft. boilers for South Wales, one 24 ft. by 7 ft. 6 in. 
boiler for Bristol, one 20 ft. by 7 ft. 6 in. and one 
20 ft. by 8 ft. for Manchester, one 24 ft. by 7 ft. for 
Skipton, one 15 ft. by 5 ft. for Bradford, and two 
18 ft. by 6ft. 6 in. for the Wakefield Prisons, the last two 
representing a second order for the Government during 
the year. In addition, various orders for vertical boilers 
have been received during June. Some chimneys and 
vats have also been made. 


Fire Tests with Guiass.—Under this title No. 166 
**Red Book” of the British Fire-Prevention Committee 
has recently been published. It contains a report of 
two tests of ‘‘copperlite ” glazing, which was supplied by 
Messrs. Hayward Brothers and Eckstein, Limited, of 
London. The object of the first test was to record the effect 
of fire of 60 minutes duration, the temperature to reach 
1500 deg. Fahr., but not to exceed 1650 deg. Fahr., 
followed by the application of water for two minutes on 
the fireside, with the view of being classed as affording 
temporary protection (Class B). Inthe second test the 
object was to record the effect of a fire of 90 minutes 
duration, the temperature to reach 1500 deg. Fahr., but 
not to exceed 1800 deg. Cent., followed by the application 
of water for two minutes on the fireside, with the view of 
being classed as affording partial protection (Class A). 
In the first case, neither fire nor water throug 
the glazing, and the classification required was obtained. 
The result was very much the same also in the second 
case, and the classification desired was granted. 








Tue British Fire-PREvENTION CoMMITTER’s TESTS. -- 
= that the summer season of the a tg oy ey be 
un, an interesting programme of fire tests n 
arranged, to take place at the Regent’s Park testin 
station. These include the following :—Two tests wi 
‘** Chadrac” fire-resisting electro-glazing, submitted by 
Messrs. Chater and Sons, Limited, of London; a test 
with ‘‘ Luxfer” fire-resisting electro-glazing, submitted 
by the British Luxfer Prism Syndicate, Limited London ; 
a test with a large reinforced-concrete floor, submitted by 
the United States Steel Products Company, on behalf of 
the American makers of ‘‘ triangle mesh reinforcement ;” a 
test with a pair of experimental reinforced-concrete doors, 
submitted the chairman of the Belgian Technical 
Committee be fire prevention; a test with asbestos- 
cement corrugated roofing materials (made in Canada), 
submitted by the Asbestos Manufacturers Company, 
Limited, don ; a series of tests with impregnated 
textiles, wearing apparel, nd similar materials, sub- 
mitted by Messrs. Snowden and Co., Limited, London ; 
a non-inflammable celluloid known as ‘‘Cellit,” sub- 
mitted by the Bayer Company, Limited, London ; and a 
test with a fire-extinguisher (made in England), submitted 
by the Abbé Daney Fire - Extinguisher Company, 
Limited, London. In addition to activity in this direction 
the Fire-Prevention Committee have either issued, or 
arranged to issue during June, reports on the following 
vests, conducted during the first session of the year :— 
A test with the Abbé Daney fire-extinguisher (made in 
France) ; a test with two metal doors of the Dahlstrom 
Metallic Door Company, Jamestown, New York, sub- 
mitted by Messrs. meo ; a partition of the Dahlstrom 
Metallic Door Company, of Jamestown, New York, sub- 
mitted by Messrs. neo ; and two tests with ‘* copper- 
lite” fire-resisting glazing, submitted by Messrs. Hay- 


. ward Brothers and Eckstein, Limited. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 19. 

SouTHERN railroads have been ordering large quan- 
boar y of steel “po locomotives and freight song as 
well as baggage and passenger coaches. Amon e 
orders are one for 26,200 con which are to be ake 
in a Tennessee mill, another order for a Northern 
road, 18,000 tons for the M. K. and T., and 15,000 
tons for the Missouri Pacific. The Harriman lines 
have ordered an additional 6000 tons, the Southern 
has ordered ten passenger and thirty freight loco- 
motives. A full enumeration of all the orders this 
week would be interesting. Structural steel is under 
active inquiry, though recent orders are moderate. 
The Chesapeake and Ohio have closed their order for 
7000 tons for a pier at Newport News. Large orders 
have been p for pig iron, the Pennsylvania closing 
for 8500 tons of charcoal and coke iron for its 
Altoona shops. New Jersey buyers are figuring upon 
35,000 tons of basic. 

The general tone of the market continues to im- 
prove, especially in car work, of which 1000 are to be 
made for the Illinois Central Railroad. Car-builders 
are assured of a heavy run of business during the 
summer months, Prenens’ ar to the number of inquiries 
now coming in. The general drift is towards heavier 
orders to meet the requirements made necessary by 
the immense crops in nearly all lines. There is a 
tendency to weakness in some lines of the industry 
outside of steel. The country at is putting its 
railway system into a high state of efficiency. hile 
there is not very much new railroad building projected, 
there are safe indications pointing to extensive addi- 
tions for transportation facilities within a year. Rail- 
road construction in Canada eclipses all records. In 


hree | three leading States of the Dominion the wheat crop 


romises to be 200,000,000 bushels, and the Grand 
runk has made arrangements for a terminal at 
Boston, Mass. 





THe Horsratt Destructor Company, Limitep.—We 
are informed that owing to the very heavy litigation in 
connection with thrashing-machines sent to the south of 
Europe to the order of an English firm, which resulted 
unfavourably to the above company, the latter found itself 
unable to meet its obligations, and a few weeks ago Mr 
A. W. be ge was appointed receiver and manager on 
behalf of the debenture-holders. We are authorised to 
state that Mr. Wyon is carrying on the business at the 
Atlas Works, Pershore, and that he is making arrange- 
ments for the carrying out of any destructor contracts 
entrusted to the company, with the assistance of a well- 
known and very strong firm of contractors. The services 
of the skilled staff of the company are available, and it is 
— at no distant date to re-establish the concern on a 
substantial basis. 





Tue Roya Society or Arts.—The annual meeting 
of the Royal Society of Arts was held on Wednesday, the 
26th inst., at the conclusion of the 158th session, Lord 
Sanderson, chairman of the Council of the Society, being 
in the chair. The principal business was the reception of 
the annual report, which recorded the work of the Society 
during the year. The repors referred to the — 
which had m read at the ordinary meetings and in 
the Indian and Colonial Sections, as well as to the 
lectures which been given under the Cantor and 
Howard Trusts. It also recorded the award of the Albert 
Medal of the Society to Lord Strathcona for his public 
services, and summarised the results of the various exami- 
nations now held by the Society, the total number of 
candidates entering for these this year being 36,341. At 
the conclusion of the meeting the ballot for the election of 
the new Council was declared. H.R.H. the Duke of 
Connaught was re-elected President, and there were 
certain alterations in the list of vice-presidents and 
ordinary members of Council. 





Tue INSTITUTION OF AUTOMOBILE ENGINEERS: Paris 
Visit.—As previously announced, a special meeting of 
this Institution was held in Paris during last week, when 
a series of visits to the leading motor works in the neigh- 
bourhood were carried put. Among the works visited 
were those of Messrs. Darracg, ere the feature of 
interest was the new rotary valve engine, which is now 
being exclusively used on the 30-horse-power cars. At 
Messrs. Mors’ works, a special feature noted was the 
system of cost-keeping in use, whilst at the Gobron 

rillie works demonstrations were given of the flexibility 
of running obtained with the automatic carburettor now 
fitted to their engines. Specially noticeable at the De Dion 
Bouton and Panhard works was the attention given to 
the testing of all materials used, whilst at the latter 
works great interest was taken in the attention given to 
the training of apprentices, who are instructed in a 
separate department, in accordance with the French law. 
Interesting tests on car-springs were given at Messrs. 
Lemoine, and the assembling of ball-bearings was also 
witnessed whilst under expansion by heat treat- 
ment. Aeroplane construction was demonstrated at the 
Deperdusin works, where some thirty machines were in 
hand, whilst the works of the Gnome Company, which 
were also visited, were of interest in this connection. 
These latter works, it was gratifying to note, had been 
fully equipped with machines by Messrs. Herbert. Some 
65 members attended the meeting, and the success is 
evidenced by the determination expressed to arrange a 

imilar visit next year. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The upward movement in 
Cleveland warrants which commenced last week mad» 
further progress last Thursday morning, when dealing. 
took | op at 54s. 10d. four days, 54s. 9d. five days, 
54s. 10d. and 64s. 1 eight days, 55s. and 55s. 1d. ons 
month, and 55s. 6d. three months. The business amount«: 
to 11,000 tons, and the closing quotations were 54s. 10c. 
cash, 55s. 14d. one month, and 553. 7d. three mont; 
sellers. Hematite was firmer, with buyers at 71s. cash, 
71s. 44d. one month, and 72s. three months, and sellers a: 
71s. 6d., 71s. 10d., and 72s. 6d. respectively. The tone 
was again strong in the afternoon, when 2500 tons 
of Cleveland warrants changed hands at 55s. cash, 
55s. 34d. one month, and 55s. 9d. three months. Closing 
sellers quoted 55s. cash, 55s. 3d. one month, and 55s. 94<. 
three months. On Friday semaine great activity pre- 
vailed, and the prices of Cleveland warrants bounded 
upwards and closed firm at 56s. 34d. cash, 56s. 7d. one 
month, and 57s. 1d. three months sellers. The turnover 
was about 20,000 tons at 56s. cash, 55s. 94d. fourteen 
days, from 55s. 8d. to 56s. 5d. twenty-five days, 56s. 5d. 
eighteen a from 56s. to 56s. 44d. one month, and from 
56s. 14d. to 57s. three months. Hematite was strong, and 
one lot changed hands at 71s. 9d. cash. In the afternoon 
Cleveland warrants continued firm, but business was 
limited to 4000 tons at 56s. 3d. twenty-five days, 56. 7d. one 
month, 56s. 84d. two months, and at 57s. and 57s. 1d. three 
months. At the close sellers quoted 56s. 4d. cash, 56s. 74d. 
one month, and 57s. 14d. three months. Hematite, 1500 
tons, was done at 71s. 104d. cash, and 72s. 44d. one month, 
with sellers over at the latter figure. On Monday 
morning Cleveland warrants were inclined to be irre- 
gular, and prices were easier. The turnover was 10,500 
tons at from 55s. 104d. to 56s. cash, 56s. 14d. four days, 
from 56s. 3d. to 56s. . to 56s. 4d. one month, and at 
56s 5d. August 30, and 56s. 9d. three months. Closing 
quotations were called 56s. 1d. cash, 56s. 44d. one month, 
and 56s. 10d. three months sellers. Hematite, 1500 tons, 
changed hands at 733. one month, with buyers over 
at that figure, and at 72s. 74d. cash. The afternoon 
session was quieter, and 1000 tons of Cleveland warrants 
were done at 56s. 14d. twenty-five days and 56s. 84d. 
three months, and closing sellers quoted 56s. cash, 56s, 3d. 
one month, and 56s. 9d. three months. Sellers of 
hematite quoted 73s. 3d. one month. On Tuesday 
morning the market was quietly steady, and 5500 tons of 
Cleveland warrants were put through at 55s. 104d. and 
55s. 11d. cash, 56s, three and thirteen days, 56s. 24d. one 
month, and 56s. 84d. three months. At the close 
there were sellers at 56s. cash, 56s. 3d. one month, and 
56s. 9d. three months. Hematite was nominally easier, 
with buyers at 72s. 6d. cash, 72s. 9d. one month, and 73s. 3d. 
three months, and sellers at 73s. one month and 73s. 6d. 
three months. Though thetone was firmerin the afternoon, 
the business was limited to 2000 tons of Cleveland warrants 
at 56s. 1d. cash, 56s. . one month, and from 56s. 84d. 
to 56s. 94d. three mont: Closing sellers quoted 56s. 2d. 
cash, 56s. 5d. one month, and 56s. 11d. three months. 
Hematite was unchanged in value. When the market 
opened to-day (Wednesday) Cleveland warrants were 
again strong, and the dealings consisted of 4500 tons at 
from 57s. 4d. to 57s. 7d. three months. At the close 
sellers’ quotations showed an advance of 8d. at 56s. 10d. 
cash, 57s. 1d. one month, and 57s. 7d. three months. In 
the afternoon a further advance took place, and Cleve- 
land warrants were done at 57s. 3d. cash, from 57s. 24d. 
to 57s. 7d. one month, and from 57s. 104d. to 58s. Id. 
three months. The turnover was 8500 tons, and closing 
sellers quoted 57s. 4d. cash, 57s. 7d. one month, and 
58s. 2d. three months. Buyers of hematite offered 
73s. 3d. cash and 73s. 6d. one month. 


Sulphate of Ammonia.—With a smaller demand for 
sulphate of ammonia, the price has become easier, and is 
now quoted at 14/. 7s. 6d. per ton for prompt shipment, 
Glasgow or Leith. The amount shipped from Leith 
Harbour last week was only 10 tons. 


Scotch Steel Trade.—In the Scotch steel trade great 
activity still prevails, and makers are trying hard to 
satisfy the immediate wants of consumers by working 
their mills both night and day. The demand for plates 
is very heavy at present, and with the annual Fair Holi- 
days only a couple of weeks off, there is renewed pressure 
to get in supplies of material before the stoppage, to ensure 
a good start after reopening. Angle-makers have also a 
fair amount of work on hand, although there is, perhaps, 
no great activity in this department. Quite a lot of 
export orders, booked some time ago, are being cleared up, 
but there is practically nothing doing in the way of new 
business at the moment, either for local consumption or 
for shipment. The makers of black and galvanised sheets 
are still endeavouring to meet the very heavy demands of 
consumers at home and abroad, but they are experiencing 
difficulty in getting in supplies of raw material. In all 
branches of the industry prices are very firm. 


Malleable-Iron Trade.—There has been no great buying 
movement in malleable-iron since prices were raised, but 
reports this week show that some further lots have now 
been booked where the delivery date was left open. There 
are at the present time as many orders on hand as can 
keep the various works fully employed for months to 
come. The current output is on a large scale, and plant 
is fully taxed to meet the demand. 


Scotch Pig-Iron Trade: Advance in Prices.—A strong 
demand still prevails for the ordinary qualities of Scotch 
pig iron, and as stocks have nearly all been cleared off, 
makers can only execute orders from present production. 
The position is very strong, and with Cleveland warra:ts 
advancing steadily, and general trade conditions so good, 
the prices of the ordinary brands have been raised by at 
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least 1s. ton. At the present time producers are a 
little diffident at entering into future contracts. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, Calder, Langloan, and Summerlee, 72s. 6d. ; 
Gartsherrie, 73s.; and Coltness, 88s. (all shipped at Glas- 
gow); Glengarnock (at Ardrossan), 72s.; Shotts (at 
Leith), 73s.; and Carron (at Grangemouth), 73s. 6d. 
Fairly good deliveries of hematite are being made at 
present, but new business is rather slow, owing to the 
firmness of prices. Makers are not now willing sellers at 
75s. per ton, and buyers are very reluctant to concede 
even that figure. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Values of Cleveland pig 
are advancing rather rapidly. This is due not only to 
the very healthy state of the staple industry, but to the 
actions of outside speculators in warrants, who have been 
buying heavily in London and in Glasgow, with the result 
that warrant prices have risen quickly, and have carried 
with them quotations for makers’ Cleveland iron. Genuine 
buyers of makers’ pig rather hesitate to follow the up- 
waid romp of warrants, but it is fully realised that not 
only will the advanced rates have to be paid, but that quo- 
tations are likely to be still higher in the near future. For 
early f.o.b. delivery of No. 3 g.m.b. Cleveland pig iron 
57s. 3d. has been paid, and the general market rate 1s now 
57s. 6d., which is the highest quotation since August, 
1907. No.1 is 62s. 6d.; No. 4 foundry, 57s. to 57s. 3d.; 
No. 4 forge, 57s.; and mottled and white iron each 
56s. 6d.—all for early delivery. Good inquiries for East 
Coast hematite pig are reported, and prices are moving 
steadily upward, the market quotation for early delivery 
of Nos. 1, 2, and 3 being now 72s. 6d. This branch is not 
influenced at all by the gamble in warrants. Though 
there is still nothing passing in foreign ore, quotations 
are upheld on the basis of 21s. 6d. ex-ship Tees for best 
Rubio, but sellers are now showing rather more desire to 
make contracts. So far, however, they appear deter- 
mined not to make any concessions, especially as freights 
are stiffening somewhat. Supplies of coke are still 
inadequate, and with local demand very heavy av 
blast-furnace qualities range from 19s. to 20s. ie 
delivered at Tees-side works. 


Stocks and Shipments of Pig Iron.—To meet current 
needs stocks of Cleveland pig are being substantially 
drawn upon. To-night (Wednesday) there are in the 
public warrant stores here 314,664 tons of Cleveland pig 
iron, the withdrawals to date this month totalling 30,192 
tons. Since the beginning of the recent coal strike no 
less than 180,000 tons have been taken from the stores. 
Shipments of pig iron from the Tees to date this month 
reach 95,912 tons, or an average of 4758 tons per working- 
day. To the same date last month the total loadings of 
pig amounted to 88,726 tons, or a daily average of 4225 
tons ; and for the corresponding part of June, last year, 
the clearances were returned at 85,026 tons, or an average 
of 4048 tons per working-day. 


Manufactured lron and Steel.—The various branches 
of the manufactured iron and steel trades present few 
new features of moment. Output is on a very large scale, 
and, in fact, the make of several firms is er than ever 
before. Many producers have contracts made which will 
keep them busily employed up to the end of next year. 
Values are very firm, and further advances are antici- 
nage Common iron bars are 8/.; best bars, 8. 7s. 6d. ; 

st best bars, 8/. 15s.; iron ship-plates, 7/. 10s.; iron 
ship-angles, 8/.; iron ship rivets 9/.; packing iron, 61. 5s. ; 
iron girder-plates, 7/. 15s.; iron boiler-plates, 8/. 5s.; steel 
bars (basic), 77. 15s.; steel bars (Siemens), 8/. 5s. ; steel 
ship-plates, 7/. 15s.; steel ship-angles, 7/. 7s. 6d.; 
steel boiler-plates, 82. 10s.; steel strip, 7/. 12s. 6d. ; steel 
hoops, 7/. 15s.; steel joists, 6/. 17s. 6d. ; cest-iron railway 
chairs, 3/. 12s. 6d. to 37. 15s.; light iron rails, 62. 10s. to 
6/. 12s. 6d.; heavy steel rails, 61. 5s.; steel railway sleepers, 
7/.; and iron and steel galvanised corrugated sheets, 12/. 5s. 
—sheets less 4 per cent. f.o.b., railway material net, and 
all other descriptions less 24 per cent. 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Oxygen for Steel-Cutting.—A very interesting new in- 
dustry has been started in Sheffield by a firm known as 
the British Oxygen Company, Limited. It is the manu- 
facture of oxygen for steel-cutting. The works are 
situated at Brightside, in convenient proximity to the 
armament houses and other large concerns which use 
oxygen in cutting through big masses of particularly hard 
steel. The oxygea-jet, whose flame is stated to be about 
6000 deg. Fahr., cuts through the steel at a very high 
speed, doing in a few hours what formerly occupied 
weeks. Incidentally, the process of manufacture produces 
pure air from Sheffield’s smoke-laden atmosphere. The 
air is reduced to liquid form, and all the nitrogen driven 

oil, in which state there remains 99 per cent. of oxygen. 


_ Death of a Well-Known Manager.— Another well-known 
figure has been removed from Sheffield industrial circles 
by the death of Mr. Thomas Brown, of Moor Oaks, 
Sheffield. Mr. Brown, who came to Sheffield in the 
suxties, joined the firm of Messrs. Bedford, Burys and Co., 
and when, shortly afterwards, the concern was converted 
into a limited company (Messrs. Burys and Co.) Mr. 
Brown was appointed secretary. On the death of Mr. 
W. T. Burys, in 1876, Mr. Brown became manager, and 
held the two posts until October, 1907, when he retired. 
He did very valuable work for the firm, helping to build 
up their high Colonial and Continental reputation. _ He 


was succeeded by his eldest son, Mr. H. Walter Brown, 
ae! another ston, Mr. Frank W. Brown, is also in the 
usiness. 


New Sh ficld Director.—Lord Ernest Hamilton, the 
sixth son of the first Duke of Abercorn, has been elected 
a director of Messrs. Brown and Bayley’s Steel Works. 
Lord Hamilton was member of Parliament for North 
Tyrone from 1885 to 1892. 


South Yorkshire Coal Trade.—The expected rise in 
prices has been announced. From July 1 the new con- 
tracts will be subject to an addition of 2s. 6d. on the 
quotations, and already the advance has been demanded 
on excess deliveries. The collieries are obviously 

reparing themselves against the burdens of new legis- 
lation, and consumers can only hope they will find 
it possible to make reductions in the future, after 
somny = Bn tly what additional expenses they will 
have to . Business has been very good lately, and 
ordering has been upon a considerably larger scale than is 
usual at this time of the year, This applies both in 
house and steam coals, and collieries hold very small 
stocks of either. The industrial demand is very beavy, 
and manufacturers continue to add to their reserves. 

l is in good request, and there is a steady inquir 

for coke and slacks. Quotations. Best branch hand- 

icked, 14s. to 15s.; Silkstone, 11s. 6d. to 12s.; Derbyshire 

t brights, 11s. to 12s.; Derbyshire house, 9s. 6d. to 

10s. 6d.; best large nuts, 8s. 9d. to 9s. 3d.; Yorkshire hards, 

lls. 3d. to 12s.; Derbyshire hards, 10s. 9d. to 11s. 6d.; 

rough slacks, 7s. to 8s.; seconds, 4s. 6d. to 5s. 6d.; smaller, 
3s. 6d. to 4s. 6d. 


Iron and Steel.— With the approach of the half-year end 
the local iron market has been quieter, with fewer transac- 
tions. Buying hasbeen insmall lots pending the time, which 
will soon arrive, when new contracts must be entered into. 
There seems to be small likelihood that consumers will 
then receive any concessions in the way of prices. At 
present quotations are high and steady, and the following 
prices are being pretty generally paid :—Hematites, 
West Coast, 86s. to 87s. 6d. ; East Coast, 79s. to 80s. ; 
Lincolnshire No. 3, 59s. ; forge, 58s. ; Derbyshire No. 3, 
61s. ; forge, 58s. 6d. An interesting comparison is afforded 
by taking the figures for the same irons in January last. 

ey were: Hematites, West Coast, 79s. to 80s.; East 
Coast, 73s to 74s. ; Lincolnshire No. 3, 54s. ; forge, 53s. ; 
Derbyshire No. 3, 55s. ; forge, 52s. In the same period 
the price of bars has advanced cne pound—from 71. 5s. to 
8. 5s. Swedish pig iron isin growing demand. There 
is no decrease in the consumption of billets, and the 
supply is still inadequate. In the general steel trades 
there is a maintenance of the pressure of the past few 
weeks. Rolling-mills and forges are regularly work- 
ing overtime, and in most departments Sampellectusnns 
find it increasingly difficult to accept new orders and 

arantee delivery within a reasonable period, so heavy 
on become the calls upon their resources. The in- 
crease in the demands of the home railway companies 
has coincided with the undertaking of large Colonial 
contracts, placing the railway steel manufacturers in a 

ition of some em ment, and sending up prices. 

ost branches of foreign trade are very aa and there 
is at the present moment an enormous output of steel in 
Sheffield. The position of the local stove grate trade 
is rather better, though there is still room for much 
improvement. A protective association has been formed, 
and this has had a decidedly vivifying effect upon the 
industry. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The cenditions prevailing in the steam-coal 
trade are considered to be rather more cheerful, but 
stocks of large coal are still excessive, and with pits 
stopped in consequence of a shortage of empty wagons, 
buyers have been able in some cases to obtain conces- 
sions in connection with spot shipments. The market 
is now, however, expected to become steadier. The 
best Admiralty large steam coal has made 17s. to 17s. 6d. 
per ton; secondary qualities have ranged between 15s. 
and 16s. $d.; best bunker smalls between 9s. 6d. and 10s.; 
and cargo smalls between 8s. 6d. and 9s. per ton. The 
best household coal has been quoted at 19s. to 20s.; 
ood households at 17s. 6d. to 18s. 6d.; No. 3 Rhondda 
at 16s. to 17s. ; and smalls, at 12s. to 12s. 6d. per 
ton. No. 2 Rhondda large has brought 11s. 9d. to 12s. 3d.; 
and No. 2 smalls, 8s. 6d. to 9s. 6d. per ton. As regards 
iron ore, Rubio has made 20s. 6d. to 21s. 6d. per ton, 
upon a basis of 50 per cent. of iron, and charges, including 

freight, insurance, &c., to Cardiff or Newport. 


Weston - super - Mare. —Sir J. Gunn presided at the 
annual meeting of the Weston-super-Mare Grand Pier 
Company on Saturday. The accounts presented showed 
a loss for the year of 695/., increasing the debit balance 
to 37371. Sir J. Gunn having moved the adoption of the 
report of the directors, a lengthy discussion followed. 
A hope was expressed that the directors would exert their 
influence with a view to getting the structure carried into 
deep water, although it was at the same time admitted 
Shat until Cardiff had provided low-water pier accommo- 
dation, the full benefit of this could not be obtained. 


The Parrett.—At the last monthly meeting of the 
Somerset Drainage Commissioners, the engineer (Mr. W. 
Lunn) presented a lengthy report with respect to the 
banks of the Parrett, more particularly in relation to 
raising them to prevent flooding. It was decided that 
the report = be printed and circulated, and that it 
should be considered at the next meeting of the Com- 
missioners. The pro made in the report will, if 
adopted, involve an expenditure of several thousand 
pounds. 








Bristol Wagon Company.—The report of the directors 


of the Bristol Wagon and Carriage Works Company, 
Limited, states that the net revenue for 1911-12, including 
the amount brought forward from 1910-11, was 12,011. The 
directors recommend a dividend at the rate of 5 per cent. 
per annum for the year upon both the preference and 
ordinary share capital of the compeng, bevies 65111. to 
be carried to the credit of 1912-13. rolling-stock of 
the company now consists of 77 wagons. 


Rhymney Iron ae tee profits of the Rhymney 
Iron Company, Limited, for the year ending March, 
1912, were 36,334/., and 12,402/. was brought forward. 
Debenture interest absorbed 25,012/., and 5000/. was 
transferred to the new pits debenture stock reserve fund, 
a 14,724/., which the directors recommend should be 
carried forward. T output of coal for the t year 
was 1,059,898 tons, against 1,083,720 tons for 1910-11, a 
decrease of 23,822 tons, due to the frequent stopp: ges 
of the collieries from labour difficulties, which involved 
considerable increase in working costs, with the result 
that notwithstanding that fair prices were realised, the 
profits showed a decrease. Owing to the general strike 
in March, the officials at the Pengam pit were unable to 
keep down the water, and the workings became flocded, 
and it was only recently that the water has been cleared 
and work re-started. The quantity of coke made was 
46,555 tons, against 51,881 tons for the previous year. 
The profits for 1910-11 were 55,890/., and a dividend of 
24 per cent. was paid, 11,225/. being added to the reserve 
rd gy redemption fund. The profits for 1909-10 were 
54,527/., and. the dividend was 1 per cent., 14,291/. being 
set aside and 17 9871. carried over. 





Everysopy’s GuIDE TO THE NATIONAL INSURANCE 
Act, 1912.—The new edition of this guide has recently 
appeared, and contains the regulations of the National 
Insurance Commissioners and Board of Trade fully 
explained under the various matters to which they refer. 
The Act is, as we all know, a very intricate one, and any 
guide that tends towards making it intelligible to anyone 
must be welcome— use, however incomprehensible it 
| be, a great many } pense will be affected by it, and 
will have to try and make the Act work, whatever view 
they may take of it. The publishers are Messrs. Charles 
Knight and Co., Limited, 227 to 239, Tooley-street, 
London, E.C., who have also brought out a handy little 
** Householders’ Cabinet,” for the use of mistresses of 
households. It has been designed with the object of 
saving trouble in carrying out the provisions of the Act. 
It is divided into three compartments, in one of which is 
placed ‘‘ Knight’s Householders’ Help,” a useful publica- 
tion, containing everything that it is necessary a mistress 
should know regarding the Act. One of the other com- 
partments is for the servants’ contribution cards, and the 
third one for emergency cards, which can be obtained 
from the Post Office. In addition, there is'a Small com- 
partment in the lid for Insurance Stamps. The cabinet 
measures 7 in. by 5 in. by lf in., and is made of card- 
board, covered with red- ained paper. The price of 
** Everybody’s Guide” and the Cabinet is 1s. each. 





Druivery OF A BaTTLEsHip FLoatine Docx.—A large 
floating dock left the Wallsend Shipyard of Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, a few 
days ago, and was towed to the Medway in charge of 
four powerful tugs. The towing arrangements were in 
the hands of Messrs. L. Smit and Co., of Rotterdam. 
The déck is the third that Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, have completed this year 
for the British Admiralty. A few years ago they built 
another battleship floating dock with a lifting capacity 
of 17,000 tons, which is now stationed at rmuda. 
Other well-known floating docks have been constructed 
at the Wallsend Shipyard for the Governments of 
Southern Nigeria, Natal, Japan, and Spain ; and also for 
numerous British and foreign clients in various parts of 
the world. The new floating dock in question, which is 
to be stationed in the Kiver Medway, is the most com- 
oe of its kind, and is intended for repairing and over- 

auling battleships oy | displacements up to 32,000 
tons. It covers an area of 2} aeres. It is double-sided, 
and its over-all dimensions are 680 ft. in length with a 
width of 144 ft. The height of ‘the walls is 66 ft., and 
the depth of the pontoons about 20 ft. The weight of 
steel plates and angles worked into the dock is about 
12,000 tons, exclusive of all machinery and outfit. At 
the bow end of the dock there is a pair of pivoted flying 
gangways to give access from one wall to the other. In 
the port-wall is installed living accommodation for the 
dock crew. At each end of the two walls there are two 
steam-boilers, making eight in all, which have been built 
at the Neptune Works of Messrs. Swan, Hunter, and 
Wigham Richardson. Steam-driven pumps of the centri- 
fugal type, which control the lifting of the dock, supplied 
by Messrs. Gwynnes, Hammersmith, are placed at the 
base of the side-walls. At the end of one of the side- 
walls is situated the valve house ; from thence, by means 
of electro pneumatic-valve control-gear, water-level indi- 
cators and a complete telephone system to all parts of the 
dock, the dockmaster can take compiete control. On the 
top of each wall there is a five-ton electric travelling 
crane and four — steam-capstans to warp shi 
into the dock. The spaces in the interior of the walls 
are lighted electrically, while the outside of the dock is 
illuminated at night by large arc lamps and portable-lam 
clusters. In one of the walls of the dock large and well- 
equipped workshops, hey ree | a forge, machine shops, 
and fitting shops, are installed. A complete electric 


generating-plant is provided in each wall, which — 
current for lighti i the 


and ventilating the dock 
The d is therefore self- 








battleship in the dock. 
coined in every respect. 
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STEAM ROAD-ROLLER FITTED WITH SUPERHEATER AND FEED-HEATER. 


CONSTRUCTED BY MESSRS. RUSTON, PROCTOR AND CO., LIMITED, ENGINEERS, LINCOLN. 








At the Duncaster Show of the Royal Agricultural 
Society, which will open on Tuesday next, Messrs. 
Ruston, Proctor and Co., Limited, of Lincoln, will 
exhibit a compound road-roller designed to operate 
with superheated steam. The weight of the roller is 
12 tons. The engine is of the side-by-side type, with 
the cranks at right angles, and is bolted to a seating 
which is riveted to the boiler-body. The engine being 
compound, an auxiliary valve is fitted, by which high- 
pressure steam can, at will, be admitted to the low- 
pressure cylinder, which is sometimes of advantage 
in starting, and also for use when the engine is 
ascending se inclines. The valves are of the slide 
type, but the high-pressure one, which works over a 
hard cast-iron false face, is fitted with forced lubrica- 
tion. Both valves are very accessible. 

The superheater consists of a series of steel coils 
terminating in steel headers, as shown in Figs. 2 and 3. 
It is p in the smoke-box above the boiler-tubes, so 
that the latter can be got at for either cleaning or 
removal without interference with the superheater. The 
latter is itself accessible through the door C (Fig. 2), 
and, if necessary, can be taken out complete on re- 
moving the chimney. Provision is made by which the 
steam can be by-passed round the superheater and led 
direct into the cylinders. Additional fuel economy, 
over and above thet due to the superheat, is obtained 
by ~~? the exhaust steam through the feed-heater 
D (Fig. 2), which is, it will be seen, carried on a 
bracket riveted to the boiler-barrel. This heater also 
serves to silence the exhaust. 

The gearing by which motion is transmitted from 
the crank-shaft to the rolls is of cast steel throughout, 
and provides two s 8 of 14 and 3 miles per hour 
respectively. The first motion gear, which runs at a 
relatively high speed, has machine-cut teeth, thus 
ensuring silent running. The two speeds are operated 
by a single clutch-lever, and are absolutely inter- 
locked, making it impossible for both to be in gear 
simultaneously. The rollers are arranged so that the 
rims can be easily renewed when worn. 

Tests made with the machine show an increased 
economy, as compared with a corresponding ordinary 
compound roller, of about 12 per cent. 





Unrtep States Steet Corporation.—At the close of 
May the United States Steel Corporation had unexecuted 
orders in hand to the extent of 5,750,983 tons. This 
total exhibits an increase of 86,098 tons as compared with 
the unexecuted orders on hand at the close of April. The 
result is much more favourable when we extend the com- 


parison to the close of May, 1911, when the unexecuted 


orders stood at only 3,113,187 tons. 
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Fic. 20. Merattureican Department; Marin Assay Lasoratory, WITH EncLosep Batance Room. 

















Fig. 21. Bessemer Lasoratory ; Upper ConcentTRaTING Fioor, sHowine Jigs and Macnetic SEPARATOR. 
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Fic. 23. Bessemer Laporatory ; Wet CrusHinc House, showinc Huntincpon Mitt anp Stamp Batrertes. 
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CARBONACEOUS DUST EXPLOSIONS. 


Ir is now well recognised that carbonaceous dust 
is dangerous, but it will probably be some time 
before the risks due to its presence will be satis- 
factorily eliminated, in many industries. We have 
frequently dealt with the subject of coal-dust 
explosions, and with the precautions now adopted 
with the object of preventing their occurrence, or 
of localising them if prevention prove to be scarcely 
practicable. Other industries are attended by 
similar risks, though, fortunately, the results. are 
commonly of a less serious nature. Reports 
recently issued by the Home Office, and drawn up 
by H.M. Inspectors of Factories, form a reminder of 
the liability of dangerous conditions occurring in 
a trade apparently open to much less risk than 
coal-mining. 

The reports we refer to deal with fatal explo- 
sions, one occurring in Glasgow and one in Liver- 
pool, in November last, both accidents being: 
traceable to the presence of considerable quantities 
of fine organic dust, which became accidentally 
ignited. In the case of the accident in Glasgow, at 
the provender-mill of Messrs. William Primrose 
and Sons, Limited, Centre-street—as a result of 
which there were five deaths and injuries to eight 
persons—the explosion seems to have occurred 
through dust, which had accumulated on an over- 
head beam, being dislodged and falling upon the 
open flame of a Bunsen burner. As may be 
gathered from the above statement of casualties, 
the damage done was considerable, both the front 
and back walls of a warehouse being blown out, 
with the front wall of another portion of the build- 
ing. Damage was also done to neighbouring build- 
ings. The accident occurred at about 6.30 P.m., 
when work was being carried on, of course, by 
artificial light. The mill was lighted by naked gas- 
jets, and though most of these were in fairly safe 
positions, one, of a portable nature, appears to have 
stood at the time in a spot where dust may have 
fallen on it from above. Although the floors were 
cleaned daily at about,an hour before the time of 
the explosion, there seem to have been accumula- 
tions of fine dust on beams and other places not 
easily reached, and the only tenable theory appears 
to be that advanced by the Inspector, to the effect 
that the dislodgment by some means of such dust 
was the direct cause of the explosion, in conjunction 
with the presence of the exposed gas-flame of the 
portable burner. 

The explosion at Liverpool, at the mill of Messrs. 
J. Bibby and Sons, Formby-street, was far more 
serious. Asa result 39 people were killed and 101 in- 
jured, while the damage done to buildings, &c., was 
very extensive. In this case the accident is attributed 
to the breaking of the belt of a disintegrator used 
for oil-cake grinding. The belt was 6 in. wide, and 
ran at a speed of 5000 ft. per minute. It is stated 
that when one of these belts broke a fog of dust was 
raised, owing to the disturbance of dust on the 
girders, &c.,in the room. The cause of ignition of 
the dust-cloud which may thus have been raised re- 
mains unexplained, the conjectures of the Inspector 
being suggestive, but by no means conclusive on this 
point. Subsequent experiments s.:owed that an ex- 
nee of a dense cloud of such dust could be caused 

y the ignition of a match, by contact with a naked 
gas-flame, by the flash due to the fusing of an elec- 
tric wire, or by the spark produced by the breaking 
of the circuit of an electro-magnet. The latter test 
was carried out because the ididugniene were fitted 
with electro-magnetic separators. There were no 
lighted gas-jets in the part of the works affected, 
neither was there direct evidence of the use of 


Inspector inclines to the opinion that the burning of 
the fuse of a temporary lighting installation provided 
the flame necessary for the ignition of the dust. 
Whether this were soor not it is impossible to say 
definitely, though it is evident that certain lessons 
may be drawn from these two occurrences. 

The importance of precautions is evident when 
it is stated that dust, of the kind to which the 
Liverpool explosion was due, ignites at a lower 





es 

The International Exhibi- Eneivesrine Patent Record 
tion of Non - Ferrous |, (1Uwstrated) ............ 
Metals .. . 8791 


With a Two-Page Plate of the IMPERIAL COLLEGE OF | the flame propagation in a dust-cloud is greater. 
SCIENCE AND TECHNOLOGY. 





temperature than many varieties of coal-dust, while 


tions should be allowed, such as might result in the 
formation, by accident, of acloud of at sufficient density 
to cause an explosion. For this purpose, as it is now 
attempted in coal-mines, the endeavour should be 
made to abolish everything in the way of a ridge, 
ledge, or inaccessible lodging place where dust might 
collect. Beams, brackets, and fixtures can usually 
be made to conform with such requirements, and it 
is to the interest of all concerned, both owners and 
employees, that steps should be taken to make them 
do so. It is no infrequent thing to find open joists 
laid on bare beams in mill buildings. If complete 
closing in is not feasible, though it may be fairly 
cheaply accomplished, it tnight be possible perhaps 
to cover the flat upper side of the beams with an 
inverted VY of some material, so as to encourage 
dust to slide off instead of to settle. 

Again, the provision of dust-collecting plant 
and the systematic cleaning of the rooms should be 
enforced. Nothing can prevent the formation of 
fine dust in these trades, which, after all, is their 
excuse for existence, and a certain amount must 
always leak away from machines or spouts and 
other necessary appliances. It is pointed out that 
portable suction appliances. would be extremely 
useful in such work, Although sweeping un- 
doubtedly clears pin # a great deal of dust, when 
itis of. so fine.a quality, it none the less raises a 
considerable quantity into the air, and this finally 
settles on any convenient ledge or flat surface—not 
necessarily on the floor. A suction cleaner would 
create no such disturbance and could be also used 
to withdraw dust collected on any small ledges, &c., 
not amenable to treatment as suggested above, 
without raising the clouds which it is so desirable 
to avoid. 

Recommendations, in this sense, on the part of 
one of the factory inspectors, Mr. John Jackson, 
will doubtless receive the attention of mill-owners, 
as should also the suggestion that no naked gas- 
lamps or are lights be used, or that only incandeés- 
cent electric lamps be employed with a dust- 
proof outer-cover. In some places mills may, 
perhaps, find difficulty in adopting this recommen- 
dation. Nevertheless, the danger of open flames 
and of the use of oil-lamps is considerable, and if 
electricity be deemed impracticable, other precau- 
tions should be adopted, so as to reduce the risk 
attendant upon the use of gas or oil as much as 
possible. 

Some of the recommendations made at the close 
of the report will not, we fear, be quite so readily 
accepted as those referred to above. For instance, 
it is suggested that rooms, where such dangerous 
dust may be produced, should not have other rooms 
above them, nor be adjacent to high buildings, and 
that the roof should be such as to offer as little 
resistance as possible in the event of an explosion. 
This recommendation almost necessarily implies 
that mills should be built as single-storey buildings 
with all the machines on one level. As the trade 

at present, the “ estion certainly seems to 
=~" scarcely practicable. The milling trade tends to 
collect at the ports, and the mills are often situated 
directly on the harbour or dock or in its immediate 
vicinity, in order to minimise cartage. The buildings 
are therefore erected on very valuable land, and in 
such circumstances it is only reasonable that the sites 
should be put to the most effective use possible. 
Having to spread out the work in a singlé-storey 
building would drive the mills to less accessible 
places, where land was cheaper; but transport 
charges would immediately go up, with the result 
that milling operations, as a whole, would become 
more inconvenient and expensive. 
It must further be recognised that conducting 
all operations on one floor would often involve much 
additional machinery in the way of conveyors, c., 
with many more opportunities for the leakage of 
dust. The building of many storeys is in many 
respects extremely well adapted to milling opera- 
tions. The machines are often placed one under 
the other, and a spout through the floor reduces 
transport from machine to machine to a minimum, 
while the risk of dust ic likewise lessened. It does 
not seem to us, therefore, that the idea of single- 
storey mills is likely t» be received with general 
favour, neither do we consider their adoption 
essential. There are undoubtedly many buildings, 
where milling operations are conducted, which are 
ill-suited, in the light of modern knowledge, to the 
purpose to which they are put. In such cases 
greater precautions as to lighting and cleanliness 
might. be adopted with advantage. The fact has 





It is therefore clearly advisable that no accumula- 
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ively infrequent, and the expense 
warranted in large stru rearrangements would 
be, therefore, seldom warranted. e are apt to 
associate milling operations with tall brick blocks, 
rather gloomy owing to the provision of too small 
window area. It should be recognised that window 
area is advantageous from two points. A sufficiency 
results in a reduction of the number of hours during 
which artificial illumination is essential, and thus 
lessens risk from the presence of flames or light, 
while in the event of an explosion, large windows 
form fairly efficient explosion doors, and by their 
failure relieve the rest of the building to an 
appreciable degree. In old buildings, therefore, 
the provision of additional window area might 

rove advantageous if economically feasible; while 
for new works, rather than adopt the single-storey 
type of building, we consider that the most that 
could be rightly insisted upon would be the provi- 
sion of a strong skeleton structure with ample area 
in the walls of each storey of light window framing 
in order to provide efficient illumination, so that 
each storey might be kept clean, little artificial light 
be required, and little resistance offered in the 
unwelcome event of an explosion. Sites of the 
nature now occupied by mills could thus be retained. 


scale are com 





THE WEIGHT EFFICIENCY OF PRIME 
MOVERS. 

Comparisons as to the relation of weight to the 
output of prime movers have often formed the 
subject of theoretical investigation, and certain 
laws have been established which, when due allow- 
ance is made for adventitious disturbing factors, are 
found to be themselves in remarkable accordance 
with the actual facts. These laws show that to pro- 
duce a given horse-power for the lowest ible 
weight, the number of units constituting the com- 

lete plant should be as large as possible. It is, in 
act, perfectly safe to construct a small engine from 
the same drawings as a large one by simply alterin 
the scale. By such a scaling-down the weight will 
be diminished in proportion to the cube of the scale 
of reduction, but the output need theoretically only 
be reduced in proportion to the square of this 
scale, and, as a consequence, the weight per brake 
horse-power of engines constructed with the same 
factor of safety should vary inversely as the cylinder 
diameter. In steam-engine practice, however, 
small engines often weigh nearly as much per horse- 
power as large ones, a fact which is perhaps due to 
the circumstance that, owing to the low steam pres- 
sures available, and the low speeds of rotation 
adopted, even early steam-engines were of relatively 
large dimensions. When higher speeds were sub- 
sequently adopted, certain dimensions had become 
more or less standardised. These were copied accord- 
ingly in designing the smaller engines, increasing 
their weight much beyond what was necessitated b 
considerations of strength. Another factor which 
has often tended to make small steam-engines un- 
necessarily heavy for their output is the fact that 
they are frequently run at much lower piston 
speeds than are usual with large engines. High 
speeds of rotation involve greater care in the 
finish of the bearings, and in the provision made 
for ensuring adequate lubrication, and it may 
therefore be cheaper to build the engine a little 
heavy for its output rather than provide for 
satisfactorily running it at a higher piston speed. 
When, however, a well-designed high-speed steam- 
engine is compared with an equally well-designed 
slow-speed engine, the law that the weight per horse- 
power varies directly as the cylinder diameter seems 
to be in very satisfactory agreement with practice. 

In his remarks on Dr. Diesel’s paper at the recent 
meeting of the Institution of Mechanical Engineers, 
Mr. —— Clerk gave curves which show in a 
remarkable manner how very closely the above law 
applies in the case of gas-engines for cylinder 
diameters up to 51} in. in diameter. This remark- 
able agreement between practice and theory seems 
to indicate that gas-engines have been systemati- 
cally designed with the same factor of safety in all 
sizes, and are being run up to about the limit of 
their capacity. In fact, at the recent meeting of 
the British Association at Portsmouth, Mr. W. A. 
Tookey stated that the usual practice was to rate 
such engines, not at the 1 which they could 


carry indefinitely, but at the maximun output which 
could be developed for a run of 15 to 30 minutes. 
Evidently these are just the conditions in which 
the law of similarity may well be expected to apply 
with substantial accuracy. ‘ 





Hitherto comparisons of the weight efficiency of 
machinery have been made on the basis of power 
developed per ton of total weight, and on this 
foundation a rational law of similitude has been 
established, the results of which, as above stated, 
are in reasonable agreement with actual facts. 
In a paper read before the Institution of Elec- 
trical Engineers at Glasgow on April 11, Mr. 
W. B. Hird pro another method of comparing 
the weight efficiency of prime movers. He sug- 
gests that the comparison should be based on the 
torque developed per ton of material, and on this 
basis the slow-speed steam-engine, the electric- 
motor, and the water-turbine make a very much 
better showing than high-speed machinery. Some 
of his results are given in the annexed table, which 
shows the horse-power per revolution obtained per 
ton with —— motors for a range of values of 

B.H.P. 


~ revolutions per minute 


Table Showing the Horse-Power per Revolution Obtained 
in Different Types of Motors for 1 Ton of Material. 
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Such a method of comparison seems — to many 
objections. Some of these are relatively unimpor- 
tant and equally applicable to any basis of com- 
parison. For example, the same casing is sometimes 
used for two steam-turbines—one developing 1000 
horse-power and the other 500. In such a case 
the total weights are practically the same, but the 
‘*weight efficiency’ is greatly reduced with the 
smaller machine. Another minor objection is that 
different motors have different characteristics. 
With a gas-engine the maximum torque possible 
at one revolution per minute is the same as when 
running at full speed, whilst with an electric 
motor the torque, in actual practice, rises very 
rapidly as the s decreases ; and were this fact 
allowed for, the weight efficiency per unit of torque 
would be much greater than for any other form of 
prime mover. 

These objections to Mr. Hird’s proposal are, as 
stated, of minor importance ; but: one which seems 
fundamental is that torque as such has no market 
value. What a customer desires to purchase is 
power. Did he merely require torque, he could get 
it more easily and cheaply by hanging a weight at 
the end of a lever ~ a by the acquisition of 
any form of prime mover. In other words, torque 
only becomes valuable when it is multiplied by 
angular velocity, and it is just this essential 
factor of the problem that is neglected in the 
proposed inethod of comparison. 








WHO ARE ENTITLED TO UNEMPLOY- 
MENT INSURANCE? 

Tue time is rapidly approaching when the em- 
ployer will have to seriously consider his ition 
in relation to what is known as ‘‘ unemployment 
insurance.” No class of the community is likely to 
take a deeper interest in this question than that 
which is concerned with engineering in all its many 
branches. 

As a general rule, when a new Act of Parlia- 
ment comes into force, the first difhculty is to ob- 
tain and to understand the rules according to which 
it is to be administered. Here the difficulty begins 
earlier, because it is by no means easy to ascertain 
from the Act itself an accurate definition of the 
employments to which the ‘* unemployment ” pro- 
visions are to apply. Moreover, the lll oe 
ment Insurance Regulations, 1912, which were 
published on May 6, wholly fail to shed any light 
upon the meaning of the words in the Act itself. 

Upon the face ot it the Act limits the benefits of 
unemployment insurance to certain trades. They 
are enumerated as followin Schedule 6 :— 

1. Building—that is to say, the construction, 
alteration, repair, decoration, or demolition of 
buildings, including the manufacture of any fittings 
of w of a kind commonly made in builders’ 
workshops or yards. 

2. Construction of Works—that is to say, the con- 





struction, reconstruction, or alteration of railroads, 
docks, harbours, canals, embankments, bridges, 
piers, or other works of construction. 

3. Shipbuilding—that is to say, the construc- 
tion, alteration, repair, or decoration of ships, 
boats, or other craft by persons not being usually 
members of a ship’s crew, including the manuv- 
facture of any fittings of wood of a kind commonly 
made in a shipbuilding yard. 

4. Mechanical Engineering—including the manu- 
facture of ordnance and firearms. 

5. Ironfounding—whether included under the 
foregoing headings or not. 

6. Construction of Vehicles—that is to say, the 
construction, repair, or decoration of vehicles. 

7. Sawmilling (including machine wood-work) 
carried on in connection with any other insured 
trade, or of a kind commonly so carried on. 

Numerous questions arise upon the meaning of 
the words here used. Asa canon of construction, 
Section 107 (2) may be quoted. It is there pro- 
vided that ‘‘in determining any question as to 
whether any trade in which a workman is or has 
been employed is an insured trade regard shall 
be had to the nature of the work in which the 
workman is engaged rather than to the business of 
the employer by whom he is employed.” 

The first question, applicable generally to all the 
so-called insured trades, is, Does insurance apply 
to work which is purely ancillary to one of those 
specially atone Son. For instance, take the case 
of an ordinary engineering works. The employ- 
ment of a staff of painters is necessary, although 
ancillary to the main industry. Will those painters 
be entitled to enjoy the benefits of insurance 
against unemployment? The Board of Trade have 
power to settle a question of this kind, but hitherto 
they have notdoneso. Thus, by Section 104 of the 
Act, the Board may, if in any case they consider 
that it is desirable, by special order exclude from 
the occupations which are to be deemed employ- 
ment in an insured trade (a) any occupation which 
appears to them to be common to insured and un- 
insured trades alike, and ancillary only to the 
purposes of an insured trade ; and (b) any occupa- 
tion which appears to them to be an occupation 
in a business which, though concerned with the 
making of parts or the preparation of materials 
for use in connection with uninsured trades, 
is mainly carried on as a separate business, or in 
connection with trades other than insured trades. 
On any such order being made, the occupation to 
which the order relates shall not be treated as 
employment in an insured trade for the purposes 
of this part of this Act. 

Were these powers exercised by the Board of 
Trade, the operation of the Act might at first be 
kept within reasonable bounds and limits; but 
the very existence of a dispensing power serves to 
show that, in its legal application, that part of the 
schedule which defines the trades is intended to 
cover everything which is merely ancillary and 
incidental to those trades. 

The fact that the ‘‘trades”’ in question to some 
extent overlap is of no great moment, inasmuch 
as the contributions and benefits are at present the 
same for each trade. But it should be remembered 
that after the Act has been in force for seven years 
the Board of Trade has power by virtue of Sec- 
tion 102 to revise the rates of contribution of em- 
ployers and workmen, and to prescribe different 
rates of contribution for different insured trades. 

Sufficient, however, unto the day is the evil 
thereof. The extraordinary difficulties which will 
arise when the Act comes into force are made 
apparent by an attempt to arrive at the meaning 
of the trades already defined. Take, for instance, 
the word ‘‘ building.” Ferro-concrete is a material 
pd used in the construction of modern 
buildings. Will the workmen who make the ferro- 
concrete be entitled to be insured? Again, when 
a building is made of cut stone the stone may be 
cut in a quarry far removed from the site. Will 
those who are at work in the quarry be entitled to 
be insured? It is not as if these were purely 
academic questions, The Act is so framed that 
the liability to pay the premiums falls primarily 
upon the employer, and he will have to take the 
question of insurance into account when he is 
eam his tender for the construction of any 
works, 

As to the meaning of the phrase ‘‘ construction 
of works,” Does this include everything which is 
ancillary to such construction ? To build a reservoir 
it may be necessary to bring enormous quantities 
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of material from a very considerable distance. 
Will the man who drives the traction engines and 
the teamsters be entitled to be insured ? 

‘*Mechanical engineering,” writes Mr. Orme 
Clark, in his work on ‘*The Law of National 
Insurance,” is a very wide expression, and it is not 
easy to set limits to its application. It is sub- 
mitted that it does not include electrical engi- 
neering, though casting in connection therewith 
(e.g., casting for a dynamo) would probably be 
included. It would seem to include the making 
of all forms of machinery, and possibly the making 
of any articles, included by the Board of Trade in 
their Annual Statement of Trade of the United 
Kingdom (page 44), under the: heading of 
‘*Machinery ” comes within the meaning of the 
expression. It is submitted that this is too 
narrow a definition of mechanical engineering, 
although the author does not himself venture to 
say what he means by ‘‘ electrical engineering.” 
The manufacture of parts and assembly of them 
into a complete electrical machine would seem to 
be mechanical engineering in its most complete 
sense. 

Enough has been said to show that before an 
employer need trouble himself about the working 
of the Penge ey Insurance Act, he will have 
to inquire whether it directly affects him. The 
considerations outlined above would seem to sug- 
gest that the best thing the Board of Trade can do 
is to limit the operation of the Act by a complete 
and exhaustive definition, in accordance with the 
powers conferred upon them by the Act. Having 
once got the Act into working order in certain 
defined trades, and only in those trades, its exten- 
sion to others would be comparatively simple. 





THE CENTENARY OF THE GAS LIGHT 
AND COKE COMPANY. 

Tats year sees the centenary of the Gas Light and 
Coke Company, which was incorporated by Royal 
Charter on April 30, 1812. It was, of course, the 
first authority to lay down and work a system for 
the public supply of gas. In view of its centenary 
the company has issued a booklet giving some 
account of its formation, history, and present 
position. The booklet is natal written and 
excellently produced, and forms a very pleasing 
memorial and record of the first hundred years of 
a great engineering organisation. Space will not 
allow us to quote at any length from the booklet, 
but a few extracts will be of interest. The com- 
pany owes its inception to one Winzer, a Moravian, 
who arrived in London about the year 1803. He 
was apparently of a somewhat sanguine nature and 
an excellent advertiser, if but little of a business 
man. Living in an age of pamphleteers, he wrote 
pamphlets, with the idea of attracting capital to his 
proposed company. These pamphlets did not err on 
the side of moderation. One of them stated that 
his gas was to be ‘‘scentless, a cure for asthma 
and all pulmonary troubles, and conducive to a 
vigorous growth in plants,” while another stated 
that each 501. share in the proposed company ‘‘must 
yield a yearly interest of 6000/., worth in capital 
120,0001.” 

In spite of tremendous opposition, and in spite 
even of Winzer’s pamphlets, capital was at length 
attracted, a charter was obtained, and work was 
begun. As can easily be believed, the early days 
of the company led to little but disappointment 
and delay on the technical side; but relative 
salvation seems to have come when Samuel Clegg, 
an assistant from Boulton and Watt, was e 
engineer, and Winzer—or Winsor, as he then 
styled himself—was pensioned off. Progress was 
gradually made, but no dividend was paid until 
1517, one of the chief handicaps to financial 
success apparently being the difficulty of exer- 
cising proper control over the consumers, there 
being, of course, no meters in use. Gas at this 
time was sold at 15s. per 1000 cub. ft. In 1843 
the company had three works in operation, and was 
producing 248,000,000 cub. ft. of gas a year. By 
this time other companies were in existence, and in 
1849 amalgamation was talked of. Nothing came of 
this for the moment, however, but in 1868 the City 
of London Gas Act was , whereby the 
Chartered Company, the City of London Com- 
pany, and the Great Central Company came to a 
working agreement. It was in this year also 
that the company’s Bill for the erection of works 
at Barking received the Royal Assent. This was 


the beginning of the well-known works at Beck-| be used 





ton, which was so called as a memorial to Simon 
Adams Beck, the governor of the company at that 
time. 

Amalgamation was first achieved in 1870, when the 
Great Central Company and City of London Com- 
panies were taken over. This was the beginning of 
& process which since that time has resulted in the 
amalgamation of elevencompanies, the mostrecently 
acquired being the Barking and Chigwell Companies 
in the early part of this year. In 1883 an attempt 
was made to amalgamate with the South Metro- 
politan Company, but a public outcry, dictated by 
the fear that the price of on the south side of 
the river might rai to that ruling on the 
north side, induced the Board of Trade to reject 
the proposal. At the present time the company 
has some eight gae works, and produces about 
25,500,000,000 cub. ft. of gas a year. In December 
of last year it had 283,421 ordinary consumers, 
and 430,902 consumers supplied by slot meters. 
This latter figure is very striking. Its magni- 
tude is perhaps best suggested by the fact that 
the number of pennies collec in 1911 was 


231,636,536. The total area of supply is about] b 


120 square miles. 

In conclusion, we should say that a Centenary 
Dinner to the staff was given by the Governors and 
Directors of the Company, in the Imperial Banquet- 
ing Hall, at the Shepherd’s Bush Exhibition, on the 
26th inst. There were a number of outside visitors 
present, but they formed but a small proportion of 
the total company, which amounted to nearly a 
thousand. The dinner was a great success, and it was 
a pleasure to see the way Mr. Corbet Woodall, the 
Governor, was received by his staff and assistants. 
In this connection, we think we are correct in 
saying that the technical and financial policy which 
has enabled the company to reduce the price of gas 
by 1d. a 1000 cub. ft. for five consecutive years is, 
in the main, due to Mr. Woodall. In reference to 
this matter, it is profitable to remember that a 
1d. a 1000 cub. ft. means rather more than 100,000/. 
of revenue to the company. 





THE INTERNATIONAL EXHIBITION 
OF NON-FERROUS METALS. 

In our issue of last week we devoted between 
three and four columns to a description of some of 
the exhibits at the above Exhibition, but as there 
were several stands left unnoticed, at which there 
is material worth inspection, we purpose now to 
refer to these. 

Among these is that of the Delta Metal Com- 
pany, Limited, East Greenwich, London, S.E., and 
at Dartmouth- street, Birmingham. The alloys 
made by this company have been long on the 
market, and are too well known to engineers to 
require extensive description from us, but the firm 
have on view examples of various uses to which 
these alloys are put, among which may be particu- 
larly mentioned extruded metals, of which they are 
the originators. The results obtained in this direc- 
tion with ‘‘ Delta” metal illustrate very clearly its 
wonderful ductility, and the process of extrusion 
now practised may be said to have revolutionised 
the manufacture of rods and shaped bars of brass, 
bronze, and similar metals. A greatvariety of sections 
are shown which have when made in ‘‘ Delta” metal 
a tensile strength of between 30 and 40 tons per 
sq. in. A notable piece of work is an extruded naval 
brass T, 5 in. by 2in. by j in., in one long length, 
bent in the form of anarch. In addition, various 
stampings, rolled sheets, and plates are exhibited. 
There are also ‘‘ Delta” white anti-friction metals 
shown at this stand, as well as ‘silver bronze ” 
made by the firm. 

A very fine show of extruded metals, &c., may be 
seen at the stand of Messrs. James Booth and Co., 
Limited, Sheepscote-Street Works, Birmingham. 

Another firm exhibiting anti-friction bearing 
metals is the Glacier Anti-Friction Metal Company, 
Limited, 112a, Queen Victoria-street, London, 
E.C., large quantities of which are now used by 
railway companies for parts of locomotives. It has 
also been adopted largely for lining pit-tram 
pedestals, truck-bearings, and bearings for crushing 
machinery. An alloy which they specially exhibit 
this year, however, is Findlay’s special motor metal. 
It is a high-grade self-tinning metal, guaranteed 
to contain 83 per cent. of tin, and is claimed 
to be qurtioudicly useful for bearings subjected to 
shocks and strains, for which reason it has been 
adopted for the bearings of motor-cars. It can 
as a liner ;, in. thick and upwards 








without dovetailing. There are, of course, other 
pur for which the alloy is recommended, such 
as lining armature ‘bearings of electric trains, 
lining crossheads, thrust -bearings, and heavy 
marine bearings. It is also claimed to be - 
cularly suitable for lining the bearings of the 
connecting-rods and main crank-shafts of internal- 
combustion engines. The makers exhibit the big 
end of a connecting-rod that has been in use on a 


motor-car. The bearings are die cast, and are so 
true that they require no machining. The metal 
is very close grained, tough and plastic, and of 


very uniform quality. It is supplied in ingots of 

lb. and 9 lb. weight each as well as in thin 
sticks. It is claimed that the die castings made 
from it never exhibit any blow-holes. 

The Light Alloy Company, 7, Queen Victoria- 
street, London, E.C., exhibit their new alloy, 
vanalium, which for some years has been under 
trial and test. It is an alloy of aluminium, and 
is about 3 per cent. heavier than aluminium. It 
bears rolling into sheets and drawing into wire 
remarkably well, and can be worked very much like 
rass. It also takes a high polish. In colour it 
resembles aluminium, and is unaffected by ordinary 
atmospheric conditions, nor have sulphuretted 
hydrogen, carbonic acid, sulphurous or mineral 
waters any apparent effect upon it. When cast the 
metal has a tensile strength of over 11 tons per sq. in., 
a yield-point of 8 tons per sq. in., with an elongation 
of 8 per cent. in 2 in., and it can be cast either 
in sand or iron moulds. By rolling the strength is 
more than doubled, and by drawing it is trebled. 
It is said to have the property of retaining its 
hardness after being subjected to heat better than 
other aluminium x ewe at present known, and it is 
not affected by sea-water. The melting point of 
the metal is about 650 deg. Cent., and it does not 
volatilise at any temperature normally produced by 
the combustion of carbon. The shrinkage of the 
metal after casting is from 1.5 to 2 per cent., but 
this varies with the thickness of the casting. 
Another point claimed for vanalium is that it can 
be readily soldered—in fact, it is said, as easily as 
tin-plate—if the solder supplied by the makers 
be used. It can be applied to a great variety of 
purposes ; for instance, parts of airships, auto- 
mobile parts, parts of mathematical instruments, 
torpedo parts, &c. 

A stand where a great variety of alloys may be 
seen is that of Messrs. H. Ost and Co., 59, Mark- 
lane, London, E.C. It is an exhibit of the Kisen- 
und Stahlwerk ‘*‘ Mark,” Wengun-Ruhr, Germany. 
These alloys are all guaranteed to be free from 
carbon, and there is at the stand a fine display of pure 
metals and alloys, such as manganese, chromium, 
ferro-chromium, ferro- vanadium, molybdenum, 
ferro-molybdenum, &c., all of which are useful in 
the production of special steel. The carbon-free 
pure manganese, 97.98 per cent., is mostly used in 
making very hard and tough steel. Carbon-free 
chromium contains from 98 to 99 per cent. chro- 
mium, and very small traces of iron and silicon. It 
is used for special crucible steel and for high grades 
of carbon tool - steel; it is also employed as an 
addition to nickel. Chromium-vanadium steels 
have a very high capacity for resisting shocks and 
vibration ; carbon- free molybdenum and ferro- 
molybdenum have been engiagel in the manufac- 
ture of special steels, as has also ferro-vanadium. 
This is also the case with ferro-titanium, which is 
an alloy containing from 20 to 25 per cent. of tita- 
nium. The carbon-free ferro-chromium has not 
been exhibited before. 
at this stand. 

Examples of phosphor-bronze and man, 
bronze are shown at the stand of Messrs. Charles 
Carr, Limited, Woodland Works, Smethwick. 
The latter alloy will stand a tensile strain of 
25 to 35 tons per sq. in., with an elongation of 
10 to 46 per cent. in a length of 2 in., without 
being wrought in any way. Some very fine examples 
of bells may also be seen here. A very fine 
display of nickel and nickel goods may be seen 
at the stand of Messrs. Henry Wiggin and Co., 
Limited, Birmingham. 

The Ribbon Metal Syndicate, Limited, 50, City- 
road, London, E.C., exhibit their ‘* Ribbonite” 
lead for joint-caulking. This material is now well 
known, and consists of shavings of lead which are 
twisted into the form of ropes, which are caulked 
into the joints of water-pipes instead of cast lead. 
‘**Ribbonite ” anti-friction metals for engine-pack- 
ings, sheet lead for damp-courses, roofing, tea lead, 
&c., may also be seen at this stand. Another firm 


Other alloys may be seen 


nese- 
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exhibiting ribbon metals is Messrs. Johnson and 
Sons, 23, Cross-street, Finsbury, London, E.C., at 
whose stand a great variety of metals and alloys 
treated in this way may be seen. Many of these 
are for chemical use. The metals are converted 
into ribbon without either cutting or rolling, and 
great fineness can be obtained. These ribbons 
have great chemical value, because they are very 
readily acted on by acid solvents and other agents. 
Bismuth, aluminium, copper, tin, lead, and zinc 
are treated in this way, and other metals can be 
supplied if desired. 

he Lead Wool Company, Limited, Snodland, 
Kent, have an interesting exhibit of lead wool for 
pipe-joints. This material is now used by most of 
the London gas companies, and it has also been 
used in making the joints in 74 miles of water- 
piping at Staines. The exhibit of lead type- 
metal, &c., at the stand of Messrs. Cookson and Co., 
Limited, Newcastle-on-Tyne, should also be seen. 

The Berndorf Metal Works, Frederick-street, 
Birmingham, have a very good exhibit confined 
to nickel and German silver. These works are said 
to be the largest non-ferrous metal works in exist- 
ence. 

On Wednesday evening, Mr. W. R. Barclay 
delivered at the Hall a lecture on ‘* The History 
and Development of Electro-Plating,” and traced 
the industry, founded on the principles laid down 
by Faraday, through its commercial adaptation by 
Dr. Wright, of Sheffield (who, in 1840, discovered 
the double-cyanide solution of silver), to the 
present day. The growth of the dynamo for the 
rapid deposition, the enormous nickel - plating 
industry, both in Europe and America, and improve- 
ments in additions to the solutions and methods of 
working, all received attention, and Mr. Barclay 
hoped in the future to find that new alloys and 
new metals, such as tungsten, cobalts, &c., would 
be largely used, as some of them were eminently 
suited for electro-plating purposes. 








NOTES. 
Tue Lonpnon County Councit TRAMWwAYS. 

A revort showing the result of the past year’s 
working of the London County Council’s tram- 
ways was presented at the meeting of that body 
held last Sooniay. Taking the lines as a whole, 
the total expenditure on capital account has, so far, 
been 12,193,6481., and the total net surplus for the 
past year was 84,5511. On the electrical lines 
the number of car-miles run was 48,777,026, and 
the total receipts per car-mile 11.29d., the workin 
expenses being 6.63d. per car-mile. The tota 
surplus on the working of these electrified lines 
was 946,1791., of which 138,152/. was transferred 
to the renewals fund, 294,156/. went as interest, 
and 322,880]. in repayment of capital, leaving a 
surplus on the electrified lines of 190,991/. On 
the horsed lines there was a net loss on working 
of 98,4591. The number of car-miles run was 
1,6°9,786, and the gross receipts per car-mile 
8.8ld., the expenses being 10.52d. per car-mile. 
The Council propose to revive their scheme 
for a line from the Marble Arch to Cricklewood, 
and will also seek powers to extend the Shoreditch 
tramways to Liverpool-street, and the Tooley-street 
lines to London Bridge. They will seek powers to 
run trailer-cars during the rush hours of the day. 
A report giving the result of a conference with 
the Home Secretary was also presented. The 
London County Council object to any independent 
official body examining into and reporting on the 
effects of their proposals on congestion of traftic, 
and it was with a view of putting an end to the 
comments made on their schemes by the Com- 
missioner of Police that they sought the inter- 
view. In reply, Mr. McKenna stated that, in 
his opinion, the central authority on traftic 
questions in London shouk’ be the police, and 
said that he did not think that the criticisms 
of the Home Office on the Council’s Bills had 
been unreasonable. Again, referring to the 
Council’s complaint that the police prevented the 
running of defective tramcars, he stated that whilst 
the number of special notices of this kind was 
6 per cent. of the number in service in the case of 
the London County Council cars, it was 10 per 
cent. in the case of the East Ham Corporation cars, 
and 29.5 per cent. in the case of the cars of the 
London United Tramways, so that there was no 
special zeal of the police against the London County 

ouncil undertaking. As for repair notices, these 


were at the rate of 102.5 per cent. in the case of the! 


London County Council, 238.8 in the case of the 
London United Tramways, 110 per cent. in the 
case of the East Ham cars, and 496.6 per cent. \in 
the case of motor-buses. 


THe Work oF THE SwEDIsH WATERFALLS 
Boarp. 

The Swedish State evidently does not mean to 
discontinue the exploitation of the State water- 
falls, to judge from the estimated expenditure for 
the next ten years. This expenditure is put at: 
12,925,000 kr. (778,000/.) for 1913 ; 14,179,000 kr. 
(810,000/.) for 1914 ; and 15,510,000 kr. (861,0001.) 
for1915. After that there is a reduction, inasmuch.as 
10,665,000 kr. (555,0001.) is the figure for 1916, and 
9,165,000 kr. (507,0001.) for 1917 ; the expenditure 
for the following years of the decade ranges 
between 6,000,000 kr. (334,000/.) and 7,000,000 kr. 
| (387,000/.), the latter figure, however, being slightly 
exceeded for 1920. The estimated revenue shows 
a continuous and rapid rise, being :— 


Kr. £ 
1913... de eu suid 1,067,000 (59,300 
ee 1,700,000 (94,400) 
1915... 2,512,000 (140,000) 
1916... 3,436,000 (190,000) 
1917 4,703,000 (261.500) 
1918 5,046,000 (280,000) 
1919 5,848,000 (325,000) 
1920 . 6,155,000 (344,000) 
1921 . . 6,474,000 (358,000) 
1922... . , .. 7,457,000 (414,500) 
1923 8,040,000 (446,000) 


The falls bought for generating current will 
merely yield a nominal revenue until duly ex- 
ploited, but the railway board thinks it may be 
advisable to exploit the Ljung and the Karse Falls 
within the above period, each for a capacity of 
15,000 kw., for electrification of certain sections of 
the State railways. The former fall should be ready 
for work in 1918, the latter in 1921. The respec- 
tive outlay will be 5,000,000 kr. (279,0001.) and 
4,000,000 kr. (222,5007.). The estimated working 
surplus amounts to 6 per cent. of the outlay. 
The Waterfalls Board may deem it advisable to 
recommend the purchase, shortly, of some addi- 
tional falls, which represent an estimated outlay 
of 2,000,000 kr. (111,000/.), and which would be 
wanted next year. In addition to this, further 
urchases of waterfalls for some 2,000,000 kr. 
111,000/.) or 3,000,000 kr. (166,600/.) may be 
advisable within the decade. The latter figure, 
owing to its somewhat problematical nature, is not 
included in the estimated expenditure specified 
above. The further exploitation of the power of 
the Gota River comes under the following heads :— 
1, Extension of the Trollhattan Power-Station 
so as to comprise 8 units, representing 56,000 kw. 
maximum capacity. This work has been decided 
upon and, in fact, already commenced. The calcu- 
lated cost amounts to 12,300,000 kr. (683,000I.). 
2. Further extension of the Trollhattan Power- 
Station, partly by using the old traffic canal, by 
3 units, representing 21,000 kw., and _ entail- 
ing an expenditure of 4,000,000 kr. (222,0001.). 
3. Regulation of Lake Vanern and the erec- 
tion of a new power-station at Trollhattan for 
150 cub. m. (5400 cub. ft.), besides reserve plant, 
altogether six units, of a capacity of 36,000 kw. The 
regulation of Lake Viinern is estimated to cost 
6,000,000 kr. (333,000/.), which figure includes dam 
construction at Vargén, &c., the new power-station 
being estimated to cost 11,000,000 kr. (611,000I.) 
4, Construction of power-stations at Vargén and 
Lilla Edet, somewhat further down theriver. It is 
not known at present which scheme will be adopted. 
The Porjus power-station is at present being 
constructed for. a capacity of 50,000 horse-power, 
of which 25,000 horse-power will be required for 
electrification of the Riksgriimsen railway, and 
12,500 horse-power will be mee by the Luossa- 
vara-Kirunavara Company at Kiruna and Gellivare. 
The remaining 12,500 horse-power cannot be taken 
into account until the Lule River has been regu- 
lated. After due regulation, the power-station can 
conveniently be extended so as to have an aggre- 
gate capacity of 100,000 horse-power. Of this 
aggregate, the State railways will require a further 
25,000 horse-power for the electrification of the 
Kiruna-Lulea railway, and this will probably be 
wanted in 1916-17. his leaves 37,500 horse-power 
to be disposed of. The power-station at Porjus, 
now in course of construction, will entail an 
expenditure of about 11,000,000 kr. (611,000/.); 
the regulation of the Lule River will. cost about 








5,000,000 kr. (277,000/.), and the doubling of the, 


capacity of the Porjus wer- station some 
6,500,000 kr. (360,000/.). The expenditure for the 
Alfkarleby power-station during the decade is esti- 
mated at 16,510,000 kr. (916,000/.). Towards the 
end of this period it may be found expedient to 
build two further large State power-stations. 








WEST RIDING RIVERS AND TRADE 
EFFLUENTS.—No. VI. 


(b) Time Limtr ror Consent or ReFusal oF 
LocaL GOVERNMENT Boarp. 

‘* FoLtowinG the precedent of Section 6 (4) of 
the Mersey and Irwell Joint Committee Act, 1892, 
the Local Government Board should be required 
to give their decision within three months from the 
date on which the sanitary authority applies for 
their consent. Very great delay has been caused in 
the West Riding by the time which the Local 
Government Board has taken in dealing with appli- 
cations for consent to take proceedings against 
manufacturers,” 

At the outset of his examination Mr. Atter, the 
Secretary of the West Riding Rivers Board, stated 
that whereas the Mersey and Irwell Joint Com- 
mittee Act of 1892 provided that the Local Govern- 
ment Board should give their decision within three 
months from the date when the sanitary authority 
applied for their consent, the West Riding Board’s 
Act of two years later provided no limit at all, but 
in practice he had found that in all cases in which 
application was made for consent to take proceed- 
ings, up to and including October 9, 1907, the 
Rivers rd had no difficulty whatever. There 
had been 95 applications, and in 32 of these consent 
had been given within three months, and in 36 
other cases it was given within four months. After 
that date, however, there was great cause of com- 
plaint on account of the inaction of the Local 
Government Board. At that moment there were 
pending 27 cases in which such application had 
been made, and of.these 19 had been sent in so long 
ago as January, 1908 ; a year ago no intimation 
had been received from the Board as to what they 
intended todo. All that had been received from the 
Board was a printed acknowledgment of the appli- 
cation. To a letter in July, pointing out what a 
hindrance such delay caused to the Rivers Board’s 
work, and asking what they proposed to do with the 
applications, the reply vouchsafed in September 
was ‘‘the Board have not at present arrived at a 
decision in this matter.” In October a further 
communication was made to the Board in a similar 
strain, and it was pointed out that several manu- 
facturers had been threatened with proceedings, and 
as a result had started to construct purification 
works, while others, who had refused to do 
anything, were now laughing at the Rivers Board's 
impotence and the folly of their co-manufacturers 
in spending money before they were compelled. 
Not only so, but there was now a very general 
feeling abroad in the Riding that there was no force 
behind the River Board’s threats, and the manufac- 
turers, it was to be feared, were acting in accordance 
with that view. 

He, Mr. Atter, had written another letter in very 
strong language to the Local Government Board on 
October 16, and again on November 16, and had 
received only a printed acknowledgment. Finally 
he wrote to them on December.3, asking for a reply 
in time for consideration at a committee meeting to 
be held on December 11. There was no reply to 
this appeal, and nothing more had been heard from 
Whitehall. 

In his oral evidence Mr. Atter added force to his 
statement to the Commission by the assertion 
that this attitude of the Local Government Board 
would retard the work for years. In reply to a 
question from the Chairman as to whether that 
Board had been approached by manufacturers 
or manufacturers’ associations in the matter, he 
stated that the Batley Chamber of Commerce, the 
Dewsbury Chamber of Commerce, and the West 
Riding of Yorkshire Millowners and Occupiers’ 
Association had waited upon that Board on Dec- 
ember 23, 1907, and that the main object of their 
interview was to urge upon Mr. Burns the desira- 
bility of introducing legislation on the lines of the 
third report of the tedden (which, it may here 
be remarked, dealt solely with trade effluents and 
a central authority). t was an object with 
which the Rivers were in full sympathy ; 
but the deputation went further, and urged that, 

ding the introduction of legislation, the Local 
overnment Board should give no consent to pro- 
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ceedings being taken against any manufacturers in 
the West Riding. From the date of that interview 
the work of bringing the obstructing traders to 
reason had come to a standstill, as . Atter’s 
evidence showed, this state of affairs continuing 
until January 26, 1909, when the Commission first 
sat to take the evidence we are now dealing with. 
Mr. Atter was satisfied that such delay pointed 
indisputably to the need of legislation. The Chair- 
man agreed that there was something to be said for 
this view. This the witness admitted, but only up 
to a certain limit. If legislation had to come in the 
near future, it would be better for the status of 
individual traders to remain in statu quo; it would 
be a pity to alter it in the meantime; but if such 
legislation got no further than the expression of 
pious hopes at Whitehall, the Rivers Board thought 
it unreasonable practically to repeal the existing 
law until fruit had been produced. 

Sir William Ramsay thought the President of 
the Local Government Board anticipated the 
introduction of a Bill in May, 1908, and Mr. Atter 
reminded him that he was one of a deputation of 
the British Science Guild that waited upon the 
President on October 30, 1907, when he said he 
hoped to bring in a Bill next session. At that 
interview, Mr. Burns is reported to have said that 
manufacturers, if not amenable to persuasion, should 
be compelled to deal efficiently with their effluents, 
in many cases, not at any cost, but actually to their 
own profit. Since then, replying to questions in 
Parliament, Mr. Burns had repeatedly stated that 
he hoped to bring forward legislation on the subject. 

For these reasons the Solicitor of the West Riding 
Rivers Board considered that to prevent the i- 
bility of the recurrence of such delays, his Board 
should be put upon the same footing as the Mersey 
and Irwell and Ribble Joint Committees, by the limit 
of time being fixed within which a decision should 
be given on the question of consent to prosecution 
by the Local Government Board. We have already 
referred tothe view expressed by the representa- 
tives of the Mersey and Irwell Joint Committee 
that the requirements -of all rivers should be alike, 
and, of course, uniformity of procedure is not less 
needed. It is, indeed, no more than equitable, as 
well as proper statutory practice, to put all river 
authorities on one level as regards the require- 
ments demanded of manufacturers who compete, no 
matter in what county. 

Here we may remind our readers that in 1910 
we dealt with this question, and explained some 
of the causes that had led to the semi-paralysis of 
the West Riding rivers in the matter of trade 
effluents. A Bill was promised for the Session of 
1908, and now, four years later, not a word is said 
about it, nor, so far as can be seen, is there like- 
lihood of any Bill being brought forward within the 
life of the present Parliament. Consequently, the 
Local Government Board, impelled by circumstances 
and by strong pressure, has resumed, with ste 
reluctant and slow, its task of discharging the 
statutory duty cast upon it, which had been sus- 
pended far too long in the interest of what, after 
all, was a considerable minority of the polluters. 
No doubt the intention was good, but the delay 
and attitude of contemptuous silence, after it had 
become apparent that no Bill was to be expected, 
has sorely weakened the force of the law, and has 
left the Rivers Board and the wise and broad- 
minded traders who obeyed them, exposed to the 
derision of their obstructors—a gerous prece- 
dent in any state. The following figures show the 
position :—Legal proceedings against manufacturers 
sanctioned in 1908, four cases ; 1909, three cases ; 
and in 1911, four cases. 

_ This obstruction has been a special feature in the 
West Riding. The men of Lancashire and of the 
industrial centres of the Esk, in Midlothian, and of 
the Tweed, take a different view. In their spirit 
and practice they appreciate a memorable utter- 
‘.ce delivered at the adjourned conference, held at 

luddersfield, on the River Conservancy question 
‘wenty-one years ago. At that conference (Decem- 

r 21, 1891) the Mayor of that town said, in 
voference to the subject of trade effluents, that the 

‘lue of the purer water in the streams thus 
cwaned would far outweigh the cost of treatment, 
‘1 addition to the great benefit it would be to 
vublic health. The accuracy of this prophecy is 
how steadily receiving confirmation, and the great 
“ork of the Rivers Board is likely to succeed in the 
‘sce of the mistaken policy of the vested interests 
al rayed against it. 

The haphazard methods of our legislation are 


shown by the omission of any limit of time in the 
West Riding Act, although drawn up two years 
after the precedent established by the Mersey and 
Irwell Act. This should be remedied and, in 
default of a decision within the limit of time, the 
Rivers Board should await no further question, but 
should g° straight to court. It may be recalled 
that under the Middlesex County Council and the 
Thames and Lea Conservancy Acts, there is no 
need to obtain the sanction of the Local Govern- 
ment Board before taking proceedings. This 
strongly suggests that a more thorough policy 
may be secured by the exemption of the d 
from that duty for which it apparently had so little 
regard, and for which it seems to be so little fitted. 


(c) Means AVAILABLE. 


‘*The third paragraph of Section 6 of the Act of 
1876 provides that the Local Government Board 
shall not give their consent to proceedings 
unless they are satisfied (inter alia) ‘that means 
for rendering harmless the poisonous, noxious, or 
polluting liquid . are reasonable, practica- 
ble, and available under the circumstances of the 
case.’ It is doubtful whether the fact that the local 
authority have a sewer into which they are pre- 
pared to receive polluting liquids from the factory 
is a means for rendering harmless the polluting 
liquids.” 

From the fact that no evidence has been given 
for or against this suggestion, it would appear 
that the question has not been faced, and the 
difticulty is increased by a second doubt—namely, 
whether such a resource is to be regarded as a 
means reasonably available. Otherwise we must 
regard every local authority as in the first case 

ssing a sure and certain means of treating 
all the liquids which their sewers receive, and, in 
the second case, of holding the exact balance 
of justice in the matter of charges as between 
themselves and their trade-effluent customer— 
two uncommon attainments in local autonomy. 
Would not the first doubts be solved best 
by total exemption when the traders’ effluent 
reaches the sewers, subject, of course, to the 
control of their conditions of way -leave, as we 
may call them, and the second by provision of 
reference in case of dispute ? 


(d) Two Monrss’ Norice. 


‘** After having obtained the consent of the Local 
Government Board it is n to give two 
months’ notice of the intention of the sanitary 
authority to take proceedings. It is submitted 
that this two months’ notice is unnecessary, and 
merely increases the delay incident to proceedings 
under Part III. of the 1876 Act. In practice the 
Rivers Board have not found that the manufacturer 
takes advantage of the two months, which are given 
presumably to afford him an opportunity of con- 
structing purification works.” 

Mr. Atter offers no evidence on this suggestion, 
but it is difficult to see why in ordinary cases any 
allowance of time beyond a week or two should be 
given, as no doubt a formal assurance in writing 
that works would be proceeded with forthwith 
would stay the hand of the Rivers Board. Mr. 
Mills, for the West Riding Mill-Owners, in his 
‘*Summary of Suggestions,” deals with this on 
one that might well have called forth evidence. 

n reply, he says (M 5) ‘‘ That before proceedings 
are taken for the first time for the recovery of 
penalties, a two months’ notice should be given to 
the manufacturer’ intended to be proceeded 
against, who should have a right to apply to the 
central authority to dispense with or vary the 
standard of purity in his case, if it be shown that 
means for complying with it are not, having regard 
to the reasonableness of the cost and the effect on 
the business, reasonably practicable and available 
under all the circumstances of the case.” The two 
months might remain as in the old Act in cases 
where special circumstances exist, either as to the 
novel or the refractory character of the sewage, or 
as to the difficulties entailed by the limited area or 
position of the works and of the land available, 
with the right of appeal to the central authority 
for the dispensation or modification of the standard. 


(e) Proceeptnes aGarnst Firm. 

‘*A sanitary authority should have power in all 
cases to take proceedings in the firm’s name against 
persons carrying on business in ership.” 

Mr. Atter explained that this power exists where 





proceedings are taken in a County Court under the 


Act of 1876, but that the suggestion referred to 
cases taken under Acts similar to the West Riding 
Act of 1894, in which the ings are heard 
before the justices. In these the information must 
set forth the names of all the persons trading in 
partnership, and the conviction, if made, is only 
against those individual members. No objection 
was ng by Mr. Mills against this suggestion 
to shorten indictments and protect them from 
frivolous technical objections. 


(f) Orpers to Binp Successors, 


‘*An order made under Section 10 of the 1876 
Act only binds the person or company against 
whom it is made. If the business changes hands, 
the whole procedure of the 1876 Act must be again 
followed before an Order can be obtained against 
the new occupiers of the premises, even though the 
same trade has been carried on continuously in 
the same way and the whole business has n 
taken over as a going concern from the previous 
occupiers.” 

An extreme case was cited by Mr. Atter in 
relation to proceedings taken against Messrs. Sands, 
Wilson and Co., Limited. Application was made 
for consent of the Local Government Board to take 
proceedings against them in October, 1900. A 
date was fixed for the application ; search was made 
by the Rivers Board to get the certificate of incor- 
poration of the company to make sure of the 
description, and it was found that in September, 
the month before the application was made, this 
company had been wound up and its premises and 
business transferred to a newcompany, called Sands, 
Wilson and Co. (1900), Limited. The name-plate 
on the door was exactly the same, the solicitor who 
acted for the company was the same, and he gave 
no notice of the change. The Board happened, 
however, to be just in time to withdraw the first 
amar and substitute a new one against Sands, 

ilson and Co. (1900), Limited, instead of Sands, 
Wilson and Co., Limited. 
order was made against Henry ar, who con- 
structed works alleged to be far from efficient. 
When an application for penalties was contemplated 
it was found that Henry Sagar had become Henry 
Sagar, Limited, and the Board had to prepare 
their case again. In this matter they had the pre- 
cedent of the Middlesex Act, 1890, Section 15, and the 
Thames Conservancy Act, 1894, Section 95. In these 
is a provision that notice given under those Acts 
shall continue in force, notwithstanding a suspen- 
sion of the flow or any change of ownership, such 
notice being made to bind successive owners. Here 
also no case had ever been taken into Court, because 
in the earlier case of Sands, Wilson and Co., 
eminent counsel advised that there was not the least 


In another case, an 


chance of succeeding against them. In law they 
were different persons while aoa J the same—a 
different legal entity, and an order binds only the 


person or persons against whom it is made. Mr. 
Atter put it in the strongest way, that the Board 
were not foolhardy enough to go to Court in the 
face of the very best expert advice they could get. 

The Chairman thought it seemed premature to 
suggest alteration in the law until the existing 
law had been tested, to which the sufficient answer 
was that the Rivers Board were averse from taking 
proceedings when advised not, merely to establish 
a principle, feeling that the harm done by a lost 
case far more than ‘balanced the good resulting from 
the decision of one point of law. 


JuRIspICcTION oF Rivers Boarp. 


Under this head are several points in which 
the vagueness, looseness, and omissions of the 
Rivers Acts hamper sanitary work as follow :— 

1. As to streams :— 

Section 20 defines the word ‘‘ stream ” as includ- 
ing rivers, streams, canals, lakes, and watercourses, 
with certain exceptions. The Local Government 
Act, 1888, Section 14, provides that the Local 
Government, by a Provisional Order, may constitute 
a joint committee or other body representing all 
the administration counties through or by which a 
river or any specified portion of a river or any 
tributary thereof passes, and may confer on such 
committee or body all the powers of a sanitary 
authority under the Rivers Pollution Prevention 
Act, 1876. The Orders made by the Local Govern- 
ment Board with reference to the West Ridin 
of Yorkshire Rivers Board and the Mersey an 
Irwell and Ribble Joint Committees only give those 
bodies power to enforce the provisions of the Act 





with regard to ‘‘ so much of every river or tributary 
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thereof as s through or by their respective 
districts.” It has been argued in some cascs, and 


the Local Government Board have taken the view, 
that this excludes canals from the jurisdiction of 
the Rivers Board. It should be made clear that 
the Rivers Board have full jurisdiction in their 
district over every stream as defined by the 1876 
Act. No evidence — on this question, but 
why the Act of the West Riding Rivers Board 
should be assumed to exclude canals from the pro- 
tection given by the Act of 1876 it is difficult to 
see. A canal is as much a stream as any mill-race. 
The one channel conveys natural water for the 
use of navigation and the other for the creation 
and use of power in mills ; both are derived from 
natural sources, and flow in the open with outlets 
into the river, whether tidal or non-tidal. The 
definition of the 1876 Act should be universal ; any 
distinction from the purpose is merely arbitrary. 
How came the Local Government Board to have 
this power of ignoring the definition of the Act of 
1876? By that Act they can only determine the 
definitions with regard to what are ‘‘ tidal waters.” 

2. As to tidal waters :— 

The definition of ‘‘ stream” should also be 
amended so as to define with greater accuracy what 
is the limit of ‘‘ tidal waters.” 

tm his evidence Mr. Atter suggested some 
absolute limit in each river, if practicable. That in 


any case where the defence claimed a river as tidal, | i 


the central authority, when constituted, should 
investigate and decide whether in the particular 
circumstances the fact that the river was tidal 
should exonerate the defendant. His Board’s 
experience had been in a case against the Tadcaster 
Urban District Council. Tadcaster was stated by 
Mr. Atter’s witnesses to be 76 miles from the 
North Sea, up a river which certainly does not 
appear to anyone who has explored it to be tidal. 
Elaborate tests were made, and it was found there 
was no ebb and flow in the ordinary sense of 
the words; but the High Court was satisfied that 
there was such a rising and falling of the water 
caused by the tide as to make it tidal. In effect, 
the Court said that such an ebb and flow of fresh 
water, attributable to the tide below, did not 
require the penetration of salt water to make it 
tidal; the mere ebb and flow of perfectly fresh 
water made it tidal. In this case the rise and fall 
was two inches, and this two inches lost the case. As 
Sir William Ramsay said to the witness, any river 
could be proved tidal under these circumstances ; 
at any rate, any sluggish river within a score of 
miles of the sea and having no dam across it. The 
distance of 76 miles from the sea has no bearing 
on the facts. Coming to sober geography, the tidal 
wave flows from the sea up the estuary of the 
Humber, and thence up the River Ouse, of which the 
Wharfe is a tributary, to Naburn Lock, four and a 
half miles above Wharfe mouth. Tadcaster lies 
on the Wharfe, nine miles above its mouth, and 
having a sluggish current at its lower reaches, 
the actual tidal wave doubtless extends some dis- 
tance up the stream towards Tadcaster. But the 
risen stratum of 2 in. of water being fresh for some 
miles below Tadcaster, the tidal wave must have 
ceased to flow, and without an actual flow it is 
not easy to realise the encroachment of the tidal 
limits upon the sewage outfall there. 

The intervention of the Local Government Board 
on sanitary grounds, as prescribed in the Act, was 
not sought, the Distriet Council having since that 
action managed their works with comparatively 
small nuisance. The remedy can be applied if the 
works fail. 

In such a case we may explain that the self-cleans- 
ing or oxidising powers of a river are to be considered 
as well as the ebb and flow. The oscillation of foul 
currents in the Thames before the t outfalls 
were carried down to Barking and Plumstead, 
enormously aggravated the effects of the pollution. 
But where a small market town like Tadcaster, 
with but a few thousand inhabitants, discharges 
its sewage imperfectly treated -into a large stream 
like the Wharfe, with no town within its basin 
bigger than Otley (12,000 population), the case 
differs, and the stream below the outfall s ily 
flows clear, pure, and harmless down to the sea, 
ever exercising its automatic power of purifica- 
tion. This explanation, be it understood, is not in 
condonation of the discharge of sludge into a 
stream, but to give the benefit of any doubt. 

With regard to the determination of the tidal 
— this would be best effected by the order of the 

ivers Board addressed to the director, for the time 





being, of the Ordnance Survey; and the proposed 
central authority should be the referee as to the 
desirability or otherwise of varying it on sanitary 
ounds. Of the Local Government Board the 
ivers Board may be said to have had enough ; 
their hands are full. 

Standards.— Although not included in Mr. Atter’s 
statement on procedure, it is obvious that the legal 
enactment of limits of impurity considered harm- 
less in respect of the liquid refuse caused to flow 
into a stream, belongs to procedure, and Mr. Atter, 
having, despite his omission from his statement, 
touched upon the question in his evidence, seems to 
fall in with this view. Forty years ago the thoroughly 
practical men of the two commissions made no 
—" about it, and in the fourth report on the 

ivers of Scotland we find Colonel Denison, 
Edward Frankland, and John Chalmers Morton 
submitting, as one of the conclusions, a complete 
list of standards of purity, prefixed by the following 
words :— 

‘The following standards, of which we have 
already recommended the enactment and which we 
now again submit, represent in a concentrated 
form our experience acquired by the incessant 
investigation for four years of the chief manufac- 
turing processes carried on in this country.” Then 
follow a to k, ten standards, being the limits of 
a Nagy admissible to the streams. We have by 
italics emphasised the authority with which the 
commission speak, and we cannot do better than 
give the pith of the pregnant remarks following 
the enumeration of the standards proposed. 

‘*They have been framed with the most careful 
regard for the interests of both towns and manu- 
facturers. Methods have been described in our 
reports by which at no excessive cost the strongest 
town sewage and trade liquids can be adequately 
cleaned without offending those standards, none of 
which will injure the manufacturer. In fact, their 
adoption will save the manufacturers from inflicting 
injury upon themselves. One of the most crying 
evils is the want of clean water for trade uses, and 
therefore every successful effort to make dirty 
water clean is a direct gain to manufacturers. We 
consider these standards of pollution as real points 
to manufacturers, telling them in clear, intelligible, 
and definite terms what it is they have to avoid, 
and shielding them, as the Alkali Act has so 
notoriously shielded the alkali manufacturers, from 
vexatious litigation. In this opinion they are con- 
firmed by the testimony of European chemists 
of the highest reputation.” 

We now come to Mr. Atter’s few remarks on 
standards. So far as the procedure is concerned, 
he thought they would facilitate matters much. 
The difficulty might arise from the gradual raising 
of the standard. A comparatively low standard 
for a highly polluted stream would suffice ; as the 
condition of the stream improves, the standard 
should be higher. This might happen from time 
to time, at which the traders might complain that 
there was no finality. If the river kept calling for 
greater purity, the trader might be wearied with its 
importunity. He preferred not to give his opinion 
as to the value of the method of provisional stan- 
dards for fixed periods, of reasonable duration, 
since he had not studied it sufficiently to make his 
view worth giving. He admitted that the Rivers 
Board had not formally discussed this method—at 
any rate, since his appointment; and he would 
prefer that his colleague, Dr. Wilson, should deal 
with it. 

Turning to Dr. Wilson’s evidence, it is found 
that he gives standards short shrift. All he has to 
say is that his Board (the West Riding of Yorkshire 
Rivers Board) do not favour the fixing of standards, 
that he prefers the reasonable and practicable limit 
clause, and that even after the report of the 
Commission he cannot yet see how it is prac- 
ticable in the West Riding to fix standards. No 
evidence was tendered in explanation of these 
views. 

The question of standards being of wide and deep 
interest to all ies concerned in the subject of 
trade effluents, it is here proposed in our treatment 
of the West Riding rivers to take a wider cast in 
our survey, and examine and collate the evidence in 
& more complete and formal shape, taking first the 
opinions of the officials and experts in all the 
districts where Conservancy or Rivers Boards are 
represented in the evidence of the new report ; and 
secondly, that of the representative manufacturers 
and their experts. In this way we hope to get a 
little dry light on a question of importance, 





THE TELEPHONE TRANSFER. 


Tue hearing of this case has been continued during 
the past week. Mr. Gill, the company’s engineer, was 
further cross-examined by the Solicitor-General. With 
regard to an item for wastage in underground cables, 
Mr. Gill explained that the company had compared 
the net issue of cable from the stores—that is, the 
gross issue less what was returned as cable—with the 
actual length of cable in situ. This gave the amount 
wasted in joints, and worked out at 29/. per mile, or 
3/. 12s. in every 100/, The whole system had not been 
investigated, but certain typical towns — Bourne- 
mouth, Dublin, Birmingham, Newcastle, Leeds, 
Oldham, &c.—had been taken. The wastage was 
divided between overlap and drawing-in wastage. 
The Solicitor-General suggested that it made an 
enormous difference how the wastage was allocated ; 
but the witness maintained that if the total amount 
were correct, it made nv difference how you allocated 
it to the various items, although no particular item 
— then be absolutely right. 

he company had never had their cables drawn in 
by manufactures, and therefore could not speak as to 
other firms’ experience as to wastage. e agreed 
that if a contract covered all the conditions, the con- ° 
tractor’s price would be a fair guide to what the work 
ought to cost. It was agreed that a random item of 
work on cables should be selected from the company’s 
books, and the wages, costs, &c., worked out by the 
company in the presence of a Post Office representa- 
tive, to see if the figures could be agreed. 

The Solicitor-General next dealt with the item of 
tools. Mr. Gill had assumed that, taking an average 
over several years and over the different kinds of 
work done by the company, the money spent on tools 
was proportionate to the money spent on labour, and 
this proposition was severely condemned by the 
Solicitor-General. Mr. Gill admitted, as before, that 
any particular case might be criticised, but on the 
whole maintained that his method was right. 

Sir John Simon then returned to the point of exces- 
sive ‘‘ loading ” charges, pointing out that supervision 
and contractors’ profits came to a sum of half-a-million 
pounds on a claim of eleven millions. Mr. Gill 
agreed that his figure of 5 per cent. worked out 
at about this, but did not consider it high considering 
the nature of the business. 

Mr. Gill was then cross-examined on payments for 
way-leaves, which amounted to 15,134/., the sum 
actually paid by the company. 

The Solicitor-General again put forward the Post 
Office contention that the proper guide to what should 
be paid is what it would cost a contractor to do the 
work, thus avoiding all the detailed calculations made 
by the company, and also the extra cost involved in 
doing the work piecemeal. 

Cross-examined on depreciation, Mr. Gill dis- 
tinguished between second-hand value and depreciated 
value. The depreciated value—the value to the owner 
—he said, did depend on the rate of interest at which 
a sinking fund was accumulated, but the selling price 
of his plant did not depend on the rate of interest at 
which c had borrowed his money. 

The question of age of plant was one of fact, and 
the parties hoped to agree to this. Life of plant was, 
however, different, and Mr. Gill distinguished between 
physical and effective life. The biggest cause of the 
ending of effective life was growth—e.g., the substi- 
tution of underground for overhead system. Change 
of route might affect it on the end of a way-leave 
agreement. In calculating depreciation, he had taken 
the physical, not the effective, life. That is, he had 
assumed all plant could be effectively used till its 
physical life ended. Sir Alfred Cripps interposed to 
say that this wasa legal question, and the advisers 
of the company thought it the proper method having 
regard to reported decisions of the House of Lords. 

Sir John Simon then pointed out some discrepancies 
between the lives of various kinds of plant as given 
by the witness now, and figures supplied by him to 
the committee which sat to consider the telephone 
pay in 1905. Mr. Gill explained the discrepancies 

y @ different grouping of items—in 1905 only a few 
classes had been taken and an average given. The 
present was a much more detailed investigation. An 
average life was a mere arithmetical fiction—he could 
not group long and short lives except as a financial 
operation. The witness insisted again that he had not 
calculated the life of his plant with reference to 4 
sinking fund, but had applied the sinking fund to an 
assumed life. The Solicitor-General’s view was that 
the effective life should be taken to calculate the proper 
depreciation. 

he next question dealt with was an alleged defect 
found by the Post Office in some cement-block conduits 
in Edinburgh, which were said to have got so much out 
of alignment that cable could not be drawn through 
them. This, the Post Office alleged, meant the end 
of their effective life. The witness admitted such ® 
thing might have occurred, but it was not typics', 
and only showed that t blocks sometimes needed 
relaying. Other instances in Belfast were put ‘° 
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Mr. Gill, who said he did not know the circumstances, 
but anyway the cement-block system was used all 
over Europe, and he believed it to be Refer- 
ring to underground cables, the witness said electrolysis 
was 80 pare in England, at any rate, that it might 
be disregarded, and he had made no allowance for it. 
Mr. Gill explained how he had arrived at the life 
of bare wire. He had taken the amount of wire 
purchased in each year, and working backwards found 
that in 8 8 years the purchases equalled the amount 
of wire in situ. The age, therefore, if purchases had 
been made equally in each year, would be 4.4 years ; but 
since they had been made unevenly, it worked out at 


4.7 years. Allowing for renewals, the came to 
5.3 years. Many wires, of course, had n taken 
down before the end of their physi®al life. Dealing 


with exchange equipments, the witness said it was 
impossible to give a life. Barring a question of 
residual values, the company’s claim was the same for 
a central battery as for # magneto exchange, although 
the Post Office did not want the magneto exchanges. 

Going back to the depreciation question, Mr. Gill 
pointed out that to take a negative scrap value was 
against the company’s interest. If plant cost 1000/., 
and had a negative scrap value of 80/., you must have 
a sinking fund to replace 1080/. at the end of the term. 
This means a bigger annual sum for sinking fund, and 
a purchaser halfway through the term would pay less, 
and not more, since the amount redeemed is ucted 
from the replacement cost—i.e., 1000/.—and not from 
the residual value. 

This concluded Mr. Gill’s cross-examination, with 
the exception of a question on railway freights, which 
was held over, as was his re-examination. 

Sir John Simon announced that the Post Office 
agreed that the company’s prices for lead, tin, and 
copper were correctly averaged over the years they 
had taken, though he did not admit the method was 
& proper one. 

Mir Goddard, the superintendent of the company, 
was then called and examined by Mr. Marten, Ke 
His evidence was directed som | to giving further 
details of figures given by Mr. Gill, such as ordering 
and storing material, cleaning, lighting, and heating, 
small percentages for which were added to the larger 
items. These investigations had occupied a special 
staff since July, 1909. Details were also given of dis- 
trict and local administration, 9.643 per cent., and 
engineering supervision, 11.311 per cent. The cost 
of obtaining subscribers’ agreements, canvassing, &c., 
worked out 1.1142/. per station, a station being 
practically equivalent to an instrument, which, ap- 

lied to the 561,356 stations in existence on Decem- 

r 31, 1910, gave the company’s claim under this 
head at 625,4621, : 

Mr. Goddard was cross-examined by Mr. Buck- 
master, K.C. He had taken Gloucester as the district 
to be worked out in detail, because telephonically it 
was @ small district. He did not think its being a 
country district would make freight, &c., more expen- 
sive. 

Mr, Gill, recalled, gave evidence on freights. It was 
admitted that the company, in adopting a cartage 
and delivery rate, had acted on a wrong bisis, and 
Sir Alfred Cripps said he was prepared to substitute 
a station-to-station rate. This made a difference in 
the freight claim of about 30,000/. Taking the 
station-to-station rates, the difference in figures 
between the company and the Post Office was small, 
and was probably accounted for by the fact that the 
company took rates at the time the work to which 
they applied was done, while the Post Office took 
them all as on December 31, 1911. 

The Solicitor-General accepted the correction, and 
expressed the general hope that the freight figures 
could now be agreed. He suggested to the witness 
that in some cases cartage fad been charged on 
delivery of iron-pipes which were taken over by 4 
contractor at the station, and on which, therefore, no 
cartage was payable. Mr. Gill said this was not so ; 
76 per cent. of the pipes had been dealt with in that 
way, and he had only claimed local on 24 per 
cent. The amount was spread over all the pipes, 80 it 
seemed as if it had been ae on all. But the 
total was what the company had, in fact, paid. 

Mr. Danckwerts, K.C., for the company, said they 
would submit as a legal proposition that the claim 
for rates should be based on what the company had 
actually paid, and not on what the rates were in 
December, 1911. 

ve-examined by Sir Alfred Cri with regard to 
epreciation, Mr. Gill said that, aes constant con- 
citons, the effective and the physical life of the plant 
would be the same. So long as the plant which re- 
pieced the plant you took away fulfilled the same 
purpose, this was so. 

‘taintenance cost in a telephone business was not in- 
creased by age—at any rate, not outside the exchanges. 
Conduits, poles, and wires, for instance, went on 


1 the same way till they were dead. Even in the ex- 
changes the principle of taking the effective life of each 
part separate 
maintenance 


1 
due to age. 


of any question of increased | ¢, 





Mr. Gill was then re-examined on the tables he had 
putin. He said his twelve years’ average gave lower 
prices for copper, lead, tin, and also for than 
taking December, 1911, as the date. 

With regard to supervision and administration, Mr. 
Gill said it included local draughtsmen and things of 
that sort, which were not, strictly speaking, supervision, 
and which were much larger in a tele om business 
than in, for instance, a railway undertaking. 





STANDARDISATION OF ROAD MATERIAL. 

A CONFERENCE on the standardisation of road material, 
convened by the Engineering Standards Committee, was 
held on Friday last, the 2Ist inst., at the Surveyors’ 
Institution, Sir John Wolfe Barry, K.C.B., chairman o 
the Engineering Standards Commitee, being in the chair. 
The following is a list of delegates present and of the 
bodies nominating them :— 





Name. Nominated by 
Sir John Wolfe Barry, K.O.B. 
sit George Gibb 
ir ibb .. - ‘ 

Col. R. E. B. Crompton, C.B. } the Road Board. 

Capt. B. H. O. Armstrong, R.E. War Office. 

Mr. P. M. Crosthwaite .. .. Local Government Board 
(London) 

Mr. P. C. Cowan oe .. Local Government Board 
(Dublin) 

- * i oo - Geological Survey and Museum. 

* . Glazebrook, C.B. « L wrest 1 “ee 

Dr. T. Stanton .. ° .. Phystoal I y: 

Dr. W. Cawthorne Unwin Institution of Civil Engineers. 

Mr. J. Willmot .. wt .. Surveyors’ Institution. 

Mr. R. J. Thomas .. Institution of Municipal and 

Mr. E. J. Elford .. County Engineers. 

Mr. R. Drummond Institution of Munici and 
County Engineers (Scottish 
District). 

Mr. A. Prescott .. Institution of Municipal En- 
gineers. 

Mr. H: Howard Humphreys .. 


- Improvement Associa- 
ti 


ion. 

Association of County Sur- 

veyors (Ireland). 

Mr. A. E. Stevenson Road Surveyors’ 


(Scotiand). 
The Right Hon, H. C. Munro) Convention of Royal Burghs 
Ferguson bs we Scotland 
Mr. H. Hampton Copnall 
Mr. W. Worby Beaumont 
Mr. Stenson Cooke 


a County Councils’ Association. 
-- Royal Automobile Club. 
aa hil rrr) 


Motor Union. 


and 





Mr. G. Arnold .. | Commercial Motor-Users’ Asso- 
Mr. B. Humphrey - - ciation. 
Mr. F. W. Manuelle (North of. 


Scotland and Guernsey) .. 
Mr. J. Stark (West of Scotland) 


Mr. H. J. Grace 
Mr. R. E. Martin } Midlands 


Mr. G. H. Bragg (North of 
— © ae te ou 
Mr. J. C. Mackay (West of 
England and Wales) .. a 
Mr. 7 Langford (South of 


) agile! 
Mr. W. Howard-Smith. 
Mr. H. Wettern. 

Mr. Leslie 8. Robertson, Secretary. 

Mr. Charles Dresser, Assistant Secretary. 


The following were prevented from being present :— 
Mr. E. J. Lovegrove (nominated by the Hoad Board), 
Mr. H. T. Wakelam and Mr. T. H. B. Heslop (nominated 
by the Count wero, a Society), Mr. Boulnois (nomi- 
nated by the s Improvement Association), and Mr. 
J. O. Mitchell, one of the representatives of the Com- 
mercial Motor- Users’ jiation. 

Sir John Wolfe Barry welcomed the delegates, and 
after briefly explaining the constitution and objects of 
the Engineering Standards Committee, stated that the 
Conference had its origin in an interview between himself 
and Sir George Gibb, chairman of the in 
which Sir George had brought to his notice the need for 
standardisation of certain methods of measurement and 
of materials used in the construction of To this 
he had replied that, vided the Road Board were 
pared to make a suitable grant from the funds pl at 
their disposal by the Government towards the expenses 
of carrying out such investigation, he was sure the 
Engineering Standards Committee would gladly co- 
operate with the Road Board in this direction. He was 
pleased to say that the Treasury had now indicated their 
willingness to make a grant for this pur In con- 
clusion, he hoped that their deliberations that day would 
be successful and prove of practical utility to all those 
interested in the im t subject under consideration. 

Sir George Gibb, Chairman of the Road Board, said he 
hoped it would be the general view of the Conference that 
the standarisation of road material was desirable. When 
he became impressed with the need of such standardi- 
sation he thought the most practical and best way to 
achieve this was to a h i ing Stan- 
dards Committee, which behind it such a record of 
valuable and successful work, and he hoped, fore, 
that a committee would be formed for the purpose they 
had inview. 

The meeting then turned to the consideration of the 
matters before the Conference, and Sir George Gibb pro- 
posed and Mr. Stenson Cook seconded that the stan- 
dardisation of road materinl was desirable. 


United Kingdom Granite and 
Whinstone Quarry Masters’ 
Association. 


Mr. R. E. Martin, speaking from the view point of a 
representative of the quarry masters, said that the quarry 
masters were n to make a counter pro; to 


ot prepared 
Sir George Gibb’s motion, but they aght t the 
Conference should bear in mind the possibility of stan- 
dardisation somewhat diminishing the output, and there- 
ing the price of material. They thought there 
ardisation, but 


price 
ties in the way of 


‘ore 
would be di 


Association M 





they were quite to give their assistance to the 
careful consideration of the matter. 

The Chairman pointed out that it had always been 
recognised by the Engineering Standards Committee 
that their committees should representative of the 
manufacturers as well as of the engineers or users, and 
he was quite certain that the main Committee would bear 
that in mind if a sectional committee was formed. On 
the motion being put to the meeting, the standardisation 
of road material was agreed to nem. con. 

A general discussion followed upon the matters to be 
included in the Committee’s reference, and Colonel R. E. 
Crompton put forward a plea that this should not be 
limited in any degree, but that the Committee should 
have full discretion as to the matters into which they 
deemed it desirable to enter. Many members spoke in 


f | support of Colonel Crompton’s view, and it was resolved 


that the scope of the Committee’s inquiry should cover 
the standardisation of road stones and materials used in 
the construction of roads; these latter materials to 
include gravels and sands, tars, pitches, and bitumens. 

With regard to the best method of giving effect to the 
views of the Conference, it was resolved to recommend to 
the main Committee that those invited to attend the 
Conference be formed into a sectional committee to deal 
with the subject, with power to add to their numbers. It 
was unders that the sectional committee would have 
— to form sub-committees, and to co-opt members 

aving expert knowledge of the particular branch of the 
subject to be dealt with. 

Dr. W. Cawthorne Unwin, President of the Institution 
of Civil Engineers, pro: a vote of thanks to Sir John 
Wolfe Barry for presiding at the Conference, which was 
seconded, and carried with applause. The Chairman, in 
returning thanks to the Conference, expressed his pleasure 
at meeting such a representative gathering, and hoped 
that good would come of it. He desired to express the 
thanks of the Conference to the Surveyors’ Institution 
for kindly placing the meeting room at their disposal. 
The meeting then adjourned. 





TuRBINE-Yacut ‘‘ WINCHESTER.”—The turbine-yacht 
Winchester, built for Mr. P. W. Rouss, New York, by 
essrs. Yarrow and Oo., Glasgow, under the supervision 
of Messrs. Cox and Stevens, naval architects, New York, 
ran her full-speed trials on the Skelmorlie deep-water 
measured mile on the 25th inst., attaining a mean speed 
of 32} knots. This was gpamer of a knot in excess of 
the contract s . The Winchester is 205 ft. in length 
and 18 ft. 6in. in breadth, and the trials prove her to be one 
of the fastest yachts afloat. The propelling machinery 
consists of Parsons turbines driving two shafts, and steam 
is supplied by two Yarrow water-tube boilers fired with 
oil fuel. 

‘* SPECIFICATION FOR REINFORCED-ConcoRETE WoRK.”— 
This is the title of a little booklet published by the Con- 
sidére Construction Company, Limited, 5, Victoria-street, 
Westminster, 8.W. It does not enter in any way into 
the theory of reinforced-concrete construction, but gives 

ractical instruction as to the proportion of the ingre- 

ients in concrete, the kind of sand and stone to be used, 
the cement, method of mixing, ramming, &c., as well as 
the quality of the steel, methods of bending rods, wiring, 
and shuttering, hints as to the construction of columns 
and piles, &. The part relating to steel states that 
the steel must always be in the form of round rods and 
must comply with the British standard specification 
(No. 15, June, 1906) for steel for structural pur pages. 


PrrsonaL.—The Globe Pneumatic Engineering Com- 
pany, Limited, who, in connection with Sir W. G. 
Asstonte., Whitworth and Co., Limited, manufacture 
and sell the well-known ‘‘ Tierney” and ‘‘ Globe” pneu- 
matic tools, announce their removal on the 25th inst. from 
150, Queen Victoria-street, E.C., to 1, Victoria-street, 
Westminster, S.W.—We understand that in future the 
business of the Vincit Company, Limited, makers of 
carborundum and electrite and high-class machinery, 
will be carried on under the title of the ‘‘ United Carbo- 
rundum and Electrite Works, Limited ” (the Vincit Com- 
pany, Limited), instead of the Vincit Company, Limited, 
as heretofore. The firm will, we understand, continue to 
manufacture two specialities of abrasive materials—viz., 
carborundum and electrite. 





A Srperran Rattway Prosect.—The Tomsk railway 
committee is at present considering the construction of a 
railway Tomsk-Jeniseisk, for although the town of Tomsk 
is connected with the great Siberian railway by means of 
a branch line eighty versts long (53 m.), this line cannot 
adequately grapple with the requirements of the districts 
until further transport facilities to Jeniseisk and from 
there on to Melez Koja on the Tschulima, have been 
provided. The plan is not a new one, but has been under 
consideration on previousoccasions. As the T'schulima, an 
auxiliary to the Obj, is navigable for large vessels during 
the period ef open navigation, a railway between Melez 
Koja-Jeniseisk, which would only have to be 180 versts 
long, would connect two important districts, through 
which flow the rivers Obj and Jenisei. The want of 
some connection this kind has been felt for a 
long time, and the Obj-Jenisei Canal was expected to 
supply this want, but unfortunately this canal is of no 
use, as it fills up every year. To give the canal another 
direction would entail such a heavy expenditure that it 
is hardly practicable, so the papel | railway is con- 
sidered a better solution. Among goods which are likely 
to be by the new railway mention may be 
made of tea, goods for Jeniseisk and Turuchausk and the 
surrounding districts, and the requirements of the gold- 
washing concerns, of which, in the Jeniseisk district alone 
there are over 900 in the possession of private owners. 
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THE ‘‘ TITANIC” INQUIRY. 
(Ooncluded from page 850.) 

Wuen the Court met on Friday last, the 21st inst., 
the Attorney-General put in revised figures showing that 
the number of Irish emigrants on board the Titanic was 
113, consisting of 57 males and 56 females ; of the former 7 
were saved, and of the latter 33. 

Captain Rostron, of the Carpathia, was then called, and 
stated that in April he was sailing for Gibraltar and Genoa 
with 720 passengers and a crew of 325. His boat accom- 
modation was 12 under davits and 6 other boats. Before 
getting the messages of distress from the Titanic he had had 
no reports as to ice. When he received the Titanic’s call, 
at 12.35 a.m.. he was 56 miles away, and was steaming at 
14 knots. He immediately turned his ship round and 
steered for the site of the disaster, putting more boilers 
under steam and attaining a speed of 17} knots. At 20 
minutes to 3, ship’s time, he saw a green flare, which was 
the night signal of the White Star Line, and caused him 
to thinge that the ship was still afloat, although the last 
message he had received was that the water had reached 
the engine-room, and that the Titanic was sinking. 
Actually the flare had been burnt by a boat. Just as he 
was preparing to pick up the t he saw an ice- 
berg right ahead of him and very close. He accord- 
ingly had to starboard his helm, and when daylight 
broke the berg was found to be only a quarter of a mile 
away. When the ice was first seen he was steaming 
between 13 and 15 knots. This berg was 25 ft. to 30 ft. 
high. Daylight also showed, 200 Fog away from the 
ship, a mass of ice 10 ft. high. e iceberg, he stated, 
was seen first from’ the bridge, and his experience was 
that in three cases out of four objects were detected first 
by the officer on watch, who was naturally keener than 
the men. The iceberg was detected first by the naked 
eye, and might have passed unobserved by inexperienced 
men. He had at the time three men on the look-out—two 
in the eyes of the ship and one in the crow’s nest. It was, 
he stated, a very uncommon experience for the ice not to 
have been detected sooner. ® never remembered the 

resence of ice in this track during the month of April. 

here was no field ice at the site of the disaster, but one 
of his junior officers counted twenty-five large bergs 250 ft. 
to 150 ft. high, and dozens of smaller bergs, and some 
2 or 3 miles further off there was a large ice-field. The 
night was a beautiful night, perfectly clear, and in such 
conditions he thought it was quite justifiable for the ship 
to go at full speed; the conditions in which a reduction of 
speed was advisable were, he said, entirely a matter for 
the man in charge of the ship. It was useless to alter 
course because of the report of an iceberg, because the 
latter itself moved ; but when field ice were reported a 
deviation might be advisable. 

As he steamed towards the Titanic he saw the head- 
light of another steamer. All those in the boats he 
picked up were wearing lifebelts. He spoke to very few 
of the passengers rescued, but was informed that when 
the first boats were being launched the people could not 
be got in, and this accounted for some of the boats being 
less filled than they might have been. 

Captain Apfeld, the marine superintendent of the 
Red Star Line, stated that it- was the practice of his 
captains never to slow down in clear weather for ice, 
until the ice was actually seen. Temperature, in his 
experience, was no indication of the presence of ice. 

he Attorney-General stated that a reply had been 
received from the Hamburg-Amerika Line to the Board 
of Trade’s inquiry as to the practice adopted when ice 
was reported. is reply stated that in clear weather 
speed was not reduced. He also stated that from 
inquiries it appeared that the steerage way of the Titanic 
was six knots. 

Lord Mersey then referred to the statement which had 
been made that on board the Titanic at the time of the 
disaster the wireless operator had experienced difficulty 
in receiving messages owing to the noise le by the 
escaping steam, and asked whether it would not be prac- 
ticable to locate the receiving instrument in a “silent 
room,” as he understood was now the case in the Navy. 

The addresses of counsel were then commenced, and 
have since been continued. We shall deal with these 
and with the lessons, if any, which are to be learnt from 
the disaster generally, after the Court has delivered 
judgment. 


GOVERNING OF STEAM-TURBINES. 
To THe EpiTor oF ENGINEERING. 
Str,—Replying to Mr, Chorlton’s letter in your issue 
of the 14th inst., it takes up time to write stories, they 
fill space, and yet do not touch the question of special 
features in governors. I described the Lumb governor 
as & composite governor and speed-regulator, which 
description Mr. Chorlton said was correct, but such 
description did not apply to the Whitehead governor. 
In my letter of June 3, I pointed out that such descrip- 
tion apply to the Whitehead governor, and that the 
compensator may be put out of action without interfering 
with the action of the governor proper, proving that the 
compensator may be separated from the governor. Mr. 
Ohorlton says it would not then be a Whitehead governor. 
I say it would be a Whitehead governor with the com- 
pensator stopped, still proving the Whitehead governor 
to consist of a governor and compensator. The load I 
referred to as being a rapidly-varying load was (judging 
by the results shown) too much so for the Whitehead 
governor. f 
Mr. Chorlton mentions two of the largest stationary 
ones in the country, built by the Wallsend Slipway 
and Engineering Company, and fitted with Whitehead 
t the load is very irregular, but 





governors. He states tha! 


that the speed records by the station. instruments show 
jess than quarter of 1 per cent. variation from the mean 





ea The writer has before him records from one of 
t! engines, taken when the load was varying between 
3000 kw. and 3750 kw.; the variation shown in speed on 
these records is very much in excess of quarter of 1 per 
cent. from the mean speed, and the variation of load is 
not nearly so great or so rapid as the load I referred to 
in a previous letter. 

Mr. Chorlton states that the Whitehead governor will 
give superior results to any other type of governor on the 
market. If he is serious in the above statement, and is 
prepared to back it up. the writer’s firm—Messrs. James 
Lumb and Sons, Limited—may suggest a competitive 
test, subject to the costs of such test following the event ; 
otherwise I see no great advantage to anyone in con- 
tinuing the correspondence. I still fail to see anything 
unique in the performance of the Whitehead or Chorlton- 
Whitehead governors ; and the editor’s remarks that the 
governor he referred to possessed no special features was 
an accurate statement, and could be endorsed by a good 
many engineers who have had considerable experienve 
with that type of governor. 

Yours truly, 
For James Lemus anD Sons, LIimIrep, 
Levi Lvs, Director. 
Elland, Yorks, June 24, 1912. 


THE EROSION OF BRONZE PROPELLERS. 
To THe Eprror or ENGINEERING. 

Srr,—Having read Mr. W. Ramsay’s article on the 
‘*Corrosion of Bronze Propeller Blades,” which appeared 
in your issue of May 24, I venture to. make the following 
comments on this important subject :— 

In the first place, there seems little doubt that, as Mr. 
Ramsay observes, the deterioration of bronze propellers 
is a complex problem, and cannot be attributed to erosion 
pure and simple. Indeed, I have already expressed this 
view on several occasions. Evidence is, however, fairly 
conclusive that other influences are of a very secondary 
nature, and not, as Mr. Ramsay appears to think, primary 
factors, and most certainly in no way act as determining 
factors in regard to the area ereded. 

The question as to whether a continous current 
between two portions of the same metal, one being under 
strain and in metallic contact with one another, or whether 
such current passes only at the moment of molecular dis- 
tortion, is a complex one, and one which hardly concerns 
the problem at issne ; suffice it to say that the electro- 
motive force set up is most minute, and in any case cannot 
account for the damage to any appreciable extent, and 
most certainly cannot be the determining factor in regard 
to the area eroded, mainly for the following reasons :— 

(a) The whole propeller is strongly negative relative 
to the zinc plates on the ship, with which it is in uninter- 
rupted metallic contact ; the electromotive forces we are 
dealing with are so extremely small in comparison that 
they would be likely to become quite negligible. 

(b) The metal of the propeller is so good 4 conductor, 
and the different parts of the propeller are in such per- 
fect metallic contact with one another throughout, that 
it is inconceivable how any potential difference can 
exist in different parts of the same propeller. This, at any 
rate, would do away with all possibility of potential dif- 
ferences acting as determining factors in locating any 
particular series of spots on the propeller where erosion 
should show itself. Indeed, we observe on the right wing 
propeller now on the Mauritania, which has been 
repaired by burning on a bronze much richer in copper, 
that no further deterioration has occurred since the repair, 
although considerable electromotive force must exist 
between the two alloys. . 

(c) The strength of the various parts of the propeller is 
roughly proportional to the stress to which it is subjected, 
so that no one spot is subjected to a strain sufficiently 
disproportionately greater than that to which any other 
part is subjected, to tend to produce any reasonable 
potential difference. . 

(d) Where deterioration is due to galvanic action, 
copper is concentrated, often to a considerable depth and 
almost complete purity. In eases where erosion has 
occurred in bronzes of mixed structure, in eral the 
softer portions have become washed away, leaving the 
less erodible portions behind, irrespective of the relative 
chemical composition of the alloy remaining and of that 
removed ; thus in the old bronzes, where the eutectic is 
richer in copper, a decided concentration of zinc occurred 
at the surface; this is due to the fact that the 8 crystals 
in the old bronze which tend to remain are richer in zinc 
than either the a crystals or the surrounding eutectic, 
which are washed away ; and since it is the 8 crystals 
which have a maximum capacity to resist erosion, it 
follows that erosion proper is at least the principal cause 
of deterioriation. 

(e) The action is precisely parallel to that of a sand- 
blast—no deterioration occurs below a certain critical 
velocity, but above this it is extremely rapid on certain 
very limited spots, which become deeply pitted. If 
deterioration were dependent on corrosion induced by 
electrical disturbances, one would expect a relatively 
slow deterioration over large areas. 

ft) As Mr. Ramsay observes, zinc is extremely 
sensitive to strain ; if, therefore, erosion were started by 
electrical disturbances induced by strain, increasing the 
zinc in manganese-bronze should reduce the resistance 
to erosion of propellers cast thereof. It is found, how- 
ever, that the contrary is the fact ; by raising the zinc a 
distinct though slight improvement is observed ; though 
it is, of course, not a sine qué non that increasing the 
proportion of a metal which in itself is specially suscept- 
able to strain will increase the susceptibility to strain of 
the alloy produced ; this appears to be a function of the 
structure of the said alloy rather than an additive property 
of its ingredients. 

In support of this view Mr, Ramsay adjudges the 











= 
observation that erosion occurs more often at or near the 
root of the blade, or at the hoss itself, than at the tip, where 
the helical velocity is greatest. In my early researches 
this peculiarity of the phenomenon proved extremely 
puzzling, and led me to somewhat the same conclusion 
(compare pamphlet published in 1909); Lut subsequently, 
in nearly all instances which have been exhaustively 
examined, it has been possible to connect the eroded ares 
with some direct impinging current of water, and often of 
broken water, striking the propeller at a high velocity ; 
the actual gliding through the water does not appear to 
effect any great erosive action. The damage appears t., 
be caused by, the actual striking of a current of water 
against the surface of the alloy. Thus the comet-shaped 
marks observed on the propellers of the Mauritania and 
Lusitania can, in each case, be directly traced to a notch 
on the edge of the blade. - Similarly eroded areas start 
from the shackle-holes in the built-up propellers of severai 
of the liners examined. In many cases the shape of the 
eroded areas leave no doubt as to their origin being 
attributable to this cause. Thus. to take an instance 
where erosion has occurred on the boss, we may consider 
eroded propellers of the destroyer class; here the 
deterioration is of such a nature as is evidently the out- 
come of an impinging current of water concentrated by 
the blades on one portion of the boss, and this in some 
cases is so narrow and well defined as to produce a cavity 
almost like a machine-cut slot. 

In conclusion, it mes evident that Mr. Ramsay 
has been led astray by the idea that certain portions of 
the propeller blade can be at a very different potential 
from other portions of the same propeller. This, of 
course, is out of she question ; the potential difference 
between two sides.of a propeller transmitting many 
bundreds of amperes would obviously immeasurably 
small. How then‘can currents, detectable only with the 
most delicate instruments, affect certain sharply defined 
and restricted areas in large metallic surfaces to such a 
degree as to cause that particular patch to corrode whilst 
the adjacent part of the same piece of metal is 
unaffected ? , 

The accumulative results of the examination of a very 
large number of eroded propellers has rendered it obvious 
that erosion occurs wherever the rate of change of flow is 
greatest: bends or angular portions where the water is 
forced suddenly to change its direction—curves where 
eddies are induced—or notches in the side of propellers 
where the stream is concentrated into a jet-like flow. 

In expressing views not entirely in accord with those 
of Mr. Ramsay, I do not wish to depreciate the value 
of his article, for his suggestion that propellers under 
great strain may be more subject to erosion seems to be 
one of great value. Indeed, apart from any influence, 
electrical or otherwise, in determining the position of 
the eroded area, I am quite in agreement with Mr. 
Ramsay in the opinion that it is highly probable that 
metal under strain may be more subject to erosion than 
when in a less strained condition. e suggestion seems 
well worth following up as being likely to lead to valu- 
able results. In any:case, the probability of such being 
the case is an additional argument for increasing the 
thickness of all parts of propellers required to transmit 
great power, and should given careful consideration 
by all designers of propellers for high-speed ships. 

Yours faithfully, 


O. SILBERRAD. 
Silberrad Research Laboratories, 
Buckhurst Hill, Essex, June 24, 1912. 








A LARGER UNIT OF BULK. 
To THE Eprror oF ENGINEERING. 

Str,—Your interesting article on the enlargement of 
the Kaiser Wilhelm Canal illustrates incidentally, by its 
kindly translation of the metric terms employed, the 
superiority of the British units. It seems to me, how- 
ever, that a cubic foot is too small as a measure of the 
immense quantities of material which require to be exca- 
vated. A cubic yard is twenty-seven times as large, and 
is therefore much more convenient ; but I suggest that a 
unit of 64 cub. ft. would be better still. It is not only 
more than twice as large, but it represents also a liquid 
capacity of approximately 400 gallons, or 2 tons weight if 
the liquid in question ..be water. This supplies a useful 
“metric” connection between our British unitsof length 
and weight. A convenient name for such a measure 
would, perhaps, be a vol, and it could be visualised as & 
cube with a side of 4 ft. (48=64). 

Your obedient servant, 
Immo 8. ALLEN. 





Tue Iron AND Stext InstrruTe.—The autumn meeting 
of the Iron and Steel Institute will be held at Leeds on 
Monday, Tuesday, Wednesday, Thursday, and Friday, 
September 30 and October 1 to 4 next. An influential 
ne ae committee has been formed, with Lord Airedale 
as chairman, and including a number of influential men 
of the municipality, the University, and works in 
Leeds and the neighbouring districts. The provisional 

mme of the meeting is as follows :—Monday, 
ptember 30. Arrival of membersat Leeds. Secretaries 
office open at the hall of the Philosophical and Literary 
Society, Park-row, for registration of names and issue of 
ges and mes. Tuesday, October1. Welcome 
by the Lord Mayor of Leeds at the opening meeting in 
the hall of the Philosophical and Literary Society. A 
selection of papers will subsequently be read and dis- 
cussed. Welawiny, October 2. Meeting in the morning 
for the reading and discussion of poe Thursday, 
October 3. Meeting in the morning for the reading and 
discussion of papers. Friday, October 4. A visit will 
be made to North Lincolnshire. Further visits are being 
arranged for to works and other places of interest, 








June 28, 1912.] 


ENGINEERING. 





885 





MILITARY AND CIVIL ENGINEERS. 
To THE Eprtor oF ENGINEERING. 

Str,—It is, I think, impossible for any civil engineer 
to read the accounts of the very important works for 
naval dockyards carried out at Rosyth, Keyham, and 
elsewhere by the Admiralty, without reflecting with 
regret on the fact that the Kngineer-in-Chief of these 
undertakings is not a member of their own branch of the 
profession. Far be it from me to suggest that in any 
yarticular these works could be altered with advantage 
te anyone, or to sae Sve officers of the Royal Corps 
do not carry out with ability, zeal, and efficiency the civil 
work which is entrusted to them. It is, however, patent 
that such officers occupy many positions under Govern- 
ment, of which the duties are entirely of a civil as 
contrasted with those of a military nature. We were 
reminded by the late Sir James Inglis, in his Presidential 
Address (Proceedings of the Institution of Civil Engi- 
neers, vol. clxxix.), that civil engineering came into 
existence as @ separate profession in the latter half of 
the eighteenth century. 

Every engineer knows that the Government dockyards 
at Portsmouth, Chatham, Sheerness, and Plymouth were 
originally built by Rennie. Does it not bshove civil 
engineers to ask themselves how it is that Government 
works of this description have been taken out of their 
hands and placed in those of military engineers. 

To such extent has this taken place that in the Ad- 
miralty Works Loan Department were several ‘‘ superin- 
tending civil engineers” who were R.E. officers of the 
rank of major. 

A reference to ‘‘ Whitaker” shows that in the railway 
branch of the Board of Trade there are four or five superior 
engineering appointments filled without exception by 

.E. officers. Surely as is the Government super- 
intendence of railways, which were invented, developed, 
constructed, and have been in many cases ma by 
civil engineers, it might be expected that one civilian 
might be found worthy of confidence. It would appear 
that Government has confidence in the civil engineer 
only as a temporary subordinate to a military officer. As 
the retirement of Colonel Sir E. Raban is announced in the 
Press, it would mage that the present is a very suitable 
occasion to urge the rights of the civil engineer when this 
important appointment is filled. 

1 may also draw attention to the absence of any orga- 
nised effort on the part of civil engineers to standardise 
the nomenclature of various branches in engineering. 

A recent advertisement called for a ‘resident engineer” 
in an asylum, to reside on the premises, and have charge 
of and repair engines and boilers. Is such a man a “* resi- 
dent engineer” ’ I trow not. 

The fact is that there is no effectual machinery for 
making the views of the profession felt on thes: and 
similar matters. Is it not time that it was created’ 

Tam, Sir, yours truly, 

June 19, 1912. 








THE FUTURE OF THE INTERNAL- 
COMBUSTION ENGINE. 
To THE Epiror oF ENGINEERING. 

Sir,—Some time back—I do not exactly remember 
when, bus I fancy within a twelvemonth—in an editorial 
criticism in ENGINEERING of a Diesel engine of German 
construction, the gist of the conclusions was something to 
the following effect :—That the Diesel engine illustrated 
German thoroughness in working out detail, but that the 
engine produced was too ‘‘academic” to be considered a 
‘emg solution of the internal-combustion-engine pro- 

lem. That the solution would come on other lines, and 
probably involve a considerable departure from German 
ideals. This was a bold prophecy, and one of which 
time will show the correctness. 

It is rather curious to note that although the names of 
Otto and Diesel are popularly intimately associated with 
the internal-combustion engine, the inventions which are 
attributed to them had been previously suggested by 
others. Thus, as is well known, the cycle of the so-called 
Otto engine was the invention of Beau de Rochas, and 
was described in a French book; whilst a method of 
employing oil fuel, bearing much resemblance to that to 
which the name of Dr. Diesel is commonly attached, was 
originally a by Mr. Ackroyd. 

Had Dr. Diesel su ed in making a practical coal- 
dust engine, he would certainly have deserved well of 
his country and the world generally, for such an engine 
is badly wanted ; there — apparently but little pros- 
pect of the development of the oil-engine on a large scale 
commercially. A careful investigation of the probabie 
cost to consumers of fuel oil in this country in the 
near future leads me to believe that the minimum price 
in large lots will be well over 80s. per ton, but it is more 
than probable that 6. per ton will be a closer estimate. 

he reason for a probable rise in cost to consumers in this 
country is obvious. There are but two great sources of 
supply—viz., the United States of America and Russia. 
From the former California may be excluded, as the local 
demand is large and growing, and the haul to this market 
too great for economical delivery here. Texas will 
continue to forward some oil for a time; but the 
railroad companies are actively introducing oil-burn- 
ing locomotives, and the farmers and manufacturers 
throughout the south-western and middle States 

ave become convinced of the advantages of oil for 
power and heating ee. This source of supply 
will, therefore, shortly cut off. Russian supplies 
wd decreasing, although the price for export oil has 
argely advanced, as the Russian naval authorities and 
railroads are contracting largely to ensure their future 
supplies, Borneo hardly needs consideration, by reason 
Of its distance from this market, and from the further 











fact that petrol and other light oils can to-day fill all 
available tank steamers at a much greater profit to the 
latter than that obtainable from crude or residual oil 
cargoes. Even when the numerous tankers now building 
are ready, residual oil can hardly prove remunerative 
for such a long haul with Suez Canal dues added, as the 
tanker must go out in ballast. It istherefore my opinion 
that in the near future it will be im ible to obtain 
residual or crude oils in ~~ quantity in this country at 
prices which will admit of their use for power generation. 

The inc production of tar-oil should somewhat 

assist the domestic consumer, but there seems but little 
rospect that the production of shale-oils can be much 
urther developed. 

If, then, the internal-combustion engine is to become a 
serious competitor of steam, not only ashore, but afloat, 
it would seem that the speedy introduction of a simple, 
compact, reliable, and economical gas-producer, which 
will work with such coals as are to-day burnt under land 
and marine bvilers, is a necessity. Land installations of 
power-gas plant, rarely exceeding 1000 horse-power, seem 
to-day fairly satisfactory when compared with steam ; but 
the marine end of the problem has hardly been tackled, 
although Mr. Holzapfel deserves much credit for his 
enterprise in endeavouring to find a solution. Having in 
view the magnitude of the issue, it would appear wise for 
the State to offer a substantial sum for a producer which 
might be introduced into the Fleet and commercial 
marine ; but our present rulers are unlikely to give much 
assistance in this way. , 

The object of this letter is to present, to the best of 
the writer’s ability, the actual position of the oil-engine 
to-day. The amount of trash written and talked about 
oil-engines is extraordinary ; they are trotted out as a 
sort of ‘‘cure-all,” while our manufacturers and the 
Admiralty are railed at because they do not adopt the 
Diesel engine without further ado. 

When someone has built a 10,000-horse-power oil-engine, 
it will be time enough to talk about engining warships; but 
it would be well for a serious guarantee to be forth- 
coming as to the ss ata reasonable price, of a 
sufficiency of oil for a modest squadron of, say, 150,000 
shaft horse-power. 

I may add that I have no interest whatever in any 
producer. With apologies for trespassing on your space, 

I am, Sir, yours ees 
A.C. 


P.S.—I have purposely omitted referring to Galician 
and other South European oil-fields, as their output will 
speedily be absorbed locally. 





THE SAFETY OF VESSELS AT SEA. 
To THE Eprror oF ENGINEERING. 

Sir,—The Titanic disaster has brought forward very 
prominently the questions of the safety of vessels at sea 
and the provision of adequate means of rescue in the 
event of accident. A committee, consisting chiefly of 
shipbuilders, has been appointed by the Government to 
investigate the methods of constructing water-tight com- 
partments and the means of intercommunication. Their 
report and recommendations will be submitted to the 
Board of Trade. Although this is a step in the right 
direction, a committee of shipbuilders is hardly the 
tribunal to make clear and unbiassed recommendations 
on such important points. In the building of steamers, 
for financial reasons, they cut as closely as possible to the 
Board of Trade, Lloyd’s, and other societies’ regulations, 
and therefore the recommendations would be more reli- 
able if a number of our leading shipowners and consulting 
engineers were appointed to the committee. 

The following are a few of the points which call 
urgently for serious investigation. } 

Water- Tight Doors.—In view of the varying types, it is 
rather an open question as to which is the most suitable. 
Those in general use may be described as the automatic, 
electric, hydraulic, screw-down, and swing door. 

The automatic type with the float-tank apparatus is 
designed to come into operation when the compartment 
to which it is fitted becomes partially flooded. No doubt 
this door would give satisfaction when new, but the 
neglect to keep the apparatus in proper working order, 
owing to the trouble occasioned, would in course of time 
render its operation very unreliable. 

The electrically-controlled or drop-door is open to 
much the same objections. When new this type, no 
doubt, fulfils all tests; but here again time would 
greatly affect its reliability, as the cables, of necessity, 
would be run in places where they would be subjected to 
hard usage and rapid deterioration. Again, when fitted 
to bunker bulkheads it might be necessary for the door 
to cut through a certain amount of coal, which would 
undoubtedly prevent its proper operation, while the 
attempted shutting against a rush of water would prob- 
ably cause them to jam owing to the unequal pressure, 
and the doors would thus remain more of less open. The 
men at work in the bunkers are, of course, constantly 
passing through the doors, and their sudden closing with- 
out warning might easily lead to serious accidents. 

The hydraulic type, involving the fitting of expensive 
plant, has the furtherdisad vantage of being a very compli- 
cated system, while so simple an accident as the bursting 
of a pipe might easily render the whole apparatus useless. 

Properly fitted, the old-fashioned type of screw-down 
door is undoubtedly the most reliable, but on a passenger 
vessel the distance between the principal doors and the 
working deck necessitates long lines of vertical and 
horizontal shafting, with the accompanying bevel-gear. 
This apparatus is often badly fitted, the shafting coming 
up in awkward positions for satisfactory working, and it 
not uncommonly requires from six to eight men to get 
anything like speed in the operation of the doors. In 


many instances the shafting is led up under stairs, &c., 





| where it is practicall ible, while even its posi- 
tion is probably only known to three or four people on 
board. It is usual for the operating gear to be placed 
two or three decks below the upper or working deck, 
which, in an emergency, might mean the loss of valuable 
time ; but this defect could be overcome by carrying the 
shafting to the top deck. 

Swing water-tight doors, while suitable in such places 
as rage ad alleyways, should not be employed on bulk- 
heads below the main deck, in view of the difficulty of 
working them against a rush of water. Also, in the 
event of fire it might be impossible to approach the doors. 

There is one point that calls for close investigation, 
and that is, the common practice of cutting holes in 
ee bulkheads, —— in the bunkers. It 
frequently happens that *tween-deck bunker bulk- 
head has a hole cut through it on each side of the ship 
about 2 ft. 6in. by 2 ft., to admit of the of coal 
from the *tween-deck cross-bunker to the permanent 
bunkers. These holes are cut by the builders, a plate 
and bolts being supplied for closing them when not in 
use ; but, as a matter of fact, this plate is seldom bolted 
into position, and certainly never made water-tight. On 
the face of it this is a very unsatisfactory method, and 
might easily prove disastrous in the event of the vessel 
sustaining damage near a bulkhead so cut. . 

In mger steamers it is usual for a tunnel to be 
made through the lower holds connecting the firemen’s 
quarters with the stokehold. This is an excellent idea 
for its intended purpose, and uses space where it is least 
valuable. In the event of an end-on collision, however, 
it constitutes a very grave danger, as it leaves only one 
—the collision bulkhead—to be pierced, when the water 
would pour into the tunnel and so immediately flood the 
boiler and engine-rooms. The only preventative would 
be the water-tight door at the end ; but it being a usual 
custom to stow all kinds of spare gear in the tunnel, this 
would be ey against the door by the first inrush of 
water, probably rendering it useless. 

There is one point where the shipbuilder has failed to 
keep with the growth in size of modern steamers, 
and that is, the height to which water-tight bulkheads 
are carried. They are poone the same in modern 
boats as they were in the flush-deck vessels of thirty 
years ago. At that time the upper deck really was the 
upper deck, and not, as now, two or three decks below the 
working deck. Even now the top of the bulkhead is well 
above the load-line, but it has been proved on more than 
one occasion that the failure to carry the bulkhead to the 
top deck has resulted in the loss of the vessel. 

The arrangement of the stairs and alleyways in a 
modern vessel also calls for consideration. In general 
practice the stairs leading to the passengers’ quarters are 
a marvel of space economy, and are carefully boxed and 
panelled in such a manner as makes them indistinguish- 
able from the ordinary block of state-rooms. The stairs 
seldom lead direct to the upper deck, and cause consider- 
able confusion ; in fact, even in a liner of moderate size, 
it is a perfect puzzle to find one’s way about. With such 
a state of affairs under ordinary well-lighted conditions, 
one can hardly conceive what the confusion would be in 
the event of an accident and panic. This danger, at any 
rate, could easily be obviated. The stairs should be con- 
structed to lead directly from the passenger quarters to 
the upper deck, decorated in a distinctive manner and 
fitted with oil emergency lamps. 

So far as boat accommodation is concerned, shipowners 
are now far in advance of the Board of Trade Regulations, 
having provided room for the full complement of pas- 
sengers and crew. ‘The debatable point here is the 
description of boat to be carried. Those generally in use 
are classed in the Board of Trade Regulations as the 
*““A” and “D” types. The former are lifeboats fitted 
with copper air-tanks, and undoubtedly are the most 
reliable; while the latter, although without the air-tanks, 
are very serviceable. In addition, most liners carry a 
number of canvas collapsible boats. Sime Devers, can 
never be looked on as more than a makeshift, being ex- 
tremely difficult to open out and very liable to damage 
in launching. In time the prepared canvas gets hard and 
cracks, and when the boats are needed they are found to 
be anything but water-tight. They are frequent] 
damaged by rats tearing away pieces of the canvas, wit 
which to build their nests. The stowage of the neces- 
sary boat equipment is another matter that requires 
revision. A lifeboat ready for launching appears choc- 
a-bloc with masts, sails, spars, oars, boathooks, &c., all 
apparently thrown in promiscuously. As recently hap- 





pened, in order to find room for the passe much of 
the had to be thrown overboard. This confusion 
could be obviated by fitting brackets on each side of the 


boat for the proper stowage of the gear. 

It would also be a great advantage if a t of the 
extensive promenades now arranged on the bridge and 
promenade-decks was utilised for the boat accommoda- 
tion. These promenades, especially in crossing the 
Atlantic, are more or leas deserted, the weather seldom 
being warm enough to permit of their use. The risk of 
lowering the boats would thereby be considerabl 
reduced, as it would leave ample room between the ship's 
sides and the deck-houses for the working of the gear. 
Incidentally, the alteration would improve the stability 
of vessels with so much top hamper as modern liners. 

Lifebelts are generally stowed in the state-rooms, but 
would be much better arranged in the vicinity of the 
boats. In the event of an accident the natural tendency 
is to get on deck to find out what has happened, and if 
there is a possibility of the vessel going down, passengers 
would be averse to searching below decks for a lifebelt. 
If stowed somewhere close to the boats, where people 
would naturally congregate, they could be quickly distri- 
| buted in an emergency. 

Practically all liners now use the Marconi system of 
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wireless telegraphy, but the expense of fitting and 
working this has, up to the present, deterred tram 
steamship owners from following the same course. If 
simpler and less expensive apparatus could be designed, 
it would solve the principal difficulty. A few days ago 
the writer had an opportunity of inspecting the Dubilier 
system of wireless telephony. The inventor claims that 
in recent experiments at Seattle he received clearly 
articulated messages over a distance of 50 miles. If this 
is so, and the apparatus is reliable, it would be of infinite 
value to the mercantile marine. Compared with the 
Marconi installation, the expense of fitting the whole 
system is trifling, and no expert knowledge being required 
for its operation, any member of the crew can use it. 

In conclusion, the question of building vessels with a 
double skin has been put forward. Some experts believe 
that such a method of construction would give us the 
* unsinkable ship ;” but, under certain conditions, with 
vessels of the enormous size and weight of the modern 
liner, this is extremely doubtful. Further, an owner does 
not usually —_ his steamer being used for ice- 
breaking or travelling over land, and there must be a 
limit to the possible dangers to be guarded against so far 
as the construction of the vessel is concerned. On the 
lines of the suggestions here put forward, and without 
making any ical change in methods of construction, 
— sea will be as safe as it is reasonably possible 
for it to be made. 

Yours truly 
Sxa-Gorna ENGINEER. 








“THE STEREOPHAGUS PUMP.” 
To THe Epiror or ENGINEERING. 

Sir,—Mr. Parsons’s letter on the above subject in your 
issue of the 24th ult. has been somewhat of a puzzle to me, 
especially the comparative statement between hydraulic, 
pneumatic, and the ‘‘ Stereophagus ” system of raising 
sewage, where an initial net force of 2 horse-power grows 
into 245 horse-power for ejectors and 134.5 horse-power 
for pumps. y experience leads me to the conviction 
that the transmission losses need not be anything like 
that for either system if the installations are properly 
designed, and I feel sure that, as far as economy of power 
is concerned, there is very little to choose among the 
three systems if the distances of power transmission are 
moderate. 

Economy of power and cheapness of the machinery are 
not, however, in my opinion, matters of primary import- 
ance when matters of such vital importance as the remov1l 
of sewage are to be dealt with. The object of building 
sewerage works, as I understand it, is to transport the waste 
products of the community from the houses to some 
place outside the inhabited area, where they can be 
rendered innocuous, and the most essential point is to 
arrange the means of transport in such a manner 
that the whole of the waste products shall arrive at 
their destination in the shortest possible tims, without 
any of them being lost or left on the way, and without 
allowing them to pollute either the subsoil of the place to 
be drained nor the adjoining oe ae and estuaries, 
or the surrounding atmosphere. ere cheapness is the 


first consideration, the old-fashioned plan of storing the | : 


waste product in cesspools, and removing them from time 
to time in carts or pails as they may be required for 
manure, is certainly unrivalled, and it is still used very 
extensively in farms and villages; but for towns this 
system of transport is so far from fulfilling the above- 
mentioned conditions that it has been generally discarded 
in favour of the water-carried system of sewerage, in 
spite of the greater cost of this latter system. 

Here, again, I think, most of the early engineers lost 
sight of the first principle, that the water is only a carrier 
of the waste products, and by building the sewers with 
very flat gradients they failed in removing the solids, and 
in many cases such sewers have been entirely abandoned 
and new sewers with steeper ients have been con- 
structed in their stead. In other places, the old sewers 
are retained as rain-water drains, while new sewers on 
the separate system have been built for sewage only. 
Here, again, the success of the separate system is not due 
to its cheapness, but to its greater efficiency in removing 
the whole of the sew Where the local conditions 
enables the engineer to do this without using any machi- 
nery whatever, no man in his senses would use any, as it 
is at the best a necessary evil; where all the sewage can 
be conveyed to a single point without incurring exces- 
sive expenditure, there direct pumping with _high- 
class pumping machinery must always be preferable to 
the best system of power transmission and sectional 
pumping. There remains, however, a large number 
of cases where sectional drai is of real economical 
advantage, and where this is the case it appears self- 
evident that only the very best and most suitable machi- 
nery should be used, more especially as the cost of the 
machinery generally forms only a small percentage of the 
total cost of the works. Here, for St. Petersburg, for 
instance, where most careful estimates have n pre- 

red for the whole town, and these have been verified 

y the highest Russian and English authorities, the total 
cost of ejectors and ejector stations only amounts to about 
5 per cent. of the total estimated cost of the sewe 
works, and the cost in coal and attendance for lifting the 
sewage, where about one-half of the total quantity of 
sewage is lifted by means of ejectors, is only 14d. per 
head of the population per annum. Any saving that 


might be effected by cheapening the machinery or the 
cost of working ap to me wholly negligible if the 
reakdown, as 


ey on machinery 1s in any way liable to 
the first object of the engineer should be that his machi- 
nery shall work with the same certainty as the gravitation 
sewers themselves. 

I think that the principle of the Shone ejector is for 


| automatic machinery of this class, which must of neces- 
| sity act intermittently, the only one that will ever be 
| found practical—viz., to collect a considerable quantity 
|of the sewage in the apparatus itself, and to expel it 
| automatically at a self-cleansing velocity, by means of a 
frictionless gaseous piston, in such a manner that the 
discharge acts like that of a flushing-tank, cleansing not 
only the apparatus itself, but also the discharge-pipes 
call the sewers into which the sewage finally enters. A 
volume of, say, 500 to 1000 gallons of sewage disc 
during half a minute has a wonderful effect in the trans- 
port of solid matter, and I have seen rs 
passing through large ejectors and being carried to the 
outfall through many miles of sealed sewage mains, and 
it is only by keeping the whole body of sewage in motion 
that deposits can be effectually prevented. 

I fully acknowledge that Mr. Parsons deserves every 
credit for having designed an excellent and ingenious 
hydraulic pump, but I cannot admit that this pump has 
worked su ully as a conveyor of sewage. I exam- 
ined some of his pumps at Woking some years ago, an 
pointed out during the discussion of Mr. J. Davis’s paper 
on ‘‘The Sewerage Systems of Sydney, N.S.W.,” at the 
Institution of Civil Engineers, from actual data submitted, 
that the efficiency of the installation was only about 
19 per cent. ; that owing to the great and variable friction 
of the pump-plungers, it was not possible to work the 
pumps automatically, but that the sewage was allowed 
to accumulate for several hours in a brick-chamber, and 
even to rise into the gravitation sewers themselves, while 
a workman went about from one station to the other, 
started the pumps, and watched them till the chamber 
was clear of sewage. This is very far from what I should 
call successful sew: pumping, and Mr. Parsons in 
fact, admitted this by abandoning the hydraulic system. 

Although quite open to convicticn that I may be mis- 

taken, I am still of opinion that an automatic, electrically- 
driven centrifugal pump will be equally unsuitable for 
raising sewage. A heavy disc revolving at a high speed 
may be able to smash brickbats and ash-handles, but if 
such objects get into the machinery while it is at rest, 
nothing short of taking the pump to pieces and removing 
the obstruction by hand would ever make the en start. 
On the Continent, where electricity seems to be regarded 
almost as a for all the evils flesh is heir to, 
such pum ave had a fairly extensive trial, but they 
have not m successful. German engineers have been 
obliged to introduce a most elaborate system of screens, 
mors | the sewage through a slowly-revolving disc, per- 
ora’ with 4-in. holes, which is kept clean by elec- 
trically-driven revolving brushes. The screenings are 
removed in carts, and it is therefore really a reversion to 
the pail system, collecting the excreta in the streets 
instead of in the houses, 

The Shone ejector worked successfully from its very 
commencement, and it has been vastly improved in 
details during the thirty years it has been in use. The 
approval it has met with has certainly been gratifying to 
its able and venerable inventor ; but, financially, I can 
say from experience as a former shareholder in the Shone 
ae ang the reward has been disappointing, as the 
income from patent royalties has been small compared 
with the expense incurred in introducing the ejector, 
pone posers it, and paying fees for obtaining, extending, 
and renewing the patents. 

The reason for this is ope ony the great and very 
natural reluctance which all re lic corporations have in 
adopting new inventions, and the patents expire before 
an inventor su s in demonstrating the value of his 
invention to the average town council, which invariably 
expects to see a long list of towns where the new machine 
is properly ado , and for inventions which appeal 
almost exclusively to such corporations the introduction 
is therefore slow and tedious. 

I sincerely hope Mr. Parsons may be more successful, 
and remain, 


Yours truly, 
' C. T. ALFRED HANssEN. 
300, Lordship-lane, East Dulwich, 8.E., June 11, 1912. 





To THE Epitor oF ENGINEERING. 

S1z,—One cannot read the printed and published dis- 
cussions between Mr. Parsons and Mr. t on the 
subject of the ‘‘Stereophagus” pump without observing 
that both esteemed discursants when writing were in a 
peculiarly dogmatic frame of mind, one dogmatist aver- 
ring that he had had thirty-six years’ experience, or there- 
about, in sewerage centrifu and the other, while cast- 
ing a doubt on the veracity of the premier dogmatist, 
just as forcibly and eat asseverating that the whole 
of the time—somewhere about thirty-six years—had been 
solely occupied by him in the successful design of cen- 
trifugal pumps. I suggest to both gentlemen that the 
reader learns very little as to the merits or demerits of 
either the ‘‘Stereophagus” or the present-day sewe 
centrifugals from such correspondence, and that while 
the correspondence pages of such journals as EnaI- 
NEERING, &o., are easy and convenient means where- 
by one can tell another what he thinks of him, such 
convenience should not be abused, but rather that the 
gentlemen on either side of the discussion should vie with 
each other in an endeavour to so write that they may 
succeed in placing before the readers of the published 
discussions true and faithful representations of the points 
in question, so that those who read may judge accord- 
ingly. Referring to the subject of sewerage pumping, I 
do not think that the word “pumping” comprises the 
raising and transporting of brick-bats, dead animals and 
ash-handles, and such like; nor do I believe that the dis- 
cussion should be unnecessaril y complicated by even the 

whatever kind should be 





bare 9 x pr that a pump o' 
able to deal with such a class of refuse. A machine—an 
| efficient apparatus—able to deliver such solids would not 


d | which shoul 





be of the nature of a pump, but across between a crusher 
and a conveyor, such as is for quartz reduction in 
the gold-fields; and it is, moreover, obvious t any 
machine in the form of a pump would have its legitimate 
functions considerably restricted were provision made 
so that it could receive and discharge such things as those 
referred to by Mr. Parsons and Mr. Hanssen. Your cor- 
respondents are aware that the resources of sanitary 
engineering provide a means for dealing with solids in an 
efficient manner, and ting and accepting that a 
— is uired to efficiently deal with fluids, semi- 

uids, or a kind of sludge consisting of a fluid having 
floating on its surface and also below it foreign matter 
in suspension, but not brick-bats. 

If I here introduce a pump, or rather very little else 
than the bare idea of a pump, which appears to SESS 
all the necessary qualities in embryo for raising and trans- 

rting such semi-fluids as are here referred to, it is not 

or the purpose of complicating the discussion on the 
**Stereop ” nor for the purpose of obscuring that 
be made clear ; but it occurred to the writer 
while writing this letter that it is possible that such a 
design deserves something more than a passing notice, and 
it is possible that the conception has some little value. 

I will not beg the question, or make an effort to ‘‘fit 
things in,” though the writer’s opinion of the peculiar 
and necessary characteristics of a sewerage pump will be 
given, and also how far it may be honestly assumed that 
the design presented will satisfy them. 

The line drawing illustrates that which will be called 
a uniflow rotating-ram displacement pump for fluids, semi- 
fluids, and sludge (not brick-bats), and this may be 
closely examined, as the necessary characteristics of a 
sewe pump are given. 

(a) The flow of the semi-fiuid should be in one diree- 
tion only. Tortuous passages for such material are 
inadmissible. 

(6) Parts liable to wear on account of abrasive material 
held in temporary suspension in the fluid or semi-fluid 
should be self-renewing. No kind of packing-box effec- 


tually meets this demand. 
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(c) Valves should be of the simplest possible kind, and 
their form, construction, and disposition should be such 
as to enable them to allow them to part from floating 
solids and semi-solids quickly. 

(d) The pump should be relieved of the necessity of 
lifting and transporting material having a greater specific 
gravity than water ; such work being better done by a 
process of elimination, ere the fluid or semi-fluid reaches 
the pre. . 

Obviously a, 6, and ¢ can be satisfied by the centri- 
fugal pump, and d by the eliminatory process referred to. 
The ‘‘Shone” ejector also satisfies the need ; but with 
that, as with the centrifugal, it is a pandering to an 
acknowledged inability to design a positive displacement 
pump for the purpose ; for there is no displacement pump 
yet made which will satisfy b. ; 

The figure illustrates the idea of a positive displace- 
ment — seems to fulfil to a certain degree the 
conditions laid down. 

B is the shaft to which power may be applied. : 

A is the casing of suitable material, and of any siz®, 
both as regards breadth, height, and length. 

C is the rotating displacement ram, rotated by shaft B. 

D Dare a pair of pendulous abutments, hanging from 
suitable pivots E, and constitute, with the spring pack- 
ing F F, one of the principal features of the design. It 
is a compensating stuffing-box of considerable value, I 
think, and will probably work efficiently for a lengthened 
period oblivious of suspended abrasive matter in the 
material being pumped. ; ; 

The abutments extend, as also does the rotating ram C, 
the whole length of the casing A, and run in close juxta- 
position to the facing J of each of the end covers of the 
casing, and which are bolted to the casing by bolts as 
shown. G is the suction-valve and H the discharge, 
shown at an angle of about 30 deg. from a vertical base. 

The —_ marked a sf > rovided  eadhw 
purpose of receiving partially suspen material whic! 
may have passed the leather-faced suction-valve. This 
may be of any size, and provision could easily be made 
for the automatic discharge at convenient intervals of the 
sediment collected. . ° 

The “‘uniflow” of the semi-fluid is provided for ana, 
as may be seen, there are no tortuous and the 
ram enters the “sump” with an extremely easy and 
curvilinear and wedge-like motion; and with the ex- 
tremely attractive pendulous action of the pair of swing 
ing abutments, in close juxtaposition with the rotatpg 
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ram, gives one the idea that the pum useful 
possibilities for dealing with semi - wide With pro- 
visions for self-priming on the suction side, and, poe 
suitable strainer-boxes, and a pair of pumps having a 
common suction and discharge and air vessels, the design 
may be of considerable service. : 

The capacity of such a pump is enormous, and if we 
imagine a pair with a ram diameter and length of 10 ft., 
and being driven at a speed of 50 or 100 revolutions per 
minute, we have an installation capable of dealing with 
millions of gallons of semi-fluid daily. 


Yours y> 
J. T. Towzson. 
50, Newland-street, Silvertown, E., June 17, 1912. 





OIL-MIXED CONCRETE. 
To THE EpiTor oF ENGINEERING. 
Sin,—With reference to the letter appearing in your 
issue of June 7 on the above subject, we beg to state that 
we manufacture an oil yn «sage for mixing with 
concrete. This oil has a remarkable capacity for mixing 
with water in any a, notwithstanding the fact 
that it is a pure mineral oil. 
We shall be pleased to send a sample to interested 
parties. . 
Yours faithfully, 
Tue Stern Sonnesorn O1n Company, LIMITED. 
W. J. Smrru, Manager. 
Royal London House, Finsbury-square, London, E.C., 
June 20, 1912. 





‘*GIRL-ENGINEERS.” 
To THE Eprtor oF ENGINEERING. 

S1r,—Whilst this question of inferior office routine is 
receiving attention, whereby many firms are losing orders, 
I would like to give two examples of ‘‘courtesy” shown 
by London firms to overseas customers last summer. 

The months of June, July, August, and September find 
Britain filled with Colonial and Indian merchants and 
professional men bent on holidays and sight-seeing. At 
the same time they often drop in on manufacturers, 
whose advertisements they read in the London trade 
papers when they are in their overseas homes. During 
the business hours of the day it is only common-sense to 
expect to find in the office some matured and intelligent, 
courteous person of the male sex, who can answer a stray 
caller in a dignified and courteous manner, as the owner 
of the business or factory would. Here are the 
examples :— 

Firstly, the buyer had travelled 10,000 miles; and, 
being a fine day, decided to visit a chemical engineering 
and manufacturing works, one hour’s journey from 
London. The full address was merely the ‘‘ town ;” no 
street or road being mentioned. On arrival at the town 
he asks for Such-and-Such Company ; nobody has heard 
of it. As a last resource, he asks some children : ‘‘ Oh, 
yes,” replies one of them, ‘‘it is opposite where I live ; 
it belongs to Mr. X.” After wandering along several 
roads, he came to a block of dwellings, and asked another 
batch of children, ‘*Do you know Such-and-Such Com- 
pany’” They all shook their heads. ‘‘Do you know 
Mr. X.’s place?” ‘Oh, yes,” came the reply, ‘‘it’s over 
there. But the gates are closed, as they are away for an 
hour’s dinner.” When dinner-time was up, the overseas 
buyer entered the gates, to be met with the notice, 
“‘Mind the dog.” wer down the yard was another 
notice, ‘* Dog loose.” On various doors were notices, 
“Private,” ‘‘ No entrance,” and at last he saw ‘‘ Office,” 
and “‘ Ring the bell.” All this was outdoors. Pulling a 
chain bell, a window opened, and a young girl’s head was 
just visible. The usual girlish argument followed. 
‘“‘What is your name?” ‘Have youacard?” ‘* Who 
do you represent?” and such like. The result was 
that the young creature announced that the managing 
director did all the shipping business himself, and as he 
was ‘“‘such a busy gentleman,” and had “several other 
businesses” as well, he could be seen at 9 o’clock in the 
morning for a few minutes only. An appointment was 
made for that time the next morning, and the overseas 
buyer returned to his West End hotel a tired man. Next 
morning at the appointed hour he appeared, and was 
greeted by the same child with a blush, ‘‘Oh, Sir, I am 
so sorry, but I forgot to tell Mr. X. you were coming, 
and he has gone for the day on his motor-car.” On re- 
monstrating, she added, ‘‘It is no use you coming again 
next week, because he is going to the races, and after that 
he is going abroad for a month’s holiday.” This firm had 
no London address. 

Secondly, the second firm had a West End office, but 
did all its shipping business at the works, although the 
West End address was adverti as head office. On 
calling at the London office our Colonia! hero was referred 
by an essentially dressy West End typewriter ‘“‘to the 
works ;” and wished him adieu by banging the window 
in his face, Again the works had no or street 
given—simply the “‘ village.” The journey took an hour 
and a half. On arriving at the village the rural police- 
man gave the damping direction: ‘* You will have a job 
to find em. You go down that road, and along that 
lane, and then turn down the other lane. Then you had 

etter ask again.” Following the constable’s instructions, 
the overseas buyer got to the second lane, and as fields 
surrounded him on all sides there was no one to ask the 
way. Notices were liberally visible, ‘* Private property” 
and “Trespassers will be prosecuted.” Opening a field 
gate he proceeded some distance till he came to a pond ; 
= the demon of suicide appearing, he returned to 
- mdon with all speed. That firm’s works he never 
ound; and he did not call again on the dressy typewriter. 
. A Colonial or Indian visitor often likes a personal 
interview with the supplier for various reasons, and does 





not want to leave all details to the shipping agent. But 
being in England on a holiday, his business calls are 
made on the spur of the moment, yet during business 
hours of the day when some responsible person 1s expected 
in the office. And that is the great defect in many offices 
—the person who answers “ callers” is often too effemi- 
nate and too juvenile. The best and experienced man 
should be employed for this diplomatic work. 
Your obedient servant, 
SHIPPER. 








THE PHYSICAL SOCIETY OF LONDON. 


AT the proceedings at the meeting held on June 14 at 
the Imperial College of Science, Professor A. Schuster, 
F.R.S., President, in the chair, a ‘‘ Demonstration of the 
Use of Specific Gravity Balls for Determining Very Small 
Differences of Density” was given by Mr. T. H. Blakesley. 

present communication was made for the purpose 
of — out that the sensibility of specific gravity 
balls was, as a matter of fact, vastly underrated by 
scientific men, and the author quoted passages from 
Professor our Stewart and Mr. Fownes which would 
tend to produce the belief that beyond the third decimal 
place specific gravity balls are not trustworthy. A variety 
of experiments was quoted which would indicate a sensi- 
bility a hundred times as great as this, and indeed 
that the error which might be expected in a properly 
conducted experiment would be of the order 5 in the 
sixth decimal place. The author has been in the habit 
for the last ay of a century of employing specific 
gravity balls for the pupen of discriminating between 
the qualities of potable waters in respect of density and, 
therefore, of hardness, of testing the efficacy of softening 
processes, &c., for all of which the specific gravity ball is 
admirably suited. His process of observation differs 
from the ordi rough-and-ready use in the fact that a 
thermometer of fairly open scale 1s employed to give the 
temperature at which a specific vity ball is in equili- 
brium with a liquid which is being slowly warmed or 
cooled through that point of temperature. The error in 
such a temperature observation should not amount to 
more than three or four hundredths of 1 deg. Cent. 

If such a determination is made in distilled water at 
ordinary atmospheric temperatures it fixes the — 
gravity of the ball at the temperature of equilibrium 
within four or five units in the sixth place of decimals. 
If a second observation with the same ball is made in a 
slightly heavier liquid, say, common tap-water, the tem- 
perature of equilibrium will be considerably higher, 
perhaps 2 deg. or more, than in distilled water. By 
applying the coefficient of cubical expansion the densit 
of the ball at the higher temperature can be obtained, 
and this is the density of the second specimen of water at 
the second temperature. Reference to a table of densities 
of distilled water will furnish its density at the higher 
temperature, and the difference between the two numbers 
will give what the author calls the density excess of the 
second liquid over distilled water at the higher of the two 
temperatures. This density excess is best quoted in parts 
in one million. For example, the density excess for a 
specimen of London water was found to be 290 at 
17 deg. Cent. 

For a few sae on either side of this value this 
number is sensibly constant, a fact of some value, as it 
enables one to employ four or five balls at the same time 
in one experiment. , 

One noteworthy result of experiments made through a 
long course of years is that simple glass balls tend to 
expand, especially in the years immediately succeeding 
their manufacture. The rise of the zero point of thermo- 
meters has led to the belief a contracts with age. 

Mr. Blakesley then proceeded to explain the sort of 
apparatus which he thought might make the extreme 
sensibility of the specific gravity ball available for 

uickly detecting the infusion of fresh water in the ocean 
ys to the presence of icebergs in the neighbourhood. 
This problem is one which cannot be decided without 
definite experiments made upon water specimens taken 
from the sea at various noted distances from icebergs, 
observing direction of wind and current at the times of 
taking the specimens. These could be me submitted 
to examination, and the results would be of the first 
importance in settling some of the details of the apparatus 
for quick practical determination of fresh water infusion. 
per on the “ Maximum —— vs a Duddell 
Vibration Galvanometer” was read by Dr. H. F. Haworth. 

The maximum sensibility of a moving coil vibration 

ag oem as a voltage detector is obtained when the 
ux through it is so adjusted that the back electromotive 
force of the coil is equal to its CR drop; then the back 
electromotive force is equal to half the applied vee 
and the current is equal to V/2 R and is in phase with the 
— voltage. 
ncreases of current sensibility of about 30 per cent. at 
200 periods and 40 per cent. at 1000 periods were obtained 
on running the instrument in a vacuum, thus showing 
that a large part of the mechanical work produced was 
used in overcoming the molecular friction of the system. 
Tables and curves are given, showing the variations of 
voltage and current sensibility with alteration of flux, &c. 

A a on ‘‘ An Accurate Examination of the Stein- 
metz Index for Transformer Iron, Stalloy, and Cast Iron” 
was read by Mr. F. Stroude. 

hese experiments were undertaken to provide a sound 
experimental basis, suitable for mathematical analysis, 
with a view to discovering, if ible, some relation 
connecting hysteresis loss and flux density which will 
accord with results obtained practically to a greater 
extent than the empirical law dve to Steinmetz. 

The method of uniformly varying flux was used for the 


| determinations. The magnetic treatment = to the 
t 


specimen by this method approximates to that received 





by iron employed in alternating-current work, whilst the 
method admits of a very high degree of accuracy. 

Experiments were made with transformer iron stallo 
(3 per cent. silicon iron) and cast iron, two rings of eac 
material being tested. 

The rings were carefully demagnitised before testing, 
and even reduced to a cyclical state for each current value 
before making observations. 

_ Asset of comparative tests on one of the transformer 
iron rings was made by the ballistic method, and these 
tests show that, in = for a given value of B the 
hysteresis loss and the value of H for the ballistic tests 
are higher than the corresponding values for the slow 
cyclic tests. 

The results were expressed in the form of the Stein- 
metz equation, w = 7 Be. 

_ For transformer iron ¢ has the value of 1.7 between the 
limits B = 1000 and B = 17,000. mg yA gue a value of 
€ = 1.66 between B= 4000 and B= 12,000, having some- 
what higher values for lower values of B. In the case of cast 
iron € is equal to 1.82 between the limits B = 2000 and 
B = 6000, rising for lower flux densities. It will be seen 
that the material with the ~ 7 maximum permeability 
has the lowest constant “index,” and vice versd. 

The work of previous experimenters has been consulted, 
and values of ‘‘e” at different flux densities deduced from 
their experimental results. It is hoped before long to 
publish results obtained at the lower and upper extremes 
of magnetisation. 





THE ROYAL METEOROLOGICAL SOCIETY. 

THE concluding meeting of the session was held on 
phen Ee en the 19th inst., at the Society’s 
rooms, 70, Victoria-street, Westminster, Dr. H. N. Dick- 
son, President. in the chair. 

Dr. G. C. Simpson, Meteorologist to the British Ant- 
arctic Expedition, 1910, read a paper on ‘‘ Corone and 
Iridescent Clouds.” During September, 1911, he was one 


of a ty led by Captain Scott to survey McMurdo 
Sound, and on the 24th, while enveloped in a fog, he 
observed a fine fog-bow. It was opposite the sun, and a 


measurement of the radius with a theodolite gave 38 deg. 
The bow was practically white, but a dish tin 

could be seen on the outer side. As the fog Gunlgehel, 
the upper sky became clearer, and the sun shone over 
the top of a heavy bank of fog. For some minutes the 
sun a brilliant corona with bright colours, and the 
diameter of this corona seemed unusually large, but there 
was no opportunity to make a measurement, As the 
fog still further cleared away, glimpses of the corona 
appe again, and the fog under the sun became fairly 
brilliantly illuminated with iridescent colours, which did 
not appear to be part of the corona, but in places blended 


into it. During the whole period the temperature was 
between — 15 . and — 21 deg. Fahr. The fur of the 
6 Cove’ 


me yo ter and tbe wool of the sweaters 
with hoarfrost. These observations show that water can 
exist in the atmosphere at much lower temperatures than 
has generally been supposed by meteorologists. It is now 
generally admitted that while halos are caused by the 
refraction and reflection of ice —— corone are due to 
diffraction effects of either small drops of water or thin 


ice needles. From certain observations made in the 
Antarctic, Dr. Simpson was led to doubt the ibility 
of ice crystals ever forming diffraction effects. is is an 


important question for meteorology, for if it is true, we 
have a powerful instrument for determining the constitu- 
tion of acloud. If there is a corona, the cloud must 
posed of water; whilst if there is a halo, it must be 
composed of ice. 

Mr. W. W. Bryant read a paper on ‘‘ The Adoption of 
a Climatological Day.” When observations are made 
only once a day—viz., at 9a.m.—it is the practice to enter 
the reading of the maximum thermometer to the previous 
day, and the reading of the minimum thermometer to 
the current day. r. Bryant does not consider that 
these give correct results, but that they are higher than 
if the readings were taken at 9 p.m. or midnight, and 
applied to the civil day. 





Be.icium Biast-Furnaces.—The number of furnaces 
in blast in Belgium at the commencement of June was 48, 
while the number out of blast was five. At the com- 
mencement of June, 1911, the corresponding totals were 
—In blast, 41; out of blast, six. The total of 48, repre- 
senting the furnaces in blast in Belgium at the commence- 
ment of June, this year, was made up as follows :— 
Hainaut and Brabant group, 22; Liége group, 20; 
Luxembourg, six. The production of pig in Belgium in 
May, 1912, was 194,720 tons, as compared with 175,830 
tons in May, 1911. The aggregate output for the five 
months ending May 31, this year, was 934,590 tons, as 
compared with 853,600 tons in the first five months of 
1911. 





Driese_-Enorne Buripine.—The Diesel Engine Com- 
pany, Limited, has decided to establish works at Ipswich, 
negotiations with the Great Eastern Railway Company 
having resulted in a promise to lay down a siding. The 
Diesel Company has secured 20 acres of land on lease 
from the Ipswich Town Council, with an option of taking 
another 20 acres if required. The site lies between 
Hadleigh-road and the Hipping, on the Ipswich side of 
the Great Eastern Railway (Ipswich and Great Yar- 
mouth section). The workshops posed to be erected 
will afford employment to 1000 men. ey | will be, to a 
l extent, modelled upon the works of Messrs. Carels, 
of Ghent, who, for the re ten years, have been engaged 
in the manufacture of Diesel engines. The type of 
Diesel engine to be constructed at Ipswich will embody 
the latest development resulting from Messrs. Carels’ 
experience. 
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THE HAIGH SINGLE-PHASE MOTOR. 

A new form of single-phase motor, which is installed 
in the James Watt Engineering Laboratories of the 
Glasgow University, was exhibited and described by 


Mr. Juhn 8. Nicholson and Mr. B. P. Haigh during the | 
recent summer meeting of the Institution of Electrical | 


Engiuveers. The motor, which was constructed Ly 
Messrs. Mavor and Coulson under Mr. Haigh’s patents, 
is shown in the annexed illustration. t is of the 


repulsion type, its special feature cousisting in the fact 
that it is fitted with pole-changing windings, so that it | 


has two synchronous speeds. The advantage of this 


arrangement is that, as a repulsion motor works best at 


or near its synchronous speed, a wider range of speed 
with satisfactory operation is obtained than is usual. 
The motor is rated at 10 horse-power and works on 
a 150-volt 30-period circuit. It is arranged to have 
either eight or four poles alternatively, eight poles 
being used up to 500 revolutions per minute, and 
four poles from that speed up to the full 850 revolu- 
tions per minute. When starting the greater number 
of poles are used, and as under this condition the flux 


per pole is reduced to one-half of that obtaining in a 


repulsion motor of ordinary type, the voltage induced 
in the armature is considerably reduced, so that a 
much greater starting torque is obtained, without 
sparking, than is usual. With the eight-pole connec- 
tion the motor may be started against full-load torque 
almost sparklessly, but with a similar starting load 
and the fuur-pole connection the s _— is excessive. 
When the motor is running at full speed its action is 
similar to that of any other compensated repulsion 
motor, so that its power-factor approximates to unity, 
and it may be used with shunt connections and re- 
generative braking a ge , 

It is suggested that the motor would be particu- 
larly suitable for electric traction on account of its 
hi 5 ciation and starting characteristics. The 
pole-changing system would, of course, involve the 
use of switches; but as each transformer tapping 
would give two speed-ranges instead of one, the 
number of contactors would not be greater than with 

resent systems., We understand that a paper deal- 
ing in an exhaustive way with tests on the motor is 
to be presented during the next session of the Institu- 
tion of Electrical Engineers. The motor, as shown 
in our illustration, is coupled up to a small two-phase 
alternator mounted on ball-bearings and provided 
with a graduated lever and movable weight, for test- 
ing purposes. Arrangements are —S which the 
motor can be operated with compensated-series con- 
nections on either a direct or alternating circuit as 
well, as with repulsion connections, for experimental 
work in the laboratory. 





MACHINE FOR BREAKING PIG IRON. 

WE illustrate on the opposite page a machine that 
has been designed with a view of labour-saving in 
connection with the breaking up of pig iron, a 
slow and arduous hand labour. It is manufactu 
by Messrs. George Green and Co., of Keighley, York- 
shire, and has a maximum breaking capacity of 
12 tons of hematite or cold blast iron per hour, and one 
man can easily break 6 tons per hour when breakin 
pigs into four pieces. Should it be required to brea 
the pigs into two pieces only, the output can be nearly 
doubled. In many instances, as is well known, old 
hematite ‘‘ sows” are quite unbreakable by hand, but 
we understand that these can be broken by the 
machine with great ease. The construction of the 
breaker will easily understood on reference to 
our illustration, which is a reproduction from a 
photograph. The machine consists of a strong frame, 


the upper part of which carries a spindle, on one| 4 


end of which is an eccentric working the punch or 
breaker, and on the other end is a large spur-wheel 
which gears with a pinion on the driving-shaft. The 
floor space occupied is 7 ft. by 4 ft. The driving- 
pulleys run at 84 revolutions 
24 in. in diameter and 6 in. wide on the face. The 
power required to drive the machine is 4 brake horse- 
power, which may, if desired, be derived from an 


electric motor. We understand that this machine has P. 


been adopted b 
Limited, 


Messrs. James Simpson and Co., 


Daimler Motor Company, L.mited, Coventry ; and 
others. 





PRESIDENTIAL ADDRESS AT THE 
OPTICAL CONVENTION.* 
By Professor Si.vanus P. Tuompson, D.Sc., F.R.S. 


Introductory.—Seven years have elapsed since the first 
Optical Convention assembled, in 1905, under the presi- 
dency of Dr. Richard T. Glazebrook. Both that gather- 
ing and the second one, in which we are now met, witness 
to the efforts which are being made, not less by those con- 
cerned in the industries than by scientific men, to ‘eo 

e 


the progress of optical science and of optical trade. 


all other industries which depend on the application of 
* Delivered June 19, 1912, 








r minute, and are 


ewark-on-Trent ; Messrs. Geo. Hattersley 
and Sons, Limited, textile machinists, Keighley ; the 
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scientific discoveries, the optical industry has felt the 
pressure of the times; and a widespread sense of need 
that science and manufacture must be associated in an 
alliance more intimate and more active than heretofore 
has been the moving cause of both Conventions. 

We are met here to exchange views, to deliberate, to 
discuss : to learn, from one another and from the material 
objects which we have been able to bring together in our 
Optical Exhibition, anything and everything which can 
stimulate our thought, widen our information, or concen- 
trate and harmonise our activities in matters optical. 

Letour first words be toacknowledge the deep debt which 
we owe to His Majesty’s Government, to the President 
of the Board of Education, and to the administrators of 
his staff, who have greatly promoted our enterprise by 
granting us the use of the eries of the Science Museum 
for our Exhibition. The aid thus accorded to us by 
Government has been a powerful stimulus to our efforts, 
and an important material addition to our resources. We 
have also to thank the authorities of the Imperial College 
of Science and Technology for the use of rooms for our 
formal meetings, including the theatre in which we are 
now assemb) 
dents and Councils of the various learned societies and 
technical bodies who have supported us, and who will 
co-operate with us during the business of the Convention. 
Nor must we forget our great indebtedness to the 
generous individuals and institutions, including several of 
the great City companies, who have contributed of their 
wealth to our guarantee fund. 

Development.— Seven som is but a brief span in the 
development of any industry, or in the history of an 
science. It may well be that in the seven years whic 


have fied since our first Convention we have no obvious | 


eat discovery to chronicle. When the telescope was 
invented, at the inning of the seventeenth century, 
the fame of it, and of the discovery by Galileo of the satel- 


lites of Jupiter, ran round all Europe. When in 1815 the | 


kaleidoscope—a mere toy—was produced, 300,000 were 
sold within six months. When in 1838 the stereoscope 
astonished the world, half-a-million were sold in half-a- 
ecade. When in 1896 Réntgen described his X-rays, 
the whole scientific world was filled with wonder. Cer- 
tainly no such sensational novelty as any of these has 
appeared during the last seven years, though the develop- 
ments of the kinematograph have drawn from the public 
a thousand times as much money as any of the inventions 
or discoveries just named did in their respective eras. 
But if no optical invention of first magnitude nor dis- 
covery of fundamental importance has been announced, 
it must ~~ be ase that there have — ee ate, 

rogress there has m— progress solid and real, a 
along the line. No branch > physical science can in the 
present day remain stationary. The workers are too 
numerous ; the rewards of success, whether in the joy of 
scientific discovery, or in fame, or wealth, are too alluring 
to permit stagnation. Moreover, the increase of know- 
ledge, the mastery of principles over phenomena, the 
conquest of the forces of Nature, are cumulative. Every 
attempt at wider generalisations, even if unsuccessful in 
itself, provokes new researches, and extends the founda- 
tions for further advance. To this truth the science of 
optics furnishes no exception. Progress is continuous, 
even though the workaday world hears little of it, and 
heeds it not. For the true pioneer halts not to listen 
for the sound of the plaudits ; he toils on, content in the 
faith that some day he, or those after him for whom his 

bour will avail, will arrive at the goal. 

The history of the development of optics presents 
many notable features. Combining, as it does, the practice 
of a highly-skilled craft, in the construction of instru- 
ments, wi 





ed. We tender our thanks also to the Presi- | 


the exercise of refined and elaborate theory, | 


it affords continually recurring proofs of the truth that 
ractical applications and abstract science, so far from 
ing antagonistic, afford to oneanother the most power- 
ful support and stimulus. Probably no other branch 
of physics—not even magnetism, with all its mysteries- 
has had a greater effect in stirring the scientific imagina- 
tion. The very phenomena appeal to the eye, as do those 
of no other science, by their one and intrinsic charm, 
and the variety of them has taxed the strongest powers 
of analysis to devise consistent theories for their expla- 
nation. Newton might declare hypotheses non fingo ; but 
that renunciation on his part has not prevailed with 
others to abandon tentative theorising. The history of 
optics is scarred with the battles of rival theories, of 
which the end is not yet determined. It may, indeed, 
almost be taken as axiomatic that in all efforts to reach 
the unknown, to advance human knowledge, it is better 
to set before one’s self some directive hypothesis than to 
work aimlessly. Every great pioneer in physical science bas 
to frame conjectures, and to keep them, as it were, in a state 
of solution until either contirmed or disproven. He may 
even have half-a-dozen rival and mutually destructive 
hypoth+ses before him as he works. Truth is not infre- 
quently reached by a process of exhaustion, by honestly 
following clues that ultimately prove false, since when 
they are proved to be false the path to truth has been 
more closely delimited than before. Even positive 
| error in theory has been known to lead to new and valu- 
| able results; as when Euler, arguing from the false premiss 
| that the human eye is achromatic, deduced the con- 
clusion that it must therefore be ible to construct by 
optical means a lens that should achromatic. Of the 
theories of light now in vogue, something must indeed 
presently be said, but it is perhaps more important here 
to point out how very far it is possible to push the study 
of optical phenomena and laws, without committing one’s 
self to any theory at all* as to the vexed question of the 
physical nature of light itself. 
| Abstract Methods and Theories.—To gain a clearer per- 
ception of the meaning of those numerical and geometrical 
laws which govern the phenomena of light, it is certainly 
permissible, and on occasion highly useful, to consider 
| these relations apart from the concrete physics involved. 
| Little advance would have been made in any of the 
exact sciences had not the relations of number and 
form been studied in the abstract sciences of algebra and 
geometry. There has been a distinct gain in separating 
the study of the ae of pesition from the geometry 
of motion, and further, in separating kinematics, the 
science of pure motion, from kinetics, the sci of forces 
producing motion. In like manner in that part of optics 
which is concerned only with the directions in which light 
is propagated—namely, geometrical optics—there is dis- 
tinct advantage in lying aside all considerations as to the 
physical nature both of light itself and of the media 
through which it is pro ted, so gaining freedom from 
the embarrassment of conflicting hypotheses. ; 
No doubt there is, even here, room for rival theories. 
The old hypothesis of Plato, of Euclid, and of Empedocles, 
that light consisted of visual rays, which proceeded from 
the eyes to the objects viewed, is no longer admissible ; 
but it is not in itself inconsistent with the geometrical 
7 - od mae “t] 
e medieva esis, apparently originating with 
Pythagoras, that Tight consists of corpuscles shot out 
from shining bodies and travelling in straight lines, subject 














* It was in this spirit that in 1849 Lord Kelvin framed 
his Mathematical Theory of etism, in which he 
| strove to free the subject from all hypotheses as to the 
nature of magnetism itself, and so to reach a more 
general view than Poisson had obtained, 
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to reflection and refraction on their way to the eye, is 
equally inadmissible, but equally consistent with the 
geometrical laws. The kindred theory that light con- 
sists of rays—a theory still in being, so far as ~~ ~ 
is concerned—is little more than an admission of the 
observed fact of the rectilinear propagation of light, and 
if the use of the word “‘ray” is not taken to imply any 
physical hypothesis as to the nature of light itself, is a 
step toward that clarity of treatment which has just 
been advocated. The wave theory of light, adumbrated 
by Leonardo da Vinci and by Hooke, but first shaped by 
Huygens, and triumphantly established by Young and 
Fresnel, may equally claim to be regarded as a kine- 
matics of light, provided the use of the term ‘‘ wave” is 
not held to import any preconceived notion as to the 
physical nature of light waves themselves. It is cer- 
tainly difficult to think of waves in the abstract, unless 
they are waves of something—some medium capable of 
executing and conveying undulations—but their geo- 
metrical properties as to direction, and as to all those 
phenomena, Poth of Nature and of optical instruments, 
which depend on direction, may be studied in absolute 
independence of any physi constitution, whether 
mechanical or electro-magnetic, that may be assigned to 
them. It was Huygens who, repeatedly insisting 
that a ‘‘ ray” of light was merely the path travelled by 
the ‘‘ wave,” was able to clarify thought, and initiate 
anew departure. In themselves the terms “ ray ” and 
‘‘wave” are both kinematical terms, and both are gene- 
rally deemed to imply physical concepts. If we were 
forced to choose between them, it is the term ‘‘ray” that 
must be abandoned as:connoting a physical hypothesis 
contradicted by the facts of diffraction. On the other 
hand, the term “‘ wave” may be adopted without assign- 
ing to it any other than a purely kinematic significance. 
Moreover, it is just as possible to build up a purely geo- 
metrical optics on the conception of wave motion as on 
that of ray motion; and Huygens’s definition of ray 
reconciles the two. In this connection it is significant to 
remark that Professor Schuster, though in the preface 
to his “‘ Theory of Optics” he deprecates, as a retrogres- 
sion, the substitution of equations representing mathe- 
matical conceptions for mechanical or electro-magnetic 
theories; nevertheless, himself introduces at an early 
stage a kinematical discussion, leading him to say that 
““& wave-front is best defined as a surface such that the 
disturbance over it originally came from the same source, 
and started from that source at the same time,” thus 
carefully removing from the definition any implication 
as to its physical nature. 

Geometrical Optics.—In fact, whether founded physically 
on the notion of the projected corpuscle, the ray, or the 
wave, geometrical optics, that section of the science which 
deals solely with the directions of the light paths (either 
free in space or as controlled by some optical instrument), 
necessarily deals with geometrical conceptions and 
®x presses itself in geometrical terms. Without returning 
‘o the primitive work «f Alhazen on R. flection, we owe 
to Kepler first, and to Descartes, Barrow, Cotes, Euler 











and Lagrange* afterwards, the formulation of the laws 
of geometrical optics, as relating to lenses, mirrors, 
telescopes, and microscopes. The simple formule that 
every student knows so well for the determination 
of the position of the principal focus, for conjugate 
foci, and for the magnification of the image by the lens, 
mirror, or telesco) have come down from them, 
though more familiar to us in the forms used by 
Coddington or Parkinson and the current University 
text-boook. | Unconsciously we have become accus- 
tomed to think of them, and more particularly the 
expressions relating to the passage of light through lenses, 
as essentially optical formule, and as having something 
to do either with the glass of the lenses to which they are 
applied, or with the properties of light. The fact that 
they are usually derived trigonometrically, by assuming 
certain simplifications such as that the angles of in- 
cidence and emergence, or those of the pencils of rays, 
are small (so small that sines and tangents may be 
written simply as angles), or that the lenses them- 
selves are infinitely thin, gives a certain arbitrariness 
to them, while the mixing up of the mono-chromatic, 
or so-called ‘‘ spherical” aberrations, which are a purely 
geometric affair, with the chromatic aberrations that 
arise from the physics of the glass, tends to further 
confusion. The first stage toward deliverance from this 
is due to Gauss, who, in 1840, in his ‘‘ Dioptrische Unter- 
suchungen,” laid the foundations of a new treatment. 
With rare insight he succeeded in reducing the perform- 
ance of any optical combination of centred lenses—aberra- 
tions apart—to a geometrical system of “ principal ” and 
‘*focal” points and ‘‘principal” and “focal” planes, 
whereby the formule for lenses of any thickness, and for 
instruments compounded of several lenses, became as 
simple as those formerly employed for the formation of 
images by a single infinitely thin lens. Independently, 
Moebius had, in 1830, discovered the same properties of 
the “‘principal” points, though he missed a part of their 
significance for determining the refracted rays. They 
had, indeed, been foreshadowed by Harris in 1775. To 
the system of cardinal points and planes of Gauss, Listin 

in 1845 added the “nodal” points, which coincide wit 

the ‘‘ principal” points of Gauss only if the first and last 
media of the lens-system are alike (both air). Toepler, 
in 1870, added the “negative principal points” (or 
‘*symmetric” pointst), and indicated the existence of a 





* Lagrange succeeded in solving the problem of the 
passage of rays through a system of successive lenses by 
finding expressions in the form of continued fractions, 
which, though cumbrous, can be solved by sufficient 
labour. 

+ In ing I may remark on the extreme convenience 
in graphical construction of one property of the two sym- 
metric planes—namely, that if any oblique ray 
through one of the planes, through a point having co- 
ordinates, y, z, in that plane, it will on emergence from 
the optical system pass though a corresponding and con- 
jugate point - y, — z, in the other symmetric plane. 








series of image-planes, lying beyond one another at 
distances apart equal to the focal length, in which planes 
the linear magnification has values of successive whole 
numbers. Blakesley, in his suggestive little book on 
Geometrical Optics (1903) has extended this conception. 

While the method of Gauss gave a clear and consistent 
account of the generalised optical system in producing 
images, the very simplicity of the method depended on 
assumptions unrealisable in ay ey for simple lenses— 
viz., that the images should be free from the aberrations 
of distortion and curvature, as well as from those which 
result in indistinct definition. It was therefore an 
artificial and highly abstract method of treating lens 
problems of great power for its own perpen, but in- 
capable of dealing with the phenomena of aberration. In 
the hands of Martin, Gavarret, Reusch, Helmholtz, Gariel, 
and Pendlebury, it received various enlargements, in- 
cluding extension to the formation of images by curved 
mirrors. Later Casorati and his distinguished pupil, 
Galileo Ferraris, developed Gauss’s method by use of 
determinants. fFerraris’s treatise was translated into 
German and found wide acceptance on the Continent. 

But earlier than any of these expounders of Gauss’s 
method, Maxwell, in 1858, published in the ‘‘ Quarterly 
Journal of Mathematics,” a short but pregnant paper, 
which has remained all too little known to English 
physicists, comprising investigations intended to how 
‘“*how simple and how general the theory of optical 
instruments may be rendered by considering the optical 
effects of the entire instrument without examining the 
mechanism by which these effects are obtained.” He 
assumed that a ‘“‘ perfect” instrument would fulfil the 
three conditions of faction of astigmatism, curvature, 
and distortion. On these assumptions he established, 
with elegant simplicity and economy of symbols, a theory, 
geometrically complete, of the formation of images; 
while he revenged himself upon his own simplicity by 
conclusively proving that no instrument, depending on 
reflection or refraction, could possibly be ‘“‘ perfect” 
—that is, free from the aforesaid aberrations—except 
the plane mirror ! * 

But British optical science needed not to wait upon 
Gauss for the revelation of a method. Embedded in the 
notes in the second volume of Robert Smith’s ponderous 
‘*Compleat System of Opticks,” of 1728, there stands 
(pages 76 to 78) a delightful digression, setting forth a 
“‘noble and beautiful theorem,” which he states to have 
been ‘‘the last invention of that great mathematician, 
Mr. Cotes, just before his death at the age of thirty-two, 
upon which occasion, I am told, Sir Isaac Newton said, 
‘If Mr. Cotes had lived we might have known some- 
thing.’” This theorem, which is too elaborate to quote 
at length, is an elegant solution of the proposition how 
to find the situation and apparent magnitude with which 
an object is seen through any number of lenses of any 
sort, at any distances from each other and from the eye 
and the object. Of this general proposition many cases 
were worked out by Huygens and others. But the | Bemer 
of Cotes’s demonstration was overlooked.t One of Huy- 

ns’s particular cases, communicated to the Royal 

iety, in 1669, is worthy of being quoted—namely, that 
if an eye looking at an object through a lens sees the 
image of apparently a certain size at a certain distance, 
it will still seem to be of the same size and distance if the 
—— of the eye and the object are interchanged. Cotes 
emonstrated this still to be true for an optical system of 
several lenses. Another particular case of the theorem is 
known as Helmholtz’s tangent law of magnification. 

In 1893 there cnneanall @ book destined to produce a 
profound impression on the study of optics, Czapski’s 
‘Theorie der Optischen Instrumente nache Abbe.” Of 
the originality and power of Abbe’s teaching, and of the 
ability with which his follower expounded his views, 
there can be no question. Alas! that both the distin- 
guished master and his accomplished pupil are no longer 
with us. One of the many notable featurest of that book 
is the chapter on the “‘ Formation of Images.” It 
dawned on Abbe, more fully than on Gauss, Moebius, or 
even Maxwell, that the true theory of the formation 
of images is not only independent of the particular optical 
mechanism of instruments, but is, in fact, purely a 
question of projectivegeometry. Let all space be divided 
into two regions (which may or may not overlap), one 
containing the object, the other containing its image. 
For the formation of the perfect image it is required 
that the image shall correspond with the object, point for 
point, line for line, planefor plane. This implies that to 
every point in the object space there shall correspond a 
conjugate point in the image s , in such wise that to 
all points ranged on any line im the object there shall 
be formed points correspondingly —— on @ corre- 
sponding line in the image-space. is co nd- 
ence, termed by Moebius a “collinear relation,” 
is a purely geometrical question, to be treated by 
methods familiar to the student of such works as 


I made use of this property in a mechanical model 
(now in the Exhibition of the Convention) which illus- 
trates the finding of conjugate points of a lens-system. 
The Focometer (also in the Exhibition), which I described 
to the Royal Society in 1891, depends on the use of the 
symmetric planes. 

* See also Klein. “ Zeitschrift fiir Math. u. Phys.” 
xlvi., 376, 1901 ; or Whittaker, ‘‘The Theory of Optical 
Instruments,” 1907. 

+ Apparently after Smith’s time this was forgotten 
until, in 1886, Lord Rayleigh drew attention toit. It is 
now to be found in the recent text-books of R. A. 
Herman, M. von Rohr, J. P. Southall, and others. 

t Another is the thorough consideration of the effects 
of limiting the rays in an optical instrument by 
diaphragms and stops, a matter developed in the more 
recent writings of Dr. M. von Rohr. 
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Cremona’s ‘* Projective Geometry,” or Salmon’s ‘‘Analytic 
Geometry. ’* e best account in English of Abbe’s 
theory is to be found in Southall’s recently published 
‘Principles and Methods of Geometrical Optics,” a 
work invaluable to or | teacher. By Abbe’s intuition, 
that the formation of i is a pure question 
of the geometry of rays, that is of straight lines, 
without any ascription of optical properties or any 
question whatever of physical ways and means, he com- 
pleted the last step in that clarification alluded to at 
the outset. It may, perhaps, perplex old-fashioned 
devotees of optics to learn that principal foci are simply 
the vanishing points of anharmonic —_ that —_ 
gate foci on the principal axis are homographically 
related, or that foci in general are points such that 


conjugate lines meeting in them cut orthogonally. These 
phrases seem to fill the air with their sweet js ning ; 
nevertheless, they express abstract relations which every 


student of optics ought to know. Yor if this collinear 
relation is realised in the performance of any instrument, 
it will at least be free from the defects of curvature of 
image and distortion. But freedom of the image from 
curvature and distortion can scarcely be said to have a 
definite meaning unless the optical system of the instru- 
ment is, at least approximately, so constructed that 

ints of the object are rendered with good definition 
iterally as points in the image. Mr. Gordon has 
given us the useful term anti-point, to denote the 
image, whether well-defined or blurred, of a point- 
object. But unless the anti-point be itself a well- 
defined point, what avails collinearity? The perfect 
optical instrument, lens, mirror, or combined system, 
must not only be collinear, but stigmatic. Correspond- 
ence of image to object, point for = line for line, 
plane for plane, is the ideal sought. ant of collinearity 
results, as said, in two defects, called ‘‘curvature” and 
‘distortion ;” the image of a flat object being formed 
not as a plane, but as a curved surface, and unequally 
magnified at the margins as compared with the central 

rts—defects particularly obnoxious in photographic 
enses. But there are also defects in the definition of 
focus, which are no less serious, and are known as aberra- 
tions. Given freedom from aberrations and fulfilment of 
collinear relations, then everything is reduced, even in 
the most complica system of centred lenses, to the 
sweet simplicity of Gauss,+ wherein distances of foci, 
both principal and conjugate, are measured from the 
respective equivalent planes. Before, however, we enter 
upon aberrations in detail, we must deal with the work 
of two of the giants of past days. 

Newton and Huygens.—For more than two centuries 
the names of Newton and Huygens have been pre-eminent. 
These two men tower above their contemporaries and 
followers, dominant figures even to-day. e influence 
of Newton in science has been immense. His t 
genius, shown in his ‘‘ Opticks,” in the unravelling of the 

uzzle of the colours of the prismatic spectrum, and in 

is ‘‘ Principia,” in laying the foundation once for all of 
the laws of motion and of the doctrine of universal gravita- 
tion, won for him an almost idolatrous regard. e may 
recall Alexander Pope’s couplet :— 


‘* Nature and Nature’s laws lay hid in night; 
God said, ‘ Let Newton be,’ and all was light.” 


Even his mistakes—and they were few—were accepted 
as dogmas, as when he pronounced the dispersive power 
of prisms of different kinds of glass to be proportional 
to their refractive power, involving the impossibility of 
ever obtaining anachromatic lens. Even after a hundred 
years the Newtonians out-Newtoned Newton in their 
antipathy to anything that seemed counter to his views ; 
and their hostility to Thomas Young’s doctrine of inter- 
ference is a matter of history. It is patent to anyone who 
will read the queries at the end of Newton’s ‘‘ Opticks” 

1704) that while he held to the emission theory of light, 
e was quite alive to the probability that emission was 
performed in shining bodies by the vibrating motions of 
their parts (query 8); and he was prepared to admit that 
the several sorts of rays of different colours make vibra- 
tions ‘‘of several bignesses . . much after the 
manner that the vibrations of the air, according to their 
several bignesses, excite sensations of several sounds” 
(query 13). Newton, ‘‘ who looked all Nature through,” 
who ‘‘surpassed the human race in power of intellect,” 
who refused to frame hypotheses, must not be judged by 
the indiscretions or bigotries of his school. If we would 
appreciate his greatness, we must go back to his own 
writings, and see how he worked. It is in the hope of 
reviving some interest in his actual achievements that 
the —— of this Convention, aided by the liberality 
of the Ancient Guild of Spectacle Makers of the City of 
London, whose Charter was granted thirteen years 
before Newton was born, have o ised in our exhibi- 
tion - Isaac Newton “re In this apartment ee up 
simple arrangements of apparatus to repeat the r- 
ticular experiments by es. in 1670, aa real pe 


* The latest contribution to the question of abstract | 
| alone suffice for the explanation of 
| wt least appears to prove, too much. 


collinear relations is the ‘‘Eiemente der Projektiven 
— by Professor Arthur von Oettingen, Leipzig, 
1909. 

+ One system of geometrical optics forms an exception. 


It is that of Biot (1844) and of Bosscha (1877-86), who | 
base their equations on measurements of the distances of | ! 
object and image not from equivalent planes, but from | Shadows as light.’ 
the respective refracting surfaces, and introduce into | 





sunlight through holes or slits in a shutter, and triangular 

isms of glass, he demonstrated the resolution of white 
fight into colours, and clinched the demonstration by re- 
i t. If, following 


combining the colours into white li 
i and of Arthur 


the modern views of Lord Rayleig 
Schuster, we now have to admit that periodicities charac- 
teristic of the several rays are in ity im by the 
— and are not antecedently present in the white 
ight, that does not derogate Ae Newton’s achieve- 
ment. The mathematical arguments which lead logically to 
the view that the prism manufactures the colours from 
the white light, and does not merely sort them out, seem 
unanswerable ; but to some of us those arguments seem to 
be of that class which compel assent rather than satisfy 
 Christioan H N 

ristiaan uygens, Newton’s great contemporary, 
say his wave-theory of light in 1678, though his 
amous ‘‘Traité de la Lumitre” appeared only in 1690. 
Few British students have ever that rare work ; but 
none can read it without being impressed with the genius 
of its author. Everyone knows of Huygens as the 
inventor of the wave-theory of light; but how few are 
familiar with the contents of the treatise! He expounds 
the analogy of the propagation of light with that of 
sound, then points out the essential differences, and 
develops the geometrical notion of movements spreading 
in spherical waves. He had, in fact, to take into account 
six fundamental facts:—(1) The rectilinear propagation 
of light ; (2) the mutual penetrability of two beams where 
they cross one another ; (3) the law of reflection ; (4) the 
law of refraction (which he had learned from Des Cartes) ; 
(4) cee fy refraction ; (5) the finite speed of light, 

by Roe i 


discove mer in 1676; and (6) the double-refrac- 
tion of Iceland spar, discovered by Bartholinus in 1669. 
The insight with which, by aid of his conception of 


elementary waves building up an enveloping wave-front, 
he succeeded in giving a consistent theory, is a matter 
for wonder and admiration. He availed himself of 
Fermat’s principle of least time, deduced from it the 
law of sines for refraction, and on it the geo- 
metrical construction for his wave-fronts which now 
appears in all books on physical optics. It is true that 
he had no conception of transversality in the movements 
of his waves, or of the principle of interference, or even 
of the existence of trains of waves or of wave-length. His 
wave | was far from being the complete doctrine of 
Young and Fresnel, and belongs to geometrical rather 


than to physical optics. But the exquisite skill with | posed 


which he unravelled the intricacies of double refraction 
in crystals, and the anomalies of atmospheric refraction, 
must excite the admiration of every reader. His specu- 
lations as to the ether of space, his suggestive views 
of the structure of crystalline bodies, and his expla- 
nation of opacity, slight as they are, surprise one by 
their seeming modernness. He detected the double 
refraction of quartz, and diseovered the phenomenon of 
polarisation, while frankly unable to explainit. Another 
section of his book deals with aspherical forms of lenses 
for focusing light when one surface is prescribed. 

hat the ‘Treatise of Huygens ” should never have 
been translated into English* is strange; perhaps it is 
due to the mistaken zeal with which everything that 
seemed at variance with the teachings of Newton was 
denounced. Now, after more than two centuries, it has 
seemed to me that the time has come to make reparation. 
Accordingly, an lish version of the ‘ Treatise on 
Light” has been published by Messrs. Macmillan in time 
to lay it before the present Convention. 

Huygens was in many respects a notable personage. 
A Dutch aristocrat, a friend in his youth of Des Cartes, 
he built with his own hands in_ 1655 the telescope with 
which he discovered the ring of Saturn and the fourth of 
his satellites. He himself ground and polished glass lenses 
as did his famous compatriot Spinoza. In 1663 he was 
elected a Fellow of the Royal Society at the second meeting 
after the Se ting of the Charter. The Royal Society 
ay sg ree telescope objectives ground and polished 

y him, one having 122 ft. focal length, presented in 1691 
by himself ; two others of 170 ft. and 210 ft. focal — 
the former presented by Sir Newton. In 1666 
Huygens was called to Paris by Louis XIV., to aid in the 
formation of the Académie des Sciences. There he resided 
till 1678, and there he wrote the famous ‘‘Traité de la 
Lumiére.” He was again in England in 1689, for his brother 
records that on July 10 in that year he went with him 
in company with Newton to wait on King William ITI. 
for the purpose of recommending Newton for the vacant 
mastership of one of the colleges in Cambridge. 

Huygens’s Rejoinder.—It has been chdested, and by no 
lesser an authority than Sir George Stokes (Burnett 
Lectures on Light, vol. i., 19}, that Huygens’s 
*‘ grand attempt” to explain the rectilinear propagation 
of light by the su ition of undulations failed. 
‘* Notwithstanding all that Huygens has done, the exist- 
ence of rays and shadows, one of the most obvious 
properties of light, had received no satisfactory explana- 
tion on the theory of undulations such as it came from the 
hands of Huygens.” ‘‘ This principle does not by itself 
ey Ib proves, or 
) t is as applicable 
to sound as, on the supposition that light consists in 
undulations, it is to light; and if Huygens’s explanation 
of “i were complete, there ought equally to be rays of 
sound, and sound ought to present the same sharp 

” Newton, in fact, had made the same 


objection in his “‘ Principia” (Book II., Proposition 


their expressions the angular magnitude as seen from the | XLII., and Scholium to Proposition L.), where he notes 


pet of the eye and four constants—viz., two | oy | 


‘ocal le also measured from the fisst and last re- 


* I do not forget the fragment translated by Professor 


fracting surfaces respectively, and two ocular points| Henry Crew in the collection on the wave-theory, pub- 


which are the conj 
surfaces. Sissing! 
ment, but its advantages are doubtful. 


tes of the summits of the refracting | lish 


adopted this plan of measure-| interesting cha) 
i 


in New York in 1899. Here, however, the most 
on Atmospheric Refraction and 
Double Refraction are omitted, 





how sound spreads round obstacles, and that light travels 
as in rays. We know now that sounds can cast shadows 
if the wave-length is small compared with the size of 
obstacles. We also know, and partly from the experi- 
ments of Newton on “ inflexion,” though he understood 
it not, that light can spread toa oma extent into the 
shadows of objects, the sharpness of the shadow result- 
ing from the minuteness of the wave-lengths. But 
Sir George Stokes, in repeating Newton’s objection, 
does not seem to have been aware that Huygens had 
himself answered Newton. This answer is not given in 
the ‘* Traité de la Lumitre,” but in the ‘‘ Discours de la 
Cause de la Pesanteur,’’ which was printed in 1690, along 
with the ‘‘ Traité de la Lumiére.” As the passage is not 
generally known, and as the discourse on weight has 
never been translated into English, I here supply a 
version of it from the original. 

“He (Newton) will perhaps say to me that when one 
shall have granted me that for the transmission of light 
the ethereal matter consists in particles which touch one 
another, one will not see how light would observe the 
rule of being transmitted only in a straight line, as it is; 
because this is contrary to his ition 42 of Book 2, 
which says that the movement which spreads in a material 
fluid, after having passed through some aperture, is not 
i aap only straight from its origin, but that it 

iverges also laterally. To which I reply in advance that 
what I have all , in order to prove that light (save 
in reflection or in refraction) is propagated directly 
only, does not cease to be valid notwithstanding the said 
proposition. For I do not deny that when the sun 
shines through a window he does not transmit movement 
aside of the space illuminated; but I say that these 
deviating waves are too feeble to produce light. And 
though he will have it that the emission of sound proves 
that these lateral divergencies are perceptible, I hold 
for certain that it rather proves the contrary. Because if 
sound, having passed through an aperture a also 
laterally, as Mr. Newton will have it, the equality of the 
angles of incidence and reflection would not be so exactly 
observed as they are in an echo; in such a way that when 
one is placed in a spot whence no perpendicular can be 
drawn to the reflecting plane of a somewhat distant wall, 
one hears no echo whatever to the sound that one makes 
at that t, as I have very often found ap gee rm 
I do not doubt also that the experience which he adduces 
of the sound which is heard, notwithstanding an inter- 
house, would be found quite different provided 
that house were placed in the middle of some large lake, 
or so that there should be round about it nothing which 
could send back by reflection any part of the sound. 

** And as for what he says that in some place, being in 
a room the window of which is open, one then hears the 
sound from outside, not by reflection from the walls, but 
coming directly from the window ; one sees how easily 
one may be deceived because of the multitude of repeated 
reflections which occurs as in an instant, in such wise 
that the sound which is heard as if coming immediately 
from the open window, may come from thence, or from 
places quite near, after a double reflection. I confess, 
then, so far as regards the undulations or circles which 
are formed on the surface of water, that things occur 
almost exactly as Mr. Newton declares; that is to say, 
that a wave, after having passed the aperture, spreads suc- 
cessively at both sides, and always more feebly there than 
in the middle. But as for cond. I say that these lateral 
emanations are almost insensible to the ear ; and so far as 
concerns light, they produce no effect at all on the eyes. 

**T have thought that I ought to meet in advance these 
objections which the book of Mr. Newton might suggest, 
knowing the high esteem accorded, and rightly so, to that 
work ; use there is none known more learned in these 
matters, nor any attesting a greater penetration of mind.” 
(‘* Discours de la Pesanteur,” pages 163 to 165.) 

Aberrations.—The enormous focal lengths were adopted 
by Huygens for his telescopic object-glasses because of their 
comparative freedom from aberrations. No actual lens 
ever gives perfect stigmatic results; and every beginner 
knows that aberrations are of two classes—those that 
arise from the polychromatic nature of light, and those 
which, even when monochromatic light is used, are due 
to the form of the surface of the lens, and are often, 
though not very happily, termed ‘‘ spherical aberrations.’ 
Newton calculated (‘‘ Opticks,” pages 84 and 89) that in a 
100-ft. telescope with suitable aperture the aberration of 
colour would be at least 1200 times as great as the aber- 
ration caused by the sphericity of figure of the object- 
glass. We know, in fact, that in despair at making « 
lens devoid of chromatic aberrations, he gave up refractors, 
and invented his reflecting telescope. But when, in 
1757, Dollond, by the invention of the achromatic lens, 
removed the worst of the aberrations, the correction of 
the aberrations due to form became the next desirable 
step. DesCartes, Deschales, and other writers suggested 
various deviees for grinding lenses with hyperbolic, 
elliptical, and other aspherical curves; but practical 
difficulties prevented their use. In the early part of 
the nineteenth century Coddington and Airy, the 
younger Herschel, and others investigated in great de- 
tail the aberrations of lens combinations, and brought 
that part of optics to a high pitch, though much 
of their work remained unknown outside England. 
The complexity of the problem of the passage of 4 
ray or pencil through a centered system of spherical 
lenses has been alluded to already. The complexity 
arises entirely from the trouble occasioned in con- 
tinually being obliged to shift the origin from which 
the angular position of the ray is measured, from one 
point to another, as the ray passes from one refracting 
surface to the next. Lagrange solved the detailed prob- 
lem by the use of continued fractions. Trigonometrical 
formule for the purpose were greatly used by Steinheil, 


and in. proved Ly von Seidel. Von Seicel, in 1855, intro- 

















Jone 28, 1912.] 


ENGINEERING. 





891 





duced a different method of considering the successive 
deviations, leading him to define five conditions, each 


expressed in terms of the sum of a series, which must be 
severally fulfilled if the ‘ormance of the optical system 
was to stigmatic and collinear. The conditions were 


that each sum must be severally zero. In this way the 
three errors of central aberration, coma, and radial astig- 
matism, and the defects of curvature and distortion, 
could be successively predetermined in a given lens com- 
bination. Abbe introduced another method of dealin 
with aberrations by the use of the ‘‘ optical invariant, 
used throughout in Czapski’s Hand-Book. Earlier in time 
is the Hamiltonian method of treating the same complex 
problems by use of a “‘characteristic function,” a develop- 
ment of Fermat’s method of least time. Though of t 
generality, this has been little used. Thiesen and Chalmers 
have sought to modify it. Recently, Schwartzachild has re- 
stated Hamilton’s function in terms of the variables used by 
von Seidel, yielding —— formule suitable for calcu- 
lating lenses, while Lord Rayleigh, in the fifth volume of 
his ‘Scientific Papers,” the publication of which is one 
of the milestone in progress, has shown how readily the 
number and nature of the five constants are deducible 
from Hamilton’s principle. Of the five equations of con- 
dition yielded by von Seidel’s method, great stress is 
justly laid on the second (the condition for the removal 
of coma), which is equivalent to the sine condition inde- 
pendently discovered by Abbe. Abbe afterwards found 
that this condition had been well fulfilled in the famous 
Heliometer objective of Fraunhofer, and, still more re- 
markable, that it had been approximately fulfilled by the 
makers of almost every* rae wide-angled microscope ob- 
jective, bymeans of empirical corrections, since the law was 
unknown to them. ‘‘They builded better than they knew.” 
The other four conditions of von Seidel had all been pre- 
viously worked out on other plans by Airy or Codding- 
ton. The recent admirable tract on the ‘‘Theory of 
Optical Instruments,” by Professor E. T. Whittaker, 
published in 1907, discusses von Seidel’s five conditions, 
with a convenient notation, and using Abbe’s invariants, 
R. A. Hermant and R. A. Sampsont have also contri- 
buted to the detailed study of aberrations; the latest 
contribution being that of H. C. Pocklington,§ who 
has modified Lord Rayleigh’s method to obtain expres- 
sions suited for the detailed calculation of particular 
systems. Two important contributions to the study of 
aberrations come from Scandinavian investigators, 
Charlier and Gullstrand, the latter of whom, in 1900, 
published an elaborate monograph dealing both with 
astigmatic and ee ncils. Nor must it be 
forgotten how in 1905 C. V. Drysdale showed how the 
curvature method of geometrical optics can be extended 
to certain of the aberrations. In 1906 appeared an 
important work by Mr. H. Dennis Taylor, ‘‘ A System of 
Applied Optics,” which is of the more interest because 
written by a most accomplished practical optician and 
instrument oa. In it there is worked out, chiefly 
on the basis laid down by Airy and Coddington, a com- 
plete system of formule for lens systems, the value of 
which is enhanced by the addition of many examples of 
their practical application ; but the value of the work is 
reduced by the adoption of a method of reckoning signs 
that is awkward, though consistent with itself. 

Comment was made above that the complexity of all 
the formule for computing the path of a ray through an 
optical system arises from the necessity of carrying on 
the calculations from one surface to another by a series 
of transferences. Now the analytical or arithmetical 
complications involved in these transferences could 
dealt with, as remarked by Larmor, quite simply by 
graphical methods, if only those methods were capable of 
the necessary precision. But where small angles are 
involved graphic processes are exceedingly rough, hence 
the preference for analytical processes. This su ts 
the thought that some adaptation of vector calculus 
and the use of complex numbers, which in recent years 
has yielded excellent results in electrical problems as a 
substitute for clumsy graphic processes, might reasonably 
be expected to produce equally good results as applied to 
> ae A new optical calculus of this sort might require 
the tabulation of new functions, but assuredly is worthy 
of being formulated ; and if carried out in conjunction 
with the method of convergencies, that is, upon the unit 
of converging the dioptric, which has been in vogue in 
British teaching for nearly a quarter of a century, would 
prove still more valuable. There is abundant room here 
for younger workers to strike out a new departure. 

Illumination.—One branch of geometrical optics has 
not been touched upon—that of illumination, involving 
questions of the distribution of light and the measure- 
ment of it in quantity and intensity by photometers. 
During the past seven years there has been great activity 
in the development of this branch, and new societies have 
grown up for its study. Of this subject the best view 
will be obtained by the perusal of the masterly book 
entitled ‘‘ Tlumination ” (published in 1911), by Mr. A. P. 
Trotter, himself a pioneer in two directions—the photo- 
metric measurement of the amount of illumination which 
18 received upon any surface, whether roadway, table, or 
wall ; and the redistribution of the light emitted by any 
luminous source (whether gas or electricity) by means of 
dioptric globes or shades, such as those shown in our 
Exhibition by the Holophane Company and other com- 
mercial houses. Though a better standard source of 





¥ Abbe, “‘Sitzber. Jenaischen Gesellschaft fiir Medecin 
und Naturwissenschaft,” 1879. 
mi A’ Treatise on Geometrical Optics. Cambridge, 


+ ‘* Proc. Lond. Math. Soc.,” vol. xxiv., page 33, 1898. 

S ‘The Aberrations of a Symmetrical Optical Instru- 
ment,” Proc. Roy. Soc., November, 1909, Series A, 
0! Ixxxiii., pages 99-106, 





light than either the Harcourt Pentane lamp or the 
Hefner amyl-acetate lamp is still a desideratum, it is 
satisfactory to know that international agreement upon 
the unit of light is tically secured, teens the 
collaboration of the four great laboratories at Sévres, 
Charlottenburg, Bushy, and Washington. Committees 
have been actively at work on the questions of minimum 
illumination required in schools, libraries, factories of 
various kinds, and in roads and streets. Even the House 
of Commons has awakened to the fact that the illumina- 
tion enjoyed by its members is only about half a candle- 
foot, whereas for comfortable reading it should be two or 
three times that amount. Photometry has, indeed, 
tee since the photometry law of inverse squares was 
rst announced by Deschales in 1674, or since the early 
treatises of Bouguer and Lambert. New forms of photo- 
meter have multiplied, and every month sees fresh 
developments. Amongst the novelties in distributing 
appliances is the simple and beautiful device of Messrs. 
Tahew and Chalmers for the uniform illumination 
of pictures in such a way that from no standpoint can any 
reflected view of the lamp be seen. 

Physical Optics.—When we turn to the vast subject of 
physical optics we cannot but be struck with the variety 
of phenomena which must taken into account by 
anyone who would deal with the nature of light itself, or 
with the mechanism of the ethereal medium by which it 
is conveyed. Dispersion* and its anomalies, interference, 
diffraction, the multitudinous effects of polarisation, the 
problems of radiation and luminescence, of opalescence 
and the blue of the sky, of iridescence and the gorgeous 
colours of butterflies and humming birds, to say nothing 
of radioactivity, or of the chemical, physiological, elec- 
trical, magnetic, and mechanical relations of light, 
furnish whole fields in which knowledge is still in the 
making. In physical optics, though there are mathematical 
laws, such as those discovered by Fresnel and Stokes, to 
be mastered, the chief concern is with physical pheno- 
mena ; and thestudy of these would seem to be inseparable 
frem speculations as to the nature of the luminiferous 
ether, and from consideration of the conflicting theories 
as to its constitution. Formerly the vexed question was 
the mechanical explanation of an ether which should 
behave like an elastic solid a million times more rigid 
than steel, and at the same time as a mere vapour a 
billion times less dense than air. Then there was an 
outstanding quarrel between the followers of Fresnel 
and those of Neumann and McCullagh as to whether the 
vibrations of light were executed in or across the plane 
of polarisation. Maxwell dissipated the controversy 
when on his electro-magnetic theory of light he showed 
that both were present, the elastic vibrations taking 
place across the plane, and the magnetic ones in it. 
To-day, and ever since Maxwell propounded the electro- 
magnetic theory, the main interest has been trans- 
ferred to the question how the ether is related to elec- 
tricity and to ponderable matter, and whether the 
motion of matter in space affects or is affected by the 
ether. Is it a fact that the ether is stagnant, fixed, 
“while the molecules constituting the earth and all 
other material bodies flit through it without pro- 
ducing any flow init” ?+ Or is the ether speeding along 
with the earth and the whole solar system in head- 
long and enormous flight? That singular doctrine, now 
in fashion, called ‘‘The Principle of Relativity,” invites 
us first to deny that we can ever detect or measure the 
absolute velocity of the earth in space, and then to admit 
that therefore, since we cannot regard the ether as filling 
space or fixed in it, we must abolish the notion of the 
ether as a conveying medium, and must explain the finite 
velocity of light in some other way, depending on electro- 
magnetic principles inherent in the light impulse, and 
—— in terms of co-ordinates whose origins are to 
only relatively, and not absolutely fixed. ithout pur- 
suing these anarchical ideas, we may remark that for all 
useful purposes it suffices to admit that no terrestrial 
optical phenomena have any. relation to the direction of 
the earth’s motion through the universe. 

As for the relation between matter and ether, while 
for clarity of thought we must frame some idea of the 
connection between them, we may accept Sir Joseph 
Larmor’s dictum that ‘‘ Matter may be, and likely is, a 
structure in the ether, but certain ether is not a structure 
made of matter.” His view, that ‘‘ the motion of matter 
does not affect the quiescent ether, except through the 
motion of the atomic electric ch 
it,” is, of course, bound up with the further conception 
that the ether is a plenum in which “‘ vortices or other 
singularities of motion and strain” are the nuclei of 
which matter consists. } 

It was pointed out how in geometrical optics there is 
some advantage in stepping aside from physical con- 
siderations to deal with the geometrical laws in the 
abstract. So also in physical optics, there are mathema- 
tical laws governing the phenomena, the formulation of 
which in no way depends on the vexed questions of the 
ether or its connection with matter. A brave attempt 


* Herschel, in 1828, in his article “On Light” 
(Encyclop. Metrop.), page 450, declared ‘‘ The fact is that 
neither the ~~ ey nor the undulatory, or any other 
system which has yet been devised, will furnish that 
complete and satisfactory explanation of all the pheno- 
mena of light which is desirable. ( 
must be made at every step, as to modes of mechanical 
action, where we are in total ane of the acting 
forces ; and we are called on, where reasoning fails us, 
occasi ly for an exercise of faith.” 

+ Larmor, ‘‘ ther and Matter,” 1900, page 163. 

t Particular reference may be made to Sir Joseph 


Larmor’s ‘‘ Acther and Matter ” (1900) and to Professor 
E. T. Whittaker’s ‘‘ History of the 
an] Ekctricity,” 1910, 
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has been made by Duhem* to perform this task. Con- 
fining himself to monochromatic light, and to isotropic 
media of perfect trans mcy, he has with rare and 
critical analytical skill built up a complete and general 
theory of optics, including interference, diffraction, and 
polarisation, without making any assumptions as to the 
nature of light itself, except that it isa quality capable 
of transmission ; so that physical optics me here a 
system of symbolic equations, the aim of which is to 
present rather than to explain the features, observable by 
experiment, in that quality. 

at Duhem’s tour de force was eighteen years ago, and 
the trend of physical optics at present is rather in the 
direction of pure experiment. Fraunhofer’s invention of 
the diffraction grating is commemorated in our Exhibi- 
tion by a piece of his original apparatus, containing six 
oT made by himself, a loan from the Royal Society. 

f modern grating apparatus we have several examples: 
a pe grating made by Lord Rayleigh in 1874, 
and some of those perfect reproductions in celluloid made 
by Mr. T. Thorp from Rowland’s ruled gratings. Michel- 
son (Astr. Phys. Journal, 1910) has succeeded in ruling 
gratings of a high degree of perfection, no less than 
10 in. in diameter, from which great things are <peots. 
A notable contribution to objects of this class is R. W. 
Wood’s echelette grating, stamped, not ruled, with 
grooves of scalene section. We are further promised 
a study of diffraction patterns, by Mr. J. W. Gordon. 
Interference continues a subject of fruitful research. 
New forms of interferometer have been devised, for 
example, that of Fabry and Perot, and good work has 
been re various workers with the échelon spectro- 
scope of Michelson, and the interference-plate appa- 
ratus of Lummer and Gehrcke. In the construction of 
such instruments the utmost precision is needed, and 
it may justly be stated that never before in the world’s 
history has such marvellous optical workmanship been 
shown. Messrs. Adam Hilger and Co., who construct 
Michelson’s échelons, have no easy task in fulfilling the 

uirement that each glass plate of which the éehelon is 
built up shall be of the same thickness—usually about 
1 cm.—with an accuracy of one-twentieth of a wave- 
length. I have lately seen in Professor Lummer’s labora- 
tory at Breslau a glass plate 15cm. in diameter and 4} cm. 
thick, with faces guaranteed to be accurate all over to 
within one-tenth of a wave-length, and the accuracy 
attained over the central portion, within a diameter of 
4cm., was at least double as great ; that is, there was no 
error of thickness or as one part in two millions, or 
as if one had su ed in measuring off a mile without 
an ouer greater than one three-hundredth part of an 
inch. 

Allusion was made already to Lord Rayleigh’s fifth 
volume of ‘‘Scientific Papers.” Time will not permit me 
to enumerate even the many important memoirs in 
physical optics to be found therein; but those on 
**Motion Through the Ether,” on ‘‘ The Spectrum of an 
Irregular Disturbance,” on ‘‘The Passage of Waves 
Round Spherical Obstacles,” on ‘*The Origin of Pris- 
matic Colours,” on ‘‘The Measurements of Wave- 
Lengths,” on ‘*The Dynamical Theory of Gratings,” 
on ‘‘The Colours of Sea and Sky,” proclaim him as our 
unquestionable master of to-day. Perhaps we live too 
near him to appreciate the permanent im nce of his 
magnificent contributions to optics, of which these are 
the latest instalment. 

Polarising apparatus will be found in various forms in 
our Exhibition, including sundry new la reflectin, 

lariscopes, designed for and with the aid of a col- 
eague, Professor Coker, for the study of opti phe- 
nomena in strained transparent material. Brewster's 
discovery in 1815 of the optical effect of stress on glass led 


be | him to suggest that it might be applied to the useful and 


important object of ascertaining the state of strain or com- 
ression of the different ye of structures, such as 
ridges or framings, by the use of glass models. Pro- 
fessor Coker, imbued with the same idea, has made 
models, in transparent celluloid, of many kinds of 
structures, from a crane-hook to the deck of a tor- 
edo-boat, and particularly of springs of different 
inds, and has explored and measured the distribu- 
tion of strains in them. To eliminate in such obser- 
vations the ‘‘ black-cross” effect inevitable in the dark 
field of the r-wa we have employed quarter- 
wave plates of mica of large size. Some of these are 
2 in. square. Others are circular up to 20 in. in 
diameter ; others rectangular 40 in. by 10 in. For these 
largest sizes it has been necessary to join together two 
spe Messrs. Wiggins, who furnished the sheets of 
ne quality from which these J e-erey were split, are show- 
ing mica specimens in our Exhibition. Phosphorescence 
is illustrated in our Exhibition by two exhibitors of 
luminous = py a One of these, Mr. A. F. Landau, 
has propounded a theory of the constitution of phosphor- 
escent bodies somewhat differing from those of Lenard 
and Kowalsky. He confirms an observation to which 
years ago I drew the attention of Sir George Stokes, 
that a specimen of the white phosphorescent material 
(essentially barium sulphide), when in the luminous state, 
assumes & Soy Seve tint, a question recently investi- 
gated by Mr. J. B. Burke. 

The properties of ultra-violet light, as well as those of 
the infra-red rays, have received much attention in recent 
ears. No researches in this field are of ter intrinsic 
interest than those of Professor Wood, whose shadowless 
mid-day oneness of natural scenes are truly sur- 
prising. Professor Wood’s book on ‘ Physical Optics,” 
now happily in its second edition, is a wonderful reper- 
tory of the whole round of phenomena in this domain. 
There could be no better antidote to the poison of 
‘‘examinational optics,” as found in the common text- 


* “Fragments d’un Cours d’Optique,” Bruxelles, 1894, 
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books, than the whole-hearted possession of the contents 
of this book. ’ ; 

Lastly, in this hasty survey of this branch, there is the 
vast subject of radiation by incandescent bodies. The 
law of Stefan, connecting the total amount of radiation 
with the absolute temperature, has been supplemented 
by the further relations discovered by Wien, Paschen, 
Lummer, and other investigators. Lummer’s work on 
the radiation of the ideal black body, or, as we now call 
it, ‘‘full” radiation, is at last being properly recognised. 
It suggests much that still calls for further research. 

Optical Instruments.—Time fails for comment on the 
progress of instrument manufacture. Our Exhibition 
speaks for itself in the array of microscopes, telescopes, 
spectroscopes, binoculars, and other instruments. If the 
advances of the last few years have been in the improve- 
ment of detail, they are none the less advantageous. 
English microscope-makers, who have never lost the 
traditions of g' design and fine workmanship since 
the days of Lister, Ross, or Powell and Lealand, have 
nothing to fear in criticism of their designs or their 
quality. They have certainly to face the competition in 
prices with factories organised for large-scale produc- 
tion. No one who really knows the excellence of their 
work can help deploring the disadvantageous commercial 
position in which they hold their own against the world. 

The researches of Mr. J. W. Gordon on means for 
further magnification of oy images, on micro- 
scope illumination, and on the diffraction theory of the 
formation of images, will be fresh in the minds of those 
who follow the proceedings of the Royal Microscopical 
Society. In camera lenses there is little to chronicle, 
except the new lens designed by Messrs. Horace and 
Conrad Beck, and called the ‘‘Isostigmar,” the pecu- 
liarity of which is that while its design departs consider- 
ably from that which would fulfil the Coddington- 
Petzval condition for the anastigmatic flattening of the 
field, nevertheless gives an excellent flat field up to 
35 deg., with an aperture of f/5.8. ' : 

A new instrument, the Cystoscope, a special species of 
telescope for examining the cavities of the human body, 
has appeared, the chief forms being those designed by 
Nitze and by Dr. M. von Rohr. The periscopes used on 
submarine-boats for observation purposes are akin in 
their optical design. As to telescopes, Sir, Howar 
Grubb’s exhibit demonstrates the continual progress in 
that field. It is a matter of t that the abiding 
difficulty of procuring discs of optical glass of sufficient 
size is seriously retarding the construction of astronomical 
telescopes as needed for modern stellar research. A 
Royal Society Committee has recently been appointed to 
inquire into the manufacture of optical glass. 


Spectacle Optics.—It seems a far cry from “trunk spec- | > 


tacles,” as our forefathers quaintly named their telescopes, 
te visual spectacles, but the oldest application of optics 
is undoubtedly that of aiding vision. The fixing of two 
lenses a to form a pair probably dates from the 
thirteenth century, but history is obscure. Raphael, in 
1517, painted Pope Leo X. wearing concave spectacles. 
But not all pictures are good as evidence, for there is, or 
was, in the Dhiess de’ Ognissanti, in Florence, a picture 
attributed to Sandro Botticelli, eee St. Jerome in 
his cell, with a pair of spectacles beside him. This does 
not prove that spectacles existed in the fourth century ; 
and the presence of the spectacles may be as great an 
anachronism as in another picture of the same Saint is the 
resence, on the wall of the cell, of a pendulum clock. 
Coming down to the mt day, few persons probably 
are aware of the rapid rate at which that branch of the 
subject is developing into a severe scientific study. 
Perhaps they think that the only progress in spectacle 
making has been the introduction of lighter spectacle 
frames or ingenious — for grinding bifocal glasses, 
or for fusing one kind of glass into another for a bifocal 
lens, or for grinding toric lenses. This would be quite 
a mistake. It may be that the teaching in the medical 
schools has remained much as it was; but the training 
of spectacle opticians to deal with the problems of astig- 
matism, both of eyes and of lenses, has taken great 
strides, and under the stimulus of the system of certifica- 
peer Be the Spectacle Makers’ Company and of other 
optical bodies, is assuming an important development. 
Improved instruments for retinoscopy and keratometry 
are in evidence, and the young opticians are very keen 
a in the of spe : f a 
ut, apart from actual practice, an ex ingly impor- 
tant advance in theory has been initiated by the genius 
of Allvar Gullstrand. In the year 1903 he pointed 
out that the centre of rotation d the eyeball does not 
coincide with the nodal point, which is its optical 
centre. It is, in fact, from 2 mm. to 3 mm. behind it; 
and therefore in all those uses which the eye makes of 
its power of turning about in its socket, the mathe- 
matical treatment which assumes it to be fixed is inade- 
quate. The assumptions of the Gauss system are no 
longer fulfilled, and modifications have been introduced. 
For precise work this affects the efficiency of spectacle 
lenses and introduces new sources of aberration. For this 
reason spectacles should beso designed that the particular 
point at which they are corrected for radial astigmatism 
should lie at the centre of rotation of the eye. he im- 
portance of correcting this source of error is greater in 
the case of eyes whose refractive power differs greatly 
from the normal, and, in especial, for eyes that have been 
operated upon for cataract. The very thick Jenses thereby 
necessitated, if ground with the usual spherical curves, 
are, as Gullstrand has shown, quite unsuitable for any 
oblique vision. He has shown that special forms are 
needed, and has devised aspherical lenses to meet that 
need. About these we are to hear at this Convention from 
Dr. Moritz von Rohr. But while it would be difficult to 


overrate the importance of this advance, care is needed, on 
the other hand, that no false impression is created. For 





all those optical purposes where the eye is fixed to gaze 
through an eye-piece, and not rolling about in free vision, 
the new theorems are of little importance. Gauss’s 
system has not been overthrown. Collinear relations 
never did, in fact, apply strictly to the formation of 
images* in the eyeball, for the images there are not 
required to be focused (as in a camera) upon a flat plate, 
but are thrown on the interior surface of a globe. It 
does not appear that any mathematician has ever 
even considered the conditions necessary in an optical 
system, in which the curvature of the image is 

as an advantageous result. Possibly some future calcu- 
lator will discover how much better adapted to its own 
work the optical system of the eye is than if it had been 
designed to be free from the so-called aberration of cur- 
vature. 

One other point in spectacle optics needs attention. 
Thirty years or more have passed since British opticians 

to denominate their lenses in terms of inches of 
focal length, and adopted the dioptric system of num- 
bering, in which a lens having a focal length of 1 metre 
is described as having a power of one dioptrie, and a lens 
of twice that power as of twodioptries. The dioptrie, the 
international unit of lens power, was adopted in 1875, on 
the proposal of Monoyer, at the Brussels Conference. 
Nearly thirty years ago it was pomted out that the 
dioptrie, being the reciprocal of a length, is in reality a 
unit of curvature, and may be applied to express curva- 
tures of wave-fronts and of surfaces, as well as the power 
of a lens, which is, in fact, merely the expression of the 
convergency which it imposes on the light passing 
through it. A special a one: _descri 
before the Physical Society in 1889, is on view in our 
Exhibition. For over twenty-five years, at the City 
Guilds Technical College, Finsbury, and for nearly twenty 
years at the Northampton Institute, geometrical optics has 
been taught on the dioptric or curvature method. But, 
strangely enough, the impression made in some quarters 
by Gullstrand’s work is so great that the legend 1s grow- 
ing up that he is the discoverer of the curvature method, 
and the framer of the dioptric system. Two recent Ger- 
man text-books have lately been published, in which— 
implicity in one, explicitly in the other—it appears that 
the method of numbering lenses in dioptries, instead of 
inches, is due to the famous Swedish ophthalmist. It may 
be, though it is scarcely credible, that the dioptric 
numbering of lenses was unknown in Germany until 1899. 
ical Illusions.—From this address are deliberately 
excluded all references to the immense subjects of photo- 
graphy and physiological optics, not because there are no 
advances to record—such as the improvements in colour 
agg or the recent investigations of colour vision, 
Sir William Abney and Dr. ridge-Green, or Sir 
. Barrett’s Entoptiscope—but simply for want of 
adequate space. 

But one section of physiological optics—namely, that 
of optical illusions—must claim notice, since our Exhi- 
bition contains various examples, and a special lecture 
by fessor W. Stirling is devoted to these matters. 
One of the newest, by Dr. James Fraser, is also one 
of the most surprising. All optical illusions are not, 
however, physiological, for some of them depend 
purely on the metry of projection, and others, such 
as the cman telescope, on the properties of non- 
homocentric pencils. Amongst the latter will be shown 
some singular cases of distortion, the shadow of a straight 
wire appearing as an oval ring; while telescopes which 
invert without perverting, or which magnify unequally in 
different directions, are simple combinations of astig- 
matic lenses. 


If any excuse be needed for introducing the frivolity of | t, 


illusions into a scientific exhibition, it is afforded by the 
valuable illustrations these toys afford of the principles 
that underlie the whole. 

Optical Education.—To the optical industry as a whole 
the question of the scientific training of young men who 
shall hereafter become technical leaders and pioneers is a 
very serious one, in view of the stress of the times. Men 
are wanted who can undertake mathematical calculations 
with a first-hand practical knowledge how these calcula- 
tions are applied in the design of instruments, and who 
have a thorough acquaintance with the whole range of 
optics. That training at present they cannot acquire at 
any of the universities. It is a melancholy fact that now, 
when this need is sorest, the pursuit of optics at our 
universities and colleges is ina deplorable state. Except 
in the Northampton Polytechnic, and one or two other 
institutes, the study of optics for its own sake is entirely 
ignored. Not one of the universities of Great Britain 
has created a Chair of Optics, though there are professor- 
ships and extensive laboratories for electrical engineer- 
ing, for metallurgy, and for various branches of technical 
chemistry. In the universities and colleges the only 
people who are learning optics are merely taking it as a 
part of physics, for the sake of passing examinations for 
ad , and care nothing for the applications of optics 
in the industry. They are being taught optics by men 
who are not opticians, who never ground a lens or calcu- 
lated even an achromatic doublet, who never worked with 
an ophthalmoscope, or measured a cylindrical lens. 

Again and again, as might be demonstrated by man 
instances, advances in optics have come about ome 
the association of the highly-trained mathematician with 
the practical workman, and most effectually when these 
are combined in one individual. But where is England 
to look for the training up of such men? For twenty- 
five years some of us have urged the need of an institute 
of technical optics, where students of optics will be 
trained in optics by men whose works is optics. The 





* The fact that the parallel lines of a wall opposite 
which one stands seem to bend toward one enclose on 
both sides has been known for 150 years. 





need grows year by yee. “yy from the trade 
have waited on the London County Council, and ques- 
tions have been asked in Parliament, yet in vain. It has 
been suggested that two separate schools are needed— 
one for optical workmen, the other for optical calculators, 
the latter to be a mere department in one of the 
universities or coll Such a divorce of practice and 
theory would be futile. What is wanted is an establish- 
ment where the whole atmosphere is one of optical 
interest, where theory and setae go hand in hand, 
where the mathematician will himself grind lenses and 
measure their performance on the test-bench; where 
brain-craft will be married to hand-craft; where pre- 
cision, whether in computation or workmanship, a be 
a dominating ambition. 

As yet the only attempt made towards this ideal is the 
optical department of the Northampton Polytechnic, in 

erkenwell, where a handful of students are housed in 
wholly inadequate surroundings. In the future institute 
the teaching must be thorough and independent, and 
free from all ulterior domination of examinations. The 
examination blight, which has cramped education in so 
many ways, has brought us to this that outside the 
centre just named there is not a college student in Great 
Britain who is being trained in optics for its own sake. 
The moral isobvious. The future Optical Institute must 
be properly housed and equipped as a self-contained 
Monotechnic, concentrating all its energies on the one 
aim. On no consideration whatever ought it to be under 
the baneful influence of a university, where its students 
would be diverted from whole-hearted devotion to pro- 
gress by the temptation of degree-hunting. Would that 
this Convention might make it clear to those in authority 
that the optical industry is in deadly earnest in demand- 
ing the establishment of such a centre of optical training. 

here remains only the pleasant duty of inviting your 

presence in the Exhibition, whose portals, now unbolted, 
give us access to the most beautiful of the wonders of 
Nature. 

Claustris ergo reseratis, aditus apertus est nobis in pul- 
cherrima rerum naturae. 





SoutrH Krnsineton Musgum.—In response to a request 
by the Museum Authorities, The Unbreakable Pulley 
and Mill Gearing Company are presenting a finished 
Benn Friction Clutch, complete, to be included in the 
permanent collection at South Kensington. This appli- 
ance is now being manufactured in nine different 
countries, and it is anticipated that by the end of the 
present year clutches representing a million horse-power 
will be in use. 





SPANISH IRON MINERALS.—Iron minerals have been a 
source of wealth to Spain for the last quarter of a century, 
and their } has considerably increased during 
that period. The production and exports have been as 
follow durmg the decade, ending with 1910 inclusive :— 


Year. Production. Exports. 
Tons. Tons. 
1901.. _- oa 7,780,000 6,783,000 
1902.. oa +s 7,778,000 7,488,000 
1903. . ae “ie 8,171,000 7,568,000 
1904.. - oo 7,887,000 7,175,000 
1905... se oo 8,931,000 8,452,000 
1906.. ie ee 9,297,000 9,123,000 
1907.. om oi 9,738,000 8,497,000 
1908... sia i 9,123,000 7,136,000 
1908... ~ ee 8,645,000 8,048,000 
1910.. oe =e --’ 8,650,000 8,113,000 
It will be observed that 


the production of Spanish 
minerals attained its maximum in 1907, and that since 

en it has somewhat declined. It is suggested in some 
quarters that supplies are being cieentelt 





Locomotive Data.—A new edition of this little publi- 
cation of the Baldwin Locomotive Works has reached us 
from the office of their London representative, Mr. 
Lawford H , M. Inst. C.E., 34, Victoria - street, 
Westminster, 8S. This pocket-book has undergone 
several changes, which have greatly enhanced its practical 
value. It commences with notes upon the various t 
of locomotive in use, pointing out the features to which 
the advantage of one or the other are due, after which it 
considers questions relating to tractive force and hauling 
capacity. The confusion often introduced into questions 
relating to tractive force by the indefiniteness of the value 
taken for the M.E.P. has been got over by the adoption 
of the term “rated tractive force,” this term signify- 
ing that the value of the tractive force so obtained has 
been calculated, taking the mean effective pressure as 85 
per cent. of the boiler pressure. A series of useful 
curves are given, showing the relation between tractive 
force at the rim of the driving-wheels and speed in 
miles per hour, the curves being drawn for several 
Lye of engines, classified according to the value of 

@ expression ‘‘ rated tractive force” + heating surface. 
The various t; fall into fairly well-defined groups on 
this basis, and the curves are drawn for the most typical. 
The curves, giving the tractive force at the rail, cover 
machine friction, and the values given show the force 
available for overcoming all external resistances. The 
service that can be performed by a locomotive having 
any particular value of tractive forces as given by these 
curves may ascertained by means of other curves 
relating to the resistance of freight cars and passenger 
cars, grades, curves, &c., also given in the book, and, 
generally speaking, the information provided is in s0 
simplified a form that it can be very readily utilised in 
solving the principal questions relating to type and 
service of locomotives. Further matter deals with such 
a as the relation of curves to wheel-base, while 

jagrams and tables cover a variety of subjects, such a8 
| piston speeds, of revolutions, tube information, 
| conversion tables, and mathematical tables, &c. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a number of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning these projects can be obtained 
from the Commercial In Branch, Board of 
Trade, 73, Basinghall-street, London, E.C. 

Canada.— According to the Canadian Miller (Toronto), 
the Quebec Harbour Commission will shortly n the 
work of building an elevator of 1,000,000 bushels capacity, 
of concrete and steel structure, with links that can be 
extended so as to store 2,000,000 bushels of grain. The 
construction of two piers on the Louise Embankment 
will also be put in hand ; these will be in line with the 
breakwater extension from the main pier out towards the 
centre of St. Charles River. There is a good deal of 
dredging to be done in the St. Charles River in connec- 
tion with the new piers. ; i 

Jamaica: The Crown Agents for the Colonies notify 
that the Government of Jamaica invite tenders for the 
construction of a ferro-concrete freight-pier and sea-wall 
in Kingston Harbour. Alternative designs will also be 
considered on condition that the contractor also submits 
a tender on the original design. Sealed tenders on the 
proper form, a py with the alternative design (if any), 
will be received up to noon on August 31, at the offices of 
the Crown Agents for the Colonies, Whitehall Gardens, 
London, S.W., where also copies of the ——_-. bill 
of quantities, drawings, and form and conditions of tender 
may be seen, or obtained on payment of a deposit of 
31. 3s., which will be returned on receipt of a bond-jfide 
tender. 

Italy: The Gazzetta Ufficiale announces that tenders 
will be received at the Direzione Generale delle Ferrovie 
dello Stato, Rome, up to July 11th, for the construction 
of the section of the direct railway line from Rome to 
Naples which lies between Minturno and Naples, about 
2} miles in length. The work to be done includes the 
laying of the permanent way, the supply of fencin 
material, telegraph wires and apparatus, &c. The to 
upset price is Sw at 4,630,000 lire (about 185,000/.). 

Bulgaria: The Zentral-Anzeiger fiir das iffentliche 
Lieferwngswesen, Vienna, notifies that the Bulgarian 
Minister of Railways, Herr Franghia, is making arrange- 
ments to apply for an extraordinary credit with the 
object of providing funds for the construction of two new 
harbours on the Danube, at Tutrakan and at Lom. 

San Salvador: H.M. Consul at San Salvador reports 
that tenders are invited by the Board of Works for the 
provision of a a system of drainage for the city 
and suburbs of San Salvador and the paving of the streets 
with asphalt or some other suitable material. Tenders 
for either or both of these works, accompanied by full 

lans and details, will be received by the Presidente de 

Junta de Fomento, San Salvador, up to November 15 
next. 

Brazil: The British Acting Consul at Porto Alegre has 
forwarded a copy of a notice which appeared in the 
Federacdo inviting tenders on behalf of the State Govern- 
ment of Rio Grande do Sul for certain port works at 
Porto Alegre. Tenders, which are to be sent to the 
Secretaria das Obras Publicas, Porto Alegre, will be 
received up to November 26 next. The work to be 
carried out includes the following :—(a) Harbour works, 
comprising construction of wharves, warehouses, paving, 
and the supply of cranes, &c., at a total cost of 11,660,000 
milreis (about 777,000/.); (b) dredging work, at a cost of 
13,902,000 milreis (about 926,800/.); (c) breakwater con- 
struction, at a cost of 4,200,000 milreis (about 280,000/.). 
The Diario Official contains a decree granting, in favour 
of the Ministry of Communications and Public Works, a 
credit of 600,000 milreis (about 40,000/.) for carrying 
out surveying operations in connection with the ex- 
tension of the Bahia Railway system. The Diario also 
publishes a decree (No. 9590) whereby the plans are 
approved for the construction of the 31l-mile section 
of the Bahia Railway system between Machado Por- 
tella and Carinhanha. The cost of this section is 
estimated at 2,468,287 milreis (about 165,000/.). The 
following information is from the report by the 
British Vice-Cousul at Maceio on the trade of that dis- 
trict in 1911, which will shortly be issued :—For a town 
of its importance Maceio is very backward, excepting for 
the electric-light service, which is fairly here is 
no drainage system, the water supply is inadequate, and 
the tramway service, at present worked 7 mules, is 
insufficient for the requirements of the inhabitants, and 
is badly in need of reform. During the t year an 
attempt was made to bring about a general improvement 
in the town; in fact, a provisional contract was actually 
signed between the State Government and a prominent 
firm in Maceio to improve the tramway and water-supply 
services, and to lay down drainage. The representative 
of a London company d some time in Maceio studyi 
conditions and de and it was generally unders 
that the scheme would be realised ; but eventually, owing 
probably to the excessive prices demanded for the pur- 
> me the existing system, negotiations were discon- 

inued, 





_Meratiic PerMANgNT-Way.—There has been an appre- 
ciable increase this year in the exports of metallic perma- 
nent-way from the United Kingdom. The value of the 
metallic chairs and sleepers exported in May was 51,116/., 
as compared with 25,9672. in May, 1911, and 24,006/, in 
May, 1910; and in the five months ended with May 31, 
: ~y Pe. ney peers A. compared with 171,533/. and 

51,4032. in 10 (correspondi iods). 
bulk of the metallic it en canted 7 


British India, the exports to that quarter to May 31, this 
yous, Laing valued at 178,159/., as compared with 127,985i. 
is, m 








CATALOGUES. 

Stcel Windows and Sash-Bars.— Messrs. H. Hope and 
Sons, Limited, 55, Lionel-street, Birmingham, have sent 
us @ circular fiving ticulars, with approximate prices, 
of — windows. lled-steel sash-bars are also illus- 
trated. 


| neers and contractors will 





ogee with us that they are to 
be congratulated on the result. 


Glazing Bars.—We have received from Messrs. H. Hope 
and Sons, Limited, 55, Lionel-street, Birmingham, a pam- 
phlet illustrating and describing their patent system of 
roof-glazing. The steel glazing-bars employed are of a 
cial bulb T-section. They are first galvanised and 


New and Second-Hand Machinery.—Messrs. Thomas | then covered with a lead sheatbi hich i 
W. Ward, Limited, Albion Works, Savile-street, Shef- the ends, so that - nanan Gan ye ge by pe. y Ey 


field, have sent us a copy of their ey list of new 
and -hand machinery in stock. The list includes 
alarge number of locomotives, cranes, traction engines, 
steam-engines and boilers, air-compressors, gas and oil- 
cngen, electrical machinery, winches, hoists, pumps, 
hydraulic machinery, machine-tools, fans, stone-breakers, 
brick-making inery, and other ones eae 
and sundries of all descriptions. Brief particu are 
given of each lot and in many cases prices are stated. 


Railway and Contractors’ Wagons.—A copy of their 
new catalogue has recently been received from Messrs. 
McLachlan and Co., Limited, Haughton Bridge Wagon 
Works, Darlington. The firm manufacture kinds of 
railway wagons, constructed of iron, steel, or wood, for 
the conveyance of coal, coke, iron ore, &c., as well as 
contractors’ cage, mining and colliery tubs, metal 
bogies, wagons for iron works, tar tanks, coke barrows, 
Le ea crane-skips, turntables, &c. The catalogue, 
which is very attractive in appearance, is com 
almost entirely of illustrations reproduced from photo- 
graphs of selected examples of the firm’s productions, 


Air-Compressors and Vacuum Pumps.—Messrs. Arnold 
Goodwin and Son, Limited, of Sumner-street, South- 
wark, S.E., have issued a catalogue of single-stage air- 
compressors for working pressures of 100 Ib., 50 Ib., and 
25 1b. per sq. in. Particu are given of vertical and 
horizontal compressors driven by belts, steam-engines, or 
electric motors, and also of similar machines for vacuum 
pumping. The catalogue also deals with small single- 
acting inverted vertical compressors of an aaupenet type. 
Among other special features of the machines listed, 
attention is called to the fact that in all cases the cylinder- 
heads are water-jacketed. It is also mentioned that the 
suction and delivery-valves can be removed together 
without breaking a pressure-joint. 

Cranes.—Twosectional catalogues, dealing respectively 
with overhead cranes and jib-cranes, have reached us 
from the Chatteris Engineering Works Company, of 
Chatteris, Cambridgeshire. The first of these illustrates 
and gives particulars of overh cranes, for hand and 
electric power, suitable for loads ranging from 1 to 35 tons. 
Prices are stated for hand-power cranes for loads up to 
15 tons and for spans varying from 15 ft. to 40 ft. Over- 
head travellers for loads up to 5 tons are also quoted for. 
The other catalogue gives prices and full particulars of 
whip-cranes, foundry-cranes, and wharf-cranes, the latter 
type being listed for loads ranging from 2 to 25 tons. 
Illustrations and some particulars are also given of elec- 
trically-driven wharf-cranes, wall-cranes, locomotive- 
cranes, and walking-cranes. 

Launch-Engincs and Boilers.—We have received from 
Messrs. T. A. Savery and Co., Limited, Newcomen 
Works, Birmingham, a catalogue giving prices and par- 
tioulars of compound and triple-expansion quick-revolu- 
tion launch-engines. The compound engines are made in 
six sizes from 20 to 90 indicated horse-power, suitable for 
a working pressure of 250 Ib. per sq. in., while the triple- 
expansion engines listed use steam at 300 lb. pressure, 
and are made in six sizes, ranging from 26 to 130 horse- 

wer. Prices are also stated for Savery and Lune 

alley water-tube boilers, for wood, coal, or oil fuel, 
suitable for supplying steam to these engines. Complete 
sets of surface-condensing launch machinery with either of 
the previously mentioned water-tube boilers, or with shell 
boilers of the pinnace and return-tube ty pes, are also listed. 


Electric Traction Supplies.—From Messrs. Brecknell, 
Munro and Rogers, Limited, of Thrissell-street Bristol, 
we have received a copy of their catalogue of supplies for 
electric tramways. is catalogue gives prices and full 
Pa pecan of trolley standards for single-deck and double- 

eck cars, bow trolleys, trolley-heads, and overhead line 
material, such as ears, splicing-sleeves, hangers, bracket- 
arm fittings, strain-insulators, section insulators, movable 
points, crossings, &c. Some particulars are also included 
of armature and suspension bearings for tramway motors. 
a portable crane for handling armatures, a car-wheel 
Geco and other tools for the car-repair shop. 

e also notice illustrations of a rail-grinder arranged to 
be attached to the truck of an mane me A sen shape 7 
sand-distributing box, a track-cleaning watering car, 
automatic si ing apparatus, and several other appli- 
ances of interest to tramway engineers. 


Electrical Goods.—A copy of what is, as far as we are 
aware, the most complete catalogue of electrical machi- 
nery and appliances ever iseued, has reached us from the 
General Electric Company, Limited, 67, Queen Victoria- 
street, E.C. The catalogue consists of four cloth-bound 
volumes, with a spare binding-case to hold leaflets which 
will be issued later, the whole being contained in a neat 
cloth-covered wooden cabinet. Each complete seb weighs 
154 Ib., and contains 1470 pages, with over 10,000 illus- 


trations. All necessary particulars, including prices, are | 40/ 


given of dynamos, motors, switchboards and switch- 

ear, instruments, lamps, lighting supplies, cables, con- 

uit fittings, ewes, heating and cooking apparatus, 
telephones, bells, cells, and electro-medical apparatus— 
in fact, every kind of standard appliance used 1n connec- 
tion with the production of electric energy and its utilisa- 
tion for lighting, heating, signalling, and other purposes, 
is dealt with. The company has spared neither time, 
trouble, nor expense to make this catalogue as complete 
and serviceable as possible, and no doubt electrical engi- 





The glass sheets rest on oiled asbestos cords fitted into 
grooves formed on the top of ridges projecting from the 
sheathing. The cords thus form a resilient but im- 
perishable seating for the glass. A part of the lead 
sheathing is arra to be turned down over the ed 
of the g to make a weather-tight joint between the 
glass and the bar. It is claimed that a weather-proof 
and durable glass roof can be constructed with these bars, 
and that they have the additional merits of giving a good 
bearing for the glass, and allowing ample clearance for 
expansion. Two sections are made for spans up to 7 ft. 
and 10 ft. in length, respectively. The pamphlet gives 
large-scale detail drawings, illustrating the application 
of the system to plain span, and north-light roofs, and 
also illustrates the method of constructing a skylight in a 
slate-covered roof. eenens showing interiors of 
engineering works in which Hope’s glass roofing has been 
adopted, are also reproduced. 


Steam - Traps.—Messrs. Balcke and Co., Limited, of 
Broadway-court, Broadway, Westminster, S.W., have 
sent us a copy of a catalogue relating to a new type of 
steam-trap now manufactured by them. The “ Unic “f 
trap, as it is called, is claimed to be suitable for all pur- 
poses and for all working pressures. The essential part 
of the trap consists of a conical plug of gun-metal having 
two helical grooves, one right-handed and the other left- 
handed, cut in its surface. ‘The plug fits into a gun- 
metal ern | in a cylindrical cast-iron body, which is 
also provided with a baffling-chamber to prevent dirt 
from entering the grooves in the plug. ater and air 
pass freely through the grooves, but it is stated that 
steam is so throttled at the Ve where the grooves 
intersect that, within very wide limits of pressure, none 
escapes. The sectional area of the grooves of course 
depends on the working pressure and on the quantity of 
water to be discharged. It will be evident that the 
action of the trap is continuous, and that it has the 
additional advantages of being extremely simple and 
having no valves or other moving parts to wear. Prices 
and particulars are given in the catalogue for traps suit- 
able for pressures up to 240 lb. per sq. in., having 
discharge capacities ranging from 40 Wb. to 14,000 Ib. of 
water per hour at 150 lb. pressure. The larger sizes have 
two or more conical plugs fitting into each other con- 
centrically, and for still ter capacities several of these 
multiple plugs are employed. Full particulars are also 
given of small traps, on the same principle, for draining 
radiators on low-pressure steam-heating installations. 


Cranes, Hydraulic Machinery, d:c.—We have received 
from Sir W. G. Armstrong, Whitworth and Co., Limited, 
of Elswick Works, Newcastle-on-Tyne, a copy of the 
1912 edition of a catalogue issued to illustrate the pro- 
ductions of their engine-works department. This cata- 
logue, which is distinctly above the average in quality, 
consists of 178 separate pages printed on one side only, 
and held in a strong, cloth-covered binding case having a 
sheet-metal back. The front cover of the case can be 
removed by loosening two screws with the aid of a coin, 
and any can then be taken out or inserted as desired. 
The catalogue is divided into seven sections, the first of 
which illustrates examples of hydraulic pumps driven 
by steam, gas, and oil-engines, and by electric-motors ; 
hydraulic accumulators and intensifiers are also illus- 
trated ay —~ yo Lm next Case sections deal with 
cranes, lifts, an -shipping appliances operated b 
hydraulic and electric power. ection V. includes gates 
caissons, and penstocks for locks and docks, together 
wit inery for operating them ; examples of movable 
bridges, hydraulic and electric capstans, and hydraulic 
engines, are also included. The two remaining sections 
are devoted to grain-conveyors, fire- pone appliances, 
traversers for tty Aenea ydraulic presses, and 
castings in brass, bronze, gun-metal, aluminium, and 
other metals and alloys, The firm also produces extruded 
sections in various qualities of brass, bronze, copper, 
&c., and the catalogue shows a few of these sections, 
and also illustrates the results of mechanical tests 
made on them. The tensile strength of these sections 
varies, according to the mixture, from 22 to 45 tons per 
sq. in., and the elongation from 35 to 10 per cent. in 2 in. 
Round bars can be supplied up to 3} in. in diameter. A 
few examples of stampings and forgings in brass, bronze, 
aluminium, &c., are also illustrated. e London address 
of the firm is 8, Great George-street, Westminster, S. W. 





Beitoian Waces.—The average annual remuneration 
of each Belgian coal-worker has materially increased 
during the last eighty years. Between 1831 and 1840 the 
annual average was 19/. 6s. 4d. per worker; between 
1841 and 1850, 197. 16s. 9d. per worker; between 1851 
and 1860, 261. 16s. 9d. per worker; between 1861 and 
1870, 311. 188. 7d. per worker; between 1871 and 1480, 

. 10s. 4d. per worker; between 1881 and 1890, 
361. 14s. 4d. per worker; between 1891 and 1900, 42/. 4d. 
per worker ; and between 1901 and 1910, 517. 2s. 4d. per 
worker. While wages have thus considerably improved, 
the aggregate net fits of Belgian colliery companies 
have materially declined. In 1901 these profits amounted 
to 2,072,4291. In 1905, they had declined to 718,272/.; 
and in 1910 they had further fallen away to 682,136v. 
The total given for each year is arrived at by deducting 
the deficit of collieries worked at a loss from the surplus 
of collieries carried on at a profit. 
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ELECTRICAL APPARATUS. 
7467/12. Siemens and Halske Ak’ . 
. Rectifier. (2 Figs.) March 27, 1911. 
—This invention relates to a rotating rectifier for high-tension 
alternating-currents in which pairs of fixed contacts are alter- 
nately connected to moving conductors diametrically opposite 
to each other and el to the axis of a spindle wi rotates 
in synchronism with the aye A of the Snes currernt 
which is to be rectified. Accord to this invention, there 
parallel to the axis of a spindle, 
pasar hy synchronism with the periodicity of the alternatin 
current to be rectified ; the conductors rotating past two sets o 
four fixed contacts arranged at either end of the spindle in planes 
at right angles thereto, fixed contacts of one set being con- 
nected in pairs to the one or other terminal of the oy 
current source, and the fixed contacts of the other set being di 
eo by 90 deg. egy ann | to the first set and connected in pairs 
o the one or other terminal of the device, through which the 
rectified current flows. The drawin nts diagrammatically 


are two moving conductors 


ig re 


in perspective a rectifier for a four-pole machine constructed in 


paid i 


accordance with the invention. The spindle a of the rectifier is 
coupled to a motor, driven in synchronism with the alternating 
current to be rectifi 
¢, which form acute angles. The ends of the arms opposite these 
angles are connected by arc-shaped conductors. Jonductors 
el, e2, parallel to the spindle, connect the similarly situated arc- 
sha conductors. e four fixed contacts at each end of the 
spindle are arranged either to come into contact with the moving 
arc-sha) conductors, as they revolve or are separated from 
them by very short spark gaps, so that in either case the current 
easily . The fixed contacts at one end of the rectifier are 
connected in pairs to either pole of the alternating-current source, 
and the fixed contacts at the other end are connected to the 
device using the alternating current, and are displaced by 90 deg. 
relatively to the first set. In the example shown, the current 
source is represented by the secondary winding of a transformer, 
to which the contacts f; and /f; are connected, The device 
through which the rectified current flows is shown as a Réntgen- 
ray tube R, which is connected to the fixed contacts fj, fo 
(Accepted May 8, 1912.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
14,539/11. David Brown and Sons (Huddersfield 
Limi and F. T. Burgess, Hudd eld. So 4 
Combus' es. (2 Figs.) June 20, 1911.—This inven- 
tion relates to the balance-weights, whether solid or loaded with 








Map 


lead, applied to the cranks of internal-combustion engines for 
balancing the weight of the reciprocating parts, and the object 
of the improvements is to p-ovide simple and effective means 
whereby a perfect balance car be obtained. For the purpose of 


THE END 





ed, and carries two sets of crossed arms, b and | 





this invention, each balance-weight 2 is provided with, preferably, 
two or more holes 22, into which are adapted to be inserted and 
secured, by screwing therein, suitable plugs 3. These plugs are 
easily detachable, and when the parts of the engine have been 
assembled and tested, any adjustment necessary to give the exact 
balance desired can be effected by removing one or more of the 
plugs and shortening same, so that the exact weight required to 
secure the balance is om, or if more weight should be required 
@ longer or heavier plug or plugs can be inserted. (Accepted 
May 1, 1912.) 

9873/11. F. W. Lanchester, Internal- 
Combustion (7 Figs.) April 24, 1911.—This in- 
vention relates to two-stroke internal-combustion motors of the 
type in which the displ is disp d with and in which the 
walls of the cylinder are perforated, so that the movement of the 
cylinder through the air sets up a current of air adapted to 
scavenge the cylinder. The object of the invention is to con- 
struct such a two-stroke cycle motor of the utmost simplicity, 
the use of funnels, scoops, and aspirating and impelling exhaust 
devices being avoided ; and to obtain the maximum power for a 
= charge. The invention consists in a two-stroke motor 

aving large cylinder ports, comparable in area with the piston 
area, 80 arran that the outside air eee! entering on one 
side of the cylinder and passing across the piston to an outlet 
port on the other side effects the function of a displacer. In the 
rotary two-stroke internal-combustion engine illustrated, ports a 


Fig.1. 








NY ye , : 
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WC * 


are cut in the walls of the cylinders b, the ports being adapted to 
be overrun by the piston c at about two-thirds or three-quarters 
of the expansion stroke. The ports @ are of unusually large size, 
preferably only so much of the cylinder-walls being left as is 


| essential for strength, and the ports are thus distributed around 


the whole circumference of the cylinder-wall as illustrated. The 
ports a serve three distinct pu s: firstly, they permit the 
excess pressure to pass away at the termination of the effective 
portion of the expansion stroke; secondly, they serve to admit 
fresh air, which enters simply from the windage generated by the 
aa with which the cylinders are moving ; and, simultaneously, 
they allow the residuary gases to escape. In order to prevent the 
air from rushing straight through the cylinders when the engine 
is arranged to drive a screw-propeller, the pistons c are each fitted 
with a deflector d arranged diagonally, so as to be at right angles 
912) path of the air through the cylinders. (Accepted May 1, 
2. 


21,569/11. 8. M. Hallet, Mansfield, and J. 8. Black- 
more, Loughboro Internal- Combustion En- 
[5 Figs | September 30, 1911.—This invention relates to 
nternal-combustion engines of the two-stroke type, and consists 
7 in the employment of duplex pistons, one working as a 
ong aha ve in a tubular guide formed in the main piston, whilst 
he latter operates in the ordinary cylinder, the piston-valve and 
guide eating as a valve for controlling the admission of air or 
explosive mixture to the main cylinder from a closed crank-case. 
a@ indicates a cylinder provided with a ring of air or gas inlet — 
b, and a ring of exhaust portsc. ¢ is the crank-case, which is 
adapted to holda charge of gas or air in a compressed state. The 
main piston d is adapted to receive and support concentrically 
with its periphery a tubular guide. This guide is provided 
with trunnions g}, on which the small ends of two connecting-rods 
The piston-valve » working within the guide 
is coupled to acrank o. At the upper end of the guide there isa 
ring of ports q, and in the piston-valve n a corresponding series of 
ports. The main piston d is provided with a tubular extension s 
of sufficient size to leave an i age bet it and the 
upper end of the guide, this passage being of such construction 
as will impart the highest velocity to the mage gas or air, 
causing such to pass up the centre of the main cylinder to the 
head of the latter. e main piston is shown at the lowest 
point of its stroke with the exhaust ports c open and the 
inlet ports b closed, whilst the piston-valve n has about completed 
its upward stroke, the exact position of the piston-valve bein 

determined by the amount of lead and stroke given to the cran 

o. The ports q in the guide are also open. Assuming that the 
main piston is at the extreme point of its upward stroke, the 


A are moun 





piston-valve » would be about to commence its upward stroke, | 
| May 8, 1912.) 


the inlet ports b being open whilst the ports q in the guide would 


be closed. There would thus be communication for gas or air 
through the ports b with the interior of the crank-casing e¢, so 
that on the descent of the main piston the gas in such casing would 
be compressed. Immediately the main piston reached the bottom 
of ite stroke the ports q in the guide would be opening, thus 
allowing the compressed gas to rush into the upper portion of 
the cylinder a, the exhaust ports of which are open to allow the 
exhaust gas of the former stroke to escape. As the ~ from the 
crank-casing passes through the ports ¢ in the guide the deflector 
8 directs it to the upper end of the cylinder a, by which it is 


S772 














\ 
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deflected downwards towards the walls of the cylinder to assist 
in a the remaining products of combustion and so com- 
pletely scavenging the cylinder. As the main piston rises the 
exhaust ports ¢ and the ports q in the guide are closed, so as to 
allow the gas to be compressed ready for firing. The firing takes 
place and the main piston is given. its downward stroke, again 
compressing the charge of or air which has been drawn into 
the crank-casing as a result of the inductive action created by 
the upward stroke of the piston, the same cycle of operations~ 
being continuously repeated. (Accepted May 8, 1912.) 


HYDRAULIC MACHINERY. 


4675/12. J. MoNeil, C. McNeil and W. A. MéNeil, 
Govan. Hydraulic - Pressure Regulating - Gear. 
(3 Figs.) February 24, 1912.—This invention relates to that type 
of my lg ay regulating-gear for sugar-cane mills in which 
the cylinder is in the form of an aperture in the roll housing-cap, 
which cylinder aperture is closed at its upper end by a plug-like 
cover fitting within it, and packed in any convenient manner, the 
plug-like cover being held in place by co-acting interrupted flanges 
on the cap and cover, or by interrupted flanges on the cover 
co-acting with u ding lugs on the cap. The usual ram Bacting 
upon the upper lock of the roll-bearing works in the lower part 
of the cylinder. The upper end of the cylinder is closed by an 
annular plug-like cover C fitting within it. According to the* 
invention, above the annular part of the cover within the cylinder © 
and at opposite sides thereof, there are outwardly-projectin 
lugs D, the peripheries of which are curved to a radius struc 


121869) 


from the centre of the plug and merge into the other two sides 
of the upper — of the plug, which latter sides are parallel to 
each other. e upper part of the plug-cover is thus of oblong 
shape in plan, with rounded ends and of a width between its 

rallel sides less than the width of an opening formed across or 
n the upper part of the roll housing-cap to permit of the inser- 
tion and withdrawal of the ram and plug-cover. At opposite 
sides of the upper part of the roll housing-cap A which is above 
the cylinder, recesses E are formed of an internal diameter equal 
to the external diameter of the curved lugs D on the plug-cover, 
so that the latter is held we when the _ are engaging in 
the recesses and readily freed by turning the plug-cover to bring 
the parallel sides of the upper part of the cover opposite the 
recesses, and thus permit the cover being withdrawn through 





the opening in the upper part of the roll-housing. (Accepted 
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Aveling & Porter, Ltd., 
RocHEsTeR, KENT, 
and 72, Cannon Street, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES, 
STEAM CULTIVATING MACHINERY. 

STEAM WAGONS. TRACTORS. 

CEMENT-MAKING MACHINERY. 2551 


A. G. Munford [4 


OULVER STREET WORKS, COLCHESTER. 
Owx ADMIRALTY AND Wark Orricg Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 
See Advertisement, page 59. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIO FEED REGULATORS, 


Auxiliary Machinery as supplied to the 
a Admiralty. Od 2179 


James Russell & Sons, ‘Ltd. 
Crown Tuss WorRKS, WEDNESBURY. 
IRON and STEEL TUBES, and Fittings for same. 
STEAM MAINS. COCKS and VALVES. 
TRAMWAY and TELEGRAPH POLES, &., &c. 
WAREHOUSES : 

Iv x - + + 108, Southwark Street, S.E. 
ESTER - - 83, King Street West. 
auem, - 8, "Temple Street. 

- + 6, Mark Lane, Briggate. 


2506 


1es.—Electrie, Steam, 
HYDRAULIC and HAND, 


of all ty and -“, 
GEORGE RU SeELL 
Motherwell, near dee 


wy Cement Machinery, 
%<NEST NEWELL & CO., Lrv., 2 serene 
«i#8BORO, supply all Machinery for M 


LrD., 
2 


arrow & Co., Ltd., 


SHIPBUILDERS AND ENGINEERS, 
LASGOW (formerly of Popuar, expen). 
OTPEEDS UP TO 40 MILES AN H _ 
PADDLE OR SCREW STEAMERS 0 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 


MULTITUBULAR AND 
(Sochran CROSS-TUBE TYPES. 
See page 18. 


Boilers. oa 


°¥ achts, Launches or Barges, 


Built complete with Steam, Oil or Petrol 
Motors: or Machinery supplied. Od 3551 
VOSPER & CO., Lrp., Broap Street, PORTSMOUTH. 

See Advertisement page 10. 


(jhains and W rbeels 


Power ransmission. 


See Advertisement in June 14. 


H2": Rereld, Tt4. 


Proeress Works, MANCHESTER. 2388 


[the Economic Forced Draught 


anp ENGINEERING COMPANY, L1p., 
5, CastLe Srrert, LIvERPOOL. 1961 
Patent Furnace Fronts for Natural or Forced Draught. 
See Advertisement page 56, June 14. 


unch and Shear Machine 
SPECIALISTS. 2181 
Consult us. ‘‘The Best and the Cheapest.” Large 
Stock. Satisfaction Guaranteed. Established 1850. 
SCOTT BROS., West Mount, HALIFAX. 


Od 8759 











Rotary Cement, Chemical Manures, also Elevatin ting 
and Conveying "Plant. 


STEEL TANKS, PIPES, GASHOLDERS, &c. 
Mhos. Piggott & Co., Limited, 


BIRMINGHAM. 
See Adve rtisement last week, page 83. 


Plenty and Q 





and S on, 

Lrrrep, 

MARINE ENGINEERS, &e. os 
Newesury, ENGLAND. 


> Patent ; 
ee 8 Hydro-Pneumatic Ash Kj ector. 
Great saving of labour. Nonoise. . Nodirt. 
Ashes discharyed 20 ft. clear of vessel.—A’ ply, F. J. 
TREWENT & PROCTOR, Lrp., Naval Architects and 
Surveyors, 43, Billiter Bldgs., Billiter St., "ae 


Yank Locomotives. 


Specifi vation and vamoette equal to 
Main Line Locomotiv 

Ré&W. AWTHORN, LESLIE & & OO., Lav., 

‘OINBERS, NEWCASTLR-ON-TYNR. 


Aluminium 


INGOTS, 
TUBES, WIRE, 





BILLETS, RODS, SHEETS, 
CABLE, SECTIONS, ALLOYS, 
POWDER. 2072 
THE BRITISH ALUMINIUM CO., LTD., 
109, oxen Vicrorta Street, Lonpon. 


te, London.” » "Phone: London Wall 4315. 





comotives, in Stock.— 
KERR, STUART & OO., Lap., have in stock 

, in 4 vanced state of at their 
wornia Works, Stoke-on-Trent, a large number of 
LooomoTIV ES, with cylinders from 6 in. to 15 in. 
Tt] r (ir clusive), oo ga from 18 in. to 

pply to . 
5, Broud Ste -et Place, EC. pubas eee 


nvincible (j2uge Cpiasses. 


BUTTERWORTH BROS., Lta., 
Newton Heath Glass Works, 
Manchester. Od 9758 


Royles Limited, 
donee, IRLAM, MANCHESTER, 
ED WA’ 
ER ATER HEATERS, 
EVAPORATORS CONDENSERS, 


ROYLE'S 
3. SYPHONIA STEAM TRAPS, 
peTents, { REDUCING VALVES, &c. 


WATER SOFTENING, FILTERING. — 


PATENTS, 








(524 Valves that Will Not 


STICK. 
See our Advertisement in last week’s issue, page 97. 
BRITISH STEAM SPECIALTIES, Ltp., 
Bedford Street, Leicester. 2189 


| Ballast Wagons for Sale or 


HURST, oa oe & 7S OR. Lep., 
2467 





THE WELL-KNOWN 


ve | Rize Reed HY oulding Gand, 


IRON, BRASS, , ALUMINIUM, &. 
APPLY, 


Mansfield Sand Co., Ltd., 


MANSFIELD, NOTTS. 


R Y. Pickering & Co., Ltd. 


(ESTABLISHED 1864). 


2427 





$971 | BUILDERS of RAILWAY OARRIAGES & WAGONS. 





MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY WAGONS for HIRE. 
Chief Works and Offices : 
WISHAW, near GLASGOW. 
London Office : 
8, Vicroria Street, Waerminerer, S.W. 
P & W. MacLellan, Limited, 
a OCLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 

RAILWAY IRONWORK, BRIDGES, ROOFING, &. 
Chief Offices : 129, Trongate, Guaseow. Od 8547 
__ Registered Office : 1084, Cannon St., London, E.O. 

[the Glasgow Railway 

Engineering Company, 
GOVAN, GLASGOW. Lap, 
London Office—12, Victoria Street, S.W. 
MANUFACTURERS OF 
RAILWAY CARRIAGE, WAGON AND TRAMWAY 
ELS AND AXLES. 
sg AND WAGON IRONWORK, also 
AST-STEEL AXLE BOXES. 2311 
Jece Foundr and 
ENGINEERING COMPANY, 
Railway Plant and General 
= gegen Crossings,| pew 
Turntables, Water Cranes. 


at Brtters 





ohn ellamy, imited, 
gu Boy.“ 5 


MILLWALL, LONDON, E. 1216 
GENERAL CONSTRUCTIONAL ENGINEERS, 


Boilers, Tanks& Mooring Buoys 

Srinits, Perro. Tanks, AimR-RecEIVERS, STEEL 

Curmngys, Riversp SrkaAM AND VENTILATING PIPEs, 
Hoppers, Spectra, Work, RePatrs OF ALL Krixps. 


I[tubes, Iron and Steel. 
Edwin Lewis & Sons, 


London Office : 
148, Gannon St £0. . Wolverhampton. 


avid Rollo and Sons, 
Engineers & Shipbuilders, 


2 _—Luiverpool. 


[lubes and: Fittings. 


Stewarts and Loyd. LL. 


Glasgow and Birmingham, 


See Advertisement page 52. 


Dv: Paxman & Ce. Le 


ie COLCHESTER, 
KERS OF 


Steam Engines and Boilers. 
All Sizes up to 3000 HP. 

For ELECTRIC LIGHTING anp TRACTION WORK. 
ALSO FoR WINDING, PUMPING, HAULING, 
AND ALL PURPOSES, 
FRANCO-BRITISH EXHIBITION—GRAND PRIX 
Hienest AWARD wane Ostamanea), 

Od 2246 


See Advertisement page 87. 


DEEP WELL PUMPS, AIR-LIFT PUMPS. 
Capacities from 2000 to 100,000 gallons per hour. 
= ~% 
. POTTER & CO., Lant Street, London, 8.E. 


os — Maxted & Knott, 


Lrp., Consulting Engineers to the British Portland 
Cement Manufacturers, Ltd., ADVISE GENERALLY 
on_ pro) posed Cement Schemes FOR ABROAD, 
ADVICE ONLY. Highest references. Established 1890. 

Address, Burnetr Avenvug, Huu. 


Cablegrams: “Energy,” Hull. 2479 


(Cranes | (yranes ! (Cranes! ! 


Brothers & Co., 
GLASGOW. 


Makers of all kinds of Steam, Electric, and Hand 
Power Cranes. 


, Catalogues and Prices on application, 2310 
See Illustrated Advertisement page 68, June 21. 


[2Stock, 7 &8in. Anglo-Ameri- 


can Lathes, Keyseating Machine, 8in. HollowSpindle 
Turret Lathe, Cold Sawing Machine, Saw Sharpeners, 
5 ft. High-s) Gear Driven Radial, Nut Milling Ma- 
chine.—CARTER & WRIGHT, Pellon Lane, Halifax. 


2394 
( Vas E gine and Suction Plant 
rare: 5 60 tons of Firebricks, all sizes, in 
pair Skilled mechanics, expert supervision, quick’ re- 
rs. "Phone : 1350, East; Tel.: Rapidising, London.— 
J. DAVIS & CO. , Gt. Eastern Rd Rd. , Stratford,E. 1794 
1 ocomotive Tank. Engines 
designed and constructed by 
MANNING, WARDLE AND COMPANY, a, 
Boyne Engine Works, Leeds. Od 2487 
See their Nlustrated Advertisement page 87. 


Mexhine | and Engineering 


ah tt of all oS undertaken for Manu- 

Also repairs and renewals, 

Best ne by ca nny —ROSSER & RUSSELL, 
een’s , Hammersmith. 

NE PATENTS "ACT. —Rosser & Rousse, Ltd, 

~~ prepared to undertake the manufacture of articles 

at present made abroad, and will be pleased to hear 

from firms desiring such ‘work execu 9211 














10 in., 12in., 14 in., and 16 in. 
Locomotives 

Ready ‘ *it® Delivery. *” 

Andrew Barclay,Sons&Co., L” 

Caledonia Works, Kilmarnock. 


Gtone Breakers, Crusners, 


Granulators. 


LEVEL SCREENS AND INSIDE ELEVATORS, 
SAND AND STONE WASHERS AND DRIERS, 
TAR MACADAM MIXERS AND 2267 

STONE WASHING CONORETE MIXERS. 


The best of 50 Baxter's Patents in above. 


W.. H.. Baxter, Ltd., Leeds. 


RAILWAY CARRIAGES, ELECTRIO OARS, &c. 


Hu: Nelson & Oo. L@ 


Tus Guiascow Routine Stock ann Puawr Wor 
MOTH ERWELL. i 


Gteam Cranes, Excavators, 


Concrete Mixers, Steam Winches & Windlasses. 
J. H. WILSON &CO., Lrp. Head Office & Works : Dock 
Road, Seacombe, nr. Birkenhead. London Office: 15. 
Victoria St., 8.W. See large Advt., page 34. 2527 


Matthew px & Co. 4. 


Lavexrorn Woes, ]umbarton.. .,-o 
See Full Page Advt., page 54, June 7. 











arrows Patent 


‘Witer-Tube Boilers. 


THE MOST IMPROVED TYPE IS FITTED WITH 
FEED-HEATING TUBES. 


Glasg ow (portan LONDON. 


H4 ‘Wrightson & Co. 


LIMITED. 
2402 
See Advertisement page 56, June 14. 


1680 Vauxhall & West Hydraulic 


ENGINEERING O©O., Lap. 
MARINE ENGINES (Screw & Paddle), HYDRAULIO 
MACHINERY, PUMPS, &c. Works: Luton, Beda 
City Office, 45, ‘Leadenhall Street, London, EO. = 2576 


wal (jauges 


Limit, Standard and 
N ewall Screw Thread 
MEASURING MACHINES AND MIOROMETERS, 


NEWALL ENGINEERING OO.,, 
Walthamstow, London, 


‘Cement Plants. — 


Rotary Kilns, Wet and Dry Grinding Mills, Dust 
Collecting, Elevating and Conveyin Machinery, &e. 
ROCHESTER ENGINEERIN: COMPANY, 
WicknaM, Rocuester. 198: 


GRAND PRIX—TURIN, 1911. 
[ Jectors. 
HOLDEN & 


Roabber 


Conveyor Belts 





2105 
BROOKE, Lrp., MANCHESTER. 


MANUFACTURERS 


Tue GUTTA PERCHA & RUBBER MFG. CO, 
or Toronto, Limirep, 


2448 


Lathes. yarous sizceo— 


Toronto Oanada. 
(fiurret 

HIGH-CLASS LATHES at 2204 
Low Prices. Write or Call. 


One 14 in. by 18 in. Turret Lathe in stock. 
BARKER, SPINK, LEASE & ©O., SITIPLEY. 


Qentrifugals. 


‘Pott, (Saseels & Williamson, 


MOTHERWELL, SCOTLAND, 2087 





See half-page Advertisement, page 76, June 21. 














[June 28, 1gr2. 








2 ENGINEERING. 
[the Manchester Steam Users’! [nst. C.E. and all Engineering Ts Rendle BEReE Waren RAway orks Manager Required. 
ASSOCIATION. 7° Examinations. — Mr. G. P.. KNOWLES. ; 


For the Prevention of Steam Boiler Explosions and for 
the Attainment of Economy inthe Application of Steam. 
9, Mount Srrest, MANCHESTER. . 
Chief Engineer: C. E. STROMEYER, M.I.C.E. 
Founded 1854 by Sir W. Famsarrn. 
Certificates of Safety issued under the Factory and 
Workshops Act, 1001. Compensation for Damages and 
Liabilities paid in case of Explosions. Engines and 
Roilers inspected during construction. 2422 
No. 063 of 1912. 
In the High Court of Justice (Chancery Division), Mr. 
Justice Swinren Eapvy. In the Matter of THE 
CITEX FIRE EXTINGUISHER .COMPANY, 
Liurrep, and Repucep, and In the Matter of The 
Companies (Consolidation) Act, 1908. 


Notice is Hereby Given, that 


the ORDER of the High Court of Justice 
(Chancery Division), dated the 10th day of June, 
1912, confirming the reduction of the Capital of the 
above-named Company from £2500 to £1250 and the 
Minute (approved by the Court) showing with respect 
to the Capital of the Company as altered, the several 
particulars required by the above Statute were 
registered by the Registrar of Joint Stock Companies, 
on the twenty-fourth day of June, 1912. And further 
take notice, that the said Minute is in the words and 
figures following : - : ‘ , 
“The Capital of the Citex Fire Extinguisher 
“‘Company, Limited, henceforth is £1250, divided 
** into 2600 shares of 10s. each instead of the original 
**Capital of £2500 divided into 2500 shares of £1 each. 
** At the time of the Registration of this Minute 2123 
‘*of the said shares, Nos 1 to 2123, have been issued 
‘and the full sum of 10s. per share has been and is to 
‘be deemed paid up on each of the said 2123 shares, 
“The remaining 377 shares are unissued and nothing 
**has been or is to be deemed to be paid up in respect 
** thereof.” 
Dated the Twenty-seventh day of June, 1912, 
BALL & REDFERN, 
of 10, Gray’s Inn Place, Gray’s Inn, 
London, W.C. H 
Solicitors for the Company. 


Hoeliand. 


The Quickest Service is by the British Royal Mail 
Harwich-Hook route Daily by Turbine Steamers 
fitted with Wireless Telegraphy and Submarine 
Signalling. RESTAURANT CARS between the Hook 
of Holland and Amsterdam. 

London (Liverpool Street Station) dep. 8.30 p.m. for 
the Hook of Holland. Corripor VesTisuLED TRAIN, 
with Ist and 2nd class Dining and Breakfast Cars ; no 
supplementary charge for Seats. 

ANTWERP, via HARWICH, for the Belgian Ardennes 
(Cheap Continental Holiday), Spa Daily (Sundays 
excepted) by Large Twin Screw Steamers, fitted with 
Wireless Telegraphy and Submarine Signalling. 

London (Liverpool Street Station) dep. 8.40 p.m. 
for Antwerp. Corripor VEsTIBULED TRAIN, with 1st 
and 2nd class Dining and Breakfast Cars ; no supple- 
mentary charge for seats. 

Particulars at 124, Regent St., W. (near Piccadilly 
Circus) or of the ConTinentaL TRAFFIC MANAGER, 
Geeat Eastern Ramway, Liverpool Street Station, 
London, E.C. H 676 


University of Manchester. 


PHYSICS DEPARTMENT. 








A Prospectus giving full particulars of the Lecture 
and Laboratory Courses in Physics, preparing for 
both the Ordinary and Honours Degrees, will be for- 
warded on application to the REGISTRAR. Professor 
RvutuerrorD will meet intending Students on Tuesday, 
Ist October, at 10.20 a.m. H 307 


Heriot-Watt College, 
: EDINBURGH. 


PrincipaL.—A. P. LAURIE, M.A., D.Sc. 
(Formerly Fellow of King’s College, Cambridge.) 





THEORETICAL and PRACTICAL TRAINING for 
Mechanical Engineers, Electrical Engineers, Mining 
Engineers, Technical Chemists, Brewers, Distillers, 
Margarine Manufacturers, Printers, and Publishers. 


The Diploma Course in Engineering lasts for three 
years, and arrangements exist for Shortened Appren- 
ticeships with Local Mechanical and Electrical 
Engineering Firms. 


The Course in Mining extends over three years, and 
is recognised by the Home Office as equivalent to two 
of the five years undergound training required of 
candidates for the Colliery Manager's Certificate. The 
training in Mining is also recognised by the University 
of London for the purposes of the B.Sc. (Lond.) 
Degree in Mining. 


Complete Courses of Instruction, extending over 
four years, for Students studying for the Fellowship 
of the Institute of Chemistry. 


Fees for the Complete Three Years’ Diploma Course 
in Engineering, £52; the Fees for the other Courses 
are on 2 Similar scale. 


An Entrance Bursary of £25 is offered for compe- 
tition on the Ist of October among Students entering 
the Day College who require aid in carrying on their 
education. 


For full particulars apply to the Principal of the 
College. 


For the New Scheme for Engineering Degrees in 
Civil, Mechanical, and Electrical Engineering, 
arranged with the University of Edinburgh, see the 
Calendar of the University or the Calendar of the 
Heriot-Watt College. 

PETER MACNAUGHTON, 8.8.C., Clerk. 

Heriot Trust Offices, Edinburgh, 

June, 1912. H 704 


Asse: Memb.&Stud.Inst.C.E. 


EXAMS., both Feb. and Oct.; also B.Sc., 
P.W.D., India, &c., with all Mech. and Elec. 
taught in 6, 5 or 3 months’ courses by post.— Write, 
JAMIESON, M. Inst. C.E£., &., at once, to Kelvinside, 
Glasgow, W. Special facilities for those abroad. 2313 


M.1.C.E. and Stud. I.C.E,. 


A. EXAMS. Correspondence Coaching by practical 
civil engineers ; successes 167 out of 186 cutie todate. 
features for fore for 





ze 





iy 
9 Tuesday, the 9th July, 1912, after which time 
received. 


af “B.Sc. 
Assoc. M. Inst. C.E., F.8.1.; M.R. San. I., PREPARES 
| CANDIDATES personally or by 
| Hundreds of successes, including the Bay 
| Courses for next February and October are just com- 
} .—89, Victoria St., Westminster, 8.W. Tel. 
No. 1 Victoria. 8790 
M-:. A.Klemin Schmidt, B.Sc. 
perien 


a. Lonpow), Int. B.A., A.C.G.I., an ex- 
ced coach, es successfully for INST. C.E. 
anp UNIVERSIT XAMINATIONS. Particulars of 
special Turek Weeks Free TRIAL on \ —— 
20, West Cromwell Road, Ear!’s Court, 8. W. 2486 


ngineering. — Professor and 
Works Director UNDERTAKES TUITION of 








caginsering examinations. [Efficient professional 
training.—F. PLEDGE, M.A., Crawley, eee 
‘ 


P enningtons Engineering 
CLASSES (Est. 1878), A.M.LC.E., Stud. I.C.E. 
B.Sc. Matriculation, Factory In rs,&c. Examina- 
tion Aids 1s. each.—254, Oxford Rd., Manchester. 2198 








ence, 
Prize.. 


two or three Resident PUPILS. Preparation for all | 


The Directors are prepared 


to receive 
nders for the Supply and 


DELIVERY of :— 
(a) WOOD SCREWS (6000 gross). 
(0) GALVANISED EYE BOLTS (10 tons) and 
STRAND. WIRE (80 tons) for Fencing. 
(c) COPPER and TIN INGOTS (19 tons). 
(d) SPRING-and FERRULE EL (206 tons). 
(e) RED LEAD (75 tone). 
— ications to be seen at the COompany’s Offices. 
‘enders, addressed to the undersigned, and marked 
“Tender for Wood Screws,” or as the case may 
be, are to be | not later than Noon, on Tuesday, 
the 9th.day of July, 1912. 
For each Specification a fee of 103. will be charged, 
which cannot, under any circumstances, be returned. 
The Directors do not bind themselves to accept 
the lowest or any Tender. 
By Order of the Board, 
ALEXANDER IZAT, 
g Director. 
237, Gresham House, Old Broad Street, 
London, E.O., 26th June, 1912, H 858 


} 


progressive engineering works (new 

men, Lancashire). © variety of “ae } ms = 
3 to 100 ewts. “— 
et cae may have SUCCESSFULLY ied 


lar position in PROSPEROUS 


cera, Ri 
pract: and sound theoretics! krowiee® 
sound judge of piecework and labour pi a 
Systematical, strict disciplinarian- card y, cistes 
—organisation—keen buyer. a 

| CHARACTER.— Temperate habits, fu!) o/ ritiatiy 
untiring worker, congenial assistar. to Direetors’ 
PROSP*OTS.— Progressive and ultimately share of 

profits. ; . 
Write, stating salary and fullest particulier to gos 
Sgvi’s Advertising Offices, Fleet Street, London.” 
‘ F857 


Wanted, at Once, near 
London, a capable WORKS \A> 


A 
thorougbly experienced in press and ‘i. Gee, 


and jig design, and manufacture of sma)! pene. 
parte. Only applicants having held sirnjja; poeition 


or as assistant works manager in large factor; need 
apply.—Full ian (Of past experience, present 
8a 








APPOINTMENTS OPEN. 


gag . 'y req » and references ma: 
sent, in strict confidence, to H. V. R., Craig's cen 





TENDERS. 


INDIA OFFICE, Warrenatu, 
26th June, 1912, 
THE SEORETARY OF STATE FOR INDIA IN 
COUNCIL is prepared to receive 


Tienders from such 
Persons as may be willing to SUPPLY :— 
WHEELS anp AXLES. 

The Conditions of Contract be obtained on 
application to the Director-Gen of Stores, India 
ce, tehall, 8.W., and Tenders are to be 
delivered at that Office by Two o'clock p.m., on 
no 
H S46 


W. G. BUTLER, 
: _____ Director-General of Stores. 
THE SOUTH INDIAN RAILWAY OOMPANY, 
Liuirsp, are prepared to receive 


Tenders for the Supply 
- of:— 

1, ROLLING STOCK, 

Comprising 13 Side Discharging Hopper Bogie 
Ballast Wagons — gavge). 

Specifications and rms of Tenders may be 
obtained at the Company’s Offices, 

Tenders, addressed to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
marked “Tender for Rolling Stock,” must be left 
with the undersigned not later than Une o’clock p.m., 
on Wednesday, the 10th July, 1912. 

The Oo is not bound to accept the lowest or 
any Tender. 
A charge, which will not be returned, will be made 
of 10s. for each copy of Specification No. 1. 
Copies of the Drawings may be obtained on payment, 
at the Office of Rossrt Wuirs, Esq., M. Inst. 0.E., 
Consulting Engineer to the Company, 3, Victoria 
Street, Westminster, S. W. 

By Order, V. E. ps BROKE, M. Inst. 0.E., 
Company’s (ffices, for Managing Director. 





Tender will be 


he British Engineers’ Asso- 


ciation REQUIRE a London SEORETARY. 
Salary £600 per annum. Preference given to one 
having a knowledge of engineering requirements and 
of trading conditions in the Far East.—Apply only by 
letter, stating 3 qualifications, &., to THE 
CHAIRMAN OF THE EXEOUTIVE COMMITTEE, 
Queen Anne’s Chambers, Westminster. H 803 


UNIVERSITY OF LONDON, 
The Senate invite 


A Ppiications for the Post of 


University PROFESSOR in Mathematics 
tenable at King’s College. The salary will be £600 
per annum, and the tenure of the post will date from 
1st January, 1913. 

Applications (12 copies) together with the names 
of not more than three references must be received 
not later than the firet post on 25th July, 1912, by the 
Academic Registrar, University of London, South 
Kensington, S.W., from whom further particulars = 


be obtained. H 797 
HENRY A. MIEBS, Principal. 


“COUNTY BOROUGH OF HUDDERSFIELD | 
TECHNICAL COLLEGE. 
Principat: J. F. HUDSON. M.A., B.Sc. 


A pplications are Invited for 
the following POSTS :— 
(1) ASSISTANT LECTURER in Mechanical En- 
neering ; salary £160. 
(2) INSTRUCTOR in Machine Drawing for Evening 


Classes. 
(3) INSTRUOTOR in Geometry (Advanced) one 
evening per week. 
For further particulars apply to : H 
THOS. THORP, Secretary. 


NEWOASTLE-UPON-TYNE EDUCATION 
OOMMITTEE. 














pan ‘or 
91, York Street, Westminster, 8.W. 
28th June, 1912. H 826€ 


THE GREAT INDIAN PENINSULA RAILWAY 
OOMPANY. 





The Directors are prepared to receive 


[tenders for the Supply of the 


following STORES, namely :— 

Paints, Drysalteries, &c. | Spare Parts of Carriages 
Carriage Fittings. and Wagons. | 
Railway Tickets, &c. | Helical & Volute Springs. | 
Miscellaneous Articlesand | Steel Tyres, Retaining | 


Materials. } g8, &c. 
Roofwork for Extension of | Cast-iron Water Pipes, &c. 
Igatpuri Eagine Shed. (| Cast-iron Pipes, &., tor 
| Electric Cables. 


RUTHERFORD TECHNICAL COLLEGE. 
Prunciran: C. L. EOLAIR HEATH, A.M.LM.E. 


A plications are Invited for 


the APPOINTMENTof ASSISTANT LECTURER 
in Engineering Subjects; commencing salary £120 
& year. ° 

Applicants should have had good workshop and 
drawing officetraining and experience inan engineering 
laboratory and technical college both as student and 
teacher. 

Form of application and further particulars may be 
obtained by applying to the Principal enclosing 
stamped addressed foolscap envelope. 

Applications must reach the undersigned not later 





Specifications and Forms of Tender may be obtained 
at this Office on payment of the fee for the Specifica- 
tion, which payment will not be return 

Tenders must be delivered in sealed envelopes 
addressed to the undersigned, marked ‘‘ Tender for 
Paints, Drysalteries, &c.,” or as the case may be, not 
later than Eleven o'clock a.m., on Thursday, the 
4th July, 1912. 

The Directors do not bind themselves to accept the 


lowest or any Tender. P 
R. H. WALPOLE, Secretary. 
Company’s Offices, ’ 
48, Copthall Avenue, London, E.O. 
26th June, 1912. 


COUNTY OF LONDON. 
THE LONDON COUNTY COUNCIL invites 


[renders forthe Reconstruction 


and WIDENING of the COUNTY. BRIDGE 
carrying High Street, Wandsworth, over the River | 
Wandle. 
Persons desiring to submit Tenders may obtain 
the Drawings, Specifications, Bills of Quantities, Form 
of Tender, &., on —e to the Chief Engineer 
of the Council, Sir Maurice Fitzmaurice, 0.M.G., 
at the County Hall, Sk ee 8.W., upon 
ey to the Cashier of Council of the sum of 
hree Pounds, This amount will only be returned if a 
bona fide Tender is submitted. Fuli particulars of the 
work and conditions of contract may he obtained on 
personal —— at the County Hall before the 
this fee. 


ment 

P'The Contractor will be bound to pay to all work- 
men employed by him in and about the execution 
of the Contract, or any part thereof, wages at rates 
not less, and to obeerve hours of labour not greater, 
than the rates and hours set out in the Council’s list, 
and such rates of wages and hours of labour will be 
inserted in and form part of the Contract by way of 
Schedule. Full particulars of the Council’s Standing 
Orders on these matters are given in the London 
County Council Gazette. } 

Tenders must be upon the Official Forms and the | 
instructions therein must be strictly complied with. | 

No Tender received after Eleven am., on Tuesday, 
16th July, 1912, will be considered. 

The Council does not bind itself to accept the lowest | 
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Special 
booklet, &c.—Address, H Offices of ENemngxrine, 


ad ieee 1912, 


H 832 





than 10th July, 1912. 
SPURLEY HEY, 
Education Officer, Secretary. 


Northumberland Road, Newcastle-upon-Tyne, 
14th June, 1912. H 791 


ADMINISTRATIVE COUNTY OF LONDON. 





The LONDON COUNTY COUNCIL invites 


A plications for the following 


POSITIONS :— 

(1) HEAD of the Evectrical Engineering and Physics 
Department of the London County Council 
Hackney Institute, Hackney, N.E. 'v; 
£260, rising to £800, by yearly increments of 
£20. The person appointed must be a 
thoroughly qualified electrical engineer with 

experience in teaching. Preference will be 
iven toa Member or Associate Member of the 
nstitute of Blectrical Engineers. 

(2) Whole-time TEAOHER of Mathematics and 
Physics at the London County Council School 
of Engineering and Navigation, Poplar. Salary, 
£160, rising to £200, by yearly increments of 
£10. Preference will be given to candidates 
with experience of electrical engineering. 

(3) Whole-time ASSISTANT INSTRUCTOR the 
Engineering Workshop at the London my xd 
Council Hackney Institute, Hackney, N.E. 
Salary, £80, rising to £100, by yearly incre- 
ments of £5. 

The successful candidates will be required to take 
up their duties in September next. Applications 
must a 4 Offic : ae - be See. a 
particulars of the appointment, by sending a stam’ 
addressed coakenne Soveae to the Education Officer, 
London Count; uncil, Education Offices, Victoria 
Embankment, W.C., to whom they must. be returned 
by Friday, 5th July, 1912. Every commu: ion 
must be marked T. 1. on the envelope. 

Canvassing, either directly or indirectly, will be held 
to be a disqualification for a 

LAURENCE GOMME, 
Clerk of the London County Council. 

Education Offices, 

Victoria Embankment, W.O. 


26th June, 1912. H 833 





House, Charing Cross, London, 8S. W. H 808 





BOROUGH OF SOUTHWOLD. 





APPOINTMENT OF GENERAL BOROUGH 
SURVEYOR AND INSPEOTOk OF NUISANOES. 
The Corporation invit« 


A Prlications for the Office of 


GENERAL BOROUGH SURVEYOR and 
INSPEOTOR OF NUISANCES at asalary commencing 
at £130 per annum. : 

The duties will include superintending the public 

roads and footpaths in the Borough, the Corporation 
property and Sea Defence Works. Also the superin- 
tendence of the Corporation workmen and labourers 
and of all contracts with the Corporation, and the 
preparation of plans and estimates. The person 
appointed will also be required to see that the 
Sanitary Acts and certain byelaws and all resolutions 
of the Council or of any Committee thereof are 
observed and carried into effect, and generally to 
perform all duties appertaining to the office of 
Borough Surveyor and Inspector of Nuisances. Pre- 
ference will be given to one having a knowledge and 
experience of seadefence works. He will be required 
to devote himself exclusively to the duties of his 
office, and the appointment io the first instance wi)! 
be for one year, but thereafter will be subject to three 
months’ notice on either side to be given at any time. 
The Corporation do not bind themselves to make 
any appointment, and personal canvassing will be a 
disqualification. 
Applications, accompanied by copy testimonials as 
to fitness, &., to be sent in addressed to the Town 
Clerk, Southwold, and marked ‘‘ Borough Surveyor,” 
not later than Eleven o’clock on Monday morning, the 
8th July, 1912. 





Dated this 24th day of June, 1912. H 806 
ERNEST R. COOPER, 
Town Clerk’s Office, Southwold. Town Olerk. 





wo Assistant Engineers 
REQUIRED, by the Government of the 


eae Gold Coast, for the Public Works Depart- 
ment, for two .ours, each of twelve months’ residential 
service, with possible extension. Age between 25 and 
40; strict medical examination and vaccination if 
necessary. The salary of the Assistant Engineer will 
be £300 per annum, rising by annual increments of 
£10 to £350, Free single quarters provided or an 
allowance in lieu thereof. Free passages out and 
home again on satisfactory termination of engagement. 
Half salary on voyage out; full salary from date of 
arrival in Colony. Two months’. leave on full pay 
after twelve the’ tour; i d to four months 
if returning to the Oolony, with full pay during 
voyage or voyages and free passages. Candidates 
should have had good technical education, and should 
have had experience similar to that obtained in a 
large municipal engineer’s office or in the office of‘an 
engineer in good general practice. They should aleo 
have had considerable Ne cone in the design and 
construction of large engineering works, in the 
paration of Plans, Specifications, Bills of Quan 
and Estimates, and should be competent in surveying, 
levelling, and in the use of the theodolite. They 
should also be well up in building construction. 
mage by letter (no special form required), 
stating age, whether married or single, giving full 
particulars of experience, accompanied by copies of 
testimonials (not originals), with names and addresses 
of referees of whom enquiries can be made as to 
capabilities and character, should be sent at once to 
the OROWN ‘AGENTS FOR THE COLONIES, 4. 
Whitehall Gardens, London, 8.W. H 798 


r[{hree Assistant Engi- 
NEERS REQUIRED for Railway 
Construction, Federated Malay States 
Government. Age 25 to 35; must be single. Must 
ba thoroughly competent to make railway survey® 
and have had actual experience on railway construc- 
tion Work, preferably with a contractor, or on work 
carried out departmentally. Engagement for two 
years. oe 
Salary, £400 per annum, with a duty allowance : 
£40 per annum, and commuted field allowance 0 














50 dole. per mensem. Half salary from date of 
embarkation, full salary from date o! el 


unfurnished camp quarters. One months 
bonus may be allowed on expiration of agreement. 
Free first-class passage out and home aga'n on ents. 
factory termination of agreement. strict medical 
examination ; vaccination if necessary. 


Application by letter (no special form req sired), 
stating age, whether single, and giving (i! parvict’ 
lars of experience, must be addrersed « once te 
Messrs. GREGORY EYLES & WARIN( , Dean 
Yard, Westminster, 8.W., the Consulting © 0%: — 


Quote M/5460 on letter of application. — 





THE NATIONAL PHYSICAL LABOR*20% 
TxppmNeToNn. 


Vacancy occurs for 2 ¢ 
ASSISTANT in the Department 0! }!«-%! 








ical Chemistry ; stipend 'r < 
orks Manager Wanted by | iio veruhatn. speed and accuracy ie 1° allorcieal 
firm employing 500 men in light wagon | anal is essential.—Applications, *'* Se tee 
work ; must be a Six o’clock man, well up in hydraulic | qual ions, and enclosing copies - 1 ot DENT, 
pressing, smithwork and rivetting, all pi — | nials should be addressed to the SUPELI‘ +? 1 790 
Address, H 824, Offices of EnervEERING, H 824 ' Metallurgy Department. 








SE BREREEN UG et) b25 —4| BERT b> ||. 


isd 





ow 400 
ee from 


Y filled 
. Ripe 
wiedce. 
blems. 
register 


tiative, 
"ectors, 
are of 


to 405, 
EF 887 


éar 
AGER, 
‘k, tool 
etition 
ition, 
’, need 
reeent 
nay be 
Cours 
H 808 


bei 
OES. 


e of 
/ and 
ncing 


ublic 
ation 
erin- 
urers 
i the 
erson 
; the 
tions 
i are 
ly to 
e of 
Pre- 
and 
lired 
| his 
) will 
three 
ime. 
nake 
bea 


Is as 
Town 
yor,” 
, the 


[ 806 


S"7688< 4 















Jone 28, 1912.] 


ENGINEERING. 











—— 
—— e ° 
Technical Gentleman, with 


t theoretical and practical ence 

in — “with the WANTED. 3 py 

us systems, or new works 

bts ¥ established. Please apply to to “EWIG 
o RUDOLF Moss: enna Seilerstatte 

gas "eare of SV i B80 


{\/anted, Capable & Energetic 
General MANAGER for = wagon dept.— 
Apply i writ ng. = —- age, experience and salary 

a TARY, Tak YORKSHIRE md 
reg ~ wane Pepper Rd., Hunslet, re A si 





Tanted, about ~ September 
next, & oy bow yo SS ae won 

‘i must orou; trust 
ssSHTANT. ned sabiat 25 years of aed have 


weed ‘Ase Associate ae oe Examination of Insti- | 





of Civil Engi exem 
ations. A practical and theoretical know! 
| engineering would be a distinct ad ms ey 
but soquaintance with building and construction of 
works of water supply is also emonth. Hats 
SOUNEER. Warsr WOMPANY, Portamouth 


[nspector.— Wanted, at Once, 


for steel constructional work, in America, first- 
class ENGINEER of good experience. Free return 
_—Write, stating age and salary required, 
with copies ‘of testimonials, to W. 674, Dsacon’s, 
denhall gadenhall Street, E.C. H 829 
\\/ oodworking Machinery.— 
Leading firm with large staff have VACANCY 
for smart CONSTRUOTOR ; ability and experience 
must be proved. Accustomed to economical ree em 
and conversant with modern bearings, chain and 
electrical drive, &c. Ageimmaterial. Gooo ts. — 
Write, giving references, ealary required, tw828, SELLS’ 
Advertising Offices, Fieet: Street. London. H6%4 


Wanted, ,aF irst-classT raveller 


with a sound connection, to sell boiler and pipe 
, silicate cotton, boiler solutions, &c., in 
Midland districts. -ASTO) CHEMICAL AND "INSU- 
EATING CO., Kingston Road. Birmingham. H 819 


Re quired for Kstimating 
Department, an ASSISTANT with technical and 
ceiieehenperiance. —Apply,in writing only,stating 
fall particulars and salary required, to W. W. W., 
Gwyxxrs, Ltd., ith, London, W. H 861 


ingineer. Young, with Office 
experience, REQUIRED, capable of dealing 
with correspondence.— Full particulars as to’ ‘age, 
experience, &c., to BOX 896, T. B. Browne’ rsa | 
Offices, 1°38, Queen Victoria Street. London. H 800 


ENGINE DRIVERS. 


The LONDON COUNTY COUNCIL uires the 


Services of Six Engine Drivers 


at the new storm-water. pumping station, 
Abbey Mills, West Ham. Candidates for appoint- 
ment must be between the ages of 25 and 40 years, 
and must be qualified mechanics with experience in 
connection with the repair, construction, and working 
ot gas engines. The wages attached to the appoint- 
ments will be at the rate of 9}d. an hour. 

Applications must be on the Official Forms to be 
obtained, with particulars of the appointment, by 
sending a stamped addressed foolscap envelope to the 
CLERK OF THE LONDON COUNTY COUNCIL, 
County Hall, Spring Gardens, 8.W., to whom they 
must be returned not later than Eleven a.m. on 
Friday, 12th July, 1912. Every communication must 
be marked “Driver” on the envelope. 

Canvassing, either directly or indirectly, will be 
held to he a disquatific: ation for aprointment. H859 


Steel ork Draughtsmen. — 


The SERVICES of Two thoronghly competent 
and experienced MEN are REQUIRED for an Argen- 
tine railway in South America. They must be 
capable of designing constructional steel and bridge 
work, and must have had not less than five years’ 
experience with a first- clase firm of bridge builders. 
The appointment will be for three years, salary com- 
mencing at £4(0, £425 for second year, and £450 for 
th my —Write, stating age, and giving full ~ 











coverin 














ticulars of experience and scientific training, to 
PAX, care of J. W. Vickers & ©o., Ltd., 5, ae 
Lane, B.0. E.o. H 86 





Ds tsman Wanted ; must |= 


be thoroughly up-to-date, and full: aguas 
in high-speed, drop and Corliss valve, steam engine 
design, and general work for modern engineering 
Perma: ency offered to competent man,— 
Address, statiny age , experience, reference and salary, 
H 664, H 664, Offices o ' KNGINEERING, H 664 


tia A $ 
A mage. F.MAC 


CHARLES GRIFFIN & CO., LTD., PUBLISHERS. 





ELECTRICAL WORKS. 


CENTRAL ELECTRICAL STATIONS (Design, Organisation, and Management). 


By C. H. | 


WorptncHam, A.K.C. Seconp Eprrion. 24s. net. 
ELECTRIC METERS. H. G. Sotomon. 16s. net. 
TRANSFORME . BOLE and Prof. D. ROBERTSON. 21s. n 


RS. By Prof. 
BLECTR iC CRANE CONSTRUCTION. 
ELECTHO-METALLURGY. 


By Ciavpr W. Hit, A.M.L.C. a M.LE.E, 


By ag 6. see, F.1.C., F.C,8. Tarp Epirioy, Revised and Enlarged 


R. © Demy 8vo. 
ELECTRIGAL PRACTICE IN COLLIERIES. By Prof. D. Burns, M.E. Cloth. Tutrp Eprrion, Revised. 


7s, 6d. net. 
By Gustav Etcunors, 


WIRELESS TELBGRAPHY. 


Ph.D, In Large 8vo. Fully Hlustrated. Ss. 6d. net. 


TELEGRAPHIC SYSTE S, and Other Notes. By sxruve Crorcn, of the Engineer-in-Chief's Depart. | 
net. 


WORKS BY W. J. MACQUORN RANKINE, LL.D., &e. 


CIVIL ENGINEERING 
MANUAL OF APPLIED MECHANICS 
INERY- AND . MILLW ORK. 


ORN Rankine, LL.D. 


J. Mao 2s, 
A MANUAL ¢ OF THE STEAM gw AND OTHER PRIME MOVERS. 


N RaNG LL,D. 
A MECHANICAL TE 


Rankine and C, E. BAMBER. 


INE, 


Fretu Eprrion. 


USEFUL RULES AND TABLES: For Arebitects, Builders, Engineers, Founders, Mechanics, | 
Erentn Epirion, 


Shipbuilders, Surveyors, &c. - 


WORKS BY PROF. A.» JAMIESON, 
SEVENTEENTH Epitton. 
APPLIED MECHANICS AND MECHANICAL ENGINEERING. 
1.—Theory of Structures, 5s. I1V.—Hydraulics,fs. V. 
chee wt , Steam, GAS AND OIL (Elementary Manual of). 

MAGNETISM 1 AND ELECTRICITY (Practical Elementary Manual of). Eieurn Eprrion, 


APPLIED D MECHANICS (Elementary Manual of). Nixti Eprtion, Revised and Greatly Enlarged, 


STEAM AND STEAM ENGINES (Advanced). 


Strength of Materials, 5s. IT 


A Manual of). Twenty-Fovrrn Eprrion. 
With Numerous Illustrations. 


T-BOOK: x “Simple Introduction to the Study of Mechanics. 


16s. 
E1enTeenta Epirion. 12s. 6d. 
Seventu Eprrion. 


With nearly 300 Illustrations, 


SEVENTEENTH Epirion, By 


By Prof. 


10s. 6 


M. Inst. C.8. 

10s. Gd, 

Vol. I.—4pplied Mechanics, 6s. IL— 
—Theory of Machines, 7s. 6d. 

TiteTeeNtu Epirion, Revised 


Revised 


Ss. 6d. 





LONDON: CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND. 








pDraughtsman.— Wanted, 


hi 
Shp a thoroughly capable Ship DRAUGHTSMAN, 
for a lenge shipyard on the West Coast of England. 
Must be experienced in preparing working ae 
and ordering , material.—Addrees, stating age, an 
salary required, also forward copies cf ietiaoniae 
H 815, 01 ces of ENGINEERING. 


W anrted, One or Two 


experienced DRAUGHTSMEN for marine 
turbine and Diesel engine department. a 
J. aie & ©O., Lro.,. (E.D.0O,), = 





A ssistant Civil Engineer (23) 
DESIRES SITUATION abroad; 5} years 
workshop and drawing office experience with leading 
hydraulic engineers, B.8c. degree, competent surveyor 
and mathematician. Highest references._-Address, 
H H 802, Offic Offices of of Enaix EERING. H 802 


Frereman Engineer r Seeks Re- 
ENGAGEMENT ; 16 years’ experience as foreman, 
capable of erecting and ruoning any modern plant. 
Excellent testimonials.—Addrees, H 828, Offices of 
ENGINEERING. H 








Profusely Illustrated, | 





CHARTERED PATENT AGENT, 
70/71, Queen Anne’s Chambers, 2241 
Tothill Street, Westminster, 8.W. 


Patents.—G. F. Redfern&Co., 


Chartered Patent Agents, 15, South Street, 
Finsbury, E.C., and 10, Gray’s Inn Place, W.C. 
Established 18380.) British, Foreign and Colonial 

tents obtained, and Designs and Trade Marks 
registered. Circular gratis, Telephone: No, 4492, 
| Central, Tele. Address: “‘ Invention, London.” 2550 








ELECTRICAL ESA AND TABLES © a ene? book of). By Joux Muro and Prof. Jamieson. Nesereest | atents. — Messrs. Vaughan 
N, Revised... Pocket size: 6d. and SON, British, Foreign and Colonial Patent 
BLECTRICAL THEORY AND THE PROSLEM OF THE UNIVERSE. By‘ G. W. pe TUNZELMANN. 15s, net. | | Agente, 57, Chancery Lane, W.C., transact every 


| description of business connected with Letters Patent 
| nventions. “ A Guide to Inventors,” free b: 
| Retabliched 1853. OS c07 


| Patents. —Stephen Watkins, 


SON & GROVES, prastnet Potent Rese, 170, 
| Strand, London, w.o. : 8072, Ge ), and at 
| | Prince’s Square, Wolver! Seon (Estd. 1869.) 





2431 





nventions.—Before Protect- 
ing your idea send for free copy of our ‘‘ GUIDE 
| TO PATENTS” (1912 Edition). Full advice given on 
| any subject—no trouble spared. Original testimonials 
for inspection. Highest references. Compare our 
inclusive fees. 

WITHERS & SPOONER, 2526 

Chartered Patent Agents, 323, Hien Ho.sory, 
Established 28 vears. Lonpon. 








PUBLICATIONS, 


‘Noe on the Patents and 


DESIGNS ACT, 1907,” by Messra. LLOYD 
Chartered Patent 





WISE _ can 
bine — their 46, Lin ‘s Inn Peds 
| Loadon, W.O. Price One ling. 


Bees onEngineering,. Scionea, 
ty - all —_sor of ARTSandTRADES State 


logue now in preparation.— BAKERS’ 
Great: Bookshops, Sohn Bright Se Birming Birmingham. 2080 
ooks, Second-hand, on 


Engineering, Technical, and all other subjects. 
Books bought. Catalogue free.—W. & G. FOYLE, 
185, Charing Oross , London, W.O. 2297 





| [ raug ghtsman’ Wanted, used 


to petrol engines.—Address, H 798, Offices of 
ENGINEERING. H 793 


Wanted Immediately, capable 


DRAUGHTSMAN for estimating office, 
with structural and gas plant experience. — Apply, 
— BENSON, PEASE & ©O., 

‘ees 834 


[tanghtsmen (Senior and 


Junior) REQUIRED, used to commercial motor 





vehicle design preferred.— Address, vege age, 
experience and salary required, H 614 - of 
ENGINEERING, H 814 





Assis tant Draughtsman 


REQUIRED, to prepare wiring plans and 
diagrams, get out quantities, &., of electric light and 
power installations for shipe. apply by letter, stating 
fuliy qualifications, age, and wages required, to 
HARLAND & WOLFF, Lrp., Belfast. H 


anted,by Engineering Firm 

in North Lancashire, several COLOURISTS and 

TRACERS (male), accustomed to mechanical drawings. 

oo = and wages ees i | 
GINEERING. 


H 738, Offices of Kn 
unning Shed Foreman 


REQUIRED, for garage in London, mutt have 
knowledge of motor ’bus runnin .— Apply, by letter, 
stating experience, wages required, with copies of 
_— to BOX 476, Surrn, es, Finsbury coreer 








PARTNERSHIPS. 





artners and Partnerships 


in many branches of 
ENGINEERING 
are obtainable through 
WHEATLEY KIRK, PRICE & OO., 
ENGINEERS AND VALUERS, 
46, Watling Street, a, E.C, 
Albert Square, chester, 
26, Omerree treet, Sewensthe. -on-Tyne. 
ESTABLISHED SIXTY YEARS. 
No publicity. 


Own connection relied on. 

W anted, a British Partner, 

with about £4000 capital, well acquainted 
with machinery business, to join a Syrian machinery 
merchant already well established, who would provide 
game amount of capital. Very good prospect of 
business.— For further information address Mr. 
MICHEL J. NASSER, Beyrouth, Syria. H 811 


Partner Required with £5000, 


preferably possessing either engineering or com- 
mercial organising or selling ability. Established 
engineering enterprise, practically a monopoly, 
showing immediate large returns. Sound security 
for capital invested, open to fullestinvestigation. No 
agents.— Write Z. T. 702, care Deacon's, Leadenhall 
Street, E.0. E.C. H 825 








Partner or Active Director 

REQUIRED, with £5000, in an old-established 
electrical and mechanical engineering works, Southern 
County, manufacturing specialities in increasing 





rPlool-room Foreman Required, 


with experience in the manufacture of tools 
for small interchangeable parts. Only first-class man, 
having held a similar posiwon, need apply. Seen 
BROS, & CO., Appe. Dept., Woolwich. 799 





mart J)raughtsman Required 


ton in Glasvow district, accustomed to machine 
soldesigning. 'apable of quickly and neatly working 





Out designs tc instructions, Excellent opportunity 
for suitable ):\.n.—Re » givin ualificati to 
MAOHINE, Wx. Po: — aCe. wGlnagow. err 686 
} 
De: ‘tsman. Required for 
sok ional steelworks, experienced in 
raider, ; lensers, scrubbers, purifiers, &c.— 


sel ¥ age, salary, &., H 662, ——_ ot 
662 





Wented. a First- class 





paid UGHTSMAN for a well- known firm of 

om machinery engineers, tto 

arrange: _(stawings ot sugar factories. —Aaddrese, 
particulars of experience, and statin: 

and — required, H 301, Daten of _oa«, 





Janted, by Large Firm in 
traction ar d send ie mt addveen ote ; 
nee, &., H S16, Offices of ENoursaiwa. 


as-Plant Foreman Wanted, 


at once, in the South of England, to take 
pen of 3000 HP. producers and cleaning plant, 
without ammonia recovery.—Address, stating e, 
experience and wages required, H 861, Offices of 
GINEERING. H 861 


Wanted, Immediately, 


experienced MECHANIO as working Foreman, 
with progressive engineering firm in the Midlands ; 
knowledge ot latest methods of production essential. 
Replies, which will be treated confidentially, must 
state full particulars, experience, age and salary 
required.— Address, H 792, Offices of ENGINEERING. 


Pyrgineering Pupil.— Vacancy 
with Firm Government Contractors) manu- 
facturing latest types of machinery, oil and gas 
engines, &c.; moderate premium. — Address, 6521, 
0 of ENGINEERING. 6521 














SITUATIONS WANTED. - 





raughtsman ( Mechanical ) 


WANTED ; must be thoroughl expe’ 
General factory and chemical wore’ plant. "None but 
able men need apply -—State d wager 

all particulars of experien 
EXPLOSIV ES 00.. Lip. St pene, |e NOBEL’ 


Assistant —Draughtsman 
liaries an BaQU (RED, with experience in marine auxi- 


centrifu ad 
+ Care of Gwrmme, Led es Apply Se pata 








Exgineer, with Large Naval 


and general. ey home and abroad, 
WANTS MANAGERSHIP of eound concern, with 
view to purchaselater. Principals only.—C K 2, care 
SHELLEY, Gracechurch Street, London. H 850 


d, present turnover over £30,000 p.a. ; open to 

closest inv estigation. — Particulars from Messrs, 

ARNOLD & CO., 76, Cannon Street, London, 7 
840 


(General or Works Manager.— 
Trained ENGINEER, 20 years’ varied and suc- 
cessful managerial experience in engineering and large 
manufacturing concerns, very energetic and most 
successful organiser, DESIRES ENGAGEMENT witha 
view to Partnership (up to £5000) in a really sound 
progressive business. Full particulars (in confidence) 
given and required.—H 841, Offices of ENGINEERING. 





anted, Partner as Works 


Manager, must have engineering experience 


and n 
worke.—Adarees, H £42, Offices of ENcivnerine. 








PATENT AGENTS. 





WEATHER, Lrp., Chartered Patent Agents, 
62, St. Vincent Street, Glasgow, and 65-66, Chancery 
Lane, London. British, Foreign and Colonial Patents | 
obtained ; trade marks registered ; handbook post free 


ee Designs and Trade) 


MARES, in all Countries at moderate charges, | 
A chart of 187 mechanical motions, post free, 6d. 
Booklet of useful information, containing list of fees, 
and particulars of New Patent Act, gratis. 
HARRIS & MILLS, Cuartrerep Parent AcEnts, 
Established 1866. Tel. No. 2763, Holborn. 
34 & 35, High Holborn, London, W.C. 








Marine £ Engineering Chief 


with well-known firm of marine 





engineers, ISHED ¢ to obtain POSITION as manager 
or arsistant oes nab large marine works. —Address, 
H 844, Offices of Ex H 844 


ensen&Son, CharteredPatent. 


Agents (established 1868), obtain British, Colonial, 
and Foreign PATENTS, and TRADE MARKS and 





DESIGNS REGISTRATIONS.—Full information 
, 77, Chancery Lane, London, W.C. 2130 


vapital for a high-clats marine engine | 


atents.—Cruikshank & Fair- | 





| 





WANTED, &c. 


[ihe Owner of British Patent 


No 14420, of 1908, entitled ‘‘ Improvemente in 
Safety Devices for Perts of Machinery,” eranted io 
J, F. Turessen, is DESIROUS of DISPOSING of the 
PATENT, or entering into a Working Arrangement, 
under License, with Firms likely to be inte in 
the same. In the alternative, the Owner would be 
Open to Consider Proposals to Manufacture the 
Invention to fill any requirements of the market in 
Great Britain on terms to be arranged. The Patent 
covers an Invention interesting to manufacturers of 
crushing machinery, or other machinery in which 
parts are liable to fracture through excessive loading. 
Detailed information as to the Invention will be 
found in the Patent Specification, of which a copy 
will be supplied to any interested party on request.— 
Full particulars can be obtained from, and offers mad 
(tor jeer om tary to the Owner), to MARKS & OLERK, 
57 and 58, Lincoln’s Inn Fields, London, W,C. 812 











[the Owner of British Patent 


No. 19765 pends nt 1909, entitled * Improvements in 
Aeroplanes,” to L. A. Hayot, is DESIROUS 
of D SPUSING of of Nee PATENT or Entering into a 
Working Arrangement under License with Firms 
likely to te interested in thesame. In the alternative 
the Owner would be Open to Consider Proposals to 
Manufacture the Invention to fill any requirements of 
the market in Great Britain on terms to be arranged. 
The Patent covers an Invention interesting to mapu- 
facturers of Aeroplanes. Detailed information as to 
the Invention will be found in the Patent Specifica- 
tion, of which a copy will be supplied to apy interested 
party on request.—Full particulars can be obteined 
irom and offers made (for transmission to the Owner), 
to MARKS & OLERK, 57 and 58, Lincoln's Inn Fields, 
London, W.C. H 813 


[the Owner of British Patents 


Nos. 2991, of 1910, entitled *‘ Improvements in 
Combustion Product Motors,” and 1464, of 1911, 
entitled “‘ Improvements in Apparatus for Generating 
Products of Combustion under Pressure,’ granted to 
K. Faset, is DESIROUS of DISPOSING of the 
PATENTS or — a Working Arrangement, 
under License, with Firms likely to be interested in 
the same. In the alternative, the Owner would be 
open to consider proposals to manufacture the 
Inventions to fill avy requirements of the market in 
Great Britain on terms to be arranged. The Patents 
cover Inventions interesting to manufacturers and 
users of Internal Combustion Engines and Gas 
Producers. Detailed information as to the Inventions 
will be found in the Patent Specifications, of which 
| copies will be supplied to any interested party on 
a me —Full particulars can be obtained from, and 
ffers made (for transmission to the Owner) to 

| MARKS & OLERK, 57 & 58, Lincoln’s Inn Fields, 
| London, W.o. H 847 








|The Proprietors of the Patent 


No. 15209, of 1909, for ‘‘Improvements in 


| seap ling Machines” are DESIROUS of ENTERING 
| into ARRANGEMENTS, by way of License and other- 


wise, on reasonable terms, for the pur of ge | 
| thé same and ensuring its fu evelopment ai 

practical working in this Uountry.—All a> 
tions should be addressed, in the first instance, to 

HASELTINE, LAKE & CO., Chartered Patent Agents 
| and Consulting Engineers, 7 & 8, Southampton 
| Buildings, Chancery Lane, London, W.C. H 809 


Wanted, 





é&c., continued on page 97. 





For Continuation of Small 


| Advertisements see Pages 97 


‘and 98. 
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BULL'S METAL & MELLOID C0. 


Heap Orvice and Works: LrMrrep. 
YOKE, near GLASGOW. 
TELEGRAMS: “‘ MELLOID, YOKER. 

BULL’S METAL.—Propellers, Bars, Sheets, Pump 
A Rods, Valve Spindles, Condenser Stays sand Plates, &c. 
=LLOID. (Re Trade Mark and Patentec 1).—Con- 
“ener Tubes, Plates and Stays, Boiler Tubes, Stays 
and Plates, Fire-box Plates, Bars, Sheets, Valves, rs 
WHITE METALS. —Bab hitts, Plastic, &e. 


WILLANS - DIESEL 


OIL ENGINES. 


Full particulars from— 2454 


WILLANS & ROBINSON, oe 


VICTORIA WORKS, RUGBY. 


See Advertisement last week. 























BULLIVANT « CO., L° 


Stee! Wire Rope Makers, 
BULLIVARTS’ AERIAL ROPEWAYS, Ltd., 


72, MARK LANE, LONDON, E.0, 2239 
Works: Muzwaw., E. Tele.: 2108 Avenue (8 lines), 


“GREAVES’” BLUE LIAS LIME 


rane = the well-kn ofTHE 
= ow M LAS FouMa rsns* 


And { PORTLAN D CEMENT. 


Pre adove, also PATENT SELENITIC (prepared from “ Greaves” 

Biae Lias Lime), delivered per rail and cana! in owners’ specially 

eevered trucks and boats to all parte of the country, also carted 

om cite in Siaainghem and London, 
Highest references. 


GREAVES, BULL & LAKIN, Lim. 
Uniet UMes: AARBURY, LEAMINGTON. fel pate Adwem 
London Depot : ve Bridge, ee, 














reputatioa. 


Sortaahitesvery. Stockton & Ettington, Warwickshire 


SOUND SIGNALS 


— FOR — 
STEAMERS, LIGHTHOUSES, FIRE ALARMS. 
Sounded by Steam or Compressed Air. 


BOILER MOUNTINGS,| _ 


ADMIRALTY CONTRACTORS. 


SYDNEY SMITH & SONS, L™- 
NOTTINGHAM. _ 


Telegrams: Suirns, Norrincnam. Oable: A BO Code, 
Send for Sound Signal Catalogue 








“COVENTRY PATENT 


Vee mnie 
MACHINES; 


BRITANNIA FOUNDRY CO., 
COVENTRY ENG. 














ALS* MAKER t 
ENAMELLINC STOVES, 
HARDENING FURNACES, 
CORE OVENS...;..-...... 
MOTOR PATTERNS.... 
& CASTINGS . 





[JOHN-STIRK 
|. SONS L’- 








Telegrams 
“WATSON, GAINSBOROUGH.” 


1390 


Established 


Telephone: 1869. 


65 GAINSBOROUGH. 


LIGHTERS, BARGES & STEAM BOATS. 


SPECIALITY : WORK FOR SHIPMENT. 


PONTOONS, LARGE STEEL TANKS. 


J. S WATSON _ GAINSBOROUGH 














The ‘‘Simplex’’ Nail Puller 8 Box rome 


IS THE GHEAPEST TOOL ON THE MARKET. 


W.E. BOOSEY & CO., Ltd., 


60, Water Lane, LONDON, S.W. 





Contractors to H.M. Government, 
India Office, and Colonies, 


STEAM ENGINES 


Condensing, Non-Condensing, and Compound. 


VERTICAL ENGINES AND BOILERS 


Combined or Separate. 1459 
Winding and Hauling Engines. Vacuum Pumps. 


We offer special terms to Merchants taking shipments 
DB from Manchester, effecting a saving of about 2 per cent. 
over Liv erpool and 44 per cent. over London. 


T. T. & R. LE LEES, "Eng EEG, fseizsors.ttentngem, oc. ar. MANCHESTER. 


PROCTOR’S PATENT SHOVEL STOKER 


AND 


MOVING FIRE-BARS 


Give ECONOMY in FUEL, 
Increased Steam Production, 


SMOKE ABATEMENT. 
PROCTOR’S COAL ELEVATOR, 


fitted with Patent RAM FEED BOOT, 
Ensures cheap handling of the coal. 


POSITIVE FEED OF COAL TO BUCKETS. NO JAMMING OF ELEVATOR. 


Wear and Tear reduced to a minimum. 
Write for Illustrations and Particulars. 
Hammerton St. 


JAS, PROCTOR, LD., ier BURNLEY. 























J.&E, HALL, {7 


Makers of CO, i 


REFRIGERAT: A 
MACHINES. 


10, St. Swrrnu's Laws, Lonpos, &. 
DartrorD [RONwoRKS, Kuv 








lansmeverlletrchiy Ct 


505, CAXTON HOUSE, LONDON, s.w, 


HAND AND POWER MIXERS FOR C2 INORETE AND 
OTHER MATERIALS. STEEL SHEET PILING, 
AUTOMATIC SKIPS For EXCAVATION bee: 


See Displayed Advertisement alternate weeks. 2419 


Lackawanna Steel Sheet t Piling, 


Rolled in England by — Fleet Steel and 
Iron Works, Midd esborough. 
Illustrated Catalogue and full a 

on application. 


Sanders Bros. & 
38, L Lime St. ra Oy 


WELDED PIPES. 





Lackawanna § “te , Ga, 
Buffalo, 



































GOODALLACO. 


FOR 


CONVEYING PLANTS. 


Works and Head Office »— 


HUNSLET, LHLHDS. 

















VICKERS' 


SYSTEM 


SIMPLE 
ZA Ms EFFECTIVE 
& No 0 Springs Used 








SOLE AGENTS FOR FRANCE: 
The Societe des Perfectionnements a la Vaporisation, 29, Rue de L»ndres, Paris, 


. PRESTON, ENG. 


W. TOULMIN, PEAKE & 00., Wht sly 








j 
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PAGE oon Kater & Ankersmit PAG! | Mountford, Fredk. os 0 | Thomas & Bishop ie 
oe. * es omas - 
&Co. (Newark), 77 94 | British W ar ° : ‘ Mair, Wm., & Co., Ltd, .. 75 Tilghman’s Patent Sand 
Corporation, Ltd. RN oy 70 Mumford, A. G., Ltd. i & 59 iter Engineering Co. 1 Blast Co., pee oe os 
Broom & Wade, Ltd... .. Co. K & Co. es Munts, P. H.,& Co.,Ltd... 6/| Rollo, Tomey, Joseph, & Sona, Ltd. 
P., ltd. .. 50 2 Murray, Workman, & Co., Toulmin, W., Peake & Co... 
Co., Ltd. 96 
Ltd. 


Brough’ oe. cc 0: we Toward, T., & Co., Ltd. .. 
Brown Bros. & Nasmyth, Wilson &Co., Ld. 53 | I 58 | Trewent, F. J., & Proctor... 
Brown, Ernest M., & Co. .. ° 


° Kir! x National Boiler and General es 69 ee Trier Bron. .. oo oc « 
. Co. Summers Co. Ki Forge Insurance Co., Ltd. ~t . Trimont Mfg.Co. .. .. 
Sees Sea ee Co Kl nl Trist, Ronald, & Co., Ltd. 
Tullis, D. &J., Ltd. .. .. 
Turnbull, A., & Co., Ltd... 
Turner, E. R. & F., Ltd. . 
Urquhart, Lindsay & Co., Ld. 
Vacuum Brake Co., Ltd. .. 
m&Hijort .. .. ee +» 33] Vaughan&Son .. .. 
Laurie, Alex., & Sons 90 & Land, es © en Vaughan & Son, Ltd... 
es Vaughtons, Ltd... .. .. 
neering Co,, Ltd. 4 Vauxhall & West Hydraulic 
" omas,& Co. .. Engineering Co., Ltd. .. 
Shaw, W., & Co. . «+» 76] Vickers, B.R.,&S8one .. 4 
} Vickers Limited + 6aa7 
Vosper & Co... «.” «» £10 
Vulcan Poiler and General 
" » oe ts oe Insurance Co., Ltd. .. 76 
Simpson,Strickland &Co.,Ld.19| Wagmner&Oo. .. .. .. 
Sirius Autogenous WorksCo. 25 | Walker Bros. (Wigan), Ltd. 
Sisson, W., & Co., Ltd. .. 12) Walker, James, & Co. es 
Peckett &8ons . ° ee . 42) Wallwork, Henry, &Co., Ld. 
Pérés, Jacques... - 8 L,@ «+ « «» 66] Ward, H. W., &@Oo. .. 
Smith Bros, & Co. (Glasgow), Ward, Thos, W., Ltd, .. 
- es « ss es cs %6| Watkins, Stephen, gon and 
‘ Smith Bros. & Hill. Ltd. .. Groves... .. «+ o 
saght, John, Ltd... .. 387 TAB, cc ce Smith Co., TheT.L... .. @ 
cKenszie, Holland & W: BEMNEM, Welles cco co os Smith S.,&Sons.. .. . 
inghouse Power Signal Go. 28 | Plenty & Son, Ltd. .. Smith, 8.. & Sons, Ltd. .. 15 . e ee 6 
McLachlan & Co., Ltd. .. 99/| Pohlig, J.,A.-G... .. .. 96 | Smith, Sydney, & Sona, Ld, -C.,&Co, .. « B 
Machine Tool AttachmentCo. 7 | Pollock, McNab & Ty ened 76 | Smooth-on Mig. Co. .. .. Werf Conrad, Ltd. .. .. 3 
Maclelian, P.&W.,L4. .. 1} Pontifex & Wood, Lid .. 7 West,G. F.,.&Co, .. .. 9 
McNeil, O. + 93] Pott, Cassels c¥V;illiamson 1 J Led. .. .. 988 | Westinghouse BrakeCo. 11 &95 
be a oa — A.C.,&Co. .. .. w. » Jonde nser & Eng.Co.15 
. Clar! “ Fleming & Ferguson, Ltd. Hitibner & Mayer.. .. .. . wer Gas Corporation, Ld. 90 White, J. Samuel, &Co.,L4. 73 
= a On. et y may ae pepe Fletcher, Russell, & Co., Ltd. 75 | Hudson, Thomas, Ltd. .. ManchesterSteam Users’. . Pratchitt Bros. .. .. .. 2 pe Co. > - White & Poppe, Ltd... . 
Maslow Wason & Eng. Clayton, Son, & Co., Ltd... Foster Instrument Co, .. 50 | Hudswell, Clarke&Oo., Led. Manlove, Alliott&Co., Ltd. 12/| Pratt, F., & Co., Ltd, +» 11 | Steel Workers, Ltd. .. .. Whittaker, C., & Oo., Ltd. 
Blake Boiler, Wag’ . Cleveland Bridge and E2- Fraser, Limited .. .. .. Hughes & Lancaster eo Manning, Wardle & Oo. 1 & 87| Pratt & Whitney Oo... .. 28 | Stephenson, R., & Co., Ltd. Widdowson, John H. + #1 
Sen adsl, bOn aeaggee r & Chalmers, Ltd. .. burd Eng. Co., Ltd. :. 90 | Mansfield Sand Co., Ltd... PremierGas EngineCo.,Ld. 69| Sterne, L. & Co.,Ltd. .. 25 | Wigglesworth, Frank. &Oo. 74 
Bisichers, Adolt, ae Iron Co. Fry, Ernest Bickersteth .. 98| Hunslet Engine Co.,Ltd... 86| Marriott &Graham .. .. 72 | Price's Pat. Candle Oo., Ltd. 24 | Stewart, Duncan&Oo.,Ltd. 73 | Willans & Robinson, Ltd, 4 
"it ID 13 | Cochran &Co. Gandy Belt Mfg. Co., Ltd. Hunt & Mitton ..'.. .. 97| Marshall, Fleming & Oo... 98 J. Ltd... .. .. 4| Stewarts & Lloyds, Ltd. 1 & 52 | Willcox, W. H.,& Co.,Ltd. 5 
a “ 35 | Gi er, L., & Sons, Ltd. Hunt, Robert W., & Oa. .. 99 | Marshall, Sons & Co. Ltd. 100 . -- 99 | Stirk, John, & Sons, Ltd... 4 | Wilson, J. Hy &0o,, Ltd, 1834 
Gibbs, John, &Son .. .. Hurst, Nelson & Co. -1, 65 & 97 | Mason RegulatorCo... .. 92 Iso! I Li 100 | Stirling Boiler Ce . Led, .. Wilson, William, & Co. .. 9! 
Glacier Anti-Friction Metal India Rubber, Gutta Percha, M B. &8, Ltd -. 100 pes se se oe Stone, J., & Co., Ltd. - Winn, Charlies &Co, .. .. 2 
wee See > 5g gee og &Tel h Wks. Co., Ltd. 96 4 Ransome, 2c. “.. Storey, lanne, o Sens. ++, @ Lat aa i me, ¥8 
Te € G ww Railw . “Rand Co. .. 67 Ransome verMehr Mac’ tott. 8. 8., & ee 6 Vithers, J. 8., r 3 
&Craven, Ltd. .. 23 | Oonsolidated Brake | and ee see ‘ 1 Me ge diege Strachan & Henshaw, Ltd. Wolseley Tool & Motor Car 
Globe Pneum. Eng. Co., Ltd. ans oo oo Oe *: ° . 8 oe Magnetting Machine Sturtevant Eng. Co., Ltd. ts Mts tet eek Sot: > 
Glover & Hobson, Ltd. .. Co., Ltd... «.. 27 ~-- wR. 00 * 0c ao & Sulzer Bros... .. «. «+. 45 | Woodite Works.. > 
Goedhart Bros. .. .. .. 26) Jack Ww. . 6 99 | Raworth, John E. 3 | Sun Fire Office .. .. «. Worthington Pump Co., Ld. 93 
> @o oss oe 17 Swift, George, & Sons os Wright, J., & Go... - Ww 
92 ery 50 | Redman, C., & Sons 6 | Talbot, Clement, Ltd. .. Wright, J. be , . 
M.. «s+ «+ «e 3] Mitcheli-WilliamsCraneCo, 98 a, -*e | Tangyes Limited ° 43 | Yale & Towne Mfg. Co. .. 74 
lachineCo. 67 | Miller, K.& Th.,G.m.b.H. 6 Gear Co. Taylor, Charles(Birm'm.),Ld. Yarrow & 1 
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Ltd. 
“ Greaven Bull Lakin’ Lea, “4| Kalbitum Paint Co. Ltd.” 92 | Motherwell BridgeCo., Ltd. 24 Taylor & Challen, Ltd 19 Yorkebire Copper Works, 
° 4 2 e * y + «#e y loi , Lid, 
78 | Cruikshank & rwea' ‘ } ennng tty oo oo Kalker, E., & Co. eo +. 11 ' Motherwell Iron &SteelCo. 93 | Richards, Gee., & Use., Ltd. 57 Taylor& Hubbard .. .. 1 a te we 60 te te 
NOW READY.—The APRIL EDITION of The Classified Directory of Current Advertisements in ENGINEERING, with a List of Telegraphic Addresses, &c., &c., to 


same, in compact book form for handy reference, may now be obtained gratis from the Publisher. 























WiLLEOX JONES WIRE BOUND 4 COSS-E) 


CONTAINS NO RUBBER. ne 


WILL NOT KINK DOES NOT 
or : DETERIORATE or 


COLLAPSE. PERISH. 

















Special Quality for | ALL SIZES, : 1923 


Petroleum and Oil i 
Resisting. For suction and delivery of PUMPS, Traction Engine 4 to 10} in. Bore. 


WATER LIFTS, Fire Engine SUCTIONS, &c. 


.H. WILLCOX & CO., Lrp., soithwark s., LONDON. 


FEIOERGE! EM.L.IOT & CO., 1.7: 


MANUFACTURERS OF PATENT 


LOCKED WIRE ROPES AND LANC’S LAY WIRE ROPES, 


And other Wire Ropes for Mines, Cranes, Lightning Conductors, Hawsers, &c. 
OFFICE: 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 
































SENT FREE F LARGEST 


CATALOGUE SOLE MAKERS 
650 PAGES | OF 
TO POWER TRANSMITTING 
BONA FIDE hz MACHINERY AND 
BUSINESS — APPLIANCES IN 
APPLICANTS \ GREAT BRITAIN 


ROFT& PERKINS, .«. curins ans, BRADFORD. 








6 eco eee emo ob eg 8 4S See (funé 28 1919. 


A. RANSOME & CO., L™ NEWARK-ON-TRENT, 


ANGIELAND, 


MANUFACTURERS OF WOOD-WORKING MACHINERY. 


Telegraphic Addresses— 
RANSOME, NEWARK. 


me Di Parry 68, QUEEN VICTORIA T., Es, 


RANSOME’S Patent HORIZONTAL || gg%@| ‘These Machines are made in 


SB a... ° a Four Sizes to take lo 
i \ ae eae ST gs 
LOG BAND SAW Bae Sa aot .| Up to 6ft. in diameter, and are 
is by far THE MOST RAPID, ee Ue = . i a A now working in various parts 


of the World. 
ACCURATE and ECONOMICAL Between 30 and 40 of them can 


Log-Sawing Machine IN THE i x : be seen in operation in some 
WORLD, and is free oe a +. of the leading 
from unnecessary complications. : iii Timber Yards in this Country. 


a, 








$<. 
———!}!' 






LONDON OFFICE— 























RANSOME’S PATENT LOG BAND SAW will do as much work as a VERTICAL LOG FRAME, 
RACK CIRCULAR SAW BENCH and RECIPROCATING FRAME COMBINED, economizing more 
than half the power, floor space, and labour required to work the above three machines, 





WRITE TO DEPT. ‘‘D’’ FOR PAMPHLET DESCRIBING THIS MAQOHINE, WITH TESTIMONIALS, POST FREE ON APPLICATION. 


SOLE MAKERS OF RANSOME’S PATENT TESTED 












































BALL BEARINGS FOR ALL PURPOSES. oa e740 

FOUNDR PL ANT, EQUIPMENT, Our poe are indispensable 

& REQUISITES. up-to-date 

DYNAMO AND MOTOR 
FOR ALL TYPES OF ELECTRICAL MACHINES. 
17, Water Lane, Gt. Tower St., London, E.C. PRICE LIST AND FULL INFORMATION ON OUR 

; na perms em ~e = 
——— |e, AIR FILTERS aa? 


_ LONDON: Caxton House, Westminster. 

TD MANCHESTER: Vulcan Works, Blackfriars Road. 

a re ne | GLASGOW : 52, St. Enoch Square. 
= 
in Carbon, Metal, Combined Metal and Carbon, 
DIFFERENT QUALITIES ON APPLICATION. 
For VENTILATION, 
INSTALLED FOR 














Sole British Representative : 
and for GERMS, and for 





















H. R. WITTING, , TURBO - GENERATORS, &c. Seen gees ov am 
41, Berners Street, NZ PER MINUTE. 
LONDON, W. K. & Tu. MOLLER, C.m.8.H. 





Telegrams: “ ALoor, Lonvoy.” 
Telephone: GERRARD 8453, 


BRACE WHDE. Latest Testing Plant used 
Oldest Firm, with largest output in the World. at our Works. 


SOLID DRAWN BRASS AND COPPER TUBES. 


“THREE CROWN” MUNTZ'S METAL SHEATHING, BRAZIERS' SHEETS, RODS, &c. 


PH. MUNTZ & G2 L™ west Brown, C22) 
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— ree ~~] DREDGING PLANT. 


j : . Medals: LONDON, PARIS and GLASGOW EXHIBITIONS. 


| Bow and Stern Well Bucket Hopper and Barge-Loading Dredgers. 
Pog initial UC pale) N. FUMP 2 REDGERS,, or ashore 
through Floating Pipes. 


COMBINED BUCKET & PUMP DREDGERS, 


With Hydraulic Jet and Improved Rotary Cutters for Clay and Hard Material. 


GOLD-RECOVERING DREDGERS, 
HOPPER BARGES, SCREW Cr Svan fom an AND STERN 4p 
New Buckets, Links, Pins, Saas Gunctea: &e., Be. 4 = existing Dredgers, 
































‘ ‘6 99 
SUCTION PUMP DREDGER EILEEN WARD 
- CAPABLE OF RALSING 3,500 TONS OF Fleming & E"erguson, I:.d. 
Se 3 Shipbuilders and Engineers, PAISLEY, N.B. Established 1878. 
= —— — LONDON Office: 9, FENCHURCH "AVENUE, E.C. 


















““WOODITE™ WORKS, MITCHAM COMMON, SURREY. 


NOTICE to ENGINEERS ; ee is eos can now be — ws ~ tae — — Any _ "4 the i 

Po i. or by and other ances ; stood every test up vo) r ee out breaking down e London Electric 
test = yetion —- — fp eniatere ca Hat Joint apy. ~ Rings, Pump Our On Gaskets, Manho = Valv Sheeting, and all ar be Goods which have iltherte been manufactured in India Ru ber, Leather, &c., can 
Ligh ai now be made of * OODITE.” Od 1648 








Raising Machine Spindle causes Tap 















to sutometicatiy. 3, 8 

~ Isn't it a square deal? Send the goods back spec 

’ af FREE. 

if they don’t give entire satisfaction. But you'll not do so; Sectpeost 

the ‘“ STRAIGHT-LINE” Tappers always give complete satisfaction. ree 

matic 

They are COMPACT, SIMPLE, EFFICIENT and particularly DURABLE. ves 

Just an ordinary Drilling Machine and FITTERS’ Taps are required. 
Produces Our automatic Reverse Tapper does the rest. We supply Taps. 
rin THE MACHINE TOOL ATTACHMENT CO.,, y..:2%s482° on - 
a FRANCE—Burton Fils, PARIS 
Sent on APPRO. 4 GERMANY-—F. G. Kretschmer and Co., FRANKFURT. Sent on APPRO. NO 

at our expense and = B pan ite ty — my at our expense and oo leae 

Operated without SKILL, fully GUARANTEED. = T_ | SOUTH AFRICAT Hannam and Co. Lid.. JOHANNESBURG. fully GUARANTEED. TAPS. 














THE ~*TURNER” OIL ENGINE 


STATIONARY or PORTABLE,. 


AGRIGULTURAL MACHINES, ELECTRIC LIGHT PLANT, PUMPS, &c. 
ECONOMICAL. DURABLE. EFFICIENT. 


Works without camp on “ae lightest or no Load. 


— —_—_ -— — 


Send for Catalogue and further particulars to the Makers — 


E. R. & F. TURNER, Ltd. (132), IPSWICH. 
























THE TFORD, 
NORFOLK. 
ESTABLISHED 1770, 
ROAD 
LOCOMOTIVES 
Traction Engines, 


Single Oylinder or Compound, 
springs. 


mounted en 











ROAD ROLLERS 
Single Cylinder er Compound, 

7 and convertible te 2171 

TRACTION ENGINES. 


et 7. pe Aa pare 
SEND FOR No. 16 ILLUSTRATED CATALOGUE. PATENT SCARIPIER. 
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T is not a question of what it costs for a Thermofeed 
Regulator, it is just a question of what amount of 
saving a Thermofeed Regulator can give you in 

your own plant. The 


THERMOFEED 
REGULATOR 


o: BOILER FEED CONTROLLER 


is an investment which, as a minimum makes enough 
money to pay for itself twice over in every year, out of 
the heat losses which it prevents. 

If this is true, you simply cannot afford to be 
without a Thermofeed Regulator. It all hinges on 
those words “ if this is true 2” 

We can furnish evidence and proofs which obligate 
acceptation. If you are interested (there’s more to tell) 
write us; if you are not, still write us—we can make 
you interested. 


RONALD TRIST & CO., Ld. 


4, Lloyd’s Avenue, London, E.C,, England, 

and 62, Robertson St., Glasgow, Scotland, 
Makers of the well-known S.E.A. Ring-Packing and S.E.A. Ring Cups & Pistons. 
Telegrams and Cablegrams—‘‘ RESVALAR,” London and Glasgow. 2433 


ERMOFE 


{ 


REGULATOR 


or Boiler Feed Controller] 
—y 










































WHY GRAPHITE? 


It should always be borne in mind by the 
engineer that the cost of lubrication equals the 
price of the lubricants plus the cost of the 
friction accompanying their use. Greases and 
oils are the best known reducers of friction, but 
Dixon’s GRAPHITE possesses certain qualities 
not possessed by either of those mediums. 

These and other points we would like to 
explain to you. Write now for. Free Sample 
Set No. 42. 


GRAPHITE PRODUCTS, LTD., _ 
218—220, Queen’s Road, Battersea, LONDON, S.W 


























COMBINED AIR PUMPS and JET CONDENSERS. 





Pu 


ALSO— 
VACUUM PUMPS | contined a) 


(Benn’s Patent), 4 & Jet Condensers. 
Bet, Rope, Motor or ’ 
INDEPENDENTLY STEAM 
DRIVEN. 


Simple, Economical, Reliable. 


All 

Working Parts 
Easily 
Accessible 





s. s. STOTT « Ce: 


ENGINEERS, 


HASLINGDEN, ne. MANCHESTER’ 2s? 






































ENGINEERING. LJ 





_Jone 28, 28, 1912.] 











CITROEN GEARS. 








A Large Set of Rolling Mill Pinions. 


NO -BACK-LASH. NO VIBRATION. 












Manufactured EXCLUSIVELY by 1612 


ANDRE CITROEN & CO., 


27, Queen Victoria Street, LONDON, E.C. 















WESTINGHOUSE 
HORIZONTAL 
GAS ENGINES 


From 2 to 200 B.HP. 
All parts made interchangeable. 


As we make complete installations there is 
undivided responsibility. 


THE BRITISH WESTINGHOUSE 
Electric and Mfg. Co., Ltd., 
Trafford Park, Manchester. 


2503 

















No Excess 
of Soda 


left in the treated water by the 


Lassen & Hort 





EUREKA 
<2=-, PUMPS 


—" FOR ALL PURPOSES. 


EUREKA PUMP COMPANY, 


Heap Orrice—53, BOTHWELL STREET, 


GLASGOW. Meh 

















System. 


4000 Plants 


at work. 


Lassen & Hort, 


52, Queen Victoria Street, London, E.C. ™™ 














pa 








“FRED BRABYac’, use 
| FITZROY WORKS i fr Y 
35210 364EUSTON R?!. 


LONDON 


— 





WROUGHT-IRON PLATE WORK OF ALMOST EVERY DESCRIPTION, 
GALVANISED{ OR UNGALVANISED, UNDERTAKEN. 18ST 











ENGINEERING. 





[June 28, roro. 





FAWCETT. PRESTON & CO., 


En gixeere, LIVERPOOL. 


Telegrams : Fawcett, mg" Codes used: A BO a & 5th Edns.), Al and Western Union. 


HEAVY and other 
Cane-Grinding 
Plants. 


and all other classes of 


SUGAR MACHINERY. 


Also 
SEA-WATER DISTILLING 
APPARATUS. 
HYDRAULIC PRESSES 


for Baling Cotton, Jute, 
Fodder, &o., &c., &c. 


NITRATE - MAKING 
PLAN T. 2117 


London Office: 


69, VICTORIA ST., S.W. 























SEXTUPLE EFFECT SEA-WATER DISTILLINC APPARATUS. 


DENNYSTOWN FORGE CO. 


DUMBARTON. 


Telegrams - - “FORGE, DUMBARTON,” 
0000000000000 0000000 








London Office: 301-302, Mansion whee Chambers, E.C. 


STEEL AND IRON 


FORGINGS 


UP TO ANY WEIGHT. 












Exceptionally quick delivery given for 


FINISHED GRANK 
SHAFTS, 
PROPELLER SHAFTS 


with Continuous Gun - metal 
liners complete, and 


STERN AND RUDDER 
FRAMES. 


Specialities :—Repair work of 
all descriptions, also Finished 
Hollow Crank and Line Shafting, 
Forgings for Turbine Engines 
(Wheels, Spindles, Drums, &c.). 








Patentees and Sole Manufacturers of the 
“WEDGWOOD” Patent Vertical Inter- 
locking Scarphed Jointed Rudders. 


Also Patentees of Combined Rotor Wheel and 
Spindle Forgings, for Turbine Engines, 


On ADMIRALTY, WAR OFFICE, and 
CROWN AGENTS’ LISTS. wo 








BOILERS. 


All classes for Marine Work: Water-tube, Return 
tube, Vertical and Horizontal Multitubular, 


IN STOCK READY for IMMEDIATE DELIVERY 
with or without engines. wes 


MOTOR BOATS @ STEAM LAUNCHES IN STOCK. 
VOSPER & CO,, Ld., Portsmouth 


BROWN BROS. &6O., Lro. 


a eS lronworks, EDINBURGH, ah 
Copzs Ussp: 
HYDRAULIC, EDI EDINBURGH. ABO, 5th Evrmox, 


ORIGINAL PATENTEES AND MAKERS OF THE 


TELEMOTOR. . . 
STEAM TILLER & RAPSON SLIDE 


STEERING GEARS. .. 
(STEAM, HYDRAULIC & ELECTRICAL) 

















TELEPHONE 
16 OENTRAL. 








TELEMOTOR DIRECT 
HELM ACTING 
SIGNAL REVERSING 
GEARS. ENGINES. 
SPECIAL HYDRAULIC 
STEERING MACHINERY 
GEARS FOR 
FOR SHIPS, 
SUBMARINES. &c. 











2500 











PATENT TELEMOTOR, mn sme cntd STANDARD TYPE. 
Evaporate 


potbeae A. se W. DALGLISH, 


Cops : a WEST OF 


TELEGRAMS ; 







ABO <i a SCOTLAND BOILER 


WORKS 
Polliokshaws, 


CLASCOW. 


MARINE, 
DRYBACK, 
a and 





») MULTITUBULAR 
BOILERS. 
ALL SIZES. 

1690 —_— 

MADE BY THE 
MOST 
IMPROVED 
MAQHINERY: 
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VAUGHTONS LE2 


LIVERY S? BIRMINGHAM ° 


METAL SMALL PARTS 


STAMPED PRESS WORK 

IN BRASS. COPPER. ALUMINIUM. 

GERMAN SILVER. PHOSPHOR BRONZE. 
& MILD STEEL. 

LETTER CUTTERS ENGRAVERS. 
NAME PLATES. 


SUPPORT HOME INDUSTRIES. 












urn 
















British Made 
Fe Independent 
M  asSSNo 4-Jaw Chucks. 
ok <4 1} \} Reversible Jaws 
& Solid Bodies. 
Screws have Double 
Thrust Bearings. 
10’ size and upwards. 





fave wi vl 
Stock Sizes: 44in.,6in., 8in., 9in., 10in., 12in., 
{4 in., 16 in., 18 in., 20 in., 22 in. & 24 in. dia. 
Price Lists and Discounts on application. 
Manufactured by : ON ADMIRALTY LIST. 


F. PRATT & CO., LTD., 
Eagle Iron Works, HALIFAX, England. 1513 
London Office: 7, Laurence Pountney Hill, E.C. 


On Admiralty List. 


BODLEY BROS. & Co. 


Engineers, Millwrights, Boiler Makers, and 
Iron and Brass Founders. 


OLD QUAY FOUNDRY, EXETER. 













SPUR, BEVEL, 
MITRE, MORTICE, 


WORM WHEELS, 


Machine Moulded 
ALSO 


TEETH CUT TO SHAPE 


By Special Machinery. 
Telegraphic Address— 2404 


Bovey, Exersr. 
ESTABLISHED 1790. 


rox DRAWING OFFICE 
EQUIPMENT 


4 Send your Enquiries direct to the 
7 i MANUFACTURER. 
























B. J. HALL &60., L™. 


Chalfont House, Gt, Peter St., Westminster, S.W. 














ALEX. FINDLAY 8 CO., Ltd., 


sicel Root and Bridge Bucers, MOTHERWELL, N.B. 


Structural Engineers, . . . 


Contractors for all the Main Buildings for the FRANCO-BRITISH EXHIBITION 
LONDON, 1908, covering a total area of 560,000 square feet; also for aie 


the Grand Stadium, area 200,000 square feet. 
Att Kinps oF Stee. Structures DESIGNED AND EXECUTED. 
TROUGH FLOORING FOR BRIDGES AND BUILDINGS. 
MOTHERWELL, N.B. 
9, VICTORIA STREET, S.W. 
“ PARKNEUK, LONDON.” 


SPECIALITY :—HYDRAULIC PRESSED STEEL 
Head Office - - - - - - 
London Office - . - - . . 

Tetecrams: ‘“FINDLAY, MOTHERWELL.” 





9262 





The Other Kind. 


Yes, it’s quite true. We have numerous instances of it. 
Engineers have written us from all parts of the World 
praising Klinger’s Packing. Many say one packing with 
Klinger’s lasts ten times as long as other brands. Isn't it 
about time your leaky glands had this splendid cure? 
The gland that’s tight to-day may leak to-morrow, so you 
had better get Klinger’s now. Of course you know this 
Packing is good for every kind of gland ; highest pressures 
steam, super-heat, acids, oils, or ammonia. It does not 
score the softest rod, neither does it get hard, no matter 
how long the service. 

Try it at our risk and get wise to the qualities of 
this perfect Packing. No cure—no pay. 


Ask your Dealer 


to supply you with a tin on the 
Klinger Company guarantee— 
Money- Back - If - Not - Satisfied. 


Write for sample & particulars to 























Klinger Company, 66, Fenchurch Street, London, E.C. 
E. KALKER & CO., COVENTRY. 
Telegrams KALKER 


com a - <a Gm aie 


COVENTRY 


STEEL SPRING WASHER 


SUPERIOR TO ALL IN QUALITY and FAR KEENER IN 
SUPPLIED TO PRINCIPAL RAILWAYS, ENCINEERS, &c 









\WAVICTORIA SI 


+4:~ page 11, 7th June, 
and next week, 











(CRANES .. 
x pNLon ® \\ sxe 


ELECTRICAL 


3 ARd 


2518 TELEG : 
‘\ . Larrive, Leicester. 















STEAM & ELECTRIC. | 


ALSL ‘ 
TACHOME TRS 
PHOTOMETER 
INSTRUMENTS TESTING SE 3 

£7C 





EVERETT EDGCUMBE &%. 
LONDON SW 











WELDING & CUTTING. 


The latest and best type of Plant 


for this process as installed by 


the leading Shipbuilding and 
Engineering firms, also H.M., 
Dockyards, is made by 


THE ACETYLENE 


CORPORATION LTD. 


49, VICTORIA ST., WESTMINSTER 


Write for Catalogue of Plant, 
Blowpipes, Welding Sundries, and best 


07 .\ 54-11 8) 











POWER SAVED 


ies 
eo 
| hn 














A ¢ 
as 
ie 
Lt . 
‘ ‘ 
oe 
Therefore 


INCREASE YOUR MOTIVE POWER 


By transmitting it through a 
WESTINGHOUSE (Morse) 
CHAIN 


with the 


ROCKER-JOINT, 


which eliminates all loss of power caused 
by sliding friction at any and every point. 


Write for Catalogue FL-2 to the Manufacturers :— 


The Westinghouse Brake Co., Ltd., 
82 York Road, LONDON, N. 
Northern District Office :— 


Standard Buildings, City Sq., LEEDS. 

Our Stand at the Engineering & Machinery 

Exhibition, pn October 4th to 26th, 
will No. 301. 











OXY-AGETYLENE | 
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| STEEL COMBINED STOP AND ISOLATING VALVES 


HUBNER & MA. YER’S PATENTS. 





The isolating devices have proved effective in over 
mae. 
MASS cises of Accients 
to boilers, steam pipes, or engines, whilst also 
acting as ordinary oped Velven. Nickel seats. 
Suitable for highest Fg and superheated 
MANY THOUSANDS IN UBE. 


THE H. & M. VALVE LEADS ALL. 


Reducing Valves. | Feed Water Meters. 
Stear: Traps. 








Engine and Boiler Fittings Manufactory. 


Hubner & Mayer, Vienna, XIK/2 


For England and Colonies :— 


T. SUGDEN, Ltd., ag Fleet a" 
LOND ON, E.C. 








geo «OW. Gunther & Sons, Central Works, Oldham, 


oe f aA - “GUNTHER” 


FANS 


FOR 2219 
Forges, Cupolas, &c. 
EXHAUST FANS. 


CENTRIFUGAL 
PUM 














HIGH CLASS STEAM LAUNDRY MACHINERY 
WATER SOFTENING PLANTS. 


CATALOGUES FREE. 



































SPECIFY : 
ScuArrEr & BUDENBERG’S 
peoboabiress 3 Tachometers 


Tachometers. LARGEST 


Makers in the World of 


Pressure Gauges, 
Tachometers, etc. 


VALVES 


in IRON and STEEL with 
NICKEL SEATS for High 
Pressures and Superheate 
mes Steam. 2574 


On Admiralty 
List for Gauges 
and Counters 


OF EVERY DESCRIPTION. 


Recording Instruments, Tachometers, Steel Tube Mercury 

Pyrometers for superheated Steam, Boiler Flues, etc., Counters, 

Steam and Gas Engine Indicators, Water Gauges and 
Protectors, Perfect Re-starting Injectors, etc. 


"Oucen Vi Whitworth St. Manchester 


77a Queen Victoria St., London, E.C. 





GLOVER & HOBSON, Ltd. 


ENGINEERS, Albert Ironworks, CHELMSFORD. 


LONDON OFFICE AND SHOW ROOMS :— 
91 and 93, Newington Causeway, London, S.E. 


W. SISSON &CO.,L” 


GLOUCESTER, 
England. 


2149 
















Cables Sisson, Gloucester, England. 
Code: A B C, 5th Edition. 


000000000 00000000668 


SISSON 


HIGH-SPEED 








5 Wellington Street, Glasgow. ° 


ENGINES 


















Bp Appointment. 


WRITE FOR 
LIST K 169. 








ELECTRICALLY-DRIVEN DECOUDUN IRONERS. 


LAUNDRY MACHINERY 











OF ALL DESCRIPTIONS. 





PRIVATE LAUNDRIES, INSTITUTION LAUNDRIES, 
TRADE LAUNDRIES, &c., COMPLETELY FITTED UP. 


2294 














DIRECT OR BELT — 
DRIVING. sen Se eee 





1202 


HIGGINBOTTOM & MANNOCK, Lo. 


Crown Iron Works, West Gorton, 


MANCHESTER. 


Telegrams:-CROWN, GORTONBROOK. 













ti. diy 








Blectric Cranes, Hoists, Capstans, Winches, Traversers, Transporters, 





Hauling Machinery and Hand Cranes, Hand and Power Runways. 























June 28, 1912.] 


ENGINEERING. 


13 








JOHN OAKEY & SONS, Ltd. 


GENUINE EMERY, _ éEMERY WHEELS 
EMERY CLOTH, For all Purposes. 
Wellington Milks GLASS & FLINT PAPERS, 


7mm" Sk BLACK LEA D, &o. 


SIMPLEX LEAD 
GLAZING 


FOR ROOFS, SKYLIGHTS, AND HORTICULTURAL WORE. 
NO SPECIAL CONTRACT REQUIRED. 


“NO ZINC, IRON, OR PUTTY USED. 


ANY QUANTITY a Me 
Over 1,000,000 superficial feet in use on 2,500 Structures. 


GROVER & CO,., LIM., 


ENGINEERS, &c., 
BRITANNIA WORKS, WHARF ROAD, CITY ROAD, LONDON, ¥. 


Write for Illustrations and full Particulars (sent post free). Od 1236 


BOLTON'S 
Patent 
Steam 

Superheaters. 














FIELD TUBES, 
DOUBLE CIRCULATION, 
HIGHEST EFFICIENCY, 

SAVES 15% COAL. 








1204 


49, Deansgate, 


MANCHESTER, 




















BROWNHOIST BRIDGE TRAMWAY. 


Note the light structure of this Brownhoist machine. 

It signifies speed and economy. And yet it possesses 

strength and durability. Ask the man who has one. 
THE 


BROWN HOISTING MACHINERY CoO., 
' — CLEVELAND, OHIO, U.S.A. 2021 





Direct all Enquiries to COWANS, SHELDON & CO., Litd., CARLISLE. 












RELIABLE. 


We put reliability first. Our Blocks are 
made of the best possible material and each 
is tested with an overload of 507. 


Burnbank tackle lifts quicker and works 
easier than any other make. 
















Keen Prices. 





Delivery from Stock. 


BURNBANK ENCINEERING CO. 


58, West Regent Street, 





























ENGLISH LEVER 
WATOnAES 


Are produced by the best skilled 
methods and modern appliances. 
THE OUTCOME OF A 
LIFETIME’S EXPERIENCE. 


All possible improvements embodied in 
their construction, including 


THE DUST AND DAMP PROOF CAP 


and Screwed Ruby Jewels throughout, 
Which adds years to their durability, and is only applied to their 


“sr RAN I>” WATCHES. 
CASH OR MONTHLY PAYMENTS. 2038 

18ct. Gold (suntins came - - £16160; Crystal, 213 150 

Sterling Silver _,, Z 6 60; 2 ae 


Write for CATALOGUE “R” WATOHES, CLOCKS, JEWELLERY. 
HOLDERS OF SIX ROYAL WARRANTS. WATCH & CHRONOMETER MAKERS TO THE ADMIRALTY. 








Ss, STRAND, LONDON. 














TUBULAR TYPES. 


THE ORIGINAL MAKERS: 


JOSEPH WRIGHT & CO., 
TIPTON, Staffs., 


And at 


LONDON. 














BERRYMAN 
LIVE STEAM 
HEATERS. 


TWO-STAGE 
HEATERS. 


GRAVITY 
HEATERS. 





al STRAIGHT TUBE 
MULTI-FLOW 
HEATERS. 
— 8753 


HEATER 
DETARTARISERS. 


HIGH-PRESSURE 
BERRYMAN HEATER. 


Please send us 
your 
Enquiries. 


STRAIGHT TUBE 
TWO-FLOW HEATERS. 
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CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers ot— 


MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes. 


CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 


RAILS, BILLETS, FORGINGS. 
AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 


TYRES.—Locomotive Carriage and Wagon, to all requirements. 
SPECIAL STEEL of all kinds for constructive purposes. 


THE 7 s « 


STEEL COMPANY o SCOTLAND 


23, ROYAL EXCHANGE SQUARE, , 


GLASGOW. 


\ 4 





TeLeGRaPn 
ADpRESS 


-“STEEL’ Grascow 


et me 








§ pie 
re, 


3-Step pindle 
Forty-Five Minutes. 


OUR GARBORUNDUM GRINDING WHEEL 


is here shown grinding cast-iron spindles—the spindles 
have three finished surfaces, 3 x 6, 5 x 5, and 4 x 6 ins. 
The limit of accuracy is .00025 ofan inch. This Wheel 
cuts so fast, so clean, so true—holds its cutting face and 
shape without even the suggestion of chattering-—that 
one spindle is ground to a perfect finish every Forty- 
five minutes. 





Grinding a 
Every 





2428 


Let us know your Grinding Problems. We can help you. 


THE CARBORUNDUM CO., Ltd. 
29, Clifton Street, Finsbury Square, LONDON, E.C. 








Tae Only GRAND PRIZE (“wass* 


FRANCO-BRITISH EXHIBITION, 1908. 


Diving Apparatus 


HELMETS, ready for despatch at 
of all Patterns. @ moment’s notice. 


Illustrated Catalogue Telegrams : S1usz, LONDON. 
free on application. Telephone: Hor, 251. 


Sole Makers to the BRITISH NAVY. 


SIEBE, GORMAN « Co.,Lp. 


Neptune Works, LONDON, S.E. 2249 










































































es 


NS ‘ = 


A. EDMESTON «SONS, Ltd. 


Note New Address:~PATRICROFT. 


PATENT FRICTION CLUTCH. 


300,000 HP. IN SUCCESSFUL OPERATION. 
INVALUABLE FOR DRIVING: 































Mining Machinery & Haulage, Concrete and Brick-making 
Saw Mills, Machinery, Flour Mills, 
Electric Light and Textile Machinery, 
Power. and Mine Gearing 





Generally. 








STARTING a 2 
GAS ron 
& OIL COUPLING Bc. 











ENGINES. SHAFT-ENDS. 























ENGINEERING. 


eed 15 








June 28, 1912.] 





RAIG a DONALD, La. 


JOHNSTONE, near GLASGOW. 


MAEEHRS OF 


MACHINE 





... TOOLS|; 


FOR 


SHIPYARDS, 
IRON WORKS, 


BRIDGE 
WORKS, 


BOILER 


= AND 
© TANK WORKS. 


Electrical-Driven Four-Sided Punching & Shearing Machine. 1357 


FRANGIS BERRY & SONS, 


SOWERBY BRIDGE, England. 
HSTABLISHED 18382. 


Telegraphic Address: “BERRYS, SOWERBY BRIDGE.” 








Telephone No.: 525. 


MAKERS OF ALL KINDS OF MACHINE TOOLS. QUALITY GUARANTEED. 








The above 
Machine will 
in. by 1 in. angle, and punch an 1} in. hole through 1} in. material. 
We make all sizes in these combined Machines, and we also make 


Illustration represents one of our Specialities. This 
bend or straighten an 18 in. joist, crop an 8 in. b 


Machines for doing any of these operations singly. 


Contractors to the Admiralty, I ] 
most of the Foreign Gove Se and Colonial Offices, and 





KINDLY FAVOUR US WITH YOUR ENQUIRIES. * 


CONDENSING PLANTS, FRED. WATER HEATER 


WATER-COOLING TOWERS, 


FOR ALL DUTIES. 
FULL PARTICULARS SENT UPON RECEIPT OF REQUIREMENTS. 
WHEELER CONDENSER & ENGINEERING CO., 
2 a 3, Norro.k Srreer, STRAND, LONDON, W.C. 8068 
Tel. : 6889, GERRARD. Telegrams : ‘‘ SUSPEND,” LONDON. 


—_——<—<—$—— 


FIRE OFFICE 


203rd Bear of the Office. 


) The Oldest insurance Office in 
the World. 


Founded 1710. 
HEAD OFFICE :— 


63, THREADNEEDLE ST., LONDON, B.C. 


Branch 60, Charing Cross, S.W. 












332, Oxford Street, W. 
40, Chancery Lane, W.C. 
42, Mincing Lane, aC. 


in 
London 














‘on 
” ee 0 
eer mn Insurances effected on the following risks :— 


FIRE DAMAGE. Resultant Loss of Rent and Profits. 
EMPLOYERS’ LIABILITY. PERSONAL ACCIDENT. FIDELITY 
GUARANTEE. SICKNESS & DISEASE. BURGLARY. PLATE GLASS. 


LARGE SHOPS FITTED WITH ALL THE LATEST 


WOOD WORKING MACHINERY. 
TURBINE oti: PATTERNS 


FoR sSHiIPs. 
“tne Cs 


. ~t 
a 
$563 ROE 


a 
~ 








a 









ERNEST M. BROWN & CO.. 


DAVID BROWN & SONS, 


Patternmakers, HUDDERSFIELD. 6887 


PECKETT & SONS, BRISTOL 














Ss ITT ig Tie? 5 - 


of various sizes with all the latest improvements ready for immediate 
Delivery. Engines specially designed for every requirement and gauge. 





Full particulars on application. 268 Telegrams: “PECKETT, BRISTOL.” 
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——— 
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GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT. 
CYCLOPS WORKS, 


BEDFORD. 


224 


Telegrams— 
Grafton, Bedford. 


we 









Iihustrated Descriptive Price List free on = 


SILVER MEDAL, Inventions Exhibition, Londoa, 1885, GOLD MEDAL, Paris, 1900. 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 
GRAND PRIX, Buenos Aires Exhibition, 1910. 








RUN BELTS 


EASY OR SLACK 


oy Cling -Suria 


There are many Imitation 
of Cling-Surface now being 
offered, but they only Deceive 
and Disappoint. 


SoLe EUROPEAN AGENTS, 


THOMAS & BISHOP. 


Chief Office: 119-125, FINSBURY PAVEMENT, LONDON, E.C. 


Telephone: 7046 Central. 2026 Telegrams : ‘‘ Velcling, London, 














THE 


A 
~< a 


SoL_e MAKERS :— 


J. PARKINSON & SON, 


SHIPLEY, YORKS. 


1417 


STEAM CRANES, 
OVERHEAD ELECTRIC CRANES. 
SN 






































HENRY. COLES, Ld. Derby. 








| 
1 | 
| 
ao 














THE RECORD 
of the 


STIRLING 
~— BOILER 


HIGHEST evaporation per sq. ft. 


of heating surface. 


HIGHEST efficiency. 
LOWEST coal costs. 
LOWEST maintenance costs. 





40 MUNICIPAL undertakings use STIRLING BOILERS. 

Average tube renewals ,295 tubes per boiler per annum. 

Average efficiency of 17 boiler tests in ELECTRICITY 
STATIONS was 797.- 


REPEAT ORDERS received from 220 satisfied users. 





THE STIRLING BOILER CO., LTD., 
658, Victoria Street, 
Westminster, S.W. 























—— 
—— 





—_ 


























yom 
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Telegrams : 


Ad. BLEICHERT & CO. 8] ae 


LONDON, E.C. 67. 


99/100, PALMERSTON HOUSE, BISHOPSGATE. 


Wire Ropeways, Telphers, Cableways, Conveyor Plants, 
Belt Conveyors, Truck Shunting Plants with endless rope, 
Haulage Plants, Plants for Coaling Boilers & Generators, 
Systems for Charging Blast and Cupola Furnace 
Special Systems for Waste Heap Denne, Combin 
Loading and Transport Plants of kinds. 











RETURN TUBE BOILER FOR TUG. 


LINDSAY BURNET &CO. 


Specialty :—MARINE BOILERS orf ALL 
: SIZES For SHIPMENT ABROAD. 
AUTOMATIC DISCHARGE WIRE ROPEWAY, for the transport CORREDSPONDIAENCEH INVITED. 1419 


of Rubbish, Ffaldau Collieries Co., Ltd., Pontycimmer, near 
Bridgend, Glamorganshire. ’ 2008 Address: Moore Park Works, Helen Street, 
GOVAN, GLASGOW. 


























THE 


Mirrlees Watson Co.,L¢: 


GLASGOW. 





THE BEST 


Pip ROTARY AIR PUMP 


of the most modern IS THE 


engincering practice — the 


engine that is doing excep- 66 rT 
tionally good work in all | RRLEES- EBLANG 
parts of the World. It is the 
WHITE & POPPE 
140 x 150 TYPE. ADVANTAGES: 


and is unequalled for reliability and efficiency 


in service. It can be driven with either paraffin 
or petrol—is equally valuable for both traffic and SIMPLICITY. 


stationary work, and—will run for long periods under SMALL SPACE OCCUPIED. 


a heavy load with a minimum of attention. We should 
like to give you full particulars, and invite correspondence. NO RECIPROCATING PARTS 
WHITE & POPPE, LTD. (cz:.-\%.), COVENTRY, ENG. NO VALVES 


LOW MAINTENANCE COSTS. 
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COCHRAN BOILERS 


Patent Vertical Multitubular—Standard design. 
READY FOR IMMEDIATE DELIVERY. 









Write for SPECIAL GATALOGUES :— 
Class A.—For LAND USE. Class B.—For MARINE USE. 


COCHRAN & CO., ANNAN, LTD., 


: ANNAN, SOOTLAND. 















| 

















TELEGRAPHIC ADDRESS: 
** CRANES, RODLEY.” 


SEND US 
YOUR 
ENQUIRIES 
FOR ANY 


ELECTRIO, 
STEAM, 
HAND, &c. 


— ALSO — 


CAPSTANS. 


ELECTRICAL 
EQUIPMENTS. 


JOSEPH BOOTH & BROS., Ltd., 
RODLEY, LEEDS. 


LONDON OFFICE: 
75A, QUEEN VICTORIA STREET. 
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STEEL WIRE ROPES & 
n Oranes, Lifts, 
Pon Aa0crial Rope- 
i ways, Losgszins 
Se AND ALL ENGINEERING PURPOSES. 

Experts in every description of Wire Rope for Oil Well Drilling. 


for Pewer Transmission generally. 





























Bficient. |i F{| Guaranted 











Non- 


| Stretching 


Durable. 






Economical. 














ao | 


J. & E. WRIGHT, Ltd., 


Head Offices and Works: BIRMINGHAM. 


Branch Offices ; Lonpox—Salisbury House, London Wall, E.C. Suerrig.pD—Bank Chambers, Fargate. 
LiverPooL—Tower Buildings. CarpirrF—Royal Chambers, Park Place. 


Agents for Scotland and Cumberland ; BARNES & BELL, 79, St. George’s Place, Glasgow. 
CoaTBRIDGE WAREHOUSE & SToRES: SUNNYSIDE Roan. 


CAIRD & RAYNER 


Admiralty and War Office Contractors. 


PATENT 


EVAPORATOI 


FRESH WATER FEED MAKE-UP 
APPARATUS. 


Approved by Board of Trade for Passenger Si 


BOILER FEED PUMP 


Vertical Single-Cylinder Direct-Acting ty 






Established 
i770. 















































COMPLETE 


FRESH WATER 


DISTILLING 
INSTALLATION 


(All Sizes.) 
For LAND or MARINE USE. 


NG FEED WATER HEATERS 
pe) FEED WATER FILTER 
777, Commercial Road, Limehousé, 


LONDON, E. 











1% CO 


























Tel, Address; “VAPORIZE, LONDON,” Telephone ; No, 210, Easter™ 
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Telephone : — 
Fein ulders, vie: 
DARTMOUTH. 
SHALLOW DRAUGHT VESSELS, 
STERN WHEEL VESSELS, 
LAUNCHES, 
TUGS. 


Boilermakers 


MARINE BOILERS, 
WATER-TUBE BOILERS, 


Telegrams: 
ENGINEERS, 
DARTMOUTH. 


HIGH-SPEED VESSELS, 
TORPEDO BOATS, 
MOTOR BOATS, 
YACHTS. 


Engineers 


MARINE ENGINES, 
ELECTRIC-LIGHT ENGINES, 
FANS AND FAN ENGINES, RETURN-TUBE BOILERS, 
INTERNAL COMBUSTION. DIRECT-TUBE BOILERS, 
ENGINES, LOCOMOTIVE BOILERS, 
CIRCULATING PUMPS, KINGDON BOILERS, 
FEED PUMPS, LIQUID-FUEL BOILERS, 
CONDENSERS, ARAFFIN BURNERS, 
PROPELLERS. CRUDE OIL BURNERS. 


New and Second-hand ENGINES in Stock. 
New and Second-hand LAUNCHES in Stock. 

















HAYWARD-TYLER & CO., 





PUMPS 


FOR ALL PURPOSES. 





Soe ee ee 


Write for Illustrated Price Lists. 2342 


9, Queen Victoria Street, 


mt Name ny BANK. LONDON, E. C. 
tenets tainted etn 





TAYLOR & GHALLEN, LTD. 
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SHEARING PRESSES. 
AsouTt 150 PRESSES ON VIEW IN OUR SHOW ROOMS. 














SELF-FEEDING PRESS. 8194 
CONSTITUTION HILL, BIRMINGHAM, eEnaano. 


PRESSES. 


























“NEw PROcCISS” 


RAW HIDE GEARS. 


All to BROWN & SHARPE'S Standard. 


















Also METAL GEARS. 


SEND FOR DESCRIPTIVE CATALOGUE. 





GEORGE ANGUS ¢ CO., us. 









NAWCASTLE-ON-TYNB. 
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THE BEST 


LAUNDRY MACHINERY. 


D. & J. TULLIS, Ltd. 


@ Messrs. D. & J. Tullis, Ltd., beg to 

remind Buyers of Power Laundry 
Machinery that they specialise in 
Washing Machines, Hydro- 
Extractors and Ironing 
Machines. 


Estimates _ provided 
free of charge for single machines, 


Specifications, 


or for Complete Plants suitable for 
Public and Institution Laundries, 
Steamships, &c. 


Kilbowie Iron Works, 
Clydebank, N.B. 








{June 28, 1912. 





GRAND PRIX, BUENOS AYRES EXHIBITION, 1910. \ 


RAILWAY CARRIA 





BIRMINGHAM 


— MANUFACTURERS OF — 


& WAGON CO., LTD. 


Tele. Address: “‘ Carriage,” Smethwick, Birmingham. Telephone Nos.: 17 & 107 Smethwick. 


SALOON & OTHER RAILWAY CARRIAGES & WAGONS OF EVERY DESCRIPTION, 





PRESSED STEEL UNDERFRAMES, BODIES AND BOCIES 
For Home and Abroad. 








South Eastern and Chatham Railway—Interior of Pullman Car. 


Sole manufacturers of Dean & Churchward’s patent “‘ Eitherside” Brake, 
and Marillier’s patent “‘ Instanter ” Coupling. 





Makers of Hydraulic Pressed Boss and other Wheels and Axles, Ironwork, Axle Boxes, Oastirgs, &c. 
2400 


Works: SMETHWICK, BIRMINGHAM. | 
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LUWKENHEIMER “RENEWO” VALVE. 


A valve that has sufficient strength ; made of materials best suited for 
steam use; faultless workmanship; all parts renewable; seating surfaces 
regrindable, and the scientific construction of the disc and seat insures 
dorability. as it minimises the wear on the seating faces, keeps them free 
from scale or dirt and eliminates water-hammer. 

Made in Medium and Extra Heavy Patterns, guaranteed for working 
pressures up to 200 pounds and 300 pounds per square inch respectively, and 
in sizes from } to 3 inches inclusive. 


Write for 1912 Catalogue. 


THE LUNKEN COMPANY, Limited, 











* Great Dover Street, LONDON, $.E. Works: Cincinnati, Ohio, U.S.A. 


Telegraphic Addresses; ‘ Lungex,” Lonpox; ‘“ Luyggy,” Onrcrnati. 1482 


LATHES. 


Turbine Rotor Lathes. 


FOR TURBINE CYLINDERS. 


HEAVY MARINE SHAFTING 


HORIZONTAL BORING MAGHINES 























NOBLE & LUND, Ltd. 


FELLING-ON-TYNE. + 
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THE MARK “CARRON” ON FORGINGS 
SIGNIFIES MORE THAN A NAME. 


quality that is ever the same—the highest. 
Experience and resources, and the high- 
grade metal used in the making, assure 
this. For you, this means a service that is at 
once long and reliable. ‘‘CARRON” Forgings 
are free from flaw and will withstand the 
most severe strain; none but castings of proved 
excellence and strength leave Carron Works. 


I Enquiries, with samples or sketches of 
special requirements, are assured of the 
Company’s immediate attention. 


Contractors to the Admiralty and Principa: 
Shipping and Shipbuilding Compantes. 


No. 21E Stamped Forgings Catalogue 
free on request. Write for a copy now. 


(ARRON (COMPANY 


ENGINEERING DEPT. Carron, STIRLINGSHIRE. 


| ““CARRON” Stamped Forgings you have a 

































concrete, 


MOOTH-O 


IRON CEMENTS 


Positively. stop all leaks of steam, 
water, fire or oil; 


in iron, steel or 


They are easy to apply, harden 
quickly and make permanent repairs ; 
proved by years in use. 


Every engineer should 
have a copy of our 
instruction book. 


SMOOTH-ON 
Manufacturing Co. 


8, White Street, 
Moorfields, 


LONDON, E.C. 












To Obtain Accurate 
Castings ... . 


Fthe patterns must be drawn from the sand without enlarging 
or breaking the mould. No tooling or mending must be done, 
otherwise no two castings will be alike. 






















The hand moulder en- 
larges the mould when 
rapping the pattern and 
invariably breaks the edges 
when drawing it from the 
sand. 


With Machine Moulding 
all the moulds made from 
the same pattern are alike, 
no mending or slicking 
is mecessary, and con- 
sequently the castings are 
neat in appearance and 
uniform in weight. 





















Belt Pulley Moulding Machine. ——_ . aesial 


We make HAND and POWER MOULDING MACHINES for all classes of work, and 
if you will send us sample castings or drawings we will tell you what oan be 
done on machines. 


WRITE US A LINE TO-DAY. 


We also Make: SAND BLAST APPARATUS FOR ALL PURPOSES. 
GRINDING MACHINES. ABRASIVE WHEELS. EMERY CLOTHS. 


Tue LONDON EMERY WORKS CO., 


Dent. C2, Park, Tottenham, LONDON, N. 1846 

















PATERSON 


FILTERS 
SOFTENERS 
HEATERS 

OIL ELIMINATORS 

























WRITE FOR A Copy OF THE 


“PATERSON RED BOOK” 
Water Softening and Filtration. 






















THE PATERSON ENGINEERING CO., LTD. 


21, Amberley House, Norfolk Street, 
LONDON, W.C. 1876 
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THE SMITH MIXER 


THE PHOTOSTAT| “ 


REPRODUCEHES 


DRAWINGS, TRACINGS, 


MAPS, LETTERS, DOCUMENTS, &c., INLESS THAN ONE MINUTE 
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is discharged by tilting while the drum revolves. No matter what the 
material—concrete, water, mud or powder —no matter how sticky or fluid 
the batch—the Smith Mixer will discharge it clean, saving from ten to thirty 
seconds in the process. Over 5000 in use. In the space at our disposal 
we cannot begin to give the names of all our customers, but the British, 








4 














f United States, Russian, German, Spanish, Indian, South African, Australian 
eae Governments are all using Smith Mixers on docks or other big works. 
Somets x ; sine CRS liane _ 
In use in all the various departments of the United States Government, SEND FOR OUR CATALOGUE NO. 9. _ 





several departments of H.M. Canadian Government, and all the leading 


Insurance Companies. Also in use in a large number of the most important 
railway and engineering firms, amongst which are the following: 
PENNSYLVANIA RAILROAD, GENERAL ELECTRIC CO., STONE & WEBSTER, Hie B € 


BROWN & SHARP MFG. CO., NILES-BEMENT-POND, WESTINGHOUSE MFG. CO., 


&c., &c. , + 
MANUFACTURED BY THE EASTMAN KopAK Co, EXCLUSIVELY FOR 2504 11, Victoria Street, LONDON, S.W. 


THE COMMERCIAL CAMERA CO., 40, Strand, London, W.C. Telephone, 3930 Victoria. Cable Address—‘CONCRETE, LONDON.” 


“‘LAMRIC’ 


WASHER 


As supplied to the Admiralty. 




































Ditch be:ng dug with sloping banks —an Austin Drainage Excavator Ditch, 
showing variations in width made by same machine. 





Is 









: The Onl 
ge erry, Absolutely {|| THE AUSTIN DRAINAGE EXCAVATOR 
is Pore we n Reliable , Digs a ditch that holds its shape because it is carved from the solid soil with 
and miele” Washer. vias loose gravel containing stene ranging in size up to 2 ft, in diameter 





Digs a deep ditch at the same unit cost as a shallow ditch. 
Deposits the soil in even banks with a wide berm between ditch and spoil 









Particularly recommended for use on Motor Cars, 
Marine Motors, Aeroplanes, Weaving and Spinning 
Machinery, Railway Rolling Stock, Printing, Mining 


Moves along the work under its own power as fast as the ditch is dug. It 
will also travel across the country from ditch to ditch, 


Our Full Line of Excavating Machinery comprises 









and Agricultur al Machiner Ys &c. The Austin Drainage Excavator, The Austin Orange Peel Beshes,, 
* : . ° 
Can be had in all sizes from } in. upwards. Special prices for large quantities, - _— ao = braid and Water 
; The Austin Side Hill Ditcher, : The Austin Pipe Line Excavater, 
We can arrange to supply these Washers galvanised The Austin Highway Ditcher, The Austin Tile Ditcher. 





by a patent cold process, at slightly higher prices. The Austin Stump Puller and Grubber. 


The above can be mounted on floats, on wheels, skids, track rails, 
or rolling platform traction, as desired. 


ASK FOR CATALOGUE “L.” 


In writing, kindly state whether you prefer doing business through a local agent in 1921 
your country, or in London, or with ourselves direct. If either of the first two, E — 
please suggest name and address of parties through whom you would like te order. Fro tati 












For Price List and Samples, &c., apply to:— 


The Harvey Spring Lock Washer Go., Ld., 


















Norfolk House, Laurence Pountney Hill, London, E.C. The F.C. Austin Drainage Excavator Co. ‘ 
Telegrams—“ Arveleecom.”” 2545 "Phone 5400, City. RAILWAY EXCHANGE, CHICAGO, ILL. US.A, k Teleya 
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WINN’S Weis “Lientuine” Lime & Covoun WASHER 


Wallwork & Wells’ Patents, 


SCREWING MACHINES lf «oss 


LABOUR AND MONEY. 


ovER 5000 SOL. 


NO OUTSIDE POWER REQUIRED. 





WILL SAVE FIRST COST IN A FEW DAYS. 


LIME, WHITING or COLD WATER PAINTS 
applied at a speed of from 10 to 20 square 
yards per minute, in a manner superior to 
brush work. 
One coat with the Machine on ro surfaces 
is equal to TWO applied with Brushes. 
The Material is applied’in the form of a 
spray, and is driven into corners and diffi- 
cult places where a brush weuld not reach. 


ALTERED AND ENLARGED PATTERNS. 
REDUCED PRICES. 





PRICES. 





No. 4 A yoy > deg pe with 5-ft. pole and single spraying nozzle ; has an enlarged tank 
d 8 gallons. The pump is simplified and easily removable. ee 
with 15 ft. of armoured delivery hose a £8 5 
No. 4a.—The same as No. 4, but with strong wheels and underframe “2 - uw we 
No. 5.—This pattern is withdrawn. 
No. 5a.—A powerful machine with enlarged tank to hold 12 gallons. The weight is 
pag = the — — Much simplified powerful lever pump 
now easily accessible and removable, with powerful double spraying nozzles 
DOUBLE HEADED BOLT SCREWING MACHINE and 20 ft. of armoured hose 11 5 0 
No. 6,—Handy size, now sup] lied w with a 6- gallon buc ket, and 
10 ft. of armoured deliv ery hose -. 615 6 
Gauge, if desired, 6/6 extra. 
No. 6a.—With detachable tank, a different nozzle, and 8 ft. 
of delivery hose .. « Oe 


WELLS’ IMPROVED LIME WASH. 
Muck superior to ORDINARY Limewash slaked with water. 
Quickly Mixed. Will not rub off. Leaves a good surface. 


The material is in the form of a powder ready for mixing with 
water, and is supplied in barrels containing 1 or 3 cwt. 


Dic HEADS OPENED AND CLOSED AUTOMATICALLY 
BY WINN’S PATENT AUTOMATIC GEAR 








Also Makers of 
Screwing Machines for Tubes up to 13 inches Diameter 



































CHARLES WINN & C Graaville Place ‘ ietanaleenk. abe ton te, GA. ter oot + aetna — - 

Oi pirwincHAM IIIf A. O. WELLS & CO., “i#sei=" LONDON. 

East Ferry Road Engineering Works Go. td. HIGH-SPEED LATHES, 

HYDRAULIC CRANES AND COAL HOISTS, BELT WITH ONE FEED HANDLE ONLY. 

CONVEYORS FOR COAL, Gc. Fool-proof Feeds. Automatic Stop. 

PATENT PNEUMATIC GRAIN-ELEVATING MACHINERY. NARROW GUIDE SADDLE. 

Sa HICH PRODUCTIVE CAPACITY 

i Se ee ON THIS 7 in. by 7 ft, HIGH-SPEED LATHE. 
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Cope Worp (BREAM). 1850 


Manufactured by— 


m0 wou en teu [HOLBROOK & SONS, 


Hyéruetatio Crane Weighing Machines up to 250 Tons Engines, Pumps, Sluices, Oapstans, &c. STRATFO RD, LON DON. 


General Engineers and Irenteunders. Estimates given fer Repairs. 





TELEPHONE— TELEGRAM8— 
STRATFORD, 351. LATHOOKOL, LONDON. 


Tele, POSE 
Korie, Lao, =MILLWALL, LONDON, E. *"} «1. scrurton'a con tu, svonay. ALFRED HERBERT, Lid., YOKOHAMA, 
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PARIS EXHIBITION 


1889. 


Lubricating Oils 
GOLD MEDAL 


AWARDED TO 


PRICE'S PATENT 
CANDLE COMPANY, L- 


Oil Refiners, 


AND MANUFACTURERS OF 


Lubricating Oils 


For Land and Marine Engines, 
Cylinders and Valves. 


For Textile Machinery of every 
description. 


For Collieries, Iron Works, 
Mines, and Quarries. 


For Saw Mills, Flour Mills, and 
Agricultural Machinery. 


For High-Speed Engines and 
Dynamos. 


For Engineers’ and Machinists’ 
Tools and Shafting. 


For GAS ENGINES. 











SoLe Proprietors AND MANUFACTURERS OF 


VEITCH WILSON’S 


LUBRICANTS. 


PRICE CARDS and SAMPLES MAY 
BE OBTAINED FROM 


PRICE'S PATENT 
CANDLE COMPANY, L°: 


Belmont Works, Battersea, 


LONDON, 

















THE MOTHERWELL BRIDGE G0, 


MOTHERWELL, N.B. 


Telegraphic Address—‘" BRIDGE.” National PBS cg No. 40, 





B.- 














BRIDGES, ROOFS, DOCK CATES, 
AND SIMILAR 
PIERS, TANKS, STRUCTURAL WORK. } 





HYDRAULIC PRESSED FLOORING A_ SPECIALITY, } 

















Chantiers et Ateliers AUGUSTIN NORMAND, Limitea, 


67, Rue du Perrey, Ea} EAA W EGE! (FRANCE). 





FOR 
HIGH-SPEED MAIL STEAMERS, 
LARGE YACHTS, CRUISERS 
AND BATTLESHIPS, 





More than 


700,000 HP. 


realised. 


OIL and COAL BURNING. 
2452 





NORMAND’S PATENT WATER-TUBE BOILERS. 












































SLEEPER ADZING and BORING PLANTS, with Patent Automatic Feed Gear, specially 


adapted for handling hardwood sleepers. Positions of adzing and spike holes exactly 
duplicated in each sleeper. Adjustments to suit different cross sections of rail. Sleepers 
varying 2} in. in thickness, and twisted, successfully dealt with. Self-contained with motive 


power (steam or paraffin) on a single wagon. Several of these plants are in suc ssful 
operation in different parts of the world on the hardest timbers, and we have been ave nured 
with REPEAT ORDERS, some of which are now in hand. We shall be pleased to submit 


Od 6602 
drawings and give all details. 



























Thos. Robinson & Son, Lrd., Rochdale, Eng. il 








Guardian Building, Cross St., Manchester. 
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SOLID WOVEN 


'GRIPOLY 


BELTING. 
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Rvery Belt will do its 
Duty! 


GRIPOLY is THE Strongest 
Power Transmitter 
in the World. 


Because:— 


It is solid woven from 
selected special yarns, 
and has no plies to open 
out. 





It has patented woven- 
in leather edges, and 
cannot fray. 


Its name signifies, it Grips 
the Pulley—hence “ Grip 
pulley”"—“GRIPOLY.” 


It is stretched before it 
leaves the factory, and 
commences its work im- 
mediately without undue 
strain and loss of time in 
being taken up. 


D It is not affected by vary- 


LSTERNE & CO,,LD., f=" 


The Crown Iron Works, GLASGOW. Samples and Price Lists on application. 


Patentees & Sole Manufacturers : 


LONDON OFFICE: DONINGTON HOUSE, NORFOLK STREET, W.C. LEWIS & TYLOR Ltd 
4 6 


CARDIFF. 
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WATER 
SUPPLIES 


FROM 


ARTESIAN TUBE WELLS 


AND “ABYSSINIAN” TUBE WELLS. 
AIR LIFT PUMPING PLANT. 


Le Grand & Sutcliff, 


Artesian Well and Waterworks Engineers, 
125, BUNHILL ROW, ses 
LONDON, E.C. 


PRATCHITT 


BROTHERS, 
Denton Ironworks, CARLISLE. 


PUMPING, 

WINDING ano 2030 
HAULING 

ENGINES. 


















CRANES, 
operating 


LEVERS, &c 











COX-WALKERS, LT. 
DARLINGTON. 1848 








PREVENTIVE. 





| Bright Metal Surtaces 


Is especially adapted for coating the 
bright eae of Engines, Machinery, 
Tools, Prevents Rust, no matter 
how severe the test. Supersedes White 
Lead and Tallow or similar products. 
Costs less, because it goes further, 
Applied easier. Easily removed. Enters 
the pores, and is a permanent protection 
after cleaning up. Neither new nor 
experimental, but has been in constant 
use for over twenty years by most of the 
leading and up-to-date Engineers, &c. 

If interested, we should be pleased to 
submit sample and price. 


W.H.PALFREYMAN & CO. 


Goree-Piazzas, Liverpool. 2240 
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»G. & A, HARVEY, An 


for TURBINE WORK. 
for BOIPER WORK. 
for RAILWAY WORK. 





“THe HARVEY STUDDER," 


(8ee Illustration) 
for RAPID DRILLING, TAPPING, and STUDDING, 





“THE HARVEY FAGER,” 


for BORING and FACING on FOUR SIDES AT ow 
SETTING. Numerous Sizes. 217 








Prompt Delivery. 
CATALOGUE ON APPLICATION, 


GOVAN, GLASGOW, W. 
Machine Took 

















GOEDHART BE&°:- DUSSELDORF. 


UNDERTAKE DREDGING CONTRACTS FOR HARBOUR AND CANAL 





WORKS THROUGHOLT -THE WORLD. 








BRICK-MAKING 
MACHINE. 


This Machine has always taken the lead for producing 
bricks ready for the kiln, 


my. stiff-plastic system of brick making was intro- 
ced by us, and the bricks are moulded and shaped 
yale to those of any other machine: the clod is square 


and almost 


For Q 


KEEP, and DRIVING POWER REQUIRED, WE 
CHALLENGE ANY OTHER MACHINE ON THE 
MARKET. 


When 
are assured, 


Sole 
Makers : 


GRAVEN’S PATENT 
STIFF-PLASTIG 


the size and form of the finished brick, 
UALITY OF WORK PRODUCED, UP- 


once this Machine is adopted, Repeat Orders 


BRADLEY @ CRAVEN, Ltd., 








opis WAKEFIELD. 
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STURTEVANT 
FORGES 


FORGE PLANTS 


Ask for CATALOGUE “Eg. 1131,” just issued, illustrating various designs ot Sturtevant Steel Plate Forges, 
with up-draught and down-draught hoods, and photographs of up-to-date Smithies recently equipped with 
Sturtevant Forge Plants complete with Piping and Fans for blast and smoke removal. 








The Name is a Guarantee of 
QUALITY and EFFICIENCY. 








STURTEVANT ENGINEERING Co., LTp., 147, Queen Victoria St., LONDON. 


Paris. Berlin. Amsterdam. 2292 
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OXYGEN=——=| 


COMPANY, LIMITED, 
WOLVERHAMPTON, 


are the only manufac- 
turers who guarantee 
all their oxygen to be 














99°/o pure. 2028 











C. ISLER & CO.’S 
Improved “CORE” 
DRILLING PLANT 


For WATER and for PROSPECTING 
for MINERALS, &c. 


Any size and any depth Bore Holes fixed 
by the ROTARY or PERCUSSION Systems. 





All kinds of Drilling Plants for HOME 
or EXPORT. 








C. ISLER & CO.’S 


Latest IMPROVED 


AIR LIFT PUMPS 


Capable of Raising Maximum 
Supplies, and also Improved 


DEEP WELL PUMPS. 


Steam Pumps, Steam or Oil 
Engines, Gas Producer Plants, 
Windmills, &c. 




















DUG WELLS DEEPENED by C. Isler 
and Co.’s Improved System without 
disturbing existing supplies. 





Sites Inspected and Geological 
Opinions furnished. 








ESTIMATES FURNISHED. 


Cores from a 12-in. Borehole 1600 ft. deep at Ammonia Soda Co., 
Plumbley. 


Cc. IsLER & CO., IL. 








‘ Artesian and Consulting Well Engineers.s PROSPEOCTORS FOR MINERALS. 
ontractors to H.M. War Office, Admiralty, India Office, Crown Agents for the Colonies, Egyptian Governments, &c., 


BEAR LANE, SOUTHWARK STREET, LONDON, S.E. ae 








TELE~STRUCTURAL \ BIRMINGHAM. 


PHONE ~ Mio. ano 2/82) 


NIN 


STEEL WORKERS L™® 
‘Tiran Worns- CHARLES HENRY STREET, 
B/RMINGHAM. 
BuitveErRsS 1RONWORK. 
IRON &STEELWORK OF EVERY KIND 
TANKS ETC. RIVETED OR WELDEDWORK 
ESTIMATES & LISTS FREE. 


ASK FOR IT. 


INS 
« y 
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ALL OVER 
THE WORLD! 
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FROM ALL FIRST- 
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NILES DRIVING WHEEL LATHE. 


THE MACHINE THAT HAS REVOLUTIONISED THE TURNING OF DRIVING WHEELS. 


















NILES 

NEW MODEL 

DRIVING Average daily output 8 to 14 pairs of Steel Tired Wheels. 

pity Daily output previous to this machine 2 to 3 pairs. 

CATHE 55 a The tool slides are equipped with patented single screw tool clamps, with only one screw to tightey 
; instead of the usual four. The lathe is of exceptionally rigid construction throughout. — Positiye 


change feeds. Speed variation from 10 ft. to 26 ft. per minute, 

Equipped with patented ‘‘sure-grip” drivers, four for each face 

plate, which hold the tires absolutely rigid under the heaviest cuts, 
Write for illustrated Circulars and further information, 


NILES-BEMENT-POND 











7 a / 


COMPANY. 
~ NEW YORK: LONDON: 
111, Broadway. 25, Victoria St., S.W, 


AGENTS: 


FRANCE—Glaenzer & Perreaud, 18-20, Fan. 
bourg du Temple, Paris. 

GERMANY —F. G. Kretschmer & Co., Frank. 
furt-a-Main. 


AUSTRIA - HUNGARY — Donauwerk Ernst 


' Krause & Co., Vienna. 

) RUSSIA—O. R. San-Galli, 17, Nikolajewskaja, 
St. Petersburg. 

HOLLAND-—-Van Rietschoten & Houwens, 
West Zeedijk 554 Rotterdam. 

ARGENTINE—F. H. Bagge, 201, San Martin, 

Buenos Ayres. 

' AUSTRALIA—Noyes Bros., Melbourne and 
Sydney. 

ITALY—Ing. Ercole Vaghi, Milan. 

DENMARK ) V. Léwener, Copenhagen. 

NORWAY sa Christiania. 

SWEDEN ! >: Stookholas. 

JAPAN—F. W. Horne, 70c, Yokohama. 

BRAZIL—A. Cazzani, Boite Postale 802, Rio 
de Janeiro. 


For Rapid Ratchet Drilling in ‘Tight’ Places 


EVERY PART MADE 
eel WV CO HARTEORO. CONN. USA ween ; FROM DROP FORGED 


The STRONGEST and MOST DURABLE RATCHET DRILL on the MARKET. S?EEL AND HARDENED. 
We also carry a full line of TAPS, DIES, DIE STOCK SETS, MILLING CUTTERS, REAMERS, PUNCHES, TWISTED 
ee Write for IIlustrated Catalogue ‘‘Smali Tools,” No. 6. 


PRATT & WHITNEY CO., HARTFORD, CONN., U.S.A. 


Agents:—LONDON, E.—Buck & Hickman, Ltd., 2 & 4, Whitechapel Road. LONDON, S.W.—Niles-Bement-Pond Co., 25, Victoria St. AUSTRALIA.—Noyes Brothers, 
Melbourne & Sydney. PARIS.—Fenwick Freres & Co., 8, Rue de Rocroy, Agents for France, Belgium and Switzerland. JAPAN.—F. W. Horne, 70-c, Yokohama. 
ITALY.—lIng. Ercole Vaghi, Milan. GERMANY.—F. G. Kretschmer & Company, Frankfurt a/M. VIENNA.—Donauwerk Ernst Krause & Co., XX/2 Engerthstrasse 165. 

BIRMINGHAM.—Pratt & Whitney Co., Exchange Building, New Street. 5433 
































THE McKENZIE, HOLLAND, & 
WESTINGHOUSE POWER SIGNAL CO., Ltd. 


POWER SIGNALLING 


Address : 
58 Victoria Street, London, S.W. me 


Telephone: 4760 Victoria (x2 















Polarised Relays for use Electro-Pneumatic 
Tuke Signal, 


on Electric Railways, -elegrams: “ Powersig, London.” 
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» | | 
Works: SOMETHING NEW. 
ig OOVENTRY. KEYWAY-CUTTING & SLOTTING ATTACHMENT 









FOR SHAPING AND PLANING MACHINES. 
(HARPHR’S PATENT.) 
SIMPLE. EFFECTIVE. 
A T-slotted Plate, to which the work is bolted, takes the place of the tool box, 





a the keywaying tool being held in a special bracket mounted on the machine table. 
nute, The work is in full view of the operator, and the tool is far more rigid 
face than the ordinary slender overhanging pattern. 


For special work a chuck may be substituted for the slotted plate. 

Made in three standard sizes for 10 in. to 13 in., 17 in., and 21 jn. to 30 in. 
stroke shapers. 

Other sizes made to order. 


“ SELSON ENGINEERING CO,, 2 ‘s: 


85, QUEFN VICTORIA STREET, LONDON, E.C. 
— — ——————a 


cuts, 





























" — 
Pau. Bm 
ink. 

3 SIEMENS improves WATER METERS. 

3 VANE WHEEL METERS. FULL-BORE METERS. 

ns, 

ia, DISC METERS. COMBINATIONS. HYDRANT METERS. 

nd DISC METERS for Hot Boiler Feed Water, Oils, &c. ones 





SIEMENS BROTHERS & CO., Lid., 


FULL PARTICULARS CAXTON HOUSE, 
ON APPLICATION. WESTMINSTER, LONDON, S.W. 
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“BAMBER’S” “EYRE? -2's. 
NON-ENCRUSTING ZINCS 


PRIMARY BATTERIES. 


i free from encrustation and local action. 
— es @ full and censtant supply of current. 
se more than double the life of ordinary zincs. 
‘quire little attention, with consequent low 
maintenance charges. Will outlive any other alloy of this description under similar work. 


Truzokaus :—EYRISH, TONBRIDGE. WRITHM FOR PARTICULARS. 1965 TxLaruoxE—No. 154, TONBRIDGF, 


THE EYRE SMELTING CO., Ltd., Tonbridge, Kent. 





USED FORTALL CLASSES OF BEARINGS. 
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Telegraphic Address : MANUFACTURERS OF Bessemer, Sheffield. 


CAST STEEL BY THE BESSEMER AND SIEMENS PROCESSES 
\ALI 
ore? Tle 


CIALIrT 
oe 'Eg f HENRY BESSEMER & COL? 
—— SHEFFIELD ; 


CASTING DEPARTMENT, 


STEEL 


hydraulic Cylinders, 


FINISHED COMPLETE, 
Tested and guaranteed to any 
required pressure up to 7 tons 

per square inch. 


HEAVY MILL GEARING 


IN STEEL 


FORGE DEPARTMENT. 


LOCOMOTIVE CRANK AXLES. 


LOCOMOTIVE STRAICHT AXLES. 


‘Compressed Steel 
. . Crank Shafts. 








ROLLED 
WELDLESS TYRES 


FOR 


Locomotives, Oarriages & Wagons. 


Special Hard Quality for Brake 
Vans & Tramway Locomotives. 


SPECIAL HARD TOUGH 
STEEL SHOES & DIES 


For Gold Mining Purposes, &c. 





STEEL HAMMER TUPS, 
FACES & SWAGES. { 


m SPECIAL HARD STEEL = 
ROLLERS AND PATHS | 


BEST COMPRESSED STEEL PIVOTS for NAVAL 6-in. GUN MOUNTING. For Crushing Quartz. &c. - 



















sow e RT ee eee eae <cae” 











THOMAS BROADBENT @& SONS, LTD. 


Telegrams: BROADBENT, HUDDERSFIELD. Telephone Nos.: 102 & I00I. 









CHARGERS FOR RE- 
HEATING FURNACES. 


SLAB CHARGERS. 
BILLET CHARGERS. 
ELECTRIC CAPSTANS. 
LIFTING GEARS. 
LOCOMOTIVE STEAM 
CRANES. 
HAULING WINCHES. 
OVERHEAD 


TRAVERSERS, 
&c., Sc. Se. 









ELECTRIC OVERHEAD 
CRANES. 


SOAKER CRANES. 
MAGNET CRANES. 
STRIPPER CRANES. 


OPEN HEARTH 
CHARGERS. 
Suvedees or Ground "Type. 


JIB CRANES. 
PEDESTAL CRANES. 









































STEEL WORKS CRANES A SPECIALITY. 


LET US SUBMIT DESIGNS AND ESTIMATES. 


Lavreace Poeatsey Hill, EC. wd Wons; FAUDDERSFIELD. NeW SS High Bridge. 


Canadian Representative :- Mr. GEORGE H. TOD, 213, Manning Chambers, Queen Street West, Toronto. 
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LIMITED. 





National Gas Engine Co., 


GRAND PRIX: 





TURIN EXHIBITION, 1911. 


ST Ul ll ul 
) 





> o@* 


IS, 


any 
tons 





ING NATIONAL TANDEM TYPE VERTICAL TYPE 450 B.HP. GAS ENGINE AND SUCTION GAS PLANT. 
These Engines are also built in sizes ranging from 300 HP. to 1500 HP. 


ah SUITABLE FOR WORKING WITH TOWN GAS, PRODUCER GAS, BLAST FURNACE GAS, AND COKE OVEN GAS. 5143 
JPS, . Write for Catalogue. 





—- WORKS and OFFICE: Ashton-under- Lyne, MANCHESTER. 
. LONDON SHOWROOM: 75a, Queen Victoria Street, LONDON, E.C. 























ANCHESTER, S.E. 


TH E N to. PuMP 


Horizontal Treble Ram, 





ThE MANCHESTER DONKEY emi! , bie DEARN & Co i? 












Single Acting Double Acting 


PEARNS CAMERON TYPE Pump 
8 





UMP 


National Telephone 
N° 3012/3 


Telegrams 
“PUMPS” Mancuester. 





Vertical Treble Ram. Od 8451 Sinale Ram Double Ram. 





LONDON : 49, Queen Victoria St., B.C. GLASGOW: P. & W. MACLELLAN, Ltd., 129, Trongate. NEWCASTLE-OF-TYNE EB. CLEATON REES & CO., 33, High Bridge. 
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SALIENT FEATURES 


AUTOMATIC RING 
LUBRICATION TO 
MAIN & CAMSHAFT 
BEARINGS. FORCED 
LUBRICATION TO 
CYLINDER. POSITIVE 
LUBRICATION TO 
PISTON PIN AND 


GOVERNOR TO 
LARGER SIZES. 








A “RUSTON” 


) RUSTON, PROCTOR « CO., Ltd., LINCOLN, 


AND AT 46, QUEEN VICTORIA STREET, LONDON, E.C. 


The 
“ RUSTON” brs 
SUCTION GAS RUSTON ” 
ENGINE. SUCTION GAS 
PRODUCER. 


CONTINUOUS 
LUBRICATION TO SHUTTING OFF 
CRANK PIN. SCRUBBER. 
MAGNETO ENCLOSED DRAIN 
AND SPARKING PLUG BOX. 

IN DUPLICATE, DETACHABLE 
AND FIREBARS. 
THROTTLE 





130 B.H.P, SUCTION GAS ENGINE 


DRIVING A VERTICAL THREE-THROW DOUBLE-ACTING PUMP AT THE 
NEWPORT (Lo, W.), WATERWORKS, 


ENGLAND. 


PRODUCERS MADE 
SUITABLE FOR 
SAWDUST AND Woop 
REFUSE, LIGNITE, 
PEAT, ANTHRACITE, 
CHARCOAL & COKE, 


PATENT SAFETY 
ARRANGEMENT FOR 


ECONOMICAL 
WORKING. 





2194 

















TELEGRAMS— 


“ WERFCONRAD, HAARLEM. a 
“ DREDGCRAFT, LONDON.” 


CODES—LIEBERS, ABC, 5th Ed. 
and MOREING a _— 


TEL.—CITY, 


Agents: MARINE WORKS, Ltd., 


DREDGING PLANT 





WERF CONRAD... 


FRIARS HOUSE, 39-41, NEW BROAD poet Ea LONDON, E.C. 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 











BUCKET HOPPER 


AND 


BARGE-LOADING y COAL BUNKERING 
DREDCGERS. A Ae VESSELS. 

SUCTION PUMP Z HOPPER BARCES 

‘ DREDGERS. 1 a { of any capacity. 

COMBINED | BUCKET SPARE PARTS 


PUMP DREDCERS. 


SUCTION 
CUTTING 
DREDGERS 


for DREDGING 
CLAY, &c. 


ee 












SUCTION CUTTER DREDGER 


“SIMSON,” 






| Bo Lela 








oat Aas 


\y 


built for new Harbour Works at Hamburg. Engines 1500 |.HP. 


HAARLEM, 


HOLLAND. 


FLOATING CRANES. 





and RENEWALS 
supplied. 


GOLD ano TIN 
RECOVERING 
DREDCERS 


A Speciality. 








DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT 
AND DREDGING GENERALLY, AND UPON ALL QUESTIONS AFFECTING THE RECOVERY OF 





GOLD, PLATINUM AND TIN, ON APPLICATION. 
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1888 





& CO., LIMITED. 











SUPPLIED IN 1888 AND STILL IN SATISFACTORY OPERATION, 





DICK, KERR 
IQI2 


HEAD OFFICE: ABCHURCH YARD, CANNON STREET, LONDON, E.C. 2001 


BRANCHES: MANCHESTER, CARDIFF, NEWCASTLE, GLASGOW, TOKYO, 
JOHANNESBURG, SYDNEY, BUENOS AIRES, RIO DE JANEIRO, MOSCOW & MILAN. 
































Stationary Type. 
For Crude Oil a al 15 to 120 B.HP. 


For Refined Petroleum ea 23, 75 B.HP. 


Portable Type. 
For Crude Oil we 

For Refined Petroleum ... 
Starts in <& minutes. 
No Lamp required except for starting. 
No external flame when working. 


2)3,, 26 B.HP. 





BRANCHES :— 
LONDON: 81, Cannon Street, E.C. 


Telegrams—‘‘ Engimanu, London.” 
Telephone—2144, Central. 


ADELAIDE... .. 61—63, Hindley Street. 


ALEXANDRIA a :. Rue de la Gare du Caire. 
AMSTERDAM .. oe .. Spuistraat 6 & 8 

ANTWERP - sie .. 83, Rue des Peign 

BOMBAY sé oa ‘Marshalls’ Buildings, Ballard 
BUDAPEST .. VI Gyar-Uteza 5. (Road. 


~ — AIRES . 833 Calle Peru 3365. 


Rue Bab-el-Hadee:i. 


C ALCUTTA ee 99, Clive Street and 25, Strand. 

CHRISTCHURCH, N.Z. South Belt. [142-146, 

5 Th TINOPLE-GALATA Grand Rue Mahmoudie, No 

DUB Dickies Warehouse, South 
Dock Street. 

EAST LONDON ig naneed Cambridge Street. 

GERALDTON Marine Terrace. 

GLASGOW A . 28, Graham Square. 

— RNE .. fe .. 585, Bourke Street. 

a: ee ° .. Via Palmero 8-10. 

8YDNE ae i .. 28, Boulevard de |l’Hopital. 

it EY -- «sas 7, Bent Street. 

TORONTG UE .. - .. 26, Verhulststraat. 

TUNIS ‘TO i. = .. Corner King & Simcoe Streets. 


109, Rue de Portugal. 


ESTIMATES 1 AND FULL PARTICULARS POST FREE. 


TeutcRavs—“BLACKSTONES, STAMFORD.” 





THE BLACKSTONE 
OIL ENGINE. 


15 to 30 B.HP. 





COMBINED OIL ENGINE and 
RAM PUMP.—Portable Type. 
TeLerHones—Nos. 307 and 308 (Two Lines). 


2351 


Copzs rseo—LIEBER’S, A 1, 


BLACKSTONE & GO., L. Stamford, England. 






ABC (4th and 5th‘Editions). 





— Ss we 
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ROOTS’ “ACME” BLOWERS 


FOR USE WITH ANY MAKE OF CUPOLA, SMITHS’ HEARTHS, ALKALI WORKS, &c., &c. 


Supplied in all varieties, SIMPLE & COMPOUND ENCINES. | ff 






with Chimney 
as shown, or DOWN 
DRAFT 


"PATENT 
| POWER HAMMERS. 
SMITHS’ HEARTH 
in Cast Iron. FOUNDRY 
MOULDING 


MACHINES. 





__ HARVESTING MACHINERY, 
=- FLOUR MILLING MACHINERY, 
: &c. 











For further particulars and prices apply to :— 


SAMUELSON & CO. Ltd. BANBURY 


Contractors to the Admiralty, War Office, Colonial and Foreign Governments. osx ON. 























JOHN H. WILSON & Co., Lrp. 








45-Ton Steam Excavator or Navwvy. Ref. No. 28 E. 1926 25-Ton Steam Breakdown Crane. Ref. No. 22 C. 


STEAM & ELECTRIC CRANES. STEAM CRANE-EXCAVATORS. GRAB CRANES. 
CONTRACTORS’ PLANT. STEAM & ELECTRIC WINCHES. WINDLASSES & CAPSTANS. 


Head Office and Works: Dock Road, SEACOMBE, 


Telegraphic s ENGINEERS, LIVERPOOL. 
add { 


reeves: \DRAGUE, LONDON. | London Office: 15, VICTORIA STREET, WESTMINSTER. near BIRKENHEAD. 
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Dean, Smith & Grace «908. Ld. 


KEMIGH UE Y. 

















MAKERS OF 
ALL TYPES 


HIGH 
SPEED 
LATHES 














eg LIMITED 


wre eee. CARI DONALD, N. B. ae ttt aon —— 





The pee ee | Patent 
Exclusive | “= R.D.S. 
— Steam Traps. 
“Cockburn’s”’ incite 
Patent 
Safety Stop Boothman 
i peed Patent 
iii Feed-Water 
Valves. 
— Filters. 
High-Class or 
Boiler 
Mountings, Spiral 
Land & Marine. Springs. 





MARINE STEAM TURBINE i 
| STARTING AND MANCQ:UYRING GEAR 


FITTED WITH COCKBURN 8.-G. PATENT FLEXIBLE DISCS. 
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HIGH GRADE CRANK 
RAILWAY AND 
TYRES. STRAIGHT 
AXLES. 
FIRTHS' SHEFFIELD. 


NICKEL-CHROME STEEL COUPLINGS. 1945 


NORFOLK WORKS. SHEFFIEI.D. 


CONTRACTORS TO THE BRITISH ADMIRALTY, WAR OFFICE, INDIA OFFICE, COLONIAL & FOREIGN GOVERNMENTS. 














The first thing required of any prime mover is that it shall keep moving; that is to say, it 
shall not be liable to breakdown. The Steam Turbine, as manufactured by the Brush Co., is the 





most reliable of all Engines in common use. It will run steadily and continuously with very little 


attention, and its owner is relieved from any anxiety on this account. Only by the perfection 


POINTS OF MERIT 
STEAM TURBINES 


of manufacturing require the utmost 


methods can this care and precision 
result be attained, in the making. 
After reliability, the 


next question relates 


because in all types 






of turbines there 
are fine clearances to efficiency. A 
and details of 


construction that 


saving of a fraction 


of a pound in steam 








consumption may mean a valuable quantity of fuel in veer 
STEAM the course of a year. Finally, the price of the plant has BRUSH 
TURBINE to be considered; but no machine is cheap if it is liable ELECTRICAL 
PLANT ENGINEERING CO., LD., 
for to breakdown, or if it is wasteful in working. On all — 
HIGH, LOW pares ninco eigh™ 
a ers relating to the use of Turbines, The Brush Co. 1, Kingsway, W.C. 
MIXED WORKS : 
PRESSURE. will give the highest expert advice on application. ones idedaoeatig. 
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For Econ my, eliability, and Simplicity. 


axman-Lentz Ensines 


DAVEY, PAXMAN & COMPANY, LIMITED, 
COLCHESTER, England. 








JOHN LYSAGHT, Limitep, | 


BRISTOL, NEWPORT (MON.), LONDON. 








doe. j LONDON 
CHIEF ao es a ee — = OFFICE : 
OFFICES : <' ge eit cts wad 2 an? ie eg 36, 
ST. VINCENT’S |) am | GRACECHURCH 
IRONWORKS, |!" STREET, 
BRISTOL. 5 i = a E.c. 








Steel Viaduct, Constructed and Erected by John Lysaght, Limited. is4l 


BRIDGES. GIRDERS. ROOFS. BUILDINGS. 
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CAMMELL LAIRD & CO., LTD., 


SHEFFIELD. 

















WARSHIPS. ARMOUR. 
CRUISERS. PROJECTILES. 
DESTROYERS. STEEL CASTINGS 
PASSENGER AND AND FORGINGS. 
CARGO BOATS. TOOL STEEL. 


MARINE ENGINES. HIGH SPEED STEEL. 



































BOILERS. e449 FILES AND RASPS. 
CAST STEEL PRESS BASE. 
TOTAL WEIGHT, 70 Tons. 
HEAD OFFICE :—CYCLOPS WORKS. SHEFFIELD. LONDON OFFICE :—9, VICTORIA STREET. S W. SHTPYARDS :—BIRKENHEAD. 
ELBING. =". SCHoIiCnAY. DAnzie. 
ENGINE WORKS. ae ae SHIPYARDS. LOCOMOTIVE WORKS. STEEL FOUNCRY. 














Established 1837. 





Employing about 8000 hands. 























BUILT AND IN COURSE | BUILT AND IN GOURSE 
OF BUILDING FOR THE 3 OF BUILDING FOR 
IMPERIAL GERMAN ALMOST ALL NAVIES 
NAVY, IN ALL OF THE WORLD: 
171 TORPEDO BOATS. 366 TORPEDO BOATS. 





tien 





























DESTROYER ‘8 168." Mean speed in 3 hours, with full equipment, armament and coal, 36.3 knots per hour. 2265 
TORPEDO BOATS. DESTROYERS. CRUISERS. 
BATTLESHIPS OF LINE. TRANSATLANTIC EXPRESS STEAMERS. PASSENGER STEAMERS. CARGO BOATS. 
Paddle and Screw Steamers for river and sea service. Suction Dredgers, system Frihling. 
LOCOMOTIVES OF ALL EXISTING TYPES. Steel Castings up to 60 tons weight in one piece. 
STATIONARY STEAM ENGINES AND TURBINES, TYPE SCHICHAU, of all dimensions for Electric Light and Power Stations and other purposes. 
ACTUALLY IN COURSE OF CONSTRUCTION AND DELIVERY 600,000 HP. OF TURBINES, TYPE SCHICHAU, 
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"HOFFMANN BAL- Bearinas. 


i 
DOUBLE | 
THRUST WASHER | 








pu 





THE “HOFFMANN,” 








for & 
High Highest 
Speeds Efficiency. 






Light type Double Thrust Washer. 2039 





THE HOFFMANN MFG. CO., LTD., CHELMSFORD, ESSEX. - 


WILLIAM BEARDMORE « CO., Lto. 


GLASGOW. 


RELIABLE. ECONOMICAL. 


























THESE 26,800 
ENGINES BHP. 
ARE BUILT ° “HAVE 

FOR ALREADY BEEN 

HARD WORK. INSTALLED 


PPPS SCCCCCS eerccecocooes 


MAKERS OF 


Lance — Cas — ENGINES. 
























ENGINEERING. 


(JUNE 28, 1912, 





pe. 





“SUCKLING” WATER-TUBE BOILERS 


DISTINOTIVE FEATURES 1 
Ciean Heating Surfaces. 


ECONOMY OF" = ae 


inspected, 


Can be fired with any class of fuel, or with the 
waste gases from furnaces, &c. 


Every tube can be easily removed and replaced 
without disturbing any adjacent tube, and no 
extra headroom or space is required. 


Only TWO Manhole Joints have to be broken for 
thorough cleaning and inspection. All parts 
circular in form—no stays. 


Simple in construction—durable—light in weight— 
occupying small space—readily cleaned and 





Perfect Olirculation: Large Water Storage. 
Saving in Space, Weight, &c. Highest Efficienoy. 


(PATENTED) 


Ample Steam Space. 
Deer Srzam. 
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SOLE MAKERS :— 


Telegrams—BEELEY, HYDE. 


A High-class Boller at Moderate Cost. 


THOMAS BEELEY & SON, Ltd:., Hyde, MANCHESTER. 





Sultable for Export. 










2478 See our Advertisement a fortnight ago, 








The LILLESHALL COMPANY Limited - OAKENGATES. 


TELEPHONE : 
No. 6, OAKENGATES, 





Steel Converters 


from 10 cwts. to 30 tons 
capacity. 


HOT BLAST, 
COLD BLAST, 
Gas and Air Valves 
for Cowper Stoves and 
Steel Furnaces. 


LADLES a CARRIAGE 
HOT METAL & SLAG. 


cu POLAS 
for FOUNDRY use or 
LIME BASIC BURNING 


GAS ENGINES 


(Nurnberg Type) 
40 to 4000 B.HP. 
Made to Drawings and 


Particulars supplied by 
M A. N. 











15-Ton .;CONVERTER SUPPLIED TO LEEDS STEEL WORKS. 


ENQUIRIES SOLICITED for all classes of ENGINEERING WORK. 


TELEGRAMS ; 
LILLESHALL, OAKENGATES, 





WINDING & HAULING 
ENGINES. 


Gas & Steam 
Blowing Engines. 





ROLLING MILL ENGINES 
AND EQUIPMENT. 


HOISTS & HOIST 
ENGINES. 


Air Gompressors 


WITH 
ROGLER - HOERBIGER 
Patent Valves. 


HIGH-CLASS 


Pumping Engines 





2522 
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THE NEAREST OCEAN PORT on the East Coast CAPACIOUS WAREHOUSE and storage accommo- 











to the Coalfields - — ——— ey or? — dation. 
ebichion Motineioactine: te: sire ances | DOCK AVAILABLE for largest ships at all tides. 
DIRECT TRANSHIPMENT, rail to ship, by quickest | LOWER GENERAL CHARGES to shipowners and 
and most economical methods. shippers than at other ports. 
EXPRESS RAIL SERVICES operating with the West, | NUMEROUS VALUABLE SITES available for new 
North and South of England. works and factories of every description. 





For Information apply Great Central Goods aontie or Port aioe Immingham Dock, Grimsby. 
/ilustrated Brochure M and Map M orinted in me French or German, post free from G.C.R. Publicity Office, 























J 216, Marylebone Road, London, W.W. 
™ 278 SAM FAY, General Manager. 
‘||\CAMPBELLS & HUNTER, LTD 

: 3 "3 
™ Dolphin Foundry, LEEDS. 
- Nat. Tel.: No. 768, LEEDS. Telegrams: ‘‘ DOLPHIN, LEEDS.” 








HIGH-CLASS MODERN 


DRILLING 
BORING 





HORIZONTAL, BORING, DRILLING, TAPPING, 
STUDDING & MILLING MACHINE 


8 ft. vertical by 18 ft. horizontal range. 

5 Gin. Spindle. 34 ft. Feed. Table 18 ft. by 8 ft. 
16 Spindle Speeds. 8 Positive Feeds. 

Direct motor driven. 








T 
MACHINERY. 
8 
R 
ALL TYPES AND SIZES 
FOR 
: Engineers 


AND 1908 
& 
Boilermakers 
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WITHOUT LOSS OF 


SKEFKO 


THE ONLY RADIAL BALL BEARINGS THAT TAKE END THRUS 


SELF-ALIGNING 
DOUBLE ROW 


EFFICIENCY. | 





The accompanying blocks illustrate the application 
cutter spindles of wood planing machines. 


A 










AZZ 4 








S> 


of ‘*Skefko”’ radial ball bearings to the 
The outer ball race of the bearing at the 
extreme end of each spindle is 
fixed in the housing, the re- 
| maining bearings being free to 





move laterally in either direction. 
These fixed bearings take the 
whole of the end thrust at a 


§ 
WSS 
{~ 


speed of 4000 r.p.m., their coni- 
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cal construction ensuring the 
maximum efficiency and 
absolute freedom from wedging. 


THE SKEFKO BALL BEARING CO.,Ld., 


HEAD OFFICE & WORKS:— LONDON OFFICE :— 
LUTON, ENGLAND. Carlton House, Regent St., S.W. 


BALL BEARING 


Branches at—DvusseLporF: Scheurenstrasse 7. 
Paris: 19, Rue de la Gare, Levallois. 
Mian: 7, Via Rovani. 
New York; 50, Church Street. 


7 

Ve ©, 

“Ca 
“ee 





Telegrams :— 
SKEFKO, LUTON. 


Telephone :— 
418 LUTON, 





















Parent Factory— 
A-B. SVENSKA KULLAGERFABRIKEN, 
GOTHENBURG, SWEDEN. 


Agencies at—Berlin, Vienna, St. Petersburg, Brussels, 
Melbourne, Christiania, (Fh mcg 
The Hague, Helsingfors, Stockholm, 
na Zurich, Buenos Aires, Tokio, 
-» &e. 




















High’ Production 


is one feature which has gone to make the success of the 
Churchill Grinders. They are easy to handle, they are heavy, and 
they are fast. Let us estimate on the production of your work. 

















We recommend Norton Wheels for all fast grinding. | 

















Get this book. 


It contains detailed information on 
grinding compiled from our own ex- 
perience in solving manufacturing 
problems. We send it post free to 
any firm interested. 2496 


To individuals we charge 2/-. 






CHARLES CHURCHILL & CO., LTD, 
9-15, LEONARD STREET, LONDON, EC. 


Birmingham, Manchester. 
Newcastle-on-T yne. Glasgow. 


—— 
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TAN GY H'’S 


STEAM ENGINES. 





oho : 
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ALL TYPES—-HORIZONTAL OR VERTICAL. 


Tandem or Cross-Compound; Condensing; Corliss; Winding; &c. 


| ITANGYES $9E2: sBirmncuam. 


No. 410 B. 


Telegrams : Telephones : 
“ Vaunting, 5113 Central & 
Manchester.” 256 Openshaw, 


? . : — 
VAUGHANS 


























he 
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OVERHEAD TRAVELLING 
CRANES | 















ELECTRIC TO SUIT 





a ee 





























K| OR ANY \ 
+ HAND-POWER. LOAD & SPAN. | 
\ | "4 
\ EMBODYING MANY HUNDREDS K 
1 | oO : > 
Nem Soewence, «| Alle at nike GR ee | 

















||’ VAUGHAN & SON, Ltp, MANCHESTER. 
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Feed Pumps 

Ballast Pumps 

Fire & Bilge Pumps 
Oil Fuel Pumps 

Forced Lubrication Pumps 
Feed Water Heaters 
“Uniflux” Condensers 
Independent Air Pumps 
Combined Air and 
Circulating Pumps 
Evaporators 

Distilling Condensers 
Circulating and 

Fresh Water Pumps 
Feed and Brine Pumps 


Hydrokineters 





LONDON. 
NEWCASTLE-ON-TYNE. 


—————= 








The concentration of expert technical and 
scientific effort, specialised and unique ex- 
perience, devoted to definite lines of research, 
the comparison and analysis of results drawn 
from an ever-increasing range of examples, 
have all contributed to make Weir Auxiliary 
Machinery the best and most reliable in the 
world, 


ut A ut 


Personal direction, the latest and most up-to- 


date equipment and manufacturing facilities, 
a closely systematised industrial and com- 
mercial organisation, a generous conception 
of our duty to our customers, and a high 
ideal of quality and character in our products, 
are some of the factors which ensure the 
efficiency of our service. 








G. e J. WEIR, L™ 


Cathcart, ~ 
GLASGOW. 
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Pumping Installation in Sa. Gertrudis & Guadalupe Mine, Pachuca (Mexico) [2 Pumps, each 800 gallons per min., 1350 tt.] 


SULZER Hich-Lirt GentrirucaL Pumps 


Over 3,600 Pumping Installations supplied,aggregating over 450,000 H.P. 


Further Specialities: 


Steam Engines of all sizes, Horizontal and Vertical; Uniflow Steam Engines—Steam Boilers of 
all systems—Slow and High-speed Four and Two-stroke Stationary Diesel Engines; Directly 
Reversible Marine Engines—Medium and Low-Lift Centritugal Pumps ; Sinking Pumps—Fans of all 

kinds—Ice"and Refrigerating Machinery—Heating Installations. 2345 





\ 


WINTERTHUR, SWITZERLAND. 
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TURBINES; STEAM, 


FLOATING DOCKS. 
OIL, & GAS ENGINES. 


DREDGERS. 
FLOATING CRANES. 


ICEBREAKERS. 

















VIEW OF SHIPYARD, BARROW-IN-FURNESS. 
Naval Construction Works, 


VICKERS Bvescetcnd _BARROW-IN-FURNESS. 


MOTOR- GENERATORS, ROTARY CONVERTERS. 
MOTORS 


TURBO- 
ALTERNATORS. OF ALL TYPES. 


Patent Complete 


Automatic 
Reversing Drive 
for Reciprocating ‘bg : 
Machine Tools. Lighting 


Equipments for 


the Electrical 


Schemes aul A and Driving of 
Ne ; Machine Shops, 


Prepared for oo 
— 7 . — Mills, Factories, 
to 
Electrical Drive. a ae de, 


: 400 KW. THREE-PHASE ALTERNATOR AND EXCITER, 





River Don Works, 


VIGKERS LITES, < SHEFFIELD 
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(Proprietors :—VICKERS LIMITED.) 


THE WOLSELEY TOOL & MOTOR CAR CO., LIMITED, 
ADDERLEY PARK, BIRMINGHAM. 


Telegrams: 


WOLSELEY' 


Internal Combustion 


MARINE & AERO ENGINES 


10 HY. TO iso UeSP. 





180 HP. 8-CYLINDER PETROL MARINE ENGINE. 


Send for New Catalogue G., post free on request. 


SF oreeenassss SSS SSS SS 


| 


| HIGH T 











: 
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VICKERS _ 


ENSILE STEEL TYRES 


<“Aaustralia Brand.” 


LOCOMOTIVE CRANK AXLES. 




















SOLID CA 


FORGINGS & 





* Exactitude, Birmingham.” 


Telephone: 6153, Central, Birmingham. 


Contractors to the Admiralty, War Office, &c. 








SaaS 0S SS 


VICKERS SMALL TOOLS. 


HiGH-POWER 


VANADIUM TWISTED DRILLS. 





Vickers Vanadium Drill, with Vertical Boring Lathe, 


VIGKERS wu LIMITED, 








= 


SSS SSS SSS SSS 





VSM 


The Drills are twisted 
from a flat Vanadium steel 
bar, and may be driven at 
a greater feed and higher 
speed than any milled drill. 
The drive is taken by the 
shank and not by the tang, 
which therefore cannot 
break. 


ECONOMY. 
Vickers Reamers will take 
a roughing or finishing 
cut with equal success, 
and are the standard tools 
for repetition work of 

every aeeeees 





EFFICIENCY. 


Agent for France: 


ST STEEL REVERSIBLE and 
NON-REVERSIBLE CROSSINGS. 


Small Arms and Tools Dept., 
Vickers House, Broadway, Wesimnneter, 5.W. 


STRAIGHT AXLES 


for Locomotives, Careers, and Wagons. 


CASTINGS OF EVERY DESCRIPTION. 


HIGH-SPEED and other TOOL STEEL. 





RIVER DON WORKS, 
SHEFFIELD. 


EUGENE BUISSON, 9, Rue de Nemours, Paris. 


=9)\ lies 


ADJUSTABLE REAMERS 


(New Design). 





Vickers Adjustable F Reamer, with Vertical Boring Lathe. 
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SIEMENS 


ELECTRICALLY-DRIVEN 
WINDING ENGINES 








SIEMENS-ILGNER SYSTEM 
DOUBLE CONVERTER SET 
OPERATING TWO ELECTRIC WINDING ENGINES 
AT A COLLIERY IN SOUTH WALES. 


SIEMENS BROTHERS DYNAMO WORKS LIMITED. 


Head Office: Supplies Dept. & Stores: | ** Ten‘alum’’ Lamps @ Fittings: 
CAXTON HOUSE, WESTMINGTER, &8.W. pw UPPER THAMES STREET, E.C. TYSSEN STREET, DALSTON, N.E. 


Telephone: GERRARD 860. Telephone: LONDON WALL 8270. Telephones: CENTRAL 9889/9 & DALSTON 2hl0. 
Telegrams: SIEMBRALOS, LONDON. Telegrams: SLEMOTOR, LONDON. | —: SIEMODYN, LONDON 
Works: STAFFORD. 
- BRANCHES: 
AUCKLAND (N.Z) CAWNPORE, JOHANNESBURG. RIO DE JANEIRO. TOKYO. 
OX. DUNEDIN (N.Z.) MADRAS. OSAKA. SHANGHAI 
Sinn GHAM, DURBAN. 


TORONTO. 
CARDIFF. — GLASGOW. ; ¥ ' N SINGAPORE. WELLINGTON (N.Z.) 
BRISTOL. CONSTANTINOPLE. HONG KONG. EXICO. RANGOON. 


1712 


SHEFFIELD. VALPARAISO 
SYDNEY. WINNIPEG. 


————— 
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Croydon Works, ILeeds, Eingliand. 





MAEFERS OF 


HYDRAULIC MACHINERY 


FOR 
| Belt-Driven Pumps, 
Rivetting, Duplex Pumping Engines, 
Punching, Fixed Rivetters, 
; oe Portable Rivetters, 
Pressing, 
Lifting, _Accumulators, 
Bending, Punching Machines, 
Forging, Shearing Machines, 
Flanging, Forging Presses, 
Stamping, Flanging Presses, 
Straightening, Baling Presses, 
Joggling, 


Ingot Cranes, 
Wheel Bossing, 


Tank Makers, 
Boiler Makers, 
Bridge Builders, 
Ship Builders, 
Wagon Builders, 
Steel Works, 
Docks, 

&c., &c. 


Centre Cranes, 
Foundry Cranes, 
Travelling Cranes, 
Bloom Shears, 
Billet Shears, 
Wheel Presses, 


Spoke Bending Machines, 
&c., &c. 


2172 





HYDRAULIC BLOOM SHEARS. 








Consequent to Electrification. 


BERRY’S PATENT WORKING AND STOP VALVES FOR SALE. 


f all Two - hy ny Conpens ene Ge 
ENGINES. -P. 1 . dia, LP. 

or purposes, are superior to any others on the market. 90 in. dia., 18 in. stroke, fitted with Turser. 

Hartnell flywheel governors, driving pulleys, 

valves and lubricatore, 


Prices, Particulars and Lists on Application. erecting 000 Tb. of mater  RRATER, cupebte 
80 degrees F. 








The above are in excellent condition, equal to new, 


LARGE STOCK ALWAYS ON HAND. Diag sat 


HENRY BERRY & CO., Ltd, 
Crorpon Woras, LEEDS. 
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ALLEN’S 








AND 
“STAG” BRAND SPECIAL 


TOOL STEELS. 








HIGH SPEED STEELS. 


SOLE MAKERS OF 


ALLEN’S 








Crusher Jaws, Rolls and Cones, 
Screen Bars, Tub Wheels, Railway 
and Tramway Points and Crossings, 


Bucket Lips, &c., &c 











EDGAR ALLEN &CO.,Limireo, _- 
IMPERIAL STEEL WORKS, mo 2d : IELD. 


MANGANESE STEEL 


DREDGER PINS AND BUSHES, 








ALLEN’S 
STEEL CASTINGS 


= 


Gearing, Hydraulic Cylinders, Dynamos, 

Wheel Centres for Locos and Railway 

Cars and Wagons, Colliery Wheels and 
Axles, &c., &c. 











CIRCULAR 


SAWS 


FOR CUTTING COLD IRON AND STEEL 
A census 




















BELFAST. 





CENTRIFUGAL FANS 


for all Purposes. 


Davidson & Co:, Limited, 


Sirocco Engineering Work:, 

















HIGH-CLASS 


GRINDING 
WHEELS. 





UP-TO-DATE 


GRINDING 
MACHINES. 





Send for Illustrated List, 














NEW PYROMETER CATALOGUE. 


Every User of Pyrometers should have Book E45 on File, 
EFosTER INSTRUMENT CoO., LETCHWORTH, HERTS, oy 





MITCHELL'S EMERY WHEEL CO., 
— Works, Bradford, MANCHESTER. 1460 


Tel. Add. : Diameter, Manchester. 








SAMUEL PLATT, L' WEDNESBURY. 





CUTTING OFF & 


OL. YMPerrA. 
OCTOBER 4tTn TO 26Tn, 1912. 
STANDS 6 anpb 29. 











CENTREING MACHINES ss 


ALSO SPECIAL SINGLE OR DOUBLE-ENDED CUTTING OFF MACHINES FOR TUBES. 
SHAFTING AND POWER TRANSMISSIONS. 








BILLINGTON: NEWTON, 


MANGANESE BRONZE. 





82 Tons Tensile per sq. in. 
85% Elongation in 2in. 


PHOSPHOR TIN. 

PHOSPHOR COPPER. 
PHOSPHOR BRONZE. 
And other Anti-Friction Metals. 


SPECIAL COMPRESSED PHOSPHOR BRONZE FOR 
BEARINGS AND SLIDE VALVES. 


Telegrams: “BRONZE,” LONGPORT. 


LONGPORT, STAFFS. 


MAGNOLIA METAL. 
BABBITT’S METAL. 
WHITE BRONZE. 





r= 





2 SILUNCTON & NEwroxs > x 
(@ ruasenue’seonze. le 


2338 


Telephone: No. 304, POTTERIES. 
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'? SUSPENSION BULB FURNACE 


(PATENT). 















































BOARD OF TRADE ot Atte 
CONSTANT FOR FOR OTHER 
ag rr ees CORRUGATED TYPES 
15,000. 14,000. 
The HIGHEST 
STRONGEST FACTOR of SAFETY. 
FURNAGE UNIFORM 
WANUFAGTURED. GREATEST DIAMETER OF FURNACE EVER OFFICIALLY TESTED TO COLLAPSE. THIGKHESS. ones 
en. eee ee 
ETER BROTHERHOOD, [° 
J 
PETERBOROUGH, 


Contractors to the British and other Governments, 
London Office: 583, PARLIAMENT STREET, WESTMINSTER. 







“BROTHERHOOD, PETERBOROUGH.” Telephone { 7, PETERBOROUGH. 
“BROTHERHOOD, LONDON.” 4683, VICTORIA. 


HIGH-SPEED STEAM ENGINES 


AND 


AIR & GAS COMPRESSORS 


FOR ALI PURPOSES. 


Also AIR ENGINES, DYNAMOMETERS, FANS, &c. 


_H. ALLEN, Son & Co, Lita. 


ilies ANNE’S CHAMBERS, WESTMINSTER, S.W. Queen’s Engineering Works, BEDFORD. 


ALLEN” WATER Ton BiIN AS 


SUITABLE FOR SMALL OR LARGE VOLUMES OF WATER. 


RRANGED FOR 10-10,000 BRAKE 
HORSE POWER 
IN ONE UNIT. 


Telegraphic Address { 





18 tS & te 






































DIRECT, BELT, 





ROPE OR 
FOR LOW OR 


GEAR DRIVE. = ———S—t HIGH HEADS. 


**Conqueror” Turbine ee em grant oy a tinu ous current Motor and Water Turbine, the 
Water Turbine driving the Turbine Pump by utilising the head of water in the discharge pipe of the © pump. 


bove 400 HP. “‘ALLEN-PICCARD, PICTET’’ System. 
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Oswald Street, Glasgow. Nile Street, Birmingham. 
LONDON OFFICE: Winchester House, Old Broad Street, E.C. 























STEWARTS’ PATENT 
INSERTED JOINT. 








CATALOGUES ON APPLICATION. 
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a af RASER STEEL SPREAD ARM PULLE}} 


we LATEST « rue STRONGEST on | 


PULLEY DESIGN. THE MARKET. 











Send us your Inquiries. 





THE PRICE Is Ricur. 





Compare our Design with others. | 











ANY SIZE OVER 16 in. dia. 





SOLID, SPLIT, 
FAST and LOOSE. 
CONVEX, DOUBLE CONVEX) 
SPECIAL NAVES, &c. | 
| 


t 
Hy 





—_— 








FROM PHOTO OF PULLEY, 9 ft. Dia. 


a FRASER. LTD. 


AGENTS =- 2387 
Mr, LLEW. R. LESTER, 69, Basinghall Street, London 


Messrs. B. W. LUMLEY & CO., Milton Buildings, Deanagate, Manchester. ARBRO A i H 
Mr. ALEXANDER EWING, 34, Robertson Street, Glasgow. ° 


: 






‘ 








8, 1912 


ers, 


ia. 
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Write Ser 


Even without the metal studs, Lion 
Packings would be as good as any 
other Packing on the market, for 
they are made of the best selected 
materials, and when acted upon by 
the working pressure, automatically 
gives absolutely tight service with- 








Dogs YouR. 


STEAM HAMMER 
LEAK 


VM YM 


STEAM a AMMER 
PACKING 


WILL, KEEP IT TIGHT 


MADE TO FIT EXACTLY ANY SHAPE 
ROD AND STUFFING BOX 


ASSN 








out undue pressure on the rod. 





particulars Zo :— 


James Walker es Co, Ltd. 


LION WORKS, GarForD STREET, 
WEST INDIA DOCK ROAD, LONDON.E. 


q Therefore the advantage of metal 


studs places Lion Packings in a 
class by themselves, for it unites 
in them the advantages of both 


Combination and Metallic Packings 
with the disadvantages of neither. 











Wil’ Will 


a. 





The studs are so placed that they 





touch the rod at all points, thus 
securing a complete metallic wear- 








ing surface which reduces friction, 
does away with the scoring of the 
rod, and lengthens the life of the 


packing. 1956 
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BAILEY’S TESTERS| 


USED BY THE BRITISH AND MOST FOREIGN GOVERNMENTS, THE LEADING UNIVERSITIES, TECHNICAL f 
SCHOOLS, RAILWAYS. CONTRACTORS, IRON AND STEEL WORKS. 





The LONGRIDGE BOILER TEST CEMENT TESTER 5100.—HYDRAULIC IRON “PRINCESS OF THULE” 504!1.—_DEADWEIGHT 
gh ——— (Table Pattern). sae Aaa ge AND STEEL TESTER HYDRAULIC TEST PUMP. PRESSURE 
case; . ad 


To 25 tons Tensile Stress - £1 , GAUGE TESTER 
Prive to test up to 300 Ib, £28. Made to British Standards. 500, - £6 eRe Se nee eenere Os 


£200 Price £20 for Pressures to 200 Ib. To200lb. - £10 10s, 
” » 0lb. £9 10s. . 50 tons, with Grips for £25 “4 500 Ib. » 300lb 86-15 
e, Transverse - ” 1 


” 


fay Gudier Tests £250 £30 ,, vy 1000 Ib, Usefultoall large users of gaugee, 


Bailey's OIL TESTERS 


Supplied to the Admiralty, the 
large Steamship Companies, the 
Principal Railways, &c. 











The “WHITE STAR" LINE says: 
‘*We may say that the machine is all that we 
can wish for our work, and we are very pleased 
with it in every way. 


AUSTRIAN LLOYDS says: 


‘** With reference to the Oil Tester supplied by 
you last year, I am pleased to say that we are 
quite satisfied with the resulta, whicl have enabled 
us to provide our fleet with a suitable lubricant 
for the yearly supply.” 











6163.—BAILEY'S PATENT PRESSURE AND VACUUM GAUGE TESTER. 
Tests any Gauge from 10 to 2000 Ib. per square incr. 
GAUGE TESTE ENsS. 5120.—BAILEY’S PROF. THURSTON’S PATENT RECORDING OIL TESTER 


Supplied to nearly all Governments and large Users of Gauges, British Admiralty, Nortb- For Testing Lubricating Oils and Bearing Motals under Various Pressures: “~ 
Eastern Railway Company, London & North-Western Rallway Company, &c. , As Supplied to the British Admiralty, all the Railway Co.'s 





a 


| =. W. He BAILEY & CO., Lid., “2, Salford, MANCHESTER, (sz2z= 
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S|TILGHMAN’S SAND BLAST APPARATUS 


ICAL J (Arranged for the Operator to work either inside or outside the Sand Blast Chamber) 
FOR OLEANING LARGE AND SMALL OGASTINGS. 


E | sWILL SAVE 50 PER CENT. IN FETTLERS’ WAGES. 


IN USE BY THE FOLLOWING WELL-KNOWN FIRMS ; 




















STEEL CASTINGS. ORDINARY IRON CASTINGS. MALLEABLE IRON. | BRASS OR GUNMETAL. 

Beardmore, W., & Oo., Ltd. Glasgow Platt Bros. & Oo., Ltd. Oldham Ley’s Malleable Oo., Ltd. _ Derby Vickers Limited Barrow 
I steel Oo. of Scotland Glasgow Tweedales & Smalley Castleton Crowley, John, & Oo., Ltd. Sheffield Gummer & Oo. Rotherham 
D Aoltness Iron Co. Coltness H.M. Doc’ _ Baker Co., Ltd. Smethwick Ruston, Proctor & Oo., Led. Lincoln 
olen & Manns, Ltd. Armadale Dobson & Barlow, Ltd. Bolton Maddocks, J., & Oo., Ltd. Oakengates Storey, Isaac, & Sons, Ltd. Manchester 
Vickers Limited Barrow Doulton & Oo., Ltd. Paisley Clegg & Howgate, Ltd. Eetpue Gi & Kennedy Kilmarnock 
é Daal n Forge Co., Ltd. Darlington Ruston, Proctor & OCo., Ltd. Lincoln , Ltd. Risall e Edinburgh 
r , & Co. Middl ee Marshall, Sons, & Co., Ltd. Gainsborough Lindop, H. W. Walsall Benton & Birminghem 

‘ Sheifelds? "steel Foundry Oc., Lid. Sheff Shanks & Co., Ltd. Barrhead Tangyes Ltd. Birmingham British Ingulned 7 b des Cables, Ltd. 
Osborn, &., & Co., Ltd. Sheffield Falkirk Iron Co. Falkirk , J., & Co, Willenhall Marshall, Sons & Oo., Ltd. Gainsborough 
TER, Jackson, P. R., & 0o., Ltda. Manchester Hopkinson & Co. Huddersfield en, G. N., & Sons Trowbridge Dewrance & -y Londoa 











General Representative: GEO. HOPKINS, 1, Studdridge Street, Fulham, London, 8.W. 


TILGHMAN’S PATENT SAND BLAST co. 


BROADHEATH, sear MANCHESTER. 


ugee, 





| SPECIALITIES. 
| Boring and Turning Mills, 
| with new patent positive 
feeds, 
| Pipe Facing and Universal 


Facing and Boring Machines. 
Radial Drilling Machines. 


Patent Side Planing 
Machines, 


Horizontal and Vertical 
serine} Machines. 


BUILT T0 ‘GUARANTEED 
— al seaeel 


; ——— 


9 SECTIONAL CATALOGUES 
| mailed on application. 














8-ft. BORING AND TURNING MILL. Motor Driven. 


London Representative : 741 


GEO. HOPKINS, I, Studdridge Street, Fulham, S.W. 


1G RICHARDS & CO., LTD., 


1 | BROADHEATH, near MANCHESTER. 


We shall Exhibit at the Engineering and: Machinery Exhibition, Olympia, October 426, 191 2. 
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GARDNER PATENT CRANK PIN TURNING LATHE| 


Enormous Sa ving in Crank Pin Machining Time, 











(FULL PARTICULARS ON APPLICATION.) 


SOMETHING QUITE NEW! 





.  L. GARDNER & SONS, L°: 
Patricroft, 


MANCHESTER. 





Telegrams : ‘‘ THEOREM, PATRICROFT.” 
Telephones : 254 and 48, ECCLES. 1855 15-in. CRANK PIN TURNING LATHE. 


Wn Abby A Sup PHILADELPHIA, PENNSYLVANIA, U.S.A. | 


preter SS. = Labour-Saving Machine Tools. | 


DRILL GRINDING AND POINTING MACHINE 


For Twist and Flat Drills from }in. to 3 in. diameter inclusive. 


























ee eel Ohh 


Grinds proper amount of clearance to every part of cutting 
edge of lips: 


Grinding wheel automatically flooded with water without splash 
or slop, thus avoiding risk of drawing temper of drill. 


TO na RRR SARE rac FRR 


Wear of parts does not cause lost motion. 
Parts made interchangeable. 


Construction extremely simple’ Mechanic not required for 
operator. Drills ground and pointed by our machine last longer 
and do much more work before re-grinding is necessary, require 
less power of feed, and cut faster than when sharpened in any % 
other way. ' 


—<— —— — 








CORRESPONDENCE SOLICITED. 





South American Representatives: DUTILH-SMITH, McMILLAN & CO., 29, Great St. Helen’s, LON DON, E.C. 
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OUR FACTORED DEPARTMENT. 


We are in a position to supply complete workshop plants, including 
all types of machine tools, small tools and accessories. 








One of the lines handled by our Factored Department is the 
range of High-speed Upright Drills made by H. W. Kearns, Lrtp., 
of Broadheath. 


These Machines are made in three sizes, viz., 24 in., 30 in. 
and 36 in. 


Their design is well balanced, and they are provided with ample 
power for the heaviest work within their capacity; in fact, one of these 
machines with a compound table is at present being used for face milling, 
using an 8 in. cutter. 


Machines can. be furnished with table suitable for jig boring, with 
ordinary compound table, tapping attachment and pump. /- 


DELIVERY FROM STOCK, 


30-IN. KEARNS’ UPRIGHT DRILL. 


ALFRED HERBERT LTD. COVENTRY. 








A. G. MUMFORD Ltd. 


CONTRACTORS TO THE BRITISH ADMIRALTY, WAR OFFICE, INDIA OFFICE, 
CROWN AGENTS FOR THE COLONIES, AND FOREIGN NAVIES. 

















SPE CIA LITIES. 


HIGH-SPEED MARINE ENGINES. 
‘“MUMFORD” PATENT WATER-TUBE BOILERS. 


Supplied to British Admiralty for Steam Cutters, Pinnaces, 
Launches, Torpedo Boats, &c. 


MARINE ENGINES of all Types 


For Launches, Yachts, Tugs, &c., &c., Stern Wheel and Shallow 
Draught Vessels. 





PUMPS for all duties. 


MARINE AUXILIARIES ASH HOISTING ‘ENGINES. 
| ' FAN ENGINES. 














— SEND YOUR ENQUIRIES TO — 


ae Street Engineering Works, COLCHESTER. 

















tl tt i i i i i i a a a 
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THOMAS SHANKS & GO. 


INVITE ENQUIRIES 
FOR ALL CLASSES OF 


HEAVY MACHINE TOOLS. 


QUICK DELIVERY GUARANTEED. 206 


JOHNSTONE, nr. GLASGOW. 





























GLARKE, CHAPMAN & CO., Lro,| 


VICTORIA WORKS, G ATESHE AD. cyottioerames 


GENERAL & ELECTRICAL ENGINEERS & BOILERMAKERS. 2h" 


Specialists in all classes of Steam and Electrically Driven LONDON OFFICE: 


SHIPS AUXILIARY MACHINERY. BO, FENCHURCH STREET 








“AS 


ELECTRICALLY DRIVEN WINCHES (various Types) 


Spécialiy adaptable fer VESSELS with INTERNAL GOMBUSTION ENGINES: on 








June 28, 1912.] ENGINEERI NG. [SUPPLEMENT page XI] 61 


[CROSSLEY GAS ENGINES. 


BEEICInN ST. QuInT RUNNING. 





—eg 








Distinguishing Features: 


PATENT VARIABLE ADMISSION 
GOVERNOR GEAR. 


VARIABLE TIMED IGNITION. 
HARDENED STEEL CAMS and 











FORCED FEED LUBRICATION 
to PISTON PIN, PISTON 
EXHAUST VALVE and CRANK 





PIN. 
ROLLERS. 
DOUBLE RING LUBRICATION 
pee CORES Kees to CRANK and SIDE SHAFT 
BEND. BEARINGS, 
GEAR WHEELS WORK IN OIL 
BATS, 


ILLUSTRATING SizEs 70 B.HP. UPWARDS. 


CROSSLEY SUCTION GAS PLANTS for all tuels. 
CROSSLEY OIL ENGINES for refined and crude oils. an 


CROSSLEY BROTHERS, LIMITED, 


) OPENSHAW, MANCHESTER. 


COWANS, SHELDON & CO..LD., 


> TELEGRAPHIC ADDRESS 
S “ST. NICHOLAS, CARLISLE.” 
Al and ABC (6th Edition) CARLISLE 
CODES USED. . 
A LONDON OFFICE :—3, Victoria Street, 
—Z WESTMINSTER. 

X ——3.\ 
‘ © * 
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ELECTRIC, STEAM, HYDRAULIC, HAND or PNEUMATIC POWER. 
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“Gisholt” Boring ¢ Turning Machines}. n 


With Quick Change Gears and Constant Speed Drive, | 








MADE IN ALL SIZES FROM 2} TO 10 FEET. 


With TURRET TOOL POSTS, and 


arranged for Screw-cutting. 


QUICK POWER TRAVERSE TO HEADS. 





Quick Change Clutches enabling feeds to be changed 
instantly from horizontal to vertical and vice versa, 


Independent Positive Feeds with Indicating Dials, 
Safety Devices on all feeds and many other 
improvements. 


Ask for Special Catalozu: from 


CW. BURTON, GRIFFITHS & CO. 


I, 2 & 3, aon SQUARE, LONDON, E.C. i. 


3 
TESTING MACHINES 
n 7 
BU oe MACHINE TOOLS 




















FOR HEAVY ORDNANCE 
]295| TURBINES ENGINES BoILeRS 
ae LOCOMOTIVES 
STEEL WORKS 
FORGES i 








PORTABLE cad <= 
FULL UNIVERSAL | 7 
8 FOOT RADIAL DRILLING 
MACHINE 


am 


DRILLS 


JOSHUA BUCKTON & CO LTD 
LEEDS ENGLAND 
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| Patent Mechanical ey J L I E R S for all Purposes. 
nd FILTERS FILTERS 
In operation dealing with over 
For Town Supplies, Textile ease 
and Paper Mills and wherever 65 Million Gallons 
Pure Water is required. Per Day. 
Bacteriological Purification of River & Canal Water rendered 
ged | 95 per cent. to 99 per cent. in suitable for BLEACHING 
rsa actual working. DYEING, FINISHING and 
Paper-Making Machinery. | 
| 
als, | 
< {6 &ft. diameter PRESSURE FILTERS AT BOLTON. 





Mather r¢ Piatt 


| 

| 

, 

MANCHESTER aND LONDON. a = 











































HIGH COMPRESSION 


ee "eo CRUDE.OIL 
ENGINES. 


Use ANY kind of 
GRUDE or RESIDUAL PETROLEUM. 


IGNITION IS AUTOMATIC. 
FREQUENT CLEANING NOT REQUIRED. 
COMPRESSED AIR NOT REQUIRED FOR 

FUEL FEED. 
CAN BE DRIVEN BY NATIVE OR 
UNSKILLED LABOUR. 
















SE — cage + = é a SIMPLE AND SUBSTANTIAL IN 
—_ hie mada CONSTRUCTION. 
“CAMPBELL” HIGH COMPRESSION CRUDE-OIL ENGINE. LOW IN PRICE, 





THE CAMPBELL GAS ENGINE Co., [7° 


HALIFAX, ENGLAND. ™ 
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HUDSWELL, CLARKE & CO., LIMITED, 


Railway F’oundry, PS Asis A 


LOCOMOTIVES 


For Main or Braneh Railways, —— Ironworks, Collieries, &. Made to sult any Gauge of Rallway, 





















Bstablished Telegraphic Address: 


| 1860. ** LOCO, LEEDS.” 





PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 


wos or KVODGEERS FULL Yys”| 


(REGISTERED), | 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. ™ 








\ LL dbedetciititeittsiatetetietetioviivivivtiviviictztiotvidettcttvicott toot tEEEEPELI TTT Tier iii ye | aaneue, 
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THE BRIDGHBVUILDING .DEPARTTMIUNT 


SUPPLIES STRUCTURAL STEELWORK AS BRIDGES AND BUILDINGS OF EVERY DESCRIPTION. 


a 
& : ; : sé 


age es = 


Le, 


ee 





" BRIDGE OVER THE RHINE AT BONN. 
Agents: HERMANN WEDEKIND, Ltd., 110, Fenchurch Street, London, E.C. 
Agents for Scotland and Ireland: WILLOCK REID & O0., Ltd., 109, Hope Street, Glasgow (General Agents for Gas Engine Work). 
Agent for the East Coast between the Humber and Tyne: estle ® HAROLD H. EARLE, Milburn House, Newcastle-on-Tyné,. 
General Sales Engineer for all Engine Work and Plants: a % JAMES TURNBULL, 3, New Street, BIRMINGHAY. 
ee oe EP areeseseneenenersenesenesesss 


Sasdaastsees Yesmebaicisuaciehdadnencell ATI LIDIiriit eit 
e 
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HURST, NELSON & CO., LTD., 


Builders of RAILWAY CARRIAGES, WAGONS, ELECTRIC CARS, and every other description of RAILWAY and 
TRAMWAY ROLLING STOCK, MOTOR OMNIBUS and other ROAD VEHICLE BODIES. 














way, 


























MAKERS OF PRESSED STEEL 
WHEELS WORK 
AND AXLES, 
ot all kinds 
RAILWAY PLANT, 
includin 
ress : FORCINGS, 6 
4 SMITH-WORK, | : UNDERFRAMES 
IRON AND_BRASS or ape m3 ann 
BOGIE COMPOSITE CARRIAGE, COVERED GOODS BOGIE WAGON, 
C ASTINGS as built for the Midland Uruguay Rly. Co., Ltd., as built for the Benga) Nagpur Railway VCoy. 
. to the designs of Messrs. Livesey, Son & Henderson. to the designs of Sir John Wolfe Barry, K.C.B. BOGIES 


"| = The Glasgow Rolling Stock ¢ Plant Works, Motherwell 


Works :— 
GLASGOW OFFICE: 40, West Nile Street. MANCHESTER OFFICE: Northern Assurance Buildings, Albert Square. LONDON OFFICE: 14, Leadenhall Street, E.C. 


BRANCH WORKS : Chatsworth Wagon Works, near Chesterfield, Bridgend Wagon Works, Bridgend, Glamorganshire, Swansea Wagon Works, Swansea, 


DAY, SUMMERS ®& CO., Limited, 


ENGINEERS, BOILERMAKERS, Northam Iron Works, SOUTHAMPTON. 
SHIP & YACHT BUILDERS, 


l 








Telephone—No. 48. Telegrams—“‘ DAY, SUMMERS, SOUTHAMPTON.” 








a : Pa) 2 
cae Ci ct deca one pee See ty ai Ge. Satan A 
¥ GPA tg pare 
- 


£ 
- 
: 











P. S, “PRINCESS MARY.” 653 Tons. |.HP. 1000. Designed and built by D., S. & CO., Ltd 








Specialities :—STEAM TRIPOD TRAVERSING SHEERS (Land and Floating), and 
_HAULING-UP SLIP MACHINERY. nao 
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FOR EFFICIENCY 
AND PRODUCTIVENESS 
THE NEW MODEL 


HALDEN’S CONTINUOUS 
PHOTO COPYING 
MACHINE 


IS UNRIVALLED. 


IF YOU ARE INTERESTED 
WRITE FOR PARTICULARS 


J.HALDEN2CO.,L" 


8, ALBERT SQUARE, 








MANCHESTER. 2198 








L. SMIT & ZOON, 


SHIPBUILDERS AND ENGINEERS, 
(nar ROTTHRDAM), 


KINDERDIJK. 





KIN DEHRD IJ K. 


Telegrams—SMIT-ZOON, 








re 


Dredging 
Plant. 


LATEST & MOST IMPROVED 














TYPES. 


: " 
verti 3x0 . , ~—; > 

& 'S > te o— . -" i: eae ae “ =~ - 
Se : Pa : * Pes or ee “tt es 
Se, ee ere eC SS 4 ates 
: Sa St CTS PS A Dee ‘ ox ae a all ° 
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Special arrangement to discharge Hopper by suction without 


using a water pump. 


Special system of hauling inboard the suction-tube. 


With: Special connection with shore-piping. 





im 


- 
t 
; 
{ 
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There is a Reason 





Why Engineering Firms are 
constantly sending “ Repeat 

Orders” for the HARTNESS 
Turret Lathe ! 








reel | 





The secret of its phenomenal N | 
success lies in rapidity of pro- e A ie ical l — 1 | 
duction, universal outfit of tools . _ Ion | 

: a yrascy 4 , | 


’ and adaptability to changed 


conditions. 





Just what saving can be made 

over your present methods can 

| be determined in advance by 

L ‘| our Representative, after a 

| careful examination of your 
product and equipment. 





HARTNESS TURRET LATHE-— equally efficient for both Bar and Chuck Work. 


Ask our Representative to call, or come to our Show-Room and have Samples Machined in your presence. 


JONES & LAMSON MACHINE CO., 


| 97, Queen Victoria Street, LONDON. - 


























AIR COMPRESSORS 


GREAT SIMPLICITY. HIGH EST oo 




















SORE» 


——— 








Used by the leading Colliery Companies in the United Kingdom, and fitted with our Patent 
HURRICANE INLET AIR CYLINDERS. 


THE INGERSOLL-RAN 


PARIS, FRANCE: 33, Rue Reaumur. DUSSELDORF, GERMANY: Uststrasse 128-132. BUDAPEST, HUNGARY: IV, Ferenez Jozsef Rakpart, 17 
SOLE AGENT FOR RUSSIA: 0O._R. San-Galli, St..Petersburg and Moscow. 


165, QUEEN VICTORIA ST., LONDON, E.C, _ 


CO. 


(INC. in U.S.A.) 
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WHEN CONSIDERING 


CHAINS 


FOR POWER TRANSMISSION 
remember that 


BRAMPTON’S 


have an established reputation for 
EFFICIENCY, 
LONG LIFE & 


UNFAILING SERVICE. 
wt 2343 
Our Book “ Power Transmission 
by Chain,” contains much useful in- 
formation on the subject. We send 
it, post free. 
Our advice on any proposition— 
great or small—is always at your 
disposal, 


TURIN 
EXHIBITION, 
ISI, 
HORS 
CONCOURS, 
MEMBER OF 
THE JURY. 










































BRAMPTON 
BROS., 

LTD., 
BIRMINGHAM. 
























ma) 6UGRINDING 
mo 6 MACHINERY 
anD WHEELS. 


Send for large New Illustrated Catalogue of 
Labour Saving Tools and Abrasive Wheels. 


Standard Machines in stock and progress. 











Enormous reductions in time can be made 
by the employment of grinding machinery; we 
give below an extract from a user of one of 
our Vertical Surface Grinders. 


“It produces in one day as much as formerly 


TOOL GRINDERS. 
DRY GRINDERS. could be done in two weeks.” 


FACE WHEEL GRINDERS. 
SURFACE GRINDERS. 


ea 
DISC GRINDERS. 0 D 
TWIST DRILL GRINDERS. A & a9 + 
CUTTER GRINDERS. 5 ® 


ELECTRICALLY DRIVEN GRINDERS. REDDISH, nze. MANCHESTEE. 
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“PREMIER” e083. 














ie: a 3 mes i» 
MULTI-CYLINDER H'IGH-SPEED ENGINE. SIZES UP TO 1000 HP. TANDEM TWO-CYLINDER SLOW-SPEED TYPE. 400 TO 1260 HP. 


Particulars of the above and other types of Engines up to 4000 HP. upon application. 














CANADA . « The Canada Foundry Co., Ltd., Teronto, ONTARIO. 


THE... AGENCIES—ausrrauia » Clutterbuck Bros., 61-63, Hindley Street, ADELAIDE. 
PREMIER GAS ENGINE C0 |. SOUTH AFRICA Biane & Co., Ltd. Central House, Simmonds Street, 
: JOHANNESBURG. 
"y JAPAN. . . H. J. Ibbotson, 22, Yamashita-cho, YOKOHAMA. 
FRANCE ._. De Prez-Crassier Freres, 29, Rue d’'Angouleme, PARIS. 
SANDIACRE, nr. NOTTINGHAM. ppl a tiny ag tart ne lg "8. 














|| [BUCYRUS DIPPER DREDGES 


be handled is hard and 
contains Boulders. 








The Dredge shown in 
this picture develops a pull 


‘ of 20,000 Ibs. on the 
Dipper. 


This tremendous pull 
| can be concentrated on 
| one Dipper Tooth. 


The Dipper Dredge, 
' | furthermore, is the lowest 
| first cost and the easiest 
and simplest type {o handle. 


. THE BUCYRUS CO. 
HAS BUILT MORE 
DIPPER DREDGES OF 
THE LARGER SIZES 
THAN ANY OTHER 
CONCERN IN THE 
WORLD. ose 



































15-yard BUCYRUS DIPPER DREDGE IN BOSTON HARBOR—THE LARGEST DIPPER DREDGE IN THE WORLD. 


BUCYRUS COMPANY, P.O. Box C., South Milwaukee, Wis., U.S.A. 





Sole British Agents :—Geo. F. West & Co., Caxton House, Westminster, London. (Authorised Capital #10,000,000—Paid in $8,000,000.) 50, Church St., New York, U.S.A. 
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DARLING SELLERS, |: KEIGHLEY 
PATENT HIGH-SPEED LATHES 


HAVE SPECIAL FEATURES POSSESSED By 
NO OTHERS. 


FULL PARTICULARS SENT ON APPLICATION. 


@| THE ILLUSTRATION REPRESENTS OUR 10} in, 
4 LATHE, WITH ALL GEAR SINGLE PULLEY 
DRIVE. 


| BUILT IN FIVE STANDARD SIZES :—7 in., 9in,, 
10} in., 12}in., and 16}in. OENTRES. 


WITH OONE, ALL GEARED SINGLE PULLEY 
OR MOTOR DRIVE. 
1629 NATIONAL TELEPHONE No. 38. 


PUMPS | 


PUNCHING and SHEARING MACHINES. 


’ GAS ENGINES ~ GAS PLANTS 


JOHN CAMERON, Ltd.,satford, MANCHESTER, 
























PUNCHING AND SHEARING MACHINE 
WITH ANGLE CUTTER, Telegrams: “ ORIGINAL, MANCHESTER.” Code: 6th Edition, ABC. Telephone: 2002, CENTRAL. 











EON DEE Ei Ae & WOOD), Ld. 


REMOVED 
from Farringdon Works, Shoe Lane, LONDON, to— 


UNION FOUNDRY, DERBY. 


Lonpon OFFICE :— 


175-177, SALISBURY HOUSE, LONDON WALL, E.C 











MAKERS OF GAS ENGINES, 100 to 2000 HP. 


STILLS aDISTILLING PLANTS 


FOR ALL PURPOSES. — 


—- Awarded Grand Prix, Franco-British Exhibition, London, 1908. . __ 


WIRE Jagan” J CABLES / 


FELTEN & GUILLEAUME CARLSWERK A.-G., 


MULLAH HIM-ON-RAIN B.- 























AGENTS FOR THE UNITED KINGDOM: ee 
For Insulated Wi d Cables, for Electric Ligh ’ ( : 
uav"'for Rail Bonds, and for Mechanical Rubber Goods? phigh mapsllngnecnssine ate 





R. R. TODD, Birkbeck Building, High Holborn, LONDON, W.C.  W.F. DENNIS & CO., 49, Queen Victoria Street, LONDON, E.C. 
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li THE STEEL “HELICOID” = eg oe BAYLI $5, 











"Sample Nut JONES AND BAYLISS, rig 
and List Free. 


—— 20 WOLVERHAMPTON. 


LONDON OFFICES AND SHOWROOMS, 139 and 141, Cannon S&t., E.C. 


Tar am “UNIVERSAL” 


Engineers, 34, FENCHURCH ST., LONDOK, E.C, 
OIL SEPARATORS 
DECREASED BACK PRESSURE 


aaF 4 iy 
LOWER COST. ™ 




















SOLID WELDED STEEL 
ANGLE RINGS up to 
6” x 6” x 1” by any 
Diameter. 







STEAM DRYERS. 
THOMAS HUDSON, Ltd., 


INCREASED EFFICIENCY. 
COATBRIDGH, N.B. 






ESTAS8LISHED 
1870. 





mes\ \\\\\) 


Makers of High-class LANCASHIRE and CORNISH 


BOILERS wp to 200 tbs. WP. ncn anumaury tame Om Wan OFFIOR LIMT. 








sree entree eet merece 


Oy iy 





KYNOCH GAS ENGINES 


SUCTION GAS PTYLAntTs 
FOR ELECTRIC LIGHTING, MINING AND FACTORY PURPOSES. 





Representative for 
Lancashire & Yorkshire : 





London Office : J. GORDON, 
20, Bucklersbury, 134, Markham Avenue, 
E.C. Roundhay Road, 
Leeds, 
IN CONVENIENT SIZES FROM 50 To 660 B.HP. 2166 


Only High-Class Engines Buiit. KYNOCH LTD., BIRMINGHAM. 
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Telegraphic Address: Waenen, DorTuunDERFELD, DoRTMUND. A B C Oops, 5rn Ep. 








C madiéainen pes —TAB - Special Lathe on on Wheel Centres. 
HIGHEST EFFICIENCY! GREATEST ACCURACY! 2405 
Capaciry: abt. 10-12 Car Wheel Centres of abt. 34 in. diameter per 10 hours’ work. 











LUKE & SPENCER, Lr. ¢ 


Canal Engineering Works, BROADHEATH. nr. MANCHESTER. 


MANUFACTURERS OF 


IMPROVED EMERY AND CORUNDUM WHEELS, 
GRINDING & POLISHING MAOHINERY. 


lustrated Catalogve free on application. 


WITH FOUNTAIN REST. 
AND ON FLOOR ENTIRELY OVERCOME. 


NEW PATENT TOOL GRINDER 
SPLASHING of WATER on WORKMEN 








WAGNER & 6C0O., 


Machine Tool Manufacturers, 
DORTMUND, _WESTPHALIA. 


Specialities: -MIDDLE-SIZED and HEAVY MACHINE TOOLS FOR 


Rolling Mills, Iron and Steel Works, Boiler Makers, 
Bridge msn Railway Shops, &c. 





PRE-EMINENT 


IV. FINISH :— 









AFTER GRINDING, 


AUTO BEARINGS 


ARE SPECIALLY TREATED 
IN THE RACES TO ENSURE 


PERFECTLY SMOOTH RUNNING. 








Auto Machinery Co. 
Limited, 


1950 










Coventry. 











“CLyD E”’- PATENT - 


VERTICAL MULTITUBULAR 


BOILER. 


HIGH eres 


ALL-WELDED FIREBOX. 


NO RIVETED JOINTS TO 
BURN OUT. 








WILL BURN CHEAP FUEL and 
is ALMOST SMOKELESS. 





2380 


MOST ECONOMICAL IN THE MARKET. 


MARRIOTT & GRAHAM, 








, Telegraphic Address “EMERY, ALTRINCHAM.” National Telephone—Altrincham, No. 49. 


Od 7733 





Plantation Boiler Works, GLASGOW. 






























oS iptinenres 


ee 
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J. SAMUEL WHITE & GOMPANY, Ltd., 


East Cowes, ISLE OF WIGHT. 
LONDON OFFIOE: 28, Victoria Street, S.W. 
BUILDERS OF 


TORPEDO VESSELS :: SPECIAL SERVICE VESSELS, 


SHALLOW DRAUGHT VESSELS, 


FAST STEAMBOATS ror NAVAL and OTHER PURPOSES. 
MOTOR BOATS, YACHTS, &c,, &, | TURBINES. 





, an 


ie Me eS 


Patentees and Manufacwrers of 


THE “WHITE-FORSTER” WATER-TUBE BOILER. 


OIL, COAL or WOOD FIRED. 1554 





Joint Manufacturers and General Licensees : 
BABCOCK & WILCOX, Ltd., Oriel House, Farriagdon Street, E.C. 


OvER 600,000 I.HP. ConsTRuCTED. 
Shipbuilders, Engineers, and Boilermakers. 











DUNCAN STEWART « Co, Lo. 


London Road Ironworks, GLASGOW. 


ESTABLISHED i864. 


Tevea. Appress: “STrewart, GLAsaow.” 








COTTON BALING PLANT. 
HALF BALING PRESSES. 
FINISHING PRESSES. 
HYDRAULIC PUMPING 

ENGINES. 


Capacity of Complete Plant, 200 
Bales of 400 Ibs. each, per day. 


These Presses are also suitable 
for Hemp, Jute and Coir. 


HYDRAULIC PLANT 


ia 

















of all descriptions. 





PRESSES FOR ALL PURPOSES. 


HYDRAULIC CRANES, PUMPS AND 
ACCUMULATORS. 206 


























[2s 


The KEYSTONE DRILLER co. 


Beaver Falls, Penna., U.S.A:z, 
MANUFACTURES 


KEYSTONE PORTABLE 
WELL DRILLING MACHINES 


both of the Traction, Self-moving style and Non-Traction, to be drawn by animals. 





Drills are of the ‘‘Cable” or ‘‘ Percussion” type and will bore any standard diameter, 
4 in., 6 in., 8 in., 10 in. and 12 in., through any formation. Machines for any depth, 
250 ft. to 2500 ft. For all services, Artesian Water Well Drilling, Mineral Prospecting 
for Lead, Zinc, Coal, Ore, &c. Placer Gold Testing in advance of Dredging ; a | 
Blast Hole Drilling in deep R. R. Cuts, Canals and ) app Deep Oil and Gas We 
Drilling. Six Treatise-Catalogues, on the various lines of work, free to interested 
parties. State requirements, 


This is a standard American line of Machines, developed and 
manujactured for 30 years in the oilfields of Western Pennsylvania. 


DOWNIE DEEP WELL PUMPS 


These Pumps are d ed for heavy continuous services, eleva’ large quantities of water from deep 
artesian wells. Double or Single Stroke ; Steam Driven or Genta to Electric Motor. The Double 
Stroke Geared has s very high efficiency, 80%. The Steam Pump has an efficiency of 60%. Recom- 
meuc ed to Municipalities, Factories, Railroads, Ice Plants, Breweries and Mines. Catalogue No. 6 free. 


Apply to our AGENTS for Catalogues and Prices :— 


LONDON—Faasun & Onatuars, Ltd., No. 8, BUENOS AIRES—J. & J. Drrspate. 
ndon Wall RIO DE JANEIRO—Osoar Tavns. 


8T. Oe aR BURG —Levensamowat ENGINEER- a oa & >> ee Ltd. one 
, 21, Galernaya. —N. Gururipes, 
PORT ELIZABETH, 8. Africa. —Man@oLp Baos. MANILA—Faang L. Srrone. 


NOTE.—We desire to make agency contracts with first-class houses, coverin 
the followi : 
India (Wests —* Egypt, Japan, Siam, New Zealand, Dutch Indies, an 








AGENTS. India: Drewet, Ghowna & GCo., Bombay. 
AARAU, 


KEG a % ny SWITZERLAND. 
“TK 


, FIRST PRIZE—COLD MEDAL, 


Established TL ee ams ALLAHABAD (I9II) U.P. EXHIBITION. 


1819, ' TURIN (1911)—2 GRANDS PRIX. 


20 MEDALS and HIGHEST AWARDS. 


GRAND PRIX Milan poe: 















Trade Mark, 


MAKERS and EXPORTERS 
of FINEST ENGINEERS’ 


» Drawing Instruments, 
4 Telescopic Plane Tables, 


THE FINEST 
INSTRUMENTS 
IN THE WORLD. 


HIGHEST 
PRECISION. 


LATEST 
IMPROVEMENTS. 
CATALOCUES SENT FREE. 





Telephone No. 10,411 Central. 
' Telegrams : 
KERNAMAT, LONDON. 
1228 


LONDON orrrosm: =. EF. BAY, 
Contractors to the India Office. PENINSULAR HOUSE, 4, MONUMENT STREET, E.0. 








































ye 
































ree 


is a good Hois 
kinds of work. 
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THE “F.W.” COMPRESSION SHAFT COUPLING 





TRIPLEX BLOCK 


t for all 
Try one. 


Catalogue ? 
The YALE & TOWNE MFG. CO. 


Distributors for Great Britain— 


THE FAIRBANKS CO., 
15, Mallow St., Old St., LONDON, E.C. 
39, Robertson St., GLASGOW. 2112 























Arranged for 


Send for Catalogue 





NO VALVES TO GET 
OUT OF ORDER! 


BELT DRIVING 


can be coupled direct to Steav 
Engine or Electric Motor. 


No. 90. 


DRUM ENGINEERING CO., 


33, Broox St., BRADFORD. 








(WICHOLSONM PATENT.). 


ABSOLUTELY THE BEST. | 


IS GUARANTEED TO HOLD. 


IS EASILY AND QUICKLY 
ATTACHED OR DETACHED. 


RUNS TRUE. 
KEYWAYS NOT REQUIRED. 


WRITE FOR PARTICULARS 
and PRICES 
to Sole Manufacturers :— 


FRANK 


WIGGLES WORTH #00. La. 


MILL LANE WORKS, 
BRADFORD. 


DAVY BROTHERS, E 


Engineers and Boilermakers, 


tot =Se aE EELE LL.D. 



















Telegrams—MOTOR. 






SUPERCEDING 
HAMMERS 


FOR 


Shingling Puddled Balls 
and Piling Scrap. 





: 
3 
j 
' 
: 


LARGER OUTPUT. 
NO FLYING CINDER. 


BETTER QUALITY 
IRON. 


NO CONCUSSION. 
= | 
CHEAPER FOUNDATIONS 


. LESS GOST OF 


OC in aC NRE INSERM 


500 TONS SHINGLING PRESS. ; 


REPRESENTATIVES: 


NEWCASTLE and DISTRICT: Engineering Dept., HARTLEY & HOPPER, 21, Moseley St., NEWCASTLE-ON-TYNE. 
Boiler Dept., OUGHTON & CROUDACE, Milburn House, NEWCASTLE-ON-TYNE. 
BIRMINGHAM and DISTRICT: R. W. LEACH, 31, Queen St., WOLVERHAMPTON. 





SOUTH WALES: H. B, LEACH, Oxford Chambers, St. Stephen’s St., BRISTOL. ays 


















4 
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COVERINGS. 


Nonpareil Cork Slabs and 
Sections for Cold Chambers 
and Cold Pipes. 


NONPAREIL CORK 
NEWALLS “ux 
MAGNESIA 
—_—_——e 7 — . = 


Magnesia Coverings for 
Boilers and Steam Pipes. 


} Shipping Companies and Leading 
Engineers. 


|NEWALLS = 
INSULATION 
CO., Ltd. 


31, Mosley Street, 
NEWCASTLE-ON-TYNE. 


FURNACES otic. 


The Illustration shows Gas Heated Furnace with 
Chain Carrier for Hardening the Cutting 
Edges of Reaper Sections or other 
similar articles. 











Furnaces of this description supplied with Chain Carrier to take any 
kind of shaped or irregular article that requires Hardening 
only in certain parts. 








Furnaces of every description and for every purpose supplied. 


State your requirements to— 


FLETCHER, RUSSELL «CO. Lr. 


Engineering Department, WARRINGTON. 








Wa. MUIR « Co. 


LIMITED 
Sherbourne St, MANCHESTER. 


Telegraphic Address—‘‘ BrivanniA, MANCHRSTER.” 
Telephone—No. 529, 


SPECIALISTS in 


MILLING MAGHINERY 


Ordnance, Turbine Motor Car, 


AND 


| Adopted “ Admiralty, Principal | General Engineering Work. 





ed 


In \. SLOTTING. 
Stock \. DRILLING. 


or BORING ™ 
Progress : MACHINES. 





DAVID AULD & SONS, 


LIMITED, 


Whitevale Foundry, GLASGOW. 


Telegrams: “ Repvore,” GLasaow. 


Steam Reducing Valves 





— AND — 


SURPLUS STEAM VALVES. 





Auld’s Quitetite Reducing Valve 


Simple Construction. Great Controlling 
Power. Shuts off dead tight when no 
steam is being used. Extremely ac- 
curate regulation of reduced pressure. 


ABSOLUTELY RELIABLE. 2115 
For LAND and MARINE use. 





LISTS ON APPLICATION, 


Also REDUCING VALVES for AIR, WATER and GAS, 





i 
; 
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Eboutte. 


Valcanite Works— Dr. HEINR. TRAUN & SONS 
(Formerly HARBURG INDIA-RUBBEB C. CO.) 
Londen Manager: 














CONTINUOUS 
DRYERS, DIGESTORS, 


PRESSES Fer 


Fish and Offal, 
Slaughterhouse Offal, etc. 


DRYERS For all 
Animal, Mineral and 
Vegetable Material. 


AMERICAN PROCESS CO., 


NEW YORK CITY, 
2464 U.S.A. 


“SIMPLEX” 
STEAM PUMPS 


Catalog “8.” 






















HOR:ZONTAL & VERTICAL TYPES 
Positive Action. Moderate Prices. 
MOST SIZES READY IN STOCK, 


T. TOWARD & CO., LTD. 


9, Ouseburn, NEWCASTLE-ON.TYNE. 9606 
with your Power Plant, or desire to extend 
(PICKERING TYPE), and with 


or change it, or wish to reduce your fuel 
AN, 
INSWRANCE COBRTO 
“ SMITH'S” PATENT KNOCK-OFF CEAR. 


























£ be D . 
af YOU AR Foun a» uf 
consumption, consult the VULCA 





Sole Licensees and Makers :— 


Pollock, Macnab & Highgate, 


SHETTLESTON, 1879 
GLASsSGaow. 
Makers to War Office ‘Office and Admiralty. 


SPLIT GRIP” 
COLLAR (Gras 


AS USEFUL AS THE 
SPLIT PULLEY. 


in HALVES. 











STBeEeX CaAsSsTIinas. 


BY SIEMENS-MARTIN AND ORUCIBLE 
PROCESSES OF EVERY DESCRIPTION. 


TO PASS ADMIRALTY, LLOYD’s, 
or BUREAU VERITAS TEsvs., 


Castings for Railways, Ship. 
building Yards, Engine Works, 
Rolling —_— Iron and Bridge 
orks, Hydraulic and Electrica] 
Machinery, Mi 
ging, Excava 


SPECIALITIES : 

Tooth Wheels and Pinions used 
in connection with Coane, 
“Winches, Capstans, &c., 

Cast-Steel Anchor Heads ‘and 

Dredger Sachets Fit up 
eomplete 


emer yt & CRUCIBLE 
ST-STEEL GEARING 
MACHINE MOULDED & FROM 
FULL PATTERNS. 


W. SHAW «.60., 


4 Wellington Foundry, 
; MIDDLESBROUCH. 


ON ADMIRALTY AND WAR OFFICE LISTS. 


Agent for Scotland—H. M. ~ey 93, Hope Street, Glasgow. 
Agent for Leeds and District—G. 8. GR DY, 8, Park Square. 
Agent for Hull and District—P. LAWSON. 2, Princes Dock Chambers, 
Agent for Newcastle and District—R. B. FERRY, 90, Pilgrim Street. 










, River Dred. 
ng Work. 











—,— S os : P . 
Telegrams—‘*‘ WELLINGTON, MIDDLESBRO’.” 

London Office—8, Eastcheap, E.C., Representative, A. H. SHARPE. 

Office for Manchester and Birmingham Districts, 12, Exchange Street, Manchester. 

Representatives :—THOS, F. W. DIXON and W. H. ATHERTON. 








rae ae ee ee alpen Se 


oe a - 
ak e 


One 123” 


x 18’ HIGH-SPEED SLIDING, SURFACING, and SCREW-CUTTING LATHE ; 
(exactly as print above), with straight bed and hollow spindle 5” diam. : 


Suitable for very heavy cuts at high speeds. 





SEND FOR SPECIFICATION AND PRICE TO- 2385 


C. REDMAN & SONS, DUNKIRK, HALIFAX. 


Ste ae orcad 








ESTABLISHED 1854. i 


SMITH BROTHERS: CO. custom 0 


MACHINE TOOLS Kinning Park, GLASGOW. 


For Shipyards, Boiler Werks, Iron & Steel Works, 
Specialities : 


Bridge & Wagon Builders. 
MACHINES for . 
PUNCHING, SHEARING, | 
BENDING, 
STRAIGHTENING, 











' 





*\ MO Set Serew 

= to cause 

: Accidents. 
Grips like a Vice. 

Fixed 

or Removed 
without 

Distu 


Sole Makers, 


TRIER Bros. 





PLANING, SCARFING, 
FLANGING 
and 
JOGGLING 
STEEL 

PLATES 





2140 





Shipyard Plate Bending Rolls. 





CAXTON rr? WESTRNNSTER, 
ONDON, 3.W. 
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. 
BLE = 
ON. = 
o's, THE “BLAKE” PATENT VERTICAL MULTITUBULAR BOILER — 
rs. - 
‘lp Has stood the Test of Time over a Quarter Oentury, and has — 
ing | the following advantages: rf 
ical ! i 
as GREAT STRENGTH, REQUIRING NEITHER SCREWED STAYS NOR STAY TUBES. H| 
oe WIDE SPACES BETWEEN TUBES FACILITATE PASSAGE OF STEAM, THUS PROMOTING RAPID i 
BH CIRCULATION AND ABUNDANT GENERATION OF STEAM. | 
bod tH LARGE WET BACK COMBUSTION CHAMBER. FREE NATURAL DRAUGHT. 4 
j 33 NO WASTEFUL STEAM JET REQUIRED IN FUNNEL. NO BRICK LININGS. SIMPLICITY OF DESIGN. By 
nd — EASY ACCESS TO ALL PARTS. EASY TOCLEAN. MAXIMUM ECONOMY. sae 
SHELL TUBE PLATES ARE STAMPED BETWEEN DIES IN A POWERFUL HYDRAULIC PRESS, BRINGING = 
PARTS AROUND TUBE HOLES APPROXIMATELY SQUARE WITH TUBES. 2187 = 
LE . _ 
M SUPPLIED TO THE LEADING STEAMSHIP COMPANIES. = 
y oo = 
" BLAKE BOILER, WAGON & 


ENGINEERING Coy, Lrp, DARLINGTON. 


Telegrams ; “ ALLIANCE,” Darlington. Nat. Telephone: No. 55, Darlington. 








| 
{||} 
Hit 

1] 


HAVE. YOUR 
“NEXT ENQUIRY. 























FOR LIFTING LIQUIDS. 
FOR ALL PURPOSES. 
LOW cCosT. 
SIMPLE. 


EFFICIENT. 


Price List ‘ ‘B” on application. 


MARCUS ALLEN 


Contractors to the Admiralty, War Office, India Office, Principal British and Foreign Railway Companies, &c., 


NEW SERIES 


of Two- and Three-Phase 


INDUCTION MOTORS 


CRANES, PUMPS, MACHINE TOOLS, 
and all HEAVY ENGINEERING. 











208. 
Oro TRaFFORP 


ENGINEER, ELSINORE R2 MANCHESTER. 














KIRBY BANKS SCREW 
GO., LTD., 





Write for Prices: 


J. P, HALL « v0.., L> 


i . . 2 '. 
Telegrams : Telephone : 
“ DYNAMO,” 800, Two Lines, Three-phase Induction Motor with Squirrel Cage Rotor. 


Meadow Lane, LEEDS. 


Telegraphic Address— 1295 
“HEXAGON, LEEDS.” 
Telephone — 541 (Two Lines). 
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LIDGERWOOD 
Pile Drivers, Hoisting Engines 


for BUILDERS and CONTRACTORS 


LIDGERWOOD MANFG. CO., 1930 
Caxton House, Westminster, LONDON, S.W. 


THE YACUUM BRAKE C0., Ltd. 


82, Queen Victoria Street, 
LONDON, E.0O. 


Telephone : 5534, Bank. Telegrams: SoLuTion, Lonpon. 
ABC and A 1 Codes used. 212) 


For Large Advt. see page 82, June 14, 


Machine Cut Gear Wheels! i ho < 
THE REID GEAR CO., 


2048 
LINWOOD, near PAISLEY. 
WILSON HARTNELL & CO., Ltd. 


COVERNOR exrerts 














VOLT WORKS, LEEDS. 


WELDED 


THE BRITISH WELDING C9.L7°2, 


58. VITORMIA 51.WESTMINSTER.S.We 





The CLYDE STRUCTURAL IRON CO., Ltd. 
Clydeside Ironworks, Scotstoun, ~ 


Iron & Steel Roofs, Buildings, 
Workshops, &c., &c. 


LONDON OFFICE: 48, Cornhill, B.C. 


A. BEEBEE, 
Studs, Bolts, Nuts, «. 


WEDNESBURY. 7 


J. TOMEY & SONS Ltd. 
EUREKA GAUGE GLASS 


ESTABLISHED 
























1437 

SIRMI NOHAM. 

THE “STONE-LLOYD” SYSTEM 
OF 


HYDRAULICALLY OPERATED 
WATERTIGHT DOORS. 
As fitted to latest Mail and Passenger Steamers, 


J. STONE & CO., LTD., 





Deptford, L London, S.E. 








HERON'S PAT PATENT TOOLS 
SAVE ™ 


75 cost | heh PACKING CONDENSERS. 
ek's Advertisement. 


iiss, J. W. BARNES, 


226, BEDFORD ROAD, ROCK FERRY, CHES. 


MURRAY, WORKMAN &CO., Lp. 
AIR COMPRESSORS. 
STEAM ENGINES. 
FOUNDRY MOULDING MACHINES. 


CRAIGTON ENGINEERING WORKS, GLASGOW, 








See Illustrated Advertisement, June 21. 2152 


HENDERSON & GLASS, LIVERPOOL. 
E> Extensive sTOoRS of all descriptions and Sections 
SOL pY wasszasiz mon ano sr, 

Rolled irders& diss, 2in to 20in deep, 


OOMPOSITE GIRDERS MADE TO SPECIFICATION. 


PLAIN AND CHEQUERED PLATES. 


Boiler and Tank Plates in Iron or Siemens-Martin Steel, all sizes, 
QUOTATIONS AND SEOTION SHEETS OX APPLICATION. 
SHIPMENT ORDERS PROMPTLY EXECUTED. CORRESPONDENCE SOLICITED, 











GAST BY® 
S.SMITH+SONS 
BEEHIVE FONDRY 
SMETHWICK 


co 















Chips cut from 2} in. 
bar held in a 


SPIRAL CHUCK 


UNLESS 
of 8 in. dia. only. 


you have good 
means for hold- 
ing your work. 








y Makers of the 
Kennedy Patent Tube-Bending Machine. 


CHARLES TAYLOR, (BIRM™.) Li. Siiadaaia _ BIRMINGHAM, f, ae. 


CEvUGCE SPHCIALISTS. 





ET ee foe 


June 28, 191 2.] 
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STEAM HAMMERS 


FOR SMITHS’ SHOPS AND FORGES. 
Shipbuilders’ and Boiler Makers’ Machine Tools. 
PATENT BEVELLING MACHINES 


FOR SHIPS’ FRAMES. 


FORGE CRANES,Hand & Steam. 


Sugar Cane Mills. Water Wheels, &c. 


Ss DAVIS & PRIMROSE, 
/ BANGOR WORKS, LEITH, EDINBURGH. — 23 

























For Difficult 
...... DRIVES 
—EVEN when all other 
kinds of. flat belts have failed, 
HENDRYS’ new patent Lamin- 
ated Leather BELTING gives 
efficient and satisfactory service... 
Hendrys’ new patent construction 
so increases the flexibility and equality of Driving Grip 
over small pulleys that ‘slip’ is eliminated, and a 
marked economy in transmission of power is effected. 


HENDRY 


f Y FROM A SINCLE STRAND tf 
BELTING 


FOR QUARTER TWIST and all Special Drives, 
\ HENDRY BELTING is a well proved success, 
Y Our experience is freely at the service of Belt 


users, Booklet and prices on request, 
». James HENDRY 


252 Main 8t., Bridgeton 
GLASGOW 


—w“ 


ee 




























= 
Copyright Registered — 





2281 











PUMPS LIMITED, 


14, BROAD STREET, 
BIRMINGHAM. 








TURBO, ROTOR, PATENT LIFT and 
FORCE PUMPS. 2378 











LONDON 
OFFICE 


LEEDS 60, QUEEN 
WIRES T 
GAS, LEEDS wicroR 

















) . 


LARGE STOCK READY 
FOR IMMEDIATE DELIVERY 


168 : 























~ 





SET eTE| MOLI TR: ALL 
mera |: MACHINERY. 


oe Yh. RFR et 





> 


Es 





xg 
¢. 
® 








THE present very high price of raw 
material has seriously affected large 
users of white metals, and we invite 
correspondence, with a view of showing 
a material reduction in bearing metal 


e costs. Let us know your working 
& conditions and we will quote for your 
requirements. 2542 


GLACIER ANTI-FRICTION 
METAL CO., Lro., 


112a, Queen Victuria St., London, E.C. 





OXYGEN 


For the Welding and Cutting of Metals. 


British OxygenCo.,Ld. 


The oldest and most extensive Oxygen 
producing and distributing business 
in the world, 








Factories in all important Engineering 
centres equipped exclusively with modern 
LIQUID AIR PLANTS, PRODUCING OXYGEN 
OF UNRIVALLED PURITY, entirely free from 
Hydrogen or other combustible residuals. 





MANUFACTURERS OF 


Oxy - Acetylene Welding 
BLOWPIPES, 
OXYGEN METAL CUTTERS, 


REGULATORS, 
And other Appliances. 


- 2077 
For full particulars apply to any of the Company's 
Works :— 
ELVERTON Street, WeEsTMINeTER, 8.W. 
Tunnet Avenue, East Greenwice, 8.E. 
SAVILE STREET, SHEFFIELD. 
SattLey Works, BinmMineuam. 
GREAT MARLBOROUGH STREET, MANCHESTER. 
Boyp Srreet, (SHIELDFIELD), NEWCASTLE-ON-Ty NF. 
RosgHiLL Works, PoLMADIZ, GLASGOW, 
East Moors, Carpirr 
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BOB = & CO., Marn. LINCOLN. 


LONDON OFFICE: 79, Queen Victoria Street, E.C. 


Telegrams : ‘“ ROBEY, LINCOLN.” “ROBEY, LONDON.” 











DROP-VALVE FIXED ENGINES UP TO 4000 HP. 


WINDING and HAULING ENGINES with PATENT DEVICE 
for PREVENTION of OVERSPEED and OVERWINDING. 


PORTABLE, OVERTYPE and UNDERTYPE ENGINES. 


TRACTION ENGINES, ROAD LOCOMOTIVES, 
STEAM WAGONS, &c. 


ee BOILERS OF ALL TYPES. na 


TWIN TANDEM DROP-VALVE DRIVING ENGINE. Catalogues free on Application. 








——, 


On ADMIRALTY, WAR OFFICE and COLONIAL LISTS. 


WHEELS 


OF ALL DESCRIPTIONS. 
MACHINE MOULDED AND MACHINE CUT. 


RAW HIDE AND COMPRESSED PAPER PINIONS. 


THOUSANDS OF MODELS to select from. 
URGENT BREAKDOWN WHEELS a Specialty. 


1462 


URQUHART, LINDSAY a60.,Ld. rovwoey, DUNDEE. 


The Leading PIPE WRENCH of the World! 


The TRIMO 


Renowned for Perfection of Action and Superior Strength. Made of 
Steel, Drop Forged. Designed to stand hard usage. ALL PARTS 
GUARANTEED. Order from your dealer and insist on having TRIMO. 

















































The interchangeable jaw in 
the handle can be easily and 
cheaply replaced, making a 
new wrench out of an old one. 










i@- Write for Catalogue No. 88 containing full particulars. ~®@§ 











SOLE MAKERS : 20384 
Gold Medal Trimont Mfg. Co., 55-71, Amory St., Roxbury (Boston), Mass., U.S.A. 


St. Louis Exposition, 1904. 










































} . a ° 
North Eastern Marine Engineering Co., L¢ 
3 j ENGINEERS, BOILERMAKERS & REPAIRERS. 
' b IRON FOUNDERS, BRASS FOUNDERS, COPPERSMITHS. 
i soll! = Sole Makers of North-Eastern Grease and Air Extractor and Feed Heater. 1271 
ix A PROPELLERS SUPPLIED AND QUICK DELIVERY GIVEN. , 
NORTHUMBERLAND NORTHUMBERLAND LICENSEES 
be FORGE, WORKS FOR THE 
= WALLSEND-ON-TYNE. ousianiaa Sines MANUFACTURE 
‘ Telegrams—N: WALLSEND, baad ad 2 
alll LO OFC ppgeetaes ydencieme SCHMIDT n 
. Snsgeiee—tiemaann, Lowen. SUNDERLAND | 
LIVERPOOL OFFICE: WORKS, SUPERHEATERS 
Water Street. TO 
bt ait —— Tel areoL, LivERroob. SOUTH BOOK, SUNDERLAND. 
2,000 LHP. TRIPLE EXPANSION ENGINES. Tel. No. 1806 Central (Two Lines). Telegraphic Addrese—NEWS, SUNDERLAND. MARINE. BOILERS: 








ol 


i 
7 


® 
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BABCOCKe WILCOX, Lia. 


PATENT WATER-TUBE STEAM BOILERS. 


Over 9,000,000 HP. Land Type, 2,250,000 HP. Marine Type, Installed or on Order. 


WHITE-FORSTER Water-Tube Marine Steam Boilers. 
Joint Manufacturers and General Licensees with J. SAMUEL WHITE & CO., Ltd. 


HBLHOTRIC CRANE DEPARTMENT : 8887 
Goliath Cranes, Transporters, Portal Cranes, Jib Travelling Cranes, Winches and Capstans, Coal Handling Cranes, Foundry 
Cranes, Ladle Cranes, Scrap Magnet Cranes, Pig Bed Cranes, Section Handling Cranes, Box Handling Cranes, 
Open Hearth Chargers, Vertical Ingot Chargers, Horizontal Ingot Chargers, &c. 


HEAD OFFICES: ORIEL HOUSE, FARRINGDON ST., LONDON, E.C. 


haces Or 25. LONDON. Works: RENFREW, SCOTLAND. TELEPHONE No.—5540, HOLBORN (8 Lines). 


‘THE LEEDS FORGE CO., LTD., LEEDS 



































Pioneers in the 
Design and 
Manufacture of 
Pressed Steel 
Underframes and 
Bogies, and 
All-Steel 
Railway Wagons, 


LONDON OFFICE : — 
CAXTON HOUSE, 
WESTMINSTER. 





SOUTH AFRICAN RAILWAYS. 


PATENT BOGIE COMPOSITE WAGON, fitted with Fox’s Pressed Steel Underframe and Lane's 
Patent Corrugated Pressed Steel Dogrs 


HOWELL & CO., LIMITED, "xsis%r%= SHEFFIELD, 








—— 
Al R 


OR 


WATER. 








ce MITRITE 3 


| STEEL. 























eta : SRP it Ss is RED HOE 


| LOEWE L OF 
ALL SIZES = ROLLED STEEL oeeltots 






; 
I From 3’x 1)” to 24” 74” Slabs up to 14” x 60” and 20 tons 


in weight, 





[ Fron 3”x 1” to 15” x 4” 







L. Equal Sides 1” x1” to 8”xg” 3” x2)” x3” to 10” x34” x34” 

[ Ceeqeal Biden 14° 3° to "x1" to 2” x34” T 
x ” 

L Pom trast wo re BLOOMS FOR FORGINGS UP TO 20 TONS Hj ™ "re"! 

T Prom 6 tz Output 15,000 TONS PER MONTH. NUMEROUS RAIL and 

@ From ¥” dia, to 12” dia, CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, ETC. OTHER SPECIAL SECTIONS 





” HEAD OFFiCE:—LANARKSHIRE STEEL Works, MOTHERWELL, N.B. 56 & 70 lbs. per yd. Bridge Rails 
W Squares from 4” to 6” LONDON OFFice:—28, VicTORIA STREET, WESTMINSTER. 1888 Sees Say ee, 


— <£ on Other. Branch Offices at GLASGOW,. NEWCAS' MINGHAM CHESTER. . : 
pe niente oniunemmnadinennnsosticioan eoeatie eas eee ON GHAM snd MAN - RRR. AMRIT 
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BRANOH OFFICES :— INm TSE EIN BDO. 

Brook House,” 10-12, Walbrook, LONDON, £.0. —————r. — = ——— 
Grosvenor Buildings, Deansgate, MANCHESTER. 
60a, Lord Street, LIVERPOOL 

Moorhead, SHEFFIELD, 


ALL PLATES PLANED FULL 
WIDTH OF FLANGES. 


TANKS OF ANY SIZE SUPPLIED |_ 
and ERECTED ANYWHERE. ‘ 


DRAWINGS, SPECIFICATIONS ano ESTIMATES |f 
GIVEN UPON APPLICATION. | 


Contractors to the Admiralty, War Department | 
and Crown Agents for the Colonies. 














TELEGRAMS :— NATIONAL TELETUONR No. “a | 
“* NEWTON, SHEFFIELD.” ESTABLISHED 1793. 





NEWTON, GHAMBERS & CO., v= SHEFFIELD. 














JOHN SPENCER & SONS, Limite, 


NEWBURN STEEL WORKS, NEWCASTLE- ON-TYNE. 


ESTABLISHED 1810. 
Offices :—NEWCASTLE-ON-TYNE : Collingwood Buildings. LONDON: 82, Victoria Street, Westminster, S.W. 


Contractors to Admiralty, War Office, Indian States, and Foreign Governments. 


MANUFACTURERS OF STEEL BY THE SIEMENS- | 
MARTIN ACID OPEN-HEARTH PROCESS. 


SHIP AND BOILER PLATES UP TO 13 FEET WIDE. 


INGOTS, SLABS, BLOOMS, BILLETS, and BARS of all Sizes. RIVET STEEL. SPECIAL MILD STEEL for BOILER FLUES. 
STEEL FORGINGS, STEEL OASTINGS, of all Descriptions, to any Weight, Rough or Machined. 
CRANK AXLES AND SHAFTING HYDRAULIC PRESSED. 














SE ERIN GS.—Laminated, Volute, Patent Improved Volute, Conical, Spiral. 5836 
BU EE EES .—Of Wrought and Cast Iron, of all Descriptions. Tool Steel of the Finest Quality. Best Cast Steel Files. 
FOSTER’S PATENT CRANK SHAFTS. WASTENEYS SMITH’S PATENT STOCKLESS ANCHORS. 




















THE DELTA METAL CO., L's: stecites, too, s: 
DELTA METAL No.|! and No. IV Alloys: 


STRONGEST MALLEABLE BRONZES. HIGHEST RESISTANCE TO CORROSION. 


ROoDs, SHAUTsS, TUBUBS, WiksB, CASTINGS, FORGING SS, STAMPINGS. 


DELTA WHITE ANTI-FRICTION METALS. 


EXTRUDED BARS 


HIGH- SPEED TURNING AND SCREWING BRASS. | 


Bars of any Section in Brass, Bronze, Delta Alloys, &o. 
Yellow Metal, Naval Brass and Copper Bolts. Heagard Metal, Red Metal, Hard and Soft Brass Wire: 
Bronze and Brass Forgings to Admiralty and other tests and specifications. 7 


ON ADMIRALTY, WAR OFFICE AND INDIA OFFICE LISTS, 














LARGEST MAKERS « CAST IROK TANKS) 

































k 
k 
f 


| 
. 








918, JuNE 28, 1912.] ENGINEERING. [SUPPLEMENT page XXxIn1] 83 


——— 7 ==] ~«©MERRYWEATHERS’ 


— ——— f | BIRE & SALVAGE BOATS 


2 . e 7 : For SEA, RIVER or HARBOUR WORK. 


BOATS 


DESIGNED AND BUILT TO SUIT SPECIAL REQUIREMENTS. 


PFPuoOomMPeS 


Driven by STEAM, PETROL ENGINES, or ELECTRICITY. 


PORTABLE SALVAGE PLANT & LIGHT BOILERS 
SPECIAL HOSE for Salvage Work. 


VRITE FOR ILLUSTRATED CATALOGUE 588 !.E.G. 


| MERRYWEATHER & SONS, 


Greenwich, S.E., LONDON. e124 


JAMES FAIRLEY & : SON “es. or 
Gnoral Sa oneness” TOO: 1 ae 


FAIRLEY'S ’§ SELF-HARDENING TOOL oD TEEL, for Heavy Cuts at High Speeds. 





















































































Is considered to be T and TOUGHEST Steel yet made (although Cheapest in the Market). nah comoten Sree te cppneved bapere, 
NOTE.—JAMES FAIRLEY & & SONS W WORKS (Bramall Lane, SHEFFIELD, and _a st. Jeeos and Rolling Mills, BIRMINGHAM) are merely Branch Departments and 
BS All Communications should be addressed to the Head Ojoes—OLD MINT, SHADWELL STREET, BIRMINGHAM. Od 1718 
” 66 - : Ng bs 9 ‘ or 
y Multiply the Tensile 
™ p Strength of a single strand 
; ; the Small leaks . by the number of strands 
; QUICKLY; it . REG.TRADE MARK , that make any size of 
. : means money “PALMETTO” Packing, 
:S. i going to WASTE. and you will understand 
I udheian depends upon TWO things for its long life: CAREFULLY SELECTED HEAT-RESISTING edie: Anaad 
“PALMETTO” ‘wht | MATERIALS, and the ABUNDANT LUBRICANT EACH STRAND is MADE to CARRY. 
handy because ANY a Send for a FREE WORKING SAMPLE and try it. 
o - VALVE ua. be packed from GREENE, TWwHHED & CO., Sole Manufacturers, 
Bpool. QUEEN ANNE’S CHAMBERS, TOTHILL ST., WESTMINSTER, LONDON, 8.W. 2094 











High 
Wycombe. 


hes na ea room } HIGH WYCOMBE. 
ro ee a 


10 TO 1000 CUBIC FEET. 


Perfect Lubrication. High Efficiency. 
Unbreakable Nickel Steel Valves. 


STATIONARY & PORTABLE TYPES. ANY DRIVE DESIRED. 








SAVE 26% to 76% of POWER 


Hyatr a 


WAGONS, BOGIES, CRANES, 


FLEXIBLE and All Classes of Machinery, 


SUPPLIED 
~ ’ ROLLER ON APPROVAL 
—— UNDER 
nage EES GUARANTEE. 

vee BEARINGS 


8-Oyl, COMPRESSOR FOR 500 CUBIC FEET, Catalogue E 31 ALL SIZES IN STOCK. = tyatt standard Bushing, 
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~DOWSON & MASON 


GAS PLANT COMPANY, LTD., 


(Ponoon,® and MASONS GAS POWER & CO. es NCHESTE rn ) 





London Office: 39, Victoria St., Westminster, S.W. 


CAS POWER 
PLANTS sas 


EXTRACTOR 





REQUIRED. 








Works: Levenshulme, Manchester. 


GAS FIRED 
FURNACES. 


FOR ALL PURPOSES 














se PUMPS 





We hold LARGEST STOCK of any Manufacturers 




















THE “ CORNISH ” STEAM PUMP, for r gen adhane sand ses. 


in the WORLD. 


JOSEPH EVANS & SONS, 


(WOLVERHAMPTON), Lto. 


CULWELL WORKS —.. 


WOLVERHAM PTON. 


Telegrams :— “EVANS, WOLVERHAMPTON.” 


LONDON :—Salisbury House, 2287 
London Wall, E.C. 














WALKER BROS. (wican, LU? 


RPagefield Ironworks, WIGAN. Established 1866. 


Codes: ABC 5, WESTERN UNION, LINBER’S, MOREING & NEIL’S MINING, and Al, Telegrams: “PAGEFIELD,” WIGAN, 





AIR COMPRESSING ENGINES 


To LATEST PATENTED DESIGNS (also applicable to existing Engines). 





STEAM and ELECTRICALLY DRIVEN VENTILATING FANS. 
WINDING, HAULING and GENERAL MINING MACHINERY. 
DRIVING ENGINES for all purposes. 





WILDE & PUTRHRIE’sS 


PATENT OVERWINDING & OVERSPEED CONTROLLER FOR WINDING ENGINES. 
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| JOSEPH KAYE & SONS, Ltd. 
| MAKERS OF PATENT AUTOMATIC CARRIAGE 
| DOOR LOCKS, LATCHES, HANDLES, &c. 











| 

| Recent Orders and Contracts from the 

North-Eastern Railway (including Royal Saloon). South-Eastern and Chatham Railway. 
Great Northern Railway (including Royal Saloon). Midland Railway. 
London and South-Western Railway. Great Central Railway. 
Lancashire and Yorkshire Railway. Great Eastern Railway, &c., &c. 

I} 

| 

| Railway Engineers and Carriage Superintendents are Invited to visit our Showrooms at = 


95, HIGH HOLBORN, LONDON, W.C. _sunsizr, teeps. 

















CHANGE OF ADDRESS. 


THE GLOBE PNEUMATIC ENGINEERING CO., Ltd., 


beg to announce their removal, on 25th June, from 





150, QUEEN VICTORIA STREET, E.C., 


No.1, VICTORIAS" WESTMINSTER, LONDON, s.w. 














HEENAN & FROUDE, LTD., 


NEWTON HEATH IRON WORKS, MANCHESTER. 


TELEGRAMS—Spuericat, NEwTon HEATH. TELEPHONE-—Nos. 6260 anp 966A, MANCHESTER. 
IRON and STEEL ee De See 3 
BRIDGES,ROOFS, | = 





STEEL TANKS, 





: CHIMNEYS, 
PIERS, JETTIES, = gs ee PONTOONS, 
PAVILIONS, o joe — ae DOCK GATES, 
and CONSTRUC- 

TIONAL STEEL ocr 
won &c., &c. 


L. & N. W. RAILWAY BRIDGE AT PRESTON.—Length 730 ft., Depth of Girders 22 ft. 





Colliery and Mining Machinery, Railway Plant and General Engineering: Worcester Engineering Works, WORCESTER. 
Refuse Destructors: 4, Chapel Walks, MANCHESTER. 
LONDON OFFICH: 56, VICTORIA ST., WHSTMINSTER, 8.W. 8082 











i 
: 


i) 


< 








u 
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TH BRITISH LOCOMOTIVE CO., L™. 


HYDE PARK WORKS QUEEN’S PARK WORKS ATLAS WORKS 


(Late NEILSON, REID & CO.). 


(Late DUBS & CO.). (Late SHARP, STEWART & CO., Ltd.). 


ADMINISTRATION BUILDING, 110, FLEMINGTON ST., SPRINGBURN, GLASGOW. 


LONDON OFFICE :—!17, VICTORIA STREET, WESTMINSTER, S.W. 





BUILDERS OF ALI EINDS OF 


LOCOMOTIVE ENGINES AND — SUITABLE FOR ANY GAUGE OF RAILWAY. 











Annual Capacity: 


ri i. ? 
— | ge gwen ad 
7 Tm 


MAIN LINE 
LOCOMOTIVES. 


THE “LARGEST. “LOCOMOTIVE | ‘WORKS IN EUROPE. 


Workshops Equipment: 
8000 MEN. 


Output now exceeds : 


18,000 
LOCOMOTIVES. 


Telegrams—L0CO., CLASCOW. 


eee 2114 








| HANNOVERSGHE MASCHINENBAU AGTIEN- GESELLSCHAFT, vormals GEORG EGESTORFF, 


HANNOVER-LINDEN, GERMANY. 


ESTABLISHED 18365. OVER 6900 LOCOMOTIVES BUILT. 


LOCOMOTIVES 3: 


Main and Branch Lines, Tramways, Plantations, Collierles, Contractors. 























LOCOMOTIVES for SUPERHEATED STEAM. Fireless Locomotives, 


STATIONARY ENGINES, PUMPS, BOILERS. 


Cable Address: HANOMAG HANNOVERLINDEN, GERMANY. 1225 


ENGLISH REPRESENTATIVE: JAMES HALCROW, 18, COLEMAN STREET, LONDON, E.C. 




















LIMA LOCOMOTIVES 


Built for all classes and conditions of work, both 
DIRECT CONNECTED and SHAY GEARED 
LOCOMOTIVES. Write for further information 
and details described in catalogue H. 
New York Office, 60 Church St. Cable Address, Shayloco. 


THE LIMA LOCOMOTIVE & MACHINE COMPANY 
1103 South Main Street. 2577 Lima, Ohio, U. S. A. 























LEEDS. 
MAKERS OF 


LOCOMOTIVE ENGINES 


ADAPTED TO EVERY VARIETY OF WORK AND GAUGE 





or worked to. 


Quotations and Specifications on 
application. 


_ 1435 





Telegraphic Address ; ‘' Evens, Leeps.” 
Telephone ; Nos. 3430 to 3434 inclusive. 


HUNSLET ENGINE GO., Ltd., 


Designs and Specifications supplied 
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MANNING, WARDLE & CO., Ltd, x38", LEEDS, 


Makers of Locomotive Engines for any width of gauge and for all purposes, Also makers of Steam Rail Motor Coaches for passenger traffic. Materials and workmanship of the best quality. 
Tank Engines up to 17 in. cylinders, on four or six wheels, always in stock or in progress. Specifications, Photos and Prices on application, and Special Design 
sent on receipt of particulars of requirements. The “A BC” and “ The Engineering Telegraph Codes ” used. Od 2486 


KERR, STUART@CO. 


LIMITED. 
WORKS : 
STOKE-ON-TRENT. 
OFFICES : 

5, BROAD ST. PLACE, E.C. 











All Communications to 
London Office. 2456 











SPECIALITY :—Patent Double-Header Wrought Steel 


Steam Superheaters ( 


For Lancashire, Cornish, and all types of Water-tube Boilers, 
Tubes evenly distributed. 


NO LARGE JOINTS. NO STUDDED JOINTS. EACH TUBE ACCESSIBLE 
WITHOUT DISTURBING INSTALLATION. LEAKAGE IMPOSSIBLE. 





ESTIMATES AND FULL PARTICULARS ON APPLICATION. 


—e eed MCPHAIL & SIMPSON, Ltd., Wakefield. 


LARGE ECONOMY IN FUEL. POWER PLANT EFFICIENCY INCREASED. tenden Gitacs FulanuaY PAVGMENT NOEL, £.0. i 


R. & W. HAWTHORN, LESLIE & GO., LTD. 


Locomotives 


Of every description for Home and Foreign Railways. 


TANK ENGINES & COMBINED CRANES & LOCOMOTIVES. 


ALWAYS IN STOCK AND IN PROGRESS. 
For Collieries, Ironworks, Railway Depots, Branch Lines, Contractors, dc. 




















Telegraphic Address: ‘‘ Locomotive, NewcastL&-on-Tyne.” ESTABLISHED 1817. 


MARINE _ ENGINEERS & SHIPBUILDERS. NEWCASTLE-ON-TYNE. ane 


oven orvee: Wh @. BAGNAL 
Sanctuary House, II, Tothill Street, 


Westminster, S.W. 

















Q. HEAD OFFICE 
and WORKS: 


Stafford, England. 








‘ Highest-class Workmanship and Material. 

~ BUILDERS OF . 

TIPPIN STEAM, PETROL and ELECTRIC 
G TRUCKS, SUGAR LIGHT RAILWAYS, 

CANE and other SPECIAL WAGONS LOCOMOTIVES SWITCHES, TURNTABLES, &c. 


Coa, — Speciality: MARROW -GAUGE tocomontTivaEs. — 651 
es used:—“Engineering,” “ABC,” “Bedford McNeill’s,” and “Western Union.” Telephone :—No. 15. Telegrams ;:—Bagnall, Stafford. 
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The Clay Cross Company, Clay Cross, Derbyshire, | 


Telegrams .—JAOKSON, OLAYOROSS. —_ HSTABLISHHD i837. Telephone :—147 CHESTERFIELD, 


MAKERS OF 


GAS & WATER PIPES, 
CAST-IRON TANKS, 
TUBBING & GURBS, 

COLUMNS & GASTINCS 


for Sewerage, Gas 






























MAKERS OF 
STANDARD-TYPE 


ECONOMISERS| 


as in operation at the 
principal Steam Plants 
throughout the World. 


SAVING IN .COAL from 
I5 to 25 per cent. 


and Water Works, 1954 
by Utilising the Waste Heat in 


lue Gases. AND C.X.C. BRAND PIG IRON, 


DROP-FORGING PLANT. 


PATENT HAMMERS for DIRECT MOTOR, or BELT DRIVE. 


CONTROL BY HAND LEVER. LOW POWER CONSUMPTION. 
LIFTERS GAN BE APPLIED TO EXISTING STEAM OR PULLING STAMPS. 


STEAM or MECHANICAL STAMPS 


FOR THE PRODUCTION OF ALL CLASSES OF DROP FORGINGS. 


ARCH SLIDE FORGING HAMMERS 


FOR GENERAL SMITHY WORK. Wo TIMBER CUSHIONING required under ANVIL BLOCK. 


OIL or COKE FURNACES, PRESSES, &c. - 
one vlitlad PATENT LIFTER CO., L™=: 


SCoovin Try. 


a ie A sP.W. MONE 


GOVAN, Glasgow. 
































MAKERS OF 
PUNCHING AND SHEARING MACHINES, 
PLATE EDGE PLANING MACHINES, 
HYDRAULIC PUMPING ENGINES, 
FLANGING AND FORGING PRESSES, 
. Pi — ACCUMULATORS, RIVETTERS, AND 
‘Gee Stectahtenion, Hesllen ont Polishing Mackin. “se * ALL CLASSES OF SHIPBUILDING TOOLS. 


LOGKWOOD & CARLISLE, Ld. 


EAGLE] FOUNDRY, SHEEEIEIDY. 


Telegraphic Address: ‘‘ PISTON, SHEFFIELD.” National Telephone: 1376. 


ppt ~mngeaaren Metallic Piston Packing Hings & ime 


CARLISLE’S PATENTS. 


























SPECIAL FACILITIES FOR QUICK DESPATCH OF URGENT ORDERS. coll te 
ALL PACKINGS GUARANTEED. 1912 H.P. Rings Pky ay “ror ogggaa for 





Improved Double-action Piston Valve Rings. 
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2, 
ee —_—_——_ 
— 


¢| WARD aac 
| PLAIN MILLING MACHINES. “- = 


We can give immediate delivery of 
No. 6 Machine as illustrated from 


STOCK 


§ Other sizes in progress for early 
delivery. 











ae 


54 





WW ; See our Exhibit 
' 


OLYMPIA, 


Oct. 4-26, 
STANDS II2 AND 145. 





H. W. WARD & CO., LD., 


89, Lionel Street, 


BIRMINGHAM. 


LONDON: 401, Mansion House Chambers, 
11, Queen Victoria Street, E.C. 


Foreign Agents 
Inpia—Heatly & Gresham. 
AUSTRALIA—Thos. McPherson & Son. 
Buenos Ayvres—Nield & Co. 
Brossets—W. Steinhaus & Cc. 
Paris—E. Chretin. 


» 




















‘f : Vienna, COPENHAGEN, BERLIN, St. PeTerspure, STOCKHOLM, 
Schuchardt & Schiitte, 
a MoxtrEaAL—Roper, Clarke & Co., Ltd. Capacity 34 in. by 10 in. by 20 in. sini 
7 LIMITED, *' 
sf Engineers and Contractors, 
. = SCOTSTOUN IRONWORKS, GLASGOW. 





28, VICTORIA STREET, LONDON, S.W. 





| Conveying and 


© Belt or Chain Elevators- - -©« «©« «© «- « 
A V a a ' : Buckets - - =~ Sprocket Wheels - - « 
Mild Steel Bar Chains- - = = = © = « 


Push Plate and Gravity Bucket Gonveyors 
Spiral and Paddle Conveyors- - = = = « 


Belt Gonveyors - = = = = = = «#= «= « 
a ! : & = Conveyor Stoking Systems - - = =- «- = 
a Silos - ~- Tanks -~ - Structural Work, &co. 
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ALEX. LAURIE & SONS, 


Tel. No. 307, FALKIRK. 


ENQUIRIES 
INVITED. 







TRACTION WAGON 
BUILDERS, 


FALKIRK, 


SCOTLAND. 


ESTABLISHED 1846. 


CONTRACTORS TO ALL 
THE 
PRINCIPAL 
COUNTY COUNCILS. 


2528 


WAGON. 


SPECIMEN OF OUR 5-—6-TON END TIP 





ACIERIES ET FONDERIES D’ART, L™ 


WORKS ‘ Haine St. Pierre (BELGIUM). 


Stel ages | 


fitted on 

















SOME 
USERS 


OF 


SANKEY’S PORTABLE STEEL TESTING MACHINE. 


Edinburgh University. 

Great Western Railway Co. 

National Physical Laboratory. Marconi’s Wireless Telegraph Co. 

Imperial College of Science. Pierce-Arrow Motor Car Co. 
British Engine, Boiler and Electrical Insurance Co. 





India Office. 
New South Wales Government. 


2104 


Particulars »vom— 


C. F. CASELLA & CO., Rochester Row, London, $.W. 





























VERTICAL BOILERS. 


VERTICAL-CROSS TUBE BOILERS. 
VERTICAL DONKEY BOILERS. 
MARINE RETURN-TUBE BOILERS. 
LOCO-TYPE BOILERS. 
VERTICAL BOILERS ON STOCK 
from 1 N.HP. to 14 N.HP. 





“BOILERS, LOUGHBOROUGH.” 
Code :—A BC, 5th Edition. 


WALTER W. COLTMAN & CO., 


CENTRAL BOILER WORKS, LTD. 
LOUGHBOROUGH, England. 


Telegrams :— Telephone:- No. 51. 


1925 











Wheels 
SOLE MAKERS OF 


RIGBY’S PATENT 


Extra Mild Steel sof 
STEAM, AIR AND POWER 





Castings | 
HAMMERS, 


Axle Boxes. 
Buffer Cases and 
Plungers. 
| Brackets and Bear. 
| ings. 
Gearings and Pinions 
Cross Pieces for 
r 
ALL KINDS, | 
meability, for D 
MACHINED & ROUGH. ong: = ll Y 
suthisensisilemiassesinieae etc., etc. 
Of Highest Quality. On Government and Lioyds List, 
SOLE BRITISH AGENCY :— 2502 
Caxton House, 
GEORGE F. WEST & CO., wesrminsren, ronnon, ew. 
2500 IN USE. 
BairisH ADMIRALTY. FRENCHT GOVERNMENT,’ 
INDIAN GOVERNMENT. Russian GOVERNMENT.§ 
Cape GOVERNMENT. DANISH GOVERNMENT. 
DutcH GOVERNMENT. CHINESE GOVERNMENT, 
New South WALzEs GREEK GOVERNMENT. 
GOVERNMENT. JAPANESE GOVERNMENT, 
1355 


Wagons. 
-— We Limited. 
» &e. 





PATENT SPEED REDUCING CEARS. 











MOND GAS. 


FOR POWER & HEATING. 


FOR PARTICULARS OF THE GASIFICATION OF BITUMINOUS 2196 


FUELS, AND THE RECOVERY OF SULPHATE OF AMMONIA, 
&c., WRITE TO:— 


THE POWER-GAS CORPORATION, Lro., 


STOCKTON-ON-TEES. 


PRODUCER CAS SPECIALISTS 
AND PATENTEES 

















Seamless Copper Jointings 


ANY SIZE. ANY SHAPE. 
CUT FROM SOLID SHEET. MACHINED ALL OVER. 


Can be constantly re-used! Do not char, corrode, eat away, or adhere to 
Flanges! N’> red-lead or other filling! 





a ‘ < 

S 5 « - 

: ; : 

mw? ivie 2 2 z z 2 
z 

ie: @; z 5a? & € 
e F = me io 

. ¥ on co? Se We 

a a r7) nw wn “a 7) “” n 7.) 


For Cylinder Valve-chest or Mud-hole Covers and all High Pressure Joints. 
APPLIED AND REMOVED WITHOUT USE OF TOOLS. 
— AVOID CAST OR STAMPED IMITATIONS. — 


THE HULBURD ENGINEERING CO., LTp. 


Centractors te H.M. Government, Brassfounders and Coppersmiths. 
150, LEADENHALL STREET, LONDON, E.C, 2407 


|| 











MARINE 


KELVIN 


FULL SPECIFICATION From THE MANUFACTURERS— 


THE BERGIUS LAUNCH & ENGINE CO., Dobbies Loan, GLASGOW. 








2197 
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SST | 





SAVE LABOUR 
by using MODERN 
METHODS. 


We have many Plants 
_ in operation at a working 
- cost of 4 penny per ton 
of material handled. _.,,, 


> STRACHAN & 
HENSHAW, 1n., 


BRISTOL. 




















STEAM BoiLers 


LANCASHIRE, CORNISH, UNDERFIRED MULTITUBULAR, 
_DRYBACK AND WATER TUBE TYPES FOR HOME OR EXPORT. 


WILLIAM WILSON & CO. 
LILYBANK BOILER works, GLASGOW. 














ALFRED PHILLIPS «CO. 


ATLAS WORKS, 
TIP TON. 


High-class 


CHAINS 


Speciality :— 
SLINGS 
of all types. 


HOOKS, SHACKLES, SWIVELS, 
WACON COUPLINGS, STRETCHING SCREWS. 


Reasonable Prices, Prompt Delivery. 


Over 30 years’ Practical Experience. 
ASE FOR LIST BD 8&8. 1820 


Beldam’s Patent “V” Pilot Packing 

















For STEAM | Ej or WATER. 





SPECIALLY RECOMMENDED FOR BENT OR VIBRATING RODS. 
UNEQUALLED FOR SUPERNEATED STEAM. 2482 


THE BELDAM PACKING & RUBBER 6O., 


93 & 94, Gracechurch Street, London, E.C. 


Tel. No. 192, Central. Telegrams, Corrugated. Code, A.B.C., Sth Edition 











“NATIONAL” Fusible Plugs 


ARE THE BEST AND MOST 


Reliable LOW-WATER 
SAFEGUARD 


IN THE MARKET. 














Suitable for All Classes ot 
Internally-Fired Boilers. 
Special Plugs for High Pressures. 


Tre NATIONAL BOILER 


AND 
General Insurance Co., L, 


St. Mary’s Parsonage, MANCHESTER. 
London: 60, Queen Victoria Street, E.O. 


Illustrated Price List Free. 





il ory 








Screwed 1 in., 1} in., 14 in., and 2 in. Gas Thread on the Seating. 











i. | 


BEST QUALITY | 
TAPS, | 
STOCKS 
& DIES _— 


“Have stood the 
] test of time.” 
| 














JOHN H. WIDDOWSON, 


Estas LignED 16 years Manager at Six Josern Wuirworta's & Co. 


1876, 
Britannia Street, 
Ordsa!l Lane, 
Salford, Manchester. 














— VTP ne 


MACHINERY 


= CARDIGAN WORKS 
reo BIRMINGHAM. 


TELEGRAMS MACHINERY, BIRMINGHAM. 














JACKSON 


PATENT 


GRINDER. 


Low H.-P, 
Low First Gost. 
No Extra Sieves:. 


® 4. G. Jackson, L™- 
84, West George St., GLASGOW, 
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CrossBy SPECIALITIES. 


SEE ADVERTISEMENT NEXT 


WEEK 
eS ae lt) 2 4. me Alon ae) 1) eb oe 
ie), tele), mam om on 


CROSBY STEAM GAGE & VALVE CO., 


JENKINS 





will pack the most uneven surface, making ab- 
solutely leakless, durable joints. The pressure 
and heat cause the packing to vulcanize, fill up 
inequalities of surface, and afford a perfect fit. 
It is easily and quickly applied in either hot 
or cold joints. 


The Genuine bears our Trade Mark. 


 JENEINS BROS., 


95, Queen Victoria Street, St. Remi Street, & Acorn Avenue, 
LONDON, E.C. | MONTREAL, CANADA. 2470 




















“EST OVER 
|, HOLBORN PLACE, 
HIGH HOLBORN. 


HALF-TONE BLOCKS 


FOR CATALOGUES AND ADVERTISEMENTS. 2886 





oneiies 






'96 SHEETING | = 


Ltd., | 








he 70 years’ experience in High-class Wood Engravings of Mechanical nee 


Dons ai 28, esi 





It pays because the Invincible Talbot is built on correct enginec ring 
lines. We should be pleased to show any qualified engineers over 
our works so that a personal study of the building of the Talbot 
may be mace. Engineers will then understand why the Invincible 
Talbot stands to-day the premier of the British motoring world, 
Ca‘alogues and Specifications post free from 


CLEMENT TALBOT, LTD. (DEPT. A 11), 


Automobile Engineers, 
Barusy Roap, LapBROKE Grove, London, W. 


“CrirmtaL, Loxpox.” Telephone: 5006 Pappixero, 
Se 


Tele -rams: 

















A PAINT 
for the PROTECTION & PRESERVATION or 


IRON AND STEEL WORK. 


SAVES RENEWALS. 
One Ton (in 40-gallon Casks) £24. 15 per cent allowed for Tare, 
SEND FOR FREE SAMPLE 


The KALBITUM PAINT CO., Ltd, 
BELVEDERE WoRKS, BELVEDERE, KENT. 


FRASER & CHALMERS, 


LIMITHD, 


3, LONDON WALL BUILDINGS, E.C. 
SYMONS GYRATORY CRUSHERS. 


HALF the height, HALF the weight, GREATER STRENGTH 
than any other GYRATORY CRUSHER. 


















































RIE, 


. Bnew & 


RIGS. 


"AS SUPPLIED FOR His WIN Not 
“Inflexible? ‘Invincible’ ‘Indomitable? “Bristol? Seek 
“Bellerophon; “Boadicea, 
T B. DESTROYERS= "Tartar" iad “Mohawk; 
Swift? 
S/S- -“Lassitania” “Mouretania’, ¢ “Laurentic? 
‘and most of the . 


. Turbine Steamers ners "1 


Original nd Largest Mantacturer 
ASTON CHAIN & HOOKCO. 


WHITEHOUSE STREET, ASTON, 
BIRMINGHAM, TREES 
































WORKS .—ERITH, KENT. 8198 Cable Address—VANNER, LONDON, 
THERMOMETERS 
RECORDING. . 





0° to 1800° Fah. 
ALL TYPBsS. 


CAPILLARY TUBING, 
Up to 50 yards from Source of Heat. 


ENGINEERING SUPPLIES, Lt, 
28, Victoria Street, LONDON, S.W. 


Telephone No. : 1555, VICTORIA. 


——} 





Telegrams: ‘‘ PROELLS, LONDON.” 


TSE MAsSOnm 











REDUCING VALVES | 


FOR STEAM OR AIR, 


HOLD THE FIRST PLACE— 
THE POSITION OF MERIT. 
Simple, Self-contained. 
Best Material and Workmanship. 


They reduce and maintain an even steam or air pre2ure 
regardless of the initial pressure. 











SEND FOR CATALOGUE. 


The Mason Regulator Go., Boston, v. rm 


COPENHAGEN : 
147, Quean Victoria Street. Gothersgade, 155. s, hue des = peignes 


SYDNEY : 74, Olarence Street. MELBOURNE: 436, Bourke Street 
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“ EMPIRE” 


LIFT 
CONTROLLERS 





Three-Phase Push Button Type. 


ELECTRIC CONTROL LIMITED, 


BRIDGETON, 


GLASGOW. 








— Se oe 











“The Lancaster” 


(R.T.M.) 


STEAM TRAPS 





The Speciality of “THE LANCASTER” STEAM TRAP consists in 
the Jcose Disc Valve at the orifice of the discharge pipe in connection 
with a quick threaded screw motion, worked by the float. 
This valve is frictionless in action, and being loose, Cannot 
stick to its seat. It is very prompt in its movements for opening 
and closing the discharge pipe, and the working parts are very simple 
and easily examined. 


First Orders always “ON APPROV. 


LANCASTER & TONGE, L* 


Sele Makers of ‘‘ The Lancaster motes Pactings, Pistons, Limit Piste Rings, 
ers, &c. 


PENDLETON, -MANCHESTER. 


Telegrams : “ PISTONS, MANC uEsTEe.’ Telephones : 8088, 8089, Central. 


























BRICKMAKING 
MACHINERY. 


Machinery for the 
manufacture of 

bricks from all 
kinds of material 
by every process. 


Where the 
question of 
making bricks 
for Engineering 
Works from 
material on site 
is proposed, we 
are glad to make 
up samples free 
of cost, and 
advise on best 
process. 





LULT LULL! 





KEW ERA 
PATENT StiFF-PLastic BriCk MACHINE. 


C. WHITTAKER & CO., 


LIMITED, 


ACCRINGTON._.. 





Branch Works: Union Foundry, HASLINGDEN. 


Traps Mark. 


wo HRTainGaTron 


mae CENTRIFUGAL PUMPS 


have now been STANDARDISED 
and can be Supplied with Standard Position of Openings FROM STOCK. 


INTERCHANGEABLE 
PARTS. 
HIGHEST CLASS 
MATERIAL AND 
WORKMANSHIP. 


REASONABLE PRICES. 





All Pumps fully tested before leaving our Works. 


WORTHINGTON PUMP CO., Lto., 


153, Queen Victoria Street, LONDON, E.C. 


BRANCHES IN PRINCIPAL CITIES AND TOWNS THROUGHOUT THE WORLD. 





Manufacturers also of Horizontal and Vertical Duplex FEED PUMPS, 
Complete CONDENSING PLANTS, COOLING TOWERS, AIR COM- 
PRESSORS, POWER PUMPS, WATER WORKS PUMPING ENGINES, 
MARINE PUMPS, WATER METERS, FEED HEATERS, SEWAGE 
PUMPS, VACUUM PUMPS, &c., &c. 2476 
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Specify 
JOHN GIBBS & SONS’ 
“PEERLESS” 
Blower and Exhaust 
FANS‘: you willNOT 
: be disappointed, 
SEND FOR CATALOGUE. 
723, Duke Street, 
Liver, 


« 1986 
For large Advt. see next week. 














ROBERT STEPHENSON & CO., 
LOCOMOTIVE BUILDERS, DARLINCTON. ure 
London Office :—Sanctuary House, Westminster. 


LOCOMOTIVES fna‘terfices. 


Telegrams— Rocket, Darl: ; Anes, Londea. 
Nat. Tel,—200 & 300 Darlington; 650 Victoria. 
Oodes—A BO Sth Bdition, Engineering 8 


ering Telegraph. 1130 
See our Illustrated “Advt. last and next week. 


BRUNDRIT 


Temperature 
Balance 


Che 
AUTOMATIC 


CIRCULATOR 
for Marine « Land 


BOILERS 
1200 Sets 


already fitted for 
the Leadin 
Steamship Companies 






























BRUNDRIT’S TemPeRATURE BALANCE 
is valveless and perfectly Automatic in 
action. It starts working shortly after 
Fires are lighted and continues working 
even under Banked Fires, so long and as 
often as the Water above and below line 
of fire bars varies in temperature. Can be 
fitted at short notice without drilling or 
structuralalteration. Supplied toall boilers 
of R.M.S.S. Lusitania and Mauretania. 





JOSEPH BRUNDRIT 
Sole Patentee, 


14 Water St. LIVERPOOL. 


ee 






ore | 
. “4. 
“J J 
e ? * 
ae a d * 
* , a4 
¥ se 
y, ‘ 


Se 2 





CONTRACTORS TO THE 
ADMIRALTY, 
War OFFICE, 
INDIA OFFICE, 
BOARD OF CUSTOMS, 
CROWN AGENTS, 


——$—._ 


Telegraphic Address: ‘‘ ABBOTT, NEWARK.” National Telephone: No. 34, 


FOR HIGH-CLASS 


OILERS 


OF ALL TYPES AND FOR ALL PRESSURES 


APPLY TO 


BOTT & CO. cewarw 2 


NEWARK-ON-TRENT, ENGLAND. 


FLANGED and WELDED WORK of 
every description. 

MOTOR VAN BOILERS. 
HYDRO’ CASINGS. 

REPAIR FIRE-BOXES. 
EVAPORATOR SHELLS. 
AIR RECEIVERS. 
DEGREASING PLANTS, &c. 


ABC Code, 5th Edition. 





&c., &c. 1664 








FRIED. KRUPP, & 


Manufacturer of Crucible & Siemens-Martin 


— 


SSEN & ANNEN, 





APPLY TO 


AUGUST REICHWALD ( 


STEEL CASTINGS 


EOR AEE PURPOSES. 
To pass Admiralty, Board of Trade, Lloyds, and Bureau Veritas Tests. 


2244 


vmx suvevou), Finsbury Pavement House, Finsbury Pavement, B.C, 








A a 

















SIR WILLIAM ARROL & CO., Ltd., 


Dalmarnock Ironworks, BRIDGETON, GLASGOW. 
CONTRACTORS, BRIDGE BUILDERS, AND DESIGNERS OF STRUCTURAL STEELWORK. 


— MAKERS OF — 


HYDRAULIC MACHINERY AND CRANES OF ALL KINDS. 


ee. 8 ee 


LEE, ©APO EE, X 

hf ah Me. Ap 

FBP CLG Pg 
ee 6 


PART OF SHOP FOR THE NORTH BRITISH LOCOMOTIVE OOMPANY AT POLMADIE. 
LONDON OFFICES: 56, VICTORIA STREET WESTMINSTER, s.w- 


SNS + =e 





















an Asie, 






34, 
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For jentine, Breakdowns, Nightwork, &c. 


‘LISTER’ PETROL, OIL&GAS ENGINES 


Are specially adapted ror Driving any Machine Tools, Cylinder and Economiser 
Boring Tackle, or other special jobs about a Works. 

Self-contained, instantly portable, require no fixing, suitable for 
Petrol, Petroleum, or Town Gas. 

Start instantly, efficient and simple. Many thousands in use. 

The Lister Engines have a very large sale in all parts of the world for 
agricultural purposes. 

Write Sole Makers 2167 


R. A. LISTER & Co., LTD., DURSLEY, GLOS. 


SINC STOREY & SONS, Lt SPRINGS Sav diate esa ote Pa 
Branch of Engines, Vaives, and ENGINEERS, ao. 

SEED — TUBES 
SMITH, BROS. & HILL, ‘Lb. 


United Brassfounders and Engineers, Ltd., 
naptiithion Machines 
a — 
Tele o 
Albert Spring Works, WEST moa aw ee 


EMPRESS FOUNDRY, MANCHESTER. 
ON_WAR OFFICE AND ADMIRALTY LIST. 









SoLE MAKERS OF— 2110 
Scott's PATENT 


AIR COMPRESSORS. 


JOHN GRIEVE & CO,, cine ounoers, MOTHERWELL. 



































~ — —— —_————————— < SS, eS 
A SLT me a . 


CRANES 





OF ALL TYPES, 
BLOT RIO, 
Ex WTDoRAUIZIO, 1555 
SBTaAamM. 








GRICE.GRICE &SON i. 


CONTRACTORS TO HIS MAJESTYS GOVERNMENT 


BRASS & COPPER, LOCO & CONDENSER 





6S. 2005 466° BIRMINGHAM. J: 


;. — 


“ISHERWOOD SYSTEM 
or SHIP CONSTRUCTION.” 


Suitable for ALL TYPES of Vessels. 
SPECIALLY ADVANTAGEOUS for LARGE PASSENGER & OIL TANK STEAMERS. 




















No aN thas Reduced Cost of 
a eet. «4 ‘ yw Wi as Maintenance. 
me a Ace ay et arnans "2 Reduced Vibration. 
153 Vessels Built 
Increased D.W. ; or being Built, 
Carrying Capacity. Representing about 
Improved 668,700 gross 
Ventilation. register tons. 

2075 





Telegraphic Address : 
“Isuercon, Lonpon.” 


“nin JW, ISHERWOOD. 


2a, LL.OYD’s AVENUE, LONDON, 
or to S. C._ CHAMBERS & CO., 3, King Street, Liverpool. 





Telephone :—HOP 2606, 


Mark Webber, Ltd. 


28, Wincott Street, 
Lambeth, 
S.E. 


DO YOU PLACE WORK OUT ? 


We make specialities of all descrip- 
tions from Ley ope drawings, or 
sketches ; tools for specialities, press, 
capstan, and drilling jig work. 

We do turning, milling, shaping, 
and press work. 


WE GIVE QUICK DELIVERY. 








2592 












GHESTERS RENFREW 
ENGINEERING 60., Ltd., 


FOR 


Mining == 
Machinery 


OF ALL KINDS. 
London Office: 6, Broad Street Place, B.C. 


See Large Advertisement, June 7th. 

















| 
The WESTINGHOUSE BRAKECO.,Ld. 


The Cleveland 


Bridge 8 Engineering Co., 
DARLINGTON, ENGLAND, *** 


Specialists in the Design, Manufac- 
ture and Erection of Bridges, 
Girders, Roofs, Warehouses, and 
all classes of Iron and Steel 
Constructional Work. 





Head Offices 8 Works: DARLINGTON. 
London Office: CRAVEN STREET, 
2557 STRAND, W.C. 








A LOW FUEL BILL 


combined with 


A MINIMUM WAGES BILL 


accompanies the use of 


THE GROSS OIL ENGINE 


(Semi-Diesel Type) 
which 
BURNS CRUDE OILS or 
RESIDUALS. 
HAS NEITHER CARBURETTER 
nor VAPORISER. 
DOES NOT REQUIRE SKILLED 
LABOUR nor ATTENTION. 


Write for Catalogue CR-2 
to the Manufacturers. 2252 





82 York Road, King’s Cross, London, N. 
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BROUGHTON COPPER C°& 


WORKS 


——-—- 


SL uanunlaa aeons 


— comers BRASS SwrBRONZE TURES: 


——$_ $$ 























> ] 

Over 20 Years 
EXPERIENCE HAS 
ENABLED US TO 
PRODUCE A _ PER- 


FECTLY BALANCED A \ Aerial Ropeways, Hoisting and Conveying Machinery. 





AND WELL PROPOR- 


TIONED PULLEY. MORE THAN 2000 PLANTS ERECTED, 


aera For the Colonies: R. E. COMMANS, 
9, Queen Street Place, London. 


For the United Kingdom: VEITHARDT & CO., Ltd., 


HENRY CROWTHER & SONS L® ar, Bi Tan, amon Sn 


CLECKHEATON | cuc. 




















ce aa i I nn TT - oe = TRAIN LIGHTING 
gn. EQUIPMENT. 
FEATURES. 


' SILVERTOWN: 











Easy and Cheap to maintain. Secures the longest life for the battery. Simple and reliable in its action. 
Few wearing parts. No intricate or Celicate apparatus. 


DESCRIPTIVE BOOKLET ON APPLICATION. 1792 


The India-Rubber, Gutta-Percha & Telegraph Works Company, Ltd., 


HEAD OFFICES :—106, Cannon Street, London; E.C. WORKS :—Silvertown, London, E. 
Telegrams: Head Offices—“ Silvergray, London.” ; Works :—“ Graysilver, London.” 





oa oe mans ee eS eee ene laa ha 
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SOLID 
DRAWN 


**(jueen Mary,” 


ut YORKSHIRE COPPER WORKS = 


LEEDS, 


Have Supplied Tubes for the following Dreadnoughts, viz: — 


** Audacious,” ‘‘ Princess Royal,” 


** Orion,” * Centurion,” 


* Lion,” 
** Conqueror,” 


TUBES 


rons CONDENSER TUBES ALWAYS IN STOCK. 


** Monarch,” ‘King George V.,” 


** Melbourne,” ‘* Sydney.” 





** Thunderer,” 


IN COPPER, 
BRASS AND 













GUN-METAL. 


2590 











J Proprietors of the Patent 
a 18188, of -_ for ‘‘An Improved Roller 

" are DES ROUS. ef’ ENTERING into 
OO ORANGEMENTS, way of License and otherwise, 
on reasonable terms, for the purpose of as the 
game and ensuring its full Pe practical 
working in this Country —All conienumlentions oe should 
be addressed. in the first instance, to HASELTINE, 
LAKE & OO., Chartered Patent Agents aod Con- 
sulting Engineers, 7 and g Cee ee. 
Chancery Lane. London. W 


atents.—‘‘ leiprovemants in 


Automatic Stop-Valves for Steam Generator:.” 
The Proprietors of J. Lomparv’s British Patent No. 
16000, of 1909, are DESIROUS of LICENSING it to 
Beitieh manufacturers, on reasonable terms, to ensure 
its manufacture and development in Great Britain, or 

of selling the Patent outright. 
For full arn address enquiries to— 
. THOMPSON & CO., H £36 

chartered Patent Agents, 
_ 6, Lord Street, Liverpool. _ 





atents. _« Improvements in 


and connected with Oastings for Centrifugal 
Pumps and Blowers.” The Proprietors of H. Houzer’s 
British Patent No. 19972, of 1907, are DESIROUS of 
LICENSING it to British manufacturers, on reasonable 
terms, to ensure its manufacture and development in 
Great Britain, or of selling the patent —_ t. 
For full a address enquiries to— 
THOMPSON & CO., H 837 
"chartered Patent ‘Agents, 
6, Lord Street, Liverpool. 


ancashire Business.— 


Manchester Agent, doing 1 turnover in 
electrical machinery, isOPEN to CONSIDER REPRE- 
SENTATION of other FIRMS. Large connection 
amongst textile mills, engineering works, municipal 
2 ments, and shippers. —Address, H Offices 

@INRRRING. H 430 


Patents 13255/08 - 18395/09, 


ape for Raising and Forcing Liquids,” are 
tor SALE: or License on reasonable terms.—OHATWI 
HERSCHELL & CO., Patent Agents, London. H 517 


ingswood Engineering 

WORKS, Bristol.—Experienced Engineers, with 
successful record. Prepared to Design meee and 
work out inventor’s ideas. Working Drawings p' 








expeditiously. Well equipped for experimental wk, 
echnical and Commercial 


TRANSLATIONS. 
Continenta! and South American trade lists compiled. 
A. HANFF, 12, Pall Mall. Manchester. 775 





ufacturer Wanted, to 


an 
M* ce on. market Patented Speciality poly 
very eee ecsful on Continent.—Address, 2555, Offices 
ot Exon zxeine, 2555 


Gu metal and Brass Scrap 


cht or recast.—HUNT & MITTON; Oozells 














Street North, Birmingham. H 151 
(Je rman Locomotive Works 
would like to get into touch with permanent 
Buyers of COPPER FILINGS and COPPER WASTE. 
Address, W795, Offices of ENGINERRIne. H 795 
V uted.—Glasgow Firm of 
_ ogineers, representing large and important 
engin g and allied trades interests for past 10 
years, at to open showrooms and warehouse in 
princips: street in city, are OPEN a CONSIDER 
PROPOS/LS from first-class firms wi ties 
or «date novelties with ready eale.— a 
we 2e8 Of ENGINRERING. H 80% 
a 
k ria of Engineers, with Large 
- ‘orks near London, REQUIRE to MAKE 
_ RRANGEMENTS with Ls tee and others 
= ; ntroduce work.—Address, in first instance, 
Hi )ffices of ENGiveRRINe. H 780 





A gents Wanted. — Tartricid 


Boiler aise koe guaranteed pure vegetante | B. 
moves scale 


Wauted, Good Second-hand 


300 HP. Belliss or Browett & Lindley ENGINE, 
Suitable fo baler generator 200 kilowatts at 226 volte, 
a yute} for boiler Lp ay a 160 Ib. and 100°. super- 
oo in first instance, H 768, ee A 

58 





Wanted, a Good Modern’ 


Second-hand TUG, about 75 ft. long, speed 

10 to 12 miles per hour, at least 250 effective horse 
power.—Address, H 728, Offices of ENGINEERING. 

of 


W arted, Copies 
ExGmnwgrine, dated 2nd August and 8th 
November, 1907.—Letters to G. N. HADEN & SONS, 
Trowbridge. H 805 


W anted, a 50 to 70 B.HP. 
ENGINE, 
suitable for electric lighting. 
Address, H 817, Offices of ) 








H 817 








FOR SALE. 
Se (ii ses") Boilers, 2325 


Vertical, Loco., Cornish, Launch, Field-tube ; also 
Air Receivers, Feed-water Heaters, ‘Cylinders, ko.— 
Tus Granruam Borurr & ORANK Oo., Lrp., Grantham. 


Mining Tools, Rock-boring 


MACHINES and DRILL STEEL. La 
stocks. Prompt delivery.—THE HARDY PATEN 
PICK O©O., Lrp., Sheffie’ d, England. Od 2276 


Hydraulic Leathers 


(Ram, Cup and Hat), highest omy 4 
stocked in standard sizer from } in. up to 
86 in. diam. (Largest stock in the trade). 
LEATHERS COMPANY, Altrincham. 














io Stock or near completion, 
7in. by 7 ft. 6in., 8hin. by 8 ft. 6in. and 10 ft., and 
10in. by 12 ft. High-speed LATHES, 4 ft. and 4 ft. 3in. 
High-speed RADIALS, with Speed and Feed Boxes.— 
GEORGE SWIFT & SONS, Range Bank, Halifax. 


New Paddle Engine and 


BOILER FOR SALE, suitable for licht drafc 
steamer. Diameter of cylinders 123 in. and 234 in. by 
33} in. stroke. Water-tube boiler, 580 ft. of heating 
surface. Could be packed for export.—Write to 
Z.T. 680, care of Deacon’s, Leadenhali st., E.0. H 788 


fror Sale, Large Planing 


MAOHINE, plane about 28 ft. by 6 ft. by 6 ft., two 
tool boxes, rack driven, bed 40 ft. long, powerful tool, 
about 45 tons, now fixed.—WILL LIAM & SONS, 
South Bermondsey Station, London. H 858 


Re Sale, Planing Machine, 


plane about 15 ft. by 7 ft. by 4 ft., Shepherd Hill, 
two tool holders, rack driven, quick retura motion, 
about 20 tons, useful tool. Low price. —WILLIAMS anv 
SONS, South Bermondsey Station, London. H 854 


Fe Sale (3) Galloway Patent 


Lancashire BOILERS, 28 ft. by 7 ft. dia., up to 
100 Ib, pressure, now fixed, been well looked after. 
Low price before removal. Bell together or separate. 
—WILLIAMS & SONS, South Bermondsey oe, 
855 


London. 
Kr Sale, Locomotive.—One 
eight-wheeler (four wheels cou: ) cylinders 
diam. by 24in. stroke, 1501b. working 


ie firebox and tyres, food as new.— 


and 
tion to THE BUTE 
WORKS jUPPLY O0., Lrp., Bute Docks, Oardiff. 




















F 410 


Fe Sale, the Patent Rights 


of an Invention for the superheating of steam 

at low pressure to a high temperature. for the use in 
all kinds of heating purposes, 1500° Fahr. can easily 
be obtained, and carried practically any distance.— 
For jurther ‘particulars spply to Messrs. CORFIELD 
= a Balfour House, Finsbury ——- 
831 





ornish Boiler for Sale, 22 ft. 


by 6 - diam., 100 lb. working pressure 
Insurance Co.'s C ertificate ; can finish ina week. Also 
in Stock: VERTICAL BOILERS up to 183 ft. by 5 fe. 
for 80 and 100 lb. working pressure. CRADLEY 
BOILER CO . Cradley Heath. Staffs. H #88 


1 ike Sale, a Dipper Dredger, 
made by Whitaker Bros., August, 1910, = 
condition equal to new. Suitable for ne abou’ 
16/17 ft. of water. Oapacity of bucket 2} cubic — 
Output from 1000 to 2000 cubic yards per day ; further 
apm and inspection by appoiatment,—Address, 
843, Offices of ENGINEERING. H 848 
Tam Giaseow Rouiine STock AND PLant WoRKE. 


Ht: Nelson & Co., Ltd., 


BUILDERS OF RAILWAY CARRIAGES, 
WAGONS, ELECTRIC CARS and LIGHT RAILWAY 
ROLLING STOCK OF EVERY DESCRIPTION. 

Makers of WueEts and Axigs, Ratway Pant, 
Foreine, Smrrn Work, Iron anp Brass Castines. 
——— Office and Chief Works : Motherwell. 
Man rOffice: N ice Bdgs. , Albert Sq. 
London Offices : 15, Leadenhall Street, E.O. 

See Illustrated Advt. page 65. 


Ko Sale, Marine Engines.— 


New Triple Expansion Surface Oondensing 
Engine, cylinders 8 in., 18 in., 22 in. diameters by 18 in. 
stroke, for 180 ib. working pressure per square inch, 
180 LHP. 

Also Two New Oompound Surface Condensing 
ines, cylinders 11 in. and 23} in. diameter, having 
-~ iy for a working pressure of 140 Ib. per 


noch, 
~*~ KOSE STREET FOUNDRY & ENGINEERING 
OO., Lrp., Rose Street, Inverness. 2585 


illiam Kerr & Co, 
Mavisbank Quay, Glasgow, have FOR 
Immediate SALE, cheap :— 

400 KW. Electric Generating SET, Triple-expansion 
Engines, by Belliss & Morcom ; Generator, continuous 
current, 1600 amperes, 250 volte, by Brown, Boveri. 

Stirling Water-tube BOILER, evaporation 12,000 Ib. 
per hour; heating surface 3994 square feet; good for 


175 lb. workin; 
T DOOMOTIVES, one new, two in first- 


Three 12-in. 
class condition 
Thirty Lanceshive BOILERS, all sizes, up to 170 Ib. 
7 | Working pressure, H 778 
Kpgines for Sale, in First- 
class condition :—Five Orossley GAS-ENGINES, 
complete with Dynamos, Gas Plante, &c., consisting 
of two Coal Engines, type Z.C.E., 140 He., two type 
Z.0.A.E. 154 B.HP., and one type Y.E. 90 B.HP. 
The Dynamos are by Mather & Platt, and are direct 
coupled to the engines with flexible coupling. The: 
are wound to voltage of 230, and are fitted with 
lieling terminals. There are four Crossley 
OTION GAS PRODUCER PLANTS each having a 
a me output of 140 HP. ; also two small GAS 
ENGLNES, combined with air compressors, receivers, 
ae., — ‘tor starting purposes. The whole of this 
| —weory — seen on request at LEWIS’s in Ranelagh 
» Liverpool, to whom all applications should = 
made y* letter. H7 
FOR 8 


SALE. 

New 4-wheels Cou pled Saddle Tank LOCOMOTIVE, in 
stock at Sheffield, and ready for immediate deli- 
very. Makers: Manning, le & Oo., Ltd.; 
outside cylinders 14 in, diam., 20 in. stroke, 3 ft. 
wheels, 5 ft. 6 in. wheel-base ; copper box, brass 
tubes, highest specification, 160ib. workingpressure. 

Two 6-whee! 12 in. Saddle Tank LOCOS., by Manning, 
Wari. @ Co., 10 ft. 7 in. wheelbase, 3 ft. wheels, 
130 and 140 1b. pressure 

8ix-wheel 18 in. Saddle Tank LOOO., by Hudswell, 
— 20 in. stroke, 12 ft. 9in. wheelbase, 3ft.6in. 

eels, very powerful, 130 lb. pressure. 

Six- ms Ditto, b in. cyls., by Hudswell, Olarke, 

140 Ib. pressu’ [& Oo. 

3 ft. 6 in. Gauge 4-wheels LOOO., by Hudswell, Ciarke 

Meter Gongs by Bagnall, Stafford. (Millers. 

Two 8 ft. ge Ditto, 160 lb. pressure, by Fowlers & 


ATALOGUE of Stock MAOHIN ERY, 2-3000 LOTS 
free on application. Inspection on invited. 
———————— 194 


HOS. W. WARD, LTD., ALBION WORKS, 
Tel. : “Forward, Sheffield.” SHEFFIELD. 


usinesses for Sale.— Sound 
fneering pectin,” Proprctor, whe in suppl 























— 





of engineering specialities. Proprietor, who has built 
~A the ——, —— to ret shortly. Amount 





Serial, 
ov vber a, Finest Boiler feeseniee ae 
th ae rs to the Sole Makers, THE STERN 
SONNEBO! . Lov. London House, 
Fi nebury pak 3 Pond . E.0. 


A 8encies Wanted in Western 


Australia by a first-class firm for all classes of 








preted oe wo and mer- 
‘Offices of Exousmzrme. mete Hers 








Pilectric Generating Sets,|=——— 


two 110 kilowatt, 200/260 volte, one 60 kilowatt 


2190 | 440/500 volte, and one 15 kilowatt 200/250 volte, 


compound engines; and several others. Perfect 


condition and very cheap. 
HIRE PUROHASE SYSTEM MAY BE ARRANGED 
IF DESIRED. 2445 


JENNINGS, West Walls, Newcastle-on-Tyne. 





5,000. — Address, Offices of 
H 609 


Modern Engineering Works 


and BRASS FOUNDRY FOR SALE in London. 
Fully  Bauipped with & with Plant. 


Buildings and machinery in is goed condition. 
Price £9000, 





Particulars and o:ders to view from 
WHEATLEY KIRK, PRICE & ©CO., 4, wees 
Street, E.O. H 845 


ngineering Works for Sale 
at GOVAN, GLASGOW.—The Works, which 
are well equipped and electrically driven, are 
adapted for marine work, but engines power 
plants have also been built. é maximom —- 
per annum is estimated at 20,000 HP. The _— 
extends to about — square yards, of which 
about 7760 square y are vacant.—Apply to 
McOLELLAND, KER ry 00. 115, St, Vincent Street, 
Glasgow. H 469 





WORKS FOR SALE AT LANOASTER. 


THE METROPOLITAN AMALGAMATED RAILWAY 
OARRIAGE AND WAGON OOMPANY, Loarsp, 
are prepared to receive 


(fers for the Sale of their 


LANCASTER WORKS. These Works com 
extensive and commodious 
covering 15 acres; situated within a ‘Talle of the centre 
—— town ~ | Lancaster. — are 1S 7 
ttages, and there are two Sidings from 
Railw: Gas and water laid on. 

For er particulars and orders to view, apply to 
THE SECRETARY, Tus Merrorouiran AMALGAMATED 
Rattway CARRIAGE awp Wagon OompPany, ins, 
Saltley, Birmingham. 


Fe Sale, by Private Bargain, 


SIPRUTLDING YARD at Whiteinch, near 


ey Shipbatlding Yard eres to Messrs. John 
Reid & Company, Limited, now oluntary Liquida- 
tion, extends to fully 7} acres. It has a long frontage 
to South Street, Whiteinch, on the North side, and 
to the River Olyde on the South. Except at the 
riverside it is wholly enclosed. It is well equipped 
and ready for shipbuilding rations, and from ita 
good deal of excellent high-class work has bee 
eotune. The buildings include a Sawwill with 
oulding Loft and Joiner’s Shop. The Offices are 
e and substantial. 
he Yard, with Fixed Machinery and Tools, also 
Movable Tools, are now offered for Sale privately. 

The feu duties amount to £117 6s. 6d. 

For further particulars and cards to | t the 
Yard, application may be made to Mr. JAMES REID, 
Shipbui ler, Whiteinch ; or Mr. WILLIAM G. FRANOE, 
O.A., 115, St. Vincent Street, . w, who are Joint 





Liquidators ; or to Mesers. NATYNE, KIRK- 
WOOD, FRANCE & O0., Writers, 145, West George 
Street, Glasgow. e H 764 








OFFICES & WORKS TO LET. 


Gwalwell Steel Works,.cover- 


ing about two acres, connected by railway siding 
and equi with 4-ton erative Gas Fired 
Furnace, Steam Hammer and 
Foundry, &c., TO LET on long Lease.—A y, JOHN 
ADAMS & SONS, South Street, Newcastie-on- ere 


(,)ucen Victoria Street.— Very 


rominent Engineering SHOWROOM on ground 
floor with good window frontage, adj»ining Mansion 
House Station, shortly becoming available. May be 
taken with or without offices; moderate rental.— 
Apply, OHESTERTON & SONS, Surveyors aad Estate 
Agents, 62 and 58, Cheapside, KO. H 856 











AUCTION, SALES. 


Wheatley Kirk, Price & Co. 


(Established 1850.) 


Auctioneers 
AND VALUERS OF 2247 
ENGINEERING WORKS, PLANT AND STOOK, 
46, WATLING STREET, LONDON, E.C. 
16, ALBERT 8q., 26, COLLINGWOOD 8T., 
MANCHESTER. NEWCASTLE-ON-TYNE. 
Telephones & Telegrams at each Address. 


BRAS3 FOUNDRY, NEAR GLASGOW, FOR SALE. 
Sale, by Public Roup, 


within the Facuury Haut, St. Gzorer'’s PLace, 
Guaseow, on Wepnaspay, 3rd Ju ‘ 1912, at Two p.m, 

Those bly equipped asefounding and 
Braesfinishing Works known as ee Oaledonian Braee 
Works, Barrhead, with the whole Fixed Plant and 
Machinery and Goodwill and Trade Name. Extent 








of ground, 2 roods 20 poles. Feu cluty, £15 12s. 6d. 
The machinery is of modern design, and driven by 
gas suction plant recently install Purchaser will 


have option of taking over the loose tools and patterns 


at valuation. 
UPSET PRICE, £2250. 
ot further particulars apply to HUGH moms C2 


West Regent Street, Glasgow ; or to B E, 
& BECKETT, 225, West George Street, 





Qessow. B.S will exhibit the Titles and Articles of 
Roup. H 755 
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Qecil Cariss and Kellett, 
Auctioneers and Valuers to the Engineering and 
Allied Valuations for on ips, Conver- 
sions, Probate, &c., undertaken in all parts of the 
Kingdom.—55, Temple Row, Birmingham. 2064 
Telephone: 5605 Central. Telegrams: ‘‘Cariss, B’ham.” 


Re JOHN MUSGRAVE & SONS, Lewirep. 


TO BE SOLD BY AUCTION by Messrs. 


omax, Sons & Mills, 


“As a Going Concern,” in one Lot, at the 
MipLanpd Hors., Manchester, on TURSDAY, the 2nd day 
of JULY, 1912, at Three o’clock in on Afternoon, 


The old-establish 
ENGINEERING AND DOTLER WORKS, 


situate in 
BOLTON AND WESTHOUGHTON, 
as heretofore carried on 
JOHN MUSGRAVE & SONS, 
together with the LAND forming the ‘sites of beth 
Works, Trade Buildings, Fixed and Loose Plant, 
Machine Tools, Office Furniture, Patent Rights, 
Patterns, Drawings, Utensils and Effects; also the 
Sooswet of and in the Business, and the benefit of all 
in tion therewith. 
GLOBE IRON WORKS, BOLTON. 
THE LAND forming the Site of these Works 
contains, including portions of streets, a total area of 
25,085 square yards or thereabouts, of which 24.2364 
square yards or thereabouts are Freehold and Free 
from Chief Rent ; 600 square yards are Leasehold for 
a term of 999 years, but, indemnified from rent, and 
248} square yards or thereabouts are Freehold, but 
subject to a pe my Chief Rent of £2 1s, 5d. 
THE BUILDINGS are substantially built, spacious 
and_ well Mepted “and include Boiler and Electric 
Power Houses, Foundries, Plate Moulding Shops, 
Pattern Making, Smiths’ Machine, Turning, Boring, 
Fitting, Erecting, Loading and other Shops ; Excellent 
and well-fitted rawing, Manager's, Secre "se, and 
General Offices, and other Premises erected thereon ; 








also 
THE ELECTRIO MOTIVE POWER. Millwright’s 


JENS ORTEN - BOVING & CO.,| 


ENTWISLE & GASS,Lo, 


Fer CENTRIFUGAL eat POMP , 
ain COMPRESSORS, 8, 2298 Rea Street South, BIRMINGHAM. 
CASTINGS up to 10 TONS, JOHN SPENCER, L 
nienement: © Ad 2+ I Ra PRIGTING WEDNESBURY. 





MITCHELL-WILLIAMS PATENT | 


LUFFING CRANES. 


HIGHEST SPEEDS & EFFICIENCY. 


GREATEST SAFETY. 


MITCHELL-WILLIAMS CRANE Co., 
98, Leadenhall St., LONDON, E.C. 2424 


AILSA SHIPBUILDING C0., 


Shipbuilders, pr 


and Repairers, 2,7 
TROON and AYR. 


See Displayed Advertisement last week and next week. 
WATER TURBINES, PIPE LINES, 
TURBO PUMPS, TACHOMETERS, 
FLEXIBLE COUPLINGS, 
GOVERNORS (Jahns’ Patent). 


















94. Union Court, Old Broad Street, E.C. 








Work, Piping, Sprinkler and Electric Light Installa- 
tions ; por Overhead Travelling Cranes, Fixed 
and Loose Plant, Machine Toole, Works, Tramways, 
Fixtures, Office Furniture, and Utensils 

THE BOILER WORKS, WESTHOUGHTON. 

THE SITE contains a total area of 29,284 square 
yards or thereabouts of Leasehold Land, a greater 
portion of which is available for extension, held for 
the residue of a term of 999 years, subject to a Yearly 
Ground Rent of £122 0s. 4d., also subject to and with 
the benefit of all Agreements made between the 
Lessees and the Lancashire and Yorkshire Railway 


WELL & BORE HOLE Pere, —* 
AIR WATER i 





CHAS CHAPMAN &50ONS, 
LIVERPOOL St. SALFORD ME, 








Oompany, and between the Lessees and the West- 
houghton Coal and Cannel Company, Ltd., and 
—-* toa Yearly Wayleave and Siding Accommo: 
dation Rental of £50, 

THE BUILDINGS consist of lofty, steel constructed 
Workshops built on the unit principle, with Belfast 
roofs, and include Machine, Riveting, Erecting, Test- 
ing, and Smiths’ Shops ; steel-constructed Riv eting 
Tower, Template Store, Engine, Dynamo and Boiler 
Houses ; Chimney, Annealing Furnace, Offices, Store 
and Men’s Dining Rooms, Fences, and Outbuildings 





WATER SOFTI ENERS, &. 


APPLY TO— 


The ¢ Harris Patent Filter (1910) Ltd. 
%, Grainger Street West, 
NEWCASTLE-ON-TYNE. 











erected thereon ; also the 





ELEOTRIC AND STEAM MOTIVE POWER, 
Millwrights’ Work, Piping, Electric Installations, 
Electric Locomotive, Railway Siding, Overhead 
Travelling Oranes, Fixed and Loose Boiler Making 
Piant, Templates and Utensils in connection with the 
said Works, 

om Mines and Minerals under the whole are 


epted. 

“The GOODWILL of and in the Business of Iron- 
founders, Engineers, Millwrights, and Boiler Makers, 
earried on at the above-mentioned Works, under the 
style of JOHN MUSGRAVE AND SONS, LTD., 


CONDENSING PLANT. 


Balcke & Co., Ltd. 


1689 


COOLING TOWERS. 





Broadway Court, Broadway, Westminster, S.W. 





Established 1839, together with all the Patents, 








Telephone : 871, Hop. Telegrams—Tribrach, London. 


GALVANISING & CONSTRUCTIONAL IRONWORK, 
JOSEPH ASH & SON, 





"EROIW & STHAL 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES. dc. 
LANTERN SLIDES 


FYROM NecGatives, Protos, Drawixes, DiaGRams, 
CaTALOGUE ILLUSTRATIONS Tracines, &c., &c. 


PHOTOGRAPHIC WORK 


Iy ANY PART OF THE CoUNTRY, RY AW Expert, FOR ENGINEERS 
ACHINE MAKeERs, &c., &e. 2295 


ERNEST BICKERSTETH FRY, Ltd., 
10, Pratt St., Great College St., LONDON, N.W. 


Telegrams: Fryiant, Lonvox. Telephone: Nortx 2448. 


TAPER” 
vce 2y° PIN S- 


ence Say Atel el Gaae)-4 0) 
BIRMIN GHAM.L™. 


THE STEEL PIPE CO. 


LIMITED, 2583 
KIRKCALDY, N.B. 


See our large Advertisement on alternate weeks. 


of every type for all mechanical purposes. 
IMMENSE STOCKS. 


BAGSHAWE & co. Ltp., DU BM ne 3 


10 ARCHITECTS, BUILDERS AND ENGINEERS, 
“TRUE TO SCALE.” 


Black Line Prints 


Permanent. D P 
we one on any Laer or Cloth. 


Large Stook of all Requisites for the Drawing Offer. 
W. F. STANLEY & CO., Ltd., 
13, Railway Approach, LONDON BRIDGE, 8.E. 


























Patent Licenses, Patterns and Drawings in connection 
therewith, also the benefit or liability (as the case 
may be) of all Orders, Contracts and Engagements in 
connection with the said business. 

THE PUROHASER will be required to take over 
the Stock-in-Trade of FINISHED and pt gee 
WORK. OASTINGS, RAW MATERIAL, NE 
STORES, TOOLS and TOOL STEEL, ata Valuation. 

THE PUROHASER shall also take over the Trade 
Book Debts owing in connection with the said 
business, with all securities therefor at the amount 
they stand in the Books of the business less a discount. 

Printed Particulars and Conditions of Sale may be 
obtained from, and a detailed Schedule of the Trade 
eo Motive Power, Machine Tools, teat &e., 
may be inspected at the Offices of the AUCTION. 

64,, John Dalton Street, wag fF ne Cen 

Chambers, Bolton ; Messrs, P. & J. K N, Ohartered 
Accountants, 12, Acresfield, Bolton ; bel MATHER 
anp KAY, Chartered Accountants, 10, Acresfield, 
Bolton ; Messra. WINDERS, Solicitors, 25, Acresfield, 





MNEIL’S PATENT , MANHOLE &, SLUDGE DOORS 


— MANUFACTURED aT — 


Kinning Park Ironworks, 
GLASGOW. 








FERRANTI Ltp 


78, King St., Manchester, & Hollinwood, 1: 


ELECTRICAL SWITCHCEAR 


instruments, Heating & Cooking Appara:,, us, 


=| TRANSFORMERS & & METERS, 


Ask ror H/G Lists. 


DIESEL OIL ENGINES) 


Full particulars from 369 


DIESEL ENCINE COMPANY, L1D,, 


179, Queen Victoria St., Lonuion, E, 
























Telegrams: Dieselben, London. Telephone : Cen: 548 
—! 
CAMPBELL & CALDERWOOD, 
Soho Engine Works, 
PAISLEY, 








Illustrated Advertisement 
Last Week and Next Wee 








FOR STEAM, GAS AND WATER “JOINTS, 
Telegraphic : 7 





Address : 100k.” 


FREDE. HOUSE & Co., 
30, Chapel Street, LIVERPOOL, 1963 


GEMENEE 


“ SENTINEL” 


YALYES 


Makers: 


ALLEY & MACLELLAN, Ltd., GLASGOW, 


See Illustrated Advt. page 63, Junc 7. 2168 















E. S. HINDLEY & SONS, 


BOURTON, DORSET, 
And 11, Quazx VioroRIA Street, Lonvor, £.0, 


HIGH-SPEED VERTICAL MULTI-CYLINDER 
GAS ENGINES, STEAM ENGINES, STEAM BOILERS 
AND SAWING MACHINERY. 


See large Advertisement next week. 


VALYES! 


TURNBULL'S SAFETY, STOP, CHEOK, SLUICE 
AND REDUCING VALVES. 0d 100 


ALEX TURNBULL CO, Ua, Bishopbigs 
ELECTRO-MACNETIC 
CHUCKS 


FOR ACCURATE GRINDING. 








RAPID MAGNETTING MACHINE CO., Ltd,, 


Crescent, BIRMINGHAM. _ 226 








Telegrams—M acwei1, Giascow. 
Code: Sth Edition, A BC. 
Kugineering Telegraph Code 
2ud Edition. 





1952 


SHAFTING & MILL FITTINGS. 


See our Advertisement last week. 
1752 


C. F. CARVER, Ltd. 





Alfred Street Mills, NOTTINGHAM. 





Bolton; Messrs. SALE & CO. Solicitors, 29, Booth 





Street, Manchester; Messrs. GRUNDY KERSHAW, 
SAMSON & ©O., Solicitors, 31, Booth Street, Man- 
chester ; or Messrs. HOLDEN anv HOLDEN, Solicitors, 
20, Mawdsley Street, Bolton. H 708 


DANIELS GAS PLANTS 
DANIELS GAS ENGINES 
DANIELS HIGH-SPEED PUMPS 


Complete Pumping Installations. 
T.H. & J, ‘DANIELS: Ltd., Engrs., Stroud, Eng. 


See displayed Advt. inst an next week, 606 














MERCHANT BARS, FLATS, ROUNDS, SQUARES, ANGLER 
TRES, OVALS, £C., IN BITHER IRON OR STREL, 
SIRMENS-MARTLY OR BABIC. 

Tele. Add.: “ Hoops, 


Mother well, O Plain or 


splayed ; also for Cotton 
Ties and al! other purposes. 
The Motherwell Iron 


CONTRACTORS TO THE 
ADMIRALTY, WAR OFFICE, &c., de. 





a 
4, 


a 














ti 





LONDON OFFICE: 301-2, Mansion House Chambers, E.C. 











and Steel Co.. Ld., Motherwell, ¥.s. 





NEWCASTLE-ON-TYNE“OFFICE: 1. St. Nicholas Buildings. 





80-TON FOUR-MOTOR 





MARSHALL, FLEMING & CO., ENGINEERS, MOTHERWELL. 


ELECTRIC and 
HAND TRAVELLERS. 


{| ———ff all 








ELECTRIC GRANE 
ELECTRIC GOLIATH CRANES. 


167} 


ELECTRIC WHARF CRANES. 
LOCO. STEAM CRANES. 








MOTORS 


MAYOR & COULSON, Ltd. 


ENGINEERS and ELECTRICIANS. 


47, BROAD ST., MILE END, GLASCOW. 





a ee. GLASGOW," 
ational Telephon and 2806. 


D 





AMOS 
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LONDON OFFICE: 


. i 5. Fenchurch Street, E.C. 


LONDON WORKS: 


BALDWINS ® 


Orchard sree ‘Blackwall, E. 








IRON ROOFS 
BUILDINGS. 











} 





GALVANIZED GORR®: 
1 yo PLAIN SHEETS, 
TINKS & GISTERNS, = 





Sole Makers of 





FITTED WITH 


BRAIN’S Patent MANHOLE 
COVER and SOLID CORNERS 


Registered Design, 
ALSO OF 


leech’s Patent Welted 


GISTERNS. 


IRON KEGS, 





JRUMS 














THE IMPROVED 


HOT WATER TANKS, 


wo GANS. 
CALVANIZERS 





HUGHES & LANCASTER, 16, 


SEONEI 


PRCUMATIC AUTOMATIC. EJECTORS: 


FOR RAISING © 


Sewage, Sludge, Pail Contents, &c. 


AS USED AT 
Ipswich, Hampton, 


and many other places. 


AIR COMPRESSING MACHINERY. 


COMPRESSED AIR LIFTS 
For Raising Water from Wells, Boreholes, &o. | 
For Estimates and Full Particulars apply to— 1922 | 


Victoria $t., London, §.W. 








PUMPS. 


Direct-acting, Feed, Air and Service 
Pumps, Duplex and Centrifugal Pumps, 


Auxiliary Condensing Plant. 2446 | 


HIGH-SPEED 


HEAVY 
THES “*: 


’ BRIDGE WORKS 
LL Ne GE BOLTON. 














CONSOLIDATED BRAKE & ENGINEERING 
COMPANY, LIMITED, 


Spencer House, South Prace, | LONDON, E.c. 


STANDARD ‘AUTOMATIC VAGUUM BRAKE 
wad Acting Service & Emergency Accelerators. 


me Mlustrated Advertisements last and next issue. 
“ Vacuo, London. “Telephone No.: 2710, Londog Wall. 


DRUMMOND _BROS., LTD. 
LATHES 


Sole Agents for Manchuria, Korea, Japan and Formosa— 
ALFRED HERBERT, Ltd., 14, Yamashita-Cho, Yokohama. 


Engel Works, near GUILDFORD, an Nel 


Ree Advertisement last and next week. 


PURE WATER 


for all purposes. 
Particulars from : 
The BUHRING’S Patent WATER PURIFYING Co., 


60, Wilson Street, E.C. 
__Also at Paris. 











WATER POWER. 


Complete. HYDR. INSTALLATIONS and other 
SPECIALITIES built by 2360 


ESCHER, WYSS & CO., Engineers, 
109, Vietoria St., WESTMINSTER, S.W. 
See Jilustrated Advertisement, page 76, June 7. 





SHIPBUILDERS. 
MARINE ENGINEERS, 


SEE DISPLAYED ADVERT. ALTERNATE WEEKS. 





CRABTREE & CO., Lro. 


GREAT YARMOUTH. 


TheBRITISH ELECTRIC PLANT tala. 


Hydraulic and pyres Engineers. 
Head Office 
144, ST. VINCENT STREET, GLASGOW. 
Works: ALLOA, SCOTLAND. 





Makers of 2518 
PUMPING & ELECTRICAL MACHINERY 


McLACHLAN & CO., Ltd., 


DARLINGTON. 
Builders of Railway Wagons of all kinds. 
COLLIERY AND MINING TUBS. 
CONTRACTORS’ PLANT AND FORGINGS. 

Wheels and Axles, Turntables, &c. 215 








LONDON OFFICE: 110, Cannon 8t., E.C 







Rangoon, Karachi, Fetame f Cape Town, Eastbourne, | 
Southampton, Norwic 
Staines, Felixstowe, Houses of Parliament, Westminster ; 


‘PULSATING PUMPS 


TURNSTILES, 
AND GENERAL ENGINEERING. 


W. T. ELLISON & 60., Ltd., 


Irlams-o’-th’-Height, 9306 
MANES saT=Ek. 


' Te ae mt Ellisons Ltd., Irlams’-o’-th’- i.” 
Telephone : No. 30, Pendleton. we 


TAPER 
PINS... 


JACQUES PERES, 


46, Boulevard Magenta, 


PARIS. 


SPECIALITIES :— 
Machining for the Trade, Repetition Work 
Manufacture of Small Parts. 
_ Press Tools, 





















LONDON, E. 


S 


wT Free Trialallowed. Guaranteed tohold the 
job down on the Platen. Cheapest and Beat. 


EDWARD HAYES 


0d 2174 Watling Works, 
Stony Stratford. 





The only perfect Vice for use 
with Planing and other Platen Machin nes 









Marine Engines 
Now Ready. 





JAMES. KAY &C0.,LD., curv tance 








FIBRE 











GOMPARE the QUALITY of our 
"Red and Blac and Black, in Sheets, Rods, Tubes, 
Discs for Gears. 


MICANITE & INSULATORS CO., Ltd., 


= ___—WALTHAMSTOW, LONDON, E. 2025 








eas! atTe t 5570, BANK. ir" Vetemamet 
BRITISE 


W. L. COOPER, Manager. 


RA 

















**METALADOS.” 
BURDATV. 


Cables: ROBHUNT. 


JOHN J. CONE, Resident Partner. 


American Offices:—Chicago, New York, agen | San Francisco, Montreal, St. —_ 
Toronto, Seattle, and Me: 


xico City. 





EMBOSSING PRESSES «:- 








AME DIES & SEALS - 
SpaMnenE 1n( BRASS NAME PLATES: 
STENCILS MOULDERS’ 
BRASS LABELS. ESTERS CSSD 
TIME CHECKS: nWARD DRYOR;.SC 
SETS OF LETTER « D 
FIGURE. 66 
PUNCHES «++ - = ° u 
JOHN J. GRIFFIN & SONS, Ltd., “Zia: <7;' LONDON, W.C. 


P'YROMETERS. 


SOLE AGENTS FOR 


HERAEUS THERMO-COUPLES. 





EXPERIMENTAL 





of all kinds of IRONWORK. 


ELECTRIC FURNACES. 





CALORIMETERS FOR FUEL TESTS. 





ROBERT W. HUNT & CO., Engineers, Norfolk House, Cannon Street, B.C. 


INSPECTION anp TESTS oF RAILS AnD FASTENINGS, STRUCTURAL 
MATERIAL, BILLETS, PIG IRON, AXLES, CARS, MACHINERY, &o., &o. 


| 
| 


| 








PLAYER’S 
PLANISHING 
HAMMERS 


BELT OR MOTOR DRIVEN. 
1969 


W. & J. PLAYER, BIRMINGHAM. 


MONEL 
METAL 


INCORRODIBLE 
BARS 
CASTINCS 
FORCINGS 
PLATES 
SHEETS erc 


J..SAUNDERS z€ 


150 QUEEN VicToria ST 
LONDON 
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MARSHALL, SONS & CO., L” cainssorouan, encuans, 


INTERNATIONAL EXHIBITION, TURIN, ITALY, 1911. Also OFFICES, SHOWROOMS and Engineers and Boilermakers 
STORES at 5 
THREE GRANDS PRIX. Telegrams : “ Marshalls, Gainsboro.” a No. 40 


Highest Awards in each Class entered. 79, FARRINGDON Roan, 
LONDON, E.C. 
And at caLcuTTA, Bsomsay, HORIZONTAL ENGINES up to 2000 BP. 


LAHORE and MADRAS. BOILERS, Cornish, Lancashire, Loco., Vertical, &e, 

ee UNDERTYPE ENGINES, Simple and Compound. 
VERTICAL ENGINES, Simple and Compound. 

147,000 PORTABLE and SEMI-PORTABLE ENGINES. 


Engines, Boilers, &e., ing zane ROAD ROLLERS, STEAM and OIL 


MADE. THRASHING MACHINERY for all Countries. 
GRINDING MILLS. SAWING MACHINERY, 


Illustrated Catalogues OIL ENGINES. | (3) 
on Application. TEA PREPARING MACHINERY, &c. Od 2599 














Compound Non-Condensing Engines up to 370 B.HP. 


= ANES-“ “ 
STEAM, ano and 60., Ltd., 4 
HYDRAULIC | a 


TURBINE anp 
CENTRIFUGAL PUMPS. 














sahiais Pulsometer Engineering-C2 12 


11, Tothill Street, Nine Elms Iron Works, 


LONDON. READING. 


ae KIRKSTALA 
ae eet FORGE Cok’ & 
LEEDS. &@ 














B. & S. MASSEY, L™. 


MANCHESTER. 


STEAM HAMMERS 


PATENT BELT-DRIVEN HAMMERS, STEAM AND FRICTION DROP STAMPS FOR DIE WORK. 


BAND SAWS FOR COLD METALS. ot 


LONDON OFFICE: St. Stephen’s House, Westminster, 8.W. GLASGOW OFFICE: 74, York Street. —=-= 
um: COPE & SIMON, 13, Rue Perdonnet, + aga — 


BELFAST OFFICE: 93, Ann Street. PARIS OFFICE for France and Bel 
GENOA OFFICE FOR ITALY: EMILIO CLAVARINO, 33 Via XX Settembre. ke 


Printed by the Proprietors at their Printing Offices, The Bedford Press, 20 and 21, Bedfordbury, in the Parish of St. Martin’s-in-the-Fields, and Published by Cuan.as Rosmar JOHNSON, at the Ofiess of ENC! N 
36 and 36, Bedford Street, in the Parish of St. Paul, Covent Garden, both in the County of Middlesex.—Friday, June 28th, 1912, 
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